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IMPORTANCE Based on evidence of human papillomavirus (HPV)–induced immune evasion,
immunotherapy may be an attractive strategy in cervical cancer. Ipilimumab is a fully
humanized monoclonal antibody that blocks cytotoxic T-lymphocyte antigen-4 (CTLA-4),
which acts to downregulate the T-cell immune response.

OBJECTIVE To assess the safety and antitumor activity of ipilimumab in recurrent cervical
cancer.

DESIGN, SETTING, AND PARTICIPANTS A multicenter trial was designed for patients with
metastatic cervical cancer (squamous cell carcinoma or adenocarcinoma) with measurable
disease and progression after at least 1 line of platinum chemotherapy. A run-in safety cohort
using ipilimumab, 3 mg/kg, every 21 days for 4 cycles in 6 patients was followed by a phase II
cohort of ipilimumab, 10 mg/kg, every 21 days for 4 cycles and then 4 cycles of maintenance
therapy every 12 weeks for patients demonstrating radiologic response or stabilization.
Immune correlative studies were performed on peripheral blood before and after therapy on
archival tissue and fresh tumor obtained prior to registration and 7 days after cycle 2. The
study was conducted from December 3, 2012, to September 15, 2014. The data were
analyzed from April 2016 to June 2016 and in July 2017.

MAIN OUTCOMES AND MEASURES The primary end points were safety and objective response
rate. Immune analyses were performed on blood and tumor tissue.

RESULTS A total of 42 women (median age, 49 years; range, 23-78 years) were enrolled (29
[69%] squamous cell cervical cancer and 13 [31%] adenocarcinoma; 37 [93%] of 40 patients
with tissue available for analysis had HPV-positive confirmation; there was no archival tissue
for 2 women). Grade 3 toxic effects included diarrhea in 4 patients, 3 of whom had colitis. Of
34 patients evaluated for best response (Response Evaluation Criteria in Solid Tumors,
version 1.1), 1 patient had partial response and 10 had stable disease. The median
progression-free survival and overall survival were 2.5 months (95% CI, 2.1-3.2 months) and
8.5 months (95% CI, 3.6-not reached; 1 patient was still alive), respectively. Intratumoral
pretreatment CD3, CD4, CD8, FoxP3, indoleamine 2,3-dioxygenase, and programmed cell
death ligand 1 (PD-L1) expression was not predictive of benefit and did not significantly
change with treatment. Multicolor flow cytometry on peripheral lymphocytes revealed a
treatment-dependent increase of inducible T-cell costimulator, human leukocyte
antigen–antigen D related, and PD-1 during initial treatment, which returned to baseline
during maintenance.

CONCLUSIONS AND RELEVANCE Ipilimumab was tolerable in this population but did not show
significant single-agent activity. Immune changes were induced by anti–CTLA-4 therapy but
did not correlate with clinical activity. Changes in these markers may guide further treatment
strategies.
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T he molecular biology of human papillomavirus (HPV)–
related tumors, such as cervical cancers,1 and associ-
ated immune escape mechanisms have driven the ex-

ploration of new treatment paradigms.2,3 Ipilimumab, the first
checkpoint receptor inhibitor to be clinically tested, is a fully
human monoclonal antibody against cytotoxic T-lymphocyte
antigen-4. We designed a phase 1/2 trial to explore the toler-
ability and activity of ipilimumab in recurrent cervical cancer.

Methods
Study Design
The run-in cohort (phase 1) assessed the safety of ipilimumab in
this population given prior pelvic radiotherapy and platinum-
based chemotherapy. The second cohort of the trial was a single-
arm, multicenter, 2-stage, phase 2 study to evaluate the antitu-
mor activity of ipilimumab (Figure 1). This study was conducted
from December 3, 2012, to September 15, 2014, by the Princess
Margaret Cancer Centre, Toronto, Ontario, Canada; University of
Chicago Medical Center, Chicago, Illinois; and California Cancer
Phase II Consortia, Duarte, California. The study was approved
by the institutional review board of the City of Hope and the in-
stitutional review board at each site. All patients provided writ-
ten informed consent; there was no financial compensation.

Treatment Plan
The run-in cohort was to receive ipilimumab, 3 mg/kg, intra-
venously every 21 days for 4 cycles in 6 patients. The second
cohort was to receive ipilimumab, 10 mg/kg, every 21 days for
4 cycles (week 1 to week 12) followed by 4 additional cycles as
maintenance therapy (week 24 to 1 year) at the same dose ev-
ery 12 weeks for patients with radiologic response or stabili-
zation. All patients received 650 mg of acetaminophen be-
fore administration of ipilimumab.

Assessment of Toxic Effects and Efficacy
Toxicity was assessed per Common Terminology Criteria for Ad-
verse Events, version 4.0.4 For the safety cohort, a dose-limiting
toxic effect (DLT) was defined as unexpected nonautoimmune-
related grade 3 adverse effects, grade 4 adverse effects, or
autoimmune-related adverse effects that were not responsive
to corticosteroid treatment and did not resolve to a grade 1 level
within a 4-week period of initiating corticosteroids.

