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Abstract 

Alm: The aim of the current study was to assess the correlation between the Ulcerative Colitis Endoscopic Index 
of Severity (UCEIS}, Lichtiger Index and the fecal calprotectin (FC) levels in ulcerative colitis (UC) patients. 

Methods: This prospective study included 58 patients with UC, referred for colonoscopy to our Center. The 
diagnosis of UC was based on the clinical, endoscopic, and histological criteria. FC was analyzed in stool samples 
by means of point-of-care desk-top Quantum Blue Reader® method. 

Results: The UCEIS significantly correlated with levels of FC (r=0.869, p<0.001} and the Lichtiger Clinical 
Activity Index (r=0.862, p<0.001). Moreover, the Lichtiger Index demonstrated significant correlation with FC levels 
(r=0.869, p<0.001). 

Conclusion: The strong correlation between clinical and endoscopic disease activity shows that FC is a useful 
biomarker for noninvasive activity monitoring in UC patients. 

Keywords: UCEIS; Lichtiger index; Fecal calprotectin; Ulcerative 
colitis 

Introduction 

Ulcerative colitis (UC) is a heterogeneous, inflammatory disease 
which is characterized by diffuse inflammation of the large intestine 
mucosa and a relapsing disease course. Assessment of disease activity 
is vital in view of clinical management [l]. In order to determine it, 
physicians count on combination of clinical features, endoscopic 
findings and levels of laboratory biomarkers [ 2]. 

At present, the most accurate way to evaluate the severity of UC 
and extent of intestinal inflammation is endoscopy with biopsy [3]. 
This technique allows assessment of extent and severity of disease but 
it is also invasive, time-consuming, and expensive. Furthermore this 
procedure is painful, and requires an uncomfortable preparation and 
a trained endoscopist [4]. These limiting factors are often a burden to 
UC patients, and often prevent the frequent evaluation of UC activity 
by endoscopy [5]. On the other hand, patient symptoms cannot reliably 
reflect the extent of disease and response to therapy, and their correlation 
with endoscopic activity is often limited [ 6]. For this reason, in order to 
assess the disease activity, a combination of clinical examination, levels 
of laboratory biomarkers, endoscopic and microscopic findings is used 
in routine clinical practice [7]. 

Among all laboratory biomarkers fecal calprotectin (FC) has 
demonstrated the best sensitivity for assessing intestinal disease activity 
[8]. It is frequently used for follow-up of inflammatory bowel disease 
(IBD) activity and its elevated concentrations can predict relapse in IBD 
patients in clinical remission [9,10]. 

Many disease activity indices or clinical criteria for UC have been 
proposed through the years, but none have been adequately validated. 
The Lichtiger Index, also known as the modified Truelove and Witts 
Severity Index, also has not been validated, although it has been used 
in several adult clinical trials [ 11,12]. Up to this moment there are 
not enough data about the correlation of the Lich tiger Index with the 
endoscopic severity and levels ofFC 

There are several different scoring systems for the endoscopic 

evaluation of UC severity, such as Mayo endoscopic score, modified 
baron score, etc. However, none of these instruments have been 
validated for a reliable assessment [ 13]. Recently, the Ulcerative Colitis 
Endoscopic Index of Severity (UCEIS) has been reported by Travis et 
al. [14]. This score was developed as an index that catches 90% of the 
variance in the overall assessment of endoscopic severity and is the first 
validated endoscopic index of severity in UC [15]. Basically, the UCEIS 
is calculated as the simple sum of three descriptors: vascular pattern 
(score 0-2), bleeding (score 0-3), and erosions and ulcers (score 0-3) 
(Table 1) [16]. 

Up to our best knowledge, there have been no prospective studies 
that have assessed how endoscopic activity, evaluated using UCEIS, 
correlates with clinical activity, assessed using the Lichtiger Index, and 
with FC concentrations in UC. Therefore, the purpose of this study 
was to answer the following question: what is the correlation between 
UCEIS, Lichtiger Index and FC levels in UC patients. 

Methods 

Patients 

This prospective study enrolled 58 patients -32 male and 26 female 
at an average age of 39.4 ± 9 (18-63} years with UC, referred for 
colonoscopy to our Clinical Center of Gastroenterology between May 
2014 and April 2016. The diagnosis of UC was made on the basis of 
appropriate clinical, endoscopic, and histologic criteria [7]. Inclusion 
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DEFGHIJ�KELMNOHM�OPHFQFHRS�TUVW�DEFGHIJ�OGL�XFYX�OPHFQFHR�EZ�HXM�LFIMOIMS�
[V\�DEFGHI�]̂O_̀M�Vab

cdefghijkf�lmdjijn�opqmnemrje�spqft�mu�vfkfgjiw�xclosvy

zM�{|}~��IPENM�FI�O�IPENFGY�HEÈ�_OIML�EG�O�QFI�Ò�OGÒEY�M�IPÒM�]���a�
HXOH�I�DD̀FMI�O�KELM̀�OPPE�GHFGY�ZEN�{|�MGLEIPEDFP�IMQMNFHR�]̂O_̀M��ab�

