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Purpose: Cytotoxic T lymphocyte associated antigen (CTLA-4) blockade is being explored in numerous
clinical trials as an immune-based therapy for different malignancies. Our group conducted the first pre-
operative clinical trial with the anti–CTLA-4 antibody ipilimumab in 12 patients with localized urothelial
carcinoma of the bladder.
Experimental Design: Six patients were treated with 3 mg/kg/dose of anti–CTLA-4 and six patients

were treated with 10 mg/kg/dose of antibody. Primary end points of the study were safety and immune
monitoring.
Results: Most drug-related adverse events consisted of grade 1/2 toxicities. All patients had measur-

able immunologic pharmacodynamic effects, consisting of an increased frequency of CD4+ICOShi

T cells in tumor tissues and the systemic circulation. To determine if CD4+ICOShi T cells could be a
correlative marker for clinical outcome after treatment with anti–CTLA-4, a cohort of metastatic mela-
noma patients was studied retrospectively for frequency of CD4+ICOShi T cells and survival. Data from
this small cohort of patients indicated that an increased frequency of CD4+ICOShi T cells, sustained
over a period of 12 weeks of therapy, correlates with increased likelihood of clinical benefit consisting
of overall survival.
Conclusions: Our trial shows that anti–CTLA-4 therapy has a tolerable safety profile in the presurgical

setting and that a preoperative model can be used to obtain biological data on human immune
responses, which can efficiently guide the monitoring of patients treated in the metastatic disease setting.
Clin Cancer Res; 16(10); 2861–71. ©2010 AACR.
1/198911
5/2861.pdf by guest on 16 Septem
Cytotoxic T lymphocyte associated antigen (CTLA-4)
plays a critical role in the regulation of T-cell activation
(1–4). Blockade of CTLA-4 has led to enhanced T-cell ac-
tivation in animal models (5, 6), and mechanistic studies
have shown that animals treated with anti–CTLA-4 have
an increased ratio of effector to regulatory T cells, which
correlates with tumor regression (7). Moreover, the con-
cept of CTLA-4 blockade, termed checkpoint blockade,
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has been used in the clinical setting and has shown
promise in the induction of antitumor responses in pa-
tients with melanoma, prostate cancer, and lymphoma
(8–15).
Prior clinical trials with anti–CTLA-4 therapy enrolled

patients with metastatic disease, who rarely undergo surgi-
cal biopsies or procedures; therefore, there were limita-
tions in accessing sufficient tumor tissues for phenotypic
and functional immunologic studies. Laboratory studies
from these prior trials focused primarily on assessing im-
mune responses in peripheral blood; however, these stud-
ies have not led to the identification of immunologic
markers that clearly correlate with clinical outcome. To cir-
cumvent these issues, we designed a clinical trial using
anti–CTLA-4 in the preoperative setting so that we might
obtain tumor tissues for immunologic studies and attempt
to identify biomarkers in peripheral blood that might cor-
relate with those in tumor tissues. The primary aim of our
study was to establish the safety and feasibility of using
anti–CTLA-4 in the preoperative setting.
Prior clinical trials reported adverse events associated

with anti–CTLA-4 therapy consisting of tissue-specific in-
flammatory conditions termed immune-related adverse
events (irAE), which have included dermatitis, hepatitis,
2861



Translational Relevance

Antitumor responses, including durable complete
regression of disease, have been observed in ∼10%
of patients who receive anti–cytotoxic T lymphocyte
associated antigen (CTLA-4) therapy. Why some pa-
tients respond to therapy whereas others do not re-
mains unknown. Most clinical trials of CTLA-4
blockade have been conducted in the metastatic dis-
ease setting, which allows for correlation of treatment
with clinic outcomes but not for detailed immunologic
studies on tumor-infiltrating lymphocytes to evaluate
how the antibody impacts human immune responses.
To overcome this challenge we conducted the first pre-
operative trial with anti–CTLA-4. Our trial focused on
safety as well as on identifying immunologic changes
within the systemic circulation that correlated with
those found in tumor tissues. We present data showing
the safety of the presurgical trial and identification of a
blood-based biomarker that reflects changes within tu-
mor tissues, thus making it useful for immune moni-
toring in the metastatic disease setting, where access to
tumor tissues is limited.

Carthon et al.

2862

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/16/10/2861/1989115/2861.pdf by guest on 16 Septem

ber 2024
colitis, pancreatitis, hypophysitis, inflammatory myopa-
thy, and uveitis (16–19). In our presurgical study, we
found that anti–CTLA-4 had a tolerable safety profile with-
out an increase in perioperative complications after a short
course of antibody. We observed grade 1/2 rash and diar-
rhea as the most common drug-related side effects.
The overall purpose of our research effort was to exam-

ine the immunologic profile in peripheral blood and
corresponding tumor tissues of treated patients to identify
clinically useful biomarkers. We found that CTLA-4 block-
ade led to an increased frequency of CD4+ICOShi T cells in
tumor tissues that could be correlated with an increased
frequency of these cells in the peripheral blood.
Inducible costimulator (ICOS), a T cell–specific mole-

