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Abstract

Purpose: A Phase I clinical trial (GOG-9929) examined the safety and efficacy of adjuvant 

immune modulation therapy with the checkpoint inhibitor ipilimumab (anti-CTLA4) following 

chemoradiation therapy (CRT) for newly diagnosed node-positive human papillomavirus (HPV)-

related cervical cancer. To better understand the mechanism of action and to identify predictive 

biomarkers, immunological and viral correlates were assessed before, during, and after treatment.

Experimental Design: Twenty-one patients who received CRT and ≥2 doses of ipilimumab and 

5 patients who received CRT only were evaluable for translational endpoints. Circulating T cell 

subsets were evaluated by multi-parameter flow cytometry. Cytokines were evaluated by multiplex 

ELISA. HPV-specific T cells were evaluated in a subset of patients by IFNγ ELISpot.

Results: Expression of the activation markers ICOS and PD-1 significantly increased on T cell 

subsets following CRT and were sustained or increased following ipilimumab treatment. 

Combined CRT/ipilimumab treatment resulted in a significant expansion of both central and 

effector memory T cell populations. Genotype-specific E6/E7-specific T cell responses increased 

post-CRT in 1/8 HPV16+ patients and in 2/3 HPV18+ patients. Elevation in levels of tumor-

promoting circulating cytokines (TNFα, IL-6, IL-8) post-CRT were significantly associated with 

worse progression-free survival.

Conclusions: Our data indicate that CRT alone and combined with ipilimumab immunotherapy 

show immune modulating activity in women with locally advanced cervical cancer and may be a 

promising therapeutic option for the enhancement of anti-tumor immune cell function after 

primary CRT for this population at high-risk for recurrence and metastasis. Several key immune 

biomarkers were identified that were associated with clinical response.

Trial registration #: NCT01711515

Keywords

cervical cancer; ipilimumab; cytotoxic T lymphocyte associated antigen-4 (CTLA-4); 
chemoradiation; immune checkpoint blockade; human papillomavirus (HPV)

Introduction

Cervical cancer (CC) affects an estimated 13,800 women and accounts for 4,290 deaths 

annually in the United States (1). Although the concurrent use of cytotoxic systemic 

chemotherapy with radiation therapy (CRT) increases the disease free and overall survival, 
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patients who present with stage II-IV disease have a low 4-year progression free (PFS) and 

overall survival (OS) of 51% and 55%, respectively, and frequently succumb to their disease 

and/or related complications (2). Therefore, identifying a durable therapy to address the 

profound CC-related morbidity and mortality for patients with high risk, node-positive 

locally advanced CC continues to represent an important unmet clinical need.

There is continued interest across gynecological cancers to combine chemotherapy, 

radiation, and immunotherapy for synergistic effects (3). These combination therapies may 

impact host immune regulation, anti-tumor response, or enhance response to radiation 

therapy (RT) (4). For example, viral and mutated self-neoantigen release is stimulated by 

CRT, which results in antigen presentation to the immune system to initiate an anti-tumor 

response, a process termed immunogenic tumor cell death (3). Immunotherapy, such as the 

use of anti-CTLA4 blockade therapy may further enhance this immunogenic process. The 

E6 and E7 oncoproteins of high-risk human papillomaviruses are constitutively expressed in 

the majority of cervical tumor cells, are non-self-proteins, and are therefore attractive targets 

for T cell mediated immunotherapy. Early data suggest that immune cells, in particular 

CD8+ T cells, play a key role in tumor cell death within a radiation field (5). RT causes 

neoantigen release and migration of dendritic cells, which can result in T-cell activation and 

proliferation (3). Furthermore, RT increases the density of tumor infiltrating lymphocytes 

(TIL) into a tumor likely by activation of local chemokine release and extravasation of TIL 

into the extracellular space of tumors (3,6). However, RT has also been reported to increase 

PD-1 expression in the tumor microenvironment leading to immune exhaustion (7). A key 

understanding of the underlying immune-related mechanisms contributing to CC will allow 

for a more tailored therapy approach and selection of the optimal patient population for 

immune-modulatory treatment.

Cytotoxic T-lymphocyte antigen-4 (CTLA-4) is an inhibitory co-receptor, also called a 

checkpoint inhibitor, that is upregulated on activated T cells and which functions to 

counteract stimulation by the CD28 costimulatory molecule to attenuate the immune 

response (8). In vivo blockade of CTLA-4 induces regression of established tumors and 

enhanced antitumor immune responses in several murine tumor models (9). Ipilimumab, a 

humanized IgG1κ monoclonal antibody (mAb) targeting human CTLA-4, is an immune 

checkpoint mAb. In late 2011, the NRG Oncology (legacy Gynecologic Oncology Group 

(GOG)) designed the GOG-9929 study to examine the safety and tolerability of ipilimumab 

in patients with HPV-related newly diagnosed locally advanced CC after undergoing CRT. 

Since the biological mechanism of CTLA-4 blockade is to confer sustained anti-tumor T cell 

activation, we hypothesized that priming of the immune system to CC tumor antigens, 

including HPV antigens, as a result of chemoradiation could be sustained by adjuvant 

ipilimumab therapy.

Because reliable biomarkers or immune-related early response indicators remain lacking, we 

conducted targeted immune monitoring of patients in GOG-9929 in order to gain insight of 

the patient’s immune regulation over the course of CC during CRT and during subsequent 

immune checkpoint blockade (ICB). We sought to identify those at greatest risk of 

recurrence by examining baseline, on-treatment, and post-treatment immune changes and 

regulation in the peripheral blood. Here we report on the immune and viral translational 
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correlates that were analyzed to identify potential biomarkers of response to ipilimumab 

following CRT as well as predictive biomarkers for clinical outcome in this high-risk 

population.