�M�MQÒ�OHML�HXM�DOHFMGHI�_R�HEHÒ�PÈEGEIPEDR���XMNMOI�FG�HXM�
ENFYFGÒ�LMHMNKFGOHFEG�EZ�HXM�{|}~��IPENM�̂NOQFI�OGL�PÈ̀MOY�MI��VW��
�IML�IFYKEFLEIPEDRb��M�FLMGHF�ML�HXM��ENIH�O�MPHML�DONH�EZ�HXM�PÈEG�
QFI�ÒF�ML�_R�PÈEGEIPEDR�OGL�HXM��GÒ�IPENM��OI�PÒP�̀OHML�_R�OLLFGY�
HXM�IPENMI�ZNEK�MOPX�PEKDEGMGH�NOGYFGY�ZNEK���]GENKÒa�HE���]HXM�
�ENIHba��M�IHNOHF�ML�HXM�{|}~��IPENMI�FGHE�ZE�N�YNE�DIS�NMKFIIFEG�
]{|}~���UVaJ�KF̀L�]{|}~���UWaJ�KELMNOHM�]{|}~��\U�aJ�OGL�IMQMNM�
]{|}~���U�ab�~H��OI�OII�KML�HXOH�{|}~��V�FG�HXM�NMKFIIFEG�YNE�D��OI�
O�LMIPNFDHEN�̀FKFHML�HE�QOIP�̀ON�DOHHMNGIb�|ÈEGEIPEDR��GLFGYI��MNM�
PEKDONML�HE��FPXHFYMN�~GLM��OGL��|�̀MQM̀�FG�MOPX�DOHFMGH�]̂O_̀M��ab

�fehd�ehdrgmifeijp

|ÒDNEHMPHFG��OI�M�OKFGML�FG�IHEÈ�IOKD̀MI��IFGY�DEFGHUEZUPONM�
LMI�UHED���OGH�K��̀�M��MOLMN��]��|��MOLMNa�KMHXELb�~H�FI�O�̀OHMNÒ�
�E��HMPXGÈEYR�_OIML�EG�}�~���HMPXGF��MIb�zM�HMIH��OI�DMNZENKML�
OPPENLFGY�HE�HXM�KOG�ZOPH�NMN�I�FGIHN�PHFEGI�]��OGH�K��̀�M��
|ÒDNEHMPHFG����X̀KOGG��O_ENOHENFMI�������FH�MǸOGLa��VT�b

zM���|�LMQFPM��IMI�FGHMNGÒ�IHOGLONLI��FHXFG�O�NOGYM�EZ���U����
 Y¡Y�OGL�O�IMGIFHFQFHR�EZ�¢V�� Y¡Y��HX�I��Y�ONOGHRFGY�PEGIFIHMGPR�FG�
NMI�̀HIb��XMG��M�NMPMFQML�NMI�̀HI�[���� Y¡Y���M�DMNZENKML�OLLFHFEGÒ�
VSV��LF̀�HFEG��FHX�M�HNOPHFEG�_��MN�OPPENLFGY�HE�HXM�KOG�ZOPH�NMN�I�
FGIHN�PHFEGI��Ò̀E�FGY��I�HE�NMPMFQM��|�̀MQM̀I��D�HE������ Y¡Yb��|�
QÒ�MI�O_EQM�HXM��DDMN�̀FKFH�EZ�HXM�KMOI�NMKMGH�NOGYMI��MNM�NMYFIHMNML�
OI������£Y¡Y�OGL��|�QÒ�MI�_M̀E��HXM�̀E�MN�̀FKFH��MNM�OPPENLFGỲR�
NMYFIHMNML�OI����£Y¡Yb

PNFHMNFO�FGP̀�LMLS�]Va�OYM�V�U�\�RMONI��]�a�PEKD̀MHM�PÈEGEIPEDR��FHX�
FGH�_OHFEG�EZ�HXM�PMP�K��]�a�_FEDIFMI��]Wa�PEKD̀MHFEG�EZ�O��NFHHMG�
FGZENKML�PEGIMGH��OGL�]\a�ZMPÒ�IDMPFKMGI�PÈ̀MPHML��FHXFG�V¤��LORI�
_MZENM�PÈEGEIPEDRb�~G�HXM��W�X�DMNFEL�_MZENM�HXM�DNEPML�NM��HXM�DOHFMGHI�
XOL�_E�M̀�P̀MOGFGY�ZEN�MGLEIPEDRb��̀ �̀HXM�DOHFMGHI�XOL��GLMNYEGM�O�Z�̀̀�
KMLFPÒ�OIIMIIKMGH�FGP̀�LFGY�O�LMHOF̀ML�KMLFPÒ�XFIHENR�OGL�DXRIFPÒ�
M�OKFGOHFEGb�}�P̀�IFEG�PNFHMNFO�ZEN�HXFI�IH�LR��MNMS�]Va�FGPEKD̀MHM�
PÈEGEIPEDR��]�a�FGOLM��OHM�ZMPÒ�IOKD̀M��]�a�PÈENMPHÒ�POGPMN�EN�
PÈEG�DÈRDI��]\a�|NEXG�I�LFIMOIM��]�a�FGLMHMNKFGOHM�PÈFHFI��]�a�XFIHENR�
EZ�PÈENMPHÒ�I�NYMNR��]�a��NFGONR�FGPEGHFGMGPM�]L�M�HE�HXM�NFI��EZ�
PEGHOKFGOHFEG�EZ�ZMPÒ�IOKD̀MIa��]Ta�DNMYGOGPR��]V�a�XFIHENR�EZ�OPHFQM�
GEGUIHMNEFLÒ�OGHFUFG�OKKOHENR�LN�YI�]¥��~¦a�FGHO�M�]��HO_̀MHI¡
�MM�a��]VVa�XOQFGY�FGZMPHFE�I�PÈFHFI��]V�a�DNFKONR�FKK�GELM�PFMGPR��
OGL�]V�a��GLMǸRFGY�PXNEGFP�LFIMOIM�OH�HXM�HFKM�EZ�HXM�IH�LRb

