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Ipilimumab, a monoclonal antibody against cytotoxic T lymphocyte
antigen 4 (CTLA-4), has been shown to improve survival in patients
with advanced metastatic melanoma. It also enhances immunity to
NY-ESO-1, a cancer/testis antigen expressed in a subset of patients
with melanoma. To characterize the association between immune
response and clinical outcome, we first analyzed NY-ESO-1 serum
antibody by ELISA in 144 ipilimumab-treated patients with mela-
noma and found 22 of 140 (16%) seropositive at baseline and 31
of 144 (22%) seropositive following treatment. These NY-ESO-1-
seropositive patients had a greater likelihood of experiencing clinical
benefit 24 wk after ipilimumab treatment than NY-ESO-1-seroneg-
ative patients (P = 0.02, relative risk = 1.8, two-tailed Fisher test). To
understand why some patients with NY-ESO-1 antibody failed to
experience clinical benefit, we analyzed NY-ESO-1-specific CD4*
and CD8" T-cell responses by intracellular multicytokine staining in
20 NY-ESO-1-seropositive patients and found a surprising dissocia-
tion between NY-ESO-1 antibody and CD8 responses in some
patients. 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). Together, our data suggest that integrated NY-ESO-1 im-
mune responses may have predictive value for ipilimumab treatment
and argue for prospective studies in patients with established NY-
ESO-1 immunity. The current findings provide a strong rationale for
the clinical use of modulators of immunosuppression with concur-
rent approaches to favor tumor antigen-specific immune responses,
such as vaccines or adoptive transfer, in patients with cancer.

etastatic melanoma has been shown to be an immunogenic

malignancy, associated with spontaneous immunity to a va-
riety of antigens that include differentiation antigens gp100, tyros-
inase, and Melan-A/MART-1, as well as cancer/testis antigens
MAGE-3 or NY-ESO-1 (1-4). The development of immunother-
apies to target these antigens, whether in the form of active im-
munization (5-10) or adoptive transfer of T cells (11, 12), has led to
multiple clinical trials. Cancer vaccines in melanoma and other
tumor types have taught us that strong immune responses could be
induced (13-17), although only a small number of objective clinical
responses have been observed to date. In contrast, adoptive transfer
of T cells has been shown to lead to regression of large established
melanoma tumors, as well as other tumor types (12, 18).

We chose to study NY-ESO-1, an intracellular antigen ex-
pressed in 30% to 40% of stage III and IV melanoma (4, 19-22)
but transcriptionally silenced in normal adult tissues except testis
and placenta, because of its capacity to spontaneously induce
antibody responses in as many as 50% of patients with NY-ESO-
1-expressing tumors (4, 23). With regard to T-cell responses, we
have previously shown that naturally occurring antibody respon-
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ses to NY-ESO-1 were consistently associated with the simulta-
neous presence of circulating NY-ESO-1-specific CD4* and
CD8™ T-cell responses detectable from peripheral blood lym-
phocytes (4, 24-26). Furthermore, cytotoxic CD8* T lymphocytes
specific for NY-ESO-1 from patients seropositive for NY-ESO-1
are able to recognize melanoma tumor cells expressing NY-ESO-
1 in vitro (24). Vaccines targeting NY-ESO-1 have been shown
to induce integrated antibody, CD4" and CD8" T-cell antigen—
specific immune responses (4, 6, 27-29). Adoptive transfer of
NY-ESO-1-specific T cells has induced objective clinical re-
sponses in patients with advanced melanoma (12, 18). Because of
these characteristics, NY-ESO-1 is considered an excellent vac-
cine target as well as a good surrogate for precise measurement of
immune response to antigens specifically expressed in tumor cells.

