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Mutated mitogen-activated protein Kinase: A tumor rejection —C Hg J;’J: :]:E ﬁ@' *ILJE ;& lE‘l s

antigen of mouse sarcoma

Hiroaki Ikepa®* T, NoBuyosHt Outat$, Keiko FurRukawa$, HirosHr Mivyazaki®, Luie WANG®, Ij 79’_ . ' -_— J: L) HE ||E *E %ﬁ _J'n L
Koicht Furukawa$, KagEmasa KuriBayasHiY, LLoyp J. OLpl, AND HIrosHI SHIKU*** / S ]\ ﬁ B
*Ind Department of Internal Medicine, Departments of $Biochemistry, and "Bioregulation, Mie University School of Medicine, Tsu, Mie 514, Japan; ¥Department

of Oncology, Nagasaki University School of Medicine, Nagasaki 852, Japan; and [Ludwig Institute for Cancer Research, New York Branch at Memorial
Sloan—Kettering Cancer Center, 1275 York Avenue, New York, NY 10021

Contributed by Lloyd 1. Old, April 2, 1997 Spleen only Spleen + 9m peptide
1500 1500

ABSTRACT The molecular basis of the polymorphic tu-
mor rejection antigens of chemically induced sarcomas of 1000 1- 1000
inbred mice remains a mystery, despite the discovery of these
antigens over 40 years ago and their critical importance to the
foundation of tumor immunology. In an analysis of a panel of -I-
BALB/c 3-methylcholanthrene-induced tumors, we identified 500 500
one tumor, CMSS5, that elicited a strong cytotoxic T cell
response with exquisite specificity for CMSS5. A stable cloned

line of T cells with this specificity (C18) was used to screen a R
CMSS5 cDNA expression library. The gene encoding the C18- E 0 0 LAaa s a L e das ol
defined antigen was identified as a mutated form of a mouse E, 0 10 20 30 40 50 60 0 10 20 30 40 50 60
mitogen-activated protein kinase, ERK2, and a peptide incor- m
porating the resulting amino acid substitution (lysine to N
glutamine) was efficiently recognized by C18. Vaccination ® Spleen + 9wt peptide Spleen + erbB2 peptide
with this peptide elicited specific resistance to CMS5 chal- g 1500 1500
lenge. Extensive efforts to isolate antigen-loss variants of 35
CMSS5 were unsuccessful, suggesting that the mutated mito- -
gen-activated protein kinase is essential for maintenance of
the malignant phenotype. 1000 1. ‘|' 1000 .I.
1 f
t
500 500 1
0 0

0 10 20 30 40 50 60 0 10 20 30 40 50 60
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Adjuvant MAGE-A3 Immunotherapy in Resected Non—
Small-Cell Lung Cancer: Phase IT Randomized Study Results

Tokan Vansteenkisee, Maroin Zielimskl, Alberr Linier, Jubrail Dakabreh, Emilio E Gonzales,

Wjctech Malimowsitl, Maren Lopez-Brea, Tonu Vinakesa, Jacek assem, Horalnbos Kalofonos, faokub Perdews,
Retner Bonne, Jazeps Basko, Richard [aniionts, Bemward Passitck, Tom Treasure, Marc Giiles,
Frédénc F. Lelnmann, and Vincent G. Brichard

See acocompanying edionsl on pege 2369 and articles on pages 2388 and 2413

A B 3 T R A C T

Purposs

The MAGE-A3 protein is expressed in approximately 35% of patients with ressctable non—small-
call lung cancer (MSCLC). Sevweral immunization approaches against the MAGE-AZ antigen have
showemn few, but often longdasting, clinical responses in patients with metestatic melanoma.

Patiemts and Mathods

A double-blind, randomized, placebo-controlled phase |l study was performed assessing
clinical activity, immunaologic response, and safety following immunization with recombinant
MAGE-A3 protein combined with an immunostimulant {13 doses over 27 months) in
complately resected MAGE-A3-positive stage 1B to || MSCLC. The primary end point was
disease-free interval [DFI}.

