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Opinion statement

The rise of immunotherapy is the greatest advance in oncology to occur over the last
several years, but applications in gynecologic malignancies lag behind other tumors. The
term “immunotherapy” envelops monoclonal antibodies as receptor mediators, including
immune checkpoint inhibitors (ICPI), cancer vaccines, and adoptive immunotherapies
alone or in combination with other therapeutic approaches. The purpose of this review is
to summarize the status of immunotherapy trials in ovarian cancer and to specifically

highlight data published in the last 1-2 years.

Introduction

Ovarian cancer is the fifth most common cause of
cancer-related deaths in women, surpassing that of any
other gynecological cancer. In the USA, an estimated
22,240 new cases of ovarian cancer will be diagnosed
in 2018, and an estimated 14,070 women will succumb
to the disease in this year alone [1]. In addition, there are
more than 200,000 new cases of ovarian cancer and
more than 150,000 deaths per year worldwide [2]. Ini-
tial treatment options for epithelial ovarian cancer

(EOC) include cytoreductive surgery followed by plati-
num and taxane chemotherapy [3, 4] or neoadjuvant
chemotherapy followed by interval debulking surgery
[5, 6]. Due to the late stage at time of diagnosis (80%)
[7], a high rate of recurrence (70-80%), and few treat-
ment options for patients who develop resistance to
frontline therapies, prognosis for ovarian cancer is poor,
and the overall 5-year survival rate is only 47.4%. Thus,
there is a great need to improve therapies available for


http://crossmark.crossref.org/dialog/?doi=10.1007/s11864-018-0584-3&domain=pdf

74 Page 2 of 21

Curr. Treat. Options in Oncol. (2018) 19: 74

ovarian cancer patients, particularly for patients with
platinum-resistant disease.

Immunotherapy has shown promise in other cancers
such as melanoma, bladder, lung, leukemia, and breast
[8-10]. The tumor immune environment, such as the
presence of CD3+ tumor-infiltrating T cells and
intraepithelial CD8+ tumor-infiltrating lymphocytes
(TILs), correlates with survival and progression in ovar-
ian cancer [8, 11-14], indicating a role for modulation
of the immune system in this disease site is possible.
Current immunotherapeutic strategies for ovarian can-
cer consist mainly of (1) monoclonal antibodies as
receptor mediators, including immune checkpoint in-
hibitors (ICPI); (2) cancer vaccines; or (3) adoptive
immunotherapies alone or in combination with other
approaches.

Immune checkpoint inhibitors for ovarian cancer 1CPIs
impede the ability of the tumor to activate checkpoint
proteins on the surface of T cells, thereby preventing the
cancer from evading immune response and allowing the
immune system to generate an antitumor response [15,
16]. Immune regulatory checkpoints are essential for
cultivating peripheral tolerance and prevention of
autoimmunity. Among the most well understood are
cytotoxic lymphocyte-associated antigen 4 (CTLA-4)
and programmed death receptor (PD-1). CTLA-4 abro-
gates autoreactive T cells in lymph nodes early in T cell
activation, while PD-1 regulates previously activated T
cells in non-lymphatic tissues later in the immune re-
sponse and controls apoptosis of regulatory T cells [17,
18]. PD-1 expression occurs in instances of high T cell
stimulation, such as cancer. Binding of PD-1 to its anti-
gens PD-L1 and PD-L2 inhibits T cell proliferation/sur-
vival, via changes in interferon (IFN)-gamma, tumor
necrosis factor-alpha, and IL-2, as well as phosphoryla-
tion downstream of the TCR, and increases in regulatory
T cells [19]. Blocking these immune checkpoints with
monoclonal antibodies is an attractive strategy [20].

A variety of ICPCs have gained FDA approval, yet the
study of ICPIs in gynecologic cancers lags behind other
disease sites. Nivolumab (Bristol-Meyers-Squibb) and
pembrolizumab (Merck) target PD1. Both are IgG4 com-
plexes, but differ subtly in binding site (N-loop versus
CD-loop) and affinity (Kd = 3.06 pM versus 29 pM) [21].
Nivolumab has indications in melanoma, lung, renal cell,
Hodgkin’s lymphoma, hepatocellular carcinoma, head
and neck, urothelial, and MSI-high colorectal carcinomas.
Pembrolizumab has indications in melanoma, lung,
head and neck, Hodgkin’s lymphoma, PD-L1-expressing

cervical, or gastric cancers and is notable as the first drug
to gain site agnostic approval for tumors that exhibit
microsatellite instability. Ipilimumab (Bristol-Meyers-
Squibb; targets CTLA-4, with indications in melanoma,
urothelial, and lung cancers. Atezolizumab (Genentech-
Roche), darvulamab (Astra-Zeneca), and avelumab
(EMD-Serono) target PD-L1 and are approved for
urothelial/lung cancers, bladder/lung, and for
lung/Merckel cell cancers, respectively.

Multiple early-phase clinical trials are ongoing to
examine ICPIs in ovarian cancer (Table 1). Preliminary
results from the JAVELIN Solid Tumor [22ee] clinical
trial of avelumab (anti-PD-L1) in 124 patients with
refractory/recurrent ovarian cancer found an overall re-
sponse rate (ORR) of 9.7%; stable disease (SD) was
observed in 55 patients (44.4%), yielding a DCR of
54.0%. Only 6.5% of patients experienced a grade 3/4
treatment-related adverse event (AE). PD-L1 expression
was present in 77% of patients; ORR was 12.3% in PDL-
1+ versus 5.9% in PD-L1- patients. Preliminary results
from a trial of pembrolizumab in 16 patients with PD-
L1+ advanced ovarian cancer reported an ORR of 11.5%,
with 1 patient with a complete response (CR), 2 with
partial responses (PR), and 6 with SD. Progression-free
survival (PFS) was reported as 1.9 months and overall
survival (OS) as 13.1 months, with 73.1% of patients
experiencing an AE but only 1 patient with a grade 3
treatment-related AE. A phase II study of ipilimumab in
40 patients with recurrent platinum-sensitive ovarian
cancer reported a best overall response rate (BORR) of
10.3% by RECIST 1.1 (n = 39); however, 50% (20/40) of
the patients experienced a grade 3 or higher treatment-
related AE [23e]. Toxicities related to ICPIs most com-
monly include skin (rash, pruritus), gastrointestinal tract
(diarrhea), infusion-related reactions, and fatigue,
which may limit the clinical effectiveness of this class
of drugs [24, 25].

There is immense interest in ICPIs in combination
with poly-ADP-ribose polymerase inhibitors (PARPi) or
vascular endothelial growth factor receptor (VEGF) inhib-
itors, including both monoclonal antibodies (e.g.,
bevacizumab) and small molecule inhibitors (e.g.,
cedirinib). There are currently numerous ongoing early-
phase clinical trials focused on ICPIs in combination with
these agents [26-30] (Table 1). A phase I study of
durvalumab in combination with olaparib or cediranib
in 26 patients with women's cancers found an 83% dis-
ease control rate (DCR) in patients who received
durvalumab plus olaparib and a 75% DCR and 50%
response rate in patients who received durvalumab plus



74

Page 3 of 21

74

Curr. Treat. Options in Oncol. (2018) 19

Buninioas

/1

buiytnioas

buiinioal

bunytnioas
J0U ‘BA130R

bunytnioas
J0U ‘9A130E

939)dwod

bunytnioas
j0U ‘aA30R

snjels
JUBWILNIIDY

%G10¢5¢01IN

poolq

Jessyduad

uL syje9-1
40 J3quinu

20882¢%€01IN

02¢9¢T0E0LIN

69€%7%792010N

190%£9¢012N

¢LE£090001IN

8GSGTTITOLIN

13y 1uspI
Jeuy jedrun)