Methods

Ethics approval and consent to participate

The GOG-9929 clinical trial was approved by the research ethics board at each participating 

center. Institutional approval for correlative analyses of clinical specimens was approved by 

the University of Southern California Institutional Review Board (IRB# HS-13-00777). 

Patients provided written informed consent in compliance with institutional, state, and 

federal guidelines. Studies were conducted in accordance with ethical principles outlined in 

The Belmont Report and the Report of the National Commission for the Protection of 

Human Subjects of Biomedical and Behavioral Research.

Study design and patients

NRG Oncology/GOG designed and conducted this 3+3 design phase I dose escalation study. 

Eligible patients were women from 29 sites in the U.S. with newly diagnosed, histologically 

confirmed locally advanced CC FIGO stages IB2/IIA with positive para-aortic lymph nodes 

(PALN) or FIGO stages IIB/IIIB/ IVA with positive pelvic- and/or PALN (10). Nodal status 

was confirmed by PET/CT scan, fine needle biopsy, extraperitoneal biopsy, laparoscopic 

biopsy, or lymphadenectomy. Per standard of care for this population, patients were treated 

with 6 weekly doses of platinum-based chemotherapy (cisplatin, intravenous, 40 mg/m2) 

concurrent with extended field RT (EFRT), an involved nodal RT boost, and intracavitary 

brachytherapy. Two to 6 weeks after completing CRT, patients with no evidence of disease 

progression on diagnostic CT of the chest, abdomen, and pelvis initiated ipilimumab 

(Yervoy®, provided by Bristol-Myers Squibb) intravenously every 21 days for 4 doses. Two 

dose levels of ipilimumab, 3mg/kg (DL1) and 10mg/kg (DL2), were studied to identify the 

maximum tolerated dose (MTD). No reductions in DL were necessary and 10mg/kg was 

advanced to the expansion cohort as the MTD. Clinical responses were defined by the 

immune Response Evaluation Criteria in Solid Tumours (irRECIST version 1.1) (11), as 

evaluated by exam and by PET/CT or CT 3 months post adjuvant immunotherapy. 

Feasibility, safety, and clinical efficacy outcomes are reported elsewhere (12).

HPV and HLA genotyping

Cervical cells were collected via cervical swab prior to any treatment using the Digene 

Cervical sampler (Qiagen, Valencia, CA). HPV genotyping on genomic DNA was 

performed using the INNO-LiPA HPV Genotyping Extra kit (Innogenetics, Seguin, TX). 

Low-resolution DNA typing for HLA-A2 was performed for all patients using standard 

endpoint PCR or by flow cytometry of isolated white blood cells using a fluorochrome 

conjugated anti-HLA-A2 antibody (BD Biosciences, Franklin Lakes, NJ). For patients 

testing positive for HLA-A2, high-resolution genotyping was performed by PCR to provide 

allele level typing at the HLA-A2 locus with the A*02 SSP UniTray Kit (Life Technologies, 

Carlsbad, CA).
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Immune subset and functional marker analysis

Whole blood was drawn by venipuncture into ACD-A-containing blood tubes prior to CRT, 

2-6 weeks post-CRT when CRT-associated toxicities resolved but pre-ipilimumab treatment, 

and 2 weeks post-ipilimumab treatment. Blood from each participating center was shipped 

overnight (on the day of sample collection) to a central lab (USC Beckman Center for 

Immune Monitoring) for processing, storage, and immunoassay testing. Peripheral blood 

mononuclear cells (PBMC) were isolated over a Ficoll-paque density gradient, 

cryopreserved, and stored in vapor phase liquid nitrogen prior to batch testing. After 

thawing, PBMC were stained with antibodies for human CD3 (OKT3), CD4 (OKT4), CD8 

(RPA-T8), CD25 (BC96), CD45RO (UCHL1), CD62L (DREG-56), CD127/IL-7Rα 
(A019D5), CD137/4-1BB (4B4-1), CD197/CCR7 (G043H7), CD278/ICOS (C398.4A), 

FoxP3 (206D), CD152/CTLA4 (L3D10), CD279/PD-1 (EH12.2H7), and Zombie Aqua live/

dead exclusion dye (all from Biolegend, San Diego, CA) for multiparameter flow cytometric 

analysis. Data were acquired on a BD FACS Canto II cytometer and analyzed with FlowJo 

software version 10.5 (BD Biosciences). Live cells in the lymphocyte gate (by forward/side 

scatter) were included in the analysis. T cell subsets were quantified as a percentage of the 

total lymphocyte population. Activation marker expression was quantified as the percentage 

of cells expressing a particular marker within a certain T cell subset (CD4+ or CD8+ T 

cells). Appropriate isotype control antibodies and fluorescence-minus-one control stains 

were used to set flow gating strategies.

IFNγ Enzyme-linked immunospot (ELISpot) assay

Fifteen amino acid long peptides overlapping by eleven spanning the entire open reading 

frames of HPV16 E6/E7 and HPV18 E6/E7 were purchased from New England Peptide 

(Gardner, MA). Peptides were purified by HPLC to >80%. Cryopreserved PBMC were 

quickly thawed and resuspended in RPMI-1640 supplemented with 10% pre-qualified fetal 

bovine serum (Omega Scientific, Tarzana, CA), 2 mM L-Glutamine, 50 μg/ml gentamycin, 

1mM sodium pyruvate, 2mM non-essential amino acids, 50 μM 2-mercaptoethanol, and 10 

U/mL Benzonase nuclease (Millipore Sigma). Cells were “rested” in 37°C, 5% CO2 

incubator for 2 hrs to remove dead or apoptotic cells, then transferred to a 24-well plate in 

the presence or absence of 5 μg/mL of HPV E6 or HPV E7 peptides combined in pools. 