Results

Patients were randomiy assigned to either MAGE-AZ immunotherapeutic (n = 122) or placebo
in = 60}. After a median postresaction panod of 44 months, recumence was obsarved in 35% of
patients in the MAGE-A3 arm and 43%: in the placebo arm. Mo statistically significant improvemsant
in DFI (hazard ratic [HRL 0.75, 95% CI, 048 to 1.23; two-sided P = 25), disease-free survival
{DFS; HAR, 0.78; 95% CI, 0.48 to 1.21; P = 248), or overall survivel (HR, 0.81; 35% CI, 047 to 1.40;
P = A54) was observed. Comesponding anslysiz after 8 median of 70 months of follow-up
revealed a similar trend for OFI and DFS. All patients receiving the active treatment showed a
humoral immune response to the MAGE-AZ antigen, although no comelation was observed with
outcome. Mo significant toxicity was observed.

Concluzion
In this early development study with a limited number of patients, postoperstive MAGE-A3

immunization proved to be fessible with minimal toxicity. These results are being investigated
further in & large phase Il study.

J Ciin Onood 31:2396-2403. @ 2013 by Amencan Sooety of Clinical Onoology
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Enhancement of Antitumor Immunity
by CTLA-4 Blockade

Dana R. Leach, Matthew F. Krummel, James P. Allison*

One reason for the poor immunogenicity of many tumors may be that they cannot provide
signals for CD28-mediated costimulation necessary to fully activate T cells. It has recently
become apparent that CTLA-4, a second counterreceptor for the B7 family of costimu-
latory molecules, is a negative regulator of T cell activation. Here, in vivo administration
of antibodies to CTLA-4 resulted in the rejection of tumors, including preestablished
tumors. Furthermore, this rejection resulted in immunity to a secondary exposure to tumor
cells. These results suggest that blockade of the inhibitory effects of CTLA-4 can allow
for, and potentiate, effective immune responses against tumor cells.

SCIENCE = VOL. 271 = 22 MARCH 1996

Hamster—anti—-mouse
CTLA-4 mAb (UC104F10)
100 ug x3
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Research artic

CTLA4 blockade and GM-CSF combination
immunotherapy alters the intratumor balance A __Notreatment _ C
of effector and regulatory T cells

Sergio A. Quezada, Karl S. Peggs, Michael A. Curran, and James P. Allison

Gvax/a-CTLA4

Howard Hughes Medical Institute, Dep of | logy, Memorial Sloan-Kettering Cancer Canter, New York, New York, USA.

CTL-associated antigen 4 (CTLA4) blockade releases inhibitory controls on T cell activation and proliferation,
inducing anritumor immuniry in both preclinical and early clinical trials. We examined the mechanisms of
action of anti-CTLA4 and a GM-CSF-transduced tumor cell vaccine (Gvax) and their impact on the balance of
effector T cells (Teffs) and Tregs in an in vive model of B16/BL6 melanoma. Tumor challenge increased the
frequency of Tregs in lymph nodes, and untreated rumors became infiltrated by CD4'Foxp3- and CD4' Foxp3'
T cells but few CD8' T cells. Anti-CTLA4 did not deplete Tregs or permanently impair their function but acted
in a cell-intrinsic manner on both Tregs and Teffs, allowing them to expand, most likely in response to self
antigen. While Gvax primed the tumor-reactive Teff compartment, inducing activation, tumor infiltration,
and a delay in tumor growth, the combination with CTLA4 blockade induced greater infiltration and a strik-
ing change in the intratumor balance of Tregs and Teffs that directly correlated with rumor rejection. The data
suggest that Tregs control both CD4' and CD8' T cell activity within the cumor, highlight the importance of the
intratumor ratio of effectors to regulators, and demonstrate inversion of the ratio and correlation with tumor
rejection during Gvax/anti-CTLA4 immunotherapy.

