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ABSTRACT

BACKGROUND
Loss of donor-mediated immune antitumor activity after allogeneic hematopoietic stem-cell
transplantation (HSCT) permits relapse of hematologic cancers. We hypothesized that im-
mune checkpoint blockade established by targeting cytotoxic T-lymphocyte-associated pro-
tein 4 with ipilimumab could restore antitumor reactivity through a graft-versus-tumor effect.
METHODS

We conducted a phase 1/1b multicenter, investigator-initiated study to determine the
safety and efficacy of ipilimumab in patients with relapsed hematologic cancer after
allogeneic HSCT. Patients received induction therapy with ipilimumab at a dose of 3 or
10 mg per kilogram of body weight every 3 weeks for a total of 4 doses, with addi-
tional doses every 12 weeks for up to 60 weeks in patients who had a clinical benefit.
RESULTS

A total of 28 patients were enrolled. Immune-related adverse events, including one death,
were observed in 6 patients (21%), and graft-versus-host disease (GVHD) that precluded
further administration of ipilimumab was observed in 4 patients (14%). No responses that
met formal response criteria occurred in patients who received a dose of 3 mg per kilo-
gram. Among 22 patients who received a dose of 10 mg per kilogram, 5 (23%) had a
complete response, 2 (9%) had a partial response, and 6 (27%) had decreased tumor
burden. Complete responses occurred in 4 patients with extramedullary acute myeloid
leukemia and 1 patient with the myelodysplastic syndrome developing into acute myeloid
leukemia. Four patients had a durable response for more than 1 year. Responses were
associated with in situ infiltration of cytotoxic CD8+ T cells, decreased activation of regu-
latory T cells, and expansion of subpopulations of effector T cells in the blood.
CONCLUSIONS

Our early-phase data showed that administration of ipilimumab was feasible in patients with
recurrent hematologic cancers after allogeneic HSCT, although immune-mediated toxic ef-
fects and GVHD occurred. Durable responses were observed in association with several his-
tologic subtypes of these cancers, including extramedullary acute myeloid leukemia. (Funded
by the National Institutes of Health and others; ClinicalTrials.gov number, NCT01822509.)
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LLOGENEIC HEMATOPOIETIC STEM-CELL

transplantation (HSCT) is the only cure

for many patients who have advanced
hematologic cancers, principally through the
induction of a graft-versus-tumor effect.! Unfor-
tunately, more than one third of patients who
have undergone transplantation have a relapse
of disease.> The prognosis for these patients is
poor; the majority die within 1 year after relapse
despite salvage chemotherapy, donor-lymphocyte
infusion, or retransplantation.®

Immune escape (i.e., tumor evasion of the
donor immune system) contributes to relapse
after allogeneic HSCT, and immune checkpoint
inhibitory pathways probably play an important
role.® The engagement of cytotoxic T-lymphocyte—
associated protein 4 (CTLA-4) and programmed
death 1 (PD-1) receptors by their respective li-
gands B7-1 and B7-2 and PD-L1 and PD-L2 inhib-
its effector T-cell function. Tumor cells often
express these ligands, thereby selectively block-
ing antitumor immunity. In murine models,
PD-1 blockade has led to an increase in graft-
versus-host-disease (GVHD),” whereas selective
blockade of CTLA-4 to treat late relapse after
transplantation has augmented graft-versus-
tumor effects without accelerating GVHD.?

We hypothesized that CTLA-4 blockade with
ipilimumab may induce a graft-versus-tumor
effect in patients with relapse after allogeneic
HSCT and lead to a clinical response without
excessive immune-related toxic effects. CTLA-4
blockade could provide a novel tool for immune
modulation to treat or prevent relapse after allo-
geneic HSCT.

Studies®® have shown that ipilimumab (Yer-
voy, Bristol-Myers Squibb), a human IgG1 kappa
monoclonal antibody, specifically blocks CTLA-4.
We previously found that a single low dose of
ipilimumab (0.1 to 3.0 mg per kilogram of body
weight) had acceptable side-effect and adverse-
effect profiles and did not result in clinically
significant GVHD. Responses were seen in three
patients with lymphoma. In that study, T-cell
activation was observed,'>!? but patients received
only one planned infusion of ipilimumab and
doses higher than 3.0 mg per kilogram were not
tested. These observations prompted the initia-
tion of the current study of ipilimumab to evalu-
ate the safety and efficacy of sustained CTLA-4
blockade in patients with relapse after alloge-
neic HSCT.

METHODS

PATIENTS

Patients were eligible if they had received a di-
agnosis of progressive or persistent leukemia,
lymphoma, multiple myeloma, or a neoplasm
with myelodysplastic or myeloproliferative fea-
tures 3 months or more after allogeneic HSCT,
had had no immune suppression for at least
4 weeks, and had no history of grade III or IV
acute GVHD. Other eligibility criteria were 20%
or more donor-derived CD3+ T-cell chimerism,
no history of autoimmune disease, and an ab-
sence of active infection.