After 4 days, cells were harvested, washed, rested, counted, and plated in four replicate 

wells of a sterile 96 well plate pre-coated human IFNγ ELISpotPLUS plate (Mabtech 

3420-4APT-10). PHA-L (Sigma, St. Louis, MO) was added at a final concentration of 

5μg/mL to positive control wells. After 18 h incubation (37°C, 5% CO2), cells were removed 

by washing and assay performed per the manufacturer’s recommendations. Spots were 

imaged and counted using the automated computer-assisted video-imaging KS ELISPOT 

analysis system (Carl Zeiss, Thornwood, NY). The number of peptide-specific spots was 

calculated by subtracting the mean number of spots from medium control wells from the 

mean number of spots from experimental wells and normalizing to spots per million PBMC. 

Positive response wells fit the pre-specified cut-point of 50 IFNγ-secreting cells per million 

PBMC. A treatment-induced antigen-specific response was defined as a 2-fold increase over 

the baseline response.
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Cytokine studies

Plasma was separated from whole blood within 2 hours of receipt and stored at −80°C until 

measurement with no freeze-thaw cycles. Circulating cytokine measurements were assayed 

using the Luminex multiplexing cytokine suspension array technology. Measurements of 

plasma interleukin (IL)-1β , IL-2, IL-4, IL-5, IL-6, IL-7, IL-8/CXCL8, IL-10, IL-12p70, 

IL-13, tumor necrosis factor alpha (TNFα), IFNγ, and GM-CSF were analyzed using a 

MilliPlex MAP human high sensitivity cytokine 13-plex panel (MilliporeSigma, St. Louis, 

MO). Transforming Growth Factor (TGF) β1 was measured using a MillipPlex MAP TGFβ 
1,2,3 magnetic bead kit (MilliporeSigma). Plates were read on a Bio-Plex 200 System using 

Bio-Plex Manager software version 6.0 (BioRad, Hercules, CA). Five parameter logistic 

regression algorithms were used to determine cytokine concentrations based on provided 

cytokine standards and averages from triplicate wells.

Statistical analyses

Statistical tests for laboratory-generated data used a 0.05 two-sided significance level, 

adjusted for multiple comparisons where appropriate, using GraphPad Prism software v8.2.0 

(GraphPad Software Inc., San Diego, CA). Immune subset flow cytometry and cytokine data 

were analyzed using a Mixed-effects analysis, with the Geisser-Greenhouse correction for 

any missing data, followed by the Tukey’s multiple comparisons test, with individual 

variances computed for each comparison. Data correlated to objective tumor responses were 

analyzed using an unpaired Mann-Whitney U test per individual comparison. Changes in 

biomarker expression relative to PFS and OS were analyzed using Cox proportional hazards 

regression models adjusted for baseline values (SAS software version 9.4, Cary, NC), and 

effect size was expressed with hazard ratio (HR) and 95% confidence interval (CI).

Availability of data and materials

All data generated or analyzed during this study are included in this published article (and its 

supplemental files).

Results

Patient characteristics

From December 2012 to September 2016, 34 patients were enrolled; the safety, efficacy, and 

adverse events were previously reported (12). Twenty-six patients with biospecimens from 

≥2 time points were evaluable for translational endpoints with 20 patients having specimens 

at all three time points. Twenty-one patients (81%) were treated according to protocol and 

received at least 2 cycles of sequential ipilimumab and were therefore evaluable for all study 

endpoints. Five patients who were not allocated to receive ipilimumab, but who received 

CRT and from whom we were able to collect a blood sample post-CRT are included in the 

intent-to-treat (ITT) cohort. Patients in the ITT cohort were not eligible to receive 

ipilimumab if CRT-related toxicities did not resolve to ≤ grade 1 within the allowable 2-6 

week window or if they experienced disease progression. Demographic and clinical data of 

patients are shown in Table 1.
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HPV genotype and HLA-A*0201 status

The HLA-A2 allele family is the largest and most frequently found allele in many ethnic 

groups, predominated by HLA-A*0201 (13). The HLA-A*0201-restricted immune response 

is the most commonly studied subtype for which defined CD8+ T cell MHC epitopes have 

been defined for HPV16 and HPV18 E6 and E7 (14-16). Thirty-five percent of overall 

patients expressed HLA-A*0201 (Table 1), consistent with the prevalence of this allele in 

various ethnic populations, ranging from 35-50% (13). HPV16 was found in 13 (50%) 

patients and HPV18 was found in 4 (15%) patients (Figure 1). Other high-risk HPV 

genotypes were found in the remaining 9 patients. In 7 patients, more than one high-risk 

HPV was detected, as might be expected from a cervical swab sampling (17). These type 

attributions are consistent with the genotype prevalence in CC reported in other studies (18).

CD4 and CD8 T cell activation following chemoradiation therapy and ipilimumab treatment

To investigate the pharmacodynamic effects of CRT and sequential ipilimumab on the 

frequency and activation of T cell subsets, PBMC from pre-treatment, post-CRT, and post-

ipilimumab treatment were analyzed by flow cytometry. Frequencies of CD8+ T cells, CD4+ 

T cells, Tregs, and expression of the T cell activation/exhaustion markers inducible T cell 

costimulatory (ICOS), CD137 (4-1BB), and programmed cell death 1 (PD-1) were 

enumerated. There was a significant decline in the frequency of CD4+ T cells post-CRT 

compared to baseline, which did not completely recover post-ipilimumab treatment (Figure 

2a). Although the frequencies of CD8+ T cells appeared to increase post-CRT in some 

patients and return to baseline, the median differences were non-significant (Figure 2a). The 

frequency of Tregs increased marginally over the course of CRT and iplimumab treatment, 

although the ratios of CD8+ T cells to Tregs at each time point did not change significantly 

(Figure 2b).

