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Despite combined therapeutic approaches, there is an unmet clinical 
need to identify effective strategies for improved patient outcomes 
in treating locally advanced and metastatic cervical cancer (CC). Im-
munotherapy is emerging as a novel therapeutic approach in this 
disease for which the causative agent, human papillomavirus (HPV), 
has dynamic, complex immunomodulatory effects. This review ex-
plores the biologic rational of immuno-oncology in the treatment of 
CC and discusses the initial clinical efficacy, ongoing clinical trials, 
and rationale for combined multimodal treatment approaches for 
locally advanced and recurrent/metastatic CC. The utility of immune 
checkpoint inhibitors is explored, including anti–cytotoxic T-lympho-
cyte antigen-4 (CTLA-4), PD-1, and PD-L1. Preliminary data support-
ing the combination of radiotherapy and immunotherapy and areas 
of active drug development for CC are also reviewed. 

J Natl Compr Canc Netw 2019;17(1):91–97 
doi: 10.6004/jnccn.2018.7108

Role of Immunotherapy in the  
Management of Locally Advanced and  
Recurrent/Metastatic Cervical Cancer
Brandon A. Dyer, MDa; Dmitriy Zamarin, MD, PhDb; Ramez N. Eskandar, MDc; and Jyoti M. Mayadev, MDd

aDepartment of Radiation Oncology, University of California Davis, 
Sacramento, California; bDepartment of Medicine, Memorial Sloan Kettering 
Cancer Center, New York, New York; and cDivision of Gynecologic Oncology, 
Department of Obstetrics, Gynecology, and Reproductive Services, and 
dDepartment of Radiation Medicine, University of California San Diego, La 
Jolla, California. 

ABSTRACT Clinical Rationale to Explore Immunotherapy 
in Cervical Cancer
Cervical cancer (CC) affects an estimated 12,900 
women and accounts for 4,100 deaths annually in the 
United States, and is the most common gynecologic 
cancer worldwide.1 The addition of cytotoxic system-
ic chemotherapy to radiation therapy (CRT) for the 
treatment of CC resulted in a significant improvement 
in disease-free and overall survival (OS).2–7 However, 
patients with stage III/IV disease have a poor progno-
sis despite CRT, with 4-year progression-free surviv-
al (PFS) and OS rates of 51% and 55%, respectively.5 
Furthermore, patients with para-aortic lymph node 
metastases continue to have poor prognoses, with 
3-year PFS and OS rates of 34% and 39%, respective-
ly.8,9 Metastatic and recurrent CC has a median sur-
vival of 17 months with standard-of-care frontline 
platinum/taxane-based chemotherapy and bevaci-
zumab.10 Therefore, for most node-positive locally 
advanced and metastatic CC, an unmet therapeu-
tic need exists. Immuno-oncology has emerged as a 
potential novel strategy to improve outcomes in pa-
tients with CC. Strategies inclusive of adoptive T-cell 
therapy and immune checkpoint inhibition (ICI) have 
shown promising objective response rates and dura-
ble survival in patients whose disease fails to respond 
to standard therapy.11,12 This review highlights the role 
of immunotherapy in the management of CC, includ-
ing the immunology of human papillomavirus (HPV) 
infection and rationale for immunomodulatory thera-
peutic approaches, such as the role of tumor-infiltrat-
ing lymphocytes (TILs) and the immune checkpoint 
receptors cytotoxic T-lymphocyte antigen-4 (CTLA-
4), PD-1, and PD-L1. The immunomodulatory effects 
of radiation therapy (RT) are also reviewed. Further-
more, clinical data on actionable immunologic tar-
gets, such as therapy with anti–CTLA-4, anti–PD-1, 
anti–PD-L1, vaccine therapy, and adoptive T-cell ther-
apy, are discussed.
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Key Elements of Immunomodulation 

Immunology of HPV Infection and T-Cell Detection 
CC has been identified as a direct consequence of infec-
tion by specific oncogenic HPV viral subtypes, such as 
16 and 18.13–15 Most individuals clear the infection, but in 
persistence, the primary viral oncoproteins E6 and E7 are 
responsible for inactivation of p53 and pRB.16 These on-
coproteins are thought to modify the cell cycle, resulting 
in cellular immortalization and clinically apparent CC.16 

