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Amendments to Claims:

1. (Previously Presented) A method for treating cancer in a patient in need thereof,
wherein the patient has been determined to have a tumor that exhibits a high microsatellite
instability (MSI-high) or a mismatch repair (MMR) deficiency status, the method comprising:

administering an effective amount of pembrolizumab to the patient;

wherein the patient exhibits an outcome that is improved as compared to a corresponding
outcome that would be observed in a reference patient that has been administered
pembrolizumab, wherein the reference patient has a tumor that does not exhibit a MSI-high or a
MMR deficiency status; and

wherein the patient has received a prior cancer therapy drug.

2. (Original) The method of claim 1, wherein the patient has been determined to have a
tumor that exhibits a MSI-high status when instability of a microsatellite marker in a DNA

sequence has been detected in a tumor sample obtained from the patient.

3. (Original) The method of claim 2, wherein the microsatellite marker is BAT-25, BAT-
26, MONO-27, NR-21 or NR-24.

4. (Original) The method of claim 1, wherein the patient has been determined to have a
tumor that exhibits a MMR deficiency status when deficiency of a mismatch repair marker in a

DNA sequence has been detected in a tumor sample obtained from the patient.

5. (Withdrawn) The method of claim 4, wherein the mismatch repair marker is POLE,
POLDI, or MYH.

6. (Currently Amended) The method of claim 1, wherein the MSThigh MMR deficiency

status of the tumor is detected by immunohistochemistry.
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7. (Original) The method of claim 1, wherein the cancer in the patient has progressed after

the patient received the prior cancer therapy drug.

8. (Original) The method of claim 1, wherein the outcome that is improved is an improved
objective response rate (ORR), an improved progression-free survival (PFS), or an improved

overall survival.

9. (Original) The method of claim 8, wherein the ORR is an immune-related ORR (irORR),

the PFS is an immune-related progression-free survival (irPFS), or both.

10. (Previously Presented) The method of claim 8, wherein the outcome is assessed in the

patient within approximately 20 weeks after administering pembrolizumab.

11.  (Previously Presented) The method of claim 1, wherein pembrolizumab is administered

by intravenous infusion.
12. (Canceled)
13.  (Original) The method of claim 1, wherein the cancer is a metastatic cancer.
14.  (Original) The method of claim 1, wherein the cancer is a metastatic colorectal cancer.
15-16. (Canceled)
17. (Previously Presented) A method for treating cancer in a patient in need thereof, the
method comprising:

detecting a high microsatellite instability (MSI-high) or a mismatch repair (MMR)
deficiency status in a tumor sample from the patient;

wherein the tumor sample exhibits an instability of one or more microsatellite markers or

a deficiency of one or more mismatch repair markers;
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administering an effective amount of pembrolizumab to the patient;

wherein the patient exhibits an outcome that is improved as compared to a corresponding
outcome that would be observed in a reference patient that has been administered
pembrolizumab, wherein reference patient has a tumor that does not exhibit an instability of the
one or more microsatellite markers or a deficiency of the one or more mismatch repair markers;
and

wherein the patient has received a prior cancer therapy drug.

18. (Original) The method of claim 17, wherein the microsatellite marker is BAT-25, BAT-
26, MONO-27, NR-21, or NR-24.

19. (Withdrawn) The method of claim 17, wherein the mismatch repair marker is POLE,
POLDI, or MYH.

20.  (Original) The method of claim 17, wherein the MST-high MMR deficiency status of the

tumor is detected by immunohistochemistry.

21. (Original) The method of claim 17, wherein the cancer is a metastatic cancer.

22.  (Original) The method of claim 17, wherein the cancer is a metastatic colorectal cancer.

23. (Canceled)

24.  (Original) The method of claim 22, wherein the metastatic colorectal cancer in the

patient has progressed after the patient received the prior cancer therapy drug.
25.  (Original) The method of claim 17, wherein the outcome that is improved is an improved

objective response rate (ORR), an improved progression-free survival (PFS), or an improved

overall survival.
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26.  (Original) The method of claim 25, wherein the ORR is an immune-related ORR

(irORR), the PFS is an immune-related progression-free survival (irPFS), or both.

27.  (Previously Presented) The method of claim 25, wherein the outcome is assessed in the

patient at 20 weeks after administering pembrolizumab.

28. (Previously Presented) The method of claim 17, wherein pembrolizumab is

administered by intravenous infusion.
29-30. (Canceled)

31.  (New) A method for treating cancer in a patient in need thereof, wherein the patient has
been determined to have a tumor that exhibits a high microsatellite instability (MSI-high) or a
mismatch repair (MMR) deficiency status, the method comprising:

administering an effective amount of pembrolizumab to the patient;

wherein the patient exhibits an outcome that is improved as compared to a corresponding
outcome that would be observed in a reference patient that has been administered
pembrolizumab, wherein the reference patient has a tumor that is MMR-proficient; and

wherein the patient has received a prior cancer therapy drug.

32.  (New) The method of claim 31, wherein the patient has been determined to have a tumor
that exhibits a MSI-high status when instability of a microsatellite marker in a DNA sequence

has been detected in a tumor sample obtained from the patient.

33. (New) The method of claim 31, wherein the microsatellite marker is BAT-25, BAT-26,
MONO-27, NR-21 or NR-24,

34. (New) The method of claim 31, wherein the outcome that is improved is an improved

objective response rate (ORR), an improved progression-free survival (PFS), or an improved

overall survival.
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35. (New) The method of claim 31, wherein the ORR is an immune-related ORR (irORR),

the PFS is an immune-related progression-free survival (irPFS), or both.

36.  (New) The method of claim 31, wherein pembrolizumab is administered by intravenous

infusion.
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REMARKS

Status of Claims

Claims 1-4, 6-11, 13-14, 17-18, 20-22, and 24-28 are pending. Claims 5 and 19 have

been withdrawn.

Claims 6 and 20 have been amended to recite that the MMR deficiency status of the
tumor is detected by immunohistochemistry. Support for these amendments can be found, e.g.,
in paragraph [114] of the application as filed. No new matter has been added.

Claims 31-36 are newly added. Support for these claims can be found, e.g., in the
original claims as filed, as well as in paragraph [85] of the application as filed. No new matter
has been added.

In light of the present remarks, Applicant respectfully requests reconsideration and
allowance of claims 1-4, 6-11, 13-14, 17-18, 20-22, and 24-28, and consideration and allowance
of newly added claims 31-36. Upon a finding of allowability of generic claims 1 and 17,
Applicant respectfully requests consideration of withdrawn claims 5 and 19, which respectively

depend from and require each of the limitations of claims 1 and 17.

Previous Rejections Withdrawn

Applicant thanks the Examiner for withdrawing the rejections under 35 U.S.C. § 102 in
view of Freeman ef a/. and under 35 U.S.C. § 103(a) in view of Freeman et al., Omtoft et al., and

Topalian et al.

Claim Rejections under 35 U.S.C. § 103

The burden for establishing a prima facie case of obviousness under 35 U.S.C. § 103(a)
falls entirely upon the Office. See In re Piasecki, 745 F.2d 1468, 1471-72 (Fed. Cir. 1984). In
2007, the Supreme Court in KSR reaffirmed the factors set forth 40 years earlier in Graham v.
John Deere, 383 U.S. 1, 17 (1966), for framing the analysis. The factors include determining: (1)

the scope and content of the prior art; (2) the differences between the prior art and the claims at
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issue; and (3) the level of ordinary skill in the pertinent art. KSR Int’l Co. v. Teleflex Inc., 550
U.S. 398, 415 (2007); MPEP § 2141.

Consistent with the John Deere approach, the Federal Circuit has fine-tuned the
requirements of an obviousness rejection. In particular, to raise a prima facie case of
obviousness, there must be a reasonable expectation of success in arriving at the claimed subject
matter. Intelligent Bio-Systems, Inc., v. lllumina Cambridge Ltd. 821 F.3d 1359 (Fed. Cir. 2016).
Here, the pending claims recite infer alia methods for treating cancer in a patient with “a high
microsatellite instability (MSI-high) or a mismatch repair (MMR) deficiency status” by
“administering an effective amount of pembrolizumab to the patient”, “wherein the patient
exhibits an outcome that is improved as compared to a corresponding outcome that would be
observed in a reference patient that has been administered pembrolizumab.” Independent claim
1 recites that the reference patient “has a tumor that does not exhibit a MSI-high or a MMR
deficiency status”, while independent claim 17 recites that the reference patient “has a tumor that
does not exhibit an instability of the one or more microsatellite markers or a deficiency of the
one or more mismatch repair markers.” As discussed below, the Llosa reference does not qualify
as prior art to the pending claims and there is no reasonable expectation of success in arriving the
claimed subject matter in view of Champiat. Therefore, the Office has not met its burden of

finding a prima facie case of obviousness.

a. Champiat

Claims 1, 4, 7-9, 17, and 24-26 stand rejected under 35 U.S.C. § 103 as allegedly being
obvious over Champiat ef a/. (“Champiat,” Oncoimmunology, 3:¢27816, 2014).

According to the Office, Champiat discusses a relationship between mutational
heterogeneity in different cancer and responses to anti-PD-1 antibodies, including treating
patients with mismatch repair deficient tumors such as microsatellite instability in colorectal
carcinoma with anti-PD-1 antibodies. Office Action, p. 4. Champiat allegedly discloses
pembrolizumab and treatment of NSCLC or RCC patients treated previously with a tyrosine
kinase inhibitor. /d. The Office relies on this disclosure to allege that the pending claims are

obvious. Applicant respectfully disagrees.
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Champiat is a review article that surveys therapies involving various immune checkpoint
inhibitors. To allege that it discloses treatment of cancer in a patient with “a high microsatellite
instability (MSI-high) or a mismatch repair (MMR) deficiency status” by “administering an
effective amount of pembrolizumab to the patient,” the Office cites Table 1 and Figure 1. Office
Action, p. 4. However, Champiat does not teach that the patient exhibits an outcome that is
improved as compared to a corresponding outcome that would be observed in a reference patient
that has been administered pembrolizumab, “wherein the reference patient has a tumor that does
not exhibit a MSI-high or a MMR deficiency status” (as recited in independent claim 1), or
“wherein the reference patient has a tumor that does not exhibit an instability of the one or more
microsatellite markers or a deficiency of the one or more mismatch repair markers” (as recited in
independent claim 17).

Instead, Champiat presents the “hypothesis that high levels of mutational heterogeneity in
the tumor could be the key for the success of immune checkpoint-targeting therapies.” Champiat
at 1. However, mutational heterogeneity and mismatch repair deficiency are distinct phenomena
measured with different assays. Conjecture that mutationally heterogeneic tumors would be
more responsive to PD-1 inhibition provides no guidance with respect to predicting whether
MSI-high or mismatch repair deficient tumors will be more responsive to PD-1 inhibition. See
Pardoll § 1.132 declaration, paragraph 10.

In addition, regarding use of pembrolizumab in particular, as required in the pending
claims, (referred to in Table 1 as “Lambrolizumab”), Champiat provides just ore data point:
treatment of melanoma patients, precluding any reasonable conclusion about a relationship
between MSI-high status or MMR deficiency and increased overall response rate to
pembrolizumab. See Pardoll § 1.132 declaration, paragraph 8, and Table 1 of Champiat.
Champiat in fact acknowledges that its “analysis is based on a limited amount of data.” e27817-
5, middle column. Thus, Champiat’s hypothesis is just that—a hypothesis—speculation about
what could be going on and that may warrant further inquiry. “... if high levels of mutational
heterogeneity increase the tumor immunogenicity, it will be interesting to evaluate the clinical
activity of PD-1/PD-L1 agents in DNA mismatch repair (MM)-deficient tumors such as
microsatellite instability (MSI)+ colorectal carcinoma.” e27817-5, right column, emphasis

added. This speculation certainly would not lead one of ordinary skill to conclude that there is,
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in fact, a correlation between mismatch repair or MSI-high status and increased overall response
rate because the above quoted suggestion of further inquiry is the sole mention of MSI or
mismatch-repair deficiency in the Champiat reference.

As Dr. Pardoll, a co-inventor of the present application explains in his § 1.132 declaration
at paragraph 11, Champiat et al. reach the inaccurate conclusion that pancreatic cancer would
respond to PD-1 inhibition based on mutational heterogeneity. Their conclusion is drawn from
incomplete data. In fact, pancreatic cancer does not respond to anti-PD-1 unless that cancer is
MSI-high. See Macherla et al. Int J Mol Sci. 2018 Nov; 19(11): 3505, who state that, “With the
advent of ICB, there has been a paradigm shift in the treatment of various other malignancies,
particularly non-small cell lung cancer and melanoma. Unfortunately, the success of
immunotherapy seen in certain tumor subtypes hasn’t been replicated in the treatment of PDAC
[pancreatic ductal adenocarcinoma], except in patients with AMMR/MSI-H tumors (Table 2).”

The facts subsequent to the filing of the claimed invention further demonstrate the non-
obviousness of the invention. Keytruda received from the FDA a first-in-class tissue location
agnostic approval based on a tumor biomarker, based in part on the data disclosed by the present
application. The then-acting director of the FDA’s Office of Hematology and Oncology in the
FDA’s Center for Drug Evaluation and Research and the FDA’s Oncology Center of Excellence,
Dr. Richard Pazdur, observed about Keytruda: “This is an important first for the cancer
community....Until now, the FDA has approved cancer treatments based on where in the body
the cancer started—for example, lung or breast cancers. We have now approved a drug based on
a tumor’s biomarker without regard to the tumor’s original location.” Pardoll § 1.132 declaration,
paragraph 31.

The unanticipated results associated with the use of pembrolizumab on MSI-high cancer
patients were also touted by mainstream media outlets. Forbes, the New York Times, and the
Washington Post published feature articles describing the unexpected discovery of the claimed
invention and how that invention had changed the lives of cancer patients whose fate was
otherwise dire. Pardoll § 1.132 declaration, paragraphs 28-32. The patients profiled in the New
York Times and the Washington Post would surely have died were it not for the work of the
present Applicant; instead, they made full recoveries which even seasoned cancer doctors

considered nothing short of miraculous. /d., paragraphs 30-31.
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Given all of the above, Applicant requests withdrawal of the rejection under 35 U.S.C. §

103 over Champiat et al.

b. Llosa

Claims 1, 4, 7-9, 13, 14, 17, and 24-26 were rejected under 35 U.S.C. § 103 as allegedly
obvious over Llosa ef al. (“Llosa,” Cancer Discovery, 5:43-51, 2014).

Applicant respectfully disagrees.

Llosa does not qualify as prior art to the pending claims because the subject matter
disclosed by Llosa and relied upon by the Examiner was made by the inventors of the present
application less than a year before Applicant’s filing date. 35 U.S.C. § 102(b)(1)(A) provides that
“[a] disclosure made 1 year or less before the effective filing date of a claimed invention shall
not be prior art to the claimed invention” ... if (A) “the disclosure was made by the inventor or
joint inventor or by another who obtained the subject matter disclosed directly or indirectly from
the inventor or a joint inventor.”

Inventors Nickolas Papadopoulos, Ken W. Kinzler, Bert Vogelstein, and Drew M.
Pardoll are co-authors on Llosa. Llosa also lists Nicolas J. Llosa, Michael Cruise, Ada Tam,
Elizabeth C. Wick, Elizabeth M. Hechenbleikner, Janis M. Taube, Lee Blosser, Hongni Fan, Hao
Wang, Brandon Luber, Ming Zhang, Nickolas Papadopoulos, Kenneth W. Kinzler, Cynthia L.
Sears, Robert A. Anders, and Franck Housseau as co-authors. See Llosa, p. 1. The MPEP
explains that a reference, such as Llosa, which names authors in addition to the inventors named
on an application, may be overcome as prior art through a declaration that the subject matter
disclosed by the reference was made by a named inventor or joint inventor. See MPEP
2153.01(a). “In the situations in which it is not apparent from the prior disclosure or the patent
application specification that the prior disclosure is by the inventor or a joint inventor, the
applicant may establish by way of an affidavit or declaration that a grace period disclosure is not
prior art under ATA 35 U.S.C. 102(a)(1) because the prior disclosure was by the inventor or a
joint inventor.” Id; see also MPEP 2155.01

An applicant may show that a disclosure was made by the inventor or a joint

inventor by way of an affidavit or declaration under 37 CFR 1.130(a) (an affidavit
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or declaration of attribution). See In re Katz, 687 F.2d 450, 455, 215 USPQ 14, 18
(CCPA 1982) and MPEP 718. “Where the authorship of the prior art disclosure
includes the inventor or a joint inventor named in the application, an
‘unequivocal’ statement from the inventor or a joint inventor that the inventor or
joint inventor (or some specific combination of named inventors) invented the
subject matter of the disclosure, accompanied by a reasonable explanation of the
presence of additional authors, may be acceptable in the absence of evidence to
the contrary. See In re DeBaun, 687 F.2d 459, 463, 214 USPQ 933, 936 (CCPA
1982).

Applicant submits the Declaration under § 1.130 of Dr. Pardoll providing the required
unequivocal statement that he and his co-inventors are the inventors of the subject matter in
Llosa relied upon by the Examiner in rejecting the pending claims, along with the required
reasonable explanation of the presence of additional authors on Llosa. The online publication
date of Llosa is October 30, 2014, and the effective filing date of the present application is about
two weeks later, on November 13, 2014. Thus, Llosa can be overcome through Dr. Pardoll’s §
1.130 declaration because it was published less than one year before the effective filing date of
the present application. Because Llosa does not qualify as prior art under 35 U.S.C. §
102(b)(1)(A) to the present application, claims 1, 4, 7-9, 13, 14, 17, and 24-26 cannot be deemed
obvious in view of Llosa in combination with any reference. Accordingly, Applicant requests
that the Office withdraw the rejection of claims 1, 4, 7-9, 13, 14, 17, and 24-26 in view of any

combination that includes Llosa.

c. Champiat in view of Orntoft et al. and Gatalica et al.

The Office rejected claims 1-4, 6-9, 13, 14, 17-22, and 24-26 are rejected under 35
U.S.C. § 103 as being unpatentable over Champiat in view of Orntoft ef al. (“Orntoft”, WO
2005/064009) and Gatalica ef al. (“Gatalica”, US 2017/0175197).

The deficiencies of Champiat are discussed above. Neither Orntoft nor Gatalica remedy
the deficiencies of Champiat. Orntoft et al. does not disclose that administering an anti-PD-1

antibody to a subject having a MSI-high cancer would be effective and thus does not cure the
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deficiencies of Champiat. Moreover, as discussed in Applicant’s reply dated June 19, 2019,
Gatalica fails to teach or suggest a useful correlation between patients having tumors with high
PD-L1 levels and the efficacious administration of pembrolizumab (or any other
immunotherapeutic agent for that matter) and therefore, does not teach that MSI or MMR testing
would specifically identify patients with very high response rate to any anti-PD-1 antibody.
Stated simply, PD-L1 is not, and was not at the time of the present filing, a reliable biomarker to
determine which patients will respond to anti-PD-1 immunotherapy. That Gatalica attempts to
broadly correlate PD-L1 levels to MSI-high or MMR deficiency status across cancer types is
irrelevant to the methods recited in the presently pending claims - there is no reliably predictive
correlation between PD-L1 levels and response to anti-PD-1 immunotherapy.

As such, the combination of Champiat in view of Orntoft and Gatalica cannot render
obvious the subject matter of the pending claims. Accordingly, Applicant requests that the Office

withdraw this rejection.

d. Champiat in view of Orntoft et al. and Gatalica et al. and in further view of
Brahmer et al.

The Office rejected claims 1-4, 6-11 13, 14, 17, 18, 20-22, and 24-28 under 35 U.S.C. §
103 as being unpatentable over Champiat in view of Orntoft and Gatalica and further in view of
Brahmer ef al. (“Brahmer”, J Clin Oncol, 28:3167-3175, 2010).

The deficiencies of Champiat, Orntoft, and Gatalica are discussed above. According to
the Office, Brahmer discloses the treatment of cancer patients with anti-PD-1 antibodies
intravenously and measuring response to anti PD-1 antibody for at least 3 months up to 21
months. Brahmer provides no data or even suggestion of an association between responsiveness
to the administration of an anti-PD-1 antibody and high microsatellite instability or a mismatch
repair deficiency status. Instead, the paper offers “[t]wo possible scenarios for T cell inhibition
via PD-1 :B7-H1 ligation. First, lymphocytes may encounter B7-H1 expressed on activated
antigen presenting cells during priming or reactivation in lymphoid organs. In addition, tumor-
specific effector lymphocytes may be inhibited on contact with B7-H1-positive tumor cells.”
Each of these scenarios focuses on B7-H1 (also known as PD-L1). Brahmer et al. at 3172.

Brahmer et al. are completely silent with respect to using high microsatellite instability or a
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mismatch repair deficiency as a diagnostic or prognostic marker. Importantly, Brahmer selected
their subjects based on the presence of tumor types that were previously described (by Dong) as
being associated with high PD-L1 levels (7.e., tumors that would be expected to respond to PD-1
inhibition if PD-L1 were in fact a reliable prognostic biomarker for PD-1 susceptibility). Nat
Med. 2002 Aug;8(8):793-800. Epub 2002 Jun 24. Erratum in: Nat Med 2002 Sep;8(9): 1039.
Dong taught that colorectal cancer was associated with high PD-L1 levels: “In contrast, B7-H1
[PD-L1] is abundant in human carcinomas of lung, ovary and colon and in melanomas.” Dong et
al, Abstract. Illustrating that high PD-L1 levels are not a reliable indicator for PD-1 inhibiting
drugs, Brahmer observed that PD-1 inhibition therapy was effective in just 1 of the 14 colorectal
subjects: “One durable complete response (CRC) ... [was] seen.” Results section of Abstract.
Brahmer’s own data underscore that PD-L1 status is a poor predictor of which cancers will
respond well to PD-1 inhibition. Thus, Brahmer does not, in combination with Champiat,
Orntoft and Gatalica, render obvious the subject matter of the pending claims. Accordingly,

Applicant requests that the Office withdraw this rejection.

e. Llosa in view of Orntoft et al. and Gatalica et al.

The Office rejected claims 1-4, 6-9, 13, 14, 17-22, and 24-26 under 35 U.S.C. § 103 as
being unpatentable over Llosa et al in view of Orntoft and Gatalica. As discussed above, Llosa
is not prior art to the pending claims. As such, Llosa in view of Orntoft and Gatalica cannot
render obvious the subject matter of the pending claims. Accordingly, Applicant requests that the

Office withdraw this rejection.

f Llosa in view of Orntoft et al. and Gatalica et al. and further in view of Brahmer
et al.

The Office rejected claims 1-4, 6-11 13, 14, 17, 18, 20-22 and 24-28 under 35 U.S.C. §
103 as being unpatentable over Llosa in view of Orntoft and Gatalica, and in further view of
Brahmer. As discussed above, Llosa is not prior art to the pending claims. As such, the
combination of Llosa in view of Orntoft, Gatalica, and Brahmer cannot render obvious the
subject matter of the pending claims. Accordingly, Applicant requests that the Office withdraw

this rejection.
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The Wherein Clause

Regarding the wherein clause, Page 7 of the Office Action states that:

Applicant appears to be arguing that the result of the active method steps were
unexpected. However, given the correlation between the effective treatment of
tumors with high mutation load with anti-PD-1 antibodies and the relationship
between tumors with high mutation load and high MSI, Champiat and Llosa
would have expected an outcome that is improved as compared to a
corresponding outcome that would be observed in a reference patient that has
been administered pembrolizumab, wherein the reference patient has a tumor that
does not exhibit a MSI-high or a MMR deficiency status. ... Furthermore,
Champiat would not have proposed treating patients with mismatch repair
deficient tumors such as microsatellite instability in colorectal carcinoma with
anti-PD-1 antibodies if there was no evidence that the outcome would not be
improved compared to treating patients having tumors without mismatch repair

deficient tumors such as microsatellite instability with anti-PD-1 antibodies.

As described in greater detail above and in the declaration under 37 CFR § 1.132

submitted by Inventor Pardoll, Llosa is not prior art to the present application.

Applicant disagrees that Champiat describes a convincing “correlation between the

effective treatment of tumors with high mutation load with anti-PD-1 antibodies.” For example,

Champiat states that, “Moreover, if high levels of mutational heterogeneity increase the tumor

immunogenicity, it will be interesting to evaluate the clinical activity of PD-1/L1 agents in

DNA MMR tumors... .” Champiat, €27817-5, right column (emphasis added). Moreover,

although Champiat proposed treating patients with mismatch repair deficient tumors such as

microsatellite instability in colorectal carcinoma with anti-PD-1 antibodies, a suggestion that a

therapy should be evaluated based on conjecture is a far cry from evidence sufficient to lead a

person of ordinary skill in the art to believe that there would be a reasonable expectation that

therapy would succeed.
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As previously argued, the wherein clause in claim 1 recites, “wherein the patient exhibits
an outcome that is improved as compared to a corresponding outcome that would be observed in
a reference patient that has been administered pembrolizumab, wherein the reference patient has
a tumor that does not exhibit a MSI-high or a MMR deficiency status.” Claim 17 recites a
similar wherein clause, “wherein the patient exhibits an outcome that is improved as compared to
a corresponding outcome that would be observed in a reference patient that has been
administered pembrolizumab, wherein reference patient has a tumor that does not exhibit an
instability of the one or more microsatellite markers or a deficiency of the one or more mismatch
repair markers.” Similarly, the wherein clause in newly added claim 31 recites, “wherein the
patient exhibits an outcome that is improved as compared to a corresponding outcome that would
be observed in a reference patient that has been administered pembrolizumab, wherein the
reference patient has a tumor that is MMR-proficient.” As in Griffin v. Bertina and in Allegan v.
Sandoz, these clauses should be given patentable weight because they give meaning and purpose
to the claims’ manipulative steps and distinguish the recited methods from the art of record. To
effectively omit these clauses from the presented claims would ignore a core concept disclosed in
the specification: the unexpected relationship between MSI-high/MMR deficiency status and
improved relative response to anti-PD-1 antibodies. It would thus be improper to disregard the
material aspect of the claimed invention embodied by these wherein clauses. See, e.g., Hoffer v.

Microsoft cited in MPEP § 2111.04.

OSI v. Apotex

Applicant previously argued that the Federal Circuit’s opinion in OSI Pharmaceuticals v.
Apotex Inc. (Fed. Cir. Oct. 4, 2019) reversing the Board’s determination that the presented
claims were obvious was directly on point. Relying on newly raised references (Champiat and
Llosa), the Examiner takes the position that OS] is distinguishable because there the prior art did
not suggest the claimed treatment, whereas the art relied upon in the present case does suggest
the claimed invention. “In Champiat and Llosa there is ample suggestion that it would have been
obvious to treat patients with tumors having high MSI with anti-PD-1 antibodies given the

correlation between the effective treatment of tumors with high mutation load with anti-PD-1
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antibodies and the relationship between tumors with high mutation load and high MSI.”
Applicant respectfully disagrees.

As a threshold matter, Llosa does not qualify as prior art and may not be combined with
Champiat or any other reference. The Examiner does not contend that Champiat alone suggests
that the patient exhibits an outcome that is improved as compared to a corresponding outcome
that would be observed in a reference patient that has been administered pembrolizumab,
wherein the reference patient has a tumor that does not exhibit a MSI-high or a MMR deficiency
status as claimed.

OSI 1s compelling precedent to the present case. The references relied upon by the Board
in OST provided conjecture of an untested association between the drug erlotinib and the
treatment of NSCLC. Specifically, the reference at issue in OS], Gibbs, grouped two
compounds, erlotinib which had not been shown to be effective in pre-clinical models but had
been shown to be effective in other cancers, and ZD-1839 which had been shown to be effective
in pre-clinical models of NSCLC. Both erlotinib and ZD-1839 were known to inhibit ATP
binding at the active site of erlotinib’s target, EGFR. Gibbs also recited that erlotinib “appears to
have good anti-cancer activities in preclinical models with an acceptable therapeutic index,
particularly in patients with non-small cell lung cancer. OSI at 7.

The Federal Circuit reversed the Board’s obviousness finding, despite the potential
connection between erlotinib and successful treatment of NSCLC, based on the absence of “data
regarding the use of erlotinib to treat NSCLC in Gibbs or in any of the references cited in
Gibbs.” Id. Federal Circuit concluded, “there is no evidence that a publication discussing
erlotinib’s effect on NSCLC existed at the time Gibbs was published”; the Board’s finding of “a
‘clear inference’ in Gibbs that ‘erlotinib has anti-cancer activity against non-small cell lung
cancer’” was not supported by substantial evidence. The Federal Circuit concluded, “a person of
ordinary skill in the art would not have reasonably expected success based on the combination
[of references]” because “the asserted references do not disclose any data or other information
about [the drug’s] efficacy in treating NSCLC.” /d. at 13.

The holding and rationale of OSI applies equally here. There are absolutely no data in
Champiat demonstrating that anti-PD-1 antibodies, and particularly pembrolizumab, will

effectively treat MSI-high patients. Indeed, as discussed above, the data presented by Champiat
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suggest that anti-PD-1 antibodies would effectively treat pancreatic cancer generally when they,

in fact, do not. See Pardoll § 1.132 declaration, paragraph 11.

Double Patenting Rejection

Claims 1-4, 6-11 13, 14, 17, 18, 20-22 and 24-28 are provisionally rejected on the ground

of nonstatutory double patenting as being unpatentable over claim 31-44, 46-72 and 7 4-79 of co-
pending Application No. 15/523,451. Applicant disagrees. Nonetheless, without acquiescence
and solely to further prosecution, Applicant submits a terminal disclaimer in view of claim 31-
44, 46-72 and 7 4-79 of co-pending Application No. 15/523,451. Accordingly, Applicant

requests that the Office withdraw the rejection.
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Conclusion

Applicant submits that claims 1-4, 6-11, 13-14, 17-18, 20-22, 24-28, and 31-36 are in
condition for allowance, which action is requested. The Examiner is invited to call the
undersigned at the telephone number below if such will advance prosecution of this application.

Please apply any charges, or credit any overpayments, to Deposit Account No. 06-1050,

referencing the above Attorney Docket Number.

Respectfully submitted,

Date: February 4, 2020 /Cameron Luitjens/

Cameron M. Luitjens, Ph.D., J.D.
Reg. No. 58,674

Customer Number 147364
Fish & Richardson P.C.
Telephone: +1 (202) 626-6394
Facsimile: (877) 769-7945

62177412.doc
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Application No. : 16/144,549 Examiner : Mark Halvorson
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Title : CHECKPOINT BLOCKADE AND MICROSATELLITE
INSTABILITY

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

DECLARATION OF BERT VOGELSTEINAND DREW M. PARDOLL
UNDER 37 C.FR. §1.130

I, Drew M. Pardoll, hereby declare as follows:

1. I am a co-inventor, along with Bert Vogelstein, Luis Diaz, Kenneth W. Kinzler,
Nickolas Papadopoulos, Dung Le, and Suzanne L. Topalian, of the subject matter claimed in the

above-identified patent application.

2. I am also a co~author with Nicolas J. Liosa, Michael Cruise, Ada Tam, Elizabeth
C. Wick, Elizabeth M. Hechenbleikner, Janis M. Taube, Lee Blosser, Hongni Fan, Hao Wang,
Brandon Luber, Ming Zhang, Nickolas Papadopoulos, Kenneth W. Kinzler, Bert Vogelstein,
Cynthia L. Sears, Robert A. Anders, and Franck Housseau on the publication entitled “The
vigorous immune microenvironment of microsatellite instable colon cancer is balanced by
multiple counter-inhibitory checkpoints,” which was published in Cancer Discov. 2015 January

(Epub 2014 Oct 30); 5(1): 43-51 (“the Llosa Reference”™).

3. 1 understand that claim 1 of the subject application recites:

A method for treating cancer in a patient in need thereof, wherein the patient has been
determined to have a tumor that exhibits a high microsatellite instability (MSI-high) or a
mismatch repair (MMR) deficiency status, the method comprising:

administering an effective amount of pembrolizumab to the patient;
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wherein the patient exhibits an outcome that is improved as compared to a corresponding
outcome that would be observed in a reference patient that has been administered
pembrolizumab, wherein the reference patient has a tumor that does not exhibit a MSI-high or a
MMR deficiency status; and

wherein the patient has received a prior cancer therapy drug.

4. I also understand that claim 17 of the subject application recites:

A method for treating cancer in a patient in need thereof, the method comprising:

detecting a high microsatellite instability (MSI-high) or a mismatch repair (MMR)
deficiency status in a tumor sample from the patient;

wherein the tumor sample exhibits an instability of one or more microsatellite markers or
a deficiency of one or more mismatch repair markers;

administering an effective amount of pembrolizumab to the patient;

wherein the patient exhibits an outcome that is improved as compared to a corresponding
outcome that would be observed in a reference patient that has been administered
pembrolizumab, wherein reference patient has a tumor that does not exhibit an instability of the
one or more microsatellite markers or a deficiency of the one or more mismatch repair markers;
and

wherein the patient has received a prior cancer therapy drug.

5. I have reviewed the other pending claims and Office Action dated November 4,
2019. In particular, I read that the Examiner took the position that the Llosa Reference (1) “found
that there was a dramatic overexpression of immune checkpoint-related proteins in the
microenvironment of MST tumors” and (2) “disclosed a clinical trial to test PD-1 blockade such
as with anti-PD-1 antibodies in colorectal cancer patients with MSL” Office Action dated
November 4, 2019 at page 5. T hereby declare that these aspects of the Llosa Reference reflect
my work and the work of my joint inventors Bert Vogelstein, Luis Diaz, Kenneth W. Kinzler,

Nickolas Papadopoulos, Dung Le, and Suzanne L. Topalian.
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6. The Llosa Reference names as authors Nicolas J. Llosa, Michael Cruise, Ada

Tam, Elizabeth C. Wick, Elizabeth M. Hechenbleikner, Janis M. Taube, Lee Blosser, Hongni
Fan, Hao Wang, Brandon Luber, Ming Zhang, Cynthia L. Sears, Robert A. Anders, and Franck
Housseau. These individuals were included as co-authors of the Llosa Reference because of their
respective scientific contributions to certain aspects of the work described by the Llosa
Reference. Their contributions, however, were not directed to the aspects of the Llosa Reference
identified and relied on by the Examiner in the Office Action dated November 4, 2019. Below, I

summarize the contributions of these individuals to the Llosa Reference.

7. Nicolas J. Llosa contributed to conception of the analysis of the tumor immune
microenvironment in colon cancers using immunohistochemistry, qRT-PCR and flow cytometry
analysis for various immune checkpoints, the development of the gRT-PCR and flow cytometry
methodologies, data acquisition, statistical analysis, biostatistics and computational analysis of
the data, and writing the portions of the manuscript Results and Methods and the portions of the
Abstract, Introduction, Results and Discussion related to the analysis of the immune

microenvironment of primary colon cancer.

8. Michael Cruise contributed to the design of the analyses of the tumor immune
microenvironment in colon cancers using immunohistochemistry, gRT-PCR and flow cytometry
analysis for various immune checkpoints, the development of the qRT-PCR and flow cytometry
methodologies, data acquisition, and writing the portions of the manuscript Results and Methods
and the portions of the Abstract, Introduction, Results and Discussion related to the analysis of

the immune microenvironment of primary colon cancer.

9. Ada Tam contributed to data acquisition, statistical analysis, biostatistics and

computational analysis of the data, and administrative, technical, or material support.
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10. Elizabeth C. Wick contributed to data acquisition and administrative, technical, or

material support.

11.  Elizabeth M. Hechenbleikner contributed to the design of the analyses of the
tumor immune microenvironment in colon cancers using immunohistochemistry, gRT-PCR and
flow cytometry analysis for various immune checkpoints, data acquisition, statistical analysis,
biostatistics and computational analysis of the data, writing the portions of the manuscript
Results and Methods and the portions of the Abstract, Introduction, Results and Discussion
related to the analysis of the immune microenvironment of primary colon cancer, and

administrative, technical, or material support.

12, Janis M. Taube contributed to pathology analysis, data acquisition, statistical
analysis, biostatistics and computational analysis of the data, and writing the portions of the
manuscript Results and Methods and the portions of the Abstract, Introduction, Results and

Discussion related to the analysis of the immune microenvironment of primary colon cancer.

13.  Lee Blosser contributed to statistical analysis, biostatistics and computational

analysis of the data.

14. Hongni Fan contributed to data acquisition.

15. Hao Wang contributed to statistical analysis, biostatistics and computational
analysis of the data, and writing the portions of the manuscript Results and Methods and the
portions of the Abstract, Introduction, Results and Discussion related to the analysis of the

immune microenvironment of primary colon cancer.

16.  Brandon Luber contributed to statistical analysis, biostatistics and computational

analysis of the data, and writing the portions of the manuscript Results and Methods and the
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portions of the Abstract, Introduction, Results and Discussion related to the analysis of the

immune microenvironment of primary colon cancer.

17. Ming Zhang contributed to data acquisition.

18.  Cynthia L. Sears contributed to conception of the analysis of the tumor imumune
microenvironment in colon cancers using immunohistochemistry, qRT-PCR and flow cytometry
analysis for various immune checkpoints, data acquisition, statistical analysis, biostatistics and
computational analysis of the data, and writing the portions of the manuscript Results and
Methods and the portions of the Abstract, Introduction, Results and Discussion related to the

analysis of the immune microenvironment of primary colon cancer.

19.  Robert A. Anders contributed to analysis of the pathology of the tumors,
pathology analysis, data acquisition, statistical analysis, biostatistics and computational analysis
of the data, and writing the portions of the manuscript Results and Methods and the portions of
the Abstract, Introduction, Results and Discussion related to the analysis of the immune

microenvironment of primary colon cancer.

20.  Franck Housseau contributed to conception of the analysis of the tumor immune
microenvironment in colon cancers using immunohistochemistry, gRT-PCR and flow cytometry
analysis for various immune checkpoints, development of the qRT-PCR and flow cytometry
methodologies, data acquisition, statistical analysis, biostatistics and computational analysis of
the data, writing the portions of the manuscript Results and Methods and the portions of the
Abstract, Introduction, Results and Discussion related to the analysis of the immune

microenvironment of primary colon cancer, and administrative, technical, or material support.

21.  1declare that all statements made herein of my own knowledge are true and that

all statements made on information and belief are believed to be true; and further that these
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statements are made with the knowledge that willful false statements and the like so:made are
punishable by fine or imprisonment, or-both, under 18 U.S.C. §1001 and that such willful false

statemeiits may jeopardize the validity of the application or any patent issued therpon.

Date: Feb 4, 2020 S
AcDrew M, Pardoll

23615400.doc
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DECLARATION OF ANDREW PARDOLL, M.D. UNDER 37 CFR § 1.132
1, Andrew Pardoll, MDD, declare:

I. My name 18 Dr. Andrew Pardoll. | am a resident of the State of Marviand and a
citizen of the United States.

2. { am the Abelofl Professor of Oncology, Medicine, Pathology and Molecular
Biology and Genedics al the Johns Hopking Undversity ("Hopkins™), School of Medicine,
Director of the Bloomberg-Kimmel Institute for Cancer Immunotherapy and Director of the
Cancer nmuneology Program at the Sidney Kinunel Comprehensive Cancer Center at Hopkins,

3 { earned myy MDD and Ph.D. i 1982 and completed my Medical Residency and
Oncology Fellowship in 1985, 1 served as g Medical Staff Fellow at the National Institutes of
Health for threg years before joining the departments of oncology and medicine at Hopking in
1988, 1 bave published over 365 papers, which have been cited over 100,000 tines, and over 20
book chapters on the sabject of general T-cell immunology and cancer imumunoclogy.

4, 1 have served on the editorial boards of the Joumal of the National Cancer
{nstitute and Cancer Cell, and have served as a member of multiple scieatific advisory boards
and external advisory boards, including for the Cancer Research Institate, the University of
Peonsylvania Homan Gene Therapy Gene Institute, the Biologie Resources Branch of the
National Cancer Institute, Harvard-Dana Farber Cancer Center, NYU Cancer Center, Mi Sina
Cancer Center, Cerns Corporation, Global Medical Products Corporation, Genencor Corporation,
CeliGenesys Corporation, Majave Therapeutics, the American Soctety of Clinical Oncology and
the American Association of Cancer Research. A copy of my curvent curriculum vitae 18

attached to my declaration as Exhibit A
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3. L@ providing this declaration in support of the patentatbulity of the clums
pending in United States Patont Application Serial No, 16/144,548, of which { ant a co-inventor,

6. { have reviewed the Champiat e o/, veview article entitled “Exomies and
immunogenics”, published January 2014, T have also reviewed the Examiner’s November 4,
2019 Office Action. In that Office Action, the Examiner writes, in relevant part:

Champiat disclose 9 relationship between mutational heterogenetty in different
cancers and responses to anti-PFD-1 antibodies (Figure 1) Champiat proposes
treating patients with mismatch repair deficient tumors such as microsatellite
instability 1 colorectal carcinoma with anti-PD-1 antibodies (page 278175, 3rd
column). Chaapiat disclose that many NSCLC or ROC patients treated with PD-1
BD-Li-lgrgeting agents i the context of Phase I clinical studies had provionsly
been treated with g tyrosine kinase mhibitor {TKI). Champiat further disclose the
anti-PD-1 antibody, lambrolizumab {(pembrolizomab) (Table 1) ... Thus, given
Champait [sic] proposes tregting patisnts with mismateh repair deficient tomors
such as microsatellite instability in colorectal carcinoma with anti-PD-1
antibodies it would have been obvious to treat paticnts with nusmatceh repair
defictent tumors such a8 microsatelite instability m colorectal coromaoma with
anti-PD-1 antibodies who have a prior cancer therapy drug. Furthermore, .
Champiat would have expecied an outcome that 1s improved as compared to &
corresponding outcome that would be observed i a reference patient that has
been administered pembrolizumab, wherein the reference patient has a tumor that
does not exhibit g MS-high or g MMR deficiency status.

7. Based upon my review of the data and discussion in Champiat ef gl., however, 1
disagree that a scientist ot physician 1 the field before the date of cur tavention would have
reasonably expected, based on Champiat ef of. and the body of art at the time of the mvention, an
improved cutcomne for patients with tumors having mismateh repar deficiency or MSI-high
statys treated with anti-BD-1 antibodies as compared to reference patients treated with the same
therapy whose tumors lacked these markers.

8. The claims of the subject application are directed to pombrolizumab, Table 1 of
Champiat ef of. does melude a column for lambrolizumab, which s another name for

pembrolizumab, For lambrolinumab/perabrolizumab, Table 1 provides a single data point —

2
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mickanoma-—having a 38% response rate. Given that for pembrolizumab, Champiat ot al. provide
# single data point, it is bevoad argument that Charopiat et al. provide no data that would suggest
to seientist or physician i the field before the date of vur tnvention that a patient baving a tumor
that exhibits a high microsatellite instability (MSI-high) or a mismateh repair (MMR) deficiency
status would exhibit an cutcome that 1s improved as compared o a corresponding outcome that
would be observed i g reference patient that has been administered pembrolizamab, wherein the
reference patient has a tumor that does not exhibit a MST-high or a MMR deficiency status. In
short, there is no comparative relationship established by Champiat et al. between MSI status and
efficacy of pemabrolizumab whatseever,

9. Presummably, becguse the data gvalable 1o them were so hmited, Champiat et gl
posit that, “it will be interesting to evaluate the clinical activity of PD-UPD-LT agents in DNA
mismateh repair (MM )-deficient tumors such as microsatellite instability (MSH+ eolorectal
carcinoma... " This language does not suggest that Champiat ot al. bad determined a patient
having g tumor that exhibits a high microsatellie instability (MSI-high) or a mismateh repair
{MMR) deficiency status would exhibit an outcome that 13 improved as compared to &
corresponding outcome that would be observed i a reference patient that has been administered
pembralizamab, wherein the reference patient has a twmor that does not exhibit a MSi-high ora
MMR deficiency status. In fact, ts language demonstrates quite the opposite: that Chanyiat et
al, did not know what the outcome would be. The same would be true of Champiat ef ol
speculation that, “Other tumors that present focl of localized hypermutations as observed in
subsels of breast, pancreatie, long and hematological cancers, could also be good candidates for

nnmune checkpoint inhibitors, a possibility that should be cvaluated in future clintcal tnals.”
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10, Champiat ef o/ state at the outset of their paper: “We herein formualste the
hypothesis that high levels of mutational heterogeneity in the fumor could be the key for the
success of immune checkpomt-targeting therapies.™ (Emphasis added).  Mutational
heterogeneity and nusmateh repair deficlency are distinet phenomena measured with different
assavs. Conjecture that mutationally heterogeneie tomors would be more responsive to PD-
inhibition provides no gutdance with respect to predicting whether MShhigh or mismatch repair
deficient tumors will be more responsive {o PD-1 inhibition.

11 Asan example, Chamipiat e of reach inaccurate conclusions drawn from
incomplete data and the incorrect supposition that pancreatic cancer would respond to PD-1
inhibition based on mutational heterogeneity, In fact, pancreatic cancer does not respond 1o anti-
PD-1 unless that cancer 18 MSE-high. See Macherla ef o Int J Mol Sei. 20618 Nov; I9¢11): 3505
{Exhibit B}, who state that, “With the advent of ICR, there has been a paradigm shift in the
treatment of various other malignancies, particularly non-small cell lung cancer and melanoma.
Unfortunately, the success of immunotherapy seen in certain tumor subivpes hasn’t been
replicated in the treatmment of PDAC {pancreatic ductal adenocarcivomal, except in patients with
AMMRMSI-H tumeors (Table 2).7

12, The notion that pembrolizumab could be ysed to freat MS-high patients
presented an even greater leap and thas greater hkelibood of being incorrect than fraditional
proposed cancer therapics because at the time of owr invention, no biologic therapy had ever
been approved to freal patients based on a particular genetic blomarker (MSE-high in this case)
rather than tissue~tvpe. The approval of Keytruda for the treatment of MSE-high cancers, which
was based uy part of the data provided by the pending apphication, was the first such “tumor

agnostic” approval 1o be granted by the Unites States Food and Drag Admintstration. Before our
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team showed that pembrolizumab would be effective in treating MSi-high patients, no one in the
field conlid have regsonably predicted this result with any confidence.

13. { believe o brief history of the research and collabioration that ed o the claimed
nvention, as well as the public and scientific response to this resgarch, further demonstrates the
surprising nature of our claimed invention and that the work of Champiat er of. did not suggest
that pembrohizomab would provide the results we disclose and clabm in the pending application.

14, Between 2006 and 2012, my colleagues and 1 conducted trials to evaluale the
etfectiveness of BMS-936358 (MDX-1106), an anti-PD-1 antibody, on patients with various
types of cancer. While the vast majority of patients with colarectal cancer {CRC) failed to
respond © BMS-936558, we noted that one CRC patient, ¢ 71-vear old male exhibited anti-
fumot activity that persisted 2 1+ mwonths.

15, OwJapuary 3, 2013, my colleagues and I published a study addressing the long-
term progress of certain patients responsive to BMS-0363538, including the single CRC patient
that responded to BMS-936558, Lipson ot ol Durable Cancer Regression Off-Treatment and
Effective Reinduction Therapy with an 4ati-PD-T Antibody, Clin Cancer Res. 19(23:462-68
{Exhibit €). This patient achioved & complete response in Javuary 2008, Jd. The patient was
further evaluated 1 April 2011, having gone three years withou! any anti-neoplastic therapy o
anli-PD-1 antibody therapy, and had no evidence of disease recurrence. /d.

16, My colleagues and I were unable to explatn why this one CRC patient had such a
remarkable response to BMS-838558 when none of the other colorectal cancer patients showed
any objective respense to the drug.

