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Application Number: 19346638

Reviewed by: 97C1N/eHe4 jhmn5GMimwpAP70alPRU2kNiDwvOWHBrv8bqggC4kdzMg==

Note: This validation report concerns the sequence listing filed 10-01-2025 09:01:01
and indicates that NO errors were found by the USPTO during validation of the sequence
listing. This validation report should not be construed as meaning that the sequence
listing complies with all of the requirements of 37 CFR §§ 1.821-1.825, 37 CFR §§
1.831-1.835 and 1.839, WIPO Standard ST.25, or WIPO Standard ST.Z26.

For any sequence listing related questions or concerns, the Applicant is invited to
contact the USPTO Sequence Listing Help Desk at 571-272-2510 or
SequenceHelpDesk@USPTO.GOV.

Timestamp: [year=2025; month=10; day=1; hr=10; min=1; sec=10; ms=566]
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Validated By CRFValidator v 2.3.0

Application No: 19346638 Version No: 1.1
CRF Copy Request from application : Version :
Input Set: /slic/CRF_WORKFLOW/19/346/638/1.1/19346638_1 1.xml
Output Set: /slic/CRF_WORKFLOW/19/346/638/1.1/19346638_1 1.xml.pdf
Started: 2025-10-01 09:24:03.000
Finished: 2025-10-01 09:24:05.892
Elapsed: 0 hr(s) 0 min(s) 2 sec(s) 892 ms
Total Warnings: (o]
Total Errors: 1
No. of SegIDs Defined: (o]
Actual SeqgID Count: 34
Error code Error Description
E 26114 DataElement:DTD
7 Format ;DetectedValue: amp ;MessageKey:DTD VALIDATION_ERROR;Localized
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<?xml version="1.0" encoding="UTF-8"?>

<IDOCTYPE ST26Sequencelisting PUBLIC "-//WIPO//DTD Sequence Listing 1.3//EN"
"ST26Sequencelisting_V1_3.dtd">

<ST26Seqguencelisting dtdVersion="V1_3" fileName="24439 CON.xm|" softwareName="WIPO Sequence"
softwareVersion="2.2.0" productionDate="2023-03-06">
<Applicationldentification>

<IPOfficeCode>US</IPOfficeCode>
<ApplicationNumberText>19/346,638</ApplicationNumberText>
<FilingDate>2025-10-01</FilingDate>

</Applicationldentification>
<ApplicantFileReference>24439-US-PCT</ApplicantFileReference>
<EarliestPriorityApplicationldentification>

<IPOfficeCode>US</IPOfficeCode>

<ApplicationNumberText>US 62/500,238</ApplicationNumberText>
<FilingDate>2017-05-02</FilingDate>
</EarliestPriorityApplicationldentification>

<ApplicantName languageCode="en">Merck Sharp &amp; Dohme Corp.</ApplicantName>
<InventionTitle languageCode="en">STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1)
ANTIBODIES AND METHODS OF USE THEREOF</InventionTitle>
<SequenceTotalQuant

ity>34</SequenceTotalQuantity>

<SequenceData sequencelDNumber="1">

<INSDSeg>

<INSDSeq_length>15</INSDSeq_length>
<INSDSeq_moltype>AA</INSDSeq_moltype>
<INSDSeq_division>PAT</INSDSeq_division>

<INSDSed_feature-table>

<INSDFeature>

<INSDFeature_key>REGION</INSDFeature_key>
<INSDFeature_location>1..15</INSDFeature_location>

<INSDFeature_quals>

<INSDQualifier id="qg1">

<INSDQualifier_name>note</INSDQualifier_name>
<INSDQualifier_value>Pembrolizumab-Light chain CDR1</INSDQualifier_value>
</INSDQualifier>

</INSDFeature_quals>

</INSDFeature>

<INSDFeature>

<INSDFeature_key>source</INSDFeature_key>
<INSDFeature_location>1..15</INSDFeature_location>

<INSDFeature_quals>

<INSDQualifier>

<INSDQualifier_name>mol_type</INSDQualifier_name>
<INSDQualifier_value>protein</INSDQualifier_value>

</INSDQualifier>

<INSDQualifier id="qg2">

<INSDQualifier_name>organism</INSDQualifier_nam

e>
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<INSDQualifier_value>synthetic construct</INSDQualifier_value>
</INSDQualifier>

</INSDFeature_quals>

</INSDFeature>

</INSDSeq_feature-table>
<INSDSeq_sequence>RASKGVSTSGYSYLH</INSDSeq_sequence>
</INSDSeqg>

</SequenceData>

<SequenceData sequencelDNumber="2">

<INSDSeg>

<INSDSeq_length>7</INSDSeq_length>
<INSDSeqg_moltype>AA</INSDSeq_moltype>
<INSDSeq_division>PAT</INSDSeq_division>
<INSDSeq_feature-table>

<INSDFeature>
<INSDFeature_key>REGION</INSDFeature_key>
<INSDFeature_location>1..7</INSDFeature_location>
<INSDFeature_quals>

<INSDQualifier id="qg3">
<INSDQualifier_name>note</INSDQualifier_name>
<INSDQualifier_value>Pembrolizumab-Light chain CDR2</INSDQualifier_value>
</INSDQualifier>

</INSDFeature_quals>

</INSDFeature>

<INSDFeature>
<INSDFeature_key>source</INSDFeature_key>
<INSDFeature_location>1..7</INSDFeature_location>
<INSDFeature_quals>

<INSDQualifie

r>
<INSDQualifier_name>mol_type</INSDQualifier_name>
<INSDQualifier_value>protein</INSDQualifier_value>
</INSDQualifier>

<INSDQualifier id="g4">
<INSDQualifier_name>organism</INSDQualifier_name>
<INSDQualifier_value>synthetic construct</INSDQualifier_value>
</INSDQualifier>

</INSDFeature_quals>

</INSDFeature>

</INSDSeq_feature-table>
<INSDSeq_sequence>LASYLES</INSDSeq_sequence>
</INSDSeqg>

</SequenceData>

<SequenceData sequencelDNumber="3">

<INSDSeqg>

<INSDSeq_length>9</INSDSeq_length>
<INSDSeqg_moltype>AA</INSDSeq_moltype>
<INSDSeq_division>PAT</INSDSeq_division>
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<INSDSeq_feature-table>

<INSDFeature>
<INSDFeature_key>REGION</INSDFeature_key>
<INSDFeature_location>1..9</INSDFeature_location>
<INSDFeature_quals>

<INSDQualifier id="g5">
<INSDQualifier_name>note</INSDQualifier_name>
<INSDQualifier_value>Pembrolizumab-Light chain CDR3</INSDQualifier_value>
</INSDQuali

fier>

</INSDFeature_quals>

</INSDFeature>

<INSDFeature>
<INSDFeature_key>source</INSDFeature_key>
<INSDFeature_location>1..9</INSDFeature_location>
<INSDFeature_quals>

<INSDQualifier>
<INSDQualifier_name>mol_type</INSDQualifier_name>
<INSDQualifier_value>protein</INSDQualifier_value>
</INSDQualifier>

<INSDQualifier id="qg6">
<INSDQualifier_name>organism</INSDQualifier_name>
<INSDQualifier_value>synthetic construct</INSDQualifier_value>
</INSDQualifier>

</INSDFeature_quals>

</INSDFeature>

</INSDSeq_feature-table>
<INSDSeq_sequence>QHSRDLPLT</INSDSeq_sequence>
</INSDSeq>

</SequenceData>

<SequenceData sequencelDNumber="4">

<INSDSeg>

<INSDSeq_length>111</INSDSeq_length>
<INSDSeq_moltype>AA</INSDSeq_moltype>
<INSDSeq_division>PAT</INSDSeq_division>
<INSDSeq_feature-table>

<INSDFeature>
<INSDFeature_key>REGION</INSDFeature_key>
<INSDFeature_location>1..111</INSDF
eature_location>

<INSDFeature_quals>

<INSDQualifier id="q7">
<INSDQualifier_name>note</INSDQualifier_name>
<INSDQualifier_value>Pembrolizumab-Light chain variable region</INSDQualifier_value>
</INSDQualifier>

</INSDFeature_quals>

</INSDFeature>

<INSDFeature>
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<INSDFeature_key>source</INSDFeature_key>
<INSDFeature_location>1..111</INSDFeature_location>
<INSDFeature_quals>

<INSDQualifier>
<INSDQualifier_name>mol_type</INSDQualifier_name>
<INSDQualifier_value>protein</INSDQualifier_value>
</INSDQualifier>

<INSDQualifier id="qg8">
<INSDQualifier_name>organism</INSDQualifier_name>
<INSDQualifier_value>synthetic construct</INSDQualifier_value>
</INSDQualifier>

</INSDFeature_quals>

</INSDFeature>

</INSDSeq_feature-table>
<INSDSeq_sequence>EIVLTQSPATLSLSPGERATLSCRASKGVSTSGYSYLHWYQQKPGQAPRLLIYLASYLESGVPARFSGSGSG
TDFTLTISSLEPEDFAVYYCQHSRDLPLTFGGGTKVEIK</INSDSeq_sequence>
<

/INSDSeq>

</SequenceData>

<SequenceData sequencelDNumber="5">

<INSDSeg>

<INSDSeq_length>218</INSDSeq_length>
<INSDSeq_moltype>AA</INSDSeq_moltype>
<INSDSeq_division>PAT</INSDSeq_division>
<INSDSeq_feature-table>

<INSDFeature>
<INSDFeature_key>REGION</INSDFeature_key>
<INSDFeature_location>1..218</INSDFeature_location>
<INSDFeature_quals>

<INSDQualifier id="q9">
<INSDQualifier_name>note</INSDQualifier_name>
<INSDQualifier_value>Pembrolizumab-Light chain</INSDQualifier_value>
</INSDQualifier>

</INSDFeature_quals>

</INSDFeature>

<INSDFeature>
<INSDFeature_key>source</INSDFeature_key>
<INSDFeature_location>1..218</INSDFeature_location>
<INSDFeature_quals>

<INSDQualifier>
<INSDQualifier_name>mol_type</INSDQualifier_name>
<INSDQualifier_value>protein</INSDQualifier_value>
</INSDQualifier>

<INSDQualifier id="q10">
<INSDQualifier_name>organism</INSDQualifier_name>

<INSDQualifier_value>synthetic construct</INSDQualifier_value>
</INSDQualifier>

0008



</INSDFeature_quals>

</INSDFeature>

</INSDSeq_feature-table>
<INSDSeq_sequence>EIVLTQSPATLSLSPGERATLSCRASKGVSTSGYSYLHWYQQKPGQAPRLLIYLASYLESGVPARFSGSGSG
TDFTLTISSLEPEDFAVYYCQHSRDLPLTFGGGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVYDNALQS
GNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC</INSDSeq_sequence>
</INSDSeqg>

</SequenceData>

<SequenceData sequencelDNumber="6">

<INSDSeg>

<INSDSeq_length>5</INSDSeq_length>
<INSDSeqg_moltype>AA</INSDSeq_moltype>
<INSDSeq_division>PAT</INSDSeq_division>
<INSDSeq_feature-table>

<INSDFeature>

<INSDFeature_key>REGION</INSDFeature_key>
<INSDFeature_location>1..5</INSDFeature_location>
<INSDFeature_quals>

<INSDQualifier id="g11">
<INSDQualifier_name>note</INSDQualifier_name>
<INSDQualifier_value>Pembrolizumab-Heavy chain CDR1</INSDQualifier_value>
</INSDQualifier>

</INSDFea

ture_quals>

</INSDFeature>

<INSDFeature>

<INSDFeature_key>source</INSDFeature_key>
<INSDFeature_location>1..5</INSDFeature_location>
<INSDFeature_quals>

<INSDQualifier>
<INSDQualifier_name>mol_type</INSDQualifier_name>
<INSDQualifier_value>protein</INSDQualifier_value>
</INSDQualifier>

<INSDQualifier id="qg12">
<INSDQualifier_name>organism</INSDQualifier_name>
<INSDQualifier_value>synthetic construct</INSDQualifier_value>
</INSDQualifier>

</INSDFeature_quals>

</INSDFeature>

</INSDSeq_feature-table>
<INSDSeq_sequence>NYYMY</INSDSeq_sequence>
</INSDSeqg>

</SequenceData>

<SequenceData sequencelDNumber="7">

<INSDSeqg>

<INSDSeq_length>17</INSDSeq_length>
<INSDSeqg_moltype>AA</INSDSeq_moltype>
<INSDSeq_division>PAT</INSDSeq_division>
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<INSDSeq_feature-table>

<INSDFeature>
<INSDFeature_key>REGION</INSDFeature_key>
<INSDFeature_location>1..17</INSDFeature_|location>
<IN

SDFeature_quals>

<INSDQualifier id="q13">
<INSDQualifier_name>note</INSDQualifier_name>
<INSDQualifier_value>Pembrolizumab-Heavy chain CDR2</INSDQualifier_value>
</INSDQualifier>

</INSDFeature_quals>

</INSDFeature>

<INSDFeature>
<INSDFeature_key>source</INSDFeature_key>
<INSDFeature_location>1..17</INSDFeature_location>
<INSDFeature_quals>

<INSDQualifier>
<INSDQualifier_name>mol_type</INSDQualifier_name>
<INSDQualifier_value>protein</INSDQualifier_value>
</INSDQualifier>

<INSDQualifier id="qg14">
<INSDQualifier_name>organism</INSDQualifier_name>
<INSDQualifier_value>synthetic construct</INSDQualifier_value>
</INSDQualifier>

</INSDFeature_quals>

</INSDFeature>

</INSDSeq_feature-table>
<INSDSeq_sequence>GINPSNGGTNFNEKFKN</INSDSeq_sequence>
</INSDSeq>

</SequenceData>

<SequenceData sequencelDNumber="8">

<INSDSeg>

<INSDSeq_length>11</INSDSeq_length>

<INSDSe

g_moltype>AA</INSDSeq_moltype>
<INSDSeq_division>PAT</INSDSeq_division>
<INSDSeq_feature-table>

<INSDFeature>
<INSDFeature_key>REGION</INSDFeature_key>
<INSDFeature_location>1..11</INSDFeature_location>
<INSDFeature_quals>

<INSDQualifier id="qg15">
<INSDQualifier_name>note</INSDQualifier_name>
<INSDQualifier_value>Pembrolizumab-Heavy chain CDR3</INSDQualifier_value>
</INSDQualifier>

</INSDFeature_quals>

</INSDFeature>

<INSDFeature>
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<INSDFeature_key>source</INSDFeature_key>
<INSDFeature_location>1..11</INSDFeature_location>
<INSDFeature_quals>

<INSDQualifier>
<INSDQualifier_name>mol_type</INSDQualifier_name>
<INSDQualifier_value>protein</INSDQualifier_value>
</INSDQualifier>

<INSDQualifier id="q16">
<INSDQualifier_name>organism</INSDQualifier_name>
<INSDQualifier_value>synthetic construct</INSDQualifier_value>
</INSDQualifier>

</INSDFeature_quals>

</INSDFeature>

</INSDSeq_feature-table>
<INSDSeq_sequence>RDYRFDMGFDY</INSDSeq_sequence>
</INSDSeq>

</SequenceData>

<SequenceData sequencelDNumber="9">

<INSDSeg>

<INSDSeq_length>120</INSDSeq_length>
<INSDSeq_moltype>AA</INSDSeq_moltype>
<INSDSeq_division>PAT</INSDSeq_division>
<INSDSeq_feature-table>

<INSDFeature>
<INSDFeature_key>REGION</INSDFeature_key>
<INSDFeature_location>1..120</INSDFeature_location>
<INSDFeature_quals>

<INSDQualifier id="q17">
<INSDQualifier_name>note</INSDQualifier_name>
<INSDQualifier_value>Pembrolizumab-Heavy chain variable region</INSDQualifier_value>
</INSDQualifier>

</INSDFeature_quals>

</INSDFeature>

<INSDFeature>
<INSDFeature_key>source</INSDFeature_key>
<INSDFeature_location>1..120</INSDFeature_location>
<INSDFeature_quals>

<INSDQualifier>
<INSDQualifier_name>mol_type</INSDQualifier_name>
<INSDQualifier_value>protein</INSDQualifier_val

ue>

</INSDQualifier>

<INSDQualifier id="q18">
<INSDQualifier_name>organism</INSDQualifier_name>
<INSDQualifier_value>synthetic construct</INSDQualifier_value>
</INSDQualifier>

</INSDFeature_quals>

</INSDFeature>
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</INSDSeq_feature-table>
<INSDSeqg_sequence>QVQLVQSGVEVKKPGASVKVSCKASGYTFTNYYMYWVRQAPGQGLEWMGGINPSNGGTNENEKFKNR
VTLTTDSSTTTAYMELKSLQFDDTAVYYCARRDYRFDMGFDYWGQGTTVTVSS</INSDSeq_sequence>

</INSDSeqg>

</SequenceData>

<SequenceData sequencelDNumber="10">

<INSDSeg>

<INSDSeq_length>447</INSDSeq_length>

<INSDSeq_moltype>AA</INSDSeq_moltype>

<INSDSeq_division>PAT</INSDSeq_division>

<INSDSeq_feature-table>

<INSDFeature>

<INSDFeature_key>REGION</INSDFeature_key>

<INSDFeature_location>1..447</INSDFeature_location>

<INSDFeature_quals>

<INSDQualifier id="g19">

<INSDQualifier_name>note</INSDQualifier_name>

<INSDQualifier_value>Pembrolizumab-Heavy chain</INSDQualifier_value>

</INSDQualif

ier>

</INSDFeature_quals>

</INSDFeature>

<INSDFeature>

<INSDFeature_key>source</INSDFeature_key>

<INSDFeature_location>1..447</INSDFeature_location>

<INSDFeature_quals>

<INSDQualifier>

<INSDQualifier_name>mol_type</INSDQualifier_name>

<INSDQualifier_value>protein</INSDQualifier_value>

</INSDQualifier>

<INSDQualifier id="q20">

<INSDQualifier_name>organism</INSDQualifier_name>

<INSDQualifier_value>synthetic construct</INSDQualifier_value>

</INSDQualifier>

</INSDFeature_quals>

</INSDFeature>

</INSDSeq_feature-table>
<INSDSeqg_sequence>QVQLVQSGVEVKKPGASVKVSCKASGYTFTNYYMYWVRQAPGQGLEWMGGINPSNGGTNENEKFKNR
VTLTTDSSTTTAYMELKSLQFDDTAVYYCARRDYRFDMGFDYWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFRP
EPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVWTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVFL
FPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKG
LPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYP
SDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK</INSDSeq_sequ
ence>

</INSDSeq>

</SequenceData>

<SequenceData sequencelDNumber="11">

<INSDSeg>
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<INSDSeq_length>11</INSDSeq_length>
<INSDSeq_moltype>AA</INSDSeq_moltype>
<INSDSeq_division>PAT</INSDSeq_division>
<INSDSeq_feature-table>

<INSDFeature>
<INSDFeature_key>source</INSDFeature_key>
<INSDFeature_location>1..11</INSDFeature_location>
<INSDFeature_quals>

<INSDQualifier>
<INSDQualifier_name>mol_type</INSDQualifier_name>
<INSDQualifier_value>protein</INSDQualifier_value>
</INSDQualifier>

<INSDQualifier id="qg21">
<INSDQualifier_name>organism</INSDQualifier_name>
<INSDQualifier_value>Homo sapiens</INSDQualifier_value>
</INSDQualifier>

</INSDFeature_quals>

</INSDFeature>

</INSDSeq_feature-table>
<INSDSeqg_sequence>RASQSVSSYLA</INSDSeq_sequence>
</INSDSeq>

</SequenceData>

<SequenceData sequencelDNumber="12">

<INSDSeg>

<INSDSeq_length>7</INSDSeq_length>
<INSDSeq_moltype>AA</INSDSeq_moltype>
<INSDSeq_division>PAT</INSDSeq_division>
<INSDSeq_feature-table>

<INSDFeature>
<INSDFeature_key>source</INSDFeature_key>
<INSDFeature_location>1..7</INSDFeature_location>
<INSDFeature_quals>

<INSDQualifier>
<INSDQualifier_name>mol_type</INSDQualifier_name>
<INSDQualifier_value>protein</INSDQualifier_value>
</INSDQualifier>

<INSDQualifier id="qg22">
<INSDQualifier_name>organism</INSDQualifier_name>
<INSDQualifier_value>Homo sapiens</INSDQualifier_value>
</INSDQualifier>

</INSDFeature_quals>

</INSDFeature>

</INSDSeq_feature-table>
<INSDSeq_sequence>DASNRAT</INSDSeq_sequence>
</INSDSeq>

</SequenceData>

<SequenceData sequencelDNumber="13">
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<INSDSeg>

<INSDSeq_length>9</INSDSeq_length>
<INSDSeq_moltype>AA</INSDSeq_moltype>
<INSDSeq_division>PAT</INSDSeq_division>
<INSDSeq_feature-table>

<INSDFeature>
<INSDFeature_key>source</INSDFeature_key>
<INSDFeature_location>1..9</INSDFeature_location>
<INSDFeature_quals>

<INSDQualifier>
<INSDQualifier_name>mol_type</INSDQualifier_name>
<INSDQualifier_value>protein</INSDQualifier_value>
</INSDQualifier>

<INSDQualifier id="qg23">
<INSDQualifier_name>organism</INSDQualifier_name>
<INSDQualifier_value>Homo sapiens</INSDQualifier_value>
</INSDQualifier>

</INSDFeature_quals>

</INSDFeature>

</INSDSeq_feature-table>
<INSDSeqg_sequence>QQSSNWPRT</INSDSeq_sequence>
</INSDSeqg>

</SequenceData>

<SequenceData sequencelDNumber="14">

<INSDSeg>

<INSDSeq_length>107</INSDSeq_length>
<INSDSeq_moltype>AA</INSDSeq_moltype>
<INSDSeq_division>PAT</INSDSeq_division>
<INSDSeq_feature-table>

<INSDFeature>
<INSDFeature_key>source</INSDFeature_key>
<INSDFeature_location>1..107</INSDFeature_location>
<INSDFeature_quals>

<INSDQualif

ier>
<INSDQualifier_name>mol_type</INSDQualifier_name>
<INSDQualifier_value>protein</INSDQualifier_value>
</INSDQualifier>

<INSDQualifier id="qg24">
<INSDQualifier_name>organism</INSDQualifier_name>
<INSDQualifier_value>Homo sapiens</INSDQualifier_value>
</INSDQualifier>

</INSDFeature_quals>

</INSDFeature>

</INSDSeq_feature-table>
<INSDSeq_sequence>EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQAPRLLIYDASNRATGIPARFSGSGSGTDF
TLTISSLEPEDFAVYYCQQSSNWPRTFGQGTKVEIK</INSDSeq_sequence>
</INSDSeq>
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</SequenceData>

<SequenceData sequencelDNumber="15">

<INSDSeg>

<INSDSeq_length>214</INSDSeq_length>
<INSDSeq_moltype>AA</INSDSeq_moltype>
<INSDSeq_division>PAT</INSDSeq_division>
<INSDSeq_feature-table>

<INSDFeature>
<INSDFeature_key>source</INSDFeature_key>
<INSDFeature_location>1..214</INSDFeature_location>
<INSDFeature_quals>

<INSDQualifier>
<INSDQualifier_name>mol_type</INSDQualifier_name>
<INSDQualifier_value>protein</INSDQualifier_value>
</INSDQualifier>

<INSDQualifier id="qg25">
<INSDQualifier_name>organism</INSDQualifier_name>
<INSDQualifier_value>Homo sapiens</INSDQualifier_value>
</INSDQualifier>

</INSDFeature_quals>

</INSDFeature>

</INSDSeq_feature-table>
<INSDSeq_sequence>EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQAPRLLIYDASNRATGIPARFSGSGSGTDF
TLTISSLEPEDFAVYYCQQSSNWPRTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKYDNALQSGN
SQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC</INSDSeq_sequence>
</INSDSeq>

</SequenceData>

<SequenceData sequencelDNumber="16">

<INSDSeg>

<INSDSeq_length>5</INSDSeq_length>
<INSDSeqg_moltype>AA</INSDSeq_moltype>
<INSDSeq_division>PAT</INSDSeq_division>
<INSDSeq_feature-table>

<INSDFeature>
<INSDFeature_key>source</INSDFeature_key>
<INSDFeature_location>1..5</INSDFeature_location>
<INSDFeature_quals>

<INSDQualifier>

<INSDQualifier_n

ame>mol_type</INSDQualifier_name>
<INSDQualifier_value>protein</INSDQualifier_value>
</INSDQualifier>

<INSDQualifier id="q26">
<INSDQualifier_name>organism</INSDQualifier_name>
<INSDQualifier_value>Homo sapiens</INSDQualifier_value>
</INSDQualifier>

</INSDFeature_quals>

</INSDFeature>

0015



</INSDSeq_feature-table>
<INSDSeqg_sequence>NSGMH</INSDSeq_sequence>
</INSDSeq>

</SequenceData>

<SequenceData sequencelDNumber="17">
<INSDSeg>

<INSDSeq_length>17</INSDSeq_length>
<INSDSeq_moltype>AA</INSDSeq_moltype>
<INSDSeq_division>PAT</INSDSeq_division>
<INSDSeq_feature-table>

<INSDFeature>
<INSDFeature_key>source</INSDFeature_key>
<INSDFeature_location>1..17</INSDFeature_location>
<INSDFeature_quals>

<INSDQualifier>

<INSDQualifier_name>mol_type</INSDQualifier_name>

<INSDQualifier_value>protein</INSDQualifier_value>
</INSDQualifier>

<INSDQualifier id="qg27">

<INSDQualifie
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s): Manoj K. SHARMA, ef al. Docket No.: 24439-US-CNT-4
Application No.: To Be Assigned Confirmation No.: TBA
Filed: Concurrently Herewith Art Unit: TBA
Title: STABLE FORMULATIONS OF Examiner: TBA

PROGRAMMED DEATH RECEPTOR 1 (PD-
1) ANTIBODIES AND METHODS OF USE
THEREOQF

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Madam:

(a) Pursuant to the duty of disclosure under 37 CFR. § 1.56, it is requested that the
documents listed on the accompanying form(s) PTO/SB/08a and/or PTO/SB/08b be considered and
made of record in the above-identified patent application. Copies of each cited U.S. patent and published
patent application are not enclosed herewith, pursuant to 37 C.F.R. § 1.98(a)(2)(ii).

(b)  Pursuant to 37 C.F.R. § 1.98(d), copies of references listed on the accompanying form(s)
PTO/SB/08a and/or PTO/SB/08b that were submitted to or cited by the Office in earlier filed applications
upon which the instant application relies on for an earlier effective filing date under 35 U.S.C. § 120 are
not enclosed. The earlier filed applications in which references were submitted to or cited the Office are
as follows:

Earlier Filed Applications
U.S. Application No. Filing Date Attorney Docket No.
18/182,135 March 10, 2023 24439-US-CNT-2
16/609,612 October 30, 2019 24439-US-PCT

Copies of these documents are not herewith transmitted, but will be provided upon request.

(c) In accordance with 37 CF.R. § 1.97(h), the filing of this Information Disclosure
Statement shall not be construed to be an admission that the information cited in the Statement is, or is
considered to be, material to patentability as defined under 37 C.F.R. § 1.56(b). In accordance with
37 CFR. § 1.97(g), the filing of this Information Disclosure Statement shall not be construed as a
representation that a search has been made.

(d)  Applicant(s) respectfully requests that the Examiner initial the attached form(s)
PTO/SB/08a and/or PTO/SB/08b after reviewing the pertinence of each reference.
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Ser. No.: To Be Assigned
Docket No.: 24439-US-CNT-4

No fee is believed due because:

X

[
[
[

This Information Disclosure Statement is being submitted within three (3)
months of the filing date of the above-identified application; or

This Information Disclosure Statement is being submitted within three (3)
months of the date of entry of the national stage as set forth in 37 C.F.R.
§ 1.491 in an international application, or

This Information Disclosure Statement is being submitted before the
mailing of a first Office Action on the merits, or

This Information Disclosure Statement is being submitted before the
mailing of a first Office Action after the filing of a Request for Continued
Examination (RCE) under 37 CF.R. § 1.114.

This Information Disclosure Statement is being submitted before the mailing date
of any final action, notice of allowance or an action that otherwise closes
prosecution; and

[

[

[

Each item of information contained in this Information Disclosure
Statement was first cited in a communication from a foreign patent office
in a counterpart foreign application not more than three months prior to
the filing of this Information Disclosure Statement, and no fee is due; or

No item of information contained in this Information Disclosure
Statement was cited in a communication from a foreign patent office in a
counterpart foreign application, and, to the knowledge of the undersigned
after making reasonable inquiry, no item of information contained in this
Information Disclosure Statement was known to any individual designated
in § 1.56(c) more than three months prior to the filing of this Information
Disclosure Statement, and no fee is due; or

The Commissioner is hereby authorized to charge the fee set forth in
37CFR. §1.17(p).

This Information Disclosure Statement is being submitted after the period
specified in (f) and on or before the payment of the issue fee; and

]

Each item of information contained in this Information Disclosure
Statement was first cited in a communication from a foreign patent office
in a counterpart foreign application not more than three months prior to
the filing of this Information Disclosure Statement, and the Commissioner
is  hereby  authorized 1o charge  the  fee st forth  in
R7TCFR § LMoy or

No item of information contained in this Information Disclosure
Statement was cited in a communication from a foreign patent office in a
counterpart foreign application, and, to the knowledge of the undersigned
after making reasonable inquiry, no item of information contained in this
Information Disclosure Statement was known to any individual designated
in § 1.56(c) more than three months prior to the filing of this Information
Disclosure Statement, and the Commissioner is hereby authorized 1o
chargs the fee set forth i
JTCFR § L)

Page 2 of 3
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Ser. No.: To Be Assigned
Docket No.: 24439-US-CNT-4

(h) ] In accordance with 37 C.F R. § 1.704(d), each item of information contained in
this Information Disclosure Statement:

] was first cited in any communication from a patent office in a counterpart
foreign or international application or from the Office, and this communication
was not received by any individual designated in § 1.56(c) more than 30 days
prior to the filing of this information disclosure statement; or

] is a communication from a patent office in a counterpart foreign or
international application or by the Office, and this communication was not
received by any individual designated in § 1.56(c) more than 30 days prior to the
filing of this information disclosure statement.

X The Commissioner is hereby authorized to charge any additional fees which may be required for
this Information Disclosure Statement, or credit any overpayment to Deposit Account
No. 13-2755.

Dated: September 19, 2025 Respectfully submitted,

By: /Patrick Rehfuss, Reg. No. 75,367/
Patrick Rehfuss

Registration No.: 75,367

Attorney for Applicant

MERCK SHARP & DOHME LLC
P.O. Box 2000

Rahway, NJ 07065-0907
732-594-5491

Page 3 of 3
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PTO/AIA/80 (07-17)

Approved for use through 03/31/2021. OMB 0651-0035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no person is required to respond to a collection of information unless it displays a valid OMB control number

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

| hereby revoke all previous powers of attorney given in the application identified in the attached
statement under 37 CFR 3.73(c).

| hereby appoint:
Practitioners associated with Customer Number: | 210
OR

I:I Practitioner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used):

Registration Name Registration
Number Number

Name

As attorney(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with
any and all patent applications assigned only to the undersigned according to the USPTO assignment records or assignment documents
attached to this form in accordance with 37 CFR 3.73(c).

Please change the correspondence address for the application identified in the attached statement
under 37 CFR 3.73(c) to:

The address associated with Customer Number: 21 O
OR

l:l Firm or individual name

Address

City State Zip

Country

Telephone Email

Assignee name and address: ;. Sharp & Dohme LLG

126 East Lincoln Avenue
Rahway, NJ 07065

A copy of this form, together with a statement under 37 CFR 3.73(c) (Form PTO/AIA/96 or equivalent} is required to be
filed in each application in which this form is used. The statement under 37 CFR 3.73(c) may be completed by one of the
practitioners appointed in this form, and must identify the application in which this Power of Attorney is to be filed.
SIGNATURE of Assignee of Record
The individual whose signature and title is supplied below is authorized to act on behalf of the assignee.

Signature /Cynthia A. Francisco/ Date September 3, 2025
Name Cynthia A. Francisco Telephone

Title Executive Director, IP Administration

This collection of information is required by 37 CFR 1.31, 1.32, and 1.33. The information is required to obtain or retain a benefit by the public, which is to update
(and by the USPTO to process) the file of a patent or reexamination proceeding. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This
collection is estimated to take 18 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should
be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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MERCK & CO., INC.

CERTIFICATION

{, Kelly E.W. Grez, Corporate Secretary of Merck & Co,, Inc., a corporation duly
organized and existing under the laws of the State of New Jersey, United States of America
{the “Company”), do hereby certify that the attached: (1} is a true and correct copy of
General Corporate Resolution #5 - Patent Matters, as amended by the Board of Directors
of the Company at a meeting thereof duly called and held on July 22, 2025; and (2} is in full

force and effect as of the date hereof.

IN WITNESS WHEREOF, | have hereunto subscribed my signature and affixed the
seal of the Company this 29 day of July, 2025.

&
&

{4 A £
By: Keﬁyéwl\}gz
Title: Corporate Secretary

. N
gy * w
Mg aob
Zefrgaand

United States of America )
State of New Jersey }ss
County of Unien )i

Before me personally appeared Kelly E.W. Grez personally known to me and known by me
to be the person who executed the foregoing document in my presence this 29" day of
July, 2025.

-3 £

¥
s

~ 3 ekt e
ARTTI L VRS )
M)\ -
< X

HASEN B ETTELAGN
Notary Public, Stals of Naw Jorsey
My Commistion Explres TH1A2026
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Page 1of 1
Amended 7/22/25

General Corporate Resolution #5
PATENT MATTERS
RESOLVED, that any of the following:

Robert M. Davis — Chairman, Chief Executive Officer and President
Jennifer Zachary - Executive Vice President and General Counsel
Laura M. Ginkel — Senior Vice President and Assistant General Counseal
Mark Stewart ~ Vice President, Global 1P Litigation

Anna L. Cocuzze ~ Associate Vice President, Group Managing Counsel
Alysia Finnegan — Associate Vice President, Group Managing Counsal
Catherine D. Fitch ~ Managing Counsel, Patents

Emily K. Sauter - Managing Counssi, Patents

Jerny Cromsigt — Managing Counssl, Animal Heaith 1P

John C. Todaro - Managing Counsel, Patents

Andrew W. Custer —~ Managing Counsel, Patents

Deeba Hussain — Assistant Managing Counssl, European Patents
James Horgan — Director, 1P Litigation

Cynthia A. Francisco — Executive Director, 1P Administration

are hereby authorized to execute and to revoke on behalf of Merck & Co,, Inc. and its affiiates
{including subsidiaries) the foliowing documents relating {o patent matlers:

Powears of attornsy as fully in law as may be necessary and proper in connection with the
acquisition, regisiration, maintenance and enforcement of patents and applications for
patents, including powers of attorney relating to the prosecution or defense of patent rights
before courts of law or other governmental iribunals, agencies or departments; affidavits
and declarations; and any other documents which are necessary and proper for the
acquisition, registration, maintenance, litigation and protection of patents.
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Attorney Docket No. 24439 Substitute for PTO/AIA/01

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of Invention: STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1)
ANTIBODIES AND METHODS OF USE THEREOF

Inventors: Manoj K. Sharma, Wendy Benjamin, Sarita Mittal, Ashwin Basarkar, Chakravarthy Nachu
Narasimhan, Ramesh S. Kashi, Mohommed Shameem, Soumendu Bhattacharya, Wiiliam P. Forrest,Jr.,
Yogita Krishnamachari

As the below named inventor, | declare that:

This declaration is directed to:

X The application having the attorney docket number and Title of Invention noted above, which
are on the specification;

Il The attached application;

] Application No. , which is a 371 National Stage of PCT/ filed on X
[ 1  Asamendedon (if applicable); or

O Application No. filed on :
] As amended on (if applicable).

The above-identified application was made or authorized to be made by me.
| believe that | am the original inventor or an original joint inventor of the claimed invention of the application.

| have reviewed and understand the contents of the above-identified application, including the claims, as
amended by any amendment specifically referred to above;

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to
me to be material to patentability as defined in 37 CFR 1.56, including for continuation-in-part applications,
material information which became available between the filing date of the prior application and the national or
PCT international filing date of the continuation-in-part application.

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C.
1001 by fine or imprisonment of not more than five (5) years, or both.

LEGAL NAME OF INVENTOR

Inventor: Manoj K. Sharma Date:

Signature: ‘/@%@, | % /\/0\/ 2019

Note: Use an additional PTO/AIA/01 (or substitute) form for each additional inventor.

Template "U.S Declaration” (Declaration) Merck Sharp & Dohme Corp. - Last Madified 11/26/2012
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Attorney Docket No. 24439 Substitute for PTO/AIA/O1

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of Invention: STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1)
ANTIBODIES AND METHODS OF USE THEREOF

Inventors: Manoj K. Sharma, Wendy Benjamin, Sarita Mittal, Ashwin Basarkar, Chakravarthy Nachu
Narasimhan, Ramesh S. Kashi, Mohommed Shameem, Soumendu Bhattacharya, William P. Forrest, Jr.,
Yogita Krishnamachari

As the below named inventor, | declare that:

This declaration is directed to:

X The application having the attorney docket number and Title of Invention noted above, which
are on the specification;

U The attached application;

] Application No. , which is a 371 National Stage of PCT/ filed on ;
[l Asamendedon (if applicable); or

[l Application No. filed on :
[C]  Asamended on (if applicable).

The above-identified application was made or authorized to be made by me.
[ believe that | am the original inventor or an original joint inventor of the claimed invention of the application.

| have reviewed and understand the contents of the above-identified application, including the claims, as
amended by any amendment specifically referred to above;

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to
me to be material to patentability as defined in 37 CFR 1.56, including for continuation-in-part applications,
material information which became available between the filing date of the prior application and the national or
PCT international filing date of the continuation-in-part application.

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C.
1001 by fine or imprisonment of not more than five (5) years, or both.

LEGAL NAME OF INVENTOR

Inventor: Wendy Benjamin Date:

Signature:

ANy T
1AL g
RESE N

3

Note: Use an additional PTO/AIA/O1 (of substitute) form for each additional inventor,

Template "U.8 Declaration” (Declaration) Merck Sharp & Pohme Corp. = Last Modified 11/26/2012
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Attorney Docket No. 24439 Substitute for PTO/AIA/01

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of Invention; STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1)
ANTIBODIES AND METHODS OF USE THEREOF

Inventors: Manoj K. 8harma, Wendy Benjamin, Sarita Mittal, Ashwin Basarkar, Chakravarthy Nachu
Narasimhan, Ramesh S. Kashi, Mohommed Shameem, Soumendu Bhattacharya, William P. Forrest,Jr.,
Yogita Krishnamachari

As the below named inventor, | declare that:

This declaration is directed to:

X The application having the attorney docket number and Title of Invention noted above, which
are on the specification;

‘[0  The attached application;

] Application No. . which is a 371 National Stage of PCT/ filed on :
[]  Asamended on (if applicable); or

[1  Application No. filed on :
[]  Asamendedon (if applicable).

The above-identified application was made or authorized to be made by me.
I believe that | am the original inventor or an original joint inventor of the claimed invention of the application.

I have reviewed and understand the contents of the above-identified application, including the claims, as
amended by any amendment specifically referred to above;

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to
me to be material to patentability as defined in 37 CFR 1.56, including for continuation-in-part applications,

material information which became available between the filing date of the prior application and the national or
PCT international filing date of the continuation-in-part application.

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C.
1001 by fine or imprisonment of not more than five (5) years, or both.

LEGAL NAME OF INVENTOR

Inventor: Sarita Mittal Date;

Signature: T TR L

ya
ol
L
7
A,

Note: Use an additional PTO/AIA/01 (or substitute) form for each additional inventor.

Template "U,S Declaration” (Declaration) Merck Sharp & Dohme Corp. — Last Modified 11/26/2012
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Attorney Docket No. 24439 Substitute for PTO/AIA/01

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of Invention: STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1)
ANTIBODIES AND METHODS OF USE THEREOF

Inventors: Manoj K. Sharma, Wendy Benjamin, Sarita Mittal, Ashwin Basarkar, Chakravarthy Nachu
Narasimhan, Ramesh S. Kashi, Mohommed Shameem, Soumendu Bhattacharya, William P. Forrest,Jr.,
Yogita Krishnamachari

As the below named inventor, | declare that:

This declaration is directed to:

X The application having the attorney docket number and Title of Invention noted above, which
are on the specification;

[l  The attached application;

Il Application No. , which is a 371 National Stage of PCT/ filed on ;
] As amended on (if applicable); or

Il Application No. filed on :
[1  Asamendedon (if applicable).

The above-identified application was made or authorized to be made by me.
| believe that | am the original inventor or an original joint inventor of the claimed invention of the application.

| have reviewed and understand the contents of the above-identified application, including the claims, as
amended by any amendment specifically referred to above;

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to
me to be material to patentability as defined in 37 CFR 1.56, including for continuation-in-part applications,
material information which became available between the filing date of the prior application and the national or
PCT international filing date of the continuation-in-part application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C.
1001 by fine or imprisonment of not more than five (5) years, or both.

LEGAL NAME OF INVENTOR

Inventor: Ashwin Basarkar Date:

Signature: M (5 Noy 2D IC}

Note: Use an additional PTO/AIA/01 (or substitute) form for each additional inventor.

Template "U.S Declaration" (Declaration) Merck Sharp & Dohme Corp. - Last Modified 11/26/2012
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Attorney Docket No. 24439 Substitute for PTO/AIA/01

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76) '

Title of Invention: STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1)
ANTIBODIES AND METHODS OF USE THEREOF

Inventors: Manoj K. Sharma, Wendy Benjamin, Sarita Mittal, Ashwin Basarkar, Chakravarthy Nachu
Narasimhan, Ramesh S. Kashi, Mohommed Shameem, Soumendu Bhattacharya, William P. Forrest,Jr,,
Yogita Krishnamachari

As the below named inventor, | declare that:

This declaration is directed to:

4 The application having the attorney docket number and Title of Invention noted above, which
are on the specification;

] The attached application;

O Application No. , which is a 371 National Stage of PCT/ fited on ;
[]  Asamended on (if applicable); or

[0  Application No. filed on :
] As amended on (if applicable).

The above-identified application was made or authorized to be made by me.
| believe that | am the original inventor or an original joint inventor of the claimed invention of the application.

I have reviewed and understand the contents of the above-identified application, including the claims, as
amended by any amendment specifically referred to above:

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to
me to be material to patentability as defined in 37 CFR 1.56, including for continuation-in-part applications,
material information which became available between the filing date of the prior application and the national or
PCT international filing date of the continuation-in-part application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C.
1001 by fine or imprisonment of not more than five (5) years, or both.

LEGAL NAME OF INVENTOR

Inventor: Chakravarthy Nachu Narasimhan Date:

Signature: e

Note: Use an additional PTO/AIA/01 (or substitute) form for each additional inventor.

Template. "U.S Declaration” (Declaration) Merck Sharp & Dohme Corp. — Last Modified 11/26/2012
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Attorney Docket No. 24439 Substitute for PTO/AIA/01

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of Invention: STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1)
ANTIBODIES AND METHODS OF USE THEREOF

Inventors: Manoj K. Sharma, Wendy Benjamin, Sarita Mittal, Ashwin Basarkar, Chakravarthy Nachu
Narasimhan, Ramesh S. Kashi, Mohommed Shameem, Soumendu Bhattacharya, William P. Forrest,Jr.,
Yogita Krishnamachari

As the below named inventor, | declare that:

This declaration is directed to:

X The application having the attorney docket number and Title of Invention noted above, which
are on the specification;

] The attached application:

] Application No. , Which is a 371 National Stage of PCT/ filed on ;
[l  Asamended on (if applicable); or

[]  Application No. filed on ;
[ 1  Asamendedon (if applicable).

The above-identified application was made or authorized to be made by me.
| believe that | am the original inventor or an original joint inventor of the claimed invention of the application.

I have reviewed and understand the contents of the above-identified application, including the claims, as
amended by any amendment specifically referred to above;

| acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to
me to be material to patentability as defined in 37 CFR 1.58, including for continuation-in-part applications,
material information which became available between the filing date of the prior application and the national or
PCT international filing date of the continuation-in-part application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C.
1001 by fine or imprisonment of not more than five (5) years, or both.

LEGAL NAME OF INVENTOR

Inventor: Ramesh S. Kashi Date:

Signature: WS‘J(Z L. 21 (vov ‘ZO]C?

Note: Use an additional PTO/AIA/01 (or substitute) form for each additional inventor.

Template "U.S Declaration” (Declaration) Merck Starp & Dohme Corp. ~ Last Modified 11/26/2012
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Attorney Docket No. 24439 Substitute for PTO/AIA/01

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of Invention: STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1)
ANTIBODIES AND METHODS OF USE THEREOF

Inventors: Manoj K. Sharma, Wendy Benjamin, Sarita Mittal, Ashwin Basarkar, Chakravarthy Nachu
Narasimhan, Ramesh S. Kashi, Mohommed Shameem, Soumendu Bhattacharya, William P. Forrest,Jr.,
Yogita Krishnamachari

As the below named inventor, | declare that;

This declaration is directed to:

X The application having the attorney docket number and Title of Invention noted above, which
are on the specification;

O The attached application;

| Application No. , Which is a 371 National Stage of PCT/ filed on ;
O As amended on (if applicable); or

O Application No. filed on :
[l  Asamendedon (if applicable).

The above-identified application was made or authorized to be made by me.
| believe that | am the original inventor or an original joint inventor of the claimed invention of the application.

I have reviewed and understand the contents of the above-identified application, including the claims, as
amended by any amendment specifically referred to above;

| acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to
me to be material to patentability as defined in 37 CFR 1.56, including for continuation-in-part applications,
material information which became available between the filing date of the prior application and the national or
PCT international filing date of the continuation-in-part application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C.
1001 by fine or imprisonment of not more than five (5) years, or both.

LEGAL NAME OF INVENTOR

Inventor: Mohammed Shameem Date:

Signature: v ,
e /% M/MW@/W‘ T Nov, 200

Note: Use an additional PTO/AIA/01 (or substitute) form for each additional inventor.

Template "U.S Declaration” (Declaration) Merck Sharp & Dohme Cotp. ~ Last Modified 11/26/2012
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Attorney Docket No. 24439 Substitute for PTO/AIA/01

DECLARATION (37 CFR'1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of Invention: STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1)
ANTIBODIES AND METHODS OF USE THEREQF

Inventors: Manoj K. Sharma, Wendy Benjamin, Sarita Mittal, Ashwin Basarkar, Chakravarthy Nachu
Narasimhan, Ramesh S. Kashi, Mohommed Shameem, Soumendu Bhattacharya, William P. Forrest, Jr.,
Yogita Krishnamachari

As the below named inventor, | declare that:

This declaration is directed to:

B The application having the attorney docket number and Title of Invention noted above, which
are on the specification;

L The attached application;

O Application No. , which is a 371 National Stage of PCT/ filed on ;
[J]  Asamendedon (if applicable); or

[]  Application No. filed on :
[  Asamendedon (if applicable).

The above-identified application was made or authorized to be made by me.
| believe that | am the original inventor or an original joint inventor of the claimed invention of the application.

I have reviewed and understand the contents of the above-identified application, including the claims, as
amended by any amendment specifically referred to above:

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to
me to be material to patentability as defined in 37 CFR 1.56, including for continuation-in-part applications,
material information which became available between the filing date of the prior application and the national or
PCT international filing date of the continuation-in-part application.

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C.
1001 by fine or imprisonment of not more than five (5) years, or both.

LEGAL NAME OF INVENTOR

Inventor: Soumendu Bhattaharya Date:

Signature:

Note: Use an additional PTQ/AIA/01 (or substitute) form for each additional inventor.

Template "U.5 Declaration" (Declaration) Merck Sharp & Dohme Corp. — Last Madified 11/26/2012
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Attorney Docket No, 24439 Substitute for PTO/AIA/01

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of Invention: STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1)
ANTIBODIES AND METHODS OF USE THEREOF

Inventors: Manoj K. Sharma, Wendy Benjamin, Sarita Mittal, Ashwin Basarkar, Chakravarthy Nachu
Narasimhan, Ramesh S, Kashi, Mohommed Shameem, Soumendu Bhattacharya, William P. Forrest,Jr.,
Yogita Krishnamachari

As the below named inventor, | declare that;

This dectaration is directed to:

X The application having the attorney docket number and Title of Invention noted above, which
are on the specification;

[]  The attached application:

] Application No. , which is a 371 National Stage of PCT/ filed on :
[]  Asamendedon (if applicable); or

] Application No. filed on :
] As amended on (if applicable).

The above-identified application was made or authorized to be made by me.
I believe that | am the original inventor or an original joint inventor of the claimed invention of the application.

I have reviewed and understand the contents of the above-identified application, including the claims, as
amended by any amendment specifically referred to above;

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to
me to be material to patentability as defined in 37 CFR 1.56, including for continuation-in-part applications,
material information which became available between the filing date of the prior application and the national or
PCT international filing date of the continuation-in-part application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C.
1001 by fine or imprisonment of not more than five (5) years, or both.

LEGAL NAME OF INVENTOR

inventor: William P. Forrest, Jr. Date:

Signature:

‘\\\\\\“‘\\\\\m;&:\w N
R

Note: Use an additional PTO/AIA/Q1 (or substitute) form for each additional inventor.
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Attorney Docket No. 24439 Substitute for PTO/AIA/O1

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of Invention: STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1)
ANTIBODIES AND METHODS OF USE THEREOF

Inventors: Manoj K. Sharma, Wendy Benjamin, Sarita Mittal, Ashwin Basarkar, Chakravarthy Nachu
Narasimhan, Ramesh S. Kashi, Mohommed Shameem, Soumendu Bhattacharya, William P. Forrest,Jr.,
Yogita Krishnamachari

As the below named inventor, | declare that:

This declaration is directed to:

X The application having the attorney docket number and Title of invention noted above, which
are on the specification;

‘[0  The attached application;

O Application No. , which is a 371 National Stage of PCT/ filed on ;
[l  Asamendedon (if applicable); or

[]  Application No. filed on :
[]  Asamendedon (if applicable).

The above-identified application was made or authorized to be made by me.
| believe that | am the original inventor or an original joint inventor of the claimed invention of the application.

I have reviewed and understand the contents of the above-identified application, including the claims, as
amended by any amendment specifically referred to above;

I acknowledge the duty to disciose to the United States Patent and Trademark Office all information known to
me to be material to patentability as defined in 37 CFR 1.56, including for continuation-in-part applications,
material information which became available between the filing date of the prior application and the national or
PCT international filing date of the continuation-in-part application.

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C.
1001 by fine or imprisonment of not more than five (5) years, or both.

LEGAL NAME OF INVENTOR

Inventor: Yogita Krishnamachari Date:

Signature:

Note: Use an additional PTO/AIA/01 (or substitute) form for each additional inventor.

Template "U.S. Declaration” {Declaration) Merck Sharp-& Dohme Corp. ~ Last Modified 11/26/2012
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PTO/AIA/14 (01-22)
Approved for use through 05/31/2024. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. . Attorney Docket Number | 24439-US-CNT-4
Application Data Sheet 37 CFR 1.76

Application Number

STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1) ANTIBODIES AND METHODS

Title of Invention | - \\or THEREOF

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1

Legal Name

Prefix] Given Name Middle Name Family Name Suffix|
Manoj K. Sharma

Residence Information (Select One) (¢) US Residency (O Non US Residency () Active US Military Service

City | Littleton | State/Province | MA | Country of Residencd us

Mailing Address of Inventor:

Address 1 7 Fraser Street

Address 2

City Littleton | State/Province | MA

Postal Code 01460 | Countryi us

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Wendy Benjamin

Residence Information (Select One) () US Residency (O Non US Residency (O Active US Military Service

City | North Brunswick | State/Province | NJ | Country of Residenceé us

Mailing Address of Inventor:

Address 1 126 East Lincoln Avenue

Address 2

City Rahway | State/Province | NJ

Postal Code 07065 | countryi | us

Inventor 3

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Sarita Mittal

Residence Information (Select One) (¢) US Residency () Non US Residency () Active US Military Service

EFS Web 2.2.13
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PTO/AIA/14 (01-22)

Approved for use through 05/31/2024. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. . Attorney Docket Number | 24439-US-CNT-4
Application Data Sheet 37 CFR 1.76 —
Application Number
Title of Invention STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1) ANTIBODIES AND METHODS
OF USE THEREOF
City | Bridgewater State/Province | NJ | Country of Residencd us
Mailing Address of Inventor:
Address 1 126 East Lincoln Avenue
Address 2
City Rahway | State/Province | NJ
Postal Code 07065 | Countryi us
Inventor 4
Legal Name
Prefix] Given Name Middle Name Family Name Suffix|
Ashwin Basarkar
Residence Information (Select One) () US Residency () Non US Residency () Active US Military Service
City | Keasbey | State/Province | NJ | Country of Residence | US
Mailing Address of Inventor:
Address 1 2304 Sunnyview Oval
Address 2
City Keasbey | State/Province | NJ
Postal Code 08832 | Countryi us
Inventor 5
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Chakravarthy Nachu Narasimhan
Residence Information (Select One) (®) US Residency () Non US Residency () Active US Military Service
City | Scotch Plains | State/Province | NJ | Country of Residencd | US
Mailing Address of Inventor:
Address 1 126 East Lincoln Avenue
Address 2
City Rahway | State/Province | NJ
Postal Code 070865 | Countryi | us
Inventor 6
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Ramesh S. Kashi
Residence Information (Select One) (¢) US Residency () Non US Residency () Active US Military Service
City | Warren | State/Province | NJ | Country of Residencé | US
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Approved for use through 05/31/2024. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

24439-US-CNT-4

L Attorney Docket Number
Application Data Sheet 37 CFR 1.76

Application Number

STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1) ANTIBODIES AND METHODS

Title of Invention | - \\or THEREOF

Mailing Address of Inventor:

Address 1 5 Hickory Lane
Address 2
City Warren | State/Province | NJ
Postal Code 07059 | Countryi | us
Inventor 7
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Mohammed Shameem
Residence Information (Select One) (o) US Residency (O Non US Residency () Active US Military Service
City | Nanuet | State/Province | NY | Country of Residencd us
Mailing Address of Inventor:
Address 1 4 Surim Court
Address 2
City Nanuet | State/Province | NY
Postal Code 10954 | Countryi us
Inventor 8
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Soumendu Bhattacharya
Residence Information (Select One) (¢) US Residency (O Non US Residency () Active US Military Service
City | EastWindsor | State/Province | NJ | Country of Residencd | US
Mailing Address of Inventor:
Address 1 126 East Lincoln Avenue
Address 2
City Rahway | State/Province NJ
Postal Code 07065 | Countryi us
Inventor 9
Legal Name
Prefix] Given Name Middle Name Family Name Suffix|
William P. Forrest Jr.

Residence Information (Select One) () US Residency

(O Non US Residency

(O Active US Military Service

City | Middletown

| State/Province | NJ

| Country of Residencé

us

EFS Web 2.2.13
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PTO/AIA/14 (01-22)

Approved for use through 05/31/2024. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 24439-US-CNT-4

Application Data Sheet 37 CFR 1.76

Application Number

STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1) ANTIBODIES AND METHODS

Title of Invention | - \\or THEREOF

Mailing Address of Inventor:

Address 1 126 East Lincoln Avenue

Address 2

City Rahway | State/Province NJ

Postal Code 07065 | Countryi | us

Inventor 10

Legal Name

Prefix] Given Name Middle Name Family Name Suffix|
Yogita Krishnamachari

Residence Information (Select One) (¢ US Residency (O Non US Residency () Active US Military Service

City | Scotch Plains | state/Province | Ny | Country of Residencd | Us

Mailing Address of Inventor:

Address 1 126 East Lincoln Avenue

Address 2

City Rahway | State/Province | NJ
Postal Code ‘ 07065 | Countryi us

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[] An Address is being provided for the correspondence Information of this application.

Customer Number 210

Email Address us_efs@merck.com

Application Information:

Title of the Invention '\SA'II'E/?\FI?_'LOEDFSOSFMSIS_ECI:II_E)ESE%FFPROGRAMMED DEATH RECEPTOR 1 (PD-1) ANTIBODIES AND
Attorney Docket Number| 24439-US-CNT-4 Small Entity Status Claimed [ ]

Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 11 Suggested Figure for Publication (if any)
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Approved for use through 05/31/2024. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. . Attorney Docket Number | 24439-US-CNT-4
Application Data Sheet 37 CFR 1.76

Application Number

STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1) ANTIBODIES AND METHODS
OF USE THEREOF

Title of Invention

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). )
Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country N
filed application

Publication Information:
[[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: @ Customer Number | (O US Patent Pracioner | (O Limited Recognition (37 CFR 11.9)

Customer Number 210

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Continuation of 18/182135 2023-03-10
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Approved for use through 05/31/2024. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 24439-US-CNT-4

Application Data Sheet 37 CFR 1.76

Application Number

STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1) ANTIBODIES AND METHODS

Title of Invention | - \\or THEREOF

Prior Application Status | Patented

Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
18/182135 Continuation of 16/609612 2019-10-30 11633476 2023-04-25

Prior Application Status | Expired

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

16/609612 a 371 of international PCT/US2018/030459 2018-05-01

Prior Application Status | Expired

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

PCT/US2018/030459 Claims benéefit of provisional 62/500238 2017-05-02

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.8.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)l the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application Number Coun’[ryi Filing Date (YYYY-MM-DD) Access Code' (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. . Attorney Docket Number | 24439-US-CNT-4
Application Data Sheet 37 CFR 1.76

Application Number

STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1) ANTIBODIES AND METHODS

Title of Invention | - \\or THEREOF

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

A).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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Application Data Sheet 37 CFR 1.76

Application Number

STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1) ANTIBODIES AND METHODS
OF USE THEREOF

Title of Invention

Applicant Information:

Providing assighment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

(® Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint Inventor

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here.

Organization Name | s Sharp & Dohme LLC

Mailing Address Information For Applicant:

Address 1 126 East Lincoln Avenue

Address 2

City Rahway State/Province NJ

Country | us Postal Code 07065
Phone Number Fax Number 732-594-4720
Email Address us_efs@merck.com

Additional Applicant Data may be generated within this form by selecting the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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. . Attorney Docket Number | 24439-US-CNT-4
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1) ANTIBODIES AND METHODS
OF USE THEREOF

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information” section will appear on the patent application

publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here.
Organization Name

Merck Sharp & Dohme LLC

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1 126 East Lincoln Avenue

Address 2

City Rahway State/Province NJ

Country i us Postal Code 07065
Phone Number Fax Number 732-594-4720
Email Address us_efs@merck.com

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |/Patrick Rehfuss, Reg. No. 75,367/ Date (YYYY-MM-DD)| 2025-09-19

First Name | Patrick Last Name | Rehfuss Registration Number | 75,367

Additional Signature may be generated within this form by selecting the Add button.
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Application Data Sheet 37 CFR 1.76

Application Number

STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1) ANTIBODIES AND METHODS

Title of Invention | - \\or THEREOF

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

1

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
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STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1)
ANTIBODIES AND METHODS OF USE THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation of U.S. Patent Application No. 18/182,135, filed
March 10, 2023, which is a continuation of U.S. Patent Application No. 16/609,612, filed
October 30, 2019 (now U.S. Patent No. 11,633,476, issued on April 25, 2023), which is a 371
national stage of International Application No. PCT/US2018/030459, filed May 1, 2018, which
claims the benefit of U.S. Provisional Application No. 62/500,238, filed May 2, 2017, the

contents of which are hereby incorporated by reference in their entirety.

REFERENCE TO SEQUENCE LISTING SUBMITTED ELECTRONICALLY

[0002] The instant application contains a Sequence Listing which has been submitted
electronically in XML format and is hereby incorporated by reference in its entirety. The XML
file, created on March 6, 2023, is named 24439-US-CNT.XML and is 41,919 bytes in size.

FIELD OF THE INVENTION

[0003] The invention relates to stable formulations comprising antibodies or antigen binding
fragments thereof that bind to human programmed death receptor 1 (PD-1). Also provided are
methods of treating various cancers and chronic infections with the formulations of the

invention.

BACKGROUND OF THE INVENTION

[0004] Immune checkpoint therapies targeting the programmed death receptor-1 (PD-1) axis
have resulted in groundbreaking improvements in clinical response in multiple human cancers
(Brahmer er al., N Engl J Med 2012, 366: 2455-65; Garon et al. N Engl J Med 2015, 372: 2018-
28; Hamid et al., N Engl J Med 2013, 369: 134-44; Robert et al., Lancet 2014, 384: 1109-17;
Robert et al., N Engl J Med 2015, 372: 2521-32; Robert et al., N Engl J Med 2015, 372: 320-30;
Topalian et al., N Engl J Med 2012, 366: 2443-54; Topalian et al., J Clin Oncol 2014, 32: 1020-
30; Wolchok er al., N Engl J Med 2013, 369: 122-33). The interaction of the PD-1 receptor on
T-cells with its ligands, PD-L1 and PD-L2, on tumor and immune infiltrating cells regulates T-
cell mediated immune responses and may play a role in immune escape by human tumors
(Pardoll DM. Nat Rev Cancer 2012,12: 252-64). Binding of PD-1 to either of its ligands results

in delivery of an inhibitory stimulus to the T cell. Immune therapies targeting the PD-1 axis
-1-
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include monoclonal antibodies directed to the PD-1 receptor (KEYTRUDAT™ (pembrolizumab),
Merck and Co., Inc., Kenilworth, NJ and OPDIVO™ (nivolumab), Bristol-Myers Squibb,
Princeton, NJ) and also those that bind to the PD-L1 ligand (MPDL3280A; TECENTRIQ™
(atezolizumab), Genentech, San Francisco, CA). Both therapeutic approaches have
demonstrated anti-tumor effects in numerous cancer types.

[0005] Antibodies for use in human subjects must be stored prior to use and transported to the
point of administration. Reproducibly attaining a desired level of antibody drug in a subject
requires that the drug be stored in a formulation that maintains the bioactivity of the drug. The
need exists for stable formulations of anti-human PD-1 antibodies for pharmaceutical use, e.g.,
for treating various cancers and infectious diseases. Preferably, such formulations will exhibit a
long shelf-life, be stable when stored and transported, and will be amenable to administration at
high concentrations, e.g. for use in subcutaneous administration, as well as low concentrations,

e.g. for intravenous administration.

SUMMARY OF THE INVENTION
[0006] The invention provides an anti-human PD-1 antibody formulation, comprising: a) about
5 mg/mL to about 200 mg/mL. of an anti-human PD-1 antibody, or antigen binding fragment
thereof; b) about 5 mM to about 20 mM buffer; c) a stabilizer selected from the group consisting
of: (i) about 6% to about 8% weight/volume (w/v) sucrose, trehalose or (2-hydroxypropyl)-f3-
cyclodextrin; (ii) about 3% to about 5% w/v mannitol, sorbitol, L-arginine, a pharmaceutically
acceptable salt of L-arginine, L-proline, or a pharmaceutically acceptable salt of L-proline; and
(ii1) about 1.8 to about 2.2% w/v glycine, or a pharmaceutically acceptable salt thereof; d) about
0.01 % to about 0.10% non-ionic surfactant; and e) about 1 mM to about 20 mM anti-oxidant.
[0007] In embodiments of the invention, the buffer provides a pH of between 5.0 and 6.0.
[0008] In specific embodiments, the stabilizer of the anti-human PD-1 antibody formulation is
selected from the group consisting of: (i) about 6% to about 8% w/v sucrose, trehalose or (2-
hydroxypropyl)-B-cyclodextrin; (ii) about 3 % to about 5% mannitol, sorbitol, or L- proline, or a
pharmaceutically acceptable salt of L-proline; and (iii) about 1.8 to about 2.2% w/v glycine, or a
pharmaceutically acceptable salt thereof.
[0009] In certain embodiments, the anti-human PD-1 antibody formulation further comprises
from about 1% to about 3% w/v L-arginine, or a pharmaceutically acceptable salt thereof.
[0010] The invention also provides an anti-human PD-1 antibody formulation comprising: a)
about 25 mg/mL to about 200 mg/mL of an anti-human PD-1 antibody, or antigen binding
fragment thereof; b) about 5 mM to about 20 mM histidine buffer; ¢) about 6% to about 8% w/v
-2
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sucrose; d) about 0.01 % to about 0.04% w/v polysorbate 80; and e) about 1 mM to about 20
mM L-methionine, or a pharmaceutically acceptable salt thereof.

