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Abstract: Immune checkpoint inhibitors have become an area of intense interest in oncology 

and are actively being studied in a variety of cancer types with a wide range of success. In vitro 

data suggest mechanisms by which radiation can activate the immune system, and ongoing 

studies are exploring the potential interaction of checkpoint inhibitors with radiotherapy in both 

preclinical and clinical settings. Gynecologic malignancies are a heterogeneous group of tumors 

with varying prognoses, intrinsic immunogenicity, and potential for response to immune-based 

therapies. In this review, we focus on the rationale for immunotherapy and opportunities for 

augmentation by photon radiotherapy in cancers of the cervix, endometrium, and ovary.
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The rise of immunotherapy
Based on our current understanding of tumor immunology, effective anti-tumor immu-

nity can be achieved via 1) enhanced presentation of dendritic cells (DCs), 2) the promo-

tion of productive T-cell responses, and 3) overcoming immunosuppressive signaling by 

malignant cells in the tumor microenvironment (TME)1 (Figure 1). Immunosuppression 

within the TME is most commonly a result of checkpoint inhibition mediated by numer-

ous different effector cytokines, among which cytotoxic T-lymphocyte-associated protein 

4 (CTLA-4) and programmed-death receptor 1 (PD-1) ligands are the best described. 

Antagonism of checkpoint inhibition is the area that has seen the most effective clinical 

advances within the past several years and will be discussed in this paper.

The recent advent of immune checkpoint inhibitors has been the source of renewed 

hope for patients with multiple malignancies, including those with historically poor out-

comes, such as metastatic melanoma and lung cancer. Targeting CTLA-4 as well as PD-1 

in melanoma has produced overall survival (OS) improvements in both the metastatic and 

adjuvant settings.2–4 Initial studies demonstrated that the CTLA-4 inhibitor ipilimumab 

(Bristol-Myers Squibb, New York City, NY, USA) (with or without a peptide vaccine) 

improved OS compared with a peptide vaccine alone in patients with previously treated 

advanced melanoma.5 Patients with ipilimumab-refractory disease were then found to 

have a significantly improved 6-month progression-free survival (PFS) of 34%–38% vs 

16% with the use of PD-1 inhibition (via pembrolizumab; Merck & Co., Kenilworth, NJ, 

USA) vs investigator-choice chemotherapy.6 Subsequently, a randomized comparison of 

pembrolizumab vs ipilimumab revealed the superiority of PD-1 inhibition, with a 6-month 

PFS of 46% vs 26.5% (p<0.001), respectively.4 This was followed by a Phase III study 

of the combination of a different PD-1 inhibitor (nivolumab; Bristol-Myers Squibb, New 
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York City, NY, USA) plus ipilimumab vs ipilimumab alone vs 

nivolumab alone. Combination therapy resulted in improved 

PFS compared with either monotherapy option, but was also 

associated with higher rates of grade 3–4 toxicity (55%), mainly 

diarrhea, colitis, and increased transaminitis.7 These and similar 

successes have led to the investigation and US Food and Drug 

Administration approval of immune checkpoint inhibitors in 

multiple, disparate malignancies, including renal cell carcinoma, 

lung cancer, bladder cancer, Hodgkin lymphoma, and head and 

neck cancers. However, there are as yet no approved indications 

for gynecologic malignancies. Gynecologic cancers are a diverse 

group, ranging from virus-mediated cervical squamous cell 

carcinomas (SCCs) to hormone-modulated endometrial adeno-

carcinomas. Use of radiation therapy (RT) has the potential to 

augment the activity of immunotherapy in these cancers.

Immune checkpoint inhibitors: 
mechanism of action
Molecules that inhibit T-cell activation, such as CTLA-4, 

function to dampen the immune response and promote 

immune tolerance. CTLA-4 (expressed on helper CD4+ 

T-cells) binds to its ligand, B7 (found on antigen-presenting 

cells), acting as a co-inhibitory signal. Similarly, PD-1 is 

primarily expressed on effector T-cells and acts to inhibit the 

immune response. Its ligands, PD-L1 and PD-L2, are dif-

ferentially expressed on various tissues: PD-L1 is presented 

on antigen-presenting cells, as well as non-hematopoietic 

cells, while PD-L2 is expressed on DC and macrophages. 

