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Abstract

Objective—To investigate the efficacy and safety of pembrolizumab in women with recurrent
small cell neuroendocrine tumors of the lower genital tract.

Methods—We conducted an open-label, investigator-initiated phase Il basket trial of
pembrolizumab 200 mg intravenously every 3 weeks in patients with rare tumors
(ClinicalTrials.gov: NCT02721732). The trial had prespecified cohorts, including small cell
malignancies of extrapulmonary origin. Eligibility criteria included disease progression during
standard treatment in the 6 months before study enrollment. Patients were enrolled from February
2017 to February 2019. The primary endpoint was the proportion of patients alive without
progression at 27 weeks. Response to pembrolizumab was evaluated every 9 weeks (3 cycles) with
radiographic imaging.

Results—Seven women with gynecologic extrapulmonary small cell carcinoma were enrolled, 6
with cervical and 1 with vulvar carcinoma. No patient was progression free at 27 weeks. At first
radiologic assessment, 1 patient had stable disease, while 6 had progression. The single patient
with stable disease at 6 weeks had disease progression at 14 weeks. The median progression-free
interval was 2.1 months (range 0.8-3.3 months). Severe treatment-related adverse events (=grade
3) were seen in 2 of 7 patients (29%); 1 patient had grade 3 asymptomatic elevation of serum
alkaline phosphatase, and 1 had grade 3 asymptomatic elevation of serum alanine
aminotransferase.

Conclusions—Pembrolizumab alone showed minimal activity in women with recurrent small
cell neuroendocrine tumors of the lower genital tract. Treatment was well tolerated in the majority
of study participants, and the rate of severe adverse events was low.

Introduction

High-grade neuroendocrine carcinomas of the cervix (small cell, large cell, and
undifferentiated) account for < 2% of all newly diagnosed cervical cancers. These tumors
are highly aggressive and have high rates of recurrence. Even though > 70% of women with
high-grade neuroendocrine carcinoma of the cervix are diagnosed with early-stage disease,
the 5-year survival rate for all patients with this disease is < 30% [1]. Consensus guidelines
detailing recommended therapies for newly diagnosed patients have been published, but
none of these guidelines offer options for recurrent disease [2, 3]. The National
Comprehensive Cancer Network guidelines for treating cervical cancer specifically exclude
high-grade neuroendocrine carcinoma [4]. Combination chemotherapy with topotecan,
paclitaxel, and bevacizumab has emerged as a common regimen for recurrent small cell
neuroendocrine carcinoma of the cervix but even with these drugs, median overall survival
after first recurrence is < 10 months [5]. There are very few active regimens for women with
recurrent disease, and new treatment options are desperately needed.

Many therapeutic approaches for treating women with high-grade neuroendocrine
carcinomas of the cervix have been extrapolated from studies in small cell lung cancer as the
diseases appear histologically alike with similar clinical behavior. Studies have demonstrated
the activity of single-agent checkpoint inhibitors in treating recurrent small cell lung cancer.
The KEYNOTE-028 study reported an objective response rate of 33% (1 complete response,
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7 partial responses) for the anti-PD-1 antibody pembrolizumab in 24 patients with recurrent
small cell lung cancer [6]. The CheckMate-032 study also showed good activity for PD-1
inhibitors in recurrent small cell lung cancer: 10 (10%) of 98 patients had a partial response
to single-agent nivolumab, and an additional 22 (22%) had stable disease [7].

Immune checkpoint inhibitors have also shown promise in the most common types of
cervical cancer. Over 98% of cervical cancers are of squamous, adenocarcinoma, or
adenosquamous histologies. In 98 patients with such tumors, pembrolizumab demonstrated
an overall response rate of 12% (3 complete responses and 9 partial responses) [8].
Nivolumab as a single agent has been explored in 2 different studies in cervical cancer. In a
study of 19 patients, the objective response rate was 26% (3 complete responses and 2
partial responses), and another 8 patients (42%) had stable disease [9]. Results of a second
study, however, were less impressive: only 1 (4%) of 25 evaluable patients achieved a partial
response (duration of response, 3.8 months), and another 9 (36%) had stable disease [10].
The median duration of response for those with stable disease was only 5.7 months.

Although there is a single case report of nivolumab as an active agent in a woman with
recurrent high-grade neuroendocrine carcinoma of the cervix [11], we identified no
prospective studies evaluating the activity of PD-1/PD-L1 inhibitors in high-grade
neuroendocrine carcinomas of the cervix in a search of PubMed. As part of a multi-arm
basket trial for patients with rare tumors, we evaluated the safety and clinical efficacy of
pembrolizumab in a cohort of women with small cell neuroendocrine carcinomas of the
lower genital tract.