ICOS, PD-1, and C137 expression are all inducible upon T cell activation. ICOS is a protein 

homologous to CD28 and CTLA-4, which functions to co-stimulate T cell proliferation and 

cytokine production (19). There were significant increases in ICOS expression on CD4+ T 

cells from baseline to post-CRT, with further increases post-ipilimumab (Figure 2c). 

Furthermore, ICOS expression of CD8+ T cells increased significantly post-ipilimumab 

compared to baseline. PD-1 expression was similarly significantly increased on CD4+ and 

CD8+ T cells after CRT and high levels were sustained post-ipilimumab (Figure 2c). A high 

percentage of the T cells expressing ICOS also co-expressed PD-1, an inhibitory molecule 

which provides a regulatory feedback mechanism to control the immune response. Notably, 

the increased expression of immune activation markers on T cells prior to any ipilimumab 

suggests that CRT alone has a significant effect on lymphocyte activation resulting in 

priming of the immune system. CD137, a TNF-receptor superfamily member, also known as 

4-1BB, is induced upon T cell activation and provides signals for proliferation, enhanced 

IL-2 production and inhibition of apoptosis (20). Changes in CD137 expression, although 

increased in some patients following CRT, were not consistently upregulated among all 

patients (Figure 2c).

Changes in frequencies of T cell subsets and expression markers from baseline to post-CRT 

were compared among patients who experienced an objective tumor response during the 
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study observation period, separating patients into two response groups: complete response 

(CR) and partial response (PR) vs. stable disease (SD) and progressive disease (PD). 

Changes in the overall frequencies of CD4+ and CD8+ T cells from baseline to post-CRT 

visits were not associated with objective tumor response (Supplementary Figure S1a). 

Changes in expression of ICOS, PD-1, and CD137 on CD4+ T cells and CD8+ T cells were 

also not significantly associated with objective tumor response, although ICOS expression 

on CD4+ T cells did appear to trend higher in patients with a CR/PR (Supplementary Figure 

S1b, c). There were no significant differences noted in immune markers among patients who 

received ipilimumab at the MTD of 10 mg/kg for 4 cycles versus those with reduced dose 

intensity (3 mg/kg or < 4 cycles) (Supplementary Figure S2).

In addition to the above selected immunological biomarkers, we also measured CD4+ and 

CD8+ naïve, effector, and memory T cell subsets. Expansion of CD4+ effector memory 

(Tem; CD62L-/CD45RO+) and central memory (Tcm; CD62L+/CD45RO+) T cells was 

significantly increased post-CRT compared to baseline with further expansion post-

ipilimumab treatment, and a concomitant decrease in the naïve (CD62L+/CD45RO-) CD4+ 

T cell population (Figure 3a). Similar expansion of the CD8+ Tem and Tcm subsets and 

decrease in naïve CD8+ T cells were observed (Figure 3b). Changes in median overall 

effector T cell populations (Teff; CD62L-/CD45RO-) were not significant between time 

points. These variables failed to show statistically significant associations with objective 

tumor response, although we did observe increases in the CD4+ Tem population and greater 

decreases in naïve T cells in the clinical responders (Supplementary Figure S3). Collectively, 

these results indicate that CRT by itself stimulates T cell activation in patients with CC, even 

as absolute numbers of leukocytes decrease from cisplatin-based therapy, and this immune 

activation is sustained throughout adjuvant CTLA-4 blockade.

Each measured immune biomarker parameter at each time point was correlated to both PFS 

and OS using adjusted Cox proportional hazards models. Additionally, two change variables 

were considered to characterize the kinetics of the immune response with the different 

treatment modalities: (i) the change from baseline to post-CRT value, and (ii) the change 

from post-CRT to post-ipilimumab value. Only significant associations are reported. There 

was significant correlation of increases in activated CD4+ T cells expressing ICOS and PD-1 

with PFS (HR 0.806, 95% CI 0.650-0.999, p=0.049; Figure 4) and similarly with OS (HR 

0.705, 95% CI 0.508-0.978, p=0.036; Supplementary Figure S4) over the 1-year observation 

period, suggesting that greater immune activation is associated with lower risk of 

progression and death over time.

Circulating cytokine response to therapy

Cytokines produced by immune cells are key players in controlling immune responses to 

cancer through both tumor-promoting and/or tumor-suppressing properties. To investigate 

whether CRT and sequential ipilimumab-induced changes in circulating cytokines, we 

evaluated a set of 14 cytokines comprising different functional groups using a Luminex-

based multiplexing immunoassay. Cytokines tested were growth factors (GM-CSF, IL-7), 

proinflammatory cytokines (TNFα, IL-1β, IL-6, IL-8), CD4+ T helper type 1 (Th1)-

associated cytokines (IL-2, IL-12p70, IFNγ), CD4+ T helper type 2 (Th2)-associated 
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cytokines (IL-4, IL-5, IL-13), and immunosuppressive cytokines (IL-10, TGFβ1). 