Radiologic assessment was performed by computed to-
mography within 28 days prior to registration, at weeks 12 (±1
week), 18, 24 weeks, and every 12 weeks during maintenance
therapy. Assessment of response was performed using the Re-
sponse Evaluation Criteria in Solid Tumors, version 1.1.5 Pa-
tients demonstrating clinical or radiologic progression or sig-
nificant toxic effects were withdrawn from the study.

Correlative Analysis
Archival tissue, paired tumor biopsies at baseline and 7 days
after cycle 2, and blood sample collection were requested in
all patients at different times. In addition, HPV testing and im-
mune assessment were performed on tumor tissue and blood
samples at different time points.

Statistical Analysis
Coprimary end points were to assess safety and antitumor ac-
tivity of ipilimumab by objective response rates (RRs) (null hy-
pothesis RR<5%; alternative RR>20%; α error of 10%; and
power of 90%) using a Simon 2-stage design.6 Secondary end
points were to assess the antitumor activity of ipilimumab by
progression-free survival and correlate changes in immuno-
logic profiles with response.

For correlatives, change in the expression of the indi-
cated molecule (percentage positive) before and after treat-

Figure 1. Study Flow Diagram

6 Phase 1 safety run-in

3 Excluded (nonevaluable)18 Phase 2 stage 1: efficacy

18 Phase 2 stage 2: efficacy

5 Excluded (nonevaluable)1 Partial response

Table. Immune-Mediated Toxic Effects Possibly Related to Ipilimumab
for Run-in Phase 1 and Phase 2

Adverse Event

Patients, No. (%)

All Grades Grade ≥3
Diarrhea 12 (29) 4 (33)

Colitis 2 (5) 1 (50)

Enterocolitis 1 (2) 1 (100)

Pancolitis 1 (2) 1 (100)

Colonic perforation 1 (2) 1 (100)

Maculopapular rash 12 (29) 1 (8)

Pruritus 9 (21) 1 (11)

Increased aspartate aminotransferase 9 (21) 1 (11)

Increased alanine aminotransferase 9 (21) 0

Arthralgia 3 (7) 1 (33)

Peripheral neuropathy 2 (5) 0

Hypothyroidism 2 (5) 0

Key Points
Question What is the safety and antitumor activity of ipilimumab
in women with human papillomavirus–related metastatic or
recurrent cervical cancer?

Findings In a phase 1/2 trial, 42 women received ipilimumab with
manageable toxic effects (no dose-limiting toxic effects); 1 patient
had a response, and 10 had stable disease with a median
progression-free survival of 2.5 months. The baseline tumor
immune infiltrate neither changed nor predicted benefit of
treatment, yet a treatment-dependent increase of inducible T-cell
costimulator, human leukocyte antigen–antigen D related, and
programmed cell death 1 expression was observed on peripheral
blood lymphocytes.

Meaning Monotherapy with ipilimumab had minimal clinical
activity but increased peripheral lymphocyte activation markers;
failure to note these changes in tumors may explain the lack of
clinical activity.
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ment (difference between C2D1 and baseline) was compared
using a 2-sided t test (level of significance P < .05). Correla-
tion of clinical activity by best objective RR (partial response
or stable disease vs progressive disease) was assessed for
changes (percentage expression) of these markers using the
Mann-Whitney test with Prism, version 6 software (Graph-
Pad Software Inc).

Results

From December 3, 2012, to September 15, 2014, 42 patients
with a median age of 49 (range, 23-78) years were enrolled. Of
these, 29 (69%) had squamous cell carcinoma and 13 (31%) had
adenocarcinoma. Thirty-five (83%) patients had received prior

Figure 2. Effect of Ipilimumab Administration on Peripheral T-Cell Phenotype
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Best response was assessed by Response Evaluation Criteria in Solid Tumors, 1.1
for the 34 evaluable patients; 8 patients were not evaluable because they were
removed from study therapy before the first protocol-mandated computed
tomography scan at week 12. All patients were assessed for toxic effects.
Statistical analysis of the changes in the expression of immune markers was
assessed in correlation with clinical response. Both CD4+ and CD8+ T cells
demonstrated significantly increased expression of programmed cell death
protein 1 (PD-1), human leukocyte antigen–antigen D related (HLA-DR), and
inducible T-cell costimulator (ICOS) following treatment compared with
pretreatment baseline. A, With ipilimumab treatment, CD4+ and CD8+ T cells

showed an increase in expression of PD-1, HLA-DR, and ICOS but not B- and T
lymphocyte–associated markers after the therapy. B, Changes in the expression
of CD8 and CD4 markers were not associated with clinical response. Change in
the CD161+ expression in CD4+ T cells, however, was significantly higher in
patients whose disease progressed compared with those who had stable
disease (SD) or partial response (PR). The horizontal line in each box indicates
the median, and the top border of the box indicates the 75th percentile, the
bottom the 25th. The whiskers above and below the box mark represent
minimum and maximum values for that particular graph. BTLA indicates B- and
T-lymphocyte attenuator; PD, progressive disease.
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radiotherapy, and 21 (50%) had received 2 or 3 prior chemo-
therapy regimens.