[0011] In specific embodiments, the anti-human PD-1 antibody formulation further comprises
from about 1% to about 3% w/v L-arginine, or a pharmaceutically acceptable salt thereof.
[0012] The invention further provides an anti-human PD-1 antibody formulation comprising:
a) about 75 to about 200 mg/mL of an anti-human PD-1 antibody, or antigen binding fragment
thereof; b) about 8 mM to about 12 mM histidine buffer; ¢) about 5 mM to about 10 mM
methionine; d) about 6% to about 8% w/v sucrose; and e) 0.01 % to about 0.04% w/v
polysorbate 80.

[0013] Also provided by the invention is an anti-human PD-1 antibody formulation,
comprising: a) about 125 to about 200 mg/mL of an anti-human PD-1 antibody, or antigen
binding fragment thereof; b) about 10 mM histidine buffer; ¢) about 10 mM L-methionine or a
pharmaceutically acceptable salt thereof; d) about 7 w/v sucrose; and e) about 0.02 % to w/v
polysorbate 80.

[0014] In some embodiments, the anti-human PD-1 antibody formulation further comprises
from about 1.25% to about 2.5% w/v L-arginine, or a pharmaceutically acceptable salt thereof.
In some embodiments, the arginine is L-arginine. In other embodiments, the arginine is L-
arginine HCL.

[0015] The invention also provides an anti-human PD-1 antibody formulation, comprising: a)
about 5 mg/mL to about 75 mg/mL of an anti-human PD-1 antibody, or antigen binding
fragment thereof; b) about 8 mM to about 12 mM histidine buffer; c) a stabilizer selected from
the group consisting of: (i) about 6% to about 8% w/v sucrose, trehalose or (2-hydroxypropyl)-B-
cyclodextrin; (ii) about 3% to about 5% w/v mannitol, sorbitol, L-proline or a pharmaceutically
acceptable salt of L-proline; and (iii) about 1.8 to about 2.2% w/v glycine, or a pharmaceutically
acceptable salt thereof; d) about 0.01 % to about 0.04% polysorbate 80; and e) about 5 mM to
about 10 mM methionine or a pharmaceutically acceptable salt thereof.

[0016] In certain embodiments, the anti-human PD-1 antibody formulation further comprises a
metal chelator. In specific embodiments, the metal chelator is DTPA. In certain embodiments
the DTPA is present at a concentration of about 10 uM to about 30 uM.

[0017] The invention also provides a liquid anti-human PD-1 antibody formulation that is
reconstituted from a lyophilized formulation wherein the reconstituted solution comprises: a)
about 125 mg/mL to about 175 mg/mL of an anti-human PD-1 antibody, or antigen binding
fragment thereof; b) about 8 mM to about 12 mM histidine buffer; c¢) a stabilizer selected from

the group consisting of: (i) about 3% to about 8% w/v sucrose; (ii) about 2% to about 5% w/v L-
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arginine, or a pharmaceutically acceptable salt thereof; (iii) about 3% to about 5% mannitol and
about 1% to about 2% sucrose; and (iv) a combination of i) and ii); and d) about 0.01 % to about
0.04% polysorbate 80.

[0018] In specific embodiments of the invention the anti-PD-1 antibody is pembrolizumab or
an antigen binding fragment of pembrolizumab.

[0019] Also provided herein are methods of treating cancer and methods of treating chronic
infection in a human patient in need thereof comprising: administering an effective amount of

the anti-human PD-1 antibody formulations of the invention to the patient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIGURES 1A-1C show results of an HP-HIC study, which measures oxidation of Met-
105, for high concentration pembrolizumab formulations over a 12-week time period. Results
are provided for test formulations (see EXAMPLE 2) stored at 5°C (FIGURE 1A), 25°C
(FIGURE 1B), and 40°C (FIGURE 1C).

[0021] FIGURES 2A-2C show results of an HP-HIC study of the formulations in EXAMPLE
3. Results are provided for test formulations stored at 5°C (FIGURE 2A), 25°C (FIGURE 2B),
and 40°C (FIGURE 2C) over a 9-month period.

[0022] FIGURES 3A-3C show results of an HP-SEC analysis (measured as % mAb) of the
formulations described in EXAMPLE 4. Results are provided for formulations stored at 5°C
(FIGURE 3A), 25°C (FIGURE 3B) and 40°C (FIGURE 3C).

[0023] FIGURES 4A-4C show results of HP-HIC analysis of the formulations described in
EXAMPLE 4. Results provided show the % of pre-peak 1 +2 (oxidized species) formulations
stored at 5°C (FIGURE 3A), 25°C (FIGURE 3B) and 40°C (FIGURE 3C) over 12 weeks. The
dashed lines in FIGURE 4B and FIGURE 4C shows results from Formulation 1, Example 3, as a
comparator.

[0024] FIGURE 5 shows the amount of aggregation of each of the formulations in EXAMPLE
5 over an 8-week period of storage at 40°C as measured by HP-SEC.

[0025] FIGURE 6 shows the oxidation of Met-105 in the formulations in EXAMPLE 6, Study
2, at 40°C over an 8-week period as measured by HP-HIC.

[0026] FIGURE 7 shows oxidation of Met-105 in the formulations in EXAMPLE 6, Study 3 at
40°C over an 8-week period as measured by HP-HIC.

DETAILED DESCRIPTION OF THE INVENTION

[0027] The invention provides stable formulations comprising an anti-PD-1 antibody, or

antigen binding fragment thereof that binds to human PD-1, which are useful for methods of
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treatment of cancer or an immune disorder or immune condition which comprise intravenous or
subcutaneous administration to a patient in need thereof. In certain embodiments of the
invention, the anti-PD-1 antibody is pembrolizumab or an antigen binding fragment of
pembrolizumab. The formulations of the invention address the issues of high viscosity and
increased aggregation associated with antibody formulations comprising a high concentration of
anti-PD1 antibodies. The invention further provides formulations comprising pembrolizumab or
an antigen binding fragment thereof with reduced methionine oxidation, including reduced
oxidation of methionine-105, which is located in CDR3 of the heavy chains of pembrolizumab.
[0028] The formulations of the invention are useful for subcutaneous delivery to a patient in
need thereof. In order to deliver maximum therapeutic benefits to patients, it is desirable that
formulations for subcutaneous (SC) delivery comprise a high antibody concentration (75-200
mg/ml). A high concentration of API is often required for SC formulations due to the historical
bioavailability of 50-60% for SC injections and the expected dose range of an antibody product.
However, high concentration of antibody, or antigen binding fragment thereof, may contribute to
other properties of the product which would be undesirable, e.g. low injectability due to
increased viscosity and higher than physiological osmolality and increased aggregation.
Therefore, it is preferred that an antibody product intended for SC administration balances the
effects of concentration while maintaining a level of drug that will provide the highest
therapeutic benefit. An ideal product comprises a high protein concentration, low viscosity, an
osmolality similar to physiological conditions, and a low level of aggregation under typical
storage conditions. Increased viscosity at high protein concentration may not only make it
difficult to extract the product from its container with a syringe, but also to inject the necessary
dose into a patient from the syringe (syringeability). Advantageously, embodiments of the
invention provide formulations that comprise a high concentration of antibody, or antigen
binding fragment thereof, and a viscosity level that is acceptable for subcutaneous delivery.
Additionally, the formulations of the invention do not lead to high levels of aggregation, as
shown in more detail throughout the Examples.

[0029] Previous forced degradation studies were conducted on pembrolizumab drug substance
(DS) to investigate product degradation pathways and to isolate and characterize impurities. In
these studies, pembrolizumab DS was exposed to various stress conditions, and analysis of
stressed samples indicated that, under the stress conditions employed, pembrolizumab DS was
sensitive to light, peroxide, and high pH. Major degradation pathways of pembrolizumab
included oxidation of methionine 105 (Met105) in the heavy chain CDR upon peroxide stress

and oxidation of Met105 and Fc methionine residues when exposed to light. Pembrolizumab
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maintained its bioactivity under most stress conditions for the degradation levels tested.
However, reduction in affinity to PD-1 was observed for peroxide stressed samples by Surface
Plasmon Resonance (SPR). An exposed methionine residue or a methionine residue in the CDR
of an antibody has the potential of impacting the biological activity of the antibody through
oxidation. It is shown herein that the formulations of the invention are able to reduce oxidation

of Met105 within the pembrolizumab heavy chain CDR.

L Definitions and Abbreviations

[0030] As used throughout the specification and appended claims, the following abbreviations

apply:
API active pharmaceutical ingredient
CDR complementarity determining region in the immunoglobulin

variable regions

CE-SDS capillary electrophoresis-sodium dodecyl sulfate
CHO Chinese hamster ovary
CI confidence interval
DS drug substance
EC50 concentration resulting in 50% efficacy or binding
ELISA enzyme-linked immunosorbant assay
FFPE formalin-fixed, paraffin-embedded
FR framework region
HC heavy chain
HNSCC head and neck squamous cell carcinoma
HPBC 2-Hydroxypropyl)-B-cyclodextrin
HP-HIC high performance hydrophobic interaction chromatography
HP-IEX high performance ion-exchange chromatography
HP-SEC high performance size exclusion chromatography
1C50 concentration resulting in 50% inhibition
1gG immunoglobulin G
IHC immunohistochemistry or immunohistochemical
mAb monoclonal antibody
MES 2-(N-morpholino)ethanesulfonic acid
NCBI National Center for Biotechnology Information
NSCLC non-small cell lung cancer

-6 -
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PCR polymerase chain reaction

PD-1 programmed death 1 (a.k.a. programmed cell death-1 and
programmed death receptor 1)

PD-L1 programmed cell death 1 ligand 1

PD-L2 programmed cell death 1 ligand 2

PS80 or PS-80 polysorbate 80

SBEC (sulfobutylether)-B-cyclodextrin

SWFI sterile water for injection

TNBC triple negative breast cancer

Vu immunoglobulin heavy chain variable region

VK immunoglobulin kappa light chain variable region

VL immunoglobulin light chain variable region

VP-DSC Valerian-Plotnikov differential scanning calorimetry

viv volume per volume

WFI water for injection

w/v weight per volume

[0031] So that the invention may be more readily understood, certain technical and scientific
terms are specifically defined below. Unless specifically defined elsewhere in this document, all
other technical and scientific terms used herein have the meaning commonly understood by one
of ordinary skill in the art to which this invention belongs.

[0032] As used throughout the specification and in the appended claims, the singular forms
“a,” “an,” and “the” include the plural reference unless the context clearly dictates otherwise.
[0033] Reference to “or” indicates either or both possibilities unless the context clearly dictates
one of the indicated possibilities. In some cases, “and/or” was employed to highlight either or
both possibilities.

[0034] "Treat" or "treating” a cancer as used herein means to administer a formulation of the
invention to a subject having an immune condition or cancerous condition, or diagnosed with a
cancer or pathogenic infection (e.g. viral, bacterial, fungal), to achieve at least one positive
therapeutic effect, such as for example, reduced number of cancer cells, reduced tumor size,
reduced rate of cancer cell infiltration into peripheral organs, or reduced rate of tumor metastasis
or tumor growth. "Treatment" may include one or more of the following: inducing/increasing an
antitumor immune response, stimulating an immune response to a pathogen, toxin, and/or self-

antigen, stimulating an immune response to a viral infection, decreasing the number of one or
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more tumor markers, halting or delaying the growth of a tumor or blood cancer or progression of
disease associated with PD-1 binding to its ligands PD-L1 and/or PD-L2 (“PD-1-related
disease”) such as cancer, stabilization of PD-1-related disease, inhibiting the growth or survival
of tumor cells, eliminating or reducing the size of one or more cancerous lesions or tumors,
decreasing the level of one or more tumor markers, ameliorating, abrogating the clinical
manifestations of PD-1-related disease, reducing the severity or duration of the clinical
symptoms of PD-1-related disease such as cancer, prolonging the survival of a patient relative to
the expected survival in a similar untreated patient, inducing complete or partial remission of a
cancerous condition or other PD-1 related disease.

[0035] “Immune condition” or “immune disorder” encompasses, e.g., pathological
inflammation, an inflammatory disorder, and an autoimmune disorder or disease. “Immune
condition” also refers to infections, persistent infections, and proliferative conditions, such as
cancer, tumors, and angiogenesis, including infections, tumors, and cancers that resist
eradication by the immune system. “Cancerous condition” includes, e.g., cancer, cancer cells,
tumors, angiogenesis, and precancerous conditions such as dysplasia.

[0036] Positive therapeutic effects in cancer can be measured in a number of ways (See, W. A.
Weber, J. Nucl. Med. 50:15-10S (2009)). For example, with respect to tumor growth inhibition,
according to NCI standards, a T/C =42% is the minimum level of anti-tumor activity. A T/C <
10% is considered a high anti-tumor activity level, with T/C (%) = Median tumor volume of the
treated/Median tumor volume of the control x 100. In some embodiments, the treatment
achieved by administration of a formulation of the invention is any of progression free survival
(PFS), disease free survival (DFS) or overall survival (OS). PFS, also referred to as “Time to
Tumor Progression” indicates the length of time during and after treatment that the cancer does
not grow, and includes the amount of time patients have experienced a complete response or a
partial response, as well as the amount of time patients have experienced stable disease. DFS
refers to the length of time during and after treatment that the patient remains free of disease. OS
refers to a prolongation in life expectancy as compared to naive or untreated individuals or
patients. While an embodiment of the formulations, treatment methods, and uses of the
invention may not be effective in achieving a positive therapeutic effect in every patient, it
should do so in a statistically significant number of subjects as determined by any statistical test
known in the art such as the Student’s t-test, the chi’-test, the U-test according to Mann and
Whitney, the Kruskal-Wallis test (H-test), Jonckheere-Terpstra-test and the Wilcoxon-test.
[0037] The term “patient” (alternatively referred to as “subject” or “individual” herein) refers

to a mammal (e.g., rat, mouse, dog, cat, rabbit) capable of being treated with the formulations of
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the invention, most preferably a human. In some embodiments, the patient is an adult patient.
In other embodiments, the patient is a pediatric patient. Those “in need of treatment” include
those patients that may benefit from treatment with the formulations of the invention, e.g. a
patient suffering from cancer or an immune condition.

[0038] The term "antibody" refers to any form of antibody that exhibits the desired biological
activity. Thus, it is used in the broadest sense and specifically covers, but is not limited to,
monoclonal antibodies (including full length monoclonal antibodies), polyclonal antibodies,
humanized, fully human antibodies, and chimeric antibodies.

[0039] In general, the basic antibody structural unit comprises a tetramer. Each tetramer
includes two identical pairs of polypeptide chains, each pair having one "light" (about 25 kDa)
and one "heavy" chain (about 50-70 kDa). The amino-terminal portion of each chain includes a
variable region of about 100 to 110 or more amino acids primarily responsible for antigen
recognition. The variable regions of each light/heavy chain pair form the antibody binding site.
Thus, in general, an intact antibody has two binding sites. The carboxy-terminal portion of the
heavy chain may define a constant region primarily responsible for effector function. Typically,
human light chains are classified as kappa and lambda light chains. Furthermore, human heavy
chains are typically classified as mu, delta, gamma, alpha, or epsilon, and define the antibody's
isotype as IgM, IgD, IgG, IgA, and IgE, respectively. Within light and heavy chains, the
variable and constant regions are joined by a "J" region of about 12 or more amino acids, with
the heavy chain also including a "D" region of about 10 more amino acids. See generally,
Fundamental Immunology Ch. 7 (Paul, W., ed., 2nd ed. Raven Press, N.Y. (1989).

[0040] Typically, the variable domains of both the heavy and light chains comprise three
hypervariable regions, also called complementarity determining regions (CDRs), which are
located within relatively conserved framework regions (FR). The CDRs are usually aligned by
the framework regions, enabling binding to a specific epitope. In general, from N-terminal to C-
terminal, both light and heavy chains variable domains comprise FR1, CDR1, FR2 , CDR2,
FR3, CDR3 and FR4. The assignment of amino acids to each domain is, generally, in
accordance with the definitions of Sequences of Proteins of Immunological Interest, Kabat, et
al.; National Institutes of Health, Bethesda, Md. ; 5% ed.; NIH Publ. No. 91-3242 (1991); Kabat
(1978) Adv. Prot. Chem. 32:1-75; Kabat, et al., (1977) J. Biol. Chem. 252:6609-6616; Chothia,
et al., (1987) J Mol. Biol. 196:901-917 or Chothia, et al., (1989) Nature 342:878-883.

[0041] An antibody or antigen-binding fragment that “specifically binds to” a specified target
protein is an antibody that exhibits preferential binding to that target as compared to other

proteins, but this specificity does not require absolute binding specificity. An antibody is
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considered "specific"” for its intended target if its binding is determinative of the presence of the
target protein in a sample, e.g. without producing undesired results such as false positives.
Antibodies, or binding fragments thereof, useful in the invention will bind to the target protein
with an affinity that is at least two fold greater, preferably at least ten times greater, more
preferably at least 20-times greater, and most preferably at least 100-times greater than the
affinity with non-target proteins. As used herein, an antibody is said to bind specifically to a
polypeptide comprising a given amino acid sequence, e.g. the amino acid sequence of a mature
human PD-1 or human PD-L1 molecule, if it binds to polypeptides comprising that sequence but
does not bind to proteins lacking that sequence.

[0042] "Chimeric antibody" refers to an antibody in which a portion of the heavy and/or light
chain is identical with or homologous to corresponding sequences in an antibody derived from a
particular species (e.g., human) or belonging to a particular antibody class or subclass, while the
remainder of the chain(s) is identical with or homologous to corresponding sequences in an
antibody derived from another species (e.g., mouse) or belonging to another antibody class or
subclass, as well as fragments of such antibodies, so long as they exhibit the desired biological
activity.

[0043] The term "pharmaceutically effective amount" or “effective amount” means an amount
whereby sufficient therapeutic composition or formulation is introduced to a patient to treat a
diseased or condition. One skilled in the art recognizes that this level may vary according the
patient’s characteristics such as age, weight, etc.

[0044] The term "about", when modifying the quantity (e.g., mM, or M) of a substance or
composition, the percentage (v/v or w/v) of a formulation component, the pH of a
solution/formulation, or the value of a parameter characterizing a step in a method, or the like
refers to variation in the numerical quantity that can occur, for example, through typical
measuring, handling and sampling procedures involved in the preparation, characterization
and/or use of the substance or composition; through inadvertent error in these procedures;
through differences in the manufacture, source, or purity of the ingredients employed to make or
use the compositions or carry out the procedures; and the like. In certain embodiments, “about”
can mean a variation of + 0.1%, 0.5%, 1%, 2%, 3%, 4%, 5% or 10%.

[0045] The terms “cancer”, “cancerous”, or “malignant” refer to or describe the physiological
condition in mammals that is typically characterized by unregulated cell growth. Examples of
cancer include but are not limited to, carcinoma, lymphoma, leukemia, blastoma, and sarcoma.
More particular examples of such cancers include squamous cell carcinoma, myeloma, small-

cell lung cancer, non-small cell lung cancer, glioma, Hodgkin’s lymphoma, non-Hodgkin’s
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lymphoma, gastrointestinal (tract) cancer, renal cancer, ovarian cancer, liver cancer,
lymphoblastic leukemia, lymphocytic leukemia, colorectal cancer, endometrial cancer, kidney
cancer, prostate cancer, thyroid cancer, melanoma, chondrosarcoma, neuroblastoma, pancreatic
cancer, glioblastoma multiforme, cervical cancer, brain cancer, stomach cancer, bladder cancer,
hepatoma, breast cancer, colon carcinoma, and head and neck cancer.

[0046] A “chemotherapeutic agent” is a chemical compound useful in the treatment of cancer.
Anti-PD-1 antibodies can be used with any one or more suitable chemotherapeutic agent.
Examples of such chemotherapeutic agents include alkylating agents such as thiotepa and
cyclosphosphamide; alkyl sulfonates such as busulfan, improsulfan and piposulfan; aziridines
such as benzodopa, carboquone, meturedopa, and uredopa; ethylenimines and
methylamelamines including altretamine, triethylenemelamine, trietylenephosphoramide,
triethylenethiophosphoramide and trimethylolomelamine; acetogenins (especially bullatacin and
bullatacinone); a camptothecin (including the synthetic analogue topotecan); bryostatin;
callystatin; CC-1065 (including its adozelesin, carzelesin and bizelesin synthetic analogues);
cryptophycins (particularly cryptophycin 1 and cryptophycin 8); dolastatin; duocarmycin
(including the synthetic analogues, KW-2189 and CBI-TMI); eleutherobin; pancratistatin; a
sarcodictyin; spongistatin; nitrogen mustards such as chlorambucil, chlornaphazine,
cholophosphamide, estramustine, ifosfamide, mechlorethamine, mechlorethamine oxide
hydrochloride, melphalan, novembichin, phenesterine, prednimustine, trofosfamide, uracil
mustard; nitrosureas such as carmustine, chlorozotocin, fotemustine, lomustine, nimustine,
ranimustine; antibiotics such as the enediyne antibiotics (e.g. calicheamicin, especially
calicheamicin gammall and calicheamicin phill, see, e.g., Agnew, Chem. Intl. Ed. Engl.,
33:183-186 (1994); dynemicin, including dynemicin A; bisphosphonates, such as clodronate; an
esperamicin; as well as neocarzinostatin chromophore and related chromoprotein enediyne
antibiotic chromomophores), aclacinomysins, actinomycin, authramycin, azaserine, bleomycins,
cactinomycin, carabicin, caminomycin, carzinophilin, chromomycins, dactinomycin,
daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, doxorubicin (including morpholino-
doxorubicin, cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin and deoxydoxorubicin),
epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins such as mitomycin C,
mycophenolic acid, nogalamycin, olivomycins, peplomycin, potfiromycin, puromycin,
quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin, zorubicin;
anti-metabolites such as methotrexate and 5-fluorouracil (5-FU); folic acid analogues such as
denopterin, methotrexate, pteropterin, trimetrexate; purine analogs such as fludarabine, 6-

mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as ancitabine, azacitidine, 6-
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azauridine, carmofur, cytarabine, dideoxyuridine, doxifluridine, enocitabine, floxuridine;
androgens such as calusterone, dromostanolone propionate, epitiostanol, mepitiostane,
testolactone; anti-adrenals such as aminoglutethimide, mitotane, trilostane; folic acid replenisher
such as frolinic acid; aceglatone; aldophosphamide glycoside; aminolevulinic acid; eniluracil;
amsacrine; bestrabucil; bisantrene; edatraxate; defofamine; demecolcine; diaziquone;
elformithine; elliptinium acetate; an epothilone; etoglucid; gallium nitrate; hydroxyurea;
lentinan; lonidamine; maytansinoids such as maytansine and ansamitocins; mitoguazone;
mitoxantrone; mopidamol; nitracrine; pentostatin; phenamet; pirarubicin; losoxantrone;
podophyllinic acid; 2-ethylhydrazide; procarbazine; razoxane; rhizoxin; sizofuran;
spirogermanium; tenuazonic acid; triaziquone; 2, 2',2"-trichlorotriethylamine; trichothecenes
(especially T-2 toxin, verracurin A, roridin A and anguidine); urethan; vindesine; dacarbazine;
mannomustine; mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside (“Ara-C”);
cyclophosphamide; thiotepa; taxoids, e.g. paclitaxel and doxetaxel; chlorambucil; gemcitabine;
6-thioguanine; mercaptopurine; methotrexate; platinum analogs such as cisplatin and
carboplatin; vinblastine; platinum; etoposide (VP-16); ifosfamide; mitoxantrone; vincristine;
vinorelbine; novantrone; teniposide; edatrexate; daunomycin; aminopterin; xeloda; ibandronate;
CPT-11; topoisomerase inhibitor RFS 2000; difluoromethylornithine (DMFO); retinoids such as
retinoic acid; capecitabine; and pharmaceutically acceptable salts, acids or derivatives of any of
the above. Also included are anti-hormonal agents that act to regulate or inhibit hormone action
on tumors such as anti-estrogens and selective estrogen receptor modulators (SERMs),
including, for example, tamoxifen, raloxifene, droloxifene, 4-hydroxytamoxifen, trioxifene,
keoxifene, LY 117018, onapristone, and toremifene (Fareston); aromatase inhibitors that inhibit
the enzyme aromatase, which regulates estrogen production in the adrenal glands, such as, for
example, 4(5)-imidazoles, aminoglutethimide, megestrol acetate, exemestane, formestane,
fadrozole, vorozole, letrozole, and anastrozole; and anti-androgens such as flutamide,
nilutamide, bicalutamide, leuprolide, and goserelin; and pharmaceutically acceptable salts, acids
or derivatives of any of the above.

[0047] "Chothia" means an antibody numbering system described in Al-Lazikani et al., JMB
273:927-948 (1997).

[0048] “Kabat” as used herein means an immunoglobulin alignment and numbering system
pioneered by Elvin A. Kabat ((1991) Sequences of Proteins of Immunological Interest, Sth Ed.
Public Health Service, National Institutes of Health, Bethesda, Md.).

[0049] A “growth inhibitory agent” when used herein refers to a compound or composition

which inhibits growth of a cell, especially cancer cell over expressing any of the genes identified
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herein, either in vitro or in vivo. Thus, the growth inhibitory agent is one which significantly
reduces the percentage of cells over expressing such genes in S phase. Examples of growth
inhibitory agents include agents that block cell cycle progression (at a place other than S phase),
such as agents that induce G1 arrest and M-phase arrest. Classical M-phase blockers include the
vincas (vincristine and vinblastine) taxanes, and topo II inhibitors such as doxorubicin,
epirubicin, daunorubicin, and etoposide. Those agents that arrest G1 also spill over into S-phase
arrest, for example, DNA alkylating agents such as dacarbazine, mechlorethamine, and cisplatin.
Further information can be found in The Molecular Basis of Cancer, Mendelsohn and Israel,
eds., Chapter 1, entitled “Cell cycle regulation, oncogens, and antineoplastic drugs” by
Murakami et al. (WB Saunders: Philadelphia, 1995).

[0050] The terms “PD-1 binding fragment,” “antigen binding fragment thereof,” “binding
fragment thereof” or “fragment thereof” encompass a fragment or a derivative of an antibody
that still substantially retains its biological activity of binding to antigen (human PD-1) and
inhibiting its activity (e.g., blocking the binding of PD-1 to PDL1 and PDL2). Therefore, the
term “antibody fragment" or PD-1 binding fragment refers to a portion of a full length antibody,
generally the antigen binding or variable region thereof. Examples of antibody fragments
include Fab, Fab', F(ab")., and Fv fragments. Typically, a binding fragment or derivative retains
at least 10% of its PD-1 inhibitory activity. In some embodiments, a binding fragment or
derivative retains at least 25%, 50%, 60%, 70%, 80%, 90%, 95%, 99% or 100% (or more) of its
PD-1 inhibitory activity, although any binding fragment with sufficient affinity to exert the
desired biological effect will be useful. In some embodiments, an antigen binding fragment
binds to its antigen with an affinity that is at least two fold greater, preferably at least ten times
greater, more preferably at least 20-times greater, and most preferably at least 100-times greater
than the affinity with unrelated antigens. In one embodiment the antibody has an affinity that is
greater than about 10 liters/mol, as determined, e.g., by Scatchard analysis. Munsen ef al.
(1980) Analyt. Biochem. 107:220-239. Itis also intended that a PD-1 binding fragment can
include variants having conservative amino acid substitutions that do not substantially alter its
biologic activity.

[0051] "Humanized antibody" refers to forms of antibodies that contain sequences from non-
human (e.g., murine) antibodies as well as human antibodies. Such antibodies contain minimal
sequence derived from non-human immunoglobulin. In general, the humanized antibody will
comprise substantially all of at least one, and typically two, variable domains, in which all or
substantially all of the hypervariable loops correspond to those of a non-human immunoglobulin

and all or substantially all of the FR regions are those of a human immunoglobulin sequence.
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The humanized antibody optionally also will comprise at least a portion of an immunoglobulin
constant region (Fc), typically that of a human immunoglobulin. The humanized forms of
rodent antibodies will generally comprise the same CDR sequences of the parental rodent
antibodies, although certain amino acid substitutions may be included to increase affinity,
increase stability of the humanized antibody, or for other reasons.

[0052] The antibodies of the invention also include antibodies with modified (or blocked) Fc
regions to provide altered effector functions. See, e.g., U.S. Pat. No. 5,624,821;
WO02003/086310; WO2005/120571; WO2006/0057702; Presta (2006) Adv. Drug Delivery Rev.
58:640-656. Such modification can be used to enhance or suppress various reactions of the
immune system, with possible beneficial effects in diagnosis and therapy. Alterations of the Fc
region include amino acid changes (substitutions, deletions and insertions), glycosylation or
deglycosylation, and adding multiple Fc. Changes to the Fc can also alter the half-life of
antibodies in therapeutic antibodies, and a longer half-life would result in less frequent dosing,
with the concomitant increased convenience and decreased use of material. See Presta (2005) J.
Allergy Clin. Immunol.116:731 at 734-35.

[0053] “Fully human antibody” refers to an antibody that comprises human immunoglobulin
protein sequences only. A fully human antibody may contain murine carbohydrate chains if
produced in a mouse, in a mouse cell, or in a hybridoma derived from a mouse cell. Similarly,
“mouse antibody” refers to an antibody which comprises mouse immunoglobulin sequences
only. A fully human antibody may be generated in a human being, in a transgenic animal having
human immunoglobulin germline sequences, by phage display or other molecular biological
methods.

[0054] "Hypervariable region" refers to the amino acid residues of an antibody that are
responsible for antigen-binding. The hypervariable region comprises amino acid residues from a
"complementarity determining region" or "CDR" (e.g. residues 24-34 (CDRL1), 50-56 (CDRL2)
and 89-97 (CDRL3) in the light chain variable domain and residues 31-35 (CDRH1), 50-65
(CDRH2) and 95-102 (CDRH3) in the heavy chain variable domain as measured by the Kabat
numbering system (Kabat ez al. (1991) Sequences of Proteins of Immunological Interest, Sth Ed.
Public Health Service, National Institutes of Health, Bethesda, Md.) and/or those residues from a
"hypervariable loop" (i.e. residues 26-32 (LL1), 50-52 (L2) and 91-96 (L.3) in the light chain
variable domain and 26-32 (H1), 53-55 (H2) and 96-101 (H3) in the heavy chain variable
domain (Chothia and Lesk (1987) J. Mol. Biol. 196: 901-917). As used herein, the term
"framework" or "FR" residues refers to those variable domain residues other than the

hypervariable region residues defined herein as CDR residues. CDR and FR residues are
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determined according to the standard sequence definition of Kabat. Kabat er al. (1987)
Sequences of Proteins of Immunological Interest, National Institutes of Health, Bethesda Md.
[0055] “Conservatively modified variants” or “conservative substitution” refers to
substitutions of amino acids are known to those of skill in this art and may be made generally
without altering the biological activity of the resulting molecule, even in essential regions of the
polypeptide. Such exemplary substitutions are preferably made in accordance with those set

forth in Table 1 as follows:

Table 1. Exemplary Conservative Amino Acid Substitutions

Original residue  [Conservative substitution
Ala (A) Gly; Ser
Arg (R) Lys, His
Asn (N) Gln; His
Asp (D) Glu; Asn
Cys (C) Ser; Ala

Gln (Q) Asn

Glu (E) Asp; Gln
Gly (G) Ala

His (H) Asn; Gln

Te (I) Leu; Val
Leu (L) lle; Val

Lys (K) Arg; His
Met (M) [cu; Ile; Tyr
Phe (F) [Tyr; Met; Leu
Pro (P) Ala

Ser (S) [Thr

Thr (T) Ser

Trp (W) [T'yr; Phe
Tyr (Y) [Trp; Phe
Val (V) lle; Leu

[0056] In addition, those of skill in this art recognize that, in general, single amino acid
substitutions in non-essential regions of a polypeptide do not substantially alter biological
activity. See, e.g., Watson et al. (1987) Molecular Biology of the Gene, The
Benjamin/Cummings Pub. Co., p. 224 (4th Edition).

[0057] The phrase "consists essentially of,"” or variations such as "consist essentially of" or
"consisting essentially of," as used throughout the specification and claims, indicate the
inclusion of any recited elements or group of elements, and the optional inclusion of other
elements, of similar or different nature than the recited elements, that do not materially change

the basic or novel properties of the specified dosage regimen, method, or composition. As a
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non-limiting example, a binding compound that consists essentially of a recited amino acid
sequence may also include one or more amino acids, including substitutions of one or more
amino acid residues, that do not materially affect the properties of the binding compound.

[0058] “Comprising” or variations such as “comprise”, “comprises” or “comprised of” are
used throughout the specification and claims in an inclusive sense, i.e., to specify the presence of
the stated features but not to preclude the presence or addition of further features that may
materially enhance the operation or utility of any of the embodiments of the invention, unless the
context requires otherwise due to express language or necessary implication.

[0059] "Isolated antibody" and “isolated antibody fragment” refers to the purification status
and in such context means the named molecule is substantially free of other biological molecules
such as nucleic acids, proteins, lipids, carbohydrates, or other material such as cellular debris
and growth media. Generally, the term "isolated" is not intended to refer to a complete absence
of such material or to an absence of water, buffers, or salts, unless they are present in amounts
that substantially interfere with experimental or therapeutic use of the binding compound as
described herein.

[0060] "Monoclonal antibody" or “mAb” or “Mab”, as used herein, refers to a population of
substantially homogeneous antibodies, i.e., the antibody molecules comprising the population
are identical in amino acid sequence except for possible naturally occurring mutations that may
be present in minor amounts. In contrast, conventional (polyclonal) antibody preparations
typically include a multitude of different antibodies having different amino acid sequences in
their variable domains, particularly their CDRs, which are often specific for different epitopes.
The modifier "monoclonal” indicates the character of the antibody as being obtained from a
substantially homogeneous population of antibodies, and is not to be construed as requiring
production of the antibody by any particular method. For example, the monoclonal antibodies to
be used in accordance with the invention may be made by the hybridoma method first described
by Kohler et al. (1975) Nature 256: 495, or may be made by recombinant DNA methods (see,
e.g., U.S. Pat. No. 4,816,567). The "monoclonal antibodies" may also be isolated from phage
antibody libraries using the techniques described in Clackson et al. (1991) Nature 352: 624-628
and Marks er al. (1991) J. Mol. Biol. 222: 581-597, for example. See also Presta (2005) J.
Allergy Clin. Immunol. 116:731.

[0061] "Tumor" as it applies to a subject diagnosed with, or suspected of having, a cancer
refers to a malignant or potentially malignant neoplasm or tissue mass of any size, and includes
primary tumors and secondary neoplasms. A solid tumor is an abnormal growth or mass of

tissue that usually does not contain cysts or liquid areas. Different types of solid tumors are
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named for the type of cells that form them. Examples of solid tumors are sarcomas, carcinomas,
and lymphomas. Leukemias (cancers of the blood) generally do not form solid tumors (National
Cancer Institute, Dictionary of Cancer Terms).

[0062] The term "tumor size" refers to the total size of the tumor which can be measured as the
length and width of a tumor. Tumor size may be determined by a variety of methods known in
the art, such as, e.g. by measuring the dimensions of tumor(s) upon removal from the subject,
e.g., using calipers, or while in the body using imaging techniques, e.g., bone scan, ultrasound,
CT or MRI scans.

[0063] “Variable regions” or “V region” as used herein means the segment of IgG chains
which is variable in sequence between different antibodies. It extends to Kabat residue 109 in
the light chain and 113 in the heavy chain.

[0064] The term "buffer” encompasses those agents which maintain the solution pH of the
formulations of the invention in an acceptable range, or, for lyophilized formulations of the
invention, provide an acceptable solution pH prior to lyophilization.

[0065] The terms "lyophilization,” "lyophilized," and "freeze-dried" refer to a process by
which the material to be dried is first frozen and then the ice or frozen solvent is removed by
sublimation in a vacuum environment. An excipient may be included in pre-lyophilized
formulations to enhance stability of the lyophilized product upon storage.

[0066] The term "pharmaceutical formulation” refers to preparations which are in such form as
to permit the active ingredients to be effective, and which contains no additional components
which are toxic to the subjects to which the formulation would be administered. The term
“formulation” and “pharmaceutical formulation” are used interchangeably throughout,

[0067] "Pharmaceutically acceptable" refers to excipients (vehicles, additives) and
compositions that can reasonably be administered to a subject to provide an effective dose of the
active ingredient employed and that are "generally regarded as safe" e.g., that are physiologically
tolerable and do not typically produce an allergic or similar untoward reaction, such as gastric
upset and the like, when administered to a human. In another embodiment, this term refers to
molecular entities and compositions approved by a regulatory agency of the federal or a state
government or listed in the U.S. Pharmacopeia or another generally recognized pharmacopeia
for use in animals, and more particularly in humans.

[0068] A "reconstituted" formulation is one that has been prepared by dissolving a lyophilized
protein formulation in a diluent such that the protein is dispersed in the reconstituted
formulation. The reconstituted formulation is suitable for administration, e.g. parenteral

administration), and may optionally be suitable for subcutaneous administration.
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[0069] "Reconstitution time" is the time that is required to rehydrate a lyophilized formulation
with a solution to a particle-free clarified solution.

[0070] A "stable" formulation is one in which the protein therein essentially retains its physical
stability and/or chemical stability and/or biological activity upon storage. Various analytical
techniques for measuring protein stability are available in the art and are reviewed in Peptide and
Protein Drug Delivery, 247-301, Vincent Lee Ed., Marcel Dekker, Inc., New York, N.Y., Pubs.
(1991) and Jones, A. Adv. Drug Delivery Rev. 10:29-90 (1993). Stability can be measured at a
selected temperature for a selected time period.

[0071] A "stable" formulation is one in which the protein therein essentially retains its physical
stability and/or chemical stability and/or biological activity upon storage. Various analytical
techniques for measuring protein stability are available in the art and are reviewed in Peptide and
Protein Drug Delivery, 247-301, Vincent Lee Ed., Marcel Dekker, Inc., New York, N.Y., Pubs.
(1991) and Jones, A. Adv. Drug Delivery Rev. 10:29-90 (1993). Stability can be measured at a
selected temperature for a selected time period. For example, in one embodiment, a stable
formulation is a formulation with no significant changes observed at a refrigerated temperature
(2-8° C) for at least 12 months. In another embodiment, a stable formulation is a formulation
with no significant changes observed at a refrigerated temperature (2-8° C) for at least 18
months. In another embodiment, stable formulation is a formulation with no significant changes
observed at room temperature (23-27°C) for at least 3 months. In another embodiment, stable
formulation is a formulation with no significant changes observed at room temperature (23-
27°C) for at least 6 months. In another embodiment, stable formulation is a formulation with no
significant changes observed at room temperature (23-27°C) for at least 12 months. In another
embodiment, stable formulation is a formulation with no significant changes observed at room
temperature (23-27°C) for at least 18 months. The criteria for stability for an antibody
formulation are as follows. Typically, no more than 10%, preferably 5%, of antibody monomer
is degraded as measured by SEC-HPLC. Typically, the formulation is colorless, or clear to
slightly opalescent by visual analysis. Typically, the concentration, pH and osmolality of the
formulation have no more than +/-10% change. Potency is typically within 60-

140%, preferably 80-120% of the control or reference. Typically, no more than 10%, preferably
5% of clipping of the antibody is observed, i.e., % low molecular weight species as determined,
for example, by HP-SEC. Typically, no more than 10%, preferably no more than 5% of
aggregation of the antibody is observed, i.e. % high molecular weight species as determined, for

example, by HP-SEC.
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[0072] An antibody "retains its physical stability” in a pharmaceutical formulation if it shows
no significant increase of aggregation, precipitation and/or denaturation upon visual examination
of color and/or clarity, or as measured by UV light scattering, size exclusion chromatography
(SEC) and dynamic light scattering. The changes of protein conformation can be evaluated by
fluorescence spectroscopy, which determines the protein tertiary structure, and by FTIR
spectroscopy, which determines the protein secondary structure.

[0073] An antibody "retains its chemical stability" in a pharmaceutical formulation, if it shows
no significant chemical alteration. Chemical stability can be assessed by detecting and
quantifying chemically altered forms of the protein. Degradation processes that often alter the
protein chemical structure include hydrolysis or clipping (evaluated by methods such as size
exclusion chromatography and SDS-PAGE), oxidation (evaluated by methods such as by
peptide mapping in conjunction with mass spectroscopy or MALDI/TOF/MS), deamidation
(evaluated by methods such as ion-exchange chromatography, capillary isoelectric focusing,
peptide mapping, isoaspartic acid measurement), and isomerization (evaluated by measuring the
isoaspartic acid content, peptide mapping, etc.).

[0074] An antibody "retains its biological activity” in a pharmaceutical formulation, if the
biological activity of the antibody at a given time is within a predetermined range of the
biological activity exhibited at the time the pharmaceutical formulation was prepared. The
biological activity of an antibody can be determined, for example, by an antigen binding

assay. Formulations of the invention include antibodies and fragments thereof that are
biologically active when reconstituted or in liquid form

[0075] The term "isotonic" means that the formulation of interest has essentially the same
osmotic pressure as human blood. Isotonic formulations will generally have an osmotic pressure
from about 270-328 mOsm. Slightly hypotonic pressure is 250-269 and slightly hypertonic
pressure is 328-350 mOsm. Osmotic pressure can be measured, for example, using a vapor
pressure or ice-freezing type osmometer.

[0076] A “non-reducing sugar” is a sugar not capable of acting as a reducing agent because it
does not contain or cannot be converted to contain a free aldehyde group or a free ketone

group. Examples of non-reducing sugars include but are not limited to dissacharrides such as
sucrose and trehalose.

[0077] “Pembrolizumab” (formerly known as MK-3475, SCH 900475 and lambrolizumab)
alternatively referred to herein as “pembro,” is a humanized IgG4 mAb with the structure
described in WHO Drug Information, Vol. 27, No. 2, pages 161-162 (2013) and which

comprises the heavy and light chain amino acid sequences and CDRs described in Table 2.
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Pembrolizumab has been approved by the U.S. FDA for the treatment of patients with
unresectable or metastatic melanoma and for the treatment of certain patients with recurrent or
metastatic head and neck squamous cell cancer (HNSCC), classical Hodgkin lymphoma (cHL),
urothelial carcinoma, gastric cancer, microsatellite instability-high (MSI-H) cancer and non-
small cell lung cancer, as described in the Prescribing Information for KEYTRUDA™ (Merck &
Co., Inc., Whitehouse Station, NJ USA; initial U.S. approval 2014, updated September 2017).

Formulations of the Invention

[0078] The formulations of the invention minimize the formation of antibody aggregates and
particulates, high and low molecular weight species, minimize oxidation of methionine residues,
and Met105 of pembrolizumab in particular, and ensure that the antibody retains biological
activity over time.

[0079] The invention includes various formulations of a PD-1 antibody, or antigen binding
fragment thereof, as described in more detail, infra. For example, the invention includes
formulations comprising (i) an anti-PD-1 antibody or antigen binding fragment thereof, (ii) a
buffer (e.g., histidine or acetate), (iii) a stabilizer (e.g., a non-reducing sugar such as sucrose or
trehalose, or sorbitol, mannitol, (2-hydroxypropyl)-B-cyclodextrin, arginine, proline, or glycine);
(iv) a non-ionic surfactant (e.g., polysorbate 80); and (v) an antioxidant (e.g., methionine). In
further embodiments, the formulations of the invention comprise a viscosity-reducer (e.g.

arginine, or a pharmaceutically acceptable salt thereof) and/or a metal chelator (e.g. DTPA).

Anti-PD-1 Antibodies and Antigen-Binding Fragments Thereof

[0080] The invention provides stable biological formulations comprising antibodies or antigen
binding fragments thereof, which specifically bind to human PD-1 (e.g. a human or humanized
anti-PD-1 antibody) as the active pharmaceutical ingredient (API), as well as methods for using
the formulations of the invention. Any anti-PD-1 antibody or antigen binding fragment thereof
can be used in the formulations and methods of the invention. In particular embodiments, the
APl is an anti-PD-1 antibody, which is selected from pembrolizumab and nivolumab. In
specific embodiments, the anti-PD-1 antibody is pembrolizumab. In alternative embodiments,
the anti-PD-1 antibody is nivolumab. Table 2 provides amino acid sequences for exemplary
anti-human PD-1 antibodies pembrolizumab and nivolumab. Alternative PD-1 antibodies and
antigen-binding fragments that are useful in the formulations and methods of the invention are

shown in Table 3.
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[0081] In some embodiments, an anti-human PD-1 antibody or antigen binding fragment
thereof for use in the formulations of the invention comprises three light chain CDRs of CDRL1,
CDRL2 and CDRL3 and/or three heavy chain CDRs of CDRH1, CDRH2 and CDRH3.

[0082] In one embodiment of the invention, CDRLI1 is SEQ ID NO:1 or a variant of SEQ ID
NO:1, CDRL2 is SEQ ID NO:2 or a variant of SEQ ID NO:2, and CDRL3 is SEQ ID NO:3 or a
variant of SEQ ID NO:3.

[0083] In one embodiment, CDRHI is SEQ ID NO:6 or a variant of SEQ ID NO:6, CDRH2 is
SEQ ID NO: 7 or a variant of SEQ ID NO:7, and CDRH3 is SEQ ID NO:8 or a variant of SEQ
ID NO:8.

[0084] In one embodiment, the three light chain CDRs are SEQ ID NO:1, SEQ ID NO:2, and
SEQ ID NO:3 and the three heavy chain CDRs are SEQ ID NO:6, SEQ ID NO:7 and SEQ 1D
NO:8.

[0085] In an alternative embodiment of the invention, CDRLI1 is SEQ ID NO:11 or a variant of
SEQ ID NO:11, CDRL2 is SEQ ID NO:12 or a variant of SEQ ID NO:12, and CDRL3 is SEQ
ID NO:13 or a variant of SEQ ID NO:13.

[0086] In one embodiment, CDRHI is SEQ ID NO:16 or a variant of SEQ ID NO:16, CDRH2
is SEQ ID NO:17 or a variant of SEQ ID NO:17, and CDRH3 is SEQ ID NO: 18 or a variant of
SEQ ID NO:18.

[0087] In one embodiment, the three light chain CDRs are SEQ ID NO:1, SEQ ID NO:2, and
SEQ ID NO:3 and the three heavy chain CDRs are SEQ ID NO:6, SEQ ID NO:7 and SEQ ID
NO:S8.

[0088] In an alternative embodiment, the three light chain CDRs are SEQ ID NO:11, SEQ ID
NO:12, and SEQ ID NO:13 and the three heavy chain CDRs are SEQ ID NO:16, SEQ ID NO:17
and SEQ ID NO:18.

[0089] In a further embodiment of the invention, CDRL1 is SEQ ID NO:21 or a variant of
SEQ ID NO:21, CDRL2 is SEQ ID NO:22 or a variant of SEQ ID NO:22, and CDRL3 is SEQ
ID NO:23 or a variant of SEQ ID NO:23.

[0090] In yet another embodiment, CDRHI1 is SEQ ID NO:24 or a variant of SEQ ID NO:24,
CDRH2 is SEQ ID NO: 25 or a variant of SEQ ID NO:25, and CDRH3 is SEQ ID NO:26 or a
variant of SEQ ID NO:26.

[0091] In another embodiment, the three light chain CDRs are SEQ ID NO:21, SEQ ID
NO:22, and SEQ ID NO:23 and the three heavy chain CDRs are SEQ ID NO:24, SEQ ID NO:25
and SEQ ID NO:26.
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[0092] Some antibody and antigen binding fragments of the formulations of the invention
comprise a light chain variable region and a heavy chain variable region. In some embodiments,
the light chain variable region comprises SEQ ID NO:4 or a variant of SEQ ID NO:4, and the
heavy chain variable region comprises SEQ ID NO:9 or a variant of SEQ ID NO:9. In further
embodiments, the light chain variable region comprises SEQ ID NO:14 or a variant of SEQ ID
NO:14, and the heavy chain variable region comprises SEQ ID NO:19 or a variant of SEQ ID
NO:19. In further embodiments, the heavy chain variable region comprises SEQ ID NO:27 or a
variant of SEQ ID NO:27 and the light chain variable region comprises SEQ ID NO:28 or a
variant of SEQ ID NO:28, SEQ ID NO:29 or a variant of SEQ ID NO:29, or SEQ ID NO:30 or a
variant of SEQ ID NO:30. In such embodiments, a variant light chain or heavy chain variable
region sequence is identical to the reference sequence except having one, two, three, four or five
amino acid substitutions. In some embodiments, the substitutions are in the framework region
(i.e., outside of the CDRs). In some embodiments, one, two, three, four or five of the amino
acid substitutions are conservative substitutions.

[0093] In one embodiment of the formulations of the invention, the antibody or antigen
binding fragment comprises a light chain variable region comprising or consisting of SEQ ID
NO:4 and a heavy chain variable region comprising or consisting SEQ ID NO:9. In a further
embodiment, the antibody or antigen binding fragment comprises a light chain variable region
comprising or consisting of SEQ ID NO:14 and a heavy chain variable region comprising or
consisting of SEQ ID NO:19. In one embodiment of the formulations of the invention, the
antibody or antigen binding fragment comprises a light chain variable region comprising or
consisting of SEQ ID NO:28 and a heavy chain variable region comprising or consisting SEQ ID
NO:27. In a further embodiment, the antibody or antigen binding fragment comprises a light
chain variable region comprising or consisting of SEQ ID NO:29 and a heavy chain variable
region comprising or consisting SEQ ID NO:27. In another embodiment, the antibody or
antigen binding fragment comprises a light chain variable region comprising or consisting of
SEQ ID NO:30 and a heavy chain variable region comprising or consisting SEQ ID NO:27.
[0094] In another embodiment, the formulations of the invention comprise an antibody or
antigen binding protein that has a VL domain and/or a Vu domain with at least 95%, 90%, 85%,
80%, 75% or 50% sequence homology to one of the VL domains or Vu domains described above,
and exhibits specific binding to PD-1. In another embodiment, the antibody or antigen binding
protein of the formulations of the invention comprises Vi and Vx domains having up to 1, 2, 3,

4, or 5 or more amino acid substitutions, and exhibits specific binding to PD-1.

-22 -

0065



24439-US-CNT-4

[0095] In any of the embodiments above, the API may be a full-length anti-PD-1 antibody or
an antigen binding fragment thereof that specifically binds human PD-1. In certain
embodiments, the API is a full-length anti-PD-1 antibody selected from any class of
immunoglobulins, including IgM, 1gG, IgD, IgA, and IgE. Preferably, the antibody is an IgG
antibody. Any isotype of I1gG can be used, including IgG1, IgGa, IgGs, and 1gG4. Different
constant domains may be appended to the VL and Vg regions provided herein. For example, if a
particular intended use of an antibody (or fragment) of the invention were to call for altered
effector functions, a heavy chain constant domain other than IgG1 may be used. Although IgG1
antibodies provide for long half-life and for effector functions, such as complement activation
and antibody-dependent cellular cytotoxicity, such activities may not be desirable for all uses of
the antibody. In such instances an IgG4 constant domain, for example, may be used.

[0096] In embodiments of the invention, the API is an anti-PD-1 antibody comprising a light
chain comprising or consisting of a sequence of amino acid residues as set forth in SEQ ID NO:5
and a heavy chain comprising or consisting of a sequence of amino acid residues as set forth in
SEQ ID NO:10. In alternative embodiments, the API is an anti-PD-1 antibody comprising a
light chain comprising or consisting of a sequence of amino acid residues as set forth in SEQ ID
NO:15 and a heavy chain comprising or consisting of a sequence of amino acid residues as set
forth in SEQ ID NO:20. In further embodiments, the API is an anti-PD-1 antibody comprising a
light chain comprising or consisting of a sequence of amino acid residues as set forth in SEQ ID
NO:32 and a heavy chain comprising or consisting of a sequence of amino acid residues as set
forth in SEQ ID NO:31. In additional embodiments, the API is an anti-PD-1 antibody
comprising a light chain comprising or consisting of a sequence of amino acid residues as set
forth in SEQ ID NO:33 and a heavy chain comprising or consisting of a sequence of amino acid
residues as set forth in SEQ ID NO:31. In yet additional embodiments, the APl is an anti-PD-1
antibody comprising a light chain comprising or consisting of a sequence of amino acid residues
as set forth in SEQ ID NO:34 and a heavy chain comprising or consisting of a sequence of
amino acid residues as set forth in SEQ ID NO:31. In some formulations of the invention, the
API is pembrolizumab or a pembrolizumab biosimilar. In some formulations of the invention,
the API is nivolumab or a nivolumab biosimilar.

[0097] Ordinarily, amino acid sequence variants of the anti-PD-1 antibodies and antigen
binding fragments of the invention will have an amino acid sequence having at least 75% amino
acid sequence identity with the amino acid sequence of a reference antibody or antigen binding
fragment (e.g. heavy chain, light chain, Vg, Vi, or humanized sequence), more preferably at

least 80%, more preferably at least 85%, more preferably at least 90%, and most preferably at
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least 95, 98, or 99%. Identity or homology with respect to a sequence is defined herein as the
percentage of amino acid residues in the candidate sequence that are identical with the anti-PD-1
residues, after aligning the sequences and introducing gaps, if necessary, to achieve the
maximum percent sequence identity, and not considering any conservative substitutions as part
of the sequence identity. None of N-terminal, C-terminal, or internal extensions, deletions, or
insertions into the antibody sequence shall be construed as affecting sequence identity or
homology.

[0098] Sequence identity refers to the degree to which the amino acids of two polypeptides are
the same at equivalent positions when the two sequences are optimally aligned. Sequence
identity can be determined using a BLAST algorithm wherein the parameters of the algorithm
are selected to give the largest match between the respective sequences over the entire length of
the respective reference sequences. The following references relate to BLAST algorithms often
used for sequence analysis: BLAST ALGORITHMS: Altschul, S.F., er al., (1990) J. Mol. Biol.
215:403-410; Gish, W., ef al., (1993) Nature Genet. 3:266-272; Madden, T.L., et al., (1996)
Meth. Enzymol. 266:131-141; Altschul, S.F., ez al., (1997) Nucleic Acids Res. 25:3389-3402;
Zhang, J., et al., (1997) Genome Res. 7:649-656; Wootton, J.C., et al., (1993) Comput. Chem.
17:149-163; Hancock, J.M. et al., (1994) Comput. Appl. Biosci. 10:67-70; ALIGNMENT
SCORING SYSTEMS: Dayhoff, M.O., et al., "A model of evolutionary change in proteins." in
Atlas of Protein Sequence and Structure, (1978) vol. 5, suppl. 3. M.O. Dayhoff (ed.), pp. 345-
352, Natl. Biomed. Res. Found., Washington, DC; Schwartz, R.M., et al., "Matrices for
detecting distant relationships." in Atlas of Protein Sequence and Structure, (1978) vol. 5, suppl.
3." M.O. Dayhoff (ed.), pp. 353-358, Natl. Biomed. Res. Found., Washington, DC; Altschul,
S.F., (1991) J. Mol. Biol. 219:555-565; States, D.J., et al., (1991) Methods 3:66-70; Henikoff,
S., et al., (1992) Proc. Natl. Acad. Sci. USA 89:10915-10919; Altschul, S.F., et al., (1993) J.
Mol. Evol. 36:290-300; ALIGNMENT STATISTICS: Karlin, S., et al., (1990) Proc. Natl. Acad.
Sci. USA 87:2264-2268; Karlin, S., et al., (1993) Proc. Natl. Acad. Sci. USA 90:5873-5877;
Dembo, A., et al., (1994) Ann. Prob. 22:2022-2039; and Altschul, S.F. "Evaluating the statistical
significance of multiple distinct local alignments." in Theoretical and Computational Methods in
Genome Research (S. Suhai, ed.), (1997) pp. 1-14, Plenum, New York.

[0099] Likewise, either class of light chain can be used in the compositions and methods
herein. Specifically, kappa, lambda, or variants thereof are useful in the present compositions

and methods.

Table 2. Exemplary PD-1 Antibody Sequences
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Antibody Amino Acid Sequence SEQ ID
Feature NO.
Pembrolizumab Light Chain

CDR1 RASKGVSTSGYSYLH 1

CDR2 LASYLES 2

CDR3 QHSRDLPLT 3

Variable EIVLTQSPATLSLSPGERATLSCRASKGVSTSGYSYLHWY |4

Region QQKPGQAPRLLIYLASYLESGVPARFSGSGSGTDFTLTISS
LEPEDFAVYYCQHSRDLPLTFGGGTKVEIK

Light Chain | EIVLTQSPATLSLSPGERATLSCRASKGVSTSGYSYLHWY |5
QQKPGQAPRLLIYLASYLESGVPARFSGSGSGTDFTLTISS
LEPEDFAVYYCQHSRDLPLTFGGGTKVEIKRTVAAPSVFI
FPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQ
SGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYAC
EVTHQGLSSPVTKSFNRGEC

Pembrolizumab Heavy Chain

CDRI1 NYYMY 6

CDR2 GINPSNGGTNFNEKFKN 7

CDR3 RDYRFDMGFDY 8

Variable QVQLVQSGVEVKKPGASVKVSCKASGYTFINYYMYWV |9

Region RQAPGQGLEWMGGINPSNGGTNFNEKFKNRVTLTTDSST
TTAYMELKSLQFDDTAVYYCARRDYRFDMGFDYWGQG
TTVTVSS

Heavy QVQLVQSGVEVKKPGASVKVSCKASGYTFINYYMYWYV | 10

Chain RQAPGQGLEWMGGINPSNGGTNFNEKFKNRVTLTTDSST
TTAYMELKSLQFDDTAVYYCARRDYRFDMGFDYWGQG
TTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYF
PEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPS
SSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAP
EFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPE
VOFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLH
QDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVY
TLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFESCSV
MHEALHNHYTQKSLSLSLGK

Nivolumab Light Chain

CDR1 RASQSVSSYLA 11

CDR2 DASNRAT 12

CDR3 QQSSNWPRT 13

Variable EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQKP | 14

Region GQAPRLLIYDASNRATGIPARFSGSGSGTDFTLTISSLEPE
DFAVYYCQQSSNWPRTFGQGTKVEIK

Light Chain | EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQKP | 15

GQAPRLLIYDASNRATGIPARFSGSGSGTDFTLTISSLEPE
DFAVYYCQQSSNWPRTFGQGTKVEIKRTVAAPSVFIFPPS
DEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNS
QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTH
QGLSSPVTKSENRGEC

Nivolumab Heavy Chain

CDRI1

| NSGMH

[ 16
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NTLFLQMNSLRAEDTAVYYCATNDDYWGQGTLVTVSSA
STKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSW
NSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTY
TCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVF
LFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVD
GVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKE
YKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEM
TKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPV
LDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNH
YTQKSLSLSLGK

Antibody Amino Acid Sequence SEQ ID
Feature NO.
CDR2 VIWYDGSKRYYADSVKG 17
CDR3 NDDY 18
Variable QVQLVESGGGVVQPGRSLRLDCKASGITFSNSGMHWVR | 19
Region QAPGKGLEWVAVIWYDGSKRYYADSVKGRFTISRDNSK
NTLFLOMNSLRAEDTAVYYCATNDDYWGQGTLVTVSS
Heavy QVQLVESGGGVVQPGRSLRLDCKASGITFSNSGMHWVR | 20
Chain QAPGKGLEWVAVIWYDGSKRYYADSVKGRFTISRDNSK

Table 3. Additional PD-1 Antibodies and Antigen Binding Fragments Useful in the

Formulations, Methods and Uses of the Invention.

A. Antibodies and antigen binding fragments comprising light and heavy chain CDRs of
hPD-1.08A in WO2008/156712

CDRLI1 SEQ ID NO:21
CDRL2 SEQ ID NO:22
CDRL3 SEQ ID NO:23
CDRH1 SEQ ID NO:24
CDRH2 SEQ ID NO:25
CDRH3 SEQ ID NO:26

C. Antibodies and antigen binding fragments comprising the mature h109A heavy chain
variable region and one of the mature KO9A light chain variable regions in WO

2008/156712
Heavy chain VR SEQ ID NO:27

SEQ ID NO:28 or SEQ ID NO:29 or SEQ ID NO:30
Light chain VR

D. Antibodies and antigen binding fragments comprising the mature 409 heavy chain and
one of the mature KO9A light chains in WO 2008/156712

Heavy chain SEQ ID NO:31

Light chain

SEQ ID NO:32 or SEQ ID NO:33 or SEQ ID NO:34
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[0100] In some embodiments of the formulations of the invention, the API (i.e. the anti-PD-1
antibody or antigen binding fragment thereof) is present in a concentration of about 25 mg/mL to
about 200 mg/mL.. In additional embodiments, the API is present in a concentration of from
about 5 mg/mL to about 25 mg/mL. In some embodiments of the formulations of the invention,
the API (i.e. the anti-PD-1 antibody or antigen binding fragment thereof) is present in a
concentration of about 5 mg/mL. to about 200 mg/mL. In alternative embodiments, the API is
present in a concentration of about 5 mg/mL., about 10 mg/mlL., about 25 mg/mL, about 50
mg/mL, about 75 mg/mL, about 100 mg/mL., about 125 mg/mL., about 130 mg/mL about 150
mg/mlL., about 165 mg/mL, about 167 mg/mL about 175 mg/mL, about 200 mg/mL.

[0101] In one embodiment, the API is present in a concentration of about 165 to about 170
mg/mL.

[0102] In one embodiment, the API is present in a concentration of about 167 mg/mL.

[0103] In one embodiment, the API is present in a concentration of about 130 mg/mL.

[0104] In additional embodiments, the API is present in a concentration of from about 5
mg/mL to about 75 mg/mL, from about 50 mg/mL to about 200 mg/mL; from about 75 mg/mL
to about 200 mg/mL; from about 100 mg/mL to about 200 mg/mL; from about 25 mg/mL to
about 175 mg/mL; from about 50 mg/mL to about 175 mg/mL; from about 75 mg/mL. to about
175 mg/mL; from about 100 mg/mL to about 175 mg/mL; from about 25 mg/mL to about 150
mg/mL; from about 50 mg/mL to about 150 mg/mL; from about 75 mg/mL to about 150
mg/mL; from about 100 mg/mL to about 150 mg/mL; from about 25 mg/mL to about 125
mg/mL; from about 50 mg/mL to about 125 mg/mL.; from about 75 mg/mL to about 125
mg/mL; from about 25 mg/mL to about 100 mg/mL, from about 125 mg/mL to about 175
mg/mL, from about 125 mg/mL to about 200 mg/mL, or from about 5 mg/mL to 200 mg/mL.

Formulation Excipients

[0105] The formulations of the invention comprise at least one excipient that stabilizes the
formulation. In some embodiments, the formulation comprises more than one stabilizer.

[0106] In some embodiments of the formulations of the invention, the stabilizer is a non-
reducing sugar. In embodiments of the invention, the non-reducing sugar is glucose. In further
embodiments, the non-reducing sugar is sucrose. In additional embodiments, the non-reducing
sugar is trehalose. In still further embodiments, the non-reducing sugar is lactose. In other
embodiments, the non-reducing sugar is raffinose.

[0107] In some embodiments, the anti-human PD-1 antibody formulations of the invention

comprise a stabilizer selected from the group consisting of: about 6% to about 8%
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weight/volume (w/v) sucrose, trehalose or (2-hydroxypropyl)-B-cyclodextrin; about 3% to about
5% w/v mannitol, sorbitol, L-arginine, or a pharmaceutically acceptable salt of L-arginine, or L-
proline, or a pharmaceutically acceptable salt of L-proline; and about 1.8 to about 2.2% w/v
glycine, or a pharmaceutically acceptable salt thereof.

[0108] In some embodiments, the stabilizer is about 6% to about 8% w/v sucrose.

[0109] In some embodiments, the stabilizer is about 6% to about 8% w/v trehalose.

[0110] In some embodiments, the stabilizer is about 6% to about 8% w/v (2-hydroxypropyl)-B-
cyclodextrin.

[0111] In some embodiments, the stabilizer is sucrose, trehalose or (2-hydroxypropyl)-B-
cyclodextrin, which is present in an amount of about 6% to about 8% w/v. In further
embodiments, the sucrose, trehalose or (2-hydroxypropyl)-B-cyclodextrin is present in an
amount of about 6.5% to about 7.5% w/v. In still further embodiments, the sucrose, trehalose or
(2-hydroxypropyl)-B-cyclodextrin is present in an amount of about 6% w/v, about 6.25% w/v,
about 6.5% w/v, about 6.75% w/v, about 7% w/v, about 7.25% w/v, about 7.5% w/v, about
7.75% w/v or about 8% w/v.