This phase 11, open-label study of single-agent pembrolizumab (ClinicalTrials.gov:
NCT02721732) was approved by both the US Food and Drug Administration and the
Institutional Review Board at The University of Texas MD Anderson Cancer Center. All
patients were enrolled at MD Anderson Cancer Center. Patients with recurrent or advanced
rare tumors were enrolled into one of 10 cohorts: 1) squamous cell carcinoma of the skin, 2)
small cell malignancies of extrapulmonary origin, 3) adrenocortical carcinoma, 4) medullary
renal cell carcinoma, 5) carcinoma of unknown primary, 6) penile carcinoma, 7) vascular
sarcoma, 8) testicular cancer, later relabeled as germ cell tumor, 9) paraganglioma-
pheochromocytoma, and 10) other rare tumor histologies. Results of the entire study have
been reported elsewhere [12]. Here, we report on the patients with gynecologic cancers
enrolled in the prespecified extrapulmonary small cell carcinoma cohort.

To be eligible for cohort 2 of the umbrella trial, patients had to be > 18 years old with
histologically confirmed recurrent or metastatic extrapulmonary small cell malignancy.
Patients had to have experienced disease progression during standard therapies within the
previous 6 months. Patients treated with prior immunotherapy were excluded. Patients were
eligible regardless of PD-L1 expression. In this report, we included only patients with
extrapulmonary small cell carcinoma of gynecologic origin.
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Pembrolizumab was administered at a fixed dose of 200 mg intravenously every 3 weeks.
Patients remained on treatment until documented disease progression, completion of 24
months of treatment, withdrawal of consent or investigator’s decision to stop treatment, or
unacceptable adverse event. Patients could be removed from the study for either clinical or
radiologic disease progression.

The primary endpoint of the study was the proportion of patients who were alive and
progression free at 27 weeks (9 cycles). Secondary endpoints included objective response
rate (partial or complete response), clinical benefit rate = 4 months (complete response,
partial response, or stable disease), and safety and tolerability.

Tumor response was assessed every 9 weeks (3 cycles) using Response Evaluation Criteria
in Solid Tumors (RECIST) version 1.1 and/or immune-related RECIST (irRECIST).
Patients who had radiographic progression but clinically stable disease were allowed to
continue pembrolizumab until confirmation of disease progression by a follow-up scan = 4
weeks after initial documentation of progression. Adverse events were assessed using the
National Cancer Institute Common Terminology Criteria for Adverse Events version 4.03.

When fresh or archived tissue was available, PD-L1 biomarker analysis was performed by
Qualtek assay using Merck 22C3 antibody. An H-score (range, 0-300) was assigned on the
basis of the percentage and intensity of membrane staining. Through recursive partitioning
analysis, a score of 42.5 was identified as the optimal cut-off point for PD-L1 H-score.
Tumorinfiltrating lymphocytes (TILs) within tumor nests were scored on a scale of 0 to 3,
with 0 denoting absence and 3 representing intense intratumoral lymphocytic infiltration.
Boardcertified pathologists performed all biomarker evaluations.

The study utilized a Simon’s optimal 2-stage design for each of the 10 cohorts. The first
stage accrued 12 patients, and =3 patients had to meet the primary endpoint (nonprogression
at 27 weeks) in order for the second stage, with accrual of an additional 13 patients, to be
opened. In this report, we present data for the patients with gynecologic malignancies in
cohort 2 (extrapulmonary small cell cancers). Descriptive statistics are used to summarize
patient characteristics. Patients were included in the outcome analysis if they received > 1
adequate onstudy tumor assessment and were included in the safety analysis if they received
> 1 dose of pembrolizumab. The best overall response was defined as the best response
observed from the start of the treatment until disease progression or discontinuation of
treatment for any reason. Waterfall plots were constructed to demonstrate best overall
response based on irRECIST.

Twelve patients with extrapulmonary small cell carcinoma were enrolled in this cohort
between February 2017 and February 2019. Six patients had cervical cancer, 4 had prostate
cancer, 1 had vulvar cancer, and 1 had small cell carcinoma of unknown primary. No
patients in the cohort met the primary endpoint of nonprogression at 27 weeks, and therefore
no further patients with extrapulmonary small cell carcinoma were enrolled.
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Seven patients had a small cell carcinoma of gynecologic origin. Demographics for this
group are summarized in Table 1. The median age was 41 years (range, 31-76), and the
median number of prior therapies was 2 (range, 1-3).

