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Background: Advanced recurrent ovarian cancer (ROC) is the leading cause of gynecologic cancer-related death in developed
countries and new treatments are needed. Previous studies of immune checkpoint blockade showed low objective response
rates (ORR) in ROC with no identified predictive biomarker.

Patients and methods: This phase II study of pembrolizumab (NCT02674061) examined two patient cohorts with ROC: cohort
A received one to three prior lines of treatment with a platinum-free interval (PFI) or treatment-free interval (TFI) between 3 and
12 months and cohort B received four to six prior lines with a PFI/TFI of�3 months. Pembrolizumab 200 mg was administered
intravenously every 3 weeks until cancer progression, toxicity, or completion of 2 years. Primary end points were ORR by
Response Evaluation Criteria in Solid Tumors version 1.1 per blinded independent central review by cohort and by PD-L1
expression measured as combined positive score (CPS). Secondary end points included duration of response (DOR), disease
control rate (DCR), progression-free survival (PFS), overall survival (OS), and safety.

Results: Cohort A enrolled 285 patients; the first 100 served as the training set for PD-L1 biomarker analysis. Cohort B enrolled
91 patients. ORR was 7.4% for cohort A and 9.9% for cohort B. Median DOR was 8.2 months for cohort A and not reached for
cohort B. DCR was 37.2% and 37.4%, respectively, in cohorts A and B. Based on the training set analysis, CPS 1 and 10 were
selected for evaluation in the confirmation set. In the confirmation set, ORR was 4.1% for CPS<1, 5.7% CPS�1, and 10.0% for
CPS�10. PFS was 2.1 months for both cohorts. Median OS was not reached for cohort A and was 17.6 months for cohort B.
Toxicities were consistent with other single-agent pembrolizumab trials.

Conclusions: Single-agent pembrolizumab showed modest activity in patients with ROC. Higher PD-L1 expression was
correlated with higher response.
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Introduction

Advanced recurrent ovarian cancer (ROC), the leading cause

of gynecologic cancer-related death in the developed world, is

responsible for over 184 000 deaths annually worldwide [1]. Most

women are diagnosed at a later stage and, despite response to

initial platinum-based chemotherapy, the majority will develop

recurrent cancer and die of their cancer [2, 3].

Treatment of ROC has traditionally been decided based on

platinum sensitivity; platinum-sensitive recurrence is defined

as cancer progression �6 months, and platinum-resistant recur-

rence is <6 months, after platinum-based chemotherapy. As

patients with ROC receive more lines of treatment, the platinum-

free interval (PFI) shortens for those with platinum-sensitive

recurrence, and the treatment response is usually <3 months

for those with platinum-resistant cancer. Defining platinum

sensitivity based on PFI lacks precision and it is therefore pref-

erable to consider alternate factors that might predict response

to treatment, such as biomarkers, histology, BRCA status, and

the number of prior lines of treatment [4, 5]. Additionally, the

introduction of targeted agents such as bevacizumab and poly

(ADP ribose) polymerase (PARP) inhibitors into ovarian can-

cer treatment may confound the interpretation of platinum

sensitivity.

The importance of the immune system in ovarian cancer has

been demonstrated by favorable prognostic implications, such

as the presence of tumor-infiltrating lymphocytes (TILs), but

contradictory outcomes have been reported with increased

PD-L1 expression on ovarian cancer cells [6–8]. Different

immunotherapy approaches for the treatment of ROC are under-

way, including immune checkpoint blockade, autologous T-cell

infusions, vaccines, combinations of biologic and immunother-

apy agents, and others [9–15]. Single-agent immune checkpoint

blockade trials in small patient populations with ROC have dem-

onstrated a low objective response rate (ORR) of <15% [9, 10,

15]. To date, no predictive biomarkers have been identified in

these studies. The present KEYNOTE-100 clinical trial examined

the antitumor activity and safety of pembrolizumab monother-

apy in a large population of patients with advanced ROC.