Both have been found to be expressed in many tumor cells, 

acting as the foundation for the development of anti-PD-1 

and anti-PD-L1 therapies.8

Radiation therapy and immunotherapy
While response rates to checkpoint inhibitors have been 

impressive in malignancies such as melanoma and Hodgkin 

lymphoma, gynecologic cancers have, unfortunately, dem-

onstrated significantly poorer response rates.9,10 Numerous 

correlative studies have established that some tumors are 

phenotypically “cold” or “T-cell non-inflamed” and less 

likely to respond to checkpoint inhibition than “hot” or 

Figure 1 Anti-tumor immune response.1

Notes: DCs process and present tumor antigens on MHC proteins. In the presence of a maturation stimulus, DCs can trigger effector or regulatory T-cell responses. 
Effector T-cell responses lead to a protective effect and result in tumor cell killing, while regulatory T-cell responses lead to release of Treg (regulatory T-cells) and subsequent 
immunosuppressive effect mediated via various mechanisms, including PD-1 and its ligand PD-L1. Reprinted by permission from Macmillan Publishers Ltd: Nature. Mellman I, 
Coukos G, Dranoff G. Cancer immunotherapy comes of age. Nature. 2011;480(7378):480–489, copyright 2011.1

Abbreviations: DCs, dendritic cells; MHC, major histocompatibility complex; PD-1, programmed death receptor-1; PD-L1, programmed death ligand-1.
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“T-cell inflamed” tumors.11 Specifically, tumors with a T-cell-

inflamed microenvironment are characterized by infiltration 

of CD8+ T-cells, chemokines (such as CCL2, CCL3, CCL4, 

CCL5, CXCL9, and CXCL10) and an interferon signature.12

The ability of a tumor to induce an effective immune 

response is referred to as “immunogenicity,” and is known to 

impact responsiveness to immunotherapeutic agents. Tumors 

that are felt to be highly immunogenic include melanoma 

and cancers of the bladder, lung, and kidney, with response 

rates of 20%–30% to PD-1 inhibitors in the setting of 

advanced (and often pre-treated) disease.13–17 These response 

rates demonstrate that, even in the most promising tumor 

histologies, the majority of cancer patients do not respond 

to immunotherapy. This has led to interest in incorporating 

other therapeutic modalities to supplement and improve 

the immune response. One such option is RT. Historically, 

the mechanism of cell death after RT has been considered 

to be via deoxyribonucleic acid (DNA) damage, but it is 

now recognized that a component of tumor damage may be 

due to immunogenic cell death.18 Radiation causes release 

of tumor antigens, as well as the release of cytokines and 

chemokines, and increases expression of death receptors and 

other molecules that contribute to recognition of tumor cells 

by the immune system.19,20 The combination of radiation with 

immunotherapy has garnered significant interest due to the 

hypothesis that radiation can trigger tumor antigen release 

and enhance T-cell responses while concurrent or sequenced 

immunotherapeutics (such as targeted agents of PD-1 or 

CTLA-4) may work synergistically to suppress activity of 

regulatory T-cells (Figure 2).

Preclinical investigations
In preclinical studies, the addition of concurrent PD-L1 tar-

geting to radiation was shown by Deng et al to improve both 

irradiated and distant tumor control of implanted breast and 

colorectal carcinomas in mice compared with single-modality 

therapy (PD-L1 or irradiation).21 A recently published study 

from the University of Pennsylvania using a mouse model 

of melanoma reported unique mechanisms by which anti-

CTLA-4, PD-L1 antibody, and RT work toward promoting 

the immune response against tumor cells.22 Radiation was 

noted to increase and diversify the intra-tumoral T-cell rep-

ertoire, while the CTLA-4 antibody was shown to enhance 

proliferation of T-cells and PD-L1 blockade enhanced tumor-

infiltrating lymphocytes (TILs).

Early clinical experience
The majority of the available literature combining immuno-

therapy and radiotherapy involves the use of ipilimumab, a 

Figure 2 The role of radiotherapy and checkpoint inhibition on immune targeting 
of tumor cells.
Notes: Radiation enhances antigen presentation on DCs, which travel to the 
draining lymph node and can activate T-cell expansion. Effector T-cells in the 
tumor microenvironment are then able to target tumor and stromal cells for 
killing. However, CTLA-4 on DCs inhibits T-cell expansion and PD-1 on effector 
cells (including regulatory T-cells) causes T-cell apoptosis, leading to an immune-
suppressive response. Thus, blockade of CTLA-4 and PD-1 (or its ligand PD-L1 or PD-
L2, expressed on cancer and other cells in the tumor microenvironment) can enhance 
an immune response. From Spiotto M, Fu YX, Weichselbaum RR. The intersection of 
radiotherapy and immunotherapy: mechanisms and clinical implications. Sci Immunol. 
2016;1(3):EAAG1266. Reprinted with permission from AAAS.20