�̀ �̀HXM�DOHFMGHI�FGP̀�LML�FG�HXFI�IH�LR�NMIDEGLML�HE�Ò̀�HXM�FGP̀�IFEG�
OGL�M�P̀�IFEG�PNFHMNFOb�~GLFPOHFEGI�ZEN�PÈEGEIPEDR��MNM�P̀FGFPÒ̀R�OPHFQM�
LFIMOIM�]�ONMa��XOQFGY��GM�D̀OFGML�IRKDHEKI��MQÒ�OHFEG�EZ�LFIMOIM�
OPHFQFHR�O§MN�HNMOHKMGH�OGL�LRID̀OIFO�I�NQMF̀̀OGPM�ZEN�̀EGYIHOGLFGY�
LFIMOIMb�zM��FPXHFYMN�~GLM��ZEN�MOPX�DOHFMGH��OI�PÒP�̀OHML�_R�O�LEPHEN�
GEH�DMNZENKFGY�HXM�PÈEGEIPEDRb�}GLEIPEDFMI��MNM�PONNFML�E�H�_R�H�E�
M�DMNFMGPML�YOIHNEMGHMNÈEYFIHI��XE�YNOLML�HXM��GLFGYI�OPPENLFGY�HE�
HXM�{|}~�b

j̈e©ijªfg�jpqft

zM��FPXHFYMN�~GLM��FI�LM�GML�_R�MFYXH�QONFO_̀MI�]̂O_̀M�VaS�¦FONNXMO�
]G�K_MN�EZ�LOF̀R�_E�M̀�EDMGFGYIa��GEPH�NGÒ�IHEÈI��QFIF_̀M�_̀EEL�FG�
IHEÈ�]DMNPMGHOYM�EZ�KEQMKMGHIa��ZMPÒ�FGPEGHFGMGPM��O_LEKFGÒ�DOFG¡
PNOKDFGY��YMGMNÒ��M̀̀U_MFGY��O_LEKFGÒ�HMGLMNGMII��OGL�GMML�ZEN�
OGHFLFONNXMÒIb��PENMI�NOGYM�ZNEK���HE��V�DEFGHIb�|̀FGFPÒ�NMKFIIFEG��OI�
LMHMNKFGML�OI�O��FPXHFYMN�~GLM��EZ���DEFGHI�EN�̀MII��V��V��b��FKF̀ON�HE�O�
IH�LR�EZ��PXEMDZMN�MH�Òb��V����M�LM�GML�HXM�LF�MNMGH�LMYNMMI�EZ�P̀FGFPÒ�
OPHFQFHR�EZ�{|�OI�ZÈ̀E�IS�NMKFIIFEGS��U��DEFGHIJ�KF̀L�OPHFQFHRS�WU��
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DEFEGHEGIFJ�FKFJLHMH

NO�PQRQSPQSTRU�RVRUWPSP�XRP�YOZ[\Z]Ô�_PSV̀�abaa�[\Z�cSV̂\XPd�
eOZPS\V�fghih�jabaa�kVThd�lmSTR̀\d�naoph�NO�[\UU\XSV̀�PQRQSPQSTRU�
]OQm\̂P�XOZO�_PÔ�[\Z�̂RQR�RVRUWPSPq�rOPTZSYQSsO�PQRQSPQSTP�[\Z�QRt_URZ�
RV̂�̀ZRYmSTRU�YZOPOVQRQS\V�\[�ZOP_UQPd�u\U]\̀\Z\sva]SZV\s�QOPQ�RV̂�
aYORZ]RVwP�T\ZZOURQS\V�T\OxTSOVQh�NO�\tQRSVÔ�ZOP_UQP�XOZO�RPPOPPÔ�
RP�PQRQSPQSTRUUW�ZOUSRtUO�SV�QmZOPm\Û�UOsOU�\[�PS̀VSyTRVTO�Yzihi{h�

|E}GIFJ�I~KHG�M�FEG~K

NO�PQ_̂W�YZ\Q\T\U�XRP�RYYZ\sÔ�tW�QmO��QmSTP�l\]]SQQOO�\[�
nVSsOZPSQW��\PYSQRU��_OOV��\RVVRd�a\yRh�cZSQQOV�SV[\Z]Ô�T\VPOVQ�
XRP�\tQRSVÔ�[Z\]�RUU�YRQSOVQPh

�MH�JEH

NO�̂O]\̀ZRYmST�RV̂�TUSVSTRU�TmRZRTQOZSPQSTP�\[�nl�YRQSOVQP�RZO�
Pm\XV�SV��RtUO�����XOVQWvOS̀mQ�YRQSOVQP�j��d���p�XOZO�XSQm�RTQSsO�nld�
\[�XmSTm���VOXUWv̂SR̀V\PÔ�RV̂��i�XSQm��RZO�\[�QmO�̂SPORPOd�RV̂��i�
j{fd���p�YRQSOVQP�XOZO�SV�TUSVSTRU�ZO]SPPS\Vh�

NO�nl�ka�T\ZZOURQÔ�PS̀VSyTRVQUW�XSQm��l�T\VTOVQZRQS\VP�
jaYORZ]RVwP�ZRV��T\ZZOURQS\V�T\OxTSOVQ�Z�ih�g�p�RV̂�QmO��STmQS̀OZ�
lUSVSTRU�oTQSsSQW�kV̂O��jZ�ih�g�ph��\Z�t\Qm�SQO]Pd�Yzihiif�XRP�[\_V̂h�
�S̀_ZO�f�Pm\XP�QmO�T\ZZOURQS\V�tOQXOOV�QmO�nl�ka�RV̂��l�UOsOUP�RV̂�
�S̀_ZO���̂O]\VPQZRQOP�QmO�ZOURQS\VPmSY�tOQXOOV�QmO�nl�ka�RV̂�QmO�
�STmQS̀OZ�kV̂O��j�S̀_ZOP�f�RV̂��ph

�_ZQmOZ]\ZO�QmO��STmQS̀OZ�kV̂O�� Ô]\VPQZRQÔ�PS̀VSyTRVQ�
T\ZZOURQS\V�XSQm��l�T\VTOVQZRQS\VP�jaYORZ]RVwP�ZRV��T\ZZOURQS\V�
T\OxTSOVQ�Z�id��gd�Yzihiifph�NO�ZOURQS\VPmSY�tOQXOOV�QmOPO�
YRZR]OQOZP�SP�Pm\XV�SV��S̀_ZO��h

�GHI�HHG~K�

NO�YZOPOVQ�PQ_̂W�YZ\sŜOP�R̂ ŜQS\VRU�OsŜOVTO�Q\�QmO�OsRU_RQS\V�
QmRQ��l�SP�R�ZOUSRtUO�RV̂�sRU_RtUO�tS\]RZ�OZ�[\Z�V\VSVsRPSsO�]\VSQ\ZSV̀�
\[�̂SPORPO�RTQSsSQW�SV�nl�YRQSOVQPh�

r_ZSV̀�QmO�URPQ�̂OTR̂O�QmO�T\ZZOURQS\V�\[��l�UOsOUP�RV̂�TUSVSTRUd�

OV̂\PT\YST�RV̂�mSPQ\U\̀STRU�RTQSsSQW�SV�k�r�mRP�tOOV�YZ\s\�SV̀�̀ZORQ�
SVQOZOPQ�SV�̀RPQZ\OVQOZ\U\̀SPQh�nY�Q\�V\X�]\PQ�PQ_̂SOP�̂OPTZStÔ�R�XOR��
T\ZZOURQS\V�\[��l�UOsOUP�RV̂�TUSVSTRU�SV̂STOP���i�h�kV�T\VQZRZWd�SQ�mRP�tOOV�
[\_V̂�QmRQ��l�T\ZZOURQOP�XOUU�XSQm�OV̂\PT\YST�RV̂�mSPQ\U\̀STRU�RTQSsSQW�
SV�k�r��f��h�kQ�SP�SVQOZOPQSV̀�QmRQ��l�SP�]\ZO�RTT_ZRQOUW�T\ZZOURQÔ�Q\�
mSPQ\YRQm\U\̀STRU�yV̂SV̀P�QmRV�]RTZ\PT\YST�yV̂SV̀P�\V�T\U\V\PT\YW�
��f�h�NO�T\ZZOURQS\V�Q\�mSPQ\YRQm\U\̀W�SP�RUP\�]\ZO�RTT_ZRQO�QmRV�
TUSVSTRU�RV̂�YRZRvTUSVSTRU�PW]YQ\]P�\[�QmO�̂SPORPOh��\ZO\sOZd��l�XRP�
RtUO�Q\�̂SPTZS]SVRQO�OV̂\PT\YST�ZO]SPPS\V�[Z\]�]SÛd�]\̂OZRQO�RV̂�
POsOZO�OV̂\PT\YSTRUUW�RTQSsO�̂SPORPO��f��h