STUDY DESIGN AND OVERSIGHT

This phase 1/1b, open-label, investigator-initiat-
ed, single-group, multicenter study was designed
to determine the maximum tolerated dose, char-
acterize toxic effects, and assess the efficacy and
pharmacodynamic features of ipilimumab in
patients with recurrent hematologic cancer after
allogeneic HSCT. Patients were enrolled from
April 2013 through March 2015. In the phase 1
portion of the study, the original design includ-
ed five patients who would receive ipilimumab at
a dose of 3.0 mg per kilogram, and this dose
would be escalated in a second cohort of five
patients who would receive 10.0 mg per kilo-
gram if no more than one manifestation of
dose-limiting toxicity was observed. Additional
patients could take the place of patients who
discontinued the study because of early disease
progression if the patients who discontinued the
study did not complete the period of observation
for toxic effects.

Next, in a phase 1b dose-expansion phase
that was designed to better define toxicity and
assess preliminary efficacy, an additional 15 pa-
tients were enrolled and received the maximum
tolerated dose. Ipilimumab was administered
intravenously over the course of 90 minutes
every 21 days for four courses unless unaccept-
able toxic effects or clear disease progression
occurred. Patients who did not have disease
progression or unacceptable toxic effects could
continue to receive maintenance therapy every
12 weeks for up to 60 weeks.

The study was designed solely by the authors,
and the regulatory sponsor was the Cancer Ther-
apy Evaluation Program (CTEP) of the National
Cancer Institute. The study drug was provided by

N ENGL) MED 375;2 NEJM.ORG JULY 14, 2016

The New England Journal of Medicine
Downloaded from negjm.org at DFCI on September 8, 2016. For personal use only. No other uses without permission.
Copyright © 2016 Massachusetts Medical Society. All rights reserved.



IPILIMUMAB AFTER ALLOGENEIC TRANSPLANTATION

the manufacturer, Bristol-Myers Squibb, to CTEP,
which distributed it to the participating sites.
The manufacturer had no other role in the study.
The institutional review board at each site ap-
proved the protocol (available with the full text
of this article at NEJM.org), and the study was
conducted in accordance with the principles of
the Declaration of Helsinki and the International
Conference on Harmonisation Good Clinical Prac-
tice guidelines. All the participants provided writ-
ten informed consent. The data analysis and
writing of the manuscript were performed solely
by the authors with no third-party assistance. All
the authors were in agreement regarding submis-
sion of the manuscript and vouch for the com-
pleteness and accuracy of the data and analysis
and the fidelity of the study to the protocol.

CLINICAL ASSESSMENTS

Patients underwent evaluations every week for
the first 3 weeks, then every 3 weeks through
week 12, and then monthly. Assessments of
acute and chronic GVHD were made with the
use of standard criteria.'>*

Dose-limiting toxic effects were defined as
grade III or IV acute GVHD, grade 4 hematologic
toxic effects unrelated to the underlying disease,
or grade 3 nonhematologic toxic effects that did
not improve to grade 1 with a 3-week dose delay.
Immune-related adverse events that resolved to
grade 1 or lower with the use of glucocorticoids
were not considered to be dose-limiting toxic
effects. We designated the observation period
for toxic effects to be 12 weeks to capture de-
layed immunologic toxic effects. Responses were
assessed with the use of standard disease-spe-
cific criteria (listed in the protocol) after 6 and
12 weeks of induction therapy and every 12
weeks thereafter during maintenance therapy.

IMMUNOLOGIC ANALYSIS

Correlative studies were performed at baseline
and at response assessments. These studies in-
cluded the following: immunophenotypic analy-
sis of peripheral-blood mononuclear cells by
means of flow cytometry and mass cytometry;
immunohistochemical staining and RNA sequenc-
ing of formalin-fixed, paraffin-embedded skin-
biopsy specimens; and cytokine and chemokine
assays of plasma samples. Additional methods
are described in the Supplementary Appendix,
available at NEJM.org.

STATISTICAL ANALYSIS

All patients who received the study drug were
included in the safety and efficacy analyses. Ex-
ploratory pharmacodynamic correlative studies
were analyzed descriptively and graphically, and
group comparisons were made with the use of
the exact Wilcoxon rank-sum test. All P values
were two-sided, and P values of less than 0.05
were considered to indicate statistical signifi-
cance. All analyses were performed with the use
of SAS software, version 9.3 (SAS Institute) and
the statistical program R, version 2.13.2 (the
CRAN project [http://cran.r-project.orgl). A de-
tailed statistical analysis plan is provided in the
Supplementary Appendix.