II Sid

1IVN
03 3)qeuswe

)03 AI 3be3s

I dd0

1II 440
Jowmy
pue pooiq
uL sissjlewolq
aunwiwt

I pue JLwousb

II W0
P 09 ULyHM
uodeal
sunwuwtoine
‘QHAD 332
I ‘sy v/¢ apelb
uondnput
P06 ULYILM
I sqy € opeib
(s)aurodpug

aseyd Arewng

1OVN
03} d)qeudue )03 AL/III abels

2 919 bureys bw poz
qewnzyoiquad ‘,w/bw 08
19xe3ned + 9 )Ny ugejdogied
(2/1 v2¥g 10 10104/370d)

Rnigessut atwousb ym

J192UBd pRdueApe Ajedo)

40 JUaLNIA “D13e]SeIBW
BLI02JBSOULDIED ‘BLIOULDIRD
1190 JjeWS ‘ewouldIedouspe
1192 Jea)d ‘ewouldied
snouwNW ‘ewouldled
SNoJ3s dpeih-mo)

‘J0Wn3 )32 wiab “rowny
p402 Xas Butpnput ‘siowny

pasde)as 1o Jua.Indal dles

103 butpnjout
‘s10WnNy PLjoS padueApe
(soup Joud 9-%
pue ¢-T ssoioe payijess)
9SBASLP PAdUBAPE ‘JUBLINIAI

)03 butpnput ‘s1dued
anLssalboud 1o Juasisiad

190UBI UBLIEAO
aALISuas wnuie)d Juaundal

eua1u) Aiqibng

Aq pamonoy

‘e X p1e b Tp AT bw

002 qewnzioiquad+

Adesayjowayd

3o uonentut-al Aq

pamof)o4 SaI Aq pamorjoy

exprebgrgtp

AI ;w/bu 08 19xejrded
+ 1P 9 JnY unedogsed
Buiytnioas

soinadesayjowayd

Jeah T s X
syeam € b AT

syeam ¢ b AT bw 002

syeam € b AT bw 002

Kz sxmegb L bw ooz
(00T-ILONATN)

uoLIe|RIS? BSOP
(s2ueusjutew)

M 2T b usyy (uoanpuy)

sasop ¥ xm € b AT b%/bw 0T

Buisog

J1X0303/0 +

Adessyjouow

juejdsues] 119
wa)s dLaboye aye

Adessyjouow

Adesay)

¢T892TE0LIN

Dosaw]
(7-¥110-3ue)
gewnzioiquad

[qqtnbs-siaka-jo3sug]
(7-¥110-1ue)
qewnuwiidy

bnig

135ued ueueAo ut S[4JI 40 sjeuy jedtur)d butobuo papaes °T Iqel




74

Curr. Treat. Options in Oncol. (2018) 19

74 Page 4 of 21

pajuasaid
‘bunginioas
j0U ‘9AI3OR

bupinioau
10U ‘9A130R

Buiytnioas

Bunytnioas

burytnioas

bunyinioau
19A J0u

burytnioas

snjejs
JUBWINIDRY

688£99201IN

G2%0%%¢0.10N

%8980920.1IN

869620€0LIN

¢8999/¢010N

9055/2€01IN

G/6%€8C0LIN

1ay1udp]
Jeuy 1eatury)

1I/1 YN0 ‘azdy ‘si1a

I S3v ‘ow 93e Sid

II Sdd
/1 S4d
II S4d
Sa1 e
91E1 U01}I959)
I 9391dwod
I
(s)aurodpu3
aseyd Rewpg

190Uy
1seaiq aAebau 9)duy
pue )03 Jue3sisal-wnuield

073 uessisas wnugeyd

209
aALIsuds-wnuield Juaiundal

J03
aALISUIS-wnuLe)d JuaLndal

103 pangep Anewndogns

10VN
03 9\qeuawe )03 AI/III 2bey

ee[0]

eu91u) fniqiby3

p1eh
AI bw 00z qewnzioiquad
+ pb od bw ooz quedeiiu
(29T3LONAZY)
#S49M € b AT
bw 0oz qewnzioiquad
+ ,w/bu 0g 1exeyoed
pre b AL
bw 0oz gqewnziyoiquad
UM UOLJeuLquIod UL
uay3 auofe g x pre b AL
p ,w/bw og ugedstd
+ bw g/ auiqeapwab
sieaf
25X GT/8 P uLw OE 49A0
AI uejdogued ‘Ip uLw
0€ J9A0 AT qewnzioiqusad
ow 2T X p
12 b AT qewnzyoiquad
Aiq pamonos p 12 b Tp
NI ;w/buw 0g 1oxe3ioed
‘NI ugejdogued
‘NI bw 00z qewnziosquad
Adesayy
juean(pe jo sa12hd
G-z pue sar Aq pamonjoy
7 X Syeam € b AT
B3/bw GT qewnzeasq
F ,w/Bwg/ T 19xeed
'9-G )NV ugejdogued
‘NI Bw 00z gewnzyoiquiad

1JVN 03
a]qeuswe )03 AL/III abels
02 X qewnzyoiquad

dUBUIULEW

Buisog

ldyvd +

s910A2 jeuo3Lppe
¥-€ usyy
Sa1 Aq pamonoy
p1z b AT Bwooz
qewnzpoiquiad
u/bu g/t
19xejded ‘9-G
Jny ugeydogied

Adeiay) bnig
(panuyguo)) °T dqey




74

Page 5 of 21

74

Curr. Treat. Options in Oncol. (2018) 19

Buiytnioas

buiytnioas

Bunytnioas

buinial
30U ‘9AI10R

butnioai
19A J0U

26857¢€010N

Buiytnioas

burytnioas

8TEEG8C0LIN
810¢
0JSY 3e
snjels
JuUBWILNIDBY

€T0%€820.1IN

LTY2%€E0LIN

9/6G5€E0LIN

00986%¢01IN

0£9809€0.1IN

0€882/201IN

SYT6ECE0LIN

II

134 1USP]
Jeuy 1eatug)

II

I

II

II

s11a

I

Sdd

aseyd

440

SV Y40

440

440

dedy ‘s1a

1OVN
03 d)qeuswWwe
103 AI/111 3bess
SojeIy| UL
Jowny
ut abueyd-pio4

s11d

)03 JusLNda!

(s)aurodpug
Rewpug

ewodlesouape
‘BLI0DIESOULDIED
‘siowny 192 Wb

ueLIBAO BuLpmuL ‘siowny ates
siowny du3seb paoueApe
‘]JVN 03 9)qeusue
15e31q dALRU-OWYD

303 3uessisas wnuied

103 71°2 Jes)d

)03 3ua.1nd3i Jo Jus)sisiad
uswbal sup-puodss
e uo anlssaiboud 1aoued
1e21AIRd /3uLan )03
Aiojpeiyai/quelsisal-wnuiye)d

ow 21 s x owb
(BWN]OALU SdUBUDIULEW
uay3 “se19Ad 1e303
8-9 1o} Adesayy Juean(pe
pue sq1 Aq pamor)oy
€ b AL bui 09¢€ qewnoALu
‘,w/bu 0g 19xeded
‘9-G DNy ugejdogied
Aizbins
Buvyngep Aewud uoy
paINpayds )03 SALEU-OWIYD
)03 Juesstsal-wnuye)d
Butpmput
‘SI0WN} PLJOS padUBAPE

oW ZT XM €
b pb od spLweydsoydodAd
pue T Aep AT gewnzieasq
+ AI qewnzioiqusad

eudiu) fMniqibyg

pzy b Tp uw 09 4an0 AT
qewnwdt + ‘62/GT/Tp
ULW O J9A0 AT GRWIN|OALU

7XM9

b by/bwt qewnwidt +
M g b AT bw oz gqewnjoALu

M9

b by/bwr qewnwidL ¥
M g b AT bw o2 qewnjoALu

M 2 b utw 09 49n0 AT

gewnjoALu Ag pamorjoy

(uoonput) % x mg b utw

06 49A0 AT Gewnuwijidt
F uLw 09 190 AT GRLWN|OALU

M9 b 62/'51/1
p UO SaINULW 06 J9A0 (T

sonadesayjowayd

K12bans 03 toud p 1Z-%1
AI qewnzijoiquad buw 0oz

UOL}E)eISd 3SOP

apLweydsoydojdAd

Buisog

oL

d
_ 3
qewnuwpidL ¥
burytnioas
[qqtnbs-siafoy-10asug]
(1-ad-1ue)
21x0303A0 + GRWnN|OALN
asop-s)1buls
qlueueqal +
Bunytnioas
pue gewnzioeAdq +
Rdeiay) bnig