cule that is a close homologue of CD28 and CTLA-4, has
been predominantly thought of as a marker of T-cell acti-
vation associated with follicular helper T cells (20–22).
However, we previously showed that CD4+ICOShi T cells
from peripheral blood samples (18) and tumor tissues
(23) contained a population of cells that could produce
IFN-γ and recognize the NY-ESO-1 tumor antigen. We
now report that increases in CD4+ICOShi T cells were more
pronounced after treatment with 10 mg/kg/dose of anti-
body, with concomitant increases in CD8+ICOShi T cells,
which were not observed after treatment with 3 mg/kg/
dose of antibody.
To determine if CD4+ICOShi T cells could be a correlative

marker for clinical outcome after treatment with anti–
CTLA-4, a cohort of metastatic melanoma patients was
studied retrospectively for frequency of CD4+ICOShi T cells
and survival. Data from this small cohort of patients indicated
Clin Cancer Res; 16(10) May 15, 2010
that an increased and sustained frequency of CD4+ICOShi

T cells correlated with improved overall survival.

Materials and Methods

Bladder cancer patients. Patients with localized (T1-T2,
N0, M0) urothelial carcinoma who were candidates for
radical cystectomy were consented on a M.D. Anderson
Cancer Center Institutional Review Board (IRB)-approved
protocol (2006-0080) to receive two doses of anti–CTLA-
4 antibody (ipilimumab) prior to undergoing surgery. Six
patients completed analyses for safety at the 3 mg/kg/
dose before six additional patients were enrolled to
receive 10 mg/kg/dose. Surgery was scheduled on or
about week 7 of the protocol. Healthy donor blood
and additional tissue samples from untreated patients
with localized urothelial carcinoma of the bladder were
obtained for comparison as per an IRB-approved labora-
tory protocol (2005-0027).
Metastatic melanoma patients. Eligible patients had a

diagnosis of unresectable stage III or metastatic/recurrent
stage IV melanoma and had experienced progressive disease
or intolerance to at least one prior systemic therapy. All pa-
thology was confirmed at the Memorial Sloan-Kettering
Cancer Center (MSKCC). Patients were ≥18 years of age,
had normal hematologic and organ function, and an Eastern
Cooperative Oncology Group status of 0 or 1. Exclusion
criteria included any other prior invasive malignancy, auto-
immune disease or active infection, or pregnant or lactating
women. All patients signed an informed consent approved
by the MSKCC IRB. Additional blood draws were obtained
for investigational purposes after patients gave further
informed consent. Healthy donors also provided blood
samples after signing an informed consent form.
At baseline, patients underwent a complete history and

physical examination, laboratory evaluation, and radio-
graphic imaging appropriate for tumor evaluation. The
same imaging modality was used for initial screening
and posttherapy evaluation. Initial clinical responses were
evaluated at week 12 and onward, and were adjudicated
using modified WHO criteria.
Collection, preparation, and cryopreservation of peripheral

blood mononuclear cells. Whole blood from patients was
collected in Vacutainer or cell preparation tubes (CPT)
containing sodium heparin (BD Vacutainer). Peripheral
blood mononuclear cells (PBMC) were isolated from
whole blood by centrifuging the CPT tubes at 800 g for
25 minutes. The plasma was collected and stored frozen
at -80°C for subsequent cytokine detection experiments.
The interface cells were harvested and washed twice with
PBS with 10% FCS at 500 g and 450 g for 10 minutes, re-
spectively. PBMCs were then resuspended in complete
RPMI 1640 with 10% autologous plasma or pooled hu-
man serum and 10% DMSO.
ICOS and FOXP3 phenotype staining. One million

PBMCs were washed with 2 mL FACS buffer (PBS contain-
ing 1% bovine serum albumin and 0.05 mmol/L EDTA).
The cells were resuspended in 50 μL FACS buffer and
Clinical Cancer Research
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stained with 0.375 μL ICOS-biotin antibody (eBioscience)
for 20 minutes at 4°C before washing again with 2 mL
FACS buffer. The following antibodies were then added
for 30 minutes at room temperature: 0.3 μL strepavidin-
phycoerythrin-Cy7 (eBioscience), 3 μL CD3-Pacific Blue
(eBioscience), 1 μL CD4-ECD (Beckman Coulter Inc.),
and 3 μL CD25-APC-Cy (BD Bioscience). After rewashing
with FACS buffer, the cells were fixed and permeabilized
with 250 μL 1 × fixation/permeabilization solution
(eBioscience) for 30 minutes at 4°C before being washed
with 2 mL 1 × permeabilization buffer (eBioscience). Five
microliters of FOXP3-APC antibody (eBioscience) were
then added for 60 minutes at 4°C before a final washing
with 1 × permeabilization buffer. The cells were then re-
suspended in 400 μL FACS buffer and acquired on a CyAn
ADP flow cytometer with Summit software (DakoCytoma-
tion California Inc.). Analysis was done using FlowJo soft-
ware (version 8.1, TreeStar, Inc.). Isotype controls included
the appropriate biotin or fluorochrome conjugated mouse
IgG1a or IgG2a (Dako).
Immunohistochemistry. Tissue was obtained from un-