[0112] In some embodiments, the stabilizer is about 3% to about 5% w/v mannitol.

[0113] In some embodiments, the stabilizer is about 3% to about 5% w/v sorbitol.

[0114] In some embodiments, the stabilizer is about 3% to about 5% w/v L-arginine, or a
pharmaceutically acceptable salt thereof.

[0115] In certain embodiments, the formulation of the invention comprises arginine, e.g., L-
arginine or a pharmaceutically acceptable salt thereof. In additional embodiments, the
formulations of the invention comprise arginine hydrochloride (i.e. arginine HCI). In further
embodiments, the formulations comprise arginine succinate. In further embodiments, the
arginine is L-arginine.

[0116] In some embodiments, the stabilizer is about 3% to about 5% w/v proline, e.g., L-
proline, or a pharmaceutically acceptable salt thereof. In additional embodiments, the
formulations of the invention comprise proline hydrochloride (i.e. proline HCI). In further
embodiments, the formulations comprise L-proline.

[0117] In some embodiments, the stabilizer is mannitol, sorbitol, L-arginine, a
pharmaceutically acceptable salt of L-arginine, L-proline, or a pharmaceutically acceptable salt
of L-proline, which is present in an amount of about 3% to about 5% w/v. In further
embodiments, the mannitol, sorbitol, L-arginine, pharmaceutically acceptable salt of L-arginine,
L-proline, or a pharmaceutically acceptable salt of L-proline, is present in an amount of about

3.5% to about 4.5% w/v. In still further embodiments, the mannitol, sorbitol, L-arginine,
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pharmaceutically acceptable salt of L-arginine, L-proline, or pharmaceutically acceptable salt of
L-proline, is present in an amount of about 3% w/v, about 3.25% w/v, about 3.5% w/v, about
3.75% w/v, about 4% w/v, about 4.25% w/v, about 4.5% w/v, about 4.75% w/v, or about 5%
w/v.

[0118] In some embodiments, the stabilizer is about 1.8 to about 2.2 % w/v glycine, or a
pharmaceutically acceptable salt thereof.

[0119] In certain embodiments, the formulation of the invention comprises glycine or a
pharmaceutically acceptable salt thereof. In additional embodiments, the formulations of the
invention comprise sodium glycinate.

[0120] In specific embodiments, the stabilizer is glycine, which is present in an amount of
about 150 mM to about 200 mM, or about 150 mM, about 160 mM, about 170 mM, about 175
mM, about 180 mM, about 190 mM or about 200 mM.

[0121] In certain embodiments, the stabilizer is glycine, which is present in an amount of about
1.8 to about 2.2% w/v, about 1.5 to about 2.5%, or about 1.8 to about 2.5% or about 1.5 to about
2.2%. In specific embodiments, the glycine is present in an amount of about 1.8%, about 2.0%
about 2.2%, or about 2.5%.

[0122] In some embodiments, the anti-human PD-1 antibody formulations of the invention
comprise a stabilizer selected from the group consisting of (1) about 6% to about 8% w/v
sucrose, trehalose or (2-hydroxypropyl)-B-cyclodextrin; (2) about 3 % to about 5% mannitol,
sorbitol, L-proline, or a pharmaceutically acceptable salt of L-proline; and (3) about 1.8 to about
2.2 % wlv glycine, or a pharmaceutically acceptable salt thereof.

[0123] The formulations of the invention optionally comprise arginine, e.g., L-arginine, or a
pharmaceutically acceptable salt thereof, which may provide additional stability to the
formulation, as well as control viscosity, which allows formulation at high API concentration.
In some embodiments of the invention, the L-arginine or pharmaceutically acceptable salt is
present in the formulations in an amount of 0.25% to about 3% weight/volume. In additional
embodiments, the L-arginine or pharmaceutically acceptable salt is present in an amount of
about 0.25% w/v, about 0.50% w/v, about 0.75% w/v, about 1.0% w/v, about 1.25% w/v, about
1.5% w/v, about 1.75% w/v, about 2.0% w/v, about 2.25% w/v, about 2.5% w/v, about 2.75%
w/v or about 3.0% w/v. In further embodiments, the L-arginine or pharmaceutically acceptable
salt is present in an amount of about O to about 2.75% w/v, O to about 2.5% w/v, 0 to about
2.25% w/v, 0 to about 2% w/v, 0 to about 1.75% w/v, O to about 1.5% w/v, O to about 1.25%
w/v, 0 to about 1.0% w/v, about 0.5% to about 3.0% w/v, about 0.5% to about 2.75% w/v, about

0.5% to about 2.5% w/v, about 0.5% to about 2.25% w/v, about 0.5% to about 2% w/v, about
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0.5% to about 1.75% w/v, about 0.5% to about 1.5% w/v, about 0.5% to about 1.25% w/v, about
0.5% to about 1.0% w/v, about 1.0% to about 3.0% w/v, about 1.0% to about 2.75% w/v, about
1.0% to about 2.5% w/v, about 1.0% to about 2.25% w/v, about 1.0% to about 2% w/v, about
1.0% to about 1.75% w/v, about 1.0% to about 1.5% w/v, about 1.5% to about 3.0% w/v, about
1.5% to about 2.75% w/v, about 1.5% to about 2.5% w/v, about 1.5% to about 2.25% w/v, about
1.5% to about 2% w/v, or about 2% to about 3% w/v.

[0124] In some embodiments of the invention, the stabilizer is selected from the group
consisting of: about 6% to about 8% w/v sucrose, trehalose or (2-hydroxypropyl)-3-
cyclodextrin; about 3% to about 5% w/v mannitol, sorbitol, or proline, or a pharmaceutically
acceptable salt thereof; and about 1.8 to about 2.2% w/v glycine, or a pharmaceutically
acceptable salt thereof, and the formulation further comprises L-arginine or a pharmaceutically
acceptable salt thereof, which can be added in any of the amounts above to reduce viscosity of
the formulation, especially when the API is present in high concentration (e.g. 75 mg/mL.-200
mg/mL). Itis understood that although L-arginine, or pharmaceutically acceptable salt thereof,
may be added to reduce viscosity in such embodiments, the L-arginine or pharmaceutically
acceptable salt, may also be serving to stabilize the formulation and may impart additional
stability relative to the formulation without L-arginine or pharmaceutically acceptable salt.
[0125] As noted above, in specific embodiments, the formulations of the invention comprise a
high concentration of API (e.g. about 75 mg/mL to about 200 mg/mL). In particular
embodiments wherein a high concentration of API is employed, the formulations of the
invention also comprise arginine, e.g., L-arginine, or a pharmaceutically acceptable salt thereof,
e.g. an amount of L-arginine from about 0.25% to about 3.0% w/v.

[0126] In addition to an anti-PD-1 antibody or antigen binding fragment thereof, and a
stabilizer in the amounts/concentrations specified above, the formulations of the invention also
comprise a buffer. In some embodiments the buffer is present in an amount of about 5 mM to
about 20 mM, which provides for a pH in the range of about 4.5 to 6.4.

[0127] In some embodiments of the invention, the buffer provides the formulation a pH in the
range from about 4.5 to about 6.5. In further embodiments, the buffer has a pH in a range of
about 5.0 to about 6.0. In still further embodiments, the pH is from about 5.3 to about 5.8. In
other embodiments, the pH is from about 6.0 to about 6.4.

[0128] In particular embodiments, the buffer has a pH of about 5.0, about 5.1, about 5.2, about
5.3, about 5.4, about 5.5, about 5.6, about 5.7, about 5.8, about 5.9, about 6.0, about 6.2 or about
6.4. Examples of buffers that will control the pH in this range include succinate (sodium or

potassium), histidine, sodium acetate, phosphate (sodium or potassium), Tris (tris
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(hydroxymethyl) aminomethane), diethanolamine, citrate (sodium) and other organic acid
buffers.

[0129] In specific embodiments of the invention, the buffer is histidine or acetate at a pH of
about 5.0 to about 6.0. In some embodiments, the buffer is an L-histidine buffer. In some
preferred embodiments, the buffer is acetate. In embodiments where the formulation is
lyophilized, it is preferred that the buffer is not acetate because acetate buffer systems are not
compatible with the lyophilization process.

[0130] When a range of pH values is recited, such as “a pH between pH 5.5 and 6.0,” the range
is intended to be inclusive of the recited values. Unless otherwise indicated, for lyophilized
formula the pH refers to the pH after reconstitution of the lyophilized formulations of the
invention. The pH is typically measured at 25°C using standard glass bulb pH meter. As used
herein, a solution comprising “histidine buffer at pH X refers to a solution at pH X and
comprising the histidine buffer, i.e. the pH is intended to refer to the pH of the solution.

[0131] In addition to an anti-PD-1 antibody or antigen binding fragment thereof, a stabilizer,
and a buffer in the amounts/concentrations specified above, the formulations of the invention
also comprise an anti-oxidant. In embodiments of the invention, the anti-oxidant is methionine.
In embodiments of the invention, the anti-oxidant is L-methionine, or a pharmaceutically
acceptable salt thereof. In further embodiments, the methionine is L-methionine. In other
embodiments, the anti-oxidants is L-methionine HCI. In other embodiments, the anti-oxidant is
histidine.

[0132] In some embodiments, the anti-oxidant (e.g. L-methionine) is present in the
formulations of the invention in an amount of amount 1 mM to about 20 mM. In further
embodiments, the anti-oxidant is present in an amount of about 5 mM to about 20 mM, about 5
mM to about 15 mM, about 5 mM to about 10 mM. In additional embodiments, the anti-oxidant
is present in an amount of about 1 mM, about 2 mM, about 3 mM, about 4 mM, about 5 mM,
about 6 mM, about 7 mM, about 8 mM, about 9 mM, about 10 mM, about 11 mM, about 12
mM, about 13 mM, about 14 mM, about 15 mM, about 16 mM, about 17 mM, about 18 mM,
about 19 mM or about 20 mM.

[0133] In embodiments wherein the anti-oxidant is histidine, the histidine can be present in
amounts up to 100 mM. In such embodiments, histidine can serve as a buffer and as an anti-
oxidant in the formulations of the invention.

[0134] In addition to an anti-PD-1 antibody or antigen binding fragment thereof, a stabilizer, a
buffer, and an anti-oxidant in the amounts/concentrations specified above, the formulations of

the invention also comprise a surfactant. Surfactants are typically added to formulations to
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provide stability, reduce and/or prevent aggregation or to prevent and/or inhibit protein damage
during processing conditions such as purification, filtration, freeze-drying, transportation,
storage, and delivery. In some embodiments of the invention, a surfactant is useful for providing
additional stability to the active ingredient(s), i.e. the anti-PD-1 antibody or antigen binding
fragment thereof.

[0135] Surfactants that may be useful in the formulations of the invention include, but are not
limited to: nonionic surfactants such as polyoxyethylene sorbitan fatty acid esters (Polysorbates,
sold under the trade name Tween® (Uniquema Americas LLC, Wilmington, DE)) including
Polysorbate-20 (polyoxyethylene sorbitan monolaurate), Polysorbate-40 (polyoxyethylene
sorbitan monopalmitate), Polysorbate-60 (polyoxyethylene sorbitan monostearate), and
Polysorbate-80 (polyoxyethylene sorbitan monooleate); polyoxyethylene alkyl ethers such as
Brij® 58 (Uniquema Americas LL.C, Wilmington, DE) and Brij® 35; poloxamers (e.g.,
poloxamer 188); Triton® X-100 (Union Carbide Corp., Houston, TX) and Triton® X-114;
NP40; Span 20, Span 40, Span 60, Span 65, Span 80 and Span 85; copolymers of ethylene and
propylene glycol (e.g., the pluronic® series of nonionic surfactants such as pluronic® F68,
pluronic® 10RS, pluronic® F108, pluronic® F127, pluronic® F38, pluronic® L44, pluronic®
L62 (BASF Corp., Ludwigshafen, Germany); and sodium dodecyl sulfate (SDS).

[0136] The amount of surfactant to be included in the formulations of the invention is an
amount sufficient to perform the desired function, i.e. a minimal amount necessary to stabilize
the active pharmaceutical ingredient (i.e. the anti-PD-1 antibody or antigen binding fragment
thereof) in the formulation. Typically, the surfactant is present in a concentration of from about
0.008% to about 0.1% w/v% w/v. In some embodiments of this aspect of the invention, the
surfactant is present in the formulation in an amount from about 0.01% to about 0.04%; from
about 0.01% to about 0.03%, from about 0.01% to about 0.02%, from about 0.015% to about
0.04%:; from about 0.015% to about 0.03%, from about 0.015% to about 0.02%, from about
0.02% to about 0.04%, from about 0.02% to about 0.035%, or from about 0.02% to about
0.03%. In specific embodiments, the surfactant is present in an amount of about 0.02%. In
alternative embodiments, the surfactant is present in an amount of about 0.01%, about 0.015%,
about 0.025%, about 0.03%, about 0.035%, or about 0.04%.

[0137] In exemplary embodiments of the invention, the surfactant is a nonionic surfactant
selected from the group consisting of: Polysorbate 20, Polysorbate 80 and F127. In preferred
embodiments, the surfactant is Polysorbate 80.

[0138] In specific embodiments, the PD-1 formulations of the invention comprise about 0.01%

to about 0.04% PS80. In further embodiments, the formulations of the invention comprise PS80
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in an amount of about 0.008%, about 0.01%, about 0.015%, about 0.02%, about 0.025%, about
0.03%, about 0.035%, about 0.04% or about 0.045%. In particular embodiments, the
formulations of the invention comprise about 0.02% PS80.
[0139] The invention also provides an anti-human PD-1 antibody formulation as described
herein, wherein the formulation is contained in a glass vial or injection device (e.g. a syringe).
[0140] In embodiments of the formulations of the invention, the anti-human PD-1 antibody
formulation has one or more of the following attributes after storage at 2-8 °C for 12 months:

a) the % heavy chain and light chain as measured by reducing CE-SDS is >

90.0%,

b) the % intact IgG as measured by non-reducing CE-SDS is > 90.0%, and

c) the % monomer as measured by HP-SEC is >95%.
[0141] In further embodiments, the invention provides anti-human PD-1 antibody formulations
as described herein, wherein after storage of the formulation at 2-8 °C for 12 months, the %
heavy chain and light chain measured by reducing CE-SDS is > 96%.
[0142] In further embodiments, the invention provides anti-human PD-1 antibody formulations
as described herein, wherein after storage of the formulation at 2-8 °C for 12 months the %
intact IgG in the formulation measured by non-reducing CE-SDS is > 97%.
[0143] In further embodiments, the invention provides anti-human PD-1 antibody formulations
as described herein, wherein after storage of the formulation at 2-8 °C for 12 months, the %
monomer as measured by HP-SEC is >98.5.
[0144] In additional embodiments, the invention provides anti-human PD-1 antibody
formulations as described herein, wherein after storage of the formulation at 2-8 °C for 12
months, the % high molecular weight species as measured by HP-SEC is < 1.5%.
[0145] In further embodiments, the invention provides anti-human PD-1 antibody formulations
as described herein, wherein after storage of the formulation at 25 °C for 12 months, the %
monomer as measured by HP-SEC is >98.0 %.
[0146] In additional embodiments, the invention provides anti-human PD-1 antibody
formulations as described herein, wherein after storage of the formulation at 25 °C for 6 months,
the % high molecular weight species as measured by HP-SEC is < 2 %.
[0147] In further embodiments, the invention provides anti-human PD-1 antibody formulations
as described herein, wherein after storage of the formulation at 40 °C for 3 months, the %

monomer as measured by HP-SEC is >94.0 %, >94.5 % or >95.0 %.
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[0148] In additional embodiments, the invention provides anti-human PD-1 antibody
formulations as described herein, wherein after storage of the formulation at 40 °C for 3 months,

the % high molecular weight species as measured by HP-SEC is < 5.5 %, < 5.0 %, or < 4.4 %.

Specific Aspects and Embodiments of the Invention

[0149] In one aspect (A1), the invention provides an anti-human PD-1 antibody formulation,
comprising: (a) about 5 mg/mL to about 200 mg/mL of an anti-human PD-1 antibody, or antigen
binding fragment thereof; (b) about 5 mM to about 20 mM bulffer; (c) a stabilizer selected from
the group consisting of: (i) about 6% to about 8% weight/volume (w/v) sucrose, trehalose or (2-
hydroxypropyl)-B-cyclodextrin; (ii) about 3% to about 5% w/v mannitol, sorbitol, L-arginine, a
pharmaceutically acceptable salt of L-arginine, L-proline, or a pharmaceutically acceptable salt
of L-proline; and (iii) about 1.8 to about 2.2 % w/v glycine, or a pharmaceutically acceptable salt
thereof; (d) about 0.01 % to about 0.10% non-ionic surfactant; and (e) about 1 mM to about 20
mM anti-oxidant.
[0150] In one embodiment of aspect (A1), formulation has a pH between 4.5 and 6.4.
[0151] In one embodiment of aspect (A1), formulation has a pH between 5.0 and 6.0.
[0152] In one embodiment of aspect (A1), formulation has a pH between 5.3 and 5.8.
[0153] In one embodiment of aspect (A1), formulation has a pH around 5.5.
[0154] In one embodiment of aspect (A1), the buffer is histidine or acetate.
[0155] In one embodiment of aspect (A1), the buffer is about 10 mM histidine.
[0156] In one embodiment of aspect (A1), the buffer is about 10 mM L-histidine.
[0157] In one embodiment of aspect (A1), the buffer is about 10 mM acetate.
[0158] In one embodiment of aspect (A1), the stabilizer is about 6% to about 8% w/v sucrose.
[0159] In one embodiment of aspect (A1), the stabilizer is about 6% to about 8% w/v
trehalose.
[0160] In one embodiment of aspect (A1), the stabilizer is about 6% to about 8% w/v (2-
hydroxypropyl)-B-cyclodextrin.
[0161] In one embodiment of aspect (A1), the stabilizer is about 3% to about 5% w/v mannitol.
[0162] In one embodiment of aspect (A1), the stabilizer is about 3% to about 5% w/v sorbitol.
[0163] In one embodiment of aspect (A1), the stabilizer is about 3% to about 5% w/v L-
arginine, or a pharmaceutically acceptable salt thereof.
[0164] In one embodiment of aspect (A1), the stabilizer is about 3% to about 5% w/v L-
arginine, or a pharmaceutically acceptable salt thereof, and the pH of the formulation is from
about 6.0 to about 6.4.
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[0165] In one embodiment of aspect (A1), the stabilizer is about 3% to about 5% w/v L-
arginine.

[0166] In one embodiment of aspect (A1), the stabilizer is about 3% to about 5% w/v arginine-
HCL.

[0167] In one embodiment of aspect (A1), the stabilizer is about 3% to about 5% w/v L-
proline, or a pharmaceutically acceptable salt thereof.

[0168] In one embodiment of aspect (A1), the stabilizer is about 3% to about 5% w/v L-
proline.

[0169] In one embodiment of aspect (A1), the stabilizer is about 3% to about 5% w/v L-proline
HCI.

[0170] In one embodiment of aspect (A1), the stabilizer is about 160 mM to about 200 mM
glycine, or a pharmaceutically acceptable salt thereof.

[0171] In one embodiment of aspect (A1), the stabilizer is about 1.8 to about 2.2% w/v
glycine, or pharmaceutically acceptable salt thereof.

[0172] In one embodiment of aspect (A1), the non-ionic surfactant is about 0.01 % to about
0.04% polysorbate 80.

[0173] In one embodiment of aspect (A1), the non-ionic surfactant is about 0.02 % polysorbate
80.

[0174] In one embodiment of aspect (A1), the anti-oxidant is about 1 mM to about 20 mM L-
methionine or a pharmaceutically acceptable salt thereof.

[0175] In one embodiment of aspect (A1), the anti-oxidant is about 5 mM to about 15 mM L-
methionine or a pharmaceutically acceptable salt thereof.

[0176] In one embodiment of aspect (A1), the anti-oxidant is about 10 mM L-methionine or a
pharmaceutically acceptable salt thereof.

[0177] In one embodiment of aspect (A1), the anti-oxidant is L.-methionine.

[0178] In one aspect (A2), the invention provides an anti-human PD-1 antibody formulation,
comprising: (a) about 5 mg/mL to about 200 mg/mL of an anti-human PD-1 antibody, or antigen
binding fragment thereof; (b) about 5 mM to about 20 mM buffer; (c) a stabilizer selected from
the group consisting of: (i) about 6% to about 8% weight/volume (w/v) sucrose, trehalose or (2-
hydroxypropyl)-B-cyclodextrin; (ii) about 3% to about 5% w/v mannitol, sorbitol, L-proline, or a
pharmaceutically acceptable salt of L-proline; and (iii) about 1.8 to about 2.2 % w/v glycine, or a
pharmaceutically acceptable salt thereof; (d) about 0.01 % to about 0.10% non-ionic surfactant;
and (e) about 1 mM to about 20 mM anti-oxidant.
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[0179] In one embodiment of aspect (A2), the formulation further comprises from about 1% to
about 3% w/v L-arginine, or a pharmaceutically acceptable salt thereof.

[0180] In one aspect (A3), the invention provides an anti-human PD-1 antibody formulation
comprising: (a) about 25 mg/mL to about 200 mg/mL of an anti-human PD-1 antibody, or
antigen binding fragment thereof; (b) about 5 mM to about 20 mM histidine buffer; (c) about 6%
to about 8% w/v sucrose; (d) about 0.01 % to about 0.04% w/v polysorbate 80; and (e) about 1
mM to about 20 mM L-methionine, or a pharmaceutically acceptable salt thereof.

[0181] In one embodiment of aspect (A3), the formulation further comprises from about 1% to
about 3% w/v L-arginine, or a pharmaceutically acceptable salt thereof.

[0182] In one embodiment of aspect (A3), the formulation further comprises from about 1.25%
to about 2.5% w/v L-arginine, or a pharmaceutically acceptable salt thereof.

[0183] In one embodiment of aspect (A3), the histidine buffer is present at a concentration of
about 8 mM to about 12 mM.

[0184] In one embodiment of aspect (A3), the histidine buffer is L-histidine.

[0185] In one embodiment of aspect (A3), the L-methionine or pharmaceutically acceptable
salt is present at a concentration of about 5 mM to about 15 mM.

[0186] In one embodiment of aspect (A3), the polysorbate 80 is present at a weight ratio of
approximately 0.02% w/v.

[0187] In one embodiment of aspect (A3), the sucrose is present at a weight ratio of
approximately 7% w/v.

[0188] In one aspect (A4), the invention provides an anti-human PD-1 antibody formulation,
comprising: (a) about 75 to about 200 mg/mL of an anti-human PD-1 antibody, or antigen
binding fragment thereof; (b) about 8 mM to about 12 mM histidine buffer; (c¢) about 5 mM to
about 10 mM L-methionine, or a pharmaceutically acceptable salt thereof; (d) about 6% to
about 8% w/v sucrose; and (e) 0.01 % to about 0.04% w/v polysorbate 80.

[0189] In one aspect (AS), the invention provides an anti-human PD-1 antibody formulation,
comprising: (a) about 125 to about 200 mg/mL of an anti-human PD-1 antibody, or antigen
binding fragment thereof; (b) about 10 mM histidine buffer; (c¢) about 10 mM L-methionine or
pharmaceutically acceptable salt thereof; (d) about 7 % w/v sucrose; and (e) about 0.02 % to w/v
polysorbate 80.

[0190] In one embodiment of aspect (AS), the formulation further comprises from about 1.25%
to about 2.5% w/v L-arginine, or a pharmaceutically acceptable salt thereof.

[0191] In one embodiment of aspect (AS), the formulation further comprises from about 1.25%

to about 2.5% w/v L-arginine.
-36 -

0079



24439-US-CNT-4

[0192] In one embodiment of aspect (AS), the formulation further comprises from about 1.25%
to about 2.5% w/v L-arginine-HCI.
[0193] In one embodiment of aspect (AS), the formulation has a pH between 5.0 and 6.0.
[0194] In one embodiment of aspect (AS), the formulation has a pH between 5.3 and 5.8.
[0195] In one aspect (A6), the invention provides an anti-human PD-1 antibody formulation,
comprising: (a) about 5 mg/mL to about 75 mg/mL of an anti-human PD-1 antibody, or antigen
binding fragment thereof; (b) about 8 mM to about 12 mM histidine buffer; (c) a stabilizer
selected from the group consisting of: (i) about 6% to about 8% weight/volume (w/v) sucrose,
trehalose or (2-hydroxypropyl)-B-cyclodextrin; (ii) about 3% to about 5% w/v mannitol, sorbitol,
L-arginine, a pharmaceutically acceptable salt of L-arginine, L-proline, or a pharmaceutically
acceptable salt of L-proline; and (iii) about 1.8 to about 2.2% w/v glycine, or a pharmaceutically
acceptable salt thereof; (d) about 0.01 % to about 0.04% polysorbate 80; and (e) about S mM to
about 10 mM L-methionine or a pharmaceutically acceptable salt thereof.
[0196] In one embodiment of aspect (A6), the anti- human PD-1 antibody, or antigen binding
fragment thereof is present at a concentration of about 5 mg/mL to about 25 mg/mL.
[0197] In one aspect (A7), the invention provides an anti-human PD-1 antibody formulation,
comprising: (a) about 5 mg/mL to about 75 mg/mL of an anti-human PD-1 antibody, or antigen
binding fragment thereof; (b) about 8 mM to about 12 mM histidine buffer; (c) about 6% to
about 8% weight/volume w/v sucrose; (d) about 0.01 % to about 0.04% polysorbate 80; and (e)
about 5 mM to about 10 mM L-methionine or a pharmaceutically acceptable salt thereof.
[0198] In one embodiment of aspect (A7), the anti- human PD-1 antibody, or antigen binding
fragment thereof is present at a concentration of about 5 mg/mL to about 25 mg/mL.
[0199] In one embodiment of aspect (A7), the L-methionine or a pharmaceutically acceptable
salt thereof is L-methionine-HCI.
[0200] In one aspect (A8), the invention provides an anti-human PD-1 antibody formulation,
comprising: (a) about 5 mg/mL to about 75 mg/mL of an anti-human PD-1 antibody, or antigen
binding fragment thereof; (b) about 8 mM to about 12 mM histidine buffer; (c) about 6% to
about 8% w/v trehalose; (d) about 0.01 % to about 0.04% polysorbate 80; and (e) about 5 mM to
about 10 mM methionine or a pharmaceutically acceptable salt thereof.
[0201] In one embodiment of aspect (A8), the anti- human PD-1 antibody, or antigen binding
fragment thereof is present at a concentration of about 5 mg/mL. to about 25 mg/mL..
[0202] In one aspect (A9), the invention provides an anti-human PD-1 antibody formulation,
comprising: (a) about 5 mg/mL to about 75 mg/mL of an anti-human PD-1 antibody, or antigen
binding fragment thereof; (b) about 8 mM to about 12 mM histidine buffer; (c¢) about 6% to
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about 8% w/v (2-hydroxypropyl)-B-cyclodextrin; (d) about 0.01 % to about 0.04% polysorbate
80; and (e) about 5 mM to about 10 mM L-methionine or a pharmaceutically acceptable salt
thereof.
[0203] In one embodiment of aspect (A9), the anti- human PD-1 antibody, or antigen binding
fragment thereof is present at a concentration of about 5 mg/mL. to about 25 mg/mL.
[0204] In one aspect (A10), the invention provides an anti-human PD-1 antibody formulation,
comprising: (a) about 5 mg/mL to about 75 mg/mL of an anti-human PD-1 antibody, or antigen
binding fragment thereof; (b) about 8§ mM to about 12 mM histidine buffer; (c) about 3% to
about 5% w/v mannitol; (d) about 0.01 % to about 0.04% polysorbate 80; and (e) about 5 mM to
about 10 mM L-methionine or a pharmaceutically acceptable salt thereof.
[0205] In one embodiment of aspect (A10), the anti- human PD-1 antibody, or antigen binding
fragment thereof is present at a concentration of about 5 mg/mL to about 25 mg/mL.
[0206] In one aspect (A11), the invention provides an anti-human PD-1 antibody formulation,
comprising: (a) about 5 mg/mL to about 75 mg/mL of an anti-human PD-1 antibody, or antigen
binding fragment thereof; (b) about 8 mM to about 12 mM histidine buffer; (c) about 3% to
about 5% w/v sorbitol; (d) about 0.01 % to about 0.04% polysorbate 80; and (e) about 5 mM to
about 10 mM L-methionine or a pharmaceutically acceptable salt thereof.
[0207] In one embodiment of aspect (Al1), the anti- human PD-1 antibody, or antigen binding
fragment thereof is present at a concentration of about 5 mg/mL to about 25 mg/mL.
[0208] In one aspect (A12), the invention provides an anti-human PD-1 antibody formulation,
comprising: (a) about 5 mg/mL to about 75 mg/mL of an anti-human PD-1 antibody, or antigen
binding fragment thereof; (b) about 8§ mM to about 12 mM histidine buffer; (c) about 3% to
about 5% w/v L-proline, or a pharmaceutically acceptable salt thereof; (d) about 0.01 % to about
0.04% polysorbate 80; and (e) about 5 mM to about 10 mM L-methionine or a pharmaceutically
acceptable salt thereof.
[0209] In one embodiment of aspect (A12), the anti- human PD-1 antibody, or antigen binding
fragment thereof is present at a concentration of about 5 mg/mL to about 25 mg/mlL..
[0210] In one embodiment of aspect (A12), the L-proline, or a pharmaceutically acceptable salt
thereof is L-proline.
[0211] In one embodiment of aspect (A12), the L-proline, or a pharmaceutically acceptable salt
thereof is L-proline HCIL.
[0212] In one aspect (A13), the invention provides an anti-human PD-1 antibody formulation,
comprising: (a) about 5 mg/mL to about 75 mg/mL of an anti-human PD-1 antibody, or antigen
binding fragment thereof; (b) about 8 mM to about 12 mM histidine buffer; (c¢) about 3% to
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about 5% w/v L-arginine, or a pharmaceutically acceptable salt thereof; (d) about 0.01 % to
about 0.04% polysorbate 80; and (e) about 5 mM to about 10 mM L-methionine or a
pharmaceutically acceptable salt thereof.

[0213] In one embodiment of aspect (A13), the anti- human PD-1 antibody, or antigen binding
fragment thereof is present at a concentration of about 5 mg/mL. to about 25 mg/mL.

[0214] In one embodiment of aspect (A13), the pH of the formulation is about 6.0 to about 6.4.
[0215] In one embodiment of aspect (A13), the L-arginine, or a pharmaceutically acceptable
salt thereof is L-arginine.

[0216] In one embodiment of aspect (A13), the L-arginine, or a pharmaceutically acceptable
salt thereof is L-arginine HCL.

[0217] In one aspect (A14), the invention provides an anti-human PD-1 antibody formulation,
comprising: (a) about 5 mg/mL to about 75 mg/mL of an anti-human PD-1 antibody, or antigen
binding fragment thereof; (b) about 8 mM to about 12 mM histidine buffer; (c) about 160 mM to
about 200 mM glycine, or a pharmaceutically acceptable salt thereof; (d) about 0.01 % to about
0.04% polysorbate 80; and (e) about 5 mM to about 10 mM L-methionine or a pharmaceutically
acceptable salt thereof.

[0218] In one embodiment of aspect (A14), the anti- human PD-1 antibody, or antigen binding
fragment thereof is present at a concentration of about 5 mg/mL to about 25 mg/mL.

[0219] In one embodiment of aspect (A14), the glycine, or pharmaceutically acceptable salt
thereof is glycine.

[0220] In one embodiment of aspect (A14), the glycine, or pharmaceutically acceptable salt
thereof is glycine HCI.

[0221] In one embodiment of aspect (A14), the glycine, or pharmaceutically acceptable salt
thereof is glycine succinate.

[0222] In one embodiment of any of aspects (A6) — (A14), the formulation further comprises a
metal chelator.

[0223] In one embodiment of any of aspects (A6) — (A14), the formulation further comprises
DTPA, which is present at a concentration of about 10 uM to about 30 uM.

[0224] In some embodiments of any of aspects (A1) — (A14), the formulation is a liquid.
[0225] In some embodiments of any of aspects (A1) — (A14), the formulation is a reconstituted
solution from a lyophilized formulation.

[0226] In any of the specific aspects and embodiments described herein, any anti-PD-1
antibody or antigen binding fragment thereof (i.e. an antibody or antigen binding fragment that

specifically binds human PD-1, e.g. pembrolizumab or an antigen-binding fragment thereof) can
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be used. In particular embodiments, one of the anti-PD-1 antibodies, or antigen binding

fragments thereof, described herein, e.g. described in the section entitled Anti-PD-1 Antibodies

and Antigen-Binding Fragments Thereof, is used.

[0227] In some embodiments of the invention, any of the formulations described herein is in
aqueous solution. In alternative embodiment, the invention provides lyophilized formulations
made by lyophilizing an aqueous formulation to provide a reconstituted formulation of the

invention, as discussed more fully, infra.

Lyophilized Pharmaceutical Compositions

[0228] Lyophilized formulations of therapeutic proteins provide several advantages.
Lyophilized formulations in general offer better chemical stability than solution formulations,
and thus increased half-life. A lyophilized formulation may also be reconstituted at different
concentrations depending on clinical factors, such as route of administration or dosing. For
example, a lyophilized formulation may be reconstituted at a high concentration (i.e. in a small
volume) if necessary for subcutaneous administration, or at a lower concentration if
administered intravenously. High concentrations may also be necessary if high dosing is
required for a particular subject, particularly if administered subcutaneously where injection
volume must be minimized. One such lyophilized antibody formulation is disclosed at U.S. Pat.
No. 6,267,958, which is hereby incorporated by reference in its entirety. Lyophilized
formulations of another therapeutic protein are disclosed at U.S. Pat. No. 7,247,707, which is
hereby incorporated by reference in its entirety.

[0229] Typically, the lyophilized formulation is prepared in anticipation of reconstitution at
high concentration of drug product (DP, in an exemplary embodiment humanized anti-PD-1
antibody pembrolizumab, or antigen binding fragment thereof), i.e. in anticipation of
reconstitution in a low volume of water. Subsequent dilution with water or isotonic buffer can
then readily be used to dilute the DP to a lower concentration. Typically, excipients are included
in a lyophilized formulation of the invention at levels that will result in a roughly isotonic
formulation when reconstituted at high DP concentration, e.g. for subcutaneous administration.
Reconstitution in a larger volume of water to give a lower DP concentration will necessarily
reduce the tonicity of the reconstituted solution, but such reduction may be of little significance
in non-subcutaneous, e.g. intravenous, administration. If isotonicity is desired at lower DP
concentration, the lyophilized powder may be reconstituted in the standard low volume of water

and then further diluted with isotonic diluent, such as 0.9% sodium chloride.
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[0230] In an embodiment of the invention, humanized anti-PD-1 antibody (or antigen binding
fragment thereof) is formulated as a lyophilized powder for reconstituting and utilizing for
intravenous administration. In certain embodiments, the antibody (or antigen binding fragment
thereof) is provided at about 50 mg/vial, and is reconstituted with sterile water for injection prior
to use. If desired, the reconstituted antibody may be aseptically diluted with 0.9% sodium
chloride Injection USP in a sterile IV container. In some embodiments, the target pH of the
reconstituted formulation is 5.5+0.5. In various embodiments, the lyophilized formulation of the
invention enables reconstitution of the anti-PD-1 antibody to high concentrations, such as about
20, 25, 30, 40, 50, 60, 75, 100, 125, 150, 175 or more mg/mL.
[0231] Lyophilized formulations are by definition essentially dry, and thus the concept of
concentration is not useful in describing them. Describing a lyophilized formulation in the terms
of the weight of the components in a unit dose vial is more useful, but is problematic because it
varies for different doses or vial sizes. In describing the lyophilized formulations of the
invention, it is useful to express the amount of a component as the ratio of the weight of the
component compared to the weight of the drug substance (DS) in the same sample (e.g. a vial).
This ratio may be expressed as a percentage. Such ratios reflect an intrinsic property of the
lyophilized formulations of the invention, independent of vial size, dosing, and reconstitution
protocol.
[0232] In other embodiments, the lyophilized formulation of anti-human PD-1 antibody, or
antigen binding fragment, is defined in terms of the pre-lyophilization solution used to make the
lyophilized formulation, such as the pre-lyophilization solution. In one embodiment the pre-
lyophilization solution comprises antibody, or antigen-binding fragment thereof, at a
concentration of about 10 mg/mL about 25 mg/mL or about 50 mg/mL. Such pre-lyophilization
solutions may be at pH 4.4 — 5.2 (including about 4.4, 4.5, 4.6, 4.7, 4.8, 4.9, 5.0, 5.1. and 5.2),
e.g. preferably about pH 4.8, or about pH 5.5.
[0233] In yet other embodiments, the lyophilized formulation of anti-human PD-1 antibody, or
antigen binding fragment, is defined in terms of the reconstituted solution generated from the
lyophilized formulation.
[0234] Reconstituted solutions may comprise antibody, or antigen-binding fragment thereof, at
concentrations of about 10, 15, 20, 25, 30, 40, 50, 60, 75, 80, 90 or 100 mg/mL or higher
concentrations such as 150 mg/mL., 167 mg/ml., 200 mg/mL, or up to about 250 mg/mL. Such
reconstituted solutions may be at about pH 5.5, or range from about pH 5.0 to about 6.0
[0235] The lyophilized formulations of the invention are formed by lyophilization (freeze-
drying) of a pre-lyophilization solution. Freeze-drying is accomplished by freezing the
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formulation and subsequently subliming water at a temperature suitable for primary drying.
Under this condition, the product temperature is below the eutectic point or the collapse
temperature of the formulation. Typically, the shelf temperature for the primary drying will
range from about -30 to 25°C (provided the product remains frozen during primary drying) at a
suitable pressure, ranging typically from about 50 to 250 mTorr. The formulation, size and type
of the container holding the sample (e.g., glass vial) and the volume of liquid will dictate the
time required for drying, which can range from a few hours to several days (e.g. 40-60 hrs). A
secondary drying stage may be carried out at about 0-40°C, depending primarily on the type and
size of container and the type of protein employed. The secondary drying time is dictated by the
desired residual moisture level in the product and typically takes at least about 5 hours.
Typically, the moisture content of a lyophilized formulation is less than about 5%, and
preferably less than about 3%. The pressure may be the same as that employed during the
primary drying step. Freeze-drying conditions can be varied depending on the formulation and
vial size.

[0236] In some instances, it may be desirable to lyophilize the protein formulation in the
container in which reconstitution of the protein is to be carried out in order to avoid a transfer
step. The container in this instance may, for example, be a 3, 5, 10, 20, 50 or 100 cc vial.
[0237] The lyophilized formulations of the invention are reconstituted prior to administration.
The protein may be reconstituted at a concentration of about 10, 15, 20, 25, 30, 40, 50, 60, 75,
80, 90 or 100 mg/mL or higher concentrations such as 150 mg/mL, 200 mg/mL, 250 mg/mL., or
300 mg/mL up to about 500 mg/mL.. High protein concentrations are particularly useful where
subcutaneous delivery of the reconstituted formulation is intended. However, for other routes of
administration, such as intravenous administration, lower concentrations of the protein may be
desired (e.g. from about 5-50 mg/mL).

[0238] Reconstitution generally takes place at a temperature of about 25°C to ensure complete
hydration, although other temperatures may be employed as desired. The time required for
reconstitution will depend, e.g., on the type of diluent, amount of excipient(s) and protein.
Exemplary diluents include sterile water, bacteriostatic water for injection (BWFI), a pH
buffered solution (e.g. phosphate-buffered saline), sterile saline solution, Ringer's solution or
dextrose solution.

[0239] The invention provides a liquid anti-human PD-1 antibody formulation that is
reconstituted from a lyophilized formulation wherein the reconstituted solution comprises: a)
about 125 mg/mL to about 175 mg/mL of an anti-human PD-1 antibody, or antigen binding

fragment thereof; b) about 8 mM to about 12 mM histidine buffer; c) a stabilizer selected from
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the group consisting of: (i) about 3% to about 8% weight/volume (w/v) sucrose; (ii) about 2% to
about 5% w/v L-arginine, or a pharmaceutically acceptable salt thereof; (iii) about 3% to about
5% mannitol and about 1% to about 2% sucrose, and (iv) a combination of i) and ii); and d)about
0.01 % to about 0.04% polysorbate 80.

[0240] In embodiments of the invention, the stabilizer comprises about 3% to about 8%
weight/volume (w/v) sucrose.

[0241] In embodiments of the invention, the stabilizer comprises about 2% to about 5% w/v L-
arginine, or a pharmaceutically acceptable salt thereof.

[0242] In embodiments of the invention, the stabilizer comprises about 3% to about 5%
mannitol and about 1% to about 2% sucrose.

[0243] In embodiments of the invention, the stabilizer comprises about 4% to about 4.5%
mannitol and about 1% to about 2% sucrose.

[0244] In embodiments of the invention, the stabilizer comprises about 3% to about 8%
weight/volume (w/v) sucrose and about 2% to about 5% w/v L-arginine, or a pharmaceutically
acceptable salt thereof. In specific embodiments, the stabilizer comprises sucrose and L-
arginine. In other embodiments, the stabilizer comprises sucrose and L-arginine-HCI.

[0245] In specific embodiments, the stabilizer comprises a combination of 2-4% w/v L-
arginine, or a pharmaceutically acceptable salt thereof and 3.5-6 % w/v sucrose. In other
embodiments, the stabilizer comprises a combination of about 3% L-arginine or a
pharmaceutically acceptable salt thereof and about 5.5% sucrose. In other embodiments, the
stabilizer comprises a combination of about 2% L-arginine or a pharmaceutically acceptable salt
thereof and about 5 % sucrose. In other embodiments, the stabilizer comprises a combination of

about 2% L-arginine or a pharmaceutically acceptable salt thereof and about 3.7% sucrose.

Liguid Pharmaceutical Compositions

[0246] A liquid antibody formulation can be made by taking the drug substance (e.g., anti-
humanized PD-1) which is in liquid form (e.g., pembrolizumab in an aqueous pharmaceutical
formulation) and buffer exchanging it into the desired buffer as the last step of the purification
process. There is no lyophilization step in this embodiment. The drug substance in the final
buffer is concentrated to a desired concentration. Excipients such as sucrose, methionine and
polysorbate 80 are added to the drug substance and it is diluted using the appropriate buffer to
final protein concentration. The final formulated drug substance is filtered, e.g. using 0.22um
filters, and filled into a final container (e.g. glass vials or syringes). Such a liquid formulation is

exemplified by a final liquid formulation comprising 10 mM histidine pH 5.5, 7% sucrose,
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0.02% polysorbate 80, 25-200 mg/mL pembrolizumab and 1.5-2.5% arginine, or a

pharmaceutically acceptable salt thereof.

II. Methods of Use

[0247] The invention also relates to a method of treating cancer in a subject, the method
comprising administering an effective amount of any of the formulations of the invention; i.e.,
any formulation described herein (including the formulations of the invention defined as aspects

(A1)-(A14) in the Specific Aspects and Embodiments of the Invention section herein (referred to

hereafter as “aspects (A1)-(A14)”)), to the subject. In some embodiments of this method, the
formulation is administered to the subject via intravenous administration. In other embodiments,
the formulation is administered to the subject by subcutaneous administration.
[0248] In any of the methods of the invention, the cancer can be selected from the group
consisting of: melanoma, lung cancer, head and neck cancer, bladder cancer, breast cancer,
gastrointestinal cancer, multiple myeloma, hepatocellular cancer, lymphoma, renal cancer,
mesothelioma, ovarian cancer, esophageal cancer, anal cancer, biliary tract cancer, colorectal
cancer, cervical cancer, thyroid cancer, salivary cancer, prostate cancer (e.g. hormone refractory
prostate adenocarcinoma), pancreatic cancer, colon cancer, esophageal cancer, liver cancer,
thyroid cancer, glioblastoma, glioma, and other neoplastic malignancies.
[0249] In some embodiments the lung cancer in non-small cell lung cancer.
[0250] In alternate embodiments, the lung cancer is small-cell lung cancer.
[0251] In some embodiments, the lymphoma is Hodgkin lymphoma.
[0252] In other embodiments, the lymphoma is non-Hodgkin lymphoma. In particular
embodiments, the lymphoma is mediastinal large B-cell lymphoma. In some embodiments, the
lymphoma is diffuse large B-cell lymphoma (DLBCL).
[0253] In some embodiments, the breast cancer is triple negative breast cancer.
[0254] In further embodiments, the breast cancer is ER+/HER2- breast cancer.
[0255] In some embodiments, the bladder cancer is urothelial cancer.
[0256] In some embodiments, the head and neck cancer is nasopharyngeal cancer. In some
embodiments, the cancer is thyroid cancer. In other embodiments, the cancer is salivary cancer.
In other embodiments, the cancer is squamous cell carcinoma of the head and neck.
[0257] In some embodiments, the cancer is metastatic colorectal cancer with high levels of
microsatellite instability (MSI-H).
[0258] In some embodiments, the cancer is a solid tumor with a high level of microsatellite
instability (MSI-H).
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[0259] In some embodiments, the cancer is a solid tumor with a high mutational burden.
[0260] In some embodiments, the cancer is selected from the group consisting of: melanoma,
non-small cell lung cancer, relapsed or refractory classical Hodgkin lymphoma, head and neck
squamous cell carcinoma, urothelial cancer, esophageal cancer, gastric cancer, DLBCL and
hepatocellular cancer.

[0261] In other embodiments of the above treatment methods, the cancer is a Heme
malignancy. In certain embodiments, the Heme malignancy is acute lymphoblastic leukemia
(ALL), acute myeloid leukemia (AML), chronic lymphocytic leukemia (CLL), chronic myeloid
leukemia (CML), DLBCL, EBV-positive DLBCL, primary mediastinal large B-cell lymphoma,
T-cell/histiocyte-rich large B-cell lymphoma, follicular lymphoma, Hodgkin’s lymphoma (HL),
mantle cell lymphoma (MCL), multiple myeloma (MM), myeloid cell leukemia-1 protein (Mcl-
1), myelodysplastic syndrome (MDS), non-Hodgkin lymphoma (NHL), or small lymphocytic
lymphoma (SLL).

[0262] Malignancies that demonstrate improved disease-free and overall survival in relation to
the presence of tumor-infiltrating lymphocytes in biopsy or surgical material, e.g. melanoma,
colorectal, liver, kidney, stomach/esophageal, breast, pancreas, and ovarian cancer are
encompassed in the methods and treatments described herein. Such cancer subtypes are known
to be susceptible to immune control by T lymphocytes. Additionally, included are refractory or
recurrent malignancies whose growth may be inhibited using the antibodies described herein.
[0263] In some embodiments, the formulations of the invention (e.g. aspects (A1)-(A14)) are
administered to a subject having a cancer characterized by elevated expression of PD-L1 and/or
PD-L2 in tested tissue samples, including: ovarian, renal, colorectal, pancreatic, breast, liver,
gastric, esophageal cancers and melanoma. Additional cancers that can benefit from treatment
with anti-PD-1 antibodies such as humanized anti-PD-1 antibody pembrolizumab include those
associated with persistent infection with viruses such as human immunodeficiency viruses,
hepatitis viruses class A, B and C, Epstein Barr virus, human papilloma viruses that are known
to be causally related to for instance Kaposi’s sarcoma, liver cancer, nasopharyngeal cancer,
lymphoma, cervical, vulval, anal, penile and oral cancers.

[0264] In one embodiment, the invention comprises a method of treating cancer in a human
patient comprising administering any formulation of the invention (e.g. aspects (Al1)-(Al4)) to
the patient.

[0265] In one embodiment, the invention comprises a method of treating unresectable or
metastatic melanoma in a human patient comprising administering any formulation of the

invention (e.g. aspects (A1)-(A14)) to the patient.
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[0266] In one embodiment, the invention comprises a method of treating metastatic non-small
cell lung cancer (NSCLC) in a human patient comprising administering a formulation of the
invention (e.g. aspects (A1)-(A14)) to the patient. In specific embodiments, the patient has a
tumor with high PD-L1 expression [(Tumor Proportion Score (TPS) >50%)] and was not
previously treated with platinum-containing chemotherapy. In other embodiments, the patient
has a tumor with PD-L1 expression (TPS >1%) and was previously treated with platinum-
containing chemotherapy. In still other embodiments, the patient has a tumor with PD-L1
expression (TPS >1%) and was not previously treated with platinum-containing chemotherapy.
In specific embodiments, the patient had disease progression on or after receiving platinum-
containing chemotherapy.

[0267] In certain embodiments, the PD-L1 TPS is determined by an FDA-approved test.
[0268] In certain embodiments, the patient’s tumor has no EGFR or ALK genomic aberrations.
[0269] In certain embodiments, the patient’s tumor has an EGFR or ALK genomic aberration
and had disease progression on or after receiving treatment for the EGFR or ALK aberration(s)
prior to receiving the anti-PD-1 antibody, or antigen binding fragment thereof.

[0270] In one embodiment, the invention comprises a method of treating metastatic non-small
cell lung cancer (NSCLC) in a human patient comprising: (1) administering a formulation of the
invention (e.g. aspects (A1)-(A14)) to the patient, and (2) administering pemetrexed and
carboplatin to the patient. In specific embodiments, the patient was not previously treated with
an anti-cancer therapeutic prior to starting the combination treatment regimen with the
formulation of the invention, pemetrexed and carboplatin.

[0271] In a certain embodiments, the patient has nonsquamous non-small cell lung cancer.
[0272] In certain embodiments, pemetrexed is administered to the patient in an amount of 500
mg/m?. In sub-embodiments, pemetrexed is administered to the patient via intravenous infusion
every 21 days. In specific embodiments, the infusion time is about 10 minutes.

[0273] In embodiments of the invention where the patient is treated with a formulation of the
invention in combination with pemetrexed, the invention further comprises administering about
400 pg to about 1000 g of folic acid to the patient once per day, beginning about 7 days prior to
administering pemetrexed to the patient and continuing until about 21 days after the patient is
administered the last dose of pemetrexed. In certain embodiments the folic acid is administered
orally. In some embodiments, the invention further comprises administering about 1 mg of
vitamin B> to the patient about 1 week prior to the first administration of pemetrexed and about
every three cycles of pemetrexed administration (i.e., approximately every 9 weeks). In certain

embodiments the vitamin B12 is administered intramuscularly. In certain embodiments, the
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invention further comprises administering about 4 mg of dexamethasone to the patient twice a
day on the day before, the day of, and the day after pemetrexed administration. In certain
embodiments the dexamethasone is administered orally.

[0274] In one embodiment, the invention comprises a method of treating recurrent or
metastatic head and neck squamous cell cancer (HNSCC) in a human patient comprising
administering any formulation of the invention (e.g. aspects (A1)-(A14)) to the patient. In
certain embodiments, the patient was previously treated with platinum-containing chemotherapy.
In certain embodiments, the patient had disease progression on or after platinum-containing
chemotherapy.

[0275] In one embodiment, the invention comprises a method of treating refractory classical
Hodgkin lymphoma (cHL) in a human patient comprising administering a formulation of the
invention (e.g. aspects (A1)-( A14)) to the patient. In certain embodiments, the patient has
relapsed after 3 or more lines of therapy for cHL. In specific embodiments, the patient is an
adult patient. in alternative embodiments, the patient is a pediatric patient.

[0276] In one embodiment, the invention comprises a method of treating locally advanced or
metastatic urothelial carcinoma in a human patient comprising administering a formulation of
the invention (e.g. aspects (A1)-(A14)) to the patient. In certain embodiments, the patient is not
eligible for cisplatin-containing chemotherapy. In certain embodiments, the patient has disease
progression during or following platinum-containing chemotherapy or within 12 months of
neoadjuvant or adjuvant treatment with platinum-containing chemotherapy.

[0277] In one embodiment, the invention comprises a method of treating unresectable or
metastatic, microsatellite instability-high (MSI-H) or mismatch repair deficient solid tumors in a
human patient comprising administering a formulation of the invention (e.g. aspects (A1)-(A14))
to the patient. In specific embodiments, the patient had disease progression following prior anti-
cancer treatment.

[0278] In one embodiment, the invention comprises a method of treating unresectable or
metastatic, microsatellite instability-high (MSI-H) or mismatch repair deficient colorectal cancer
in a human patient comprising administering a formulation of the invention (e.g. aspects (A1l)-
(A14)) to the patient. In specific embodiments, the patient had disease progression following
prior treatment with a fluoropyrimidine, oxaliplatin, and irinotecan.

[0279] In one embodiment, the invention comprises a method of treating recurrent locally
advanced or metastatic gastric cancer in a human patient comprising administering a formulation

of the invention (e.g. aspects (A1)-(A14)) to the patient.
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[0280] In one embodiment, the invention comprises a method of treating recurrent locally
advanced or metastatic gastroesophageal junction adenocarcinoma in a human patient
comprising administering a formulation of the invention (e.g. aspects (A1)-(A14)) to the patient.
In specific embodiments, the patient’s tumor expresses PD-L1 [Combined Positive Score (CPS)
>1]. In specific embodiments, the patient has disease progression on or after two or more prior
lines of therapy including fluoropyrimidine- and platinum-containing chemotherapy. In specific
embodiments, the patient has disease progression on or after two or more prior lines of therapy
including HER2/neu-targeted therapy.

[0281] In one embodiment, the invention comprises a method of treating cancer in a human
patient comprising administering a formulation of the invention (e.g. aspects (A1)-(A14)) to the
patient, wherein the patient has a cancer selected from the group consisting of: melanoma, lung
cancer, head and neck cancer, bladder cancer, breast cancer, gastrointestinal cancer, multiple
myeloma, hepatocellular cancer, lymphoma, renal cancer, mesothelioma, ovarian cancer,
esophageal cancer, anal cancer, biliary tract cancer, colorectal cancer, cervical cancer, thyroid
cancer, and salivary cancer.

[0282] In one embodiment, the invention comprises a method of treating small cell lung cancer
in a human patient comprising administering a formulation of the invention (e.g. aspects (A1)-
(A14)) to the patient.

[0283] In one embodiment, the invention comprises a method of treating non-Hodgkin
lymphoma in a human patient comprising administering a formulation of the invention (e.g.
aspects (A1)-(Al4)) to the patient. In specific embodiments, the non-Hodgkin lymphoma is
mediastinal large B-cell lymphoma. In specific embodiments, the non-Hodgkin lymphoma is
diffuse large B-cell lymphoma.

[0284] In one embodiment, the invention comprises a method of treating breast cancer in a
human patient comprising administering a formulation of the invention (e.g. aspects (A1)-(A14))
to the patient. In certain embodiments, the breast cancer is triple negative breast cancer. In
certain embodiments, the breast cancer is ER+/HER2- breast cancer.

[0285] In one embodiment, the invention comprises a method of treating nasopharyngeal
cancer in a human patient comprising administering a formulation of the invention (e.g. aspects
(A1)-(A14)) to the patient.

[0286] In one embodiment, the invention comprises a method of treating thyroid cancer in a
human patient comprising administering a formulation of the invention (e.g. aspects (A1)-(A14))

to the patient.
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[0287] In one embodiment, the invention comprises a method of treating salivary cancer in a
human patient comprising administering a formulation of the invention (e.g. aspects (A1)-(A14))
to the patient.

[0288] Antagonist anti-PD-1 antibodies or antibody fragments can also be used to prevent or
treat infections and infectious disease. Thus, the invention provides a method for treating chronic
infection in a mammalian subject comprising administering an effective amount of a formulation
of the invention to the subject. In some specific embodiments of this method, the formulation is
administered to the subject via intravenous administration. In other embodiments, the
formulation is administered to the subject by subcutaneous administration.

[0289] These agents can be used alone, or in combination with vaccines, to stimulate the
immune response to pathogens, toxins, and self-antigens. The antibodies or antigen-binding
fragment thereof can be used to stimulate immune response to viruses infectious to humans,
including but not limited to: human immunodeficiency viruses, hepatitis viruses class A, B and
C, Epstein Barr virus, human cytomegalovirus, human papilloma viruses, and herpes viruses.
Antagonist anti-PD-1 antibodies or antibody fragments can be used to stimulate immune
response to infection with bacterial or fungal parasites, and other pathogens. Viral infections
with hepatitis B and C and HIV are among those considered to be chronic viral infections.
[0290] The formulations of the invention may be administered to a patient in combination with
one or more “additional therapeutic agents”. The additional therapeutic agent may be a
biotherapeutic agent (including but not limited to antibodies to VEGF, EGFR, Her2/neu, VEGF
receptors, other growth factor receptors, CD20, CD40, CD-40L, OX-40, 4-1BB, and ICOS), a
growth inhibitory agent, an immunogenic agent (for example, attenuated cancerous cells, tumor
antigens, antigen presenting cells such as dendritic cells pulsed with tumor derived antigen or
nucleic acids, immune stimulating cytokines (for example, IL-2, IFNa2, GM-CSF), and cells
transfected with genes encoding immune stimulating cytokines such as but not limited to GM-
CSPF).

[0291] As noted above, in some embodiments of the methods of the invention, the method
further comprises administering an additional therapeutic agent. In particular embodiments, the
additional therapeutic agent is an anti-LAG3 antibody or antigen binding fragment thereof, an
anti-GITR antibody, or antigen binding fragment thereof, an anti-TIGIT antibody, or antigen
binding fragment thereof, an anti-CD27 antibody or antigen binding fragment thereof. In one
embodiment, the additional therapeutic agent is a Newcastle disease viral vector expressing IL-
12. In a further embodiment, the additional therapeutic agent is dinaciclib. In still further

embodiments, the additional therapeutic agent is a STING agonist.
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[0292] Suitable routes of administration may, for example, include parenteral delivery,
including intramuscular, subcutaneous, as well as intrathecal, direct intraventricular,
intravenous, intraperitoneal. Drugs can be administered in a variety of conventional ways, such
as intraperitoneal, parenteral, intraarterial or intravenous injection. Modes of administration in
which the volume of solution must be limited (e.g. subcutaneous administration) require a
lyophilized formulation to enable reconstitution at high concentration.

[0293] Selecting a dosage of the additional therapeutic agent depends on several factors,
including the serum or tissue turnover rate of the entity, the level of symptoms, the
immunogenicity of the entity, and the accessibility of the target cells, tissue or organ in the
individual being treated. The dosage of the additional therapeutic agent should be an amount that
provides an acceptable level of side effects. Accordingly, the dose amount and dosing frequency
of each additional therapeutic agent (e.g. biotherapeutic or chemotherapeutic agent) will depend
in part on the particular therapeutic agent, the severity of the cancer being treated, and patient
characteristics. Guidance in selecting appropriate doses of antibodies, cytokines, and small
molecules are available. See, e.g., Wawrzynczak (1996) Antibody Therapy, Bios Scientific Pub.
Ltd, Oxfordshire, UK; Kresina (ed.) (1991) Monoclonal Antibodies, Cytokines and Arthritis,
Marcel Dekker, New York, NY; Bach (ed.) (1993) Monoclonal Antibodies and Peptide Therapy
in Autoimmune Diseases, Marcel Dekker, New York, NY; Baert ef al. (2003) New Engl. J. Med.
348:601-608; Milgrom et al. (1999) New Engl. J. Med. 341:1966-1973; Slamon et al. (2001)
New Engl. J. Med. 344:783-792; Beniaminovitz et al. (2000) New Engl. J. Med. 342:613-619;
Ghosh et al. (2003) New Engl. J. Med. 348:24-32; Lipsky et al. (2000) New Engl. J. Med.
343:1594-1602; Physicians' Desk Reference 2003 (Physicians' Desk Reference, 57th Ed);
Medical Economics Company; ISBN: 1563634457; 57th edition (November 2002).
Determination of the appropriate dosage regimen may be made by the clinician, e.g., using
parameters or factors known or suspected in the art to affect treatment or predicted to affect
treatment, and will depend, for example, the patient's clinical history (e.g., previous therapy), the
type and stage of the cancer to be treated and biomarkers of response to one or more of the
therapeutic agents in the combination therapy.

[0294] Various literature references are available to facilitate selection of pharmaceutically
acceptable carriers or excipients for the additional therapeutic agent. See, e.g., Remington's
Pharmaceutical Sciences and U.S. Pharmacopeia: National Formulary, Mack Publishing
Company, Easton, PA (1984); Hardman er al. (2001) Goodman and Gilman’s The
Pharmacological Basis of Therapeutics, McGraw-Hill, New York, NY; Gennaro (2000)

Remington: The Science and Practice of Pharmacy, Lippincott, Williams, and Wilkins, New
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York, NY; Avis er al. (eds.) (1993) Pharmaceutical Dosage Forms: Parenteral Medications,
Marcel Dekker, NY; Lieberman, et al. (eds.) (1990) Pharmaceutical Dosage Forms: Tablets,
Marcel Dekker, NY; Lieberman et al. (eds.) (1990) Pharmaceutical Dosage Forms: Disperse
Systems, Marcel Dekker, NY; Weiner and Kotkoskie (2000) Excipient Toxicity and Safety,
Marcel Dekker, Inc., New York, NY.

[0295] A pharmaceutical antibody formulation can be administered by continuous infusion, or
by doses at intervals of, e.g., one day, 1-7 times per week, one week, two weeks, three weeks,
monthly, bimonthly, etc. A preferred dose protocol is one involving the maximal dose or dose
frequency that avoids significant undesirable side effects. A total weekly dose is generally at
least 0.05 pg/kg, 0.2 pug/kg, 0.5 ng/kg, 1 ng/kg, 10 ng’kg, 100 pg/kg, 0.2 mg/kg, 1.0 mg/kg, 2.0
mg/kg, 10 mg/kg, 25 mg/kg, 50 mg/kg body weight or more. See, e.g., Yang et al. (2003) New
Engl. J. Med. 349:427-434; Herold et al. (2002) New Engl. J. Med. 346:1692-1698; Liu et al.
(1999) J. Neurol. Neurosurg. Psych. 67:451-456; Portielji et al. (20003) Cancer Immunol.
Immunother. 52:133-144. The desired dose of a small molecule therapeutic, e.g., a peptide
mimetic, natural product, or organic chemical, is about the same as for an antibody or
polypeptide, on a moles/kg basis.

[0296] In certain embodiments, dosing will comprise administering to a subject escalating
doses of 1.0, 3.0, and 10 mg/kg of the pharmaceutical formulation, i.e, a formulation comprising
pembrolizumab, over the course of treatment. The formulation comprising pembrolizumab can
be a reconstituted liquid formulation, or it can be a liquid formulation not previously lyophilized.
Time courses can vary and can continue as long as desired effects are obtained. In certain
embodiments, dose escalation will continue up to a dose of about 10mg/kg. In certain
embodiments, the subject will have a histological or cytological diagnosis of melanoma, or other
form of solid tumor, and in certain instances, a subject may have non-measurable disease. In
certain embodiments, the subject will have been treated with other chemotherapeutics, while in
other embodiments, the subject will be treatment naive.

[0297] In yet additional embodiments, the dosing regimen will comprise administering a dose
of 1, 3, or 10 mg/kg of any of the pharmaceutical formulations described herein (i.e, a
formulation comprising pembrolizumab), throughout the course of treatment. For such a
constant dosing regimen, the interval between doses will be about 14 days (+ 2 days). In certain
embodiments, the interval between doses will be about 21 days (+ 2 days).

[0298] In certain embodiments, the dosing regimen will comprise administering a dose of from
about 0.005mg/kg to about 10mg/kg, with intra-patient dose escalation. In certain embodiments,

a dose of 5 mg/kg or 10 mg/kg will be administered at intervals of every 3 weeks, or every 2
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weeks. In yet additional embodiments, a dose of 3mg/kg will be administered at three week
intervals for melanoma patients or patients with other solid tumors. In these embodiments,
patients should have non-resectable disease; however, patients may have had previous surgery.
[0299] In certain embodiments, a subject will be administered a 30 minute IV infusion of any
of the pharmaceutical formulations described herein. In certain embodiments for the escalating
dose, the dosing interval will be about 28 days ((+ 1 day) between the first and second dose. In
certain embodiments, the interval between the second and third doses will be about 14 days (+ 2
days). In certain embodiments, the dosing interval will be about 14 days (+ 2 days), for doses
subsequent to the second dose.

[0300] In certain embodiments, the use of cell surface markers and/or cytokine markers, as
described in W0O2012/018538 or WO2008/156712 will be used in bioassays for monitoring,
diagnostic, patient selection, and/or treatment regimens involving blockade of the PD-1
pathway. Subcutaneous administration may performed by injected using a syringe, or using
other injection devices (e.g. the Inject-ease® device); injector pens; or needleless devices (e.g.
MediJector and BioJector®).

