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Abstract
Cytotoxic T lymphocyte-associated antigen (CTLA-4), also known as CD152, is a co-inhibitory
molecule that functions to regulate T cell activation. Antibodies that block the interaction of
CTLA-4 with its ligands B7.1 and B7.2 can enhance immune responses, including anti-tumor
immunity. Two CTLA-4 blocking antibodies are presently under clinical investigation:
ipilimumab and tremelimumab. CTLA-4 blockade has shown promise in treatment of patients
with metastatic melanoma, with a recently completed randomized, double-blind Phase III trial
demonstrating a benefit in overall survival (OS) in the treated population. However, this approach
appears to benefit only a subset of patients. Understanding the mechanism(s) of action of CTLA-4
blockade and identifying prognostic immunologic correlates of clinical endpoints to monitor are
presently areas of intense investigation. Several immunologic endpoints have been proposed to
correlate with clinical activity. This review will focus on the endpoints of immune monitoring
described in studies to date and discuss future areas of additional work needed.

Introduction
The interaction between cancer and the immune system is complex and multifaceted. While
evidence of an anti-tumor immune response is detectable in many cancer patients, cancers
develop multiple strategies to evade immune detection and destruction.1 Immunotherapies
aim to generate or augment anti-tumor immunity to gain clinical benefit. Advances in
defining the mechanisms and molecules that regulate immune responses have provided new
targets for therapeutic intervention. The identification of CTLA-4, a co-inhibitory molecular
expressed on T cells, led to the clinical development of CTLA-4 blocking antibodies that are
capable of stimulating potent anti-tumor immunity.2 Two CTLA-4 blocking antibodies are
presently under clinical investigation, ipilimumab and tremelimumab.3, 4 These antibodies
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have been most extensively tested in patients with melanoma but studies have now
broadened to include prostate, ovarian, breast, and renal cell cancer. Clinical responses to
ipilimumab and tremelimumab have been notable for their durability; however, a minority of
patients treated (~10–15%) achieve objective radiographic responses at conventional
timepoints while others may benefit months later, even after clinical progression.5 The side
effect profile for CTLA-4 blockade includes the development of tissue specific
inflammatory symptoms such as colitis, dermatitis and hypophysitis, designated immune-
related adverse events (irAEs).6

Monitoring parameters of immune activation and anti-tumor immunity during the clinical
testing of ipilimumab and tremelimumab has begun to shed light on the putative
mechanisms of clinical activity for these agents. Immune monitoring is an approach that is
presently being used to: (1) identify endpoints that correlate with, or predict, clinical benefit,
(2) identify endpoints that correlate with, or predict, irAEs, (3) observe anti-tumor immune
responses in real-time to better characterize the steps involved in successful (or
unsuccessful) anti-tumor immunity. In this review, we aim to survey the endpoints of
immune monitoring that have been identified as the most promising targets for future study.

Background
Two signals are required for full T cell activation.7 The first signal is provided by
engagement of the T cell receptor (TCR) with a cognate peptide bound major
histocompatibility complex (MHC). A second, co-stimulatory, signal is provided by
engagement of a co-receptor. The canonical co-receptor, CD28, binds to members of the B7
family present on antigen presenting cells (APC). CTLA-4 was initially described as a new
member of the immunoglobulin gene family notably upregulated in activated T cells.8 Both
CD28 and CTLA-4 are members of the immunoglobulin gene family, which also includes
PD-1, ICOS, and BTLA. Later studies showed that, like CD28, CTLA-4 binds to B7, but
with markedly higher affinity.9 In contrast to CD28, CTLA-4 functions to inhibit T cell
activation. The development of agonist and antagonist antibodies to CTLA-4 permitted the
first characterizations of CTLA-4 function in vitro and in vivo. The blockade of CTLA-4
interaction with B7 enhances T cell activation in vitro; whereas antibodies that engage
CTLA-4 signaling attenuate T cell activation.10, 11 CTLA-4 blocking antibodies were
subsequently tested in vivo, where they again enhanced immune responses in several mouse
models.12 Lastly, characterization of CTLA-4 −/− mice strongly supported the proposed
immune regulatory role for CTLA-4.13–15 These mice develop a profound, autoreactive,
hyperproliferative lymphocyte expansion, which is lethal within 3 weeks of age.

