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Chapter 6

Markers for Anti-cytotbxic T-lymphocyte Antigen 4
(CTLA-4) Therapy in Melanoma

Michael A. Postow, Jianda Yuan, Shigehisa Kitano,
Alexander M. Lesokhin, and Jedd D. Wolchok

Abstract

Therapeutic strategies that block Cytotoxic T lymphocyte antigen-4 (CTLA-4) enhance antitumor immunity
and prolong the lives of patients with metastatic melanoma. However, only a subset of patients benefit, and
responses are often delayed due to heterogeneous response kinetics. Ongoing monitoring of the immuno-
logic effects of therapy and correlating these immunologic changes with patient outcomes continue to be
important goals to better identify possible mechanisms of clinical activity of these agents. This chapter
introduces the major areas of investigation in monitoring patients treated with CTLA-4 blockade and
provides specific details of our experience performing selected assays.

Key words Ipilimumab, Tremelimumab, CTLA-4, Immunologic response biomarkers, Absolute
lymphocyte count, Inducible costimulator, Myeloid-derived suppressor cells, NY-ESO-1 antigen

1 Introduction

Cytotoxic T lymphocyte antigen-4 (CTLA-4) is an inhibitory mol-
ecule that is expressed on the cell surface of activated T cells and is
essential for the maintenance of immunologic homeostasis.
Therapeutic strategies that block CTLA-4 have been shown to
increase immunologic responses and augment antitumor immu-
nity. Two antibodies that block CTLA-4, ipilimumab (Yervoy™,
Bristol-Myers Squibb, Princeton, NJ) and tremelimumab
(MedImmune, Gaithersburg, MD), have been evaluated in phase
IIT clinical trials where an overall survival (OS) benefit for patients
with metastatic melanoma treated with ipilimumab has been dem-
onstrated [1, 2].

Despite this improvement in OS, only a subset of patients
benefit from CTLA-4 blockade. Some patients experience
mechanism-based toxicity, referred to as immune-related adverse
events (irAEs) or adverse events of special interest (AEOSI) [3].
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1.1 Absolute
Lymphocyte Count

1.2 Analyses
of Specific T Gell
Populations

We and others have been interested in assessing the immunologic
status of patients undergoing therapy with CTLA-4 blockade to
understand presumed mechanisms of antitumor immunity and /or
AEOSI induced by these agents.

In this chapter, we first introduce the major efforts investigat-
ing quantifiable immunologic parameters associated with benefit
and toxicity from CTLA-4 blockade. We then share detailed meth-
ods of the standard operating procedures we use to perform these
immunologic assays. We conclude by sharing specific aspects of our
experience as it pertains to the methods described. Though ipilim-
umab and tremelimumab have both been evaluated as CTLA-4
blocking therapies, we have chosen to focus the majority of this
chapter on selected markers relevant to ipilimumab, the current
commercially approved CTLA-4 blocking antibody and the agent
with which we have had the most extensive experience.

The absolute lymphocyte count (ALC) is a readily accessible value
in nearly all clinical laboratories as it constitutes part of the complete
blood count (CBC) routinely performed by automated analyzers.
Several retrospective analyses have shown that the ALC correlates
positively with improved clinical outcomes following ipilimumab
therapy. In the largest analysis, 379 patients from three phase II
trials were analyzed [4]. Patients who achieved clinical benefit from
ipilimumab (stable disease >24 weeks, partial response, and/or
complete response) had a greater mean increase in ALC after start-
ing therapy than patients who had progressive disease (p=0.0013).
Similar results were found prospectively in 64 patients [4].

‘"The ALC has also been shown to correlate with overall survival.
In a separate study, 51 patients treated with ipilimumab at 10 mg/
kg whose ALC was >1,000/pL prior to the third dose of ipilim-
umab had improved survival compared to patients whose ALC
<1,000/pL [5]. This finding was similar for 137 patients treated
with ipilimumab at 3 mg/kg, even when adjusting for M-stage,
lactate dehydrogenase (LDH), and number of prior therapies [6].
Since the ALC reflects a heterogeneous lymphocyte population
including T cells, B cells, and to a lesser degree, natural killer (NK)
cells, the specific cell population predominantly responsible for the
association with clinical benefit and overall survival in these analy-
ses remains the subject of ongoing evaluation.

