Cancer Immunity (7 January 2010) Vol. 10, p. 1
Submitted: 13 October 2009. Accepted: 25 November 2009.
Copyright © 2010 by Jedd D. Wolchok

CANCER
IMMUNITY
Article

Correlation of clinical and immunological data in a
metastatic melanoma patient with heterogeneous
tumor responses to ipilimumab therapy

Jianda Yuan', David B. Page?, Geoffrey Y. Ku!, Yanyun Li', Zhenyu Mu', Charlotte Ariyan’', Humilidad F. Gallardo’, Ruth-Ann
Roman?, Agnes I. Heine?, Stephanie L. Terzulli'?, Sacha Gnjatic’, Gerd Ritter’, Achim A. Jungbluth’, James P. Allison', Lloyd J.

Old® and Jedd D. Wolchok!?

'Ludwig Center for Cancer Immunotherapy, Immunology Program, Sloan-Kettering Institute, New York, NY 10065, USA
*Melanoma/Sarcoma Service, Department of Medicine, Memorial Sloan-Kettering Cancer Center, New York, NY 10065, USA
*Ludwig Institute for Cancer Research, New York Branch, New York, NY 10065, USA

Contributed by: L] Old

Melanoma patients treated with anti-CTLA-4 have shown a range of
anti-tumor responses. In this report, we describe the response of a
single patient to anti-CTLA-4, with individual lesions disappearing,
others stabilizing, and others progressing. These responses can be
viewed as a clear manifestation of cancer immunoediting and its
three phases of elimination, equilibrium and escape, with each tumor
in this patient being at a discrete stage in the process. The patient's
course and associated immunological monitoring and other
laboratory data are presented in an immunogram, a way to visualize
temporal associations between the multiple clinical and laboratory
parameters.
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Introduction

Cytotoxic T lymphocyte antigen 4 (CTLA-4) is a co-inhibitory
molecule expressed by activated T cells and a subset of
regulatory T cells (1-3). CTLA-4 is of primary importance in
maintaining immune homeostasis by down-regulating T cell
signaling to inhibit the CD28-B7 costimulatory pathway,
limiting T cell responses and contributing to tolerance to self-
antigens (4, 5). Therefore, blockade of CTLA-4 is thought to
prevent down-regulation of T cells and can potentiate immune
responses against antigens expressed on tumor cells (6-9).

A CTLA-4 blocking antibody has shown highly promising
clinical results in patients with melanoma (10), and large scale
clinical trials of anti-CTLA-4 are underway in patients with
other tumor types. The challenge now is to understand the basis
for the anti-tumor response to anti-CTLA-4 and to identify
correlates, both immunological and non-immunological, that
are associated with, and predictive of, responses. Given the
multiple parameters and data points coming from such an
intense analysis, there is a need to present the information in a
way that facilitates visual integration of the data. For this
purpose, we have developed a display we call an immunogram,
and use it to detail the response of an anti-CTLA-4 treated
patient that clearly illustrates the process of cancer
immunoediting in a single patient.
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Results

Treatment history

Patient IMF-16 is a 44 year-old woman with melanoma
metastatic to bone, lungs and lymph nodes, previously treated
with primary resection, temozolomide and resection of bone
metastasis. Ipilimumab therapy was initiated in December 2006
as part of protocol CA184-008 using four induction doses of
ipilimumab given at 10 mg/kg every 3 weeks x 4. At the first
tumor assessment at week 12, the patient experienced a mixed
response in evaluable lesions with overall stable disease
according to modified World Health Organization (mWHO)
criteria. She then continued to receive maintenance ipilimumab
and, at her last follow-up 28 months after initiating therapy,
demonstrated control of her disease (Figurel, panel A).
Ipilimumab therapy was complicated by grade 2 rash and
pruritus, requiring intermittent low-dose oral corticosteroids
which did not alter the durability of the clinical response.