The Journal of Clinical Investigation  http://www.jcLorg Volume 116 ~ Number7  July 2006
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Brief Definitive Report

Hamster—anti—-mouse CTLA-4 mAb

Immunologic Self-Tolerance Maintained by CD257CD4~ (UC1 04F10 )

Regulatory T Cells Constitutively Expressing
Cytotoxic T' Lymphocyte-associated Antigen 4

L L ~ E9 :*: \EE
By Takeshi Takahashi,* Tomoyuki Tagami,* Sayuri Yamazaki,” 800 ug OD*RCTLA 41:IL1$—C_ M Ah R73 %émé

Toshimitsu Uede,5 Jun Shimizu,t Noriko Sakaguchi,* A
Tak W. Mak | and Shimon Sakaguchi*

0,860
= F L ] L
E 10,240 - ™
From the "Department of Experimental Pathology, Institute for Frontier Medical Sciences, Kyoto 2 L ®
University, Kyoto 606-8507, Japan; the * Department of Immunopathology, Tokyo Metropolitan § 2,560 - 0
Institute of Gerontology, Tokyo 173-0015, Japan, the Snstitute of Immunological Seience, Hokkaido 5 3 [ ] [ ]
University, Sapporo 060-8638, Japan; and the | Amgen Institute, Ontario Cancer Institute, T s}
Department of Immunology and Medical Biophysics, University of Toronto, Toronto M5GZ2CI, 8 3 2
Canada E e
3
- ¥ o
Abstract < *
This report shows that cytotoxic T lymphocyte—associated antigen 4 (CTLA-4) plays a key role <ob QX0 —Cm}_ - C _‘%_
in T cell-mediated dominant immunologic self-tolerance. In vivo blockade of CTLA-4 for a Injected Ab: Anti-CTLA-4 Ant-CTLA-4 Anti-cD2s Anti- F“TQIEA 4 Ratlg
limited period in normal mice leads to spontaneous development of chronic organ-specific au- {0.6 mg) 0.1 mg) {1 mg) A.I'Ili cD25 {1 g
toimmune diseases, which are immunopathologically similar to human counterparts. In normal {1 mag)

naive mice, CTLA-4 is constitutively expressed on CD257CD4* T cells, which constitute 5-10%
of peripheral CD4" T cells. When the CD257CD4" T cells are stimulated via the T cell re-
ceptor in vitro, they potently suppress antigen-specific and polyclonal activation and prolifera-
tion of other T cells, including CTLA-4—deficient T cells, and blockade of CTLA-4 abrogates
the suppression. CD28-deficient CD25*CD4" T cells can also suppress normal T cells, indi-
cating that CD28 is dispensable for activation of the regulatory T cells. Thus, the CD25+CD4+
regulatory T cell population engaged in dominant self-tolerance may require CTLA-4 but not
CD28 as a costimulatory molecule for its functional activation. Furthermore, interference with
this role of CTLA-4 suffices to elicit autoimmune disease in otherwise normal animals, pre-
sumably through affecting CD25+CD4* T cell-mediated control of self-reactive T cells. This
unique function of CTLA-4 could be exploited to potentiate T cell-mediated immunoregula-
tion, and thereby to induce immunologic tolerance or to control autoimmunity.

Key words: CTLA-4 » autoimmune disease * regulatory T cell * CD25 » self-tolerance

Volume 192, Number 2, July 17, 2000 303-309
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Lymphoproliferative Disorders with Early
Lethality in Mice Deficient in Ctla-4

Paul Waterhouse, Josef M. Penninger, Emma Timms,
Andrew Wakeham, Arda Shahinian, Kelvin P. Lee,
Craig B. Thompson, Henrik Griesser, Tak W. Mak*

The role of the cell-surface molecule CTLA-4 in the regulation of T cell activation has been
controversial. Here, lymph nodes and spleens of CTLA-4-deficient mice accumulated T
cell blasts with up-regulated activation markers. These blast cells also infiltrated liver,
heart, lung, and pancreas tissue, and amounts of serum immunoglobulin were elevated.
The mice invariably became moribund by 3 to 4 weeks of age. Although CTLA-4-deficient
T cells proliferated spontaneously and strongly when stimulated through the T cell re-
ceptor, they were sensitive to cell death induced by cross-linking of the Fas receptor and
by gamma irradiation. Thus, CTLA-4 acts as a negative regulator of T cell activation and
is vital for the control of lymphocyte homeostasis.

