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Abstract CTLA-4 blockade has demonstrated antitumor

efficacy in human clinical trials. The antitumor mechanism

is presumably mediated in part by the expansion of tumor-

specific T cells. Androgen deprivation, the cornerstone of

treatment for patients with metastatic prostate cancer, has

been shown to elicit prostate tissue apoptosis and lym-

phocytic inflammation. We hypothesized that treatment

with androgen deprivation, followed by an anti-CTLA-4

antibody, could augment a tumor-specific immune

response elicited by androgen deprivation. We report here

the results of a phase I trial evaluating a humanized

monoclonal antibody targeting CTLA-4, CP-675,206

(tremelimumab), in combination with androgen deprivation

using an antiandrogen. Eligible patients were those with

PSA-recurrent prostate cancer after primary surgery and/or

radiation therapy, not previously treated with androgen

deprivation, and without radiographic evidence of meta-

static disease. Subjects were treated in two cycles,

3 months apart, in which they received bicalutamide

150 mg daily days 1–28 and tremelimumab on day 29. The

primary endpoint of the trial was safety. Secondary end-

points included measures of PSA kinetics and identification

of a maximum tolerated dose. Eleven patients were

enrolled and completed at least 1 year of follow-up. Dose-

limiting toxicities included grade 3 diarrhea and skin rash.

No favorable changes in PSA doubling time were observed

in a period shortly after completing treatment; however,

three patients experienced a prolongation in PSA doubling

time detectable several months after completing treatment.

The identification of delayed, prolonged favorable changes

in serum PSA suggests that future studies could explore

this combination in studies evaluating time to disease

progression.

Keywords Tremelimumab � Anti-CTLA-4 monoclonal

antibody � Bicalutamide � Prostate cancer � Clinical trial

Introduction

Prostate cancer is the most common tumor among men,

and the second leading cause of male cancer-related death

in the United States [1]. Despite advances in screening and

early detection, over 30,000 men are estimated to die in the

United States as a result of prostate cancer in 2011 [1].

Treatment with surgery and/or radiation is effective for

presumed organ-confined disease; however, approximately

one-third of these patients will have recurrent and/or met-

astatic disease at 10 years [2]. A retrospective review of

patients with prostate cancer treated with prostatectomy

demonstrated that with evidence of a rise in serum PSA
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after definitive therapy, so-called ‘‘stage D0’’ disease,

patients developed radiographically apparent metastatic

disease within a median of 8 years [3]. In this situation, the

rate of rise of the serum PSA blood test (PSA doubling

time, PSA DT) may be the most important prognostic

indicator. Several retrospective reports have highlighted

that patients with rapid PSA DT in this stage of disease

have a markedly shorter time to the development of

metastases and death [4–7]. Androgen deprivation (AD) is

often used in this situation; however, there is no consensus

as to the optimal time for beginning this therapy. Given the

side effects associated with AD, surveillance, with periodic

radiographic imaging to determine when to initiate therapy

once metastases develop, is also a standard approach.

Consequently, this clinical stage D0 disease represents a

high-risk population of patients, particularly those with

rapid PSA DT, for whom there is no standard therapy.

Given the prevalence of this stage of disease, new treat-

ments capable of delaying disease progression, and without

the side effects associated with continuous AD, are

desirable.

Immune-based therapies theoretically have the potential

to eradicate micrometastatic disease and prevent the pro-

gression from limited-stage disease to metastatic disease,

or to at least slow this progression. Within the last year,

two immune-based therapies have been approved by FDA

as standard therapies for the treatment of cancer. One

autologous vaccine product, sipuleucel-T, was approved as

a therapy for patients with advanced, castrate-resistant

metastatic prostate cancer [8]. This therapy aims to elicit

immune responses to the prostate-specific prostatic acid

phosphatase (PAP) tumor antigen. Another therapy, ipi-

limumab, was approved as a therapy for patients with

metastatic melanoma [9]. Ipilimumab is a monoclonal

antibody that blocks the action of the cytotoxic T-lym-

phocyte-associated antigen-4 (CTLA-4) regulatory recep-

tor on the surface of T cells. CTLA-4 competes with CD28

for the binding of CD80 or CD86 on professional antigen-

presenting cells and provides a suppressive signal blocking

T-cell activation and proliferation [10]. Blockade of

CTLA-4 has been shown in several murine models to

enhance antitumor immunity and to enhance T-cell

immunity induced specifically by antitumor vaccines [11–

13]. Ipilimumab was approved as a monotherapy for the

treatment of metastatic melanoma on the basis of improved

survival for patients with treatment-refractory disease [9].