(panuyuo)) °T AqeyL




74

Curr. Treat. Options in Oncol. (2018) 19

74 Page 6 of 21

Bunytnioas

Buryinioas
pa39)dwod

butnioau
J0U ‘9AIOE

LT¥8TL20LIN
buinidau
J0U ‘9Al3OR

buigtnioal
J0U “9A10R

Buiytnioas

Buiytnioas

butnioau
19A J0u

bupinioau
J0U ‘9AIOE

smels
JuUBWILNIDBY

YTTZTEE0LIN

€299T6¢010N

8590085201IN

III

%00¢/LTOLIN

0£%%16201IN

¥8€69920.1IN

8T6GEECOLIN

(VNIHLY)
9%2225€01ON

¢96€/8201IN

134 1USP]
Jeuy 1eatug)

1I/91

II

/1

III

Sdd

II

/1

III

aseyd

Y¥0 ‘s11a

440

S4d ‘s3v

S4d ‘SO

(00T ueuenq

NIT3AVE) 203
pajeasun
Ksnotwauid

YY0 ‘s11a

W
‘(1own] puos
NITIAVC)

903 Juaundal

Sdd

440

Sdd

PO ‘s3V

(s)aurodpug
Rewpug

p1ay uoijetpes
9pISINO JUO pue SiselseIaul
SND-UOU Z Y3m )0F JudiIndas

)03 3ua.undal Jo A1ojoelyl

(002 ueweAQ NITIAVC) J03
Kiopoeiyi/que)sisal wnueyd

M g b adueusjutew F jym
¢ b qewnane ¥ (prz b 10
mb) 1axe3ioed pue utyeidogied

(4own] pyos NI1IAVL)

Sdd
p8eb GT/1p AT bl 08
qewnzijozaje ‘Tp AT ,w/bw
009 apLweydsoydojhd

+ G Jny ugejdogied

203

Juejsisal -wnuije)d Juaiundas
saul) Joud €5 303

JUBSISaI 40 dAISUSS wnueid

Adeiay soueuajutew
104 Adesayy wnueyd
aul] JUOL Ym pajeas3 )03

B ERUCIT)REY

eudiu) fMniqibyg

Butpuy-asop

paytads
30U 3S0p geln)aAe
¥1 b 8/1p Je3sounud
¥ pyT b Tp qewnipae
uoLJeuLqwod uL 1o ‘pgeg b
TP gw/bw oy a1d ‘M2 b
GT/1p By/bw 0T qewnyane

soinadessyrowayd

Butpuy-asop
si9oued
]eLIBWOPUS/|eIIAIRD

sanadesayjowayd
pLae opAonesiAysoe
+ gewnzrozaje
‘gewnzl)ozale
‘gewnzLozale +
(eWnZIOeARq ‘qewnzIdeAsq
MZb AL
GewWnzIdeASq + qeWnoALU
uoljeuLqWod
UL GewWwn|oALU+
quedednu 1o ‘auoje
‘M % b AT qewn)oALu
‘suoe piq quededns
140 ‘Buoje ogaoe)d
m g b buw oz gewnoawu
smd ‘m % b by/bw
€040 ‘M 21 b by/bw
€ ‘M g b b6%/bw ¢ gewmiea

Buisog

Ldyvd +

L+

Jojiqiyut JvaH *

J1X0303A0 +

Adeisyzouow

J1x0303A0 +
pLoe
anhones)fyeoe
pue
sowabolbue-jue +

sotuabolbue-ijue +

Idyvd F

Le@d-hue +

Rdeiay)

Bupnial Jou ‘aAoe

[ouosas-qw3]
(11-ad-1ue)
qewn)aAy
AI 9be3s “1dued
35e910/]EIIAIRD

[By20y-yas3UBUaY]
(17-ad-8ue)
qewnzLozaly

bnig

(panuyuo)) °T AqeyL




74

Page 7 of 21

74

qewWNeAIND YIM AT

Curr. Treat. Options in Oncol. (2018) 19

703 butpmput upyeydogued
Bunyinioas #12859201IN I ‘s3y ‘sbutpuy Aiojeloqe) ‘S10WNJ pLjOS PadUBApPE + 1oxe1noed
buiytnioas
(Sar 3e aseastp 1enpisay 4i)
,w/buw 6/ qeunwypwas
F A\ bw 6Z11 gqewmennp satdessyjounwiwt
(AO3NI) 1OVN + I ,Ww/Bbw /7 1axe3red ayjo ¥
2¥16%2€01ON /1 s170 03 3]qeuawe )03 + AL § ONY unedogied pue soinadessijowsyd 21x0303A0 +
p1e b 8p AT ,w/bw #°T-1°T
J190ued I5B3Iq ungnque + Ip AL b21°1
Bupinioal 8TG0EYEOLIN I s11a anyebau-a)duy “)03 JuaLndas gewnyeanp
Burginioas )03 Juelsisal-wnuiged
jou ‘aAde 699TEYZ0LON 11/1 S4d ‘QLW juslindal aid +
psz b AT bwoost
gewn|eAnp
eUWOULIED SNSIDA
1192 Jeap Adesayrowayd
Buinioal ¥G%S507€01IN II Sid UBLIPAO JUBLINJRI  9310Y SJ03eBrysanuL
bugnioal £6692£2010N 11/1 Siojlewolq (snounw-uou)
€1-/ Saphfo
x pgz b mz b qewmennp
ddueusjulew prg b
G1/1pbw oG/ qewmennp
+GT/8/1p 2w/bu 08 (171-ad-Bue)
703 Buruoly 19xeped + 9Ny urejdogied sonadessyjowsyd 21x0303A0 + gewnjeaing
siowny
p1os J13eIseIaW
10 pasueApe
(As1pap Aneao) Jsu3z0 903
Buginioas NITIAVE) 2T8%55201N 11/41 W0 ‘s17a juejsisal-wnugerd
009815%0-4d
+ QBWN|LWOIN + GRWN)IAR :( o
(avw 35)-W)
%2€09€0 (d + qewniAe ) e
(qyuw 3stuobe ovx0)
009815%0-4d + qEWN|IAE g o
(qyw 3suobe gg1-4)
GeWN)LWOIN + GeWN|IAL Y o sardessyjounwiwt 1RY30 +
[GEEIN SIOWN3 PLjOS padUBAPE
dyvd Aeao)/sejsesw
NITIAVC) J3y30 )03
G0%¥0EEE0IIN aALISUSS-wnueld JuaLndas
smeis JaL1puspr (s)3urodpu3
JUBWILNIIRY jeu] jeatut) aseyd Rewpyg eudqu) Aqiby3 Buisoq Rdesay) bnig

(panuyguo)) °T aqey




74

Curr. Treat. Options in Oncol. (2018) 19

74 Page 8 of 21

Bunytnioas

uoneAUL
Aq bungtnioas

bunjtnidau
J0U ‘9A30R

684/92€01IN

LS9%7€56201IN

smels
juswinidy

¢90920€01IN

68%5¢£201IN

T1€8G/6TO0LIN

1II

1I/1

1aynudp]
Jeuy 1evtug)