Preclinical Activity of CTLA-4 Blockade
Based on the evidence that CTLA-4 functions to regulate immune responses in vitro and in
vivo, it was proposed that blockade of CTLA-4 could enhance immune responses against
tumors by inhibiting this “checkpoint” in the immune response.16 CTLA-4 blockade as a
monotherapy demonstrated efficacy in mouse models of transplantable tumors, including
colon carcinoma, prostate carcinoma, fibrosarcoma, ovarian carcinoma, and lymphoma.17–
21 In several of these studies, CTLA-4 mediated rejection of tumors afforded protection
against subsequent tumor challenge, suggesting the generation of durable anti-tumor
immunity. In some tumor models, such as the B16 melanoma and the SM1 mammary tumor,
CTLA-4 monotherapy was not effective, but combination with GM-CSF-expressing tumor
cells, peptide, or DNA vaccines was synergistic.22–24 Side-effects of CTLA-4 blockade,
such as depigmentation and prostatitis, seen in mouse models of melanoma and prostate
cancer respectively, prefigured some of the immune related side effects of CTLA-4 blockade
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later seen in humans.22, 25, 26 The autoimmune potentiating effect of CTLA-4 blockade was
also seen in several mouse models of autoimmunity.27–30

CTLA-4 Mechanism(s) of Action
CTLA-4 is inducibly expressed on activated effector CD4+ and CD8+ T cells. In addition,
CTLA-4 is constitutively expressed on a subset of regulatory T cells (Treg). Understanding
the precise mechanism of CTLA-4 activity in vivo, and by extension, the mechanism of anti-
tumor immune activity mediated by CTLA-4 blockade, is an area of active investigation.
Two distinct, but not mutually exclusive, hypotheses to explain CTLA-4 activity have
gained experimental support: a cell intrinsic and cell extrinsic mechanism. In the cell
intrinsic model, CTLA-4 acts in cis on activated T cells to oppose the co-stimulatory signal
provided by CD28 and CD7 interaction (Figure 1). In support of this model, conventional
CD4+ and CD8+ cells that do not express CTLA-4 have a higher proliferative capacity in
vitro and in vivo.15, 31–35 The cell extrinsic activity of CTLA-4 on immune response,
focusing on a role for Tregs, has been more challenging to define. Early experiments
demonstrating that CTLA-4 −/− T cells transferred into RAG ½ −/− hosts could be
inhibited by concomitant transfer of WT T cells suggested trans-regulation by CTLA-4
sufficient WT cells36, 37, later defined as a CD4+CD25+ Tregs.38 Further support for a role
of Tregs was provided by the generation of a murine conditional knock out where the mice
lack CTLA-4 in the Treg compartment.39 These mice develop a lethal lymphoproliferative
disorder, albeit in a delayed fashion compared with the CTLA-4 −/− mice, suggesting that
both conventional T cells and Tregs contribute to this phenotype. The relative contribution
of conventional T cells versus Tregs to the effects of CTLA-4 blockade appears to depend
upon the disease model under investigation. Several pre-clinical models of anti-tumor
immunity appear support a more important contribution of the effector T cell compartment
in mediating the effects of CTLA-4 blockade.40, 41 Utilizing a transgenic mouse expressing
human CTLA-4, Peggs et al. were able to independently assess the relative contributions of
CTLA-4 expression on effector T cells versus Tregs. These studies demonstrate an absolute
requirement for effector T cells, but not Tregs. However, concomitant blockade of both
effector T cells and Tregs is required for maximal anti-tumor effects of CTLA-4 blockade.41

CTLA-4 Blocking Antibodies for Humans: Ipilimumab and Tremelimumab
CTLA-4 blocking antibodies for use in humans were developed based on the pre-clinical
activity seen in mouse models of anti-tumor immunity. Both ipilimumab (MDX-010) and
tremelimumab (CP-675,206) are fully human antibodies against CTLA-4.42–44 Ipilimumab
(Bristol-Myers Squibb, Princeton, NJ) is an IgG1 with a plasma half-life of 12–14 days.
Tremelimumab (Pfizer, New York, NY) is an IgG2 with a plasma half-life of approximately
22 days. Both of these agents have been most widely tested in patients with metastatic
melanoma, where durable clinical responses have been well documented. In metastatic
melanoma, response rates to ipilimumab at the optimal dose of 10 mg/kg have ranged from
5.8 to 15.8%.45–47 A recently completed randomized, double-blind, Phase III study
examining 676 patients treated with ipilimumab at a dose of 3 mg/kg compared with patients
treated with peptide vaccine alone or peptide vaccine plus ipilimumab demonstrated a best
overall response rate (BORR) of 10.9% among patients treated with ipilimumab alone and a
benefit in OS (10.0 months for ipilimumab plus peptide vaccine vs. 10.1 months for
ipilimumab alone vs. 6.4 months for peptide vaccine alone) favoring ipilimumab treatment.
48 In this trial, survival rates for ipilimumab treated patients were 45.6% at 1 year and
23.5% at the 2-year mark. A second randomized, placebo-controlled, Phase III clinical trial
comparing ipilimumab at a dose of 10 mg/kg plus dacarbazine to dacarbazine combined
with a placebo has completed accrual.49 A randomized, open-label Phase III trial comparing
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tremelimumab with dacarbazine or temozolomide was halted after an interim analysis failed
to demonstrate a benefit (OS 10.7 vs. 11.7 months).