treated urothelial carcinoma specimens, as well as from pa-
tient specimens after treatment with either 3 mg/kg of
ipilimumab or 10 mg/kg of ipilimumab. After standard fix-
ation, paraffin-embedded sampleswere stainedwithH&E, as
well as with antibodies for CD3 (Dako), CD4 (Novocastra,
Leica Microsystems), CD8 (Labvision), granzyme B (Cell
Sciences), CD20 (Dako), and CD56 (Invitrogen).
Fluorescence in situ hybridization. Fluorescence in situ

hybridization (FISH) of cells recovered from voided
urine/urinary tract washings was done using the Vysis
UroVysion Kit, 4-color probe mixture of DNA sequences
from specific regions of chromosomes 3 (D3Z1), 7
(D7Z1), 17 (D17Z1), and 9p21 (p16). A positive result
is defined as the detection of four or more cells with great-
er than two signals (polysomy) for at least two probes for
chromosomes 3, 7, 17, or 9p21, and/or 12 cells with no
signal for chromosome 9. The UroVysion Kit is designed
and has been cleared by the Food and Drug Administration
to detect aneuploidy for chromosomes 3, 7, and 17, and loss
of 9p21 locus in transitional cell carcinoma urine specimens.
Statistical analyses. Comparisons between groups were

made using Wilcoxon's rank test. Survival was analyzed
by the Kaplan-Meier method. Correlation was analyzed
using Spearman's rank test.

Results

Study population characteristics. The study population
consisted of 12 patients (10 males and 2 females) with lo-
calized urothelial carcinoma of the bladder who provided
informed consent to participate in an IRB-approved clini-
cal trial in which the anti–CTLA-4 antibody ipilimumab
was administered in the preoperative setting. All patients
were candidates for radical cystectomy as treatment for
their disease. Table 1 details the demographics and patient
characteristics. Patients had pT1-T2 urothelial carcinoma,
high grade, as observed on initial biopsies (Supplementary
www.aacrjournals.org
Table S1). Pretherapy and posttherapy blood samples as
well as surgical samples were obtained as per protocol
(Supplementary Fig. S1).
Surgical delays. The initial cohort of six patients received

3 mg/kg/dose of ipilimumab for two doses, with a 3-week
interval between doses, and were scheduled for surgery
4 weeks after the last dose of antibody. In this cohort,
one patient had a delay in surgery due to preoperative car-
diac workup, but there were no significant surgical delays
due to irAEs in the 3 mg/kg/dose cohort (Table 1).
A second cohort of six patients received 10 mg/kg/dose

of antibody for one (n = 1) or two doses (n = 5) prior to
surgery. Surgical delays occurred in two cases as a result of
development of irAEs. One patient (patient 8; Table 1)
had a 4-week delay due to grade 2 diarrhea that occurred
after the second dose of antibody and subsequently re-
solved with steroid therapy. Another patient (patient 10;
Table 1) had a 10-week delay due to multiple factors, in-
cluding grade 3 diarrhea after the first dose of antibody,
which subsequently resolved with steroid therapy, as well
as preoperative cardiac and gastrointestinal workup that
were necessary due to multiple prior abdominal surgeries.
A third patient (patient 11; Table 1) in the 10 mg/kg/dose
cohort had an initial delay in surgical planning due to
grade 3 diarrhea, which resolved with steroid therapy,
but this patient did not undergo surgery due to enlarging
pulmonary nodules on computed tomographic (CT) scans
with subsequent biopsy indicating metastatic disease.
Safety profile and adverse events. Grade 1/2 adverse

events at 3 mg/kg dosing consisted of four cases of rash,
two episode of diarrhea, one episode of uveitis, and one
episode of increased amylase and lipase, suggestive of
pancreatitis but without clinical symptoms (Table 1).
The four cases of rash occurred in four separate patients
and resolved with symptomatic treatment consisting of di-
phenhydramine and topical hydrocortisone. An episodes
of diarrhea, increased amylase/lipase, and uveitis all oc-
curred in the same patient (patient 3; Table 1). Patient 3
was also the only patient to develop a grade 3 irAE after
treatment with two doses of antibody at 3 mg/kg/dose.
This patient developed a grade 3 irAE consisting of ische-
mic papillopathy and optic neuritis, which resulted in a
loss of vision and required treatment with high dose i.v.
steroids, as well as brief courses of infliximab and myco-
phenolate mofetil for immune suppression (19). The
patient's visual acuity subsequently returned to 20/20 on
the right and 20/25 on the left. Of note, this patient's irAE
was associated with a high pretherapy level of the Th2
cytokine interleukin-10, which decreased after treatment
with anti–CTLA-4 (19).
Grade 1/2 drug-related adverse events at the 10 mg/kg