With the growing recognition that cancer can exert a profound
suppressive effect on the immune response, recent efforts to
increase the efficacy of melanoma immunotherapy have focused
on the development of potent and specific immunomodulators.
Blockade of cytotoxic T lymphocyte antigen 4 (CTLA-4), a co-
inhibitory molecule on activated and regulatory T cells, is the
most advanced of these efforts. CTLA-4 plays a critical role in
natural immune homeostasis and tolerance to self (30-32). The
safety and clinical efficacy of ipilimumab, a fully human IgG1
monoclonal antibody targeting CTLA-4, has been evaluated in
numerous phase I/II trials, with recent phase III evidence of
significantly improved overall survival in patients with metastatic
melanoma (33-37). This is particularly notable as it was the first
therapy ever to show prolongation of overall survival in this
disease. Changes in humoral and cellular NY-ESO-1-specific
immune responses have been reported in patients with meta-
static melanoma and ovarian and prostate cancer treated with
ipilimumab therapy, although an association with clinical re-
sponse has not yet been clearly established (38-41).

To gain a better understanding of NY-ESO-1-specific immu-
nity following CTLA-4 blockade, we monitored antibody and T-
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cell responses in a cohort of patients with metastatic melanoma
who received ipilimumab in several clinical trials at Memorial
Sloan—Kettering Cancer Center (MSKCC) and Yale University,
characterizing these immune responses and associating them
with clinical outcome and survival.

Results

NY-ESO-1 Antibody Response Following Ipilimumab. Based on our
earlier observations in a small number of patients with mela-
noma in which we found that antibody, CD4", and CD8" T-cell
responses against NY-ESO-1 increased following ipilimumab
treatment, we decided to extend the analysis of NY-ESO-1 im-
munity to a larger cohort of patients with ipilimumab-treated
advanced melanoma in an attempt to investigate correlation with
clinical benefit. A total of 144 patients with metastatic melanoma
at MSKCC or Yale University were analyzed for an NY-ESO-1
antibody response.

Of 99 evaluable patients with melanoma treated with ipili-
mumab at MSKCC, 17 (17%) had preexisting serum antibodies
to NY-ESO-1, with titers ranging from 1/150 to 1/1,000,000
(Fig. 1). These numbers are within the expected range of NY-
ESO-1 seropositivity in advanced melanoma, in which 30% to
40% of patients show expression of NY-ESO-1 in the tumor (4).
Several NY-ESO-1-seropositive patients showed significant titer
increases (>5x) during early time points of anti-CTLA-4 treat-
ment (week 12 or 24 of treatment), followed by a plateau or
gradual decrease over later time points up to 83 wk following
onset of treatment (Fig. 1). Another four patients showed se-
roconversion to NY-ESO-1 during ipilimumab treatment at
week 7 or 12 (Fig. 1). Of note, patient IMF-17, who was initially
treated at dose level 0.3 mg/kg, displayed a striking NY-ESO-1
seroconversion at week 12 when the patient was switched to a
higher dose of ipilimumab (10 mg/kg). Together, this represents
21 patients (21%) with antibody responses to NY-ESO-1 fol-
lowing anti-CTLA-4 treatment (Fig. 1).

To confirm these observations, we analyzed a comparable co-
hort of 45 patients with melanoma treated with ipilimumab at
Yale University for presence of antibodies to NY-ESO-1, in a
blinded fashion. We found NY-ESO-1 seropositivity in 10
patients (22%) treated with anti-CTLA-4, with a similar range of
titers to what had been observed in the MSKCC cohort. Of the 10
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Fig. 1. Titers in NY-ESO-1-seropositive patients from MSKCC. Reciprocal
antibody titers to NY-ESO-1 throughout CTLA-4 blockade treatment in
patients experiencing clinical benefit (closed symbols, Left; n = 11) or no
clinical benefit (open symbols, Right; n = 10) among 99 patients treated
with ipilimumab at MSKCC. The remaining 78 patients did not show signif-
icant Ab reactivity against NY-ESO-1 at any time point tested and were
considered seronegative (i.e., titers <100). Each symbol represents a patient
(Right) at baseline, week 7, and week 12 or 24.
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ipilimumab-treated patients with evidence of serum antibodies to
NY-ESO-1, two cases were the result of seroconversion during
treatment and two patients had no prestudy sample available.
Additionally, among patients without evidence of NY-ESO-1
antibody, two did not have a prestudy sample.