A more recent study has shown a similar benefit in patients

with previously untreated metastatic melanoma [14].

Clinical trials have also been conducted in patients with

prostate cancer, including studies with ipilimumab alone or

in combination with vaccines or GM-CSF, all demon-

strating some evidence of efficacy [15–17]. At the time of

this writing, a randomized, double-blind, phase III trial is

currently underway evaluating ipilimumab versus placebo

in patients with early metastatic, castrate-resistant prostate

cancer (NCT01057810). Consequently, the further evalu-

ation of CTLA-4-blocking antibodies alone, or in combi-

nation with other immune-active therapies, is a logical and

promising direction for future anticancer therapies, and

prostate cancer in particular.

The primary treatment for patients with metastatic

prostate cancer is AD, either by surgical castration or

‘‘chemical’’ castration with gonadotropin-releasing hor-

mone (GnRH) agonists/antagonists and/or nonsteroidal

antiandrogens. It has been known for several decades from

studies in rats that castration leads to prostate tissue invo-

lution and inflammation [18, 19]. Sandford et al. [20]

identified that castration of rats followed by intermittent

testosterone replacement resulted in sequential waves of

prostate tissue apoptosis and regrowth. Hormonally

induced prostate inflammation has been used as a model for

the study of human non-infectious prostatitis [18, 21–23].

Furthermore, adoptive transfer of lymphocytes from treated

animals demonstrated that this prostatitis is an autoimmune

process that could be transferred to naı̈ve animals [23].

Several groups have demonstrated that AD also elicits

apoptosis and inflammation in normal and malignant

human prostate tissue [24, 25]. In particular, Mercader and

colleagues reported that short-term AD elicits prostate

tissue lymphocytic inflammation dominated by an oli-

goclonal CD4? T-cell response [26]. We have further

demonstrated that AD in patients leads to increased cir-

culating naı̈ve T cells and elicits IgG responses to proteins

expressed in prostate tissue [27]. Drake and colleagues

have demonstrated that AD could augment antitumor

immune responses, resulting from a whole cell prostate

cancer vaccine in a murine model of prostate cancer [28].

A clinical trial using nilutamide followed by a viral vaccine

targeting PSA has similarly suggested an immunological

and clinical benefit to a combination of AD with immu-

notherapy [29, 30]. Together, these findings have suggested

that prostate cancer immunotherapies might be most

effective in the setting of patients being concurrently

treated with AD, and/or that AD might be used to elicit a

tissue-disruptive response eliciting prostate inflammation/

destruction that could be further augmented with immu-

nomodulatory agents [31].

The current study was designed to evaluate the safety of

combining treatment with AD and an anti-CTLA-4

monoclonal antibody as treatment for patients with stage

D0 prostate cancer. We hypothesized that short-term AD

would elicit prostate cancer-associated, T-cell-mediated

tissue destruction that might be augmented with an

immunomodulatory monoclonal antibody blocking CTLA-

4, and that this approach might have therapeutic benefit in

patients with recurrent prostate cancer. Patients were
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treated with high-dose bicalutamide (150 mg per day) for

days 1–28 in each of two 3-month cycles. Bicalutamide

was used as an alternative to standard LHRH agonist

treatment, given that it does not result in long-term and/or

variable testosterone depletion. CP-275,206 (treme-

limumab, anti-CTLA-4 monoclonal antibody, Pfizer Cor-

poration) was administered on day 29 of each cycle in a

dose-escalation design. Endpoints of the study included

safety/toxicity assessment, immune response evaluation,

and changes in PSA kinetic parameters as measured by

effects on PSA DT.