Abbreviations: CTLA-4, cytotoxic T-lymphocyte-associated protein 4; DCs, 
dendritic cells; PD-1, programmed death receptor-1; PD-L1, programmed death 
ligand-1; RT, radiation therapy.
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CTLA-4 antibody. Case reports have suggested a possible 

abscopal effect in patients receiving RT and ipilumimab.23,24 

The abscopal effect occurs when there is regression of other, 

non-irradiated sites of disease after RT. These case reports 

demonstrate near-complete radiographic responses with 

sustained tumor control.23,24

The ideal fractionation and dose of radiation to obtain 

the most immunogenic response has not been established, 

and a preclinical study in mouse models of breast and colon 

carcinoma suggests greater tumor responses (both in-field 

and out of field) with 3–5 fractions (total dose 24–30 Gy) 

rather than a single fraction (20 Gy) in the setting of anti-

CTLA-4 monoclonal antibody.25 A separate study of radia-

tion alone revealed greater tumor-specific T-cell responses 

(splenic interferon-gamma [IFN-γ]) when higher radiation 

doses (5–15 Gy in a single fraction) were administered.26 

However, the proportion of CD4+/CD25+/Foxp3+ T
reg

 cells 

also varied with radiation dose. At a dose of 5 Gy, there was 

no increased IFN-γ response. At the dose of 15 Gy, there was 

a large increase in effector T-cell response, but this was also 

accompanied by the greatest increase in proportion of T
reg

 

cells. The investigators thus stated that the greatest benefit 

(increase in tumor-specific IFN-γ with decrease in T
reg

 cells) 

appeared to be at doses of 7.5 and 10 Gy, although only the 7.5 

Gy dose demonstrated statistical significance in proportion 

of T
reg

 cells compared with no radiation. When the investiga-

tors studied the effect of fractionation, the greatest response 

observed was when the total dose of 15 Gy was divided into 

2 fractions, rather than 3 or 5 fractions.26

In clinical practice, large doses of radiation (typically ≥5 

Gy per fraction) delivered over 5 or fewer fractions (often 

referred to as stereotactic body RT, or SBRT) have been used 

to ablate tumors in those patients where local control of the 

tumor is felt to be important. This is used in both the definitive 

(e.g., inoperable lung cancer) and metastatic settings. While 

the tolerability and efficacy of the combination of radiation 

and an anti-PD-1/PD-L1 checkpoint inhibitor has not yet 

been prospectively demonstrated in the clinical setting, each 

individual modality is typically associated with low rates 

of severe toxicity. Studies of PD-1 inhibitors alone report 

<15% grade 3–4 toxicity for single-agent pembrolizumab 

in advanced melanoma4,27 and <20% for nivolumab28,29 in 

metastatic renal cell carcinoma. SBRT alone has been shown 

to be very tolerable with <15% grade 3–4 toxicity using a 3–5 

fraction regimen to total doses of 40–60 Gy.30–32

Numerous studies that combine SBRT to various body 

sites and tumor types with immune checkpoint inhibitor 

therapy are ongoing or completed. KEYNOTE-001 was a 

Phase I study of pembrolizumab in patients with advanced or 

metastatic non-small cell lung cancer. A secondary analysis 

of 98 patients enrolled on the KEYNOTE-001 trial from a 

single institution was performed to determine if the use of 

previous RT had an effect on disease outcome.33 Patients 

who had received prior RT had a longer time from initial 

diagnosis compared with those who had not received RT, but 

were otherwise well-matched. Nearly 30% of patients in the 

RT group had received SBRT or stereotactic radiosurgery. 

RT was associated with improved overall and PFS, even after 

accounting for other factors such as age, performance status, 

smoking status, sex, or histology. Although there was higher 

treatment-related pulmonary toxicity in the RT group (13% 

vs 1%, p<0.05), there was no difference in grade 3 or higher 

pulmonary toxicity.

In prostate cancer, 2 large randomized studies combin-

ing RT with ipilimumab have been published.34,35 The first, 

a multi-institutional, Phase III, randomized controlled trial 

included nearly 800 men with docetaxel-refractory metastatic 

castrate-resistant prostate cancer.34 All men received a single 

8 Gy fraction of radiation to a bone metastasis followed by 

either ipilimumab (10 mg/kg every 3 weeks for up to 4 doses) 

or placebo within 2 days of irradiation. Although there was 

no difference in the primary endpoint of OS, the hazard ratio 

decreased over time, such that ipilimumab was associated 

with improved survival at longer follow-up time points. 