dosing consisted of three cases of rash, one episode of tes-
ticular swelling/orchitis, and three cases of diarrhea. Grade
3 drug-related adverse events at the 10 mg/kg dose level
consisted of two episodes of diarrhea and one case of ele-
vated transaminases without clinical symptoms. These
events were deemed to be irAEs and were treated with
i.v. and/or oral steroids.
Clin Cancer Res; 16(10) May 15, 2010 2863
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Onepatient (patient 10; Table 1) developed grade 3 diarrhea
after the first dose of ipilimumab and, as per protocol, did
not receive a second dose of antibody. After treatment with
i.v. and oral systemic steroids, the patient's diarrhea re-
solved. The patient eventually proceeded to surgery after a
10-week delay, due tomultiple factors, including the occur-
rence of grade 3 diarrhea. The final pathology after surgery
revealed no evidence of disease within the specimen. The
patient remains without any evidence of disease on postop-
erative CT scans.
Another patient (patient 11; Table 1) had grade 3 di-

arrhea that lasted approximately 9 weeks after receiving
the second dose of antibody. His diarrhea also resolved
after treatment with i.v. and oral systemic steroids; how-
Clin Cancer Res; 16(10) May 15, 2010
ever, the patient's surgery was aborted due to the pres-
ence of metastatic disease. This patient was noted to
have subcentimeter pulmonary nodules on baseline CT
scans, which prompted repeat imaging studies one
month later, prior to the patient enrolling in the anti–
CTLA-4 study. Repeat CT scans indicated stable number
and size of pulmonary nodules, which were thought to
be benign, and the patient was deemed eligible for the
preoperative clinical trial protocol with anti–CTLA-4. Un-
fortunately, on repeat CTs that were completed after the
administration of two doses of anti–CTLA-4 at 10 mg/kg/
dose as per protocol, the patient was found to have en-
larging pulmonary nodules consistent with metastatic
disease.
Table 1. Clinical characteristics of patients with localized urothelial carcinoma who received anti–CTLA-4
Patient
 Sex
 Age (y)
 Prior
therapy
Adjuvant
therapy
Drug-related
irAEs
Surgery delay
(wk)
Follow-up
(mo)
Clinical C
Status
1
 M
 66
 BCG
 None
 Rash, Gr 1;
Diarrhea, Gr 1
None
 33.37
 NED Alive
2
 M
 75
 None
 Cis, Gem, Ifos
chemo
None
 5.1 (due to
cardiac eval)
32.67
 NED Alive
3
 M
 71
 BCG
 None
 Amylase and lipase
increased, Gr 2
None
 28.83
 NED Alive
Uveitis, Gr 2;
diarrhea, Gr 1

ischemic
papillitis, Gr 3;
4
 M
 60
 None
 MVAC chemo
 Rash, Gr 1
 None
 27.3
 NED Alive

5
 M
 55
 None
 None
 Rash, Gr 1;

Pruritis, Gr 1

None
 24.9
 NED Alive
6
 M
 75
 BCG
 None
 Rash, Gr 2;
Pruritis, Gr 2
None
 23.1
 NED Alive
7
 M
 76
 None
 None
 Rash, Gr 1
 None
 7.7
 NED Deceased

Testicular swelling/
Epididymitis, Gr 2
8
 F
 69
 None
 None
 Rash, Gr 1
 4.0 (due to irAE)
 17.5
 NED Alive

Transaminitis, Gr 3

Diarrhea, Gr 2

9
 M
 63
 None
 None
 Diarrhea, Gr 2
 None
 17.03
 NED Alive

10
 F
 68
 None
 None
 Diarrhea, Gr 3

(received
only one dose
of antibody)
10.3 (due to irAE and
cardiac and GI eval)
12.23
 NED Alive
11
 M
 71
 BCG
 Ifos-Adria-Gem
chemo
Rash, Gr 1;
Pruritis, Gr 1;

Elavated AST, Gr 1;
Diarrhea, Gr 3
N/A*
 9.27
 Metastatic
disease Alive
12
 M
 66
 None
 Gem-Cis chemo
 Diarrhea, Gr 2
 None
 8.33
 Metastatic
disease Alive
Abbreviations: UC, urothelial carcinoma; Dx, disease; BCG, bacillus Calmette-Guerin given as intravesical therapy; Cis, cisplatin;
Gem, gemcitabine; Ifos, ifosfamide; MVAC, methotrexate, vinblastine, adriamycin, cisplatin; Adria, adriamycin; NED, no evidence of
disease; irAE, immune-related adverse event; GI, gastrointestinal; Gr, grade.
* Surgery cancelled.
ancer Research
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One other patient (patient 12) was found to have meta-
static disease. The patient completed both doses of anti–
CTLA-4 therapy at 10 mg/kg/dose and proceeded to
surgery (Table 1). The patient's surgical pathology revealed
urothelial carcinoma with sarcomatoid and micropapillary
components. Pathology also revealed metastatic disease
within lymph nodes removed at the time of surgery (Sup-
plementary Table S1). Postoperative follow-up CT scans
indicated new metastatic disease in the lungs, and the pa-
tient was started on systemic chemotherapy.
Postoperative complications that occurred on study,