From the clinical trials completed to date, several general features of anti-CTLA-4 therapy
have been defined including: kinetics of a typical response, duration of response, and side
effect profile. CTLA-4 blockade functions as a general activator of immune responses and
thus its pattern of clinical activity is distinct from the cytotoxic agents that are the mainstay
of cancer therapy. Specifically, the kinetics of radiographic responses to CTLA-4 blockade
may be delayed when compared with typical responses to cytotoxic agents. Clinical
responses to cytotoxic therapy are expected within the first weeks of treatment. In contrast,
some patients treated with ipilimumab who have stable, or even progressive disease, in the
first months of treatment, go on to experience objective responses or durable stable disease.
Metastatic melanoma patients treated with ipilimumab can achieve durable responses
measured in years. Durable responses to dacarbazine, the only FDA approved chemotherapy
for metastatic melanoma, are exceedingly rare, even among clinical responders. Response
criteria for solid tumors, including the WHO and RECIST guidelines were developed to
monitor patients treated with cytotoxic chemotherapies. The unique features of responses to
CTLA-4 blockade prompted the development of new guidelines for the evaluation of
immune therapy activity in solid tumors.50 These immune-related response criteria (irRC)
were developed to better identify clinical activity in patients treated with immunotherapies
that might be neglected by conventional response criteria.

Immune-Related Adverse Events
For some patients, the potent ability of CTLA-4 blockade to activate the immune system
results in inflammatory manifestations characterized as immune-related adverse events
(irAEs). The most clinically significant irAE is enterocolitis which can range in severity;
grade III/IV enterocolitis is seen in ~15% of patients treated with ipilimumab at 10 mg/kg.
46 With vigilance and early intervention with corticosteroids and/or anti-TNF therapy,
colitis symptoms are readily treatable and rarely result in life-threatening complications.
Notably, colitis treatments do not appear to compromise the anti-tumor activity or duration
of response to ipilimumab.51 Additional irAEs include rash/pruritus (>50%), hepatitis (5–
10%), hypophysitis (5%), uveitis (<2%), pancreatitis (<2%), and leucopenia (<2%).6, 52–55

Overlap between patients who develop irAEs and those who derive clinical benefit from
CTLA-4 blockade was noticed in early studies. For example, in a Phase I study of 14
patients with metastatic melanoma, Phan et al. reported that 3/3 responding patients (1 CR, 2
PR) had grade III/IV toxicities, whereas only 3/11 (27%) of non-responders had similar
toxicities.56 The correlation between grade III/IV irAEs and clinical response has since been
substantiated in several larger analyses.44, 51, 52, 54, 57, 58 The presence of grade III/IV
irAEs correlates with higher rates of clinical response (Figure 2). Conversely, among
clinical responders, irAEs are more frequent. It should be emphasized, however, that high-
grade irAEs are not required for clinical response; nor does a high-grade irAE guarantee a
clinical response. The factors that determine the focus (anti-tumor, autoimmune, or both) of
immune responses activated by CTLA-4 are an area of active investigation.

Immunological Monitoring
Immunological monitoring has been an integral part of the completed and ongoing clinical
trials of ipilimumab and tremelimumab. Approaches to immunological monitoring have
included: (1) monitoring the frequency of specific populations of cells in peripheral blood or
tumor, (2) monitoring changes in expression levels of specific markers on immune cells (3)
quantifying antigen specific immune responses including antibody and CD4+ or CD8+ T
cell responses, (4) monitoring changes in peripheral cytokine levels of cytokines produced
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by specific immune cell populations, among others. A major focus has been the
identification of pertinent endpoints of immune monitoring for patients treated with CTLA-4
blockade, or for immunotherapy in general. To date, immune monitoring has identified
several endpoints that may correlate with a variety of clinical parameters (Table 1). Most of
these biomarkers have been identified in small, retrospective analyses; larger, prospective
studies are needed.