17, My colleague and cospvesugatoriauthor, Dr Topalian, and T had a mecting with

Dr. Bert Vogelstein and his research groap before the publication of our June 2012 paper. The

A4
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purpose of this mceting was to discuss how our respective groups, immunology and geneties,
conld effectively collaborate. The meeting was promipted by @ hypothesis that Dr. Vogelstein
and Dr. Dhaz bad previously mentioned {o me and D, Topalian that the responsiveness of
melanoma and lung cancer to anti-PD-1 antihodies might be due to the fact that they had a high
matational burden and thus would present many more tumor-specific antigens that the patient’s
Treells conld recognize once they werg unleashed by PD-1 blockade,

18.  Dr Vogelstein and his group have historically been and remain interested in
colorectal cancer carcmpogenesis and, consequently, they asked us about our work with anti-PD-1
antibodies in CRC patients. We deseribed the confusing results that we had observed {as noted
in paragraph 11 ahove) and recently reported conceming the CRC patients in our study, noting
the single CRC responder. We hoped that Dr. Vogelstein's grogp, widely regarded as the
world's premier colon cancer genetic researchers, might have some thoughts about why the one
patient bad so remarkably responded where the other CRC patients did not respond. Dirs.
Vogelstem, Kenneth Kinzler, Nickolas Papadopoulos and Luiz Diaz were present at this
meeting.

19, As I subsequently learned, D, Vogelstein's group had been looking at mutational
loads in melanoma and lung cancer patients brought about by sun and cigareite exposure,
respectively, While, Dr. Vogelstein®s group had the view that high somatic mutation burdens
caused by environmental factors might explain why patients such as those with melanoma and
NSCLC responded to BMS-936338, their belief as to the CRO patient was different. They
suggested a genetic explanation—that the patient might have a mismaich repair deficiency. Dr.

Vogelstein's group bad studied this genetic abuormality in the 1990s.
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20, Dr. Vogelstein's group asked whether the responding CRC patient was MSI-high.
When we explained that we had not evaluated any of the patients tor such a status, they
suggested that we do so. We suggested to the responding patient’s oncologist that he assess the
MS1 status of the patient using & commiercial diagnostics vendor. When the results came back,
we learned that the patient”s fumor was indeed MSEhigh, We now bad an intriguing thearv to
explain the otherwise statistically meaningless clinical result {an N of 1 response among 33
colorectal cancers) in our studies. I my experience in the field of immunotherapy and immune
stinmlation therapy, unforfunately, the majority of such theories fatl when subjected to clineal
testing.

21, Dr. Topalian and § and our colleagues in Dr. Vogelstein's group decided to further
explore the hypothesis that MSihigh cancers would respond o anti-PD-1 antibodies at a rate
higher than MSS cancers. Principal Investigator, Dr. Dung Le, prepared a study proposal for
testing anti-PD-1 antibodies separately i (1) MSkpositive eolon cancer patients, (2)
Microsatellite Stable (MSS) colon cancer patiends, (3) MS-positive cancers other than colon
cancer and {4} patients with MSS cancers with a mutator phenotype. The many arms of the
study were micant to cover a broad range of cancers in an agnostic fashion, stratified by various
genetic sublypes.

22, Qurresearch group cventually approached Merck. Merek agreed in carly 2013 1o
supply its then~-unapproved anti-PD-1 antibody, MK-3473 (pembroliziumab) for use in the study.
It was, however, the research team at Hopkins who secured IRE approval; conducted, and paid
for the studv. On Jane 12, 2013, the solicitation for paticnts was first posted on clinicalirials gov
(Exhibit D). In my nund, the four arms allowed us o fry 1o gotat an answerto & goestion to

which we did not know the answer—specifically whether or not patients with MSEhigh or MMR

-
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deficient tumors would exhibit an improved response when treated with MK-3475, compared
with the more common MSS or MMR proficient colon cancers, Thus, the trial covered all
patients with colon cancer, MShand MSE, but separated into two groups.

23, The prelinsinary results of this study demonstrated clinical responses at an
unexpectedly high rate {(>30% objective response rate) in the MSIhigh (MMR defictent) arm but
not in the MSS (MMR proficient) arm. On May 30, 2013, my colleagnes and | published the
results of our study into the efficacy of Merck™s anti-PD-1 antibody MK-3475 {first approved on
September 4, 2014 for treating advanced melanoma under the brand name Keytruda) i tumors
with mismatch-repair deficiency in the New England Journal of Medicine. Le etal, PO/
Blockade in Tumorswith Mismoarch-Repair Deficiency, NoEngl L Med,, 2018, 372:2509-2520

% y;w

(Exhibit E). The paper reports: “The inmmune-related objective response rate and immupne-
refated progression~free survival rate were 40% (4 of 10 patients) and 78% (7 of 9 patients),
respectively, for mismateh repair-deficient colorectal cancers and 0% (0 of 18 patientsand 1%
{2 of 1§ patients) for mismatch repate-proficient colorectal cancers.”

24, Inmy opinion, that this paper was accepted by NEIM for publication s indicative
of the degree of nnovation and significance of this discovery, According to Google Scholar, as
of February 2, 2020, this paper has since been ofted 4283 times.

25, Dr. Le presented owr findings at the 517 ASCO Annual Mecting in Chicago,
which was held May 29-June 2, 2015, Some 25,000 oncologists from around the world atfended
this conference. | understand that Dr. Le’s presentation was also avatlable for viewing online.
See Exhibit F. Dr, Axel Grothey of the Maye Clinic conducted a videotaped iterview of Dr. Le
during the ASCQ conference. Inintredocing D Le and her study, Dr. Grothey said, when

discussing patients who would be responsive to the drug, ©..we didn’t have g real biomarker to

prood
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really figure ont who are these patients, and then came along your study and alf of the sudden we
know somuch more”

26, OnMay 23, 2017, the US. Food and Drag Administration granted Merck’s
Keytruda the first-ever approval {an accelerated approval, at that) for a “timor™ or “lissue
agnostic” indication (Exbibit ). Keoytruda was thus indicated as a treatment for patients whose
cancers had a specific genetic featare (biomarker) rather than being indicated for patients having
a particular tumor type. This marked the first time the agency had approved a cancer treatment
based on a conunon hiomarker rather than the location in the body where the tumor originated.
The Keytruda prescribing infonmation document, revised i June 2018, includes the “tamor
agnostic” indication for MSI-H cancer (Exhibit H).

27 OnlJune 8, 2017, Dr. Le's follow-up work with g larger patient cohort was
published in Science, validating the hizh response rate to anti-PD-1 and directly demoastrating T
cell responses to some of the mutations that arise due to the MSE-high tumor's deficiency in
nusmaich repair. Le et al., Mismarch-repair deficiency predicts response of solid nomors 1o PD-
§ blockade, Science 357, 409-413 (Exhibit 1),

28, The story of how Keytruda became Merek's blockbuster drug, and the role
Hopkins researchers plaved in this fisst of #s kind FDA approval, were detailed in an article
published in Forbes (Exhibit ). As the author of the Forbes article describes: “Vogelstein told
me that he and his collcagues promptly drafled a letter to 2 *prominent medical journal,”
articulating their theory — and almost mmediately it was rejected as mere conjecture. Se
Vogelstein picked ap the phone and proposed a study to Merek: Hopkins would both conduct
and pay for the study, he said. Al Merck needed to do was provide the drug-which at tis point

had not yvet been approved for any indication. Merck agreed, and the results—as Gina Kolata

9
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gloguently deseribies ina recent New York Times article-confinmed the investigators
hypothesis, leading vitimately, in May 2017, to so unprecedented type of FDA approval for
pembro— avthorizing 18 use iy g wide range of cancers, based on the presence of the MEihigh
signature - ‘the PDIA s first tissue/site-agnostic approval,” according to the agency.”

29 The New York Tines published an articke describing the real world impact of our
discovery (Exhibit K}, The article reported on a 60 vear old patient, Adrienne Skinner, who
suffered from ampullary cancer that did not respond to conventional treatment. Ms. Skinner was
scheduled for a drastic surgery that would remove part of her pancreas, small intestine and gall
bladder. However, the surgery was cancelled because it was discovered that cancer had also
invaded her liver. Ms. Skinner then endured a year of chemotherapy with twe difforent agents,
bui neither worked, Mg, Skinner then qualified for the Hopkins clinical trial. Mg, Skinner’s
cancer was MShhigh, Following treatment with Keytrada, Ms. Skinoer’s physician on
performing a follow up endoscopy was quoted as saving "1 someone badn't told me you have
ammpullary cancer, I would not bave kanown” Her tumor was gone. The article quotes Dr. Jose
Baselaga, Phyvsician~-in-Chief and Chief Medical Officer at Memorial Sloan Kettering Cancer
Center, who refers to Keviruda's durable effects and the fact that investigators did not know how
long the results shondd be expected to persist or how long these pattent mught expect {o survive,
when they had weeks o hive before recetving the drug, as “nsane.”™ Ms. Skinner described her
treatment ina nuch more succtnet and meaningful way: “la effect, | was cured within months”
and “] have a great Bife”

30, The Washington Post published an article chronicling the miraculous story of
another Hopkins stady patiend, Stefanie Joho (Exhibit L), Siephanie was diagnosed with colon

cancer at age 22 years. Affer g surgery, which inttially appeaved successtul, fatled and after a

10
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vear of chemotherapy regunens that also failed, she was referred to hospice care. Unwilling to
watch her die, Stefanie’s sister researched and found the Hopkins study and envolled her.
Medicated with oxycodone and fentany! {o case her pain, Stefanie made o Hopkios for her
first infusion of Keviruda, Stephanic, whose cancer was MR -high, achieved a conplete
respense within a yvear of treatment and will soon celebrate her 30% birthday cancer free.

31 Another article, published on drugs.com includes guotes from the then-acting
director of the FDA s Oftice of Hematology and Oncology in the FDA’s Center for Drug
Evaluation and Research and the FDA's Oncology Center of Excellence, Dy, Richard Pazdur,
about Keytruda (Exhibit M), “This is an tmportant first for the cancer community . Uniil now,
the FDA has approved cancer treatments based on where in the body the cancer started—ifor
example, lung or breast cancers. We have now approved a drug based on a tumor’s biomarker
without regard to the twor's original location.”

32, The fact that Forbes, the New York Thnes, and the Washington Post published
full articles on Keytruda and patiends who made full recoveries when treaied with the
experimental Keytruda therapy underscores just bow innovative and significant owr invention
was. The importance of the associations we found and describe and clainy in the present
application is buttressed by the fact that our clinical trigl resulis were published in NEIM and
Science, which are two of the most prestigious jownals in the fickd, and are known to be very
selective about the types of studies they publish. Smnilarly, Dy, Pazdur’s praise of the first-in-
class approval of Keytruda based solely on 8 genetic bipmarker shows that even the highest-level
officials in the Federal agency specifically tasked with approviog cancer drugs were ampressed
by this advance.

[ declare wnder penalty of pegury that the foregoing 18 true and accurate to the best of my
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knowledge and belief.

Executed on this 4  thday of  February l , 2028,

M}}drew Pardall, M.D.
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Drew M. Pardoll M.D. Ph.D.
February 4, 3020

CURRICULUM VITAE
Name Drew M. Pardoll

Current Appointments Professor of Oneology
The Johns Mopking University
School of Medicine

Professor of Medicine
The Johns Hopkins University
School of Medicing
Professor, Molecular Biology and Genetics
The Johng Hopkins University
Schoot of Medicine
Professorof Pathology
The Johns Hopkins University
School of Medicine
Birector of the Bloomberg~Kimme! Institute for Cancer Immunotherapy
The Johns Hopkins University
Schoot of Medicine
Addresses
Office; Johne Hopkins Universily
The Sidney Kimmael Comprehensive Cancer Center at Johns Hopking
CRB1 Room 444
1650 Orlsans Strest
Baitimore, MD 21287
Telephone {410) 855-786H

Home: 12400 James Cresk Cowt
Brookevifle, MD 20833

Telephone {301) 774-2858
Personal
Date of Birthe June 17, 19586
Place of Birth: Newark, New Jersey
Marital Status: Married

Spouse: Suzanne Topalian, M.D.
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Professor of Surgical Oncology

Educational and Academic Experience

1073-1978 B.8., The Johns Hopkins University
Baltimore, Maryland

18761882 MDD, Ph.D., The Johns Hopkins Schon! of Medicine
Baltimore, Maryland

1882-1484 Medical resident, Osler Medical Service
The Johns Hopkins Hospital, Baltimore, Maryland

1984-1885 Oncology Feliow,
The Johns Hopkins Hospital, Baltimore, Maryland

1985-1988 Medical Staff Fellow, Laboratory of Immunology, NIAID
National Institutes of Health, Bethesda, Maryiand

1088-1882 Assistant Professor of Medicine
The Johns Hopkins University School of Medicing

1888-1982 Assistant Professor of Qneology
The Johns Hopkins University Schoal of Medicine

1888-1998 Associate Professor, Department of Molecular Biology and Genetics
The Johns Hopkins University School of Medicine

1992-1908 Assaciate Professor of Medicine
The Johns Hopkins University School of Medicine

19892-1908 Associate Professaor of Onbology
Thedohns Hopking Linlversity School of Medicine

1898-present Professor of Pathology and Molecular Biology and Genetics
The Johns Hopking University Schodl of Medicing

1898 -present Professor of Medicine
The Johns Hopkins University School of Medicine

1888-prasent Professor of Oncology
The Johns Hopkins University School of Medicine

1088-present Director, Division of immunology/Hematopoiesis, Department of Oneology
The Johns Hopkins University School of Medicine

2018-present Director of the Bloomberg~Kimme! Instittte for Cancer mmunotherapy
Department of Oncology
The Johns Hopkins University School of Medicine

2020-prasent Co-Director of the Mark Foundation Center for Advanced Genomics and lrmaging st
Johns Hopkins
Department of Oncology
the Johns Hopkins University School of Medicine
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Honors

1876 Election to Phi Beta Kappa

1681 Michael A. Bhanoff Award, Johns Hopkins University
10988 Cancer Research Institute Investigators Award

1989 RIR Nabisco Research Scholars Award

1891 Medical Student Basic Science Teaching Award

1893 Jack Schultz Memorial Lecture, Fox Chase Cancer Center
1804 induction info Ametican Society of Clinical investigation
1685 Burraughs Wellcome Experimental Therapsutics Award
1998 Election to Alpha Omega Alpha

2001 Seraph Chair of Oncology

2007 Abeloff Chair of Oncology

2018 National Academy of lnventors

Membaership in Professional Societies

1887~ American Association of immunoclogists

1892- Society for Basic Urclogic Research

1983 - American Society of Clinical Oncology

1995 ~ American Association for Cancer Research

1897 - American Society of Gene Therapy

1988 - Academy of Cancer immunclogy, Founding Member
1998 - Clinical Immunology Society (CIS)

External Advisory Appointments/Review Commitices

1982 - Ad Hoo Membaer, NiH Allergy and Immunology Study Ssction
Cancer Research Institute Scientific Advisory Board
Richard Starr Ross Clinician Scientist Review Board

1893 - Congressional Report: Measurement of Progress Against Cancer
Program Commiftes, American Society for Chinical Oncology

1986 - National Academy of Sciencesi/institute of Medicine Workshop on Vaccines

Membier, Scientific Review Board, National Gene Vector Laboratory
NCI Director's Workshop on Cancer Immunclogy
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1987 -

1808 -

1890 -

2000 ~

2001
2002
2003

2004

2008

2008

2007
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NIAID Immunclogy Task Force

American Association of Cancer Research Program Commmitiee

American Sadlety for Gene Therapy, Chairman Cancer Gene Therapy Section

Scientific Advisory Board, University of Pennsylvania Institute for Human Gene Therapy
Chairman, Sdientific Commitiee on Cancer Gene Therapy, NCI

NCI Development Therapeutics Program Review Group, Biclogics Subcommittee Chairman
Scientific Advisory Board, Nexstar

NIAID rmunolagy Task Foree

Vaceine Advisory Board, SKB Pharmaceuticals

Developmental Therapeutics Program Review Group, NCI

AACR Pragram Commitiee

Scientific Advisory Board, Mojave

American Association for Cancer Research, Member Maryland State Legislative Committee

Scientific Advisory Board, DIBIT, Milan, Htaly
Chairman, BRB Qversight Commiftee, NCI
Scientific Advisory Board, Mofitt Cancer Center, Tampa, FL

Scientific Advisory Board - Novartis Genetic Tharapy, Inc. (GT1, Gaithersburg, MD
CANVAC Scientific Advisory Board, Moatreal, Canada
GVAX Focus Panel, Cell Gehesys, San Francisco, CA

Scientific Advisory Board for Cancer Vaccing Program, Cerus Corporation
General Motors Cancey Research Foundation Kelfering Selection Commities

Adventis Pasteur Scigntific Advisory Board
Institute of Medicine, Shortening the Timeline for New Cancer Treatments

Scientific Advisory Board, American Coslition for Gene Therapy
NCI Cancer immunclogy Advisory Board Panel

Scientific Council Member, Alliance for Cancer Gens Therapy
American Socisty of Clinical Oncology Education Committee Member
Scientific Advisory Board, Merck Kga, Germany

PD-1 Advisory Board, Medarex, inc.

Scientific Advisory Board, MD Anderson Center for Cancer Immunoclogy Research, permanent
member

MMHCC Steeting Commitiee, NIH-NCI

GVAX Focus Pangl, Cell Genesys, San Francisco, CA

External Advisory Board, NYU Cancer Center

AACR 2006 Annual Meeting Program Commities

ASCO 2008 Annual Meeting Program Commities

Johns Hopking Technology Users Group, Chairman
External Advisory Board, Dana Farber/Harvard Cancer Center

NCI Cancer Innunology Sleering Commitise
Founder, Board of Divectors, Amplimmuhe, Ine.
Founder, Board of Directors, Anzs

Scientific Advisory Board, MGI

Scientific Advisory Board, Coley Pharma

FPARCOLL OV, B 40838



2008 Founder, Board of Directors, Therastat
Member, Global Oncology Advisory Board, Plizer

2008 City of Hope Advisory Board

Bristol-Myers Squibb immuno-QOncology Advisory Board
2010 Academic Advisory Commitiee Member, Johns Hopkins Carey Business School
2012 Scientific Advisory Board, JOUNCE Therapeutics

Scientific Advisory Board, immuneXcite

Ceigene Advisory Board

Merck immunology Vaccines Advisory Board
AACR Education and Training Committes

2013 Founder, JOUNCE Therapsutics
Founder, Adure BioTech

2014 Scientific Advisory Board, Compugen
Founder, Potenza Therapustics
AACR-CRI Lioyd J. Old Award in Cancer immunology Commitiee
2016 Scientific Advisory Board, WindMIL Therapeutics
Scientific Advisory Board, Five Prime Therapeutics
Founder, Scientific Advisory Board, Ervaxx
AACR-BMS Fellowships in Translational Immuno-oncology Scientific Review Comunittes

2017 Seientific Advisory Board, lmmnunomic Therapeutics
Scientific Advisory Board, Astrazensca/Medimmune

2018 Scientific Advisory Board, Dracen Pharmaceuticals

Johns Hopkins School of Medicine Advisory Boards

Technology and Transfer Oversight Committee
Johns Hopkins Medicine Planning Mission 8ME Team

Journal Editorial Boards
Journal of the National Cancer Institute, Associate Editor
Cancer Regearch, Associate Edifor
Molecular Therapy, Associate Editor
Cancer Cell, Associate Editor
Cancer immunclogy Fesearch, Senior Editor
Graduate Program Appointments
41888 - Graduate Immunology Program
1988 - Biochernistry, Celiular and Molecular Biology Program

1684 - Celluidar and Molecular Medicine Program

1088 Pathology Graduate Program
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Selectad Presentations

2010

2011

2012
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Kelogy Executive Course: Science for Managers, Chicago, Hlingis

10% International Conference Progress: in Vaccination Against Cancer ~ 8. Cathering’s College
-Cambridge UK, Cancer Treatment with the new generation of vaceines and checkpoint
biockers

iISBTe Annual Meeting, Washington DO

PD-1 blockade — a revolution in cancer immunotherapy enters patients

Key Note Address st the Fall Symposium of the Society for Basic Urological Research — Atlanta
GA ~ Nov 10, 2010 The immune Macroenvironment of Tumors: How it Promotes Cancer and
How to Change its Atlitude

Kaystone Symposia — Keystone, CO- immune Modulation H: Tumer Immunotherapy Dissscting
and manipulating inhibitory pathways in the immung system

Keystone Sympaosia on Molecular and Cellular Bivlogy, Santa Fe, NM

Cancer Control by Tumor Supressors and immune Effectors Checkpoint blockade — laboratory
fo-patient ~

2% international Conference on Immunochemotherapy ~ Phila, PA~

A Statd/BIF-1/PD Axs in Regulating TH17 and Treg Responses in Cancer- Immunosupressive
Components

immunology Seminar at Harvard Medical School- Blockade of the PR-1PD-1 ligand pathway in
hurnan cancer therapy - from scieniific principle o clinical success

Massachusetts General Hospital inwnunclogy Saminar Sardes

Keystone Symposia ~ immunoreguiatory Networks — Transceriptional controt of inmune
regulation

Kellogg School of Management — Northwestern University ~ Body's Defense: The lmmune
System

Keystone Symposia an Molecular and Cellular Bivlogy, Dublin, freland-
The Role of inflammation during Carcinogenesis ~STAT-3 An Anti-inflammatory Model

American Soclety for Clinical Research, Annual Meeting, Chicago, ilinois

Ametican Society of Clinical Oncology, Annual Meeting, Chicago, Hllinois
Cohinhibition and Costimulation
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Symposium on Cancer Research 2012, MD Anderson, Houston, Texas
How the immune System Promotes Cancer & how o re-onent it

Keliogg Executive Course: Northwesteny University- Sclence for Managers, Chicago, Hinois

2013
Distinct quantum states of the twmor micreenvironment and thelr implications for cancer
mmunotherapy. Texas Cancer Vaccine Symposium, Charles AL Sammions Cancer Center
Bavior University, Dallas, TX.

Metabolic control of Adaptive Immunity. Keystone Symposia, Breckenridge, CO.

inflammation and Cancer. Keystone Symposia on Cancer and Immunotherapy.
Vancouver, Canada.

Immunology beals cancer a roadmap for modulation of the tumor microenvironment”
institute Curie, Pans, France.

Overview of immune check point inhibition. First Annual Expert Forum on imminooncoiogy,
Coral Gables, FL.

How immune Responses Cause Cancer. Seminar, Massachusetts General Hospital
Cancer Center. Boston, MA.

Checkpoint blackers in Cancer Therapy 3rd Meeting on Iimmunochemotherapy, Paris,
France.

Establishment of Imimunotherapy as the Fifth Pillar of Cancer Treatimient”. Worldwide
innovative Networking in personalized cancer medicine. Paris, France.

2014
HIF-1, Metabolism and T Cell Differentiation” Keystone Symposium on Sensing and
Keystone Symposium on Sensing and Signaling of Hypoxia: Interfaces with Bivlogy
And Medicine. Breckenridge, C0.

Therapeutic fargets and biomarkers revealed through profiling of the tumor immune
Microenvironment” Annual Meeting of The Association for Cancer Research,
San Diego, CA.

Advances in immunotherapy” Annual Meeting of The Association Tor Cancer
Research. San Diego, CA.

Pro inflammatory carcinogenesis- the flip side of the immune microenvironment
The University of lowa, Garver College of Medicine, lowa City, lowa.

interactions among the micro bioine, the genome, and the immunse

in cancer promotion and control Invited speaker at the Herbert Irving
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2015

2016

2017
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Comprehensive Cancer Center, Columbia University Medical Center.
New York, New York.

2010-2015: Cancer immunotherapy's inflection point
Canter For Canger Research, NCi Grand Rounds Bethesda, Maryland

immunoetherapy for Canger
Harvard Medical School Critical Issues in Tumor Microenvironment, Anglogenesis, Metastasis,
and Immunology Cambridge, Massachusetis

Harnessing the most complex but therapeutically targetable system iy the body o treat all
disease

Brady Centennial Celebration of the Scignce into Urology

Johns Hopking University, Baltimore, Maryland

Protumorogenic immunity: the dark side of the immune system

international Symposiun on Immunostimulatory Moncoclonal Antibedies and immunomeodulation:
Harvesting the Crop

Pamplona, Spain

How much cancer can we cure with the immune system?

University of Colorado, Boulder Colorado

Breakthroughs in Cancer Research - Tumor Microsnviranment

Tenth AACR-JCA Joint Conference on Breakthroughs in Cancer Research: From Biology to
Therapeuytics

Maut, Hawaili

The microbiome: the dark side of cancer immunity
2018 Convergence Meeting

Simons Center for Systems Biology

institute for Advanced Study

Princeton, New Jersey

immunotherapy in cancer: How i all began
priME Oncology < 2016 Atlanta Cancer Symiposium
Atlanta, Georgia

How much cancer can the immune systeny cure?
56th Midwinter Conference of Immunologists
Asilomnar, CA

immunotherapy, where i all began, and where # is going
Eberty Distinguished Lechureship Serigs in immunology
University of Pittsburgh School of Medicine

Pittshurgh, PA

Measuring the T Cell Repertoire in Checkpoint inhibitor-induced Cancer Regression
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FOCIS 2017 meeting
Chicago, iL

New strategies to assess { cell responses (o cancer, infection, and self
MRG workshop mmune markers in oncology & infectious diseases
institut Médeux

Lyon, France

2018
The transformation of cancer therapy through the immune system: from proof of concept to
revolution
Kaynote Speaker
The Weizmann Instifute
Rehovat, israel

Neoantigens versus fumor associated antigens: What are their relative roles as targsts for
cancer immunity?

18th World Vaceine Congress

Washingion, RC

How Checkpoint Blockade alters the repetoire and function of umor specific T-cells
ISREC-8CCL Symposia-on Horizons in Cancer Biology and Therapy
Lausanne, Swilzerland

Genestic mechanisms of sensitivity and resistance o cancer immunotherapy

Second American Association for Cancer Research (AACR) Translationat Cancer Madicine
Conference

S8 Pauly, Braxl

inventions/Patents

Alien Gans Transfection
inventors: Bert Vogelstein, Drew Pardoll, Yuli Chemajovsky, Eric R. Fearon, Philip Frost

A Novel Strategy for Systemic Cancer Therapy Using Tumor Cells Engineered by Retfroviral Transduction to
Produce Combinations of immunostimulatory Lymphokines

inventors: Drew Pardoll, Richard Mulligan, Glenn Dranoff

Biodegradable, Timed Release Cytokine Depots: A New Approach in Cancer Vacaine Design

inventors: Drew Pardoll, By Levitsky, Elizabeth Jaffer, Ross Azhan, Kam W. Leong, Audrey Lazenby, Paul
Golumbek

Lysosomal Targeling of immunogenes
inventors: Thomas August, Drew Pardoll, Frank Guameiri

Systemic and Local Paracrine Cytokine Therapy of Brain Cancer
inventors: Henry Brem, Elizabeth Jaffee, Drew Pardoll, Matthew Ewend, Reid Thompson

Pancreatic Cancer Vaccine
inventors: Elzabeth Jalfee, Drew Pardoll, By Levitsky
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Universal Melanoma Vaccine
inventors: Drew Pardoll, klizabeth Jaffee, Adam Adler, Suzanne Topalian, Steven Rosenberg

Use of Multivalent Chimeric IG-MHC Molecules Loaded with Peptide to Detect, Activate or Suppress Antigen-
Specific T cell Dependent immune Responses
inventors: Jonathan Schneck, Drew Pardoll, Sean M. C'Herrin, Jill Slansky, Tim Greten

Cloning of a Novel Dendritic Cell Co-Stimulatory Gene B7-DC
inventors: Drew Pardoll, Haruo Tsuchiva, Kevin Gorgkld, Su-Yi Tseng

Fusion of Heat Shock Protein 70 Antigens Enhances the Potency of DNA Vaccings
inventors: Tzyy-Choou Wu, Drew Pardoll

i Vivo Expression of Soluble CD40 Induces Therapeutic Anti-Tumar Immune Responses
fnventors: Hua Yu, Drew Pardoll, Richard Jove, Willlam Daiton

Enhancement of Vaccine Potency with Chimeric B7 . 1/B7.2 Genes and Proteins
inventors: Drew Pardoll and Tianhong Wang

Modulation of Bystemic Immune Responses by Transplantation of Hematlopoistic Stem Cells Transduced with
Genes Encoding Antigens and Antigen Presenting Cell Regulatory Molecules
inventors: Drew Pardoll, Linzhao Cheng, Yan Cui, Katherine Whartenby, Curt Civin

In Vitro and In Vive induction of Potent Bystander Anti-fumor Effects Through Inhibition of 8TAT3 Signaling
inventors: Hua Yu, Drew Pardoll, Richard Jove, William Dalton

Focusing Vaccine-induced immune Responses o Specific Organs and Tissues
inventors: Richard Schutick, Ajay Jain, Drew Pardoll

Manipulation of Regudatory T Cells Using LAG-3 Antibodies, Genes, Agonists and Antagonists
inventors: Drew Pardoll, Jonathan Powell, Ching-Tai Huang, Chatles Drake, Dario Vignal, Creg Workman

Use of FLT-3 Inhibitors as Immunosuppressants:
tnventors: Donald Small, Katherine Whartenby, Drew Pardoll

Fas Ligand-Expressing Hematopoistic Cells for Transplantation
tnventors: Curt Civin, Kathering Whartenby, Drew Pardoil

Manipulation Of Regulatory T Cell And DC Function By Targeting Neuritin Gene Using Antibodies, Agonists
And Antagonists
inventors: Hong Yu, Drew Pardoll, Xiaoyu Pan, Chatles Urake, Ching-Tal Huang, Jonathan Powell

Modulation of immune Responses Via Targeting of Neuritin
tnverttors: Mang Yu, Chatles Drake, Drew Pardoll

immune Modulation Through Targeting of the MINOR Gene
inventors: Drew Pardell, Kevin Gorski, Katherine Wharfenby, Camie Chan

Neovasular and avp3/8 Retargeted Adenavirus Delivering Interleukin-12
inventors! Sara Pai, Avedis Meneshian, Drew Pardoll, David Johns, Gary Ketner, Max Sauder

Engineered Listeria Monocytogenes Expressing Tumor Antigens as Therapeutic and Prophylactic Cancer
Vaccines
inventors: Drew Pardoll and Yvonne Palerson

FARDOLL O P 10 0838

Page 67 of 245



Targeting of & Systemically Generated Immune Response to a Specific Organ or Tissue with the use of an
Agen that has a Tropism for that Organ or Tissue or that can be Specifically Placed at that Site
tnventors: Richard Behulick, Ajay Jain, Drew Pardoli

{Additional) Use of FLT3 Inhibitors as Immunosuppressanis
fnventors: Donald Small, Drew Pardol, Katherine Whartenby

Cobinatorial Therapy of Cancer and Infectious Diseases with Vaccine Plus Anti-B7-H1 Antibadies
inventors: Drew Pardoll, Liepeng Chen, Andrea Cox, Charles Drake

Listeria Induced Immmunorseruiment and Activation and Methods of Use Thersof
inventors: Drew Pardoll, Keith Bahjat, Dirk Brockstedt, Thomas Bubensky, Martin Giedlin, Richard Schulick

Cellidar Therapy for Cancer
tnventors: Bert Volgelstein, Eric Fearon, Drew Pardoll, Jornetiers Simmons

Use of Lysosomal Targeting Signals in Immunigen Constructior
inventors: Drew Pardoll, Thomas August, Frank Guarnien

Use of Plasmid Transduced Bystander Cells as a Source of Paracrine Cytokine Production for the Creation of
Therapeutic Cancer Vaccines
tnventors: Audrey Lazenby, Paul Golumbek, Elizabeth Jaffee, Hyam Levitsky, Drew Pardoll

Regulation of Systemic Immune Responses Utilizing Cytokines and Antigens
inventors: Drew Pardoll

Regulation of Systemie immunhe Response with Microspheres
inventors: Drew Pardoll

Lise of GM-CSF 1o Culture Bone-Marrow
inventors: Drew Pardoll

Certain Lymphokines Replacing or Synergizing with GM-CBF
inventors: Drew Pardoll

Cytokine-Antigen Hybrid Proteins
fnventors: Drew Pardoll

Controlied Release Microspheres Prepared by Solvent Congealing
inventors: Kam Leong, Drew Pardoll, Elizabeth Jaffee, Zhao Zhong

Treatmentof Thi7-mediated Auloimmuns Disease vig inhibition of Stat3
inventors: Brew Pardoll, Charles Drake, Timothy Harris, Hua Yy

Manipulation of the Transcription Factor Hellos {o Enhance or Down-modulate Regulatory T
Cell Function
inventors: Charles Drake, Derese Geinet, Joseph Grosso, Edward Hipkiss, Drew Pardell, Jonathan Powall

Treatment of Inflammatory Bowel Disease with Stat3 inhibitors
fnventors: Cynthia Sears, Franck Housseau , Drew Pardoll, Shaoguang Wu

Screening, Prevention and Treatment of Microbial-induced Colitis and Colon Cancer
inventors: Cynthia Sears, Drew Pardoll, Shacguang Wu

Use of Adjuvant Focused Radiation Including Sterectactic Radiosurgery for Augmenting Immune Based
Therapies Against Neoplasms
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nventors: Michael Lim, Charles Drake, Drew Pardoll, Ying Zheng

Combinatorial TEGVAX with Blockade of immune Checkpoint Pathways Augments Antitumor Responses In
Vivo

inventors: Young Kim, Juan Fu, Drew Pardoll

Cancer Therapy via a Combination of Epigenetic Modulation and lmmune Modulation
inventors: Drew Pardoll, Stephen Baylin, Suzanne Topalian

GVAX Formulated with Cyolic Dinuclentidle (STINGVAX) is a Potent Cancer Vaccing
inventors: Young Kiny, Drew Pardol

B78H1, Melanoma and 87T8HT-GM
inventor: Drew Pardoll

Formulation of Toll-ike Receptor Ligand with Whole Cell Tumor Vaccine to Enhance Anti-tumor Responses
inventors: Meghan Davis, Charles Drake, Juan Fu, Youny Kim, Drew Pardoll

Celiular Therapy for Cancer
inventors: Bric K. Fearon, Brew Pardoll, Jormetters Simmons, Bert Vogslsiein

Methods and Compositions for the Treatment of Cancer
inventors: Drew Pardoll, Richard David Schulick, Kivoshi Yoshimura

Cryoimmunotherapy of Advanced Cancer
inventars: Ephraim Fuchs, Moshe Levy, Drew Pardoll, Ronald Rodrigusz

An Allogeneic Colon Cancer Cell Vaccine Administered with a GM-CSF Producing Bystander Cell Line
inventors: Elizabeth JaHee, Daniel Laheru, Drew Pardoll, Richard David Schulick, Let Zheng

Biofilm Formation {o Define Risk for Colon Caneer
inventors: Christine Craig, Drew Pardoll, Cynthia Sears, Elizabeth Wick

Gene profile signature and potential biomarkers associated witha lack of therapeutic response to anii-PD-1
blockade therapy for Renal Cell Carcinoms (RCC)
inventors: Maria Ascierto, Drew Pardoll, Janis Taube, Suzanne Topalian

Microsateliite Instability as a Pharmacogenomic Marker of Therapeutic Response to Immune Chechkpoint
inhibition

inventors: Luis Digz, Kenneth Kinzler, Dung Le, Nickolas Papadopoulos, Drew Pardoll, Suzanne Topalian,
Bert Vogelstain

Targeting YAP Activity in Combination with Immunomodulation to Alter Regulatory T Celib-mediated immune
Regulation in order to Treat Cancer '

inventors: Joseph Barbi, Duojia Pan, Fan Pan, Drew Pardoll, Benjamin Park

fmmune Checkpoint Chimerio Antigen Receplors (CAR) Therapy
inventors: fvan Borrello, Valenting Hoyos Velez, Susan Lee, Kimberly Noonan, Drew Pardoll

Marrow Infiltrating Lymphocyles (MiLs) as a source of T-cells for Chimeric Antigen Receptor (CAR) therapy
inventors: lvan Borrello, Valentina Hovos Velez, Kimberly Noonan, Drew Pardoll

Cambination of lmmunotherapy with local chemotherapy for the freatment of malignancies
fnventors: Henry Brem, Michael Lim, Dimitrios Mathios, Drew Pardoll, Betly Tyler

innate and Adaptive mmune Modulation to Alter Wound Healing and Regenaration
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inventors: Jennifer Elisseeft, Drew Pardoll, Kaiflyn Sadiler

Method of Preventing Organ Transplant Rejection
inventors: Charles Drake, Evan Lipson, Deew Pardoll

Targeting Activin Signaling Activity in Combination with Immunomodulation to Alter Regulatory T cell-mediated
immune Regulation in order to Treat Cancer
inventors: Joseph Barbi, Juan Fu, Duojia Pan, Fan Pan, Drew Pardoli

MANAFEST ~ A novel sensitive, specific, scalable and simple method to identify funclional anti-lumor T caill
responses

fnventors: Valsamo Anagnostou, Luis Diaz, Franck Mousseau, Kenneth Kinzler, Nickolas Papadopoulos, Drew
Pardoll, Kellle Smith, Victor Velculescu, Bert Vogelstein

Anti-VSIG 10 Anfibodies and Methods of Use
inventors: Sudipto Ganguly, Ofer Levy, Drew Pardoll

Use of SON-211 and Onlak as 5 Regulatory T cell Targeted Cancer lmmunotherapy in Combination with Anti-
PD-1 Therapy for the Treatment of Cancer
inventors: William Bishai, Laurene Cheung, Juan Fu, John Murphy, Drew Pardoll

Detection and Elimination of Colonic Co-colonization with Enterotoxigenic Bacteroides Fragilis and pke+
Escherichia Coli in the Prevention of Colon Cancer
inventors: Christine Cralg, Drew Pardoll, Cyrthia Sears

Publications

1. Berger H, Pardoll D. BEvidence that mismatched bases in heteroduplex T4 bacteriophage are
recognized in vivo, J Virol, 10976:20(21:441-5. PMCID: PMC355012.

2. Shaper JH, Pardoll DM, Kaulmann SH, Barrack ER, Vogelstein B, Coffey DS, The relationship of
the nuclear matrix to cellular structure and function. Ady Ensyme Regul, 1878,17.213-48.

3, Nelkin BD, Pardoll DM, Vogelstein B. Localization of SV40 genes within supercoiled loop domains,
Nucleic Acids Res. 1880;B(231:5623-33. PMCID: PMC324330.

4. Pardoll DM, Vogelstein B. Sequence analysis of nuclear matrix associated DNA from rat fiver. Exp
Cell Res. 1980;128(2):466-70.

5 Pardoll DM, Vogelstein B, Coffey DS, A fixed site of DNA replication in eucaryofic cells. Cell,
1980142152738,

8. Vogelstein B, Pardoll DM, Coffey DS, Supercaoiled loops and eucaryotic DNA replicaton. Cell.
1980;22(1 Pt 1)179-85.
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10.

11
12.

13.

14,

18.

18.

17.

18.

19.

20.

21
22.
23,

24

285,

28.

27.

Pardoll DM, Charache 8, Hielle BL, Jones R, Phillips JA, Smith RR, Rodeheffer RJ. Homozygous
alpha thalassemia/Hb G Philadelphia. Hemoglobin, 1982,6(5):503-15.

Pardoll DM, Rodeheffer RJ, Smith RR, Charache S. Aplastic crisis due {0 exiensive bonae marrow
pacrasis in sickle cell disease. Arch intern Med, 1882,142{(12):2223-8.

Lew AM, Pardoll DM, Maloy WL, Fowlkes BJ, Kruisheek A, Cheng SF, Genmnain BN, Bluestone JA,
Schwartz RH, Coligan JE. Characterization of T cell recepior gamma chain expression in a subsest
of murine thymooytes. Science. 1986,234{4782),1401-5.

Zehnbauer BA, Pardoll DM, Burke PJ, Graham ML, Vogelstein B, immunoglchulin gene
rearrangements in remission bone marrow specimens from patisnts with acuts lvmphoblastic
leukemia. Blood. 1886,87(31835-8,

Blusstone JA, Pardoll D, Sharrow S0, Fowlkes Bd. Characterization of murine thymocytes with
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Abstract: Immune checkpoint blockade (ICB) with programmed cell death protein-1(PD-1)/
programmed death ligand -1{PD-L1) antibodies has revolutionized the management of several
cancers, especially non-small cell lung cancer, melanoma, urothelial, and renal cancer. Pancreatic
ductal adenocarcinoma {(PDAC) is one of the most aggressive cancers associated with high morbidity
and mortality. Based on available data, it’s obvious that ICB has limited success in PDACs, which
can be explained by the low immunogenicity and immunosuppressive tumor microenvironment of
these tumors. In this review article, we focus on PD-L1 expression and microsatellite instability (MSI)
in PDAC, and their roles as prognostic and predictive markers. We also discuss data supporting
combination therapies to augment cancer immunity cycle. Combining anti-PD-1/PD-L1 agents with
other modalities such as vaccines, chemotherapy, and radiation could potentially overcome resistance
patterns and increase immune responsiveness in PDAC.

Keywords: pancreatic adenocarcinoma; programmed death ligand; microsatellite instability

1. Introduction

Pancreatic ductal adenocarcinoma (PDAC) is a highly lethal malignancy with a dismal five year
overall survival(OS) rate of 8.5%, making it the third leading cause of cancer-related death, with an
estimated 55,400 new cases and 44,330 deaths in the United States in 2018 {i]. Even loco-regional
PDAC has a poor prognosis, with a 5-year OS of 10-35% while metastatic disease, which accounts for
more than 50%, has a grim 3% 5-year OS rate [2]. PDAC poses several treatment challenges, including
late presentation and a unigue tumor microenvironment characterized by dense desmoplasia and
mtense infiltrations of immunosuppressive cells [3,4] contributing to chemotherapy resistance. Surgery
is the only curative option, but only 10-15% of patients have resectable disease at the time of diagnosis.
For most patients with advanced PDAC, systemic chemotherapy has been the mainstay of treatment
for disease control. Over last several decades, various chemotherapy regimens have shown minimal
incremental benefit.

Despite the modest improvements with combination chemotherapy regimens, prognosis for
pancreatic cancer remains very poor, and there is an unmet need to identify new targeted therapies [5-8].
So far, studies exploring therapies targeting KRAS, BRAF, BRCA 1 and 2, ATM, CDKN2A mautations
have not shown any meaningful survival benefit in PDAC. Conversely, PD-1/PD-L1 inhibitors have
shown promising results in various solid malignancies including other gastrointestinal malignancies,
making their incorporation into the treatment paradigm of an aggressive malignancy like PDAC very
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appealing. In this review article, we will discuss the available evidence of programmed cell death
protein-1(PD-1}/programmed death ligand-1(PD-L1) blockade in pancreatic cancer and the potential
roles of PD-L1 expression and microsatellite instability (MSI) as prognostic/predictive biomarkers.

2. The PD-1/PD-L1 Pathway

The immune system has three primary roles in the prevention of tumors, of which perhaps the
most important may be immune surveillance. In this function, the immune system can specifically
identify and eliminate tumor cells by their expression of tumor-specific antigens or molecules {%].
Currently, the updated concept of tumor immunoediting is more relevant, as it explains tumor
development that occurs despite a functioning immune system. This concept is further divided
into 3 phases: elimination, equilibrium, and escape [1{]. By interaction with a host immune system,
the malignant cells may determine its fitness for survival and growth, thereby aiding the malignant
cell to evade the tumor suppressor function of the immune system, that is, if the immune response
fails to eliminate the tumor.

Immune checkpoint regulators, such as programmed cell death-1 and cytotoxic T lymphocyte
antigen-4 (CTLA-4), belong to a class of co-inhibitory receptors present mainly on T cells. Under
physiological homeostasis, binding of these checkpoints to their cognate ligands regulates the balance
between self-tolerance and immunopathology [11}. Direct and indirect utilization of these co-inhibitory
pathways by tumors results in their ability to evade an immune attack. This mechanism, termed
adaptive immune resistance, facilitates tumor growth and propagation. The PD-1 pathway is an
essential inhibitory mechanism regulating T cell exhaustion. PD-1 and one of its ligands, PD-L1 (also
known as B7-H1), constitute a major tolerance mechanism in ftunors. Immune-checkpoint antibodies
directed against PD-1 and PD-L1 restore antitumoral immunity by augmentation of an endogenous
immune response [13}.

3. PD-L1 Expression and Prognostic Significance in Pancreatic Cancer

PD-L1 expression and its clinical significance have been studied extensively in solid tumors. PD-L1
is expressed on the surface of tumor cells in various malignancies, including carcinoma of head and
neck, melanoma, lung, esophagus, thyroid, thymus, breast, gastrointestinal, colorectal, liver, pancreas,
kidney, bladder, ovary, and skin [13-1%¢]. PD-L1 is rarely expressed on normal tissue but exclusively
expressed in tumor cells, indicating that this selective expression of PD-L1 may have some association
with outcomes in various cancers [2]. Some cancers, including hepatocellular carcinoma, pancreatic
cancer, gastric cancer, renal cell carcinoma, and esophageal cancer, have an immunosuppressive
tumor microenvironment with a high PD-L1 expression, which in turn inhibits cytotoxic effects of
activated T-cells [11]. This may explain why overexpression of PD-L1 in these tumors is generally
associated with poorer prognosis. Interestingly, in lung cancer, melanoma, and colorectal carcinoma,
PD-L1 expression has both positive and negative predictive values [22]. Considering that PD-L1
overexpression is associated with variable prognosis, this raises the speculation of other mechanisms,
in addition to variations in PD-L1 expression within the tumor microenvironment, as some of the
critical determinants of outcomes in certain tumors.

Several studies have evaluated the expression of PD-L1 in PDAC. In a meta-analysis by
Gao et al. [23], which analyzed nine studies, the PD-L1 positive rate in PDAC ranged from 19% to 62.5%.
The PD-L1 positive rate measured by immunohistochemistry (IHC) was higher than by PCR. As shown
by some, IHC-based detection of PD-L1 has limitations [24]. First, IHC-based detection has technical
challenges and may not yield accurate results for PD-L1 expression. Secondly, detection of PD-L1
expression is affected by temporal and spatial factors {23]. Hence, single point evaluation may not
reflect the actual condition and may require multiple site sampling to determine true PD-L1 expression.

Six studies (Table 1) focusing on PD-L1 expression and prognosis in PDAC demonstrated that
PD-L1 expression is associated with poor prognosis. Nomi et al. [1%] examined 51 patients with PDAC,
using THC with a 10% cut-off value of immunoreactivity per high power field to define the PD-L1
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expression. PD-L1 positive patients (n = 20) had a significantly poorer prognosis than PD-L1 negative
patients {p = 0.016). One-year post-operative survival rate was 33.5% and 60.3% in PD-L1 positive and
PD-L1 negative patients, respectively. Wang et al. [26] examined 81 patients with PDAC using IHC,
with a 5% cut-off value to define the PD-L1 expression. They observed that PD-L1 inhibits activation
of T lymphocytes, which promotes tumor evasion and T cell exhaustion. This study concluded that
PD-L1 expression could act as an independent prognostic factor after adjusting for pathological and
TNM stages. Chen et al. {27] examined 63 cases of pancreatic cancer tissue for PD-L1 (>50% of patients
expressed PD-L1) and other inhibitory costimulatory molecules using THC asdefined by >10% clear
staining among 1000 tumor cells/section. The expression of PD-L1 and other B7 family molecules
resulted in tumor growth and decreased survival. Loos et al. [28] investigated the expression pattern
using reverse transcription PCR (RT-PCR) in 40 human pancreatic cancer tissue samples, and the clinical
significance of B7 family molecules including PD-L1 in PDAC. Among the investigated molecules,
only PD-L1 showed prognostic relevance. Postoperatively, the median survival in patients with low
PD-L1 expression was 24 months, in comparison to 10 months for high PD-L1 expression (p < 0.0001).
Geng et al. [1%] examined 40 pancreatic cancer specimens for PD-L1 and IL-10 expression using RT-PCR.
Analysis of the relationship between PD-L1 and tumor clinicopathological characteristics showed that
positive PD-L1 expression was associated with reduced tumor differentiation and advanced tumor
stage. Birnbaum et al. [30] conducted a retrospective study, wherein they analyzed PD-LT mRNA
expression in 453 pancreatic cancer samples. Nineteen percent of the cancer samples had upregulation
of PD-L1 expression. PD-L1 positive pancreatic cancer samples displayed evidence of lymphocyte
exhaustion and was associated with shorter disease-free survival and overall survival in multivariate
analysis. Hence, PD-L1 overexpression can serve as a novel biomarker for prognostication and a
potential target for the treatment of PDAC with PD-1/PD-L1 inhibitors.