We analyzed NY-ESO-1 antigen expression by immunohisto-
chemistry in a subset of 13 patients who had available tumor
tissues from their surgical resections. We confirmed that patients
IMF-3, -8, -16, -38, 09-079-01, 09-079-07, and 09-079-10, who
had or developed NY-ESO-1 antibodies, showed expression of
NY-ESO-1 in tumor before or after ipilimumab treatment. NY-
ESO-1 antigen expression by RT-PCR or IHC is shown in Table
S1 and Fig. S1.

Correlation of NY-ESO-1 Antibodies with Clinical Benefit from
Ipilimumab. We then asked whether the presence of NY-ESO-1
serum antibodies before treatment correlated with eventual clin-
ical benefit from ipilimumab according to immune-related re-
sponse criteria. When analyzing the combined clinical data from
MSKCC and Yale, we found that a majority of patients (12 of
22; 55%) who were seropositive for NY-ESO-1 had evidence of
clinical benefit after 24 wk of ipilimumab treatment [one complete
response (CR), four partial responses (PRs), and seven cases of
stable disease (SD); Table 1]. In contrast, baseline seronegative
patients for NY-ESO-1 had a lower frequency of clinical benefit
(36 of 118; 31%; Table 1). This difference was found to be sig-
nificant [P = 0.0481, relative risk (RR) = 1.8 (95% confidence
interval: 1.1-2.9), two-tailed Fisher test], with an RR of 1.8 of
experiencing clinical benefit when comparing NY-ESO-1-sero-
positive patients with NY-ESO-1-seronegative patients. Separate
analyses of MSKCC and Yale cohorts showed very comparable
frequencies with similar trends.

When considering NY-ESO-1 antibody responses at any time
point (i.e., not just baseline) during the study, including patients
who showed seroconversion or had missing pretherapy samples,
the frequency of patients with clinical benefit was 17 of 31 (55%) of
NY-ESO-1-seropositive patients compared with 34 of 113 (30%)
of NY-ESO-1-seronegative patients (Table S2). The association
between greater clinical benefit and NY-ESO-1-seropositive sta-
tus was still significant [P = 0.02, RR = 1.8 (1.2-2.8), two-tailed
Fisher test], indicating that these additional seroconversions did
not affect the observation using baseline serostatus.

Interestingly, NY-ESO-1-seropositive patients appeared to
have proportionally more objective responses (two CRs and six
PRs among 31 seropositive patients) than seronegative patients
(two CRs and nine PRs among 113 seronegative patients). Of
note, although NY-ESO-1-seropositive patient IMF-38 had com-
plete disappearance of right pleural masses and stabilization of
lung metastases, this patient was classified as showing disease
progression because of progressive retroperitoneal, gluteal, and
brain metastases.

Table 1. Correlation of NY-ESO-1 antibody at baseline (before
treatment) with clinical course following anti-CTLA-4 treatment
Response Total NY-ESO-1 NY-ESO-1
at wk 24 (%) seronegative seropositive
Clinical benefit 48 (34.3) 36 (30.5) 12 (54.6)
Complete response 4 (2.9) 3 1
Partial response 14 (10.0) 10 4
Stable disease 30 (21.4) 23 7
No clinical benefit 92 (65.7) 82 (69.5) 10 (45.4)
Total 140 118 22