SCIENCE « VOL.270 = 10 NOVEMBER 1995
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—— Ipi plus gpl00 - Ipi —-=—= gpl00
w e » Censored xuxCensored wwew Censored

A Owverall Survival
1004

Owverall Survival (5)
$

The NEW ENGLAND | & ® S .. I
JOURNAL of MEDICINE 10- T e s

O T T T T T T T T T T T T 1
0 4 B 12 16 20 24 28 32 36 40 44 48 52 56
ESTABLISHED IN 1812 AUGUST 19, 2010 VOL. 363 NO.8
Months
. . - . . No. at Risk
Improved Survival with Ipilimumab in Patients Ipi plus gpl00 403 797 273 163 115 81 54 42 33 24 17 7 6 4 0
. . Ipi 137 106 79 56 38 30 24 18 13 13 & 5 2 1 O
with Metastatic Melanoma gp100 136 93 58 32 2317 16 7 5 5 3 1 0 0 O
F. Stephen Hodi, M.D., Steven J. O'Day, M.D., David F. McDermott, M.D., Robert W. Weber, M.D,,
Jeffrey A. Sosman, M.D., John B. Haanen, M.D., Rene Gonzalez, M.D., Caroline Robert, M.D., Ph.D., B Progression-free Survival
Dirk Schadendorf, M.D., Jessica C. Hassel, M.D., Wallace Akerley, M.D., Alfons J.M. van den Eertwegh, M.D., Ph.D.,
Jose Lutzky, M.D., Paul Lorigan, M.D., Julia M. Vaubel, M.D., Gerald P. Linette, M.D., Ph.D., David Hogg, M.D., 100-4
Christian H. Ottensmeier, M.D., Ph.D., Celeste Lebbé, M.D., Christian Peschel, M.D., lan Quirt, M.D., — o
Joseph I. Clark, M.D., Jedd D. Wolchok, M.D., Ph.D., Jeffrey S. Weber, M.D., Ph.D., Jason Tian, Ph.D., E
Michael J. Yellin, M.D., Geoffrey M. Nichol, M.B., Ch.B., Axel Hoos, M.D., Ph.D., and Walter J. Urba, M.D., Ph.D. -g 80+
= 70+
a 60
& s
£ 40
304
204
o 104
D’ T T T T T T T T T T T T nl
0 4 B 172 16 20 24 28 37 36 40 44 48 52
Maonths
Mo. at Risk
lpiplusgpl00 403 85 52 27 17 14 10 8 5 4 2 2 1 O
Ipi 137 37 26 17 13 10 10 9 & 4 2 1 0 O
gplon 1% 18 7 5 3 2 2 2 1 0 0 O O O
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Table 3. Adverse Events in the Safety Population.*

Adverse Event ipilimumab pius gpi00 (N =380) ipilimumab Aione (N=131j gp100 Aione {N=132)
b e | ~ i 2 ~ i a Toa ~ i ~ l. rou_l ~ A_ 3 ~ A_ 4
i I rage » rage & lQ‘al ‘Jl’aQC J ‘Jl'aQC 4 1otai ‘arage > arage 4

number of patients (percent)

Any event 374 (98.4) 147 (38.7) 26 (6.8) 127 (96.9) 49 (37.4) 11 (8.4) 128(97.0) 54 (40.9) 8 (6.1)
Any drug-related event 338 (88.9) 62 (16.3) 4(L1) 105 (80.2) 25(19.1) 5(3.3) 104 (78.8) 15 (11.4) 0
Gastrointestinal disorders