Materials and methods

Study agent and regulatory information

CP-675,206 (tremelimumab) is a humanized monoclonal

IgG2 antibody specific for CTLA-4 and was provided by

Pfizer Corporation. The study protocol was reviewed and

approved by the Institutional Review Board of the Uni-

versity of Wisconsin and FDA, and all patients gave

written informed consent for participation.

Patient population

Male patients with a histological diagnosis of adenocarci-

noma of the prostate and biochemical (serum PSA) recur-

rence after definitive surgery and/or radiation therapy were

eligible, provided there was no evidence of suspected

lymph node, bone, or visceral metastatic disease on bone

scans or CT scans. Patients could not have been previously

treated with AD therapy, including LHRH agonist or

nonsteroidal antiandrogens. Inclusion criteria required that

patients have an Eastern Cooperative Oncology Group

performance score of \2 and normal bone marrow, liver,

and renal function as defined by a WBC C3,000/ll,

hematocrit C30%, platelet count C100,000/ll, total bili-

rubin B2.0 mg/dl, and serum creatinine \1.5 mg/dl or a

creatinine clearance C60 ml/min. Patients were excluded if

they had been treated with immunosuppressive therapy,

including chemotherapy, corticosteroids, or extensive

radiation therapy, within 6 months of study entry, or were

on medications with possible anticancer or hormonal

effects. All patients were also required to have at least four

serum PSA values collected over a 3- to 6-month period of

time prior to study entry, all obtained from the same

clinical laboratory, to determine a pretreatment PSA DT.

Study design

The study was an open-label, dose-escalation, single-

institution phase I trial using a dose-escalation schedule

with sequential cohorts receiving increasing doses of

tremelimumab in combination with bicalutamide (Fig. 1).

Given previous clinical trial experience with treme-

limumab in other patient populations identifying potential

adverse events, and in order to gather more biological

response data and identify potential adverse events distinct

for the combination of tremelimumab in combination with

bicalutamide, six subjects were accrued per dose level.

Escalation to the next dose level was permitted if\2 dose-

limiting toxicities (DLT) were observed at the preceding

dose level. A DLT was defined as any adverse event

Cgrade 3 occurring within 28 days of first treatment with

tremelimumab and given an attribution of at least possibly

related to this agent. The MTD was defined as the dose

level preceding a level at which more than one DLT was

Fig. 1 Study schema and dose

treatment level. Shown is the

treatment and surveillance

schema, and planned dose

treatment levels
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observed. Adverse events attributed to treatment with

bicalutamide were collected and used for dose modifica-

tion, but were not used for defining DLT.

Study procedures

Patients were treated in two 3-month cycles with bicalu-

tamide administered orally, 150 mg per day, for days 1–28

of each cycle, and tremelimumab administered intrave-

nously on day 29 of each cycle. The planned dose of

tremelimumab ranged from 3–10 mg/kg and was given as a

60-min infusion without premedication (Table 1). Patients

were then followed with surveillance only, and treatment/

surveillance was continued until one of the following

occurred: (1) radiographic disease progression, (2) inter-

current illness preventing further administration, (3)

unacceptable adverse events, (4) patient decision to with-

draw from study, or (5) physician discretion that other

therapies were warranted. All patients receiving at least

one dose of tremelimumab were considered evaluable for

adverse event assessment.

Adverse event monitoring

All patients were evaluated monthly during treatment up to

month 5 and then quarterly for 1 year after treatment with

the last dose of tremelimumab, for symptomatic evidence

of adverse events. Blood tests included complete blood

counts, serum electrolytes, creatinine, alkaline phospha-

tase, glucose, amylase, TSH, and liver function tests. In

addition, urinalysis and antinuclear antibody testing were

performed prior to study and at study conclusion. Patients

were evaluated by a physician at least monthly. All adverse

events were graded according to the National Cancer

Institute Common Terminology Criteria Grading System,

version 3, and assigned an attribution of unrelated, unli-

kely, possible, probable, or definite in relation to treatment

with bicalutamide or tremelimumab.