Absolute Lymphocyte Count
The absolute lymphocyte count (ALC) is routinely measured to exclude lymphopenias
associated with some therapies.

In the largest evaluation of biomarkers in patients treated with ipilimumab reported to date,
the rate of rise in ALC was identified to correlate with clinical benefit.59 This study was a
pooled analysis of patients treated on 4 different clinical trials receiving ipilimumab at 0.3,
3, or 10 mg/kg. Patients were classified into 2 groups: those with clinical activity (CR+PR
+SD>24 weeks) or without clinical activity. The analysis was performed in 2 parts. In the
first part, pooled data from 3 studies (379 patients) was analyzed retrospectively. For the 55
patients (15.8%) with evidence of clinical activity there was a positive correlation with mean
rate of ALC change (P= 0.0013). The mean rate of ALC change is the slope of the ALC over
time prior to and during ipilimumab treatment. A positive slope represents a rise in ALC
with treatment. This correlation was then tested and confirmed in a prospective fashion in 64
additional patients (P= 0.00042). Furthermore, accounting for the variable doses of
ipilimumab given, the rate of change of ALC was dose dependent, favoring the highest
ipilimumab dose (10 mg/kg).

The significance of ALC was highlighted in a second, independent study.58 This analysis
included 51 patients with advanced, refractory melanoma treated with ipilimumab at a dose
of 10 mg/kg. In this population, there was a 9% ORR by RECIST criteria and a 12% ORR
by irRC. Grade III and IV irAEs were reported in 29% of the population. Clinical benefit,
defined as the sum of CR+PR+SD at 24 weeks, was reported for 33% of the population.
Patients were stratified into 2 groups using an ALC < 1000/mL (low ALC) as a cut-off. ALC
was evaluated pre-treatment and after the first (week 4) and second (week 7) dose of
ipilimumab. Patients with an ALC ≥ 1000 after the second dose of ipilimumab had a higher
clinical benefit rate at week 24 (52% vs 0%; p < 0.01). Likewise, the high ALC group had
higher rates of 6-month (75% vs 0%) and 12 month (47% vs 0%) OS. ALC at earlier time
points, including the pre-treatment time point, showed a non-significant trend toward
clinical benefit for ALC ≥ 1000. This trend suggests that baseline characteristics (i.e. prior
therapy, tumor burden, etc.) that contribute to ALC may impact response to future therapy.
While low ALC may identify a poor-risk group, the correlation between ALC and clinical
benefit persists after adjusting for LDH, an established marker of disease burden and
predictor of survival 60, 61. For those that fall into the low ALC category after 2 doses, the
likelihood of clinical benefit appears very low; 8 patients in this study met these criteria and
none of them experienced clinical benefit at 24 weeks (Figure 3).

Further characterization of ALC as a biomarker points to CD8+ T cells as the pertinent
lymphocyte subset, as seen in a recent pooled analysis of 35 patients treated with
ipilimumab at a dose of 10 mg/kg.62 In this study, PBMCs were collected pre-treatment
(week 1) and after dose 2 (week 7). In a retrospective analysis, increased rate of ALC
change correlated with clinical benefit, as previously observed (P<0.0001). In addition to
assessing ALC, peripheral lymphocyte subsets were monitored using multiparametric flow
cytometry to detect CD8+, CD4+, and CD25+ populations. Clinical benefit was found to
correlate with statistically significant increases in absolute numbers of CD8+ T cells
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between weeks 1 and 7 (P=0.0294). This correlation was not seen with CD4+ T cells (P=
0.2237) or CD4+CD25+ T cells (P=0.2912).

Inducible Costimulator (ICOS)
Inducible costimulator (ICOS), a member of the immunoglobulin gene family, is structurally
related to CD28 and CTLA-4. CD4+ and CD8+ T cells express ICOS on their cell surface
following activation.63 ICOS functions as a co-stimulatory molecule on activated T cells and
has been associated with increased effector T cell survival.64