T cells play a central role in the control of viral infec-
tions and prevention of virus-associated tumors. The im-
mune response to tumor and viral antigens is dependent 
on dendritic cell presentation of antigen peptides to anti-
gen-specific T cells. These steps are regulated by a com-
plex series of activating and inhibitory signals (Figure 1).17 
T cells recognize infected cells and are classically activat-
ed via 3 well-defined signals: (1) interaction of T-cell re-
ceptors (TCRs) and peptide epitopes of tumor-associated 

antigens and tumor-specific antigens bound to major his-
tocompatibility complexes18 of antigen-presenting cells 
(APCs; dendritic cells, macrophages, Langerhans cells, 
and B cells); (2) interaction between costimulatory ligands 
on APCs and their cognate receptors on T cells; and (3) in-
flammatory cytokine signals. T-cell involvement in HPV 
infection has been supported by studies showing spon-
taneous regression of HPV-induced papillomas and in-
creased HPV-related malignancies in immunosuppressed 
and immunodeficient patients.19,20 The development of 
invasive cancer in the setting of HPV infection is depen-
dent on acquisition of immunosuppressive mechanisms 
(or immune exhaustion/anergy) in the tumor microenvi-
ronment, which drive tumor immune evasion (Figure 2). 

Mechanisms of Immune Inhibition

CTLA-4
CTLA-4 is a receptor expressed by activated T lympho-
cytes that counteracts the costimulatory pathway trig-
gered by CD2821 (Figure 1). Although CTLA-4 and CD28 
share the same ligand (CD80/CD86), CTLA-4 has signifi-
cantly greater binding affinity and preferentially binds 
to CD80/CD86, resulting in deactivation of the immune 
response.22 Therapeutically blocking this mechanism has 
proven to be an effective clinical strategy in several ma-
lignancies.23 CTLA-4 blockade may exert its antitumor 
response via enhanced T-cell–mediated cytotoxicity due 
to immune deregulation and enhanced T-cell prolifera-
tion, and may have direct inhibitory effects on immuno-
suppressive FOXP3+ regulatory T-cells (Tregs).24

PD-1 
PD-1 (D279), a key component of the immune regulatory 
system, is expressed on activated T cells and is a mem-
ber of the CD28 family of T-cell costimulatory receptors. 
When PD-1 is bound to its ligands, PD-L1 and PD-L2, 
which can be expressed on tumor cells and APCs in the 
tumor microenvironment, T-cell activation is inhibited, 
progressing to exhaustion, dysfunction, and apoptosis. 

Although the CTLA-4:CD80/86 (B7) pathway ap-
pears critical for immune priming and acts to attenuate 
activation signals to regulate the magnitude of early ac-
tivation of naïve and memory T cells, the PD-1/PD-L1 
pathway appears dominant in the effector phase of the 
immune response, as shown in Figure 1.25–27 

PD-L1
PD-L1 has been identified to be overexpressed in as many 
as 20% to 50% of human malignancies, presenting itself 
as a potential therapeutic target.28 PD-L1 can be found 
on both tumor cells and tumor-infiltrating immune cells, 
with expression levels being higher on immune cells, 
and levels have been correlated with poor clinical prog-

Figure 1. Schematic representation of activating and inhibitory 
signals between a T cell and an antigen-presenting cell (APC). T-cell 
activation requires multiple ligand:receptor interactions, including 
the APC major histocompatibility complexes (MHCI):T-cell receptor 
(TCR), and B7.1, 2 (ie, CD80/CD86):CD28. T-cell activation can be 
inhibited by other receptor:ligand interactions (PD-1:PD-L1 and/
or B7:cytotoxic T-lymphocyte antigen-4 [CTLA-4]). These recep-
tor:ligand targets are potentially important therapeutic targets for 
immunotherapy.
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nosis.29–33 Inhibitors of PD-L1 may restore T-cell function 
by blocking the interaction of PD-L1 with PD-1 and with 
CD80 on the surface of T cells. Furthermore, anti–PD-L1 
sustains the PD-1/PD-L2 interaction, which may be im-
portant in maintaining immune homeostasis and poten-
tially preventing autoimmunity.34 In a well-defined clini-
cal study of 115 patients with CC, PD-L1 and PD-L2 were 
expressed in 19% and 29% of cervical tumors, respectively. 
Furthermore, PD-1 was expressed by >50% of tumor-in-
filtrating CD8+ T cells and CD4+FOXP3+ T cells, irrespec-
tive of PD-L1/L2 tumor expression. PD-L1 expression did 
not directly correlate with OS; however, subgroup analysis 
revealed improved survival in patients with a strong Treg 
response when the tumor was PD-L1+ (P=.033).35