[0301] Embodiments of the invention also include one or more of the biological formulations
described herein (i) for use in, (ii) for use as a medicament or composition for, or (iii) for use in
the preparation of a medicament for: (a) therapy (e.g., of the human body); (b) medicine; (c)
induction of or increasing of an antitumor immune response (d) decreasing the number of one or
more tumor markers in a patient; (e) halting or delaying the growth of a tumor or a blood cancer;
(D halting or delaying the progression of PD-1-related disease; (g) halting or delaying the
progression cancer; (h) stabilization of PD-1-related disease; (i) inhibiting the growth or survival
of tumor cells; (j) eliminating or reducing the size of one or more cancerous lesions or tumors;
(k) reduction of the progression, onset or severity of PD-1-related disease; (1) reducing the
severity or duration of the clinical symptoms of PD-1-related disease such as cancer (m)
prolonging the survival of a patient relative to the expected survival in a similar untreated patient
n) inducing complete or partial remission of a cancerous condition or other PD-1 related disease,

or o) treatment of cancer.

GENERAL METHODS

[0302] Standard methods in molecular biology are described Sambrook, Fritsch and Maniatis

(1982 & 1989 2 Edition, 2001 3™ Edition) Molecular Cloning, A Laboratory Manual, Cold

Spring Harbor Laboratory Press, Cold Spring Harbor, NY; Sambrook and Russell (2001)

Molecular Cloning, 3™ ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY; Wu
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(1993) Recombinant DNA, Vol. 217, Academic Press, San Diego, CA). Standard methods also
appear in Ausbel, et al. (2001) Current Protocols in Molecular Biology, Vols.1-4, John Wiley
and Sons, Inc. New York, NY, which describes cloning in bacterial cells and DNA mutagenesis
(Vol. 1), cloning in mammalian cells and yeast (Vol. 2), glycoconjugates and protein expression
(Vol. 3), and bioinformatics (Vol. 4).

[0303] Methods for protein purification including immunoprecipitation, chromatography,
electrophoresis, centrifugation, and crystallization are described (Coligan, et al. (2000) Current
Protocols in Protein Science, Vol. 1, John Wiley and Sons, Inc., New York). Chemical analysis,
chemical modification, post-translational modification, production of fusion proteins,
glycosylation of proteins are described (see, e.g., Coligan, et al. (2000) Current Protocols in
Protein Science, Vol. 2, John Wiley and Sons, Inc., New York; Ausubel, er al. (2001) Current
Protocols in Molecular Biology, Vol. 3, John Wiley and Sons, Inc., NY, NY, pp. 16.0.5-
16.22.17; Sigma-Aldrich, Co. (2001) Products for Life Science Research, St. Louis, MO; pp. 45-
89; Amersham Pharmacia Biotech (2001) BioDirectory, Piscataway, N.J., pp. 384-391).
Production, purification, and fragmentation of polyclonal and monoclonal antibodies are
described (Coligan, et al. (2001) Current Protocols in Immunology, Vol. 1, John Wiley and
Sons, Inc., New York; Harlow and Lane (1999) Using Antibodies, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY; Harlow and Lane, supra). Standard techniques for
characterizing ligand/receptor interactions are available (see, e.g., Coligan, et al. (2001) Current
Protocols in Immunology, Vol. 4, John Wiley, Inc., New York).

[0304] Monoclonal, polyclonal, and humanized antibodies can be prepared (see, e.g., Sheperd
and Dean (eds.) (2000) Monoclonal Antibodies, Oxford Univ. Press, New York, NY;
Kontermann and Dubel (eds.) (2001) Antibody Engineering, Springer-Verlag, New York;
Harlow and Lane (1988) Antibodies A Laboratory Manual, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, NY, pp. 139-243; Carpenter, et al. (2000) J. Immunol. 165:6205; He,
et al. (1998) J. Immunol. 160:1029; Tang et al. (1999) J. Biol. Chem. 274:27371-27378; Baca et
al. (1997) J. Biol. Chem. 272:10678-10684; Chothia et al. (1989) Nature 342:877-883; Foote
and Winter (1992) J. Mol. Biol. 224:487-499; U.S. Pat. No. 6,329,511).

[0305] An alternative to humanization is to use human antibody libraries displayed on phage or
human antibody libraries in transgenic mice (Vaughan et al. (1996) Nature Biotechnol. 14:309-
314; Barbas (1995) Nature Medicine 1:837-839; Mendez et al. (1997) Nature Genetics 15:146-
156; Hoogenboom and Chames (2000) Immunol. Today 21:371-377; Barbas et al. (2001) Phage
Display: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New
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York; Kay et al. (1996) Phage Display of Peptides and Proteins: A Laboratory Manual,
Academic Press, San Diego, CA; de Bruin et al. (1999) Nature Biotechnol. 17:397-399).
[0306] Purification of antigen is not necessary for the generation of antibodies. Animals can
be immunized with cells bearing the antigen of interest. Splenocytes can then be isolated from
the immunized animals, and the splenocytes can fused with a myeloma cell line to produce a
hybridoma (see, e.g., Meyaard er al. (1997) Immunity 7:283-290; Wright et al. (2000) Immunity
13:233-242; Preston et al., supra; Kaithamana et al. (1999) J. Immunol. 163:5157-5164).
[0307] Antibodies can be conjugated, e.g., to small drug molecules, enzymes, liposomes,
polyethylene glycol (PEG). Antibodies are useful for therapeutic, diagnostic, kit or other
purposes, and include antibodies coupled, e.g., to dyes, radioisotopes, enzymes, or metals, e.g.,
colloidal gold (see, e.g., Le Doussal er al. (1991) J. Immunol. 146:169-175; Gibellini et al.
(1998) J. Immunol. 160:3891-3898; Hsing and Bishop (1999) J. Immunol. 162:2804-2811;
Everts et al. (2002) J. Immunol. 168:883-889).

[0308] Methods for flow cytometry, including fluorescence activated cell sorting (FACS), are
available (see, e.g., Owens, et al. (1994) Flow Cytometry Principles for Clinical Laboratory
Practice, John Wiley and Sons, Hoboken, NJ; Givan (2001) Flow Cytometry, 2" ed.; Wiley-
Liss, Hoboken, NJ; Shapiro (2003) Practical Flow Cytometry, John Wiley and Sons, Hoboken,
NJ). Fluorescent reagents suitable for modifying nucleic acids, including nucleic acid primers
and probes, polypeptides, and antibodies, for use, e.g., as diagnostic reagents, are available
(Molecular Probesy (2003) Catalogue, Molecular Probes, Inc., Eugene, OR; Sigma-Aldrich
(2003) Catalogue, St. Louis, MO).

[0309] Standard methods of histology of the immune system are described (see, e.g., Muller-
Harmelink (ed.) (1986) Human Thymus: Histopathology and Pathology, Springer Verlag, New
York, NY; Hiatt, et al. (2000) Color Atlas of Histology, Lippincott, Williams, and Wilkins,
Phila, PA; Louis, et al. (2002) Basic Histology: Text and Atlas, McGraw-Hill, New York, NY).
Software packages and databases for determining, e.g., antigenic fragments, leader sequences,
protein folding, functional domains, glycosylation sites, and sequence alignments, are available
(see, e.g., GenBank, Vector NTI® Suite (Informax, Inc, Bethesda, MD); GCG Wisconsin
Package (Accelrys, Inc., San Diego, CA); DeCypher® (TimeLogic Corp., Crystal Bay, Nevada);
Menne, et al. (2000) Bioinformatics 16: 741-742; Menne, et al. (2000) Bioinformatics
Applications Note 16:741-742; Wren, et al. (2002) Comput. Methods Programs Biomed. 68:177-
181; von Heijne (1983) Eur. J. Biochem. 133:17-21; von Heijne (1986) Nucleic Acids Res.
14:4683-4690).
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Analytical Methods

[0310] Analytical methods suitable for evaluating the product stability include size exclusion
chromatography (SEC), dynamic light scattering test (DLS), differential scanning calorimetery
(DSC), iso-asp quantification, potency, UV at 340 nm, UV spectroscopy, and FTIR. SEC (J.
Pharm. Scien., 83:1645-1650, (1994); Pharm. Res., 11:485 (1994); J. Pharm. Bio. Anal.,
15:1928 (1997); J. Pharm. Bio. Anal., 14:1133-1140 (1986)) measures percent monomer in the
product and gives information of the amount of soluble aggregates. DSC (Pharm. Res., 15:200
(1998); Pharm. Res., 9:109 (1982)) gives information of protein denaturation temperature and
glass transition temperature. DLS (American Lab., November (1991)) measures mean diffusion
coefficient, and gives information of the amount of soluble and insoluble aggregates. UV at 340
nm measures scattered light intensity at 340 nm and gives information about the amounts of
soluble and insoluble aggregates. UV spectroscopy measures absorbance at 278 nm and gives
information of protein concentration. FTIR (Eur. J. Pharm. Biopharm., 45:231 (1998); Pharm.
Res., 12:1250 (1995); J. Pharm. Scien., 85:1290 (1996); J. Pharm. Scien., 87:1069 (1998))
measures IR spectrum in the amide one region, and gives information of protein secondary
structure.

[0311] The iso-asp content in the samples is measured using the Isoquant Isoaspartate
Detection System (Promega). The kit uses the enzyme Protein Isoaspartyl Methyltransferase
(PIMT) to specifically detect the presence of isoaspartic acid residues in a target protein. PIMT
catalyzes the transfer of a methyl group from S-adenosyl-L-methionine to isoaspartic acid at the
.alpha.-carboxyl position, generating S-adenosyl-L-homocysteine (SAH) in the process. This is a
relatively small molecule, and can usually be isolated and quantitated by reverse phase HPLC
using the SAH HPLC standards provided in the kit.

[0312] The potency or bioidentity of an antibody can be measured by its ability to bind to its
antigen. The specific binding of an antibody to its antigen can be quantitated by any method
known to those skilled in the art, for example, an immunoassay, such as ELISA (enzyme-linked
immunosorbant assay).

[0313] All publications mentioned herein are incorporated by reference for the purpose of
describing and disclosing methodologies and materials that might be used in connection with the
invention.

[0314] Having described different embodiments of the invention herein with reference to the
accompanying drawings, it is to be understood that the invention is not limited to those precise

embodiments, and that various changes and modifications may be effected therein by one skilled
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in the art without departing from the scope or spirit of the invention as defined in the appended

claims.

EXAMPLE 1
Materials and Methods
[0315] CE-SDS: Samples were analyzed by a CE-SDS technique in which protein was
denatured with sodium dodecyl sulfate (SDS) under reducing and non-reducing conditions and
separated using capillary electrophoresis (CE) (Beckman-Coulter Proteomel.ab PAS00 CE
system and IgG Purity/Heterogeneity Assay Kit). The method separates proteins based on their
apparent molecular weight. Under non-reducing conditions, all species other than the main IgG
peak were classified as impurities. Under reducing conditions, the IgG was resolved into the
heavy and light chains. All other species were classified as impurities. In both cases, the result
was reported as corrected area percent of each peak as calculated from the total corrected peak
area percent.
[0316] HP-IEX: High performance ion-exchange chromatography (HP-IEX) was used to
assess the charge profile. An ion exchange HPLC method was performed using a Dionex
Dionex ProPac WCX-10 column and a UV detector at 280 nm. Samples were diluted in
purified water, and 80 ug were injected for analysis. The mobile phase used for the IEX analysis
was a gradient of the following mobile phases (mobile phase A: 24 mM MES, pH 6, 4%
acetonitrile (v/v); mobile phase B: 20 mM phosphate, 95 mM NaCl, pH 8, 4% acetonitrile (v/v).
The main peak is the major component of the chromatogram and it serves as a control for the
characterization of acidic and basic variants. Acidic variants elute earlier than main peak and the
main cause of the formation of acidic variants is due to the deamidation of the Asn in main peak
and the presence of sialic acid compared to main peak. Basic variants elute later than main peak
and the main cause of the formation of basic variants is due to the incomplete removal of C-
terminal Lys from the main peak. Other causes are incomplete cyclization of the N-terminal
glutamine (Gln) to pyroGlu of the light chain or heavy chain or both and also due to the
Isomerization of Asp in the main peak to isoAsp.
[0317] HP-SEC: Purity of the sample was assessed by size exclusion chromatography (SEC)
in which the percentage of monomer was determined, as well as the percentages of high
molecular weight species (HMW) and late eluting peaks (LMW species). The presence of
HMW species indicates protein aggregates and the presence of LMW species indicate protein
fragments. High Performance - Size Exclusion Chromatography (HP-SEC) was performed by

diluting the samples to 1.0 mg/mL with water. The diluted samples were injected (10 uL) into a
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HPLC equipped with a YMC-pack-Diol 200 column and a UV detector. Proteins in the sample
were separated by size and detected by UV absorption at 280 nm.

[0318] HP-SEC Arg: Purity of the sample was assessed by size exclusion chromatography
(SEC) in which the percentage of monomer was determined, as well as the percentages of high
molecular weight species (HMW) and late eluting peaks (LMW species). High Performance -
Size Exclusion Chromatography (HP-SEC) was performed by diluting the samples to 5.0 mg/mL
in mobile phase (50 mM sodium phosphate, 450 mM arginine mono hydrochloride, pH

7.0). The column temperature was set at 25°C and the flow rate was maintained at 0.5 mL/min
using an isocratic elution. The diluted samples were injected (30 uL) into a HPLC equipped
with YMC —PACK Diol-200 column and a UV detector. Proteins in the sample were separated
by size and detected by UV absorption at 280 nm.

[0319] A350: UV absorption at 350 nm was measured using 96 well plate Spectramax reader
as an indication of turbidity. The absorption readings were blanked against empty plate reading
and normalized for sample pathlength.

[0320] HP-HIC: High performance hydrophobic interaction chromatography (HP-HIC) was
used to assess oxidized products from the non-oxidized molecule. The percentage of pre-peaks,
determined to be oxidized species comprising heavy chain Met105 oxidation on one heavy chain
by previous analytical characterization, as well as the percentage of the main and percentage of
the post peaks were determined. A HP-HIC method was performed by diluting the sample to 5.0
mg/mL in purified water. The sample was then injected (10 puL) into an HPLC equipped with a
Tosoh Phenyl-5PW column and a UV detector at 280 nm. For the HIC analysis a mobile phase
containing a gradient of the following components (mobile phase A: 5 mM sodium phosphate in
2% acetonitrile, pH 7.0; mobile phase B: 400 mM ammonium sulfate, 5 mM sodium phosphate
in 2% acetonitrile, pH 6.9;) was used.

[0321] VP-DSC: Valerian-Plotnikov differential scanning calorimetry (VP-DSC) can be used
to determine the thermal and conformational stability of monoclonal antibodies. DSC determines
the heat capacity (Cp) of the protein solution relative to that of the placebo solution for
increasing temperatures, producing a thermal transition upon protein unfolding. For monoclonal
antibodies, multiple unfolding transitions (Tonset, Tm1, Tm?2) are typically seen in the DSC

thermogram corresponding to unfolding of individual domains

EXAMPLE 2

Evaluation of the Stability of High Concentration Pembrolizumab Formulations
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[0322]

An initial study was performed to evaluate the stability of formulations comprising a

high (160 mg/ml) concentration of pembrolizumab and to evaluate the impact of different

formulation excipients.

[0323] Pembrolizumab drug substance stock solutions were prepared in 10mM acetate pH 5.0

(189 mg/mL) and 10mM histidine pH 5.5 (187 mg/mL) by tangential flow filtration.

Pembrolizumab formulations were prepared to 160 mg/mL target concentration by spiking the

protein stock solution with excipient stock solutions and respective buffer. Test formulations

comprising a high concentration of pembrolizumab (see Table 4) were prepared in 6R glass vials

at a volume of between 3 mL and 4 mL.. Excipients were spiked into the protein solution to

achieve target levels of each excipient and brought to final volume using either acetate or

histidine buffer. Formulation 2 was prepared at 125 mg/mL (without surfactant) and

concentrated to greater than 160 mg/mL using a Millipore centricon device (10,000MWCO).

PS80 was added after the concentration was adjusted to 160 mg/mL with placebo (i.e.,

formulated matrix, with all components except Ab and surfactant). Samples were stored at 2-

8°C after preparation until they were filled into vials.

Table 4. High Concentration Pembrolizumab Formulations

Formulation Pembro Buffer Stabilizer Surfactant Anti-Oxidant
Concentration
1 160 mg/mL Histidine 7% sucrose 0.02% PS80 —
2 160 mg/mL Histidine 5% sorbitol 0.02% PS80 —
3 160 mg/mL Histidine 7% sucrose 0.1% F127 —
4 160 mg/mL Histidine 7% sucrose 0.02% PS80 10 mM Met
5 160 mg/mL Acetate 7% sucrose 0.02% PS80 —

[0324] Pembrolizumab formulated solutions were filtered using Millex GV 0.22 um PVDF
33min filter and filled into glass low volume HPLC vials (Waters #186000384c, 12x32mm glass

screw neck vial, 200 puL per vial). Vials were capped, and the caps were wrapped with parafilm

to minimize potential evaporation. Samples were staged in 2-8°C, 25°C and 40°C

environmental stability chambers. Each sample box was double bagged prior to placement into

the stability chamber for a period of twelve weeks.

[0325]

Stability of the formulations was evaluated using HP-SEC (to assess purity) and HP-

IEX (charge profile) over a period of twelve weeks. Results demonstrate that there were no

changes for any of the formulations that were stored at 5°C (as used herein and throughout the
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Examples, the term “5°C” is used interchangeably with “2-8 °C”, which indicates 5°C +/-3 °C
(standard deviation) during the 12-week time period. Therefore, all formulations were
considered stable at the 5°C storage condition. At 25°C, changes were observed via HP-SEC (a
slight decrease in % mAb) and HP-IEX (slight decrease in % main) for each of the formulations
over the time period tested. No differences were observed among results for the five
formulations at 25°C using either of these two techniques (data not shown). More pronounced
changes were observed for all of the formulations stored at 40°C evaluated by both techniques
relative to the same formulations stored at 25°C. The lowest decrease in % mAb by HP-SEC
after 12 weeks was observed with formulation 4 at 40°C compared to the other formulations
stored at 40°C for 12 weeks, suggesting that this formulation may have improved stability (data
not shown). There were no differences in charge profile among the five formulations at any of
the temperatures for the length of the testing period (i.e. data at each 4-week interval was similar
among the five formulations). Data not shown.

[0326] Oxidation of methionine-105 (Met-105) was also monitored by HP-HIC for each of the
test formulations over the 12-week period. No changes in Met-105 oxidation were observed for
any of the formulations at 5°C (Figure 1A). At 25°C, a trend of slight increase of % total pre-
peak 1 +2 (representing approximately 50% oxidized Met-105 or one oxidized Met-105 per
molecule) was observed among all five formulations (Figure 1B), which was more pronounced
at 40°C (Figure 1C). The lowest amount of % total pre-peak 1 +2 was observed with
formulation 4 over the 12-week period, suggesting that this formulation might be improving

stability.

EXAMPLE 3
Evaluation of the Stability of High Concentration Pembrolizumab Formulations Comprising
Arginine as a Viscosity-Lowering Agent
[0327] A further study was performed to evaluate the stability of formulations comprising an
even higher concentration of pembrolizumab (200 mg/mL as compared to 160 mg/mL used in
EXAMPLE 2). In this study, arginine (3%, 2%) was used as a viscosity lowering agent, alone or
in combination with sucrose, and the impact on storage stability of pembrolizumab was
evaluated.
[0328] For this study, pembrolizumab concentrated drug substance was prepared at 234
mg/mL in 10mM histidine pH 5.4 by concentration and diafiltration. Pembrolizumab drug
product formulations (#1 to #3) were prepared to 200 mg/mL target concentration in 200 mL

volumetric flasks by spiking the protein stock solution with excipient stock solutions and 10mM
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histidine buffer (see Table 5). Each of the formulated solutions was filtered using 0.22um

PVDF membrane Stericup 250mL devices, and filled into ImL syringes (Hypak SCF 1mL with
BD Hypak SCF Stoppers) and 2 mL vials (Nuova Ompi 0612090.5657), with a 1 mL drug

product fill volume. Samples were staged, protected from light, and placed in a 2-8°C

environmental stability chamber for 12 months, a 25°C stability chamber for 9 months and a

40°C stability chamber for 5 months. The test formulations for this study did not contain any

anti-oxidant.

Table 5. High Concentration Pembrolizumab Formulations for EXAMPLE 3

Antibody Buffer No. | Stabilizer 1 Stabilizer 2 Surfactant Container
(FilD)
1A | 7% Sucrose — 0.02% PS80 | 2 mL glass
200 mg/mL 2A — 3% Arg%n@ne 0.02% PS80 | vials (1 mL)
Pembro 10 mM His | 3A | 2% Sucrose 2% Arginine 0.02% PS80
pHS5.5 1B | 7% Sucrose — 0.02% PS80 | 1 mL BD
2B — 3% Arginine 0.02% PS80 | syringes (1
3B | 2% Sucrose 2% Arginine 0.02% PS80 | mL)

[0329] The formulations were evaluated by visual observation, A350, HP-SEC (purity), HP-
IEX (charge profile), HP-HIC (Met-105 oxidation) and CE-SDS. No changes were observed
among the different formulations when stored at 5°C for up to 12 months, whether stored in vials
or syringes, by visual observation, A350, HP-SEC, HP-IEX, HP-HIC, and CE-SDS (NR).
Therefore, all formulations were considered stable at the 5°C storage condition.

[0330] Each of the test formulations were visually inspected for changes in coloration or
precipitate formation (data not shown). All of the formulations showed some degree of yellow
color at 25°C by visual assessment. The formulations containing sucrose without arginine
(formulations 1A and 1B) began to show some yellow color after 3 months. By 9 months, some
precipitates or particles were observed in all samples. The formulation comprising 2% sucrose
and 2% arginine formed a gel in the vial (formulation 3A), which was evident in some vials as
early as 1 month, but not in the syringe (formulation 3B). Rapid changes were observed for all
formulations at 40°C over the 9-month testing period. Yellow coloration was observed in the
sucrose-only formulations (1A and 1B) after 1 month, whether in a vial or a syringe.

[0331] A350 values were measured as an indication of turbidity (data not shown). At 25°C, a
trend of increase in turbidity was observed over the 6-month testing period for sucrose-
containing samples (formulations 1A and 1B) and samples comprising a sucrose-arginine

combination in a vial (formulation 3A). An increase in A350 value of the sucrose samples at the
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6-month timepoint correlated with the observation of yellow coloration. Additionally, the A350
of the sucrose-arginine samples were found to be atypically higher than samples containing the
same combination in a syringe. At 40°C, a more pronounced trend of increased turbidity over
time was observed for all formulations. Sucrose-containing samples (formulations 1A and 1B)
turned amber and were therefore A350 was not measured at 6 months. The sucrose-arginine
formulation in a vial (formulation 3A) was also not measured by A350 at 6 months due to gel
formation. A350 results for arginine-containing formulations (no sucrose, formulations 2A and
2B) in either vials or syringes and sucrose-arginine formulations in syringes (formulation 3B)
were comparable.

[0332] Purity of the formulations was determined by HP-SEC for a period of 9 months (data
not shown). At 25°C, a trend of slight decrease in % mAb, with a corresponding increase in
%HMW, was observed among all 5 formulations over time. The sucrose-containing
formulations in vials and syringes (formulation 1A and 1B) showed the most changes as
compared to the other formulations. %LMW data indicated significant variability at
intermediate time points (3M, 6M) and was not conclusive. At 40°C, a trend of decrease in %
mAb, with a corresponding increase in %2HMW and %LMW, was observed among all the
formulations over the 9-month period. There were no clear differences among the different
formulations during the time tested.

[0333] Charge profile was determined by HP-IEX (data not shown). At 25°C, a trend of slight
decrease in % main, and % total basic, with a corresponding increase in % acidic, was observed
among all 5 formulations over 9 months. The most changes were observed for the sucrose-
containing formulations (formulations 1A and 1B) in vials or syringes compared to the arginine-
containing (formulations 2A and 2B) and sucrose + arginine-containing formulations
(formulations 3A and 3B). At 40°C, a more pronounced trend of decrease in % main, and %
total basic, with a corresponding increase in % acidic, was observed among all 5 formulations.
There were no clear differences among the different formulations after 3 months. Additionally,
there were no clear differences in stability profiles for formulations in vials compared to
syringes.

[0334] Met-105 oxidation was measured by HP-HIC. Minimal changes in Met-105 oxidation
were observed for any of the formulations at 5°C over a 9-month period (FIGURE 2A). At
25°C, a trend of slight increase in % total pre-peak 1+2 was observed among all formulations in
vials, which was not observed for the corresponding formulations in syringes (FIGURE 2B). A
higher increase in oxidation over 9 months was observed for the sucrose-containing formulations

(no arginine) in vials as compared to formulations containing arginine (with or without sucrose).
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At 40°C, a steep increase in the rate of oxidation was observed after 3 months for the arginine-
containing formulations (vial and syringe) and the sucrose formulation in a syringe (FIGURE
2C). The other formulations were not tested after 3 months due to gel formation or amber

coloration (see discussion above).

EXAMPLE 4
Evaluation of Formulations Comprising a High Concentration of Pembrolizumab with
Alternative Viscosity Lowering Agents
[0335]

viscosity lowering agents in high concentration pembrolizumab formulations. A series of

An additional study was performed to test the utility of alternative excipients as

formulations were prepared (Table 6) in micro-recovery HPLC vials with a 400 pL fill volume.
The formulations in this study did not comprise any anti-oxidant. Samples were staged in a 5°C,
25°C and 40°C stability chambers for 12 weeks. The test formulations for this study did not

contain any anti-oxidant.

Table 6. High Concentration Pembrolizumab Formulations for EXAMPLE 4

Formulation | Antibody Buffer Stabilizer 1 Stabilizer 2 | Surfactant
1 2% Histidine - 0.02% PS80
2 2% Histidine 2% Arginine | 0.02% PS80
3 2% Histidine 2% Sucrose | 0.02% PS80
200 mg/mL. | 0mM
mg/m Histidine | 150 mM - 0.02% PS80

4 pembrolizumab pH 5.5 Camphor

sulfonic acid

150 mM - 0.02% PS80
5 Guanidine

hydrochloride

[0336] No changes in purity were observed by HP-SEC analysis (measured as % mAb) for

formulations stored at 5°C over a period of 12 weeks (FIGURE 3A). For samples stored at

25°C, a trend was observed among all five formulations which showed a slight decrease in %

mADb, with formulation 4 (150 mM camphor sulfonic acid) showing the maximum decrease

(~5%) among the 5 formulations (FIGURE 3B). The trend of decreased % mAb was also

observed for formulations stored at 40°C, with no clear differences among the 5 formulations

tested (FIGURE 3C).
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[0337] Similar to results obtained by HP-SEC, no differences in charge profile were observed
among the 5 formulations at 5°C for a 12 week period as evaluated by HP-IEX. Again, a trend
was observed at 25°C which showed a decrease in % main for all five formulations over 12
weeks, with the most pronounced drop measured for formulations 3 and 4 (150 mM camphor
sulfonic acid and 150 mM guanidine HCL). At 40°C, a more pronounced decrease in % main by
HP-IEX was observed for each of the five formulations over the time tested, with no clear
differences among the five formulations (data not shown).

[0338] No differences in % Met-105 oxidation (pre-peak 14+2) were observed for any of the
five formulations after 12 weeks at the 5°C storage condition, as measured by HP-HIC (FIGURE
4A). However, for formulation 4, an increase in % pre-peak (other than pre-peak 14+2) was
observed (data not shown). Pre peaks other than 142 contain contributions of molecules where
both methionine residues are oxidized per molecule. A slight increase in % total pre-peak 1+2,
indicating oxidized species, was observed for formulations 3(2% histidine, 2% sucrose) and 4
(150 mM camphor sulfonic acid) at 25°C (FIGURE 4B), as well as an increase in % pre-peak for
peaks other than 1 + 2 (data not shown). Minimal changes in % total pre-peak 1 + 2 were
detectable for formulations 1, 2, and 5 (FIGURE 4B). However, formulation 1 and formulation
2 did show significant increase in % pre-peaks other than 142 (data not shown).

[0339] A more pronounced increase was observed in % total pre-peak 1 + 2 among all 5
formulations at the 40°C storage condition over the 12 week period, with formulations 3 and 4
again showing the most changes in % total pre-peak 1 + 2 (FIGURE 4C) and % pre-peaks other
than 1 +2 (data not shown). Formulations 1, 2, and 5 showed the least changes in % pre-peak
1+2 (FIGURE 4C), but significant changes in % pre-peaks other than 1+2 were observed,

indicating oxidation of both Met-105 residues (data not shown).

EXAMPLE 5
Analysis of Formulations Comprising Arginine in Combination with Glutamine
i03406] Previous studies suggested that an equimolar mixture of arginine and glutamine can
suppress temperature-induced aggregation of monoclonal antibodies in biological formulations
(Kheddo er al., Int. J. Pharmaceutics 473: 126-33(2014)). Fukuda ef al. (Pharm. Res. 31:992-
1001 (2014)) showed that Arg-HCI can suppress antibody aggregation at near-neutral pH, but
promoted aggregation and degradation at acidic pH or high temperatures. In that study, the
impact of Arg-HCI at high temperature could be mitigated by adding an eguimolar mixture of
arginine and aspartic acid or glutamic acid, which led to a suppression of aggregation (Fukuda er
aly.
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[0341] In order to investigate the impact of an equimolar mixture of glutamine and arginine on
pembrolizumab formulations, a series of compositions were formulated and tested as described
below. Concentrated pembrolizumab drug substance was prepared at 252.3 mg/mL in 10 mM
histidine, pH 5.5 by concentration and dilafiltration. Formulations C1-C6 were prepared by
spiking stock solutions of the following excipients: L-Arginine hydrochloride (475 mM stock),
L-Glutamic Acid (170 mM stock), Polysorbate-80 (2%w/w stock), and sucrose (40% w/v stock)
into pembrolizumab drug substance to achieve target compositions listed in Table 7.

[0342] Formulated drug substance batches were filtered using a 0.22 um PVDF syringe filter
and filled into 2 mL glass vials (fill volume: 0.5 mL). Vials were capped using 13 mm serum
stoppers and sealed using 13 mm flip-off seals. Vials were incubated in 40°C with 75% relative
humidity (RH) walk-in incubator. Vials were tested at TO, 1 week, 2 week, 4 week, and 8 week
time points.

[0343] Thermal unfolding was tested by DSC (Table 7) and viscosity of each formulation was
measured (Table 7). Results indicate that there was no improvement in thermal unfolding
behavior in the presence of an equimolar mixure of Arg and Glu. A reduction in viscosity was
observed for all formulations comprising Arg, Glu or Arg: Glu (1:1) relative to C1, which
contained no arginine or glutamine (Table 7). The amount of aggregation of each of these
formulations over a 12-week period of storage at 40°C was also measured by HP-SEC. Results
indicate that there was no reduction in aggregation for the formulations comprising an equimolar

mixture of Arg:Glu (FIGURE 5).

Table 7. High Concentration Pembrolizumab Formulations for EXAMPLE 5

DSC (thermal unfolding)

No. [Formulation Viscosity (cP)
Tonset [Tml Tm2

167 mg/mL pembrolizumab, 7%
Cl Sucrose, 0.02% PS-80, 10mM 63.9 66.9 78.2 21.9
Histidine buffer, pH 5.5

C2 C1 + 35 mM Arginine 64.2 64.5 76.8 18.2

167 mg/mlL pembrolizumab, 0.02%
3 PS-80, 10mM Histidine buffer, pH 5.5(62.3 64.7 75.9 16.0
+ 40 mM Arg + 40 mM Glu

167 mg/ml. pembrolizumab, 0.62%
C4 PS-80, 10mM Histidine buffer, pH 5.5(61.8 65.2 76.0 16.8
+ 20 mM Arg + 20 mM Gla
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167 mg/ml. pembrolizumab, 0.02%
C5 PS-80, 10mM Histidine buffer, pH 5.5|61.8 64.7 76.0 155
+ 40 mM Arg

167 mg/ml. pembrolizumab, 0.02%
Co PS-80, 16mM Histidine buffer, pH 5.5(62.8 64.8 75.8 17.9
+ 40 mM Glu

EXAMPLE 6
Impact of Antioxidants and Chelators on Stability in the Presence of Metal Ions
Study 1:
[0344] Metal ions can be introduced during manufacturing of biological formulations, for
example from steel tanks commonly used for processing monoclonal antibody products and
related buffers. In order to determine the impact of antioxidants and chelators on formulation
stability in the presence of metal ions, a series of test formulations were evaluated by HP-SEC
(Table 8). Concentrated pembrolizumab drug substance was prepared at 252.3 mg/mL in 10
mM histidine, pH 5.5 by concentration and dilafiltration. Formulations D1-D5 were prepared by
spiking stock solutions of the following excipients: methionine (100 mM stock), ferrous chloride
(0.0227% wlv stock), polysorbate-80 (2% w/w stock), and sucrose (40% w/v stock) into
pembrolizumab drug substance to achieve target compositions listed in Table 8.
[0345] Formulated drug substance batches were filtered using a 0.22 um PVDF syringe filter
and filled into 2 mL glass vials (fill volume: 0.5 mL). Vials were capped using 13 mm serum
stoppers and sealed using 13 mm flip-off seals. Vials were incubated in 40°C/ 75% RH walk-in
incubator. Vials were tested at TO, 1 week, 2 week, 4 week, and 8 week time-points.
[0346] The base formulation tested in this study (Formulation 1) comprised a high
concentration of pembrolizumab with sucrose and PS80 in histidine buffer (see Table 8, no. D1),
whereas Formulation D3 comprised the base formulation + metal ions with an antioxidant
(methionine) and Formulation D5 comprised the base formulation + metal ions and a chelator
(DTPA).
Table 8. Formulations used for Example 6, Study 1

% Aggregates (HP-SEC)

Formulation TO 1 week 2 weeks |4 weeks |8 weeks

167 mg/ml pembrolizumab, 7%
Sucrose, 0.02% PS-80, 10 mM

Histidine buffer, pH 5.5 08 1.1 14 2.1 3.1

D1

-~ D1 + 1mM Methionine 0.8 1.1 1.4 2.1 3.1
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D1 + Ippm Fe++, ImM

D3 Methionine 0.8 1.3 1.6 2.5 4.0

D4 D1+ Ippm Fe++ 0.8 1.3 1.7 .5 4.2
D1 + 1ppm Fe++, 100uM

D5 DTPA 0.8 1.1 15 0.2 3.2

[0347] Results showed that methionine did not prevent aggregation in the presence of metal
ions (Table 8, Formulation D3). A lower % aggregates was observed in the formulation
comprising DTPA in the presence of metal ions (Formulation D5) compared with the base
formulation in the presence of metal ions with no chelator/antioxidant (Formulation D4) or the
formulation with methionine (Formulation D3) in the presence of metal ions after 8 weeks.
[0348] The formulations were also evaluated at 40°C over 8 weeks by HP-HIC to determine
the impact of methionine and DTPA on oxidation in the presence of metal ions (data not shown).
A slight reduction in oxidation was observed in the formulation comprising methionine and the

formulation comprising DTPA in the presence of Fe?* relative to controls.

Study 2:
[0349] The impact of additional antioxidants and chelators (Formulations E1-E9, Table 9) on

stability and oxidation in the presence of metal ions at 40°C was evaluated by HP-SEC and HP-
HIC.

Table 9. Formulations used for Example 6, Study 2

% Aggregates (HP-SEC)

TO 1 week 2 weeks |4 weeks |8 weeks

Lead formulation (D1)* 0.8 1.1 1.4 2.1 3.1
E1 |D1 + 5SmM Methionine 1.0 1.3 1.6 2.1 2.4
E2 D1 + 10mM Methionine 0.9 1.3 1.5 2.1 2.4
g3 (1 + Ippm Fet+, 10mM 1.0 |14 1.7 2.4 2.9

Methionine
E6 D1+ 1ppm Fe++, 250uM EDTA |1.0 1.4 1.7 2.5 3.1
E7 [D1 + 1ppm Fe++, 250uM DTPA |1.0 1.4 1.7 2.3 2.6
E3 D.l + 1ppm Fe++, 20mM Sodium 1.0 15 19 b5 53

Citrate

D1 + 1ppm Fe++, SmM
E9 Glutathione 0.8 2.4 3.3 4.6 5.0
* Data provided are from the Study summarized in Table 8.
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[0350] HP-SEC results (see Table 9) indicate that formulations containing SmM and 10 mM
methionine (Formulations E1 and E2) showed a low increase in aggregates without metal ions.
Formulations containing methionine and DTPA (Formulations E3 and E7) showed a lower
increase in aggregate levels in presence of metal ions compared to EDTA (Formulation E6).
The greatest increase in aggregates was observed in the formulation containing glutathione in the
presence of metal ions (Formulation E9).

[0351] Oxidation of the formulations at 40°C was also tested over the 8-week period by HP-
HIC (see FIGURE 6). Reduced oxidation levels over the 8-week period were observed by HP-
HIC analysis for formulations containing S mM and 10 mM methionine (Formulations E1 and
E2) compared to the other formulations tested. The formulations containing 10 mM methionine
(Formulation E3) and 250 uM DTPA (Formulation E6) showed a low level of oxidation over the
8-week period in the presence of metal ions. Results also indicate that DTPA was more
effective than EDTA at preventing oxidation over time. Sodium citrate and glutathione did not
appear to be as effective at controlling oxidation in the presence of metal ions as methionine,

DTPA or EDTA.

Study 3:

[0352] An additional study was undertaken to evaluate the impact of antioxidants and chelators
separately and in combination (with or without metal ions) to further optimize excipient levels.
Following formulation, the samples were stored at 40°C for 8 weeks and evaluated by HP-SEC
at T=0, 4 weeks and 8 weeks (see Table 10).

Table 10. HMW (SEC) for Formulations Used in EXAMPLE 6, Study 3

. 4 weeks/ | 8 weeks/

Formulation T=0 40°C 40°C
167 mg/mL pembrolizumab, 7% Sucrose, 0.02%

HI PS-80, 10mM Histidine buffer, pH 5.5 Lol 201 281
167 mg/mL pembrolizumab, 7% Sucrose, 0.02%

H2 PS-80, 10mM Histidine buffer, pH 5.5, 100 uM 1.01 2.07 2.84
DTPA
167 mg/mL pembrolizumab, 7% Sucrose, 0.02%

H3 PS-80, 10mM Histidine buffer, pH 5.5, 1ppm Fe++, | 1.01 2.10 2.88
100 uM DTPA
167 mg/mL pembrolizumab, 7% Sucrose, 0.02%

H4 PS-80, 10mM Histidine buffer, pH 5.5, 100 uM 0.90 1.63 2.18
EDTA
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4 weeks/ | 8 weeks/

Formulation T=0 40°C 40°C

167 mg/mL pembrolizumab, 7% Sucrose, 0.02%

H5 PS-80, 10mM Histidine buffer, pH 5.5, 1ppm Fe++, | 0.92 1.98 3.13
100 uM EDTA
167 mg/mL pembrolizumab, 7% Sucrose, 0.02%

H6 PS-80, 10mM Histidine buffer, pH 5.5, 10 mM 1.00 2.07 2.80

Methionine, 100uM DTPA

167 mg/mL pembrolizumab, 7% Sucrose, 0.02%
H7 PS-80, 10mM Histidine buffer, pH 5.5, 1ppm Fe++, | 0.99 2.07 2.81
10 mM Methionine, 100uM DTPA

167 mg/mL pembrolizumab, 7% Sucrose, 0.02%
HS PS-80, 10mM Histidine buffer, pH 5.5, 10 mM 091 1.65 2.17
Methionine, 100uM EDTA

167 mg/mL pembrolizumab, 7% Sucrose, 0.02%
H9 PS-80, 10mM Histidine buffer, pH 5.5, 1ppm 091 1.83 2.67
Fe++, 10 mM Methionine, 100uM EDTA

167 mg/mL pembrolizumab, 3% Sucrose, 0.02%
H10 PS-80, 10mM Histidine buffer, pH 5.5, 40mM Arg, | 0.89 1.57 2.06
40 mM Glu

167 mg/mL pembrolizumab, 3% Sucrose, 0.02%
PS-80, 10mM Histidine buffer, pH 5.5, 10 mM
Methionine, 40mM Arg, 40 mM Glu, 100 uM
DTPA

167 mg/mL pembrolizumab, 7% Sucrose, 0.02%
HI12 PS-80, 10mM Histidine buffer, pH 5.5, 10 mM 1.06 1.99 2.70
Methionine

167 mg/mL pembrolizumab, 7% Sucrose, 0.02%
H13 PS-80, 10mM Histidine buffer, pH 5.5, 10 mM 1.06 2.00 270
Methionine

H11 0.89 1.68 2.12

167 mg/mL pembrolizumab, 7% Sucrose, 0.02%
PS-80, 10mM Histidine buffer, pH 5.5

[0353] In this study, the presence of arginine and glutamate (formulations H10 and H11)

H14 1.06 2.05 2.79

appeared to have an impact on the rate of aggregation.

[0354] Oxidation of the above samples at 40°C was also measured by HP-HIC over 8 weeks.
Results indicate that the presence of 10 mM methionine resulted in a reduced rate of aggregation
over the 8-week period compared to other formulations (see FIGURE 7).

[0355] Overall, studies 1-3 showed that the presence of L methionine in the pembrolizumab
formulations was able to reduce the rate of oxidation in a concentration-dependent manner. No

additional benefit of adding DTPA and EDTA along with methionine was observed.
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EXAMPLE 7
Viscosity of High Concentration Anti-PD-1 Antibody Formulations

Study 1—Viscosity as a function of protein concentration

Study 1A:

[0356] In one experiment, the viscosity of unformulated pembrolizumab (pembrolizumab in 10
mM histidine buffer) as a function of protein concentration was measured. Samples were
generated by ultrafiltration/diafiltration of pembrolizumab in 10 mM histidine buffer pH 5.4.
Concentration values were measured by SoloVPE and the viscosity was measured using the

MVROC instrument. Values are provided in Table 11 below.

Table 11. Viscosity of unformulated pembrolizumab (in 10 mM histidine buffer pH 5.5) as a

function of protein concentration

Measured pembrolizumab
concentration (mg/ml.) Viscosity at 20°C (cP)

25 1.3
46 1.7
54.7 1.8
90.2 3.1

135.6 7.6

153.8 11.3
206 523

223.4 88.1
234 173.4
263 425

Study 1B:
[0357] In another experiment, the viscosity of pembrolizumab formulated in 10 mM histidine

pH 5.5 in the presence of 3% (w/v) arginine as a function of pembrolizumab concentration was
also measured. The samples for this experiment were generated by ultrafiltration-diafiltration of
pembrolizumab in 10 mM histidine pH 5.4 buffer in the presence of 3% (w/v) arginine. Samples
were collected at different stages of UV/DF process and concentration and viscosity values were
measured. Concentration values were measured by SoloVPE and the viscosity was measured

using an MVROC instrument. Values are provided in Table 12.

Table 12: Viscosity of pembrolizumab formulated in 10 mM histidine pH 5.5 in the presence of

3% (w/v) arginine
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Measured pembrolizumab
concentration (mg/mlL) Viscosity at 20 °C (cP)
51.6 1.8
93.1 3.0
157.3 9.90
217.3 50.9
288 271.0

Study 1C:

[0358] In another experiment, the viscosity of formulated pembrolizumab samples was
measured. Formulations of pembrolizumab were prepared at different concentrations in the
range of 100-200 mg/mL with 7% (w/v) sucrose, 0.02% (w/v) polysorbate 80, 10 mM
methionine, in 10 mM histidine buffer pH 5.5. The formulations were prepared by mixing the
following stock solutions: (1) pembrolizumab drug substance at 236 mg/mL in 10 mM histidine
pH 5.5 buffer; (2) 49% (w/w) sucrose, 0.14% (w/w) polysorbate 80, 85 mM methionine in 10
mM histidine pH 5.4; and (3) 10 mM histidine pH 5.5. Viscosity measurements were performed
using MVROC viscometer (see Table 13).

Table 13: Viscosity of fully formulated pembrolizumab as a function of protein concentration.

Measured concentration! Viscosity? at 20 °C,
(mg/mL) (cP)
100.2 (0.2) 4.2 (0.0)
125.6 (0.2) 7.1 (0.1)
148.1 (0.6) 13.1 (0.0)
174.8 (0.2) 26.8 (0.1)
186.1 (1.2) 34.7 (0.4)
204.1 (1.3) 54.9 (0.5)

! Concentration values of samples were measured in triplicate via absorption of UV A280 of
diluted samples, and the average value along with the standard deviation was reported.

2 Viscosity values were measured in triplicate and the average value along with the standard
deviation was reported.

Study 2. Effect of different excipients on viscosity of high concentration pembrolizumab

solutions

[0359] In this study, stock solutions of different excipients in 10 mM histidine pH 5.5 buffer
were prepared. Subsequently, pembrolizumab drug substance samples in 10 mM histidine, pH
5.5 were spiked with these excipient stocks to achieve target excipient concentration.
Pembrolizumab concentration values were measured by SoloVPE and the viscosity was

measured using an MVROC instrument (Table 14). Sample pH was also measured.
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Table 14: Effect of different excipients on viscosity of pembrolizumab solutions in 10 mM

histidine pH 5.5 (target pH)

Target Measured . .o
.= . Viscosity
Excipient exmplen‘t pembrohlzul.nab Measulred (cP) at
concentration concentration pH 20°C
(unit) (mg/mL)
L-Arginine 200 mM 183 5.5 20.29
Poly-arginine (5-15 kDa) | 0.5 mg/mL 202 5.6 51.354
Poly-arginine (15-70 0.5 mg/mL
kDa) 186 5.56 54.018
L-Alaninine 200 mM 197 5.47 30.641
L-Cysteine 200 mM 187 5.56 31.844
L-Glutamine 60 mM 193 5.6 53.825
Glycine 200 mM 175 5.52 42.769
L-Histidine 100 mM 186 5.05 19.402
L-Lysine 200 mM 179 5.52 27.431
L-Methionine 40 mM 200 5.45 38.501
O-phospho-L-serine 30 mM 151 5.56 34.42
Potassium Chloride 200 mM 195 5.59 38.246
Sodium Chloride 200 mM 208 5.69 58.192
Calcium Chloride 200 mM 178 5.56 33.593
Potassium lodide 200 mM 180 5.7 34.626
Sodium lodide 200 mM 197 5.77 35.92
Guanidine hydrochloride [ 200 mM 189 5.61 20.984
DMSO 10% (v/v) 180 5.4 13.056
Protamine 0.75 mg/mL 180 5.54 50.328
Camphor-10-sulfonic 200 mM
acid 191 5.64 15.698
L-Glutamic acid 200 mM 173 5.55 52.368
Polysorbate 80 0.1% (w/v) 183 5.89 49.268
Pluronic F127 0.1% (w/v) 179 5.85 43.908
ATP 12.5 mg/mL 173 5.73 56.695

!'Target pH of all samples was 5.5; however, in certain cases, the pH of the spiking solution
influenced the pH of the spiked pembrolizumab samples

2 The viscosity of control pembrolizumab solution in 10 mM histidine buffer only (non-spiked
with any of the excipients) was not measured in this experiment; however, based on the other
experiments, it was expected to be ~50 cP

Study 3. Effect of concentration of arginine, histidine, and methionine on viscosity of

pembrolizumab solutions

[0360] In this study, the effect of arginine, histidine, sodium acetate, and methionine
concentration on viscosity of pembrolizumab solutions was investigated. Pembrolizumab drug
substance (>200 mg/mL) in 10 mM histidine pH 5.4 was mixed with different amounts of stock

solutions of arginine, histidine, and methionine to achieve varying concentrations of excipients
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in solutions containing pembrolizumab target concentrations of 200 mg/mL or 167 mg/mL. The

results are summarized in Table 15.

Table 15. Effect of Excipient Concentration on Viscosity

Target pembrolizumab Target pembrolizumab
concentration - 200 mg/mL concentration - 167 mg/mL
Target Measured . . Measured
excipient | pembrolizumab VlSCOSOlty pembrolizumab | Viscosity at
. at 20 °C . o
conc. concentration (cP) concentration 20 °C (cP)
(mM) (mg/mL) (mg/mL)
No Excipient 0 191.6 37.847 163.4 18.512
0! 202.5 58.7 - -
15 193.4 37.268 164.8 17.427
30 188.2 32.976 163.6 16.206
45 196.4 30.041 166.3 17.950
60 191.2 28.615 161.8 12.951
L-Arginine 75 190.7 26.697 168.7 13.758
HC 71! 193.3 27.1 - -
142! 201.8 26.1 - -
213.6! 203.5 26.7 - -
285! 205.7 26.8 - -
356! 211.7 25.6 - -
4271 205.5 25.3 - -
5 183.6 37.142 165.1 18.209
L-Histidine 20 189.8 20.356 164.2 16.654
Hydrochloride 35 190.1 30.337 166.4 16.877
Monohydrate 50 193.9 24.073 168.9 15.490
65 190.2 27.341 166 13.303
10 190.8 45.544 168.7 19.708
.. 20 188 46.901 160.8 19.926
L-Methionine ™37 191.7 45.374 161.2 18.402
40 194.3 41.235 161.3 18.304
'Value represents data from a separate experiment that evaluated arginine.HCI concentrations up to 9% (w/v)

(equivalent to 427 mM)

[0361] Data from the studies above demonstrate that viscosity of pembrolizumab in 10 mM
histidine buffer pH 5.5 increases exponentially with increase in protein concentration (Table 11).
The data also show that the presence of 3% (w/v) arginine reduces the viscosity of
pembrolizumab in 10 mM histidine pH 5.5 solution; however, the exponential increase in
viscosity with increase in pembrolizumab concentration is still observed (Table 12). Viscosity
values of pembrolizumab formulated in 10 mM histidine pH 5.5, along with 7% (w/v) sucrose,
0.02% polysorbate 80, 10 mM methionine in the protein concentration range of 100 — 200

mg/mL are similar to corresponding values measured in 10 mM pH 5.5 buffer alone. The
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viscosity of formulated pembrolizumab shows significant increase around 150 mg/mL and
higher concentrations (Table 13).

[0362] Different excipients impacted viscosity of pembrolizumab high concentration solutions
to different extents (Table 14). The excipients that had the greatest impact on pembrolizumab
viscosity include L-arginine, L-histidine, guanidine hydrochloride, DMSO, and camphor
sulfonic acid (Table 14). In addition, Table 15 shows that L-arginine and L-hisitidine reduce
pembrolizumab solution viscosity in a concentration dependent manner and that addition of L-

methionine up to 40 mM does not reduce viscosity of pembrolizumab.

EXAMPLE 8
Long-Term Stability of High Concentration Anti-PD-1 Antibody Formulations
[0363] Additional studies were performed to determine the long term stability of high-
concentration pembrolizumab formulations in the presence and absence of methionine. This
study investigated the impact of concentration and presence of antioxidant (e.g., methionine) on
the stability of pembrolizumab. Stock solutions of excipients were prepared and spiked into
pembrolizumab drug substance to achieve the final composition presented in the Table 16. The
formulations were staged in 5°C +/- 3°C, 25°C +/- 3°C/60% =+ 5% relative humidity and 40°C
+/- 2°C/75% + 5% relative humidity environmental stability chambers. Formulations K2 and
K3 were staged on limited stability compared to formulations K1 and K4. The planned duration
of the study is 36 months, with 25°C ending after six months and 40°C ending after three

months. Results for up to 12 months are presented below.

Table 16. Long Term Stability of Formulations Comprising Pembrolizumab

Formulation Ab Concentration Formulation Fill Container/closure
(mg/mL)
Target |Actual
K1 167 143 10 mM histidine pH 5.5, 7%
K2 184 161 sucrose, 0.02% PS80 + 10mM 1.4 mL 2R vial
K3 150 131 Met (llabel) 12 mM serum
10 mM histidine pH 5.5, 7% stopper
K4 to7 146 sucrose, 0.02% PS80

[0364] All test formulations were visually inspected and found to be essentially free from
visible particles through 12 months at 5°C. The formulations were also evaluated by HP-SEC,
HP-HIC and HP-IEX, and results are provided in Tables 17-19 and summarized below:
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pH:
[0365] All formulations had the same initial pH value of 5.7. No change in the pH was

observed for any of the formulations at any storage condition.

Potency by binding ELISA:

[0366] No change was observed in potency by binding ELISA for any of the formulations
irrespective of the storage duration and condition. All the potency values were within the
acceptance criteria of 60-140% of the reference (values ranged from 85-106 over the 12 month

storage period for samples stored at 5°C, data not shown).

Reduced and Non-Reduced CE-SDS:

[0367] Purity by CE-SDS was measured under reducing and non-reducing conditions. There
was no measurable change in % purity or % intact IgG as a function of time at 5°C up to 12
months for any of the formulations. At 5°C, the % purity by reducing CE-SDS (heavy chain and
light chain) was >96.5% for formulations K1 and K4 through 12 months and >97.0% for
formulations K2 and K3 over the same time period. At 25°C, there was a small decrease in
purity for all the formulations. At 40°C, an expected drop in purity was observed after 3
months for all the formulations. The % purity at 5°C by non-reducing CE-SDS (intact IgG) was
>98.2 for formulations K1 and K2, >97.1 for formulation K2 and >97.2 for formulation K4
through 12 months at the times tested. All results were within the clinical acceptance criteria of

> 90.0% for both reducing and non-reducing CE-SDS.

Purity by HP-SEC:

[0368] At the recommended storage condition of 5°C, no measurable changes in % HMW
were noticed for any of the formulations up to 12 months from the initial levels. At 25°C over 6
months, %2HMW increased with a corresponding decrease in monomer. No LMW species could
be detected at either of the storage conditions for any formulation. At 40°C over 3 months,
%HMW increased for different formulations with a corresponding drop in monomer. For
formulations K1-K3, increase in HMW was observed with increase in concentration. LMW

species were observed for all formulations at 40°C at 3 month time point.

Oxidation by HP-HIC:
[0369] Oxidation at Methionine 105 was quantified by monitoring pre-peak 1+2 by HP-HIC.

Formulations K1-K4 exhibited no change in oxidation at 5°C over 12 months. At 25°C over 6
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months, the levels of pre-peak 142 increased slightly, whereas at 40°C over 3 months, the

increase was more evident. At 25 °C and 40 °C, change in oxidation was more pronounced for
formulation K4. Since K4 is the only formulation which does not contain L.-Methionine, these
results demonstrate that inclusion of L-Methionine resulted in a significant decrease in the rate

of oxidation.

Charge Heterogeneity by HP-IEX:

[0370] Charge heterogeneity was evaluated by monitoring the main peak along with different
acidic and basic species. At 5°C up to 12 months, no measurable changes were found in any of
the individual peaks including the main peak for any of the formulations. At 25°C for 6 months,
the main peak decreased. There was an increase in all the acidic species (Acidic variants, Acidic
1, and pre main peak) and basic variants peak. There was a decrease observed in Basic land
Basic 2 species. At 40°C for 3 months, the main peak showed an ever steeper decline. Similar to
25°C, increase was observed for Acidic variants, Acidic 1, pre main and basic variants peak and

decrease was observed in Basic 1 and Basic 2 peaks.

Turbidity:

[0371] Turbidity of the drug product batches was determined on stability by measuring optical
density at 350 nm. There was no measurable change in turbidity at 5°C for any of the
formulations. Samples stored at 25°C showed a slight increase whereas those stored at 40°C
showed an even larger increase in turbidity. The increase in turbidity at 25°C and 40°C is
consistent with increasing high molecular weight species observed on stability.

[0372] Overall, based on twelve months of stability data, formulations K1-K4 were stable at
5°C for up to 12 months with no measurable changes in product quality attributes. Some
degradation was observed upon monitoring the attributes at 25°C for 6 months and at 40°C for 3

months. Stability of products at 5°C will be further evaluated up to a duration of 36 months.

Table 17. Stability Data for Formulations K1-K4 at 5°C

Test Form. Stability Test Interval
Time Interval Initial 1 mo. 3 mos. 6 mos. | 9 mos. | 12 mos.
Purity by HP-SEC
High Molecular | K1 1.4 1.4 1.5 1.4 1.4 1.4
?;Sight Species 55 15 NA. | NA 15 NA. |15
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Test Form. Stability Test Interval
Time Interval Initial 1 mo. 3 mos. 6 mos. | 9mos. | 12 mos.
K3 1.5 N.A. N.A. 1.4 N.A. 1.4
K4 1.5 1.5 1.6 1.5 1.5 1.5
% Monomer K1 98.5 98.5 98.5 98.5 98.5 98.5
K2 98.5 N.A. N.A. 98.5 N.A. 98.5
K3 98.5 N.A. N.A. 98.6 N.A. 98.5
K4 98.5 98.5 98.4 98.5 98.5 98.5
Low Molecular | K1 0 0 0 <RL! <RL! <RL!
?;f)ight Species 15 0 NA. |NA.  |<RL' |N.A |<RL
K3 0 N.A. N.A. <RL! N.A. <RL!
K4 0 0 0 <RL! <RL! <RL!
Oxidation by HP-HIC
Pre-peak 1 & 2 K1 6.26 6.34 6.50 6.35 6.05 5.73
(%) K2 6.28 N.A. N.A. 6.38 N.A. 5.75
K3 6.40 N.A. N.A. 6.36 N.A. 5.78
K4 6.36 6.58 6.86 6.64 6.31 6.15
Group Charge Variants by HP-IEX
Acidic Variants | K1 16.8 16.8 17.4 17.3 17.2 17.5
(%) K2 16.8 N.A. N.A. 17.3 N.A. 17.5
K3 16.9 N.A. N.A. 17.4 N.A. 17.4
K4 16.8 16.9 17.6 17.3 17.3 17.5
Main (%) K1 59.5 59.4 59.2 59.4 59.6 58.7
K2 59.5 N.A. N.A. 59.4 N.A. 58.7
K3 59.5 N.A. N.A. 59.4 N.A. 58.8
K4 59.5 59.4 59.1 59.6 59.5 58.6
Basic Variants K1 23.8 23.8 234 233 23.2 23.7
(%) K2 23.7 N.A. N.A. 23.3 N.A. 23.8
K3 23.7 N.A. N.A. 23.2 N.A. 23.8
K4 23.7 23.7 23.3 23.1 23.2 23.8
Turbidity (A350) | K1 0.187 0.185 0.190 0.189 0.192 0.200
K2 0.200 N.A. N.A. 0.207 N.A. 0.213
K3 0.174 N.A. N.A. 0.183 N.A. 0.191
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Test Form. Stability Test Interval
Time Interval Initial 1 mo. 3 mos. 6 mos. | 9mos. | 12 mos.
K4 0.189 0.187 0.193 0.190 0.191 0.202
I<RL: Below reporting limit
Table 18. Stability Data for Formulations K1-K4 at 25°C
Test Form. Stability Test Interval
Time Interval Initial 1 month 3 months 6 months
Purity by High Molecular | K1 1.4 1.5 1.7 1.8
HP-SEC ggght Species gy 15 NA. 18 19
K3 1.5 N.A. 1.7 1.8
K4 1.5 1.6 1.8 1.9
% Monomer K1 98.5 98.5 98.2 98.1
K2 98.5 N.A. 98.2 98.1
K3 98.5 N.A. 98.3 98.2
K4 98.5 98.4 98.1 98.0
Low Molecular | K1 0 0 0 <RL!
?;f’)ight Specles 10 NA. 0 <RL'
K3 0 N.A. 0 <RL!
K4 0 0 0 <RL!
Oxidation Pre-peak 1 &2 | K1 6.26 6.43 6.86 7.15
by HP-HIC | (%) K2  |628 N.A. 6.88 7.15
K3 6.4 N.A. 7.06 7.12
K4 6.36 7.08 8.04 8.74
Group Acidic Variants | K1 18.5 24.3 30.8
Charge (%) 16.8
Variants by K2 16.8 N.A. 23.7 30.8
HP-IEX K3 16.9 N.A. 23.8 30.8
K4 16.8 18.6 23.6 30.9
Main (%) K1 59.5 58.7 54.7 50.3
K2 59.5 N.A. 55.4 50.3
K3 59.5 N.A. 55.3 50.3
K4 59.5 58.4 55.6 50.2
K1 23.8 22.9 21.0 18.9
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Test Form. Stability Test Interval
Time Interval Initial 1 month 3 months 6 months
Basic Variants | K2 23.7 N.A. 20.8 18.9
(%) K3 23.7 N.A. 20.9 18.9
K4 23.7 23.0 20.8 18.9
Turbidity (A350) K1 0.187 0.197 0.217 0.231
K2 0.200 N.A. 0.233 0.242
K3 0.174 N.A. 0.200 0.212
K4 0.189 0.199 0.219 0.244

I<RL: Below reporting limit, N/A: not available

Table 19. Stability Data for Formulations K1-K4 at 40°C

Test Form. Stability Test Interval
Time Interval Initial 1 month 3 months
Purity by High Molecular K1 1.4 2.5 4.9
HP-SEC Weight Species (%) K2 s NA 55
K3 1.5 N.A. 4.6
K4 1.5 2.6 5.4
% Monomer K1 98.5 97.5 94.9
K2 98.5 N.A. 94.7
K3 98.5 N.A. 95.2
K4 98.5 97.4 94.5
Low Molecular K1 0 0 0.2
Weight Species (%) K2 0 NA 02
K3 0 N.A. 0.2
K4 0 0 0.2
Oxidation by | Pre-peak 1 & 2 (%) K1 6.26 7.32 9.28
HP-HIC K2 6.28 N.A. 9.25
K3 6.4 N.A. 9.04
K4 6.36 8.59 12.91
Group Acidic Variants (%) | K1 32.6 58.1
Charge K2 166?8 N.A. 58.5
Variants by
HP-IEX K3 16.9 N.A. 58.5
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Test Form. Stability Test Interval
Time Interval Initial 1 month 3 months
K4 16.8 33.1 58.4
Main (%) K1 59.5 47.8 27.8
K2 59.5 N.A. 27.7
K3 59.5 N.A. 28.0
K4 59.5 47.3 27.8
Basic Variants (%) K1 23.8 19.6 14.0
K2 23.7 N.A. 13.8
K3 23.7 N.A. 13.6
K4 23.7 19.6 13.8
Turbidity (A350) K1 0.187 0.231 0.322
K2 0.200 N.A. 0.357
K3 0.174 N.A. 0.302
K4 0.189 0.234 0.347

I<RL: Below reporting limit, N/A: not available

Examples 9-13:

[0373] Examples (9-13) highlight the preparation of formulations that use a smaller amount of
antibody and excipients than intended in the final formulations. However these formulations
preserve the molar ratio of the pembrolizumab/stabilizer and pembrolizumab/surfactant of the
final intended formulations. The anti-oxidant, buffer and metal chelator concentrations were
tested at the final intended concentration. The pembrolizumab (5 mg/mL), PS80 (0.0016%) and
stabilizer (e.g., 1.4% sucrose) concentrations were scaled down by a factor of 5 and studied as
surrogate formulations for the more concentrated, final intended formulations. For example,
Formulation 1A in Table 20 has the same molar ratios as a formulation comprising 25mg/mL
pembrolizumab, 7% sucrose and 0.02% PS80. It is expected that the formulations disclosed in
Examples 9-12 are representative of the intended final formulations and that the disclosed results
suggest how the final higher concentration formulations would behave. It is understood that
some parameters being studied, e.g. aggregation, may be impacted by the decrease in
concentration due to a decreased likelihood of intermolecular interactions; however, to
compensate, a more aggressive stability regimen was pursued (50 °C for 10 days) to induce and

identify stability risk.
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[0374] The concentration of anti-oxidant (e.g. methionine), buffer (e.g. histidine) and metal
chelator (e.g. DTPA and EDTA) concentrations were not scaled down in a similar manner to the
other excipients. Methionine is a functional excipient that is used to reduce the Met-105
oxidation by expunging oxidants (such as dissolved oxygen), thus maintaining the chemical
stability of pembrolizumab. Similarly, DTPA is a functional excipient that is used to complex
metal ion impurities which may otherwise trigger undesired protein degradation. Since it is
more challenging to maintain chemical stability at lower pembrolizumab concentrations, the
methionine and DTPA concentrations were held constant at 10 mM and 20 uM, respectively. It
is expected that if a specific amount of methionine is effective in the low concentration
formulations, it would most likely be as effective at preventing oxidation in the higher
concentration formulations. L-Histidine and/or L-Histidine hydrochloride at 10 mM is expected

to maintain buffering capacity at the intended pH of the formulations tested.