Table 1. Studies reporting programmed cell death protein-1 (PD-L1) expression rates and outcomes in
patients with pancreatic ductal adenocarcinoma (PDAC).

Study Number of Patients PD-L1 Detection PD-L1 Positive 0OS/DSS HR
with PDAC Method Rate 95% CI)

Nomi et al. {i8 51 Protein (IHC) 39.2% 2.66 (1.21-5.85)
Wang et al. |- 81 Protein (THC) 49.4% 2.08 (1.17-3.72)
Chen et al. 63 Protein (THC) 57.1% 1.60 {0.65-3.93)
Loos et al. 40 mRNA 50% 4.67 (1.97-11.06)

Geng et al. [ A Protein and mRNA 55% Not Reported
Birnbaum et al. {3 453 MmRNA 19% 2.22 {1.48-3.33)

4, Mismatch Repair (MMR) Deficiency and Hypermutation in Pancreatic Cancer

The mismatch repair (MMR) system plays a pivotal role in the repair of DNA sequence mismatches
during replication. Defects in the MMR system (dMMR}) or loss of function of one of the MMR proteins
(MLH1, MSH2, MSH6 and PMS2) causes errors in DNA replication, leading to the high burden of
mutations that accumulate in microsatellites (short tandem repeats that are prone to DNA replication
errors), resulting in MSI [31]. A defective MMR system leads to an accumulation of somatic mutations,
resulting in a higher neoantigen load, which promotes proinflammatory cytokines and activation of
T cells. Increased neoantigens and cytotoxic T cell recruitment contributes to the immunogenicity of
dMMR tumors and hence, sensitivity to immunotherapy [32].

Tumors with AMMR/MSI can develop either as a result of a germline mutation in the MMR gene,
ie., Lynch syndrome, or more commonly, as epigenetic inactivation of the MLH1 gene [33]. Tumors
are classified as MSk-high (MSI-H) if they have two or more of the five microsatellites markers to show
instability, MSI-low (MSI-L) if only one of the markers shows instability, and MSIstable (MSS) if none
of the markers show instability [34]. The clinical implications of MSI-L are unclear. Tumor mutational
load (TML) is defined as the total number of mutations per coding area of a tumor gene, and tumors
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that are MSE-high (MSI-H) typically have high TML [35]. Evidence suggests that tumors with high
TML status have increased sensitivity to immunotherapy [36].

Due to the recently approved site agnostic indication for pembrolizumab, a recent update in the
National Comprehensive Cancer Network guidelines encourage MSI testing for locally advanced and
metastatic PDAC [37]. The DNA mismatch repair or microsatellite instability in PDAC can be assessed
by IHC and PCR, respectively. MSI testing can be performed on fresh or frozen samples using PCR
techniques which primarily detect instability [33]. Depending on the PCR test results, tumors are
classified as MSI-H, MSI-L, or M5S as described above. MMR protein expression can also be detected
by IHC, as a loss of expression in >1 mismatch repair proteins this is labelled dMMR. The advantages
include wide availability, cost effectiveness, and rapid detection of loss of specific mismatch gene
product, and thereby can direct germline testing to that gene. In most instances, MMR testing by
IHC and MSI testing by PCR are concordant [38]. Another test that is clinically available and has
therapeutic relevance is next generation sequencing (NGS}), which can help measure tumor mutational
burden, MSI status, specific actionable mutations, and germline mutations within the tumor.

The prevalence of AMMR/MSI in PDAC is likely very low, but literature in this regard is
inconsistent. Hu et al. evaluated MMR status on 833 PDAC cases using NGS assays targeted to
perform deep sequencing of all exons and selected introns. They found dMMR in PDAC is a rare
event occurring at a frequency of 0.8% (7/833) and all 7 patients with dMMR PDAC were found to
have Lynch syndrome [3%]. Kim and colleagues conducted a prospective analysis of PD-L1 and MMR
IHC on 430 patients (6/430 with PDAC) with advanced gastrointestinal and genitourinary cancers.
Among the 394 evaluable for MMR/MSI status, 18 patients had dMMR tumors. The dMMR was
most common in gastric cancer and colorectal {11.1%), and nearly 0% in PDAC [48]. However, some
others have reported MSI/dMMR in PDAC to be as high as 22% [41]. The discordance with regard to
its prevalence in pancreatic cancers could be confounded by variabilities in histology, sample sizes,
and more so due to non-standardized testing and evolving detection methods.

5. MSI as a Prognostic Marker and Correlation of MSI, PD-L1 and Tumor Mutational Load (TML)
in Pancreatic Cancer

The favorable prognosis of MSI positive tumors compared to M5I negative tumors such as
colorectal cancer [4i], gastric cancer [43], and cancer of papilla of Vater [44] is well established.
Interestingty, smaller studies suggest that the prognosis of MSI positive breast cancer [43] and non-small
cell lung cancer [4%] is worse than MSI negative tumors. Though limited literature exists, PDAC
patients with dMMR have been reported to have prolonged survival rates. Nataka et al. [47] examined
the prognostic impact of microsatellite instability in 46 subjects that underwent resection of pancreatic
cancer. DNA was analyzed using PCR techniques and revealed eight patients (17.4%) with MSI
positivity. Univariate analysis showed MSI positives patients had significantly longer survival time
compared to MSI negative patients {median survival term, 62 months versus 10 months, respectively;
p = 0.011). Yamamoto et al. [48] analyzed 100 sporadic and 3 hereditary PDACs for MSI. Of the 100
sporadic cases, 13 were MSI-H (13%), 13 were MSI-L (13%), and 74% were MSS. All the three hereditary
tumors {Lynch syndrome} were MSI-H. Patients with MSI-H tumors had significantly prolonged
survival times compared to patients with MSI-L and MSS tumors {p value of 0.0057). The etiology for
improved survival in MSI-H resected PDAC tumors is unclear, but thought to be due to enhanced
immunogenicity in these tumors that are deficient in DNA replication error repair.

Increased expression of PD-L1 and dMMR/MSI status on tumors may be useful predictive
response biomarkers for immunotherapy. The overlap of PD-L1 and dMMR has not been extensively
studied. Kim and colleagues [4\] further analyzed 365 patients for both PD-L1 and MLH1/MSH2
expression. PD-L1 expression was seen in 38.9% (7/18) of dMMR tumors and 15.2% (15/376} of
MMR proficient tienors, hence implying a significant association between PD L1 expression and
MLHI/MSH2 loss (p = (.01). Theoretically, dMMR tumors tend to have a high mutational burden with
increased neoantigen expression and tumor infiltrating lymphocytes (TILS), all of which are expected
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to increase PD-L1 expression {43]. The correlation between TML, dMMR, and PD-L1 was studied by
Salem et al. [3%], who analyzed 4125 tumors from 14 different gastrointestinal cancers, including 870
patients with PDAC. They found a lower prevalence (1.4%) of TML-high (defined as greater than or
equal to 17 mutations/MB) in PDAC. PD-L1 expression was positive in 11.1% (1,/9) of MSI-H PDACs
and 8.6% (69/806) of MSS PDACs. In the pancreatic adenocarcinoma subgroup, among patients who
had either MSI-H or MSI-L, the majority had TML-low, except for a very small percentage that had
both MSI-H and TML-high. In MSS PDACs, only 1.4% were TML-high. Future clinical trials would be
required to study whether the integration of PD-L1, MSI, and TML could serve as a better predictive
marker of response to immunotherapy in PDAC.

6. PD-1/PD-L1 Inhibitors in the Treatment of Pancreatic Cancer

Currently, the US Food and Drug Administration (FDA) has approved PD-1 inhibitor
pembrolizumab for the treatment of unresectable or metastatic solid tumors characterized by MSI-H
status or AMMR that has progressed following prior treatment. The pivotal data that drove the FDA
approval for the site agnostic indication of Pembrolizumab in treatment of MSI-H tumors [30] is
based on the results from five single-arm clinical trials that enrolled a total of 149 patients, including
Keynote {KN)-016 (n = 58), KN-164 (1 = 61), KN-012 (n = 6), KN-028 (n = 5) and KN-158 (# = 19).
Patients with colorectal cancers constituted a significant proportion in the combined cohort of these
five studies. Only a total of six patients had pancreatic carcinoma, with a significant majority having a
response to ICB with anti-PD-1 therapy. The pivotal phase 2 study conducted by Le et al., [32] that
evaluated 86 patients with 12 different dMMR cancers, including pancreatic cancer, demonstrated
the efficacy of PD-1 inhibition with objective radiographic responses and complete responses in 53%
and 21% of patients, respectively. Keynote (KN)-164 [31] and KN-158 (NCT02628067) assessed the
efficacy of pembrolizumab in patients with MSI-H tumors who had progressed on >2 prior lines of
therapy and showed robust activity against MSI-H tumors in heavily pretreated individuals. KN-164
enrolled 61 patients with MSI-H colorectal cancer (CRC). KN-158 enrolled 19 patients and included 2
patients with pancreatic cancer. Median follow up was 4.5 months for MSI-H non-CRC, and overall
response rate for MSI-H non-CRC was 42.9%, with 8 contirmed responses (per RECIST criteria) and 1
unconfirmed response.

Interestingly, both studies showed the positive benefit of ICB in patients with MSI-H tumors
irrespective of PD-L1 status. Another PD-1 inhibitor, nivolumab, has been approved for MSI-H/dMMR
metastatic colorectal cancer that has progressed following first-line treatment. It was also approved for
treatment of hepatocellular carcinoma in patients who have been previously treated with sorafenib [33].
These data strongly suggest that compared to PD-L1, dMMR is as a robust determinant of response to
ICB, with no significant discrepancies seen among studies.

With the advent of ICB, there has been a paradigm shift in the treatment of various other
malignancies, particularly non-smatll cell lung cancer and melanoma. Unfortunately, the success of
immunotherapy seen in certain tumor subtypes hasn't been replicated in the treatment of PDAC, except
in patients with AMMR /MSI-H tumors (Table ). In early clinical trials, single-agent anti-PD-1/PD-L1
or anti-CTLA-4(Cytotoxic T lymphocyte antigen-4) agents have been ineffective in the treatment
of PDAC.

Some of the plausible reasons contributing to resistance to immunotherapy can be explained by
the low immunogenicity of PDACs, attributed to low mutational burden [33] and fewer neoantigens,
therefore, creating an environment which is less easily recognized by the immune system. In the
study from Alexandrov et al. [34], the mutational burden of 7042 cancers were analyzed. It was found
through genomic analysis that melanomas had an average of 511 coding mutations, but PDACs only
had an average of 61 coding mutations. The other feature of PDACs that makes them less responsive to
immune therapy is the hypothesis of an immunosuppressive tumor microenvironment characterized
by dense desmoplasia, infiltration by immune suppressive myeloid cells and very few T cells [33].
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Furthermore, PDAC cells can evade immune attack by downregulating the Fas receptor and induce
apoptosis of cytotoxic T cells by intensifying the Fas ligand expression {36].

7. Future Directions

Pancreatic cancer continues to be one of the most aggressive cancers and is traditionally considered
to be a nonimmunogenic cancer. A possible explanation is a limited effector T cell in the tumor, along
with increased regulatory T cells, in a very immunosuppressive microenvironment. The promise of
potentiating the immunogenicity of pancreatic cancer is based on initial results from combination
therapies i.e., conventional cytotoxic agents, radiation therapy, and therapeutic vaccine with immune
checkpoint inhibitors, with the premise that the addition of these novel combinations to ICB can
potentially augment the anti-tumor immunity in an immunologically inert tumor microenvironment
that is characteristic of PDACs. This concept revolves around the fact that the addition of these agents
to ICB likely facilitates the conversion of an immune desert to an immune-active microenvironment.
Therapies to augment the activity of immunotherapy and that overcome the immunosuppressive
environment of PDACs can be broadly classified into three categories.

Firstly, agents that enhance naive T cell activation include chemotherapy (gemcitabine), radiation,
vaccination (GVAX, CRS-207), and agonist CD-40 agents. Animal models have provided evidence that
effects of gemcitabine on T cell subsets, B cells, myeloid dendritic precursor cells, and memory and
naive T cells in 10 patients with PDAC [3]. Their study confirmed that gemcitabine might suppress
memory T cells, but augments naive T cell function, hence they concluded that gemcitabine was not
immunosuppressive, and it may enhance responses to immunotherapy and certain vaccines. Early
preclinical studies have shown antibodies against ’D-1 and PD-L1 induced a significant antitumor
effect in a mouse pancreatic tumor model, which was further enhanced when administered in
combination with gemcitabine [15]. Currently, studies to evaluate the potential value of combining
anti-PD-L1 antibody and gemcitabine are ongoing. The other option is combining PD-1/PD-L1
inhibitors with a pancreatic cancer vaccine (GVAX). The vaccine is composed of irradiated, allogenic
pancreatic tumor cells that express granulocyte-macrophage colony stimulating factor (GM-CSF).
Also, when GVAX was used with low dose cyclophosphamide in 39 patients with PDAC, it resulted
in the formation of intratumoral lymphoid aggregates and T cell infiltration in 33 of 39 patients,
thus providing an example of a vaccine based immune therapy converting a non-immunogenic
tumor into an immunogenic tumor 3], But a phase 2b, randomized, multicenter study (ECLIPSE)
comparing GVAX pancreas and CRS-207 to chemotherapy did not show any survival benefit in the
combination arm (cyclophosphamide plus GVAX plus CRS-207) when compared to chemotherapy
(physician’s choice of single-agent chemotherapy) [&0]. These results are in contrast to the earlier
phase 2a study and ongoing studies are combining CRS5-207 with immunotherapy to enhance the
immune responsiveness of PDAC. A similar proof of concept, albeit having nwuch better success
of converting an immune evasive microenvironment to an immune permissive one, has been used
in metastatic melanoma where combinations of talimogene laherparepvec (T-VEC), an oncolytic
virus derived from an attenuated recombinant type-1 herpes virus with pembrolizamab [#1] and
ipilimumab [$2], has shown promising outcomes in early phase clinical trials. This seems to suggest
that unlike melanoma, certain intrinsic properties of the PDAC tumor cells that create a significant
degree of immune inertness {&3] may prevent generation of a robust anti-tumor response. Currently,
numerous randomized clinical studies are evaluating the combinations of anti-PD-1 therapy and GVAX
vaccine in PDAC. Radiotherapy and CD40 agonists have also demonstrated the ability to augment
various aspects of T cell immunity and are currently being studied in combination with PD-1/PD-L1
inhibitors. (Table 3} Secondly, agents targeting the immunosuppressive microenvironment including
radiotherapy, Janus kinase (JAK) inhibitors and phosphoinositide-3-kinase (PI3K) inhibitors [$4]
that have shown promise in preclinical studies are being further evaluated. Lastly, agents to break
down the desmoplastic stroma, such as PEGPH20, were assessed in a phase 2 study (HALO 202)
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comparing PEHPH20 plus nab-paclitaxel/gemcitabine versus nab-paclitaxel/gemcitabine in patients
with untreated, metastatic PDAC. Results from this study showed improvement in progression free
survival PES (p = 0.049) in the PEGPH20 plus chemotherapy arm, especially in those with high
hyaluronan accumulation [$3]. Ongoing studies are combining anti-PD-1/PD-L1 agent with vaccines,
radiation, and chemotherapy in the treatment of PDAC, some of which are listed below (Table 3).
The ongoing trials are focusing on augmenting various steps of the cancer immunity cycle by the
combination therapies.

Table 2. Completed Clinical trials of the PD-1/PD-L1 blockade in PDAC.

Number of gt - .
Study \Il’latizz t: Phase Study Medication Cancer Type Results
Non-smasll celt fung cancer, melanomi,
Brahmer et 207 {14 patients 1 Anti PD-L1 renal cell cancer, ovarian cancer, colorectal No objective
al. [a0] with PDAC) N cancer, pancreatic cancer, gastric cancer and response
breast cancer
Colorectal, melanoma, merkel cell
Pamaik et 30 (one patient . carcinoma, non-small cell lung cancer, No objective
T 1 Pembrolizumab . - X . 4
al. [871 with PDAC) prostaie cancer, Kaposi sarcoma, soft tissue response
sarcoma, pancreatic adenocarcinoma
2 patienis with
Nesselhut - S A Nivolumab phus . . patiens
o 7 {all PDAC) 1 o Metastatic pancreatic cancer partial
et al. [68] dendritic cells PR
response (PR}
~ . PR for 3
Weiss et al 17 (11 evaluable Gemcitabine, " tient(: and
- chemo naive 1b/11 Nab-Paclitaxeland ~ Metastatic pancreatic cancer QF' ;e
feu] . . Stable disense
palients} Pembrolizumab

for 8 patients

Table 3. Selected ongoing trials evaluating anti-PD-1/PD-L1 agents in advanced pancreatic cancer.

Clinical Trials Study Stage of

1dentifier Phase Disease Study Armis) Endpoint
y rclophos JAX + i Q istant stasi
NCT02648280 5 L(jcally C b clo;.h@pham@e \‘C l.) +GVAX Iiem‘b‘mhzunnb + Dis 111( rr'\etautaxls
advanced Stereotactic body radiation therapy (SBRT) free Survival
Investigator choice chemotherapy (Arm A)
Nivolumab and CSFIR antibody Cabiralizumab {Arm B}
NCT03336216 2 Advanced Nivaolumab, cabiralizumab pius mPFS
Gemcitahine /nab-paclitaxel (Arm C)
Nivolumab, cabiralizumab pius FOLFOX
CY+Nivolumab+tpilumumab + GVAX vaccine +
NCT03190265 2 Advanced CRS-207 (Arm A} ORR
Nivolumab + Ipiturnumab + CRS-207 (Arm B)
Median ILI7A
expiression in
I . Resectable CY/CVAX (Arm A) vaccine-induced
v 24 (e 2 ool : 1N N s T B
NCT02451962 172 PDAC CY/GVAX with Nivohimab (Arm B) Iymphoid
aggregates. SE: OS
and DFS
ORR
. Anti PD-L1 agent Durvalumab (Arm A) SE: PFS, 05, best
N 5588 2 rance - /
NCTO2355894 - Advanced Durvalumab plus anti CTLA-E Tremelimumab (Arm B)  objective response,
disease conirol rate
. - Safety and
R . Nab-Paclitaxel and Nivolumab (Arm A) -
N 30917 vance: B . N i s . . . -] 1
NCTo2309177 ! Advanced Nab-Paclitaxel, Gemcitabine, and Nivolumab {Arm B) 20\sie_iltx)rmt ng
ity
Advanced Number of adverse
NCT02303990 1 (other cancers  Pembrolizumab plus hypofractionated radiation therapy ) ,L audverse
. i Y events
included)
Advanced Pembrolizumab + Gemcitabine and Defactinib (FAK Safety and toxicity.
NCT02346531 1 {other cancers ; n ‘ © o arety and ioxicity

included)

inhibitor)

ORR, PFS
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Table 3. Cont.

Clinical Trials Study Stage of

dentifier Phase Disease Study Am(s) Endpeint

A Study of an Anti-KIR Antibody Lirilumab in

inati i ~ 5 o safety
Advanced Combination with an Anti-PDT Antibody Nivolumsh Safety and

NCTO171475 /2 . S i 1 lolerability a
NCTOI7L4735 ¥ Solid Tumors  and Nivolumab Plus an Anti-CTLA-4 fpilimumalk tg%:;{abxhty wnd
Antibody in Patients with Advanced Solid Tumors -
Unresectable  Immune Checkpoint Inhibition (Tremelinwunab and/or
WCTo23 11361 1/2 Pancreatic MEDI4736) in Combination with Radiation Therapy in Safety and ORR
Cancer Patients with Unresectable Pancreatic Cancer
Advanced Niraparib + Ipilimumab or Nivolumab in Progression
NCTN3404960 1/2 Pancreatic Free Pancreatic Adenocarcinoma After Platinum-Based  PFS
Cancer Chematherapy (Parpvax)
Metastatic Epacadostat, Pembrolizumab, and CRS-207, With or
NCTO3006302 2 pancreatic Withoui CY/GVAX Pancreas in Patients with Metastatic  Dose, survival

Cancer Pancreas Cancer

mPFS: median progression-free survival: ORR: objective response rate; OS: overall survival; DES: disease free
survival; SE: secondary endpoints.

8. Conclusions

Despite recent advances in combination chemotherapy regimens, PDAC remains a deadly
malignancy with dismal outcomes. ICB with PD-1 and PD-L1 antibodies have demonstrated durable
response rates, predominantly in immunogenic tumors, and unfortunately, pancreatic cancer does
not belong to that category. PD-L1 expression and MST status is prognostic and predictive of
immune responsiveness in many malignancies. Single agent immunotherapies are ineffective in
pancreatic cancer. Preliminary results are more promising for a combined integrated approach utilizing,
chemotherapy, radiation therapy, immunotherapy, and other targeted agents to augment the immune
response in PDAC. This strategy may provide some hope, which has been elusive in pancreatic cancer.
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Purpose: Results from the first-in-

hurnan phase { uial of the

anti-programmed death-1 {PD-1} antibody

BMSE-936558 in patients with weatmnent-refraciory solid tumors, including safety, tolerability, pharmaco-

dynamics, and immnnoelogic correlates, have been previously repor
three patients fram that trial who sustained obijs
TNOT Fe
Experimental Design: Three patienis with colorect

Q0 oen

hypothesis that reinduction therapy for lawe

objective responses on an intermittent dosing regimen o
rs. A pattent with melanora who expeten
aression followed by wumor recurrence received reinduction therapy.
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Results: A patient with colovecial ¢
Apatientwith renal cell cancer exper
a complete response, which is ongoing 3t 12
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ancer experienced a complete response
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rred. Here, we provide long-term follow-
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ence can be effective.
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responding 1o auii-PD-

1 irprunotherapy

the mosi prolong
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delayed tumor progression. They underscore the potential for immmune chedkpoint blockade with angd-PD-1

to reset the equilibrinm between tumor and the bostimmune system. Clin

Cancer Res; 19(2}; 462-8.

The specific or selective expression of antigens by cancer

cells creates an opporiunity for endogenows cell-mediated
and serologic immune attack and for immunotherapeutic

interventions. The development of effective cancer immu-
notherapies depends on reversing inhibitory and tolero-
genic Q.gnaiq in be fwmor micoenvivowuent, thereby
enhancing the visibility of fumor cells to the immune
systern. In the last decade. it has become clear that the
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immune regulatory Lad‘wav composed of programmed
death-1 {FD-1. CD279), a receptor expressed on acfivated
Beands PD L1{B7-H1, (T") 74} and PD-
( 3} pi; Vs an integral 1:\1 n the down-
modulation of antittmor immanity. ]s,iui)z-.,@n of this
pathway using b'o:"kx monocional antibodies {mAb)
agatnst PD-1 or PD-LA ts emergly ve method
for reversing cancer rBmunost ssion 3nd theseby caos-
ing turmnor regression in patients with advanced disease (1.
Al[l*ous:,n such therapies are still in development, they have
shown promising dinical resulis not only for fumor 5
iy considered ¢ be umuuogenic s.uc}, as melanoma
and renal cell carcinoma {RCC), but also for common
epithelial malignancies such as non-small cell lung cancer
(W8CLC), historically resistant to immunotherapy.
BMS-936558 {MDX-1106/0M0- 4”“) iz a blockiog
Al specific for human PD-1, The firsst-in-human single-
dose, dose-escalation trial of this agent reported by Brahmer
and colleagues {2} enrolled 39 patients with treatment-
refractory metastatic solid furnors incuding melanoms,
RCC, colotectal cancer {CRCY, NSCLL i castration-resis-
tant prostate cancer {CRPC). A favorable safety profile and
preh?nmm evidence of m-nrai activity in all histologies
except CRIC led to the design of a mulddose tial of
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BMS-936538 in 296 patients that was recently reported {3},
confiiming antitumor efficacy in melanoma, RCC, and
NSCLC.

Theadaptive immune system has a vast capacity forsp
antigen recognition and holds the potential to adjust ¢
ongoing tumor evolution, including genetic and e;\.igenetl 3
changes that typically casse resisfance {6 smabl-mol
ighibitors. This adaptability, coupled with an tmmune mem-
o1y cornponent, implies that immunotherapy can "recrient”
ndogenous antiumor immunity with durable effects even
after the cessation of therapy. Here, we pr
follow-up on patients from the Swst-iv-hurman fial of B
936558 who achieved abjective tumor regressions, including
a patient with CRC who maintained a complete response
{ CFE_ off therapy, a patient with RCC who sustained a partial
onse (PR} that converted w6 3 CR off thempy, and a
satient with melanorna who expertenced a prolonged PRoff
hem:“/if\i awed by tumor progression and then responise to
iom therapy with the same anti-Pi3-1 antibody. These
present. the most prolouged o ration of pattents
wit h solid tnnors responding (o ant-PR-1 therapy and the
m's,t evidence that reinduction therapy with this agent afer
ate t;m’mr progression may be effective. The observed dura-
l.tv G

ovide fong-term

3]
i

o g

onses unde

cotes the potential for irom

by eclm: 1ot blockade with auti-PD-1 to reset the equilibrium
between tumaor and host and provide durable tumor control
alter cessation of therapy.

Treatments admﬁnistered and response evaluation
BAMS-936558, a fully human immunoeglobulin G4 {IgG4)
blocking mAb a.gain.sr. PD-1, was administered in 3 multi-

i ional, first-in-human, phase | dose--%(ai' 1 stndy
{2}. The protocol was approved by local lnsitntional
Review Boards {IRE), and all participating suh;ects signed
wformed consent. The antthody was given 35 2 single
intray 1 at (1.3 to 10 mgfke per dose, followed
by radiologic restaging &t 8 and 12 weeks. Responses were
valuated using Respounse Bvaluation Criteria in Solid
nmars {RECIST) 1.0, Patients who tolerated the drug we
no adverse events > grade 3 and ne development of hurman
tihuman antibodies) and showed stable disease or any
evidence of *umof regression were eligible for retreatment
12 and 16. Patlents who achie
response (PR or CR} disconsioued dosing and were
ohserved with periedic radiclogic restaging.

A patient mth melanoma who experienced a prolonged
PR followed by tumor progression received reinduction
therapy with BMS-236558 10 mgikg on days §, 29, and
86, repeated every 120 days, on a single patient use clinical
tial following B approval and informed consent. 1n
corrast to the original dosing scherna, treatment on this
riad may continue untii the patient develops 3 confiuned
CR, confirmed progressive disease, orunacceptable toxicity,

"D

]

¥
i
{
H
LS

Twnor biopsies and immunohistochemistry
Histalogic slides were reviewed to confirm the cancer
diagnosis, and one represeniative fooualin fxed, paraffin
crabedded (FFPE} block of iumor was chosen for -
nohistochemical IHC) analysis to characterize the amor
and its microenvironment. PD-Li immunostaiuing was
conducted with the mAb 5H1 as previcusly described
4}, The method for PD-1 Immunostaining parallels tha
vied for PD-LT with minor modifica
antibuman PE-1 mAb clone M3, wasused ata ¢ concentra-
gdon of 1.0 pg/ral. Clrate buffer (pH 6.0) was used for
antigen retrieval, and 3 0SA Systern {DAKO] was used for
signal amplification, followed by development with diami-
nobenzidine chromagen that results in brown staining. In
the Beavily pigmented melanoma, a Giernsa counierstals
5 used for the P-1 antibody. ‘s resghts in green
coloration of the melanin pigment and faciiizates interpre-
wtion of the brown signal (33, CD3, CD4, CD8, C68, and
ecell inwacyt opi\:smz: atigen-1 {Ti1A-1} bnmunostains
wege conducted ac ng to routine autc.‘mz!‘icc{ reetiio

ons. The marine

Among 39 patients with  treatiment-refraciory  solid
mors recetving BMS-936558 on an intermittent d osing
regivaen (23, 3 Ob}ec‘:ve {3IROF feErEssions were, bsetved.

Following are the dinical and imrnn(‘iogic assessments of

these patients durning prolonged observation.

Drurable complele response in colorectal canver
A 71-year-old male with CRC underwent a right herni-
role@omv in October 2003, revealing 3 moderately differ-
entiated adenocarcinoma with metastases 0 4 of 15
pen(:@]on ¢ l\vm*ai“ m)des &m‘" v”mcuizn‘ and perinenal inva-
sion
otypel.
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leucovarin: however, 3 CT scan the following vear revealed
metasiatic disease. Over the subsequent 3 vears, the patient
received mmltiple chemotherapeutic regimens with tempo-
rary response but then progression at mubtiple fyuph node
sites {gastrohepatic
pics included [OLFOX, irinotecan, bevacizumad, and
cetuximab. Chemotherapy was last administered in April
2007, The patient began therapy with angi-PD-1 at 3 mgfkg
per dose in hdy 2007 after documentation of disease pro-
gression, and received 5 doses over the next ¢ months, CT
scans conducted 8 and 12 weeks after a single dose of anu-
Pi showed a partial response {Fig. 1A}, A CR was
achieved in January 2008, and pertodic CT and PET scans
have revealed no evidence of recurrence since then. 1
patient was most recently evaluated in Aprit 2011, at which
time be bad not recetved any autineoplastic thevapy for 3
years and bad no evidence of disease recurrence.

THC studies of the prireary colon tum yducted on
FFPE tissues archived 4 years before the initation of ani-
PD-i therapy, revealed cell surface ("membranous™} expres-
ston of PDL1 by infiliesting macophages aad ymphocyies
and by rare jumor cells, associated with tofilteating PB-t+
and CD3+ T cells {Fip. 1B} We have previously reported

portacaval, and peripancreatic); thera-

e

pretiminary evidence for a correlation between tumor cell
membranous PD-L1 expression and the likelthood of
response to anti-PUO-1 therapy {23, Potential relationships
between PD-LT expression on nonionor celis and clinical
owtcomes require further study (43,

Evolution of complete tumor regression off therapy in
renal cell carcinema

A 76-year-old male noderwent a right nephrectomy and
vena caval thrombectomy tn 2001, showing dear cell renat
carcinoma, He developed bilateral pulmonary metastases in
2003 and recetved systemic thevapies including the bistone
deacetylase ishibitor mocetinosiat, soerafenib, and 3t
nib, expentencing disease progression with new mel
sites in mediastinal lvraph nodes, bone, and paraspinal
musculature. In fanuary 2008, he began treatment with
anii-PD-1 at 10 mgkg per dose. Cl scans conducted in
March 2008, 8 weeks after a single dose of anti-PD-1,
showed a mixed response: pulmonary, lymph node, and
intrapuscular metastases were regressing, but lesions were

enlarging in the pan @
oped hypothyroidisi, which was assessed as possibly {reat-

T

mentrelated. Hereceived 2 more doses of anst-PD-1 10 April

A Pretreatment

Day 83

> 1. Responss of metastatic
actal cancer to ant-PO-1

therapy. A, compited tomagraphic
i showing partial regression of

2610

iving a single dose of

-1. B, hematoxylin and

from this petient, shewing PO-L1 -
iymphehisticoviic infiltrates

- e

{ calls. Arrow denotes &
Original magnification, x200.
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and May 2008 a CT scan in july 2008 showed 2 PR
compared with baseline tnmor measurements, incduding

v

ssequent brain MR{ showed a new enhancing 1.4-an
n in the inferior right frontal lobe, with mtralesional
¥ the bone hemomhage and surrcunding edema, consistent with

metastasis sfowly resolved {2}, PR staius was reainiained off wmetastasis {Fig. 2B). Resection of this asymptomatic mass
ping brain CT and revealed fibrovascudar tissue with reacrophages and chronic

<
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inflammation but no evidence of turnor; this was consistent
with a resolving lesion of undetermined origin. No further
antineoplastic therapy was administered and metastatic
Jesions coutis o vegress off therspy {(Fig. 2C} A CR
was docunented with CT and PET scans in August 2011,
This patient remains in remission as of radiclogic evalua-
tion i August 2012, more than 4 vears alter discontinua-
gon of antd-PD-1 therapy.

‘

Reinduction therapy for recurrent melanoma

A 35-year-old female was diagnosed with metastatic
melanoma following biopsy of a left axillary mass in
2006; the primary site of ovigin was undeterined. Forther
workap revealed liver me es. Disease progression
occarred despite therapy with high-dose interteukin-2 and
temozolomide. Bight weeks after receiving one dose of anti-

a

PD-1 at 10 mgfkg in October 2007, U7 scans mvealed a
mixed picture: lesions inn the fiver and left axilla were stable
or regressing, wheveas a left subpectoral lymph node had
enlarged {Fig. 3A). Two suom doses of anil-PD-1 were
adroinistered in fanoary and February 2008, CT scans cox

ducted in April and May 2008 again showed a mmixed
response with

iterval development of central necrosis in
some {esions. The patient continued to n e anti-Pix-1
therapy through fune 200%, and a PR corapared with
baseline measurements was documented in August 2009.
Per protocol, treatment was discontinued. A siable PR
persisted until December 2010, when a restaging PET/C

scant yevealed newly enlarged, FDG-avid precarinal and
subcarinal ymph nodes. A tansbronchial biopasy of
the subcarinal lesion confirmed a diagnosts of melanoma
(¥Fig. 3B). Similar to prio

Q

" studies of an axillary lymph

a0 4 Meiastate site

i LN L N2
~c LN
SN
waeLiver 1

Tumaor diameter {mm)

August 2067 Uecembior 2010 November 2011

® "

Melanomsa
recurence

4 ronths
after starting

therapy. Tum
{Augiist 2007}, before reis
that was present betore anti- PO -1

010), and foliowing reinduction November 2011).
ubcarina lymp!
herapy with anti-PD-1, shown in contrast-enhanced CV so

Py Was

oy jon
ns Before fist trestrment with anud-PR-1
n of a left axiflary iymph nods metastasis
heray, are shewn {arrows). I, regression
ans.

Resniu
nductior

scie metasiasistor
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Durable Response and Effective Reinduction with Aati-PD-1 mAb

node metastasis in this patient {2), there was intense men-
branous tumor cell expression of PD-L1 and infiltration by
C08-+ and PD-14+ 1 cells. A patient-specific protoce] pro-
vidiog for reinducton therapy with BMS-936
a:)’d'd\’td by the Johns Hopkins IRE (Baltimore, MDY}, and

atment was einitiated in May 2011 After the patient
ceived 2 doses of anti-P3-1, a PET/CY scan in November
2011 showed near comp reschation of the abnormal
rpetabolica 6 the subcarinal iyraph node and no new
lesions {Fig. 3C). CT scan showed 3 409 tumor regression
of the new mediastinal adenopathy compared with rein-
duciton baseline measuwremsents {Tig. 303} The patient con-
tiones on anii-PD-1 at the time of s report, with
sustained PR documented 16 months following initiation
of reinduction therapy.

=

e

The successinl application of PD-1/PD-L1 pathway
biockarje in treating a diversity of solid numors underscores
e power of immunothera apy in combating not only can-

tousily considered to be immunoegenie, such as
rpelanoma and RCC, but also epithelial malignancies such
as MSCLC and CRC which are commonly viewed as refiac-
tory Lo immunotherapy. The activity of agenis blocking this

pathwayis m)rremiv being explored in multiple new indica-
tons i oncclogy, inchudisg ova bieast. gastiic, aud
pancreatic cancer. Prechindeal evidence sugpests that contin-
nous fmuyen exposure of cytolytic T cells ma‘y induce a
tolerant or ch i

"exhansted” state in which T-cell effector fune-
us and transition 0 memory T cells are impaired. PD-1
thway blockade may restore the functions of exhausted T
cells with long-term clinical benefit nerwmlm&, poweriul
memory T cells that may provide an ongoing antitumor
dynamic and keep tumers in check for months o years,
even in the absence of continued therapy (6}, This hypoth-
egig s consistent with the resulis of
highlighted |
metastatic deposiis t.x,ns,.m_xe:d i regress off
entnated in @ durable © 2w brain lesi
om this patient in the xf‘temn, while not independently
diagnostic, was consistent with a healing lesion such as
might occur at 3 site of tumor regeession. Simila r;\:::nr)iom\
features, incuding rumoy necxosis in the presence of com-
lex imrmune cell infltrates, have been desaribed inp
reatment turmor biopsies from patients receiving anti-
TA-4 immunotherapy {7). These findings suggest the
poiengial of PDB-1 pathway blackade 10 reset the immune
equilibrivrn between turnor and host {8}, I follows that
ot requitence after a response may reflect a disturbance
in this ec‘-m-tb*mm, as tustrated by the melanoma patient
described herein. Repeat o ppl'fatxon of PD-1 blm

Y

this patient, whose recur
L1 and cont ’i e -i [’D 1+ -nfi[ru ng; i nphc s, rein-
UMOLS
may rapidly
acqmreresmtancezm(i 2xhibit progression during continued
dng exposure, due to the emergence of new genslic or
epigenetic alierations {9}, tumor progression in this patient

the current study and is
¢ the RCC case, in which a:imHy 1espOnsiv
!}‘?m'“ and

£

]

§¥)

"m‘ i

occarred only after therapy was discominued. These fin
ings suggest a potential role for continned adrrimsxrahon of
anti-P3-1 on an intermittent "maintenance” schedule after
achieving an objective tumor regression 0 preserve an
fum and protect the host from tmor

immune eqguilib
regrowth.
The findings described berein also show the importance
of establishing new tmmune- RECIST (3RECH
critexia to evaluate patients undergoiog therapy with agends
blacking immune checkpoints such as anti-PD-1. These
agents are not directly sunoricidal but work indirectly by
activating antiumor immunity and thus may be assoctated
with delayed response kinetics {10}, As exernplified by the
patlents with melancma and RCC reported here, metastatic
lesions may appear anew or enlarge before showing evi-
dence of vegression {11}, "Mixed" responses characterized

LB

by the simultaneous growth of SOMme Ez,swm and regression
of others have also been red, These unconventiona

TESPONSE patterns may glovide survival benefits, which
remain to be determined in futre randomi7ed wrials of
PD-1 blodkade. Indeed, these punciples are ilusiated by
randomized tials of immune checkpoiot blocka
ipilimumab (anti-CTLA-4} in patients with adva
anoma, wheve overall survival rates exceeded obijec
response rates {(CR+-PR; refs. 12, 13}, suggesting the pos
bility of a new pavadigm for eva uatirgd, nicatl benef
1, sr)id\/ on tradittonal RECIST vesp onse ¢ n*t-
nent nt ;R"‘"ls T uherm in combinat

an increasing number of immunotherapies become com-
mercially available {14},

ST ‘& p:_\bi cation of the first-in-haman ph
38 using an intermittent dosing regi
been ..L:M(id in a follow-up phase
cohort expansion, using biweeldy administration fo
patients with various treatment-refractory solid mali
nancies {3}. Objective usponses {PR or CR} were
abyser of pailents ;z}~ P\‘:-("I(,. 2R% with
melanoma, and 27% with R( Grade 3 t0 4 treat-
meni-related advers: ents ocenred in 14% of patients,
and there were 3 dea[hc frorn pulmonary toxicity. Similar
to observations from the fest-in-human wial, responses
were durable: arnong 31 responding patients with 1 year
or more of follow-up, 20 responses iasted 1 year or more.
Data from this and trials of other agents blocking the PD-
1 pathway {15-17) should infowm future stue

ase | tnai

&

1

jn

s involv-

ing combinatori; } m‘:rm,m@»b&SG(i ay aches, which
have shown p aistic 3utitumor

acitvity {18, 19)
The colocalization of twmor-intiftrating T cells and PD-
Li+ wwmor and swomal cells seen in biopstes from ¢

patients with CRC and melanoma reporied here repes
SENS & Iofe gen exal phencmenon, and is consistent witk
observations s tr q(L—

ggesting that [EN-y secretion by
istiocytic infilu atm fosters an immune-

moral ly; mf“mh

suppressive m;cmermm'}mem by promoting PD-L1
expression {"adaptive mmune resistance’; ef. 4). PD-1
pathway blockade may be pasticnlarly effective in these
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s iHustated by the recent report from Topalian
showing preliminary evidence for a cor-
relation between tumor cell surface expression of PD-L1
Ju gretreatmend sunor specimens and objective respouse
to anti-PD-1 therapy {3}, PD-L1 expression as a predictive
turnor marker of response to reinduction therapy with
PD-1 pathway blockade, as shown in the patient with
melanoma described in this report, remains to be
explored in Jarger studies.
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882018 Phase 2 Study of MRL.347E in Batients With Microsatafiiie Unsiatde (MBS Tumars - Fall Text View - ClinjcaiTriais.gov
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b : ClinicalTrials.gov Identifien
" MNOTO1378511
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The sately and scientific validity of this

study is the responsibility of the study
Raoruitment Status §F Recruiting

sponsor and investigators. Listing a

First Posted ¢ June 12, 2013

study does not mean § has been

talk {0 vour haalth care provider beforg

oy
(o}

for

participating. Read our

details.

Sponson
Signey Kimmasl Comprehansive Cancer Centar af Johns Hopling

Collaborator:
Merck Sharp & Dohme Corp.

information provided by {Responsible BPartyy:
Sidrney Kirnmal Comprehensive Cancer Center at Johns Hopking

Study Detalls

Study Descoription (30 K

grief Surmmary:
This study will be lcoking a8t whethar MK-3475 {an antibody that biocks negative signals (o T celis) is effective
{anti-tumor activity) and safe in three differant pationt populations. These inglude! 1. patients with MS! positivs
colon cancer, 2. patisnts with MSI negative colon cancer 3. patienis with other MSI positive cancers, and 4.
patents with M31 negative cancer with a mutator phanctype.

htpa:ffcinicalinals govicid/show/NCTR 876511 18
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882018 Phase 2 Study of MRL347E in Batients With Micros

| Condition or diseass §

tafiife Unsiatle (MS1) Tumeoes - Full Text View - ClinjcaiTriais.goy

| interventionftreatment §

- MS! Positive Caiorectal Cancer

. Phase Z

Drug MK-3475

MS Negative Coloractal Cancer

MEE Pasitive Non-Colorectal Cancers

High Tumar Mutstion Burden

Study Design

Go o

Sty Type &
Estirnated Envoliment €

Allocation:
intervention Model:
fasking:

Frimary Furposs:
{Official Title:

Study

Estimated Study Completion

Start Date &
Estimated Primary Completion Date §
p(}a\, @

interventional {Clinical Triah
171 participants
Non-Randomized

Paralle! Assignment

Maones (Open Label)
Tregtment

Phase 2 Study of MiR-3478 in Patients With Microsatetliite Unstable
(MBI Tumors

Seplember 2013

June 2021

June 2021

Colorsctal Cancer

Experimental: MS1 Negative

merventionfireatment @

Dauc; MK-3475
 MK-3475 10 mgfkg every 14 days

- Drugr MK-3475
OMIG-34T5 10 malkg every 14 days

- Drug: MK-3475
OMK-3475 10 mgikg every 14 days

Experimental: MSI Negative

htpa:ffcinicalinals govicid/show/NCTR 876511
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882018 Phase 2 Study of MRL347E in Batients With Microsatafiile Unsiatde (MBS Tumars - Fall Text View - ClinjcaiTriais.gov
MK-3475 200mg flat dose avery 21 days
Qutcome Measures Go o

1.

{2

Sego

I

immune-related prograssion free survival (rPFS) rate at 20 wesks in patients with MG positive and

negative colorectal adenccarcinama using immune relaled response oriteria (RO { Time Frame: 4

years |

. Obiective response rate (rORR) at 20 weeks in patients with MG positive and negative oolorecial
adengoarcinema using immune related response critens (rRCY [ Time Frame: 4 vears |

. immune-related prograssion free survival (rPFS) rate in patients with MG positive non-colorectsl
adenocarcinoma using immune related response criferia (WRC) ot 20 weoeks [ Time Frame! 4 yoars |

. objective responsea rate in patiends with MSi-negative cancer with & mutator shenotype using
RECIST 1.1 criteria | Time Frame: 4 years |

ndary Cutcome Measures €&

1.

3

o B

(%3]

Eligibility Criteria Goto

Overall stgvival [ Time Frame: 4 yvears }
CIFPES and PFES in patients with MS! positive and negative tumors at 28 wesks using IRC and
RECIST 1.1 [ Time Frame: 4 years |

. Best overall response rate and dissase contral rate in patients with MSI positive and negative
tumors [ Tims Frame: 4 years |

. Number of parlicipanis experiencing immunea-related ldcities (IRAES) [ Time Frame: 4 years |

. Boes MS! a8 a marker pradict reatment response | Time Frame: 4 vears |

. idantify alternative markers of MSI status. This includes but is not Hmited to MLH 1, MSH 2, MSH
8, PMEZ, BRAF pVBi0E, and TGFBRZ. | Time Frame: 4 yoars |

information from the National Library of Medicine

Choosing o participsts in g study is an important personal decision. Talk with
oy doctor and family members or friends aboait daciding fo join 8 sludy. To learn
maorg about this study, vou or your doctor may condact the sfudy research siaff

htpa:ffcinicalinals govicid/show/NCTR 876511
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Phase 2 Study of MK-3475 in Patients With Microsatellite Unstable (MS1) Tumors - Full Text View - ClinicalTrials.gov

using the contacts provided below. For general information, Lgarn About Clinical

Stidies.

Ages Eligible for Study: 18 Years and older (Adult, Senior)
Sexes Eligible for Study: Al
Accepts Healthy Volunteers: No

Criteria

Inclusion Criteria:

1. Arm 1 only: Patients with MSI positive colorectal cancer 2. Arm 2 only: Patients with MSI negative
colorectal cancer 3. Arm 3 only: Patients with MSI positive non-colorectal cancer 4. Arm 4 only: patients

with hypermutated MSI negative cancer 4. Have measurable disease 5. ECOG Performance Status of 0

to 1 6. Adequate organ function as defined by study-specified laboratory tests 7. Must use acceptable

form of birth control through the study and for 28 days after final dose of study drug 8. Signed informed

consent form 9. Willing and able to comply with study procedures 10. Agree to have a biopsy of their

cancer 11. Patients with colon cancer must have received at least two prior cancer therapy regimens.

12. Patients with other cancer types must have received at least one prior cancer therapy 13.

Progressive disease

Exclusion Criteria:

1.

Patients with uncontrolled intercurrent illness, including but not limited to ongoing or active
infection, systematic congestive heart failure, unstable angina pectoris, cardiac arrhythmia or
psychiatric condition that would limit compliance with study requirements. .

. Patients who have had chemotherapy or biological cancer therapy within 2 weeks prior to the first

dose of study drug

. Patients who have had radiation within 2 weeks prior to the first dose of study drug
. Patients who have undergone major surgery within 4 weeks of dosing of investigational agent

. Patients who have received another investigational product or investigational device within 4

weeks prior to receiving study drug

. Patients who have received any of the following concomitant therapy: IL-2, interferon, or other

non-study immunotherapy regimens, immunosuppressive agents, other investigational therapies
or chronic use of systemic corticosteroids within one week prior to first dose of study drug

. Patients who have received a live vaccine within 4 weeks prior to or after any dose of MK-3475

{exception: inactivated flu vaccines)

. Patients who have received growth factors, including but not limited to granulocyte-colony

stimulating factor (G-CSF), granulocyte macrophage-colony stimulating factor (GM-CSF),
erythropoietin, etc. within 2 weeks of study drug administration

https://clinicaltrials.gov/ct2/show/NCT01876511 4/8
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10

18.
18.
20.
21
22.

Contacts and Locations

Phase 2 Study of MRL347E in Batients With Microsatafiile Unsiatde (MBS Tumars - Fall Text View - ClinjcaiTriais.gov

. Patient who have had prior treatment with anti-PD-1, anti-PD-L1, anti-PD-L2, anti-CD37, ang-

OX-40, anti-Ch40, or anti-CTLA-4 antibodies

Fatients with history of any autoimmune diseaseinflammatory bowel disease, {(including
ulcerative colitis and Crohn's Disease), rheumatold arthritis, systemic progressive sclerosis
{zcleroderma), systemic lupus ervthematosus (SLE) aulolmmune vasculitis, CNS or motor
neuropathy considered to be of aufnimmune origin.