Methods

Study design and participants

This phase II, open-label, multi-center study evaluated the efficacy and
safety of pembrolizumab monotherapy in patients with epithelial ovarian
cancer, fallopian tube cancer, or primary peritoneal cancer who demon-
strated recurrent disease following primary or interval cytoreductive/
debulking surgery and standard front-line, platinum-based combination
therapy. The study enrolled two cohorts of patients: cohort A received
one to three prior lines of treatment and had a PFI or treatment-free
interval (TFI) of 3–12 months based on the last regimen received, and co-
hort B received four to six prior lines of treatment and had a PFI/TFI
�3 months based on the last regimen received. PFI was defined as the
time elapsed between the last dose of platinum and documented evidence
of disease progression per Response Evaluation Criteria in Solid Tumors
version 1.1 (RECIST1.1). TFI was defined as the time elapsed between the
last dose of the regimen received and documented evidence of disease
progression per RECIST1.1. The 3-month minimal PFI and TFI were

mandated in order to only include patients who experienced disease
stabilization from their last treatment.

Eligible patients were �18 years of age and had histologically con-
firmed ROC, received a platinum-based regimen as front-line treatment
and cytoreductive surgery, documented evidence of clinical response or
disease stabilization to the last treatment regimen received, measurable
disease based on RECIST1.1, life expectancy of �16 weeks, access to
formalin-fixed paraffin-embedded block specimens, and normal organ
function.

Key exclusion criteria included active autoimmune disease, mucinous
histology, active central nervous system metastases and/or carcinomat-
ous meningitis, other malignancies that progressed or required active
treatment within 5 years, bowel obstruction within 3 months, history of
pneumonitis, or prior therapy with an anti-PD-1, anti-PD-L1, or anti-
PD-L2 agent, or with an agent directed to another co-inhibitory T cell.

All patients provided written, informed consent. The study protocol
was approved by the independent ethics committee or review board at
each participating institution. The study was conducted in accordance
with the Declaration of Helsinki and the International Conference on
Harmonization Guidelines for Good Clinical Practice.

Procedures

Pembrolizumab 200 mg was administered intravenously every 3 weeks.
Imaging-based disease assessment via CT or MRI and serum CA 125 were
carried out every 9 weeks for the first 54 weeks, and every 12 weeks
thereafter until disease progression, unacceptable toxicities, investigator
decision, noncompliance, patient withdrawal of consent, or the patient
received 35 administrations of pembrolizumab (�2 years). Patients with
a complete response (CR) before 24 months could stop pembrolizumab
at the discretion of the investigator. Patients who stopped pembrolizu-
mab after receiving 35 administrations for reasons other than disease
progression or intolerability or patients who attained a CR and stopped
trial treatment were eligible for up to 17 additional administrations of
pembrolizumab (�1 year) after experiencing disease progression.

Toxicities were assessed every 3 weeks per Common Toxicity Criteria
for Adverse Events, version 4.0. Specific immune-mediated adverse
events (AEs) and infusion reactions based on a list specified by the
sponsor and considered regardless of attribution to study treatment or
immune relatedness by the investigator were also collected.

Outcomes

The primary outcome was the ORR assessed per RECIST1.1 by blinded
independent central review (BICR) in both cohorts and by PD-L1 expres-
sion level using a cut point that was established in the training set, as
described below. Secondary end points (defined in supplementary mater-
ial S1, available at Annals of Oncology online) included progression-free
survival (PFS), overall survival (OS), disease control rate (DCR), dur-
ation of response (DOR), and safety.

Statistical analyses

PD-L1 analysis. The PD-L1 IHC 22C3 pharmDx assay, Dako North
America, was used to assess PD-L1 expression from archival tumor tissue
biopsy. The first 100 patients in cohort A were designated the ‘training
set’ to identify the PD-L1 scoring cut points. An interim analysis was car-
ried out after 100 patients in cohort A were enrolled and followed for at
least 4 months to determine the PD-L1 expression cut point based on
PD-L1 biomarker and tumor response data (see supplementary material
S2, available at Annals of Oncology online). The measure of expression
was the combined positive score (CPS), defined as the number of PD-L1
staining cells (tumor cells, lymphocytes, macrophages) divided by the
total number of viable tumor cells �100 [16]. Remaining patients in co-
hort A (excluding the training set) along with patients in cohort B served
as the ‘confirmation set’ for the identified PD-L1 cut points. This inde-
pendent confirmation set was used to avoid overfitting bias; this analysis
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validated that the response rate above the cut point was consistent with
predictions made based on the training set data and the association of
higher PD-L1 expression with increased clinical activity with
pembrolizumab.