EXAMPLE 9
Evaluation of the Stability of Low Concentration Pembrolizumab Formulations in Combination
with Methionine
[0375] An initial formulation study was performed to evaluate the stability of formulations
comprising a low (5 mg/ml) concentration of pembrolizumab and to evaluate the impact of
different formulation excipients. Throughout Examples 9-12, the arginine used was L-arginine
or L-arginine- HCI, the glycine used was glycine and the proline used was L-proline.
[0376] Pembrolizumab drug substance in 10 mM Histidine pH 5.5 (41.2 mg/mL) was
combined with polysorbate-80 (PS80) solution (~ 0.36 mg/mL) then QS to final volume with
buffer to yield a protein (20 mg/mL)/PS80 (0.16 mg/mL) stock solution in 10mM histidine pH
5.5. Pembrolizumab formulations were prepared to 5 mg/mlL. target concentration by spiking the
protein/PS80 stock solution with excipient stock solutions and respective buffer. All stock
solutions used for formulations were filtered through Millapore Express® PLUS Stericup® 0.22
pm PES filters prior to use. Test formulations comprising a low concentration of pembrolizumab
were prepared in a 96-well plate at a volume of 1 mL.. Excipients were spiked into the
protein/PS80 stock solution to achieve target levels of each excipient and brought to final
volume using histidine buffer pH 5.5 (see Table 20). (2-Hydroxypropyl)-B-cyclodextrin (sold
under the name CAVITRONTM) and (sulfobutylether)-B-cyclodextrin (sold under the trade name
CAPTISOL™) are denoted as HPBC and SBEC, respectively. The well plate was covered with a
96-well silicone sealing mat and then was vacuum sealed (2x) in moisture barrier bags to

minimize potential evaporation. Samples were staged in 2-8 °C (as used herein and throughout
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the Examples, the term “5 °C” is used interchangeably with “2-8 °C”, which indicates 5 °C £ 3

°C (standard deviation)) and 50 °C environmental stability chambers.

Table 20. Low Concentration Pembrolizumab Formulations.

Form.! Stabilizer Anti-Oxidant Form.! Stabilizer Anti-Oxidant
1A 1.4% sucrose — 5B 0.4% glycine 10 mM Met
1B 1.4% sucrose 10 mM Met | 6A 1.4% HPBC —

2A 0.8% mannitol — 6B 1.4% HPBC 10 mM Met
2B 0.8% mannitol 10 mM Met | 7A 0.8% arginine —

3A 1.4% trehalose — 7B 0.8% arginine 10 mM Met
3B 1.4% trehalose 10 mM Met | 8A 0.8% proline —

4A 0.8% sorbitol — 8B 0.8% proline 10 mM Met
4B 0.8% sorbitol | 10 mM Met [ 9A 0.8% SBEC —

SA 0.4% glycine — oB 0.8% SBEC 10 mM Met

'All formulations comprised 5 mg/mL pembrolizumab, 10 mM Histidine buffer and 0.004%
PS80, in addition to the excipients listed.

[0377] Each of the test formulations were visually inspected for changes in coloration or
precipitate formation (data not shown). Additionally, stability of the formulations was evaluated
using turbidity (A350), UP-SEC (to assess purity) and HP-IEX (charge profile) after thel0-day
stability period. Formulations 9A and 9B comprising SBEC were visibly turbid upon removal
from the stability chamber. On the contrary, formulations 6A and 6B, comprising HPBC, did
not show any visible signs of turbidity. Formulations 9A and 9B were not tested further by UP-
SEC and HP-IEX, only turbidity, as highlighted in Table 21. UP-SEC results demonstrate that
there were no changes for any of the formulations that were stored at 5 °C during the 10-day
time period with the exception of formulations comprising arginine (with or without
methionine), where a slight decrease in % mAb was observed by UP-SEC (< 0.5%). All other
formulations were considered stable at the 5°C storage condition. At 50 °C, more pronounced
changes were observed via UP-SEC (a decrease in % mAb) and HP-IEX (a decrease in % main
and a significant increase in % pre-main, data not shown) for each of the formulations over the
time period tested. Surprisingly, the highest decrease in % mAb (with corresponding increase in
% aggregates) by UP-SEC after 10 days was observed with formulations 7 A and 7B at 50 °C

compared to the other formulations stored at 50 °C for 10 days, suggesting that these
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formulations have decreased stability. Turbidity (A350) results for formulations 7A and 7B after
10 days at 50 °C corroborated the UP-SEC results indicating a decrease in stability of
formulations 7A and 7B.

[0378] Cyclodextrins have been shown to stabilize protein formulations in the literature
through maximizing both conformational and colloidal stability; however, cyclodextrins have
been primarily studied with IgG1 proteins. The mechanism by which cyclodextrins impart this
stabilization is the subject of much debate. As shown in Table 21, turbidity and UP-SEC
measurements of formulations 6A and 6B (comprising HPBC) demonstrated stability that was
on par with other stabilizers tested over 10 days 50 °C, unlike other cyclodextrin formulations
tested (9A and 9B, comprising SBEC), which had high turbidity after 10 days at 50°C.

[0379] There were no appreciable differences in charge profile among any of the formulations
(with the exclusion of 7A/B and 9A/B which were not tested) at 50 °C for the 10-day testing
period (data not shown). The addition of methionine (10 mM) to the tested formulations had a

negligible effect on the prevention of aggregation through the testing period.

Table 21. Formulations used for Example 9.

0125

. % mAb ( UP-SEC) Turbidity (A350)
Form. Stabilizer Of:irgzl—nt 70 days @ 70 days @

500 50 °C 10 days (@ 50 °C
1A 1.4% sucrose — 99.1 96.0 0.017
1B 1.4% sucrose | 10 mM Met 99.1 96.1 0.015
2A 0.8% mannitol — 99.1 96.0 0.014
2B 0.8% mannitol | 10 mM Met 99.1 96.1 0.015
3A 1.4% trehalose — 99.1 96.0 0.015
3B 1.4% trehalose | 10 mM Met 99.1 96.1 0.017
4A 0.8 % sorbitol — 99.1 95.9 0.017
4B 0.8 % sorbitol | 10 mM Met 99.1 96.1 0.015
5A 0.4 % glycine — 99.0 96.1 0.018
5B 0.4 % glycine | 10 mM Met 99.1 96.2 0.021
6A 1.4% HPBC — 99.1 95.7 0.019
6B 1.4% HPBC | 10 mM Met 99.1 95.8 0.015
TA 0.8 % arginine — 98.7 60.3 0.091
7B 0.8 % arginine | 10 mM Met 98.6 65.3 0.068
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8A 0.8 % proline — 99.1 95.2 0.016
8B 0.8 % proline | 10 mM Met 99.1 95.3 0.021
9A 0.8% SBEC — DNT DNT 0.134
9B 0.8% SBEC | 10 mM Met DNT DNT 0.134

'All formulations comprised 5 mg/mL pembrolizumab, 10 mM Histidine buffer and 0.004%
PS80, in addition to the excipients listed.

EXAMPLE 10
Analysis of Low Concentration Pembrolizumab Formulations Comprising Methionine in
Combination with Metal Chelators
[0380] In order to investigate the impact of metal chelators (DTPA and EDTA) on low
concentration pembrolizumab formulations, a series of compositions were formulated and tested
as described below. Pembrolizumab (20 mg/mL)/PS80 (0.16 mg/mL) stock solution in 10mM
histidine pH 5.5 was prepared as described above in Example 9. Formulations 1 — 8 (C through
F) were prepared in a 96-well plate by spiking stock solutions of the following excipients:
sucrose (5% w/v), mannitol (5% w/v), trehalose (5% w/v), sorbitol (5% w/v), glycine (5% w/v),
HPBC (5% w/v), arginine (5% w/v), proline (5% w/v), methionine (2% w/v), DTPA (0.01%
w/v), and EDTA (0.01% w/v) into pembrolizumab /PS80 stock solution to achieve the target
compositions (QS to 1 mL with histidine pH 5.5 buffer) listed in Table 22. All stock solutions
used for formulations were filtered through Millapore Express® PLUS Stericup® 0.22 um PES
filters prior to use. The well plate was covered with a 96-well silicone sealing mat and then was
vacuum sealed (2x) in moisture barrier bags to minimize potential evaporation. Samples were

staged in 5 °C and 50 °C environmental stability chambers for time period of 10 days.

Table 22. Low Concentration Pembrolizumab Formulations Comprising Methionine in

Combination with DTPA and EDTA.

.. Anti- Metal ... Anti- Metal
1 1
Form. Stabilizer Oxidant | Chelator Form. Stabilizer Oxidant | Chelator
o
1c | 14%sucrose | — | pTPA | SE 0.4 % — | epTA
glycine
0
1D | 1.4% sucrose | ™M | prpa | SF 04% 1 10mM ey
Met glycine Met
0
1E 1.4% sucrose — EDTA 6C Pl[P%/zj — DTPA
1F o 10 mM 6D 1.4% 10 mM
1.4% sucrose Met EDTA HPBC Met DTPA
2C 0.8% o 6E 1.4% o
mannitol DTPA HPBC EDTA
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.. Anti- Metal . Anti- Metal
1 1
Form. Stabilizer Oxidant | Chelator Form. Stabilizer Oxidant | Chelator
D 0.8% 10 mM 6F 1.4% 10 mM
mannitol Met DTPA HPBC Met EDTA
[+) 0
2E 0.8% — EDTA | 7C 0.8 % — DTPA
mannitol arginine
oF 0.8% 10 mM D 0.8 % 10 mM
mannitol Met EDTA arginine Met DTPA
o o
3C 1.4% — DTPA 7E 0.8 % — EDTA
trehalose arginine
3D 1.4% 10 mM 7F 0.8 % 10 mM
trehalose Met DTPA arginine Met EDTA
o o
3E 1.4% — EDTA | 8C 0.8 % — DTPA
trehalose proline
3F 1.4% 10 mM D 0.8 % 10 mM
trehalose Met EDTA proline Met DTPA
)
4C | 0.8 % sorbitol DTPA | 8E 0.8 % — | EDTA
proline
o
4D | 0.8 % sorbitol | [°™M | prpa | SF 08% [ 10mM | prypn
Met proline Met
4E o - _ oC 0.8% -
0.8 % sorbitol EDTA SBEC DTPA
AF . . 10 mM 9D 0.8% 10 mM
0.8 % sorbitol Met EDTA SBEC Met DTPA
5C ) : o OE 0.8% o
0.4 % glycine DTPA SBEC EDTA
5D o . 10 mM oF 0.8% 10 mM
0.4 % glycine Met DTPA SBEC Met EDTA

'All formulations comprised 5 mg/mL pembrolizumab, 10 mM Histidine buffer and 0.004%
PS80, in addition to the excipients listed.

[0381] Each of the test formulations was visually inspected for any change in color or
precipitate over the course of the 10 day testing period (data not shown). Similar to results in
Example 9, formulations comprising SBEC were visibly turbid once removed from the stability
chamber after 10 days @ 50 °C. Again, turbidity measurements (data not shown) support the
decreased stability of these formulations in comparison to other formulations tested. As a result,
formulations 9C — 9F were not subjected to further testing. For the remaining formulations,
results from turbidity and UP-SEC measurements were very similar to results listed in Table 21
(with the exclusion of formulations comprising arginine (7C — 7F)), suggesting little to no
influence of the addition of a metal chelator on stability over 10 days at 50 °C. See Table 23.
Again, formulations comprising arginine (7C-7F) showed the largest change in % mAb
(monomer) and highest turbidity values (data not shown) over the stability time period. Even

though formulations 7C — 7F showed a very appreciable difference in % mAb, the UP-SEC
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results for 7D and 7F demonstrate the added benefit of incorporating a metal chelator in
combination with methionine to inhibit aggregation. The combination of methionine and EDTA
(7F) resulted in a slightly higher % mAb than the combination of methionine and DTPA (7D).
There were no appreciable differences in charge profile among any of the formulations (with the
exclusion of 7C-7F which were not tested) at 50 °C for the 10-day testing period (data not

shown).

Table 23. Low Concentration Pembrolizumab Formulations Comprising Methionine in

Combination with DTPA and EDTA.

0128

Form. Stabilizer A.n ti- Metal 76 mAb (UP-SEO)
Oxidant Chelator 10d/5 °C 10d/ 50 °C

1C 1.4% sucrose — DTPA 99.1 95.9
1D 1.4% sucrose 10 mM Met DTPA 99.1 96.0
1E 1.4% sucrose — EDTA 99.1 95.9
1F 1.4% sucrose | 10 mM Met | EDTA 99.1 96.0
2C 0.8% mannitol — DTPA 99.1 95.9
2D | 0.8% mannitol | 10 mM Met | DTPA 99.1 95.9
2E 0.8% mannitol — EDTA 99.0 95.9
2F 0.8% mannitol | 10 mM Met EDTA 99.1 95.9
3C | 1.4% trehalose — DTPA 99.1 95.8
3D | 1.4% trehalose | 10 mM Met | DTPA 99.1 96.0
3E 1.4% trehalose — EDTA 99.1 96.0
3F | 1.4% trehalose | 10 mM Met | EDTA 99.1 96.0
4C [ 0.8 % sorbitol — DTPA 99.1 95.9
4D | 0.8 % sorbitol | 10 mM Met | DTPA 99.1 95.9
4E 0.8 % sorbitol — EDTA 99.1 96.0
4F 1 0.8 % sorbitol | 10 mM Met | EDTA - -

5C 0.4 % glycine — DTPA 99.1 95.9
SD | 0.4% glycine | 10mM Met [ DTPA 99.1 96.0
SE [ 0.4 % glycine — EDTA 99.1 96.0
S5F [ 0.4% glycine | 10 mM Met | EDTA 99.1 96.1
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6C 1.4% HPBC — DTPA 99.1 94.9
6D 1.4% HPBC | 10mM Met | DTPA 99.1 95.0
OE 1.4% HPBC — EDTA 99.1 94.9
OF 14%HPBC | 10mMMet | EDTA 99.1 95.0
7C 0.8 % arginine — DTPA 98.7 66.9
7D | 0.8 % arginine | 10 mM Met | DTPA 98.5 69.7
7E 0.8 % arginine — EDTA 98.7 66.6
7F 1 0.8 % arginine | 10mM Met | EDTA 98.5 70.1
8C 0.8 % proline — DTPA 99.1 95.1
8D [ 0.8 % proline | 10 mM Met | DTPA 99.1 95.2
8E 0.8 % proline — EDTA 99.1 95.0
8F 0.8 % proline | 10 mM Met | EDTA 99.1 95.0
oC 0.8% SBEC — DTPA

oD 0.8% SBEC | 10mMMet | DTPA DNT!

9E 0.8% SBEC — EDTA

OF 0.8% SBEC | 10 mM Met | EDTA

I Did not test.
EXAMPLE 11

Evaluation of the Effect of pH on the Stability of Low Concentration Pembrolizumab
Formulations in Combination with Methionine

[0382] A further study was performed to evaluate the stability of formulations in histidine
buffer at different pH values. In this study, histidine buffers at pH values of 4.5, 6.0 and 6.4
were evaluated and the impact on stability of pembrolizumab was evaluated.

[0383] For this study, pembrolizumab drug product formulations were prepared at a
concentration of 5 mg/mL in a 96-well plate. Pembrolizumab (20 mg/mL)/PS80 (0.16 mg/mL)
stock solutions in 10mM histidine at pH values of 4.5, 6.0 and 6.4 were prepared from
pembrolizumab/PS80 stock solution pH 5.5 by adjusting the pH with dilute HCl or NaOH to the
target pH. Excipient stock solutions were adjusted to the target pH in a similar manner and were
filtered through Millapore Express® PLUS Stericup® 0.22 um PES filters prior to use. The
following excipient stock solutions were spiked into the pembrolizumab (20 mg/mL)/PS80 (0.16

mg/mL) stock solutions to achieve the target concentrations listed in Table 24: sucrose (5%
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w/v), mannitol (5% w/v), trehalose (5% w/v), sorbitol (5% w/v), glycine (5% w/v), HPBC (5%
w/v), arginine (5% w/v), proline (5% w/v), and methionine (2% w/v). The well plate was
covered with a 96-well silicone sealing mat and then was vacuum sealed (2x) in moisture barrier

bags to minimize potential evaporation. Samples were staged in 5 °C and 50 °C environmental

stability chambers for time period of 10 days.

Table 24. Pembrolizumab Formulations Comprising Methionine at Various pH Values.

0130

- Anti- Form.! .. Anti-
1
Form. Stabilizer Oxidant pH Stabilizer Oxidant pH
1G 1.4% sucrose — 4.5 5G 0.4% glycine — 4.5
10 mM sH . 10 mM
0 0
1H 1.4% sucrose Met 4.5 0.4% glycine Met 4.5
1 1.4% sucrose — 6.0 I [ 0.4% glycine | — 6.0
1K . 10 mM SK . . [ 1om™m
1.4% sucrose Met 6.0 0.4% glycine Met 6.0
1L 1.4% sucrose — 6.4 SL 0.4% glycine — 6.4
1M o 10 mM SM 0 . 10 mM
1.4% sucrose Met 6.4 0.4% glycine Met 6.4
2G| 0.8% mannitol — 45| 6G | 1.49°%HPBC — 45
2H | 0.8% mannitol | 1°™™M | 45| 6H | 149%mupec | 19PM | 45
Met Met
2J 0.8% mannitol — 6.0 6J 1.4 % HPBC — 6.0
K . . 10 mM 6K . 10 mM
0.8% mannitol Met 6.0 1.4 % HPBC Met 6.0
2L 0.8% mannitol — 6.4 6L 1.4 % HPBC — 6.4
2M | 0.8% mannitol | 1O™™M | 64 | M | 140 uprc | 10™M [ 44
Met Met
)
3G 1.4% trehalose — 4.5 7G O'.S A’ — 4.5
arginine
3H . 10 mM “H 0.8% 10 mM
1.4% trehalose Met 4.5 arginine Met 4.5
()
31 | 1.4%trehalose | — |60 | 7 0.8% _ 6.0
arginine
3K 0 10 mM 7K 0.8% 10 mM
1.4% trehalose Met 6.0 arginine Met 6.0
[
3L 1.4% trehalose — 6.4 7L O‘.8 /0 — 6.4
arginine
)
3M 1.4% trehalose 10mM 6.4 ™ O‘.S A) 10 mM 6.4
Met arginine Met
4G 0.8% sorbitol — 45 | 8G [ 0.8% proline — 4.5
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4H | 0.8% sorbitol | 'O | a5 | 8H | 0.8% proline | 'SM | 45
4] 0.8% sorbitol — 6.0 8J | 0.8% proline | — 6.0
4K 0.8% sorbitol 1(1)\/}2?4 6.0 8K 0.8% proline 1(1)\412?/[ 6.0
4L 0.8% sorbitol — 6.4 8L 0.8% proline — 6.4
M | 08%sombitol | '2MM [ 6.4 | 8M | 0.8% proline | '37M | 6.4

! All formulations comprised 5 mg/mL pembrolizumab, 10 mM Histidine buffer and 0.004%
PS80, in addition to the formulation excipients listed in the Table.

[0384] The formulations were evaluated by visual observation, turbidity (A350), UP-SEC
(purity), and HP-IEX (charge profile). After the 10 day test period at 50 °C, formulations
comprising arginine at pH 4.5 (7G & 7H) were visibly turbid. All other formulations listed in
Table 24 showed no visual signs of aggregation. Turbidity (A350) values were measured after
10 days and are shown in Table 25. The measured turbidity values for formulations at pH 6.0
were consistently lower than those measured at pH 4.5 and 6.4, suggesting increased stability at
pH 6.0. A trend in increased turbidity was observed for all formulations at pH 6.4. Purity of the
formulations was tested after 10 days at 50 °C by UP-SEC. All formulations at pH 4.5 showed a
significant decrease in % mAb (data not shown) with a corresponding increase in % aggregates
(HMW). For all formulations tested at the various pH values, the addition of methionine to the
formulation resulted in less aggregation after 10 days at 50 °C, with the largest changes being
observed in all formulations at pH 4.5. Surprisingly, formulations 5G and SH were significantly
better than the baseline formulation and showed the smallest % change in % mAb (and smallest
subsequent increase in % aggregates) over the stability time period, suggesting relatively
increased stability of these formulations over other formulations at pH 4.5.

[0385] Charge profile of formulations after 10 days at 50 °C was determined by HP-IEX (data
not shown). All formulations at a respective pH showed similar charge profiles for each
stabilizer tested. Formulations at pH 4.5 showed the lowest % acidic and % pre-main peaks
after the stability time period, albeit with a corresponding significant increase in % basic variants
(> 30%). The charge profiles of formulations at pH 6.0 were comparable to those in Example 9
(Histidine pH 5.5). Formulations at pH 6.4 showed charge profiles opposite to those at pH 4.5
where a significant change in % acidic variants (> 30%) was observed with only a small increase
in % pre-main peak. The % main peak in all formulations was very similar for all formulations
regardless of pH (41 — 43%). The addition of methionine to the formulations did not result in

any significant change in charge profile.
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Table 25. Low Concentration Pembrolizumab Formulations Comprising Methionine at Various

pH Values.
% Aggregates (UP-
Form. Stabilizer Anti-Oxidant | pH 10 days /SECl) 0 days/ T(ugl;lsdol';y
5°C 50 °C
1G 1.4% sucrose — 45 2.76 54.57 0.021
1H 1.4% sucrose 10 mM Met | 4.5 277 50.72 0.019
1] 1.4% sucrose — 6.0 0.99 3.69 0.017
1K 1.4% sucrose 10mM Met | 6.0 0.90 3.21 0.015
1L 1.4% sucrose — 6.4 4.09 6.14 0.029
1M 1.4% sucrose 10mM Met | 6.4 3.85 5.67 0.024
2G | 0.8% mannitol — 4.5 2.78 55.49 0.021
2H | 0.8%mannitol | 10mMMet | 4.5 2.76 52.06 0.018
2J 0.8% mannitol — 6.0 1.02 3.38 0.014
2K | 0.8%mannitol | 10mMMet | 6.0 0.99 3.26 0.014
2L | 0.8% mannitol — 6.4 3.88 5.80 0.025
2M | 0.8% mannitol | 10mMMet | 6.4 3.74 5.61 0.022
3G | 1.4% trehalose — 45 2.75 54.87 0.028
3H 1.4% trehalose 10 mM Met 4.5 2.75 50.90 0.020
37 1.4% trehalose — 6.0 091 3.37 0.014
3K | 1.4% trehalose | 10mMMet | 6.0 0.89 3.20 0.014
3L 1.4% trehalose — 6.4 3.79 5.79 0.022
3M 1.4% trehalose 10 mM Met 6.4 3.74 5.51 0.020
4G 0.8% sorbitol — 4.5 2.77 55.48 0.023
4H 0.8% sorbitol 10mMMet | 4.5 2.76 51.85 0.018
4] 0.8% sorbitol — 6.0 0.89 3.39 0.018
4K 0.8% sorbitol 10mM Met | 6.0 0.98 3.25 0.015
4L 0.8% sorbitol — 6.4 3.71 5.64 0.023
4M 0.8% sorbitol 10 mM Met | 6.4 3.67 5.49 0.020
5G 0.4% glycine — 45 2.83 27.06 0.017
SH 0.4% glycine 10mM Met | 45 2.83 25.90 0.015
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57 0.4% glycine 6.0 1.00 3.53 0.016
5K 0.4% glycine 10 mM Met | 6.0 1.02 3.31 0.014
5L 0.4% glycine — 6.4 3.66 5.82 0.022
5M 0.4% glycine 10mM Met | 6.4 3.62 5.50 0.024
6G 1.4 % HPBC — 45 273 60.52 0.024
6H 1.4 % HPBC 10 mM Met | 4.5 2.74 56.97 0.020
6J 1.4 % HPBC — 6.0 0.99 3.53 0.017
6K 1.4 % HPBC 10mM Met | 6.0 0.97 3.36 0.016
6L 1.4 % HPBC — 6.4 3.82 5.90 0.029
6M 1.4 % HPBC 10mMMet | 6.4 3.91 5.76 0.029
7G 0.8% arginine — 45 | DNT! DNT! 1.061
7H 0.8% arginine 10mMMet | 45 | DNT! DNT! 1.090
73 0.8% arginine — 6.0 0.94 6.36 0.019
7K | 0.8%arginine | 10mMMet | 6.0 [ 0.89 6.03 0.020
7L 0.8% arginine — 64 | 4.05 6.23 0.098
7M | 0.8% arginine 10 mM Met | 6.4 3.74 6.20 0.044
8G 0.8% proline — 45 2.80 35.98 0.019
8H 0.8% proline 10mM Met | 4.5 2.80 34.40 0.015
8J 0.8% proline 6.0 1.00 3.50 0.016
8K 0.8% proline 10mMMet | 6.0 0.90 3.32 0.015
8L 0.8% proline — 6.4 3.73 5.86 0.026
8M 0.8% proline 10mM Met | 6.4 3.73 5.61 0.022
Did not test.
EXAMPLE 12

Evaluation of Pembrolizumab Formulations Comprising Methionine and DTPA at Various

Concentrations

[0386] Previous studies suggested that the addition of methionine (anti-oxidant) and a metal
chelator may have benefit in reducing aggregation (see Example 10). In order to investigate the

impact of anti-oxidant and metal chelator concentration on suppressing the propensity for

aggregation, a series of compositions were formulated and tested as described below.

Pembrolizumab (20 mg/mL)/PS80 (0.16 mg/mL) stock solution in histidine pH 5.5 buffer was

prepared as previously described in Example 9. Stock solutions (20 mg/mL) of the various
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stabilizers (sucrose, mannitol, trehalose, sorbitol, glycine, HPBC, arginine, and proline) were
spiked into the pembro/PS80 stock solution. Methionine was used as the anti-oxidant and DTPA
was used as the metal chelator. As noted prior, all stock solutions used for formulations were
filtered through Millapore Express® PLUS Stericup® 0.22 um PES filters prior to use. Final
formulations of the compositions listed in Table 26 were prepared by spiking stock solutions of
methionine (20 mg/mL) and DTPA (0.1 mg/mL) into the pembro/PS80/stabilizer solution in a
96-well plate and then bringing to a final volume of 1 mL with histidine pH 5.5 buffer. The well
plate was covered with a 96-well silicone sealing mat and then was vacuum sealed (2x) in
moisture barrier bags to minimize potential evaporation. Samples were staged in 5 °C and 50 °C

environmental stability chambers for time period of 10 days.

Table 26. Pembrolizumab Formulations Comprising Methionine and DTPA at Various

Concentrations.

Form.! Stabilizer ?r/[ni[/[; I?Jl\lj[’? Form! Stabilizer Xli[/;; I()Jl\l/)[?
1IN 1.4% sucrose — — 4R 0.8% sorbitol 10 20
1P 1.4% sucrose 5 10 48 0.8% sorbitol 5 30
1Q 1.4% sucrose 15 10 4T 0.8% sorbitol 15 30
1R 1.4% sucrose 10 20 SN 0.4% glycine - -
1S 1.4% sucrose 5 30 SP 0.4% glycine 5 10
IT 1.4% sucrose 15 30 5Q 0.4% glycine 15 10
1U 1.4% sucrose 5 — SR 0.4% glycine 10 20
v 1.4% sucrose | 10 — 58 0.4% glycine 5 30
W 1.4% sucrose 15 — ST 0.4% glycine 15 30
IX | 1.4% sucrose | — 10 ON 14%HPBC | — —
IY | 1.4% sucrose | — 20 6P 1.4 % HPBC 5 10
1Z | 1.4% sucrose | — 30 6Q 14%HPBC | I35 10
2N | 0.8% mannitol | — — 6R 14%HPBC | 10 20
2P | 0.8% mannitol | 3 10 6S 1.4 % HPBC 8] 30
2Q | 0.8% mannitol | 15 10 6T 1.4 % HPBC 15 30
2R 0.8% mannitol 10 20 N 0.8% arginine - -
28 0.8% mannitol S 30 7P 0.8% arginine 5 10
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2T 0.8% mannitol 15 30 7Q 0.8% arginine 15 10
3N 1.4% trehalose | — - 7R 0.8% arginine 10 20
3P 1.4% trehalose 5 10 78 0.8% arginine 5 30
3Q 1.4% trehalose 15 10 7T 0.8% arginine 15 30
3R 1.4% trehalose 10 20 N 0.8% proline - -
38 1.4% trehalose 5 30 P 0.8% proline 5 10
3T 1.4% trehalose 15 30 7Q 0.8% proline 15 10
4N 0.8% sorbitol - - R 0.8% proline 10 20
4p 0.8% sorbitol 5 10 78 0.8% proline 5 30
4Q 0.8% sorbitol 15 10 7T 0.8% proline 15 30

LAll formulations comprised 5 mg/mL pembrolizumab, 10 mM Histidine buffer, pH 5.5, and
0.004% PS80 in addition to the excipients listed.
2Methionine

[0387] The formulations were evaluated by visual observation, turbidity (A350), UP-SEC
(purity), HP-IEX (charge profile). After the 10 day test period at 50 °C, no formulations were
visibly turbid or experienced a color change. Turbidity values for all formulations (with the
exception of arginine formulations 7N — 7T) were very similar across the various formulations
tested and closely resembled value shown in Example 9 (data not shown). From the turbidity
data, the effect of the addition of different concentrations of methionine alone or in combination
with different concentrations of DPTA, was not evident. Similar to the results shown in
Examples 9 and 10, formulations comprising arginine showed the largest increase in % HMW
species (Table 27) over the stability testing period, albeit formulations 7Q and 7T (15 mM
methionine) showed slightly less % HMW species, suggesting potential increased stability of
these formulations over others with lower concentrations of methionine. A similar trend was
observed for all other formulations where the lowest % HMW species were observed in
formulations having 15 mM methionine and at least 10 uM DTPA incorporated, although the
difference was very small.

[0388] There were no appreciable differences in charge profile among any of the formulations
(with the exclusion of 7C-7F which were not tested) at 50 °C for the 10-day testing period.
However, there was a significant decrease in the % main peak (~ 53% — ~ 41%) and increase in
the % acidic variants and % pre-main peak for all formulations when compared to the

formulations stored at 5 °C for 10 days (data not shown).
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Table 27. Pembrolizumab Formulations Comprising Methionine and DTPA at Various

Concentrations.
Formulation Stabilizer MEHHOning DTPA ” Aggregates (UP-SEC)
(mM) M) | joasec | 10d/50 °C
IN 1.4% sucrose — — 0.92 5.1
1P 1.4% sucrose 5 10 091 4.85
1Q 1.4% sucrose 15 10 0.92 473
IR 1.4% sucrose 10 20 0.91 4.8
1S 1.4% sucrose 5 30 0.92 475
IT 1.4% sucrose 15 30 0.92 4.54
1U 1.4% sucrose 5 — 0.86 4.64
v 1.4% sucrose 10 — 0.92 4.55
Iw 1.4% sucrose 15 — 0.92 4.48
1X 1.4% sucrose — 10 0.92 4.8
1Y 1.4% sucrose — 20 0.91 4.79
1Z 1.4% sucrose — 30 0.87 4.82
2N 0.8% mannitol — — 0.86 5.37
2p 0.8% mannitol 5 10 0.92 5.14
2Q 0.8% mannitol 15 10 0.92 4.96
2R 0.8% mannitol 10 20 0.91 5.07
28 0.8% mannitol 5 30 0.86 5.03
2T 0.8% mannitol 15 30 0.94 4.84
3N 1.4% trehalose - — 0.86 5.03
3P 1.4% trehalose 5 10 0.87 478
3Q 1.4% trehalose 15 10 0.92 4.64
3R 1.4% trehalose 10 20 0.87 4.70
38 1.4% trehalose 5 30 0.86 4.69
3T 1.4% trehalose 15 30 0.87 4.53
4N 0.8% sorbitol — — 0.77 5.3
4P 0.8% sorbitol 5 10 0.93 5.1
4Q 0.8% sorbitol 15 10 0.85 4.9
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4R 0.8% sorbitol 10 20 0.85 5.0
48 0.8% sorbitol 5 30 091 4.94
4T 0.8% sorbitol 15 30 0.92 4.82
SN 0.4% glycine — — 0.9 5.12
5P 0.4% glycine 5 10 0.86 5.03
5Q 0.4% glycine 15 10 0.91 4.85
SR 0.4% glycine 10 20 0.93 4.96
58 0.4% glycine 5 30 091 4.9
ST 0.4% glycine 15 30 0.89 4.75
ON 1.4 % HPBC — — 0.91 5.03
6P 1.4 % HPBC 5 10 0.91 5.08
6Q 1.4 % HPBC 15 10 0.92 4.85
6R 1.4 % HPBC 10 20 0.92 4.98
6S 1.4 % HPBC 5 30 0.91 5.13
6T 1.4 % HPBC 15 30 0.87 4.9
7N 0.8% arginine — — 1.32 30.89
P 0.8% arginine 5 10 1.34 30.12
7Q 0.8% arginine 15 10 1.54 27.09
TR 0.8% arginine 10 20 1.54 28.89
7S 0.8% arginine 5 30 1.54 29.82
7T 0.8% arginine 15 30 1.53 27.39
N 0.8% proline — — 0.93 5.21
P 0.8% proline 5 10 0.86 4.93
7Q 0.8% proline 15 10 0.92 4.81
7R 0.8% proline 10 20 0.92 4.87
7S 0.8% proline 5 30 0.92 5.04
7T 0.8% proline 15 30 0.91 4.85

[0389] HP-HIC analysis was performed on select formulations shown in Table 27 in order to
assess the impact of methionine and DTPA concentrations on stability and oxidation after 10

days at 50°C. Results for formulations 1N, 1Q and 1T indicate that the presence of 15 mM
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methionine resulted in the smallest change in oxidation over the stability time period. Overall,
the results shown in Table 28 demonstrated that the addition of methionine to formulations
resulted in a reduced oxidation rate in a concentration dependent manner (formulations 1U —
1W). No additional benefit was observed upon addition of DTPA (formulations 1X — 1Z) as a

chelator even in conjunction with the addition of methionine (formulations 1N — 1T).

Table 28. Pembrolizumab Formulations Comprising Methionine and DTPA at Various

Concentrations.
Formulation Stabilizer Methionine DTPA Met 105 (HP-IC)
(mM) M) | joais5°c | 10450 °C
1IN 1.4% sucrose — — 8.45 23.50
1P 1.4% sucrose 5 10 6.87 11.36
1Q 1.4% sucrose 15 10 6.69 11.56
IR 1.4% sucrose 10 20 6.90 9.38
IS 1.4% sucrose 5 30 7.13 11.15
1T 1.4% sucrose 15 30 6.80 8.56
1U 1.4% sucrose 5 — 6.91 10.11
v 1.4% sucrose 10 — 6.76 8.88
1w 1.4% sucrose 15 — 6.71 8.37
X 1.4% sucrose — 10 8.00 25.05
1Y 1.4% sucrose — 20 8.43 24.94
1Z 1.4% sucrose — 30 8.16 25.37
EXAMPLE 13

Evaluation of the Effect of pH on the Stability of Low Concentration Pembrolizumab
Formulations in Combination with Methionine

[0390] An additional study was undertaken to evaluate the impact of histidine buffer on the
stability of pembrolizumab formulations. In order to do so, formulations shown in Example 9
were prepared in water-for-injection (without pH adjustment) instead of 10 mM histidine pH 5.5.
Pembrolizumab drug substance (~45 mg/mL) in 10 mM histidine pH 5.5 buffer was dialyzed
with water-for-injection (WFI) to a final concentration of 15.5 mg/mL. Pembrolizumab (15.5

mg/mL)/PS80 (0.16 mg/mL) stock solution was prepared by addition of PS80 to pembrolizumab
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solution (15.5 mg/mL) in WFI followed by filtration through a SteriFlip® 0.22 um PVE filter

unit. Formulations to be tested were prepared by spiking excipient stock solutions (prepared in

WFI and filtered through 0.22 um PVE filter) into pembrolizumab/PS80 stock solutions to yield

concentrations shown in Table 29. Similar to the study in Examples 9 & 10, 10 mM methionine

and either 20 uM DTPA or 50 uM EDTA was added to assess the ability to reduce aggregation

over the stability testing period. Formulations were prepared in a 96-well plate with a final drug

product volume of 1 mL.. The well plate was sealed with a silicone sealing mat prior to vacuum

sealing in moisture barrier bags (2 times). Formulations were staged at 5 °C and 50 °C for 10

days.

Table 29. Low Concentration Pembrolizumab Formulations Prepared in WFIL

0139

Anti- Anti-
Form.! Stabilizer Oxidant Cll\l/leii)r Form.! Stabilizer Oxidant Cll\lielzlor
(10 mM) (10 mM)
0
1A° 1.4% sucrose — — S5A° 0'44) — —
glycine
0
1B’ 1.4% sucrose Met — 5B’ 0'4.4 Met —
glycine
N 0
1C 1.4% sucrose — DTPA | 5C° 0.4% _ DTPA
glycine
- 0.4%
1D 1.4% sucrose Met DTPA 5D’ . Met DTPA
glycine
} 0.4%
1E 1.4% sucrose — EDTA SE’ . — EDTA
glycine
N 0
1F 14% sucrose | Met | EDTA | 5P 0.4% Met | EDTA
glycine
) 1.4%
2 0 . . b . .
2A 0.8% mannitol 6A HPBC
) 1.4%
> ) P > -
2B 0.8% mannitol Met 6B HPBC Met
) 0
2C 0.8% mannitol — DTPA 6C’ }}15413/ 2; — DTPA
2D” | 0.8% mannitol Met DTPA 6D’ 1.4% Met DTPA
’ HPBC
2E" | 0.8% mannitol — EDTA 6E’ 1.4% — EDTA
’ HPBC
2F° o : 5 1.4%
0.8% mannitol Met EDTA 6F HPBC Met EDTA
0
3A° 1.4% trehalose — — TA’ O'.8 A) — —
arginine
0
3B’ 1.4% trehalose Met — 7B’ O'.S A) Met —
arginine
5 (]
3C 1.4% trehalose — DTPA 7C 0.8% — DTPA
arginine
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5 (]
3D’ | 14%trehalose | Met | DTPA | 7D¢ 0.8% Met | DTPA
arginine
5 0
3B’ | 1.4% trehalose | — EDTA | 7E’ 0.8% _ EDTA
arginine
3F 0 ; 0.8%
1.4% trehalose Met EDTA 7F A Met EDTA
arginine
0
4A° 0.8% sorbitol — — 8A’ O'S.A) — —
proline
(]
4B’ 0.8% sorbitol Met — 8B’ O‘S.A) Met —
proline
5 (]
4C° | 0.8% sorbitol — DTPA | 8C’ 0.8% _ DTPA
proline
4D’ ° . . 0.8%
0.8% sorbitol Met DTPA 8D . Met DTPA
proline
5 0
4E" | 0.8% sorbitol _ EDTA | SE’ 0.8% _ EDTA
proline
4F’ o . , 0.8%
0.8% sorbitol Met EDTA 8F ; Met EDTA
proline

L All formulations comprised 5 mg/mL pembrolizumab and 0.004% PS80 in addition to the
excipients listed.

[0391] The prepared formulations were tested by visual appearance, differential scanning
fluorimetry (thermal unfolding), turbidity, UP-SEC (purity), and HP-IEX (charge profile). No
formulations exhibited a color change or were visibly turbid upon removing from stability
conditions. The measured turbidity values were very similar across all formulations tested. In
contrast to turbidity results measure for arginine formulations prepared in 10 mM histidine pH
5.5 buffer (7A — 7F, Examples 1 and 2), formulations prepared in WFI (7A” — 7F’) showed
significantly lower turbidity values after the stability testing period (data not shown).

[0392] In comparison to formulations prepared in Examples 9 and 10, analogous formulations
prepared in WFI showed a moderate improvement in thermal unfolding behavior through a shift
in Tm1 to higher temperature (Table 30). Exceptions to this statement are mannitol formulations
2E’ (EDTA) and 2F’ (Met + EDTA) which showed almost identical Tm1 values to those
formulations prepared in Examples 9 and 10 (data not shown). Formulations 6A’ — 6F” showed
no thermal transitions presumably as a result of SYPRO™ dye preferentially binding to the
cyclodextrin pocket. For all formulations tested, the presence of EDTA (50 uM) alone as the
metal chelator resulted in lower Tm1 values than corresponding formulations with Met, Met +
DTPA , DTPA, or Met + EDTA.

[0393] The change in pH of the unbuffered formulations was measured over the stability
testing period to assess the self-buffering ability of the pembrolizumab formulations (see Table

30). Formulations 1-5F (Met + EDTA) showed the smallest change in pH over 10 days at 50
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°C. For Cavitron® (HPBC) formulations (6 A’ — 6F’) the smallest change in pH was observed in
formulation 6B’ which utilized methionine, while the smallest change in pH observed for
arginine formulations (7A’- 7F’) was observed in formulation 7A’ (no methionine or metal

chelator).

Table 30. Pembrolizumab Formulations Prepared in WFL

DSF
Form. Stabilizer Ol:ilgzmt Cll\lgilm ug?(()elrdr?;;) pi
(10 mM) Iml (°C) 10 doays/ 10 d'glys/

5°C 50 °C
1A° 1.4% sucrose — — 66.0 5.92 5.71
1B’ 1.4% sucrose Met — 60.8 6.22 5.73
1C" | 1.4% sucrose — DTPA 65.4 6.00 5.53
ID” | 1.4% sucrose Met DTPA 58.6 6.02 5.52
1E° 1.4% sucrose — EDTA 60.8 6.22 5.77
¥ 1.4% sucrose Met EDTA 65.2 5.79 5.75
2A’ | 0.8% mannitol — — 66.8 6.16 5.42
2B’ | 0.8% mannitol Met — 05.6 6.15 5.61
2C” | 0.8% mannitol — DTPA 65.2 6.06 5.52
2D’ | 0.8% mannitol Met DTPA 65.0 592 5.52
2E” | 0.8% mannitol — EDTA 58.6 5.45 5.71
2F” [ 0.8% mannitol Met EDTA 58.6 5.59 5.72
3A” | 1.4% trehalose — — 65.4 6.14 5.78
3B’ | 1.4% trehalose Met — 65.8 6.33 5.80
3C" | 1.4% trehalose — DTPA 65.4 6.07 5.63
3D* | 1.4% trehalose Met DTPA 65.0 5.97 5.64
3E’ | 1.4% trehalose — EDTA 61.4 5.84 5.79
3F" | 1.4% trehalose Met EDTA 065.6 5.79 5.82
4A° | 0.8% sorbitol — — 65.4 6.01 5.85
4B’ | 0.8% sorbitol Met — 65.4 6.29 5.85
4C” 1 0.8% sorbitol — DTPA 66.0 6.04 5.66
4D | 0.8% sorbitol Met DTPA 65.6 6.02 5.67
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4E” | 0.8% sorbitol — EDTA 61.2 5.78 5.80
4F° 0.8% sorbitol Met EDTA 65.6 5.71 5.81
5A° 0.4% glycine _ _ 66.6 6.25 591
5B’ | 0.4% glycine Met — 65.2 6.33 591
5C | 0.4% glycine — DTPA 65.2 6.10 5.76
D 0.4% glycine Met DTPA 66.2 6.07 5.75
SE” [ 0.4% glycine — EDTA 65.4 6.04 5.90
SF” | 0.4% glycine Met EDTA 65.4 5.92 5.89
6A° 1.4% HPBC — — _ 6.17 5.82
6B’ 1.4% HPBC Met — — 6.20 5.90
6C* | 1.4% HPBC — DTPA — 6.17 5.68
6D’ | 1.4% HPBC Met DTPA — 6.04 5.66
6E’ | 1.4% HPBC — EDTA — 6.23 5.87
OF" | 1.4% HPBC Met EDTA — 6.24 5.87
7A’ | 0.8% arginine — — 64.2 6.02 5.92
7B’ | 0.8% arginine Met — 58.8 6.21 5.95
7C” | 0.8% arginine — DTPA 58.6 6.10 5.81
D” | 0.8% arginine Met DTPA 63.4 6.03 5.78
7E’ | 0.8% arginine — EDTA 64.2 6.24 5.85
TE” | 0.8% arginine Met EDTA 64.2 6.21 5.94
A’ 0.8% proline — — 61.6 6.29 5.87
8B’ 0.8% proline Met — 59.2 6.28 5.90
8C’ 0.8% proline — DTPA 65.8 6.14 5.78
8D’ 0.8% proline Met DTPA 59.0 6.11 5.73
8E’ 0.8% proline — EDTA 59.0 6.30 5.93
8F” | 0.8% proline Met EDTA 65.0 6.29 5.92

[0394] The amount of aggregation of each of the formulations over a 10 day time period at 50
°C was also measured by UP-SEC. The % mAb and % aggregates (HMW species) for all
formulations tested were very similar with the exception of formulations 7A’ — 7F’ (arginine

formulations), which showed an increase in the % HMW species (~ 4%). From the UP-SEC
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data there was no clear evidence that the addition of methionine (10 mM), DTPA (20 uM),
EDTA (50 uM) or combinations thereof, significantly reduced aggregation.

[0395] Charge profiles of formulations after 10 days at 50 °C was determined by HP-IEX (data
not shown). All formulations showed similar charge profiles for each stabilizer tested. A
significant decrease in the % main peak (~ 53% — ~ 41%) and increase in the % acidic variants
and % pre-main peak for all formulations was observed when compared to the formulations
stored at 5 °C for 10 days (data not shown). Formulations prepared in WFI showed higher %
acidic peaks (~28%) with comparable % pre-main peak and % basic variants to analogous
formulations in Examples 9 and 10 after 10 days at 50 °C. The addition of methionine, DTPA,
EDTA, or combinations thereof, to the formulations did not result in any significant change in

charge profile.

EXAMPLE 14

Development of a High Concentration Lyophilized Drug Product Formulation Comprising
Pembrolizumab
[0396] A summary of the design of experiments and results from all the drug product batches
is provided in Table 32. All formulations contained histidine buffer (pH 5.5) and polysorbate 80
(PS 80) as a surfactant. Various test formulations were manufactured using different
cryoprotectants, stabilizers, etc., with varied concentrations of pembrolizumab and excipients.
The following pembrolizumab drug substance batches were used to formulate the test
formulations for the studies:

e 204 mg/mL pembrolizumab in 10 mM Histidine buffer, pH 5.5

e 288 mg/mL pembrolizumab in 3% Arginine.HCIl, 10 mM Histidine buffer, pH 5.5
[0397] The lyophilization processes used for the studies were conducted using a model
LYOSTAR 3 (SP Scientific) as described in Table 31.
[0398] Batch 0021: Batch 0021 was manufactured starting with 103 mg/mL pembrolizumab
formulated in sucrose. A volume of 2.30 mL was filled in 2R vials, 6R vials and 10R vials. A
55 hour lyophilization cycle was used (“lyo cycle A,” see Table 31). Post-lyophilization, the
residual moisture, syringeable volume, and expansion volume were measured. Generally a
range of reconstitution times 17 — 28 minutes were observed.
[0399] Batch 0022: Batch 0022 was manufactured starting with 48 — 103 mg/mL
pembrolizumab formulated in various combinations of sucrose, mannitol and arginine
hydrochloride (Arg.HCI). A volume of 2.30 — 4.97 mL was filled in 2R vials, 6R vials, 10R

vials and 10R vials. A longer primary drying extended by 5 hours was adopted. Thus, the
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lyophilization cycle used was similar to lyophilization cycle A, extended to 60 hours (“lyo cycle
B” see Table 31). Generally, reconstitution times ranged from 4 to 23 minutes. The residual
moisture was from 0.24 — 0.26%.

[0400] Batch 0024: Batch 0024 was manufactured starting with 104 — 200 mg/mL
pembrolizumab formulated in various combinations of sucrose and arginine hydrochloride
(Arg.HCI). Drug substance used was 288 mg/mL pembrolizumab in 3% Arg, 10 mM His pH
5.5. A volume of 1.24 —2.30 mL was filled in 2R vials. For the lyophilization process, one
shelf was fully loaded with 7% sucrose vials. The secondary drying time was reduced from 8
hours to 6 hours. Thus, the lyophilization cycle used had a 2 hour shorter secondary drying time
compared to lyophilization cycle A (“lyo cycle C” see Table 31). Generally, reconstitution
times ranged from 37 to 42 minutes. There were some difficulties in dissolving the
lyophilization cake, which were not improved by the introduction of a centrifugation step. The
residual moisture measured was 0.27%.

[0401] Batch 0025: Batch 0025 was formulated with 25 mg/mL pembrolizumab formulated in
sucrose. A volume of 10.66 mL was filled in 15R vials. A conservative version of
lyophilization cycle A was adopted (approx. 136 hours, (“lyo cycle D” see Table 31). Among
other changes, a longer primary drying step was used. Generally, reconstitution times ranged
from 2 minutes, 20 sec to 4 minutes, 40 seconds. The residual moisture was from 0.4 — 0.5%.
[0402] Batch 0027: Batch 0027 was formulated with 25 mg/mL and 35 mg/mL
pembrolizumab in sucrose. A volume of 6.8 — 9.5 mL was filled in 15R vials. A conservative
version of lyophilization cycle A was adopted (~ 136 hours, “lyo cycle E” see Table 31) with a
longer primary drying step comprised of a two-step drying process (- 20°C and -10°C). Vials
were reconstituted with a lower volume (1.0 mL) of water. Generally, reconstitution times
ranged from 4 minutes, 20 seconds to 6 minutes, 15 seconds. The residual moisture was from
0.14 — 0.17%. The rate of the syringe out of the reconstitution was extremely slow and difficult
with a 3-mL syringe fitted with a 27G 2" needle.

[0403] Batch 0028: Batch 0028 was formulated with (1) 25 mg/mL or 35 mg/mL
pembrolizumab in sucrose, (volume of 6.78 — 9.6 mL, filled in 15R or 20R vials) or (2) 35
mg/mL pembrolizumab in arginine (volume 6.78 mL filled in 15R vials). Lyophilization cycle
A was used without changes (approx. 55 hours). These vials were reconstituted with 1.2 mL
water. Generally, reconstitution times ranged from 5 minutes, 10 seconds to 6 minutes, 15
seconds. The residual moisture was from 0.60 — 0.85%. 3-mL syringes fitted with 27G 12”
needles were easier to fill and empty with the Arginine-containing reconstituted solution as

compared to the sucrose formulations, which was assumed to be a result of viscosity.
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[0404] This example evaluated lyophilized formulations that were made with starting solutions
comprising 200 mg pembrolizumab at protein concentrations between 48 mg/mlL — 200 mg/mlL.
All formulations were lyophilized to yield a white cake. Following lyophilization, the cakes
were reconstituted with SWFI and the reconstituted solutions were evaluated for tonicity,
viscosity and reconstitution time. Lyo cakes were reconstituted with lesser water than the fill
volume to achieve an approximate concentration of 167 mg/mL (i.e. 200 mg/vial). The lyo
cakes manufactured with high concentration pre-lyo solutions (> 100 mg/mL) were generally
more compact in nature.

[0405] Reconstitution times for the different formulations varied from 2 to 42 minutes (see
Table 32). In general, reconstitution times were longer with increasing protein concentration of
pre-lyo solution. Results of the analysis of the reconstituted solution indicate that arginine
hydrochloride had similar effect in reducing the reconstitution time as the excipients tested, but
may help lower viscosity of the reconstituted solution. The impact of other excipients (e.g.,
sucrose, mannitol) and lyophilization process parameters on the reconstitution times were found

to be negligible.

Table 31. Lyophilization Cycles Used for Example 14

Batch No. / Freezing Primary Drying Secondary Drying
Lyo Cycle
0021 Load 5°C Pressure setto 113 Pressure set to 113
Cycle A Ramp to -10°C, 20m mTorr mTorr
Hold at -10°C, 1h Ramp to -15°C, 45m Ramp to 30°C, 1h 10m
Ramp to -50°C, 2h 40m Hold at -15°C, 24h Hold at 30°C, 8h
Hold at -50°C, 1h Ramp to -5°C, Sh Ramp to 5°C, 30m
Ramp to -10°C, 1h 20m Backfill with nitrogen
Hold at -10°C, 3h
Ramp to -50°C, 2h 40m
Hold at -50°C, 1h
0022 Load 5°C Pressure set to 113 Pressure set to 113
Cycle B Ramp to -10°C, 20m mTorr mTorr
Hold at -10°C, 1h Ramp to -15°C, 45m Ramp to 30°C, 1h
Ramp to -50°C, 2h 40m Hold at -15°C, 29h 10m
Hold at -50°C, 1h Ramp to -5°C, Sh Hold at 30°C, 8h
Ramp to -10°C, 1h 20m Ramp to 5°C, 30m
Hold at -10°C, 3h Backfill with nitrogen
Ramp to -50°C, 2h 40m
Hold at -50°C, 1h
0024 Load 5°C Pressure set to 113 Pressure set to 113
Cycle C Ramp to -10°C, 20m mTorr mTorr
Hold at -10°C, 1h Ramp to -15°C, 45m Ramp to 30°C, 1h 10m
Ramp to -50°C, 2h 40m Hold at -15°C, 29h Hold at 30°C, 6h
Hold at -50°C, 1h Ramp to -5°C, 5h Ramp to 5°C, 30m

- 102 -

0145




24439-US-CNT-4

Batch No. / Freezing Primary Drying Secondary Drying
Lyo Cycle
Ramp to -10°C, 1h 20m Backfill with nitrogen
Hold at -10°C, 3h
Ramp to -50°C, 2h 40m
Hold at -50°C, 1h
0025 Load 5°C Pressure set to 113 Pressure set to 113
Cycle D Ramp to -10°C, 20m mTorr mTorr
Hold at -10°C, 1h Ramp to -20°C, 2h Ramp to 30°C, 1h
Ramp to -50°C, 2h 40m Hold at -20°C, 103h 10m
Hold at -50°C, 1h Ramp to -5°C, 7h 30m | Hold at 30°C, 8h
Ramp to -10°C, 1h 20m Ramp to 5°C, 30m
Hold at -10°C, 3h Backfill with nitrogen
Ramp to -50°C, 2h 40m
Hold at -50°C, 1h
0027 Load 5°C Pressure set to 113 Pressure set to 113
Cycle E Ramp to -10°C, 20m mTorr mTorr
Hold at -10°C, 1h Ramp to -20°C, 5h Ramp to 30°C, 6h
Ramp to -50°C, 2h 40m Hold at -20°C, 60h Hold at 30°C, 8h
Hold at -50°C, 1h Ramp to -15°C, 3h Ramp to 5°C, 30m
Ramp to -10°C, 1h 20m Hold at -15°C, 31h Backfill with nitrogen
Hold at -10°C, 3h Ramp to -5°C, Sh
Ramp to -50°C, 2h 40m
Hold at -50°C, 1h
0028 Load 5°C Pressure set to 113 Pressure set to 113
Cycle A Ramp to -10°C, 20m mTorr mTorr
Hold at -10°C, 1h Ramp to -15°C, 45m Ramp to 30°C, 1h
Ramp to -50°C, 2h 40m Hold at -15°C, 24h 10m
Hold at -50°C, 1h Ramp to -5°C, S5h Hold at 30°C, 8h
Ramp to -10°C, 1h 20m Ramp to 5°C, 30m
Hold at -10°C, 3h Backfill with nitrogen
Ramp to -50°C, 2h 40m
Hold at -50°C, 1h

Table 32. Results Summary for Lyophilization Experiments

Batch | Experiment | Formulation | Fill Reconstituted Properties (% moisture,
# (pre-lyo) (mL)/vial(s) | Formulation reconstitution data, etc.)
0021 103 mg/mL | 6.18 mM his | Fill 2.3 mL/ 166.7 mg/mL 6R: 10R: 2R:
with sucrose | pH 5.5, 2R, 6R, 10R | pembro, 10 mM 0.10%:; 0.11%; 0.13%;
4.32% suc, vials his pH 5.5, 7% 1.0mL 1.0mL 1.0mL
0.01% PS 80 suc, 0.02% PS water — water — water —
80 21m (170 17m 28m
mg/mlL)
0022 103 mg/mL 6.2 mM 2.3 mL in 166.7 mg/mL 23 m with
A with His, 1.04% 2R and 6R pembro, 4.2% 1.1 mL
Mannitol/ Suc, 2.6% vials Mannitol, 1.68% | water
Sucrose mannitol, Suc, 10 mM His,
0.12% PS80 0.02% PS80
0022 75 mg/mL 4.5 mM 3.2mL in 166.7 mg/mL 15 m with
B with His, 3.15% 6R, 10R pembro, 10 mM 1.1 mL
Sucrose vials water
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Batch | Experiment | Formulation | Fill Reconstituted Properties (% moisture,
# (pre-lyo) (mL)/vial(s) | Formulation reconstitution data, etc.)
Suc, 0.014% His, 7% Suc,
PS 80 0.03% PS 80
0022 553 mg/mL | 2.32% Suc, 4.34 mL in 166.7 mg/mL 4 m with Moisture
C with 3.32 mM 10R, 15R pembro, 7% Suc, | 1.1 mL 0.21% (15
Sucrose His, 0.01% vials 10 mM His, water mL vial)
PS 80 0.03% PS-80 (131.6
mg/mL)
0022 48.33 1% Arg, 497 mL in 166.7 mg/mL 5 m with 4 m with Moisture
D mg/ml with | 1.83% Suc, 10R, 15R pembro, 3% Arg, | 1.1 mL 1.1 mL 0.24%
Suc/Arg 3.32 mM vials 5.5% Suc, 10 water in water in (10 mLL
His, 0.01% mM His, 0.03% 10R vial 15R vial vial),
PS-80 PS-80 (1429 (158.8 0.26%
mg/mL) mg/mL) (15 mL
vial)
0022 553 mg/mL | 1% Arg, 4.34 mL in 166.7 mg/mL 10 m with
E with Arg 3.32 mM 15R vials pembro, 3% Arg, | 1.1 mL
His, 0.01% 10 mM His, water (173
PS 80 0.03% PS-80 mg/mL)
0024 104 mg/mL. | 3.13% Suc, 23 mLin 166.7 mg/mL 40 m with | Centrifuge | Could
A with 1.25% 2R vials pembro, 5% Suc, | 1.2 mL reconst: not be
Suc/Arg Arg.HCl, 2% Arg, 0.02% water, 45 m, no dissolved
0.01% PS- PS-80in 10 mM | 1694 foaming in
801in 6.26 His mg/mL; (x 1000 - methanol
mM His with 0.9% | 3000 g)
saline >
50m
0024 104 mg/mL | 2.32% Suc, 23 mLin 166.7 mg/mL 37 m with | Centrifuge | Moisture
B with 1.25% 2R vials pembro 3.7% 1.2 mL reconst: 0.27%
Suc/Arg Arg. HCl, Suc, 2% Arg, water, 35 m, no
0.01% PS- 0.02% PS 80,10 | 165.3 foaming
801in 6.26 mM His mg/mL (x 1000 -
mM His 3000 g)
0024 200 mg/mL | 3.7% Suc, 1.24 mL in 166.7 mg/mL 42 m with | Centrifuge | Could
C with 2.08% 2R vials pembro, 3.7% 1.2 mL reconst: not be
Suc/Arg Arg.HCI, Suc, 2% Arg, water, 45 m, no dissolved
0.02% PS- 0.02% PS 80, 8.3 | 173.7 foaming in
80 in 10 mM mM His mg/mL (x 3000 g) | methanol
His
0025 25 mg/mL 1.05% Suc, 10.66 mL in 166.7 mg/mL 4m40s Moisture
A with 1.5 mM His, | 15R vial pembro, 7% Suc, | with 1.2 0.5%
Sucrose 0.003% PS- 0.02% PS 80,10 mL water;
80 mM His 183
mg/mL
0025 25 mg/mL 2.10% Suc, 10.66 mL in | 166.7 mg/mL 2m20s Moisture
B with 1.5 mM His, | 15R vial pembro, 14% with 1.2 0.4%
Sucrose 0.003% PS- Suc, 0.02% PS mL water;
80 80, 10 mM His 173
mg/mL
0027 35 mg/mL 1.47% Suc, 6.8 mL in 166.7 mg/mL 6milSs Moisture 1.1 mL
A with 2.1 mM His, | 15R vials pembro, 7% Suc, | with 1.0 0.17% solution
Sucrose 0.004% PS- 0.02% PS 80,10 mL water syringed
80 mM His (189 out; rate
mg/mlL) — very
slow
with 3-
mL
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Batch

Experiment

Formulation
(pre-1yo)

Fill
(mL)/vial(s)

Reconstituted
Formulation

Properties (% moisture,
reconstitution data, etc.)

syringe
fitted
with a
27G %"
needle

0027

25 mg/mL
with Suc

1.05% Suc,

1.5 mM His,
0.003% PS-
80

9.5 mL in
15R and
20R vials

166.7 mg/mL
pembro, 7% Suc,
0.02% PS 80,10
mM His

4m20s
with 1.0
mL water
(194
mg/ml)

Moisture
0.16%
(15R
vial);
0.14%
(20R vial)

1.1 mL
solution
syringed
out; rate
—very
slow
with 3-
mL
syringe
fitted
with a
27G %"
needle

0028

35 mg/mL
with Suc

1.454% Suc,
2.07 mM
His, 0.004%
PS-80

6.78 mL in
15R vials

166.7 mg/mL
pembro, 7% Suc,
0.02% PS-80 in
10 mM His

5m 20s
with 1.2
mL water
(166
mg/mL)

Moisture

0.60%

Vol of
DP
syringed
out, 3mL
syr+27G
0.5"
needle
(mL) =
1.3 mL
(Label
vol=1.2
mL)

0028

25 mg/mL
with Suc

1.04% Suc,
1.48 mM
His, 0.003%
PS-80

9.60 mL in
20R vials

166.7 mg/mL
pembro, 7% Suc,
0.02% PS-80 in
10 mM His

6m 15s
with 1.2
mL water
(165
mg/mlL)

Moisture
0.85%

Vol of
DP
syringed
out, 3mL
syr+27G
0.5"
needle
(mL) =
1.3 mL
(Label
vol=1.2
mL)

0028

35 mg/mL
with
Arg.HC1

0.623% Arg,
2.07 mM
His,
0.0042%
PS-80

6.78 mL in
15R vials

166.7 mg/mL
pembro, 3% Arg,
0.02% PS-80 in
10 mM His

S5m 10s
with 1.2
mL water
(169
mg/mlL)

Moisture
0.81%

Vol of
DP
syringed
out, 3mL
syr+27G
0.5"
needle
(mL) =
1.3 mL
(Label
vol=1.2
mL);
easier to
fill in the
syringe
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WHAT IS CLAIMED IS:

1. An anti-human programmed death receptor 1 (PD-1) antibody formulation,
comprising:

a) about 5 mg/mL to about 200 mg/mL of an anti-human PD-1 antibody;

b) about 5 mM to about 20 mM acetate or citrate buffer;

c) a stabilizer selected from the group consisting of:

i) about 6 % to about 8 % weight/volume (w/v) sucrose, trehalose or (2-
hydroxypropyl)-B-cyclodextrin;

1) about 3 % to about 5 % w/v mannitol, sorbitol, L-arginine, a
pharmaceutically acceptable salt of L-arginine, L-proline, or a pharmaceutically
acceptable salt of L-proline; and

iii) about 1.8 % to about 2.2 % w/v glycine, or a pharmaceutically acceptable
salt thereof;

d) about 0.01 % to about 0.10 % non-ionic surfactant;
wherein the non-ionic surfactant is polysorbate 80, polysorbate 20, or poloxamer 188,
and

wherein the anti-human PD-1 antibody is pembrolizumab.

2. The anti-human PD-1 antibody formulation of claim 1, wherein the formulation

has a pH between 5.0 and 6.0.

3. The anti-human PD-1 antibody formulation of claim 1, wherein the buffer is
acetate.

4. The anti-human PD-1 antibody formulation of claim 1, wherein the buffer is
citrate.

5. The anti-human PD-1 antibody formulation of claim 1, further comprising about 1

% to about 3 % w/v L-arginine, or a pharmaceutically acceptable salt thereof.

6. The anti-human PD-1 antibody formulation of claim 1, wherein the stabilizer is

about 6 % to about 8 % weight/volume (w/v) sucrose.
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7. The anti-human PD-1 antibody formulation of claim 1, wherein the stabilizer is

about 6 % to about 8 % weight/volume (w/v) trehalose.

8. The anti-human PD-1 antibody formulation of claim 1, wherein the stabilizer is

about 6 % to about 8 % weight/volume (w/v) (2- hydroxypropyl)-B-cyclodextrin.

9. The anti-human PD-1 antibody formulation of claim 1, wherein the stabilizer is

about 3 % to about 5 % w/v mannitol.

10. The anti-human PD-1 antibody formulation of claim 1, wherein the stabilizer is 3

% to about 5 % w/v sorbitol.