Significant decreases were observed in GM-CSF, IL-2, IL-4, IL-5, IL-7 and TGFβ1 levels 

between baseline and post-CRT (Supplementary Figure S5), likely due to myelosuppression 

as a result of CRT. Changes in median values of IFNγ, TNFα, IL-1β, IL-6, IL-8, IL-10, 

IL-12p70, and IL-13 were not statistically different between baseline, post-CRT, and post-

ipilimumab treatment. Absolute levels of baseline and post-CRT cytokines did not correlate 

with objective tumor response (Supplementary Figure S6). TGFβ1 levels were high in all 

patients whether they exhibited an objective tumor response or not. However, increased 

levels of the inflammatory cytokines TNFα, IL-6, and IL-8 from baseline to post-CRT were 

significantly and independently correlated to PFS (Figure 4) and OS (Supplementary Figure 

S4) with high IL-6 levels contributing the highest risk, suggesting that greater increases in 

systemic inflammation post-CRT are associated with risk of progression and death over 

time.

Detection of HPV genotype-specific T cell responses

After observing the significant effect that CRT and CTLA-4 blockade had on activating both 

CD4+ and CD8+ T cells and expanding the Tcm and Tem memory subsets, we next 

examined whether we could detect increases in functional HPV-specific T cell responses 

either post-CRT or post-ipilimumab treatment. We hypothesized that CRT-induced tumor 

cell death would release HPV tumor antigens, namely the E6 and E7 oncoproteins, into the 

tumor environment, which in combination with immune danger signals would prime and 

activate tumor antigen-specific T cells. Long overlapping peptide pools representing the 

E6/E7 antigens from the HPV16 or HPV18 genotypes were used to stimulate PBMC 

samples at each time point from patients who were HPV16- or HPV18-positive at baseline. 

Functional E6/E7 antigen-specific T cells were enumerated through an IFNγ ELISpot assay. 

The presence of HPV-specific T cells of each patient varied with respect to presence and 

magnitude of response. Among the eight HPV16+ patients from whom sufficient PBMC 

were available for the assay, only one patient (patient no. 15) demonstrated pre-existing 

HPV16-specific T cells at baseline (Figure 5). There was a small, but non-statistically 

significant increase post-CRT which was not sustained during the CTLA-4 blockade. No 

other HPV16+ patients demonstrated E6/E7-specific T cell responses at any of the time 

points. In the three HPV18+ patients tested, two showed a pre-existing response to HPV18 

E6/E7 antigens (Figure 5). The third patient did not have sufficient cell recovery at baseline 

to test. Two of the HPV18+ patients showed high levels of HPV18-specific T cell responses 

post-CRT (in one patient at least 2-fold over baseline). The small patient numbers in this 

study preclude any reliable correlation of HPV-specific responses to clinical outcomes. 

However, it is noteworthy that the two HPV18+ high responding patients demonstrated 

positive objective tumor responses, whereas the patient with the low T cell response (patient 

no. 7) developed progressive disease. As none of the patients with positive HPV-specific 

responses were also HLA-A*0201+, we were unable to explore T cell responses to known 

HLA-A*0201-restricted epitopes in more detail to specifically examine HPV-specific CD8+ 

T cell activation and exhaustion cell marker expression over the course of treatment.
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Discussion

Virtually all cervical cancers arise from persistent infection by high-risk HPVs with cellular 

transformation occurring as a consequence of E6 and E7oncogene expression (21). There is 

abundant evidence that HPV infection can be controlled by the immune system even with its 

multiple immune evasion strategies, and further, that HPV-transformed cells can be targeted 

and cleared by HPV oncogene-specific cytotoxic T lymphocytes (CTLs) (22-24). As a 

virally-driven cancer, there is significant interest in the role of immunotherapy and ICB as 

new treatment paradigms for CC (25,26). To our knowledge, this is the first longitudinal 

description of clinical immune biomarkers over the course of multimodality treatment 

including ipilimumab ICB for treatment-naïve, high risk locally advanced CC. We report on 

the HPV-specific response and immune activation status at baseline prior to any treatment, 

after CRT, and after ipilimumab in order to help inform how CLTA-4 blockade may be used 

with standard of care treatment or in future CTLA-4 immune therapy combinations.

The ability to longitudinally assess immune biomarkers to predict which patients are more 

likely to recur after standard of care treatment would represent a significant clinical advance. 

Prior reports have indicated that analysis of peripheral immune cell subsets prior to initiation 

of immunotherapy has the potential to predict, with statistical significance, those patients 

most likely to achieve clinical benefit (27-29). Upregulation of the T cell-costimulatory 

molecule ICOS has been shown to be a consistent pharmacodynamic marker of CTLA-4 

blockade in pre-clinical models and in patient clinical trials (30-33). In the absence of ICOS/

ICOSL pathway stimulation, efficacy of CTLA-4 blockade is severely diminished (34). 

Consistent with previous studies, we found ICOS expression to be significantly upregulated 

in our patient population treated with ipilimumab, supporting its known biological 

mechanism of action. Interestingly, ICOS and PD-1 expression were induced by CRT alone, 

supporting the view that radiotherapy induced immunogenic cell death in these patients 

results in the potential activation of tumor-directed T cells. Previous reports with 

chemotherapy alone have shown little effect on immune parameters, including ICOS and 

PD-1 expression, in PBMCs (33). In the CD4+ T cell population, ipilimumab further 

increased and sustained ICOS expression 14-20 weeks after CRT was administered when the 

final blood samples were taken. We also noted significant expansions in both the Tem and 

Tcm memory T cell populations in both CD4+ and CD8+ subsets despite the fact that 

overall frequencies of CD4+ and CD8+ T cell subsets either remained stable or even 

decreased over the course of treatment.