Response pattern

By classical response criteria such as mWHO, IMF-16 would
be classified as having stable disease at weeks 12 and 24.
However, analysis of individual lesions by computer
tomography (CT) demonstrates a heterogeneous response, with
complete resolution of lung lesions, stable subcarinal
lymphadenopathy and disappearance of bone metastases, but
progressive disease in the right pelvic lymph nodes (Figure 2).
The patient underwent resection of the progressive iliac nodes
21 months after starting ipilimumab, which confirmed
metastatic melanoma (represented by an X in Figure 1, panel B).

Changes in absolute lymphocyte counts (ALC) and white blood cell
counts (WBC)

There are emerging data suggesting that changes in the ALC
that occur during ipilimumab therapy may be predictive of
clinical outcome. Data presented in abstract form suggest that
higher rates of change in the ALC with ipilimumab therapy may
be associated with a greater rate of clinical benefit (defined as
the sum of complete responses, partial responses and stable
disease), while patients whose ALC declines during ipilimumab
therapy derive no clinical benefit (11). Similarly, our group has
observed that patients with an ALC of 1,000/ mm? or more after
two ipilimumab treatments (at week 7) have a significantly
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Immunogram of patient IMF-16. WBC and ALC are graphed in x10%/mm®
units; NY-ESO-1 titers are graphed in log; as an inverse titer.

higher clinical benefit rate and longer median overall survival
than patients with an ALC <1,000/mm?> (12). Consistent with
these observations, IMF-16 experienced a rapid and sustained
increase in ALC above 1, 000/mm3 Of note, the patient's
baseline ALC was <1,000/mm desplte the fact that she had not
received chemotherapy in many months, possibly a reflection of
underlying immunosuppression from her metastatic
melanoma. Further characterization of these lymphocytes
revealed that the number of both CD4+ and CD8+ cells
increased with ipilimumab therapy (Figurel, panel D),
highlighting the effect of CTLA-4 blockade in both lineages.
However, intratumoral CD4+ and CD8+ T cell distribution may
not be correlated with peripheral levels and needs to be assessed
directly (13).

Changes in ICOS and FOXP3 expression on CD4+ cells

ICOS is a T cell-specific surface molecule that is structurally
related to CD28 and CTLA-4 (14, 15). Unlike CD28 which is
constitutively expressed, ICOS is upregulated on T cells only
after activation. In a small pre-operative trial, six patients with
localized bladder cancer received preoperative ipilimumab prior
to cystectomy (16). All six patients exhibited an increase in the
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Radiographic images of target lesions of patient IMF-16. Representative com-

puter tomography (CT) images of IMF-16 demonstrating complete response in
right lung lesions, progressive disease in right external iliac lymph nodes, and
essentially stable subcarinal lymph nodes.

percentage of CD4+ 1COSM cells in the peripheral blood and
tumor tissue after ipilimumab therapy. These CD4+ ICOS hi
cells had 1ncreased production of interferon (IFN)-y compared
to CD4+ ICOSM cells from untreated patients or healthy
donors. The ratio of CD4+ ICOS™ cells to regulatory T cells
(Tregs, CD4+ FOXP3+)(17) after ipilimumab therapy was
consistently increased in the peripheral blood and tumor
microenvironment. From these findings, it was postulated that
CD4+ ICOS™ cells may have effector functions. Based on these
data, we performed multiparameter flow cytometry on PBMC
samples obtained around the period of induction therapy with
1p1hmumab Patient IMF-16 exhibited a transient increase in
1COS™ and FOXP3+ cells following induction dosing (Figure 1,
panel E), which is consistent with the hypothesis that
ipilimumab expands both Treg and Teff cells peripherally (18).