Other analyses. All efficacy and safety analyses were carried out in the
all-subjects-as-treated population. For ORR, the point estimate and 95%
CI were estimated using an exact binomial distribution. Patients without
response data were considered non-responders. For PFS and OS,
Kaplan–Meier (KM) curves, median estimates, and survival at 6, 12, and
18 months based on the KM curves (95% CI based on Greenwood’s for-
mula) were provided. Patients without efficacy or survival data were cen-
sored at day 1. Safety and tolerability were assessed by clinical review of
all relevant parameters including AEs, laboratory tests, and vital signs.

Results

Overall, 376 patients with ROC were enrolled, and their treat-

ment disposition is shown in supplementary Figure S2, available

at Annals of Oncology online. The analysis population included 97

patients in the training set with clinical efficacy data available, of

whom, 93 patients had CPS data available. Follow-up duration

was 16.9 months (range 8.5–18.5 months). At data cut-off on 2

February 2018, 15 patients in cohort A and 6 patients in cohort B

were still receiving study treatment.

Baseline characteristics of the patients are listed in supplemen-

tary Table S1, available at Annals of Oncology online. The ORR

was 7.4% in cohort A, 9.9% in cohort B, and 8.0% in the com-

bined cohorts (Table 1). The DCR was �37% in both cohorts

(Table 1). Overall, 36.7% of patients experienced a decrease in

their target lesions (Figure 1A). The characteristics of the 30

responses are shown in Figure 1B. The median time to response

was 2.1 months in both cohorts, and the median DOR was

8.2 months in cohort A and not reached in cohort B; 65.5% of

responses lasted�6 months (Table 1). At data cut-off, 9 of the 30

responses were ongoing. Median PFS was 2.1 months for both

cohorts (Figure 1C). Median OS was not reached in cohort A and

was 17.6 months in cohort B (Figure 1D). The 82 patients with

CPS�10 had an ORR of 17.1%; however, neither age, number of

prior lines of treatment, PFI/TFI, level of platinum sensitivity,

nor ovarian cancer histology impacted the ORR (Figure 1E).

Based on the training set analysis, CPS 1 and 10 were selected

for evaluation in the confirmation set (see supplementary mater-

ial S2, available at Annals of Oncology online). The ORR was

higher in CPS �10 patients, both in cohorts A and B (Table 1).

For the entire cohort A (training and confirmation sets), which

enrolled less heavily pretreated patients, the ORR was 3.7% for

CPS <1, 10.2% for CPS �1, and 16.7% for CPS �10 patients.

The ORR in cohort B followed similar trends: 8.8% for CPS <1,

10.0% for CPS�1, and 18.2% for CPS�10 patients. For the com-

bined cohorts A and B, the ORR was 5.0% for CPS<1, 10.2% for

CPS �1, and 17.1% for CPS �10 patients. Other biomarkers are

discussed in supplementary section S3, available at Annals of

Oncology online.

Overall, 73.1% patients experienced �1 treatment-related AE,

including 19.7% who experienced �1 grade 3–5 event (Table 2).

The most common grade 3–5 toxicity was fatigue (2.7%), which

was also the most common overall toxicity. At the time of the

data cut-off, 5.1% had discontinued because of a treatment-

related AE, and two deaths were attributed to a treatment-related

AE (one Stevens-Johnson syndrome and one hypoaldosteron-

ism). Immune-mediated AEs occurred in 22.6% patients; the

most common were hypothyroidism (11.2%) and hyperthyroid-

ism (6.6%) and the most common of grade 3–5 severity were se-

vere skin reaction (1.9%) and colitis (1.6%) (Table 2).