Additionally, a PFS benefit was noted. Toxicity, however, was 

notably increased in the ipilumumab arm (26% grade 3–4 

immune-related toxicity rate vs 3% in the placebo group). The 

authors concluded that there is sufficient activity with ipilim-

umab in prostate cancer to warrant further study. While the 

benefit of RT was unclear in this particular trial (due to study 

design), it is unclear, as noted previously, whether a single 

fraction of 8 Gy would be sufficient to achieve the desired 

immunogenic effect. A Phase I/II study explored the use of 

escalating doses of ipilimumab (3–10 mg/kg) in men with 

metastatic castrate-resistant prostate cancer; some patients 

also received an 8 Gy single-fraction radiation dose to bone 

metastases within 24–48 hours of drug delivery.35 Investiga-

tors noted that ~15% of patients experienced a decline in PSA 

≥50% in the group receiving 10 mg/kg of drug; no statistical 

comparison was made between the patients who received RT 

vs no RT. Although the maximum tolerated dose was not 

reached, the rate of any grade 3–4-related toxicity was 38% 

in the highest dose group (10 mg/kg) receiving radiation.

Another group reported on 22 patients with metastatic 

melanoma who received 2–3 fractions of 6–8 Gy per fraction 

to a single lesion followed within 3–5 days by 4 cycles of 
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 ipilimumab (3 mg/kg). The majority of patients (64%) had 

progressive disease in the un-irradiated lesions on this regimen; 

there were no dose-limiting toxicities (defined as any grade 4 

immune-related toxicity or any grade 3 immune-related toxic-

ity within 30 days after the last ipilimumab dose).22

Cervical cancer
Cervical cancer rates in the USA have decreased consider-

ably in recent decades, with ~12,990 estimated new cases 

diagnosed in 2016, making it <1% of all new cancer cases36 

However, the global burden of disease remains large. Recent 

data from the World Health Organization International 

Agency for Research on Cancer suggest that it is the fourth 

most common cancer in women worldwide, with 528,000 

new cases in 2012, and developing countries accounting for 

~85% of these cases.

The majority of cervical cancers are a result of persistent 

infection with high-risk subtypes of human papillomavirus 

(HPV). Subsequent expression of viral oncogenes, E6 and 

E7, which interact with p53 and retinoblastoma tumor sup-

pressor gene proteins, respectively, results in dysregulated 

cell cycle control and apoptosis.37 Management of early-stage 

cervical cancers usually involves regional therapy such as 

radical hysterectomy or pelvic RT. Early-stage patients are 

generally treated with surgery and have a very good chance 

of cure, with 5-year relative survival of >90% for “localized” 

disease.36 Those with large tumors (>4 cm) or clinically 

apparent extension beyond the cervix (parametria or pelvic 

lymph nodes) have a lower likelihood of cure with survival 

rates of 60%–70%.36 These patients are generally treated with 

concurrent chemoradiation (concomitant cisplatin) followed 

by a boost to the primary tumor using intracavitary or inter-

stitial brachytherapy techniques. Those with the highest risk 

of disease include women with extensive lymphatic spread 

to the para-aortic or supraclavicular regions; these patients 

have dismal survival rates of 30%–60%.38 Reports of patterns 

of failure suggest that distant recurrences are the primary 

component of failures, but locoregional failures can also 

occur.38,39 The OUTBACK trial (ANZGOG 0902/GOG 0274/

RTOG 1174, NCT01414608) is a randomized controlled trial 

studying the addition of adjuvant carboplatin and paclitaxel 

following chemoradiation for patients with locally advanced 

cervical cancer, with an OS endpoint.

Because of the viral pathogenesis of cervical cancer, 

and the demonstrated success of prophylactic vaccines that 

prevent cervical dysplasia and potentially invasive disease, 

there has been sustained interest in the use of immunotherapy 

agents for treatment of affected patients. There are currently 

numerous ongoing trials studying the safety and efficacy of 

therapeutic vaccines; all of these vaccines target the HPV pro-

teins E6 and/or E7. The DNA vaccine VGX-3100 has already 

demonstrated some success in improving regression rates 

of CIN-2 and CIN-3.40 Engineered autologous T-cells with 

chimeric antigen receptors are also being studied as a means 

of boosting tumor-specific immune response.41 Although 

vaccine technology has improved over time, most trials with 

therapeutic vaccines have thus far met with limited success.42

Somatic immune mutational status and 
response to therapy
Hodgkin lymphoma patients have been noted to have very 

high (>80%) response rates to the PD-1 inhibitor nivolumab, 

and in an analysis of those with available tissue, all of the 

responders were noted to have copy number gain of 2 par-

ticular genes that encode PD-L1 and PD-L2.43 Two-thirds 

of cervical SCC have been noted to have mutations in these 

same genes: co-amplification or co-gain (as determined by 

FISH) of CD274 (encodes PD-L1) and PCD1LG2 (encodes 

PD-L2) at 9p24.1 was associated with increased expression 

of PD-L1. In a small group of 23 vulvar cancer patients that 

were also included in this study, presence of the mutation 

appeared to be independent of p16 status.44

Tumor immune-microenvironment
A report by Heeren et al compared lymph nodes involved 