Two patients (28%), 1 with vulvar cancer and 1 with cervical cancer, had clinical
progression prior to first imaging assessment. At first imaging assessment, 4 patients (57%)
had immune-related progression by irRECIST criteria and 1 patient (14%) had stable
disease. The patient with stable disease had imaging early at 6 weeks due to a suspicion of
clinical progression but was noted to have 10% decrease in tumor size. However, at her next
assessment, 8 weeks later, she was noted to have 40% increase in tumor size. The best
overall responses are summarized in Figure 1. The median progression-free survival was 2.1
months (range, 0.8-3.3 months, 95% confidence interval, 0.8-3.2 months). Durations of
response are shown in Figure 2. At the time of data analysis, none of the 7 patients were
alive.

Treatment-related adverse events are summarized in Table 2. Fatigue and elevation of liver
transaminases were the most commonly reported treatment-related adverse events. The
majority of treatment-related adverse events were grade 1 or 2. Two patients had grade 3
adverse events: 1 had asymptomatic elevation of alkaline phosphatase, and the other had
asymptomatic elevation of alanine aminotransferase. There were no grade 4 adverse events
or treatment relateddeaths in this cohort.

Six patients (86%) had tissue available for analysis of PD-L1 membrane staining and
assessment of the presence of TILs within tumor nests. On the basis of percentage and
intensity of membrane staining, 2 patients had an H-score of 0, 3 patients had an H-score of
1 (indicating PD-L1 staining of 1+ in 1% of the tumor cells), and 1 patient had an H-score of
3 (indicating PD-L1 staining of 1+ in 3% of tumor cells). No patient had = 2+ staining in
any cells. All 6 patients had TILs within tumor nests; 4 patients had a score of 1, 1 patient
had a score of 2, and 1 patient had a score of 3. A TIL score of = 2 (representing high TILs)
was noted in 2 (33%) of 6 patients.

Discussion

Our group recently reported a phase Il study of pembrolizumab in patients with rare tumors.
Anti-tumor activity was observed in patients with adrenal cortical carcinoma,
paraganglioma, squamous cell carcinoma of skin, and cancers of unknown origin [12].
However, in this phase |1 clinical trial, no patients with gynecologic small cell
neuroendocrine carcinoma showed response to single-agent pembrolizumab. One patient had
stable disease at her first assessment, at 6 weeks, but was noted to have progression < 2
months later. The first imaging was performed early at 6 weeks as opposed to 9 weeks due to
a clinical suspicion for progression. The other 6 patients had disease progression after only 2
to 3 cycles of treatment. As recurrent small cell carcinoma of the cervix is incurable and is
associated with a median survival after first relapse of < 10 months, more clinical trials for
women with this malignancy are desperately needed [5].
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The relationship between biomarkers and response to PD-1/PD-L1 inhibitors has varied
widely across disease sites, tumor histologies, and specific checkpoint inhibitors. In the
study reported here, a PD-L1 score was assigned that was based on the percentage and
intensity of membrane staining. No patient had more than 1+ staining in any tumor cells, and
no patient had more than 3% of cells testing positive. There is no means to translate these
findings into the more commonly used combined positive score (CPS) for PD-L1 protein
expression, although presumably these modest findings from the Qualtek assay would be
similar to a combined positive score of 0. In a separate study of 23 high-grade
neuroendocrine carcinomas stained for PD-L1 expression, only 1 (4%) tested positive for the
receptor (combined positive score = 1) [13].

In KEYNOTE-028, in which investigators found an overall response rate of 33% in patients
with small cell lung cancer treated with single-agent pembrolizumab, PD-L1 expression was
a requirement for eligibility, so tumors from all 24 patients enrolled were positive for PD-L1
expression. In contrast, in Checkmate-032, in which investigators found a response rate of
10% in patients with recurrent small cell lung cancer, PD-L1 expression was not a
requirement for inclusion, and in fact 86% of patients tested had PD-L1-negative tumors [7].
In that study, there was no relationship between response and PD-L1 expression.

For the most part, treatment strategies for small cell neuroendocrine carcinomas of the
gynecologic tract have been borrowed from approaches that have proven successful in
patients with small cell lung cancer [2]. However, data from our previous study of whole
exome sequencing of small cell neuroendocrine tumors of the cervix show that these tumors
may be more similar to squamous carcinomas and adenocarcinomas of the cervix than to
small cell lung cancer [14]. In KEYNOTE-158, a study of single-agent pembrolizumab in
women with recurrent squamous carcinoma, adenocarcinoma, or adenosquamous carcinoma,
the only responses observed occurred in patients with PD-L1-expressing tumors [8]. In
contrast, in Checkmate-358, a study of single-agent nivolumab in a similar patient
population, responses did not seem to be related to the presence or absence of PD-L1
expression [9].