On the contrary, in a CC study from Leiden University, 
disease-free survival (P=.022) and disease-specific surviv-
al (P=.046) were significantly poorer in patients with squa-
mous cell carcinoma and diffuse PD-L1 expression com-
pared with marginal PD-L1 expression.36 PD-L1+ immune 
cells were in greater abundance surrounding metastatic 
lymph nodes, consistent with reports that advanced dis-
ease has higher levels of PD-L1 expression.36,37 

Ionizing Radiation, the Immune System, and the 
Abscopal Effect 
Traditionally, ionizing radiation was believed to act as an 
immunosuppressant, exerting its cytotoxic antimitotic 
effects on tumor cells through DNA damage.38,39 Howev-
er, in the 1950s, Mole40 described the immunomodulato-

ry effects of radiation through the bystander or abscopal 
effect. A growing body of literature shows that radiation 
induces immunomodulatory effects, changing the tumor 
microenvironment and upregulating the inflammatory 
cascade, and is capable of boosting the abscopal effect.41 
Several studies have shown an abscopal effect when RT 
is added to immunotherapy, likely due to RT-induced 
neoantigen release, which stimulates an antitumor im-
mune response.41 RT increases TIL density by inducing 
chemokines, cytokines, and changes in tumor vascula-
ture adhesion molecules, which facilitate T-cell homing 
and tumor infiltration.41–43 For example, tumor necrosis 
factor α (TNF-α) was shown to have a synergistic effect 
when RT was combined with TNF-α–based gene thera-
py in the human prostate cancer PC-3 xenograft,44 and 
can also inhibit tumor angiogenesis.45 However, the lim-
ited safety profile has slowed the clinical progression of 
TNF-α therapy.39,44,45 

RT also affects dendritic cell migration and cross-pre-
sentation of tumor antigens, resulting in T-cell activation 
and proliferation43 and increased TCR diversity.46 Antigen 
release is enhanced by dendritic activation through the 
release of heat shock proteins, and accelerated dendrit-
ic maturation, migration, and phagocytosis via mem-
brane-bound calreticulin signaling.39,47 Effector T cells 
are also recruited via chemokines such as CXCL-16.48 The 
ability of antiangiogenic agents to normalize tumor vas-
culature, increase lymphocyte infiltration, limit hypoxia, 
improve dendritic cell maturation, reduce regulatory T 
cells, and transiently increase perfusion may produce an 
optimal tumor microenvironment for RT and immuno-
therapy to work synergistically against tumor cells, both 
locally and systemically.49

Rationale for Multimodal Treatment: RT and  
Immune Checkpoint Blockade
Optimal results with immunotherapy may occur with 
multimodality treatment options, including dual check-
point blockade or RT to overcome resistance mecha-
nisms. Immunotherapy prior to RT may prime the im-
mune system for antigen release and help reverse T-cell 
exhaustion. RT has been reported to increase PD-L1 ex-
pression, thus providing rationale for the use of agents 
targeting PD-1/PD-L1 as a combined modality strategy 
with RT.41,50,51 RT in combination with CTLA-4 blockade 
has been reported to induce responses in patients whose 
disease failed to respond to checkpoint blockade alone.52 
In a seminal study of 22 patients with metastatic mela-
noma treated with combination anti–CTLA-4 and RT, 
resistance was common, but tumor regression was seen 
in both the radiated index lesion and unirradiated le-
sions.46 Twyman-Saint Victor et al46 showed that patients 
with high PD-L1 expression showed persistent T-cell 
exhaustion with continued disease progression despite  

Figure 2. Mechanisms of de novo and acquired immunoresistant 
niches.