Several studies report that the CD4+ICOShigh subset is most significantly increased and 

possibly associated with clinical benefit after ipilimumab administration (31,35). In this 

study, baseline to post-CRT increases in the CD4+ICOS+ and CD4+ICOS+PD-1+ subsets 

were significantly correlated to overall PFS and OS over the 1-year observation period, 

confirming an association with clinical benefit as seen in other cancers. Unlike findings 

reported by Tang et. al. who observed clinical benefit associations with CD8+ T cells 

expressing CD137 (4-1BB) and PD-1 after combined ipilimumab and stereotactic ablative 

radiation (36), we did not see any clinical associations with upregulated CD137 or PD-1 

expression on either CD4+ or CD8+ T cells.
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The presence of increased frequencies of Tregs has been associated with poor outcomes in 

patients with HPV-related cancers, including CC (37). In preclinical models, optimal 

efficacy of CTLA-4 blockade was achieved through the synergistic effects of enhanced 

effector T cell function and blocking Treg activity (38). Although the median percentage of 

Tregs increased post-CRT in this study, the ratio of CD8+ T cells:Tregs did not change 

significantly. As a result, the significance of greater increases in Tregs in patient responders 

is unclear, given that they also likely had expansions in the CD8+ population. Studies to date 

have reported inconsistent ipilimumab- or tremelimumab-induced changes in peripheral 

Tregs, supporting the notion that intratumoral Tregs may be more biologically relevant (35). 

Indeed, frequencies of Tregs during CTLA-4 blockade may be less important than their 

function, as it has been shown that in tremelimumab-treated melanoma patients, 

CD4+CD45RO+ memory T cells developed a resistance to the suppressive function of Tregs 

(39). Differences between our observations and others could also be attributed to the cancer 

type, the sequencing and type of treatment (neoadjuvant vs. concurrent vs. adjuvant 

therapy), or the timing of peripheral sampling.

We hypothesized that those patients with measurable pre-treatment levels of HPV-specific T 

cells may represent a patient subgroup that has an immune system primed with already-

activated tumor-specific T cells. In addition, we also hypothesized that the magnitude of 

change in the levels of HPV-specific T cells between the pre-treatment time point and the 

pre-ipilimumab time point (when CRT has been on-going) may predict an increased 

likelihood of response to ipilimumab treatment due to a rigorous activation of HPV-specific 

T cells from CRT alone. We were able to detect HPV-specific T cells above our cutoff 

threshold from two patients prior to any treatment. These occasional responses correlate 

with earlier observations in patients with HPV16+ cervical lesions (40). Both of these 

patients experienced an expansion in those cells as a result of CRT. A third patient displayed 

a high level of HPV-specific T cells post-CRT; however, we were not able to examine her 

baseline sample due to poor sample quality. After ipilimumab treatment, the frequency of 

HPV-specific T cells declined in two of three patients, which could either be explained by 

the natural immune contraction of this population or alternatively, cells may have left the 

periphery and trafficked to sites of residual tumor. Future analysis of T cell expansion to CC 

neoantigens may also prove to be informative, since both viral and non-viral antigens can be 

important for T cell-mediated regression of CC (24). Information from these types of studies 

may be used not only retrospectively, but more importantly, carry the possibility of 

determining, prior to immune-modulating therapy, who may best respond to such therapeutic 

strategies.

Soluble immune mediators, such as cytokines, have been shown to be important players in 

both the initiation and progression of cancer through their tumor-promoting properties (41). 

Elevated levels of circulating TNFα, IL-1β, IL-6, IL-8, IL-10, and TGFβ in cancer patients 

are associated with more aggressive cancers and poorer outcomes (42). In our study, we 

found that elevated levels of TNFα, IL-1β, IL-6, and IL-8 post-CRT were associated with 

worse clinical outcomes (PFS and OS), perhaps suggesting that sustained high levels of 

these tumor-promoting cytokines could indicate risk of progression or recurrence after 

primary treatment. ITT patients were included in the analysis since at the time of post-CRT 

sampling, neither ITT nor PP patients had received ipilimumab.
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There are several limitations to our study. Evaluation of clinical efficacy and translational 

biomarkers was meant to be descriptive and hypothesis-generating given the small number 

of patients on this phase I trial with follow-up restricted to just 1 year. Although all 34 

patients had a baseline blood sample drawn, we limited the detailed immunological analysis 

to the 26 patients from which we had at least one follow-up blood sample. Our overall 

attrition rate for the study was 38% (13 of 34 who did not continue to ipilimumab), but all of 

the attrition was due to reasons unrelated to ipilimumab toxicity, such as not meeting 

inclusion criteria, not adhering to treatment, cisplatin allergy, unresolved toxicity following 

CRT, withdrawal of consent, or progression of disease after CRT (12). Patients who were 

ineligible to receive ipilimumab went off study and were not followed given the primary 

objectives of the study nor asked to provide follow-up blood samples for exploratory 

endpoints at the same time point as patients who received ipilimumab. Therefore, we were 

unable to assess post-CRT outcomes in ipilimumab-untreated patients to attribute any long 

term immune related changes in those treated with CRT alone vs. those patients treated with 

CRT and ipilimumab combined. In addition, RT can change the tumor microenvironment, 

and it would have been interesting to determine the acute and late effects of RT on the TME 

(3). While we report here associations of immune biomarkers with PFS and OS that were 

found to be significant, we acknowledge that our small sample size limits the precision of 

the Cox models due to limited events within our short evaluation time frame. Clinical 

variables were not adjusted for in the analysis, also due to limited number of events. There 

were 7 PFS events and 4 OS events within our study population (PP and ITT combined). 