Patients seropositive for NY-ESO-1 are more likely to experience disease
control than seronegative patients [P = 0.0481, RR = 1.8 (1.1-2.9), two-tailed
Fisher test].
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NY-ESO-1-Specific T-Cell Response Following Ipilimumab. Based on
the serologic results detailed here, there remained a number of
patients who showed disease progression or died during ipilimu-
mab treatment despite having serum antibodies to NY-ESO-1 (14
of 31; Table S2). To ask whether the lack of clinical benefit could be
attributed to differences in other facets of NY-ESO-1 immunity, we
analyzed peripheral blood mononuclear cell (PBMC) samples from
NY-ESO-1-seropositive patients treated at MSKCC for CD4* and
CD8" T-cell responses against NY-ESO-1. The generation of NY-
ESO-1-specific CD4" and CD8" T-cell responses was evaluated
based on the availability of PBMC samples in 20 NY-ESO-1-se-
ropositive patients as well as in 11 seronegative patients. Following
a 10-d in vitro stimulation with NY-ESO-1 overlapping peptides
and subsequent restimulation, PBMCs from baseline and post-
therapy time points were assessed for the production of IFN-y in
T-cell populations by intracellular cytokine staining (ICS).

A low frequency of NY-ESO-1-specific CD4* T-cell response
was detected in five of 11 NY-ESO-1-seronegative patients. As
expected from patients without serum antibody to NY-ESO-1,
CD8* T-cell responses against NY-ESO-1 were not detectable in
10 of 11 patients seronegative for NY-ESO-1, except in patient
IMF-11, who received previous NY-ESO-1 protein vaccine (Table
S3 and Fig. S2) (42, 43). In contrast, the majority of patients who
were seropositive for NY-ESO-1 showed evidence of NY-ESO-1-
specific CD4* and/or CD8"* T-cell response (Table 2). Of 20
patients with NY-ESO-1 antibody, 17 pretherapy PBMC samples
were available, with eight (47.1%) and seven (41.1%) patients
having a spontaneous NY-ESO-1-specific CD4* and CD8"* T-
cell response, respectively. With regard to posttherapy samples,
18 were available, with 15 (83.3%) and 13 (72.2%) patients having
an NY-ESO-1-specific CD4" or CD8* T-cell response, respec-
tively (Table 2). Overall, an NY-ESO-1-specific CD4* or CD8*
T-cell response was observed in 16 of 20 (80%) and 13 of 20 (65%)
of the NY-ESO-1-seropositive patients, respectively, at any time
point. Representative dot plots for patients with both NY-ESO-1-
specific CD4" and CD8" T cells, with either CD4* T cells or
CD8™ T cells alone, or with no specific T-cell response, are shown
in Fig. 2. Overall, 11 of 20 patients had both CD4" and CD8™" T-
cell responses detected; two of 20 patients had a CD8" T-cell
response alone; five of 20 patients had only a CD4* T-cell re-
sponse; whereas two of 20 did not have any quantifiable T-cell
response (Fig. 3). These four patterns of cellular immune re-
sponse to NY-ESO-1 in NY-ESO-1-seropositive patients are
summarized in Table S4.

To further evaluate the functionality of these antigen-specific
responses, all IFN-y* CD4* and CD8™ T cells were analyzed for
polyfunctional responses by using antibodies detecting MIP-1p,
CD107a, and TNF-a. CTLA-4 blockade induced NY-ESO-1-
specific IFN-y*MIP18* and IFN-y*TNFa* CD4* and CD8* T-
cell responses, consistent with our earlier findings (40). Patients
with clinical benefit had more frequent evidence of double func-
tionality by NY-ESO-1-specific CD8™ T cells than patients without
clinical benefit, although these numbers were too low to establish
statistical significance (Fig. S3). Of the 20 NY-ESO-1-seropositive
patients, 16 (80%) and 12 (60%) patients showed the generation of
a polyfunctional CD4* or CD8* T-cell response, respectively,
defined as producing IFN-y and at least one other function.

Correlation of NY-ESO-1-Specific CD4* and CD8* T-Cell Response with
Clinical Benefit Using Immune-Related Response Criteria. We next
asked whether the presence of NY-ESO-1-specific CD4* and
CD8™ T-cell responses in patients with evidence of NY-ESO-1
antibody was correlated with clinical benefit, and results are
summarized in Table 2, Fig. 4, and Table S4. With regards to
NY-ESO-1-specific CD8" T cells in these seropositive patients,
pretherapy PBMC samples were available from 17 patients, and
seven showed a NY-ESO-1-specific CD8" T-cell response and
10 did not. Spontaneous CD8" T-cell responses to NY-ESO-1

Yuan et al.