Diarrhea i46 (38.4) 16 {d.2) 1@3) 43 (31.8) 7p.3) 0 26 (19.7) i{@3) 0
Nausea 129 (33.9) 5(1.3) 1[03) 46 (35.1) 3(23) 0 52 (39.4) 323) 0
Constipation 81(2L3)  3(0.8) 0 27(206) 3(23) 0 34 (25.8) 1(0.8) 0
Vomiting 75 (19.7) 6 (1.6) 1(0.3) 31(23.7) 3(23) 0 29 (22.0) 323 0
Abdominal pain 67 (17.6) 6 (1.6) 0 20 (15.3) 2(1.5) 0 22 (16.7) 6 (4.5) 1(0.8)
Other
Fatigue 1270361 19050) 0 sS4200  969) 0 410211) 401.0) 0
Decreased appetite 88(232) 5 (L3) 1(0.3) 35267) 2(15) O 29 (22.0) 3(23) 1(08)
Pyrexia 78 (205 2 (0.5) 0 160122 0 0 23 (17.4) 2 (1.5) 0
Headache 65 (I7.1j 4 (L.ij 0 9 (14.5) 3(23) 0 19 (14.4) 3{23) 0
Cough 55 (145)  1(0.3) 0 21(160) O 0 18 (13.6) 0 0
Dyspnea 46 (12.1) 12(3.2) 2 (0.5) 19 (14.5) 43.1) 1(0.8) 25 (18.9) 6 (4.5) 0
Anemia 41 008 11029 0 150118 4041) 0 230174) 11483) 0
Any immune-related event 221 (582) 37 (9.7) 2(0.5) 80(61.1) 16(122) 3 (23) 42 (318) 4(3.0) 0
Dermatologic 152 400,  8(2.1) 1(0.3) 57(43.5) 2(15) O 22 (16.7) 0 0
Pruritus 67 (176)  1(03) 0 32(244) 0 0 14 (10.6) 0 0
Rash 67 (176)  5(L3) 0 25(19.1) 1(08) 0 6 (4.5) 0 0
vitiligo 14 (3.7) 0 0 3(23) 0 0 1(0.8) 0 0
Gastrointestinal 122 (32.1) 20 (5.3) 2 (0.5) 38(29.0) 1lo@Fse) O 19 (14.4) 1(0.8) 0
Diarrhea 115 @03) 14 (3.7) (] 36(27.5) 6(46) O 18 (13.6) 1(0.8) 0
Colitis 20(53) 1129 1(03) 10076  7(53) O 1(0.8) 0 0
Endeocrine 15829 411 Q 10078 23 2{.% 2{L%) 2 o
Hypothyroidism 6 (L.6) 1(0.3) 0 2(15) 0 0 2 (L5) 0 0
Hypopituitarism 3(0.8) 2(05) 0 3(2.3) 1{08) 1(08) 0 0 0
Hypophysitis 2 (0.5) 2(0.5) 0 2(15) 2(15) 0 0 0 0
Adrenal insufficiency ENUE 205 0 205 0 0 (1] 0 0
Increase in serum thyrotropin level 2 (0.5) Q Q 1(08) 0 0 0 0 0
Decrease in serum corticotropin level [} 1] o 2(L5) 0 1 (0.8 /] (V] 0
Hepatic 8(21) 4(11) 0 5038 0 0 6 (4.5) 3(23) 0
Increase in afanine aminotransferase 3(0.8) 2(0.5] L] 2(1.5) ] 0 323 0 0
increase in aspartate aminotransferase 4 (1.1} 1(03) a 1(0.8) 1] 0 2(L5) 0 [
Hepatitis 2(0.5) 1(03) 0 1(08) 0 0 0 0 0
Other 1232) 3{13) 0 6 (4.6) 2(L.5) 1(0.3) 3@23) 1{0.3) 0
* The adverse events listed here were reported in at least 15% of patients. The most c i refated ad events and those of particuiar ciinical relevance are aiso fisted.