oUQm\_̀m�XOR��T\ZZOURQS\V�tOQXOOV��l�RV̂�TUSVSTRU�SV̂STOP�
XRP�̂O]\VPQZRQÔ�SV�]\PQ�PQ_̂SOPd�SV�\_Z�PQ_̂W�QmO��STmQS̀OZ�kV̂O��
Ô]\VPQZRQÔ�R�sOZW�̀\\̂�T\ZZOURQS\V�XSQm��l�UOsOUP�RV̂�OV̂\PT\YST�
RTQSsSQWh�kV�QmO�T_ZZOVQ�PQ_̂W�XO�[\T_PÔ�\V�QmO��STmQS̀OZ�lUSVSTRU�
oTQSsSQW�kV̂O��tOTR_PO�SQ�SP�tRPÔ��_PQ�\V�TUSVSTRU�TmRZRTQOZSPQSTPd�̂\OP�
V\Q�ZO�_SZO�URt\ZRQ\ZW�̂RQRd�RV̂�SP�sOZW�PS]YUO�Q\�_PO�RV̂�TRV�tO�sOZW�
ZRYŜUW�TRUT_URQÔh�oTT\ẐSV̀�Q\�\_Z�tOPQ��V\XUÔ Ò�QmSP�SP�\VO�\[�QmO�
yZPQ�PQ_̂SOP�Q\�RPPOPP�QmO�T\ZZOURQS\V�tOQXOOV�QmO��STmQS̀OZ�kV̂O��RV̂�
QmO�nl�kah�kV�R�ZOTOVQ�PQ_̂W�\[�oZRS�OQ�RUh������QmO�nl�ka�̂O]\VPQZRQÔ�
\̀\̂�T\ZZOURQS\V�XSQm�QmO�Y�RW\�PT\ZO�jZ�ihg��pd�SQ�XRP�RUP\�T\ZZOURQÔ�
XSQm�QmO��STmQS̀OZ�SV̂O��t_Q�QmO�̂RQR�XOZO�V\Q�Pm\XV�SV�QmO�RZQSTUOh�
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DEFGHIJHK�HL�MNO�PQRS�TFGUHV�TWXYWZEMYL�EGKKHNMLWGY�GJ�LFH�[WEFLWXHK�
\NWYWEMN�]YVĤ�UWLF�LFH�_GVWZHV�̀MKGY�DEGKH�aKbcOdRefO�gGKHGhHKi�
LFH�TLjVk�HTLMlNWTFHV�LFML�LFH�[WEFLWXHK�\NWYWEMN�mELWhWLk�]YVĤ�EGjNV�
VWnHKHYLWMLH�lHLUHHY�MNN�LFH�TjlENMTTHT�GJ�HYVGTEGIWE�THhHKWLki�ĤEHIL�
lHLUHHY�M�_GVWZHV�̀MKGY�DEGKH�GJ�c�MYV�Q�PQRSO

DjKIKWTWYXNki�WY�LFWT�TLjVk�UH�GlTHKhHV�GYH�GJ�LFH�TLKGYXHTL�
EGKKHNMLWGYT�lHLUHHY�ENWYWEMN�a[WEFLWXHK�]YVĤf�MYV�HYVGTEGIWE�TEGKH�
ao\p]Df�WY�o\�IMLWHYLT�KbcORdeO�gGKHGhHKi�LFH�[WEFLWXHK�]YVĤ�
VH_GYTLKMLHV�TWXYWZEMYL�EGKKHNMLWGY�UWLF�q\�NHhHNT�aKbciRrdfO�m�
IGTTWlNH�ĤINMYMLWGY�JGK�LFWT�EGjNV�lH�NMEs�GJ�JjYELWGYMN�Tk_ILG_T�WY�
GjK�o\�IMLWHYLT�WY�KH_WTTWGYO�

tH�o\p]D�TEGKH�WT�MY�MEEHILHV�WYTLKj_HYL�LG�MTTHTT�VWTHMTH�MELWhWLk�
WY�IMLWHYLT�UWLF�o\�MYV�WT�ENGTHNk�EGKKHNMLHV�UWLF�JGK_HK�HYVGTEGIWE�
MYV�ENWYWEMN�MELWhWLWHT�PQuSO�vFH�GKWXWYMN�MYV�_GVWZHV�̀MKGY�TEGKHT�
MYV�LFH�gMkG�TEGKH�FMhH�lHHY�lKGMVNk�jTHV�WY�LFH�ENWYWEMN�IKMELWEH�
MYV�MKH�HMTk�LG�W_INH_HYLO�wGUHhHKi�KHEHYL�TLjVWHT�PQuiQxierS�FMhH�
VH_GYTLKMLHV�LFML�LFH�KMLH�GJ�MXKHH_HYL�WT�GYNk�eyz�JGK�HYVGTEGIWE�
KH_WTTWGY�P̀MKGY�TEGKH�cS�MYV�ryz�JGK�_GVHKMLH�MELWhWLk�P̀MKGY�eSO�
]YLHK{GlTHKhHK�VWTMXKHH_HYL�FMT�lHHY�KHIGKLHV�JGK�LFH�THhHKWLk�GJ�
WY|M__MLWGY�WY�o\�PQuSO�tHKHJGKHi�LFH�VHhHNGI_HYL�GJ�YHU�_HLFGVT}
LHEFYW~jHT�JGK�LFH�MTTHTT_HYL�GJ�THhHKWLk�WT�UMKKMYLHVO�gGKH�KHEHYLNki�
LFH�o\p]D�MYV�LFH�jNEHKMLWhH�EGNWLWT�EGNGYGTEGIWE�WYVĤ�GJ�THhHKWLk�
ao\\]Df�UHKH�HTLMlNWTFHV�LG�MVVKHTT�LFH�WTTjH�GJ�NGU�WYLHK{GlTHKhHK�
MXKHH_HYL�JGK�HYVGTEGIWE�TEGKHT�PQuiQxierSO

vKMhWT�HL�MNO�PeuS�KHEHYLNk�KHIGKLHV�LFML�ENWYWEMN�WYJGK_MLWGY�FMT�
_WYW_MN�W_IMEL�GY�LFH�HYVGTEGIWE�TEGKWYX�GJ�VWTHMTH�MELWhWLk�MT�
VHLHK_WYHV�lk�LFH�o\p]DO�]Y�LFH�IKHTHYL�WYhHTLWXMLWGY�UH�HhMNjMLHV�
LFH�o\p]D�TEGKH�WY�M�ENWYWEMN�IKMELWEH�THLLWYX�MYV�LFHKHJGKH�UWLF�WYWLWMN�
ENWYWEMN�sYGUNHVXH�GJ�LFH�IMLWHYLT��o\O�tWT�TFGjNV�_HMY�LFML�ENWYWEMN�
sYGUNHVXH�VWV�YGL�WY|jHYEH�GjK�o\p]D�MTTHTT_HYL�GjLEG_HTO