The correlation between CTLA-4 blockade and ICOS was first described in an analysis of 6
bladder cancer patients receiving ipilimumab in the pre-operative setting.65 The design of
this study permitted analysis of both peripheral blood cells and tumor tissue. Patients were
treated with ipilimumab at a dose of 3 mg/kg for 2 doses prior to radical cystoprostatectomy.
Peripheral blood samples were monitored 3 weeks and 7 weeks post-treatment. Analysis of
multiple parameters identified a positive correlation between ipilimumab treatment and
frequency of CD4+ cells expressing high levels of ICOS in both peripheral blood and tumor
samples. Furthermore, after ipilimumab treatment, the subset of CD4+ICOShigh cells
collected from peripheral blood produced higher levels of IFN-γ than the same population
pre-treatment or in healthy donors. Additionally, in 3 patients with tumors that express NY-
ESO-1, a cancer-testis antigen, IFN-γ production by CD4+ICOShigh cells stimulated with
NY-ESO-1 peptides could be detected post-treatment. Subsequently, in the same patient
population, prostate tissue removed during radical cystoprostatectomy was analyzed.66 Out
of 7 patients, 3 patients had incidental low-grade prostate adenocarcinoma. In both normal
prostate tissue and prostate adenocarcinoma, the same pattern of increased frequency of
CD4+ICOShigh cells after ipilimumab treatment was observed. This association was also
reported in a recent Phase I study of tremelimumab given in combination with exemestane
in hormone responsive metastatic breast cancer.67 A total of 26 patients were treated with
tremelimumab, and 9 of these were analyzed for changes in lymphocyte subsets. A
significant increase in percentage of CD4+ICOShigh cells was observed in PBMCs after
tremelimumab treatment. There was also an association with increased ICOS expression on
CD8+ cells, although the magnitude of change was less pronounced.

A retrospective analysis of melanoma patients treated with ipilimumab identified increased
frequency of CD4+ICOShigh T cells, sustained over a period of 12 weeks, as a correlate of
OS.68 This study analyzed 14 patients with metastatic melanoma treated with ipilimumab at
a dose of 10 mg/kg. PBMCs from study subjects were analyzed at weeks 7, 12, and 24.
Again, an increase in the frequency of CD4+ICOShigh cells was seen in patients treated with
ipilimumab, but not in untreated melanoma patients or healthy volunteers. Of the 14 treated
patients, 8 patients were noted to have a persistent increase in CD4+ICOShigh levels, defined
by a greater than two-fold increase in percentage of CD4+ICOShigh cells over baseline at
week 7 or 12, which was sustained at week 12. For these 8 patients, 7 had evidence of
clinical benefit at week 24, defined as either SD for 6 months, PR, or CR by irRC, meeting
statistical significance (P=0.004). Likewise, this group had a higher rate OS (P=0.03).

HLA-DR and CD45RO
HLA-DR, the human MHC II molecule, is expressed on T cells and upregulated at late time
points after activation. Increased levels of HLA-DR on CD4+ and CD8+ T cells from
PBMCs after treatment with ipilimumab has been reported in several early clinical trials.42,
57, 69, 70 CD45RO is an established marker for memory T cells. An increased level of
CD45RO on PBMC CD4+, and in some studies CD8+ T cells, was seen after ipilimumab
treatment as well.42, 57, 69, 70 A similar association between CTLA-4 blockade and
increased surface expression of these markers in patients treated with tremelimumab.
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However, these early studies did not detect any correlation between increased expression of
HLA-DR or CD45RO and clinical outcome.

One study of 12 patients treated with tremelimumab has offered some support of a
correlation between HLA-DR and CD45RO with clinical response.71 In this study, 2
different analytic approaches were utilized. First, after converting data to a normalized scale,
a hierarchical unsupervised clustering analysis was performed. When this analysis was
performed focusing on HLA-DR and CD45RO, the 3 clinical responders clustered together
along with 4 patients who experienced irAEs in a statistically significant fashion (P=0.05).
Focusing on CD45RO and HLA-DR in the 3 clinical responders, 2 data points reached
statistical significance: increased CD45RO on CD4+ cells after 3 doses of tremelimumab
and increase in HLA-DR on CD8+ cells after 2 doses (P=0.03).