Flow cytometry analyses of lymphocyte subpopulations in the
peripheral blood and tumor have revealed suggestions of the most
relevant lymphocyte subsets that correlate with benefit from ipili-
mumab. One study of 35 patients showed that patients who
achieved clinical benefit from ipilimumab had a greater absolute
increase in the number of CD8+ T cells compared to patients who
did not benefit (p=0.0294). The absolute increase in CD4+ T cells
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did not differ significantly between patients who achieved clinical
benefit and those who did not (p=0.2237) [7].

The type and degree of tumor infiltrating lymphocytes (TIL)
have also been investigated. Earlier investigations into ipilimumab
biomarkers revealed that the ratio of CD8+ T cells to Forkhead
Box P3 (FoxP3)+T regulatory cells was associated with therapy-
induced tumor necrosis [8]. These results are consistent with a
dedicated biomarker study of ipilimumab, where an increase in
TIL during therapy was associated with a higher likelihood of clini-
cal benefit (p=0.005) [9].

Cell surface marker expression on T cells has also been exam-
ined to further characterize T cell responses during CTLA-4 ther-
apy. Increased levels of the human leukocyte antigen (HLA)-DR
and CD45RO on CD4+ and CD8+ T cells in peripheral blood
after ipilimumab treatment have been reported in several studies
[10-13]. There was no correlation, however, between the eleva-
tion of HLA-DR or CD45RO and clinical response to ipilimumab.
An independent study of 12 patients treated with tremelimumab
suggested similar effects, although there was some correlation with
clinical benefit in this small cohort [14].

- Inducible costimulator (ICOS) is expressed on the cell sur-
face after T cell activation and plays a role in T cell expansion and
survival [15]. Ipilimumab was administered as neoadjuvant ther-
apy in a study of six patients with bladder cancer undergoing cys-
toprostatectomy. After ipilimumab treatment, the frequency of
CD4+ T cells that expressed ICOS increased in both the periph-
eral blood and bladder tumor tissue [16]. In a retrospective anal-
ysis of 14 patients with melanoma, a sustained increase over
12 weeks of CD4 +ICOS! T cells in the peripheral blood corre-
lated with improved survival [17]. These results are consistent
with those from another study in which ipilimumab was shown to
result in a pharmacodynamic increase in ICOSY, proliferating
(Ki67+), CD4+ and CD8+ T cells [18]. In this study, decreased
levels of Ki67 + CD8+ T cells were significantly associated with
the development of irAEs.

In addition to efforts monitoring T cell subpopulations during
treatment with CTLA-4 blockade, characterization of antigen-
specific antibody and T cell responses has similarly led to associa-
tions between immunologic changes and benefit from CTLA-4
therapy. Serological studies have evaluated antibody responses
against a number of tumor-associated antigens, including, but not
limited to MAGE, Melan-A, MART-1, gp-100, and tyrosinase.
Humoral responses against the cancer-testis antigen, NY-ESO-1,
however, have been the most thoroughly described.

NY-ESO-1 is a well-characterized cancer-testis antigen
expressed in 30-40 % of melanomas [19]. In a study of 144
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1.4 Myeloid-Derived
Suppressor Cells

melanoma patients treated with ipilimumab (most of whom
received ipilimumab at 10 mg/kg), the 22 who had a detectable
antibody titer by enzyme-linked immunosorbent assay (ELISA)
against NY-ESO-1 prior to ipilimumab were more likely to experi-
ence clinical benefit than those with no detectable NY-ESO-1 anti-
body titer (12/22; 55 % vs. 36,/118; 31 %, respectively, p=0.0481)
[20]. It is possible that antibody responses to NY-ESO-1 serve as a
surrogate for broader mechanisms of antitumor immunity, rather
than direct mediators.