Discussion

Single-agent pembrolizumab in ROC showed an 8% ORR in

KEYNOTE-100, the largest study to date of single-agent immune

checkpoint for ROC. This study identified a biomarker which

was able to predict a higher ORR; higher PD-L1 expression using

a CPS of �10 resulted in a higher ORR compared with a CPS

score of �1 or <1. Number of lines of prior treatment, ovarian

cancer histology, and the degree of platinum sensitivity were not

predictive of response. The responses to pembrolizumab were

quite durable in a subset of patients with ROC. No new safety sig-

nals of pembrolizumab were demonstrated compared with other

trials of single-agent pembrolizumab.

Other phase II studies of single-agent immune checkpoint

blockade in ROC have been carried out, including avelumab,

nivolumab, and pembolizumab [9, 10, 15]. In each study, PD-L1

was examined either retrospectively or prospectively as an eligi-

bility requirement. In the largest of these studies, avelumab

showed an ORR of 9.7%, with a median PFS of 11.3 weeks and a

median OS of 10.8 months. In this study, tumor PD-L1 expres-

sion (positive or negative) was assessed using a proprietary IHC

assay (Dako; clone 73-10) using various cut points based on

quantity and level of staining intensity; 59.7% of samples were

available for PD-L1 expression analysis. In patients who had

tumor PD-L1 expression measured, ORR was 12.3% for PD-L1-

positive cancers (i.e. �1% threshold in tumor cells) versus 5.9%

of PD-L1-negative cancers. This ORR difference was not statistic-

ally significant, nor were median PFS and median OS. Single-

agent nivolumab was tested in 20 patients unselected for PD-L1

status, and PD-L1 expression was analyzed on tumor cells retro-

spectively. PD-L1 expression was scored from 0 to 3þ and did

not correlate with ORR, which was 15% in the total population;

interestingly, one of the two patients with a CR had clear cell car-

cinoma. In KEYNOTE-028, single-agent pembrolizumab tested

in 26 patients with PD-L1-positive (i.e. CPS �1 determined by

membranous staining using the 22C3 antibody) ROC resulted in

an ORR of 11.3%, a median PFS of 1.9 months, and a median OS

of 13.8 months. In KEYNOTE-028, 38.5% of patients received

five or more lines of therapy and histological type was not

reported.

KEYNOTE-100 tested the PD-L1 biomarker, and more con-

vincingly showed that, compared with previously reported

single-agent checkpoint inhibitors, the level of PD-L1 expression

as measured by CPS was predictive of ORR, both in less heavily

pretreated (cohort A) and more heavily pretreated (cohort B)

patients. This study is unique in that the PD-L1 expression level

cut points were carried out within the trial using an established

PD-L1 antibody. The first 100 patients enrolled into cohort A

were designated the ‘training set’ and all enrolled and treated

patients excluding the training set represented the ‘confirmation

set’ to assess the correlation between PD-L1 expression and ORR.

Since the CPS cut-off was selected based on the training set, the
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Figure 1. Antitumor activity of pembrolizumab in the total population. (A) Best change from baseline in target lesion size assessed by
RECIST1.1 per independent central review in patients with �1 evaluable post-baseline imaging assessment (N¼ 354). (B) Time to response
and response duration assessed by RECIST1.1 per independent central review. (C) Progression-free survival assessed by RECIST1.1 per inde-
pendent central review in cohort A (blue) and cohort B (red). (D) Overall survival for cohort A (blue) and cohort B (red). (E) Objective response
rate assessed by RECIST1.1 per independent central review in subgroups of the efficacy population (N¼ 376).
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results in CPS �1 and CPS �10 among participants in the

combined training set and confirmation set tend to overestimate

efficacy and should therefore be interpreted with caution.

It is important to note that across studies of different check-

point inhibitors, PD-L1 assays use different antibodies with a

variety of cut points, each with unique and different thresholds

for defining PD-L1 positivity [17, 18]. Additionally, which cells

express PD-L1 may impact the PD-L1 score and complicate the

interpretation of PD-L1 expression levels; positive expression

may occur on non-cancer immune cells and some may have dif-

ferent significance [17, 18]. In our study, PD-L1 expression was

determined on tumor cells, lymphocytes, and macrophages as the

CPS using the IHC 22C3 pharmDx assay [16], whereas earlier

studies measured expression on tumor cells only.