with cervical cancer with uninvolved lymph nodes. They 

found that involved lymph nodes had fewer CD4+ and more 

CD8+ T-cells, as well as increased surface levels of PD-1 and 

CLTA-4 on lymphocytes. Additionally, there were increased 

levels of regulatory cells (regulatory antigen-presenting cells, 

FoxP3+ regulatory T-cells, and other suppressor cells).45 A 

follow-up report by the same group suggests that the immune 

microenvironment is similar (elevated regulatory T-cells) in the 

lymph node basins that are anatomically closer to the tumor-

containing lymph node compared with those that are anatomi-

cally distant from the involved lymph node.46 This is similar 

to a finding in HPV-associated head and neck SCC, in which 

investigators noted that expression of PD-L1 was increased at 

the site of deep tonsillar crypts, the site at which initial infection 

is felt to occur. However, PD-L1 expression was not found at 

the surface epithelium, leading the investigators to suggest that 

the deep crypts may represent a distinctive immune-privileged 

site and a mechanism by which HPV-associated head and 

neck cancers may evade detection. In this small series, 70% 

of HPV-associated tumors expressed PD-L1, while only 29% 

of non-HPV-associated tumors expressed PD-L1.47
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Therapeutic modalities in cervical cancer
Potential mechanisms to overcome an immune-suppressive 

microenvironment include augmentation of checkpoint 

inhibitor therapy with chemotherapy and/or radiotherapy. 

Cisplatin, the mainstay of chemotherapy in cervical cancer, 

may act to modulate myeloid cells in the tumor TME to 

improve the immune response to tumor cells; additionally, in 

the setting of vaccines, it has been shown to act synergistically 

with vaccine-induced T-cells to promote tumor cell death.48,49

The KEYNOTE-028 study of pembrolizumab in 

advanced cervical SCC with PD-L1 expression in ≥1% of 

tumor or stroma cells (by immunohistochemistry [IHC]) 

revealed an objective response rate of 12.5%.9 Unfortunately, 

while there is general consensus that PD-L1-positive tumors 

respond better to immunotherapy agents than biomarker 

negative tumors, there is significant variation in both assay 

thresholds and techniques that makes the use of PD-L1 by 

IHC a predictive factor for response to PD-1 and PD-L1 

inhibitors problematic.50 Two trials currently sponsored by 

the National Cancer Institute include patients with recur-

rent or metastatic cervical cancer. NCT02257528 is a Phase 

II study of nivolumab, while NCT01693783 is a Phase II 

study of ipilimumab. Early results from the latter study 

have been presented, demonstrating partial response in 3 of 

34 patients.51 Ipilimumab is also being studied in a Phase 

I safety study as an adjuvant therapy after chemoradiation 

in the upfront setting for locally advanced cervical cancer 

patients (NCT01711515).

Given the low response rate observed in KEYNOTE-028 

with pembrolizumab alone, there may be potential augmenta-

tion of immune response with the addition of radiotherapy 

via the mechanisms noted above. These opportunities exist 

in both the upfront and metastatic settings. As discussed 

previously, ongoing early-phase studies of radiotherapy and 

checkpoint inhibitors typically utilize ablative radiation doses 

via SBRT. Brachytherapy is another form of dose escalation; 

however, it can differ from SBRT in many ways (including 

dose rate, homogeneity of dose distribution over the target 

area, and varying number of fraction sizes) that could lead 

to differences in the radiobiologic effect in tissues. In locally 

advanced cervical cancer, it is typically delivered through 

intracavitary (via the vaginal canal) or interstitial (via needles 

placed through the perineum) methods as a standard com-

ponent of definitive chemoradiation. Varying fractionation 

schemes can be considered for high-dose rate brachytherapy 

per the American Brachytherapy Society guidelines, includ-

ing 4–6 fractions of 5–7 Gy per fraction.52

Preclinical data specifically studying brachytherapy and 

the immune environment are scarce, but in one report, inves-

tigators using transgenic mice found that after administra-

tion of a vaccine against the carcinoembryonic antigen, the 

addition of external beam radiation or brachytherapy induced 

CD8+ T-cell responses in the spleen that were specific for 

tumor-associated antigens not encoded by the vaccine.53 

Brachytherapy, in this study, consisted of an Iodine-125 

(I-125) seed at a dose rate of 4 cGy per hour. This is a much 

lower dose rate than modern high-dose rate sources, which 

are in excess of 1200 cGy per hour. Low-dose rate sources 

also remain in use, with typical rates of <200 cGy per hour. 

Similarly, preliminary results of a study from the University 

of Iowa reported on mice inoculated with lymphoma cells. 