\NGTH�EGKKHNMLWGY�lHLUHHY�o\p]D�MYV�q\�NHhHNT�UMT�WYVWEMLHV�lk�
TLjVk�GJ�vMXFhMHW�HL�MNO�PexS�aKbcOdcyi�IbcOccQfO�q\�EGYEHYLKMLWGYTT�
WY�IMLWHYLT�UWLF�MY�GhHKMNN�o\p]D��Q�UHKH�TWXYWZEMYLNk�FWXFHK�LFMY�WY�
IMLWHYLT�UWLF�YGK_MN�EGNGYGTEGIk�ZYVWYXTO�wGUHhHKi�LFML�TLjVk�VWV�YGL�
VWKHELNk�TFGU�LFH�VWnHKHYEHT�WY�q\�NHhHNT�lHLUHHY�LFH�IMLWHYLT�UWLF�M�
o\p]D�GJ�c�GK�QO�mYGLFHK�KHEHYL�WYhHTLWXMLWGY�MNTG�WYVWEMLHV�LFML�q\�
NHhHNT�UHKH�EGKKHNMLHV�UWLF�gpD�MYV�o\p]D�PedSO�

�H�JGjYV�M�hHKk�TLKGYX�EGKKHNMLWGY�lHLUHHY�LFH�o\p]D�TEGKH�MYV�
LFH�q\�NHhHNT�acORd�i�I�cOccQf�q\�EMY�lH�jTHV�MT�MY�MNLHKYMLWhH�LG�LFH�
o\p]D�TEGKH�MYV�EMY�lH�MEEHILHV�MT�M�VWKHEL�lWG_MKsHK�GJ�WYLHTLWYMN�
WY|M__MLWGYO�]L�WT�EFHMIHK�MYV�YGY{WYhMTWhH�EG_IMKHV�LG�EGNGYGTEGIkO�

]Y�LFWT�TLjVk�EMNIKGLHELWY�UMT�ĤM_WYHV�WY�TLGGN�TM_INHT�lk�IGWYL{
GJ{EMKH��jMYLj_�̀NjH��HMVHK��_HLFGVO�mEEGKVWYX�LG�jT�LFWT�LHTL�WT�
KHMNNk�jTHJjNi�lHEMjTH�WL�WT�TW_INHi�EMY�lH�VGYH�WY�VGELGK�T�G�EH�MYV�
WT�KHMNNk�JMTL�aKHTjNLT�EMY�lH�GlLMWYHV�WY�NHTT�LFMY�rc�_WY�WYENjVWYX�
IKGLHWY�ĤLKMELWGYfO�mYGLFHK�lWX�MVhMYLMXH�GJ�LFH�LHTL�MKH�LFH�TW_INWEWLk�
GJ�TM_INH�IKHIMKMLWGYi�LFH�jTHK{JKWHYVNk�MYMNkTWT�MYV�LFH�NMEs�GJ�YHHV�
GJ�TIHEWMN�H~jWI_HYLO�gGKHGhHKi�LFH�IGWYL{GJ{EMKH�LHTL�EMY�THKhH�MT�
M�KHNWMlNH�MNLHKYMLWhH�LG�p[]Dm�PeyieRSO�]L�FMT�lHHY�TFGUY�LFML�LFH�
�jMYLj_�̀NjH��HMVHK��_HLFGV�WT�LFH�LGGN�GJ�EFGWEH�JGK�KMIWV�MYV�
KHNWMlNH�VHLHK_WYMLWGY�GJ�JHEMN�EMNIKGLHELWY�EGYEHYLKMLWGYT�PeRSO

tHKH�MKH�TG_H�NW_WLMLWGYT�LG�LFWT�TLjVkO�qWKTLNki�UH�TjlVWhWVHV�LFH�
o\p]D�TEGKH�WYLG�JGjK�XKGjITO�wGUHhHKi�lHEMjTH�GJ�LFH�T_MNN�TM_INH�
TW�Hi�UH�EGjNV�YGL�HhMNjMLH�WJ�q\�NHhHNT�MYV�LFH�[WEFLWXHK�\NWYWEMN�
mELWhWLk�]YVĤ�EGjNV�VWnHKHYLWMLH�lHLUHHY�MNN�LFH�XKGjIT�GJ�HYVGTEGIWE�
THhHKWLkO�DHEGYVNki�UH�VWV�YGL�EG_IMKH�q\�NHhHN�UWLF�IMLFGNGXWE�TLMLjT�
GJ�LFH�IMLWHYLTi�lHEMjTH�LFWT�UMT�YGL�LFH�MW_�GJ�LFWT�TLjVkO�tWKVNki�LUG�

ĤIHKWHYEHV�HYVGTEGIWTL�IKGhWVHV�LFH�HYVGTEGIWE�TEGKHi�FGUHhHK�
UH�VWV�YGL�HhMNjMLH�WYLKM{GlTHKhHK�hMKWMlWNWLkO�qWYMNNki�JjKLFHK�NMKXHK�
TLjVWHT�MKH�YHHVHV�LG�lHLLHK�MTTHTT�LFH�EGKKHNMLWGY�lHLUHHY�LFHTH�LFKHH�
IMKM_HLHKT{q\i�o\p]D�MYV�LFH�[WEFLWXHK�]YVĤ�WY�o\�IMLWHYLTO