11. The anti-human PD-1 antibody formulation of claim 1, wherein the stabilizer is 3

% to about 5 % w/v L-arginine or a pharmaceutically acceptable salt of L-arginine.

12. The anti-human PD-1 antibody formulation of claim 1, wherein the stabilizer is 3

% to about 5 % w/v L-proline, or a pharmaceutically acceptable salt of L-proline.

13. The anti-human PD-1 antibody formulation of claim 1, wherein the stabilizer is

about 1.8 % to about 2.2 % w/v glycine, or a pharmaceutically acceptable salt thereof.

14. The anti-human PD-1 antibody formulation of claim 1, wherein the non-ionic

surfactant is polysorbate 80.

15. The anti-human PD-1 antibody formulation of claim 1, wherein the non-ionic

surfactant is polysorbate 20.

16. The anti-human PD-1 antibody formulation of claim 1, wherein the non-ionic

surfactant is poloxamer 188.

17. The anti-human PD-1 antibody formulation of claim 1, wherein the formulation

further comprises about 1 mM to about 20 mM anti-oxidant.
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18. The anti-human PD-1 antibody formulation of claim 17, wherein the anti-oxidant

is L-methionine, or a pharmaceutically acceptable salt thereof.

19. The anti-human PD-1 antibody formulation of claim 18, wherein the L-

methionine is L-methionine HCI.

20. The anti-human PD-1 antibody formulation of claim 1, wherein the formulation is

a liquid formulation.

21. The anti-human PD-1 antibody formulation of claim 1, wherein the concentration

of pembrolizumab is about 25 mg/mL to about 100 mg/mL.

22. The anti-human PD-1 antibody formulation of claim 1, wherein the concentration

of pembrolizumab is about 25 mg/mlL.

23. The anti-human PD-1 antibody formulation of claim 1, wherein the concentration

of pembrolizumab is about 165 mg/mL to about 170 mg/mL.

24. A method of treating cancer in a human patient in need thereof, the method
comprising administering to the human patient an effective amount of an anti-human PD-1

antibody formulation comprising:

a) about 5 mg/mL to about 200 mg/mL of an anti-human PD-1 antibody;
b) about 5 mM to about 20 mM acetate or citrate buffer;
c) a stabilizer selected from the group consisting of:

1) about 6 % to about 8 % weight/volume (w/v) sucrose, trehalose or (2-
hydroxypropyl)-B-cyclodextrin;

ii) about 3 % to about 5 % w/v mannitol, sorbitol, L-arginine, a
pharmaceutically acceptable salt of L-arginine, L-proline, or a pharmaceutically acceptable salt
of L-proline; and

iii) about 1.8 % to about 2.2 % w/v glycine, or a pharmaceutically acceptable
salt thereof;

d) about 0.01 % to about 0.10 % non-ionic surfactant;
wherein the non-ionic surfactant is polysorbate 80, polysorbate 20, or poloxamer 188,

and
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wherein the anti-human PD-1 antibody is pembrolizumab.

25. The method of claim 24, wherein the concentration of pembrolizumab is about 25

mg/mL.

26. The method of claim 24, wherein the concentration of pembrolizumab is about

165 mg/mL to about 170 mg/mL.

217. The method of claim 24, wherein the formulation is administered by

subcutaneous administration.

28. The method of claim 24, wherein the cancer is selected from the group consisting
of: melanoma, lung cancer, head and neck cancer, bladder cancer, breast cancer, gastrointestinal
cancer, multiple myeloma, hepatocellular cancer, lymphoma, renal cancer, mesothelioma,
ovarian cancer, esophageal cancer, anal cancer, biliary tract cancer, colorectal cancer, cervical
cancer, thyroid cancer, salivary cancer, prostate cancer (e.g. hormone refractory prostate
adenocarcinoma), pancreatic cancer, colon cancer, esophageal cancer, liver cancer, thyroid

cancer, glioblastoma, glioma, and other neoplastic malignancies.

29. The anti-human PD-1 antibody formulation of claim 24, wherein the buffer is
acetate.
30. The anti-human PD-1 antibody formulation of claim 24, wherein the buffer is
citrate.
4
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ABSTRACT OF THE DISCLOSURE

The invention relates to stable formulations of antibodies against human
programmed death receptor PD-1, or antigen binding fragments thereof. In some embodiments
the formulations of the invention comprise between 5-200 mg/mL anti- PD-1 antibody, or
antigen binding fragment thereof. The invention further provides methods for treating various
cancers with stable formulations of the invention. In some embodiments of the methods of the
invention, the formulations are administered to a subject by intravenous or subcutaneous

administration.
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16 BANKS ET AL., Removal of cysteinylation from an unpaired sulfhydryl in the variable region of a recombinant
monoclonal IgG1 antibody improves homogeneity, stability, and biological activity, J Pharm Sci, 97(2), 775-790, 2008

17 BANKS, DOUGLAS D. ET AL., The Effect of Sucrose Hydrolysis on the Stability of Protein Therapeutics during
Accelerated Formulation Studies, J. Pharm. Sci., 98(12), 4501-4510, 2009

18 BARBAS ET AL., Synthetic Human Antibodies, Nature Medicine, 1, pgs. 837-839, 1995
BASU ET AL., Protein crystals for the delivery of biopharmaceuticals, Expert Opinion on Biological Therapy, Vol. 4(3),

19
pp. 301-317, 2004

20 BEELER, JUDY A. ET AL., Neutralization Epitopes of the F glycoprotein of Respiratory Syncytial Virus: Effect of
Mutation upon Fusion Function, Journal of Virology, 63(7), 2941-2950, 1989

PC.1.19.25

0198




Application Number

Filing Date
INFORMATION DISCLOSURE , )
STATEMENT BY APPLICANT First N-amed Inventor | Manoj K. SHARMA
Art Unit | TBD
Examiner Name |TBD

Attorney Docket Number |24439-US-CNT-4

BEIROWSKL, JAKOB ET AL., Freeze-Drying of Nanosuspensions, Part 3: Investigation of Factors Compromising

21 Storage Stability of Highly Concentrated Drug Nanosuspensions, Journal of Pharmaceutical Sciences, 101, 354-362, |:|
2012

25 BENIAMINOVITZ ET AL., Prevention of rejection in cardiac transplantation by blockade of the interleukin 2 receptor D
with a monoclonal antibody, New England Journal of Medicine, 342, pages 613-619, 2000

23 BENLYSTA prescribing information, March 2011, 16 pages |:|

24 BENVENUTI, MANUELA, Crystallization of soluble proteins in vapor diffusion for x-ray crystallography, Nature D
Protocols, 2(7), 1633-1651, 2007

25 BERNSTEIN, J., Bioavailability, Polymorphism of molecular crystals, Ch. 7.3.2, 324-330 (translated pages 1-9), 2007
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*EXAMINER: Initial if reference considered and whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at vy MEPTO.GEY or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here iff
English language translation is attached.
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Application Number

Filing Date
INFORMATION DISCLOSURE , )
STATEMENT BY APPLICANT First N-amed Inventor | Manoj K. SHARMA
Art Unit | TBD
Examiner Name |TBD

Attorney Docket Number |24439-US-CNT-4

TIMING STATEMENT
Please see 37 CFR 1.97(e) to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to
any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

]

See attached timing statement under 37 CFR 1.97(e).

A timing statement under 37 CFR 1.97(e) is not submitted herewith.
TIMING FEE

The fee set forth in 37 CFR 1.17(p) has been submitted herewith.

O O

COPIES

X]

An identification of an earlier application pursuant to 37 CFR 1.98(d)(1) is attached.

SIZE FEE ASSERTION

Please see 37 CFR 1.17(v) and the D& Auto-Load instructions for completing this form to make the appropriate selection of
an assertion under 37 CFR 1.98. For the information disclosure statement (IDS) submitted herewith, the applicant or patent
owner certifies the following with respect to the cumulative number of applicant-provided or patent-owner provided items of
information submitted to date including those in the accompanying IDS (select only one):

"] No IDS size fee is required under 37 CFR 1.17(v) at this time.

] The IDS is accompanied by the IDS size fee under 37 CFR 1.17(v)(1).
] The IDS is accompanied by the IDS size fee under 37 CFR 1.17(v)(2).
The IDS is accompanied by the IDS size fee under 37 CFR 1.17(v)(3).

SIGNATURE
A signature of the applicant or representative is required in accordance with 37 CFR 1.33 and 11.18. Please see 37 CFR 1.4(d)
for the form of the signature.

Signature /Patrick Rehfuss, Reg. No. 75,367/ Date (YYYY-MM-DD) 2025-09-19
Name/Print Patrick Rehfuss Registration Number 75,367
PC.1.19.25
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Application Number

Filing Date
INFORMATION DISCLOSURE

First Named Inventor | Manoj K. SHARMA

STATEMENT BY APPLICANT

Art Unit | TBD

Examiner Name | TBD

Attorney Docket Number |24439-US-CNT-4

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37
CFR 1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5
U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court,
magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request
involving an individual, to whom the record pertains, when the individual has requested assistance from the Member
with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the
information in order to perform a contract. Recipients of information shall be required to comply with the requirements of|
the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may
be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to
the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/
her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to recommend
improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such
disclosure shall be made in accordance with the GSA regulations governing inspection of records for this purpose, and
any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the
application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may
be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement
agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

PC.1.19.25
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
MERCK SHARP & DOHME LLC

Applicant/Patent Owner:

Application No./Patent No.: Filed/Issue Date:
Titled: STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1) ANTIBODIES AND METHODS OF USE THEREOF

MERCK SHARP & DOHME LLC a Limited Liability Company, subsidiary of Merck & Co., Inc.

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

|:] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: Manoj K. Sharma et al. To: Merck Sharp & Dohme Corp.

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

2. From: Merck Sharp & Dohme Corp. To: Merck Sharp & Dohme LLC

The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
4. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
5. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheel(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Cynthia A. Francisco/ March 7, 2023

Signature Date

Cynthla A. Francisco Executive Director, Asset Management

Printed or Typed Name Title or Registration Number
[Page 2 of 2]
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Woridwide Assignment
Attorney Docket No.: 24438
WORLDWIDE ASSIGNMENT

WHEREAS, I/WE,
{1} Mano] K. Sharma, locatad at Littleton, MA,
{2y Wendy Benjamin, located at North Brunswick, NJ,
{3} Sarila Mittal, located at Bridgewater, NJ,
{4y Ashwin Basarkar, locatad at Keasbay, NI,
{5} Chakravarthy Nachu Narasimhan, located at Scotch Plains, NJ,
{8) Ramesh 5. Kashi, located at Warren, NJ,
{7 Mohammed Shameem, located in Nanuet, NY,
(8} Soumendu Bhattacharya, located in East Windsor, NJ,
{8} Williarn P Forrest, Jr., located in Middletown, NJ

{hereinafter ASSIGNOR(S)), isfare the inventor(s) of the invention described in an application for Patents having the
Attorney Docket Mumbaer indicatad above and the following Title of the Invention:

STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1) ANTIBODIES
AND METHODS OF USE THEREQF

andior in the following application{s):

U.8. Provisional Application No, §2/808.238 filed on Mav 2, 2017;

11.8. Application No. _16/609612 having a filing date of October 3¢, 2019 and
PCT international Application No. PCT/US2018/030458 _ having a filing date of _Mav 1,2018 .

WHEREAS IAWE covenant ihat the rights and property herein conveyed are free and clear of any encumbrance,
and that Ywe have the full right to convey the same as herein exprassad.

WHEREAS, Merck Sharp & Dohme Corp., & corporation organized under the laws of the State of New Jersey,
having an office at 126 East Lincoln Avenue, Rahway, New Jerssy 07085, and iis successors, assigns and legal
representatives (hereinafter ASSIGNEE), is desirous of oblaining the entire righi, fitle and interest In, o and under the
invention disciosed in said application or applications;

NOW, THEREFORE, for good and valuable consideration, the recaipt of which is hereby acknowladged, lwe, said
ASSIGNOR(S), do each hereby sell, assign and transfer or confirm the grant and assignment to said ASSIGNEE myfour
entire right, title and interest in all countries of the warld In and to myfour invention described in said application for Patents,
i and fo the right {o file patent applications in the name of ASSIGNEE, its designes, or In any or all of our names, at #s
slection, on the aforesaid invention in all countries of the world, logather with all rights of priority In the aforesaid countries
deriving from the above-identified application for Palents under the infernational Convention for the Protection of industrial
Properly, under the Inter-American Convention relating to inventions, Patents, Designs and Industrial Modeis and undsr any
other international arrangement relating to patents or infeliectual property, in and to any and all Letters Patent thatl are
granted from the aforesaid application for Patents, in and to any applications claiming priority benefits to a provisional patent
application or other applications filed on said invention, and in and io any continuations, divisions, reexaminalions, reissues,
renewals and exiensions thereof of any of said Lelters Patent, the same {0 be held and enjoyed by said ASSIGNEE, (o the
full ands of the tarms for whigh alf Letters Patent therefore may be granted, as fully and entirely as the same wouldd have
been held and enjoved by us if this assignment and sale had not been made.

AND IAWE HEREBRY covenant and agree that we will at any time, upon the reguest and at the expense of
ASSIGNEE, without further compensation or charge o said ASSIGNEE, executs and deliver any and all documents that
may be necassary or desirabls lo perfect the title to the foregoing invention, patent applications, and Letiers Patent and
coniinuations, divisions, resxaminations, reissues, renewals and axtensions thereof in the name of ASSIGNEE, including
the execution and procuremsnt of any and all further documents evidencing this assignment and sale as may be necessary
or desirable for recording the same in the Patent Office of any country concemed, and will make all rightful oaths and
declarations and do all lawiul acts requisite for procuring the same or for aiding therein.

YWE HEREBY authorize ASSIGNEE fo insert in this instrument the Application Numbsr{s) and the filing date(s) of
said application for Patants whan officially nolifisd therenf.

This document may ba executed in any number of counterparts, each of which 50 executed shall be deamed to be
an original, but all such components shali togsethsr constitute but one and the same document,

Computer Generated Temptate "Assigniment-Marck Sharp & Dohime. Single Assignes Worldwide" (Assignment) Merck Sharp & Dohme Corp, 11/04/2010
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“Worldwide Assignmant

Attorney Docket No.: 24439

Emc},ﬁed this @ 5 1 dayof eﬁ}i}? , 2018
i

Bﬁansj K" Sham’aa

ACKNOWLEDGEMENT

Commonwealth of Massachuseits

County Name, ss._(YLadlese

Or this { day of Augus %‘* . 2018, before ms, the undersigned notary public, personally appeared
RMano} K, Sharma prwed to me thre)ugh saiisfactory svidence of idenfification, which wasflissachoelle Soreme o be
yreceding dccumem and acknawieﬁged tm me that he/she signad it voluntarily for

Nothary Public: \}(’&f\ﬂe 8 Sy K
My Commission Expires: _Felcunsy 7, AL

Woutary Public 1
COMMUNKEALTH OF MASSACHUSETTS§
My Commission Buplres 3
February 7, 2&25

G RARPORTP TS
Exgouted this day of L2018
Wendy Benjamin
ACKNOWLEDGEMENT
State of New Jersey }
} 5.8
County of Linion 3
O this day of , 2018, personally appeared before ms Wendy Besnjamin o me known,

and known by me 1o be the same person described in and who exesuted the foregoing Instrument, and acknowledged that
he {she) executed the same, of his (her) own free will for the purpose sei forih.

{Seal)

Motary Public

Page 2 of 8

Sompuater Senerated Tempiate "Assignmeni-Merck Sharp & Oohme. Singie Assigned Worldwists™ {assignmant} Merck Sbarp & Dabme Torg, 110442010
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Worldwide Assignment

Aftorney Dockat No.: 24439

Exacutad this day of , 2018
Sarita Mittal
ACKNOWLEDGEMENT
State of New Jersay 3
} 8.8
County of Union }
On this day of . 2018, personally appearad before me Sarita Mittal o me known, and

known by me to be the same person(s) described in and who executed the foregoing instrument, and acknowledged that he
{she) executad the same, of his (her) own free will for the purpose set forth.

{Seal)

Notary Public

Executed this day of 2018

Ashwin Basarkar

ACKNOWLEDGEMENT
State of Mew Jersey )
yss
County of — }
On this day of , 2018, personally appeared before me Ashwin Basarkar fo me Known,

and known by me o ba the same person desaribed in and who axscuted the foregoing instrument, and acknowiedged that
he (she) executed the same, of his (her) own free will for the purpase set forth,

{Seal)

Notary Public

Page 3 of8

Computer Generated Template "Assignmenit-Merck Sharp & Dohime. Single Assignes Warldwide" {(Assignment) Merck Sharp & Dehme Corg, 110472010
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Worldwide Assignment

Attorney Docket No.: 24433

Executed this day of , 2018

Chakravarthy Nachu Narasimban

ACKNOWLEDGEMENT
Siate of New Jarsay 3
88
County of Union )
O this day of , 2018, personally appeared bafore me Chakravarthy Nachu

Narasimhan to me known, and known by me to be the same person(s} described In and who exscuted the foregoing
instrumant, and acknowiedgad that he {she) executed the same, of his (her) own free will for the purpose set forth,

{Seal)

Notary Public

Exsouted this day of , 2018

Ramesh 8. Kashi

ACKNOWLEDGEMENT

State of New .Jersey }
) 8.5,
County of )

On this day of , 2018, personally appeared before ms Ramesh 8. Kashi to me known, and
known by me to be the same person descoribed in and who executed the Toregoing instrument, and acknowiadged thathe
{she} executed the same, of his (her) own free will for the purpose set forth,

{Seal)

Notary Public

Page 4 of 8

Computer Gensrated Template "Assignment-Merck Sharp & Dohime. Single Assignes Warldwide™ (agsignment) Merek Sharp & Dohme Corp, 11042010
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Worldwide Assighment

Attorney Docket No.: 24439

Executed this day of , 2018

Mohammed Shameem

ACKNOWLEDGEMENT
State of New York 3
¥ 5.8
County of 3
On this day of . 2018, personally appeared bafore me Mohammed Shameem to me

known, and known by me to be the same person(s) described in and who executed the foregoing instrument, and
acknowledged that he (she) executed the same, of his (her) own fres will for the purpose set forth.

(Seal)

Notary Public

Executed this day of , 2018

Soumrrendn Bhattacharya

ACKNOWLEDGEMENT
State of New Jersey }
158
County of Union }
On this day of . 2018, personally appeared bafore me Soumendu Bhattacharya io me

known, and known by me to be the same person(s) desaribed in and who executed the faregoing instrument, and
acknowledged that he (she) executed the same, of his (her) own free will for the purpose set forth,

(Seal)

Notary Public

Pags 5of 8

Compiter Generated Templats “Assignment-hMerck Sharp & Dolvni, Single Assignee Waoridwide™ {Assignment] Merck Sharp & Dehme Cerp. 1140412018
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Warldwida Assignment

Attorney Docket No.: 24438

Exsctuled this day of , 2018

William P, Forrast, Jr. ’
ACKNOWLEDGEMENT
Siate of Mew Jersey }
jss
County of Union 3
On this day of , 2018, personally appeared bafore me William P. Forrest, Jr. lome

known, and known by me to be the same person{s) described in and who executed the foregoing instrument, and
acknowdedged that he {she) exscuted the same, of his (her) owi free will for the purpose set forth.

(Seal}

Notary Public

Pagedof &

Somputer Genersated Templste "Assignment-Merck Sharp & Dokime, Single Assighes Worldwide™ {(Assignment) Merck Sharp & Dohme Dom. 1104722010
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Waonidwice Assignment
Attorney Dogkel No.: 24438

WORLDWIDE ASSIGNMENT

WHEREAS, IWE,

{1} Manct K. Shamng, jocated &t Liftleton, MA,

{3} Wandy Beniamin, locatad at North Brunswini; NJ,

{3} Sarile Mital, lovated at Bridgewater, NJ,

{4} Ashwin Basarkar, focated gt Keashey, N4,

(8} Chakravarthy Machu Narssimban, located &t Scoloh Plains, NJ,
{6} Ramash S, Kashi, locatzd at Warren, NJ,

{7} Mohammed Shamesi, focated i Nanuet, MY,

{8} Soumandu Bhe i‘amama iu safad in BEast Windsor, NJ&,

{8} William P Fosrest, Jr, iomt&t* i Middistown, MNJ

haveinafter ASSIGNORIS)). ivfare the tnventor(a) of the invention desoribed in an application for Patents having the
Attorngy Docket Number indinated above and the following Tile of the nvention:

STARLE FORMULATIONS OF PROGRAMNMED DEATH RECEPTOR 1 {(PD-1) ANTIBODIES
AN METHOUS OF USE THEREGSF

argdfor in the foliowing application{ay:

U8, Frovisional Application No. B2/500.238 filed on May 2, 2017,
{; 3. Application Mo. 16/608612 heving & fling Jdats of October 30,2019 and

FCY international Application No. _PCT/US2018/030459  having & filing date of _

WHEREAS PWE covenant that the rghts and property herein conveyed are free and daar of any encunribrance,
and that Ywe have the full right 1o convay the sama as herain exprassed.

WHEREAS, Merck Sharp & Dohme Corp, 8 corporation organizsd under the laws of Jersay,
having an office at 128 East Lincoln Avenue, Ra"zway, Maw Jarssy 07085 ar‘d 1S BUCTESSOTS, awg*xs and benal
represantatives (hersinafier ASKIGNEE), i3 desirous of oblalning the entire m}b’* title and inferesl in, {o and under the
invention disclosed in said application or applications;

NOW, THEREFORE, for good and valuable consideration, the racelpl of which ix hareby acknowledgad, Vwe, sald
ASSIGRNORE), do each h-\re%sy sell, assign and transfer or confirm the grant and aasignment b sald ASSIGNEE myfaur
entire rght, title and interest in all countriss of the world in and to myfouwr invention described int said application for Patents
i and b the right b file petent applicalions in the name of ASHIGNER. ils \Sekig%a or in any or all of owr names, at s
adaction, on the aforesaid invertion in all countries of the world, togather with ali rights of priority In the aforssaid {‘OL:MJE-““
deriving from the above-identified application for Patents undsr the Intemstional Convantion for the Protection of Industial
Froperly, under the Inter-American Convention relaling 1o Inventions, Patents, Designs and industrial Models and under any
sthae inemational arrangemant relating (o patents o nladisctual prapedy, in and o any and alf Letters Patent that are
gms\im from the aloresaid spplication fir Patents, in and to any applications claiming prictily benefifs 1o & provisionsal patent
appiication or other applivations filed on said invention, and in and o any sontinuations, divisions, reesxaminations, reissuss,
renewals and sxtensions thereof of any of said Letiers Palend, the sams to be held and enioyed] by said ASBIGHEE, o the
full ends of the terms for which alf Lelters Patent therafore may be granted, as fully and entirely as the same would have
beern held and snjoved by us i this assignment and sale had not heen mads.

AND IAVE HERERY covenart snd agree that we will at any tima, upon the request and at the expense of
ASSIGNEE, without further compansation or charge 1o said ASSGNEE, sxsoute and deliver any and afl documents that
may be necessary o desivable tn perfect the tille to the fureguing invantion, patent applications, and Lettars Palent and
continuatons, divisions, reexaminations, relssuas, renewsis and scdensions tharedf in the name of ASSIGNER. including
the sxesution and procurement of any and all frther documents evidenaing this sssignmant and sale ay may be necessary
or dusirable for recording the same in the Patent Office of any country converted, and will make all f“gmﬁu oaths and
guotarations and do all lawful acls requisits for procuring the same or for aiding thersdn,

IWE HERERY authorize ASSIGHER to insed in this instrument the Application Number(s} and the filing date{s) of
3aid apelication for Patants whan officially notified thereaf,

This documant may be exectted It any number of counterpants, sach of which sir executed shatl ba deemed to
an orgingl, but aff such componenis shall together constifale bt one and the same Jocument.

VIRWR0 G

erstad Tamplsts "Assimvnent-Marss Sharg L Siregie { e Wity (¢
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Woridwide Assignment

Atturney Docket Moo 24438

Executsd this gay of L2318

Mano] X, Shayma

ACKNOQWLEDGEMENT
Commornveatth of Massachuseils

Courty Namae, 83,

On this diay of . 2018, befora me, the undersignsd notary publie, personally appearsd
Manof K. Sharms proved to ma through satisfaciory svidence of identification, which was |t b

the person whose name 18 signad on the preceding dooument, and acknowledged 1o me that heishe signed R velunianly for
iix statad purpoxe.

Notary Publio:
My Commission Expires:

N . > :“\\"-g : 1. o -
Executed this ¢ dayof ] L2018
§\~\\\\°\‘\3\\\
Wandy Benjamiy
N
ACKNOWLEDGEMENT
State of Naw Jarsey }
188
Courdy of Unitn o}
Ny 4 ; s oy ly i P
Onthis & day of LA 2018, personally appeared before me Wendy Benjamin to me known,

ard kiiown by me to be the sama person Restriked it and who executed the foregoing instrument, and acknowiedged that
he {sha axacuted the same, of his ther) own free will for the purposs set forth,
N

N, B

oy \ .
{\‘8-'3& \{ N ‘.-\\§ im“\\}\“\ji‘s\\
N N By PR by

SRR W Jucdronsdd

My Commission Dxpbus §

Page 2 of @
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Varidwice Assignmernt

- SN
O LAY
N

Exeotad this &

o
<

ﬁay of

sasim ?ﬁ:tm
ACKNOWLEDGEMENT
Slate of New Jarsey 3
18,8
Lounty of Union 3
Oxthx\\ \‘\ R

{sh} exevu;

2&*8 ;,u«or wally

Attoragy Dookst Noo 24438

appe«ved b&f{;s‘e me Sarita Mittal tv me known, and

Ni ?ht‘ BN, of his t%‘#r} mwn fre@ wilf fc;r tfze purg.wst, %t fcr\h

iSaaf -‘.-..,._ oy
{Beal} A N S P
Naiasry Py iz

Exacutad this day of 2018

Ashiwin Bagsarkar

ACKNOWLEDGEMENT

Sale of New Jarsey

S S gt
243
@

County of

Onthis _ dayaf

RIN& A, R4S
SOTARY PUBLID OF X8
My Gomwnlssion § R

sl
ey

P

e

o
W

2018, personafly appearsd beforg me Ashwin Basarkar & me kriown,

and kKnanwn by me @ 1o be the same parsan deacribed in and who exacuted the foregoing instrument, and acknowledged that
he {she} exgouted the same, of fits (her) own frse wilt for the purposa set forth,

{Seal)

’

Page 3 of &

Notary Public

Compdter Gencaied Tomplate “Assignment Murek Shap S Dohme. Shoghe Assignes Woridwids™ (Sesigninant) March Sherp & Dahme Garp. 110412116
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Worldwids Assignment

RN
N
<

Exacutad this o8 2 2014

day of \

“

Chakesvarthy ﬁamu Marasimban

ACKNOWLEDGERMENY
State of Now Jarsey 3
PR
County of Unfon 3
k3 Yol e
On thid S F day of . LAY . 2018, personally appenred before mea Chakravarthy Nachy

Narasimban io sm i«nwm and known hy‘\s%ze o b the same parson{s) describad in snd who senged the foragoing
instrumant, and acknowlsdyed that he {she) execuled the same, of his (her) own free will for the purpose set forth.

o

Exeruted this day of 20

Ramesh &, Kashi

ACKNOWLEDGEMENT

State of New Jersay

SR R
in
@

Cowrty of

O this gay of , 2018, parsonally sppearad befors me Ramesh 8. Kashito me own, and
known by me 1o be the same person described in and whse executad the foragoing instrumeny, and acknowiedgad that na
{she) executed the same, of his thery own free will for the parpose sef forin,

{Seal)

Motary Pubtic

Page dof 6
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Waorldwide Assignmant

Exeoutad this d

5
~z,

Q

S

Mohammad Shamsem

ACKNOQWLEDGEMENT

Siate of Mew Yok

[N
a
o

Courtly of

e

Ontis day of , 2018, personally appeared before me Mohammead Shameam e me
known, and known by me o be ihe sams parson(s) described in and whe execuled the foragoing instrument, and
acknowladgad that he {she) exacuted the same, of his (her} wwn Tree will for the purpase set forth,

{Seal}

Notary Public

2018

ACKROWLERGEMENT

Siate of New Jursay ¥
ys8.
Courdy of Union )
g b X
. Wil o . .
Onth Cday of L LA AAW . 2018, personally appeared befors me Soumendu Bhattacharnpato me

known, and known by e 1o be the same perean(s} dexcribed in and whe executed the foregoing Instrumant, and
acknowiedged that he {she) executed the same, of bis (har) own free will for the purposs set forth.
AN

N .
<

ot i,
Laagh) R‘ TN
- I MY
L I
T
\\\\ 3

NOTARY PUBLIG OF 8

My Conmlesion Sxplas 84

Page S of §
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Whosldwide Assigrmant

, 2318
Willlam P, Fsrmai, ot
ACKNOWLEDRGEMENT
Giale of New Jorsay }
IR
County of Urdon 3
Onthis \oA dayof o M L LY . 2018, personally appeared before me Witliam B, Forrest, Jr tume

konown, and knowit by me o be the same pérscms> deswribed in and who sxequled the foregoing instrument, and
acknnwledged that he {she) sxesutend the same, of his (er) own e will for the purpose set Torth.

N o N

{Qeal) YA . .
Notary Pu&s sz§
DINA AL RUET
§;m\m* FUBLIC G* REW JERSEY
My Commission Explres BHAE
Pagedofg

Compier Geraatsd Tomplate "Assigrnent-fargs Bharg ¥ Dohws. Single Assignss Yeanidwide” {Assignment) Merck Sitesrp & Dotene O 13040016
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Worldwide Assighment

Attorney Docket No.: 24439

WORLDWIDE ASSIGNMENT

WHEREAS, WWE,
{1} Mano] K. Sharma, located ai Litlelon, MA,
{2} Wendy Benjamin, located at North Brunswick, NJ,
{3} Sarila Mittal, locatad at Bridgewater, NJ,
{4) Ashwin Basarkar, located at Keasbey, NJ,
{5y Chakravarthy Nachu Narasimban, located at Scotch Plains, NJ,
{6} Ramesh 8, Kashi, located at Warren, NJ,
{7) Mohammed Shameem, localed in Nanuet, NY,
(8) Soumendu Bhattacharys, located in East Windsor, NJ,
(8} William P. Forrast, Jr., located in Middletown, NJ

{hereinafter ASSIGNOR({S)), isfare the inventor{s} of the invention dascribed in an application for Patents having the
Attorney Docket Number indicated above and the following Tiile of the Invention:

STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 {PDR-1) ANTIBODIES
AND METHODS OF USE THEREOF

and/or in the following application(s):
U.8. Provisional Application No. 82/500,238 filed on May 2, 2017;

U.8. Application No. 16/609612 having a filing date of October 30, 2019; and
PCT intemational Application No. poruszoisioigsss  having a filing date of _May 12018 .

WHEREAS WWE covenant that the righls and property herein conveyed ara free and clear of any encumbrance,
and that liwe have the full right to convey the same as herein expressed.

WHEREAS, Merck Sharp & Dohme Corp., a corporation organized under tha laws of the State of New Jersey,
having an office at 126 East Lincoin Avenue, Rabway, New Jersey 07085, and Hs successors, assigns and legal
representatives (hereinafter ASSIGNEE), is dasirous of obtaining the entire right, title and interest in, to and under the
inveniion disclosad in sald application or applications;

NOW, THEREFORE, for good and valuable consideration, the receipt of which is hereby acknowledged, Ywe, said
ASSIGNORIS), do each hereby sell, assign gnd transfer or confirm the grant and assignment to said ASSIGREE mylour
entire right, title and interest in all countries of the world in and o myfour invention described in said application for Patents,
in and to the right to file patent applications in the name of ASBIGNER, its designes, or in any or all of owr names, at ifs
election, on the aforssaid invention in all countrles of the world, fogsthar with all rights of priority in the aforesaid countries
dariving from the above-identified application for Patents under the International Convention for the Protection of Industrial
Property, under the Inter-American Convention relating to inventions, Patenis, Designs and Industrial Models and under any
other international arrangement relating to patents or intellectual property, in and o any and all Leiters Patent that are
granted from the aforesaid application for Patents, In and to any applications claiming priority benefits to a provisional patent
application or other applisations filed on said invention, and Iy and to any continuations, divisions, reexaminations, reissues,
renowals and extensions thereof of any of said Lelters Palent, the same fo be held and enjoyed by said ASSIGNEE, to the
full ands of the terme for which aff Lelters Patent therafore may be granted, as fully and entirely as the same would have
baen held and enjoyed by us if this assignmeant and sale had not been made.

AND {WE HERERY covenant and agree that we will at any tims, upon the requast and at the expanse of
ASSIGMEE, without further compansation or charge o said ASSIGNEE, execute and deliver any and all documents that
may be necessary or desirable to perfect the litle fo the foregoing invention, patent applications, and Letters Patent and
continuations, divisions, reexaminations, reissues, renewals and extensions thereof in the name of ASSIGNEE, including
the execution and procurement of any and all further documents evidencing this assignment and sale as may be nacessary
or desirable for recording the same in the Patent Office of any country concerned, and will make ail rightful oaths and
declarations and do afl lawful acts requisite for procuring the same or for aiding therein.

IWE HEREBY authorize ASBIGNEE to insert in this Instrument the Application Number{s) and the filing date(s) of
said application for Patents when officially notified thereof.

This document may ba executed in any number of counterparts, each of which so exactifed shall be deemed to be
an original, bud alf such componants shall together constitte butone and the same document.

¢ Genersted T

“Assignment-Merck Sharp & Dohme. Singte Assignes Worldwide” {Assignment} Merck Sharp & Dohme Corp. 11104/2040

1€

0248



Worldwide Assignment

Atiornsy Docket Moo 24438

Executed this day of , 2018

Manoj K. Sharma

ACKNOWLEDGEMENT

Commonwsalth of Massachusetts

County Name, ss.

On this day of , 2018, before me, the undersigned notary public, personaily appeared

BManoj K. Sharma proved to me through satisfactory evidence of identification, which was o be
the person whose name is signed on the preceding documeant, and acknowledyged to me that he/she sighed it voluntarily for
its stated plrpose.

Notary Public:
My Commission Expires:

Executed this day of , 2018

Wendy Benjamin

ACKNOWLEDGEMENT
State of New Jersey 3
yss
County of Union )
On this day of . 2018, personally appeared before me Wendy Benjamin to me known,

and known by me 1o be the same person describad in and who executed the foregoing insirument, and acknowledged that
he {she) exacuted the same, of his {her} own free will for the purpose sef Torth.

{Seal)

Motary Public

Page 2 of 8
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Waorldwide Assignment

Attorney Docket No.: 24439

Executed this % dayof T oW 2018

Sarila Mitkal
ACKNOWLEDGEMENT
State of New Jersey 3
}ss.
County of Union 3
On'this day of . 2318, personally appeared before me Sarita Mittal to me known, and

known by me to be the same person{s) described in and who executed the foregoing inslrurnent, and acknowledged that he
{she) executed the same, of his {her) own free will for the purpose set forth,

{Seal)
Notary Pullic
= “W\ -

Execuisd this 7 day of 3 VL)’ , 2018

% ﬁﬁﬁﬁffﬂM
Ashwin Ea&arkér
ACKNOWLEDGEMENT
Siate of New Jersey }

o 188

Countyof MBOLETEN

Onthis =7 dayofl wybs , 2018, personally appearad before me Ashwin Basarkar to me knows,

and known by 'me io be the same person descripsd in and who executad the foregoing instrument, and acknowiedgad that
he (shs) executed the same, of his (her} own free will for the purpose set forth.

{Saal) f&*’v’tm&&mw
Notary Public
ADHOHKUMAR guTEES
BOTARY RUBLIC OF NBW JERREY
¥y Commission Bxpires 732023

Page 3 of 8

Computer Generatsd Tampisle "Assign:
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Worldwida Assignment

Attorney Dockst Noo 24438

Exacuied this day of , 2018

Chakravarthy Nachu Narasimbhan

ACKNOWLEDGEMENT
Siate of New Jersay }
} 5.8
County of Union 3
On this day of , 2018, personally appeared before me Chakravarthy Nachu

Narasimbhan 1o me known, and known by me (o be the sams person{s) described in and who gxecuted the foregoing
instrument, and acknowledged that he (she) axscuted the same, of his (her) own free will for the purpose set forth,

{Seal)

MNotary Public

Executed this day of , 2018

Ramesh 8. Kashi

ACKNOWLEDGEMENT

State of Naw Jersey

A
w5
w

County of

Cn this day of . 2018, personally appeared before me Ramesh 8. Kashi to me known, and
known by me o ba the same person describad in and who executed the foregoing instrument, and acknowledged that he
{she} executed the same, of his (her) own free will for the purpose set forth,

(Seal)
Notary Public
Page 4 of 6
Computer Gensrates Yempiate "Assig: Merck Shaip & Dohme, Single Assignes Worldwide” (Assignment) Marck Sharp & Dahime Carp. 11/04/2010

0251



Worldwide Assignmant

Attorney Dockel Ne.: 24438

Exacuted this day of L2018

Mohammed Shameem

ACKNOWLEDGEMENT
State of New York )
} 8.8
Countyof }
O this day of , 2018, personally appsarad before me Mohammed Shameem to me

known, and known by me to be the same person(s) described in and who execuled the foregoing instrument, and
acknowledged that he {she} executed the same, of his (her) own free will for the purpose set forth.

{Seal}
Notary Public
Executed this day of 2018
Soumendu Bhaltacharya
ACKNOWLEDGEMENT
Siate of New Jersey }
iss
County of Union 3
On this day of , 2018, personally appeared before me Boumendu Bhattacharya lo me

known, and known by me to be the same person{s) described in and who executed the foregoing instrument, and
acknowledged that he {she} executad the same, of his {her) own free will for the purpose set forth.

{Seal)
Notary Public
Page 50f6
Computer Gereratad Templats “Assignment-Merck Sharp & Duhine: Single Assignee Worldwide" (Assignment) Merck Sharp & Dohme CGorp. 11042010
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Waorldwide Assignment

Attornay Docket No.: 24438

Executed this day of , 2318

William P. Forrest, Jr.

ACKNOWLEDGEMENT
State of New Jersay 3
ys.s
Caunty of Union }
On this day of , 2018, personally appeared before me Wiiliam P. Forrest, Jr.to me

known, and known by me to be the same person(s) described in and who executed the foregoing instrument, and
acknowledged that he (shie) axecuted the same, of his (her) own frae will for the purpose set forth.

{Seal)

Notary Public

Pagesd of§

Compuiter Generated Tormplate "Assignment-Merck Shap % Dohme: Single Assignes Worldwids” {Assignment) Merck Shap & Duhme Corp, 110412010
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1 Worldwide Assignment
Attorney Docket Moo 24438
WORLDWIDE ASSIGNMENT

WHEREAS, IAWE,
{1} Manoj K. Sharma, located at Littiston, MA,
{2y Wendy Banjamin, located at North Brunswick, NJ,
{3} Sarita Miltal, located at Bridgewater, NJ,
{4) Ashwin Basarkar, located at Keasbey, NJ,
{5} Chakravarihy Nachu Marasimban, located at Scoich Plains, MY,
{6} Ramesh S. Kashi, focated at Warren, NJ,
{7} Mohammed Shameam, located in Nanuet, NY,
{8} Soumendy Bhaltacharya, located In East Windsor, NJ,
(8} William P. Forrest, Jr., located in Middietown, NJ

{hereinafter ASSIGNOR(E)), isfare the inventor(s} of the invention described in an application for Paterts having the
Attorney Docket Number indicated above and the following Title of the Invention:

STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 {(PD-1) ANTIBODIES
AND METHODS OF USE THEREQF

andfor in the following application{s):
U.8. Provisional Application No. 82/500,238 filed on May 2, 2017,

U.S. Application No. 18809812 having a filing date of October 36, 201% and
FCT intemational Application No. pCTiUS2018/030452 _ having a filing date of May 2018

WHEREAS PWE covenant that the rights and property herain conveyed are free and clear of any encumbranas,
and that [we have the full right to convey the same as herein expressad.

WHEREAS, Merck Shamp & Dohme Corp., a corporation organized under the laws of the State of New Jarsey,
having an office at 128 Fast Lincoin Avenue, Rahway, New Jersey 07065, and Hs successors, assigng and legal
representatives (hereinafler ASSIGNEE), is desirous of obtaining the entire right, title and interast in, to and under the
invention disclosad in said application or applications;

NOW, THEREFORE, for good gnd valuable consideration, the receipt of which is hereby acknowledged, Ywe, said
ASEIGNOR(S), do each hersby sell, assign and transfer or confirm the grant and assignment to said ASSIGNEE mylour
entire right, title and interest in all countries of the world in and to my/our invention dascribad in said application for Patents,
i and to the right to file patent applications in the name of ASSIGNEE, its designee, or In any or all of our names, at its
election, on the aforesaid invention in all countries of the world, together with alf rights of prinrity in the aforasald countries
deriving from the above-identified application for Patertts under the International Convention for the Protection of industrial
Froperty, under the Inter-American Convention refating to Inventions, Patents, Designs and Industrial Modsls and under any
sther international arrangement refating to patents or intellectual property, in and fo any and all Letiars Patent that are
granted from the aforesaid application for Patents, in and to any applications claiming priority benefits to a provisional patent
application or ofher applications fled on said invention, and in and to any continuations, divisions, reexaminations, relssuss,
renewals and extensions thereof of any of said Letters Patent, the same fo be held and anjoyed by said ASSIGNEE, to the
full ends of the terms for which all Letters Patent therefore may be granted, as Rully and entirely as the same would hava
been held and enjoyed by us if this assignment and sale had not besn made,

AND HWE HEREBY covenant and agree that we will at any time, upen ths request and at the sxpensse of
ASSIGNEE, without further compensation or charge io said ASSIGNEE, exscute and deliver any and all decuments that
may be necessary or desirable o periect the title o the foregoing invention, patent applications, and Latters Patent and
continuations, divisions, reexarinations, reissues, renewals and extensions thereof iny the rame of ASBIGNEE, including
the execulion and procurement of any and all further documents svidencing this assignment and sale as may be necessary
or desirable for recording the same in the Patent Office of any country soncermed, and will make afl rightful caths and
declaralions and do all lawlul acts requisite for procuring the sams or for giding therein.

WE HEREBY authorize ASSIGNEE jo insert in this instrument the Application Number(s) and the filing date(s) of
said application for Patents when officially notified thersof.

This document may be sxecuted in any number of counterparts, each of which so executed shall be deemed to be
an original, but all such components shall logether constitute but one and the sams document.

Compuiar Ger T iale “Assign Merok Sharp & Oohime. Single Assignes Woridwide™ {Assignment) Morck Sharp & Dobme Corp: $1/04/2010
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" Worldwide Assignmant

Attorney Docket No.: 24432

Executed this day of , 2018

Manoj K. Sharma

ACKNOWLEDGEMENT

Commonweatth of Massachusetls

County Name, ss.

Onthis day of , 2018, before me, tha undersigned notary public, personally appeared

Nanoj K. Sharma proved to me through satisfactory evidence of identification, which was ,tobe
ihe person whose names is signed on the praceding document, and acknowledged to me that he/she signed it voluntarily for
its stated purpose.

MNotary Public:
My Commission Expires:

Exacuted this day of , , 2018
Wendy Benjamin
ACKNOWLEDGEMENT
Siate of New Jersay }
jss:
County of Union 3
On this day of , 2018, personally appeared before me Wendy Benjamin to me known,

and known by me to be the sams person described in and who executed the foregoing instrument, and acknowledged that
he (she) execuled the same, of his {her} own free wili for the purpose set forth.

(Seal)

Netary Fublic

Pags 208

Computer Ganerated Tempiate “Assignment- Marck Sharp & Dohe. Bingle Assignes Worldwide" {Aasignmant) Merck Shamp & Dehme Corp. 140412040
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" Worldwide Assignment

Exscuted this day of , 2018
Sarifa Mittal
ACKNOWLEDGEMENT
State of New Jersey
yss
Courty of Union )
On this day of . 2018, personally appeared befors ma Sarita Mittal to me Known, and

known by me (o be the same person{s) described in ang who executed the foregoing instrument, and acknowledged that he
{she} exscuted the same, of his {her) own free will for the purpose set forth,

(Seal)

MNotary Public

Executed this day of , 2018

Ashwin Basarkar

ACKNOWLEDGEMENT
State of New Jersay }
}sas
County of )
Onthis day of , 2018, personally appeared vefore me Ashwin Basarkar to me known,

and known by me to be the same person desoribad in and who executed the foregoing instrument, and acknowledged that
he {she) sxeculed the same, of his ther) own free will for the purpese set forth.

{Sealy
Notary Public
Page3ofB
Computer G i Teraplate "Assig i-derek Sharp & Dohime. Single Assignes Worldvige® {Azsigrment) Merck Shasp 8 Dohme Corp, 110412010
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" Worldwide Assignment

Executed this day of 2018

Chakravarihy Nachu Narssimhan

ACKNOWLEDGEMENT
State of New Jarsey }
} 5.8
County of Union }
On this day of . 2018, personally appeared before me Chakravarthy Nachy

Narasimhan to me known, and known by me to be the same person(s) described in and who execiited the foregoing
instrument, and acknowledged that he (she) executed the same, of his (her) own free will for the purpose sei forth.

{Seal)

Notary Public

Executed this day of L2018

Ramesh 8. Kashi

ACKNOWLEDGEMENT

State of New Jersey

ot St et
3]
W

County of

Oy thig day of . , 2018, personally appearad bafore me Ramesh §. Kashi to me known, ang
known by me o be the same person described in and who executed the foregoing instrument, and acknowledged that he
{she) exacuted the same, of his (her) own free will for the purpose set forth.

{Seal)

Notary Public

Page 4 of §

Camputer Gensrated Template "assigrment-Merck Sharp & Dohms. Singls Assignes Worldwide™ (Assignment) Mensk Sharg & Dohime: Com:. 1110472010
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 Worldwide Assigrment

Attorney Docket No. 24432

g At

,
H

Executed this | | day of Jmésq L2018
& » M”“

Mohammed Shamesm

ACKNOWLEDGEMENT
SBtats of New York 3
: 4 - } 8.8
Gounty of 14/ @é:é"i&{siiét Yoo
On inis ;" { day of ,L{,L»Qfl')j’ ; 2018, personaily appeared before me Mohammed Shamesm o me

kriown, and known by me o be the same person(s) describad in snd who executed the foregeing instrument, and
goknowledged that he (she} executed the same, of his ther) own free will for the purpose set forth.

— il
Seal : ) P ) /1/7
{Seal) BARBARA J, REILLY 31{2/(/1 ‘M:&'f /éi/{ My
Notary Pubilic, State of New York Notary Pggiic /
No. GIRESOT0570

Qualified in Westohestor Lounty
My Commission Expires March 4,20 3

Executed this day of L2018

Soumende Bhattacharya

ACKNOWLEDGEMENT
State of New Jersay }
}8.8.1
County of Union )
On this day of , 2018, personally appeared before me Soumends Bhattacharya to me

known, and known by me fo be the same person(s) described in and whe executed the foregoing Instrument, and
acknowledged that he (she) executed the same, of his (her) own fres will for the purpose set forth,

{Seal)
Notary Public
Page Sofd
Comg Generated Template "Assignment-Mersk Sharp 8 Dokime. Single Assignes Worldwide” {Asaignmaont) Merck Sharp & Dohme Carp, 11/042010
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 Worigwide Assignment

Attorney Docket Mo.: 24439

Executad this day of , 2018

Wilitam P. Forrast, Jr.

ACKNOWLEDGEMENT
Slate of New Jersay 3
jsso
County of Union 3
On this day of . 2018, personally appeared before me Willlam B. Forrest, Jr, 1o me

known, and known by me o be the same person(s) described in and who executed the foregoing Instrument, and
acknowiedged that he (she} exasculed the same, of his (her) owiy free will for the purpose set forth.

{Seal)
Motary Public
Page 8 ofd
Computar Vi “ASSH erck Sharp & Dehme, Single Assignee Worldwide™ {Assignment)y Merck Sharp & Dohme Com. 14042890
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Worldwide Assignment

WORLDWIDE ASSIGNMENT

WHEREAS, YWE,
{1} Manoj K. Sharma, located at Littleton, MA,
{2} Wendy Benjamin, located at North Brunswick, NJ,
(3} Sarita Mitlal, located af Bridgewater, NJ,
{4) Ashwin Basarkar, located at Keasbey, NJ,
{8y Chakravarthy Nachu Narasimhan, located at Scotch Plains, NJ,
{8) Ramesh 8. Kashi, iocated at Warran, NJ,
{7} Mohammed Shameem, located in Nanuet, NY,
{8) Soumnendu Bhattacharya, lncated in East Windsor, Nd,
(8) William P. Forrest, Jr., located in Middlstown, Nd

(hareinafter ASSIGNOR(E)), isfare the inventor(s) of the invention describad in an application for Patents having the
Attorney Docket Number indicated above and the following Title of the Invention:

STABLE FORMULATIONS OF PROGRAMMED DEATH RECEFTOR 1 (PD-1) ANTIBODIES
AND METHODE OF USE THEREQF

andfor in the following application{s)

LS. Provisional Application No. 82/500,238 filed on May 2, 2017

U.8. Application No. 16/609612 having a filing date of October 30, 2019 and
PCT Intemational Application No. BCT/US2018/030458 _ having a filing date of _May1,2018 .

WHEREAS YWE covenant that the rights and property hersin conveyed are free and clear of any encumbrance,
and that lAve have the full right lo convey the same as herein exprassed.

WHEREAS, Merck Sharg & Dohme Carp., a corporation organized under the iaws of the State of New Jersaey,
having an office at 120 East Lincoln Avenue, Rahway, New Jersey 07065, and is successors, assigns and legsi
representatives (hereinafter ASSIGNEE), is desirous of obiaining the entire right, title and interest in, to and under the
invention disclosed in said application or applications;

NOW, THEREFORE, for good and valuable consideration, the receipt of which is hereby acknowledged, iiwe, said
ASSBIGNOR(S), do each heraby sell, assign and transfar or confirm the grant and assignment to said ASSIGNEE mylour
antire right, title and interest in all countries of the world o and to myfour invention described in said application for Patents,
in and to the right to file patent applications in the name of ASSIGNEE, ifs designes, or in any or all of our namas, at ils
election, on the aforesaid Invention in alf countries of the world, together with all rights of priority in the aforesaid countries
deriving from the above-identifisd application for Patents under the International Convention for the Protection of Indusirial
Property, under the Inter-Amarican Convention relating to Inventions, Patents, Designs and Indusinal Models and under any
other international arrangement relating to patents or intellectual properly, in and o any and all Letters Patent that are
granted from the aforesaid application for Patents, in and to any applications claiming priority benefits to a provisional patent
application or other applications filed on said invention, and in and to any continuations, divisions, reexaminations, reissues,
renewals and extensions thereof of any of said Lelters Patent, the same o be held and enjovad by said ASSIGNEE, (o the
full ends of the terms for which all Latlers Palent thersfore may be granted, as fully and antirely as the same would have
been held and enjoyed by us If this assignment and sale had not besn made.

AND WWE HEREBY covenant and agree that we will at any tims, upon the reguest and at the expense of
ASSIGNEE, without further compensation or charge o said ASSIGNEE, exacute and deliver any and all documents that
may be necessary or desirable to perfect the title to the foregoing invention, patant applications, and Letters Patent and
continuations, divisions, resxaminations, reissues, renewals and extensions thereof in the name of ASSIGNEE, including
the execution and procurement of any and all further documents avidancing this assignment and sale as may be necsessary
or desirable for recording the same in the Patent Office of any country concerned, and will make all rightful caths and
declarations and do all lawful acls requisite for procuring the same or for aiding therein.

WE HEREBY authorize ASSIGNEE io insert in this instrument the Application Number(s} and the filing date(s) of
said appiication for Palents when officially notified thereof,

This document may be executed in any number of counterparts, each of which so executed shall be deemed to be
an original, but all such components shall together constitiste but one and the same document.

Computer Generated Tempiate "Assignment-Merck Sharp & Dehime. Single Assignes Worldwide® {Assignment) Merck Sharp & Debine Corp. 110473018
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Worldwide Asgignment

Attorney Docket No.: 24438

Executed this day of , 2018

Manoj K. Sharma

ACKNOWLEDGEMERNT

Commonwealth of Massachusetls

County Name, ss.

On this day of 2018, before me, the undarsigned natary public, personally appeared

Manoi K. Sharma proved to me through satisfaclory evidence of identification, which was ,to be
the parsoi whose name is signed on the preceding dosument, and acknowledged to me that hefshe signed i voluntadily for
its stated purpose.

Notary Public:
My Commission Expires:

Executed this day of L2018

Waendy Benjamin

ACKNOWLEDGEMERT
State of New Jersey )
jes
County of Union )
Onthis _ dayof , 2018, personally appsared before me Wendy Benjamin o me known,

and known by me {0 be the same person described in and who exaculed the foregoing instrument, and acknowledged that
he (sha) executed the same, of his (her) own freg will for the purpose set forth.

(Seal)

Notary Public

Page20f8
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Worldwide Assighment

Attorney Docket No. 24438

Exscuted thig day of , 2018

Sarita Miltal

ACKNOWLEDGEMENT
Siate of New Jersay 3
Y85
County of Union
On this day of . 2018, personally appeared before me Sarita Mittal to me known, and

known by me to be the same person(s) desaribed in and who axgcuted the foregoing instrument, and acknowledged that he
{she) executed the same, of his (her) own free will for the purpose sat forth,

{Saal)

Notary Public

Executad this day of L2018

Ashwin Basarkar

ACKNOWLEDGEMENT
State of New Jersey }
yss.
County of }
On this day of . 2018, personally appeared bafore me Ashwin Basarkar o me known,

and known by me to be the same person dascribed In and who executed the foregoing Instrument, and acknowledged that
he (she)executed the same, of his (her) own free will for the purpose set forth.

{Seal)

Notary Public

Page 3 of 8
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Aftomsy Docket Moo 34438

Exanided this day of R
¥

Chakravarthy Naehy Narasimban

ACKNOWLEDREMENTY

Bigte of New Joreny

e e e
7
@0

Sounty of Union
O s day of | R01K, peraonsily appeared before e Qhakravarity Nasha
Narasinehas 1o /e kown, and tmowr by roe 1 be the aame poreon(s) Sesoribad i and who executed the foragaing

ingtrumant, and anknowdidged hat by {she) sxenutad the same, of his (har) own tren will {or the purpoes et fonh,

Moty Public

2018

Rameah 8. Kashi

SORNOWLEDGEMENTY

State of Naw Jerasy }

ys.s
Loty of e }
. R \
Onis  J davol s w\ N IR, parsonsly appestad before me Rarosh 8. Kaabi 1o me kaown, and

kaown by me o be t @ same persan dessrbed in and who exenvigd the foragning inslrureent, and ackncdedged that he
{she) exented the same, of My (har) twn frae Wit iy the pumosa vel fortly,

{Qeal}

Notary Pubiic

STRYEN (FLOUGHLIN
NOTARY PURLIC OF NEW JERSRY
Gonamn, # SHIEREM
e Comniaaton Bxolias HRRIR

SURY Tenem - AT Sharp & DXE, Nigic Astnen WHsdee” (Rasigiasnt} Snek Rharg § Tty RRESIRE
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Waorldwide Assignment

Executed this day of

Mohammed Shamesm

ACKNOWLEDGEMENT
State of New York
County of

Cnthis ____ dayof

, 2018

. 2018, personally appeared before me Mohammed Shameem to me

known, and known by me to be the same parson(s) described in and who exscuted the foregoing instrument, and
acknowledged that he {she) executed the same, of his (her) own free will for the purpose set forih.

{Seal

Executed this day of

. 2018

Soumendu Bhattacharya

ACKNOWLEDGEMENT
State of New Jersey

County of Union

Cn this day of

¥ 8.8
)

MNotary Public

, 2018, personally appeared before ma Soumendu Bhattacharya to me

known, and known by me to be the same person(s) described in and who executed the foragoing instrument, and
acknowledged that he {she) executed the same, of his (her) own free will for the purpose set forth.

{Seal)

Page b ofd

MNotary Public

Computer Generated Ternpiate "Assignment-Merck Sharp & Dohme. Singls Assignee Waoridwide" {Assigrament) Merck Sharp & Dohme Corp. 117042010
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Worldwide Assignment

Attornsy Docket Neo.o 24438

Executed this day of , 2018

Wiilliam P. Forrast, Jr.

ACKNOWLEDGEMENT
State of New Jersey 3
ysss
County of Union }
On this day of , 2018, personally appeared before me William P. Forrest, Jr. lo me

known, and known by ma 1o ba the same person{s) described in and who exscuted the foregoing instrument, and
acknowladgsd that he {she) executed the same, of his (her} own free will for the purpose set forth.

{Seal)

Notary Public

Paga Sof §
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Worldwide Assignmert - Altorney Dockel. 24438

WORLDWIDE ASSIGNMENT
WHEREAS, |,
Yogita Krishnamachar, located in Scotch Plains, NJ
am.an invenior(s} along with

{1) Manoj K Sharma, located at Litleton, MA,

{2y Wendy Benjamin, iocated at North Brunswick, NJ,

{3) Sarita Miltal, located at Bridgewater, NJ,

{4} Ashwin Basarkar, located at Keasbey, NJ,

{8} Chakravarthy Nachu Narasimhan, located at Scolch Plains, NJ,
{8} Ramesh 8. Kashi, located at Warren, NJ,

{7y Mohammead Shameem, located in Nanuet, NY,

{8) Soumsndu Bhaltacharya, lncated in East Windsor, NJ, and

{2y Willlam P. Forrest, Jr., Incated in Middistown, NJ,

of the invention describad in an application for Patents having the Altorney Docket Number indicated above and the
following Title of the Invention:

STABLE FORMULATIONS OF FPROGRAMMED DEATH RECEPTOR 1 (PD-1) ANTIBODIES
AND METHODS OF USE THEREOF

and/or in the following application(s):
1.8, Provisional Appiication No. §2/500.238 filed on May 2, 2017,

LS, Application No. ___16/608612 having a filing date of October 30, 2619 ; and
PCT international Application No. BCTAIS18/030459 having a filing date of May 1, 2018,

WHEREAS | covenant that the rights and property hereliy conveyed are free and clear of any encumbrance, and
that | have the full right to convey the same as hersin expressad,

WHEREAS, Marck Sharp & Dohme Corp., a corporation organized under the laws of the State of Naw Jarsay,
having an office al 128 East Lincoin Avenue, Rahway, New Jersey 07088, and ifs successors, assigns and legal
representatives (hereinafter ASSIGNEE), is desirous of obtaining the entire right, title and interast in, o and under the
invention disclosed in zaid application or applications;

NOW, THEREFORE, for good and vaiuable consideration, the recsipt of which is hereby acknowledged, | do
hereby sell, assign and transfer or confirm the grani and assignment {o said ASSIGNEE mv enfire right, title and interast in
all countries of the world In and to the invention described in said application for Patents, in and to the right to file patent
applications in the name of ASSIGNEE, its designae, or in any or all of owr rames, at its election, on the aforesaid invention
in all countries of the world, together with all rights of priority in the aforesald countries deriving from the above-identified
application for Patenis under the Infernational Convention for the Protection of Industrial Property, under the inter-American
Convention relating to Inventions, Patenis, Designs and Industrial Models and undsr any other intemational arrangsment
refating lo patents or inteliectual property, in and fo any and all Letters Patent that are granted from the aforesaid application
for Patents, in angd to any applications ¢laiming prionty bensfits to a provisional patent application or other applications filed
on said inveniion, and in and o any continuations, divisions, reexaminations, reissues, renewals and exiensions thereof of
any of said Lelters Patent, the same to be held and enioved by said ASSIGHNEE, fo the full ends of the terms for which all
Latters Patent thergfore may be granted, as fully and enlirsly as the same would havs besn hsld and enjoyed by melus if
this assignment and sale had not been made.

AND | HEREBY covenant and agree that | wili at any time, upon the requast and at the expense of ASSIGNEE,
without further compensation or charge fo sald ASSIGHNEE, execute and deliver any and afl documents that may be
necessary or desirable to perfect the title o the forsgoing invention, patent applications, and Letlers Patent and
continuations, divisions, reexaminations, reissuss, renewals and exiensions thereof in the name of ASSIGNEE, including
the execution and procuremment of any and all further documents evidencing this assignment and sale as may be necessary
or dasirable for recording the sams in the Patent Office of any country concerned, and will make all rightful oaths and
declarations and do all lawful acts requisite for procuring the same or for aiding therein,

Page 1of 2
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Wipridwide Asaignment

{ HERERY authorize ASSIGNEE o insert In this ing
appdication for Patents whan oifickally notified theraof.

This document may be sxscuted in any number of countarparts, sach of which so execuisd shall be deemad o be
A origingl, but el such comporsnts shall fogether constifine bt one and the same dacument.

Exsxcuied this

Yogita } Msh namafhaﬂ

ACKNOWLEDGEMENT
State of New Jersey )
y 8.8
County of Q’na " } -
'..“'\\§ “\ SN

Fa § A X ‘“‘\\ N
] Y day ot A X ]
Known, and '»mwr* b;f me i be t?‘e sama per\{,n(s,} dnse r;m\} ar‘ md who s:zea utad the ?oregemg mstmmen‘, anst
agknowladgest that he (she) avecited the sama, of his {har) own free will for the purpose set forth

{Seal)

cynission LXK

Page2ofd
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STATE OF NEW JERSEY
DEPARTMENT OF TREASURY
FILING CERTIFICATION (CERTIEIED COPY)

MERCK SHARP & DOHME LLC
0600468333

I, the Treasurer of the State of New Jersey,
do hereby certify, that the above named business
did file and record in this department a
Certificate of Merger on April 12th, 2022 and that
the attached is a true copy of this
document as the same is taken from and compared
with the original(s) filed in this office and now
remaining on file and of record.

IN TESTIMONY WHEREOF, I have
hereunto set my hand and affixed
my Official Seal at Trenton, this
18th dav of April. 2022

-

Elizabeth Maher Muoio
Certificate Number: 143726201 State Treasurer

Verify this certificate online-at

htips:/fwww.njportal.com/DOR/businessrecords/Validate.aspx

Page 1of 1.
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609-984-6851

04:00:32 p.m. 04-13-2022 4/6

. FILED
CERTIFICATE OF MERGER

FORTHE MERGER OF APR 12. 20

MERCK SHARP & DopME Core,
(ID: 7954401000) ST,
WITH AND INTO ATE TREASURER
MERCK SHARP & DOHME LILC
(ID: 0600465333)

Pursuant to Section 74 of N.J, Stat, § 42:2C, the New Jersey
Revised Uniform Limited Liability Company Act and Section 10
of N.J. Stat. § 14A, the New Jersey Business Corporation Act

Merck Sharp & Dohme LLC, a New Jersey limited lability company (the “LLC™), does
hereby certify to the following facts relating to the merger (the “Merger of Merck Sharp &
Dobme Corp., a New Jersey corporation {the “Corporation™), with and into the LLC, with the LLC
remaining as the surviving entity of the Merger (the “Surviving Entity™);

FIRST:
SECOND:;

THIRD:

FOURTH:

) FIFTH:

SIXTH:

SEVENTH:

The type of this filing is Merger.

The name of the Surviving Entity of the Merger shall be Merck Sharp
& Dohme LLC, which shall continue its existence as the surviving
limited Jiability company under the name Merck Sharp & Dohme LLC,

The address of the Surviving Entity is 126 East Lincoln Ave,, PO,
Box 2000, Rahway, New Jersey 07065.

The Corporation’s name is Merck Sharp & Dohme Corp. and it is
incorporated pursuant to the New Jersey Business Corporation Act (the
“NJBCA™). The LLC’s name is Merck Sharp & Dohme LLC, and it is
formed pursuant to the New Jersey Revised Uniform Limited Liability
Company Act {the “RULLCA"). The Corporation and the LLC are the
constituent carporations in the Merger.

A Plan and Agreement of Merger has been approved, adopted,
executed and acknowledged by the Corporation and by the LLCiin
accordance with Section 75 of the RULLCA and Section 10 of the
NIBCA. x

The Plan and Agreement of Merger is on file at the place of business
of the Surviving Entity. A copy of the executed Plan and Agreement

- of Merger will be furnished by the Surviving Entity to any member or
any personhaving an interest in the Merger.

This Certificate of Merger shall be effective at 12:01 am., Eastern
Time, on May 1, 2022, in accordance with Section 76 of the RULLCA
and Section. 10 of the NJBCA.