Table 2. NY-ESO-1-specific response in patients treated with
anti-CTLA-4 antibody

Patient Clinical benefit 0s, Ab response CD4 T cell response CD8 T cell response

code atwk12  at wk24 mo pre post pre post  polyf pre post  polyf
Clinical Benefit

IMF-3 PD PR 40

IMF-8 SD sD 51+

IMF-16 sD SD 49+

IMF-17 PD CR AT+

IMF-18 PD PR 52+

IMF-56 SD CR 33+

IMF-74 SD SD 8

09-004-11 SD SD 49+

09-079-1 PD PR 17+

09-079-10 PD sD 17+

09-079-17 PD sD 16+ k) kil kil
Total 811 1111 419 10/11 10111 6/9 1011110111
No Clinical Benefit

IMF-28 PD DOD 6 - - -

IMF-38 PR PD 9 - + -

IMF-42 PD DOD 5 na - -

IMF-70 DOD DOD 2 - na -

IMF-71 DOD DOD 3 na -

IMF-88 PD PD 8 - -

09-079-2 PD PD 8 + 1

09-079-7 PD PD 7 - -

09-079-12 PD DOD 4 - - - - i i
Total 719 8/8 4/8 517 6/9 1/8 37 2/9

NY-ESO-1 Ab titer: —, negative; +, 100~1,000; ++, 1,000~10,000; +++, >10,000.
NY-ESO-1 T-cell response: —, <0.1%; +, 0.1~0.5%; ++, 0.5~5%; +++, >5%. NA,
not available. No availability of pretherapy PBMCs for patients IMF-16, 42, and
56. No posttherapy PBMC sample was available for patient IMF-70, 71. Polyfunc-
tional T-cell response was defined as T cells producing double functions for IFN-
v, TNF-o, MIP-1B, and CD107a; and the value >0.1%. OS, overall survival; DOD,
disease of death; PD, progressive disease; polyf, polyfunctionality of T cells.

were found in six of nine seropositive patients who experienced
clinical benefit, compared with one of eight seropositive patients
who did not experience clinical benefit, and this difference was
statistically significant [P = 0.0498, RR = 2.9 (1.1-7.7), two-
tailed Fisher test; Table 2]. When considering CD8* T-cell
responses at any time point during the treatment (i.e., not just
baseline), 13 of 20 available patients had a detectable CD8* T-
cell response and seven did not (Fig. 4). Among these, CD8" T-
cell responses to NY-ESO-1 were found in 10 of 11 seropositive
patients who experienced clinical benefit compared with three of
nine seropositive patients who did not experience clinical benefit,
and this was found significant [P = 0.017, RR = 5.4 (0.9-33.9),
two-tailed Fisher test; Fig. 4]. With regard to NY-ESO-1-specific
CD4™" T-cell responses at any time point during the study, these
were found in 10 of 11 seropositive patients who experienced
clinical benefit compared with six of nine seropositive patients
who did not experience clinical benefit, but this difference did
not reach statistical significance (P = 0.285; Fig. 4). Overall, nine
of the 11 patients (81.8%) with both NY-ESO-1-specific CD4*
and CD8* T-cell responses had clinical benefit (Table 2, Fig. 4,
and Table S4). Single functions of TNF-a, MIP-1p, and CD107a
were not associated with patient clinical benefit.

All five patients with objective responses (IMF-3, -17, -18, -56,
and 09-079-1) had a detectable polyfunctional NY-ESO-1-spe-
cific CD8" T-cell response. As we had observed before in a
smaller cohort, polyfunctional NY-ESO-1-specific CD8* T cells
were induced following ipilimumab treatment in patients who
showed clinical benefit (40). There was no evidence of poly-
functionality of NY-ESO-1-specific CD8* T cells for the ma-
jority of patients without clinical benefit, except for patients 09-
079-2 and 09-079-12 (Table 2).