Inclusion of the ITT group allowed us to look at more events when evaluating the 

immunological change from baseline to post-CRT, which was valuable in itself to investigate 

the effects of CRT since neither group had received any ipilimumab yet. Based on Kaplan-

Meier estimates for the PP patients only, 12-month PFS was 81% and 12-month OS was 

90% in our PP group; medians of neither end point were reached as previously reported (12). 

As with most phase I studies, a larger and ideally randomized trial would be needed to 

further explore immunotherapy and CRT in the definite setting and confirm our findings 

presented here.

The optimal timing of administration of ipilimumab immunotherapy with RT or CRT 

remains unanswered. In order to promote synergistic effects of CRT and ICB, these 

therapeutic modalities need to be given in a sequence relative to their proposed biological 

action. To reduce the potential cumulative toxicities of CRT with concurrent ICB, 

ipilimumab was administered post-CRT to not interfere with standard therapy. The decision 

to administer ipilimumab post-CRT was also made due to the significant lymphopenia that 

was expected as a result of the CRT as used in this study. Although absolute lymphocyte 

count (ALC) and myeloid cell counts were not collected as an outcome measure in this 

study, no patients receiving the 3 mg/kg ipilimumab dose had grade 3 toxicity of ALC or 

neutrophil count (12). In the 10 mg/kg dose group, 2 patients experienced a grade 3 ALC 

decrease and 1 patient experienced a grade 3 neutrophil count decrease (12). Recent data 

suggests that CTLA-4 blockade works more effectively at the time of antigen presentation 

and T cell priming that occurs in lymphoid tissues. This is in contrast to blocking the 

PD-1/PD-L1 axis which involves inhibiting tumor-induced immunoregulation of infiltrating 

T cells where PD-L1 is expressed in peripheral tissues (43). The presence and composition 
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of immune infiltrate or “immunoscore” in tumors has been shown in some cases to be an 

important predictor of clinical benefit regardless of the treatment modality (44,45). In this 

study, pre-treatment biopsies were not required, therefore we were unable to examine tumor 

PD-L1 expression or other tumor-associated biomarkers that might have proven to be 

informative.

Our study results are relevant to clinical trial design in locally advanced CC. Our data 

suggests that multimodality therapy can indeed increase immunogenicity. Due to the 

observation that CRT increases PD-1 expression on CD4+ and CD8+ T cells, 

immunotherapy such as checkpoint blockade that targets the PD-1/PDL-1 axis may further 

enhance the response in patients who already have favorable outcomes. Clinical trials in 

metastatic and recurrent CC have shown that PD-1/PD-L1 blockade is well-tolerated and 

shows anti-tumor effects. Keynote-028 evaluated pembrolizumab at a dose of 10 mg/kg and 

demonstrated an overall response rate of 17% (95% CI: 5 to 37%) (46). Keynote-158 

evaluated pembrolizumab at a dose of 200 mg/kg and demonstrated an overall response rate 

of 14.6% (95% CI: 7.8 to 24.2%) in patients with PD-L1-positive tumors (47). On the latter 

trial’s basis, pembrolizumab was granted accelerated FDA approval to patients with 

advanced PD-L1-positive CC whose disease progressed during or after chemotherapy. The 

Checkmate-358 study evaluated nivolumab at a dose of 240 mg every two weeks in 

recurrent/metastatic cervical, vaginal, or vulvar cancers and showed an overall response rate 

of 26.3% (95% CI: 9.1 to 51.2%) for CC (48). Ipilimumab has been tested in women with 

metastatic CC with disease recurrence after ≥ 1 line of prior chemotherapy. In that study, 

Lheureux et. al. showed that ipilimumab for patients with metastatic and recurrent CC was 

safe and toxicities were manageable, however the study did not meet its primary endpoint 

and ipilimumab had limited single agent activity (49). Improved response rates in CC could 

be achieved if ipilimumab is combined with a PD-1/PD-L1 mAb, as has been shown in 

advanced melanoma where combination checkpoint inhibitors showed better long-term 

efficacy compared to each single-agent group (50).

In the era of personalized medicine, emphasis is placed on determining which patients will 

derive maximal benefit from therapy to decrease non-responder toxicity and futile 

treatments. The data from this study contribute to the understanding of the immune 

regulation of CC, response to CRT, and immunotherapy. Knowledge of the 

immunotherapeutic effects of ICB has the potential to identify relevant biomarkers that may 

either predict response or enrich the patient population for those who are most likely to 

benefit from future combined immunotherapy strategies.
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Translational Relevance

Systematic monitoring of select immune biomarkers may offer insight into 

complementary mechanisms of action of immunotherapies and traditional treatments 

(e.g., chemoradiation, CRT), and may guide how best to design rational immune-

modulating combinations. This study provides detailed immune profiling in newly 

diagnosed women with locally advanced cervical cancer who received CRT and 

sequential ipilimumab. Our findings demonstrate that CRT is by itself immune 

stimulating and induces T cell activation, including in some cases, of HPV oncogene-

specific T cells. Addition of ipilimumab was able to sustain and, in the CD4+ T cell 

population, enhance T cell activation including expression of ICOS and PD-1. Our data 

suggest that ipilimumab after CRT may be able to strengthen the antitumor response to 

cervical cancer. Together with PD-1/PD-L1 inhibitors, this potential combination may 

provide a desirable immunological boost to patients at high risk for disease recurrence.
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Figure 1. Represented high-risk HPV types in patients enrolled in GOG9929.
Sampling of the cervix of each subject at baseline was performed to determine probable 

HPV genotype of the cervical cancer. Isolated genomic DNA was tested in the INNO-LiPA 

HPV Genotyping Extra assay. Shown is the number of cases detected for the listed high-risk 

HPV genotypes. Seven patient samples were positive for more than one HPV type. HPV16 

and HPV18 were the most frequently detected HPV genotypes in this patient population.
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Figure 2. Circulating T cell subsets and expression of immune activation markers.
PBMC subsets and expression of T cell activation markers were assessed in all evaluable 

patients (PP and ITT) with a baseline (pre-CRT) sample, a post-CRT sample, and a post-

ipilimumab sample (in PP patients) by multi-parameter flow cytometry. (A) Percentages of 

CD4 and CD8 T cells are shown. (B) Percentage of Tregs and ratio of CD8:Tregs is shown. 