Antigen Specific Immune Responses
Characterization of antigen specific immune responses during CTLA-4 blockade has been
performed for several cancer-related antigens including NY-ESO-1, MAGE, Melan-A,
MART-1, gp-100, tyrosinase, PSA, PAP, and PSMA. Antigen specific immune responses to
NY-ESO-1 have been the most extensively characterized and may be correlated with clinical
activity. NY-ESO-1 is a prototypical cancer-testis antigen expressed in approximately 30–
40% of melanomas and also expressed in some non-melanoma cancers including ovarian,
breast, bladder, prostate and hepatocellular carcinoma. NY-ESO-1 is a well-characterized
antigen with defined antibody and CD4+/CD8+ T cells responses. Spontaneously developed
serological and T cell responses to NY-ESO-1 may be detected in untreated cancer patients.
Serologic and T cell responses may be quantified ex vivo using tetramer analysis, T cell
stimulation assays, and ELISA. The largest study thus far to specifically characterize NY-
ESO-1 responses in the setting of CTLA-4 blockade examined 15 patients with metastatic
melanoma treated with ipilimumab72. Within this group, 5/8 (62.5%) clinical responders
demonstrated antibody, CD4+ or CD8+ responses to NY-ESO-1. By comparison, only 1/7
(14.3%) non-responders developed a CD4+ response. Among patients who had antibody
responses, NY-ESO-1 specific antibody titer increased with ipilimumab treatment.
Similarly, patients who developed NY-ESO-1 specific T cell responses after CTLA-4
blockade demonstrated a more robust, polyfunctional T cell response after treatment. These
findings implicate the development of polyfunctional NY-ESO-1 specific T cells as a
surrogate of a broader anti-tumor immune compartment and/or as direct mediators of anti-
tumor immunity. The case of NY-ESO-1-specific antibodies deserves special comment.
Positive serologies for NY-ESO-1 tightly correlate with T cell responses against the same
antigen. In a dedicated serologic analysis of 46 melanoma patients treated with ipilimumab,
9/46 had detectable NY-ESO-1 specific antibodies.73 Among these 9 patients with positive
serology, 6 (66%) experienced an objective clinical response by RECIST criteria; whereas a
minority of seronegative patients achieved clinical response. In a Phase I study of 24
patients with metastatic prostate cancer treated with ipilimumab in combination with GM-
CSF, 5 patients had positive NY-ESO-1 serologies with 2 patients demonstrating
seroconversion after treatment.74

Similar studies investigating antigen-specific responses to additional melanoma associated
antigens, Melan-A, MART-1, gp-100, and tyrosinase suggest epitope-specific or tumor-
specific patterns, which will require larger studies to generalize. For example, in a case
report of a patient with melanoma who experienced a CR after treatment with ipilimumab,
Melan-A specific CD8+T cells were detected after treatment in the peripheral blood, the
regressing tumor, and in the skin at the site of an immune related skin rash.75 However, in a
study of 12 patients with MART-1 positive melanoma treated with tremelimumab, no
significant changes in peripheral blood T cells specific for MART-1, gp-100, or tyrosinase
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were observed. 71 Highlighting the potential for discordance between T cell populations in
the peripheral blood and tumor microenvironment, 1 patient who experienced a PR had an
increase in gp-100 specific CD8+ T cells detected when pre-treatment and post-treatment
tumor biopsy samples were compared.

Regulatory T Cells
Regulatory T cells (Treg) characterized by expression of CD4, CD25 and FoxP3 have been
associated with poor outcomes in patients with cancer.76–79 Approaches to targeting Tregs
for therapeutic benefit are under development.80–83 Preclinical studies suggest that
CTLA-4 blockade may act, in part, by influencing Treg function.41

FoxP3 is a member of the family of forkhead box transcription factors, which is associated
with the CD4+CD25+ Treg population. The frequency of FoxP3+ cells in patients treated
with CTLA-4 blockade has been assessed in several studies. The studies to date have not
reported a consistent pattern of change in frequency of FoxP3+ cells in the peripheral blood.
Kavanagh et al. reported a significant expansion of FoxP3+ cells in the peripheral blood of
24 patients with metastatic prostate cancer treated with ipilimumab (0.5–3 mg/kg) in
combination with GM-CSF in a Phase I dose escalation study.84 This trend was also
observed in a small study of 10 patients with melanoma treated with tremelimumab.85
However, several studies including patients with melanoma, bladder cancer, and prostate
cancer, treated with ipilimumab or tremelimumab have failed to identify any clear pattern of
treatment related change in peripheral FoxP3+ cells.65, 71, 86