but were not thought to be attributable to anti–CTLA-4,
included wound dehiscence as well as enterocutaneous
fistula in one patient who had multiple prior abdominal
surgeries (patient 10) and urinary tract infections in five
patients. One patient, who completed the clinical trial
and who was without any evidence of disease on postop-
erative CT scans, subsequently died due to causes that
were not related to malignancy or anti–CTLA-4. Drug-
related grade 4 adverse events or death did not occur
as a result of CTLA-4 blockade in this clinical trial. In to-
tal, all 12 patients received at least one dose of antibody,
with 11 of 12 patients receiving both doses of antibody;
11 patients completed surgery, 4 patients did not have
any evidence of disease noted on the surgical pathology
sample, and 10 patients remained disease free during the
follow-up period after surgery.
Surgical pathology and urine cytology. Surgical pathology

was evaluated from transurethral resections obtained prior
to anti–CTLA-4 and in radical cystectomy specimens ob-
tained after treatment with anti–CTLA-4. Eight patients
www.aacrjournals.org
were found to have a lower stage of disease on their surgical
specimen obtained after anti–CTLA-4 administration as
compared with transurethral resection specimens obtained
prior to anti–CTLA-4. Because transurethral resection of
disease may have accounted for this downstaging effect,
we also assessed urine samples for malignant cells by cytol-
ogy and chromosomal abnormalities associated with
urothelial carcinoma by FISH (Supplementary Table S1).
Urine cytology and FISH analyses of urine samples from
treated patients were done after transurethral resections
but prior to anti–CTLA-4 (baseline sample) and after anti-
body treatment (posttherapy sample), without any other
intervention between the baseline and posttherapy analy-
ses. We found that four patients showed a change from a
positive urine cytology and/or FISH analysis to negative
urine cytology and/or FISH analysis after treatment with
anti–CTLA-4 (Supplementary Table S1). These data suggest
that treatment with anti–CTLA-4 antibody leads to a ther-
apeutic effect in the setting of urothelial carcinoma, which
will need to be explored in future clinical studies.
Increased ICOS expression is detected on CD4 and CD8

T cells after treatment with 10 mg/kg/dose of anti–CTLA-4
antibody. We previously analyzed tumor tissues and
peripheral blood of patients treated with anti–CTLA-4
at 3 mg/kg/dose for immunologic changes that might
correlate with administration of anti–CTLA-4 antibody.
Markers such as CD4, CD8, HLA-DR, CD69, and CD45RO
and CD45RA were monitored, but showed no consistent
change in tumor tissues after treatment. However, a homo-
log of CD28 and CTLA-4 known as ICOS was found to
have increased expression on CD4 T cells within tumor
861/1989115/2861.pdf by guest on 16 Septem
ber 2024
Fig. 1. Increased frequency of CD4+ICOShi and CD8+ICOShi T cells in tumor tissues after treatment with 10 mg/kg/dose of anti–CTLA-4. A, representative
patient samples showing that CD4+ICOShi (top) and CD8+ICOShi (bottom) T cells were increased in frequency in tumor tissues after treatment with
10 mg/kg/dose of anti–CTLA-4 as compared with untreated tumor tissues. B, compilation of data showing statistically significant increased frequencies of
CD4+ICOShi and CD8+ICOShi T cells in tumor tissues from anti–CTLA-4 treated patients (n = 5) as compared with tumor tissues obtained from
untreated patients (n = 10).
Clin Cancer Res; 16(10) May 15, 2010 2865
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tissues after treatment with anti–CTLA-4 antibody. These
cells were shown to contain a population of effector T cells
that recognized the tumor-associated antigen NY-ESO-1.
Peripheral blood samples from patients treated with
3 mg/kg/dose of antibody also showed a 2- to 7-fold
increase in CD4+ICOShi T cells (18). CD4+ICOShi T cells
from posttherapy peripheral blood samples were shown
to produce higher levels of IFN-γ than did CD4+ICOSlow

T cells or T cells from pretherapy blood samples (18). In
addition, CD4+ICOShi T cells from posttherapy blood
samples were capable of recognizing the NY-ESO-1 tumor
antigen expressed on the tumors samples of three patients
(18).The increased frequency of CD4+ICOShi T cells, which
consisted of a population of effector T cells, was provocative
as an immunologic marker that could be used for immune
monitoring of patients treated with anti–CTLA4 therapy.
At 10 mg/kg/dose of antibody, CD4+ICOShi T cells

were similarly increased in tumor tissues; in addition,
CD8+ICOShi T cells were detectable in tumor tissues
(Fig. 1A), which were not detected in tumor samples from
untreated patients or patients treated with 3 mg/kg/dose
of antibody. Figure 1B shows that the frequencies of
CD4+ICOShi and CD8+ICOShi T cells were significantly
higher in tumor tissues (P = 0.004 and P = 0.002, respective-
ly) after treatment with anti–CTLA-4 (n = 5) as compared
with untreated tumor tissues (n = 10). Furthermore, 2 of
5 tumor samples showed increased infiltrating cells into
blood vessels after patients received treatment with
Clin Cancer Res; 16(10) May 15, 2010
10 mg/kg/dose of anti–CTLA-4 antibody as compared with
0 of 11 tumor samples obtained prior to therapy and 0 of
6 patients who received treatment with 3 mg/kg/dose of
antibody (Fig. 2, top). The infiltrating cells were positive
for CD3, CD8, CD4, and granzyme, but were predominant-
ly negative for CD20 and CD56 staining (Fig. 2, bottom).
Within peripheral blood samples, we observed an ap-