Patients could have more than one adverse event. Included are all patients who received at least one dose of a study drug (643 patients). A total of 14 deaths (2.2%) were determined
by the investigators to be related to the study drug (8 in the |pllmurnab-plusgp100 group, 4 in the ipilimumab-alone group, and 2 in the gp100-alone group). Seven of the 14 deaths

related to the study drug were associated with immune-related :dverse evens 5 in the ipilimumab-plus-gpl00 group (1 patient had grade 3 colitis and sepur.emn 3 patients had bow-

el perforation-inflammatory colitis, bowel perforation, or multiorgan fai peritonitis; and 1 patient had Guillain-Barré syndrome, which is consid to be ¢ with a neuro-
logic immune-related adverse event) and 2 in the ipilimumab-alone group (1 patient had colic bowel perforation and the otha' had liver fallure] Deaths related to the study drug that
were not associated with immune-related adverse events included deaths from sepsis, myeloﬁbmsns and acute respi y (3 pati in the ipilim nmab—plus -gp100

group): severe infection—-renal failure-septic shock and vascular leak syndrome (2 patients in the ipilimumab-alone group), and cachexla and septic shock (2 patients in the gp100-
alone group).
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Involvement of PD-L1 on tumor cells in the escape
from host immune system and tumor
immunotherapy by PD-L1 blockade

. -t
Yoshiko hwai**, Masayoshi Ishida**s, Yoshimasa Tanaka®, Taku Okazaki*, Tasuku Honjo*, and Nagahiro Minato® Rat—anti mouse PD-L1 *ﬂaﬁs

*Dopartmant of Medicl Chemitry, Graduste School of Medidne, Frecursory Research for Embryonic Soance and Technology (PRESTO), Japan Sdenoa and
Technology Conporation, rﬂ’%mtnfmmm@ and Cell Blodogy, Graduate School of Blostudies, Kyoto Univarsity, Kyoto EH-!S{IPEII, lapan

Contributod by Tasuku Honjo, August 1, 2002 PD_‘l KO'?I'?Z'G
FO-1 1 2 recptor ofthelg superfamily that negatiely egulstes B1 Eim?lanoma(iﬂiggi%ﬁﬁh\
Bigands (PD-U) and Is suggested to play a role in the maintenance bb-g-

of self-tolerance. in the present study, we examined possible roles
of the PD-1,/PO-L system In tumor immunity. Transgenlc expressbon
of PO-L1, one of the PD-L. in PE1S tumor cells rendered them less
susceptible to the spedfic T cell antigen receptor-mediated lysks by
oytotoxic T cells in witro, and markedly enhanced thelr tumorgen-
esls and Iresasheeness In v In the syngenelc hosts as compared
with the parental twmor 2lls that lacked endogenous PO-L. Both
effects could be reversed by amt-PO-L1 Ab. Survey of murine tumor
lines revealed that all of the myeloma cell lines examined naturally
expressed POHLY. Growth of the myeloma cells In norm al syngenelc
mice was inhibited significantly albert transiently by the adminis-
tration of ant-PD-L1 Ab i vivo and was suppressed completely in

the syngenelc PO-1-deficlent mice. These results suggest that the

expression of POHL1 can seree a5 @ potent mechanlsm for poten-

tlally immunogenic tumors to escape from host Immune responses
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Development of Lupus-like Autoimmune Diseases
by Disruption of the PD-1 Gene Encoding
an ITIM Motif-Carrying Immunoreceptor

Hiroyuki Nishimura,” Masato Nose,§

Hiroshi Hiai, Nagahiro Minato,#

and Tasuku Honjo'l

* Department of Medical Chemistry
TDepartment of Pathology and Biology of Diseases
#Department of Immunology and Cell Biology
Faculty of Medicine