Correlation of NY-ESO-1 Immunity with Overall Survival. In addition
to demonstrating the importance of NY-ESO-1 immunity in terms
of disease control to ipilimumab, we asked whether the relation-
ship between NY-ESO-1 antibody response alone or in conjunc-
tion with a CD4" or CD8" NY-ESO-1-specific T-cell response
was also reflected in overall survival for the 144 patients treated at
MSKCC and Yale University. By using the Kaplan—-Meier method
or a time-dependent Cox regression model, we found a trend
between having a measurable NY-ESO-1 antibody response and
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experiencing improved overall survival, although this did not
reach statistical significance (P = 0.10 and P = 0.06, respectively;
Fig. S4 A and B). However, among patients at MSKCC, those
patients who were seropositive for NY-ESO-1 and also had a de-
tectable NY-ESO-1-specific CD8"* T-cell response showed a sig-
nificant survival advantage compared with seropositive patients
without detectable CD8" T-cell response [P = 0.01, hazard ratio
(HR) = 0.18 (0.05-0.71), time-dependent Cox model]. There was
no statistical significant association between CD4* T-cell re-
sponse and survival in patients who were seropositive for NY-
ESO-1 [P = 0.24, HR = 0.42 (0.1-1.79), time-dependent Cox
model; Fig. S4C].

Discussion

In this report, we present results from the immunological moni-
toring of a cohort of 144 ipilimumab-treated patients with ad-
vanced melanoma tested for presence of antibody to NY-ESO-1,
as well as for associated T-cell responses in a subset of 20 NY-
ESO-1-seropositive individuals. Consistent with previous studies
of spontaneous immunity to NY-ESO-1, integrated NY-ESO-1-
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Fig. 3. Four types of NY-ESO-1 immunity integration were detected during
ipilimumab treatment. (A) NY-ESO-1-specific CD4* T-cell response before and
after CTLA-4 blockade. (B) NY-ESO-1-specific CD8* T-cell response before and
after CTLA-4 blockade. Category I, 11 of 20 patients had NY-ESO-1-specific
CD4* and CD8* T-cell response; category Il, two of 20 patients had CD8 T-cell
response; category lll, five of 20 patients had CD4* T-cell response; and cat-
egory IV, two of 20 patients had neither CD4* nor CD8 T-cell response.
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response.