One group received an injection of a toll-like receptor 9 

(TLR9) agonist (vs no intervention); another group received 

brachytherapy (using I-125) with or without the TLR9 ago-

nist. Tumor-specific CD8 response in the spleen was highest 

in the group receiving the TLR9 agonist with brachytherapy.54 

Both of these studies demonstrated the ability of RT to aug-

ment tumor-specific immune responses.

In a more recent prostate cancer study, serum samples 

from men receiving a variety of cancer therapies was col-

lected. The proportion of patients developing antibody 

responses to tumor proteins was noted to be 29% in those 

receiving hormone therapy, 14% in those undergoing external 

beam radiation, and 25% after brachytherapy. No patients 

undergoing radical prostatectomy developed an immune 

response.55 Although there are very few data specifically 

studying brachytherapy and the immune environment, the 

available preclinical studies, including extrapolation from 

SBRT (high doses delivered via external beam RT rather 

than with brachytherapy), suggest a rationale for further 

investigation of brachytherapy in combination with immu-

notherapeutic agents.

Endometrial cancer
Uterine cancers are the most common gynecologic cancer 

in the USA, with an estimated 60,050 new cases in 2016. 

Standard of care for these patients included surgical resec-

tion with or without adjuvant chemotherapy or radiation. 

Cancers confined to the uterus (stage I) are generally treated 

with either observation or radiotherapy following surgery 

based on clinical and pathologic risk features. Adjuvant 

radiotherapy can take the form of either brachytherapy 

targeted to the vaginal apex or external beam radiotherapy 

targeted to the pelvis (or both). Generally, stage I patients 
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have a very good prognosis. Aggressive histologic subtypes 

(including grade 3 endometrioid-type adenocarcinoma, clear 

cell, papillary serous, or carcinosarcoma) are often treated 

with chemotherapy even in the stage I setting, although we 

lack prospective data showing that this improves outcomes. 

Locoregionally advanced cancers are often treated with a 

combination of both chemotherapy and radiotherapy in an 

attempt to control both distant and locoregional recurrences. 

Serous or carcinosarcoma subtypes have a much more dismal 

prognosis, with large population-based studies suggesting 

5-year survival rates of <50%.56–58

Analysis of endometrioid and serous histologic subtypes 

of endometrial cancer (those included in the cancer genome 

atlas study) confirmed 4 molecular subtypes: POLE mutated, 

microsatellite instability (MSI) hypermutated, copy-number 

low, and copy-number high.59 POLE is a component of the 

DNA polymerase epsilon, and endometrial cancer patients 

with this mutation (~10% of patients) have the best prog-

nosis of the 4 subtypes, with PFS of nearly 100%, even in 

grade 3 tumors.59,60 MSI hypermutated and copy-number low 

tumors have an intermediate prognosis, while copy-number 

high tumors (including the vast majority of serous tumors) 

have the worst prognosis and commonly are associated 

with mutations in TP53. Additionally, molecular analysis 

demonstrated that approximately one-quarter of high-grade 

endometrioid adenocarcinomas shared similar molecular 

characteristics with serous carcinomas (mostly in the copy-

number high group). Approximately 40% of endometrioid 

tumors and 2% of serous tumors were noted to be MSI-

hypermutated.59 This can be a result of a germline mutation 

in DNA mismatch repair genes (hereditary nonpolyposis 

colorectal cancer, or Lynch syndrome) or due to sporadic 

mismatch repair-deficient tumors due to somatic mutations 

or epigenetic silencing.61

Both MSI- and POLE-mutated tumors have been noted 

to have features considered to be favorable for response to 

anti-PD-1 therapies, likely due to a high burden of muta-

tions leading to greater production of neoantigens available 

for immune targeting.62,63 In a study of endometrial cancer 

patients, investigators have shown overexpression of PD-1 

in the TILs and peritumoral lymphocytes of these tumors, 

as well as increased PD-L1 expression. Neoantigen load 

was highest in the POLE-mutated tumors, followed by 

the MSI tumors. It was lowest in the microsatellite stable 

(MSS) tumors.62 Clinical outcomes seem to corroborate the 

significance of these favorable features of the TME, with 

MSI-mutated tumors (including endometrial primary tumors) 

demonstrating very good response rates to the PD-1 inhibitor 

pembrolizumab.63 In those with MSI colorectal cancers, the 

objective response rate was 40%, while in the non-colorectal 

cancer patients (including endometrial primary tumors), 

the objective response rate was 71%. In those with MSS 

colorectal cancers, the objective response rate was 0%. When 

comparing those with MSI vs MSS tumors in the colorectal 

cancer population, there was a statistically significant differ-

ence in OS after administration of the drug (not reached in the 

MSI group vs 5 months in the MSS group). Pembrolizumab 

has recently been approved by the FDA for advanced MSI 

tumors regardless of histologic origin.