Resistance
mechanisms

Genetic
plasticity &

tumor 
stemness

Genetic
heterogeneity

Immune
checkpoint
alteration

Insensitivity
to immune

effector
molecules

Immune
evasion and
exhaustion

Antigen
presentation

Angiogenesis

Apoptotic
avoidance

Sustained
proliferative

signaling

Deregulation
of cellular

metabolism



94 © JNCCN—Journal of the National Comprehensive Cancer Network | Volume 17   Number 1 | January 2019

REVIEW Dyer et al

combined modality anti–CTLA-4 and RT. Results of this 
study suggest that a combination of various ICIs with 
RT may allow for increasing immune target diversity, 
thereby promoting an increased tumor response. 

Radiation and Immune Checkpoint  
Blockade Sequencing 
Although data are limited regarding the optimal RT tim-
ing, dose, and fractionation schedule to evoke an ideal 
immune response when combined with immunother-
apy, preclinical data are available. In a mouse model 
evaluating immune-mediated inhibition of metastasis, 
combined RT and anti–CTLA-4 provided a significant 
increase in survival compared with the other groups.53 
In another preclinical study, combined RT and anti–PD-
L1 promoted tumor immunogenicity in mice and de-
creased the growth of secondary tumors.51 Another study 
showed that combined flank RT and systemic FMS-like 
tyrosine kinase receptor 3 ligand (FLT3L) therapy led to 
significant growth delay of the irradiated lesion and an 
abscopal effect, which was dependent on the presence 
of T cells, suggesting a synergistic effect between RT and 
checkpoint blockade.54 

The sequencing of immunotherapy with RT has also 
been preliminarily studied, showing that anti–CTLA-4 
therapy was most effective when given prior to RT, likely 
due to depletion of Tregs.55 In this study, RT (20 Gy) was 
delivered as a single fraction to the tumor-bearing site 
alone and with anti–CTLA-4 administered as a single in-
traperitoneal dose. The optimal sequencing of immuno-
therapy and RT in patients with CC, and the optimal RT 
fraction size and dose schedule, remain unknown. 

Clinical Trials of Immunotherapy 

Therapy Targeting Anti–CTLA-4
Ipilimumab, a human IgG1k monoclonal antibody 
specific for CTLA-4, blocks CTLA-4 on the surface of 
activated T cells and Tregs. In a phase I/II study inves-
tigating ipilimumab in patients with recurrent and met-
astatic CC, a phase I safety lead-in was performed in 6 
patients at 3 mg/kg for 4 cycles given every 21 days.56 
Thereafter, 32 patients were treated with 10 mg/kg ipili-
mumab every 21 days for 4 cycles, followed by 4 cycles 
of maintenance therapy every 12 weeks, with a prima-
ry end point of radiographic response.56 Toxicities were 
manageable and consisted of grade ≥3 diarrhea (n=4) 
and colitis (n=1).56 Of the 34 evaluable patients, 1 had a 
partial response (PR), 10 had stable disease, and 23 had 
progressive disease. Median PFS was 2.5 months (95% 
CI, 2.1–3.2 months) and median OS was 8.5 months 
(95% CI, 3.6 months to not reached).56 Although the ac-
tivity of single-agent ipilimumab appears to be limited, 
the rationale remains for exploring combined strategies 

with this agent in an effort to achieve improved disease 
response and tumor control.

More recently in the phase I GOG 9929 trial, investiga-
tors examined the safety and tolerability of CRT and ipili-
mumab in patients with locally advanced, node-positive 
CC. Patients received standard CRT followed by 4 sequen-
tial ipilimumab cycles every 3 weeks. Primary end points 
included safety, tolerability, and identification of the max-
imum tolerated ipilimumab dose after extended-field RT. 
Secondary end points included PFS, patterns of failure, 
and translational studies, including PD-1 expression, and 
HPV-subtype–specific T-cell enumeration and charac-
terization. Preliminary safety and tolerability results pre-
sented at the 2017 ASCO Annual Meeting showed that the 
maximum tolerated dose was 10 mg/kg and had manage-
able toxicity, with acute grade 3 toxicity in 10% of patients 
(2/19), which was self-limited.57 Based on Kaplan-Meier 
estimates, 12-month OS and PFS rates were 90% and 81%, 
respectively. Furthermore, CRT and sequential ipilimum-
ab therapy increased PD-1 expression.57 