/1

4a

Sdd
‘s11a

aseyq

II

B

s3v

703 pasdejau

uotenw
2/1v2¥4
JIm 103
Kiopoeiyal
10 JUBLINI3L

(s)aurodpu3
Aewpg

Sddit

203
Juessisas wnueld ‘JuaLindas

pajetpeut Ajsnotaid Jou
J¥L Aq 9)gensesw uoisa)
9UO JSB9) 1B YILM “J9dued
1eIAIR) ‘)92 Jeuas “J9dued
1sealq aALzebau 9dug-uou
‘1839910100 ‘UBLIEAO
Ki03oe1401 10 JUBLINDBL

qewnjeAainp
+(€££@D) Ly¥610IW
‘qewnieAnp + (0¥X0)
2950103 ‘uoieurquiod
nmE:E:wEwb

+ (0%X0) 295010IW

€T S X gewnjeAinp
‘v S X qewnuwiawaig
‘ow 2T ss Joj quedejo
‘pgz b Tp AI qewmennp
+ AI qewnuwrswai}

yum piq od quedejo

euau) Aqibyg

fq pamoio}

sasop # 03 dn 10} myb

A bG°T gqewnjeanp

+ \I byy/bw

T qewnuwiawaiy

JU.NJU0d
uotssaiboud
uodn sasop
65X myb AT b
G'T gewnjeanp
Aq pamonoy ¥
X Myb AT B3/Bw
€ gewnwawas}

703 apetb-ybry Juaundai ‘Jerjuanbas

Mm¥%b

AI Bw 00gT uewneAnp
+ Adesaygounuwiwt
1192 Jowny snobojozne

4SO + ULINJYNYYs-Lq

gewnwRWaL} +

gewn)eanp
buinioai
satdesayjounwiwt 130 +
bunyinioas
satdesayjounwiwt 13Y30 pue Ldyvd +
(11040 703 104) AT
qewnuwrawail
+ AL
Buisog Adeiay) bnig

(panuyguo)) °T 3qey




74

Page 9 of 21

74

Curr. Treat. Options in Oncol. (2018) 19

12x03120d A)yaam Jo 22uDI3)0] ULLLIBIAP 03 J3PIO UL 8p UdALh gowinzijoquiad ym
p 82 St a12/d 3sutf , ‘2304 J043u0D 3sasIp -y ‘Adpiayl uonpipoi -1y {asp)f3opap auoisty -)yaH ‘Aop aim3 -piq pauoiuadpiul -4] Louqiyut asniawAh)od asoqu-4qy-Ajod -idyyd Upak -A
Jyauow -ow yaam -m ‘Aop -p ‘sagnuiw -utw ‘Adoiayzoways unAnlppoau -1y ‘Kiabins buwyingap jpadauL -SqJ aAn ay3 4apun paip =)y “Abojooug 1oatuly) fo f1a1os ubduawy -0)sy ‘so
Jad -od !as0p [T aspyd papuauwiuiodal -gzdy {sal3ioixo3 burLuwi-asop -1 7q puajLd asuodsal pagpjal dUNLIWL =)yl JPALMNS 3a4f-UoLssa1bold paipjai-aunuitil -S444L JpALMNS da4f-uoissaiboid
-S4d ‘2304 asuodsal 1IN0 -YY( ‘SNOUADIUL -] {9SDASIP 3SOY SNSIaA Lib -qHAD {SIUA3 3SI9APD -JY L0JqLYUL JUIOANDAYD BUNLILL ~[4)] “432UDI UDUIDAO JDIjay3ida -)0F SUOLIDIAIGQY

M 2 b AT qewnzioeasq

F piq od quedejo
buninidal 700%€£201IN ST1L0 420 J03 3uadindal +M % b AT qewneainp
(AMrep bw o€ 40 ‘02 “ST)
pb od qLuestpad

(AT b3/Bwot

Jo by/bwg qewmennp

¥ pge b piq (bw sowsbotbue-ue
buninial #0%%8%201IN /1 0 ‘azdy )03 JuS4IN2a1 10 padueApe 00€ 40 bw 00z) od quedejo pue Ldyyd +
buiginioal
203 Butpmput
‘siowny 1Y+ ¥ S X My b qewnwipwag 1y

28YL12ZE01IN /1 aiw pIj0s paoueApe + €1 S X Myb qewmeanp pue sardesayjounwiut 13430 +

65 X Myb

N b 6°1 Adesayzouow

qewnjeAinp

snjels Ja13usp1 (s)jurodpug

JuBWILNIRY eu] jeatut)) aseyq Rewugy eudu) Auqibng Buisoq Adesay) bnig

(panuyuo)) °T 3qel




74 Page 10 of 21

Curr. Treat. Options in Oncol. (2018) 19: 74

trial of atezolizumab (anti-PD-L1) versus placebo with
standard frontline chemotherapeutics and bevacizumab
on yet untreated patient with advanced EOC and
fallopian or primary peritoneal cancers (NCT03038100)
[32].

Biomarkers to predict response to ICPI in ovarian
cancer must be validated. The definition of PD-L1 “pos-
itivity” varies greatly. Microsatellite instability (MSI)
leading to high mutational burden was first shown to
be predictive of response to ICPIs in colorectal carcino-
mas [33]. Rates of MSI may vary by histologic subtype of
ovarian cancer. One group identified a subset of ovarian
clear cell carcinomas, typically characterized by worse
prognosis compared to other histological subtypes, as-
sociated with increased MSI and increased tumor immu-
nogenicity [34]. BRCA1/2 mutations may also be asso-
ciated with increased mutation load, immunogenicity,
and greater expression of PD-1/PD-L1, indicating that
these patients may respond well to ICPIs [35]. Others
have suggested that whole exome sequencing may also
identify disruptions of the PD-L1 gene, signifying that
genetic characteristics may, one day, be used to identify
ICPI responsiveness [36]. Such observations underscore
the need for further study of the effects of genomic
instability, homologous recombination status, or BRCA
1/2 mutations on ICPI outcome [29, 37, 38].

Vaccination strategies for ovarian cancer The first attempt
to use vaccination to stimulate immune function
occurred in 1891 when William Coley injected
Streptococcus pyogenes and Serratia marcescens intra-
tumorally, after observing regression of sarcoma in a
patient with erysipelas [39]. Modern cancer vaccines
consist of autologous whole cells, dendritic cells
loaded with autologous tumor-specific antigens, or plas-
mids that result in antigen expression and immune
activation after repeated exposure. Each vaccination
strategy may be further augmented by a variety of
immune-modulatory agents.

Engineered autologous tumor cell immunotherapy
represents an elegant approach to restoration of T cell
effector function. This may involve transfection of autol-
ogous irradiated tumor cells with a plasmid encoding
for the upregulation of immunostimulants and down-
regulation of immunosuppressants. One notable exam-
ple is Vigil® (Gradalis, Carrollton, TX), containing a
proprietary plasmid leading to up regulation of
granulocyte-monocyte colony stimulating factor (GM-
CSF) and silencing of furin, an enzyme that activates

transforming growth factor (TGF)-31/2. Expression of
GM-CSF stimulates antigen presentation; inhibition of
TGF-31/2 allows antigen-presenting cells to recognize
tumor antigens. Early studies showed that response to
vaccination (as manifested by positivity in gamma-
interferon) using > 107 cells with the construct for up
to 12 monthly injections in solid tumors correlated with
survival (25.7 versus 11.6 months) [40].In 2017, similar
immune results were found using a 1-log lower-dose
formulation in a study of 15 patients, including 40%
with heavily pre-treated ovarian cancer [41], which sug-
gests smaller tumor samples are required for initial en-
gineering. Additional studies of this technology as main-
tenance therapy remain in progress (NCI02346747,
NCT01309230) [42, 43].