proximately 5- to 10-fold increase in CD4+ICOShi T cells
(Fig. 3A, top), which was approximately 2-fold higher
than that seen with the 3 mg/kg/dose of antibody (18).
Samples from patient 9 (Table 1) showed an increase in
CD4+ICOShi T cells from 3% at baseline to 10% at week
3 (after dose 1) and 40% at week 7 (after dose 2). Sim-
ilarly, at 10 mg/kg/dose of antibody we observed an
increase in the frequency of CD8+ICOShi T cells within
the systemic circulation (Fig. 3A, bottom), which was
not detectable after patients received treatment with
3 mg/kg/dose of antibody. The data for all six patients
treated with anti–CTLA-4 at 10 mg/kg/dose are provided
in Fig. 3B and C for frequency of CD4+ICOShi (Fig. 3B)
andCD8+ICOShi T cells (Fig. 3C) at pretherapy, posttherapy
week 3, and posttherapy week 7 time points. As shown,
there is no statistical difference between CD4+ICOShi and
CD8+ICOShi T cell average frequencies in healthy donors
(HD; n = 10) as compared with pretherapy values from
the bladder cancer patients (n = 6); however, after treat-
ment with anti–CTLA-4 at 10 mg/kg/dose there was a
statistically significant increase in CD4+ICOShi (Fig. 3B;
Fig. 2. Perivascular infiltration of cells into tumor tissues after treatment with 10 mg/kg/dose of anti–CTLA-4. Representative pictures showing an
absence of perivascular infiltration of cells in untreated tumor tissues (0 of 11) and tumor tissues obtained from patients treated with 3 mg/kg/dose of
anti–CTLA-4 (0 of 6) as compared with the presence of perivascular infiltration noted in tumor tissues obtained from patients treated with anti–CTLA-4
at 10 mg/kg/dose (2 of 5; top). Immunohistochemistry revealed that the infiltrating cells were positive for CD3, CD8, CD4, and granzyme, but were
predominantly negative for CD20 and CD56 (bottom).
Clinical Cancer Research
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P = 0.036 at weeks 3 and 7 as compared with pretherapy
values) and CD8+ICOShi T cells (Fig. 3C; P = 0.031 and
0.036 at weeks 3 and 7, respectively, as compared with
pretherapy values).
www.aacrjournals.org
Correlation of frequency of CD4+ICOShi T cells with
clinical benefit in a cohort of metastatic melanoma patients.
We carried out multiparametric flow cytometric analyses
on fresh PBMC samples from healthy donors and a group
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Fig. 3. Increased frequency of CD4+ICOShi and
CD8+ICOShi T cells in the peripheral blood
after treatment with 10 mg/kg/dose of
anti–CTLA-4. A, representative peripheral
blood samples taken after the first dose of
anti–CTLA-4 at week 3 and after the second
dose of anti–CTLA-4 at week 7 showed an
increased frequency of CD4+ICOShi (top) and
CD8+ICOShi T cells (bottom) as compared with
baseline (pretherapy) samples. Compilation
of data showing pretherapy values for
frequency of CD4+ICOShi T cells (B) and
CD8+ICOShi T cells (C) in bladder cancer
patients (n = 6) and average frequency in
healthy donors (HD; n = 10) with statistically
significant increases in frequencies of ICOShi

T cells at weeks 3 and 7 after treatment with
anti–CTLA-4.
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of 14 melanoma patients prior to and at various time
points after anti–CTLA-4 therapy (ipilimumab) at 10
mg/kg/dose of antibody. We also analyzed frozen PBMC
samples from control patients with advanced melanoma
who received other treatments. Of note, we did not no-
tice significant differences in ICOS expression on T cells
from frozen samples as compared with fresh samples
(Supplementary Fig. S2). Healthy donors, control mela-
noma patients, and the 14 melanoma patients prior to
anti–CTLA-4 therapy all had low but detectable expres-
sion of CD4+ICOShi cells of approximately 2% to 3%
of the CD4+ population. There was no significant differ-
ence between each of these groups. Following therapy
with anti–CTLA-4, the majority of patients had an in-
crease in frequency of CD4+ICOShi T cells at weeks 7
(P = 0.0012) and 12 (P = 0.0006) following dose 2
and dose 4 of anti–CTLA-4 antibody, respectively, com-
pared with baseline values (Fig. 4A and B). By week
24, the frequency of CD4+ICOShi T cells had returned
to approximately the baseline values.
In addition, we also examined FOXP3 expression in