Anti–PD-1 and Anti–PD-L1 Monotherapy
Pharmacologic inhibitors of PD-1 have demonstrated 
antitumor activity and are currently under clinical explo-
ration in multiple disease sites (see supplemental eTable 
1, available with this article at JNCCN.org).58 

In June 2018, the FDA granted approval for the use of 
pembrolizumab in PD-L1+ CC based on the results of KEY-
NOTE-158 (ClinicalTrials.gov identifier: NCT02054806), 
which evaluated pembrolizumab in patients with recur-
rent or metastatic CC,59 and KEYNOTE-028 (NCT02054806), 
which evaluated patients with advanced PD-L1+ solid tu-
mors (including CC).60 In KEYNOTE-158, 98 patients with 
an ECOG performance status of 0 to 1 were treated with 200 
mg of pembrolizumab intravenously every 3 weeks for up 
to 24 months or until confirmed disease progression, intol-
erable toxicity, or death. PD-L1–positivity, defined by PD-
L1 expression score ≥1, was seen in 83% of patients. Treat-
ment-related toxicity was generally acceptable, with 11% of 
patients having grade 3/4 adverse events (AEs).59 At a medi-
an follow-up of 10.3 months, the overall response rate (ORR) 
was 13%, with complete response seen in 3 patients and PR 
in 10 patients; 17 patients had stable disease and the disease 
control rate was 31%. Of those who experienced response, 
nearly 70% (9/13) had a response lasting >9 months.59 Re-
sponses were only seen in patients with PD-L1+ tumors, 
leading to FDA approval of pembrolizumab in this patient 
population. PD-L1 status on the study was determined us-
ing the IHC 22C3 pharmDx kit (Agilent Technologies, Inc.), 
which was approved as a companion diagnostic. Despite 
the limited response rate, the duration of response in a co-
hort of heavily pretreated patients remains encouraging. 

Additionally, in the CC cohort of KEYNOTE-028, 24 
patients with advanced PD-L1+ tumors (≥1% expression 

http://www.jnccn.org/content/17/1/91/suppl/DC1
http://www.jnccn.org/content/17/1/91/suppl/DC1
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IHC 22C3 antibody) received pembrolizumab, 10 mg/kg 
intravenously every 2 weeks for up to 24 months.60 Re-
sponse rates were assessed every 2 months until 6 months, 
and every 3 months thereafter; ORR was the primary end 
point. At the data cutoff, with a median follow-up of 11 
months, the ORR was 17% in this heavily pretreated co-
hort, with 17% (4/24) experiencing a PR and 13% (3/24) 
with stable disease; 5 patients (21%) had grade 3 AEs, but 
no patient had grade 4/5 toxicity. 

Taken together, pembrolizumab has shown sin-
gle-agent activity and promising clinical outcomes with 
acceptable toxicity in patients with an overall poor prog-
nosis and limited therapeutic options. Currently accru-
ing clinical trials seek to further improve on these results 
and combine anti–PD-1 with traditional systemic agents 
and RT for further clinical benefit and safety, as shown in 
supplemental eTable 2.

Results of the phase I/II CheckMate 358 study 
of nivolumab in CC (ClinicalTrials.gov identifier: 
NCT02488759) were presented at the 2017 ASCO An-
nual Meeting.61 Patients with recurrent or metastatic 
CC with ≤2 prior systemic therapies were treated with 
nivolumab, 240 mg intravenously every 2 weeks until 
progression or unacceptable toxicity.61 Among the 19 
patients with CC, ORR was 26.3%, regardless of PD-
L1 expression, with a disease control rate of 68%, sug-
gesting encouraging clinical activity and a manage-
able safety profile.61

Anti–PD-1 and Anti–PD-L1 Combinations
Given the limited activity of single agents targeting 
PD-1 or PD-L1 in CC, several trials are exploring var-
ious combinations both as first-line therapy and in 
the recurrent/metastatic setting. One phase II study is 
exploring atezolizumab in combination with bevaci-
zumab in patients with recurrent, persistent, or meta-
static CC (ClinicalTrials.gov identifier: NCT02921269), 
with a primary end point of ORR. Another randomized 
phase II study comparing doxorubicin alone, atezoli-
zumab alone, and doxorubicin + atezolizumab in re-
current CC (NCT03340376) has a primary end point 
of PFS and secondary end point of OS. The currently 
active GOG 3016 trial (NCT03257267) is a randomized 
phase III trial of anti–PD-1 (REGN2810) versus inves-
tigator’s choice chemotherapy in patients with recur-
rent or metastatic CC, with the primary objective to 
compare OS between arms.