An antigen of recent interest in gynecologic malig-
nancies is folate receptor (FR)-a (also known as folate-
binding protein, FBP), as it is highly overexpressed in
ovarian and type 2 endometrial cancers, coinciding with
increased DNA production and turnover. Jackson and
colleagues (2017) recently published results of a phase
I/Ila trial employing E39 (GALE 301), an HLA-A2 re-
stricted, FRa peptide in women without evidence of
disease following treatment of initial disease (n =24
with 16 controls) or recurrence (n =5 with 6 controls).
A total of 6 monthly injections (100, 500, or 1000 pg)
with granulocyte macrophage-colony stimulating factor
(GM-CSF) were provided. Delayed-type hypersensitivity
increased in a dose-dependent fashion (13.3% vs 55%
CG, p=0.01). Estimated 2-year disease-free survival
(DFS) was 85.7% in the 1000 ng group vs 33.6% in
controls (p=0.021). A subsequent phase Ib study of
breast and ovarian cancer patients evaluated six serial
immunizations using E39 and an attenuated variant
(E39') (E39 x 6, versus E39 x 3 then E39" x 3, E39" x 3
then E39 x 3). This study suggested benefit to incorpo-
ration of attenuated vaccine with no new safety signals
[44]. Immune response was successfully generated with-
out significant AEs in 90% of patients in a related phase I
trial of 22 patients with a history of ovarian cancer or
breast cancer and no evidence of disease who were
treated with metronomic cyclophosphamide then vacci-
nated 6 times monthly [45e¢]. While this provides bio-
logic plausibility, there is presently no estimate on clin-
ical efficacy of this approach.

Of note, FRa is also the target for mirvetuximab
soravtansine (IMGN853), a humanized monoclonal an-
tibody attached via a disulfide-containing linker to the
cytotoxic maytansinoid, DM4. Once released within the
target cell, DM4 acts as an anti-mitotic agent that
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inhibits tubulin polymerization and microtubule as-
sembly, resulting in cell cycle arrest and apoptosis. A
phase III study of mirvetuximab soravtansine versus
investigator’s choice chemotherapy (paclitaxel,
pegylated liposomal doxorubicin, or topotecan) in
platinum-resistant ovarian cancer is currently ongoing
(FORWARD1, NCT02631876) [46]. Mirvetuximab
soravtansine is not independently cytotoxic to FRa-
negative endometrial cells in vitro; however, bystander
killing on FRa-negative cells in co-culture with FRa-
positive cells does occur [47]. This effect is presumably
secondary to diffusion of metabolites to adjacent cells
following lysosomal processing post-internalization
[48]. Thus, antibody-drug conjugation may offer prom-
inent advantages relative to other FRa-targeting strate-
gies including farletuzumab (MORAb-003; Morphotek,
Inc., Exton, PA), which relies only upon antibody-
dependent cellular and complement-dependent
cytotoxicity.

Other tumor-associated antigens (TAA) of interest in
ovarian cancer belong to cancer-testis family and p53,
the latter of which is nearly universally mutated in ovar-
ian cancers [49]. Vaccination strategies targeting cancer-
testis antigen (e.g., MAGE, NY-ESO) are reviewed exten-
sively elsewhere [50]. Despite much early excitement
surrounding various vaccination strategies targeting var-
ious TAAs, phase III trials have historically been disap-
pointing. One notable example is vaccination with anti-
idiotypic antibodies against glycoprotein CA-125, an
FDA-approved serum biomarker to monitor clinical re-
sponse to therapy in ovarian cancer, which failed at the
phase III level for reasons still not fully understood, but
which remain under active investigation [51]. Recently,
a phase I trial of a modified vaccinia ankara vaccine
delivering wild-type human p53 (p53MVA) in combi-
nation with gemcitabine chemotherapy in patients with
platinum-resistant ovarian cancer showed longer PFES in
patients with p53 reactive CD4+/CD8+ T cells but unac-
ceptable toxicity with chemotherapy administration
[52¢]. These studies serve as a humbling reminder of
the complexity of the immune response in disease.

Adoptive immunotherapy in ovarian cancer Adoptive
immunotherapy is based on the infusion of
autologous or allogeneic neoplastic targeting immune
cells that have been expanded and/or activated ex vivo
[53, 54]. Adoptive immunotherapy can be based on
antigen-independent (innate immunity, e.g., natural
killer (NK) and cytokine-induced killer (CIK) cells) or

antigen-dependent (adaptive immunity, e.g., TILs, chi-
meric antigen receptor (CAR) T cells) strategies [53].

NK cells can kill tumor cells without prior sensiti-
zation or need for MHC expression and have an im-
portant role in tumor immunosurveillance. Individ-
uals with impaired NK cell function display an in-
creased risk of cancer development [55, 56]. Initial
clinical trials involving NK cells focused on response
modifiers and cytokine therapy to potentiate autolo-
gous antitumor response in vivo and demonstrated
conflicting results [55].

Most of the clinical trials using NK cells remain in
early-phase development; however, data thus far sug-
gest that administration of large numbers of donor
NK cells is safe, feasible, and efficacious in patients
with leukemia and solid tumors (NCT01212341) [57,
58]. Administration of lymphodepleting chemother-
apy and T cell suppression with allogenic NK cells has
been shown to increase TTP from 52 days with
fludarabine, cyclophosphamide, cyclosporine, NK
cells, IL-2 (Arm 1) to 98 and 100 days using this
regimen plus 10 mg methylprednisolone (Arm 2) or
1 mg methylprednisolone (Arm 3), respectively
(NCT01105650). Arm 2 experienced a decrease in
disease progression (33%, 1/3) compared to Arm 1
(67%, 2/3) and Arm 3 (71%, 5/7) suggesting benefit
from higher doses of methylprednisolone. Both Arm
2 (1/3) and Arm 3 (3/7) treatments resulted in im-
proved OS at 1 year compared to Arm 1 (0/3). CAR-
NK cells, chimeric antigen receptor-engineered NK
cells, have also been explored in vitro and in hema-
tologic and MUC1-positive solid tumors, but have yet
to be tested clinically in ovarian cancer [59, 60].
While data from many NK cell clinical trials demon-
strates that this treatment is safe, one trial
(NCT00652899) was terminated early due to toxicity.

While clinical trials involving cytokine-induced
killer (CIK) cells are numerous for other cancers,
data are much more limited for ovarian cancer. In
one study, stage Il ovarian cancer patients receive
radiofrequency ablation (RFA) with and without au-
tologous transfer of CIKs (Table 2). Several studies
have been published analyzing the efficacy of CIK
cells in the treatment of solid tumors including ovar-
ian cancer [61-63]. Liu et al. in a phase II study
tested the role of CIK cells in maintenance therapy
after first-line treatment in advanced epithelial ovar-
ian cancer [61]. Ninety-two patients underwent
cytoreductive surgery followed by 6-8 courses of
carboplatin and paclitaxel chemotherapy and



74

Curr. Treat. Options in Oncol. (2018) 19

Bunginioas

buggnioal

bunytnioas

buigtnioas
j0U “dA1308

9391dwod

939)dwod

Bunytnioas

buinioai
19A J0U

Buinioas

smels
JUBWNIDRY

¥19.82€01IN

L62€E88TOLIN

GEG8STEOLIN

€69/8%201IN

09950TTOLIN

G8¢8TTZ0LN

%96€T2E0LIN

90%6€9€01IN
€6€6%82010N

1341uSP]
Jeuiy jeatuyy)

/1 v

uotsnjut 11 4o
I shep g¢ uypm 3ys

I Sy

I Y40

I a1

I a1

I (syauow 9) 3y

/1 (syzuow €) Y40
(s)aurodpug

aseyd Aewig

J190ued Jeauojuad

frewud 1o “agny uerdoyey

‘UBLIBAO D13EISEIaW

J9oued Jesuojuad
Krewud 10 ‘agm
uetdo)je} ‘UeLIBAO SNOJSS
apelb ybiy jue3sisas
-wnuyeyd ‘quaundal

eWoUB)dW d13e)seIaul
“130UBD UBLIEAO PadUBApE

190U ueLeAo T 9be3s 0914

190Ued

1534 J13BISEIBW “IDURD

1esuojuad Aewud ‘aqny
uetdoye} “)03 JuaLNIBA

J93ued Jeauojuad
Arewud “19oued
aqn} uetdoyey )03 JuaLndal
JERII:8)
Jesuojuad Aewud /aqny
uetdoyey ‘)03 JusLINIBL
eUIOULDIRD
1esuojuad Aewud ‘aqny
uetdo)je} UBLIEAO JuBLINIAL