Importantly, as identified in KEYNOTE-100, other clinical

features, such as the number of lines of prior treatment and level

of platinum sensitivity, did not appear to influence the ORR

of single-agent pembrolizumab; however, the heterogeneous

population of patients leading to small subgroups limits the

interpretation of these results. In addition, cohort A included

platinum-partial-sensitive patients with <3 lines of prior therapy,

who typically have a more favorable prognosis than platinum-

resistant patients. Further analysis of specific histological subtypes

also did not identify an ovarian cancer pathology that helped

predict response to single-agent pembrolizumab, although there

was a trend toward improved response rate in clear cell carcinoma.

Other trials have also identified clear cell histology as potentially

being more responsive to checkpoint blockade [10, 19].

Table 2. Summary of adverse events in the total population (N 5 376)

Adverse event Any grade, N (%) Grade 3–5, N (%)

Treatment-related AEs of any grade that occurred in �5% of patients or of grade 3–5 that occurred in �3 patients
Any 275 (73.1) 74 (19.7)
Fatigue 127 (33.8) 10 (2.7)
Nausea 58 (15.4) 2 (0.5)
Decreased appetite 40 (10.6) 1 (0.3)
Hypothyroidism 40 (10.6) 1 (0.3)
Diarrhea 38 (10.1) 3 (0.8)
Pruritus 31 (8.2) 0
Rash 27 (7.2) 2 (0.5)
Vomiting 21 (5.6) 2 (0.5)
Arthralgia 20 (5.3) 1 (0.3)
Anemia 18 (4.8) 5 (1.3)
Colitis 6 (1.6) 5 (1.3)
Amylase increased 7 (1.9) 4 (1.1)
Blood alkaline phosphatase increased 12 (3.2) 4 (1.1)
Ascites 4 (1.1) 3 (0.8)

Grades 1–2 Grades 3–5

Immune-mediated AEs and infusion reactions that occurred in �1 patient
Hypothyroidism 41 (10.9) 1 (0.3)
Hyperthyroidism 25 (6.6) 0
Severe skin reaction 3 (0.8) 7 (1.9)
Infusion reactions 6 (1.6) 1 (0.3)
Colitis 2 (0.5) 6 (1.6)
Pneumonitis 5 (1.3) 1 (0.3)
Thyroiditis 3 (0.8) 0
Hypophysitis 0 2 (0.5)
Type 1 diabetes mellitus 0 2 (0.5)
Adrenal insufficiency 1 (0.3) 0
Hepatitis 0 1 (0.3)
Myasthenic syndrome 0 1 (0.3)
Myositis 1 (0.3) 0
Nephritis 0 1 (0.3)
Pancreatitis 0 1 (0.3)
Sarcoidosis 1 (0.3) 0
Uveitis 1 (0.3) 0

Data are presented as n (%), where n is the number of patients who experienced �1 episode of a given event. Relatedness to treatment was determined
by the investigator. Immune-mediated events were based on a list of terms specified by the sponsor and considered regardless of attribution to treatment
or immune relatedness by the investigator; related terms were included.
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Other potential biomarkers for response to immune check-

point blockade include BRCA status, mutational burden, and

microsatellite status. Several studies have reported that ovarian

cancers harboring BRCA mutations are associated with higher

PD-L1 expression and mutational burden [20, 21], potentially

making these cancers better candidates for checkpoint blockade

therapy; further biomarker analyses are ongoing in our trial and

will be reported at a later date. Strickland et al. [20] showed that

two distinct groups of high-grade serous ovarian cancers exist,

one with a poor prognosis characterized by homologous recom-

bination proficiency and low number of TILs and another with

BRCA-mutated cancers and a high number of TILs. Wieser et al.

[21] also showed that PD-1 and PD-L1 mRNA-expression is con-

trolled by interferon gamma and is affected by both TP53 and

BRCA mutations. Other mechanisms of response to single-agent

checkpoint blockade have also been identified such as mutations

within the PD-L1 gene [22].