CD4+ cells for the above groups of donors and patients
as a marker of regulatory T cells. The data are shown in
Supplementary Fig. S3A and B. Healthy donors and con-
trol melanoma patients had relatively low frequency
of CD4+FOXP3+ T cells, averaging 2% to 3%. Our cohort
of 14 anti–CTLA-4 treated patients had a frequency of
CD4+FOXP3+ T cells of approximately 5% at baseline,
which was not statistically different from what was ob-
served in the healthy donor and control melanoma patient
samples. The frequency of CD4+FOXP3+ T cells did not
change during weeks 7 and 12 of anti–CTLA-4 therapy. By
week 24, the frequency of CD4+FOXP3+ T cells had de-
creased to levels approximating those of the healthy donors
and control melanoma patients. We also assessed coexpres-
sion of ICOS and FOXP3 in CD4 T cells. We noted that
Clin Cancer Res; 16(10) May 15, 2010
<20%of the CD4+ICOShi population was FOXP3+ (Supple-
mentary Fig. S3C). A similar proportion of CD4+FOXP3+

cells were ICOShi (Supplementary Fig. S3D), suggesting that
only a minority of cells was positive for both markers after
treatment with anti–CTLA-4 therapy, as previously reported
for patients with urothelial carcinoma (18).
We then correlated changes in ICOS expression in the 14

treated patients with clinical outcome. Specifically, we ex-
amined changes in the CD4+ICOShi expression from base-
line to weeks 7 and 12 of anti–CTLA-4 therapy. Eight of 14
patients (IDs 5, 8, 9, 10, 11, 12, 13, and 14) were noted to
have a persistent increase in CD4+ICOShi expression, de-
fined as a ≥2-fold increase in % CD4+ICOShi expression
at week 7 or 12 over baseline that was sustained at week
12. The other six patients (IDs 1, 2, 3, 4, 6, and 7) either
had a <2-fold increase in CD4+ICOShi expression at either
week 7 or 12 over baseline or had a ≥2-fold increase in
CD4+ICOShi expression at week 7 that had declined by
week 12 from the week 7 value. Of the eight patients with
persistent increase in CD4+ICOShi expression, seven had
evidence of clinical benefit at week 24 consisting of stable
disease for six months, partial responses, and complete re-
sponses as defined by immune-related response criteria
(Fig. 5A; ref. 24). Of the six patients without persistent in-
crease in CD4+ICOShi expression, none had evidence of
clinical benefit at week 24 (Fig. 5A). The proportion of pa-
tients with persistent CD4+ICOShi increase who had clini-
cal benefit at week 24 was significantly higher than those
without persistent CD4+ICOShi expression (P = 0.004).
We also examined the correlation between the absolute

number of CD4+ICOShi cells and clinical benefit and
found that a similar trend existed. A persistent increase
in the absolute number of CD4+ICOShi cells was defined
as a ≥2-fold increase in the number of CD4+ICOShi cells
at week 7 or 12 over baseline that was sustained at week
12. Eight of the 14 patients had a persistent increase in the
Fig. 4. Increased frequency of CD4+ICOShi T cells is detected after patients with metastatic melanoma are treated with anti–CTLA-4. A, representative
dot plot of ICOS staining in a melanoma patient at baseline and after anti–CTLA-4 therapy, as well as the mouse IgG1 isotype control. B, all samples
analyzed for % CD4+ICOShi expression in the different donor and patient groups at different time points. HD, healthy donor; Mel-Pt, control melanoma
patients; Pre-tx, pretreatment; SAV, streptavidin.
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number of CD4+ICOShi cells. Of these, seven had clinical
benefit at week 24. Again, the proportion of patients with
persistent increase in CD4+ICOShi cell number who had
clinical benefit at week 24 was significantly higher than
those without persistent CD4+ICOShi increase (P = 0.03).
Finally, we noted a statistically significant difference in

overall survival when the data were stratified by persistent
versus nonpersistent % CD4+ICOShi increase (median
overall survival not reached versus 27 weeks; P = 0.03).
A Kaplan-Meier survival curve is shown in Fig. 5B.

Discussion

We determined the immunodulatory effects following a
brief exposure of anti–CTLA-4 in patients with urothelial
carcinoma of the bladder requiring surgery. This study, to
our knowledge, is the first analysis of CTLA-4 blockade in
the setting of urothelial carcinoma and in the setting of a
www.aacrjournals.org
presurgical clinical trial. The study population consisted
of 12 patients, with 6 patients receiving 3 mg/kg/dose of
anti–CTLA-4 and another 6 patients receiving 10mg/kg/dose
for two doses prior to surgery. The treatment was found to
be tolerable in our cohort of patients with 11 of 12 patients
receiving both doses of antibody. Grade 1-2 diarrhea and
rash were the most common drug-related side effects. Of
relevance, the only noted grade 3 irAEs were ischemic papil-
lopathy and diarrhea, which were both responsive to treat-
ment with steroids. Patients have been followed for a
median of 20 months with 9 of 12 patients continuing to
remain without evidence of disease. In addition, the preop-
erative approach in this study overcomes amajor hindrance
of biological studies, in that it provides for analyses of tu-
mor tissues. The availability of cystectomy specimens pro-
vided sufficient tissue to carry out detailed immunologic
analyses, which could be correlated with biomarkers in
peripheral blood.
ttp://aacrjournals.org/clincancerres/article-pdf/16/10/2861/1989115/2861.pdf by guest on 16 Septem
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Fig. 5. Correlation of clinical outcome with
frequency of CD4+ICOShi T cells after
patients were treated with anti–CTLA-4.
A, multiparameter flow cytometric analyses
were done on fresh patient PBMCs at baseline,
and on weeks 7 and 12. Seven of seven
patients with clinical benefit at week 24 had
persistent elevation in % of CD4+ICOShi cells,
defined as a ≥2-fold increase in % CD4+ICOShi