]Y�EGYENjTWGYi�jI�LG�GjK�lHTL�sYGUNHVXH�LFWT�WT�GYH�GJ�LFH�ZKTL�TLjVWHT�
UWLF�M�_M�GK�JGEjT�GY�HhMNjMLWYX�FGU�o\p]Di�EGKKHNMLHT�UWLF�ENWYWEMN�
MELWhWLki�MTTHTTHV�jTWYX�LFH�[WEFLWXHK�]YVĤi�MYV�UWLF�q\�EGYEHYLKMLWGYT�
WY�o\�IMLWHYLTO�̀MTHV�GY�GjK�LFGKGjXF�HhMNjMLWGYi�UH�EMY�EGYZVHYLNk�
TMk�LFML�q\�NHhHNT�VH_GYTLKMLHV�hHKk�TLKGYX�EGKKHNMLHV�UWLF�HYVGTEGIWE�
THhHKWLk�MEEGKVWYX�LG�LFH�o\p]D�MYV�UWLF�ENWYWEMN�THhHKWLk�MEEGKVWYX�
LG�LFH�[WEFLWXHK�]YVĤO�tH�KHTjNLT�GJ�LFH�EjKKHYL�TLjVk�IKGhWVH�JjKLFHK�
HhWVHYEH�LFML�q\�WT�M�jTHJjN�MYV�KHNWMlNH�lWG_MKsHK�JGK�YGYWYhMTWhH�
MELWhWLk�_GYWLGKWYX�WY�o\�IMLWHYLTO
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Ç¬�ẾÍ���¢��¤��¤£�� ́¡ ��¤�­®̄ Ç̄±�¾́������́£���̈�́�»�³³����¹�¡�½ ��·́� �� ¬�
«����� �� �����¹�¿ËËÀ�¿ÎÇ̄¶¿ÎÁÂ¬�

Á¬�Ò �³ ́� �¤��Ò���©��£� �«��§¢��  ����Æ�­®̄ Î̄±���¡������¹�³��Í ���́��º¼¾À�
Ð� ̈¢���³��́£�����¢�� £ ����¹���¹�Ó�«¢��°°À�µ®Î¶µË¿¬��

Â¬�� ½́���¾�­®̄¿¿±�¦� �¢�́�́�¹��̈�¡́�³��Í ���́���� �·́�����́����·��� ��ª¹��̈�
�́»�³³����¹�¡�½ ��·́� �� ¬�«����� �� ����¹�¿µ̄À�¿Á¿Ç¶¿Á®Î¬ ®¬�

�Ô��ÕÖ××ØÙ�ÚÛÜ�ÝÖÞßà��������Ü�¼�́·� ��ÝÝÜ�Ä�� �����¥ÌÜ�¼�����������­®̄¯̄±�
¤¢������ �³��Í ������Ö�àÙ�àÖ�	Ø�́�»�³³��́���	�Ù�
�Ù�Ö�àÖ
Ù�����ÙØ	
�Ù�Ö��

	àÖÙ�à���Öàß�́�»�³³����¹�×��ÙØ��Ö�Ù	�Ù��«����� �� �����¹�¿¿ÂÀ�¿°¶®®¬�

�����́£��́� ��¤��Æ� � ���¾Å�­¿ÂÂ̄±�Æ� �́³́���¹�� ª���À�²¹£���ª��́��́���� ��³ ����̈�
� ̧ � ��£�̧́ �¢�£ ���̧́ �£��́�́�¬����£ ��ËËÎÀ�¿Î¶¿Â¬

¿®¬��́£��́� ��¤��Æ� � ���¾Å��Ì���¡�¢���©��« � ����º��¼�¢ ����� ����¬�­¿ÂÂµ±�
²¹£���ª��́� �́��� ̧ � �¢�£ ���̧́ �£��́�́��� ̈��£���¹������ ��́·��� ��ª¹¬��������
��¥ ·�ËË̄À�¿Áµ¿¶Áµ°¬�

¿Ë¬�¾�� ���«��¤��·¡����Ã���Ä �����¼«��« ¡� ��Ì��Å���¢ ��¤¼�� ����¬�­®̄ Ç̄±�
©�� ̧  ́½��̈��£�̧́ �́¹�́�·́£ ����·� ̈�£�£¹� �·�ª�́����̈���£�́�́£�����́�����̈�³ ·́£���
�� ��ª¹�́���·¢����½́���¢�£ ���̧́ �£��́�́�¬�«����� �� �����¹�¿Ë®À�ÇÎË¶ÇÁÎ¬��

¿µ¬�¦��̧ �́�¤Æ��¤£�� ���¾��Ì�È �Í́�Æ��©¡� ¢�¥¦��©��³���¾«�� ����¬�­®̄¿®±�¾ ̧ ��ª́���
���́����¢³ ��������� ����� � �·��£�ª́£�� ̧ �́�¹��̈�¢�£ ���̧́ �£��́�́�À�¦� �
Ð�£ ���̧́ �²��́�́����·��£�ª́£�º�· Ñ��̈�¤ ̧ �́�¹�­Ð²�º¤±¬�«¢��Î¿À�°Ë°¶°µ®¬�

¿°¬�¾́������©����́�Í́³�§��¥�����Ä��¥��� ��²��²��½ ������ ����¬�­®̄¿®±�¤ £��·�
�¢��ª ��� ̧ ·́ �£ ¶¡�� ·�£��� ��¢������� �·́�����́����·�³���� ³ ����̈�
¢�£ ���̧́ �£��́�́��ª����¿À�¾ ��́�́������·�·́�����́�¬���²������²��́�́��ÎÀ�ÂÎ°¶ÂÂ̄¬��

¿Î¬�¦��̧ �́�¤Æ��¤£�� ���¾��Ì�È �Í́�Æ��©¡� ¢�¥¦��©��³���¾«�� ����¬�­®̄¿Ë±�§ �́�¡́�́�¹�
��·�́�́�́���̧��́·��́����̈��� �¢�£ ���̧́ �£��́�́�� �·��£�ª́£�́�· Ñ��̈�� ̧ �́�¹¬�
«����� �� �����¹�¿µ°À�ÂÁÇ¶ÂÂ°��

¿Ç¬�¼�¢³�����¾²��¦������¤§��¾́������©Ð��¥�¹ �����Ò���©«�� ����¬�­®̄¿̄±�
Æ���ª £�̧́ ����·�³́È ·��ª �¶��¡ ��³¢��́£ �� ��ª��� �º¶ºº�·�� � �£����́�����́���
�̈�̧́�́�́È¢³�¡�­Å¢¥®Â¿±�́��� ̧ � ��� ��́·�� ̈��£���¹�¢�£ ���̧́ �£��́�́�¬�º�»�³³�
¼�½ ��¾́��¿ÎÀ�Î®̄¶Î®Â¬��

 BIOCON BIOLOGICS LIMITED                IPR2023-01444 Ex. 1056, p. 4 of 5



����������	
��
�����	
��
��	������

�����������
������
���

�������
���� !"#$�%�����
�&���'��(����)����
�&
��%��&�&*�+�,�*��-&����,�.��/�0�
��&�1��

�&���&2�����,�.�
�,�3��
��%
�-������&��&��)����
�&
��%��&�&*��
�&���*���������4�,�#5� 67��,�&5�"!�6"# 8 "9:;7!67�"!!! 67

<=>?�@�AB�@

CDE�FGHIJKLJM�NO�PJQRSTQJM�UO�FVMWXYWTT�NO�FWLMITJJZW�[O�\IYJMI�]O�JV�WRE�̂_̀Cab�

cJGWR�GWRKMIVJGVST�YIMJ�WGGXMWVJRd�MJeJGVf�JTgIfGIKSG�WGVSZSVd�IL�XRGJMWVSZJ�

GIRSVSf�VHWT�VHJ�RSGHVSQJM�STgJhO�GiMJWGVSZJ�KMIVJSTO�KRWVJRJVfO�HJYIQRIjSTO�WTg�

jRIIg�RJXkIGdVJfE�lTeWYY�PImJR�nSf�Cop�aa_iaqCE�

CoE�rXWTVXY�jRXJs�GWRKMIVJGVST�TIMYWR�MWTQJ�tXWTVSVWVSZJ�RWVJMWR�eIm�WffWd�uci

UNu_̀�KWGkWQJ�STfJMV�̂_̀C̀iCCiC̀bE

_̀E�FGHIJKLJM�NO�PJQRSTQJM�UO�FVMWXYWTT�NO�vMXYYRJM�wO�xWZMSGkW�FO�JV�WRE�̂_̀C̀b�

cJGWR�GWRKMIVJGVST�GIMMJRWVJf�YIMJ�GRIfJRd�mSVH�VHJ�FSYKRJ�[TgIfGIKSG�FGIMJ�

LIM�UMIHTyf�gSfJWfJ�̂F[FiUnb�VHWT�U\zO�jRIIg�RJXkIGdVJfO�WTg�VHJ�UnNlE�NY�

{�|WfVMIJTVJMIR�C̀}p�C~_iC~oE�
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GWRKMIVJGVST�Wf�MJRSWjRJ�TITiSTZWfSZJ�YWMkJM�VI�WffJff�VHJ�fJZJMSVd�IL�YXGIfWR�

STeWYYWVSIT�ST�GHSRgMJT�mSVH�STeWYYWVIMd�jImJR�gSfJWfJE�nSQ�uSZJM�nSf�q̀p�
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XRGJMWVSZJ�GIRSVSf�JTgIfGIKSG�STgJh�IL�fJZJMSVd�Sf�XfJLXR�VI�KMJgSGV�YJgSXYi

VI�RITQiVJMY�KMIQTIfSf�ST�XRGJMWVSZJ�GIRSVSf�KWVSJTVf�mSVH�GRSTSGWR�MJYSffSITE�{�

UMIHTf�UIRSVSf�C̀p�CàaiCàoE
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_}E�vWQHZWJS�vO�wWRJkS�lO��WQfHZWM�cO�cWkHJMS��O��IffJSTS�xO�JV�WRE�̂_̀C}b�cJGWR�

GWRKMIVJGVST�WTg�XRGJMWVSZJ�GIRSVSf�JTgIfGIKSG�WGVSZSVd�STgJh�Wf�STgSGWVIMf�IL�
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