Ja0oued ueleAO jualindal

eua3u) Aniqiby3

aulqelepny ‘ex AT B/bw
09 apLweydsoydoydfo
‘burasansey 11 03 Joud
p #1 b/bwe qewnwidy xg
3@am pug buunp
sAep Gx pue aam 3sT
buunp sAep ¥ x g-11 gns
STIL AI 40 UOL3E]EISS 3S0P
skep 2 10} Rep/py/Buiog
aptweydsoydo)dAd
syoam ¢ b
A Bwooz qewnzyoiquad
pue Ajtep pgns g-1r ‘sjjed
TTv0TX9'T-0TvOTXT
AL STIL
Aq pamonjo4 shep g 1o Aep
1ad byy/bw g 1o by/bw
09 aptweydsoydojphd
VY 1oye
S399M BUO UOLSNUL AT
U0 Y1) + V4 10 buoje y4y
(6
wiy)auojostupaidiAyaw
bu T +vs)/ (2
wiy) auojostupaidiAyzaw
bw o1 + vs)
/(twiy) ys)) uotssaiddns
1192-1 pue Adessyzowsyd
bunsydspoydwAy
UM STI92 N

uotsnjut 91buts ‘A1sALep dI

uotsnjul 91buts ‘A1sAnep dI

Ridanap d1
€ X ("\'T) 1192 uoLq 01-8

Buisog

UM UL}

Joud ym autqesepnyy

pue aptweydsoydo)dfd
Joye SIL

jusueaL}
apLweydsoydojdhd
Joyye sy)90
J13upuap snobojojne
/S11L pa1enwisal

apLweydsoydo)hd
Joye
gewnznoiquad pue s11| 0L

JDT V44 AT

auojostupaidiAyzaw
‘211 ‘suuodsophd
‘apLweydsoydoypd
‘sJ1a2 N dwuaboye
JojiqLyut 0ar
- 09€¥209NI ‘211
‘apLweydsoydo)dfo
‘sulqesepnyy
‘s1192 HIN deusboye
¢- I yim
(SN2 3IN pareAoe
1ouop) OOTYN-ILY4 AN
auLqesepny
pue aptweydsoydojdAd
F )19 )N dtuabore

K1abansoiRd F S0 N

Adesay) 11EN}

74 Page 12 of 21

J13dued ueueao ut sjedtbojotq Jo sjewy jeatut)d Gurobuo paayes g IqeL




74

Page 13 of 21

74

Oncol. (2018) 19:

ions in

Curr. Treat. Opt

Bunytnioas
J0U ‘9A1OE

burytnioas

burytnioas

bunytnioas

Bunytnioas
19A J0u

Buiyinioas
19A 10U

snjels
UBWLNIDBY

168£99T01ON

099/£5%201IN

LT2698201IN

G896GTEOLIN

0068TEE0LIN

9¢G2T7E€0LIN

13 BUSP]
Jeu] jedrut))

(shep
0t ¥ sfep og)
/1 € apeub =10 < 3y

I (s28m 8) IV

I azdy ‘v

I (sfep 0€) 3

douasisiad oA

I ut §0 uogeinp ‘qy

II 3V 440
(s)aurodpu3

aseyd Rewpyg

10/pue ‘G020.¥-YTH
10204V VTH
pue Adessyjowsyd sauy)
2 =/< 10 /pue aseasip
doueystsal wnuigeyd
10 A1030B1JB1 YIm
ewoutdled aqn3 uetdoy)ey
40 Jeauojuad Aewud

‘UBLIEAO ]e1ay3Lda JuaLIndas
SI92UBD PLOS J13eISEIRW
J13y30 “Isealq ‘Jappe)q
‘190Ued UeLeAO ‘syusijed
¢Y-V1H ut siowny

pros buissaidxa -0S3-AN
SI9IUed
J9AL] “19ppe|q ‘bum)
‘ueuieno “eabeydoss
‘BUWIOUBIBW ‘BLIOIES
1etaouAs “rowny prjos
9]¢399534UN JUBLINIAA
10 d13e3SeIaw ‘syuaged
¢Y-V1H ut siowny

pros buissaidxa -0S3-AN
juswieas
Sul)-nw pajiey
Jey3 s19oued prosAyy
pue 3seaiq ‘eabeydosa
‘J9A1) “ewoue)dw
‘BWODJES JNSSL}

3OS ‘BWO0dIeS dU0q ‘UBLIBAO

J192UBd UBLIBAO dpeIb
ybry jue3sisal-wnugeyd

SIS03EWOULdIeD

jeauojuad Aewud

‘aqn3 uerdoryey “Jsoued
ueLIeAO eray3Lda d1ge3selaw

eusyu) Aniqiby

(S192 60T X 9 XBW ‘s]j3
6vOTXT UlW “s713d 6v0T
X G) )19 | paonpsues}
(6522)T-0S3AN
NI X T Aq pamonjoy
Adesayzowayd aA13INPa103A
1-0S3 AN-Jue
‘“vx NI Rep/zw/bw
G¢ aulqerepnyy
‘gx NI Rep/Bx/bu
09 apLweydsoydojdhd

T0€T-T4L ‘2 X p/2w/bw
0GZ AI dptweydsoydoyhd

p %1 x Dgns

211 “¥DL T-0S3-AN-Bue

AL X T ‘optweydsoydo)phd
Jo Rep /BT x2

(sesop 82)

sAep #T x sinoy g1 Aians

0gns 2-11 ‘AT 2w/bw

00¢ apLweydsoydoyphd

‘N B1/Bw 2°1 40 By/bw

€0 ‘038 LETAD-1ue
buimonioy AT 1182 | +80)

S3S0p T

XeW ‘9IUeld)03 03 Sinoy 8

K19A9 2-11 “STIL ‘PT X ¥dL
‘pe x gw/bw Gz sulqesepnyy

skep y1x Atep pans 2-11

‘STIL AT XT ‘g% 2w/bwi G2

Buisog

SI193 1 65¢21-0SIAN

STIs2 L

padnpsuen-y)1 T-053

AN-13ue ‘sutqesepnyy
‘aptweydsoydo)dfo

sa1fooydwA) |
snobojojne paonpsuesy
auab y¥)| dywads

1-0S3-AN) TOET-181
pue sptweydsoydophid

(o2 1-¥21 dywads Wl

1-0S3-AN) T009TLS3IVL sTe0-1
pue apLweydsoydojdAd passautbug

apLweydsoydophd
‘gewnLwoin
pue sj)9d | +80)

uotjetpes Apoq 1e303}
pue auLqelepn)} 1aye SIL

qewn|oALU

pue gewnuwpidt

Adeiayy 19)
(penunuo)) -z a1qeyL




<
~
> buiytnioas
i
—~
)
—
o
N
S
°

[S)

o
o
.n
(%]

c
e butnioas
5 ol
=1
o
]

(383
9]

S
[

o
S
3
S

burytnioas
buntnioas

—

N
Y

)
<
—

o smejs
S JuBWINIDRY
~
~

226¢ETE0LIN

#19960201ON

TETLTOEO0LIN

L182TYE0L1IN

13y1udp]
Jeuiy 1eatuy)

ualsisiad ‘17a
I ‘(s1eak g*€) 3vS /3
pooiq
ut 1021-191
40 133Uy
‘Ryneuop
J0 @ueseadde
‘SNILAOIIRI
Jualadwod
uovyeordas
1 Jo @ueseadde ‘3y