Investigators have also demonstrated that POLE-mutated 

tumors appear to be more immunogenic, with tumor-

specific activation of CD4+ T-cells and naïve CD4+ and 

CD8+ T-cells.64 These findings, along with other evidence 

suggesting that these tumors have greater resistance to 

platinum chemotherapeutic agents,65 imply that perhaps the 

improved prognosis associated with these tumors is due to 

their increased stimulation of the immune system. While 

clinical reports studying the responsiveness of these particu-

lar tumors to PD-1 inhibition have not yet been described 

in a large population of patients, case reports have been 

published suggesting that there may be excellent response 

in these patients.66,67

While response rates to checkpoint inhibition for patients 

with POLE- and MSI-mutated tumors are excellent, responses 

in unselected patients are quite low: preliminary results for 

pembrolizumab from KEYNOTE-028 in endometrial cancer 

patients revealed an overall response rate of 13%.10 Recently 

reported preliminary data studying Atezolizumab (Roche, 

Switzerland) (a PD-L1 inhibitor) also noted a 13% response 

rate with duration >7 months in the 2 patients with response.68 

As previously noted, the proportion of patients with POLE- or 

MSI-mutated tumors is low to moderate (especially in the 

high-risk serous tumors). It is likely even lower in patients 

with metastatic or advanced disease given the good progno-

sis associated with these mutations (particularly POLE). As 

noted in the Cancer Genome Atlas (TCGA) analysis, 94% 

of the serous histology tumors were in the copy-number 

high group – the group with the lowest mutational burden 

and worst prognosis.59 For those patients for whom somatic 

testing does not suggest sensitivity to PD-1 inhibitors alone, 

augmentation of the immune response with radiation could 

be considered in the form of stereotactic body radiotherapy 

in the metastatic setting, or brachytherapy or fractionated 

external beam radiation in the upfront setting.

Ongoing protocols that include endometrial patients are 

studying the use of PD-1 inhibitors in the neoadjuvant setting 
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prior to surgery (NCT02630823, NCT02728830) or in the 

advanced or recurrent setting (NCT02549209).

Ovarian cancer
Ovarian cancer is the second most common gynecologic 

cancer in the USA, with an estimated 22,280 new cases 

diagnosed in 2016. Outcomes are poor in this disease, with 

5-year survival rates <50%.36 The majority of ovarian cancers 

are epithelial in origin (most commonly serous histology), 

with other histologic types including germ cell or sex cord-

stromal tumors. The current treatment paradigm for ovarian 

cancers includes surgical debulking followed by observa-

tion (if the tumor is low grade and early stage) or adjuvant 

 chemotherapy, typically with a taxane and carboplatin. Unfor-

tunately, median PFS for those with advanced, extrapelvic 

(stage III) disease after adjuvant therapy is approximately 2 

years or less.69–71

Based on patterns of failure data suggesting that most 

initial relapses are abdominopelvic, consolidative radiation 

targeted to the whole abdomen has been studied. However, 

based on current guidelines, there is no role for radiotherapy 

in most patients with epithelial ovarian cancers. Older studies 

examining whole-abdomen irradiation in the adjuvant setting 

demonstrated inconsistent results regarding efficacy compared 

with chemotherapy and raised significant concerns regarding 

toxicity, especially as related to bone marrow suppression and 

bowel obstruction.72–75 However, other small studies suggest 

potential benefit with the addition of radiation, with the caveat 

that the chemotherapy regimens used are outdated.76,77 Newer, 

more conformal radiation techniques (such as intensity-

modulated RT, or IMRT), can improve coverage of peritoneal 

surfaces and reduce dose to organs-at-risk, including bone 

marrow. Results from a German study, including a small group 

of patients with optimally debulked stage III ovarian cancer 

demonstrated that whole-abdomen irradiation using IMRT (30 

Gy in 1.5 Gy per fraction) was well tolerated after 6 cycles of 

adjuvant carboplatin and taxane-based chemotherapy, with no 

reported grade 4 toxicity or treatment breaks.78–80 Relapse-free 

survival was 27.6 months. However, the primary pattern of 

failure continued to be in the peritoneum following irradiation, 

suggesting that further improvements are required in adjuvant 

therapies for this patient population.78

Previously published studies have described the tumor 

immune microenvironment in ovarian cancer patients. Curiel 

et al described their findings that CD4+CD25+FOXP3+ 

regulatory T-cells in the tumor were associated with worse 

clinical outcomes.81 These T
reg

 cells also were noted to be 

in close physical proximity to CD8+ TILs and to suppress 

 proliferation of CD3+CD25-T-cells, IFN-gamma, and inter-

leukin-2. The presence of tumor T
reg

 cells was independently 

associated with worse survival after controlling for stage of 

disease and extent of surgical debulking. The investigators 

also noted a dose effect, with increasing numbers of T
reg

 

cells present in tumor being associated with progressively 

worse outcomes.81 Another group of investigators noted that 

CD8+ TILs and high CD8+/T
reg

 ratios were associated with 

improved survival in ovarian cancer patients.82 A separate 

study suggested that the prognostic significance of CD8+ 

TILs was limited to those patients who had undergone a 

complete (R0) debulking procedure, rather than an “optimal” 