Clinical trials are underway to test combinations of checkpoint

blockade and other therapies, such as chemotherapy, PARP

inhibitors, antivascular agents, and other biologic agents to en-

hance the effectiveness of checkpoint blockade in a variety of set-

tings. Recent negative results have been reported for JAVELIN

100 and 200 [23, 24], which tested the addition of avelumab to

treatment of patients with newly diagnosed ovarian cancer and

platinum-resistant recurrence, respectively; final results are

pending. Other trials have reported results of the addition of

checkpoint blockade and PARP inhibitors, with some enhance-

ment of activity of the combination in these single-arm studies

[11, 12]. Checkpoint blockade has been added to bevacizumab in

at least two studies (NCT02873962 and NCT02659384), along

with planned studies of triplet therapies that include checkpoint

blockade. Also, combinations of checkpoint blockade with other

unique agents are being tested [25–27].

In conclusion, single-agent pembrolizumab showed durable

activity in a subset of patients with advanced ROC. Clinical fea-

tures, such as the number of lines of prior treatment and the de-

gree of platinum sensitivity, did not appear to influence the ORR

of pembrolizumab. The present results signal a patient popula-

tion defined by CPS �10 who may benefit from single-agent

pembrolizumab after treatment with standard chemotherapies.
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Oxigene Inc., Nektar Therapeutics, and Bayer Pharma AG; con-

tracted research (via KULeuven) from Oncoinvent AS and

Genmab A/S – Genmab B.V.; grants or corporate-sponsored re-

search from Amgen and Roche; and accommodations or travel

expenses from Takeda Oncology, PharmaMar, Genmab, Roche,

and AstraZeneca. GSS reports compensation for patient accrual

from Merck & Co., Inc., during the study, and institutional re-

search support from AstraZeneca, Merck & Co., Inc., and

Novartis, outside the submitted work. JS reports advisory board

fees from MSD, Pfizer, Tesaro, and AstraZeneca, outside the sub-

mitted work. NC reports advisory board fees from MSD during

the study; advisory board and speaker fees from Roche,

PhamaMar, AstraZeneca, and Tesaro, and advisory board fees

from Clovis, Pfizer, Takeda, BIOCAD, and Immunogen, outside

the submitted work. AG-M reports grants from MSD, during the

conduct of the study; personal fees from AstraZeneca, Roche,

Clovis, Tesaro, Pfizer, and PharmaMar, outside the submitted

work. AO reports grants from Roche Farma S.A., Fero-GHD,

AECC, and MSD Spain, during the study, and honoraria from

Roche, Clovis, AstraZeneca, PharmaMar, Tesaro, Immunogen,

and Genmab, outside the submitted work. KK and SK are

employees of Merck Sharp & Dohme Corp., a subsidiary of

Merck & Co., Inc., Kenilworth, NJ, USA, and hold stock/stock

options in Merck & Co., Inc., Kenilworth, NJ, USA. JR is a former

employee of Merck Sharp & Dohme Corp., a subsidiary of Merck

& Co., Inc., Kenilworth, NJ, USA, and may hold stock in Merck

& Co., Inc., Kenilworth, NJ, USA. HW is an employee of MSD

China, a subsidiary of Merck & Co., Inc., Kenilworth, NJ, USA,

and may hold stock/stock options in Merck & Co., Inc.,

Kenilworth, NJ, USA. JAL reports grants from MSD/Merck,

grants, advisory board and symposium fees from AstraZeneca,

advisory board and symposium fees from Clovis Oncology and

Tesaro, advisory board fees from Roche, Seattle Genetics, Cristal

Therapeutics and Artios Pharma, Data Monitoring Committee

fees from Regeneron, and advisory board and trial steering com-

mittee fees from Pfizer, outside the submitted work.

References

1. Bray F, Ferlay J, Soerjomataram I et al. Global cancer statistics 2018:

GLOBOCAN estimates of incidence and mortality worldwide for 36 can-

cers in 185 countries. CA Cancer J Clin 2018; 68(6): 394–424.