(C) For activation marker expression, the percentage change from baseline is shown. 

Response is color coded for recurrence-free censored patients (black symbols) versus 

patients with disease recurrence during the follow-up period (red symbols). *p<0.05, 

**p<0.01, ***p<0.001, ****p<0.0001, ns, non-significant (Mixed-effects analysis followed 

by the Tukey’s multiple comparisons test).
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Figure 3. Changes in circulating T cell memory subsets post CRT and ipilimumab treatment.
(A) Percentage change from baseline in CD4+ T cell memory subsets. (B) Percentage 

change from baseline in CD8+ T cell memory subsets. Percentages were calculated from 

CD3+CD4+ or CD3+CD8+ gated lymphocytes. Response is color coded for recurrence-free 

censored patients (black symbols) versus patients with disease recurrence (red symbols). 

*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001, ns, non-significant (Mixed-effects analysis 

followed by the Tukey’s multiple comparisons test).
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Figure 4. Association of changes in immune biomarkers with progression-free survival.
Increased changes (baseline to post-CRT values) in immune parameters were related to PFS 

using adjusted Cox proportional hazards models, with each variable fit in individual model 

adjusted for baseline value. Figure shows hazard ratios with 95% confidence intervals (lower 

limit, upper limit) and associated p-values for statistically significant associations found for 

immune activation markers and plasma cytokines. Expansion of the CD4+ICOS+ and 

CD4+ICOS+PD-1+ subsets post-CRT are associated with lower risk of progression while 

increases in inflammatory cytokines TNFα, IL-6, and IL-8 post-CRT are associated with 

higher risk of tumor progression. Nineteen PP and five ITT patients were included in 

immune phenotyping analysis. Twenty-one PP and five ITT patients were included in 

cytokine analysis.
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Figure 5. HPV16 or HPV18-specific T cell responses detected by IFNγ ELISpot assay.
HPV-specific T cell responses were detected at baseline, post-CRT and post-ipilimumab 

from a subset of evaluable patients who tested positive for either HPV16 or HPV18 at 

baseline. Shown is the number of IFNγ-secreting protein-specific T cells (in spots per 

million PBMC) responding to either E6 or E7 peptides from each HPV genotype. Sample 

time points labeled “nd” were not tested due to insufficient cell numbers or quality recovered 

post-PBMC thaw. The dotted horizontal line indicates the threshold for a positive response 

(> 50 IFNγ-secreting cells per million PBMC) based on assay sensitivity. Samples labeled 

with an asterisk indicate significant increases in HPV-specific T cells ≥ 2-fold over baseline.
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Table 1.

Patient characteristics for immune and viral correlate analysis

Characteristic

Per Protocol

(PP) (N=21)
a

Intent To Treat

(ITT) (N=5)
b

Total
Evaluable
(N=26) P-values

c

Median age, years (range) 48 (34-62) 51 (26-56) 49 (26-62) 0.79

Race, N (%)

 White 14 (67) 4 (80) 18 (69)

1.00
 African American 4 (19) 1 (20) 5 (19)

 Asian 2 (9) 0 (0) 2 (8)

 Other 1 (5) 0 (0) 1 (4)

Ethnicity, N (%)

 Non-Hispanic 14 (67) 4 (80) 18 (69)
1.00

 Hispanic 7 (33) 1 (20) 8 (31)

Histology, N (%)

 Squamous cell carcinoma 19 (90) 4 (80) 23 (88)

0.49 Adenosquamous 1 (5) 0 (0) 1 (4)

 Adenocarcinoma 1 (5) 1 (20) 2 (8)

Lymph node involvement, N (%)

 Pelvic 15 (71) 3 (60) 18 (69)
0.63

 Pelvic and Para-aortic 6 (29) 2 (40) 8 (31)

FIGO
d
 Stage, N (%)

 1B 3 (14) 1 (20) 4 (15)

0.69

 IIA 1 (5) 1 (20) 2 (8)

 IIB 11 (52) 2 (40) 13 (50)

 IIIB 5 (24) 1 (20) 6 (23)

 IVA 1 (5) 0 (0) 1 (4)

HLA-A*0201 status, N (%)

 Positive 8 (38) 1 (20) 9 (35)
0.63

 Negative 13 (62) 4 (80) 17 (65)

Ipilimumab Dose Level, N (%)

 3 mg/kg 3 (14) 0 (0) 3 (12)
1.00

 10 mg/kg 18 (86) 5 (100) 23 (88)

Ipilimumab Doses, N (%)

 2 3 (14) 0 (0) 3 (14)
<0.001

 4 18 (86) 0 (0) 18 (86)

a
PP patients received CRT and ≥ 2 doses ipilimumab

b
ITT patients received CRT only

c
Comparing PP patients vs. ITT patients, using the Wilcoxon rank sum test and Fisher’s exact test where appropriate

d
FIGO, International Federation of Gynecology and Obstetrics
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