Clinical response evaluation

Clinical response was not the primary endpoint of this

study. However, all subjects were assessed with CT of the

abdomen and pelvis and bone scintigraphy within 4 weeks

prior to the first dose of bicalutamide, and at yearly inter-

vals or as clinically indicated. Serum PSA was evaluated

monthly after beginning the treatment. PSA DT was cal-

culated using all serum PSA values available from the

same clinical laboratory for the specified period and using a

minimum of four PSA values by the formula ln(2)/b, where

b denotes the least square estimator of the linear regression

model of the log-transformed PSA values on time. For the

pretreatment PSA DT, a period of 4–6 months was used

prior to treatment, up to and including day 1 of treatment.

The posttreatment PSA DT was determined using all PSA

values from month 6 to 12 (or off study if off study prior to

month 12), beginning 2 months after completing the

treatment with bicalutamide, and additionally from month

12 to 18 for those individuals remaining in surveillance and

not being treated with other therapies for prostate cancer.

Immunological evaluation

Serum was collected prior to treatment, and at months 1, 3,

4, 5, and off study for the evaluation of IgG responses. Sera

were stored at -80�C in aliquots until use. Peripheral

blood mononuclear cells were collected prior to treatment

and at month 5 for T-cell analysis. Phage immunoblot was

performed to detect IgG responses to specific antigens as

we have previously described, using lambda phage

encoding 126 unique antigens previously identified as

prostate-associated antigens [32–34]. Membranes were

scanned, and the digital format was assessed visually, with

individual plaques scored positive by independent observ-

ers, blinded to the treatment, timing of sample acquisition

Table 1 Patient demographics

N Dose level

1 (N = 5)

Dose level

-1 (N = 6)

Combined

(N = 11)

Age

Range 11 65.2 ± 9.5

55–77

64.5 ± 4.2

59–71

64.8 ± 6.7

55–77

Race

AA 1 0% 17% 9%

Caucasian 10 100% 83% 91%

BSA (m2) 11 2.14 ± 0.29 2.07 ± 0.10 2.10 ± 0.2

ECOG PS

0 10 80% 100% 91%

1 1 20% 0% 9%

Gleason score

B6 4 1 3 4

7 4 2 2 4

8 3 2 1 3

Primary therapy

Surgery 9 4 5 9

Radiation 2 1 1 2

Salvage therapy

Radiation 4 4 0 4

Pretreatment PSA

(ng/ml) median

(range)

11 8.2 (2.5–29) 4.5 (2.3–73) 5.9

(2.3–73)

Pretreatment PSA

DT (months)

median (range)

11 6.3

(3.8–10.2)

6.7

(2.7–11.3)

6.3

(2.7–11.3)
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and membrane layout, as previously reported [32–35]. All

of the membranes were scored by the same observers at the

same time. Heatmap Builder software (Version 1.1, Stan-

ford University) was used to generate heatmaps displaying

changes (gain, loss, or no change) of antibody immune

responses following treatment. Confirmatory enzyme-linked

immunosorbent assay (ELISA) studies were performed

to evaluate IgG specific for PSA or PAP as previously

reported [36].

Statistical methods

Demographical variables were summarized by dose level

in terms of frequencies and percentages for categorical

variables and means ± SD for variables measured on a

continuous scale. PSA doubling times were summarized in

terms of medians and ranges. Absolute changes in PSA DT

from pretreatment (month -6 to baseline) to posttreatment

(month 6–12) and follow-up (month 12–18) were evaluated

using a nonparametric Wilcoxon signed rank test and dis-

played graphically using waterfall plots.

Results

Patient population

As shown in Table 1, 11 patients were enrolled on this

study between September 2008 and September 2009 at the

University of Wisconsin Carbone Cancer Center. The

median age for all patients was 63 years (range

55–77 years). The median PSA DT prior to treatment was

6.3 months (range 2.7–10.2 months), and the median pre-

treatment serum PSA was 5.9 ng/ml (range 2.3–73 ng/ml).

Course of study

Patients were assigned to defined dose levels as shown in

Fig. 1. Three dose levels were initially planned, and

accrual began at dose level 1 (6 mg/kg tremelimumab).