specific antibody and T-cell responses (both CD4* and CD8™)
was the general pattern observed in these patients. We show that
the presence of serum antibody to NY-ESO-1 is associated with
clinical benefit in patients with advanced melanoma treated with
anti-CTLA-4. Patients with preexisting antibody responses to
NY-ESO-1 or who show a seroconversion to NY-ESO-1 during
ipilimumab treatment were nearly twice as likely to experience
clinical benefit compared with NY-ESO-1-seronegative patients.
Furthermore, in NY-ESO-1-seropositive patients, the presence of
peripheral CD8" T-cell responses to NY-ESO-1 was highly cor-
related with clinical benefit to ipilimumab. Together, the presence
of an integrated antibody and CD8" T-cell immune response to
NY-ESO-1 was associated with a significant survival advantage.
What influence does a strong spontaneous immune response to
NY-ESO-1 have on the natural history of NY-ESO-1-expressing
tumors? As this immune response is seen in patients with pro-
gressive tumor growth, the assumption is that NY-ESO-1 immu-
nity by itself is insufficient to inhibit tumor growth, with the proviso
that any influence on tumor initiation, rate of tumor growth, or
frequency of metastases would be very difficult to assess. From
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Fig. 4. NY-ESO-1 antigen-specific CD8* T-cell responses are associated with
clinical benefit. Maximal percentage of NY-ESO-1-specific CD4* IFN-y* and
CD8*IFN-y* T cell at any time point during CTLA-4 blockade treatment in NY-
ESO-1-seropositive patients treated with ipilimumab at MSKCC who expe-
rienced clinical benefit (closed symbols; n = 11) or no clinical benefit (open
symbols; n = 9). Responses were considered positive if at least 0.1%. Each
symbol represents a patient (Right). Although the frequency of CD4*IFN-y*
T-cell responses did not significantly differ in patients with or without clinical
benefit (P = 0.285), CD8*IFN-y* T-cell response were significantly more fre-
quent in patients who experienced clinical benefit (10 of 11) compared with
patients who did not experience clinical benefit [three of nine; P = 0.017,
RR = 5.4 (0.9-33.9), two-tailed Fisher test].
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a range of experimental tumor systems, we know that an immune
response to tumors does not necessarily translate into protection
against tumor growth. The reasons for this are multiple, but what
has become clear is that intrinsic T-cell immunosuppressive
mechanisms and extrinsic tumor-related T-cell immunosuppres-
sion are two major factors in the successful growth of tumors in the
face of an immune response. Intrinsic T-cell mechanisms include
various inhibitory molecules, such as TIM-3, LAG-3, and PD-1,
up-regulated on T cells that inhibit their function (44-46); ex-
trinsic factors mediating this immunosuppression are multiple,
and include regulatory T cells, myeloid-derived suppressor cells,
cytokines, and chemokines (47). This collective immunosuppres-
sion and the profound inhibition of CD8* T cells in tumors would
account for the failure of NY-ESO-1 immunity alone to have
a clear antitumor effect. These same considerations are directly
relevant to the situation with vaccine-induced NY-ESO-1 immu-
nity, in which, despite the generation of strong humoral and T-cell
immunity, tumor responses have been rare. Clearly, the develo-
pment of maximally effective cancer immunotherapies will require
the integration of modulators of immunosuppression, such as
anti-CTLA-4, into the treatment strategy. Our results support the
notion that the full potential for NY-ESO-1 immunity to control
tumor growth will not be realized until our understanding of tu-
mor-related immunosuppression is more advanced.

The antitumor effect of anti-CTLA-4 presumably involves the
amplification of preexisting or induced immune responses against
the tumor. Given the large number of antigenic targets in human
cancer, it may appear surprising that immunity to one antigen,
NY-ESO-1, is associated with antitumor responses. Searching for
other antigens associated with favorable response to CTLA-4 is
of obvious importance, because a majority of patients who show
a response to CTLA-4 blockade show no evidence of NY-ESO-1
immunity. However, several characteristics could account for the
importance of NY-ESO-1 immunity in CTLA-4 blockade. In the
extensive immunological analysis of human tumors to date, NY-
ESO-1 has emerged as uniquely immunogenic in comparison with
other cancer/testis antigens and with other categories of tumor
antigens (1-4). This immunogenicity generally results in an in-
tegrated immune response involving the generation of NY-ESO-
1-specific antibodies and CD4* and CD8* T cells. The high
immunogenicity of NY-ESO-1 may be related to its unique an-
tigen presentation modalities (48, 49). In the present study, a
majority of patients with integrated immune responses to NY-
ESO-1 experienced a favorable clinical course after ipilimumab
treatment. However, a subset of patients did not show detectable
NY-ESO-1-specific CD8* T cells, even though they were sero-
positive for NY-ESO-1, and most of them did not experience
clinical benefit. The reason for the dissociation between antibody
responses and antigen-specific CD8"% T-cell responses in these
patients is unknown. Such a profile of split T-cell tolerance is
uncommon for NY-ESO-1, and is more frequently observed with
other tumor antigens, in which there is a dissociation between a
strong antibody and/or CD4* T-cell response and a weak or ab-
sent CD8* T-cell response (50, 51). CD8" T cells with specificity
for NY-ESO-1 recognize naturally processed NY-ESO-1 on tu-
mor cells in vitro, and in clinical trials with adoptive CD8™ T-cell
transfer, NY-ESO-1-reactive CD8™ T cells have strong antitumor
activity (18). This provides compelling evidence that NY-ESO-1,
in addition to its strong immunogenicity, also functions as a pro-
tective tumor rejection antigen. In addition to a direct role of
NY-ESO-1 immunity in mediating anti-CTLA-4 action, another
possibility is that the strengthening or induction of NY-ESO-1
immunity by anti-CTLA-4 leads to activation of immunity to
other tumor antigens (i.e., antigen spreading), and we are seeking
evidence for this possibility by analyzing humoral immune
responses by ELISA and protein arrays, and CD4" and CD8*
T-cell responses to known melanoma antigens.