Kyoto University

Yoshida-Konoe, Sakyo-ku

Kyoto, 606-8501

Japan

§Department of Pathology

Ehime University School of Medicine
Shigenobu-cho, Onsen-gun

Ehime, 791-0295

Japan

Summary

PD-1, a 55 kDa transmembrane protein containing an
immunoreceptor tyrosine-based inhibitory motif, is in-
duced in lymphocytes and monocytic cells following
activation. Aged C57BL/6(B6)-PD-1"" congenic mice
spontaneously developed characteristic lupus-like pro-
liferative arthritis and glomerulonephritis with pre-
dominant IgG3 deposition, which were markedly ac-
celerated by introduction of a Fas mutation (fpr).
Introduction of a PD-1 null mutation into the 2C-TCR
(anti-H-2L% transgenic mice of the H-2" background
resulted in the chronic and systemic graft-versus-
host-like disease. Furthermore, CD8*2C-TCR*PD-1"'~
T cells exhibited markedly augmented proliferation in
vitro in response to H-29 allogenic cells. Collectively,
itis suggested that PD-1is involved inthe maintenance
of peripheral self-tolerance by serving as a negative
regulator of immune responses.




MPD-1A TR ERBIERRICEATS S

“ ORIGINAL ARTICLE ”

Nivolumab in Previously Untreated
Melanoma without BRAF Mutation

Caroline Robert, M.D., Ph.D., Georgina V. Long, M.D., Ph.D., Benjamin Brady, M.D.,
Caroline Dutriaux, M.D., Michele Maio, M.D., Laurent Martier, M.D.,
Jessica C. Hassel, M.D., Piotr Rutkowski, M.D., Ph.D., Catriona McNeil, M.D., Ph.D.,
Ewa Kalinka-Warzocha, M.D., Ph.D., Kerry J. Savage, M.D.,

Micaela M. Hernberg, M.D., Ph.D., Celeste Lebbé, M.D., Ph.D.,

Julie Charles, M.D., Ph.D., Catalin Mihalcieiu, M.D., Vanna Chiarion-Sileni, M.D.,
Cornelia Mauch, M.D,, Ph.D., Francesco Cognetti, M.D., Ana Arance, M.D,, Ph.D,,
Henrik Schmidt, M.D., D.M.5c,, Dirk Schadendorf, M.D., Helen Gogas, M.D.,
Lotta Lundgren-Eriksson, M.D., Christine Horak, Ph.D., Brian Sharkey, Ph.D.,
lan M, Waxman, M.D., Victoria Atkinson, M.D., and Paolo A. Ascierto, M.D.

ABSTRACT

BACKGROUND

Nivolumab was associated with higher rates of objective response than chemo-
therapy in a phase 3 study involving patients with ipilimumab-refractory metastatic
melanoma. The use of nivolumab in previously untreated patients with advanced
melanoma has not been tested in a phase 2 controlled study.

METHODS

We randomly assigned 418 previously untreated patients who had metastatic melanoma
without a BRAF mutation to receive nivolumab (at a dose of 3 mg per kilogram of body
weight every 2 weeks and dacarbazine-matched placebo every 3 weeks) or dacarbazine
{at a dose of 1000 mg per square meter of body-surface area every 3 weeks and nivolu-
mah-matched placebo every 2 wecks). The primary end point was overall survival.

RESULTS
At 1 year, the overall rate of survival was 72.9% (95% confidence interval [CI), 65.5 to
78.9) in the nivolumab group, as compared with 42.1% (95% CI, 33.0 to 50.9) in the
dacarbazine group (hazard ratio for death, 0.42; 99.79% CI, (.25 to 0.73; P<0.001).
The median progression-free survival was 5.1 months in the nivolumab group versus
2.2 months in the dacarbazine group (hazard ratio for death or progression of dis-
ease, 0.43; 95% CI, 0.34 to 0.56; P<0.001). The objective response rate was 40.0% (95%
CI, 33.3 to 47.0) in the nivolumab group versus 13.9% (95% CI, 9.5 to 19.4) in the
dacarbazine group (odds ratio, 4.00; P<0.001). The survival benefit with nivolumab
versus dacarbazine was observed across prespecified subgroups, including subgroups
defined by status regarding the programmed death ligand 1 (PD-L1). Common ad-
verse events associated with nivolumab included fatigue, pruritus, and nausea. Drug-
related adverse events of grade 3 or 4 occurred in 11.7% of the patients treated with
nivolumab and 17.6% of those treated with dacarbazine.