. Patienis who have known history of infection with HiV, hepatlitis B, or hepatitis C
. Patisnts with evidence of interstitial lung disease

. Systemically active steroid use

. Patients on home oxygen

. Patienis with exygen saturation of <82% on room air by pulse oximetry

. Pregnant or lactating

~

. Conditions, including alcohol or drug dependence, or intercurrent lliness that wouid affect the

patient's ability to comply with study visits and procedures

Fatient with known aclive central nervous system melastases andfor carcinomatous meningitis.

Fatients with primary brain tumors.
Requires any other form of systemic or localized antineoplastic therapy while on study
Has any lissue or organ allograft

Fatienis with history of allogeneic hematopositic stam cell transplant

information from the Mational Library of Medicine

{o feamn more about this study, you or your doctor may contact the study

research stalf using the confact information provided by the sponsar.

Please refer {0 this study by ils ClinicalTrials.gov ideniifier (NCT number):
NCTO1876511

Locations

United States, California

Stanford University

Stanford, California, United Siates, 84305

htpa:ffcinicalinals govicid/show/NCTR 876511
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882018 Phase 2 Study of MRL347E in Batients With Microsatafiile Unsiatde (MBS Tumars - Fall Text View - ClinjcaiTriais.gov

Contact: George Figher, MD gaorgeaf

Principal Investigator: George Fisher, MD

United Siates, Maryiand

Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins
Baltimore, Marviand, United States, 21231
Contact Susan Sarforius-Mergenthaler, RN 410-814-3844  sartosu@ihmiedu

Princigal Investigator: Dung Le, MD

Investigator Thorasie and Gastrointesting! Oncology Branch, Certer for Cancer Research, NiH
Bethesda, Marvland, Uniled States, 20892

United States, Qhio

Ohio Siate Unbversity
Columbus, Ohio, United Slates, 43218
Contact: John Hays, MDD 814.283-8529  John Haysd
Principal Investigator, John Hays, MD

United States, Gregon
Providence Portland Medicsl Cendsr
Portland, Oregon, United States, 87213
Contact Todd Crocenzd, MD
Principal investigator, Todd Crocenzi, MD

United States, Pennsyivania

University of Pennsylvania, Abramson Cancer Center
Fhiladelphia, Pennsyivania, United Siales, 18104
Contact: Kim R Binder, MD  215-380-0735
Principal Investigator: Kim R Binder, MD

University of Pittsburgh Cancer Institute
Pittsburgh, Pemnsyiania, United States, 15232
Contact James Les, MD, Phid lond

PN
HEBUDIMKE. equ

PhD

Frincipal Investigator: James Lee, MO,

Sponsors and Collaboralors
Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins
Merck Sharp & Dohme Corp.

fnvestigators

Frincipal Investigator:  Dung Le, MD  Sidney Kimmel Comprehensive Cancer Canter at Johns Hopking

>

htpa:ffcinicalinals govicid/show/NCTR 876511 B
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6/8/2018 Phase 2 Study of MK-3475 in Patients With Microsatellite Unstable (MS1) Tumors - Full Text View - ClinicalTrials.gov

Colorectal Neoplasms
Intestinal Neoplasms
Gastrointestinal Neoplasms
Digestive System Neoplasms
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PD-1 Blockade in Tumors
with Mismatch-Repair Deficiency

ABSTRACT

FATH N
Somatic mutations have the potential to encode “non-self” immunogenic antigens. The authors’ full names, academic de-
We hypothesized that tumors with a large number of somatic mutations due to 8rees, andaffiiations arelisted in the Ap-

. h ir defe b ibl . heckpoint blockad pendix. Address reprint requests to Dr.
mismatch-repair defects may be susceptible to immune checkpoint blockade. Diaz at the Johns Hopkins Sidney Kim-
mel Comprehensive Cancer Center, 1650

L. L. . Orleans St., Rm. 590, Baltimore, MD
We conducted a phase 2 study to evaluate the clinical activity of pembrolizumab, 21287, or at Idiazi@jhmi.edu.

an anti-programmed death 1 immune checkpoint inhibitor, in 41 patients with This article was published on Nay 30, 2015,
progressive metastatic carcinoma with or without mismatch-repair deficiency. Pem-  at NEjM.org. ’ )
brolizumab was administered intravenously at a dose of 10 mg per kilogram of body ..

weight every 14 days in patients with mismatch repair—deficient colorectal cancers, ;’am',',gm © 2015 Massachusetts Medical Socicty.
patients with mismatch repair-proficient colorectal cancers, and patients with mis-

match repair-deficient cancers that were not colorectal. The coprimary end points

were the immune-related objective response rate and the 20-week immune-related

progression-free survival rate.

METMHQWS

RESWATY

Pa

The immune-related objective response rate and immune-related progression-free sur-
vival rate were 40% (4 of 10 patients) and 78% (7 of 9 patients), respectively, for mis-
match repair-deficient colorectal cancers and 0% (0 of 18 patients) and 11% (2 of
18 patients) for mismatch repair-proficient colorectal cancers. The median progres-
sion-free survival and overall survival were not reached in the cohort with mismatch
repair—deficient colorectal cancer but were 2.2 and 5.0 months, respectively, in the
cohort with mismatch repair-proficient colorectal cancer (hazard ratio for disease
progression or death, 0.10 [P<0.001], and hazard ratio for death, 0.22 [P=0.05}). Pa-
tients with mismatch repair~deficient noncolorectal cancer had responses similar to
those of patients with mismatch repair-deficient colorectal cancer (immune-related
objective response rate, 71% [S of 7 patients]; immune-related progression-free sur-
vival rate, 67% [4 of 6 patients]). Whole-exome sequencing revealed a mean of 1782
somatic mutations per tumor in mismatch repair-deficient tumors, as compared with
73 in mismatch repair—proficient tumors (P=0.007), and high somatic mutation loads
were associated with prolonged progression-free survival (P=0.02).

LUSIONS
This study showed that mismatch-repair status predicted clinical benefit of immune
checkpoint blockade with pembrolizumab. (Funded by Johns Hopkins University and
others; ClinicalTrials.gov number, NCT01876511.)
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RS E PROGRAMMED DEATH 1 (PD-1) PATH-
way is a negative feedback system that

.. represses Thi cytotoxic immune respons-
es and that, if unregulated, can damage the
host™ It is up-regulated in many twmors and in
their surrounding microenvironment. Blockade
of this pathway with antibodies to PD-1 or its
ligands has led to remarkable clinical responses
in patients with many different types of cancer,
including melanomas, non—small-cell lung can-
cer, renal-cell carcinoma, bladder cancer, and
Hodgkin's lymphoma.*¥® The expression of PD-1
ligands (PD-L1 or PD-L2) on the surface of tu-
mor cells or immune cells is an important — but
not a definitive — predictive biomarker of re-
sponse to PD-1 blockade #6811

In reports of the effects of PD-1 blockade in
human tumors, only 1 of 33 patients with
colorectal cancer had a response to this treat-
ment, in contrast to substantial fractions of pa-
tients with melanomas, renal-cell cancers, and
lung tumors who have a response.’? What was
different about this single patient? We hypothe-
sized that this patient had mismatch-repair defi-
ciency, because mismatch-repair deficiency oc-
curs in a small fraction of advanced colorectal
cancers,* somatic mutations found in tumors
can be recognized by the patient’s own immune
system,'* and mismatch repair—deficient colorec-
tal cancers have 10 to 100 times as many so-
matic mutations as mismatch repair—proficient
colorectal cancers.’*™ Moreover, mismatch re-
pair—deficient cancers contain prominent lym-
phocyte infiltrates, a finding consistent with an
immune response.’”* In addition, two of the
tumor types that were most responsive to PD-1
blockade in a study by Topalian et al.’® had high
numbers of somatic mutations as a result of
exposure to cigarette smoke (lang cancers) or
ultraviolet radiation (melanomas).®?* Qur hy-
pothesis was correct: the tumor of the single
patient with colorectal cancer who had a response
to PD-1 blockade was mismatch repair—defi-
cient.”® Therefore, we hypothesized that mis-
match repair-deficient tumors are more re-
sponsive to PD-1 blockade than are mismatch
repair—proficient tumors.

To test this hypothesis, we initiated a phase 2
clinical trial to evaluate immune checkpoint
blockade in patients whose tumors had or did
not have mismatch-repair deficiency. Because
mismatch-repair deficiency in tumors arises

R

through two routes,™™® we recruited patients

with hereditary nonpolyposis colorectal cancer
(also known as the Lynch syndrome), which re-
sults from an inherited germline defect in one of
four mismatch-repair genes followed by a sec-
ond inactivating somatic change in the remain-
ing wild-type allele. We also recruited patients
with sporadic mismatch repair-deficient tu-
mors, in which both alleles of a mismatch-repair
gene are inactivated by somatic mutations or by
epigenetic silencing.® In either case, the neo-
plasms that arise harbor hundreds or thousands
of mutations. 6

METHODS

PATIENTS
Patients with treatmentrefractory progressive
metastatic cancer were recruited from three cen-
ters for this phase 2 study (Table 1). Three co-
horts were evalnated: cohort A inchided patients
with mismatch repair—deficient colorectal ade-
nocarcinomas, cohort B included patients with
mismatch repair-proficient colorectal adenocar-
cinomas, and cohort C included patients with
mismatch repair-deficient cancers of types oth-
er than colorectal.

STUDY OVERSIGHT
The protocol, available with the full text of this
article at NEJM.org, was approved by the institu-
tional review board at each site, and the study
was conducted in accordance with the provisions
of the Declaration of Helsinki and the Interna-
tional Conference on Harmonisation Good Clin-
ical Practice guidelines. All the patients provided
written informed consent before study entry.
The first author (the principal investigator) and
the last author (the Investigational New Drug
sponsor) were responsible for oversight of the
study. Merck donated the study drug and re-
viewed the final drafts of the protocol and of
this manuscript before submission; they did not
participate in the analysis of the data.

STUDY DESIGN
This phase 2 trial was conducted with the use of
a Green-Dahlberg two-stage design and includ-
ed the three parallel cohorts described above.
The study agent, pembrolizumab, was adminis-
tered intravenously at a dose of 10 mg per kilo-
gram of body weight every 14 days (Fig. S1 in

N ENGL | MED NEJM.ORG



PD-1 BLOCKADE IN MISMATCH-REPAIR DEFICIENCY

Tahls Y. Demographic and Baseline Characteristics of the Patients.*
Mismatch Mismatch Mismatch
Repair-Deficient  Repair-Proficient Repair-Deficient
Colorectal Cancer  Colorectal Cancer  Noncolorectal Cancer
Characteristic (N=11) (N=21) {N=9) P Valuef
Median age (range) —yr 46 (24-65) 61 {32-79) 57 {34-92) 0.02
Sex — no. (%) 0.72
Female 5 (45) 8 (38} 4 {44)
Male 6 (55) 13 (62) 5 (56)
Race —no. (%)% 0:66
White 8 (73) 17 (81} 8 (89)
Black 1(9) 3 {14} 0
Other 2 (18) 1{5) 111
ECOG performance status — no. {%}§ 0.07
0 0 6 (29) 2(22)
1 11 (100) 15 (71) 7(78)
Cancer type — no. {96) >0.99
Colon 9.{82} 18 {86} Q
Rectal 2 {18) 3 (14} 0
Ampullary or cholangiotarcinoma 0 NA 4 {44)
Endometrial 0 NA 2 (22)
Small bowel ) NA 2 (22)
Gastric 0 NA 1(11)
Histologic grade — no. {%) 0.20
Well or moderately differentiated 7 (54) 18 {36} 4 {44)
Peorly differentiated 4{36) 314} 3(33)
Other 0 0 2 (22)
Stage IV cancer — no. (%) 11(100) 21 {100) 9 (100) >0.98
Liver metastases — no. (%) 6 (55) 11 (52) 6 (67) >0.99
Median time since initial diagnosis {range} — mo 31 (6-95) 58 {27-192) 23.{2-105) 0.07
Previous therapies — no. {%) 0.3
I 0 0 1y
2 3(27) 4 (19} 5 (56)
3 327 5 (24) 111
>4 5 (45) 12 (57} 2 (22)
Detected germiine mutation orknown Lynch <0.001
syndrome — no. (%)
Yes 9 (82) 0 4 (44)
No 2 (18) 21 {100) 4 (44)
Unknown 0 0 1{11)
BRAF wild type = no. {%) 0,64
Yes 8 {73) 13 (52} 4 (44)
No 0 19 0
Unknowrn 3{27) 5 (43) 5 (56)
KRAS wild type - no. (%} 0.72
Yes 6 {55) 13 (62 4 (44)
No 5 (45) 838 131
Unknown 0 ] 4 (44)

* NA denotes not applicable.

T P values are for the comparison between the cohort with mismatch repair-deficient colorectal cancer and the cohort with mismatch repair—
proficient colorectal cancer.

I Race was self-reported.

§ Eastern Cooperative Oncology Group (ECOG) performance status is a measure of 3 patient’s ability to perform activities of daily living; val-
ues range from 0 to 5, with higher scores indicating greater impairment.

N ENGL ] MED NEJM.ORG 3

Page 128 of 245



Page 129 of 245

NMENGLAND IO

Supplementary Appendix 1, available at NEJM.org).
Pembrolizumab is a humanized monoclonal
anti-PD-1 antibody of the IgG4 kappa isotype
that blocks the interaction between PD-1 and its
ligands, PD-L1 and PD-L2 (Fig. S1 in Supplemen-
tary Appendix 1).

Safety assessments were performed before
each treatment. At the start of each treatment
cycle, the total tumor burden was assessed by
means of measurement of serum biomarkers.
Radiographic assessments were performed at 12
weeks and every 8 weeks thereafter. Further de-
tails concerning the clinical protocol are avail-
able at NEJM.org.

ANALYSIS OF MISMATCH-REPAIR STATUS

Tumors with genetic defects in mismatch-repair
pathways are known to harbor hundreds to
thousands of somatic mutations, especially in
regions of repetitive DNA known as microsatel-
lites. The accumulation of mutations in these
regions of the genome is termed microsatellite
instability.”** Mismatch-repair status was as-
sessed in tumors with the use of the MSI Analy-
sis System (Promega), through the evaluation of
selected microsatellite sequences that are par-
ticularly prone to copying errors when mismatch
repair is compromised.”? Additional details are
provided in Supplementary Appendix 1.

GENOMIC AND BIGINFORMATIC ANALYSES
Primary tumor samples and matched normal
peripheral-blood specimens were obtained from
a subgroup of patients with mismatch repair—
deficient carcinomas and a subgroup with mis-
match repair~proficient carcinomas, for whom
sufficient tumor tissue was available for exome
sequencing® and HLA haplotyping. To assess
the potential for mutant peptide binding, so-
matic exome data combined with each individu-
al patient’s major histocompatibility complex
(MHC) class I HLA haplotype were applied to an
epitope prediction algorithm.3+3 This algorithm
provided an estimate of the total number of
mutation-associated neoantigens in each tumor.
Additional details are provided in Supplementa-
ry Appendix 1.

STATISTICAL ANALYSIS

The primary end points for cohorts A and B were
the immune-related objective response rate and
the 20-week immune-related progression-free

URNAL &

survival rate, assessed with the use of immune-
related response criteria.®® The primary end
point for cohort C was the immune-related pro-
gression-free survival rate at 20 weeks (Fig. S1 in
Supplementary Appendix 1). Immune-related cri-
teria (i.e., one of the types of criteria used to
evaluate immune-based therapies) are based on
radiographic responses, and unlike Response
Evaluation Criteria in Solid Tumors (RECIST),
they capture newly developed lesions detected on
radiography in the measurement of tumor bur-
den; these criteria are defined and compared
with RECIST, version 1.1, in Table $1 in Supple-
mentary Appendix 1. The response rate and 20-
week progression-free survival rate were evalu-
ated and reported in this study with the use of
both RECIST, version 1.1, and immune-related
response criteria. Progression-free survival and
overall survival were summarized by means of
the Kaplan-Meier method. Details of the hy-
pothesis, the decision rules for the rejection of
the null hypotheses, decision rules for early
discontinuation of the study in 4 cohort because
of efficacy or futility, and statistical methods are
provided in Supplementary Appendix 1.

RESULTS

PATIENTS
A total of 41 consecutive patients were enrolled
in the study and treated during the period from
September 2013 through January 2015 (Table 1.
Recruitment included patients in pursuit of a
clinical trial option who were known to have
tumors with mismatch-repair defects or who
had tumors of unknown status who were then
tested. One patient in the cohort with mismatch
repair—deficient colorectal cancer was enrolled
under an institutional review board eligibility
waiver allowing a grade 3 bilirubin level (.e.,
higher than the cutoff specified in the inclusion
criteria). A total of 32 patients with colorectal
cancer were enrolled in cohorts A and B. All
patients with colorectal cancer had received two
or more previous chemotherapy regimens {a me-
dian of four regimens), except for 1 patient with
mismatch repair-proficient cancer who had
received one chemotherapeutic and one {non-
PD-1-based) immunotherapeutic regimen.

Nine patients with mismatch repair-deficient
solid tumors other than colorectal cancer were
enrolled in cohort C. All patients in cohort C had

N ENGL | MED NEJM.ORG



PD-1 BLOCKADE IN MISMATCH-REPAIR DEFICIENCY

‘Tahie 3 Objective Responses According to RECIST Criteria.
Mismatch Mismatch Mismatch

Repair-Deficient Repair—Proficient Repair-Deficient

Colorectal Cancer  Colorectal Cancer  Noncolorectal Cancer
Type of Response {N=10) {N=18) {N=7)
Complete response — na, {%) Q 0 1{14)*
Partial response — no. (%) 4 (40) 0 4(57)F
Stable disease at week 12 — no. (%) 5 {50) 2 (11 0
Progressive disease — no. {%) 1(10) 11 (61) 2(29)
Could riot be evaluated —no. (%61 0 5(28) 0
Objective response rate (95% Cl) — % 40 (12-74) 0 (0-19) 71 (29-96)
Disease control rate (95% €1} — %§ 50 (55--100) 11 (1-35) 71 {29-96)
Median duration of response — wk Not reached NAY Not reached
Median time to response {range) — wk 28{13-35) NAY 12.(10-13)

* The patient had a partial response at 12 weeks, which then became a compiete response at 20 weeks.

T One patient had a partial response at 12 weeks.

I Patients could not be evaluated if they did not undergo a scan at 12 weeks because of clinical progression.
§ The rate of disease control was defined as the percentage of patients who had a complete response, partial response,

or stable disease for 12 weeks or more.

€ The median time to response was not applicable (NA} because no responses were observed amang patients with mis-

match repair-proficient colorectal cancer.

received one or more previous therapeutic regi-
mens (a2 median of two regimens).

PRIMARY END POINT
The immune-related objective response rate in
cohort A was 40% {4 of 10 patients; 95% confi-
dence interval {CI}, 12 to 74), and the immune-
related progression-free survival rate at 20 weeks
was 78% (7 of 9 patients; 95% CI, 40 to 97)
(Table S2 in Supplementary Appendix 1); the
corresponding rates in cohort C were 71% (5 of
7 patients; 95% CI, 29 to 96) and 67% (4 of 6
patients; 95% CI, 22 to 96). In cohort B, which
included patients with mismatch repair-profi-
cient colorectal cancers, the immune-related
objective response rate was 0% (95% CI, 0 to 20),
and the immune-related progression-free sur-
vival rate at 20 weeks was 11% (2 of 18 patients;
95% CI, 1 to 35). Both cohorts with mismatch
repair-deficient cancers (cohorts A and C)
reached the prespecified point at which the pro-
tocol indicated that the study reached its pri-
mary efficacy end point when 4 patients were
free from disease progression at 20 weeks and
objective responses on the basis of immune-re-
lated response criteria were observed in 4 pa-
tients (Table S2 and the Methods section in
Supplementary Appendix 1).

The median follow-up was 36 weeks (range, S

N ENGL ] MED
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to 55) for patients with mismatch repair—deficient
colorectal cancer (cohort A), 20 weeks (range, 4 to
52) for patients with mismatch repair-proficient
colorectal cancer (cohort B), and 21 weeks (range,
0.1 to 49) for patients with mismatch repair-
deficient noncolorectal cancer (cohort C). All pa-
tients for whom the 20-week immune-related
progression-free survival rate could be evaluated
were followed for at least 20 weeks.

RADIOGRAPHIC EVALUATION

Of the 10 patients with mismatch repair-defi-
cient colorectal cancer (cohort A) who could be
evaluated for RECIST, 4 (40%; 95% CI, 12 to 74}
had objective responses according to these crite-
ria (Table 2 and Fig. 1, and Fig. §2 in Supple-
mentary Appendix 1). Patients were considered
not to have been evaluated unless they under-
went a radiographic scan at 12 weeks. The rate
of disease control, which was defined as the
percentage of patients who had an objective re-
sponse or whose disease was stable, was 90% in
cohort A (9 of 10 patients; 95% CI, 55 to 100).
Of the 7 patients in cohort C who could be
evaluated, 5 (71%; 95% CI, 29 to 96) had ohjec-
tive responses as defined by RECIST (Table 2
and Fig. 1, and Fig. S2 in Supplementary Appen-
dix 1), and the rate of disease control was 71%
(5 of 7 patients; 95% CI, 29 to 96).

NEJM.ORG



A Biochemical Response
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2 1, Clinical Responses to Pembrolizumab Treatment.

The biochemical responses to pembrolizumab treatment are shown in Pan-
el A. Serum fevels of protein biomarkers were measured at the start of each
treatment cycle, and the values represent percentage changes from base-
line. Each line represents one patient; patients were included if their base-
line tumor marker values were higher than the upper timit of normal: CA-
125 was used as the biomarker for one patient with endometrial cancer,
CAL19-9 was used for orie patient with cholangiocarcinioma and one patient
with ampultary cancer, and carcinoembryonic antigen (CEA) was used for
all other patients. Radiographic responses to treatment with pembrolizum-
ab; evaluated on the basis of Respanse Evaluation Criteria in Solid Tumors
{RECIST), are shown in Panel B. Tumor responses were measured at regu-
lar intervals, and the values shown are the largest percentage change in the
sum of longest diameters from the baseline measurements of each mea-
surable tumor. Each bar represents one patient:

Patients in cohort C had faster responses
than did patients in cohort A {median time to
response according to RECIST, 12 weeks vs. 28
weeks; P=0.03). Furthermore, all 6 patients
(100%) with mismatch repair-deficient tumors
that were not associated with the Lynch syn-
drome had an objective response, whereas only

3 of 11 patients {27%) with tumors associated
with the Lynch syndrome had a response {Table
$3 in Supplementary Appendix 2} (P=0.009). No
other baseline characteristics had a significant
association with objective responses.

Among the 18 patients with mismatch re-
pair—proficient colorectal cancers in cohort B,
no objective responses as defined by RECIST
were observed (Table 2 and Fig. 1, and Fig. $2 in
Supplementary Appendix 1). In this group, the
rate of disease control was 11% (2 of 18 patients;
95% CI, 1 to 35).

All the patients who had a response as de-
fined by RECIST (Table 2) also had a response
according to immune-related response criteria
{Table S2 in Supplementary Appendix 1).

SURVIVAL
In the cohort of patients with mismatch repair—
deficient colorectal cancer (cohort A), the medi-
an progression-free survival and median overall
survival were not reached (Fig. 2). In contrast,
among the patients with mismatch repair-profi-
cient cancers (cohort B), the median progres-
sion-free survival was only 2.2 months (95% CI,
1.4 to 2.8), and the median overall survival was
5.0 months (95% CI, 3.0 to not estimable). In
cohort C (patients with mismatch repair—defi-
cient noncolorectal cancer), the median progres-
sion-free survival was 5.4 months (95% CI, 3 to
not estimable), and the median overall survival
was not reached. A post hoc comparison of the
cohorts with mismatch repair-deficient and
mismatch repair—proficient colorectal cancers
showed hazard ratios for disease progression or
death (0.10; 95% CI, 0.03 to 0.37; P<0.001) and
for death (0.22; 95% CI, 0.05 to 1.00; P=0.05)
that favored patients with mismatch repair—defi-
ctent colorectal cancer (Fig. 2).

To evaluate whether the difference in survival
might be due to prognostic differences, we mea-
sured the time since the diagnosis of metastatic
disease and the clinical performance of the
regimen that patients had received before enroll-
ment. We found that there was no significant
difference between patients with mismatch re-
pair-deficient colorectal cancer and patients
with mismatch repair-proficient colorectal can-
cer with respect to the duration of metastatic
disease (P=0.77 by the log-rank test) or the
median progression-free survival while receiving
their previous regimens (P=0.60 by the log-rank

N ENGL | MED NEJM.ORG
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PD-1 BLOCKADE IN MISMATCH-REPAIR DEFICIENCY

A Progression-free Survival in Cohorts with Colorectal Cancer

B Overali Survival in Cohorts with Colorectal Cancer
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(95% CI, 3 to not estimable).

Siguvs 3. Clinical Benefit of Pembrolizumab Treatment According to Mismatch-Repair Status.

Kaplan-Meier curves are shown for progression-free survivalin the cohorts with colorectal cancer (Panel A), overall survival incthe co-
horts with colorectal cancer {Panel B}, progressiori-free survival armong patients with mismaich repair—deficient noncolorectal cancers
{Panel €}, and overall survival among patients with mismatch repair-deficient noncolorectal cancers (Panel D). in both cohiorts with
mismatch repair-deficient tumors, median overall survival was not reached. Patients in the cohort with mismatch repair-proficiest can-
cers had a median prograssion-free survival of 2.2 months (95% Ct, 1.4 to 2.8} and a median overall survival of 5.0 months {(95% CI, 3.0
to not estimable). Patients with mismatch repair—deficient noncolorectal cancers had a median progression-free survival of 5.4 months

test) {Fig. $3 in Supplementary Appendix 1). We
also performed an additional multivariate analy-
sis of progression-free and overall survival to
examine the difference in outcomes between
mismatch repair-deficient colorectal cancer and
mismatch repair-proficient colorectal cancer,
adjusting for elapsed time since the initial diag-
nosis. The magnitude of the hazard ratios for
disease progression or death (hazard ratio, 0.04;
95% CI 0.01 to 0.21; P<0.001) and for death

N ENGL ] MED
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{hazard ratio, 0.18; 95% CI, 0.03 to 1.01; P=0.05),
representing the differing effects of pembroli-
zumab between mismatch repair-deficient tu-
mors and mismatch repair—proficient tumors,
was maintained after adjustment for this poten-

tial difference.

SAFETY ASSESSMENT

Adverse events occurring in more than 5% of
patients are listed in Table 3. Events of clinical
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interest included rash or pruritus (24%j; thyroid-
itis, hypothyroidism, or hypophysitis (10%); and
asymptomatic pancreatitis (15%). Although the
numbers were small, thyroid-function abnor-
malities were limited to the cohorts with mis-
match repair-deficient cancer (Table 3).

TUMOR MARKERS

In the two coborts with colorectal cancer, it was
possible to evaluate levels of carcinoembryonic
antigen (CEA) before enrollment; in 29 of 32
patients, these levels were above the upper limit
of normal (3 mg per deciliter). Substantial de-
creases in CEA level occurred in 7 of the 10 pa-
tients with mismatch repair-deficient colorectal
cancer and in none of the 19 patients with mis-
match repair—proficient colorectal cancer in whom
CEA could be evaluated (Fig. 1, and Fig. 54 in
Supplementary Appendix 1). Among patients
with mismatch repair—deficient noncolorectal
cancer, levels of tumor markers (CEA, CA19-9,
or CA-125) were elevated above the upper limit
of normal in 4 patients. Declines in CA19-9 or
CA-125 of more than 70% occurred in 3 of these
4 patients. Tumor marker kinetics in all three
cohorts are shown in Figure 1. The degree of
CEA decline after one dose (between day 14 and
day 28) of pembrolizumab was predictive of
both progression-free survival (P=0.01) and
overall survival (P=0.02). The CEA response oc-
carred well in advance of radiographic confirma-
tion of disease control (range, 10 to 35 weeks). In
contrast, patients who had disease progression
had rapid biomarker elevation within 30 days
after the initiation of therapy. Thus, changes in
CEA levels significantly preceded and correlated
with ultimate radiographic changes.

GENOMIC ANALYSIS

The analysis of whole-exome sequences showed
a mean of 1782 somatic mutations per tumor in
patients with mismatch repair—deficient cancer
{nine patients), as compared with 73 mutations
per tumor in patients with mismatch repair-
proficient cancer {six patients) {P=0.007 by
nonparametric Wilcoxon test) (Fig. SS in Sup-
plementary Appendix 1 and Table S3 in Supple-
mentary Appendix 2). Most of these mutations
(63%) are predicted to alter amino acids.

These mutations were then assessed for their
immunogenic potential in the context of each
patient’s MHC haplotype. We identified a mean
of 578 potential mutation-associated neoanti-

UNGLAND I
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gens from the tumors of patients with mismatch
repair—deficient cancers; 21 such neoantigens
were identified in tumors from patients with
mismatch repair—proficient cancers (Table S3 in
Supplementary Appendix 2). The percentage of
potential mutation-associated necantigens among
all somatic mutations was similar in the two
cohorts (a mean of 32% in patients with mis-
match repair—deficient cancer and 29% in pa-
tients with mismatch repair—proficient cancer).
High numbers of somatic mutations and poten-
tial mutation-associated neoantigens were asso-
ciated with longer progression-free survival and
with a trend toward objective response (Fig. S5
and Table S4 in Supplementary Appendix 1).

IMMUNOHISTOCHEMICAL ANALYSIS
The expression of CD8 and PD-L1 was evaluated
within the tumor and at the invasive fronts of
the tumor in an immunohistochemical analysis
in the 30 cases in which tumor tissue was avail-
able (Fig. S6 in Supplementary Appendix 1). Tu-
mors from patients in cohorts A and C con-
tained a greater density of CD8-positive lymphoid
cells than did tumors from patients in cohort B
(P=0.10) (Fig. S7 in Supplementary Appendix 1),
and CD8 labeling was associated with a trend
toward objective response and stable disease
(Fig. S8 and Table S5 in Supplementary Appen-
dix 1). This CD8-positive lymphoid infiltrate was
especially prominent at the invasive fronts of the
tumors (P=0.04) (Fig. §7 in Supplementary Ap-
pendix 1). Membranous PD-L1 expression occurred
only in patients with mismatch repair—deficient
cancer and was prominent on tumor-infiltrating
lymphocytes and tumor-associated macrophages
located at the invasive fronts of the tumor
{P=0.04) (Fig. S7 in Supplementary Appendix 1).
The expression of CD8 and PD-L1 was not sig-
nificantly associated with progression-free sur-
vival or overall survival (Table S5 in Supplemen-
tary Appendix 1).

DISCUSSION

The data from this small phase 2 trial of pem-
brolizumab for the treatment of tumors with
and tumors without mismatch-repair deficiency
support the hypothesis that mismatch repair—
deficient tumors are more responsive to PD-1
blockade than are mismatch repair-proficient
tumors. Mismatch-repair deficiency occurs in
many cancers, including those of the colorec-
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tum, uterus, stomach, biliary tract, pancreas,
ovary, prostate, and small intestine.”®** It is
possible that patients with mismatch repair—
deficient tumors of these types may also bene-
fit from anti-PD-1 therapy, as may patients
whose tumors contain other DNA repair defi-
ciencies, such as those with mutations in POLD,
POLE, or MYH. %4

The hypothesis that mismatch repair-defi-
cient tumors stimulate the immune system is
not a new idea®; it has been supported by obser-
vations of the dense immune infiltration and
Thl-associated cytokine-rich environment in
mismatch repair-deficient tumors.™*»* A recent
study refined these classic observations by show-
ing that the mismatch repair—deficient tumor
microenvironment strongly expressed several
immune checkpoint ligands, including PD-1, PD-
L1, CTLA-4, LAG-3, and DO, which indicates
that their active immune microenvironment is
counterbalanced by immune inhibitory signals
that resist tumor elimination.” The most likely
explanation for both the old and new findings
was that the immune infiltrate associated with
mismatch repair—deficient carcinomas was di-
rected at neoantigens. The correlation of a
higher mutational load and a higher rate of re-
sponse to anti-CTLA-4 in melanoma* and anti—
PD-1 in lung cancer® provides further support
for the idea that mutation-associated neoantigen
recognition is an important component of the
endogenous antitumor immune response.

On the basis of the results of the current and
previous studies, we suggest that the greatly in-
creased number of mutation-associated neoanti-
gens resulting from mismatch-repair deficiency
{more than 20 times higher than in tumors
without this deficiency) (Table $4 in Supplemen-
tary Appendix 1) is the basis for the enhanced
anti-PD-1 responsiveness of this genetically de-
fined subset of cancers. Although our estimates
of the number of mutation-associated neoanti-
gens in tumors are based only on in silico pre-
dictions of binding affinity, this suggestion is
consistent with the observation that mismatch
repair—proficient tumors have far less infiltra-
tion of lymphocytes than do mismatch repair—
deficient tumors (Fig. S6 and S7 and Table S5 in
Supplementary Appendix 1). Recent studies®™*®
have shown that only a tiny proportion of pre-
dicted neo-epitopes are actually presented on the
cell surface with MHC and are targets of endog-
enous T cell responses. It seems likely, however,
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ie 3o Adverse Events.®

Event

Any
Blood or lymphatic
Anermia
Lymphopenia
Sinus tachycardia
Dermatologic
Dry skin

Rash or pruritus

Gastrointestinal
Abdominal pain
Anorexia
Constipation
Diarrhea
Dry mouth
Nausea
Bowel obstruction

Hepatobiliary
Elevated alanine aminotransferase
Pancreatitis{

Metabolism and nutrition
Hypoalbuminemia
Hyponatremia

Musculoskeletal
Arthralgia
Myalgia

Nervous system
Dizziness
Headache

insominia

Respiratoryf
Allergic rhinitis
Cough
Dyspnea
Upper respiratory infection

Cold intolerance

Edema

Fatigue

Fever

Pain

Thyroiditis, hypothyroidism, or hypophysitis

All Grades Grade3 or4

no. of patients (%)

40 (98) 17 (41)
3 {20) 7.07)
8 (20) 8 (20)
4(10) 0
5(12)

10 (24)

4.(10) 0

10 (24) 0
4 (10) 0
3 (20} o

10 {24) 2 (5)
512 0
5 (12) 0
37 0
307 2(5)
6 (15) 0
410) 4(10)
3 37y
7(17)

6 (15)
4{10)
707
3(7 0

12 (29) 0
100 0
6 (15) 0
307 0
6 (15) 0
4010) 0

13 (32) 0
5 (12) 0

14 (34) 0

* Included are adverse events occurring in more than 5% of patients. A total of

41 patients were included in the analysis.

T All cases of pancreatitis were asymptomatic.

1 One case of pneumonitis occurred (2%).
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that the number of predicted mutation-associated
neoantigens is proportionate to the number of
actual mutation-associated neoantigens, and
tumors with a high number of actual mutation-
associated neoantigens are more likely to stimu-
late the immune system to react against the tumor.
Alternative mechanisms underlying the differ-
ence in anti~-PD-1 responsiveness between mis-
match repair—deficient tumors and mismatch re-
pair—proficient tumors should also be considered.
For example, different signaling pathways acti-
vated in the two types of tumors may result in
differences in the secretion of soluble factors
that could result in differential activation of the
PD-1 pathway within the tumor microenviron-
ment. % Genetic differences could affect epigen-
etic differences that alter the expression of tumor-
associated self-antigens; in turn, these could alter
the antigenicity of the tumor. Experimental anal-
yses of antigen-specific immune responses and
of changes in immune microenvironments should
help to define the relative contribution of these
factors to the striking responsiveness of mismatch
repair—deficient tumors to PD-1 antibodies.
Several other notable observations were made
during the course of this study. First, changes in
serum levels of protein biomarkers, such as CEA,
corresponded with clinical benefit after a single

dose of therapy. Declines in CEA levels preceded
objective radiographic evidence of treatment
benefit by several months; perhaps other bio-
markers, such as circulating tumor DNA, would
also be beneficial as surrogate markers of early
response.” Second, our results suggest that the
evaluation of tumor genomes can help guide im-
munotherapy. They support the view that the
number and type of alterations may prove to be
valuable for judging the potential usefulness of
immune checkpoint inhibitors, even in mis-
match repair-proficient cancers.”-#5 Most im-
portantly, our results show an approach for the
treatment of a specific class of tumors that is
based solely on genetic status — that is, without
regard to the underlying tumor type.
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Grothey, MD, of the Mayo Clinic, discuss how mismatch repair status predicts clinical benefit of immune
checkpoint blockade with pembrolizumab (Abstract LBA100).
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HIGHLIGHTS OF PRESCRIBING INFORMATION

These highlights do not inchnde alf the information peeded to use
KEYTRUDA safely and sfiectively. See full presceibing
infornation for KEYTRUDA.

KE’YTR{:BA@ {pembrolizumab) for infection, for lntravenous use
KEYTRUDAS {pembrolizarmab) injection; for intravenous use
initial 1.8, Approval: 2044

wnsmmenvaniaviniinevens REGENT MAIOR CHANGES wromsoninsissnmminnen
incications argd Usage {1) 08/2018
Dasage and Administeation (2§ 06I018
Waenings angd Precsutions {5} QER2018
it st o G A THING AND USAGE v cncences

KEYTRUDA s @ programiaed death reseplor-1 {(PD-1)-blocking

antibody indicated i

Melanoms

«  forthe treatment of patients withr unreseciable or metastatio
raelanoyia. (1.1}

Non-Small Celf Lung Cancer {(NSCLE)

s 85 asingle agent for the frst-line treatment of pafierds with
metastatio NSCLC whoss tumors have high PR-L1 exprassion
 Twmaor Proportion Seove (TPS) 250%)] 8s detarmined by an
FDR&approvent tast, with no EGFR ar ALK genamic tumar
aberrations. (1.2}

s ugasingle agent for the ireatment of patiends with mstasiatic
NSCLC whaose Remors #xpress PD-LT {TPS 219%) as determined
by an FDA-spproved test, with Bsease grogression on o sfter
platinum-aeniaiing chsrmfhexapy Patients with EGFR or ALK
genomit fumor sberatinns should have dissase DESGESSSIGN O
FDAapproves therapy forthese abeavations prior to receiving
KEYTRUDA. {13}

s incombination with pemetrexed sod carbopliatin as first-ling
treatment of patients with matasiatic nonsquamous NSCLS (1.3)

Head and Neck Sguamous Cell Cancer {RNSCT)

= oy the freativient of patients with recurrent of melastalic HNGCC
with dispase progres sion an orsfier platinu-containing
charatharapy.™ {1.3)

Classical Hodgkin Lymphnma {cHL}

s for the trestmerd of adult and pediatric patients with refraciory
oHi., or who have relapsed affer 3 or more pricr lines of therapy.”
.4}

Primary Medizstinal Large B-Celt Lymphoma (PMBGL}

«  forthe freatiment of adult end padiatng patients with refractory
FMBCL, orwho have relapsed after 2 or more prior lines of
therapy.” (1.5}

+  Limitation of Use: KEYTRUDA is aot recommended for treatment
of patiangs with PMBCL who reguite urgant oytoraductive therapy.

Urotheliat Carsinpma

«  for the reatment of patients with loeally advenced or mstastatic
wrothefial carainoma wite are nol eligible for csplagtinoordaining
chematherapy and whose Rimors express PR-LT fCombined
Fositive Soore (TP 210}, or in patisris who are not sligible for
any piaimumoome ning chemotherapy regardiess of PG-L1
siatis (1.8 ¥

«  forthe reatment of patients with ocally advanced or metastatic
wrothelial carcinoma wiw bave diseass progreasion during or
foliowing platinum-containing chemailisrapy o within 12 months
of necadiuvant or adiivantireatment with pistinunt-containing
chamotherapy. (1.6}

Microsateliite Instabifity-High Cancer

«  for the trestmernt of adult and pediatric patients with unreseciable
o metastetio, microsatelilite insiabifie-high (MSEH) or mismatch
repair deficient
oo - solid o that have progressed follvedng prior tredtwem

and who have no satisfectory alterngtive textment options
of
s colorectal canner that bas progreased ollowing treatmen!
with a fluovopyrimidine, oxaliplatin, ard iretecan ™ (1.7}

+  Limitation of Use: The safety and affactivenass of KEYTRUDA In
pediate patiergs with MSLH central netvaus system cancers
have niot been astablished. (1.7}

Gastric Cancer

«  for the reatment of patients with recurent locally sdvancetd or
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metastatic gastric or gastroespphageal junction adenocarcinoma
whose fumore exprass PO-L1 [Combined Positive Scare (CFS)
21} as determined by an FOA-approved test, with discase
peograssion on o afier tva o moe pror lines of therapy including
fuaropyrimidine: and pt‘admsm—ccmamm% chemotharapy and ¥
appepriate, HERZ2mesi-targeted therapy” (1.8}

Cervinal Canoer

»  for the trestment of patisnts with resurrent of metastatic cervicat
cancar with dissase progrsssion on o after chermotherapy whose
Remons express PO-LY (CFS 21) as detenvioed by a0 FDA-
spproved test” {1.8)

' This indication s spproved under acosierated approval based on

furnoy regponse rale and progression-free survival, Sonlirusd

approval for this indication may be contingent upon verification and

desoription of clirdeal benefit in the confinmatory brials.

Thig ndication 1s apgroved wider accelarated approval based on

Ray response rale angd durability of response. Continued appioval

for this indication may be canlingent upos verification snd

description of dinical bensfit in the confirmatory frials.

rmermn s s FOSAGE AND ADMINIS TRATION wr st

*  Meddnoma: 200 mg every 3 weeks. {3.2}

*  WSTLC 200 mg wvary 3 weeks (2.3}

. HNSULD 300 Mg every S weeks, (2.4

»  oHL or FMBOL: 200 mg every 3 weeks for adults; 2 mykg {up to

200 mg) every 3 wesks for pediatres, (2528}

Utothelial Carcinona: 200 mg every 3 weeks. (2.7}

«  MSEH Cancer 200 myevery 3 weeks for adults and 2 gk {up
o 200 my) every 3 waeks for childesr (2.8}

» . Gastric Cancer: 200 my every 3 weeks. (29

«  Carvical Cancer: 200 myg svery 3 wesks. (2,13}

Adininister KEYTRUDA a9 an infravenous infusion over 30 minutes.

A JOSAGE FORMS AND STRENGTHSE i

» Forwjection: 50 mg fypphilized powder in single-doss viad for
reconstiution {3)

+  injection: 108 med mb {25 mgiml) solulion in 3 single~-dose vial
{3

»

~~CONTRAINDICATIONS

Nons. {4}

wisinimeiiniionce PEARNINGS AND PRECAUTIONS ---mmemmmeememeeenee

< imnunesnedisied pneumonitis: Withhold for moderate, and
pemanently discontinue for severs, iife-threatening of recurrent

moseate praunonitis. (5.1

= franuassmediated oolis Wiabhold foe moderate or saves, and
penmansnily discontinue for ifethreatening colitis. (§:3)

+  ramuns-mediated hepatitis: Monitor for changes in hepstic
function. Based on severity of liver enzyme slevations, withhold or
discontinue. {5.3)

«  imone-mediated endeosnopathies (8.4}
a0 Hypophysitis: Withhold for moderaie and withhoid o

permanently discontinue for ssvere ar fe-thrsatening
Hypophysitis.

o Thyroid disorders: Monitor for chengas in thyroid function,
Withhold or permsnently discontinue for sevess o Bife-
Hhregtaning hyperthyroidism,

o Type 1 disbetes melbtus: Monitor for Byperglycenia.
Withhold KEYTRUDA in cases of severs hypergiycemia,

» femuns-mediated neghritis: Mositor for changes in renat function,
Withihold for moderate, and permansntly discontinue for severe or
tife-threatening nephis. (3.5)

«  lmmune-medisted skin adverse reactions inchuding, Stevens-
Johvison syndrome (S38) and toxic epidenral necolysis (TENY
Withhold for sevary and permanently discontinus for life-
threstening skircreactions, (5.8}

= Utherimprune-medisted adesrse reactions: it organ ransplant
recipierds;, consider the benefit of weatment with KEYTRUDA
versus the risk of possible organ rejaction. (5.7}

«  Wtusionaiated reactions: Stop infusion and permanently
discontinue KEYTRUDA Sy severs of ffethreatening infusion
reactions. (5.8}

» Copmplications of gllogensic HSCOT {(§:8)

o Alingeneic HOGT after trestmentwith REYTRUDA! Monitar
for hepativ vean-acclsive Ssease, grade 34 acute GYRD



including hyperacute GVHD, steroid-requiring febrile
syndrame, and othar immune-mediated adversa reaciions.
Transplantraiated monality has occurred.

o Allogenesio HSCT prior fo trestiment with KEY TRUDA In
patients with a history of aliogeneic HECT, consider the
benafit of treatment with KEYTRUDA versus the risk of
GVHD.

+  Trostmsnt of pafients wdth niatipls miysioma with 3 PO o POLY
hiouking antibody in combination with a thalidomide anafogue plus
dexarasthasone is not recommended dulsids of contralied cinical
Tials. {330

+  Embryofetal foxicity: KEYTRUDA can cause fotad barm, Adviss
femates of repraduciive potential of the polential risk fo g fetus,
{5.11)

ADVERSE REACTIONS

Most common adverse reactions (reported in 220% of patients) were
fatigue, mustudoskeletal paia, decreased appetite, pruntus, diarhea,
nausea, rash, pyraxia, cough, dyspnes, constipation, paln, angd
ahdomiaal pain. 6.1

To repori SUSPECTED ADVERSE REACTIONS, contact Merck
Sharp & Bohme Corp,, 3 subsidiary of Merck & Co,, Ing., at 1877«
88B-4231 or FRA 2t 1-S00-FDA-1088 or wwew fda.govimedwateh.

mmrnsrmmeaeenen e PHE N SPECIFIC POPULATIONS wavomvmmvammmmimcn
Lattation: Discontinue nursing or discontinue KEYTRUDA. (8.2}

See 17 for PATIENT COUNSELING INFORMATION and Medication
Gaside,

Reviged: 06/2018
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FULL PRESCRIBING INFORMATION
1 INDICATIONS AND USAGE

1.1 Mslanoma
KEYTRUDA™ {pembrolizumab) is indicated for the treatmant of patients with unresectable or metastatic
melanoma [see Ciinical Studies (141}

1.2 Non-Sowll Cell Lung Cancer

KEYTRUDA, a¢ 4 single agent, is indicaled for the first-line treatment of patiants with metgstatic non-
smyall call lung cancer (NSCLC) whase wimors have high PD-L1 expression {Tumor Propartion Score
{TPS) 250%)] as determined by an FLA-approved test; with no EGFR or ALK genomic fumor aberrations
fsee Clinical Studies {14.2}].

KEYTRUDA as a single agent, Is indicated for the treatmant of patisnts with metastatic NSCLC whose
tumuors express PO-L1 {TPS 21%} as determined by an FDA-approved test, with disease progression on
or after platihune-containing chemotherapy. Fatients with EGER or ALK genomic umor aberrations should
have disease progression on FDA-approved therapy for these gberrations prior o recelving KEYTRUDA
fsee Clinical Studies (14.2)].

KEYTRUDA, in combination with. pemetrexad and carboplatin, is Indicated for the first-iine treatment of
patients with metastatic nonsguameous NSCLT fsae Ciinical Studies (14.2)]. This indication is approwad
under gcoslersted approval based on tumor response rate and prograssion-free survival. Continued
approval for this indication may be contingent upon verifization and description of clinical benefit in the
confitmatory irials.

1.3 Head and Neck Cancer

KEYTRUDA is indicated for the treatment of patiends with recurrent or metastatic head and neck
squamous cell carcinoma (HNSCC) with disease progression on or afier platinum-containing
chemotherapy [see Clinipal Studies (14.3)]

This indication is approved under accelerated approval based on tuior response rate and durability of
rasponse. Continued approval for this indication may be contingsnt upon verification and description of
clinical benefit in the confirmatory trials.