Additionally, several studies are exploring PD-1 
and PD-L1 inhibitors as first-line therapy. The phase 
I PAPAYA trial is evaluating concurrent pembrolizum-
ab with RT and cisplatin in newly diagnosed stage IB–
IVA CC (NCT03144466). Similarly, the NRG Oncology 
Group is opening GY017, a phase I study of atezoli-
zumab in combination with CRT in patients with 

newly diagnosed, locally advanced CC. The study will 
evaluate 2 different schedules of atezolizumab dosing 
in relation to CRT, and seeks to determine whether 
administration of atezolizumab before RT enhances 
tumor control and antitumor immunity, using TCR 
clonality as a primary end point. 

Recombinant Listeria monocytogenes Vaccine 
Listeria monocytogenes is a β-hemolytic, gram-posi-
tive, facultative intracellular bacterium that has been 
used to study cell-mediated immunity.62 Listeria in-
fects APCs and replicates within the cytoplasm of the 
host through degradation of the phagosomal mem-
brane. Basu et al63 recently published the findings 
from their phase II trial of ADXS11-001 ± cisplatin in 
the treatment of 109 patients with CC who previous-
ly received chemotherapy, RT, or CRT. Patients were 
randomized to either 3 or 4 doses of ADXS11-001 with 
intravenous cisplatin chemotherapy (40 mg/m2). In-
tergroup median OS, PFS, and ORR were comparable; 
however, 12- and 18-month OS rates were 30.9% versus 
38.9% and 23.6% versus 25.9%, respectively. AEs were 
mild-to-moderate and unrelated to treatment.63 In the 
similar phase II GOG 0265 study,64 50 patients with re-
current or metastatic CC received 3 doses of ADXS11-
001, with a reported 12-month OS of 38%. Although 
the activity of ADXS11-001 as a single agent appears to 
be limited, combinations with other agents, including 
chemotherapy and ICIs, may be warranted.

Adoptive T-Cell Therapy
Adoptive T-cell therapy has been explored in CC. In 
a study by Stevanovíc et al,12 patients with metastatic 
HPV-positive cancers were infused with TILs selected 
for HPV E6 and E7 reactivity (HPV-TILs). Of the 9 pa-
tients in the study, 3 experienced response (1 PR and 2 
complete responses), with complete responses lasting 
at least 15 and 22 months at the time of publication.12 
A phase II study evaluating engineered TCR target-
ing HPV E7 is ongoing (ClinicalTrials.gov identifier: 
NCT02858310).

Conclusions
There is an unmet clinical need to identify effective 
strategies for patients with locally advanced CC that 
does not respond to treatment with standard CRT 
approaches. Immunotherapy is a promising option 
for these patients given that most CCs are caused by 
high-risk HPV encoding 2 defined tumor-specific vi-
ral antigens, E6 and E7, which are constitutively ex-
pressed in each cancer cell. A number of immunother-
apeutic options exist for treatment of CC, including 
checkpoint blockade with anti–CTLA-4, anti–PD-1, 
anti–PDL-1, recombinant Listeria monocytogenes vac-

http://www.jnccn.org/content/17/1/91/suppl/DC1
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cine, and adoptive T-cell therapy. Further studies are 
needed to refine understanding of the immune sys-
tem within CC, and to inform the optimal timing of 
immunotherapy and RT.

Developmental therapeutic options include com-
bining ICIs or costimulatory activators to improve an-
titumor activity, use of new ICIs, identification of nov-
el immunomodulatory targets, and implementation 
of validated biomarkers to leverage currently available 
therapeutic agents. Results of clinical trials to date have 
demonstrated that immunotherapy shows promise, and 
the studies reviewed herein demonstrate an opportu-
nity for outcome improvement in locally advanced and  
metastatic CC. 
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