Changes in NY-ESO-1 antibody titers and tetramer-reactive CD8+
cells

NY-ESO-1 is a cancer/testis antigen that is expressed in a
variety of human malignancies but not in normal tissues except
for testis and placenta (19). NY-ESO-1 is highly immunogenic
and elicits spontaneous antibody and CD4+ and CD8+ T cell
responses in cancer patients; an immune response to NY-ESO-1
is seen at a high frequency in patients with advanced NY-ESO-1-
expressing tumors, including melanomas (20). Intriguingly,
humoral and cellular immune responses tend to occur in an
integrated fashion such that one seems to be dependent on the
other (21, 22). Our group previously evaluated NY-ESO-1
antibody and T cell responses in 15 melanoma patients receiving
ipilimumab (23). We confirmed the concordance between
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CD4+ CD25+ and CD4+ FOXP3+ Tregs in peripheral blood and progressive right inguinal lymph node in patient IMF-16. CD4+ cells from the tumor tissue and
from PBMCs were analyzed by flow cytometry and immunohistological staining for CD25 and FOXP3 expression. (A) Representative dot plots. (B) Compiled data. (C)
CD4 immunohistochemical staining (clone BC/1F6). (D) FOXP3 immunohistochemical staining (clone 236A/E7).
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NY-ESO-1 antigen-specific CD8+ IFN-y+ and CD4+ IFN-y+ responses. The IFN-y gate was set based on a negative control (alone) sample and applied across other
samples (+NY-ESO-1). (A) Representative dot plots. (B) Compiled data. (C) MHC class I immunohistochemical staining (clone A4). (D) HLA-DR immunohistochemi-

cal staining (clone YE2/36HLK).

NY-ESO-1 seropositivity and T cell responses and also noted a reciprocal titer of >100), which increased with ipilimumab
that NY-ESO-1 T cell responses increased with ipilimumab therapy. Similarly, she also had baseline detectable NY-ESO-1
therapy. tetramer-reactive CD8+ cells after 10 days of in vitro culture

As one of the patients included in the above analysis, patient =~ with NY-ESO-1 overlapping peptides. These tetramer-reactive
IMF-16 is illustrative of our findings (Figure 1, panel F). At CD8+ cells increased in frequency with ipilimumab therapy.
baseline, she had positive NY-ESO-1 antibody titers (defined as
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Figure 5
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Cancer/testis antigen expression on a progressive lymph node with tumor. Inmunohistochemical staining of a lymph node metastasis for several cancer/testis anti-
gens. Extensive immunoreactivity was seen with monoclonal antibodies (A) MA454 (to MAGE-A1), (B) M3H67 (to several MAGE-A antigens), (C) CT10-5 (to CT10/
MAGE-C2), (D) E978 (to NY-ESO-1), (E) CT7-33 (to CT7/MAGE-C1), and (F) #26 (to GAGE).

In situ tumor monitoring

Tissue — consisting of lymph node infiltrated by metastatic
melanoma — from the resection of patient IMF-16's right
external iliac lymph nodes and fresh PBMCs were obtained for
immune analyses. CD4+ cells from the tumor tissue and from
PBMC:s were analyzed by flow cytometry for CD25 and FOXP3
expression (Figure3, panels A and B) or by
immunohistochemical staining for CD4 and FOXP3 expression
(Figure 3, panels C and D). Compared to CD4+ cells from the
peripheral blood, CD4+ cells in the tumor tissue had higher
expression of FOXP3 and CD25, suggestive of a higher
proportion of Tregs. In addition, lymphocytes from the tumor
tissue and PBMCs underwent ex vivo stimulation overnight with
overlapping NY-ESO-1 peptides before undergoing intracellular
cytokine staining (ICS) (Figure 4, panels A and B). This revealed
a higher percentage of NY-ESO-1 specific CD8+ IFN-y+ cells in
the tumor tissue than in the peripheral blood, again possibly
consistent with the notion of a concentration of NY-ESO-1-
specific T cells at the tumor site. Immunohistochemical staining
showed that this lymph node metastatic tumor expressed MHC
class I and HLA-DR (Figure 4, panels C and D).

Cancer/testis antigen expression on a progressive lymph node with
tumor

Immunohistochemical staining of a lymph node metastasis
was performed for additional cancer/testis antigens. Extensive
immunoreactivity was seen with mAb MA454 (to MAGE-A1),
mAb M3H67 (to several MAGE-A antigens), mAb CT10-5 (to
CT10/MAGE-C2), mAb E978 (to NY-ESO-1), mAb CT7-33 (to
CT7/MAGE-C1), and mAb #26 (to GAGE) (Figure 5).