1.4 Classical Hodgkin Lymphoma
KEYTRUDA s indicated for the freatment of adult and pediatic patients with refraciory classical Hodgkin
fymphoma {cHL), or who have relapsed affer 3 or more prior fines of therapy {see Clinical Studies {14.4)},

This indication is approved under accelerated approval based on turmor response rate and durability of
response. Continued approval for this indication may be cordingent upon verification and description of
clinical benefit in the confirmiatory trials.

1.5 Primary Mediastinal Large B-Cell Lymphoma

KEYTRUDA is indicated for the treatment of adult and pediatic patients with refractory primary
mediasting large B-cell iymphoma (PMBCL), or who Bave relapsed after 2 or more prior lings of therapy
[see Chinical Studies {14.5}].

This indication is approved under accelerated approval based on tumor response rate and durability of
response; Continued approval for this indication may be contingent upon verification and description of
clinical benefit in confirmatory trials.

Limitalion of Use: KEYTRUDA is not recommended for treatmant of patients with PMBOL who require
urgent oytoreductive therapy.
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1.8 Urothelial Cavcinoma

KEYTRUDA is indicated for the treatment of patients with locally advanced or metastatic urothelial
carginona who are not eligibls for cisplatin-containing chemotherapy and whase whors express PLHLY
{Combined Positive Score {CRS} 210}, or ity patients who are not eligible for any platinum-containing
chemotherapy regardless of PD-L1 status [see Ciinical Studies {14.8)].

This indication is approved under sctelerated approval based o lumor respanse rate and duration of
responsa. Continued approval for this indication may be contingent upan verification and description of
chinical benefit in confirmatory trials.

KEYTRUDA isindicated for the treatment of patlents with locally advanced or metastatic urothelial
carcinoma who have disease pragression during or foliowing platinum-containing chemotherapy or within
12 months of necadiuvant ar adjuvant treatment with platinum-containing chemotherapy fsee Chnical
Btudies {14.8}}.

1.7 Microsatellite instability-High Cancer
KEYTRUDA is indicated for the treatment of adult and pediatric patients with unreseciable or metastatic,
microsateliite instability-high (MSEH} or mismaich repair deficient
« solid tumors that have progressed following prior treaiment and who have no satisfactory
alternative treatment options, oy
+ colorectal cancer that has prograssad following reatment with a flucropyrimiding, oxaliplatin, and
irinotecan fsee Clinical Studies (14.7}]

This indication is approved under aucelerated approval based on tumor response rate and durabiiity of
rasponse. Continued approval for this indication may be contingant upon verification and description of
clinical benefit in the confirmatary trials:

Limitation of Use: The safety and affectivensss of KEYTRUDA in pediatric patients with MSI-H central
nervous system cancers have not been estabilished.

1.8 Gastric Cancer

KEYTRUDA is indicated for the treatment of patients with recurrent locally advanced or metastatic gastric
or gastroesophageal junction adenacarcinoms whose fumors express PO-L1 {Combined Fositive Score
{CPS) 21] as determined by an FDA-approved test, with disease prograssion on or after fwo or mors prior
lines of therapy including fuoropyrimiding- and platinum-containing chemotherapy and ¥ appropriate,
HERZmeu-targeted therapy fsee Clinfoal Studies (14.8)].

This indication is approved undsy accelerated approval based ontumor response rate and durabifity of
raesponse. Continued approval for this indication may be contingant upon verification and description of
clinical benefit in the confirmatary tials,

1.8 Cervical Cancer

KEYTRUDA is indicated for the treatment of patients with recurrent or metastafic cervical cancer with
disease progression on or after chemotherapy whose tumors sxpress PD-L1 {CPS 21} as delermined by
an FDA-approved test fsee Clinfval Studies {14.9}].

This indication is approved under accelerated approval based on tumor response rate and durabiity of
response. Continusd approval for this indication may be cohtingent upon verification and description of
clinical benefit in the confirmatory trials.
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2 DOSAGE AND ADMINISTRATION

2.1 Patient Selection for Treatmeunt of NSCLC, Gastric Cancer, or Cervical Cancer
Select patients for treatment with KEYTRUDA a¢ a single agent based on the presence of positive PD-L1
axprassionin;

+ meiastatic NSCLC fsee Clinical Studies (14.2)]

«  metastatic gastiic canger [see Clinical Studies (14.8)]. If PL-L1 expression is not detected in an
archival gastric cancer spacimen, avalusaie the feasibility of obiaining a tumor biopsy for PO-L1
testing.

«  recunent of mostasiatic cenvical cancer fsee Clinical Studiss {14.9)

tformation on FOA-~approved tests for the detection of PD-L 1 expression in NSCLC, gastric cancer, or
cevvical cancer s avaliable at; httpifivww Ida goviCompanionDiagnostics.

22 Recommended Dosage for Melanoma
The recommended dose of KEYTRUDA is 200 mg administered as an intravensus infusion over
30 minutes every 3 weeks until disease progression or unacceptable toxicity fsee Clinical Studies (14.1)]

2.3 Recommended Dosage for NSCLC

The recommended dose of KEYTRUDA is 200 myg adininistered as an infravenous infusion over

30 minutes evary 3 weeks untl dissase progression, unacceptable loxicity, o ud 1o 24 months i patients
without disease progression [See Clinical Studies (14.2)].

When sdministening KEYTRUDA in combination with chemotherapy, KEYTRUDA should be administered
prior to chemuotherapy when given on the same day fsee Chnical Studies {14.2}]. Ses also the Prescribing
informatice for pemetrexed and carboplatin,

24 Recommended Dosage for HNSCC ,

The recommended dose of REYTRUDA is 200 mg adiministered as an intravenous infusion over

30 minutes eveary 3 waeaks untll dissase progression, uhacceptalts toxicity, or up to 24 months in patients
without disease progression fsee Clinical Studies {14.3}].

25 Recommended Dosage for cHL

The recommeanded doseof KEYTRUDA in adults is 200 mg administered as an intravenous infusion over
30 minutes evary 3 waeks untll disgase progression or unacceptable toxicity orup to 24 months in
patients without disease progression fsee Clinical Studies (14.4}].

The recommended dose of KEYTRUDA in pedialric patients is 2 mg/kg {up to-a maximum of 200 mg),
administered as an intravenous infusion over 30 minutes every 3 weeks untll disease progression or
unacceptable toxicity, or up to 24 months in palients without disease progression.

248 Recommended Dosage for PMBCL

The recommended dose of KEYTRUDA in aduits is 200 mg administered as an intravenous infusion over
30 minutes every 3 weeks uniil disease progression, unacceptabide toxicity, or up to 24 months in patients
without disease progression [see Clinical Studies (14.5}]

The recommended dose of KEYTRUDA in padiatric patients is 2 rog/kg {up to a maximum of 200 mg),
administered as an intravenous infusion over 30 minutes every 3 weeks until disease progression or
unaccaplable toxicity, or up o 24 months in patiends withou! disease prograssion.

2.7 Recommended Bosage for Urothelial Carcinoma

The recommended dose of KEYTRUDA js 200 mg administerad a8 aninfravenocus infusion over
30 minutes avery 3 weeks untl diseass progression or unacceptabls foxicity, orupto 24 months in
patients without disease progression fsea Clinical Studies (14.8)].
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2.8 Recomniended Dosage for MShH Cancer

The recommanded dose of KEYTRUDA in adulls s 208 mg administered as an intravenous infusion over
30 minutes evary 3 waeks untl disegse progression, unacceptalis toxiclty, or up to 24 months in patients
without disease progression fsee Chnical Sluidies (14,73,

The recommaended dose of REYTRUDA in children is 2 mgkg {up to a matimum of 200 mg),
administered as an intravenous infusion over 30 minutes every 3 weeks unill disease progression or
unacceptable toxicily, or up to. 24 months it patieants without disease progression.

29 Recommended Dosage for Gastric Cancer

The recommended dose of KEYTRUDA is 200 myg administered as anintravenous infusion over

30 minutes every 3 weeks untit disease progression, unacceptable toxicity, or up to 24 months in patients
without disease progression feee Clinical Sludies {14.8}].

248 Recommendead Dosage for Cervical Cancer

The recommended dose of KEYTRUDA iz 200 mg administered as an indravenous infusion over

30 minutes every 3 waeks untll disease progression, unacceptable toxicity, or up to 24 mordhs in patients
without disease progression fsee Clinical Stidies {14.91]

211 Dose Modifications
Withhold KEYTRUDA for any of the following:
»  {3rade 2 pneumonills fsee Warnings and Frecautions {513

Grade 2 or 3 colitls fsee Warnings and Precautions {88}

Grade 3 or 4 endacrinopathies fsee Wamings and Precautions (5.4}

arade 4 hematological toxiclly in cHL or PMBCL patisnts

Grade Z nephritis fsee Warnings and Precautions (5.5)]

Grade 3 sevare skin reactions of suspecied Stevens-Johnson syndrame (8J8) or toxie spidermal

necrolysis (TEN) fsee Wamings and Precautions {(8.8)]

+ Aspartate aminotransferase {AST) of alaning aminotransferase (ALT) greater than 3 and up'to
§ fimes upper limit of normal {ULN) or total bilirubin greater than 1.5 and up 1o 3 Ymes ULN

= Any other Grade 2 or 3 reatment-related adverse reaction, based on the severity andiyps of
reaction fsee Wamings and Precautions (8.7

® & . ® &

Resume KEYTRUDA in patients whose adverse reactions recover to Grade 0-1.

Permanently discontinue KEYTRUDA for any of the following:
s Any life-threatening adverse reaction (excluding endocrinopathies contradied with hormone
replasement therapy, or hematological toxicity in patients with. cHL or PMBCL)
» {Grade 3 or 4 pnsumonifis ar recirent pneumonitis of Grade 2 sevarity faee Warnings and
Fracautions {8.3}}
«.  Grade 3 or 4 nephritis {see Warnings and Precaulions (5.8)]
E s Grade 4 severe skin reactions or confirmed 838 or TEN [eee Wamings and Precaidions (§.8)]
+  AST or ALT gregter than B imes ULN or total bilirubin greater than 3 fimes ULN
o Forpatients with liver metastasis who bagin treatment with Grade 2 AST or ALY, F AST or ALT
increases by greater than or egual to 50% refative to baseline and lasts for alleast 1 week
= Grade 3 or 4 myocarditis, ancephalitis, or Suilisin-Bared syndroma fsee Wamings and Prepautions
{870
Grade 3 or 4 infusion-related reactions fsee Wamings and Precautions (5.8}
inahility to reduce corticosterold dose to 10 mg or less of prednisone or equivalent per day within
12 weeks
= Persistent Grade 2 or 3 adverse feactions (sxduding endocrinopathies conbrolied with hormane
replacement therapy) that do not recover to Grads -1 within 12 wesks afler last dose of
KEYTRUDA
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«  Any severe o Grade 3 treatment-related adverse reaction that recurs {see Wemings and
Precaulions {5.7}}

2.42 Preparation and Admindstration
Reconstitution of KEYTRUDA for Injection {Lyophilized Powder)
» Add 2.3 mbL of Sterle Water for Injection, USP by injecting the water along the walls of the vial and
not directly on the lvophilized powder {resulting concentration 28 mgimby
¢ Stowly swirl the vial, Alfow up to & minutes for the bubbles to dear. Do not shake the visl.
Praparation for Intravenous infusion
«  Visually inspect the solution for particulate matter and discnloration prior to administration. The
solution is clear to slightly opalescent, colorless to slightly vellow. Discard the vial i visible particles
are observed.
»  Dilute KEYTRUDA injection {solution} or reconstituted iyophilized powder prior fo infravenous
administration,
¢« Withdraw the required volume from the vial(s) of KEYTRUDA and transfer into an infravenous V)
bag containing 0.9% Sodium Chioride Injection, USP or 5% Dextrose Injection, USSP, Mix diluted
solution by gentle inversion. The final concentration of the diluted solution should be between
1 mgimi to 18 mgiml.
e Discard any unused portion feft in the vial,

Storage of Reconstituted and Diluted Selutions
The product does not containg preservative.
Store the reconstiiuied and diluted solution from the KEYTRUDA 50 mg vial either:
= At room iemperature for no more than § hows from the fime of reconstitution. This includes room
teniperature storage of reconstituted vials, stutage of the infusion solution in the IV bag, and'the
duration of infusion.
+ Under relrigeration at 2°C 1o 8°C {36°F 10 46°F) for no more than 24 hours from the time of
reconstittion. I refrigerated, allow the diluted solution o coms fo room temperature prior 1o
adminisiration.

Store the diluled solution from the KEYTRUDA 100 mg/d mi vial either:
« At roomn femperature for no more than & hours from the fime of dilution. This includes room
temperature storage of the infusion solufion in the IV bag, and the duration of infusion.
= Under refrigeration at 2°C 1o 8°C{38°F o 46°F) for no morg than 24 hours from the time of dilttion,
if refrigerated, alfow the diluted solution 1o come 1o room temperature prior foadministration.

Do not freeze.

Administration
«  Administer infusion solution intravencusly over 30 minutes through an intravencus line containing a
sterile, non-pyrogenic, low-protein binding 0.2 micron to 5 niicron in-line or add-on filter.
+ Do not co-adminisier other drugs through the same infusion line.

3 DOSAGE FORMS AND STRENGTHS

For injection: 50 myg lyophilized powder in a single-dose vial for reconstifution
injection: 100 mgid mb (25 mgfmb) clear to slightly opalescent, colorless to slightly yellow solution
i & single-dose vial

4 CONTRAINDICATIONS
None.

Page 154 of 245



& WARNINGS AND PRECAUTIONS

81 hwmune-Mediated Pnsumonitis

KEYTRUDA can cause immune-mediated pneumonitis, including fatal cases. Monitor patients for signs
and symptoms of pneurmonitis. Bvaluate pationts with suspected pneumonilis with radiographic imaging
and administer corticostersids {initial dose of 1 o 2'myikgiday preduisone or equivalent followed by a
taper) for Grade 2 of greater preumonitis. Withhold KEYTRUDA for moderate {(Grade 2) pneumonitis, and
permanantly discontinue KEYTRUDA for severe {Grade 3}, life-threatening {Grade 4}, or recurent
muoderate (Grade 2) pneumonitis [see Dosage and Administration (2.31} and Adverse Reactions (6.1},

Preumonitis oocurred in 84 (3.4%) of 2799 patients receiving KEYTRUDA, including Grade 1 {0.8%),
Grade 2 (1.3%), Grade 3 {0.9%:), Grade 4 {0.3%) and Grade 5 {0.1%) posumontis. The madian time to
onsel was 3.3 monthis {range: 2 days 1o 18.3 months), and the median duration was 1.5 months {rangs:

1 day 16 17 .2+ months). Shay-three (7% of the 84 patients receivad systemic corticosteroids, with 50 of
thes 63 receiving high~dose corticosteroids for a median duration of 8 days (range: 1 day to 10,1 months)
followsd by a corticasterold taper. Pneumonitis occurred more frequently in patiants with & history of prior
thoracic radiation (6.2%) than in patients wha did not regeive prior thoracis radiation {(2.9%). Posumonitis
fed to disconiinuation of KEYTRUDA in 36 {1.3%) patients. Pneumonitis resolved in 58 {52%) of the

94 patients.

52 homuneMediated Colitis

KEYTRUDA can cause immune-mediated colitis. Monitor patients for signs and symptoms of colitls,
Administer corticostercids {initial dosa of 1 & 2 my/ky/day pradiisons or equivalant folfowsd by @ aper)
for Grade 2 or greater coiitls. Withhold KEYTRUDA for moderate {Grade 2} or sevare {Grade 3} colitls,
and permanently discontinue KEYTRUDA for iife-threalening {Grade 4) coliis fsee Dosage and
Administration {2.11} and Adverse Reactions (6. 1)}

Colitis oncurred in 48 {1.7%) of 2798 patlents recelving KEYTRUDA, including Grade 2 (0.4%), Grade 3
{1.1%), and Grade 4 (<0.1%) colitis. The median time {o onset was 3.8 months {range: 10 davs

16.2 months), and the median duration was 1.3 months {fange: 1. day to 8.7+ months). Thity-three {69%:)
of the 45 patients receivad systemic corticosternids, with 27 of the 33 requiring high-dose corlicosteroids
fora median duration of 7 days (range: 1 day.io 5.3 months} folfowsd by & corticosteroid taper. Colitis led
to discontinuation of KEYTRUDA in 15 {0.5%) patients. Colitls resolved in 41 {85%} of the 48 patients.

5.3 Immune-Mediated Hepatitis _

KEYTRUDA can cause immune-mediated hepatills. Monttor patients for changes in liver function.
Adrainister corficostercids {initial dose of 0.5 to 1 mgikg/day for Grade 2 hepatitisi and 1 0 2 mgfigiday
ffor Grade 3 or greater hepatitis] prednisone or sgquivalent followed by 2 taper) and, based on severily of
ver enzyme slevations, withhold or discontinng KEYTRUDA Jase Dosage and Adminisiration (271} and
Adverase Reactions (8.1},

Hepatitis oocurred in 19 (0.7%) of 2799 patients receiving KEYTRUDA, including Grade 2 {0.1%),

Grade 3 {0.4%), and Grads 4 {<Q.1%:) hepatitis. The median ma fo onset was 1.3 months rangse: 8 days
to 21.4 months), and the median duration was 1.8 months {rangs: & days fo 20.8+ months). Thirlsen
{68%:) of the 18 patienis received systemic corticosteroids; with 12 of the 13 réceiving high-doss
corticosteroids for a median duration of 8 days {range: 110 28 days) followsd by a corticosteroid taper.
Hepatitis led o discontinuation of KEYTRUDA in 8 (0.2%) patienis, Hepatitis resolvedin 15 {(79%) of the
19 patients,

54 Immune-Medisted Endocrinopathias

Hypophysilis

KEYTRUDA can cause hypophysitis. Monitor for signs and symptoms of hypophysitis (including
hypopituitarism and adrenal insufficiency). Administer corlicosteroids and hormone replacemant as
clinically indicated. Withhold KEYTRUDA for moderate {Grade 2) hypophysitis and withhold or
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discontinue KEYTRUDA for sevare {Grade 3} or life-threatening {Grade 4) hypophysitis [see Dosage and
Adnuttistration (2,11} and Adverse Reactions {8:1)]

Hypophysitis ocsurred in 17 (0.6%) of 2798 patients receiving KEYTRUDA, including Grade 2 {8.2%),
Grade 3 {0.3%), and Grade 4 {<0.1%} hypophysitls. The median lime o onset was 3.7 months {rangs:
1 day o 11.2 months}, and the madian duration was 4.7 months {range; 8+ days (o 12.7+ months).
Sixteen {84% ) of the 17 patients recelved systemiv conticostervitls, with 8 of the 18 recelving high-dose
corticostaroids. Hypophvsitie fed to discontinuation of KEYTRUDA in 4 (0 1%} patients, Hypophysitis
resolved in 7 {415} of the 17 patients.

Thyroid Disorders

Manitor patz&nts ¥ar changes iy dhyyroid functmﬂ {at tha start of treatment per odx:aiiy during treatmem
and as indicaled based on clinical evaluation) and for clinfcal signs and symptoms of thyroid disorders.
Administer replacement hormones for hypothyroidism and manage hyperthyroidism with thionamides and
beta-blockers o appropriate. Withhold or discontinue KEYTRUDA for severe (Grade 3} or life-threatening
{Grade 43 hvperthyroidism [see Dosage and Administration (2.11) and Adverse Reactions (6.1}

Hyperthyroidism occurrad in 88 (3.4%) of 2799 patients recelving KEYTRUDA, including Grade 2 {3.8%)
and Grade 3 {0.1%) hyperthyroidism. The median time (o onset was 1.4 months {range: 1 day o

219 months}, and the median duration was 2.1 months {range: 3 days o 15.0+ months). Hyperthyroidism
led fo discontinuation of KEYTRUDA in 2 (<0.1%) patients, Myperthyroidism resolved in 71 {74%) of the
96 patients.

Hypothyroidism ocourred in 237 (B 5%y of 2799 patients receiving KEYTRUDA, including Grade 2 (8.2%)
and Grade 3 {0.1%) hypothyroidism. The median time to onsetwas 3.5 months {renge: 1 day fo

18,9 months}, and the median duration was not reached {range: 2 days o 27.7+ months). Hypothyroidism
led fo discontinuation of KEYTRUDA i1 (<0.1%) patient. Hypothyroidism resolved in 48 {20%:; of the
237 patients, The incidence of new or worsening hypothyroidism was higher in patienis with HNSCC
ocourding in 28 (15%) of 182 patients receiving KEYTRUDA, including Grade 3 {0.8%) hypothyroidism. Of
these 28 patients, 15 had no prior history of hypothyroidism.

Thyroiditis cocurred in 16 (0.8%) of 2799 pationts receiving KEYTRUDA, including Grade 2 (0.3%)
thyroidilis. The median fims of onsel was 1.2 months {range: 0.5 {0 3.8 months).

Type 1 Diabetes mealiifus

KEYTRUDA can cause typs 1 dishetes mellitus, inchuding diabstic ketoacidosis, which have been
reported in § {(0.2% ) of 2798 patients receiving KEYTRUDA. Monitor patients for hyperglycemia or other
signs and symptoms of diabeles. Administer insulin for type 1 digheles, and withhold KEYTRUDA and
administer anti-hypergiycemics in patisnts with severe hyperglyceniia fses Dosage and Administration
{211} and Adverse Reaclions (8.1}].

585 immune-Medisted Nephrifis and Renal Dystunction

KEYTRUDA can cause immune-mediated nephiitis, Monitor patisnts for changes in renal function.
Administer corficostercids (initial dose of 1 10 2 mgfkg/day prednisone of gguivalent followed by a taper)
for Grade 2 or greater nephritis. Withhold REYTRUDA for moderate {Grade 2}, and permaneantly
dissontinue KEYTRUDA for severs (Grade 3) or lifg-threatening {Grade 4} nephritis [see Dosage and
Adminisirgtion (2,11} and Adverse Reactions (6. 1)},

Neghritis poowrred inn 8 (0.3%) of 2782 patients raceiving REYTRUDA, including Grade 2 (0.1%), Grade 3
{0.1%), and Grade 4 {<0.1%) nephritls. The mediar hne {0 onset was 5.1 inonths (range:. 12 days o
12.8 months), and the median duration was 3.3 montha {range: 12 days 1 8.9+ months). Eight (88%;) of
the 9 patients received systemic corticostaroids, with. 7 of the 8 receiving high-dose corticosteroids for a
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median dheation of 15 days {range: 3 days (o 4.0 months) followed by & corticosteroid taper, Nephitis led
to discontinuation of KEYTRUDA in.3 (0.1%) patlienis. Nephritis resolved in:§ (56%) of the § palients.

58 immmune-Mediated Skin Adverse Reactions

tmmune-mediated rashes, including 808, TEN (some cases with fatal outpome), exfoliative dermatitis,
and bullous pemphigold, can ocour, Monitor patients for suspected severs skin reactions and exclude
other causes, Dased on the severity of the adverse reaction, withhald or permanently discontinue
KEYTRUDA and adninister corticosiersids. For signs or symptoms of S48 or TEN, withhold REYTRUDA
and refer the patient for specialized care for assessment and treatment. i 8J8 or TEN is confirmed,
permanenily discontinue KEYTRUDA. [See Dosage and Administration (2.71).]

5.7 Other Immung-Madiated Adverse Reactions

Imune-mediated adverse regctions, witich may be severs or fatal) can oteur v any organ system of
tissite in patients receiving KEYTRUDA, While immune-mediated adverse reaclions usually ocour during
treatment with PD-4/PD-11 blocking antibodies, they may occur after discontinuation of treatment.

For suspected immune-mediated adverse reactions, ensure adeguate evaluation to confirm eticlogy or
exclude other causes. Based on the severily of the adverse reaction, withhold KEYTRUDA and
administer cortivosteraids. Upon improvement o Grade 1 or less, inltiale corticostereid taper and
continue to taper over at least 1 month. Based on limited dala from clinical studies in patients whose
immune-related adverse reactions could not be controlied with carticasterold use, administration of other
systemic immunosuppressants can be considered. Resume KEYTRUDA when the immune-mediated
adverse reaction remains at Grade 1 or less following corlicosteroid taper. Permanently discontinue
KEYTRUDA for any Grade 3 immune-mediated adverse reaction that recurs and for any life-threatening
immune-mediated adverss reaction fsee Dosage and Administration (2.1 1} and Adverse Keagclions (6.1}}

The following clinically significant, immune-madiated adverse reactions occurred in less than 1% {unless
otherwise indicated) of 2799 patients treated with KEYTRUDA: arthritis {1.5%), uveltis, myositis, Cuiliain-
Barré syndrome, myasthenia gravis, vasculilis, pancreatiis, hemolytic anemia, sarcoidosts and
encephalifis. In addition, myelitis and myocarditis were reported in other clinical tdals, including cHL, and
post-marketing use.

Solid organ transpiant rejection has been reportad in the post-marketing seiting in patients treated with
KEYTRUDA, Treatment with KEYTRUDA may increass the risk of rejection in solid organ transplant
recipients. Consider the benefit of treatment with KEYTRUDA versus e risk of possible organ rejection
in these patients.

5.8 Infusion-Related Reactions

KEYTRUDA can cause savere or life-threstening infusion-related reactions, ingluding hypersensitivity and
anaphylaxis, which have bsen reported in 6 (0.2%) of 3782 patients receiving KEYTRUDA. Monitor
patients for signs and symptims of infusion-related reactions including rigors, chills, wheezing, pruritus,
flushing, rash, hypotension, hypoxamia, and fever. For sevare {Grade 3} or life-threatening {Grads 4)
infusion-related reactions, stop infusion and permanently discontinue KEYTRUDA fsee Dosage and
Admmisiration (2.1},

58 Complications of Allogeneic HSCT

Allogeneic HSCT after treatment with KEYTRUDA

krrung-mediated complications, including fatal evants, ocourred in patients who underwent altogenain
hematopoietic stem cell transplantation (HBCT) afler being trasted with KEYTRUDA, Of 23 patients with
cHL who procaaded o allogeneic HSCT affer reatment with KEYTRUDA o any trial, 6 patients (26%)
developed grafi-versus-host-disease (GYHD), ong of whith was fatal, and 2 patients (8%} developsetd
severe hepatic venc-oolusive disease (VOD) after reduced-intensity conditioning, one of which was fatal.
Cases of fatal hyperacute GVHD after alfogenelc HSCT have also besn reported inpatients with
tymphama who received g PO-1 raceptor blocking antibody before fransplantation. These complications
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ey ooy despite intervening therapy bedwesn PD-1 blockade and alioganeic HSCT. Follow patients
clossly for early evidence of transplantrelated complications such as hyperacute GVHD, severe
{Gradie 3 to4} acute GVHD, stercidwrequiring febrile syndrome; hagatic VOD, and ottier intmune-
mediated advarse reactions, and intervens promptiy.

Allogeneic HSCT grior fo treatment with KEYTRUDA

i patients with g history of sliugeneic HSCT, acute GVHD, induding fatal GVHD, has heen reported after
trestment with KEYTRUDA, Patiants wha experiencad GVHD afler their transplant procedurs may be at
increased risk for QVHD after treatmant with KEYTRUDA. Consider the benafit of treatment with
KEYTRUDA varsus the risk of possible GVHD in patients with a history of alfogensic HSCT.

5,40 Increased Moriality in Patients with Multiple Mysloma when KEYTRUDA is Added toa
Thalidomide Analbgue and Dexamethasone

in bwo randomized clinical trials in patients with muitiple myeloma, the addition of KEYTRUDA o a
thalidomide analogue plus dexamethasone, a use for which no PD-1 or PD-L1 hiocking antibody is
indicated, resulted in increased mortality. Treatmant of patients with muitiple myeloms with g PD-1 or PD-
L1 blocking antibody i combination with s thalidomide analogue plus dexamethasone is not
recommended oulside of controlled clinical trials.

511 Embryofetal Toxigity

Based o ils machanism of action, KEYTRUDA can cause fetal hammywhen administerad o a pregnant
woman. Avdmal modals fink the PG-1/PR-L1 signaling pathway with mainlenancs of pregnancy through
induction of maternal immune tolerance o fetal Ussue. [ ihis drug is used during pregnancy, or if the
patient becomes pregnant while taking this drug, apprise the patient of the potential hazard {0 a felus.
Advise females of reproductive polential to use highly effective contraception during treatment with
KEYTRUDA and for 4 months after the last dose of REYTRUDA fsee Use in Specific Populations (87,
8.3}

& ADVERSE REACTIONS

The following adverse reactions are discussed in greater detall in other sections of the labeling.
« immune-medialed pneumonitis [see Wamings and Precautions {813}

immune-mediated colitls [see Wamings and Precaulions {8.8)].

Immunae-mediated hepatitis fsee Wamings and Precautions (8.3},

Immune-mediated endocrinopathies [see Warnings and Frepautions (5.4}]

Immune-mediated nephrifis and renal dysfunction [see Wamings and FPrecautions (5.5)].

Immune-mediated skin adverse reactions {see Warnings and Precaulions (5.6}].

Other immune-mediated adverse reactions fsee Warnings and Pracautions (5.7}

Infusion-related reactions fsee Wamings snd Frecaulions (8.8}

» & o & o &5 B

8.4  Clinical Trials Exparience

Because clinjcal trials are conducted under widely varying corglitions, adverse reaction rates ohserved in
the clinjcal trials of a drug cannot be directly compared to rates in the clinical tials of another drug and
may not reflect the rates cbserved in practice.

The data described in the WARNINGS AND PRECAUTIONS ssection reflect exposure to KEYTRUDA in
2799 patiants in three randomized, open-label, aclive-controlied clinical irals (KEYNOTE-B02,
KEYNOTE-QO8, and KEYNQTE-D10}, which enrolfed 912 patients with melanoma and 8§82 patients with
NSCLC, and one single-arm frial (KEYNUOTE-Q01), which enrolied 655 patients with melanoma and

550 patients with NSCLC. in addition, these data reflect exposure o KEYTRUDA it a non-randomized,
opsn-labal, multi-cohort frial (KEYNOTE-012), which enrolled 192 patients with HNSCC, twonon-
randomized, open-label trigls (KEYNCTE-G13 and KEYNOTE-QET), which-enrolied 241 cHL patients, and
post-markating use. Across sl studies, KEYTRUDA was administered at doses of 2 mg/kg intravenously
evary 3weeks, 10 mgikg intravenousty every 2 weeks, 10 mg'kg intravenousty avery 3 weeks, or 200 mg

1
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intravenously every 3 wesks. Among the 2799 patisnts, 41% were exposstd for 6 months or more and
21% wers gxpossed for 12 months or mors.

The data desoribed in this section were obtained in five randomized, open-label, active-controlled clinicat
trials (KEYNQTE-Q0Z, KEYNOTE-QUE, KEYNOTE-010, KEYNOTE-021, and KEYNOTE-045}) in which
KEYTRUDA was administered 1o 912 patienis with melanoma, 741 patients with NSCLC, and

542 patients with urothelial carcinoma, and six non-randomized, open-label tals (KEYNOTE-012,
KEYNOTE-087, KEYNOTE-170, KEYNOTE-082, KEYNOTE-089, and KEYNOTE-158) in which
KEYTRUDA was administerad fo 182 pationts with HNSCC, 210 patients with cHL, 53 patients with
PMBCL, 370 patisnls with wothelial catomoma, 259 patients with gasiric cancer, and 88 patisnis with
cevvical cancer. In thesa trials, KEYTRUDA was administered at 2 moikg evary 3weeks, 200 mg every
3 weeks, or 10 mokg every 2.0 3 wesks,

Mefanoma

Ipilimumab-Naive Melanoma

The safety of KEYTRUDA for the treatiment of patients with unresectable or metastatic melanoma who
had not received priee iplimumab and who had recsdved no more than dne prior systemic therapy was
investigated in Study KEYNOTE-Q08. KEYNQOTE-006 was a mullicenter, spen-label, active-controlied tigl
whare patients wers randomized {1:1:1) and received KEYTRUDA 10 moikg every 2 weeks (n=278} or
KEYTRUDA 10 mgikg every 3 weeks (n=277) unlil diseass progression arunaccaptable toxicy.or
iptlimumab 3 mgikg every 3 weeks for 4 doses unless discontinued earlier for diseass progression o
unacceptable toxicity (n=256} fsee Clinioal Studias {14.7)]. Patients with autoimmune disease, g medical
condition-that required systenic corticostercids or other immunosupprassive medication; a history of
interstitial lung disease; or active infection requiring therapy, inclding HiV orhepatitis B or ©, were
inefigible.

The madian duration of exposure was 5.6 months {rangs: 1 day to 11.0 months} for KEYTRUDA and
similar in bolh treatment arms. Fifty-one and 48% of patients recaivad KEYTRUDA 10 mgikg every 2 or
3 weeks, raspectivaly, for 26 months: No patients in either arm received freatment for more than ong
year.

The study population characieristics were: median age of B2 vears (range: 1810 89 years), 80% male,
98% White, 32% had an elevated lactate dehydrogenase (LDH) value at baseline, 88% had Mic siage
disease, 8% with history of brain melasiasis, and approximatsly 38% had baen previously treated with
systemic therapy which included a BRAF inhibitor {15%), chemotherapy (13%), and immunotherapy (6%).

in KEYNOTE-D0B, the adverss reaction profile was similay for the every 2 week and every 3 week
schedule, therefore summary safety resulls are provided in & pooled anslysis (n=555} of both
KEYTRUDA arms. Adverse reactions leading to permanent discontinuation of KEYTRUDA oecurred in
8% of patients. Adverse reactions leading to discontinuation of KEYTRUDA i more than one patient
were oolitis {1.4%), autoimmune hepatitis {0.7%), allergic reaction {0.4%), polyneuropathy (0.4%), and
cardiac fallure (0.4%). Adverse reactions leading fo inferruption of KEYTRUDA ocourred i 21% of
patients; the most common {&1%) was diarrhea {2.5%). The most common adverse reactions {reparted in
atleast 20% of patients) were fatigue and dlarrhea, Table 1and Table 2 summarize the incidence of
selected adverse reactions and laboratory abnormalities that occurred in patients receiving KEYTRUDA.
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Table 1: Selected* Adverse Raactions Occurring in 210% of Patients Receiving KEYTRUDA in

KEYNOTE-006
KEYTRUDA ipitimumab
10 mgikg every 2 or 3 woeks
a=iEs =288
Adverse Reaction Alf Grades' Grade 34 All Grades Grade 34
{%i ) % (%)

Geaneral Disorders angd Administration Site Conditions

Fatigue i 28 ! a.8 | 38 | 3.1
Skin and Subsutaaeous Tissue Disorders

Hash” 23 0.8 2% 1.2

Vaitign” T & 2 0
Musculoskeletal and Connective Tissue Disorders

Arthralnia 18 0.4 ) 16 1.2

Back pain 12 0.8 7 0.8
Respiratory, Thoracic and Mediastinal Disorders

Cough 17 0 7 0.4

Dyspries 1 0.9 7 0.8
Metabolism snd Mutrition Disorders
. Decressed appetite | 16 [ 0.5 I 14 | 0.8
Nervous System Disorders

Headache. ] 14 ] 0.2 i 4 08

. Adverse reactions pecuring at serme of higher incidense thar in the pilimemab-anm

Y Graded per NCICTOAE v4.0

¥ ncludes mash, rash ervthematous, rash follicuiar, rash geasraliced; rash macular, rash maculo-
_ pupular, rash papular, ash pruritic, and exfoliative rash,

¥ neludes skin hypopigientation

Other clinically impaortant adverse regctions occurring in 210% of patients receiving KEYTRUDA were
diarrhea (26%), nausen {21%), and prurifus (17%).

Table 2: Selected” Laboratory Abnormalities Worsened from Baseline Occurring in 220% of
Melanoma Patients Recelving KEYTRUDA in KEYNOTE-006

KEYTRUDA Ipilimumab
10 miglky svery 2.0v
3 weeks
X ; All Grades’ | Grades 3-4 | All Grades Grades 3-4

{.aboratory Test! b o% o ",
Chomistoy

Hyperglvcemia 45 4.2 45 3.8

Hyperidglvcanidemia 43 26 31 1.1

Hysohatremia 28 4.6 28 7

ncreasad AST 27 2.6 25 2.5

Hypearcholestarolamia 20 1.2 13 It
Hematology

Anenia 35 28 33 ‘ 440

Lymphopenia 33 7 25 8

¥ Lsboratory abrormalifies gooumng at same or higher incidence than in ipilimumal arm

P Each testincidence is based on the number of patisnts wha bad both basehine and st leastone on-
study laborstory megsurement gvailably: KEYTRUDA (520 to 546 patiants} and iptirumab (237 fo
247 patisnts); hypertriglyceridenmial KEYTRUDA n=428 and ipilimumat n=183; hyperchiolesterslemia
KEYTRUDA n=484 and iplimunab n=20%,

¥ Graded par NOECTCAE w0

Other isboratory abnonmalities occiering in 220% of patients receiving KEYTRUDA wers incraased
hypoalbuminemia (27% all Grades; 2.4% Grades 34}, increased ALT (23% alt Grades; 3.1% Grades 3-
4}, and incregsed atkaline phosphatase {(21% all Grades, 2.0% Grades 3-4).
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Iptimumab-Refractory Melanoma

The safaty of KEYTRUDA in patients with unresectable or metastatic melanoma with diseass progression
following iplimumab and, if BRAF V800 mwutation positive, o BRAF inhibitor, was evaluated ity Study
KEYNOTE-00Z. KEYNOTE-002 was a8 mullicenter, partially blinded (KEYTRUDA dose), randoniized
{1:1:1), active-controlied trial in which 528 patients received KEYTRUDA 2 mgihkg (n=178} or 10 migky
{n=178) every 3 weeks or investigator's choice of chemuotherapy (n=171), consisting of dacarbazine
{26%:}, temozolomide {25%), paclitaxe! and carboplatin (25%), paciitaxel (16%), or carboplatin (8%) fsee
Chinieal Studies {14.1}]. The trial excluded patients with autoimmune disease, severe immune-related
toxicity related fo ipiimumab, defined as any Grade 4 toxicity or Grade 3 foxicity requiring corticosteroid
treatment {greatey than 10 mg/day prednisons or equivglant dose)for greater than 12 weeks; medical
congditions that requirad systemis corticosternids o ather immunosuppressive medication: a history of
interstitial lung disease; or an active infection requiring therapy, Including HIV or hepatitis Bor C.

The median duration of exposure 0 KEYTRUDA 2 my/kg svery 3 weeks was 3.7 months {rangs! 1 day o
16.6 months} and to KEYTRUDA 10 mo/kg every 3 weeks was 4.8 monthe {ranget 1 day 1o 16.8 months).
The dala destribed below reflact exposirg o KEYTRUDA 2 mgfkgin 38% of patients expased
KEYTRUDA for 28 months and in 4% of patients exposed for 212 manths. Iy the KEYTRUDA 10 mgikg
arm;, 41% of patients were exposedto KEYTRUDA for 28 months ang 8% of patienis were exposed o
KEYTRUDA for 212 months.

The study population characteristics were: median age of 62 years {range: 15 to 82 years), 8§1% male,
Q8% White, 41% with an elevated LDH value at baseline, B3% with M1 slage disease, 73% réceived two
or more prior therapies for advanced or metasiatic disease {(100% received ipfimumab and 25% a BRAF
inhibitor), and 15% with history of brain metasiasis.

t KEYNOTE-002, the adverse reaction profile was similar for the 2 mgikg dose and 10 myfkg doss,
therefors summary safely results are provided in a pooled analysis (n=357) of both KEYTRUDA amms.
Adverse reactions rasulting in permanent discontinuation occurrad in 12% of patients receiving
KEYTRUDA; the most commaon (1%} were general phiysical health deterioration (1%), asthenia (1%,
dyspnea (1%} pneumonitis (1%} and generalized edema {1%). Advarse reactions leading to intesruption
of KEYTRUDA ocourred in 14% of patients; the most common {21%) were dyspnes {1%), diarrhea (1%},
and maculo-papular rash (1%}, The most common adverss reactions (reporied in al feast 20% of
patients} of KEYTRUDA ware faligue, pruritus, rash, constipation, nausea, diarrhes, and decreased
appetite.

Table 3 summarizes the ingidence of adverse reactions occurring in at least 10% of palients receiving
KEYTRUDA,
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Table 3: Selected* Adverse Raactions Occurring in 2108% of Patients Receiving KEYTRUDA in

KEYNOTE-002
KEYTRUDA Chemotherapy’
2 mgikg or 10 mylkg
eyRry 3 woeks
=387 n=171
Adverse Reaction Al Grades' | Grade 3-4 | All Grades Grade 34
(%) (%) (%) (%
Generat Disorders and Administration Site Conditions
Pyrexig 14 0.3 9 0.8
Asthenia 10 2.0 9 1.8
Skin and Subcutaneous Tissue Disorders
Sruntus 28 o] 8 [
Raaly® 24 0.6 8 it
Gastrointestinal Disorders e
Constipation 22 0.3 20 2.3
Digrehea 20 0.8 20 23
Abdominal pain 13 1.7 8 1.2
Respiratory, Thoracic and Mediastinal Disorders
Cough [ 18 | 0 | 16 | 0
Musculoskeletal and Connsective Tissue Disorders
Adiwalgla { 14 i 08 | i 12

¥ Adverse rections ooouring et same or higher incidence than in chempthenapy agm

Chemuotherapy: dacarbazine, famosotomide, carbopiatin plus panlitaxe!, paclitaxel, or carbopiatin
* Graded per NCICTCAE w0
inciudes rash, rash endhematous, rash generalized, rash maculay, rash maculo-papgudar, rash
paputar, and rash pruntic

Other clinically important adverse reactions oocurring it patients receiving KEYTRUDA were fatigue
{43%}, nausea {22%), decreased appetite (20%), vamiting (13%), and peripheral neuropathy {1.7%).

Table 4 Selected” Laboratory Abnormalities Worsened from Baseline Oceurring in 220% of
Metanoma Patients Receiving KEYTRUDA in KEYNOTE-0G2

KEVTRUDA ~ Chemotherapy
2 mglky or 10 mgikg svery
3 ¥veeks
All Grades Grades 34 | Al Grades Grades 34
Latoratory Test! iy " % "
Cheristey
Myperglycemia 49 6 44 8
Hypeoalbuminemia 37 1.9 33 0.6
Hyponstramia 37 7 24 38
Hyperttighveeridemia 33 0 32 0.
incraaged Alkaling Phosphatase 26 3.1 18 1.8
increnged AGT 24 22 18 4.6
Bicarbonate Decreassd 22 04 13 g
Mypocsicamig 21 0.3 8 1.£
increased ALY 21 1.8 15 0.5

Labaratory ahnarnaiities occurring at same or higher incidence than in chemotherapy aem,

Each test incidence s based an the number of patients who had both baseline ant 3t lsast-ane on-atudy
laharatory measurement aveilable: KEYTRUDA {range: 320 1o 325 patisnts) ang chemotheragy {range: 154
10187 patients ) hypertigiyceidemin KEY TRUDA 012247 and chemathempy n=118; bicarbonate decroasnd:
KEYTRUDA n=283 arct chumotherapy n=1232,

P Graded per NCLGTCAE w0

Other iaboratory gbnormalities occurring in 220% of patients receiving KEYTRUDA were anemia {44% all
Grades; 10% Grades 34} and lymphopenia {40% all Grades; 8% Grades 3-4),
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NSCLC

Previously Treated NSCLC

The safety of KEYTRUDA was investigated in Study KEYNOTE-Q18, a multicenter, open-labet,
randomized (1:11:1), active-controlied trial, in patients with advanced NSCLE who had documented
disease progression following treatment with platinuni-based chemotherapy and, if positive for EGFR or
ALK genetic aberrations, appropriate therapy for these aberrations. A total of 991 patients received
KEYTRUDA 2 mg/kg (n=338)or 10 mg/kg (n=843) every 3 weeks or docetaxel (n=308) al 75 mg/m”
gvary 3 weeks, Patients with autoimmune disease, medical sonditions that required systemic
corticostaroids or othar immunosuppressive medication, or who had received more than 30 Gy of thoracic
radiation within the prior 26 weeks weare ingligible.

The median duration of exposure to KEYTRUDA 2 makg svery 3 weeks was 3.5 manths {range: 1 day to
22 4 mionths) and to KEYTRUDA MO mg/kg every 3 weeks was 3.8 months {range 1 day to 20 B'nioaths).
The data described below refieet exposure 0 KEYTRUDA 2 mglkg in 31% of patients exposed to
KEYTRUDA for 26 months. In the KEYTRUDA 10 mg/kg arm, 34% of patients were exposed to
KEYTRUDA for 28 months.

The study poputation characturistics were! median age of 83 years {rangs; 20 to 88}, 42% age 65 yaars
or older, 81% miale, 72% whits and 21% Asian, 8% with advanced locglized diseass, 81% with metastatic
disease, and 15% with histary of brain metastases. Twenty-nine percent received two or more prior
systemic traatiments for advaniced or metastalic disease.

I KEYNOTE-010, the adverse reaction profile was similar for the 2 mgikg and 10 mgikg dose, therefore
stmimary safely resuits are provided in & pooled analyeis (=682}, Treatment was discontinuad for
atdverse reactions in 8% of patients receiving KEYTRUDA. The must common advsrse avents resulting in
permaneant discontinuation of KEYTRUDA was praumonitis {1.8%) Adverse reactions leading to
interruption of KEYTRUDA ocourred in 23% of patients; the most common (21%) were diarrhea {(1%),
fatigue {1.3%), pneumonia {1%), Hver enzyma elevation {1.2%), detreased appetite {1.3%), and
praymonitis (1%

Table § summarizes the adverse reactions that occurred in at least 10% of patients treated with
KEYTRUDA,

18

Page 163 of 245



Table 5: Selected” Adverse Reactions Occurring in 210% of Patients Receiving KEYTRUDA in
KEYNOTE-010

KEYTRUDA Daocetaxel
2 or 10 migdky every 3 weeks 75 muen” every I weeks
a=B82 n=308
Adverse Reaction All Grades’ Grade 3-4 Al Grades’ Grade 34
(%} §%) {%) (%)

Retabotisn angd Nutrition Disorders

Decreased appatity | 28 ! 1.5 ] 23 [ 2.6
Gastrointestinal Disnrders
~ Nausea 20 1.3 18 0.8

Constipation 15 3.8 12 £4.8

Yenritiog 13 3.8 i .6
Respiratory, Tharacic and Mediastingl Disorders

Dyspnea 23 3.7 20 26

Cough 19 0.6 14 i1
Musculoskeletal and Connective Tigsue Disorders
U Attumgls 1 41 4 48 4 8 03

Back gain 11 1.8 & 0.3
Skin andd Subcutaneous Tissue Disorders

Rash' i 0.4 8 Q

Pruntus 11 g 3 0.3

Adverse reactons peourrian &t sarae o higher noideace than in docetaxel ann

b Graded per NCICTCAE v4.0

inchudas rash, rash ervihematons,; rash macuiar; tash maculo-pupubar, rash papular, and rash
prunitic

Diher clinicaliy important adverse reactions cccurring in patients receiving KEYTRUDA wers faligue
{25%;, diarrhea (14%), asthenia (11%:) and pyrexia {11%).