Original article Annals of Oncology

1086 | Matulonis et al. Volume 30 | Issue 7 | 2019

D
ow

nloaded from
 https://academ

ic.oup.com
/annonc/article-abstract/30/7/1080/5482567 by N

ottingham
 Trent U

niversity user on 19 July 2019



2. Jayson GC, Kohn EC, Kitchener HC, Ledermann JA. Ovarian cancer.

Lancet 2014; 384(9951): 1376–1388.

3. Matulonis UA, Sood AK, Fallowfield L et al. Ovarian cancer. Nat Rev Dis

Primers 2016; 2: 16061.

4. National Academies of Sciences, Engineering, and Medicine. Ovarian

Cancers: Evolving Paradigms in Research and Care. Washington, DC:

The National Academies Press 2016.

5. Alvarez RD, Matulonis UA, Herzog TJ et al. Moving beyond the plat-

inum sensitive/resistant paradigm for patients with recurrent ovarian

cancer. Gynecol Oncol 2016; 141(3): 405–409.

6. Gaillard SL, Secord AA, Monk B. The role of immune checkpoint inhib-

ition in the treatment of ovarian cancer. Gynecol Oncol Res Pract 2016;

3: 11.

7. Hamanishi J, Mandai M, Iwasaki M et al. Programmed cell death 1 ligand

1 and tumor-infiltrating CD8þ T lymphocytes are prognostic factors of

human ovarian cancer. Proc Natl Acad Sci USA 2007; 104(9):

3360–3365.

8. Zhang L, Conejo-Garcia JR, Katsaros D et al. Intratumoral T cells, recur-

rence, and survival in epithelial ovarian cancer. N Engl J Med 2003;

348(3): 203–213.

9. Disis ML, Patel MR, Pant S et al. Avelumab (MSB0010718C; anti-PD-

L1) in patients with recurrent/refractory ovarian cancer from the

JAVELIN solid tumor phase Ib trial: safety and clinical activity. J Clin

Oncol 2016; 34: 4105–4022.

10. Hamanishi J, Mandai M, Ikeda T et al. Safety and antitumor activity of

anti-PD-1 antibody, nivolumab, in patients with platinum-resistant

ovarian cancer. J Clin Oncol 2015; 33(34): 4015–4022.

11. Konstantinopoulos PA, Waggoner SE, Vidal GA et al. TOPACIO/

Keynote-162 (NCT02657889): a phase 1/2 study of niraparib plus pem-

brolizumab in patients (pts) with advanced triple-negative breast cancer

or recurrent ovarian cancer (ROC)—results from ROC cohort. J Clin

Oncol 2018; 36(Suppl 15): 106–106.

12. Lee JM, Cimino-Mathews A, Peer CJ et al. Safety and clinical activity of

the programmed death-ligand 1 inhibitor durvalumab in combination

with poly (ADP-ribose) polymerase inhibitor olaparib or vascular

endothelial growth factor receptor 1-3 inhibitor cediranib in women’s

cancers: a dose-escalation, phase I study. J Clin Oncol 2017; 35:

2193–2202.

13. Odunsi K, Cristea MC, Dorigo O et al. A phase I/IIa, open label, clinical

trial evaluating the safety and efficacy of autologous T cells expressing

enhanced TCRs specific for NY-ESO-1 in patients with recurrent

or treatment refractory ovarian cancer (NCT01567891). J Clin Oncol

2017; 35(Suppl 15): TPS3094-TPS3094.

14. Tanyi JL, Bobisse S, Ophir E et al. Personalized cancer vaccine effectively

mobilizes antitumor T cell immunity in ovarian cancer. Sci Transl Med

2018; 10(436): pii: eaao5931.

15. Varga A, Piha-Paul SA, Ott PA et al. Pembrolizumab in patients (pts)

with PD-L1-positive (PD-L1(þ)) advanced ovarian cancer: updated ana-

lysis of KEYNOTE-028. J Clin Oncol 2017; 35(Suppl 15): 5513–5513.