No DLTs were observed in the run-in cohort. Grade 3 toxic
effects included diarrhea (3 of 4 patients with colitis) (Table
and eTable 1 in the Supplement). Two patients died during the
trial; 1 death occurred after 1 cycle and was not considered drug
related, and the other death was a grade 5 colonic perforation
following cycle 3, which occurred in a previously radiated area
and was possibly related to ipilimumab.

Best responses assessed for 34 evaluable patients in-
cluded 1 partial response (squamous cell carcinoma); 10 stable
disease (6 squamous-cell carcinoma and 4 adenocarcinoma),
including 1 unconfirmed partial response; and 23 progressive
disease. Eight patients were unevaluable because they were
removed from the study before the first mandated computed
tomographic imaging. Six patients continued treatment as
maintenance. Median progression-free survival was 2.5 months
(95% CI, 2.1-3.2 months), and the median overall survival was
8.5 months (95% CI, 3.6, upper limit not reached; 1 patient was
still alive).

Thirty-seven (93%) of the 40 tumors were confirmed
HPV-positive; 1 HPV evaluation was negative, 2 were incon-
clusive, and 2 had insufficient archival tissue). Twelve cases
were genotyped; of these, 7 were HPV16, 3 were HPV18, and
1 was HPV39; 1 was not HPV.

Thirty-six of the 42 patients underwent biopsy: 25 (60%)
received tumor biopsies before and during treatment, and 11
(26%) had only a pretreatment biopsy. In 1 patient, the biopsy
did not contain tumor tissue. Five patients did not undergo a
biopsy because it was considered unsafe.

Although intratumoral CD3, CD4, CD8, and FoxP3 expres-
sion before and during treatment was not significantly in-
creased with ipilimumab, there was a significant increase in CD3
in tumor stroma (eFigure 1 in the Supplement). The presence
of baseline immune infiltrate in the tumor or stroma was not
associated with response or stable disease. Pretreatment pro-
grammed cell death ligand 1 (PD-L1) expression was negative
in 20 patients, expressed in 1% to 10% of the cells in 4 patients,
expressed in more than 10% in 4 patients, and was not avail-
able for 14 patients and did not correlate with response. In 5 pa-
tients, expression of PD-L1 changed from negative at baseline
to positive after ipilimumab treatment. Indoleamine 2,3-
dioxygenase (IDO) expression was negative at baseline in 23 pa-
tients and positive in 6 patients. Expression of IDO was not
correlated with response, and its expression was different on
paired biopsies for 2 patients (eTable 2 in the Supplement).

Multicolor flow cytometry on peripheral lymphocytes re-
vealed a significant treatment-dependent increase of induc-
ible T-cell costimulator, human leukocyte antigen–antigen D
related, and PD-1 during treatment, which returned to base-
line levels during maintenance (Figure 2) but did not corre-
late with response. Increased expression of CD161+ on CD4+

T cells was seen in tumors from patients with progressive dis-
ease (P = .04) but not in patients with partial response or stable
disease (eFigure 2 in the Supplement).

Discussion
To our knowledge, this is the first trial investigating ipili-
mumab in cervical cancer with correlative studies in paired bi-
opsies and blood sample collection for immune profiling. Safety
of treatment was demonstrated, and the toxic effects were simi-
lar to those observed using similar doses of ipilimumab in other
cancers.7 Although the study did not meet the prespecified RR
of 20%, some patients may have derived benefit from treat-
ment, with durable, stable disease for 6 patients. Pretreat-
ment tumor expression of PD-L1 was negative for 20 of 28 pa-
tients tested, although a recent study reported that more than
90% of tumor samples expressed PD-L1 in archival tissue.8

Ipilimumab significantly induced immune activation in pe-
ripheral blood but did not elicit a significant response in pa-
tients’ tumors. The lack of induction of significant activated
immune infiltrate or the inability of activated cells to gain ac-
cess to the tumor may account for the lack of tumor response.
Factors such as tumor hypoxia9 and prior pelvic radiotherapy
may reduce immune infiltration into the tumor following ad-
ministration of ipilimumab.

In this study, the induction of PD-1 expression on periph-
eral lymphocytes following administration of ipilimumab has
been observed and may be a mechanism contributing to re-
sistance or immune exhaustion. Preliminary activity of anti-
PD1 treatment has been reported in advanced cervical
cancer.10,11 Increases in circulating CD4+CD161+ T-cell popu-
lations appear to be associated with disease progression. These
cells may represent a specific subpopulation of TH17,12 which
are T-helper lymphocytes characterized by functional
plasticity.13,14 The observed immune changes reflect immu-
nologic activation without significant antitumor effects, which
warrants further investigation into the mechanisms of
immune escape.

Limitations
The primary limitation of the trial was the single-arm design.
This was a phase 1/2 trial assessing ipilimumab monotherapy
with no control arm.

Conclusions
This phase 1/2 study shows the need for new treatment strate-
gies and the feasibility of immunotherapy studies with paired
biopsies in recurrent cervical cancers. Ipilimumab as mono-
therapy did not demonstrate significant benefit in this setting.
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