The first patient on study experienced grade 3 diarrhea

13 days after the first dose of tremelimumab. While this

episode resolved within 24 h and did not recur with re-

treatment in cycle 2, the possibility of its relation to

tremelimumab treatment could not be excluded, defining

this event as a DLT. At this same dose level, patient #5

experienced a grade 3 rash on day 20 after the first dose of

tremelimumab. This second DLT resulted in the first dose

level closing, and subsequent patients being enrolled at

dose level -1 (3 mg/kg tremelimumab). One patient

(subject #6) in dose level -1 experienced a grade 3 colitis

requiring hospitalization and discontinuation of treatment

22 days after his first dose of tremelimumab. No other

DLTs were detected at this dose level in the remaining 5

subjects, defining the 3 mg/kg dose as the MTD for this

trial. Patients were followed with clinical and laboratory

examinations for 12 months after completing the last dose

of tremelimumab to identify any possible long-term

adverse events.

Adverse events

Table 2 shows all adverse events occurring in either course

of treatment or up to 12-month follow-up that were felt to

be at least possibly attributable to study treatment. In this

table, the highest grade of an event per individual patient is

recorded. As can be seen, this combination was generally

well tolerated with the exception of the grade 3 adverse

events described above. The major adverse events noted

were low-grade constitutional symptoms (primarily fati-

gue), gastrointestinal symptoms (nausea, diarrhea, and

abdominal pain), dermatologic reactions (rash and pruri-

tus), and endocrine reactions (hot flashes and gynecomas-

tia). Rash and gastrointestinal symptoms were expected

events attributed to treatment with tremelimumab, having

been previously observed in [10% of patients treated on

other clinical trials [37, 38]. Endocrine reactions were

attributed to bicalutamide as known adverse events. Of

note, no unexpected adverse events were observed. Two

subjects required steroid treatment for the management of

adverse events (subject #5 for rash and subject #6 for

colitis). Of the three individuals with grade 3 events, two

were re-treated without recurrence of gastrointestinal

symptoms or rash. No subject developed adverse events

following the second infusion of tremelimumab. In addi-

tion, while the total number of subjects treated at each dose

was low, there were no obvious differences in the fre-

quency or severity of toxicities with respect to treme-

limumab dose (Table 2).

Clinical response

No subjects had symptomatic disease progression; how-

ever, two (patients 1 and 6) were found to have evidence of

metastases at month 12 on scheduled imaging studies, and

a third patient (#9) was found to have metastases at month

8 obtained due to rapidly rising PSA. These patients came

off study at these time points, and a fourth (patient #8)

came off surveillance at month 12 due to rapidly rising

PSA. Serum PSA values were obtained at monthly inter-

vals (Fig. 2). No significant increases in PSA doubling time

were detected from pretreatment (month -6 to baseline) to

posttreatment (month 6–12), as shown in Fig. 3a. In fact, a

decrease in PSA doubling time was found for most patients

during this time period. This was likely due to the prox-

imity in time with treatment with bicalutamide, with the
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PSA measurements beginning 2 months after bicalutamide

was stopped and the likely re-equilibration of serum tes-

tosterone during this period (compare Fig. 2). Conse-

quently, as many patients continued to be followed in

surveillance without other treatment intervention, a later

posttreatment term period was also evaluated from months

12 to 18, and 8 months after the bicalutamide was

discontinued. Three individuals were observed to have

substantial increases in PSA doubling time in this later

follow-up period (month 12–18), ranging from 23.4 to

41.8 months (Fig. 3b). The PSA doubling time changes

from pre- to posttreatment, or pretreatment to later follow-

up, were not statistically different when comparing dose

level 1 with dose level -1.

Immunological analysis

Sera obtained from patients prior to treatment, at 5, and at

12 months were evaluated for IgG responses to a panel of

126 prostate-associated antigens (example in Supplemental

Figure 1). Overall, several IgG responses were detectable

at 5 and 12 months after treatment that were not detectable

Table 2 Adverse events

Grade 1 Grade 2 Grade 3 Grade 4

6 (mg/kg) 3 (mg/kg) 6 (mg/kg) 3 (mg/kg) 6 (mg/kg) 3 (mg/kg) 6 (mg/kg) 3 (mg/kg)