Table 8: Selected™ Laboratory Abnormalities Worsened fron Basaline Ocourring in 220% of
NSCLE Patiants Receiving KEVTRUDA in KEYNOTE-Q10

KEYTRUDA Dogetaxet
2 or 10 myglkg svery 75 mgim® every 3 weeks
3 »:veeks "
Lsboratory Test! All G:-/oades Grad;,s 34 | Al G;fdes Graﬁ;:s 34
Chamistry
_Hyvponatrerug 32 8 20 428
Alkaline phosphatase increased 28 3.0 16 0.7
Aspanate aminotransferase increased 26 1.6 12 0.7
Alanine aminctranslerase inoveased 27 8 3

* Laboratory abnormalities occurring ab same or higher incidence than in docetaxsl am,

Each test incidence is based on the number of patients wha had both baseline and at least one on-
study taboratony measurement avadiable: KEYTRUDA {range: 631 1o §38 patients) and docetuxel
{rangs: 374 1o 277 patients),

Graded per NCHCTCAE v4.0

Cthey laboratory abnofmalifies cccurring iy 220% of patients recsiving KEYTRUDA werg hyparglycemia
{44% all Grades; 4.1% Grades 3-4), anamia (37% all Gradey; 3.8% Grades 3-4}, hypertrighycaridemia

{36% all Grades; 1.8% Gradas 3-4), ymphopenia (35% all Grades, 8% Grades 3-4), hypoatbuminemia
{34% all Grades; 1.6% Grades 3-4), and hypercholesterolemia (20% all Grades: 0.7% Grades 34}
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Praviously Untreated Nonsguamous NSCLC, in Combination with Chemothsrapy

The safaty of KEYTRUDA in combination with pemetraxed and carboplatin was investigated ina
randomized {11} open-label cohort in Study KEYNOTE-021. Patients with previously untreated,
metasiatic nonsguampus MSCLC received KEYTRUDA 200 mg with pemetrexsd and carhoplatin (n=53),
or pemeliexed and carboplatin alone (n=82). Patisnts with autoimmune diseass thal required systemic
thertapy within 2 years of reatment; g medical condition that required inmunosuppression; or who had
recaived more than 30 Gy of thoracic radiation within the prior 268 weeks wers ineligible [see Clinical
Studies {14.2}].

The median duration of exposure t& KEYTRUDA was 8 months (range: 1 day to 18 months). Sixiy-eight
percant of patients in the KEYTRUDA arm were sxposad to KEYTRUDA 200 mg for 28 months. The
study population characteristics were: median age of 64 years (range: 37 1o 80}, 48% age 65 years of
older. 38% male, 879% White and 8% Asian, 87% with metlastatic disease, and 12% with brain
metastases.

KEYTRUDA was discontinued for adverse reactions in 10% of patients. The most common adverse
reaction resulting io discontinuation of KEYTRUDA (22%) was acute kidney injury {3.4%). Adverse
reactions leading fo interruption of KEYTRUDA soourred in 39% of patients; the most common (22%)
were fatigue (8%, neutrophil count decreased (8%}, anemia (§%), dyspnea (3.4%), and preumonitis
{3.4%).

Tabie 7 summarizes the adverse reactions that occurred in at least 20% of patients treated with
KEYTRUDA. KEYNOTE-021 was not designed 1o demonstrate a satistically significant difference in

adverse reaction rates for pembrolizumabplus chematherapy, as compared 10 chenotherapy alone, for
any specified adverse reaction listed Iy Table 7.
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Table 7: Adverse Reagtions Qccurring in 220% of Patients in KEYNOTE-921

KEYTRUDA Paetrexed Pemstrexed
Carboplatin Carboplatin
11259 B2
Adverse Reaction Al Grades® | Grade 34 | All Grades Grads 34
% §30} ) (¥}
Ganeral Disorders and Sdministration Site Condiions
Pgripheral adems 2 Q 18 0
Gastrointestinal Disorders
Nausea 88 1.7 58 0
Canstipation 51 0 37 1.6
Wonating 39 1.7 27 0
Diarehea 37 1.7 23 1.6
- Skin ang Subcutaneous Tissue Disorders
Rash’ 42 17 21 1.6
Pryritus 24 Q 4.8 0
Alppecia 20 3 3.2 0
_Respiratory, Thoracic and Mediastinal Disorders
Dyapnaa 38 &4 8] 0
Cough 4 0 18 0
Metaboliom and Nuteition Disorderns
Dacreassd apeatite 3 g 23 [ 0
Nervous Systers Disorders
Headachs 3 ¢ 16 1.6
Dizgingss 24 0 16 0
Dyspeusia 20 0 11 0
Paychiatric isorders
naomnia [ 24 | 0 15 [ 0
Infentions and infeststions
~ Uppsr respiratory tract infection | 20 1 3.2 [ 0
Musculnskeletal and Connective Tissue Disorders
Arthralgia 18 i g 34 [ 1.6

* Graded pes NCHLCTCAE v4.0

ncludes sash, rash generalized, rash macutar, rash maculo-papular, and rash pruritic.

19




Tabia & Laboratory Abnormatitiss Worsened from
Baseling in 220% of Patients in KEYNOTE-021

KEYTRUDA Pemetraxesd Pemstrexed
Carboplatin Carboplatin
. Al Grades' Grades 34 | All Grades | Grades 3
Labaratory Test o o, o o
Chewmisiry
Hypergiycenia 74 9 61 5
,,,,,, Lymphocyles detressed 53 23 60 28
Aspariate aminottansiarase increased 51 35 48 1.7
Hypartrighyceridensiy 50 0 43 g
Alanine anvniotransiyrase increased 40 35 32 1.7
Creatinine increased 34 34 i 7
Hyponatremia 33 5 35 3.5
Hypoalbuminemia 32 0 31 0
Hypocalcsmia 36 B 19 1.7
Hypokatang 28 5 22 1.7
Hynophosphatemia 28 & 24 11
Alkaline phosphstase increaged 28 )] 9 o]
Hematology
“Hemogiohin decrsased 83 17 84 19
Nexgrophiis deoreassd 47 14 43 8
Platslets decreased 24 9 36 10

T Each test incidencs 5 based on the nmumber of patiends who had both baseline and at least one on-study
aborsdary measurement avaiiable: KEYTRUDRA pemstexed cathogiatin {range: 56 o 58 patierdsy and
pemetrexed carbopiatin {range: 53 1o 61 patients).

T Geaded per NOUQTCAE w40

HNSCO

Amiong the 182 patients with HNSCC arvolled in Study KEYNOTEG12, the median duration of exposure
to KEYTRUDA was 3.3 months {ranga: 1 day {0 27.2 months). Patisnts with-autoimmune disease of 8
medical condition that required irmmunosuppression were ineligible for KEYNOTE-012. The median age
of patients was 80 years (rangs: 20 to 84}, 35% ware age 65 yaars or older, 83% were male, 77% were
White, 15% were Astan, and 5% were Black. Bixty-one percent of patients had two or more lines of
therapy i the recurrent or metastatic setling, and 85% had prior radiation therapy. Baseline ECOG PS
was 0 (30%3 or 1 (70%) and 86% had M1 diseass.

KEYTRUDA was discontinusd dus to adverses raactions in 17% of patients. Serious adverse raacticns
oocutred i 45% of patients recaiving KEYTRUDA. The most frequent serious adverse regctions repotied
in at least 2% of patients were pneumuonia, dyspnea, confusional state, vomiding, pleural effusion, and
raspiratory faflure. The incidence of adverse reactions, including senous adverse reactions, was simitar
betwean dosage regimens (10 mg/kg every 2 weeks or 200 mg every 3 wesks), these data wers pooled.
The most common adverse reactions {oocuing in 220% of patients) ware fatigue, decreased appetite,
and dyspnea. Adverse reactions occwring i patients with HNSCC wers genarally simitar to those
aoeurring in patients with melanoma or NSCLO, with the exception of increasad incidences of facial
sdema {10% all Grades; 2.1% Grades 3-4) and new or worsening hypothyroidisny fsee Wamings and
Precaulions {5.4}}.
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cHL

Among the 210 patients with cHL enrolled in Study KEYNOTE-087 [see Clnical Studies (14.4)], the

madian durgtion of expostrs o KEYTRUDA was 8.4 months {range: 1 day to18.2 months), KEYTRUDA

was discontinued due o adverse reactions in 5% of patienis, and reatment was interrupted dus to

adverse reactions in 26%. Fiflesn percent {15%) of patients bad an adverss reaction requiring systemic
corticostaroid therapy, Serious adverse reactions ocourred in 16% of patients. The most frequent serous
adverse reactions (21%) included preumonia, pneumonilis, pyresia, dyspnea, graft versus host diseasse
and herpes zoster, Two patianis died from causes other than disease progression; one from QVHD atter

subsequent alfogenaic HSCT and one fram septic shook.

Tabde & surmnmarizes the adverse reactions that ocourred iy at teast 10% of patients treated with

KEYTRUDA

Table 8: Adverse Reactions in 210% of Patients with cHL in REYNOTE-Q87

KEYTRUDA
200 myg every 3 weeks
N=210
Adverse Reaction Alt Grades® Grade 3
(%) (Yo}
Ganeral Disnrders and Administration Site Conditions
Fatigus' 26 1.0
Paexia 24 1.0
“Hesgpiratory, Thoracic and Mediastinal Disorders
Cough’ 24 0.5
Dyspriea’ 11 1.0
Musculoskeletal and Connective Tissue Disorders
hiusculnskedetal pain” 21 1.0
Asthralgin 10 0.5
Gastreintestingl Disorders
Disrrheg” 20 1.4
Venviting 15 0
Nauses 13 0
Skin and Subcutaneous Tissue Disorders
Rash” 20 0.5
Pruntug 11 0
Endovrine Disgrders
Hypothyroidism 14 0.5
frfeciions and infestations
 Upper respicatory tract infection 13 0
Horveus System Disorders
Headache 11 05
Peripheral nauropathy’ 10 g

Graded per NCUCTCAE w0
tnciudes fatigue, asthenia
tncludes cough, praductive cough

UE Y e e 4

fnoludes Syspiea, dysprea exerions), wheszing
inciiies back pain, rvalgha, bune pain, musculoskefelal pain, pab in extearnify,

musciloskeleial chast pain, musculoskeletal discomfon, neok pain

inciudes disrrhea, gastaentaitis, onliils, enterdoolitis
nciudes rash, rash macuio-papuiarn, drug eruplion, eczema, eczema asteatolic;

Senratitis, dermatitis acneiform, dermatitis contact, rash erythematous, rash macubyr,
rash papular, rash pruritic, seborrhoeic dermatitis, dermatitis psoriasiform

paresthesia, dysesthesia, polyneuropathy

Other olinically important adverse reactions that ocourred in lgss than 10% of patients on KEYNOTE-087

included infusion reactions {8%), hyperfhyroidism (3%

each), and myelitis and myocarditis {0.5% each).
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Table 10: Selacted Laboratory Abnormalifies Worsaned from Bassline
Qoaurring in 218% of cHU Patients Raceiving KEYTRUDA iIn

KEYNOTEQSY
KEYTRUDA
200 mg every 3 woeks
Laboratory Test® Ali Grades* Grade 34
(%) %)

Chemistry
Hyperiransaminasemia® 34 1 F

Alksiine phosphatase increased 17 4]

Creatinine ncreased 15 0.5
Hematology

Aneraia 30 B

Thrombocyiopenia 27 4

Neutropenia 24 7

Sach test incidence is busad on the number of patisnts who had both baseline and at
imast one pn-study bboratory measwrement available: KEYTRUDA {range: 2081
208 patients}

T Graded per NG OTCAE v4.0

¥ ipcludes elevation of AST or ALT

Hyperbilirubinemia orcurred in less than 15% of patients on KEYNOTE-D87 (10% all Grades, 2.4% Grade
3-4},

PMBCL

Among tha 53 patients with PMBCL treated in KEYNOTETO fsee Clinical Sfudies (14.5}], the median
duration of exposure to KEYTRUDA was 3.5 months {range: 1 dayio 22.8 months), KEYTRUDA was
discontinuad due fo adverse reactions in 8% of patients, and treatment was interrupted due to adverse
regcetions in 15%. Twanty-five parcent of patients had an adverse reaction requiring systemic
corticostarold therapy. Serious adverse reactions bocurred in 26% of patients, and included arrhythmis
{4%). cardiac tamponade (2%}, myocardial infarction (2%, pericardial effusion (2%}, and pericarditis
{2%). Six {11%) patients died within 30 days of start of treatmeant,

Table 11 summarizes the advarse reactions that occurred in at least 10% of patients treated with
KEYTRUDA. Tahig 12 summarizes the incidence of laboratory abnormalities that pocurred in at least 15%
of patients receiving KEYTRUDA.
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Table 11: Adverse Reactions in 210% of Patients with PMBCL inn KEYNOTE-{ 7O

KEYTRUDA
200 mg svery 3 weeks
N=§3
Adverse Reaction Afl Grades® Grade 34
{%a} (%3
Musoulpskeletal and Connective Tissue Disorders
Musculoskelatal pair f 30 ] Iy
infections. and infestations
____ Mpper tasplralory teact infaction” i D
General Disorders and Administration Site Conditions
Pyrexia 28 0
Fatigue’ 23 2
Respicgtory, Thoracic and Mediastinal Disorders
 ought 26 2
Dyspnea 21 11
Gastrointestinal Disorders
Dianhea 13 2
Ahdominal pain® 13 0
o Nauses 1 0
Cargiac Disorders
Srchythenin” [ 11 I 4
Kervous System Disorders
Headache | 11 i 7]
Graded pey NCICTCAE v4.0

P {nchedes arthealyia, back pain, myalgia, musculoskeletal pain, pain in extremity,
musgiioskslatal chest pain, bone pain, neck pain, non-cardiac chest pain )
includes nasopharyngitis, pharyngitis, rhinorrhea, rhinitis, sinusitis, upper rgspivatory frast
infestion

¥ includes fatigus, asthenia

ﬁ. cudes allergic tough, cough. productive Sough
¥ inpludes disrties, gastroenteritis

s inchucies abdominal pain, shdomvnal pain upper

nchades gty ftnilation, siaes tachycardis, supaventicelar iachyosrdia; tachycardia

Cther clinically important adverse reactions that otcurred in less than 10% of patients in KEYNOTE-170
included hypothyraidism (8%, hyperthyraidism and pericarditis (4% sach), and thyroiditis, pericardial
sffusion, pneumonilis, arthritis and acute kidney injury {2% each).
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Table 12 Laboratory Abnormatities Worsened from Baseline Occurring
in 215% of PMBCL Patients Recelving KEYTRUDA in KEYNOTE-170

KEYTRUDA
200 myg avery 3 woeks
Laboratory Test* Al Grades’ Grade 34
%) %)
Chemistry
____Hyperglyoemia 38 4
Hypophosphatemia 29 10
Hyperransaninasemia® 27 4
Hypoglysemia 19 0
Atkaline phosphatase increased 17 0
Creatining indreased 17 0
Hyoocgicenig 15 4
Hypokatemia 15 4
Hematology
Angroia 47 0
Legkopania 35 9
Lymphopaia 32 18
Neutropenia 30 11

* Each fest incidence is based on the number of patients who had both baseline and af
lsast one on-shudy fabomtory messurement avallalile: KEYTRUDA {range: 93 fo
48 patients)

o Graded pes NCI CTCAE w3.0

¥ hcludes elavation of AST or ALY

{irothelial Carcinoma

Cloplatin ineligible Patients with Urothelial Carcinoma

The safaly of KEYTRUDA was investigated in Study KEYNOTE-052, 2 single-arm trial that enralied

370 patients with locally advanced or metastatic urothelial carcinoma who were not eligible for cisplatin-
containing chemotherapy. Patients with autairmmiune disease or medical conditions that required systemic
corticastercits or other immunosuppressive medications ware ingligible. Patients received KEYTRLUDA
200 myg evary 3 waeks until unaccepiable toxicity or either radiographic or clinical disease progression.
The median Surationr of exposyre to KEYTRUDA was 2.8 months (range: 1. dsy fo15.8 months)

The most common adverse reactions {(reported in at least 20% of patienis) were faligue, musculoskeletal
pain, decreasad appetite, constipation, rash and digrchea. KEYTRUDA was disgontinued dus to adverse
reactions in 11% of patients. Eighteen patients (3%) died from causes other than disesse progression,
Five patients {1.4%) who were freated with KEYTRUDA experienced sepsis which led 1o death, and twee
patients {0.8%: experienced prneumonia which led to death. Adverse reactions leading lo interruption of
KEYTRUDA vecurred in 22% of patients; the most common (21%) were liver enzyme increase, diarrhea,
urinary tract infection, acute Kidney injury, fatigue, joint pain, and pneumonia. Sericus adverse reactions
oocurred in 42% of patients. The most frequent serious adverse reactions (52%) were urinary tract
infaction, hematuria, acule Kidney Injury, pneumonia, and urosepsis.

bnmung-related adverse reactions that required systemic glucocorticoids oocutred in 8% of patients, use
of hormonal supplementation due fo an immune-related adverse reaction ocoummed in 8% of patients, and
5% of patients reguired at laast one stercid dose 240 mg oral prednisone eguivatant,

Table 13:summatizes the incidence of adverse reactions occurring in at least 1% of patients recaiving
KEYTRUDA.
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Table 13: Adverse Reactions Qccurring in 210% of Patients Receiving KEYTRUDA in

KEYNOTE-352
KEYTRUDA
200 mg every 3 weeks
WN=378

Adverse Reagtion Al Grades® Grades 3~ 4

{955} 5%}
Al Adverse Reactions o8 49
Blood and Lymphatic System Disorders
Anemia i 17 7
Gastrointestinal Disorders
Constigaton 21 1.1
Diarhiea’ 20 24
Nauses 18 1.1
Abdomiral paint 18 27
Elevated LFTs® 13 3.5
\omiting 12 4]
General Disorders and Administration Site Conditions
Faligue® 38 6

 Pyrexda 11 05 .

Waight desreased 10 0
Infections and Infestations
Liringry ract infection | 19 9
Metabolism and Nutrition Disorders
Decreased appetite 22 1.6
Hyponalremia 10 4.1
Musculpshieistal and Connective Tissue Disorders
Musculoskeletal pain® 24 49
Arthralgia 10 1.1
Renal and Uyinary Disorders
Bloud ceeatisine 1 1.1
inareased
Hanaturia 13 3.0
Respiratory, Thoracic, and Mediastinal Disorders
Cough 14 0
Dyspnes 11 0.5
Skin and Subcutaneous Tissue Disorders
Rash' 21 0.5
Proritus 19 0.3
Edema peripheral 14 1.1

. raded per NCI CTCAE v4.0

Y includes diarrhea, colitis, enterocolitis, gastroenteritis, frequent bowel
movements

includes abdominal pain, pelvic pain, flank pain; sbdurainal pain lower,
fnvior pain, biadder pain, hepatic pain, supragubic pain, abdominat
whsccentart, abdomnal pain uppsy

hcfudes avtoimmune hepatitis, begalils, hepaliiis toxic, Heer injury,
feansamingses increased, hyperbilinddneria; blood bifinddin incesased,
alanne aminvttansferase inoréased, aspariate aminotransiease
increased, hepatic enzymes noreased, ver function tests increased

Y ncdudey fatigus, asthenia

hrctiides Dack pain, bone paiy, muscuinskelatal chaest pawy,;
musculoshetetal pain, myaigia, neck pain, pain i extremity, spinal pain
frciudes deryaatis, deymatitis Bulious, screma, eryibiems, rash, rash
macularn, resh maculo-papdar, resh prantic; resh pustulsr, shin reaction,
gematils aonefonyy, sebonheic dermatitis, paimar-planiar
grythrodysasthesia syndronte, rash generalized

¥

K

Previously Treated Urgthelial Carcinoma
The safely of KEYTRUDA for the treatment of patients with locally advanced or metastatic urothelial
carcinoma with disease progression following platinum-coniaining chemotherapy was investigated in
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Study KEYNOTE-045. KEYNOTE-045 was a nmulticenter, open-label, randomized {11}, active-controlled
frial in which 266 patients received KEYTRUDA 200 my every 3 weeks or investigator's choice of
chemotherapy (1S58}, consisting of paciitaxel (n=84), docetaxal (n=84} or vinflunine (n=87} fsee Clinical
Studies {14.6}], Patients with awtoimmuns dissase or g medical condition that required systemic
cotticoataroids or other immunosuppressive medications were ineligitle. The median duration of
exposure was 3.5 months {range: 1 day 0 20 manths) in patients who received KEYTRUDA and

1.5 months {range’ 1 day to 14 months} in patients who reselved chemotherapy,

KEYTRUDA was discontinued due 1o gdverse reactions in 8% of patients. The most conymon adversa
reaction resulting in permaneant discontinuation of KEYTRUDA was prisumonitis {1.9%). Adverse
reactions feading to interruption of KEYTRUDA ccoured in 20% of patients; the most commoarn (31%:)
wera yrinary fract infection {1.5%), disrrhea (1.5%), and colitis {1.1%}. The most common adverse
reactions {occurring n al least 20% of patients who recsived KEYTRUDA} were fatigue, muscudoskeletal
paln, pruritug, decreased appetite, nausea and rash. Serious adverse reactions cocurred in 39% of
KEYTRUDA-treated patients. The most frequent serious adverse reactions (22%} in KEYTRUDA-reated
patients were urinary tradd infection, pneumonis, anemia, and prisumonitis.

Table 14 summarizas the incidence of adverse reactions ccourring in‘atieast 10% of patients recelving
KEYTRUDA. Table 18 summarizes the incidence of laboratory abnormalities that ogcurred in at jeast 20%
of patients receiving KEYTRUDA.
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Table 14: Adverse Reactions Qccurring in 210% of Patients Receiving KEYTRUDA in

KEYNOTE-045
KEYTRUDA Chemotherapy®
200 myg every 2 weeks
a=366 =285
Adverse Reaction At Grades” | Grade 34 | AH Grades' Grade 34
(%) %) (%) {%)
Giastrointestingd Disorders
Nausea 21 1.1 29 1.6
Constipation 19 1.1 32 3.1
Diartheg™ 18 2.3 18 1.6
Yomiting S N - S M. 3 0.4
Abdominat pain 13 11 13 2.7
General Dissrders and Administrstion Site Conditions )
Fatigus® 38 435 58 11
Pyrexia 14 0.8 13 12
infections and infestations
Unnary tract infection | 15 [ 4.9 [ 14 [ 4.3
Metabolism and Mudrition Disorders
.. Decreased appstite | 21 [ 38 | 21 I 1.2
Muscuioskelatal and Connestive Tissue Disorders
 Musculoskeletal pain® i 33 i 34 i 27 [ 2.0
Renal and Wrinary Disorders
Hematuria® | 12 P23 1 8 | 16
Respirstory, Thoracic and Mediastinal Disorders
Cough’ 15 04 9 0
Qyspnea” 14 1.9 12 1.2
Skiry angd Subcutaneous Tissue Disorders
Pruritus 23 0 [ 0.4
Rash® 20 Q4 13 0.4

¢ Chematherpy: paclitaxel, docetaxel, o vinfunine

Braded par NCICQTOAE vA 0

includes disrchea, gastroenteritis, colifls, entercotitis

includes asthiania, fatigue, malaise lethargy

includes back pain; myalgia; bone pain, musculoshalatal pain, pain in extremity, musculoskeletat
chiest pain, muscaibskeletal discorfort, neck pain

ncihudes blood wine present, hematuna, chromaturia

inciudes cough, produchve cough

nciudes dyspaen, dyspaas exeriional wheesing

includes rash macdo-papudar, rash genital rash, rash erythermatous, rash gapuwlar, rash praritic,
rash pustular; endberaa, diug srupltion, ecrema, sczema asteatolic, deamatitls contaa, depmatitis
acnaiform, dermatiis, sehortioeic keratosis, lichenoid keralosis

T 4

oo
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Table 15: Laboratory Abnormalities Worsenad from Basaling Occurring in 220% of Urothelial
Carcinoma Patients Recsiving KEYTRUDA in KEYNOTE-045

KEYTRODA Chemothseapy
,,,,,, 200 mg every 3weeks |
Laboratory Test* Al Gi-fadas-’ Gra{:}qes 3.4 A G;rades" @mzﬁ:ﬁs 34
% % % F e
Chemistry
Ghicose incregsed 52 8 &0 7
Hempglobin dacreased 52 13 &3 18
Lymphonyies decrassed 45 15 83 ) 25
Alturnin decreassd 43 17 ki 38
Soditn decreasad 37 g 47 13
Adkgline phosphatase gregged 37 7 33 358
Creatinine worsased 35 A4 28 28
Phosphate decreased 28 8 34 14
Aspartate aminotransferase increased 28 4.1 20 25
Poigssiom inoreased B %3 27 &
Cafchum decreasad 26 1.8 34 2.1

v Eanh test incidencs is bazad on the number of patients who had hoth bassling and at lsast one ore-shudy
isbaratary measiremeant gvailable: KEYTRUDA ranga: 240 %0 248 patisndafand chemotherspy fangs: 238
{0 244 patients); phosphate decreased’ KEYTRUDA 11=232 and chenotherapy n=222.

¥ Graded ger NCLOTOAE 4.0

Gastre Cancer

Ampng the 288 patients with gastric cancer enrolled in Study KEYNQTE-Q59, the median duration of
gxposure 1o KEYTRUDA was 2.1 months {range: 1 day to 21.4 months). Patients with sutoimimune
dissase oF & medical condition that required immunosuppression or with clinical evidence of ascites by
physical exam wers ineligible.

Adverse reaclions occurting in patients with gastric cancer were similar to those occurring in patients with
melanoma or NSCLC.

Cervical Cancer

Among the 28 patients with cavical cancer enrolied it Cohort E of Study KEYNUOTE- 158, the median
duration of exposure 1o KEYTRUDA was 2.9 months {range: 1 day to 221 months). Patients with
autoimmune disegse or g medical condition that required immunosupprassion were insligible.

KEYTRUDA was discontinued due o adverse reactions int 8% of patienis. Ssrious adverse reactions
aecurred in 38% of patients receiving KEYTRUDA. The most frequent serious adverse reactions reported
included anemia (7%, fistula (4.1%), hemorrhage (4.1%), and infections [except UTis] {4.1%:}.
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Table 16 summarizes the advarse reactions ogcwiring in at least 10% of patients receiving KEYTRUDA.

Tabile 18 Adverse Reactions Quourring in 210% of Patients with Cervical

KEYTRUDA
208 g every 3 weeks
b Nem8
Adverse Reaclion Al Grades” Grades 3~ 4
e (%} L0 N
General Disorders and Adminisiration Site Conditions
F’atig\u@’ 43 5
Paiy 22 2.0
Pyraxia 19 1.0
Edema peripheral 15 2.0
Musculoshkeletal and Connective Tissue Disorders
Muscuioskeletal pain’ | 27 | 5
Gastrointestinal Disorders
Diarchea” 23 2.0
Abdominal pain” 22 3.1
Nauses 19 0
~ Vomiting 10 1.0
Constipation 14 8]
MetaboBsmy and Nutrition Disorders
Diecreased agpetite | 21 | 0
Vasoutar Disarders
Hemuorge | 19 | 5
infections and Infestations
UTr 18 6
infaciion {gxeept UTH' 16 4.1
Skin and Subsuianeous Tissue Disorders
Rash | 17 | 2.0
Endocrine Disarders
Hypothyroidiam | 11 | 0
Nervous System Disorders
Headache | 11 | 20
Resapiratory, Thoracic and Mediastinal Disorders
~ Dysgosa | 10 | 1.0

* Graded per NG CTCAE v4.0

T inchales asthenis, fabigus, lethamy, malaise

b ncludes breast pain, cancer pain, dysesthesia, dysuria, gar pain, gingival pain,
geoin pain, lymph nade pain, orapharyngsat pain, pain, pain of sking pelvic pain,
radicutar pain, stoma site pain, tothache

Includes edems peripheral; peripheral swalling

inchedes arthiealgia, bank pafs, mosculcskeietal chesl pain, mnsaulaskelets)
pain, wyaligie, royosits, neck gain, non-nardise chiest pain, pain in extremify
inclades colitis, tharchea, gastrosnteritis

includes abdomingt discomfor!, abdominat distension, ghdomingf pain,
abdominal pain Jower, abdongnal paie uppey

Includes epstaxis, hamatuny, hemoplyaia, malforrhagia, resist hamorhage,
wtgring hernarrhage, vaginat hemaenthage

ingludies baclerial pyetonephritls, prelonephrtis aouds, urinuey tract infection,
aringry ract infection bacterial, urinary tract infachion pesudomunal, urdsepsis
inchaddes cellulitis, clostridium difficile infection, device-related infection,
Rpeema, arysipelas, herpes virus infection, infected neoplasm, infection,
inflasnza, lower respiratory tract congestion, fung infection, oral candidiasis,
oral fungal infection, osteomyelitis, pseudomonas infection, respiratory tract
infection, tooth abscess, upper respiratory tract infection, uterine abscess,
viheovaginal candidiasis

includes dermatitis, Srug sruption, sczems, arvihema, palmar-plantar
stytheodysesthesia syndrome, rash, rash gensratized, rash macuin-papular
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Table 17 summarizes the laboratory abnormalities that occurred in at least 20% of pafignts receiving
KEYTRUDA.

Tabde 17: Laboratory Abnormalitiss Worsened from Baseline Qccurring
in 220% of Patients with Cervical Cancar in KEYNOQTE-158

KEYTRUDA
200 mg avery 3 woeks
Laboratory Test* Al Grades’ Grane 3-4
(%3 %)
Chemistey ]
Hyoosbuminemia 44 5
Adkaline phosphatase increased 42 2.6
Hyponatremia 38 13
Hyparglyoenta 38 1.3
Azpaniate aninotransferase increased 34 a8
__Creatinine increased 32 5
_Hypocsteanig 27 0
Alznine aminotransferase increased 21 3.9
yookatemia 20 6
Hematology
Aneria 54 24
Lymphaooyie count decreased 47 a

* Eachiestincidence is based on the number of patients who had both basaiine and at
isagt ore of-study Jaboratory measurement available: KEYTRUDRA (range: 76 1o
78 patients}

T Giraded ger NCICTOAE W0

Cther laboratory abnormalities ocousring in 210% of patients receiving KEYTRUDA wave
hypophosphatamia {18% all Grades; §% Grades 34}, INR increased (19% 2l Crades; (1% Grades 3-4),
hyperncalcemia {(14% all Grades; 2.86% {rades 3-4), platelet count decraased {14% all Grades; 1.3%
Grades 3-4), activated partial thrombopiastin time prolongsd (14% all Grades; 0% Graddss 3-43,
hypoglycemia {(13% all Grades; 1.3% Grades 3+4}, white blood cell decreased {13% all Grades; 2.68%
Grades 3-4), and hyperkalemia {13% all Grades; 1.5% Grades 3.4}

8.2 Immunogenicity

As with ali therapeutic proteing, there ig the potential for Inmunagenicity. The detection of antibody
formation is highly dependent on the sensitivily and specificily of the assay. Additionally, the observed
incidence of antibody {including neutralizing antibody) positivity In an assay may be influenced by several
factors, including assay mathodology, sample handling, timing of sample coliection, concormitant
medications, and underlying disease. For these reasons, comparison of incidence of antihodies o
pambrolizumab in the studies described below with the incidences of antibodies in other studies or to
other products may be misleading.

Trough levels of pembrolizumab interfere with the electrochemiluminescent (ECL) assay results;
therefors, & subset analysis was performed in the palients with g concaniration of penbrolizumab below
the drug tolerance level of the anti-product antibody assay. In clinical studies in patients reated with
pembrofizumals af a dose of 2 mykg every 3 weeks, 200 myg every 3 weaks, or 10.mg/kg every 2 or
Iweeks, 27 (2.1%) of 1289 evaluable patients tested positive Tor iregtmentemergent anti-pembrolizumab
antibodies of whom six {(0.5% ) patients had neutralizing antibodies against pembrolizamab. There was no
gvidence of an altered pharmacokinetic profile or increased infusion reactions with anti-pembrolizumab
binding antibody development.

8 USE IN SPECIFIC POPULATIONS

8.1  Pregnancy
Rish Swmmary
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Based on its machanism of action, KEYTRUDA can cause fetal harm when administerad 1o a pragnant
woman. In animal models, the PD-1/PD-L1 signaling pathway is important in the mainferance of
pregnancy through induction of maternal inmune tolerance to fetal tssue fsee Dafgl Human IgG4
{immmunogichuline ) are knowyio cross the placenta; therefore, pemibrolizumab bas the potential to be
transmitied from the mother o the developing fetus. Thers are no available human data informing the risk
of embryo-faial oxicity. Apprise pregnant women of the potential risk 1oz fetus.

In the U.8. general population, the estimated background risk of major birth defects and miscamiage in
clinically recognized pragnancies s 2-4% and 15:20%, respactively.

Data

Animai Dala

Animal reproduction studies have not been conductad with KEYTRUDA to evaluate iis effect on
reproduction and fetal development, bul an assessment of the effects on reproduction was provided. A
central function of the PD-1/P-L1 pathway is to preserve pregnancy by maintaining maternal immune
tolerance o the fetus. Blockade of PD-L1 signaling has been shown in murineg models of pragnancy io
disrupt tolerance to the fetus and fo resull in an increase in fetal loss; therefore, potential risks of
administering KEYTRUDA during pregnancy include increased rates of rbartion or stithirth. As reported
i the literature, there were ne malformations refated to the blockade of PD-1 signaling i the offspring of
these animals; however, immune-mediated disorders occurred in PD-1 knockout mice, Based on its
mechanism of action, fetal expasure to pembrolizumab may increase the risk of devaloping Immune-
mediated disorders or of altering the normal imnuine response.

8.2 Lactation

Risk Summary

i is not known whether KEYTRUDA is excreted in human milk. No studies have been conducted to
assess the impact of KEYTRUDA on milk production or #is pressnce irvbreast milk, Because many drugs
are exgreted in human millk, instruct women (o discontinue nursing during treatment with KEYTRUDA and
for 4 months after the final dose.

8.3 Females and Males of Reproductive Patential

Caontraception

Based on iis mechanism of action, KEYTRUDA can cause fetal harm when administered to a pregnant
waoman [see Wamings shd Precautions {8.11) and Use In Specific Popudations (81)] Advise females of
raproductive potential fo use effective contraception during freatment with KEYTRUDA and for at least
4 raonths followdng the final dose.

8.4 Pediatric Use

There is limited expetience with KEYTRUDA in padialric patients. In & study, 40 pedialvic patients

{18 children ages 2 years to less than 12 years and 24 adolescants agses 12 years o 18 years) with
advanced melanoma, lymphoma, or FD-LT positive advanced, relapeed, or refractory solid tumors were
administersd KEYTRUDA 2 mgfkg every 3 weeks. Patients received KEYTRUDA for & median of 3 doses
{range: 1-17 doses), with 34 patients {88%:;) receiving KEYTRUDA for 2 doses or more. The
concentrations of pembrolizumab in pediatiic patients wers comparable 1o those observed in adult
patients al the same dose regimen of 2 mg/kg svery 3 weeks,

The safety profile in these pediatric patients was similar to that seen in adulls treated with
pembrolizumah; toxicilies that ocourred at a bigher rats (2158% diference) in pediainc patients when
compared to adulls under 85 years of age were fatique (45%), vomiting {38%}. abdominal pain {28%),
rypertransaminasemia (28%) and hyponatremia (18%1.

Efficacy for pediatric patients with oHL, PMBCL or MB{-M cancers is exirapolated from the results in the
respective adull populations fsee Clinical Sfudies {14.4, 14.5, 147
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8.5 QGeriatric Use

OF 38871 patisnts with melanoma, NSCLC, HNSCC, ¢Hl or urothelial carcinoma who were traated with
KEYTRUDA in clinical studies, 48% were 65 yaars and over and 16% weve 75 vears and ovar, No ovarall
differences in safsty or effectiveness were chserved hebwaen slidsrly patients and younger patients.

18 OVERDOSAGE
There is no information on overdosage with KEYTRUDA.
11 DESCRIPTION

Pembrolizumab is & humanized monocdional antiiody that blocks the intaraction between PR andits
figands, PD-Lt and PD-L2. Pembrolizumal s an 1964 kappa immunogiobulin with an approximate
molecular waight of 148 kDa. Pembrolizumab I8 produced in reconbinant Chingse hamster ovary (CHO)
cadis.

KEYTRUDA for injection is a sterile, preservative-free, white to off-white lyophilized powder in single-dose
vials, Each vial is reconstiuied and difuled for indravenous infusion. BEach 2 mib. of reconstitited sohation
contains 50 mg of pemiyolizumab and is formulated in L-histidine (3.1 mg), polysorbate 80 (0.4 mg), and
sucrose (140 my). May contain hydrochloric acidisodium hydroxide lo adjust gH 1o 8.5

KEYTRUDA injection is a sterile, preservative-free, claar o slightly opalescant, colorless fo slightly yellow
sofution that requives dilution for infravenous infusion. Each vial contains 100 mg of pembrolizumab in

4 ml of solution. Each 1 mb of solution contains 25 mg of pembrolizurmnal and is formulated in: L-histidine
{1.55 mygj, polysorbate 80 (0.2 my), sucrose (70 mg), and Waler for Injection, USP.

12 CLINICAL PHARMACOLOGY

121 Mechanism of Action

Binging of the PD-1 ligands, PD-L1 and PL-L2, o the PDR-1 receptor found on T cells, inhibits T cell
profiferation and cytokine proditction. Ugregudation of PD-1 ligands oecurs in some tumors and signaling
through this pathway can contribute fo inhibition of active T-cell immuine surveillance of tumors.
Pembrolizumab is & monocional antibody that binds {o the PD-1 receptor and blocks its interaction with
PD-L1T and PR-L2, releasing PD-1 pathway-mediated inhibition of the immune response, including the
anti-tumor immune response. In syngeneic mouse tumor models, blocking PD-1 activity resulted in
decreased tumor growth.

122 Pharmgcodynamics

Based on dosefexposure efficacy and safety relationships, there are no clinically significant differances in
efficacy and safety betwesn pembrolizumab doses of 200 mg or 2 mg/kg every 3 weeks in patients with
melanoma of NSCLC!

143 Pharmacokinetics

The pharmacokinatics {(PK) of pembrolizumab was characterized using & population PK analysis with
concentration data collected from 2993 patients with various cancers who recelvad pembrolizumal doses
of 116 10 mo/ikg every 2 weeks, 2 io 10 mglkg every 3 weeks; or 200 mg every 3 weeks. Pembrolizumab
clenrance {CV%) s approximately 23% lower [geometric mean. 135 miiday {(40%)] at steady state than
that after the first dose {252 mbfday (37%)]; this decraase in clearance with ime s not considered
clinically important. The geometric mean value {CV%) for volume of distribution at steady stateis 8.0 L
{20%;) and Tor terminal haif-life (.} is 22 days (32%).

Steady-state concentrations of pembrolizumab were reached by 16 weeks of repeated dosing with an
avery 3-week regimen and the systemic accumulation was 2. 1-fold. The peak concentration {Chal, trough

concentration (G}, and ares under the plasma concentration versus ime curve at steady state (AUC)
of pembrolizumab increased dose proportionally in the dose range of 2 {o 10 mo/ky every 3 weaeks,
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Specific Popudations: The following factors had no clinically important effect on the CL of pambrofizurmab:
age {rangs: 18 to 94 years), sex, race {80% While), renal impairmant (eGFR greater than or equal fo

15 mbiminy1.73 m™y, milld hepatic impairment (fotal bilirubin less than o equsl to upper limit of normal
{ULN) and AST greater than ULN or total bilirubin between 1 and 1.5 imes ULN and any AST), or tiwmor
burdsn. There is insufficient information to determine whether there are clinically important differences in
the CL of pembrolizumal in petients with moderale or severe hepatic impairment. Pembralizumab
concentrations with weight-based dusing at 2 miglkg every 3 weeks in pedistric patients {2 to 17 years)
are comparabis to thosa of aduls at the same dose.

13 NONCLINICAL TOXICOLOGY

131 Carcinogenesis, Mutagenesis, impairment of Fertility
No studies have been performed {otest the potential of pembrofizumab for carcinogenicity or
genotoxicity.

Fertility studies have not been conducted with pembrolizumab. In 1-month and 6-month repeat-dose
toxicalogy studias inn monkeys, thera weare no notable effects in the male and famale reproductive organs;
however, most animals in these studies were not sexually mature.

132 Asimal Toxicology smdlor Pharmacology

th animal models, inhibition of PD-1 signaling resulted in an increased severly of some infections and
snhanced inflamnyatory responses. M, tubstculosis-infected PO-1 knockout mice exhibit matkedly
decreased survival compared with wild-type controds, which correlated with increased bacterial
profiferation and inflammatory responses in these animals: PD-1 knockout mice have glso shown
degreased survival following infection with lymphocytic choriomeningitis virus (LCMV}. Administrationof
pambrolizumal in chinpanzess with naturally occurring chronic hepatitis B infection resulted intwo owt of
four animals with significantly increased leveds of serum ALT, AST, and GGT, which persisted for at least
1 month after discontinuation of pembrolizumal.

14 CLUINICAL STUDIES

141 Melanoms

Ipiimumab-Naive Melanoma

The safety and sfficacy of KEYTRUDA were evaluated in Study KEYNOTE-QOS (NCTO1866319), a
randomized (1:1:1), opendabel, multicenter, active~controlied trial. Patients were randonmized to receive
KEYTRUDA st a dose of 10 mg/kg every 2 weeks or 10mgfkg every 3 wesks as an infravenous infusion
uniil disease progression or unacceptable toxiclty or to ipibmumalb 3 mg/kg every 3 weeks asan
intravanous infusion for 4 doses unless discontinued earlier for disease progression or unacgeptable
foxicity. Patients with disease progression could receive additonal doses of reatment unless diseass
progression was symplomatic, was rapidly progressive, required urgent infervention, occurred with @
decling in performancs status, or was confirmead at 4 to 8 weshs with repeat imaging. Randomization was
stratified by line of therapy {0 va. 1), ECOG BS (D vs, 13, and PO-L1 sxpression (1% of tumor gelis
fpositivel ve. <1%-of tumor cells fnsgatival} according fo an investigational use only {JUD) assay. Key
sligibility criteria were wresectabls or metastatic melanoma; no prior ipilinumaly, and no more than one
prior systemic treatment for metastatic melanoma. Patients with BRAF VBOOE mutation-positiva
melanoma were not reguired o have received prior BRAF inhibitor therapy. Patients with autoimmune
gdisegse;-a medical condition that required immunosupprassion; previous savers hypersansitivity o other
monocianal antibodies; and HIV, hepatilis B of hepatitis C infaction, were ineligible. Assessmant of tumar
status was performed at 12 weeks, then every & waeks through Week 48, followed by every 12 weeks
thereafier. The major efficacy ouicome measures were overall survival {O8) and progression-free sunvival
{PFS; as assessad by blinded independent central review (BICR} using Response Bvaluation Criteria in
Solid Tumors [RECIST v1.1]). Additional efficacy outcome measures were overall respanse rate {ORR)
and rasponse duration,

A total of 834 patients were randomized: 277 patients to the KEYTRUDA 10 mg/kg every 3 wasks am,
279 to the KEYTRUDA 10 mglkg evary 2 weeks anm, and 278 1o the ipliimumab arm. The study
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population characteristics were: median age of 62 years {rangs: 18 to 83 years), 80% male, 88% White,
86% had no prior sysfemic therapy for melasiatic diseass, 88% ECOG PS of 0, 80% had PD-L 1 positive
melanoma, 18% bad PD-UT negative melanoma, and 2% had unknown PD-L1 status using the UG
assay. 55% had Mic stage dissase, §8% with normal LDH, 36% with raported BRAF mutation-positive
melanoma, and 8% with g history of brain melastases. Among patients with BRAF mudation-positive
melanoma, 138 (46%) were previously treated with a BRAF inhilsitor,

The study demonstrated siatistizally significant improvements in OS5 and PF§ for patients randonsized o
KEYTRUDA as compared toipilimumat (Table 18 and Figure 1},

Table 18: Efficacy Resuits in KEYNOTE-(0&

KEYTRUDRA KEYTRUDA ipilinnsnab
13 myikg avery 18 mgikg svery 3 ragikg avery
3 weeks 2 weeks 3 weeks
n=277 n=279 n=278
G&
Deaths (%) 92 (33%) 85 (30%) 112 (40%)
Hazard atie® (95% CH 0.69 (0.52, 0.90) 0.83 (0.47,0.83)
peVatus {steatified jogrank) 0.004 <0.001 ---
PFS by BICR
Evenis (31 157 (67%) 157 (56%) 188 (68%)

Median by months {(88% Cl)

4.1(2.9,6.9)

5.5(34,6.9)

2.8(2.8,29)

Hgzard ratio” (85% Ciy

0.58 (0.47,0.72)

0.58 (0.46,0.72)

__gValue {stratified log-rank}

s AL S S

2L I

Bestoverall response by BICR |

ORR (5% Cl} 33% (27, 3% 34%% gS A0 12% {8 16}
Complete response rate % 5% 1%
Partial response rae 27% 29% 10%

st

* Mazard ratio (KEYTRUDA compared to ipilimumab) based on the stratified Cox proportional hazard

Among the 91 patients randomized to KEYTRUDA 10 my/kg every 3 weeks with an objective response,
response duralions ranged from 1.4+ (0 8.1+ months. Among the 84 patients randomized o KEYTRUDA
10 mglkg every 2 weeks with an objective response, response durations ranged from 1.4+ t0 8.2 months.
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Figure 1 Kapian -Meter Curve for Qverall Survival in KEYNOTE-006*
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ipflimurnab-Refractory Melanoma

The safsty and efficacy of KEYTRUDA wate svaluated in Study KEYNOTE-QO2 (NCTO1704287). a
multicenter, randomized {1:1:1}, active-sontrofied irial. Patients wera randomized o recaive one of two
doses of KEYTRUDA in 2 blinded fashion o vestigator's choice chammiherapy. The traatment ams
consisted of KEYTRUDA 2 mgikg or 10 mgikg intravenously every 3 wasks or investigator 5 choice of any
of the following chemotherapy regimens: dacarbazing 1000 mg/im” infravenously every 3. weeks (26%),
temozolomide 200 mg/m orally once dany for 5 days every 28 days (25%), carboplatin AUC 6
intravenously plus paclitaxel 225 mgim” intravenously evary 3 waeks for four cycles then carbopiat:n AUC
of § plus pactitaxel 175 mg/im” every 3 weeks (25%), paoiataxe! 175 mgim” intravenpusly every 3 weeks
{16%). or carboplatin ALUC & or § intravenously svery 3 waesks {8%). Randomization was stralified by
ECOG performance status (¢ vs. 1}, LDH levels (normal veelevated [21716% ULN]) and BRAF V6Q0
muadation status {(witd-ype [WT] or VEOOE). The trial included patients with unrasectable or metasiatic
metanoma with progression of disease; refractory to two or more doses of ipitimuniab (3 mgikg or bigher)
and, if BRAF V800 mutation-positive, & BRAF or MEK inhibitor; and disease progression within 24 weeks
following the hast dose of ipiliminnab. The trial excluded patients with-uveal melanoma and active brain
metastasis. Patients recaived KEYTRUDA untit unacceptable foxisily; disease progression that was
symplonatic, was rapidly progressive, required urgent intervention, ocourred with a decling in
perdormance status, or was confirmed at 4 to 6 weeks with repeat imaging; withdrawal of consent or
physician’s decision {o stop therapy for the patient. Assessmeant of tumor status was performed at

12 weeks after randomization, then every 6 weeks through week 48, followed by every 12 weeks
thereafter. Patlents on chemaothetapy who experienced progression of disease were offered KEYTRUDA,
The major efficacy outcomes werg progression-free sundval (PFE) as assessead by BICR per RECIST
vi.1 and overall survival {O8). Additional efficacy oulcome measures were confirmed overall response
rate {ORR) as assessed by BICR per RECIST vi1.1 and duration of response.
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The treatment arms consisted of KEYTRUDA 2 mgikg (=180} or 10 mgtkg (n=181) every 3 weeks or
investigator’s choice chemotherapy {(n=179). Among the 540 randomized patignts, the median age was
82 years {range: 15 1o 82 ysars), with 43% age 65 or older; §1% male; 98% White; and ECOG
performance score was 0 (55%) and 1 {45%). Tweniy-three percent of patients ware BRAF V&00
mutation positive, 40% had elevated LDH at baseling, 82% had Mic diseass, and 73% had wo or move
prior therapies for advanced ormetastatic disease.