I (sfep g2) 3

II 440

(s)aurodpu3
aseyd Aewpyg

pue peay ‘ewouepw

‘19ppe|q Aleuun ‘uenieao

uotssaidxe-#y-39Y I
‘jowny

ansod 2092 Y-YH
‘a)qe3dasalun
‘Juswieal} piepueis
03 Aiojdelyas “Jowny

PLjos Juaiindal 10 dljejselsw

*Adessyjounwit

10 gewnzioeAsq
‘sio3epqryut

dd¥d paaLedal

aney Rew s309[qng
*Adessyzowsyd jo saul) g
=< PIALBIDI 9ARY ‘ISEISLP
9AIISUSS wnuue)d 4
‘ewoutdsed aqny uetdoye)
10 eauojuad Atewud
‘ueLIeAO eraylids

Ai030B1)91 10 JUBLINDAL

ewojsejqonb
‘(o13e35E39W)

(75N) 4e0ued

Hun) 1129 Jjews-uou
‘(o13e35R39W) SIFDURD
p10S 13410 pue ‘UBLIBAO
pue jsealq ‘(dL3e3selaw)
s19ued Aleuunojtush

pue jeut}sajutosseb

usbyue sowny 1-0S3-AN
Buissaidxs siowny ypm

aAlisod 90204Y-YTH

eua1u) Auqibng

ST 140 T X AL

NI shep g x

LW/bwog) auiqesepnyy (¢
JUBWLIAAX3) UM pue AT
skep g x Rep/,w/buw 06/
aptweydsoydo)dAd ypm

102T-1g1 uoLje|eIss asop

16-8¢ shep uo arg JS
upjna)sapje pue ‘z¢ Aep
uo d1 pue AT sezfooyduwA)
12y199ds-1-053-AN
passautbus Ajjeargsush
‘gg-1¢ shep fjep

AI SULGRILIDP 2 3SIN0D
"€2-0T sAep uo q1g

S ULN3ISap|e dALRIRI
os)e syuanyed 6 Aep

dI pue AT sepfooyduwhy
12y193ds-1-053-AN
pasaauLbus

Apeonausb pue ‘9-g shep
AI opLweydsoydojdafo
‘e-T skep

Rjtep AT aulge3ap :T 9sinod

1136°T

NI 18d paanpsuen-yj|
‘AL 6/N1 000°2L

10 (sasop Ot Xew) shep
#xsinoy g Aiaas AT by/NI
00002, uvin3)sapie

‘4 x Rep/zw/bw

Gz auLqesepnyy ‘shep g

X inoy T 1ano Aep/by /b
GT BUSBW YHM MSQ

ymm shep g x Aep/by/bw

09 AI aptweydsoydoyphd

Buisog

aulgelepn))

‘aptweydsoydoydfo

‘(safdoydwA

| paonpsuesy

¥)L 24193ds-4y-39YW)
T0eT-19L

duLqeldap
‘aptweydsoydoydfo
‘upina)sapie
‘se1fooydwA)
24129ds-1-0S3-AN
passautbus Apeonaush

urynajsapie
‘auLgelepny
‘apLweydsydophd
“18d pednpsuen-yj|

juatzed jenpiatpug

Adeiayy 19
(panunuo)) -z dqer




74

Page 15 of 21

74

Oncol. (2018) 19:

ions in

Curr. Treat. Opt

Burytnioas
J0U ‘9A13OE

buinioal

bungtnioas

buiytnioas

939)dwod

smejs
JuBWINIDRY

8627S0€0LIN

989€8STOLIN

L%10859201IN

¢1686%¢01IN

9€T6TO00LIN

13y1udp]
Jeuiy 1eatuy)

/1

aseyq

(sieak 2 ) 3y

WO ‘(stesk g) 3y

¢ opetb =z
sy9am 4z 01 dn) 3y

170 ‘(sreah 2) aLw

aLW

ST1®3 | paytpoul
Apeonsusb
ut (SnIAua)
juazadwod
uoyeoidal) 13y
‘S|e2 L paytpow
Ayeagauab jo
(s)aurodpu3
Aewpyg

JuaLINdal 10 Judsisiad
‘eWouldIeI0UIpe
Buny Juaundal 10 d13e3seIaw

SI9DUEBD |eIIAIDD
‘bun) “ewonayjossw
‘J13easnued ‘ueuero
‘upayrosaw buissaidxa
SI90UBD B)qeInsesw

9](329594UN 10 J13e3SeW
ewolrayjosaw jueubrew
‘opeasnued “eujawopus
‘190ued 35ea1q dALRebau
9)1dug ‘ueueao aanisod
urylosaw pasde)al

10 Auojoeugeu Adessyzowsyd

03999T)NW Ssaudxd
ISNW SI0WN} - SIOWN3 PLjos

(3591 Apoquue TAQW)
uts3oid bulpulg-sie)oy
1oy aangisod Jowny “)0s
pajtey “4soued jerayids
UBLIRAO 1eNpLSal 10
JUB.INI3I PBIIISAI “JUDLINIAL
utsjoud 10 YNY #V-19YIW
ay3 Jo uoissaidxa
smoys Jowny s323[qns
pue aAnisod 20, V-Y1H
‘ewodJesodl] 1192
punou proxAw “jetrouAs
Juyseb “esbeydosa
‘buny 1192 Jjews-uou “§au

eua1u) Auqibng

apLweydsoydojdAd
F UOLJE]RISD 3SOP
(sasop GT xew)
skep G x sinoy g A1ans AT
6%/NI 00022 upina)sepie
“IX AT ST)92 | paanpsuel}
‘2 x Rep/b3/bw
09 AI ptweydsoydo)hd
‘GX gd\I Aep/,w/bui
GZ aulgelepny
'S]}92 | 40§ QLW duluLBIdp
03 UOLJ]RISD 3SOP

S]]92 | paonpsues
10109 Yy)-0Saw-1jue

Buisn uone)esss ssop
sfep ¢ x
,w/Bu og-Gz sutgerepny
ypm shep g x ,u/bw
00¢ apLweydsoydoyphd
10 ,w/Bw
05/3pLweydsoydoyphd
(1 poyod)

S]199 | JO uoLIe1RISS 3SOP

-+
19d-AOl JO UOI3B]eISd 3SOP

Buisog

S[19d 0saW |¥y)-NH

aulgelepny
‘aptweydsoydopdfo
‘19d paonpsuesy

YY) uLRyl0saW-1jue

dv)
1S)199-1
passautbug

S)192 | paanpsuesy
10309/ Yy)-0Saw-1ue

auLgesepn)}
‘aptweydsoydso)dfd
‘s)jed
1 paytpow-Ajjeazausy
+14493/21-11/282-TTHY
sayfooydwAhy
d1euabore danadessyy
‘upjna)sape ‘(utezoud
butpuig-s1ejoy
jsutebe 103dadas
uabrjue ouswLYd)
auab J03dadal
JuBWLYD ewweb-Aopy

SIS | 2€0TI7V-39VYIW
paytpow
Aneanaush snobojojne

Adeiayy 19
(panunuo)) -z dqer




74

Oncol. (2018) 19:

jons in

Curr. Treat. Opt

74 Page 16 of 21

buiytnioas

buninioas

buijtnioau

buiytnioas

smeys
JUBWILNIIDY

786€ETL20LIN

G0%8TOE0LIN

0£ET%S9201IN

%72¢L0€8201IN

JaL1puapI
Jeuyjeatut))