expression at week 7 or 12 over baseline that
was sustained at week 12. In comparison, one
of seven patients without clinical benefit, i.e.,
with progressive disease or death at week 24,
had persistent elevation in % of CD4+ICOShi

cells (*). B, Kaplan-Meier curve showing the
difference in overall survival for patients with
and without persistent % CD4+ICOShi increase
is statistically significant (median overall survival
not reached versus 27 weeks, P = 0.03).
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Data from our preliminary results on the first six patients
treated with 3 mg/kg/dose of anti–CTLA-4, as well as the
current analyses on the six patients treated at 10mg/kg/dose
showed that treatment with anti–CTLA-4 antibody leads to
an increase in the frequency of CD4+ICOShi cells, which
comprise a population of effector T cells. This population
of CD4+ICOShi cells, which was found to be increased in
both tumor tissues and peripheral blood, represents a po-
tential biomarker that could be used for correlation with
clinical outcome in patients withmetastatic disease who re-
ceive treatment with anti–CTLA-4. A retrospective analyses
of peripheral blood samples obtained from patients with
metastatic melanoma who were treated with anti–CTLA-4
antibody at 10 mg/kg/dose showed that a sustained in-
crease in CD4+ICOShi T cells at week 12, after four doses
of therapy, correlated with improved overall survival.
Our clinical trial does have limitations. The analyses of

untreated bladder tumor tissues were done on samples
obtained from a separate group of patients because
cystectomy samples consisting of the entire bladder
were necessary to obtain sufficient numbers of cells for
immunologic analyses. Therefore, specimens from stage-
matched untreated patients were utilized for comparison
in flow cytometry studies. This does allow for confoun-
ders in that we could not account for unknown factors
that may impact our data. The general trend in the group
of patients suggests that although there may be unknown
factors that could account for differences between pa-
tients in the two separate groups, the increased frequency
of CD4+ICOShi cells after treatment serves as a marker of
CTLA-4 blockade that supersedes minor contributions
from unknown variables. Another limitation is that our
small sample size limits the statistical power of the
immunologic correlates. More patients will need to be
analyzed in larger studies.
In our current study, we report that anti–CTLA-4 is toler-

able in the preoperative setting, which provides an opportu-
nity to obtain immunologic data from both tumor tissues
and the peripheral blood. Our data, consisting of an in-
creased frequency of CD4+ICOShi T cells, were obtained in
a cohort of patients with localized urothelial carcinoma of
the bladder but nonethelessmay be relevant in patientswith
other types and stages of malignancies, such as metastatic
melanoma, as we report here. Our data support the concept
that a sustained increased frequency of CD4+ICOShi T cells
may serve as a biomarker of anti–CTLA-4 activity and/or of
clinical benefit for patients who are being treated with this
novel agent. We have shown that anti–CTLA-4 can induce
similar immunologic changes in patients with different
types of malignancies and in different tumor tissues (25).
Future studies with additional patients will need to be con-
ducted to validate CD4+ICOShi T cells as a biomarker to op-
Clin Cancer Res; 16(10) May 15, 2010
timize anti–CTLA-4 therapy and/or indicate potential
clinical benefit thus warranting continued therapy.
Ours are the first studies to show alterations in ICOS ex-

pression on T cells during antitumor responses. It is of
considerable interest to determine the role of ICOS and
its interactions with its ligand in these responses. ICOS
is expressed on both effector and regulatory T cells and
has a very complex biology, having been variously impli-
cated in T/B-cell interactions, germinal center formation,
and regulation of Th1 and Th2 cytokines (26–28). A key
fact may be that it has the potential to signal via the PI3
kinase pathway and may enhance T-cell survival. Mecha-
nistic studies are ongoing to understand how the ICOS
pathway affects antitumor responses.
In summary, we have shown that anti–CTLA-4 can be

delivered in the preoperative setting without an increase
in surgical complication. The previously reported toxicities
associated with anti–CTLA 4 therapy were observed and
appropriately managed. Furthermore, the preoperative
model can serve as a powerful discovery platform to effi-
ciently identify biomarkers that can be applied to the
metastatic disease setting to establish the relevance of ex-
perimental findings. Our identification of ICOS is the first
immunologic marker to be identified in both tumor
tissues and the peripheral blood of patients treated with
anti–CTLA-4, thus providing a relevant biomarker on
which to build future immune monitoring strategies.
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