16. Kulangara K, Zhang N, Corigliano E et al. Clinical utility of the com-

bined positive score for programmed death ligand-1 expression and the

approval of pembrolizumab for treatment of gastric cancer. Arch Pathol

Lab Med 2019; 143(3): 330–337.

17. Hirsch FR, McElhinny A, Stanforth D et al. PD-L1 immunohistochemis-

try assays for lung cancer: results from phase 1 of the blueprint PD-L1

IHC assay comparison project. J Thorac Oncol 2017; 12(2): 208–222.

18. Patel SP, Kurzrock R. PD-L1 Expression as a predictive biomarker in

cancer immunotherapy. Mol Cancer Ther 2015; 14(4): 847–856.

19. Howitt BE, Strickland KC, Sholl LM et al. Clear cell ovarian cancers with

microsatellite instability: a unique subset of ovarian cancers with

increased tumor-infiltrating lymphocytes and PD-1/PD-L1 expression.

Oncoimmunology 2017; 6(2): e1277308.

20. Strickland KC, Howitt BE, Shukla SA et al. Association and prognostic

significance of BRCA1/2-mutation status with neoantigen load, number

of tumor-infiltrating lymphocytes and expression of PD-1/PD-L1 in high

grade serous ovarian cancer. Oncotarget 2016; 7: 13587–13598.

21. Wieser V, Gaugg I, Fleischer M et al. BRCA1/2 and TP53 mutation status

associates with PD-1 and PD-L1 expression in ovarian cancer.

Oncotarget 2018; 9(25): 17501–17511.

22. Bellone S, Buza N, Choi J et al. Exceptional response to pembrolizumab

in a metastatic, chemotherapy/radiation-resistant ovarian cancer patient

harboring a PD-L1-genetic rearrangement. Clin Cancer Res 2018;

24(14): 3282–3291.

23. Merck KGaA and Pfizer. Merck KGaA, Darmstadt, Germany, and Pfizer

Provide Update on Avelumab in Platinum-Resistant/Refractory Ovarian

Cancer. Press release. Published 19 November 2018. www.emdgroup.com/

en/news/avelumab-1x-11-2018.html (25 January 2019, date last accessed).

24. Merck KGaA and Pfizer. Merck KGaA, Darmstadt, Germany, and Pfizer

Provide Update on JAVELIN Ovarian 100 Trial of Avelumab in

Previously Untreated Advanced Ovarian Cancer. Press release. Published

21 December 2018. www.emdgroup.com/en/news/javelin-ovarian-100-

21-12-2018.html (25 January 2019, date last accessed).

25. Dunn J, Rao S. Epigenetics and immunotherapy: the current state of

play. Mol Immunol 2017; 87: 227–239.

26. Matulonis UA, Moore KN, Martin LP et al. Initial safety and activity

findings from a phase IB escalation study of mirvetuximab soravtansine,

a folate receptor alpha (FRa-targeting antibody-drug conjugate (ADC),

with pembrolizumab in platinum-resistant epithelial ovarian cancer

(EOC) patients. Gynecol Oncol 2018; 149 (Suppl 1): 38.

27. Muller P, Kreuzaler M, Khan T et al. Trastuzumab emtansine (T-DM1)

renders HER2þ breast cancer highly susceptible to CTLA-4/PD-1 block-

ade. Sci Transl Med 2015; 7: 315ra188.

Annals of Oncology Original article

Volume 30 | Issue 7 | 2019 doi:10.1093/annonc/mdz135 | 1087

D
ow

nloaded from
 https://academ

ic.oup.com
/annonc/article-abstract/30/7/1080/5482567 by N

ottingham
 Trent U

niversity user on 19 July 2019

http://www.emdgroup.com/en/news/avelumab-1x-11-2018.html
http://www.emdgroup.com/en/news/avelumab-1x-11-2018.html
http://www.emdgroup.com/en/news/javelin-ovarian-100-21-12-2018.html
http://www.emdgroup.com/en/news/javelin-ovarian-100-21-12-2018.html

	mdz135-TF1
	mdz135-TF2
	mdz135-TF3