Discussion

The immunogram that we introduce in this brief report was
developed to provide a temporal survey of laboratory and
clinical data from an individual patient. The immunogram for
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patient IMF-16 validates many previously described conclusions
coming from the clinical studies of anti-CTLA-4 antibody
therapy. For example, the immunogram clearly demonstrates
that: responses occur despite corticosteroid treatment (24, 25),
responses may be atypical compared to conventional cytotoxic
therapy (26), response correlates with early increases in ALC
(11, 12), anti-CTLA-4 therapy expands both Teff and Treg cells,
and response may be correlated with NY-ESO-1-specific T cell
and B cell activity (22, 23).

The immunogram of IMF-16 also clearly demonstrates the
clinical reality of "immunoediting", advanced by Dunn, Old and
Schreiber several years ago (27). This concept suggests a
dynamic host-tumor relationship whereby the host immune
system recognizes and eliminates incipient cancers, yet exerts a
Darwinistic pressure that selects for tumor variants with low or
absence of immunogenicity. This dynamic relationship results in
tumor elimination, tumor escape, or a meta-stable equilibrium
which may persist indefinitely. Three lesion sites in IMF-16
exemplify these three "Es" of immunoediting: the elimination of
lung lesions, the equilibrium of a subcarinal lymph node and the
escape of right pelvic lymph nodes.

Extending the immunological analysis to tissues specimens
e.g. lymph node, tumor, ("in situ immunology") rather than
limiting it to the peripheral blood compartment is essential for a
comprehensive view of the immune response to cancer. We have
obtained a progressive lymph node from patient IMF-16
(Figure 3). Compared to PBMCs, CD4+ cells in the tumor tissue
had higher expression of FOXP3, CD25 and ICOS, suggestive of
greater proportions of both Teffs and Tregs. ICS analysis of ex
vivo NY-ESO-1 overlapping peptide-stimulated PBMCs and
tumor-infiltrating lymphocytes revealed more NY-ESO-1-
specific CD8+ IFN-y+ cells in the tumor tissue than in the
peripheral blood, implying functional antigen recognition at the
tumor site (Figure 4, panels A and B). Immunohistochemical
tumor staining demonstrates positivity for NY-ESO-1 antigen,
MHC class I and HLA-DR (Figure 4, panels C and D). Taken
together, these data suggest that the "escape” mechanism may be
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related to Tregs or other immunosuppression mechanisms,
rather than loss of MHC expression and antigen recognition.

A correlation between NY-ESO-1 immunity and response to
anti-CTLA-4 therapy has been observed in metastatic
melanoma patients (23) and recently in patients with prostate
cancer (28, 29). Is NY-ESO-1 immunity involved in the anti-
tumor effects of anti-CTLA-4 or is it simply an associated non-
related event? And are responses to other tumor antigens
correlated with anti-CTLA-4 therapeutic effects? These
associations should be further investigated in large scale trials
and other anti-CTLA-4 therapy settings.

The immunogram provides a useful approach to the
comparative analysis of laboratory and clinical data and should
be helpful in clarifying the role of immunity in the anti-tumor
effects of anti-CTLA-4 therapy and other immunotherapeutic
approaches to cancer.

Abbreviations
ALC, absolute lymphocyte counts
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Materials and methods

Patient

Patient IMF-16 had stage IV melanoma and was enrolled on a
clinical trial (NCT00289627) of compassionate-use ipilimumab
at the Memorial Sloan-Kettering Cancer Center (MSKCC). She
received induction treatment with ipilimumab 10 mg/kg i.v.
every three weeks for four doses (on weeks 1, 4, 7 and 10).
Because of ongoing clinical benefit at week 24, maintenance
ipilimumab was initiated and repeated every 12 weeks. The
patient underwent radiographic evaluation at baseline, week 12,
week 24 and every 12 weeks thereafter. Responses were classified
according to Response Evaluation Criteria in Solid Tumors
(RECIST) criteria. Toxicity was assessed using National Cancer
Institute Common Terminology Criteria for Adverse Events,
version 3.0. The protocol had been reviewed by the MSKCC
Institutional Review Board and the patient provided informed
consent. Tumor tissue and blood samples were obtained under
two separate tissue procurement protocols.