The FoxP3+ population at the tumor site may be a more relevant or reliable marker. In a
study of 6 patients with metastatic melanoma treated with a combination of irradiated,
autologous tumor cells engineered to secrete GM-CSF (GVAX) and ipilimumab at a dose of
3 mg/kg, the frequency of tumor infiltrating FoxP3+ cells inversely correlated with the
extent of tumor necrosis in tumor biopsy samples (P<0.0001).87 In a second, independent
study, 35 patients treated with ipilimumab at 3 mg/kg or 10 mg/kg were evaluated with
tumor biopsies pre-treatment and during treatment.88 In this sample, FoxP3 expression in
the tumor biopsy at baseline correlated with clinical activity (CR + PR + SD ≥ 24 weeks).
Among patients who achieved clinical activity, 6/8 (75%) had elevated intratumoral FoxP3
levels at baseline (P=0.014), whereas only 9/25 (36%) of patients without clinical activity
had increased FoxP3 expression. In the same study, 35 patients were evaluated for
intratumoral levels of the immunoregulatory enzyme, indoleamine 2,3-dioxygenase (IDO).
IDO expression has been associated with Treg activity. Intratumoral levels of IDO similarly
correlated with clinical activity among patients treated with ipilimumab (P=0.012). Both of
these findings suggest the hypothesis that a patient with an immune system which has tried
unsuccessfully to combat the tumor may be more likely to respond than a patient with no
prior response at all.

In an alternative approach to assessing the effect of CTLA-4 blockade on Treg function,
Menard et al. tested purified CD4+CD45RO+ memory cells from tremelimumab treated
patients for their susceptibility to inhibition by Tregs from healthy volunteers 85. In
assessing the CD4+ memory cells from 10 patients with advanced melanoma, they observed
that for 7 patients, the CD4+ memory cells developed a resistance to regulation by normal
Tregs. These 7 patients were deemed biological responders, and were compared to the 3
patients (biological non-responders) whose CD4+ memory cells remained sensitive to Treg
inhibition. For the biological responders, there was a positive association with PFS (90 days
vs. 30 days in non-responders, P= 0.001) and a positive association with OS (10.6 vs. 5.2
months, P=0.035).
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T Helper 17 Cells
T helper 17 (Th17) cells represent a distinct lineage of CD4+ T cells characterized by
production of the specific cytokines, IL-17, and IL-22 and are implicated in the development
of autoimmunity.89 A positive role for Th17 cells in anti-tumor immunity has been
suggested in preliminary studies.90, 91 Moreover, a recent report offers experimental
evidence that CTLA-4 blockade may potentiate Th17 differentiation in vitro and in vivo,
offering a potential mechanism to link CTLA-4 blockade, Th17 cells, and anti-tumor
immunity.92 Observations from clinical studies offer tentative support for this connection. In
a study of 27 patients with metastatic melanoma treated with tremelimumab at a dose of
either 10 or 15 mg/kg either alone or in combination with peptide pulsed dendritic cells, an
increase in Th17 cells was detected post treatment in collected PBMCs stimulated in vitro.93

In a study of 18 patients with metastatic prostate cancer treated with GVAX in combination
with ipilimumab at doses of 0.3–5 mg/kg, increase in the frequency of Th17 cells after in
vitro stimulation was noted in 5/18 patients. Among these 5 patients, there was suggestion of
increased likelihood of clinical response with 3/5 PRs and 2/5 SDs and increased frequency
of irAEs with 3/5 patients developing hypophysitis or adrenal insufficiency.93 Lastly,
Weber at al. reported on a Phase II study including 75 patients treated with ipilimumab (3 or
10 mg/kg) alone or in combination with MART-1, gp-100, and tyrosinase peptides.94 In this
study, increased frequency of Th17 cells was associated positively with freedom from
relapse (P=0.049).

Future Directions
The immune monitoring that has accompanied the clinical development of anti-CTLA-4
antibodies poses opportunities and challenges. At present, immune monitoring is still in a
phase of exploration and several novel avenues of investigation have been opened by this
approach. The identification of immunological markers, such as ALC, ICOS, and Th17
cells, that correlate with clinical benefit suggest this approach is likely to be an important
tool in guiding the further clinical development and application of anti-CTLA-4 therapy as
well as novel immunotherapies to come. However, there are notable limitations in the
studies performed to date. Most potential biomarkers have been identified in retrospective
analysis of Phase I and Phase II clinical studies. Validation of these markers in a prospective
fashion and in randomized studies will be an important next step.