Gastrointestinal

Diarrhea 1 1 1

Constipation 2

Nausea 2 1

Mucositis/stomatitis 1 1

Colitis 1

Distension/bloating 1 1

Abdominal pain NOS 1 1 1

Hemorrhage 1

Dermatology/skin

Rash 2 1 1

Pruritus/itching 2 1

Alopecia 1

Dry skin 1

Constitutional

Fatigue 1 4 1 1

Weight loss 1

Anorexia 2

Flu-like syndrome 1

Rigors/chills 1

Endocrine

Hot flashes/flushes 1 3

Gynecomastia/breast pain 3 3 1

Cardiovascular

Hypotension 1

Neurology

Dizziness 1

Metabolic/laboratory

Amylase 1

Pulmonary

Dyspnea 1

Ocular/visual

Dry eyes 1

This table shows all adverse events by grade and by treatment dose level (DL) that were believed to be at least possibly related to treatment. The

numbers represent the number of patients (out of 5 or 6 per dose level) experiencing a particular event at any point during multiple cycles of

treatment, with the highest grade reported for any single individual
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pretreatment, suggesting the possibility that treatment

elicited prostate antigen-associated immune responses

(Fig. 4a). In particular, IgG responses to PSA were

detectable in three of 11 subjects, responses which were

confirmed in two individuals by indirect ELISA (Fig. 4b).

Responses were also observed specific for several cancer-

testis antigens (SSX-2, PAGE-1, and GAGE-2), and in

three individuals to a protein encoded on chromosome 1.

Two of three patients with increased PSA doubling times

developed IgG responses to three or more antigens.

However, given the small number of patients evaluated,

no significant associations were detected in individuals

experiencing a prolonged PSA DT with respect to the

number of proteins recognized by IgG, or specific proteins

recognized.

Discussion

We report here a phase I dose-escalation trial using

tremelimumab in combination with high-dose bicalutamide

in patients with biochemically recurrent prostate cancer. In

general, the adverse events observed (primarily rash and GI

symptoms) were similar to what have been reported in

other clinical trials with anti-CTLA-4 monoclonal anti-

bodies [9, 37–39]. While this was a small trial, no new

unanticipated adverse events were detected with this

combination. It is perhaps noteworthy that the most sig-

nificant toxicity observed, which required hospitalization

and discontinuation of treatment, occurred in an individual

treated once at the lowest dose. This is important, because

while 3 mg/kg was defined by the protocol as the

Fig. 2 Serum PSA levels.

Serum PSA values are shown

for all patients (Y axis = ng/ml,

log scale) with respect to the

day of treatment (X axis). Day

0 = day of first treatment with

bicalutamide. The period of

time used for determining PSA

doubling times is shown
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maximum tolerated dose in combination with bicaluta-

mide, it is not clear that toxicities were truly more frequent

or of greater magnitude at the higher dose. In fact, 15 mg/

kg tremelimumab administered as a single agent on an

every 3-month schedule had previously been observed to

demonstrate fewer adverse events [38]. However, it is

particularly relevant to note that our population of patients

with early recurrent prostate cancer have no symptoms

referable to their disease and generally have a long life

expectancy. In this healthy population, there is even more

of a need to minimize risk, as opposed to patients with

more advanced disease and a shorter life expectancy in

which more risk from therapy might be tolerated. Not-

withstanding, while this treatment did carry risk, all

adverse events observed were manageable, and the fre-

quency and severity of adverse events were not higher than

what has been observed with some other immune-based

therapies, such as lenalidomide, being evaluated in this

stage of disease [40].

While PSA doubling time itself may be associated with

prostate cancer progression and death from prostate cancer

[5, 7], changes in PSA doubling time following treatment

have not been validated as a clinically useful endpoint.