[SIGNATURE PAGE NEXT]
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609-984-6851 04:00:56 p.m. 04-13-2022

IN WITNESS WHEREOF, each of Merck Sharp & Dohme LLC and Merck Shamp &
Dohme Corp. has caused this Certificate 9 Mérgerio be'éxecuted in its company name by its
authorized representative as of the 7th _day of April, 2022.

MERCK SHARP & DOoHME LLC

Name: Rita Karachun

Title: President

MERCK SHARP & DoNME CORP.
By:

Name: Jerome Mychalowych

Title: Vice President

0270
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609-984-6851

04:01:05p.m.  04-13-2022

6/6

IN WITNESS WHEREOCF, each of Merck Sharp & Dohme LLC and Merck Sharp &
Dohme Carp. has cansed this Certificate of Merger to be exceuted in its company name by its
authorized represeniative as of the 7th _day of April, 2022,

Mnacx SHARP & DouME LLC

By:

Name: Rita Karachun
Title: President

Mmc SHARP & DO COW
v

N

: Jerome Mychalowych
Title: Vice President
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UNITED STATES PO, Box1450
PATENT AND TRADEMARK OFFICE Aexandra, Y o g0

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
19/346,638 10/01/2025 09:01:01 AM Z ET 24439-US-CNT-4

Title of Invention

STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1) ANTIBODIES AND
METHODS OF USE THEREOF

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT #
under 35 USC 111(a)

CONFIRMATION # 6069 FILED BY  Christine Kanellidis
PATENT CENTER # 72490912 FILING DATE
CUSTOMER # 210 FIRST NAMED  Manoj K. Sharma
INVENTOR
CORRESPONDENCE - AUTHORIZED BY  Patrick Rehfuss
ADDRESS
Documents TOTAL DOCUMENTS: 10
SIZE
DOCUMENT PAGES DESCRIPTION (KB)
24439USCNT4-ADS- o
26SEP2025. palf 11 Application Data Sheet 2175 KB
24439USCNT4-
TRACK1_REQ- 2 Track One Request 215 KB
DDSEP2025.pdf
24439USCNT4-TRANLET- 3 Transmittal Letter 97 KB

26SEP2025.pdf

Drawings-only black and white

24439USCNT4-DRW.pdf 11 line drawings 136 KB
24439USCNT4-SPEC- 110 Application body structured 209 KB
17SEP2025-APP.TEXT.docx text document

Warning: One or more paragraphs appear to have been formatted with line spacing of

0283



Page 2 of 3

'At least’ a certain value. This may cause a difference in the page count when the
app.txt is split into sections (Specification, Claims, Abstract). Please review and correct
if necessary. Text decorations have been removed. Bookmarks were found and have
been removed. One or more pages are missing page numbering. Page numbering will
be automatically applied after submission.

MERCKLLC-POA-
05SEP2025.pdf

24439USCNT4-IDS-
26SEP2025.pdf

24439USPCT-OATH-
11DEC2019.pdf

24439USCNT-373C-
07MAR2023.pdf

24439-US-CNT.xml

Digest

DOCUMENT

24439USCNT4-ADS-
26SEP2025.pdf

24439USCNT4-TRACK1_REQ-
DDSEP2025.pdf

24439USCNT4-TRANLET-
26SEP2025.pdf

24439USCNT4-DRW.pdf

24439USCNT4-SPEC-
17SEP2025-APP.TEXT.docx

MERCKLLC-POA-
05SEP2025.pdf

24439USCNT4-IDS-
26SEP2025.pdf

3 Power of Attorney 1006 KB

Information Disclosure
7 Statement (IDS) Form (SB08) 1307 KB

10 Oath or Declaration filed 4994 KB

38 Miscellaneous Incoming Letter 16367 KB

i Sequence Listing Supp (XML 42 KB
File)

MESSAGE DIGEST(SHA-512)

86F8BAB01B39D219F7F7FDD0OBF311219FFDE46DD670A74B8
BDAB9B4CD1E86EOEA139D1F3BB578A9AEE85B13F75B02E1E
FE955AC74D5D5232D780AC4E6E2E32D1

9652200582AEF576F0F9F8653D88DC1B807D209C4358E52440
F78D5010EODO3CES51AC7840F9D9F92CASAD7E96BIOF787CF2
84DC62A2575F5BAAE400C5B1608A0F

ES5C3F512A74EF649154B3E1F56560DE06759093D8D20F4DFC
B6812B371C4693E3908FD0C07B0A4F38AC602CAAE1DFOD5B
1E35AEAS2BFE8A29D1943E75B4EF7E1

F91A65EO0EF4B4FB7198BBEFB39E3FCA9B8D0A64D16C87DCO
25C8CCBAD1C563933175DA8CAC7C6DD8069E3A858EBSCE5
CF3C2515DFCB1D2FC3DDFCFBE0612A99C

D9270772C265DF2BOEBCECFES862548057E497EFFCB20B5F
E7A47B225FE4ED4AA91E901C39EFES55950032DED215332747
961604E0102C29C23BCCD53D4FF20F7

D3B80D604AEOF39150E12CDESC102B2A91DE6853B42645E61
FE1266728CB19EFCC975F08EAEA785C7E8451CC3BE8183A8
118B5E73C01AC541B37D30E9137A7A2

13EC3FA6604FD9757F70A339ACC6B8A1DDD9934A85E01B63
F3E30B2571991C119621EA8A66725EC10E4FDASCAFSDAE15
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BD5F130C3D4679BEOF4B60A5A827251D

E4C4B4CC7A2D169BFCF3554F6D4D4B9E2AC819524384F47A
B51986832DF40A9C7BD40EC758E7F1BCD12A964CFF9A2286
143EB88071ASBEEED357586A5E2748E68

532E620C64F0C7BBA52473811C26B32323841A54C642DE1328
DBB5417CE2AC63339EBC7CAFE7A31F14374053B3D82154015
7C74134A411359C9D15D44E3AF814

24439USPCT-OATH-
11DEC2019.pdf

24439USCNT-373C-
07MAR2023.pdf

9BE0019827FE2E0180B57200A0FA1156B4ADI9D5A0DA2299C5
24439-US-CNT.xml 9373099490D5840404B91F434A2B51C38C078998F731A53B52
63D99ESEC8FAFE24FBA00241C0D35

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as
described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d)
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C.
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.
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UNITED STATES -\, PO, Box 1450
PATENT AND TRADEMARK OFFICE Aexandra, Y o g0
ELECTRONIC PAYMENT RECEIPT
APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
19/346,638 10/01/2025 09:01:01 AMZ ET 24439-US-CNT-4

Title of Invention

STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1) ANTIBODIES AND
METHODS OF USE THEREOF

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT # -
under 35 USC 111(a)

CONFIRMATION # 6069 FILED BY  Christine Kanellidis
PATENT CENTER # 72490912 AUTHORIZED BY  Patrick Rehfuss
CUSTOMER # 210 FILING DATE -
CORRESPONDENCE - FIRST NAMED  Manoj K. Sharma
ADDRESS INVENTOR

Payment Information

PAYMENT METHOD PAYMENT TRANSACTION ID PAYMENT AUTHORIZED BY

DA /132755 E202501020477912 Christine Kanellidis
PRE-AUTHORIZED ACCOUNT PRE-AUTHORIZED CATEGORY

132755 37 CFR 1.16 (National application filing, search, and examination fees); 37

CFR 1.17 (Patent application and reexamination processing fees); 37 CFR
1.19 (Document supply fees); 37 CFR 1.20 (Post Issuance fees)

FEE CODE DESCRIPTION ITEM PRICE($) QUANTITY ITEM TOTAL($)

FILING AN APPLICATION OR
PRESENTATION OF BENEFIT

1055 CLAIM MORE THAN SIX YEARS 2700.00 1 2700.00
AFTER EARLIEST BENEFIT DATE
BASIC FILING FEE - UTILITY

011 (PAPER FILING ALSO REQUIRES 550,00 1 550,00

NON-ELECTRONIC FILING FEE
UNDER 1.16(T))

1111 IL:JI'EI'IIELITY PATENT APPL. SEARCH 270.00 ’ 770.00
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PATENT APPL. EXAMINATION

1311 al 880.00 1 880.00
REQUEST FOR PRIORITIZED

1817 R IMATION 4515.00 1 4515.00
PROCESSING FEE, EXCEPT IN

1830 PROVISIONAL APPLICATIONS 150.00 1 150.00
FILING AN INFORMATION
DISCLOSURE STATEMENT THAT
CAUSES THE CUMULATIVE

1834 S RER OE A T, 800.00 1 800.00
PROVIDED ITEMS OF
INFORMATION TO EXCEED 200

1202 EACH CLAIM IN EXCESS OF 20 200.00 10 2000.00

TOTAL
AnoTAL 112,165.00

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as
described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d)
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C.
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

0288

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
**x |f the "Highest Number Previousl|
he "Highe o

iate box in column 1

Substitute for Form PTO-875 19/346,638
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 OFR 1.16(a), (b), or (<)) N/A N/A N/A N/A 350
SEARCH FEE
A ot N/A N/A N/A N/A 770
EXAMINATION FEE
(37 CFR 1.16(0), (p), or (@) N/A N/A N/A N/A 880
o 30 minus20= 10 OR [x 200 =) 2000
INDEPENDENT CLAIMS ’ _| _
(37 CFR 1.16(h)) 2 minus 3 = X - 0
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16())) 0
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 4000
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE() FEE(S) RATE®) FEE(S)
E AMENDMENT PAID FOR
L Total * inus | ** =
= (37 CFg? 16(i)) M = OR |x =
a * inus | *** =
Z | S : - OR |~ -
5 Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE() FEE(S) RATE®) FEE(S)
E AMENDMENT PAID FOR
L Total * Minus bl = = _
g (37 CF;?16(i)) OR |x =
Independent * Minus B = _ _
E (37 CFR 1.16(h)) = OR |x =
5 Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE




UNITED STATES PATENT AND TRADEMARK OFFIGE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

APPLICATION FILING or GRP ART -
| NUMBER | 371(c) DATE | UNIT | FIL FEE RECD ATTY.DOCKET.NO |TOT CLATMS | IND CLAIMS |
19/346,638 10/01/2025 4000 24439-US-CNT-4 30 2
CONFIRMATION NO. 6069
210 FILING RECEIPT

HERCK o0 I

RAHWAY, NJ 07065-0907
Date Mailed: 10/21/2025

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)
Manoj K. Sharma, Littleton, MA;
Wendy Benjamin, North Brunswick, NJ;
Sarita Mittal, Bridgewater, NJ;
Ashwin Basarkar, Keasbey, NJ;
Chakravarthy Nachu Narasimhan, Scotch Plains, NJ;
Ramesh S. Kashi, Warren, NJ;
Mohammed Shameem, Nanuet, NY;
Soumendu Bhattacharya, East Windsor, NJ;
William P. Forrest, Jr., Middletown, NJ;
Yogita Krishnamachari, Scotch Plains, NJ;
Applicant(s)
Merck Sharp & Dohme LLC, Rahway, NJ;
Assignment For Published Patent Application
Merck Sharp & Dohme LLC, Rahway, NJ

Power of Attorney: The patent practitioners associated with Customer Number 210

Domestic Applications for which benefit is claimed
This application is a CON of 18/182,135 03/10/2023
which is a CON of 16/609,612 10/30/2019 PAT 11,633,476
which is a 371 of PCT/US18/30459 05/01/2018
which claims benefit of 62/500,238 05/02/2017
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Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent
Prosecution Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 10/20/2025

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 19/346,638
Projected Publication Date: 01/29/2026
Non-Publication Request: No

Early Publication Request: No
Title

STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1) ANTIBODIES AND
METHODS OF USE THEREOF

Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

page 2 of 4
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Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/iweb/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

page 3 of 4
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SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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We are here to help you on the rest of your journey.

Maw to the process? The Patent Basics page will take you from
“What is a patent?” to assistance with the application process.

s www.uspto.gov/PatentBasics

Consider cost savings. You might qualify for small entity or
micro entity status, which means a discount on most USPTO
patent fees,

s www.aspto.gov/Entity Status
Bewome & registerad electranic filer {gFiler}, You'll gain access
to the full capabilities of Patent Center. As a registered eFiler,
you can electronically view your submission, track the progress
of your application, and respond to USPTO correspondence.

s www.uspto.gov/NewPatentFilers

Learn how to identify which of vour creative ideas might be
intelisctual property assets and how to protect them by using
the USPTO intellectual Property (IP) Identifier.

s ipidentifier.uspto.goy
We also provide Pro Se Assistance, support specifically
geared for indepandent invendors without an atiorey oy
agent. Follow the link below, call us at 866-767-3848, or email
proseassistancecantar@uspto.goy.

s www.uspto.gov/ProSePatents
MNaed help near you? We have regional offices across the
country, as well as Patent and Trademark Resource Centers in

libraries in nearly every state, with specialists standing by to
help you at no cost.

+ www.usplo.gov/locations

s WWW.LSEHO.gov/plrc

Welcome to the LS. Patent and Trademark Otfice (USPTO)

Congratulations on taking the first step to protect your invention. You can now advertise or mark any products
covered by this application for your invention as *Patent Pending” for as long as this application is pending!

Contact us:

o General information: USPTO Contact Center
- www.uspto.gov/help

° Patent Cenier:
Patent Electronic Business Center
- www.uspto.gov/EBC

»  Pre or post-examination: Application Assistance Unit
- www.uspto.gov/ PatentAssistance

Want to lparmn mora?

*  Agcess our free services all in one spot. Find all of our
contact centers, nationwide services, events, education,
and training.

- www.uspto.gov/FreeServices

»  Connent with us on Instagram, Linkedin, Twitter,
Facebook, and YouTube.

o Hgar about resources for starfups, inventors, and
antrepransurs, as well as our initiatives engaging women,
the military community, and others. These programs offer
helptul tips and tricks on identifving and managing your 1P,
finding options for funding, and expanding your network to
support your business.

- www.uspto.gov/startups

- www.uspto.gov/inventors
- www.uspto.gov/initiatives
» We hope you connect with us by subscribing to receive

important notifications by email.
- www,.uspto.zov/subscribe
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
www.uspto.gov
| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO.
19/346,638 10/01/2025 Manoj K. Sharma 24439-US-CNT-4 6069
210 7590 11/03/2025 | EXAMINER
MERCK
P O BOX 2000 CENTRAL, DOCKET
RAHWAY, NJ 07065-0907
| ART UNIT | PAPER NUMBER
OPAP
| NOTIFICATION DATE | DELIVERY MODE
11/03/2025 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

lori_schepisi@merck.com
merck_pair@firsttofile.com

PTOL-90A (Rev. 04/07)



Decision Granting Request for
Prioritized Examination (Track /)

Application No.

Applicant(s)

19/346,638 Sharma et al.
Examiner Art Unit AIA (FITF) Status
JoAnne L Burke OPET Yes

1. THE REQUEST FILED 01 October 2025 IS GRANTED .

The above-identified application has met the requirements for prioritized examination
A. for an original nonprovisional application (Track I).

B. (J for an application undergoing continued examination (RCE).

2. The above-identified application will undergo prioritized examination. The application will be
accorded special status throughout its entire course of prosecution until one of the following occurs:

A filing a petition for extension of time to extend the time period for filing a reply;

B. filing an amendment to amend the application to contain more than four
independent claims, more than thirty total claims , or a multiple dependent claim;

filing a request for continued examination ;

filing a notice of appeal;

I &G mMmoO o

mailing of a notice of allowance;

mailing of a final Office action;

abandonment of the application.

filing a request for suspension of action;

completion of examination as defined in 37 CFR 41.102; or

Telephone inquiries with regard to this decision should be directed to JoAnne Burke at (571) 272-
458. In his/her absence, calls may be directed to Petition Help Desk at (571) 272-3282.

/JOANNE L BURKE/
Lead Paralegal Specialist, OPET

U.S. Patent and Trademark Office
PTO-2298 (Rev. 02-2012)
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UNITED STATES PATENT AND TRADEMARK OFFIGE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

‘www.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
19/346,638 10/01/2025 Manoj K. Sharma 24439-US-CNT-4
CONFIRMATION NO. 6069
210 PUBLICATION NOTICE
UK 20 R

RAHWAY, NJ 07065-0907
Date Mailed: 01/29/2026

Title:STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1) ANTIBODIES AND
METHODS OF USE THEREOF

Publication No.US-2026-0027205-A1
Publication Date:01/29/2026

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be viewed using the USPTO's publicly available Searchable Databases via the Patent
Public Search tool at www.uspto.gov. The direct link to access the Patent Public Search tool is currently
https:/ppubs.uspto.gov/pubwebapp/static/pages/ppubsbasic.html.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the dates
of receipt of correspondence filed in the Office, may also be accessed via the Internet through Patent Center,
the USPTO’s electronic patent application filing and management system. The direct link to access this status
information is currently https://patentcenter.uspto.gov/. Prior to publication, such status information is confidential
and may only be obtained by applicant using the private side of Patent Center.

Further assistance in electronically accessing the publication, or about Patent Center, is available by calling the
Patent Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
www.uspto.gov
| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO.
19/346,638 10/01/2025 Manoj K. Sharma 24439-US-CNT-4 6069
210 7590 02/02/2026 | EXAMINER
MERCK
P O BOX 2000 BALLARD, KIMBERLY

RAHWAY, NJ 07065-0907

| ART UNIT | PAPER NUMBER
1675
| NOTIFICATION DATE | DELIVERY MODE
02/02/2026 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

lori_schepisi@merck.com
merck_pair@firsttofile.com

PTOL-90A (Rev. 04/07)



Application No. Applicant(s)
19/346,638 Shama et al.

Office Action Summary Examiner Art Unit AIA (First Inventor to
Kimberly A Ballard 1675 File) Status Yes

-- The MA/LING DATE of this communication appears on the cover sheet with the correspondernce address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status

1) Responsive to communication(s) filed on 01 October 2025.
O3 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on :
2a)(] This action is FINAL. 2b) v} This action is non-final.

3)O An election was made by the applicant in response to a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporated into this action.

4)(J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parfe Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s)  1-30 is/are pending in the application.
5a) Of the above claim(s) ______is/are withdrawn from consideration.
6) (] Claim(s) ____is/are allowed.
7) Claim(s) 1-30 is/are rejected.
8) (O Claim(s) _____is/are objected to.

9) OJ Claim(s) are subject to restriction and/or election requirement
* |f any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http:/Mmww.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(J The specification is objected to by the Examiner.

11)[J The drawing(s) filed on is/fare: a)(J accepted or b)(J objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)(0J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)(d All b)(J Some** ¢)(J None of the:
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DETAILED ACTION
Notice of Pre-AlA or AIA Status
The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.

Status of Application, Amendments and/or Claims

1. Claims 1-30 are pending and under examination in the present office action.

Information Disclosure Statement
2. The information disclosure statement (IDS) filed October 1, 2025 has been

considered and the references therein are of record.

Claim Objections
3. Claim 28 is objected to because of the following informalities: claim 28 repeats
the term “esophageal cancer” twice within the listing of cancer types. Appropriate

correction is required.

Claim Rejections - 35 USC § 112
The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly

pointing out and distinctly claiming the subject matter which the inventor or a jointinventor
regards as the invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:
The specificationshall conclude with one or more claims particularly pointing outand distinctly
claiming the subject matter which the applicantregards as his invention.

4. Claim 28 is rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA), second
paragraph, as being indefinite for failing to particularly point out and distinctly claim the
subject matter which the inventor or a joint inventor (or for applications subject to pre-
AIA 35 U.S.C. 112, the applicant), regards as the invention.

Regarding claim 28, the "for example” phrase in line 5, “(e.g. hormone refractory

prostate adenocarcinoma)”’, renders the claim indefinite because it is unclear whether
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the limitation(s) following the phrase are part of the claimed invention or else definitively
limit the term “prostate cancer’. See MPEP § 2173.05(d).

Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103 which forms the basis for all
obviousness rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed
invention is notidentically disclosed as setforth in section 102, if the differences between the
claimedinvention and the priorartare such that the claimedinvention as a whole would have
been obvious before the effective filing date of the claimed invention to a person having
ordinary skill in the art to which the claimed invention pertains. Patentability shall notbe
negated by the manner in which the invention was made.

The factual inquiries for establishing a background for determining obviousness
under 35 U.S.C. 103 are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating
obviousness or nonobviousness.

5. Claim(s) 1-4, 6, 14 and 20-30 is/are rejected under 35 U.S.C. 103 as being
unpatentable over Sharma et al. (US 9,220,776 B2) as evidenced by Wang et al.
(Oncoimmunology, 2021, 10(1):1896643) (both listed on 10/01/2025 IDS).

Sharma et al. disclose stable formulations comprising an antibody directed
against human programmed death receptor PD-1 (i.e., an anti-human PD-1 antibody) or
antigen binding fragments thereof and methods for treating various cancers using these
stable formulation of anti-human PD-1 antibodies (see col. 3, lines 24-30). Sharma
teaches that the PD-1 blocking antibody is h409A11 (see col. 4 lines 49-50). As
evidenced by Wang et al., the h409A11 humanized anti-PD-1 antibody is alternatively
called pembrolizumab or MK3475 (see figure legend for Figure 2D at p. 7). See also col.
4 lines 56-59 of Sharma describing a method of treating cancer in a mammalian subject
in need thereof, comprising administering an effective amount of any of the disclosed
antibody formulations, and col. 6 lines 47-49 teaching that desirable subjects include

human patients with cancer. Thus, Sharma discloses antibody formulations comprising
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the anti-human PD-1 antibody pembrolizumab and their use in the treatment of cancer
in @ human patient, as in claims 1 and 24.

In particular, a liquid formulation is taught to include: (a) 25-100 mg/mL antibody,
or antigen binding fragment thereof (i.e., about 5 mg/mL to about 200 mg/mL antibody
or antigen binding fragment thereof, claims 1a and 24a; about 25 mg/ml fo about 100
mg/ml, claim 21); (b) about 10 mM histidine buffer (about 5 mM to about 20 mM buffer,
claims 1b and 24b); (c) about 70 mg/ml sucrose, which is 7% w/v sucrose (about 6% to
about 8% w/Vv sucrose; claims 1ci, 6 and 24 ci); (d) about 0.2 mg/mL polysorbate 80,
which is 0.02% of a non-ionic surfactant (about 0.01% to about 0.10% non-ionic
surfactant; claims 1d, 14 and 24d); and (e) at pH 5.0 to 6.0 (the formulation has a pH
between 5.0 and 6.0; claim 2). See column 4, lines 1-7 and 15-16 of Sharma. An
exemplary liquid antibody formulation comprising 10 mM histidine buffer, pH 5.5, 7%
sucrose, 0.02% polysorbate 80, and 25 mg/m| h409A11 (i.e., pembrolizumab) is
provided, for instance, at col. 20 lines 16-18.

Thus, the patent’'s teachings are directly on point to elements a, ¢ and d of
present claims 1 and 24, the concentration of buffer in claims 1b and 24b, the pH of
claim 2, the stabilizer of claim 6, the surfactant of claim 14, and the liquid formulation
of claim 20.

Reconstituted liquid formulations may comprise antibody at a concentration of
about 25 mg/ml (or about 10, 15, 20, 25, 30, 40, 50, 60, 75, 80, 90 or 100 mg/ml), or
higher concentrations such as 150 mg/ml or 200 mg/ml (col. 19 lines 1-4), which teach
and suggest antibody concentration limitations of present claims 21 (about 25 mg/ml to
about 100 mg/ml), claims 22 and 25 (about 25 mg/ml), and claim 23 and 26 (about 165
mg/ml to about 170 mg/ml).

Regarding claim 28 reciting different forms of cancer to be treated according to
the presently claimed methods, Sharma discloses that the anti-human PD-1 antibody
formulations are used in therapeutic methods for the treatment of: melanoma, myeloma,
renal cancer, prostate cancer (e.g., hormone refractory prostate adenocarcinoma),
bladder cancer, pancreatic cancer, breast cancer, colon cancer, lung cancer, squamous
cell carcinoma of the head and neck, liver cancer, ovarian cancer, cervical cancer,

thyroid cancer, glioblastoma, glioma, leukemia, lymphoma, and other neoplastic
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malignancies such as melanoma, colorectal, liver, kidney, stomach, esophageal, breast,
pancreas, and ovarian cancer (col. 6 lines 51-67; col. 7 lines 7-20). Additional cancers
that are disclosed as being beneficially treated include nasopharyngeal cancer, cervical,
vulval, anal, penile and oral cancers (col. 7 lines 30-38).

And regarding claim 27, Sharma teaches that the antibody formulations can be
given by subcutaneous administration (col. 3, lines 16-19; col. 15 lines 51-53; and col.
20 lines 53-55).

Finally, at col. 13, lines 1-14, Sharma discloses that the term “buffer”
encompasses those agents which maintain the solution pH in an acceptable range prior
to lyophilization. Examples of buffers will control the pH within the range of about 5.0 to
about 6.0 are taught to include succinate, gluconate, histidine, citrate and other organic
acid buffers. Sharma indicates that histidine, acetate and citrate buffers in the range of
5.0-6.0 were explored for suitability in the antibody formulation, wherein histidine and
acetate were noted to perform better than the citrate system.

Thus, while not preferred embodiments, the disclosure of acetate and citrate as
suitable buffers nonetheless meets the limitations of present claims 1b, 3-4 and 24b. A
reference may be relied upon for all that it would have reasonably suggested to one
having ordinary skill the art, including nonpreferred embodiments. Merck & Co. v.
Biocraft Laboratories, 874 F.2d 804, 10 USPQ2d 1843 (Fed. Cir.), cert. denied, 493
U.S. 975 (1989). See also Upsher-Smith Labs. v. Pamlab, LLC, 412 F.3d 1319, 1323,
75 USPQ2d 1213, 1215 (Fed. Cir. 2005).

Accordingly, it would have been obvious to one of ordinary skill in the art at the
time of filing to have substituted acetate or citrate buffer for histidine buffer in the
exemplary formulation and thereby arrive at the presently claimed invention. Sharma
teaches that each of these buffers (citrate, acetate and histidine) is capable of
maintaining the desired pH of the antibody formulation in the range of 5.0-6.0, and thus
recognizes the functional equivalency of the buffering agents. Again, while histidine is
indicated as a preferred embodiment, this in no way negates or teaches away from the
use of either acetate or citrate as a buffer in a liquid antibody formulation as claimed.
Thus, the substitution of histidine with either acetate or citrate as a buffering agent

would have been obvious and predictable. This is because the artisan has good reason
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to pursue the known options within his or her technical grasp to obtain predictable
results. Such would amount to the simple substitution of equivalent elements (i.e., one

buffer for another) to achieve a predictable outcome.

6. Claim(s) 1-6, 14 and 20-30 is/are rejected under 35 U.S.C. 103 as being
unpatentable over Sharma et al. (US 9,220,776 B2) as evidenced by Wang et al.
(Oncoimmunology, 2021, 10(1):1896643) as applied to claims 1-4, 6, 14 and 20-30
above, and in view of Wang et al. (Mol. Pharmaceutics, 2015, 12, 4478-4487,
hereinafter “Wang 2015”) and Barry et al. (US 2009/0060906 A1) (all references listed
on 10/01/2025 IDS).

The reasons why the teachings of Sharma et al. render obvious the invention of
claims 1-4, 6, 14 and 20-30 is discussed above. As indicated above, Sharma teaches
that the antibody formulation may additionally include amino acids such as arginine (col.
13 lines 24-25 of Sharma).

However, the reference does not teach that the formulation further comprises
from about 1% to about 3% w/v L-arginine, or a pharmaceutically acceptable salt
thereof, as in claim 5.

Wang 2015 teaches that antibody formulations comprising high concentrations of
antibody can benefit from the addition of amino acid excipients or the salt forms to
reduced viscosity and improve stability (see abstract). In particular, Wang teaches that
the excipient arginine hydrochloride (ArgHCI) can lower the viscosity of antibody
formulations (see Fig. 2) without causing detectable antibody aggregation,
conformational changes, or decreased storage stability (see Conclusion at p. 4485).

Consistent with the teachings of Wang 2015, Barry et al. teach stable antibody
formulations that include about 0.01% to about 5% arginine, with specific embodiments
containing, for example, 1.0%, 1.2%, 1.3%, 1.4%, 1.5%, 1.6%, 1.7%, 1.8%, 1.9%, 2%,
2.5%, 3%, 3.5%, 4%, 4.5% or 5% arginine (see [0005] and [0080]). In particular, an
exemplary formulation can contain 100 mg/mL antibody, 10 mM histidine, 5% sucrose,
0.01% Tween 80 (polysorbate 80), 2% arginine and has a pH of 6.0 (see [0064]). Such

teachings are directly on point to limitations regarding L-Argin claim 3.
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As such, it would have been obvious to one of ordinary skill in the art to have
included L-arginine, as taught by Wang 2015 and Barry et al. as part of an anti-PD-1
antibody formulation so as to arrive at the presently claimed invention. The artisan
would have been motivated to have included L-Arg so as to reduce viscosity of the
composition and thereby reduce the risk of antibody aggregation. Given the well-
established knowledge related to the inclusion of arginine in antibody formulations, the
artisan would have had a reasonable expectation that including either L-Arg in the

formulation would predictably improve the resultant antibody formation.

7. Claim(s) 1-4, 6-7, 9-15 and 17-30 is/are rejected under 35 U.S.C. 103 as being
unpatentable over Sharma et al. (US 9,220,776 B2) as evidenced by Wang et al.
(Oncoimmunology, 2021, 10(1):1896643) as applied to claims 1-4, 6, 14 and 20-30
above, and in view of Li et al. (WO 2017/054646 A1'; Pub April 6, 2017 with priority to
earlier filing date) and Luisi et al. (US 2006/0210557 A1) (all references listed on
10/01/2025 IDS).

The reasons why the teachings of Sharma et al. render obvious the invention of
claims 1-4, 6, 14 and 20-30 is discussed above. Additionally, Sharma indicates that
greater stability of antibody formulations is desirable, particularly for long-term storage
(col. 12 lines 65-66). Sharma indicates that agents that provide stability (i.e., stabilizers)
to antibody formulations include bulking agents such as mannitol, glycine and sucrose
(col. 12 lines 59-62); cryoprotectants (including sugars such as sucrose, glucose,
trehalose and lactose; surfactants such as polysorbates; amino acids such as glycine,
arginine and serine; col. 13 lines 17-25); and lyoprotectants such as polyols or sugars
such as sucrose and trehalose (col. 13 lines 32-41).

Therefore, Sharma teaches and suggests an antibody formulation comprising
pembrolizumab, a buffer (i.e., acetate or citrate), a stabilizer or “bulking agent” (i.e.,
sucrose, trehalose, mannitol or glycine; see col. 12 lines 59-66), and a non-ionic

surfactant (i.e., polysorbate 80). However, Sharma does not teach the presently recited

" This documentis in Chinese; however, US 2018/0339045 A1 is the English language equivalent of the
WO document (PCT/CN2016/098982) and therefore reference and citations within this rejection will be
made with respect to the ‘045 publication.
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agents and their concentrations/percentages of trehalose (about 6-8% w/v), mannitol,
sorbitol, L-arginine or L-proline (about 3-5% wi/v), or glycine (about 1.8-2.2% wi/v), asin
claims 1, 7, 9-13 and 24, or that the surfactant may be polysorbate 20 (claim 15). And
although Sharma teaches that the antibody formulation may also comprise amino acids
such as glycine, arginine or serine, Sharma does not teach that the composition may
further comprise about 1 mM to about 20 mM of an anti-oxidant (claim 14), wherein the
anti-oxidant is L-methionine (claim 15) or L-methionine HCI (claim 16).

Li et al. teach stable pharmaceutical formulations comprising an anti-PD-1
antibody, a buffer, at least one stabilizer, and a surfactant (J0005]{0006]). Li defines the
term stabilizer to include lyoprotectants, which include saccharides, polyols and amino
acids ([0060]). In particular, lyoprotectants can be selected from saccharides such as
sucrose and trehalose ([0017], [0058], [0060]), aminosaccharides, polyols such as
mannitol and sorbitol, and amino acids such as arginine and glycine, and mixtures
thereof ([0060Q]). In addition to saccharides, amino acids and polyols, stabilizers are also
taught to include surfactants, anti-oxidants, preservatives, cyclodextrins, salts and
chelators ([0049]). Preferred stabilizers are suggested to include sucrose, trehalose and
sorbitol ([0049] and [0017]). Li further discloses that the term “amino acid” includes,
among others, arginine, glycine, methionine and proline ([0059]), and can be used in an
amount of about 5 mM to about 500 mM, particularly about 5 to about 200 mM, and
more particularly in about 100 mM to about 150 mM ([0049]).

Note that 3-5% w/v L-arginine is equivalent to about 172 mM to 287 mM, 3-5%
w/v L-proline is equivalent to about 261 mM to 434 mM, and 1.8-2.2% w/v glycine is
equivalent to about 240 mM to 293 mM. Thus, the range of 5 mM to 500 mM taught by
Li encompasses all of the presently recited ranges for L-arginine, L-proline and glycine.

Further, Li teaches that the stabilizer can be present in the formulation in an
amount from 30 mg/mlto 100 mg/ml (i.e., 3% w/v to 10% w/v), preferably from 60 mg/ml
to 90 mg/ml (i.e., 6% wiv to 9% wi/v/) ([0049]) or more preferably 85 to 95 mg/ml ([0017])
(i.e., 8.5% wiv to 9.5% wiv). Examples of formulations having 60 mg/ml (6% w/v)
trehalose are given, for instance, at [0026]-[0028]. Taken together, such teachings

provide for a stabilizer that may be: 6-8% w/v trehalose (claims 1ci, 7 and 24ci), 3-5%
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w/v mannitol, sorbitol, L-arginine or L-proline (claims 1cii, 9-12 and 24cii), or 1.8-2.2%
w/v glycine (claims 1ciii, 13 and 24ciii).

Regarding claims 14-15, Li teaches that the surfactant can be polysorbate 20
(PS20), polysorbate 80 (PS80), or poloxamer (Pluronic) (0055], [0018] and [0026]-
[0028]).

Finally, Li teaches that the addition of an antioxidant to an anti-PD-1 antibody
formulation can prevent oxidation of the active pharmaceutical agent. Suitable
antioxidants can include, among others, methionine ([0057]).

Consistent with the teachings of Li et al., Luisi et al. teach stabilized liquid
formulations for maintaining the stability of polypeptides, including therapeutic
antibodies, wherein the formulations include an antioxidant in a sufficient amount as to
inhibit by-product formation, such as the formation of high molecular weight polypeptide
aggregates, low molecular weight polypeptide degradation fragments, and mixtures
thereof (see abstract). A stabilized formulation comprising a therapeutically active
antibody is taught to include a tonicity agent, such as about 2% w/v to about 6% w/v
mannitol ([0028]), a buffering agent or amino acid ([0122]-{0123]), and an antioxidant
such as 10 mM methionine ([0021], [0026], [0082]-{0083]), as well as a surfactant such
as 0.01% to 0.1% PS80 ([0027], [0040]), and having a pH of about 5 to 7, and in
particular about 6 ([0027]).

Luisi teaches that in addition to mannitol, sucrose, trehalose and glycine are
taught as alternative, acceptable tonicity agents (see [0126]). Such tonicity agents may
be present in the formulation at about 2% to about 6% w/v, or about 3% to about 5%
wiv ([0127]). Again, such teachings provide for recited limitations pertaining to the
stabilizer in present claims 1, 6-7, 9, 13, and 24. The anti-oxidant may include L-
methionine or an analog thereof (see [0015], [0020] and [0130]), and is present at a
concentration of about 0.1 mM to about 20 mM, such as specifically about 5 mM, 6 mM,
7mM, 8mM, 9mM, 10 mM, 11 mM, 12 mM, 13 mM, 14 mM, 15 mM, or about 12 mM to
about 17 mM ([0131]), which addresses the limitations of present claims 17-19.

It would have been obvious to one of ordinary skill in the art at the time of filing to
have substituted the stabilizer sucrose as taught by Sharma for one or more of

trehalose, mannitol, sorbitol, L-arginine, L-proline or glycine as taught by Li and Luisi
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and thereby arrive at the presently claimed antibody formulation. This is because the
artisan has good reason to pursue the known options within his or her technical grasp to
achieve predictable results. In the instant case, this would amount to the simple
substitution of functionally equivalent elements (i.e., stabilizers, lyoprotectants, tonicity
agents) to arrive at a predictable outcome. In fact, Sharma even suggests that agents
such as trehalose can be used in place of sucrose, and therefore it would have been
obvious to have substituted the art-recognized equivalent stabilizer/tonicity agents
according to the concentrations of Li and Luisi with a reasonable expectation of
success.

Further, it would have been obvious to one of ordinary skill in the art at the time
of filing to have included an anti-oxidant such as L-methionine, as taught by Luisi, in the
antibody formulation of Sharma and thereby arrive at the presently claimed invention.
Given the teachings of Li and Luisi, the skilled artisan would have recognized that the
addition of antioxidants in an antibody formulation helps to prevent oxidation of the
therapeutic polypeptides. Further, Luisi expressly suggests the inclusion of an anti-
oxidant, such as 10 mM L-methionine, in therapeutic antibody formulations so as to
prevent oxidation and thereby preserve the formulation (see [0129] and [0131] of Luisi).
Given the extensive teachings of Sharma, Li and Luisi demonstrating various antibody
formulations, the artisan would have had a reasonable expectation that the addition of
L-methionine to the anti-PD-1 antibody formulation of Sharma would be successful in
preventing oxidation of the antibody. Therefore, the combined teachings of the above
prior art references render obvious the presently recited invention of claims 1-4, 6-7, 9-
16 and 17-30.

8. Claim(s) 1-4, 6-15 and 17-30 is/are rejected under 35 U.S.C. 103 as being
unpatentable over Sharma et al. (US 9,220,776 B2) as evidenced by Wang et al.
(Oncoimmunology, 2021, 10(1):1896643) and in view of Li et al. (WO 2017/054646
A12; Pub April 6, 2017 with priority to earlier filing date) and Luisi et al. (US

2 This document is in Chinese; however, US 2018/0339045 A1 is the English language equivalent of the
WO document (PCT/CN2016/098982) and therefore reference and citations within this rejection will be
made with respect to the ‘045 publication.
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2006/0210557 A1) as applied to claims 1-4, 6-7, 9-15 and 17-30 above, and further in
view of Hartl et al. (J Pharm Sci. 2013, 102:4121-4131) (all references listed on
10/01/2025 IDS).

The reasons why the combined teachings of Sharma, Li, and Luisi render
obvious the invention of claims 1-4, 6-7, 9-15 and 17-30 is discussed above.

However, while Li et al. may teach that cyclodextrins are suitable stabilizers for antibody
formulations, the references do not specifically teach that the cyclodextrin stabilizer is
(2-hydroxypropyl)-p-cyclodextrin (HPBCD), as in claims 1, 8 and 24.

Hartl et al. teach that antibody solutions usually require the addition of suitable
excipients, such as surfactants and polyols, to overcome stability problems under
mechanical or thermal stress (see abstract). Hartl suggests that because cyclodextrins
exhibit weak surface activity (similar to surfactants) and a sugar-based structure (like
polyols), they can, in principle, stabilize proteins by a double mechanism. Hartl tested
the stabilizing potential of various concentrations of HPBCD on two antibodies
compared with polysorbate 80 or sucrose formulations as controls (see abstract). Hartl
found that increasing concentrations of HPBCD lead to a gradual protein stabilization
under mechanical stress, and generally performed better than sucrose in monomer
recovery (see abstract and Fig. 1 at p. 4124). Hartl conclude that low concentrations of
HPBCD (such as about 2.5 to 50 mM) can be a viable option to stabilize antibody
solutions (see conclusion at p. 4130). Note that 6-8% w/v HPBCD is equivalent to about
40-60 mM.

It would have been obvious to one of ordinary skill in the art to have used
HPBCD, as taught by Hartl, for the cyclodextrin stabilizer as taught by the combination
of Li, and thereby arrive at the presently claimed antibody formulation. Given that Li
teaches that cyclodextrins can reasonably be used as stabilizing agents in antibody
formulations, and given that Hartl demonstrates that HPRCD performs similarly to
sucrose (as taught in Sharma) for antibody stabilization, it would have been obvious to
have substituted sucrose with HPBCD as presently claimed. This is because the artisan
has good reason to pursue the known options within his or her technical grasp to

achieve predictable results. In the instant case, this would amount to the simple
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substitution of functionally equivalent elements (i.e., stabilizing agents, HPBCD for

sucrose) to arrive at a predictable outcome.

9. Claim(s) 1-4, 6-7, 14-16 and 20-30 is/are rejected under 35 U.S.C. 103 as being
unpatentable over Sharma et al. (US 9,220,776 B2) as evidenced by Wang et al.
(Oncoimmunology, 2021, 10(1):1896643) as applied to claims 1-4, 6, 14 and 20-30
above, and in view of Kang et al. (BioProcess Intl. 2016, 14(4): 40-45) (all references
listed on 10/01/2025 IDS).

The reasons why the teachings of Sharma et al. render obvious the invention of
claims 1-4, 6, 14 and 20-30 is discussed above. Sharma teaches that sucrose and
trehalose are examples of suitable sugars useful to provide stability in antibody
formulations (col. 13 lines 32-41). Sharma teaches a formulation that comprises 7%
sucrose. However, Sharma does not explicitly teach a formulation that comprises
trehalose instead of sucrose, as in claim 7. And while Sharma teaches that the antibody
formulation comprises polysorbate 80 (PS80) as a surfactant, the reference does not
teach that the surfactant is polysorbate 20 (PS20) or poloxamer 188, as in claims 15
and 16, respectively.

Kang et al. provide a review of the excipients used in commercial monoclonal
antibody formulations and teach that most (80%) formulations used one of three
surfactants: polysorbate 80, polysorbate 20, or poloxamer 188. Kang also teaches that
all commercial antibody formulations used one or a mixture of
polyol/disaccharide/polysaccharide, such as mannitol, sorbitol, sucrose, trehalose, and
dextran 40. Kang teaches that sucrose was the most popular excipient and was
included in over 80% of lyophilized formulations, 15% of liquid formulations, and 35% of
all monoclonal antibody (Mab) formulations (Table 1). Trehalose was the next most
frequently used sugar in commercial preparations, with inclusion in 18% of lyophilized
formulations, 12% of liquid formulations, and 14% of all Mab formulations (Table 1).

Accordingly, it would have been obvious for one of ordinary skill in the art at the
time of filing to have substituted PS20 or poloxamer 188, as taught by Kang, for PS80
as taught by Sharma, and thereby arrive at the presently claimed antibody formulation.

Similarly, it would have been obvious to have substituted the sucrose with trehalose,
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because they are both taught by Kang to be functionally equivalent stabilizing agents.
This is because the artisan has good reason to pursue the known options within his or
her technical grasp to achieve predictable results. In the instant case, this would amount
to the simple substitution of functionally equivalent elements (i.e., surfactants; sugars) to

arrive at a predictable outcome.

Double Patenting

The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory double
patenting rejection is appropriate where the conflicting claims are not identical, but at
least one examined application claim is not patentably distinct from the reference
claim(s) because the examined application claim is either anticipated by, or would have
been obvious over, the reference claim(s). See, e.g., Inre Berg, 140 F.3d 1428, 46
USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed.
Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum,
686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619
(CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on nonstatutory
double patenting provided the reference application or patent either is shown to be
commonly owned with the examined application, or claims an invention made as a
result of activities undertaken within the scope of a joint research agreement. See
MPEP § 717.02 for applications subject to examination under the first inventor to file
provisions of the AlA as explained in MPEP § 2159. See MPEP § 2146 ef seq. for
applications not subject to examination under the first inventor to file provisions of the
AlA. A terminal disclaimer must be signed in compliance with 37 CFR 1.321(b).

The filing of a terminal disclaimer by itself is not a complete reply to a
nonstatutory double patenting (NSDP) rejection. A complete reply requires that the
terminal disclaimer be accompanied by a reply requesting reconsideration of the prior
Office action. Even where the NSDP rejection is provisional the reply must be complete.
See MPEP § 804, subsection 1.B.1. For a reply to a non-final Office action, see 37 CFR
1.111(a). For areply to final Office action, see 37 CFR 1.113(c). A request for
reconsideration while not provided for in 37 CFR 1.113(c) may be filed after final for
consideration. See MPEP §§ 706.07(e) and 714.13.

The USPTO Internet website contains terminal disclaimer forms which may be
used. Please visit www.uspto.gov/patent/patents-forms. The actual filing date of the
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application in which the form is filed determines what form (e.g., PTO/SB/25,
PTO/SB/26, PTO/AIA/25, or PTO/AIA/26) should be used. A web-based eTerminal
Disclaimer may be filled out completely online using web-screens. An eTerminal
Disclaimer that meets all requirements is auto-processed and approved immediately
upon submission. For more information about eTerminal Disclaimers, refer to
www.uspto.gov/patents/apply/applying-online/eterminal-disclaimer.

10.  Claims 1-4, 6-7 and 9-30 are rejected on the ground of nonstatutory double
patenting as being unpatentable over claims 1-7 and 13 of U.S. Patent No. 9,220,776 in
view of Li et al. (US 2018/0339045 A1), Luisi et al. (US 2006/0210557 A1), and Kang
et al. (BioProcess Intl. 2016, 14(4). 40-45).

The patented 776 claims recite a stable antibody formulation comprising 25-100
mg/mL of antibody; about 70 mg/mL sucrose (which is about 7% wi/v); 0.2 mg/mL
polysorbate 80 (which is about 0.02% w/v); and about 10 mM histidine buffer at pH 5.0-
6.0, wherein the antibody comprises a light chain and heavy chain sequences that are
comprised by the antibody pembrolizumab as instantly claimed. However, the patented
claims do not recite that the formulation comprises a different buffer (acetate or citrate),
stabilizer (trehalose, mannitol, sorbitol, L-arginine, L-proline or glycine), or an
antioxidant, such as L-methionine. The 776 patented claims also recite a method of
treating cancer in a human subject comprising administering the anti-PD-1 antibody
formulation, wherein the subject has melanoma.

The teachings of Li et al., Luisi et al., and Kang et al. are cumulative and are
discussed above and provide for the use of alternative buffering agents, such as an
acetate or citrate buffer ([0015] of Li; Kang), stabilizing agents (such as trehalose,
mannitol, sorbitol, L-arginine, L-proline or glycine) (as in present claims 3-4, 7 and 9-
13), as well as the addition of an anti-oxidant, such as 10 mM L-methionine, to be
included in stable antibody formulations. Li teaches PS20 and PS80 as suitable
surfactants, as in claims 14-15, and Kang teaches that poloxamer 188 is another
suitable surfactant, as in claim 16. Each of the references teach that the addition of an
anti-oxidant, such as methionine, to a formulation is beneficial in reducing oxidation of
the antibody and for preventing the formation of aggregation and/or fragmentation of the
antibody. Li additionally teaches that stable anti-PD-1 antibody formulations can be

administered subcutaneously ([0064]), as in present claim 27.
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Accordingly, it would have been obvious to have used a different buffer, such as
citrate or acetate, one or more of the stabilizing agents, a different surfactant (PS20 or
poloxamer 188), an antioxidant such as L-methionine, or to have administered the
antibody subcutaneously and thereby arrive at the claimed invention. The prior art
references provide both motivation to include the listed agents as well as a reasonable
expectation that such substitution or addition to the formulation would be predictable or
else improve the stability and reduce oxidation of the anti-PD-1 antibody contained

therein.

11.  Claim 5 is rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-7 and 13 of U.S. Patent No. 9,220,776 in view of Li et al.
(US 2018/0339045 A1), Luisi et al. (US 2006/0210557 A1) and Kang et al.
(BioProcess Intl. 2016, 14(4): 40-45) as applied to claims 1-4, 6-7 and 9-30 above, and
further in view of Wang et al. (Mol. Pharmaceutics, 2015, 12, 4478-4487; hereinafter
“Wang 2015”) and Barry et al. (US 2009/0060906 A1).

The reasons why the patented claims in view of Li, Luisi and Kang render
obvious the invention of claims 1-4, 6-7 and 9-30 are discussed above. However,
neither the patented claims nor the prior art teach that the composition further
comprises L-arginine or a salt thereof as in claim 3.

The teachings of Wang 2015 and Barry et al. are discussed above and provide
for the inclusion of L-arginine in an antibody formulation to improve viscosity.

Therefore, it would have been obvious to have included L-Arg in the antibody
formulation of the patented ‘776 claims and thereby arrive at the presently claimed
invention. The motivation to do so comes from the Wang and Barry references, and
their teachings provide a reasonable expectation that the addition of L-arg to an

antibody composition would be predictably beneficial.

12.  Claim 8 is rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-7 and 13 of U.S. Patent No. 9,220,776 in view of Li et al.
(US 2018/0339045 A1), Luisi et al. (US 2006/0210557 A1) and Kang et al.
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(BioProcess Intl. 2016, 14(4). 40-45) as applied to claims 1-4, 6-7 and 9-30 above, and
further in view of Hartl et al. (J Pharm Sci. 2013, 102:4121-4131).

The reasons why the patented claims in view of Li, Luisi and Kang render
obvious the invention of claims 1-4, 6-7 and 9-30 are discussed above. However,
neither the patented claims nor the prior art teach that the composition comprises (2-
hydroxypropyl)-B-cyclodextrin (HPBCD) as the stabilizer, as in claim 5.

The teachings of Hartl et al. are discussed above and provide for the use of
HPBCD as a suitable stabilizing agent.

Given that Li teaches that cyclodextrins can reasonably be used as stabilizing
agents in antibody formulations, and given that Hartl demonstrates that HPCD
performs similarly to sucrose (as recited in the 776 claims) for antibody stabilization, it
would have been obvious to have substituted HPBCD for sucrose as presently claimed.
This is because the artisan has good reason to pursue the known options within his or
her technical grasp to achieve predictable results. In the instant case, this would amount
to the simple substitution of functionally equivalent elements (i.e., stabilizing agents;

HPBCD for sucrose) to arrive at a predictable outcome.

13.  Claims 1-7 and 9-30 are rejected on the ground of nonstatutory double patenting
as being unpatentable over claims 1-7, 10-13, 16 and 18-21 of U.S. Patent No.
11,633,476 in view of Li et al. (US 2018/0339045 A1), Luisi et al. (US 2006/0210557
A1), and Kang et al. (BioProcess Intl. 2016, 14(4). 40-45).

The patented ‘476 claims recite a stable anti-human PD-1 antibody formulation
comprising 100-200 mg/mL (or 125-200 mg/ml, or 165-170 mg/ml) of antibody; about
6% to 8% w/v sucrose; about 0.01% to about 0.1% w/v polysorbate 80; about 5 mM to
about 20 mM histidine buffer at pH 5.0-6.0; and about 1 mM to about 20 mM L-
methionine (or L-methionine HCI), wherein the antibody is pembrolizumab. The
patented claims also recite that the formulation further comprises about 1% to about 3%
w/v L-arginine. Finally, the patented claims recite a method for treating cancer in a
human patient comprising administering the claimed antibody formulation, wherein the

formulation is administered by subcutaneous administration.
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However, the patented claims do not recite that the formulation comprises a
different buffer (acetate or citrate), a different stabilizer (trehalose, mannitol, sorbitol, L-
arginine, L-proline or glycine), different surfactants (PS20 or poloxamer 188), or that the
cancer is one of the types of cancer listed in present claim 28.

The combined teachings of Li et al., Luisi et al. and Kang et al. are discussed
above and provide for the use of alternative buffers (such as acetate or citrate),
stabilizing agents (such as trehalose, mannitol, sorbitol, L-arginine, L-proline or glycine),
and surfactants (such as polysorbate 20 or poloxamer 188) to be included in stable
antibody formulations. Li additionally teaches that anti-PD-1 antibody formulations can
be used in the treatment of cancer, such as breast cancer, lung cancer, stomach
cancer, intestinal cancer, kidney cancer, or melanoma ([0035]-[0037]).

Accordingly, it would have been obvious to have used one or more of the
alterative buffers, stabilizing agents, or surfactants as taught by Li, Luisi, and Kang, or
to have treated a particular type of cancer as taught by Li, and thereby arrive at the
presently claimed invention. This is because the artisan has good reason to pursue the
known options within his or her technical grasp to obtain predictable results. Such would
amount to the simple substitution of known equivalent elements (i.e., buffers, stabilizing
agents, surfactants) to achieve a predictable outcome. Similarly, given the teachings of
Li indicating that cancers such as breast, liver and lung cancers, etc. can be treated
using anti-PD-1 antibodies, it would have been obvious and predictable to have applied
the patented method of treating cancer to any of the specific types of cancer taught by
Li.

14.  Claim 8 is rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-21 of U.S. Patent No. 11,633,476 in view of Li et al. (US
2018/0339045 A1), Luisi et al. (US 2006/0210557 A1), and Kang et al. (BioProcess
Intl. 2016, 14(4): 40-45) as applied to claims 1-7 and 9-30 above, and further in view of
Hartl et al. (J Pharm Sci. 2013, 102:4121-4131).

The reasons why the patented claims in view of Li, Luisi and Kang render

obvious the invention of claims 1-7 and 9-30 are discussed above. However, neither the
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patented claims nor the prior art teach that the composition comprises (2-
hydroxypropyl)-B-cyclodextrin (HPBCD) as the stabilizer, as in claim 8.

The teachings of Hartl et al. are discussed above and provide for the use of
HPBCD as a suitable stabilizing agent.

Given that Li teaches that cyclodextrins can reasonably be used as stabilizing
agents in antibody formulations, and given that Hartl demonstrates that HPCD
performs similarly to sucrose (as recited in the ‘476 claims) for antibody stabilization, it
would have been obvious to have substituted HPBCD for sucrose as presently claimed.
This is because the artisan has good reason to pursue the known options within his or
her technical grasp to achieve predictable results. Inthe instant case, this would amount
to the simple substitution of functionally equivalent elements (i.e., stabilizing agents;

HPBCD for sucrose) to arrive at a predictable outcome.

15.  Claims 1-30 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over claims 1-16 and 19-30 of copending Application
No. 19/346,648 in view of Kang et al. (BioProcess Intl. 2016, 14(4). 40-45).

The co-pending ‘648 claims recite an anti-human PD-1 antibody formulation
comprising. pembrolizumab (5-100 mg/ml; 25 mg/ml; or 165-170 mg/ml); histidine buffer
(5-20 mM), stabilizer (6-8% w/v trehalose or 2-hydroxypropyl-p-cyclodetrin, 3-5% wi/v
mannitol, sorbitol, L-Arg or L-Pro; 1.8-2.2% w/v glycine); surfactant (0.01-0.1% PS80,
PS20 or poloxamer 188), additional agents (1-3% w/v L-Arg), and antioxidants (1-20
mM L-methionine) and the therapeutic subcutaneous administration of the formulation
for the treatment of cancer. Further, co-pending claim 26 recites the same types of
cancer that are recited in present claim 28. The only difference between the present
claims and the co-pending ‘648 claims is that the present claims recite that the
formulation comprises a different buffer: acetate or citrate.

Kang et al. teach that the most commonly used buffers in commercial antibody
formulations to keep pH levels between 4.7 and 7.4 include acetate, citrate, histidine,
succinate, phosphate, and Tris. Following histidine and phosphate, acetate and citrate
buffers are the next most commonly used types of buffers (Table 1).
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Accordingly, it would have been obvious to one of ordinary skill in the art to have
substituted either acetate or citrate buffer as taught by Kang for histidine buffer as
recited by the co-pending 648 claims and thereby arrive at the presently claimed
invention. This is because the artisan has good reason to pursue the known options
within his or her technical grasp to achieve predictable results. In the instant case, this
would amount to the simple substitution of functionally equivalent elements (i.e., buffers)
to arrive at a predictable outcome. This is a provisional nonstatutory double patenting

rejection.

19.  Claims 1-3, 5-15, 17-27 and 29 are provisionally rejected on the ground of
nonstatutory double patenting as being unpatentable over claims 1-11, 14-21, 23-26,
29-30, 33-43, 46-60 and 64-65 of copending Application No. 18/182,135 (reference
application). Although the claims at issue are not identical, they are not patentably
distinct from each other because in each case the claims recite an anti-hnuman PD-1
antibody liquid formulation comprising the same elements (pembrolizumab, acetate
buffer, stabilizer, surfactant (PS20 or PS80), additional agents (L-arginine), and
antioxidant (L-methionine)) at the same concentrations/amounts, and used in the
treatment of cancer in a human patient. The only difference between the present claims
and the co-pending ‘135 claims is that the present claims recite that the formulation
comprises about 5 mg/ml to about 200 mg/ml antibody, and the co-pending claims
recite that the formulation comprises about 100 mg/ml to about 200 mg/m| of antibody.
However, the narrower range of the co-pending ‘135 application anticipates the more
broadly claimed range of the instant claims.

This is a provisional nonstatutory double patenting rejection because the

patentably indistinct claims have not in fact been patented.

20. Claims 4, 16, 28 and 30 are provisionally rejected on the ground of nonstatutory
double patenting as being unpatentable over claims 1-11, 14-21, 23-26, 29-30, 33-43,
46-60 and 64-65 of copending Application No. 18/182,135 in view of Kang et al.
(BioProcess Intl. 2016, 14(4): 40-45) and Sharma et al. (US 9,220,776).
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The reasons why the claims of the ‘135 application anticipate or render obvious
present claims 1-3, 5-15, 17-27 and 29 are discussed above. However, the co-pending
claims do not recite that the buffer is citrate, as in claims 4 and 30, surfactant is
poloxamer 188 as in claim 16, the concentration of pembrolizumab is about 25 mg/mi,
as in claims 22 and 25, or the types of cancer as in claim 28.

The teachings of Kang et al. are discussed above and provide for the use of
citrate as a commonly used alternative buffer, and poloxamer 188 as an alternative
suitable surfactant.

The teachings of Sharma et al. are also set forth above and provide for a liquid
antibody formulation comprising pembrolizumab, wherein the concentration of the
antibody is 25-100 mg/ml (col. 4 lines 1-4 and 49-51), or more specifically, 25 mg/ml
(col. 19 lines 1-3). Consistent with Kang, Sharma indicates that citrate can be used as a
suitable buffer (col. 13 lines 1-5). Sharma also teaches that pembrolizumab can be used
in the treatment of the different types of cancer as recited in present claim 28 (col. 6
lines 51-67; col. 7 lines 7-20 and 30-38).

It would have been obvious to one of ordinary skKill in the art to have used citrate
buffer as taught by Kang and by Sharma, to have substituted poloxamer 188 for PS80
as recited by the ‘476 claims, and thereby arrive at the presently claimed antibody
formulation. This is because the artisan has good reason to pursue the known options
within his or her technical grasp to achieve predictable results. In the instant case, this
would amount to the simple substitution of functionally equivalent elements (i.e., buffers,
surfactants) to arrive at a predictable outcome.

It similarly would have been obvious to have used a lower concentration of
pembrolizumab, or to treat a specific type of cancer, as taught by Sharma, and thereby
arrive at the presently claimed invention. In particular, Sharma teaches the same
antibody, pembrolizumab, and its formulation and therapeutic use, and therefore
provides both motivation to use different antibody concentrations or treat specific types
of cancer, but also a reasonable expectation that such concentrations/therapeutic
applications would be successful. This is a provisional nonstatutory double patenting

rejection.
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21.  Claims 1-30 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over claims 1-16 and 19-30 of copending Application
No. 19/346,623 in view of Kang et al. (BioProcess Intl. 2016, 14(4). 40-45).

The claims of the ‘623 co-pending application and the instant claims are both
drawn to an anti-human PD-1 antibody formulation comprising the same amounts (5-
200 mg/ml, 25-100 mg/ml, 25 mg/ml, 165-170 mg/ml) of the same antibody
(pembrolizumab) and having the same stabilizing agents and amounts (trehalose,
HPBCD, mannitol, sorbitol, L-Arg, L-Pro, glycine), non-ionic surfactants (0.01-0.1% w/v
PS80, PS20, or poloxamer 188), and anti-oxidants (1-20 mM L-methionine HCI). The
co-pending claims also recite a method of treating cancer in a human patient,
comprising administering the aforementioned antibody formulation, wherein the type of
cancer is the same as those recited in present claim 28, and administration is by
subcutaneous administration. However, the ‘623 claims recite that the formulation
comprises 5-20 mM histidine buffer, whereas the instant claims recite that the buffer is
5-20 mM acetate or citrate. The present claims also recite that the stabilizer is sucrose.

Kang et al. provide a review of the excipients used in commercial monoclonal
antibody formulations and teach that six commonly used buffers keep pH levels
between 4.7 and 7.4. acetate, citrate, histidine, succinate, phosphate, and Tris.
Following histidine and phosphate, acetate and citrate buffers are the next most
commonly used types of buffers (Table 1). Kang further teaches that sucrose is the
most commonly used sugar stabilizing agent.

Therefore, it would have been obvious to have substituted to acetate or citrate
buffer, as taught by Kang for the histidine buffer of the ‘623 application, or to have
substituted sucrose for trehalose, and thereby arrive at the presently claimed invention.
This is because the artisan has good reason to pursue the known options within his or
her technical grasp to achieve predictable results. In the instant case, this would amount
to the simple substitution of functionally equivalent elements (i.e., common buffers or
sugar stabilizers) to arrive at a predictable outcome. This is a provisional nonstatutory

double patenting rejection.
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22.  Claims 1-7 and 9-30 are provisionally rejected on the ground of nonstatutory
double patenting as being unpatentable over claims 1-7, 10-20, 23-24 and 27-35 of
copending Application No. 18/182,097 (reference application) in view of Li et al. (US
2018/0339045 A1), Luisi et al. (US 2006/0210557 A1) and Kang et al. (BioProcess
Intl. 2016, 14(4): 40-45).

The co-pending ‘097 claims recite a stable anti-human PD-1 antibody formulation
comprising 100-200 mg/mL (or 125-200 mg/ml, or 165-170 mg/ml) of antibody; about
6% to 8% wi/v sucrose; about 0.01% to about 0.1% w/v polysorbate 80; about 5 mM to
about 20 mM histidine buffer at pH 5.0-6.0; and about 1 mM to about 20 mM L-
methionine (or L-methionine HCI), wherein the antibody is pembrolizumab. The co-
pending claims also recite that the formulation is a reconstituted solution (i.e., a liquid)
and that it further comprises about 1% to about 3% wi/v L-arginine. Finally, the co-
pending ‘097 claims recite a method for treating cancer in a human patient comprising
administering the claimed antibody formulation, wherein the formulation is administered
by subcutaneous administration.

However, the co-pending claims do not recite that the formulation comprises a
different buffer (acetate or citrate), different stabilizer (trehalose, mannitol, sorbitol, L-
arginine, L-proline or glycine), or that the cancer is one of the types of cancer listed in
present claim 28.

The teachings of Li et al., Luisi et al. and Kang et al. are discussed above and
provide for the use of alternative buffers (such as acetate or citrate), stabilizing agents
(such as trehalose, mannitol, sorbitol, L-arginine, L-proline or glycine), and surfactants
(PS20 or poloxamer 188) to be included in stable antibody formulations. Li additionally
teaches that anti-PD-1 antibody formulations can be used in the treatment of cancer,
such as breast cancer, lung cancer, stomach cancer, intestinal cancer, kidney cancer,
or melanoma ([0035]-[0037]).

Accordingly, it would have been obvious to have used one or more of the
alternative buffers, stabilizing agents or surfactants as taught by Li, Luisi and Kang, or
to have treated a particular type of cancer as taught by Li, and thereby arrive at the
presently claimed invention. This is because the artisan has good reason to pursue the

known options within his or her technical grasp to obtain predictable results. Such would
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amount to the simple substitution of known equivalent elements (i.e., buffers, stabilizing
agents, surfactants) to achieve a predictable outcome. Similarly, given the teachings of
Li indicating that cancers such as breast, liver and lung cancers, etc. can be treated
using anti-PD-1 antibodies, it would have been obvious and predictable to have applied
the claimed co-pending method of treating cancer to the treatment of any of the specific
types of cancer taught by Li.

This is a provisional nonstatutory double patenting rejection because the

patentably indistinct claims have not in fact been patented.

23.  Claim 8 is provisionally rejected on the ground of nonstatutory double patenting
as being unpatentable over claims 1-7, 10-20, 23-24 and 27-35 of copending
Application No. 18/182,097 (reference application) in view of Li et al. (US
2018/0339045 A1), Luisi et al. (US 2006/0210557 A1) and Kang et al. (BioProcess
Intl. 2016, 14(4): 40-45) as applied to claims 1-7 and 9-30 above, and further in view of
Hartl et al. (J Pharm Sci. 2013, 102:4121-4131).