ICOS and FOXP3 staining

One million peripheral blood mononuclear cells (PBMCs)
were washed with 2 ml FACS buffer (PBS containing 1% bovine
serum albumin and 0.05mM EDTA). The cells were
resuspended in 50 ul FACS buffer and stained with 0.375 pl
ICOS-biotin antibody (eBioscience, San Diego, CA) for 20 min
at 4°C before being washed again with 2 ml FACS buffer. The
following antibodies were then added for 30 min at room
temperature: 0.3 ul strepavidin-PE-Cy7 (eBioscience), 3 pl
CD3-Pacific Blue (eBioscience), 1ul CD4-ECD (Beckman
Coulter Inc., Fullerton, CA) and 3 pul CD25-APC-Cy (BD
Bioscience, San Jose, CA). After re-washing with FACS bulffer,
the cells were fixed and permeabilized with 250 ul 1x Fixation/
Permeabilization solution (eBioscience) for 30 min at 4°C before
being washed with 2ml 1x Permeabilization buffer
(eBioscience). Five puL FOXP3-APC antibody (eBioscience)
were then added for 60 min at 4°C before a final washing with
1x Permeabilization buffer. The cells were then resuspended in
400 pl FACS buffer and acquired on a CyAn flow cytometer with
Summit  software  (DakoCytomation California Inc,
Carpinteria, CA). Analysis was performed using Flow]Jo
software (version 8.1; TreeStar, Inc., Ashland, OR). Isotype
controls included the appropriate biotin or fluorochrome
conjugated mouse IgGla or IgG2a (Dako).

Tetramer staining and intracellular cytokine staining (ICS)
HLA-A*0201-PE labeled tetramers loaded with NY-ESO-1;5-.
165 (SLLMWITQC) were provided by the Tetramer Core
Facility, Ludwig Institute for Cancer Research (Lausanne,
Switzerland). Tetramer staining and ICS were performed on
cells obtained after cell harvest as previously described (23). AT
cell response at a post-vaccination or post-ipilimumab time
point was considered positive if it was 3 or more standard
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deviations greater than the mean value at baseline and had an
absolute value >0.1%.

Tumor sample processing

Tissue sections (5 pum) were prepared from formalin-fixed,
paraffin-embedded material and collected on Superfrost/plus
microscope slides (Fisher Scientific, NJ). After deparaffinization
and rehydration, the slides were boiled in 50 mM citrate buffer
(pH 6) for 30 minutes to retrieve the antigens. Subsequently, the
slides were allowed to cool down at room temperature.
Immunohistochemistry (IHC) was performed using the ABC
method. Rat anti-human monoclonal antibody HLA-DR (1:200
dilution, clone YE2/36HLK, Abcam) and mouse anti-human
monoclonal HLA class I (1:200 dilution, clone A4, eBioscience)
were applied as primary antibodies at 4°C overnight. Before
applying primary antibodies, the sections were blocked with
10% rabbit and horse normal serum (Santa Cruz Biotechnology,
CA) for HLA-DR and HLA class I respectively. Biotinylated
rabbit anti-rat and horse anti-mouse secondary antibodies
(Vectastain Elite ABC kit, Vector Labs, Burlingame, CA) were
added on the second day, incubated for 30 minutes at room
temperature and tertiary reagent was applied according to the
manufacturer's instructions. Antigen detection was performed
by a color reaction with 3,3'-diaminobenzidine (DAB plus
chromogen; DakoCytomation, Germany). The sections were
counterstained with hematoxylin and mounted with Permount
media (Fisher Scientific, NJ). The slides were scanned with a
Mirax Scanner (Carl Zeiss AG, VA) and images were acquired
with Mirax Reviewer 1.11 software. IHC detection of MAGE-
Al, MAGE-A, CT10/MAGE-C2, NY-ESO-1, CT7/MAGE-C1
and GAGE was performed using monoclonal antibodies MA-
454, M3H67, CT10-5, E978, CT7-33 and #26 respectively, as
previously described (30).
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