Antigen-specific T cells have also been evaluated as a potential
biomarker for CTLA-4 blockade. In a case report of a patient who
experienced a complete remission to ipilimumab, a high percent-
age of melan-A-specific CD8+ T cells was seen in histologic analy-
sis of regressing tumor tissue and in peripheral blood [21]. Though
not all patients were treated with anti-CTLA-4 therapy, in another
study, the prognostic value of functional T cells responding to the
tumor-associated antigens NY-ESO-1 and Melan-A was evaluated.
Of the 84 patients with metastatic melanoma, those who had
increased functional T cells to NY-ESO-1 and Melan-A had
improved survival by Cox regression analysis [22]. In the study of
144 ipilimumab treated patients with melanoma, NY-ESO-1-
seropositive patients with associated CD8+ T cells experienced
more frequent clinical benefit (10 of 13; 77 %) than those with
undetectable CD8+ T-cell response (one of seven; 14 %; p=0.02;
relative risk=5.4, two-tailed Fisher test), as well as a significant
survival advantage (p=0.01; hazard ratio=0.2, time-dependent
Cox model) [20]. Despite these findings, the presence of these
cells supports, but does not confirm their mechanistic role in tumor
control as they may be a surrogate for other mechanisms of antitu-
mor immunity. Whether this finding is relevant in a population of
patients who all receive anti-CTLA-4 therapy remains unknown.

Myeloid-derived suppressor cells (MDSC) are a heterogeneous
population of immunosuppressive monocytic cells. Though MDSC
have been described differently, in patients with melanoma, they
are typically classified as CD14+/HLA-DR"/~ cells, based upon
this cell population’s ability to suppress lymphocyte function [23].
MDSC have been shown to be increased in patients with mela-
noma, and the quantity of MDSC has been shown to correlate
with melanoma disease activity [24, 25].

We have been investigating MDSC as a biomarker for mela-
noma patients undergoing treatment with ipilimumab. In a pilot
study of 26 patients with metastatic melanoma undergoing
treatment with ipilimumab at 10 mg/kg, we evaluated the quan-
tity and functional capabilities of MDSC in the peripheral blood.
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Prior to ipilimumab treatment, a lower MDSC quantity was associated
with improved overall survival (HR 1.07, p=0.002), even when
adjusting for pretreatment ALC and lactate dehydrogenase (LDH)
[26]. Efforts are ongoing to evaluate this finding in a larger cohort
of patients and determine whether this finding is specific for ipilim-
umab treatment.

2 Materials

2.1 Peripheral Blood
Gollection, Gell
Separation, and
Cryopreservation

2.2 Monitoring
of Activated T Cell
Subpopulations

by Flow Phenotype
Staining

. Cell Preparation Tubes (CPT) containing sodium heparin

(BD Vacutainer, Franklin Lakes NJ).

. RPMI 1640 media supplemented with r-glutamine (2 mM

final, GIBCO/BRL), 25 % Human Serum Albumin(HSA)
(Alpine Biologics).

. Pooled Human Serum (PHS), heat inactivated at 56 °C for

30 min (Gemini Bio-Products, Woodland CA).

4. Dimethylsulfoxide (DMSO) (Sigma-Aldrich).

o on

. Autologous plasma.

. Guava easyCyte flow cytometer to measure cell viability and

count the cells (Millipore).

. Fluorochrome labeled antibodies: CD278 (ICOS)-PE-Cy7,

CD3-Pacific Blue, CD8-PE-Cy5, CD25-PE, and FOXP3-
APC (eBioscience); and CD4-ECD (Beckman Coulter Inc.).

. Fixation /Permeabilization solution (1x) for use prior to intra-

cellular FOXP3 staining (eBioscience).

. Permeabilization buffer (1x) for use following Fixation buffer,

washing and cell suspension prior to FOXP3 staining
(eBioscience).

. Antibody Isotype controls for the appropriate fluorochrome-

conjugated mouse 1gGy, or IgG,, from same companies (eBio-
science, Beckman Coulter and BD Bioscience).

. Fluorescence-activated cell sorting (FACS) buffer: 1 % fetal

calf serum (FCS) in 1x PBS EDTA (10 mM phosphate buff-
ered saline, pH 7.4, 1 mM EDTA).
CYAN ADP High-Performance Flow Cytometer with multi-

ple laser excitation sources with Summit software (Dako
Cytomation California Inc., Carpinteria, CA).

. FlowJo software for data analysis (version 9.2) (TreeStar, Inc.).