The study demonsiraled a statistically sighificant improvement in PFS for patiends randomized to
KEYTRUDA as compared to control arm {Table 18). There was no sialistically significant differance
between KEYTRUDA 2 mgihkg and chemotherapy or batwesn KEYTRUDA 10 mafkg and chemotharapy
in the O3 analysis in which 55% of the pafisnts who had been randomized to receive chemotherapy had
crossed overto receive KEYTRUDA

Table 19: Efficacy Results in KEYNOTE-002

KEYTRUDA KEYTRUDA Chemotherapy
2 mglkg every 10 mg/kg every
3 weeks 3 weeks
=180 =381 n=iTH

Progression-Frez Survival

Numberof Events. n %) 128 (72%) 128 {70%) 158 (87%y

Progression, n (%} 105 (58%) 107 {58%} 134 {75%)

Death, n {%) 24 (13%} 19 (10%]) 29 {'12%)

Mediarvin months {858% Ch 2.98(2.8,3.8) 2.8(28,4.7) 2.7(25,2.8)

pValue (siratified tag-rank) <0.001 <0.001

Hazaed ratic” {(85% G 0.57 (0.45,0.73) 0.50 (0.39, 0.64) —
COverall Survivall

Denths (36} 123 188%} 117 {85%} T8 {T2%}

Hazaed ratio” (85% Ch $HA8{0 87, 11 Q.74 {0.57. 0.98} e

p-Value (steatified log-rank) 8117 D011

Median i months {85% Qly 134 {11.0, 184} 12011.3,18.5) 11088, 13.8)
Objective Response Rate oo

QRR{(95% Ch 21% {15, 28) 25% (19, 32) 4% (2,8}

Cornplete response rate 2% 3% 0%
Partiat responsa rale 19% 23% 454

* Hazeed ralio (KEYTRUDA comparad i chemothempy) basad on the steatified Cox proporional hazard

modal
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Figure 2: Kaplan-Meier Curve for Progression-Free Survival in KEYNOTEQOZ
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Among the 38 patients randomized to KEYTRUDA 2 mgfkg with an objective response, response
durations ranged from 1.3+ to 11.5+ months, Among the 46 patients randomized to KEYTRUDA
10 gy with an objective response, response durations ranged from 1.1+ 1o 11,1+ months.

14.2 Non-Small Cell Lung Cancer

Firstling treatment of metastatic NSCLD a5 a3 single agent

Study KEYNOTE-324 (NOCTO2142738) was & randomized, multicenter, open-label, sctive-controlied irial

in patients with metastatic NSCLE, whose tumors had high PD-L1 exprassion [Jumor proportion score

{TPS)of 50% or greater] by an immunchistochemisiry assay using the PR-L1 IHC 2203 phamDx Kit,

and had not recelved prior systemic traatment for metastatic NSCLC. Patlients with EGFR ar ALK

genomic tumor aberrations; audoimmune disease that required systemic therapy within 2 years of
treatment; 8 medical condition that required immunosuppression; of who had received more than 30 Gy
of radiation in the thoracic region within the priar 26 weeks of initiation of study were insligible.

Randomization was stralifisd by ECOG performancs status (0 vs. 1), histology {squamous vs.

nonsquamons}, and geographic region {East Asia vs. non-East Asia). Patients ware randomized {1:1) o

receive KEYTRUDA 200 mg intravenously avery 3 weeks or investigator's ghoics of any of the following

platinum-containing chemotherapy regimens:

» Pemetrexed 500 mg:’mg every 3weeks and carboplalin AUC 5 to § mg/mbimin averly 3 weeks on
Day 1 for 4 to & nyclas followed by optional pemetrexad 500 mgim” avery 3 weeks for patients with
nonsauiamons histologies;

+ Pemetrexaed 500 mg/m” every 3 weeks and cisplatin 75 mgim” every 3 weeks on Day 1 for 4 1o
6 cycles followed by optional pemetrexed 500 mgim” every 3 weeks for patients with nonsquamous
histologies;

»  Gemcitabine 1250 mg/m” on days 1 and 8 sud cisplatin 75 my/m” every 3 wesks on Day 1 ford to
& cyoles;

»  Gemcitabine 1250 mg/int on Days 1 and 8 and carboplatin AUC 5 to 6 mg/mLimin every 3 waeks on
Day 1 for 4 to 6 vycles,

¢ Paclitaxel 200 mg/m” every 3 weeks and carboplatin AUC 5 to 8 mg/mbimin every 3 weeks on Day
for 4 1o 8 cycles followad by optional pamealrexed maintenance {for nonsquamous histologies).

Treatment with KEYTRUDA continued until RECIST 1.1-defined progression of disease as determined by
an independent radiclogy commitiees, unaccepiable toxicity, or for up 1o 24 months. Traatment sould
cordinue beyond disease progression if the patient was clinically stable and was considered 1o be deriving
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clinical benefit by the investigator. Patients randomized to chemotherapy were offered KEYTRUDA at the
time of disease progression.

Assessment of tumor status was peeformsd every 8 weeks, The main efficagy cutcome measure was
PFS as assessed by a Mindsd indspendent central radinlpgists’ (BICR} revisw ascording to REGIST 1.1,
Additional sfficacy pulcome measuras wene 08 and DRR as assessad by the BICR according to
RECIST 1.1,

Actotal of 305 patients wers randomized: 154 patients to the KEYTRUDA anw and 151 o the
chemotherapy arm. The sty population characteristios were: median age of 85 years {range: 33 to 80},
54% age 65 or older; 61% male; 82% white and 15% Asian; 65% ECOG performance status of 1; 18%
with squamous and 82% with nonsquamous histology and 8% with history of brain metastases. A total of
86 patients in the chemotherapy ann received KEYTRIUDA at the time of diseass progression.

The trial demonstrated a statistically significant improvement in PFS for patienis randomized to
KEYTRUDA as compared with chemotherapy. Additionally, 8 pre-specified interim OS analysis at

108 evenis {84% of the evenis needed for final analysis) also demonstrated statistically significant
improvement of G5 for patients randomized to KEYTRUDA as compared with chemotherapy. Table 20
summarizes key efficacy measures for KEYNOTE-024.

Table 20: Efficacy Results in KEYNOTE-024

Endpoint KEYTRUDA Chamatherapy
208 mg every
Jweeks
n=154 n=151
PFS -
Wumber (%) of patients vath T3 (A7%;} 118 {70}
avent
hedian i months (98% Ch 18,3 {6.7. NR) 8014.2 8.3}
Hagard ratio’ (B58% Gl  DAU{0.57 08By
R\ sy (stratfed 1og-rank} <0001
o8
fNumbier (%} of patients with 44 {29%) 54 (42%)
avent
fedian v manths (85% Cf) R NR
{NR. NRY {84, NR)
Hagged ralio? (98% G 080 {041, 0.8
p-Vaiue (stratifisd fog-rank} 6.005"
Ohjactive Response Rate
QORR (95% C) 459 (37, &) 28% {21, 361
Coraplste rasponise 1ate 4V 156
Partial responss rale 41% 256
o-4aiue (Miettinen-Nurmines) .
tedian duration of respanse in NR 8.3
monihs {rengs) (1.9, 19.54) {21+ 12.64)
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Figure 3: Kaplan-Meier Curve for Overall Survival in KEYNOTE-024
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Firsi-ling treatment of metasialic nonsguarmous NSCLT in combinalion with pemetrexed and carboplatin
The efficacy of KEYTRUDA wag investigated in patients erwolied in an open-label, mullicenter, multi-
cohort study, Study KEYNOTE-021 (NCTOZ039874); the sificacy data are limited to patients with
metastatic nonsquamouns NSCLC randomized within a single cohort {Cohort G1). The keay eligibility
criteris for this cohort were locally advanced or metastatic nonsquamous NSCLEC, regardless of tumor
PD-L1 expression status, and no prior systemic treatment for metastatic disease. Patients with
auteimmune disease that required systemic therapy within 2 years of reatment; a medical condition that
required immunosuppression; of who had received more than 30 Gy of thoracic radiation within the prior
28 wesaks were ineligible. Randomization was stratified by PD-L1 tumor expression {TPS <1% vs. TRS
=1%). Patients were randomized (1:1) 1o one of the foflowing treatment arms:
+  KEYTRUDA 200 mg, pemetrexed 500 mg/m’, and carboplatin AUC 5 mg/mL/min infravenously
on Day 1 of each Z1-gday cycle for 4 cycles followsd by KEYTRUDA 200 mg intravencusly every
3 weeks, KEYTRUDA was administered prior to chemotherapy on Day 1.
s Pemetrexed 500 mg/m? and carboplatin AUC § mg/mi/min intravenousty on Day 1 of sach
21-day cycle for 4 cycles. _
At the investigator's discretion, maintenance pemetraxed 500 mgz‘mz gvery 3.weeks was permitted in both
freatment arms,

Treatment with KEYTRUDA continued untit RECIST 1.1-defined prograssion of disease as determinad by
biinded independent central review (BICR), unaccepiable toxicity, or & maximum of 24 months.
Adminisiration of KEYTRUDA was parmilted beyond RECIST -defined disease progression i the patient
was clinically siable and deriving clinical benefit as determined by the investigator.

Fatienis on chemotherapy were offered KEYTRUDA as a single agent at the time of disease prograssion.

Assessment of tumor status was performed svery § weeks through Week 18 and svery 9 weeks
thereafter. The major efficacy oulcome measure was objective response rate (ORK) as assessed by
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BICR using RECIST 1.1, Additional efficacy outeome measures were progression-res survival (PFS8)as
assessed by BICR using RECIST 1.1, duration of response, and overall sundval (OS],

Afotal of 123 patients wers randomized: 80 patiants (o the KEYTRUDA and chamotherapy arm and 63 o
the chamotherapy amy. The study population characleristios were: median age of 84 years {range: 37 fo
80%. 48% age B8 or older; 38% male; 87% White and 8% Asign; ECOG performance status of  (41%)
and 1 {86%); 97% had metasiatic diseass; and 12% bad brain metastases. Thirty-six percent had tumos
PD-L1 exprassion TPS <13%; no patients had sensitizing EGFR or ALK genomic sberrations. A total of 20
{32% ) patients i the chemotherapy arm recgived KEYTRUDA at the time of disease progressioy and 12
{19%} additional patienis received a checkpoint inhibitor gs subsequent therapy.

b Cohort G 1 of KEYNOTE-QZ1, there was g siatistically significantimprovement in ORR i patients
randomizad 1o KEYTRUDA in combination with pemetrexed and carboplatin compariad with pemetrexed
and carboplatin alone {see Table 21).

Table 21: Efficacy Results in Cohort 61 of KEYNOTE-021

Endpoint KEYTRUDA Pemetrexed Pemmstrexed
Carpopiatin Carboplatin
n=Gd n=63
Dverail Response Rate
—_Dverall response rate SE% ; 29%
{388 Y 42, 88) (18, 41)
Cornplsts responge e 0%
Partial regponss 55% 29%
diakee® 3.0032
| Duration of Hespanse
U with duraion 2 8 monihs’ B3% 81%
Range (renths) 1A+ 1o 13.0¥ 14% i 18 2%
PES
_Number of events {36} 23 {38%} 33(52%y
Prograssive dissase 15 {25%) 2F (43%3
Death RS 5 {10%)
Median it oonths {95% G 13.049.3, NE} {544, 10:3)
Hazard ratie’ (35% G 853 (0.31, 0,91}
pVElue” Q.0205

¥ Based on Mistinen-Nurinan methad SEEtied by PU-L SEUS (18 <1% v8. 1PS 2194
; Haged on Raglan-Meier estimation

Basad oh the Cox proputtional hazard mode! stratified by PDLY sllus {TPS <13 vs. TRE
2¥%).

Based on ihe og-rank fest shralified by PO-UT status (TPS <% va, TPS 2%,

NE = not estimable

B

Exploratory-analyses for ORR were conducted in subgroups defined by the siratification variable, PO-L1
rnor expression {TPS < 1% and TPS 21%) In the TPE <1% subgroup, the ORR was §7% inthe
KEYTRUDA-containing arm and 13.0% inthe chemotherapy arm. In the TPS 21% subgroup, the ORR
was 54% in'the KEYTRUDA-containing arm and 38% in the chemotherapy arm.
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Froviously treated NSCLC

The efficacy of KEYTRUDA was investigated in Study KEYNQTE-010 (NCTJ19D5657), a randomized,
mulficenter, open-label, active-coniroffed trial sonducied in patients with metastatic NSCLC that had
prograssad following platinum-containing chemotherapy, and if appropriate, targeted therapy for EGFR.or
ALK genomic tumor sberrations. Eligible patients had PD-L1 expression TPS of 1% or greater by an
inmunchistochemistry assay using the PD-LT IHC 2203 pharmx Kit. Patients with autoimmune disease;
a medical condition that required immunosuppression; or who had received more than 30 Gy of thoracis
radiation within the prior 26 weeks were ineligible. Randomization was stratified by tumor PD-LY
gxpression. (PD-L1 exprossion TS 2580% vs, PD-L1 expression TRPS=1-48%), BCOG performance scale
{0 va. 1), and geographic ragion {East Asia vs. non-Bast Asia). Patients were randomized (1:171) to
raceive KEYTRUDA 2 mg/ky intravenously every 3 weeks, KEYTRUDA 10 mg/kg infravenoasly svery

3 wesks or docstaxs! ntravenously 75 mgfm'*’ evary 3 weeks until unacceptable toxicily or disease
progression: Patients randomized to KEYTRUDA were permittted o conlinue unill disease prograssion
that was symplomatic, rapidly progressive, required urgent infervention, ocourred with a deciine in
performance status, or confirmation of progression at 4 to & waeks with repeat imaging or for up to

24 months without disease progression.

Assassment of lumor status was performed every 8 weeks, The main sfficacy oulcome measuras werg
O3 and PFS as assassad by the BICR according to RECIST 1.1 iy the subgroup of patients with TRS
=50% and the overall population with TPS 21%. Additional efficacy cutcome measures were ORR and
response duration in the subgroup of patients with TPS 250% and the overgll population with TPS 21%.

A tofal of 10308 patients were randomized: 344 to the KEYTRUDA 2 mg/kg anm, 348 patients to the
KEYTRUDA 10 mgikg arm, and 343 patients to the docetaxel army. The study population chavacteristios
were; median age 83 years (range; 20 fo 88), 42% age 8% or older; 81% male; 72% White and

21% Asian; 686% ECOG performance status 1; 43% with high PD-L1 tumor expression; 213 with
sguamous, 70% with nonsquamous, and 8% with mixead, other or unknown histology: 91% metastatic
{1} disease; 15% with history of brain metastases; and 8% and 1% with EGFR and ALK gsnomic
abarrations, respectivaly. Al patients had recelved prior therapy with a platinum-doublet regimen, 28%
racelvad fwo oF mbre priot theraplas for thelr metastatic disease.

Tables 22 and 23 summarize key efficacy measures inthe subgroup with TPS 250% population and in il
patients, respectively: The Kaplan-Meiler curve for OS {(TPS 21%) fs shown in Figure 4.
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Table 22: Efficacy Resuits of the Subgroup of Patients with TPS 280% in KEYNOTE-{10

Endpoint KEYTRUDA KEYTRUDA Dovetaxel
2 mglkg every 10 mgiky svery 75 mginy’ every
3 weeks I weeks 3 weeks
=138 Liaby =82
o%
Fieaths (%) 58 (42%) 60 (40%) 58 (5790

Median i momhs (85% Ch)

14.9 (10.4, NR})

17.3 (11.8, NR)

B2 6.4, 0.0

Hazard ratio® {85% G

0.54 (0.38, 0.77)

0.50 (0.36, 0.70)

f-value (stratifiad tog-rank) <0.001 <0.001 -
FFS

Events (%) 89 (64%) 97 (64%) 118 (78%)

Median in menths {85% CI) 52{4.0,86.5) 5.2(4.1,8.1) 4.1(3.6,4.3)

Hazard ratia” (955 GO 0.58(0.43,0.77) 0.59 (0.45, 0.78)

p-Valus {stratified kogyank) <0.001 <0.001 s
Chiective response rate

ORFC (85% C1 30% (23, 39) 29% (22, 37) 8% (4, 13)

p-¥atug {Mistlinen-Nurminen) <0.001 <0.001

Meadian duration of rsponse in NR NR 8.1

months {range} {87+ 18.8%) {$.3% 1784} (2.1+, 8.84)

Y Hazard ratio (KEYTRUDA compared o docetaxel) based on the stratified Cox proportional hazard

vaodet

kS

NR = not reached

Al rasgonses ware partiad resgonses

Table 23; Efficacy Resulls of All Randomized Patients (TPFS 21%) in KEYNOTE-010

Endpoint KEYTRUDA KEYTRUDA Docetaxe!
2 mygikyg every 10 mgikg every 75 mighe’ every
3 woeks 3 weeks 3 weaks
0344 R348 n=343
08

Deathe (9%

172 (50%)

156 (45%)

193 (D8%)

Megian in months (5% Cl)

10.4 (9.4, 11.9)

12.7 (10.0, 17.3)

Hazard ratio® (95% Ch

0.71(0.58, 0.88)

0.61 (049, 0.75)

BB (78,98}

p-valie {stratified logwrank)

<0.001

<0.001

Prg

Evants (%}

266 (77%)

255 (74%)

257 (75%)

Median in months (85% CI) 39(3.1,4.1) 4.0(2.6,.4.3) 4.0(3.1,4.2)
Harzard ratic® (85% 04 0.88 (0.73, 1.04) 0.79 (0.66, 0.94)
p-Value (stratified log-rank) 0.068 0.005 s

Qbjective response rabe

QRR (B5% O 18% (14, 23) 19% (15, 23) 9% (7, 13)
peVadun Miettinen-Nurminen) <0.001 <0.001 -
hMechan duration of esponse in NR NR 6.2
months Fangal 0.7+, 20.1+) 2.1+, 17.8+) (1.4+, 8.8+)

T Hezard ratio (KEYTRUDA compared to doceiaxety basad on the steatified Cox proportional hazard

raodal

B

NR = notreachsad
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Figure 4: Kaplan-Maier Qurve for Qvarall Survival in all Randomized Patients in
KEYNOTEG10 (TPS 21%)
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14.3 Head and Neck Cancer _

The efficacy of KEYTRUDA was investigated in Study KEYNOTE-012 (NCTO1848834), a multicenter,
non-randomized. ppan-label, multi-cohort study that sorolled 174 patients with recurrent or metastatic
HNSCC who had disease progression on or after platipun-containing chemotherapy agministerad for
recurrent or metastatic HNSCC orfollowing platinum-containing chemotherapy administerad as partoof
induction, concurrent, oradjuvant therapy. Patients with active autoimmune dissase, a madical condition
that required immimosupprassion, evidence of interstitial lung disease, or ECOG PS 22 were neligibie.

Patients received KEYTRUDA 10 mgikg every 2 weeks {n=53) or 200 mg every 3 weeks {n=121) unti
unacceptable toxicily or disease progression that was symplomatic, was rapidly progressive, required
urgent intervention, eccurred with a decling in performance status, orwas confirmead at least 4 wesks
fater with repeat imaging. Palients without disease progression were treated for up to 24 months.
Treatmant with pembrolizumab could be reinitiated for subsequant disease prograssion and administered
for up to 1 additional year. Assessment of tumor stalus was performed every 8 weeks. The major efficacy
outoome measures were ORR according 1o RECIST 1.1, as assessed by blinded independent central
reviaw, and duration of response.

Among the 174 patients, the baseline characlerstics were median age 60 years {32% age 85 or older);

82% male; 78% Whits, 18% Asian, and 8% Black; 87% had M1 diseass; 33% had HFV positive tumors;
83% had prior catuximab; 29% had an EQOG PSS of 0 and 71% had an ECOG FS of 1) and the median

nurnber of prior lines of therapy administered for the treatment of HNSCC was 2.

The ORR was 16% (85% Cl: 11, 22} with a complete response rate of 5%. The median follow-up tima
was 8.8 months. Among the 28 responding patients, the madian duration of response had not basn
reached (range: 2.4+ {0 37.7% months), with 23 patients having responsss of 6§ months ovlongst. The
ORR and duration of response were simifar rrespective of dosage regimen {10 maky every 2 weeks or
200 mg every 3 weeks) or HPV stalus.

14.4 Classical Hodgkin Lymphoma
The efficacy of KEYTRUDA was investigated iy 210 patients with relapsed or refraciory ot enrcligd ina
multicenter, non-randomized, opendabel study (KEYNOTE-Q87, NCTQ24535584). Pationts with active,
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non-infectious pneumonitis, an allogensic HSCT within the past 5 years {or greater than & yedrs but with
symptoms of GVHD], active autoimmune disease, a medical condition that required immunosuppression,
or ary active-infection requiting systamic therapy ware ineligible for the trial. Patients recelved KEYTRUDA
at 3 dose of 200 mg every 3 weeks until unacceptabls toxicity or documented disease progression, or for
up-to 24 months in patients who did not prograss. Disease assessment was parformsd svery 12 weeks.
The major efficacy outcome measures (OGRR, ORR, and duration of response) wera assessed by blinded
independent central review according to the 2007 vevised International Working Group (IWG) criteda.

Amaong the 210 patients, the baseline characteristics were: median age of 35 years (range: 181c 78}, 9%
age 65 or pldsr; 84% male; 88% Whits; 49% had an BECOG performancs status (PS) of 0 and 51% had
an BECOG P& of 1. The median number of prior lines of therapy administerad for the freatment of chl was
4 frangs 1 1o 12} Filbesight percent were refractony to the 1ast prior therapy, including 38% with primary
refractory dizease antd 14% whose dissase was chemo-refraciory o alf prior regimens. Sixty-one percent
of patients had undergone prior auto-HECT, 83% had recelved prior brentuximab vedotin and 38% of
patients had prior radiation therapy.

Efficacy resulls for KEYNOTE-(87 are summarized in Table 24,

Table 24: Efficacy Resulls in KEYNOTE-087

KEYNOTE-087*
Endpoint N=210
Overall Response Rate
ORR {98% Ch e8% {62, T8}
Complele sponse 22%
Partial response &7 %
Resgonse Duration
Median i months {range) YL 0.0 11

s Madian foliow-up tivie of .4 sonths
Basad on patients (n=145) with a responss by indepandent review

148 Primary Mediastinal Large B-Cell Lymphoma

The efficacy of KEYTRUDA was investigaled in 83 patients with relapsed or refractory PMBCL envollad in
a mudticenter, open-label, single-arm trial (Study KEYNOTE-1T70; NCTO2876980). Patients were not
eligible if they had active non-infectious pnsumonitis, allogeneic HSCT within the past 5 years {or greater
than § years but with symiptoms of GVHD), active autoimmune disease, a medical condition that required
immunosuppression, or ai active infection reguiring systemic therapy. The patients ware treated with
KEYTRUDA 200 mq intravencusly every 3 weeks untll unaccepiable toxicity or documented dissase
progression, or for up to 24 months for patients who did not progress. Disease assessments were
performed every 12 waeks and assessed by blinded independent central review accarding to the 2007
revisad IWG criteda.

Among the 53 patients accrused, the baseline characteristics were: median age 33 vears {range: 20 {o
81 years), 43% male; 82% White; 43% had an ECOG performance status {P8) of § and 57% had an
ECOG PS of 1. The median number of prior lines of therapy administerad for the treatmant of PMBCL
was 3 {range 2 to 8} Thirty-six percent had primary refractory disease, 48% hatdl relapsed disease
refractory 1o the last prior therapy, and 15% had unireated relapsea. Twenty-six parcent of patisnts had
undergane aior autologous HECT, and 32% of patients had pricr radiation therapy. All patients had
received rituximab as part of 8 prior line of therapy.

Efficacy was based on overall response rate (ORR) and duration of response. The efficacy results for

KEYNOTE-170 are summarized in Table 25 For the 24 responders, the median tims o frst objective
response {complete or partigh response) was 2.8 months {range 2.1 10 8.5 muonths),
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Table 25: Efficacy Rasults in KEYNOTE-178

Endpoint KEYNOTEA 7
N=&3
Dverall Response Rate
ORR (5% Ch 45%: {37, 80
Comglate reggonge "%
Parkial resgonse 3%
Response Duration
Median v months {tangs) NRE (11418241

Y Redian followeup time of 8.7 months
Based or patients (n=24) with = response by indepandant review
NF = not reached

14.6 Urothelial Carcinoma

Cisplatin Insligible Patignts with Urcthelial Carcinoma

The sfficacy of KEYTRUDA was investigated in Study KEYNGOTE-052 (NCTI2335424), a multicenter,
open-label, single-arm trial in 370 patients with jocally advanced or medastatic urothelial carcinoma who
were not aligible for cisplatin-containing chemotherapy. The tial exclidded patients with autoimmune
disease of 8 medical condition that required immunosuppression.

Patients recpived KEYTRUDA 200 mg every 3 wasks until unacceptable toxicity or dizease progression,
Patients with initial rediographic diseass progression could recsive additional doses of freatment during
confirmation of progression unless disease prograssion was symptomatic, was rapidly progressive,
requirad wrgent intervention, or occurred with a decline in pedonmance status. Patiants without disease
prograssion could be treated for up o 24 months. Tumor response assessments were performed at

& weeks aftar the first dose, than every 6 weeks for the first year, and then avery 12 weeks thereafter.
The major efficacy outcome measures were ORR according to RECIST 1.1 as assessed by independent
radiclogy review and duration of response.

in s trial, the median age was 74 years, 77% were male, and 85% were White. Eighty-seven percent
had M1 disease, and 13% had MO disease. Eighty-one percent had a primary fumaos in the lower tract,
and 19% of patients had a primary tumor in the upper fracl. Eighty-five percent of palients had visceral
metastases, including 21% with liver metasiases. Reasons for cisplatin ineligibiiity included: 50% with
baseline creatinine clearance of <80 miimin, 32% with ECOG performance status of &, 8% with ECOG 2
and baseline creatinine clearance of <60 mb/min, and §% with other reasons {Class i heart failure,
Grade 2 or greater peripheral nedropathy, and Grade 2 or greater hearing loss). Ninsty percent of
patients were treatment naive, and 10% received prior adjuvant of neoadiuvant platinum-based
chemotherapy.

Among the 370 palients, 30% (= 110} had tumors that expressed PD-L1 with a combined positive score
{CPS) of greater than or equal 10 10, PO-L1 status was delermined using a clinical trial assay {by IHC
using the 2203 antibody). The baseline characteristics of these 110 patierds were: median age 73 vears,
858% mate, and 87% White. Eighiy-two percent bhad M1 disease, and 18% had MO dissase. Lighty-ons
parcerit had g primary tumor invthe lower tract, and 18% of petients had a primary fumor in the upper
tract. Seventy-six pergent of patients had visceral metastases, inchuding 11% with iver metastasses.
Ragsons for cisplatin ingligibiiity included; 45% with haseline crealinine clearange of <80 ml/min, 37%
with ECOG performance status of 2, 10% with ECOG 2 and baseline creatinine clearance of <80 mbl/min,
and 8% with other reasons {Glass {i heart fallure, Grade 2 orgrester peripheral newopathy, and Grade 2
or graater haaring loss). Ninety percent of patients were treatment naive, and 10% raceivad prioe
adjvvant or nepadjuvant platinum-based chamotherapy.

The median folfow-up time for 370 patients treated with KEYTRUDA was 7.8 months {range 0.1 to
20 months). Efficacy resulls are summarnized in Table 26,
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Table 26: Efficacy Results in KEYNOTE-052

Endpoint KEYTRUDA
200 myg every 3 weeks
All Subjects PRALACPS 210
=378 a=118
Qbjective Response Rate
ORR 85% o 28% (24, 34) 47% {38, 57
Complete response rate 7% 15%
Partial reaponae rate 22% A%
Duralion of Response
Median i manths fFange) KR NR
{14, 17.8¢} (1.4+, 17.8+)

+ Denctas cogoing
NR = not reached

Freviously Untreated Urothelal Carcinoma

KEYNOTE-361 (RCTO2853308) is-an ongoing, multicenter, randomized study in previously untreated
patients with metlasiatic urothelial carcinoma who are efigible for platinum-containing chemotherapy. The
study compares KEYTRUDA with or without platinum-based chemothearapy (L.e., cisplatin.or carboplatin
with gemaitabing} to platinum-based chemotherapy alone. The trial also emvolled a thivd arm of
monotherapy with KEYTRUDA fo compare {o platinum-based chemotherapy alons. The indepandent
Data Monioring Commiltee (DMC} for the study conducted a review of early data and found that in
patients classified as having low PD-L1 sxprassion {CPS <10), those reated with KEYTRUDA
monotherapy had decreased survival compared o those whe received platinum-based chemotherapy.
The IDMT recommended (o stop further accrual of patients with low PDML1 expression inthe
monotherapy am, howevear, no other changes weare recommended, including any change of therapy for
patients who had already been randoinizad to and wate recsiving treatmeant fivthe monotherapy ‘arm,

Previously Treated Urcthelial Carcinoma _

The efficacy of KEYTRUDA was svaluated in Study KEYNOTE-045 (NCTOZ256438), a multicenter,
randomized {1:1), active-controlied trial in patients with jocally advanced or metastatic urothelial
carcinoma with dissase prograssion onor after platinum-containing chematherapy. The tial excluded
patients with autoimmune disease o a medical condition that required imnunosuppression.

Patients were randomized o receive aither KEYTRUDA 200 mg every 3 weeks {n=270) or investigator's
choice of any of the feiicwmg chematherapy reg;mems all given intravenously every 3 weeks {(n=272}
paclitaxel 175 maim® (n=84), docetaxel 75 mgim® (n=84}, or vinflunine 320 mgim® (n=87). Treatment
continuad untll unacceptable toxicity or diseass progression, Palients with initlal radiographic disease
progression could recalve additional doses of reatment during confirmation of prograssion unless
disgase progression was symplomatic, was rapidly progressive, required urgent intervention, or ocourred
with a dacline in performance status. Patients without dissase progression could be treated for upio

24 months, Assassment of lumor status was performed at @ weeks alter randomization, than every

§ weeks through the first yaar, foliowed by every 12 weeks thereafter. The major efficacy outcomes wers
O8 and PFS as assessad by BICR pey RECIST 1.1, Additional efficacy vutcoms measures werg ORR as
assessed by BICR per RECIST 1.1 and duration of resgonse.

Among the 542 randomized patients, the stady population characteristics werg: median age 66 years
{range: 28 to B}, 58% age 65 or older; 74% male; 72% White and 23% Astan; 42% ECUG status of 0
and 56% ECOG performance status of 1; and 96% M1 dissase and 4% MO disease, Eighty-saven
percent of patients had visceral metastases, including 34% with liver metasiasas, Eighly-six percent had
a primary tumorin the fower tract and 14% had a primary fumor in the upper tract. Fifteen parcent of
patients had disease progression following prior platinum-tontaining necadjuvant or adjuvant
chemotherapy, Tweanty-cne percent had received 2 or more prior systemic regimens in the metastatic
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setting. Seventy-six percent of patients recaived prior cisplatin, 23% had prior carboplatin, and 1% wers
treated with other platinum-based regimens.

Table 27 and Figure § summarize the key efficacy measures for KEYNOTE-Q48, The study demonsirated
statistically significant improvements i 08 and ORR for patients randomized to KEYTRUDA as
comparsd to chemothsrapy. There was no statistically significant differencs between KEYTRUDA andd
chemotherapy with respect to PES. The median follow-up time for this trial was 9.6 months'{range: 8.2 {o

20.8 months).
Table 27 Efficacy Results in KEYNOTE-045
KEYTRUDA Chemotherapy
200 my every 3 weels
H=E70 =272
0S
Deaths (%) 155 (§7%) 179 (66%)
Medininmontha(88%Ch 10380148y TA®NBEY
Hazard ratin” {(85% Gl} C.IS {58, 08
p-Value {stratified log-rank) 0.004
PFS by BICR
Events {96} 218{81%) 218(81%)
Mediniopmonthe (83% Cly b 24{E0, 3y b 3A{33,35
Harard ratia” {8536 €O QU8 0/ 1149
p-Vailue {stratified log-rank) Q.833
Qbjeative Response Rate
ORM 185% Ch) 1% (18, 27} 11% (8, 16)
Camplets responise raie 7% 3%
Partial response rate 4% 8%
p-vatue (Mistinea-Nurminen) 0.002
Madian duration of respoitse in NR 4.3
months frangs) {16+ 156+ {FA%, 1844}

* Hazard ratio (KEYTRUDA compared to chremntherapy) basad on the stratifieg Cox progortionat
nazars rondsl

- Denctes ongoing

NR = not reaches
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Figure §; Kaplan-Meier Curve for Overall Survival in KEYNOTE-045
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14.7 Microsateliite instability-High Cancer

The sfficacy of KEYTRUDA was evaluated in patients with MSH-H or mismaich repair deficient (dMMR),
sofid tumors enrolied inone of five uncontrolled, cpenlabel, mulli-cobiort, multi-canter, single-arm trials,
Patients with active aufcimmune disease or 8 medical condition thet requived immunosuppression were
ineligible across the five trials. Patients received sither KEYTRUDA 200 mg svery 3 waeks or
KEYTRUDA 10 my/ky every 2 weeks, Treatment continued untit unacceptable toxicity or dissase
progression that was sither symplomatic, rapidly progressive, raguired wrgent intervention,. or gecutred
with & decline in parformance status. A maximum of 34 muonths of reatment with KEYTRUDA was
administered. For the plapose of assessment of antidumor aclivity across these § trials, the major
efficacy outconte measures were ORR as assessed by blinded independent central radiologists™ (BICR}
seview according to REGIST 1.1 and duration of response.
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Table 28; MSI-H Trials

Study Design and Patient Ropuistion | Numberof | MSIHIGMMR Dose Prior therapy
patiends testing
» grospective; investigator « CRC 22 prior
—_— initiated IWBCRT G . regimeng
T oed1® |« 5 sites focal POR or HO ;Ség?i“g eics |+ NOR-CRC: 21 prior
> » pafienis Wittt CRC and othey | 30 nan-CRC * regimen
HINOrS
Prior
' A « prospective interstons! mult- i Runrapyrimidine;
N e tod | center 61 local POR or MG | 200 8 Y gaiipiatin, and
ST e GRG R irinctacan +- anti-
YERBF/EGER mAb
» vetrospectively identified
KEYNOTE-Q12 gatients with PD-Li-positive i 10 mgdhg S i r
MNCTO1848834 gastric, bladdes, of triple- 4 seakal POR svery 2 weeks T prior regimen
aegative bresst ancet
» eetrospeciively identified
KEYNOTE-028 patignis with PR-L1-positive . e 10 mgikg S e P
NCTO2084806 | esophageal, biery, breast, | © contal PUR avery 2 wesks | O Prorregimen
sndorabial or CRC
« grospective intemationat multi-
semer enoliment of patients ool PCR or MG
with SRR non-CRC {cantral PCR for o
§§§§§;§g§; « relrospectively itentified 19 patierits in rare. ;j:ﬁ;;‘gsemw Y prior reginen
B gatienns whwere enolled in tuvior aon-CRE “ i
specific rare tumor non-CRC cohorts)
cohords
Toldd 149

ORO = colorscial cances
PUR = polymetase chado reaction
HC = munohistochemistey

Adotal of 148 patients with MSI-H or dJMMR cancers were identified across the five clinical trials. Among
these 1439 patients, the baseline charcteristics were: median age 55 years {36% age 85 or older);

6% mals; 77% White, 18% Asian, 2% Black; and ECOG PS U (38%) or 1 {84% ). Ninety-aight percent of
patients had metastatic disease and 2% had locaily advanced, unresectable disease. The median
number of prior therapies for metastatic or unreseciable disease was two. Eighty-four percent of patients
with metastatic URC and 53% of patients with other solid tumors received two or more prior lines of

therapy.

Tha identification of MSIH of dMMR tumor status for the majority of patients {135/149) was prospectively
defermined using local laboraiory-develaped, polymerase chain reaction (PCR) tests for MSEH status or
immunohistochemistry {(IHQ) tests for dMMR. Fourteen of the 148 patients wers retrospectively iderdified
as MSi-H by testing tumor samples from a {otal of 415 patients using a central laboratory developed POR
test. Forty-saven patients had dMMR cancer identified by HC, 80 had MSI-H identified by PCR, and 42
were identified using both tests.
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Efficacy results are summarized in Table 28.

Table 29: Efficacy Resuits for Patiants with MSEH/GMMR Cancer

Endpoint n=149
Objective response rate
ORR {95% C}) 39.6% (31.7, 47.9}

Comnpletevespanserate 1 74%
Paelial response rale I2.2%

Response duration
Median in mordhs frange) NR {16+ 227+
% with duration 28 momhs 8%

NR = nof reachaed

Table 30: Response by Tumor Type

Objective response rate DOR range
N %} L88% ¢l __tmonthss
CRC ai 32 {36%} {28% AE% Y {16+, 23.7%)
Non-CRC {58 27 {38%) (33%, 50 {1.9+, 2339}
Endometrial cancer 14 5 {38%:} {13%  85%3 {$.2+, 17.3%)
Billary oanger 11 3 {27} (5%, 61%:;) {1183, 1963
Gasiric gr GF junction canner g 5 {(36%) {21%, 88%) 5.8+, 32 14}
Fancraatic caneer & 5 {83%) {365%, 100%:; {264 G2%}
Small infestingl cancer & 3 (38%) (9%, T8%) £1.8+ &3¢}
Breast cancer 2 PR, PR (7.6, 15.9)
Frastate nanoer, 2 PR, SD 9.8+
Bladder cancer 1 NE
Esophiageal cancer 1 PR 18.2+
Sarcona 1 PD
Thyroid nancer 1 NE
Refropedioneal adenocarcinoma 1 PR 7.5+
Soal cell lung cancsay 1 CR 8.9+
Renat celf cancer 1 PD

CR = pomplete response
PR = pariial response

S = stable diseass

PO = progrevsive diseass
NE = nob evaluahie

148 Gastric Cancer

The efficacy of KEYTRUDA was investigated in Study KEYNOTE-058 (NCTD233541 1}, a multicenter,
non-randomized, open-label mudti-cohort trial that enrolied 259 patients with gastric or gastroesophageal
junchion {GEJ) adenocarcinoma who progressed on at least 2 prior systemic treatments for advanced
diseass. Previous treatment must have included a Suoropyrimidine and platinurn doublel. HERS/neu
positive patients must have previously received freatment with approved HER2fsu-targeted therapy.
Patienls with active autoimmune disease or a medical condition that required immunasupprassion orwith
clinical svidence of ascites by physical exam were insligible.

Patienis received KEYTRUDA 200 'mg svery 3 weeks untll unaccepiable toxicity or disease progression
that was sympiomatic, rapidly prograssive, required wgent intetvention, occurred with a decline in
parformance status, or was cotfirmed at least 4 wesks later with repeat imaging. Patients without dissgse
progression were treatad for up 10 24 nonths. Assessment of tiimor status was performad eviry 810 2
waeks, The major efficacy cutcome measures were ORR according to RECIST 1.1, a3 assessad by
biinded indepsndent central review, and duration of response.

Among the 258 patients, 55% {n = 143) had tumors that expressed PR-L T with 8 combined positive scure
{CPS) of greater than o sgual fo 1 and microsateliite stable (MSS) tumor status o undstermined MSi o

MMR status. PD-LT status was determined ysing the POLTIHE 2203 pharmDx Rit. The baseling
characteristics of these 143 patienis were: median age 64 vears (47% age 85 or glder); 77% male:
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82% Whits, 11% Asian; and ECQG PS of 0 (43%) and 1 {57%). Eighty-five percent had M1 diseass and
7% had MO dissase. Fifty-one parcent had two and 49% had three or more prioy lines of therapy in the
recurtent o metastatic setling,

For the 143 patisns, the ORR was 13.8% {85% CL/8.2, 20.0) 1.4% had a2 complets responss and 11.8%
had a partial response. Among the 19 responding patients, the duration of response ranged from 2.8+ {o
19,4+ months, with 11 patients {(58%) having responses of & munths or fonger and 8 patients (26%:)
having responsas of 12 months or longer.

Among the 258 patients envolled in KEYNDTE-058, 7 (3%} had tumors that were determined to be
MBI-H, An ohjective response was observed in 4 patients, inchutding 1 complete response. The duration of
response ranged from 5.3+ 1o 14,1+ months.

14.8 Cervical Cancar

KEYTRUDA was investigated in 98 patients with recurrent or metastatic cervical cancer enrolled in a
single cohart {Cohort B) in Study KEYNOTE-158 (NCTG2628087), a multicenter, non-randomized, open-
label, multi-cohont trial. The tial excluded patients with auloimimune disease or a medical condition that
required immuricsuppression.

Patients were traated with KEYTRUDA intravenously gt a dose of 200 mg every 3 weeks unti
unacceptable toxicity or documented disease progression. Patisnts with initial radiographic dissase
prograssion could recebvs additional doses of reatment duning confirmation of progression uniess
disease progression was symptomatic, was rapidly prograssive, required urgent intetvention, or occurred
with a decline in parformance stabes. Patients without disease progression could be treated for up te

24 months. Assessment of tumor status was performed every 8 weeks for the first 12 months, and every
12 weeks theraafter, The major sefficacy outcome measuras were ORR gccording to RECIST 1.4, as
assassed by blindad indepandent central review, and duration of responss.

Among the 98 patients in Cohort &, 77 {79%) had tumors that expressed PO-Lt with a CPS 2 1 and
recaived at least ong line of chemotherapy in the metasiatic selling. PD-L1 status was determingd using
the PD-L1HC 2208 pharmDx Kit: The baseline characieristics of thess 77 patients were: median age
was 45 years {range: 27 10 75 vears) 81% ware White, 145 Asitan, 3% Black; ECOG PSwas 0 {32%) ot
1 (B8%); 92% had squamous cell catcinoma, §% adenocarcinoma, and 1% adenosguamous histology;
95% had M1 disease and 5% had recurrent disease; 35% had one and 65% had two of more prior lines
of therapy in the recurrent o inglastatic sefting.

No responses were obiserved in patients whose tumors did not trave PD-L1 exprassion {CPS <1}
Efficacy results are summarized in Table 31.

Table 31: Efficacy Resuits in Patients with Recurrent or Melastatic Cervical Cancer (CPS 21) in

KEYNOTE-158
Endaoint a=iy
Objectivecesponserate
ORR (85% £h HI%T4 38D
Corplste responss rate 285%
Parlial response rate T1.7%
Respornse duration
Median in months frange} NR (4.1, 18,641
% wath duration 28 monihs S1%

> Madtan follow-ug lime of 11.7 months frenge 1.6 {0 22.7 monihs)
i Based on patients {11 with 2 response by independent réview
+  Denctes ongaing

NR = not reached
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16 HOW SUPPLIED/STORAGE AND HANDLING

KEYTRLUDA for injection {iyophilized powder): carion containing one 80 mg sihgle-dose vial (NDC 0008-
3028-02).

Store vials undar refrigaration 8t 2°C 10 8°C {36°F {0 48°F).

KEYTRUDA injection {slear to slightly opalescent, colorlass to slightly vellow solution): carton containing
one 100 mg/d mb {25 my/ml.), single-dose vial {NDC 0006-3028-02}

Store vials undsr refrigeration at 27°C to 8°C {36°F {0 487F) in original carton to protect from light. Dorriot
freeze. Do not shake.

17 PATIENT COUNSELING INFORMATION

Advise the patient to read the FlA-approved patient labeling (Medication Guide).

» |nform patients of the risk of immune-mediated adverse reactions that may be severe or fatal, may
ocour after discontinuation of treatmend, and may require corlicosteroid restment and interruption or
discontinuation of KEYTRUDA. These reactions may include;

«  Pneumonilis: Advise patients to contact thair healthcare provider immediately for new or
worsening cough, chest pain, or shartngss of breath [see Warnings and Precgutions (5. 1}

»  Colitis: Advise patients to contact their healthcare provider immediately for diarrhes or severe
abdominal pain fsee Warmnings and Precautions (8.8}

» Hepatilis: Advise patients {o contact their healthcare provider immediately for jaundice, severs
nausea of vormiting, or easy bruising or blseding fsee Wamings and Precautions {8.3)].

«  Hypophysitis: Advise patignts fo contact thed healthcare provider immediately for parsistent or
wnusual hagdachs, stteme waakness, dizziness or fainting, or vision changes [see Warnings
and Precautions (5.4}]

= Hyperthyroidism and Hypothyroidism: Advise patients {0 contact theirheglithcare provider
immediately for signs or synmptonss of hyperthyroidism and hypothyroldism fsee Wamings and
Precautions {5.4)].

»  Type 1 Diabstes Meallfus: Advise patients fo'contadt their healthcare provider immadiately for
sighs or symploms of fype 1 diabeles fses Warnings and Precautions {8.4}].

+«  Nephritis: Advise patients to conlact thelr healthcare provider immadistely for signs or symptoms
of nephiritis fsee Warnings and Frecaulions (5.5},

» Severe skin reactions: Advise patients to contact thelr healthcare provider immediately for any
signs or symptoms of severe skin reactions, 843 or TEN [see Warnings and Precaulions (5.6}

»  Other immune-mediated adverse reactions: Advise patients that immune-mediated adverss
reactions can occur and may involve any organ system, and to contact thelr healthcare provider
immediately for any new signs or symptoms fsee Warnings and Frecautions (8.7}

s Advisepatients 1o contact their healthcare provider immediately for signs or symptoms of infusion-
redated reactions fose Warmings and Precaulions (5.8)].

+  Advise patients of the risk of solid organ transplant rejection and to contact their heagithcare provider
immadiately for signs or symploms of organ transplant rejection [see Warnings and Frecautions
{873

o Advise patiants of the risk of post-aliogeneic hematopoletic stem call fransplantation complivations
{see Warnings and Precautions (5.8}].

s  Advise patients of the impontance of keeping schaduled appointments for blood work or other
faboratory tests fsep Wamings and Precautiong (8.3, 5.4, 88}

o Advise females that KEYTRUDA can cause fetal harm. Instruct females of reproductive potentialto
uae highly effective contraceplion during and for 4 months after the last dose of KEYTRUDA Jaee
Warnings and FPrecauctions {5.11) and Use in Spacific Populations (8.1, 8.3,

+ Advise nursing mothers not o breasifesd while taking KEYTRUDA and for 4 months after the final
dose fsee Use in Specific Fopwlations (8.2},
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Manufacturad by, Merck Sharp & Dohme Corp., a subsidiary of

MERCK & CO.,INC., Whitehouse Station, NJ 08888, USA
.8, License bo. 0002

For KEYTRUDA for injsction, at:

MSD Infernational GmbH,

County Cork, Irstand

For KEYTRUDA injection, at;

MSD lreland {Carlow)
County Carlow, ireland

For patent information: www.merck.com/product/patent/home.htmi
The trademarks depicied herein are ownad by their respactive companies.