1I/1

1I/1

1I/1

aseyq

v

3vS/3v

v

Y0 ‘aLW

(s)3utodpus
Arewng

132UD2 UDLIDAO [bljaYLda -)03 403dadas uabraup duaLLYD -yY?) ‘2S0p Z asbyd papuawiuiodal
-qzdy ‘uonp)qn Muanbaiforpoi -y4y ‘saifdoydwh) bungpagifur sowny <11 {8304 asuodsal aA13lqo ¥y U3y pacnput auyoifd -y LagLy Jiniou -y ‘auLodsoppfd -ys) sjusa asianpp
Jof buaaud Abojoutwwad) uowwod -3y ) (siowny pijos ul DLUILID UOLIDNIDAS aSUOASaI -/ ST)FY ‘24b3 Jo pippups -)os ‘Aydpibowoy paandwiod -1) ‘asuodsal 932)dwiod -y) ‘aspastp aAlssaiboid
-0d “Aud1xo3 buiauw asop -17q ‘JpAns aa4f asdpjal -S4y Jpauojuadniul -4 (SNOUBADIIUL - ‘3SOP painia]o3 WNWIXDW - | {S}UBAS 3SISAPD 213A3S -TY/S SJUBAS 3SIBAPD -3y :SUOLIDIAIGGY

(s120ued
ansod gyjH) s1soued
oieanued ‘ewonh
‘1839910102 “2L13seh
‘bun “3sea1q ‘ueniero
ewo)RAw
adnw ‘awoipuAs
s13sejdsApoeAw
/eLwdyna)
pLojaAw a3nde ‘sidued
oeasnued ‘Jsealq
aaizebau s1duy “enayzoln
‘1839910100 ‘UBLIEAO
eLwadna) proydwAy
pue pLojpAw a3nde
‘1832910100 ‘}SE3Iq ‘ulelq
“19A1) “213ea.0ued ‘UBLIEAO
annisod-g€1q) pasderas
10 Aiojoeugal -Adessyowayd

(0@

ssaldxa 3snw siowny)
elwOUB)aW “I9DUED ISeaIq

“leual “a13easnued ‘ueLieAo

eWOl)aY30saW jeauoiuad
pue jeunayd Jueubrew
‘ewourdied agny uetdoyey
10 Jeauojuad ‘)03 snoias

eua1u) Aiqib3g

SIi®d 1
buabiey z-y3H Jo uoisnjut

(s99Mm ¥ uLyIm suoLsnjut
18303 €) SYPam g Auans
S1192 2-Y)IN - UOLIE]RISD 350p

ST | Y¥I-€€Tad-3ue
UM UOL]e]eIS 3SOp
IXAI78d ¥VJ 0£@Jy-1ue
‘(sasop 6 xew) shep € x
sinoy g A19As upjnajsapie
“yX NI Rep/gui/bu
G2 dulgelepny
‘2x NI Aep/By/bw
09 aprweydsoydoyphd

Buisog

S92 1-4V) ¢yiH-Hue

ST193 1-4V) de9IN

S92
1 PaINpsueI}-10399A

dv) €€10d-3ue

uLinajsapie
‘auLqelepny
‘aptweydsoydoio

UHM T78d ¥¥I 0£0dy-ue

Adeisayy N9
(panuyuo)) °z aiqel




Curr. Treat. Options in Oncol. (2018) 19: 74

Page 17 of 21 74

1 month after the last course half of the patients
received monthly infusions of autologous CIK cells
with the remaining patients receiving no treatment
[53, 61]. In patients treated with CIK therapy, an
increase in median PFS was observed (37.7 vs
22.2 months, p=0.004) while OS differences did
not reach statistical significance. Zhang et al. dem-
onstrated that pre-treating CIK cells with an immu-
nological adjuvant PA-MSHA (Pseudomonas
aeruginosa-mannose-sensitive hemagglutinin) led to
improved function of CIK cells; patients treated with
PA-MSHA-stimulated CIK cells plus chemotherapy
achieved PR or SD (with only one patient exhibiting
PD), whereas no patients in the CIK plus chemother-
apy group achieved partial remission [63].

Ovarian cancer is not generally considered an immu-
nogenic cancer, however, evidence of immune evasion,
clinical response to immunotherapy, and the correlation
of CD8+ CD3+ T cells with improved survival suggest
otherwise [64]. TILs (tumor-infiltrating lymphocytes)
are endogenous autologous T cells derived from resected
tumors or the peripheral blood of naive or vaccinated
patients and expanded ex vivo [64]. Non-reactive autol-
ogous T cells can be stimulated by tumor antigen-
specific stimulation in vitro or by genetic engineering
to express either an exogenous tumor antigen-specific T
cell receptor (TCR) or chimeric antigen receptor (CAR).

TILs have been explored in clinical trials since the
1990s with early human trials showing mixed results
[65]. Prospective studies demonstrate spontaneous rec-
ognition of tumor neo-epitopes in immunotherapy na-
ive ovarian cancer patients validating the resurgence of
TIL clinical trials [66e, 67]. Results for a pilot study
determined that TIL treatment for platinum-resistant
metastatic ovarian cancer with a decrescendo IL-2 was
feasible and tolerable. All patients had SD for a mini-
mum of 3 months (NCT02482090) [68]. TIL therapy in
combination with checkpoint inhibitors or new
methods for TIL expansion could results in improved
clinical responses in ovarian cancer.

Numerous clinical trials using engineered T cells,
TCR, and CAR-T cells to target antigens such as HER2,
NY-ESO-1, FR-alpha, MSLN, MUC16, and p53 are cur-
rently recruiting. These TAAs are also targets in cancer
vaccine development [64]. ALT-801 is a biologic com-
pound composed of IL-2 genetically fused to a human-
ized soluble T cell receptor directed against p53-derived

antigen which recognized an epitope displayed on can-
cer cells in the context of HLA-A*0201 [69]. In patients
with progressive metastatic malignancies, this regimen
was well tolerated and elicited a clinical antitumor re-
sponse at the three doses analyzed (0.015 mg/kg,
0.040 mg/kg, and 0.080 mg/kg, the 0.040 mg/kg dem-
onstrated the highest production of IFN-gamma and
immunogenicity titer (NCT00496860).

A variant of adoptive T cell immunotherapy, CAR-
T cell immunotherapy allows for the combination of
antigen specificity through conjugation of a specific
antibody with T cell activating properties in a single
fusion molecule [70]. CARs bypass the immune es-
cape mechanism of cancer cells because they endow T
lymphocytes with cytotoxic effector features in an
MHC-unrestricted manner. The current CAR-T cell tri-
als mainly target antigens mesothelin and HER2. In a
trial of CAR-T cells directed against mesothelin
(CART-meso) (NCT02159716) [71], six recurrent se-
rous ovarian cancer patients were treated with either a
single dose (3 x 1077 cells/m?) of CART-meso or
CART-meso (3 x 1078 cells/m?) with or without
lymphodepletion. This therapy was found to be safe
and feasible with patients showing SD after 1 month
of treatment. Preclinical data demonstrated that
established and primary ovarian cancer cells were rec-
ognized and reacted against by anti-HER2-CAR-T cells
with little to no reactivity to normal ovarian surface
epithelium, thus showing feasibility for the current
HER?2 clinical trials [72].

Cytokine release syndrome is a potentially severe sys-
temic toxicity seen after adoptive T cell therapy caused by
T cell activation and proliferation. It is associated with
elevated levels of circulating cytokines and has been pre-
viously described as a systemic response in hematologic
malignancies. Tanyi et al. (2017) described a new phe-
nomenon, compartmental cytokine release syndrome, in
a patient with advanced recurrent serous ovarian cancer
treated with autologous mesothelin-redirected CAR-T
cells [73]. This was thought to arise from antigen-
specific T cell activation and innate immune activation
targeted to the site of tumor in the pleural cavity rather
than other compartments that harbored tumor or com-
partments in which CART-meso cells were detected. The
unique nature of ovarian cancer growth and spread could
therefore lead to unexpected responses to CAR-T cell
therapy compared to other solid tumors.
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Conclusions

Immunotherapeutic strategies for the treatment of ovarian cancer must be
explored and refined to improve morbidity and mortality of this disease and
render therapies available to these patients which are on par with those avail-
able to other tumor sites.
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