In addition to PD-L1 expression, tumor mutation burden has emerged as a potential
predictor of response to immunotherapy. Clinical trials of checkpoint inhibitors in patients
with melanoma and non-small cell lung cancer have shown improved survival for those with
high tumor mutation burden [15-17]. Tumors that have a mutational load above 10 somatic
mutations per megabase are considered most likely to be able to produce neoantigens that
can be detected by T-cells [18]. Although a small number of small cell lung cancer and
cervical cancer specimens have > 10 mutations per megabase, the overwhelming majority of
these tumors will not be considered to harbor high mutational burden [18]. We previously
evaluated tumor mutational burden in 15 small cell cervical cancer tumor specimens through
whole exome sequencing and found a median of only 1.7 somatic mutations per megabase
[14]. Another marker associated with high tumor mutation burden is high microsatellite
instability. In our previous evaluation of 25 high-grade neuroendocrine cervical cancer tumor
specimens, none were found to have high microsatellite instability [13].
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Even though traditional biomarkers of immunotherapy response such as PD-L1 expression,
microsatellite instability, and tumor mutational burden might suggest a lack of response to
checkpoint inhibitors for high grade neuroendocrine carcinomas of the cervix, there may still
be a role for immunotherapy in these tumors. Immunohistochemistry staining for PARP
expression in small cell lung cancer specimens has predicted /n7 vitro responses to PARP
inhibitors [19]. Similarly, immunohistochemistry studies have demonstrated high PARP
expression of >90% in small cell cervical cancer specimens [13]. DNA damage repair
(DDR) inhibitors such as PARP inhibitors have been shown to upregulate PD-L1 expression
and enhance responses to immunotherapy in cell lines [20]. We believe the combination of
DDR and checkpoint inhibitors may be an active therapeutic approach for patients with high
grade neuroendocrine carcinomas and will soon open a phase |1 basket trial of the PARP
inhibitor niraparib and the anti-PD1 agent TSR-042 for neuroendocrine small cell
carcinomas for any primary site.

One of the major limitations of this study is the small sample size. Performing clinical trials
in rare tumors is challenging for many reasons, among them difficulty with recruiting
patients and securing funding. Research in rare tumors requires recruiting from small
populations of potential patients spread across large geographical areas, which makes trial
accrual and completion difficult [21]. However, social media has emerged as a very effective
means to “advertise” trials to focused groups of women with rare gynecologic cancers,
potentially improving accrual [22]. In addition, one might consider opening trials at a few
select centers chosen for geographic location to optimize access to patients from around the
world. Small, innovative single-arm clinical trials focused on “pertinence, validity, and
precision” could positively change therapeutic options for patients with rare diseases with
only a relatively few patients enrolled in any single trial [21]. In this study, we were able to
accrue 7 patients with small cell neuroendocrine carcinoma of the gynecologic tract in 2
years, an accrual rate much higher than the rate of < 2 patients per year that our institution
uses to define a low-accruing trial. [23].

A second factor that can make performing clinical trials in rare tumors challenging is that
drug companies may be hesitant to fund expensive studies for a small return on their
investment even if drugs are Food and Drug Administration—approved for an indication in a
specific rare tumor. Currently multiple drug companies are making drugs in the same class
such as PD-1/PDL1 and PARP inhibitors. They therefore may be incentivized to expand
indications for their drug into rare tumors as a means to differentiate themselves from a
competitor’s compound. We may be in an era where pharmaceutical companies are more
willing to explore supporting trials in rare malignancies.
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Highlights

. Single-agent pembrolizumab had minimal antitumor activity against small
cell neuroendocrine tumors of the gynecologic tract

. Single-agent pembrolizumab had acceptable toxicity in patients with small
cell neuroendocrine tumors of the gynecologic tract

. Primary small cell neuroendocrine tumors of the gynecologic tract was
associated with low PD-L1 expression
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Figure 1:
Waterfall plot illustrating response to pembrolizumab in 5 evaluable patients with cervical

cancer. Two patients (1 with vulvar cancer and 1 with cervical cancer) had clinical
progression before first imaging assessment and are not included in this figure.
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Figure 2:
Time to and duration of response to pembrolizumab in 7 evaluable patients
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Table 1:

Patient demographics

Characteristic n (%)

Primary tumor site
Cervix 6 (86)
Vulva 1(14)

Median age, years (range) 41 (31-76)

Race
Caucasian 6 (86)
Hispanic 1(14)

ECOG performance status
0 2(29)
1 5(71)

Number of prior therapies

1 2 (29)
2 3(43)
3 2 (29)
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Treatment-related adverse events during pembrolizumab therapy

No. (%) of patients

Adverse event Any grade | Grade =3
Fatigue 2(29) 0
Elevated ALT/AST 2(29) 1(14)
Elevated alkaline phosphatase 1(14) 1(14)
Arthralgia 1(14) 0
Maculopapular rash 1(14) 0

ALT - alanine aminotransferase, AST - aspartate aminotransferase
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