(<1 cm residual disease) or incomplete cytoreduction.83

Tumor genomic studies also reveal subtypes of ovarian 

cancer that may be more impacted by immune manipulation. 

Gene expression profiling has improved the definitions of the 

original 4 ovarian the TCGA subtypes and has been found to 

have prognostic significance, with the “immunoreactive-like” 

tumors associated with the best survival and the “prolifera-

tive-like” and “mesenchymal-like” tumors having the worst 

outcomes.84,85 The fourth type, “differentiated-like” has an 

intermediate prognosis. The “immunoreactive-like” tumors 

have high expression of genes encoding major histocompat-

ibility complex I and II, which are components of antigen 

presentation. PD-L1 was also differentially expressed in this 

group, suggesting a mechanism for immune evasion.85

The success of therapeutic vaccines in ovarian cancer has 

been limited but demonstrates the potential for modulating 

the immune system in achieving improved outcomes for this 

patient population.86 Checkpoint inhibitors have also been 

studied in ovarian cancer, with a CTLA-4 inhibitor being 

studied in the setting of vaccine therapy with granulocyte-

macrophage colony-stimulating factor modified irradiated 

autologous tumor cells (GVAX).87 This study demonstrated 

reasonable tolerability and at least stable disease in nearly 

half the patients. Investigators also found that tumor regres-

sion was proportional to the CD8+/T
reg

 ratio, suggesting that 

response could potentially be improved through the deactiva-

tion or targeting of T
reg

 cells.87 More recently, investigators 

have published an early experience with nivolumab in 20 

women with platinum-resistant ovarian cancer with an overall 

response rate of 15% and disease control rate of 45%. Two 

patients had a durable (>350 days) complete response, while 

1 had a partial response. Median survival was 20 months.88 

Preliminary results from the KEYNOTE-028 study of pem-

brolizumab in 26 women with advanced ovarian epithelial, 

fallopian tube, or primary peritoneal carcinoma and PD-L1 

expression were also reported. Overall response rate by 
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Response Evaluation Criteria in Solid Tumors (RECIST) 

was 11.5%, but 23% had “evidence of tumor reduction.”89 

The PD-L1 inhibitor avelumab (Merck KGaA, Germany) 

has also been studied, with preliminary data indicating a 

response rate of 17.4%.90

Radiation has been studied previously as a chemosen-

sitizer in patients with recurrent ovarian cancer receiving 

docetaxel in a Phase I study by the Gynecologic Oncology 

Group.91 Thirteen patients received low doses of whole-

abdomen radiation (60 cGy, twice a day for 2 days per 

week, continuing for 6 weeks) using anterior–posterior fields 

concurrently with 3 different dosing regimens of weekly 

docetaxel (20, 25, or 30 mg/m2). The regimen was considered 

to be tolerable at the 20 mg/m2 dose level, as only 1 out of 

7 patients enrolled at this dose level experienced grade 4 

toxicity. However, median PFS was just over 3 months and 

no objective responses were seen. Based on preclinical data, 

larger fraction sizes may improve the sensitization provided 

by radiation in the setting of checkpoint inhibitor therapies, 

but toxicity and tolerability concerns may limit this approach 

and should be further studied in select patients who are at 

highest risk of recurrence.

Conclusion
Early studies of immune checkpoint inhibitors in gynecologic 

malignancies show some promise but, with the exception of 

MSI tumors, response rates have been limited, and no immune 

checkpoint inhibitors are currently approved for treatment 

of gynecologic malignancies. Preclinical studies demon-

strate the ability of RT to augment the immune response, 

and standard of care for many gynecologic malignancies 

(particularly cervical cancer and endometrial cancer) already 

incorporates radiation. Therefore, studying combinations of 

immunotherapy and RT to establish tolerability and evaluate 

efficacy in both the metastatic and curative setting is a logical 

next step. Additionally, further development and refinement 

of biomarkers to define patient selection criteria for both 

immunotherapy and radiotherapy is necessary to optimize 

the therapeutic ratio.
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