The reasons why the co-pending ‘097 claims in view of Li, Luisi and Kang render
obvious the invention of claims 1-7 and 9-30 are discussed above. However, neither the
co-pending claims nor the prior art teach that the composition comprises (2-
hydroxypropyl)-B-cyclodextrin (HPBCD) as the stabilizer, as in claim 8.

The teachings of Hartl et al. are discussed above and provide for the use of
HPBCD as a suitable stabilizing agent.

Given that Li teaches that cyclodextrins can reasonably be used as stabilizing
agents in antibody formulations, and given that Hartl demonstrates that HPRCD
performs similarly to sucrose (as recited in the ‘097 claims) for antibody stabilization, it
would have been obvious to have substituted HPBCD for sucrose or trehalose as
presently claimed. This is because the artisan has good reason to pursue the known
options within his or her technical grasp to achieve predictable results. In the instant
case, this would amount to the simple substitution of functionally equivalent elements
(i.e., stabilizing agents; HPBCD for sucrose) to arrive at a predictable outcome. This is

a provisional nonstatutory double patenting rejection.
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Conclusion

24. No claims are allowed.
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10 6818216 B2 2004-11-16 James F. Young et al.
11 6875432 B2 2005-04-05 Liu etal.

12 7247707 B2 2007-07-24 Besman, etal.
13 7364736 B2 2008-04-29 Boyle et al.

14 7374762 B2 2008-05-20 Amphlett et al.
15 7375193 B2 2008-05-20 Baca et al.

16 7563869 B2 2009-07-21 Honjo, et al.

17 7592004 B2 2009-09-22 Kaisheva et al.
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19 7635473 B2 2009-12-22 Warne et al.
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20 7662384 B2 2010-02-16 Ramakrishnan et al.
21 7666413 B2 2010-02-23 Liu etal.
22 7691379 B2 2010-04-06 Allan; et al.
23 7705132 B2 2010-04-27 Rehder et al.
24 7740842 B2 2010-06-22 Arvinte et al.
25 7833525 B2 2010-11-16 Shenoy, etal.
26 7959922 B2 2011-06-14 Bakker et al.
27 7960516 B2 2011-06-14 Matheus, Susanne et al.
28 7993645 B2 2011-08-09 Benson et al.
29 7998477 B2 2011-08-16 Yakovlevsky, etal.
30 8034906 B2 2011-10-11 Borhani, et al.
PC.1.19.25

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /K.B/

0326



18/346,638 ~ GAU: 1675

Application Number

INFORMATION DISCLOSURE ::’[QN[;:Zd Inventor | Manoj K. SHARMA
STATEMENT BY APPLICANT ,
Art Unit | TBD
Examiner Name | TBD
Attorney Docket Number | 24439-US-CNT-4
31 8067547 B2 2011-11-29 Ewert et al.
32 8168760 B2 2012-05-01 Borhani, et al.
33 8216583 B2 2012-07-10 Kruase et al.
34 8221759 B2 2012-07-17 Glenn R. Pilkington et al.
35 8263080 B2 2012-09-11 Katsikis et al.
36 8293883 B2 2012-10-23 Presta
37 8354509 B2 2013-01-15 Carven et al.
38 8399712 B2 2013-03-19 Schultheiss, Nathan C et al.
39 8568720 B2 2013-10-29 Morichika, Toshiyuki et al.
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42 8747847 B2 2014-06-10 Rotem-Yehudar et al.
43 8703126 B2 2014-08-22 Liu etal.
44 8933075 B2 2015-01-13 Wang et al.
45 8952136 B2 2015-02-10 Carven, etal
46 9220776 B2 2015-12-29 Sharma, etal.
47 9273123 B2 2016-03-01 Shenoy et al.
48 9278131 B2 2016-03-08 Dauty et al.
49 9592297 B2 2017-03-14 Xiang, et al.
50 9605051 B2 2017-03-28 Soane et al.
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55 10072072 B2 2018-09-11 Vora, Kalpit A. et al.
56 10188730 B2 2019-01-29 Liang, Linda
57 10444520 B2 2019-10-15 Dholakia, Kishan et al.
58 10550185 B2 2020-02-04 Bernett, Matthew et al.
59 8142776 B2 2020-03-27 Liu et al.
60 10787518 B2 2020-09-29 Bernett, Matthew et al.
61 10793632 B2 2020-10-06 Bernett, Matthew et al.
62 10918736 B2 2021-02-16 Kim, Dae Jin et al.
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4 20050101770 A1 2005-05-12 Presta, Leonard G.
5 20050175986 A1 2005-08-11 Gross, Mitchell S. ; et al.
6 20060029599 A1 2006-02-09 Kaisheva, Elizabet A. ; et al.
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13 20070009526 A1 2007-01-11 Benson et al.
14 20070009541 A1 2007-01-11 Amphlett et al.
15 20070048315 A1 2007-03-01 Presta
16 20070053900 A1 2007-03-08 Liu, Jun et al.
17 20070059803 A1 2007-03-15 Oppmann et al.
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22 20070278097 A1 2007-12-06 Bhullar et al.
23 20080003220 A1 2008-01-03 Gokarn
24 20080050375 A1 2008-02-28 Davies et al.
25 20080057070 A1 2008-03-06 Long et al.
26 20080112953 A1 2008-05-15 Mcauley, Arnold et al.
27 20080124326 A1 2008-05-29 Rehder et al.
28 20080152658 A1 2008-06-26 Dagan et al.
29 20080213282 A1 2008-09-04 Jacob
30 20080248048 A1 2008-10-09 Fish et al.
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32 20080286270 A1 2008-11-20 Oliver et al.
33 20080311119 A1 2008-12-18 Maloney et al.
34 20090042315 A1 2009-02-12 Lietal.
35 20090060906 A1 2009-03-05 Barry et al.
36 20090130119 A1 2009-05-21 ABATE, J et al
37 20090162352 A1 2009-06-25 Adler et al.
38 20090181027 A1 2009-07-16 Dal Monte et al.
39 20090208492 A1 2009-08-20 O'Connor et al.
40 20090217401 A1 2009-08-27 Korman et al.
41 20090285802 A1 2009-11-19 Igawa et al.
42 20090291076 A1 2009-11-26 Morichika et al.
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43 20090304706 A1 2009-12-10 Lu et al.
44 20090311253 A1 2009-12-17 Ghayur et al.
45 20100021461 A1 2010-01-28 Burke et al.
46 20100055111 A1 2010-03-04 SHARMA et al.
a7 20100068209 A1 2010-03-18 Maggio, Edward T
48 20100137213 A1 2010-06-03 Fernandez et al.
49 20100209434 A1 2010-08-19 Bishop, Steven, et al.
50 20100209437 A1 2010-08-19 Elson et al.
51 20100226928 A1 2010-09-09 Dani, Bhas A
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54 20100278822 A1 2010-11-04 Fraunhofer et al.
55 20100286038 A1 2010-11-11 ANTOCHSHUK et al.
56 20100303827 A1 2010-12-02 Sharma et al.
57 20100316638 A1 2010-12-16 Gurny et al.
58 20110014203 A1 2011-01-20 Nilsson et al.
59 20110059079 A1 2011-03-10 Babuka et al.
60 20110060290 A1 2011-03-10 Bonk et al.
61 20110086038 A1 2011-04-14 Hope et al.
62 20110123550 A1 2011-05-26 Shibayama et al.
63 20110171217 A1 2011-07-14 Badkar et al.
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65 20110226650 A1 2011-09-22 Gokarn et al.
66 20110229490 A1 2011-09-22 Lietal
67 20110256135 A1 2011-10-20 FRAUNHOFER et al
68 20110300135 A1 2011-12-08 Lobo et al.
69 20110318343 A1 2011-12-29 Kaisheva et al.
70 20120039876 A1 2012-02-16 Oliver et al.
71 20120076784 A1 2012-03-29 Matheus et al.
72 20120128687 A1 2012-05-24 Adler, Michael et al.
73 20120148576 A1 2012-06-14 Sharma, Monika S et al.
74 20120183531 A1 2012-07-19 Lucas, Karin et al.
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76 20130022625 A1 2013-01-24 Igawa et al.
77 20130058958 A1 2013-03-07 Bowen et al.
78 20130108651 A1 2013-05-02 Carven, Gregory John et al.
79 20130186797 A1 2013-07-25 Scott M. Walsh
80 20140044708 A1 2014-02-13 Dauty et al.
81 20140044727 A1 2014-02-13 Monck et al.
82 20140093511 A1 2014-04-03 Lonberg et al.
83 20140178401 A1 2014-06-26 Nabozny et al.
84 20140206845 A1 2014-07-24 Kameoka et al.
85 20140227250 A1 2014-08-14 Li, Yunsong et al.
86 20140234296 A1 2014-08-21 Sharma et al.
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87 20140314714 A1 2014-10-23 HONJO, Tasuku et al.
88 20140348841 A1 2014-11-27 Schebye, Xiao Min et al.
89 20150071936 A1 2015-03-12 Mendiratta et al.
90 20150086537 A1 2015-03-26 Adler, Michael et al.
91 20150086559 A1 2015-03-26 Mueller et al.
92 20150100030 A1 2015-04-09 Dix et al.
93 20150110783 A1 2015-04-23 Lu et al.
94 20150258209 A1 2015-09-17 Benz et al.
95 20150290325 A1 2015-10-15 Kashi; Ramesh S. ; et al.
96 20150307606 A1 2015-10-29 Basarkar et al.
97 20150359900 A1 2015-12-17 Wang et al.
PC.1.19.25

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /K.B/

0338



18/346,638 ~ GAU: 1675

Application Number

INFORMATION DISCLOSURE ::’[QN[;:Zd Inventor | Manoj K. SHARMA
STATEMENT BY APPLICANT ,
Art Unit | TBD
Examiner Name | TBD
Attorney Docket Number | 24439-US-CNT-4
98 20160022814 A1 2016-01-28 Petit et al.
99 20160045615 A1 2016-02-18 Lietal
100 20160090419 A1 2016-03-31 MORICHIKA; Toshiyuki ; et al.
101 20160106835 A1 2016-04-21 Hoos, Axel etal.
102 20160166685 A1 2016-06-16 CHEUNG,; Jeanne ; et al.
103 20160176963 A1 2016-06-23 Maurer, Mark F. et al.
104 20160222116 A1 2016-08-04 Korman, Alan J.
105 20160244521 A1 2016-08-25 White, Mark et al.
106 20160289315 A1 2016-10-06 Mirza et al.
107 20160304607 A1 2016-10-20 Sadineni et al.
108 20160355589 A1 2016-12-08 Williams, Sybil M. G. et al.
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109 20170051039 A1 2017-02-23 Gombotz; Wayne Richard ; et al.
110 20170056347 A1 2017-03-02 Glick et al.
111 20170089914 A1 2017-03-30 Loo, Lina etal.
112 20170097333 A1 2017-04-06 Bhagwat et al.
113 20170121394 A1 2017-05-04 Vora, Kalpit A.
114 20170210792 A1 2017-07-27 Mason et al.
115 20170210812 A1 2017-07-27 Wong, Oi Kwan et al.
116 20170216433 A1 2017-08-03 Lietal
117 20170218069 A1 2017-08-03 Rosengren, Sanna et al.
118 20170267759 A1 2017-09-21 Liang, Linda
119 20170306025 A1 2017-10-26 Du, Jiali etal.
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120 20170360929 A1 2017-12-21 Sinha, Sandipan et al.
121 20180044419 A9 2018-02-15 Rosengren, Sanna et al.
122 20180215808 A1 2018-08-02 Vora, Kalpit A.
123 20180237524 A1 2018-08-23 Reichert et al.
124 20180333493 A1 2018-11-22 Shenoy, Bhami
125 20180339045 A1 2018-11-29 Li, Jie etal.
126 20190010231 A1 2019-01-10 Rothe, Christine et al.
127 20190330363 A1 2019-10-31 Jansson, Richard et al.
128 20200055938 A1 2020-02-20 Desai, Preeti G. et al.
129 20200147213 A1 2020-05-14 Sharma, Manoj K. et al.
130 20200206350 A1 2020-07-02 Chu, Lin etal.
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131 20200262922 A1 2020-08-20 Bhattacharya, Soumendu et al.
132 20200354453 A1 2020-11-12 De, Arnab et al.
133 20200354453 A1 2020-11-12 MERCK SHARP & DOHME
134 20210155913 A1 2021-05-27 Park, Soon Jae
135 20210155913 A1 2021-05-27 Park, Soon Jae et al.
136 20210317215 A1 2021-10-14 Reichert, Paul et al.
137 20210363270 A1 2021-11-25 Park, Soon Jae
138 20210380694 A1 2021-12-09 Forrest, Jr., William P. et al.
139 20220002410 A1 2022-01-06 ANTOCHSHUK; et al.
140 20220089738 A1 2022-03-24 Krishnamachari, Yogita et al.
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1 2010200784 AU A1 2010-03-25 Genentech, Inc. |:|
MERCK SHARP &
2 112019022873 BR A2 2020-05-19 DOHME CORP. |:|
IMMUNEX
3 2476934 CA A1 2003-09-04 CORPORATION |:|
4 |2018888 CA A1 [2015-01-29 8{3" Pharmaceutical Co., O
5 2956000 CA A1 2016-02-04 méESO BIOPHARMA, |:|
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BEIJING JIANKAI S&T
8 1448420 CN A 2003-10-15 CO. LTD. |:|
9 1703233 CN A 2005-11-30 MEDAREX INC. []
10 101172100 CN A 2008-05-07 Genentech Inc. []
11 101600457 CN A 2009-12-09 Wyeth Corp. |:|
CHUGA
12 101883588 CN A 2010-11-10 PHARMACEUTICAL CO. |:|
LTD et al.
13 101970499 CN A 2011-02-09 Curetech Ltd. |:|
14 102131828 CN A 2011-07-20 ORGANON NV |:|
15 102753570 CN A 2012-10-24 Althea Technologies Inc. |:|
16 101426817 CN B 2013-07-10 NOVARTIS AG et al. |:|
MERCK SHARP &
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UNIVERSITY COURT OF
19 104204898 CN A 2014-12-10 THE UNIVERSITY OF ST |:|
ANDREWS
20 104945508 CN A 2015-09-30 MSD OSS B.V. |:|
REGENERON
21 103501814 CN B 2016-09-07 PHARMACEUTICALS |:|
INC.
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22 107001470 CN A 2017-08-01 DOHME CORP. |:|
MERCK SHARP &
23 107249624 CN A 2017-10-13 DOHME |:|
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24 107743401 CN A 2018-02-27 SQUIBB COMPANY |:|
MERCK SHARP &
25 107854439 CN A 2018-03-30 DOHME |:|
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26 107922470 CN A 2018-04-17 PHARMACEUTICALS |:|
GMBH
MERCK SHARP &
27 108025018 CN A 2018-05-11 DOHME et al. |:|
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38 | 3176181 EP A1 2017-06-07 | Akeso Biopharma Inc. ]
39 |3117837 EP A1 |2017-06-18 |Bayer Healthcare LLC ]
40 |2691112 EP B1 |2018-05.23 |Merck Sharp & Dohme ]
Corp.
PC.1.19.25

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /K.B/

0346



18/346,638 ~ GAU: 1675

INFORMATION DISCLOSURE

Application Number

Filing Date

First Named Inventor | Manoj K. SHARMA

STATEMENT BY APPLICANT ,
Art Unit | TBD
Examiner Name | TBD
Attorney Docket Number |24439-US-CNT-4
Suzhou Suncadia
41 3357508 EP A1 2018-08-08 Biopharmaceuticals Co.,
Ltd. et al
42 3636752 EP A1l 2020-04-15 Alteogen, Inc.
43 3785701 EP A1 2021-03-03 Alteogen, Inc.
44 2005502589 JP A 2005-01-27 Shenoy, Bhami
45 2005536285 JP A 2005-12-02 PHARMACIA
46 2006502116 JP A 2006-01-19 MEDAREX INC.
PHARMACIA & UPJOHN
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Attorney Docket Number |24439-US-CNT-4
52 2014515017 JP A 2014-06-26 Sharma, Manoj K |:|
REGENERON
53 2014525915 JP A 2014-10-02 PHARMACEUTICALS |:|
INC.
54 2015528464 JP A 2015-09-28 BAYER HEALTHCARE |:|
55 2015528465 JP A 2015-09-28 BAYER HEALTHCARE |:|
56 2016525117 JP A 2016-08-22 GENENTECH INC. |:|
BRISTOL-MYERS
57 2016531849 JP A 2016-10-13 SQUIBB CO. |:|
58 2017501167 JP A 2017-01-12 Cheung, Jeanne et al. |:|
59 2017532059 JP A 2017-11-02 MERCK & CO. INC. |:|
60 2018510142 JP A 2018-04-12 Reichert, Paul et al. |:|
BRISTOL-MYERS
61 2018513159 JP A 2018-05-24 SQUIBB CO. |:|
MERCK SHARP &
62 2023109942 JP A 2023-08-08 DOHME LLC |:|
PC.1.19.25

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /K.B/
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Attorney Docket Number |24439-US-CNT-4
63 |7467438 JP B2 |2024-04-10 ']i"l_ecrc" Sharp & Dohme ]
64 |20100054780 KR A 2010-05-25 | Organon NV ]
MERCK SHARP &
65 |20140026434 KR A 2014-03-05 | jSiive aorp. ]
MERCK SHARP &
66 |20170041272 KR A 20170414 | J50Me oan ]
MERCK SHARP &
67 | 20180069056 KR A 2018:06-2 | H5iivE CORP. []
68 |2494107 RU C2  |2006-05-02 E)tg° Farmas JuTikal Ko., ]
69 |2348615 RU C2  |2009-03-10 |AVENTIS FARMA SA. ]
ABBVIE
70 | 2560701 RU C2  |2015:08-20 | GioTEGHNOLOGY LTD. []
MERCK SHARP &
71 | 2015123476 RU A 201510-20 | jSiime aorp. ]
OBSHSHESTVO S
OGRANICHENNOJ
72 | 2589691 RU C2  |2016-07-10 | SrvETSTVENNOSTYU ]
"PROM
OBSHSHESTVO S
OGRANICHENNOJ
73 | 2589691 RU C2  |2016:07-10 | SrVETSTVENNOSTYU []
"PROM
PC.1.19.25

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /K.B/
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BOEHRINGER
74 201806974 TW A 2018-03-01 INGELHEIM ]
INTERNATIONAL GMBH
75 1989011297 WO A1 1989-11-30 Centocor, Inc. []
76 1992004381 WO A1 1992-03-19 Scotgen Limited |:|
77 | 1994006448 e A1 |1994.03-31 | [he Scripps Research ]
Institute
78 199704801 WO A1 1997-02-13 Genetech, Inc. []
79 2000053631 WO A1 2000-09-14 Schering Corporation |:|
80 |2001030393 e A2 [2001-03-03 |LudwigInstitute for M
Cancer Research
81 2001018051 WO A2 2001-03-15 Schering Corporation |:|
82 2002072636 WO A2 2002-09-19 Altus Biologics Inc. |:|
83 2002102303 WO A2 2002-12-27 MEDIMMUNE, INC. ]
84 03009817 WO A2 2003-02-06 Protein Design Labs, Inc. |:|
PC.1.19.25

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /K.B/
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85 2003009817 WO A1 2003-02-06 Protein Design Labs Inc. |:|
86 2003039485 WO A2 2003-05-15 Protein Design Labs |:|
87 2003086310 WO A2 2003-10-23 Univ. Ramot |:|
88 2004007520 WO A2 2004-01-22 MEDAREX INC et al. |:|
PHARMACIA
89 2004018312 WO A1 2004-03-04 CORPORATION |:|
90 2004024068 WO A2 2004-03-25 Genentech |:|
9 2004055164 WO A2 2004-07-01 Abgenix Inc. []
Wyeth & Cambridge
92 2004056875 WO A1 2004-07-08 Antibody Technology []
93 |2004071439 WO A2 | 2004-08-26 ]En'?” Pharmaceuticals, ]
94 2004071517 WO A2 2004-08-26 Schering Corporation |:|
95 2004081190 WO A2 2004-09-23 Schering Corporation |:|
PC.1.19.25

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /K.B/
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Attorney Docket Number |24439-US-CNT-4
96 |2005013972 WO A1 |2005-02-17 | AVENTIS PHARMA S.A. ]
Ramot at Tel Aviv
97 |2005120571 WO A2 (20081222 |R0C S S []
98 |2006044908 WO A2 |2006-04-27 | GENETECH, INC. ]
99 | 2006121168 WO A1l |2006-11-16 ftrc‘f Pharmaceutical Co., ]
The MacFarlane Burnet
100 | 2006133486 WO A1 |2006-12-21 | Institute For Medical []
Resear
101 | 2007019232 WO A2 |2007-02-15 |Immunogen, Inc. ]
102 | 2007024846 WO A2 |2007-03-01 |Eli Lilly and Company ]
103 | 2007076524 WO A2 |2007-07-05 |Centocor, Inc. []
104 | 2007092772 WO A2 |2007-08-16 | Medimmune, Inc. ]
105 | 2007110339 WO A1 |2007-10-04 Z‘Gmﬁma””"‘a Roche ]
106 | 2007124299 WO A2 |2007-11-01 | NOVARTIS AG etal. []
PC.1.19.25

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /K.B/
0352
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Attorney Docket Number |24439-US-CNT-4
107 | 2007147019 WO A2 2007-12-21 Zymogenetics, Inc. ]
Abbott Biotechnology
108 |2008057240 WO A2 2008-05-15 LTD. ]
PHARMACIA & UPJOHN
109 (2006096491 WO A9 2008-05-29 COMPANY LLC et al ]
110 [2008076321 WO A1 2008-06-26 Schering Corporation |:|
111 | 2008079246 WO A2 2008-07-03 MEDAREX INC et al. ]
112 | 2008079290 WO A2 2008-07-03 Amgen Inc. ]
113 | 2008086395 WO A2 2008-07-17 Wyeth ]
114 (2008103432 WO A1 2008-08-28 Schering Corporation |:|
115 (2008103473 WO A1 2008-08-28 Schering Corporation |:|
116 (2008121301 WO A1 2008-10-09 BORHANI DAVID W ]
117 [2008153610 WO A2 2008-12-18 Schering Corporation |:|
PC.1.19.25

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH.
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First Named Inventor | Manoj K. SHARMA
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Attorney Docket Number |24439-US-CNT-4
118 | 2008156712 WO A1l |2008-12-24 |N.V. ORGANON ]
ELAN
119 | 2008157409 Wo A1 |2008-12-24 | PHARMACEUTICAL, ]
INC.
120 | 2009009407 WO A1 |2009-01-15 gr;';hk“”e Beecham ]
121 |2009043933 WO A1 |2009-04-09 | Glaxo Group Limited ]
CHUGAI SEIYAKU
122 | 2009084659 Wo A1 |2009-07-09 |KABUSHIKI KAISHA et ]
al.
123 | 2009101611 WO A1 |2009-08-20 | Curetech Ltd. ]
124 | 2009120684 WO A1l |2009-10-01 |Medimmune, LLC ]
125 | 2009126688 WO A2 |2009-10-15 |Genentech, Inc. ]
126 | 2010032220 WO A1 |2010-03-25 |Pfizer Inc. ]
127 | 2010062372 WO A2 |2010-06-03 | Fresidentand Fellows of ]
Harvard College
128 | 2010069858 WO A1 |2010-06-24 8?,0 Pharmaceutical Co., ]
PC.1.19.25

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /K.B/
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INFORMATION DISCLOSURE
First Named Inventor | Manoj K. SHARMA
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Art Unit | TBD
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Attorney Docket Number |24439-US-CNT-4
129 |2010102241 WO A1 2010-09-10 Genentech, Inc. ]
130 [2010129469 WO A1 2010-11-11 ABBOTT BIOTECH LTD |:|
etal
131 (2010148337 WO A1 2010-12-23 WYETH LLC []
132 | 2010148337 WO A1 2010-12-23 WYETH LLC ]
133 (2011012637 WO A2 2011-02-03 HOFFMANN LA ROCHE |:|
134 | 2011012637 WO A2 2011-02-03 | Hoffman-LaRoche ]
135 | 2011017070 WO A1 |2011-02-10 '(\:";rgk Sharp & Dohme ]
Sanyo Chemical
136 [2011024862 WO A1 2011-03-03 Industries, Ltd. [:
F. HOFFMANN-LA
137 [2011029892 WO A2 2011-03-17 ROCHE AG |:|
138 | 2011034822 WO A1 2011-03-24 Shenoy, Bhami ]
139 (2011056772 WO A1 2011-05-12 Schering Corporation |:|
PC.1.19.25

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /K.B/

0355



18/346,638 ~ GAU: 1675

Application Number
INFORMATION DISCLOSURE |22
First Named Inventor | Manoj K. SHARMA
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Attorney Docket Number |24439-US-CNT-4
140 (2011080209 WO A2 2011-07-07 S&TFMANN LAROCHE |:|
F. HOFFMANN-LA
141 | 2011089062 WO A2 2011-07-28 ROCHE AG |:|
APTUIT LAURUS
142 12011097372 WO A2 2011-08-11 PRIVATE LIMITED |:|
143 2011116090 WO A1 2011-09-22 Abbott Research B.V. |:|
144 12011139718 WO A1 2011-11-10 GENENTECH, INC. []
145 12012010799 WO A1 2012-01-26 LFB-Biotechnologies
146 |[2012010799 WO A1 2012-01-26 LFB-Biotechnologies |:|
147 (2012018538 WO A2 2012-02-09 Schering Corporation |:|
REGENERON
148 | 2012047954 WO A1l 2012-04-12 PHARMACEUTICALS, |:|
INC.
149 (2012076670 WO A2 2012-06-14 NOVARTIS AG |:|
150 |2012135035 WO A1 2012-10-04 Amgen, Inc. |:|

PC.1.19.25

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /K.B/
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Examiner Name | TBD
Attorney Docket Number |24439-US-CNT-4
MERCK SHARP &
151 | 2012135408 WO Al [2012-10-04 | [SivE Doas ]
152 | 2012165917 WO A1 |2012-12-06 |LG Life Sciences Ltd. ]
REGENERON
153 | 2013016648 WO A2 [2013-01-31 |PHARMACEUTICALS, ]
INC.
154 | 2013063468 e Al |2013.05.0p | Massachusetts Institute of n
Technology
President and Fellows of
155 | 2013151999 WO A1 (20131010 | e ]
156 | 2013167720 WO A1 [2013-11-14 | NOVARTIS AG ]
157 | 2014004436 WO A2 |2014-01-03 '(\:";rgk Sharp & Dohme ]
158 | 2014036071 WO A1 |2014-03-05 |BAYERHEALTHCARE ]
LLC
159 | 2014036076 WO A1 [2014-03-06 Efg ER HEALTHCARE ]
160 | 2015009856 WO A2 |2015-01-22 | Genentech, Inc. ]
161 |2015011199 WO A1 [2015-01-29 |Novaliq GMBH ]
PC.1.19.25

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /K.B/
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Attorney Docket Number |24439-US-CNT-4
162 | 2015038777 WO A1 2015-03-19 Arsia Therapeutics, Inc. |:|
163 | 2015038782 WO A1 2015-03-19 | Arsia Therapeutics, Inc. ]
164 (2015038811 WO A2 2015-03-19 | Arsia Therapeutics, Inc. ]
165 | 2015038818 WO A2 2015-03-19 Arsia Therapeutics, Inc. |:|
166 |[2015042246 WO A1 2015-03-26 Bristol Myers Squibb Co. |:|
GENENTECH, INC;F.
167 |[2015048520 WO A1 2015-04-02 HOFFMANN-LA ROCHE |:|
AG
168 | 2015095423 WO A2 2015-06-25 GENENTECH, INC. et al. ]
THE BRIGHAM AND
169 (2015143343 WO A2 2015-09-24 WOMEN'S HOSPITAL, |:|
INC.
Genentech, Inc. and
170 [2016011264 WO A1 2016-01-21 Hoffman-La AGRoche
171 | 2016015675 WO A1 |2016-02-04 |Akeso Biopharma, Inc. gggjgvalent=U82017021 ]
172 2016024228 WO A1 2016-02-18 Acerta Pharma B.V. |:|
PC.1.19.25

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /K.B/
0358
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Art Unit |TBD
Examiner Name | TBD
Attorney Docket Number |24439-US-CNT-4
173 | 2016028656 WO A1l |2016-02-25 '\C"srrsk Sharp & Dohme ]
MERCK SHARP &
174 | 2016028672 WO A1 20160225 | HSReE DaEs []
DR. REDDY’S
175 | 2016035006 WO A1 |2016-03-10 |LABORATORIES ]
LIMITED
DR. REDDY’S
176 | 2016035006 WO A1 |2016-03-10 |LABORATORIES ]
LIMITED
CELGENE
177 | 2016040238 WO A1 20160317 | SoREORATION []
ONCOMED
178 | 2016070051 WO A2 |2016-05-06 |PHARMACEUTICALS, ]
INC.
179 | 2016100882 WO A1 |2016-06-23 |NOVARTIS AG ]
180 | 2016106302 WO A1 |2016-06-30 | Bristol-Myers Squibb
181 | 2016118654 WO A1 |2016-07-28 |IMMUNEXCITE, INC. ]
182 | 2016137850 WO Al |2016-09-01 '\C"(frr;kSharp&D°hme ]
MERCK SHARP &
183 | 2016140717 WO Al |2016:00-09 | JSiME Do S []
PC.1.19.25

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /K.B/
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MERCK SHARP &
184 | 2016153839 WO Al [2016-08-29 | Sive o ]
MERCK SHARP &
185 | 2016168133 Wo A1 |2016-10-20 | fSime oo ]
186 | 2016168716 WO A1 |2016-10-20 | Bristo--Myers Squibb ]
Company
187 | 2016176504 WO A1 |2016-11-03 Er'sm"'\"yerssq”'bb ]
ompany
MERCK SHARP &
188 | 2016196173 Wo Al |2016-12:08 | J5ie cORP. of al ]
189 | 2016200782 WO A1 |2016-12-15 | Macrogenics, Inc. ]
LAURUS LABS PRIVATE
190 | 2017009813 WO Al [2017-01-19 | iTED ]
SORRENTO
191 | 2017015560 WO A2 20170126 | TAEE e s NG ]
AMGEN RESEARCH
192 | 2017021526 WO AT 120170209 | \uiNicH) omBd ]
PIERIS
193 | 2017025498 WO A1 |2017-02-16 | PHARMACEUTICALS ]
GMBH
194 | 2017030823 WO A2 |2017-02.23 | Merck Sharp & Dohme ]
Corp.
PC.1.19.25

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /K.B/
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195 | 2017037203 WO A1 |2017-03-09 |IMMUTEPSAS. ]
196 | 2017040790 Wo A1 |2017-03-09 |Agenus Inc. ]
FIRST WAVE
197 | 2017040864 WO A1 |2017-03-09 | g Sl At ]
COMPASS
198 | 2017048824 WO Al [2017-03-28 | 1 ERABEUTICS LLC ]
199 | 2017053748 Wo A2  |2017-03-30 | GENENTECH, INC.
200 | 2017054646 WO A1 |2017-04-06 32”93” Hengrui Medicine ]
201 | 2017055547 WO A1l |2017-04-06 |SYMPHOGEN A/S ]
202 | 2017059095 WO Al |2017-04-06 mtenza Therapeutics, ]
203 | 2017075124 WO A1 |2017-05-04 '\C";r;k Sharp & Dohme ]
204 |2017079150 WO Al |2017-05-11 IJ,\?(':\‘SSEN BIOTECH, ]
205 | 2017089895 WO A1 |2017-06-01 :‘necg°Chem Biosciences, ]
PC.1.19.25

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /K.B/
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206 | 2017112621 WO Al |2017-06-29 '\C"srrsk Sharp & Dohme H
HANMI PHARM. CO.,
207 |2017131496 WO A1 20170803 | N
208 | 2017198741 WO Al |2017-11-23 | Boehringer Ingelheim Intl ]
GMBH
ZAKLADY
209 | 2018091729 WO A2 |2018-05-24 |FARMACEUTYCZNE ]
POLPHARMA SA

SERUM INSTITUTE OF
210 | 2018116198 WO A1 2018-06-28 INDIA PRIVATE LIMITED ]

211 | 2018158332 WO A1 |2018-09-07 |MEDIMMUNE LIMITED ]

212 | 2018160722 WO A1 |2018-09-07 |MEDIMMUNE LIMITED ]
BRISTOL MYERS

213 | 2018183928 WO A1 |201810-04 | S5 aRT0 []
REGENERON

214 | 2018187057 WO A1 |2018-10-11 |PHARMACEUTICALS, ]
INC.

215 | 2018204343 WO A1 |2018-11-08 '\C"(frr;k Sharp & Dohme ]

MERCK SHARP &
216 | 2018204368 wo Al 12018-11-08 | 5oL viE CORP. etal. O

PC.1.19.25

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /K.B/
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Attorney Docket Number |24439-US-CNT-4
217 | 2018204374 WO A1 |2018-11-08 '\C"srr;"s“arp&mhme ]
MERCK SHARP &
218 | 2018204405 WO A1 20181108 | HSheE SoRp. []
BRISTOL-MYERS
219 | 2018222718 WO A1 |201812:08 | S0 iBE GOMPANY ]
BRISTOL-MYERS
220 | 2018222722 WO A2 |201812:06 | <0 iBE GOMPANY ]
221 | 2020022791 WO A1 |2020-01-30 |ALTEOGEN, INC []
SHIRE-NPS
222 | 2020028011 WO A1 |2020-02-06 |PHARMACEUTICALS ]
INC.
MERCK SHARP &
223 | 2020081408 WO Al |202004-23 | jsive oo ]
MERCK SHARP &
224 | 2020096917 WO A1 20200514 | oRER T []
MERCK SHARP &
225 | 2020097141 WO A1 20200514 | SoieR DOED S ]
226 | 2020197230 WO A1 |2020-10-01 |ALTEOGEN INC. ]
227 | 2021118930 WO A2 |2021-06-177 | GENENTECH INC []
PC.1.19.25

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /K.B/
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Attorney Docket Number | 24439-US-CNT-4
If you wish to add additional Foreign Patent Document citation information, please click the Add button
NON-PATENT LITERATURE DOCUMENTS
. . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite . . . . .
ek (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
Initials No . - .
publisher, city and/or country where published.
1 ABRAHAMS, GABRIEL JAN ET AL., BLAST ing away preconceptions in crystallization trials, Acta Crystallographica |:|
Section F Structural Biology Communications, 75(3,4), 184-192, 2019
2 ACCESSION NUMBER: 2013:400660 (Year: 2013), 1 page ]
3 ACCESSION NUMBER: 2017:1215621 (Year: 2017), 2 pages []
4 AGARKHED, MEERA ET AL., Effect of Polysorbate 80 Concentration on Thermal and Photostability of a Monoclonal |:|
Antibody, AAPS Pharm Sci Tech, 14(1), 1-9, 2013
5 AHAMED, TANGIR, Phase Behavior of an Intact Monoclonal Antibody, Biochemical Journal, 93, 610-619, 2007 |:|
6 AL-LAZIKANI, Standard Conformations for the Canonical Structures of Immunoglobulins, J. Mol. Biol., 273, 927-948, |:|
1997
7 ALTSCHUL S.F. ET AL, Gapped BLAST and PSI-BLAST: a new generation of protein database search programs, |:|
Nucleic Acids Research, 25 -17, 3389-3402, 1997, Oxford University Press
8 ALTSCHUL, STEPHEN F. ET AL., Basic Local Alignment Search Tool, J. Mol. Biol., 215, 403-410, 1990 ]
9 ALTSCHUL, STEPHEN F., A Protein Alignment Scoring System Sensitive at All Evolutionary Distances, J Mol Evol, |:|
36, 290-300, 1993
PC.1.19.25
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10 ALTSCHUL, STEPHEN F., Amino Acid Substitution Matrices from an Information Theoretic Perspective, J. Mol. Biol., |:|
219, 555-565, 1991
11 ALTSCHUL, STEPHEN F., EVALUATING THE STATISTICAL SIGNIFICANCE OF MULTIPLE DISTINCT LOCAL D
ALIGNMENTS, Theoretical and Computational Methods in Genome Research, 1-14, 1997
12 ARMSTRONG, NA, Sucrose, Handbook of Pharmaceutical Excipients, 6th Edition, 703-707, 2009 |:|
13 BACA ET AL., Antibody Humanization Using Monovalent Phage Display, J. Biol. Chem., 272, 10678-10684, 1997 |:|
14 BAERT ET AL., Influence of Immunogenicity on the long term efficacy of Infliximab in Crohns disease, New England D
Journal Med., 348, pages 601-608, 2003
15 BAKER, M., Upping the ante on antibodies, Nature Biotechnology, Vol. 23, pp. 1065-1072, 2005 |:|
16 BANKS ET AL., Removal of cysteinylation from an unpaired sulfhydryl in the variable region of a recombinant D
monoclonal IgG1 antibody improves homogeneity, stability, and biological activity, J Pharm Sci, 97(2), 775-790, 2008
17 BANKS, DOUGLAS D. ET AL., The Effect of Sucrose Hydrolysis on the Stability of Protein Therapeutics during D
Accelerated Formulation Studies, J. Pharm. Sci., 98(12), 4501-4510, 2009
18 BARBAS ET AL., Synthetic Human Antibodies, Nature Medicine, 1, pgs. 837-839, 1995 |:|
19 BASU ET AL., Protein crystals for the delivery of biopharmaceuticals, Expert Opinion on Biological Therapy, Vol. 4(3), D
pp. 301-317, 2004
20 BEELER, JUDY A. ET AL., Neutralization Epitopes of the F glycoprotein of Respiratory Syncytial Virus: Effect of D
Mutation upon Fusion Function, Journal of Virology, 63(7), 2941-2950, 1989

PC.1.19.25
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BEIROWSKL, JAKOB ET AL., Freeze-Drying of Nanosuspensions, Part 3: Investigation of Factors Compromising
21 Storage Stability of Highly Concentrated Drug Nanosuspensions, Journal of Pharmaceutical Sciences, 101, 354-362, |:|
2012
25 BENIAMINOVITZ ET AL., Prevention of rejection in cardiac transplantation by blockade of the interleukin 2 receptor D
with a monoclonal antibody, New England Journal of Medicine, 342, pages 613-619, 2000
23 BENLYSTA prescribing information, March 2011, 16 pages |:|
24 BENVENUTI, MANUELA, Crystallization of soluble proteins in vapor diffusion for x-ray crystallography, Nature D
Protocols, 2(7), 1633-1651, 2007
25 BERNSTEIN, J., Bioavailability, Polymorphism of molecular crystals, Ch. 7.3.2, 324-330 (translated pages 1-9), 2007
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GIBELLINI ET AL., Extracellular HIV-1 Tat Protein Induces the Rapid Ser 133 Phosphorylation and Activation of
140 [ CREB Transcription Factor in Both Jurkat Lymphoblastoid T Cells and Primary Peripheral Blood Mononuclear Cells, J. |:|
Immunol., 160, pgs. 3891-3898, 1998
141 GIEGE, ET AL., Crystallogenesis of Biological Macromolecules: Facts and Perspectives, Acta Cryst., D50, pp. D
339-350, 1994

PC.1.19.25

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /K.B/
0376



18/346,638 ~ GAU: 1675

Application Number
INFORMATION DISCLOSURE |
First Named Inventor | Manoj K. SHARMA
STATEMENT BY APPLICANT ,
Art Unit | TBD
Examiner Name | TBD
Attorney Docket Number | 24439-US-CNT-4
142 GIKANGA, BENSON ET AL., Manufacturing of High-Concentration Monoclonal Antibody Formulations via Spray |:|
Drying -- the Road to Manufacturing Scale, PDS J Pharm Sci and Tech, 69, 59-73, 2015
143 GISH, WARREN, Identification of protein coding regions by database similarity search, Nature Genetics, 3, 266-272, D
1993
144 Glzzl, PATRICK ET AL., Molecular Tailored Histidine-Based Complexing Surfactants: From Micelles to Hydrogels, D
Eur. J. Org. Chem., N/A, 3953-3963, 2009
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KB




Similar to:

19/346,638 with 1 CPC
Selection and 3 Text
Selections

Text:

(US-10688186-B2 OR
JP-2022082757-A OR
EP-3504241-B1 OR JP-
7057360-B2 OR WO-
2018044948-A1 OR
AU-2017319318-A1 OR
JP-2019526627-A OR
CN-109843920-B OR
JP-2024075713-A OR
AU-2003267744-C1 OR
KR-20200017553-A OR
RU-2019100221-A OR
JP-7461401-B2 OR US-
20160039926-A1 OR
ES-2986900-T3 OR
US-9724414-B2 OR
US-20190070293-A1
OR FI-3506886-T3 OR
US-20190070294-A1
OR KR-20220025196-A
OR US-9808525-B2 OR
US-20180311351-A1
OR US-20180311352-
A1 OR US-10688183-
B2 OR US-
20160031982-A1 OR
RS-62035-B1 OR US-
9757454-B2 OR US-
10155039-B2 OR US-
20160263226-A1 OR
US-20180055930-A1
OR US-20190060455-
A1 OR ES-2874640-T3
OR US-20190070292-
A1 OR JP-7603201-B2
OR W0O-2018002031-
A1 OR CN-109415440-
B OR US-
20150191539-A1 OR
AU-2017289085-A1 OR
AU-2017289085-B2 OR
US-9789185-B2 OR
US-20180311349-A1
OR JP-2022119854-A
OR US-10716853-B2
OR CA-3028238-C OR
RU-2748024-C2 OR
US-9782479-B2 OR JP-
2024109816-A OR US-
20160256547-A1 OR
JP-2019524671-A OR
US-20150190513-A1
OR KR-20230074823-A

USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO0))

10:25 PM

01/10/2026 10:25:59 PM
Workspace: 19.346638
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OR CN-115998859-A
OR US-9731008-B2 OR
US-20160304600-A1
OR US-20180028653-
A1 OR NZ-748681-A
OR US-9346880-B2 OR
US-10286071-B2 OR
CA-3029137-A1 OR
EP-3475303-B1 OR
US-10286072-B2 OR
US-20190322742-A1
OR US-20220213190-
A1 OR US-11352423-
B2 OR US-10722579-
B2 OR US-
20170312361-A1 OR
KR-102533875-B1 OR
US-20160303233-A1
OR US-20160303234-
A1 OR US-
20160304599-A1 OR
US-20160303235-A1
OR EP-3909985-A1 OR
US-20180021433-A1
OR US-20180140701-
A1 OR US-10195275-
B2 OR US-9724415-B2
OR US-9782480-B2 OR
US-9770507-B2 OR
US-9731009-B2 OR
US-9682145-B2 OR
US-20160256545-A1
OR US-20180311350-
A1 OR CN-109415440-
A OR US-
20180028655-A1 OR
US-20180028656-A1
OR US-20180028657-
A1 OR US-
20180055929-A1 OR
US-9861695-B2 OR
EA-029215-B1 OR US-
20150190512-A1 OR
US-20180043018-A1
OR US-9340611-B2 OR
KR-102362829-B1 OR
US-20160256546-A1
OR US-9707293-B2 OR
US-10159733-B2 OR
US-20180043019-A1
OR US-10772960-B2
OR CA-2884182-C OR
US-10786566-B2).did.

PE2E SEARCH - Search History (Interference)

There are no Interference searches to show.
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PE2E SEARCH - Search History (Prior Art)

Ref # Hits Search Query DBs Default Plurals British Time Stamp
Operator Equivalents
L1 584 (("MERCK") near3 (US-PGPUB; USPAT) |OR ON ON 2025/12/10
("SHARP") near3 02:19 PM
("DOHME") near3
("LLC"))).AS,AANM.
L2 529 ((("SHARMA") near3 (US-PGPUB; USPAT; |OR ON ON 2025/12/10
("Manoj")) OR USOCR; EPO; JPO; 02:19 PM
(("BENJAMIN") near3 |DERWENT)
("Wendy")) OR
(("MITTAL") near3
("Sarita")) OR
(("BASARKAR") near3
("Ashwin")) OR
(("NARASIMHAN")
near3 ("Chakravarthy"))
OR (("KASHI") near3
("Ramesh")) OR
(("SHAMEEM") near3
("Mohammed")) OR
(("BHATTACHARYA")
near3 ("Soumendu"))
OR (("FORREST")
near3 ("William")) OR
(("KRISHNAMACHARI"
) near3 ("Yogita"))).INV.
L3 142957 ((programmed near2 (US-PGPUB; USPAT; |OR ON ON 2025/12/10
death NEAR receptor [USOCR,; FIT (AP, AT, 02:25 PM
NEAR "1") AU, BE, BG, BR, BY,
(programmed NEAR CA, CH, CN, CS, CU,
cell NEAR death NEAR (CZ, DD, DE, DK, EA,
"1") PD-1 PD1cd279) |EE, EP, ES, FI, FR, GB,
WITH antibody HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, S, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)
L4 108759 pembrolizumab MK- (US-PGPUB; USPAT; |OR ON ON 2025/12/10
3475 USOCR; FIT (AP, AT, 02:27 PM
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, Nz, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
01/10/2026 10:20:18 PM Page 1 of 18
Workspace: 19.346623 KB
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LS

L6

L7

L8

948

14142

84862

119203

(L1 L2) AND (L3 L4)

(AB1K39/39591).cpc.

AND (A61K39/395)

(A61K9/19).cpc.

(AB61K39/395).cpc.

TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, 8I, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2025/12/10
02:29 PM

2025/12/10
03:09 PM

2025/12/10
03:10 PM

2025/12/10
03:13 PM

01/10/2026 10:20:18 PM
Workspace: 19.346623
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L9 270631

L10 30565

L11 167

L12 10364

(A61K47/183
A61KA7/26
A61KA47/34).cpc.

L6 AND L7 AND L9

L10 AND (L3 L4)

antibody SAME
(histidine WITH (buffer
HCL)) SAME (trehalose
"(2-hydroxypropyl)-f3-

MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, 8I, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,

CA, CH, CN, CS, CU,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2025/12/10
03:14 PM

2025/12/10
03:24 PM

2025/12/10
03:26 PM

2025/12/10
04:57 PM

01/10/2026 10:20:18 PM
Workspace: 19.346623
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L13

L14

L15

8341

34098

64184

cyclodextrin" mannitol
sorbitol l-arginine |-
proline glycine) SAME
(polysorbate NEAR
(ll80ll ll20!l))

antibody SAME
(histidine WITH (buffer
HCL)) SAME
(trehalose) SAME
((polysorbate NEAR
("80" "20") (poloxamer
NEAR "188")

antibody WITH (("20"
ll25ll ll15ll ll30ll) near2
mg/ml)

(("0.01-0.10" "0.01"
"0.02" "0.03" "0.05"
"0.1") NEAR ("%"
percent)) WITH
(surfactant polysorbate-
80 (polysorbate NEAR
"80") poloxamer)

CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

OR

OR

OR

ON

ON

ON

ON

ON

ON

2025/12/10
04:59 PM

2025/12/10
05:01 PM

2025/12/10
05:18 PM

01/10/2026 10:20:18 PM
Workspace: 19.346623
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L16 2843803

L17 394

L18 112304

L19 814

pH near3 ("5" "5-6"
ll5.5ll ll6ll)

L13 AND L14 AND L15
AND L16

pembrolizumab MK-
3475 keytruda

L1 AND (L3 L18)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2025/12/10
05:19 PM

2025/12/10
05:20 PM

2026/01/06
04:53 PM

2026/01/06
04:54 PM

01/10/2026 10:20:18 PM
Workspace: 19.346623
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L20 313897

L21 2021

L22 1061

L23 29803

trehalose WITH sucrose

mannitol AND sorbitol
AND l-argnine AND |-
prolineand glycine AND
("(2-hydroxypropyl)-3-
cyclodextrin” 2-
hydroxypropyl-beta-
cyclodextrin)

L20 AND L21

("polysorbate 80" PS80
PS-80) AND
("polysorbate 20" PS20
PS-20) AND
(poloxamer NEAR
"188")

TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, 8I, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2026/01/06
06:31 PM

2026/01/06
06:33 PM

2026/01/06
06:33 PM

2026/01/06
06:35 PM

01/10/2026 10:20:18 PM
Workspace: 19.346623
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L24

L25

L26

L27

27

39439

2819671

240932

L22 AND L23

("polysorbate 80" PS80
PS-80) AND
("polysorbate 20" PS20
PS-20) AND
((poloxamer NEAR
"188") "pluronic F-68"
F68)

(mannitol AND sorbitol)
((l-argnine arginine)
AND (l-proline proline))
glycine ("(2-
hydroxypropyl)-3-
cyclodextrin" 2-
hydroxypropyl-beta-
cyclodextrin HP-3-CD
HPRCD)

L26 SAME stabilizer

MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, 8I, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,

CA, CH, CN, CS, CU,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2026/01/06
06:35 PM

2026/01/06
09:30 PM

2026/01/06
09:33 PM

2026/01/06
09:33 PM

01/10/2026 10:20:18 PM
Workspace: 19.346623
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L28 12220

L29 8967

L30 55908

L27 AND L25

L28 AND L20

(stable stabilized
stability) WITH
(antibody
immunoglobulin IgG)
WITH (formulation
formula composition)

CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

OR

OR

OR

ON

ON

ON

ON

ON

ON

2026/01/06
09:34 PM

2026/01/06
09:35 PM

2026/01/06
09:35 PM

01/10/2026 10:20:18 PM
Workspace: 19.346623
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L31

L32

L33

L34

3841

121118

2331

183011

L29 AND L30

(antioxidant anti-
oxidant) SAME
(methionine "L-
methionine HCI")

L31 AND L32

"diethylenetriaminopent
aacetic acid" DTPA!

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2026/01/06
09:36 PM

2026/01/06
09:37 PM

2026/01/06
09:37 PM

2026/01/06
09:38 PM

01/10/2026 10:20:18 PM
Workspace: 19.346623
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L35

L36

L37

506

2226

100

L33 AND L34

L33 AND subcutaneous

(Artificial Intelligence)
Similar to:

Unpublished Application
# with 0 CPC Selections
and 0 Text Selections

Text:
(US-20230119778-A1
OR EP-3504241-B1 OR
DK-2691112-T3 OR JP-
2016104780-A OR WO-
2018044948-A1 OR
WO-2024171082-A1
OR US-12024561-B2
OR ES-2986900-T3 OR
JP-2022119854-A OR
KR-20240024941-A OR
EP-4088740-A1 OR
US-20230048612-A1
OR JP-2018199720-A
OR JP-2019526627-A
OR CA-3162976-A1 OR
CN-117561079-A OR
CN-114616249-A OR
JP-2024075713-A OR

TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, 8I, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO))

OR

OR

OR

ON

ON

ON

ON

ON

ON

2026/01/06
09:38 PM

2026/01/06
09:39 PM

2026/01/08
11:49 PM

01/10/2026 10:20:18 PM
Workspace: 19.346623

0418

Page 10 of 18

KB




AU-2013360812-A1 OR
RU-2024101251-A OR
US-20150343058-A1
OR US-20210403568-
A1 OR US-
20230355757-A1 OR
CA-3220545-A1 OR
WO-2014096051-A1
OR EP-29345682-B1 OR
US-20190010224-A1
OR TW-202415407-A
OR WO0-2025191489-
A1 OR US-12433947-
B2 OR CA-2866128-A1
OR JP-2022513693-A
OR CA-3032596-A1 OR
BR-112012016618-A2
OR CN-109843920-B
OR WO-2017054646-
A1 OR US-
20220016244-A1 OR
NZ-748681-A OR CA-
2895869-C OR CA-
2895869-A1 OR CN-
104159612-A OR US-
20160280781-A1 OR
CN-106999591-B OR
KR-20130028894-A OR
EP-4076385-B1 OR
WO-2016066688-A1
OR WO0O-2021013689-
A1 OR JP-2016508973-
A OR JP-7057360-B2
OR CN-112805566-A
OR JP-2023109938-A
OR EP-3428189-A1 OR
EP-3766481-A1 OR
EP-3823594-B1 OR
BR-PI0806313-A2 OR
AU-2009324371-A1 OR
US-20180339045-A1
OR WO-2020008035-
A1 OR US-9376491-B2
OR KR-101730694-B1
OR CN-116617387-A
OR WO0-2013016648-
A2 OR US-10786567-
B2 OR US-
20200246477-A1 OR
WO-2019106206-A1
OR EP-4559485-A2 OR
US-20240091373-A1
OR WO-2017112621-
A1 OR US-10617764-
B2 OR US-
20160279258-A1 OR
JP-5896471-B2 OR US-
20210030868-A1 OR

01/10/2026 10:20:18 PM
Workspace: 19.346623
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L38 100

JP-2025525458-A OR
JP-2024523443-A OR
JP-2015231997-A OR
JP-2018168158-A OR
WO-2021013372-A1
OR W0-2011017070-
A1 OR JP-2016539118-
A OR KR-
20180085801-A OR JP-
2022082757-A OR JP-
2020532491-A OR US-
20210403550-A1 OR
TW-1730310-B OR CN-
112516090-B OR KR-
102372245-B1 OR TW-
1753087-B OR US-
20230279138-A1 OR
WO-2021038532-A1
OR KR-20160105535-A
OR US-20250043027-
A1 OR KR-
20140134689-A OR
CN-113521016-A OR
JP-2024515968-A OR
CN-112543627-A OR
WO-2022132636-A1
OR US-20210292434-
A1 OR TW-202034898-
A OR EP-2501408-B1
OR EP-1409018-
B1).did.

(Artificial Intelligence)
Similar to:

Unpublished Application
# with 1 CPC Selection
and 3 Text Selections

Text:
(US-20230119778-A1
OR KR-20240024941-A
OR W0-2024171082-
A1 OR US-
20230355757-A1 OR
EP-4076385-B1 OR
CA-3220545-A1 OR
CN-114728064-B OR
CN-112805566-A OR
JP-7675049-B2 OR
WO-2023073469-A1
OR RU-2011151286-A
OR US-20210403568-
A1 OR JP-2024534185-
A OR JP-2025163108-
A OR US-
20210322550-A1 OR
US-20160279258-A1
OR US-20200246477-
A1 OR US-10617764-

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO0))

OR

ON

ON

2026/01/08
11:52 PM

01/10/2026 10:20:18 PM
Workspace: 19.346623
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B2 OR CA-3234358-A1
OR CU-20120080-A7
OR JP-2024075713-A
OR WO0-2016066688-
A1 OR EP-4190352-A1
OR US-20210030868-
A1 OR CN-113521016-
A OR KR-102372245-
B1 OR US-
20220016244-A1 OR
EP-3428189-A1 OR
RU-2024101251-A OR
WO-2013186230-A1
OR CA-3217391-A1 OR
CN-106163567-B OR
CN-120242000-A OR
US-12171830-B2 OR
CA-3007481-A1 OR
WO-2021013689-A1
OR CA-3156713-A1 OR
US-11260125-B2 OR
US-20220184210-A1
OR US-20240091373-
A1 OR EP-3909985-A1
OR JP-2023109938-A
OR US-20220273796-
A1 OR EP-2501408-B1
OR KR-20240038735-A
OR WO0O-2016162819-
A1 OR WO-
2019106206-A1 OR JP-
7461401-B2 OR JP-
2016539118-A OR JP-
2025522442-A OR JP-
2023532326-A OR WO-
2025041000-A1 OR JP-
2022116305-A OR WO-
2017121867-A1 OR
DE-25179059-T1 OR
AU-2009324371-A1 OR
WO-2016075201-A1
OR EP-4559485-A2 OR
CN-109843920-B OR
AU-2020387034-A1 OR
AU-2013360812-A1 OR
IL-321343-A OR TW-
202224702-A OR JP-
2019163319-A OR CN-
112972674-B OR KR-
20220098046-A OR
KR-20210064112-A OR
EP-3766481-A1 OR
US-20150343058-A1
OR WO0-2020053301-
A1 OR DE-
202015009619-U1 OR
JP-2024515968-A OR
JP-2021119199-A OR

01/10/2026 10:20:18 PM
Workspace: 19.346623

0421

Page 13 of 18
KB




L39

100

DE-202015009016-U1
OR DE-202015009509-
U1 OR EP-3823594-B1
OR DE-202015009509-
U9 OR US-
20230112956-A1 OR
CN-114728064-A OR
US-20030202972-A1
OR CN-102245639-A
OR JP-7286595-B2 OR
EP-4062933-A1 OR
US-20230279138-A1
OR JP-2022513693-A
OR US-20240150479-
A1 OR TW-202415407-
A OR US-11723976-B2
OR WO0-2025191489-
A1 OR JP-2016104780-
A OR US-
20220125921-A1 OR
US-20190070293-A1
OR US-20150191538-
A1 OR CN-109248315-
B OR JP-6590803-B2
OR US-9346880-B2 OR
US-20250064930-A1
OR US-12433947-B2
OR CN-119365216-A
OR US-20180140701-
A1).did.

(Artificial Intelligence)
Similar to:

Unpublished Application
# with 0 CPC Selections
and 2 Text Selections

Text:

(CN-114728064-B OR
WO-2023073469-A1
OR BR-122019017088-
B1 OR AU-
2021233893-A1 OR
WO-2021183752-A1
OR US-20240415924-
A1 OR US-
20210283214-A1 OR
US-11173189-B2 OR
AU-2004251623-B2 OR
US-20220016201-A1
OR CN-112516090-B
OR US-12128085-B2
OR CA-3234358-A1 OR
WO-2005000267-A2
OR AU-2004251623-A1
OR JP-7675049-B2 OR
KR-20130105756-A OR
KR-20120080243-A OR
RU-2011151286-A OR

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, 8I, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO))

OR

ON

ON

2026/01/08
11:58 PM

01/10/2026 10:20:18 PM
Workspace: 19.346623
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US-20140100236-A1
OR CN-112516090-A
OR CN-104994854-A
OR CN-110403922-A
OR JP-2025163108-A
OR FI-3479819-T3 OR
CN-113975385-A OR
JP-56102949-B2 OR US-
20230119778-A1 OR
US-20110218173-A1
OR US-20210322550-
A1 OR WO-
2024171082-A1 OR
US-20160279258-A1
OR US-20200246477-
A1 OR US-10617764-
B2 OR CU-20120080-
A7 OR JP-2024075713-
A OR FI-4218797-T3
OR CA-3039796-A1 OR
JP-2006083171-A OR
CN-119745811-A OR
EP-4190352-A1 OR
WO-2016066688-A1
OR CN-113521016-A
OR WO0-2018085551-
A2 OR KR-102372245-
B1 OR US-
20220016244-A1 OR
WO-2007072218-A2
OR EP-3428189-A1 OR
CA-3217391-A1 OR
CN-120242000-A OR
JP-2024515968-A OR
IL-281818-A OR NZ-
603076-A OR CN-
106163567-B OR WO-
2013186230-A1 OR
CA-3007481-A1 OR
US-12171830-B2 OR
WO-2021013689-A1
OR WO0-2022222945-
A1 OR HR-P20160295-
T1 OR CA-2903611-A1
OR CA-2903611-C OR
EP-3909985-A1 OR
CA-31566713-A1 OR
US-11260125-B2 OR
US-20240091373-A1
OR US-20220184210-
A1 OR US-
20220273796-A1 OR
KR-20240038735-A OR
EP-3399979-B9 OR
EP-3399979-B1 OR
CN-105189559-A OR
EP-2970465-B1 OR
WO-2016162819-A1

01/10/2026 10:20:18 PM
Workspace: 19.346623
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L40

100

OR AU-2004234176-B2
OR JP-2025522442-A
OR AU-2004234176-A1
OR JP-2023109938-A
OR WO-2019106206-
A1 OR RU-
2024101251-A OR EP-
2501408-B1 OR JP-
7461401-B2 OR US-
20190060240-A1 OR
WO-2022035397-A1
OR AU-2021326382-A9
OR US-11576863-B2
OR JP-2016539118-A
OR EA-035278-B1 OR
WO-2025041000-A1
OR CA-2523079-C OR
US-20230355757-A1
OR EP-4338752-A2 OR
US-20160022585-A1
OR US-11433029-B2
OR US-20140271636-
A1 OR US-
20240009227-A1 OR
JP-2023532326-A OR
WO-2025149100-A2
OR CN-110279693-A
OR ES-2358330-
T5).did.

(Artificial Intelligence)
Similar to:

Unpublished Application
# with 0 CPC Selections
and 6 Text Selections

Text:
(HR-P20201573-T1 OR
CN-114728064-B OR
US-20170312361-A1
OR US-20210322550-
A1 OR US-
20160256546-A1 OR
US-20220125921-A1
OR US-20190070293-
A1 OR US-12171830-
B2 OR CN-120242000-
A OR US-10722579-B2
OR US-11260125-B2
OR US-11723976-B2
OR US-20190060455-
A1 OR US-
20190070292-A1 OR
US-20190070294-A1
OR CA-3220545-A1 OR
US-20250064930-A1
OR US-20220184210-
A1 OR JP-6845973-B1
OR W0-2021100794-

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO))

OR

ON

ON

2026/01/09
12:04 AM

01/10/2026 10:20:18 PM
Workspace: 19.346623
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A1 OR CN-114616249-
A OR CN-114728064-A
OR JP-7675049-B2 OR
US-9340612-B2 OR
US-9782479-B2 OR JP-
2021169448-A OR US-
20180028653-A1 OR
JP-6889344-B2 OR EP-
4062933-A1 OR CA-
3217391-A1 OR KR-
102238677-B1 OR JP-
6783845-B2 OR JP-
W02021100794-A1 OR
EP-4190352-A1 OR
CN-119386173-A OR
JP-2016104780-A OR
US-9724415-B2 OR
US-20230119778-A1
OR JP-6463268-B2 OR
JP-2022116305-A OR
KR-20210040470-A OR
CN-112543627-A OR
KR-20210064112-A OR
US-10286072-B2 OR
US-20240287191-A1
OR CA-3156713-A1 OR
US-10716853-B2 OR
US-20180311350-A1
OR EP-2892550-B1 OR
US-20180311349-A1
OR RU-2024101251-A
OR US-10772960-B2
OR KR-20220098046-A
OR US-20180055930-
A1 OR US-10155039-
B2 OR KR-
20240024941-A OR
US-20180311351-A1
OR US-20160039926-
A1 OR US-9724414-B2
OR US-10688183-B2
OR US-20180311352-
A1 OR US-10772959-
B2 OR US-10799585-
B2 OR US-10716854-
B2 OR KR-
20210028673-A OR
KR-101730694-B1 OR
US-10207000-B2 OR
JP-2022082757-A OR
WO-2009037190-A2
OR W0-2022022464-
A1 OR TR-201810815-
T4 OR IL-293099-A OR
FI-3061445-T3 OR WO-
2023140807-A1 OR
US-20150191539-A1
OR RU-2021122280-A

01/10/2026 10:20:18 PM
Workspace: 19.346623

0425
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OR KR-20130028894-A
OR AU-2018208699-A1
OR US-20190060240-
A1 OR JP-2023532326-
A OR US-9382317-B2
OR JP-2016539118-A
OR WO0-2024171082-
A1 OR KR-
20220025196-A OR JP-
2021529800-A OR KR-
20180038290-A OR
US-10786567-B2 OR
JP-7473603-B2 OR AU-
2019298656-A1 OR
US-20230279138-A1
OR US-20180064781-
A1 OR WO-
2020008035-A1 OR
DE-25179059-T1 OR
US-10780163-B2 OR
RU-2013152751-A OR
US-20160256545-A1
OR US-9682145-B2 OR
US-9757454-B2 OR
US-20160263226-A1
OR CN-106999591-
B).did.

PE2E SEARCH - Search History (Interference)

keytruda MK-3475)

Ref # Hits Search Query DBs Default Plurals British Time Stamp
Operator Equivalents

N1 601 ((("MERCK") near3 (US-PGPUB; USPAT) |OR ON ON 2026/01/06
("SHARP") near3 04:56 PM
("DOHME") near3
("LLC"))).AS,AANM.

N2 177 N1 AND (PD-1 (US-PGPUB; USPAT) |OR ON ON 2026/01/06
pembrolizumab 04:57 PM
keytruda MK-3475)

N4 127 N1 AND (antibody.cim.) |(US-PGPUB; USPAT) |OR ON ON 2026/01/06

06:04 PM

N5 4545 ((("MERCK") near3 (US-PGPUB; USPAT) |OR ON ON 2026/01/06
("SHARP") near3 06:20 PM
("DOHME"))).AS,AANM

N6 498 N5 AND (PD-1 (US-PGPUB; USPAT) |OR ON ON 2026/01/06
pembrolizumab 06:20 PM

01/10/2026 10:20:18 PM
Workspace: 19.346623
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