COMCLUSIONS
Nivolumab was associated with significant improvements in overall survival and
progression-free survival, as compared with dacarbazine, among previously un-
treated patients who had metastatic melanoma without a BRAF mutation. (Funded
by Eristol-Myers Squibb; CheckMate 066 ClinicalTrials.gov number, NCT01721772.)
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Table 3. Adeerse Eyants i

Niwalumab Dacarbazine
Event [N=208) [N = 205]
Ay Grade Grade 3 or 4 Any Grade Grade 3ar 4
no. of pati ents with svent (36)
Arry adverse event 192 (93.2) 70 [340) 194 [34.5) 78 (38.0)
Treatment-relrted adverse avertf 153 (74.3) 24 [117) 155 [75.) 36 (17 5)
Fatigue 41 [19.9) 0 30 [14.5) 2{1.0)
Pruritus 35 (17.0) 1{05) 11 (5 4] 0
Nausea 34 [16.5) o 85 [41.5) o
Diarhea 33 (16.0) 2 1.0 32 (15 5) 1{0.5
Rash 31 {15.0) 1{0.5 5 [2.9) o
Vitiligo 22 (10.7) o 1{0.5 o
Corstipation 22 (10.7) o 25 (12.2) o
Asthenia 21 {103 . 25 [123) 1{0.5
Vamiting 13 (5.3) 1{0.5) 43[210) 1{0.5
Neutrapenia 0 0 23{113) g [4.4)
Thrambsctap=nia 0 0 21103 10 [4.9]
Adverse event leading to discontinuation 14 (65 12 (5.8 24(11.7) 19(93)
of treatment
Sarious adverse avent
Aryy event 64 (31.1) 43 (20.8) 78 (380) 54 (26.3)
Treatment.related ment 19 [9.2) 12 (5.8) 18 2.8) 12 {5.9)

* The severity of advers= mvents was graded according to the National Cancer Institute Common Terminclogy Criteria for

Sdveme Erents, wersion 4.0,

1 The treatment-related adverse events listed here were reported in at least 105% of the patients in sither study group.

23



BHMETIVHOSER EEWFARFRAITEIED ?

miEEEEz TR ITHFRA%

1. Proof Of ConceptMHEIL (new biologyMFE R )
[Ronf-EBEET /I CThESEENRINTS
Sensitive tumors( MC38 EMT67: &) Enon—sensitive

tumors (B16 melanoma, CT267%&)

2. P =X L DR
IEDECAI I3 —THIRBDFHIEANAREININS

BIERZ T AT 2R

1. KONORXCHCRERE
2. MAEETIXIZFEAESIERNALNLRLY

HILTIE?
ARI&FTA D)/ Bk, iz E MRS 24



HUMEST I ZBWERIEREKSER CHOhSD &

mEEEEETRTS

BRARGEMET I CREGEENRINE=DNATIOF
BEDEERMRIZEEM THS

[Ron -1 ET L TULMNERNEMNZEHLNLLPD-1
/PD-L1 9 FIILBBEIZEFTERIENEDHLNS

) EYETILTOPOCHIIAIEEEA . EFTOERKRINE
EREICFRITHIEITELL

SREDONSZEDHETE I Hcombination therapy TE
M- fAENRDPOCH AT N ETIELMELVA

25



BMWEFT L2 BLWZRIERREHER CTHOI S &

BIMERZT AT S

MCTLAA4IMATIIREERSIZKYTIDRETILTERD
HMELH D,

F1-KOYHORXTl,. CTLA-4B LUPD-1¢ICBECRIEKE
2L TS

) HMETILCEMERD FRIIIHLIEERRETH AN, EF
ERI— DEELIZFER DA NEMNERE, F-FNEND
HYEICRERILCEZE T HSMAETHANSENARE,
KO, TeX O ADFEHRELERTHS

BREESNBADFEFNFNIZIIRABELUVKOTHRT
DREFTDNHEMN?
FMIETOREDEL., IFA. KO Tgv O ADERAMLE .