As immunological markers are validated, expanded and connected mechanistically, immune
monitoring may help address important clinical questions : Who responds to CTLA-4
blockade and why? Who develops irAEs and why? Can anti-tumor immunity be separated
from irAEs? Can dosing be optimized for individual patients? How can CTLA-4 blockade
be rationally combined with additional therapies? Moreover, lessons learned from immune
monitoring during CTLA-4 blockade are likely to form a template against which subsequent
generations of immunotherapies may be measured.95
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CR complete response

CTLA-4 cytotoxic T lymphocyte-associated antigen 4

GVAX irradiated, autologous tumor cells engineered to secrete GM-CSF

IDO indoleamine 2,3-dioxygenase

irAE immune-related adverse events

irRC immune-related response criteria

OS overall survival

PBMC peripheral blood mononuclear cell

PFS progression free survival

PR partial response

SD stable disease

Treg regulatory T cells

WT wild type
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Figure 1. CTLA-4 is a negative regulator of T cell activation
Conventional T cells are activated by engagement of MHC (signal 1) and B7 (signal 2).
Upon activation, T cells express CTLA-4 on the cell surface. CTLA-4 engagement with B7
inhibits T cell activation. Antibody blockade of CTLA-4 interaction with B7 prevents this
inhibitory signal.
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Figure 2. Grade III/IV irAEs correlated with clinical response or clinical benefit
The five studies evaluated each independently demonstrate a correlation between irAEs and
either clinical response (CR+PR) (Attia 2005, Maker 2005, Downey 2007) or clinical
benefit (CR+PR+SD) (Weber 2009 and Ku 2010). Several of the studies combined
ipilimumab treatment with a second therapy (Attia 2005, Maker 2005, Downey 2007),
limiting direct comparison. In Weber 2009, patients were treated with ipilimumab combined
with a placebo or with budesonide; only the patients treated with ipilimumab monotherapy
are analyzed here.
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Figure 3. ALC≥1000 correlates with clinical benefit
In a study by Ku et al.58, all of the patients with clinical benefit (CR+PR+SD) at 24 weeks
had an ALC ≥1000 at week 7 of the study. Conversely, none of the patients with an
ALC<1000 at week 7 had clinical benefit. The entire study includes a total of 51 patients, 41
patients were evaluable for ALC at week 7 and clinical benefit at week 24.
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Table 1

Immunological Biomarkers that Correlate with Clinical Endpoints in Patients Treated with CTLA-4 Blockade
for Advanced or Metastatic Melanoma

Study Population Biomarker Clinical Endpoint Reference

Patients with MM pooled from 4 clinical trials
receiving ipilimumab at a dose of 0.3, 3, or 10
mg/kg

Berman et al.,
2009.

 - 379 patients pooled from 3 clinical trials
(retrospectively analyzed)

Mean rate of ALC change CB P= 0.0013

 - 64 patients (prospectively analyzed) Mean rate of ALC change CB P=0.00042

51 patients with MM treated with ipilimumab
at a dose of 10 mg/kgA

ALC ≥ 1000 wk 7 CB wk 24 P<0.01 Ku et al., 2010

OS P<0.0001

35 patients with MM treated in 4 trials with
ipilimumab at a dose of 10 mg/kg

Mean rate of ALC change CB P<0.0001 Yang et al., 2010

Mean rate of CD8 change CB P=0.0294

10 patients with MM treated with
tremelimumab at a dose of 15 mg/kg

Resistance of CD4+ T cells to Treg
mediated inhibition in vitro

PFS P=0.001 Menard et al.,
2008

OS P=0.035

75 patients with stage IIIC/IV melanoma
treated with MART-1/gp100/tyrosinase peptides
plus ipilimumab at a dose of 3 or 10 mg/kg

Frequency of IL-17 secreting CD4+ T
cells

FFR P=0.049 Weber et al.,
2009

6 patients with MM treated with GVAX plus
ipilimumab at a dose of 3 mg/kg

Intra-tumoral CD8+ T cells/FoxP3+
Tregs

Tumor necrosis P<0.0001 Hodi et al., 2008

1/intra-tumoral FoxP3+ Tregs Tumor necrosis P<0.0001

35 patients with MM treated with ipilimumab
at a dose of 3 or 10 mg/kgB

Intra-tumoral FoxP3 expression CB P= 0.014 Hamid et al.,
2009

Intratumoral IDO expression CB P=0.012

A
The study analyzed 51 patients, only 41 were evaluable for ALC at wk 7 and CB wk 24.

B
33 patients were evaluable for FoxP3 expression.

CB= clinical benefit (CR + PR + SD); CR= complete response; PR= partial response; SD= stable disease; OS= overall survival; PFS= progression
free survival; NS= not significant; FFR= freedom from response; MM= metastatic melanoma; NS= not significant; ALC= absolute lymphocyte
count; PBMC= peripheral blood mononuclear cells; wk= week; mo= month; GVAX=irradiated, autologous tumor cells engineered to secrete GM-
CSF
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