Copyright €@ 2014-2018 Merck Sharp & Dohme Corp., & subsidisry of Merck & Co., Inc.
All vights reserved.

uspi-mK3475-v-1808r017
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Mismatch repair deficiency
predicts response of solid tumors
to PD-1 blockade

Dung T, Le,"*® Jennifer N. Durham,>™% Keflte N. Smith,»®* Hao Wang,**

Biarne R, Bartlett,™ Laveet K. Aunlakh,>* Steve Lu,”* Holly Kemberting,® Cara Wiit,”
Brandon 8. Luber,” Fay Wong,®* Nilofer 8. Azaﬁ,i % Agnieszka A. Rucki,™ Dan Lﬂheﬂi,
Ross Donchowen” ALif Faheon,” George A. Pisher,® Yodd 8, Crocenzi,” James 3. Lee,”
Tim F. Greten,® Avstin &, Duffy,Y Kristen K. Clombor, ™ Aleksandra I3, Eyring 2

Bao M. Lam,” Andrew Joe,” 8. Peter Kang,™ Matthiss Holdhoff,” Ludmila Danileva,®
Lestie Cope,™® Christian Meyer,” Shibin Zhou,¥™* Richard M. Goldberg,™”

Deborak K. Armstrong,” Katherine M. Bever,” Amands N. Fader,*® Janis Taube,”
Franck Houssean,*® David Spetaler,'® Nianging Xiao,* Drew 3. Pardoil,t®

Nickolas Papadopoules, Kenneth W, Kinzler,>? James R. Esldeman,™

Bert Vogelstein,">* Robert A. Anders, > Luis A. Diaz Jr.>>%%

The genomes of cancers deficient in mismateh repair contain exceptionally high numbers
of somatic mutations. In a proof-of-concept study, we previcusly showed that colorectal
cancers with mismatch repair deficiency were sensitive to immmune checkpoint blockade
with antibodies to programmed death receptor-1 (PD-1). We have now expanded this
study to evaluate the efficacy of PD-1 blockade in patients with advanced mismatch
repair-deficient cancers across 12 different tumer types. Objective radiographic responses
were ohserved in 53% of patients, and complete responses were achievad in 21% of patients.
Responses were durable, with median progression-free survival and overall survivat stilf not
reached. Functional analysis in 3 responding patient demonstrated rapid it vive expaasion
of heoantigen-specific Tcell clones that were reactive to mutant neopeptides found in the
tumor. These data support the hypothesis that the large proportion of mutant neoantigens
in mismatch repair-deficient cancers make them sensitive to immune checlkpaint blockade,
regardiess of the cancers’ tissue of origin.

ers appear 1o be helpfil in predicting response
has uncovered 2 subset of tumors that are 1 specific tumor types, none of them have been
Bighly respousive o an endogenons adapt- cfvah.a»xai prospeciively 35 a paa-Rumor biomarker
fve immune resporse (7). When the inter- | Another potential determinant of response is
action betwaen the checkpoint ligands and | mutation-associated neoaatigens (MANAs) L}
their cognate recepiors on the effector cells is .31‘(, (‘modﬁ) by eancers (1 r-}:") mqmd toh ve
blocked, a potent and durahle antitumor response
can be observed, and on occasion this response
e be accomparded by severe autolmmanity (253,
These fimtings support the notion that many
cancer patlents contain in their immnne system
the capacity 1o react selecti 1o their tumors,
ostensibly theough recognition of tumor-specific
antigens.

The molecular determinants that defin
subset of tnmors are still unclesy; how
markers. md\sdmg P ligand (PD-LD) expres-
RTES, Lm‘tatiﬁnzj huldf:r,

herapy with immuine checkpoint inhibitors

‘:zirge mm‘abw of ;»’JANA rh 3’( ruight
nized by the immune system {75-18), This pre-
diction led us to conduet a small phase 2 study,
focused on 11 patients with colorectal cance
wln -fi demonstrated that PD-1 blockade was an
effective treatment for wany patlents with these
wmors (19). Suce the inttiation of that trial, other
studies have shown that the number of muta-
tions fn mismatch repair-deficient colorectal
cancers correlates with the response to PD-1
blockade, providing further support for a rels-
tionship between mutation burden and treatment
response (200

e this

e

fhe gepomes of miswateh repsiv-deticient tu-
moxs all harshor hundreds to thousands of soruatic
gxtations, regardiess of their cell of origin. We
therefore sought to invest the effects of
PIx1 blockade Gy the anti-PDH axgibody pembro-
lzumal) o mismatch repair- ient tumors
independent of the tissve of origin. Inthe ¢
rent study, we prospectively evaluated the effi-
cacy of P11 blockade in a range of different
subtvpes of mismateh rep m(»—deb dent can
nicalTrials.gov number NCTGI8T ,611)-.
Eighty-six consecu‘tiwc patients were enrolled
hetween Septermber 2013 and September 2016
(tahle 81} The data cutoff was 19 December 2016,
Al patients received at least oue prior therapy
and Bad evidence of progressive disease prior o
envollment. Twelve different cancer types were
enrolied inthe stady (Fig. 1. All enrolled patients
evidence of mismatch repair deficd
e chain re
muncehisteche TV, M«r MOST cuses,
line ﬁ(‘ﬁi}(’h{‘il‘lg of MRH2, MSHE, P and
MLHT was performed to detarm ne whether ﬂze
mismatch repmr deficiencies were ass A
with a gerraline change in one of these genes
{i.e, whether the patlents had Lynch syndrome)
tabie 82). Germline sequence changes diagnostic
of Lynch syndrome were noted in 32 cases (48%),
with 3SH2 heing the most eommondy rautated
gene. In seven additionsl cases where germiine
testing was not performed, the patient reported
a fumily Wistory couststent with a diagnosts of
Lynch syndrorme.

Adverse events during treatinent were magage-
able and resembled those found in other clinical
studies using pembrolizumalb (table §3), Although
4% of patients experienced an adverse effect,
maost were low-grade. Endocrine disorders, most-
ty hypothyroidism, oceorred o 31% of patients
and were eastly managed with thyooid hormone
replacement,

Seventy-sight patients bad disease that could
be evalnated hy Response Evaluation Criteria
in Solid Tarmors (RECIST) (Tabile 1), Ohiective
radiographic responses were poted 1o 48 of the
86 patients {53%; 953% confide wterval (CF),
42 10 64%], with 21% (n = 18} achieving a com-
piete radiographic response. Disease control (mea-
sured as partial response + complete response +
sf.iblm Hsease) was achieved in 66 of the 36 patients
{(779%; 83% X, 66 to 85%). Radiographic responses
could be separated into two classes, Tir
12 cases, scans at 20 weeks showed stable dis-
ease, which eventually converted to an objective
onse (measured as tumor size reduction in
response o therapy, ¢ u:o:ding 1o RF(‘NT crite-
ria}. Second, in 11 additional cases, we observed

igate
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L 30 w0 6
respectively; £ = 0271
Neither median

age time 10 any response was 21 weeks; the ave
time 1o comaplete response was 42 weeks (F
Of note, the objective response rate was six
between oolorectal cancer and other cancer sub-
types. Specitically, we observad ohiecthve responses
in 529 (859 Cf, 36 1o 889%) of patienis with colorec-
tad cancers and in 5496 (959% CT, 39 10 69%) of the
patients with cancers oviginating in other or-
gans (tables S4 and 85). There was also no sig-
nificant difference in the chjective response mte
between Lynch syndrome-associated and non~
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Lyneh syndrome-sssoctated tumors [46% (95%
versus 59

3 progression-free sumvival (PEFS)
nor mediag overall survival ((G8) has vet beex
reached (median follow-up time of 12.5 months;
Fig. 1), and the study s ongoing. However, the
estirates of PFS at ¥ and 2 years were 84% aud
53%, vespectively. The estimates of (8 at 1 and
2 years were 76% and 4%, respectively, which
is markediv higher tha
the advanced state of disease in this cohort (213,
The PFS and 08 were uot significantly different
in patients with eolorectal cancers relative to

those with other cancer types (fig. S1). Meither
PES [hazard ratio (HR) = 12 (08% I, 0.582 1o
2812% P = 0,613 oy OS [HR = 171 {86% C1, 0.697
1o 4.198); P = 0.24] were inftuenced by tarmors
associated with Lynch syndrome,

Eleven patients achieved a complete response
and were taken off therapy after 2 vears of treat-
ment, No evidence of cancer recurrence has
been observed in those patients with an average
time off therapy of 3.3 months, Seven oiher
patients had residual disease by imaging, but
pembrolizumab was discontinued after reach-
ing the 2-year willestone ¢r becanse of lntoler-

ance 1o therapy. To date, the average fime off

% (95% CL 44 to 76%),
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therapy tor this gronp was 7.6 montlis. As of the
data cuioff, none of these patients has shows
evidence of progression gince discontinmation
of perghrolizvumap.

Twenty patients with weasurable radiographic
disease pnderwent perenianecus biopsies hebween
1 month and & months aftler the inttiation of ther
apv. Twelve of these tiopsies demonstrated no
evidence of tumor cells and were shown to have
varving degrees of infammation, Abrosis, and
in, consistent with an ongoing immune re-
sponse (fig. 82). The other cight case
residual tumor cells. The absence of caneer cells
in postireaiment biopsies was a strong pre-
dictor of PFS [HR for PFS = 0,182 {85% (I,
$.046 10 Q.767); £ = 0.012], with median P¥S of
25.9 months versus 2.5 months for biopsies with
evidence of residoal tumor. Although there was
ignificant difference in OF between patients
whose hiopsies were positive or e for tnor
cetls, median QS has nof yet been reachied i pa-
tients with negative hiopsies (table 36),

Primary clinical resistance o initial therapy
with pembrolizumaly, 35 e ed by progres-
iographic discase on the fivst study scan,
was noted 10 12 patients 4% (Table 1), After
determining the exomic sequences of tomor and
matched normmal DNA from three of these patients,
we compared thern to the exomes of 15 primary

.

30

tomors from patients who had achieved ohjec-
tive regponses to the thevapy (table 87). The three
therapyv-insenstiive tumors harthored 30 average
i

of 1413 nonsynonyraows mataiions, not signitl-
cantly different from the munber in pati
objective responses {1644 NORSYROTVIROUS WBia-
tions; P = (0.67, Student £ test). The gene (B23)
encodiag f-micragioindio, a protein required for
en presentation (22), was not mutated in any

7]
T
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of the primary tamors from the resistsut group
(table S8).

Ouldy five cases of acguired resistance were
noted, where patients developed progressive dis-
ease after an jnitial objective 2
brolizamab. Three of these cases were atypical
in that the tumors emerged in occull sites such
3s the brain (two cases) or bone {one case) All
three cases were treated with local therapy (ra-
diation or surgery), and the patlents survived
and continued treatment with pembrolizanah.
Howeves ceordance with study design, these
three patients are listed 1o Fig. 1 as having pro-
gressive disease,

We performed exome sequencing of biopsies
of brain metastases from two patients asd com-
pared the results with those of their primary
tumars (fig. 83 and table S7). In the frst case, the
primary deodenal tnmor and brain metastasis
shared 397 nonsynonymons somatic mutations,
providing unequivecal evidenoe that the metasta-
sis was derived from the primary duodenal tumor
rather than from an independent tumor. More-
oves, the metastasis harhored 1610 sonsyBonymonus
new mutations not present in the primary tawmor,
while the primary timmor harboesd 964 mutations
not present in the metastasis (table $9). In the
second case, the primary colorectal tumor and
brain met 5 shared 848 nonsyuonymous
somatic nutations, similarly providing nueguivocal
evidence of g genetic relationghip between the
two lesions. The brain metastasis harbored 221
NoNSynOnynons nuations not presewt in the pri-
mary colorectal tmoy, while the primary tumor
harhored 100 mutations not present in the metas-
tasis (table 810}, Of note, the brain wetastases
from bath of these patients coniained mufations
in the B2M gene. In the patient with the coloree-

tal tunor, 3 truncating mutation (LI15PE*41) in
the 28 gene was idemtified in the metastasis
bt nat in the primary tumor, The primary duode-

nad tavaor harbored g truncating matadion in
Bomicroglobulin (VEOWTEs 34, whereas the metas-
tasis retained this muttation amd acauired a second
B2 mutation (12L>P; table 873,

We 3150 evaluated the exomes of thres primary
tmors from patients who originally had stable
disease by RECIST eriterda al 20 weeks, but whose
disease progressed within § months of initiat-
ing therapy. The average rantational buvden was
1647 for this groug, stinilar 10 those of the other
patients described above. Interestingly, two of
these three tomors harbored mutations of 823
(table S7).

We next sought to directly test the hypothesis
that checkpoint blockade induces pedpheral ex-
pansion of tumor-specific T cells and that mis-
match repaiv-deficient tumaors harbor functional
MANA-specific 1 celis, Deep sequencing of T cell
receptor CDR3 regions (TCR-seq) has emerg:
as a valuable technique to evaluate T cel 1l
representation in both tumers and peripheral
biond. We performed TCR-seq on taraors from

g

three respoxding patients {obtained from archival
surgical resections) and tdentified intratamoral

Ry

clones that were selectively expanded in the pe-
riphiery (Fig. 24). These clones were presergt at
very low frequency (often undetectahie} in the pe-
ripheral blood before pembroliznmab treatment,
ut many vapidly inereased after treatment ind-
tiation, followed by a contraction that generally
aecurred before radiologic responses weare ob-
served. To characterize functional T cell clones
specific for mutant peptides, we obtained periph-
gral blood from one of the patlents (su
We tested the patient's postireatment periphersl
F against the 15 top candidate
& neoantigen prediction
he patient’s human leuko~
ovte antigen (HLA) olass T alleles; see supplemen-
13YY e with an tterferon-y (IFN-y) ELISpot
 Counts of spot-forming cells or cytokine
s arelyses revested T cell responses sgaing
ides (Fig. 2, B and ). We next inter-
the expanded hymphooyte populs
against these seven peptides with TCR-seq. Clonal
T ceil expansion was noted in response o three
of the seven peptides (Fig. 2D), with specificity
Gemonstrated by 3 lack of expansion in response
to any ether peptide tested (ig. S4). In the pe-
ripheral bleod, T cell expausion o these three
mutant peptides resulted in 142 unigue TCR
sequences, seven of which were found in the
tumor sample (two from MANAL three from
MANAZ, and two from MANA4) (Fig. 2D). Of note,
the mutant peptides that scored positive all re-
sulted from frameshift mutations—the type of
mniation that is most characterisiic of mismateh
repaic-deficient cavoers,

All seven of the MANA-reactive TCRs were de-
tectabie in peripheral Mlood at very low frequen-
oy (ess thaa 0.029%) before treatruent. Howeves,
four of the clones rapidly increased in frequency
iny the peripheral blood after anti-PD-1 treatment
(Fig. 2E). Similay to results from the three patients

algorithm {specified
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Fig. 3. Mismatch repair
deficiency across
12,{319 tumrsrs
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ma‘;wsd above, the freguencies of these function- | these resuadts tie iImmunity, cancer genetics, and | ACKNOWLEGGMENTS
validated MANA-specific T cell clones peaked | therapeutics together in a manner that will Hkely :

(m 3fRer trestment zmd corresponded with nor- | establish 2 new standard of care. {u the futnre,
malization of the systemic tumor marker, predai- ng for nismaich repair deficiency in patients
ing objective radiographic response by several whoe are refractory to other treatinents might be
weeks, This peak in T cell clonal expansion was dered in order to identifv those who may
foliowed by decreases in frequency, reminiscent | beneiit from PD-1 pathiway blockade, regard-
of T cell responses to acute viral infections (g, iesg of tumor tvpe.
28). Becanse all the MANAs were fmm frame-
shift mutations, only MANAZ2 had a similar wild- ;
type counterpant (differing in the two Clermingl | REFERENCES AND NOTES Blommie institute for Cancer immueoihars
amino acids), ‘The corresponding witd-tvpe pep- G Drake, D. M. Pardol. Canc § *
tide bound to HLA with less than 1% of the af~
fiuity of t muwn‘c peptide conterpart (Fig. 28),
consistent with the nriation conferring enhanced
HLA binding.

To estimate the proportion of i:mcer D : > B G ¢ o } Fa.'w 2
for whorm (i "“‘bhl of this study might be ap- ’ S : R PCT/AUS2 3 63’"53 ALY submitt
Plu'abie. we evah m’ed] 019 canvers Yepresent- | g o e e ) ‘ v that sover
ing 32 dxsurm taraor types for mismatel repair B
next-generation sequencing-
based appmach -(Fig, 0. In seeordance with a
recent independent estimate using a different
approach (253, we fonad that > 2% of adenocar-
cinomas of the endometrium, stomach, small in-
stine, colon and rectuin, cerviy, prostate, bile
duet, and liver, 35 well as neurcendovrine -
mors, wierine sarcomas, and thyrekd carcinomas,
were mismatch repaie-deficient., Across these
11 tenoy tvpes, 10% of stage 1 1o stage T cancers
and 5% of stage IV cancers were misnich repair-
deficient. This represents roughly 40,000 annual
:f,;gei o Y diagnoses and 20,000 stage IV diagno-
3 the United States alone. Lay&mc genetic
and immunehistochemical tests fors atch
repair deficiency are already widely availahle,
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Mismatch repair deficiency predicts response of solid tumors to PD-1 blockade

Dung T. Le, Jennifer N. Durham, Kellie N. Smith, Hao Wang, Bjarne R. Bartlett, Laveet K. Aulakh, Steve Lu, Holly Kemberling,
Cara Wilt, Brandon S. Luber, Fay Wong, Nilofer S. Azad, Agnieszka A. Rucki, Dan Laheru, Ross Donehower, Atif Zaheer,
George A. Fisher, Todd S. Crocenzi, James J. Lee, Tim F. Greten, Austin G. Duffy, Kristen K. Ciombor, Aleksandra D. Eyring,
Bao H. Lam, Andrew Joe, S. Peter Kang, Matthias Holdhoff, Ludmila Danilova, Lestie Cope, Christian Meyer, Shibin Zhou,
Richard M. Goldberg, Deborah K. Armstrong, Katherine M. Bever, Amanda N. Fader, Janis Taube, Franck Housseau, David
Spetzier, Nianging Xiao, Drew M. Pardoll, Nickolas Papadopoulos, Kenneth W. Kinzler, James R. Eshleman, Bert Vogelstein,
Robert A. Anders and Luis A. Diaz Jr.

Science 357 (6349), 409-413.

DOL: 10.1126/science.aanb733originally published online June 8, 2017

Predicting responses toc immunotherapy

Colon cancers with loss-of-function mutations in the mismatch repair (MMR) pathway have favorable responses to

PD-1 blockade immunotherapy. In a phase 2 clinical trial, Le et a/. showed that treatment success is not just limited to
colon cancer (see the Perspective by Goswami and Sharma). They found that a wide range of different cancer types with
MMR deficiency also responded to PD-~1 blockade. The trial included some patients with pancreatic cancer, which is one
of the deadliest forms of cancer. The clinical triat is still ongoing, and around 20% of patients have so far achieved a
complete response. MMR deficiency appears to be a biomarker for predicting successful treatment outcomes for several
solid tumors and indicates a new therapeutic option for patients harboring MMR-deficient cancers.

Science, this issue p. 409; see also p. 358
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%\EE!TOR‘S PICK

The Startling History Behind Merck's New Cancer
Blockbuster

=, FULL BiIG

Opinions expressed by Forbes Contributors are their own.

No area is hotter or attracting more dollars in pharma than immuno-oncology—the
idea of harnessing the immune system to fight cancer. My fellow Forbes contributor
Bruce Booth has recently characterized the intensifying interest in this space as the
“exploding supernova” of cancer research.

e

_

where the project leading to Merck's blockbuster pembrolizumab (Keytruda) was
originally conceived. Photo Credit: VINCENT JANNINK/AFP/Getty Images {-]
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Few programs capture this enthusiasm better than Merck’s pembrolizumab, or
pembro (brand name: Keytruda), a humanized monoclonal antibody blocking the
T-cell “off” switch, PD1. Pembro, according to a Merck presentation at the American
Society of Clinical Oncology (ASCO) conference in June 2017, is currently under
evaluation in more than 500 clinical trials, including more than 300 combination
trials. It’s been approved for ten indications, and is aiming for many more.

The success of pembro is likely to define the legacy of Merck research chief Roger
Perlmutter, the immunologist who assumed leadership of Merck Research Labs in
2013 after being passed over for that role 13years earlier, when 42-year-old Peter
Kim of MIT’s Whitehead Institute was selected to run the organization, and
Perlmutter and a number of colleagues decamped to Amgen.

Yet the success of pembro was anything but inevitable. It was discovered
accidentally, by biotech scientists looking for drugs that would tamp down the
immune response in patients with autoimmune disease, and would stimulate, not
block, PD1. Even after a potent PD1 inhibitor was identified and recognized as a
potential cancer drug, the research program had to fight for funding through two
mergers and acquisitions. After the program finally wound up at Merck, in 2009, it
was considered such a low priority that it was shut down and placed on the out-
license list. A term sheet (valuing the program at next to nothing) was reportedly in
place, but pulled at the last minute, as promising results from competitor Bristol-
Myers Squibb (BMS) motivated a reconsideration of the mechanism.

A remarkably rapid drug development program ensued, initiated under Peter Kim
and in close partnership with the FDA, ultimately under the brand-new
breakthrough designation program. Merck—in effort to close what it perceived as a
four- or five-year gap with BMS—opted to pursue a companion diagnostic program
for the use of pembro in lung cancer patients, a decision intensely questioned not
only by investors, but also by the new Merck research leadership when they joined in
2013. In the end, the companion diagnostic program was retained, and while
eritigued by the Wall Street Journal as recently as March 2016, it ultimately proved
to be vital, catapulting Merck ahead of BMS when the BMS drug failed in first-line
therapy for lung cancer among less stringently selected patients, while Merck
succeeded brilliantly by focusing on the 30% of patients deemed most likely to
respond.

While drug development is often viewed as a simple linear exercise of progressing
science from laboratory to clinic, the reality is generally far more circuitous,
involving more uncertainty and luck than is typically appreciated. But it’s not just
luck; as pembro demonstrates, success is ultimately dependent upon people--in
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particular the internal champions who urge a program forward and the senior
executives who are willing to get tully behind a program, own the difficult decisions
and stake their careers on the molecule’s success.

Happy Accidents

When Greg Carven was a chemistry graduate student at MIT in the late 1990s, his
first project was to crystallize a cell surface structure involved in immune recognition
—the class II MHC molecule HLA-DR1. After several years of intensive work,
however, he found himself abruptly scooped by a lab in Slovenia. It had elegantly
solved the structure, and Carven was left to cast about for a new project. Ultimately,
he decided to focus his dissertation on the examination of HLA-DR1 using
exquisitely specific antibodies as elegant probes, enabling him to detect subtle
differences in the molecule's conformation.
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After graduation, Carven started working at an oncology startup in Waltham,
Massachnsetts—but the cornpany “fatled miserably” according to Carven, and
after a year, he was out looking for ancther job.

He found one at a biotech company in Cambridge called Orgavon, a 20-
persen outpost of a larger, 20,000-person Dutch pharmaceutical company
headguartered in Oss, Netherlands, Organon ftself was the health preduds
division of a much larger, Amsterdam-based conglomerate, Akso Nobel, that
was focused primartly on paints,

Organon sold products related to women’s health, neurology and anesthesiy;
their B&D operations were led by David Nicholson {now chiet R&D officer at
Allerzan}, who told me the Cambridge operation represented an effort {o
leverage the company's expertise in antibodies—previcusly used by the
company for target validation—to develop novel therapentics,

When Carven joined the company, he focused on raising antibodies against
the cell surface protein PD, hoping to find agoniste—molecules that activate
the receptor and thus furn Tecells off, suppressing overly exuberant responses

in patients with anteimmune discase,

This project was originally initiated in Oss in the lab of Axdres van Elsas, who
explained o me:

7
L

Organon’s PIn antibody program was congeived in 2003 as part of an
antibody portfolio we were getting up to support Organon's core ohiectives
which included antcimmune disease (rhenmatold arthritis and other) but
not eneology.
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The antibody portfolio was initiated in the Netherlands in my group in
preparation of moving to Cambridge, MA (mid-2005). The PD1 program
ultimately yielded no good agonists but exceptional antagonists.

When Carven and team recognized they had identified promising PD1
antagonists, they were not immediately sure what to do. There was much
skepticism in the world around immuno-oncology, yet also strong
protagonists, including the legendary researcher Jim Allison, an immunologist
who believed strongly in targeting immune molecules such as CTLA4, the
target of ipilimumab (Yervoy), which was developed initially by Medarex
(later acquired by BMS) and ultimately approved in 2011 for the treatment of
refractory melanoma. While the response rates were fairly low, the responses
that were seen were often unusually durable.

But these encouraging data were still several years in the future, and the
Organon team considered a range of potential uses for the PD1 antagonist,
including as an antiviral agent and as a vaccine enhancer. Ultimately,
however, the team coalesced around the oncology indication and persuaded
Organon management to go along—presumably an easy sell, since according to
Nicholson, Organon leadership was interested in using antibodies as cancer
therapeutics. As van Elsas (who was just appeinted Chief Scientific Officer of
Aduro Biotech) put it:
™ With my academic history in anti-CTLA4 (even though, clinically, cancer
immunotherapy was still highly controversial at the time), and with a
growing appreciation for the portfolio's potential in oncology, we had
enough reasons to pivot to oncology.

A Series Of Acquisitions

The team set to work on a validation package for the most promising asset in
this program, a humanized version of a highly potent and selective antibody,
which would come to be known as pembro, in anticipation of new drug filing
(known as an investigation new drug, or IND, application). Unfortunately, as
work was continuing, Organon was acquired by Schering Plough in 2007,
reportedly to plug a gap in Schering’s phase 2 pipeline.
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While "no one had given mmuch thought to the preclinical programs & either
company,” as one researcher put it, the acguisition inevitably ledto an
infegration precess associated with @ re-pricritization of all the combined
assets. The PIxt program reportedly emerged with a very low ranking among
all the oncology activities—“tow If not dead last” one sclentist said, “because
nothing in tumor immunclogy ever worked.” Nevertheless, the program
retained its champions—most prominently, van Elsas—and was permitied o
continue and prove its value to skeptical but convineible Schering executives,
As encouraging results began to come in, the team collaborated with the
eneology group at Schering te again work on the IND application, the
prevequisite for chinical studies,

Just when it seemed like the team was starting to gain momentum, Schering
itself was acquired by Merek in 2000, tnitiating, of eourse, a new
reprioritization process for the integrated companies. This time, the PDy
program was less fortunate, and the team was told to stop work, Yet, they
persisted-in skunkworks fashion, variously pitching their work as an oneology
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project, an antiviral project and a vaccine enhancement project. Eventually,
however, management caught on and formally shut down their work. The
molecule was placed on the out-license list, and ultimately a term sheet was
drafted setting the terms for a specific interested party to obtain rights to the
molecule at what was said to be a negligible cost.

Everything changed, however, by the middle of 2010. First, BMS pubdished in
the New England Journal of Medicine (NEJM) a successful Phase I1I study in
refractory metastatic melanoma involving ipilimumab (Yervoy), a drug
targeting the different but related T-cell inhibitor molecule CTLA4, pointing to
the potential efficacy of the so-called “checkpoint inhibitor” approach. Second,
word began to filter through to Merck that nivolumab, or nivo (brand name:
Opdivo), an earlier-stage molecule targeting PD1 that BMS also acquired
though its recent acquisition of Medarex, was showing signs of promise.

From what was literally a standing stop, Merck urgently reactivated IND
development in mid-2010, targeting a filing by the end of the year and
achieving it in December. Enrollment in the first study began in earlv 2011.
Eric Rubin—who, in an interesting twist of fate, did his oncology training at
Dana Farber with Thomas Lynch, who now leads R&D at BMS—was the head
of clinical oncology at the time and would eventually become the clinical lead
for the program.

Development of pembro was unlike any program in Merck’s history. For
starters, the team realized they were years behind BMS; one researcher told
me they calculated that BMS must have filed their IND for nivo in 2006. But
Merck had an aggressive plan, and benefited from unusually good timing.

“I Could Not Go To Sleep If Trial Closed”

The pembro phase 1 program began like any other; the first-in-human study
was a simple dose escalation, designed primarily to understand the safety and
tolerability of the new medicine in patients with a range of advanced cancers.
Efficacy was also examined in a preliminary fashion, typical for phase 1
studies. When early results suggested some melanoma patients—already
suspected to be good fit for PD1 mechanism—seemed to be responding to the
drug, an expansion cohort, focused entirely on advanced melanoma patients,
was added.

The results from the melanoma cohort were striking. According to UCLA’s
Antoni Ribas, a key investigator in this advanced melanoma study:
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Among the first 7 patients we enrolled, 6 patients had objective responses.
1 realized I was probably lucky and this high rate of responses would not
hold up forever, but also realized that [pembro] was different from all the
other cancer immunotherapy we had tested to date, all of which had
response rates in the 10-15% range.

Ribas then started sending before and after scans to the Merck team running
the study, urging them to share with upper management. He worried Merck
was “going too slow in recognizing how important this was.”
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Merck scientists involved in the program tell me they needed ittle prodding
frowm Ribas, saving they were acutely aware of the both the potential clinical
utility of their drug and the commercial need to clase the gap with a
competitor who seemed to be vears ahead,

Ribas emphasizes his “main concern was that the study as designed had very
few additional patients to enter, and | could not go to sleep if the trial closed
and I would have suitable paticnts who could respond like the others and no
slots for them,” His pleading apparently dovetailed with the strategy on which
Merck had embarked. As Ribas notes, the study “eventually grow to inchude

55 patients with metastatic melanoma and a similay momber of patients with
hung cancer, becorning the largest phase 1 trial ever done in oncology,” (Note:
This extraordinary Phase 1 study was recently stummarized by Bric Rubiy and
colleagues in the Annals of Oncology )

Merck’s daecision o focus on melanoma seems 1o reflect both sctentific and
commercial considerations. Melanomas had already demonstrated
responsivensss to iptimumab (Yervovi—recall that this targets CTLA4, a
different but related T cell off switch—so there was reason to belleve perahro
would work in this cancer as well, Commercially, Merck was terribly
concerned by how far they were beliind BMS nivo, and thought—from the
time it filed its original IND in 2o10-that its best chanee o get to market
rapidly was by foeusing on refractory melanoma patients; in particular, it
thought that if it could demonstrate its drug was effective in patients failed by
all known treatmenis—including ipttiimumale-it nright be able tn develop the
drug in g single-arm frial-without a comparator arm, While normally drugs
need to demonstrate superiority to placebo oy to standard of care, patients
whao have been failed by all existing options by definittion bave no viable
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alternative. A new medicine that demonstrates compelling success in such a
population might garner rapid approval.

Regulatory Breakthrough (Designation)

Merck had another ace up its sleeve as well. At a safety conference in Japan in
2012, the head of non-clinical safety, Joseph DeGeorge—who earlier in his
career had spent 13 years at the FDA-learned from FDA colleagues how they
intended to apply and implement a pathway called breakthrough designation
(BTD), designed to accelerate and rationalize the approval of new drugs for
unmet needs. While BTD does not mandate any specific schedule acceleration
for molecules accepted into this category, it fundamentally changes the
relationship between the FDA and the company developing the drug.
Meetings can occur with greater frequency, and—most significantly—the FDA
works in much closer partnership with the company to identity the most
efficient path to approval (while not changing the specific approval
standards).

With its promising early results in advanced melanoma, Merck applied for
and, in January 2013, received BTD status for Keytruda in this indication—a
fact it did not immediately publicize, as it didn’t want to alert potentially
drowsy competitors to the possibility of using this novel regulatory
mechanism.

In speaking with a number of Merck scientists, it appears one of the key
benefits of BTD status was to backstop the pembro-inspired shakeup of
Merck’s historically conservative and linear drug development mindset and
assure Merck that its new approach—involving doing more work at risk, and
with far greater agility—was regarded favorably by regulators and represented
a move in the right direction.

As the melanoma work was proceeding, the Merck team—motivated by
promising results nivo was reporting—considered the potential benefit of the
drug in non-small cell lung cancer (NSCLC) and added cohorts to the phase 1
study to explore this possibility, specifically the use of pembro as second-line
therapy.
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The expansion of the pembro program at Merck ereated a logistical challenge
for the company. At the time, Merck was hardly an oneology powerhouse, and
it just didn’t have enough people in iis chinical development organization to
throw at the growing need. On the other hand, the infrinsic excitement of the
program motivated some to step up. The lang program, for example, would be
fed by a seasoned veteran, Martin Huber, who had led oncology progravs in
hung cancer more than decade earlier, and had worked his way to a senior role,
director of pharmacovigitance at Merck. In this role, he was also on a review
comitiee for componnds in elinjeal development and quickly recoguired
both the promise of the drog and the need for his involvernent. He stepped ont
of his management role and into the arena, leading the pembro NSCLO
THOErant.,

Baved By The Biomarker

When Merck started the lung cancer program, they viewed themselves as
vears behind BMS and thought their only chance for rapid approval would be
to demonstrate nnnsually high response rates in second-line therapy. The
challenge was how to achieve this—and they turped to a blomarker,

Merck’s instinet to utilize a lnomarker in olinjeal development s hardly
surprising: a balbnark of Peter Kiny's tenure at Merck was a strong emphasis
on Momarkers—molecular signposts that can be used to segment patient
popmiations, either to identity those most {or least) Hkely to respond or to get
an early indication that a new drug is behaving as expected.

{4 quick aside: Dhad a front row seat to MereK's embrace of biomarkers
during the Kim years: I worked in MereK's newly-formed Department of
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Experimental Medicine from 2006-2008 and developed a firsthand
appreciation for both the possibility and the limitations of biomarkers in
clinical development.)

In this case, Merck turned to a molecule called PDL1, which is expressed on
the surface of a number of cells, including some tumor cells, and is the natural
ligand of PD1. The hope was that by selecting patients with tumors that
expressed high levels of PDL1, they could achieve increased efficacy. (This was
based on empiric observations, including those reported by nivo researchers,
as well as the thought that if a tumor doesn’t express PDL1, it’s less likely that
the PD1 pathway has been upregulated.) It was never exactly clear why PDL1
expression should predict efficacy—a relationship that to this day remains
unclear and the subject of intensive discussion.

The decision to utilize a biomarker for clinical development is often fraught,
and was particularly so here, for a combination of commercial, scientific and
humanistic reasons.

In general, commercial teams tend not to favor biomarkers and seek to avoid
them wherever possible. They would rather target an entire population than a
subpopulation, and also recognize the inconvenience of requiring a patient to
get tested prior to using a drug. All things being equal, a doctor would prefer
to prescribe a drug immediately, without waiting for a test to be ordered and
the results received and interpreted.
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But all things are rarely equal; the ability to define g population that responds
well to a drug can resolt in olinical trials that vield far more impressive results
~aud require far fewer patients to demonstrate that the drug is effective. In
this case, the Merck team felt they were vears behind BME in lung cancer and
thought their only way to stay relevant was to use an effective omarker to
wdentify a subgroup of patients that would respond in a snch a conpelling
fashion that regulators wonld be impressed and would want to ensure the
drug was available as soon as possible to serve this defined group of patients,

Scientifically, the challenge is that biomarkers are rarely perfect, and the PDIa
bomarker assay was perhaps a bit messier than meost—-yet Merck believed that
it had developed a reliable assay that could support elinical development and
incorporated this in vet another arm of its ever-expanding phase 1 study.

Humanistically, the challenge is that by requiring the use of a companion
diagnostic, or biomarker, patients who test negative generally cannot receive
the drug. This makes sense if the biemarker works perfectly, but ifnot, it
roeans you are effectively denving the drug to patients who might benefit. As
Alise Redein, a Merck executive who oversaw ywouch of the early pembo
program (and 1o now 8VP and head of global clinical development at EMD
Seronn) recails, “We heard from physicians that late-Hne lung cancer patients
had no options, so even if they had only a 7-8% chance of responding” because
the tumors did not express high levels of PDL3, the doctors still "wanted the
option to use the drug.”

At the time the pembro team was engaging in these internal debates, Roger
Perbrvatter replaced Peter Kim as head of Merck Research Labs; many of
Perimutter's fremer Amgen colleagues soon joined him, and one of their fivst
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tasks was reviewing the pembro development program. According to a
number of scientists, the new leadership team was very concerned about the
biomarker approach that had been adopted. Some speculated that perhaps the
new leadership team felt it had been burned by previous challenging
experiences with biomarkers at Amgen, possibly during the development and
commercialization of Amgen’s Vectibix.

But many were convinced the main worry about the use of the PDL1 assay was
scientific—which was how Perlmutter himself explained his concerns.
“Decisions in early research are based on scientifie, not commercial,
considerations,” Perlmutter told me, adding that from the outset, he embraced
the idea of a biomarker for the lung program, but wanted to be sure it worked.

As Perlmutter explained, while PDL1 is the natural ligand of PD1, the biology
is not so straightforward. Drugs that block PD1 may be especially effective in
tumors with high levels of PDL1 because PDL1 itself may be a surrogate
marker for local inflammation—it’s upregulated in the presence of
inflammatory cytokine interferon gamma, Perlmutter points out.

After considerable review and often-anguished debate, Perlmutter and
colleagues backed the continued use of the biomarker in the NSCLC second-
line program (the first studies had already kicked off by the time Perlmutter
joined in April, 2013)—as well as in another, extremely important (and hugely
valuable) set of studies evaluating the use of Keytruda as first-line therapy for
NSCLC.

Even after this decision was made, it wasn’t clear it was the right choice; BMS,
for example, had elected to develop its PD1 agonist for lung without a
biomarker—a decision that as recently as March 2016 was seen as yielding
better results; consider this lede from the Wall Sireet Journad: “Bristol-Myers
Squibb has sprinted to an early lead in the race to sell a new class of cancer
treatment by bucking the trend toward precision medicine.” The authors go on
to observe that “Bristol has outflanked Merck partly by sticking to the old,
mass-marketing approach.”
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However, thess results were for second-line therapy; when the resulis for
pembyro and nivo for first-line NSCLC were reported in 2016, there was a
shock: Merek’s study was strongly positive, while the BMS study—which used
a biomarker, but with a far lower threshold-fatled, a resulf that stunned many
observers but seemingly vindicated Merek’s approach.

The Merck team also used PBLUlevels to prioritire which tumors to farget
nest; a prefiminary stady of the top fonr~head and neck, bladder, iriple
negative breast cancer and gasiric cancer—led to promising resulis and
dedicated studies in each of these indications (although the phase § program
inn ardvanced head and neck cancers reported negative resulis this week), An
even more expansive program—evaluating pembro in a number of other
advanced tnmors, sclected based on measured PDLA fovel, soon followed,

“There Is No Ling”

While the pembro clinical development program began under Kim, and was
even placed on aceelerated or “gold track” status tnternally, the key frnpact
Perlimutter had on the program was recognizing it as au exceptional assef and
redivecting virtually all work at Merck towards this program, According o
Perlmutter, “1 told everyone in research: stop what vou're doing now., We've
got to do this”

The organization got the message, and stories of Pernoaltter’s emphasis on
Keytruda abound. According fo one scientist, Perlmutter reportedly said, “1
don't want to wake up in five years and wish 1 blew another %1 billion on this
drug.” Former Merck executive Reicin recalls presenting Perlmutter with a
prioritized list of potential Keyvtrada chinical studies and asking him, based on
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resources, where to draw the line. “There is no line,” Perlmutter reportedly
responded. “Do them all.”

I asked Perlmutter about this, and he told me that given the melanoma
results, you “didn’t need to be a genius” to figure out “there was something
special here,” and to realize pembro had significant promise.

But what Perlmutter did that was distinctive was take this logic one step
further. When he stepped back from the details of the program and considered
the big picture, he recognized that pembro wasn’t just a promising product in
Merck’s portfolio—it was more valuable than the entire rest of the portfolio put
together. His resourcing of pembro work, to the exclusion of most other
activities, reflected this conviction. “When you realize the potential of
something like this,” he explained to me, “you need to bet your career on it.”
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Good Luek Coming In Over The Transom

It was Pastenr who famously ohserved that fortune favors the prepared mingd
—and Merek was the beneficiary of just this sort of good fortune when perbro
feaders received a call from legendary Johing Hopkins cancer researcher Bert
Vogelstein, saving, “We nesd to talk.”

One of Vogelstein's colleagues at Hopking, Suzanne Topalian, had just
completed a clinical study of the BMS PD1 inhibitor nive and was struck by a
coupie of observations, First, melonoma and NSCLC patients seemed to
respond better than other tomor types. Second, while few patients with
colorectal cancer (CRC) responded, the one CRC response that was observed
was unusually durable. Vogelstein explains that he and his genetically
oriented collesgues immediately had an idea: both melanomas and NSCLC
—associated as there are with mutagens like stmbight and cigarette smoke,
respectively-typically have many more mutations than other cancers. Canoers
with high “muiational burdens” are more likely te have recognizable novel
antigens—called mutation-associated necantigens, or MANAs—to which T-cells
can respoud.

Perhaps, Vogelstein and his fellow geneticists suggested, the patient with CRC
snffered from a relatively rarve form of the cancer associated with a defect in
mismatch repair, resuiting in a similarly high mutational burden. If you fest
the patient with CRO who responded to the PO drug, Vogelstein pradictad, §
bet he'll have the molecudoy signuture of mismateh repair—a finding known as
“MEI-High.” Sure enoughy, the patient wag tested and found to have this
marker.
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Vogelstein told me that he and his colleagues promptly drafted a letter to a
“prominent medical journal,” articulating their theory—and almost
immediately it was rejected as mere conjecture. So Vogelstein picked up the
phone and proposed a study to Merck; Hopkins would both conduct and pay
for the study, he said. All Merck needed to do was provide the drug—which at
this point had not yet been approved for any indication. Merck agreed, and the
results—as Gina Kolata eloquently deseribes in a recent New York Times
article—confirmed the investigators’ hypothesis, leading ultimately, in May
2017, to an unprecedented type of FDA approval for pembro—authorizing its
use in a wide range of cancers, based on the presence of the MSI-high
signature—“the FDA’s first tissue/site-agnostic approval,” according to the
agency.

Lessons Learned

1. Vast Distance Between Discovery and Commercialization. Tt can be
really hard to know in advance what discovery projects will succeed.
When pembro was initiated, it began as a search for autoimmune
therapeutics, looking for PD1 agonists. Even once an attractive PD1
antagonist was identified and recognized as potential oncology drug,
it’s potential wasn’t obvious to either Schering Plough, when it acquired
Organon, or to Merck, when it acquired Schering. Again, this is hardly
unusual: When Millennium acquired Leukosite in 1999, for example, it
was primarily for alemtuzumab (Campath); no one at either company
likely appreciated at the time that Millennium also acquired a future
blockbuster, bortezomib (Velcade).

2. History Linearized Over Time. The often circuitous history of drug
development inevitably gets polished and more linear over time; lucky
breaks and even fortunate missteps get cast as more intentional than
they really were. The story told by the researchers in the trenches is
generally much grittier than the version to which senior executives
often cleave.

3. People Matter. Drugs neither discover nor develop themselves; the
ultimate success of pembro is unquestionably attributable to a series of
champions who believed in the possibility of the molecule and strove to
enable it to demonstrate its potential. Every person with whom I spoke
seemed to go out of their way to highlight several “unsung
heroes”frequently citing distinct sets of names.

4. Circumstances Matter. I'm especially struck by the role of Roger
Perlmutter in the story of pembro—not because he was involved in the
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discovery or early development of the molecule, but because of his
decision to bet both his career and Merck’s enterprise on this program.
Every person to whom I spoke—which included a mixture of fans and
critics—spoke of the singular impact of this decision. Less obvious,
however, is how best to contextualize this choice. Perhaps any new
leader who saw the early compelling data would make a similar
decision. Conversely, maybe the program’s success is directly
attributable to his intrinsically good judgment and instinctive boldness
—and this is the sort of decision he would have made any time in his
career. Or maybe it reflects decades of experience in drug development
—he had the perspective to recognize something truly special when he
saw it. Or perhaps you are more likely to bet your career on a decision
when you're in what’s likely the last (and also the most coveted) role of
your career, and realize you have a limited amount of time to make
your name; perhaps under these circumstances, you are more likely to
place a big bet—and also more likely (as some have observed) to
prioritize a white-hot present-day program rather than invest your time
and resources in discovery-stage research that’s unlikely to bear fruit
during your tenure, if at all. With so many possibilities, it feels like a bit
like “choose your own narrative—pharma executive edition.”

. Relationships With Regulators Matter. Merck researchers involved

with the early pembo clinical program were struck by the impact of
working closely in partnership with regulators, rather than the more
typical relationship, which tends to be more adversarial. As DeGeorge
put it, “Regulators really want to get important new drugs to patients
quickly,” a sentiment shared by many members of the pembro team. As
the researchers describe it, the FDA didn’t relax its criteria but helped
the development team understand what the agency was looking for,
and what approaches might best get them there. It’s a shame most drug
development isn't this synergistic—but it’s also a shame most drugs
aren’t this impactful. (Some critics worry such collegial drug
development may not be in the best interests of patients; FDA oncology
leaders discuss the issue thoughtfully in this 2016 NEJM commentary.)

6. Agility Matters. Pembro’s rapid route to market and to patients reflects

a commitment by Merck to develop this drug in what many pembro
team members described as a conspicuously un-Merck-like fashion,
foreshadowing a more general trend in the industry where, as FDA
oncology leaders observed in NEJM, “the three distinct sequential
phases of [cancer] drug development have...become increasingly
blurred.” One example cited by former Merck executive Reicin: going
into a confirmatory phase 3 study for advanced melanoma (and before
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pembro received accelerated [contingent] approval for this indication),
the team wasn’t sure about the exact dose (2mg/kg vs 10 mg/kg, each
every third week) or the regimen (10mg/kg every two weeks or every
three weeks), as the cohorts looking at this in early phase studies hadn’t
yet read out. Rather than test all three possibilities in each of two phase
3 studies—a more traditional approach—Reicin notes that Merck tested
the two doses in one phase 3 study and the two regimens in the second,
with the permission of the FDA. It then examined the combined data
set to make the final determination (it turned out the two doses and
two regimens all worked about the same). Without a willingness to
contemplate such trial designs—and without the willingness of the FDA
to consider them—the trial would unquestionably have taken far longer,
and involved many more patients.

7. Ars Longa. The story of PD1 antognists, and of immunoloncology, has

just begun, and no one knows how it will ultimately play out. The role
of PDL1 as a biomarker remains the subject of much discussion. Merck
researchers tend to attribute the use of this biomarker to their high
response rates in both second- and first-line NSCLC, yet at least some
data from BMS suggests the same biomarker—measured by a different
assay—is less determinative (even when the same cutpoint is used as a
criterion in an exploratory evaluation—see this recent NEJM paper).
Vogelstein, for his part, shares Perlmutter’s original sense that the PD1
story is about more than PDL1 levels, telling me “there’s something
about the whole process that’s yet to be discovered.” Keytruda’s
recently reported and unexpected failure in patients with advanced
head and neck cancer speaks to the degree of uncertainty that remains.

. Translational Impact. Ultimately, the goal of most academic and

industry cancer researchers alike is to translate their insight into
patient impact. Vogelstein provided a poignant example, describing a
graduate student with Lynch Syndrome (an inherited disorder of DNA
repair leading to a high mutation rate and often gastrointenstinal
tumors) who had developed CRC in his 20s and metastatic disease by
his 30s. Available therapies no longer worked, and he was scheduled to
be admitted to hospice on Friday. On Wednesday, however, the patient
got word that his tumor tested positive for MSI-high, meaning that he
was now a good candidate for pembro. He responded incredibly well to
the medicine, Vogelstein said, and in the last four years, has gotten
married and moved away to start his life anew. Stories like this may
remain the exception, but also highlight the transformative potential of
biomedical innovation.
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PTO/SB/06 (09-11)

Approved for use through 1/31/2014. 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 displays a valid OMB control number.

Application or Docket Number Filing Date
PATENT APPLICg;r;gtl:t;:gigﬁ'ﬁg—léng\lATION RECORD 167144649 09992018 (3o be Mailed

ENTITY: LARGE (J smaLL (O micro

APPLICATION AS FILED - PART I

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
[ BASIC FEE N/A N/A N/A
(37 GFR 1.16(a), (b). or (c))
L) SEARCH FEE
(37 CFR 1.16(k), (i), or (m)) NiA N/A N/A
[_J EXAMINATION FEE
(37 CFR 1.16(0), (0), or (q)) N/A N/A N/A
TOTAL CLAIMS ) *
(37 CER 1.16()) minus 20 = x $100 =
INDEPENDENT CLAIMS : .
(37 GFR 1.16(h) minus 3 = x $460 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
DST:;L'S?Z'ON SIZE FEE (37 for small entity) for each additional 50 sheets or
16(s)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
[J MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(}))
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART I
(Column 1) (Column 2) (Column 3}
CLAIMS HIGHEST
REMAINING NUMBER
| 02/04/2020 | prrer PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total * ; *x - -
H I 30 vinus |+ 30 -0 x $100 - 0
Z | Independent * : wxx _ _
g (370&1‘16”1)) 3 Minus 3 =0 x $460 = 0
< ] Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16())
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
LU | Total * i *x = -
= | B7CFR1.16() Minus ~ X $ 0 -
O | Independent . ; xx -
E 37GFpR1.16 h) Minus N x $0 =
= () Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16())
TOTAL ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE
= If the "Highest Number Previously Paid For" IN THIS SPAGE is less than 20, enter "20". /DORIS M BURNS/
*** |If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. 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 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.
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