Yuan et al.

Disease stabilization, rather than complete or partial tumor
regression, was the most frequent tumor response seen in anti—
CTLA-4-treated melanoma. However, a number of patients
showed heterogeneous tumor responses, with tumor regression,
stabilization, and progressive growth occurring simultaneously
in different tumor metastases in the same patient. This distinctive
behavior of individual tumors can be viewed within the frame-
work of the tumor immunoediting concept, with the three phases
(“three Es”) of elimination, equilibrium, and escape having their
clinical counterparts in tumor regression, stabilization, or pro-
gressive growth (52, 53). Why should stabilization rather than
regression be the most frequent therapeutic response in anti—
CTLA-4-treated patients? One explanation is that compensatory
immunosuppressive circuits that replace CTLA-4 action are ac-
tivated or strengthened in anti-CTLA-4-treated patients. In line
with these multiple and distinct pathways of cancer immunosup-
pression, combination treatment with anti-CTLA-4 and other
modulators of immune suppression, such as anti-PD-1 or anti-
GITR, is now being pursued in both the laboratory and clinic
(54, 55). In addition, a careful study of the changes in the gene-
expression profile of tumors before, during, and after anti-CTLA-
4 therapy should be very revealing, particularly with emphasis on
changes in the expression pattern of cytokines, chemokines, MHC
molecules, tumor antigens, and other immune-related factors. In
addition, it will be essential to characterize changes in the resident
and tumor infiltrating lymphocyte populations and other cell
types accompanying anti-CTLA-4 therapy. The outcome of this
detailed analysis may give insight into how to transform stabili-
zation into tumor regression.

Recently in a letter to the editor, Rosenberg and coworkers
reported no association between spontaneous NY-ESO-1 anti-
body and anti-CTLA-4 benefit in a cohort of 46 patients with
advanced melanoma treated with CTLA-4 blockade at the Na-
tional Cancer Institute (41). As many key factors distinguish this
study from the present study, e.g., use of Response Evaluation
Criteria In Solid Tumors rather than immune-related response
criteria, variations in dose of antibody, and a smaller heteroge-
neous patient population, valid comparisons are challenging.

Together, our data suggest that antibody and CD8" T-cell
responses to NY-ESO-1 may be important predictive markers for
clinical response to anti-CTLA-4 treatment. NY-ESO-1 vaccines
have been shown to generate antigen-specific CD8* T cells, along
with antibody and CD4* T cells, but these NY-ESO-1-specific
immune reactions have not shown a clear impact on clinical out-
come. Incorporating anti-CTLA-4 and other modulators of im-
mune suppression into our NY-ESO-1 vaccine strategies is a pivotal
next step. In addition, it will be important to extend our findings
with anti-CTLA-4 in melanoma to other tumor types expressing
NY-ESO-1 and eliciting NY-ESO-1 spontaneous immunity.

Materials and Methods

Patient Eligibility and Selection. All subjects in the present study had advanced
metastatic melanoma and were enrolled on several multicenter Bristol Myers-
Squibb-sponsored trials of ipilimumab at MSKCC or Yale University under
institutional review board-approved protocols for treatment and collection
of correlative biological specimens for immunologic analysis. Further details
are provided in S/ Materials and Methods.

Antibody Responses and in Vitro T-Cell Stimulation Against NY-ESO-1. Analysis
of serum samples for NY-ESO-1 by ELISA was performed in a blinded fashion to
the knowledge of clinical results by using a method described previously (56). T-
cell culture for NY-ESO-1 in vitro was performed for 10 d, based on a well
validated protocol (40, 57). SI Materials and Methods provides further details
and information regarding data analysis and statistical methods.
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