Nonetheless, because serum biomarkers such as PSA

remain the only measure of disease in this population, it

has been recommended by a consensus panel that changes

in PSA kinetics be evaluated for treatments that might

modify disease behavior [41, 42]. All patients in this trial

had a pretreatment PSA doubling time\1 year, a situation

in which the median time to developing radiographically

apparent metastases is 19 months [5]. Three patients trea-

ted were observed to have an increase in PSA doubling

time detectable many months after treatment. We do not

believe this effect to have been mediated by bicalutamide

alone, since this agent works as an antiandrogen and does

not suppress the hypothalamic-gonadal axis as do LHRH

agonists. Hence, it is not expected to have persistent anti-

tumor effect after it has been discontinued. Immune-based

treatments might be expected to demonstrate benefit over

time, and hence, it is plausible that this change observed in

a small number of subjects was due to the addition of

tremelimumab. In fact, at the time of this writing, the two

individuals treated at the higher dose of tremelimumab who

experienced the greatest increase in PSA DT continue to

have a stable prolonged PSA DT, without metastases, and

have not received any additional therapy for prostate can-

cer for 2 years following the last dose of tremelimumab.

The identification of increases in PSA doubling time sug-

gests that this approach, using an anti-CTLA-4 monoclonal

antibody in combination with bicalutamide, could be

evaluated in future clinical trials specifically evaluating the

time to radiographic disease progression as a clinical

endpoint.

We and others have previously reported that various

treatments for prostate cancer can elicit immune responses

to prostate-associated proteins [27, 33, 34, 43]. In partic-

ular, PSA itself has been reported as a protein commonly

recognized in patients with prostate cancer and prostatitis,

and a protein to which immune responses are occasionally

detected following treatment with immune-modulating

treatments [33, 34, 36, 44, 45]. In the current study, we

demonstrated that IgG responses were elicited to PSA in at

least two of 11 individuals treated. At this point, it is

unknown whether the generation of PSA-specific antibod-

ies affected the serum PSA level, but this appears unlikely

as the PSA DT did not appear to be affected in patients in

whom antibodies to PSA were detected by ELISA (Figs. 2,

4). Moreover, IgG responses were elicited to several can-

cer-testis antigens, antigens not typically recognized fol-

lowing treatment with AD therapy alone [33]. The

recognition of other cancer-testis antigens following treat-

ment with ipilimumab suggests that this may have

Fig. 3 PSA doubling times. Waterfall plots showing absolute

changes in PSA doubling times from pretreatment (month -6 to

baseline) to posttreatment (month 6–12) (a) and from pretreatment

(month -6 to baseline) to follow-up (month 12–18) (b). The numbers

immediately below the columns indicate the individual subjects,

corresponding to Fig. 2. In addition, below the columns are shown the

calculated PSA doubling times (in months) for the pre-, posttreat-

ment, or follow-up periods for each patient
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specifically been the result of treatment with tremelimumab

[17, 46]. While these results do not demonstrate antitumor

activity of the approach, they do suggest that treatment did

result in immune responses to proteins expressed by

prostate cancer, the proposed underlying mechanism of this

combination approach. Future studies could thus similarly

explore AD and CTLA-4 blockade with specific antigen-

targeted approaches; antitumor vaccines targeting PSA

and several cancer-testis antigens are already underway

[47, 48].

In summary, we report that the combination of high-

dose bicalutamide (150 mg daily) with tremelimumab was

feasible in this small study of patients with early recurrent

(clinical stage D0) prostate cancer. The combination did

elicit expected adverse events, predominantly rash and

gastrointestinal adverse events, as have been seen in other

trials with anti-CTLA-4 monoclonal antibodies. Three of

11 patients experienced a delayed change in PSA doubling

time, suggesting that future exploration of this combination

could evaluate ongoing cyclic treatment in patients with

high risk for recurrence, specifically evaluating the time to

metastatic disease progression.
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Fig. 4 IgG responses to prostate-associated antigens. a Sera were

obtained from all patients at month 5 (upper group) or at end of study

(lower group) and used to identify IgG responses to a panel of

prostate cancer-associated antigens as previously described [32, 33].

The green boxes represent gain of response compared with responses

observed from sera obtained at pretreatment, and black boxes
represent loss of response compared with responses observed from

sera obtained at pretreatment. The red arrow highlights responses

observed to PSA. b IgG responses to PSA and PAP were further

evaluated by ELISA. Sera obtained from patient 3 (left plot) and 6

(right plot) obtained at pretreatment and at end of study were

evaluated for IgG specific for PAP or PSA by ELISA. Shown is the

DOD (posttreatment optical density–pretreatment optical density) at

multiple sera concentrations specific for either protein, and normal-

ized to background
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