RESULTS

PATIENTS AND TREATMENT
A total of 28 patients were enrolled at six sites.
Baseline characteristics of the patients are sum-
marized in Table 1. Diagnoses included acute
myeloid leukemia (in 12 patients, including 3 with
leukemia cutis and 1 with a myeloid sarcoma),
Hodgkin’s lymphoma (in 7), non-Hodgkin’s lym-
phoma (in 4), and the myelodysplastic syndrome
(in 2). In addition, 1 patient each had multiple
myeloma, myeloproliferative neoplasm, and acute
lymphoblastic leukemia. Eight patients (29%) had
previously had grade I or II acute GVHD, and 16
patients (57%) had previously had chronic GVHD.
The median time from transplantation to
initial treatment with ipilimumab during the
study was 675 days (range, 198 to 1830), and the
median time from relapse to initial administra-
tion of ipilimumab was 97 days (range, 0 to
1415). Patients had received a median of three
prior treatment regimens, excluding transplan-
tation (range, 1 to 14), and 20 patients (71%) had
previously received treatment for relapse after
transplantation, including chemotherapy in 17
patients (61%), radiation therapy in 6 patients
(21%), and donor-lymphocyte infusions in 6 pa-
tients (21%). The median pretreatment peripher-
al-blood donor T-cell chimerism was 99% (range,
58 to 100).

SAFETY

Adverse events that occurred in all patients are
listed in Table 2. Six patients received 3 mg of
ipilimumab per kilogram (five patients were
initially enrolled, but one patient could not be
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Table 1. Baseline Characteristics of the Patients.*

Characteristic Total (N=28)
Male sex — no. (%) 16 (57)
Age at enrollment — yr

Median 58

Range 22-75
Diagnosis — no. (%)

Acute myeloid leukemia 12 (43)

Relapse with extramedullary disease 4 (14)

Hodgkin’s lymphoma 7 (25)

Non-Hodgkin’s lymphoma 4 (14)

Myelodysplastic syndrome 2(7)

Multiple myeloma 1(4)

Myeloproliferative neoplasm 1(4)

Acute lymphoblastic leukemia 1(4)
Time since HSCT — days

Median 675

Range 198-1830
Donor type — no. (%)

Unrelated 15 (54)

Related 13 (46)
Graft source — no. (%)

Peripheral blood 22 (79)

Bone marrow 5 (18)

Umbilical cord 1(4)
Conditioning intensity — no. (%)

Myeloablative 11 (39)

Reduced intensity 17 (61)
Prior treatment of relapse after allogeneic HSCT 20 (71)

— no. (%)

Chemotherapy 17 (61)

Radiation therapy 6 (21)

Donor-lymphocyte infusion 6 (21)
Prior GVHD — no. (%)

Grade | or Il acute 8 (29)

Chronic 16 (57)

Limited 8 (29)
Extensive 8 (29)

* GVHD denotes graft-versus-host disease, and HSCT hematopoietic stem-cell

transplantation.
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assessed for toxic effects because of early pro-
gression, and another patient took that patient’s
place, according to the protocol). Chronic GVHD
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of the liver developed in one patient; this was the
only dose-limiting toxic effect in that cohort.
Immune-related adverse events were observed in
two patients (grade 2 pneumonitis in one patient
and grade 2 diarrhea in one patient). These
events were rapidly reversed with glucocorticoids
and did not preclude further administration of
ipilimumab.

On the basis of the safety profile at a dose of
3 mg of ipilimumab per kilogram and evidence
that 10 mg per kilogram may have greater effi-
cacy than 3 mg in melanoma,” a dose-escalation
cohort of 7 patients was enrolled to receive a
dose of 10 mg per kilogram (2 patients could not
be evaluated for toxic effects because of early
progression events and discontinued the study;
2 other patients took their place, according to
the protocol). A subsequent dose-expansion co-
hort of an additional 15 patients was then en-
rolled; these patients received ipilimumab at a
dose of 10 mg per kilogram.

Among the 22 patients who received 10 mg of
ipilimumab per kilogram, dose-limiting toxic
effects included two cases of chronic GVHD of
the liver and one case of grade II acute GVHD of
the gut, all of which resolved with glucocorti-
coids but precluded further administration of
ipilimumab. Immune-related adverse events,
which occurred in 3 patients, included grade 2
immune thrombocytopenia (in 1 patient), grade
3 colitis (in 1), and pneumonitis (1 patient with
grade 2 pneumonitis and 1 patient with grade 4
pneumonitis). These toxic effects were treated
with glucocorticoids, and in 2 patients, gluco-
corticoids were tapered and ipilimumab was re-
sumed within 3 weeks. The third patient died 42
days after receiving the initial dose of ipilimu-
mab after grade 3 colitis and grade 4 pneumoni-
tis developed. No infectious complications of
grade 3 or higher were observed.

The clinical presentation of GVHD and
immune-related adverse events can be similar,
so biopsy specimens of the affected site were
obtained whenever feasible to distinguish patho-
logically between these potential causes. Two
patients with colitis underwent colon biopsies.
One of these patients had pathological features
consistent with typical ipilimumab-related coli-
tis, including a mixture of chronic inflammation
in the lamina propria, acute neutrophilic inflam-
mation in the crypts, and minimal apoptosis.

NEJM.ORG JULY 14, 2016

The New England Journal of Medicine
Downloaded from negjm.org at DFCI on September 8, 2016. For personal use only. No other uses without permission.
Copyright © 2016 Massachusetts Medical Society. All rights reserved.



IPILIMUMAB AFTER ALLOGENEIC TRANSPLANTATION

o

Table 2. Adverse Events and Outcomes of Treatment.*

Variable

Adverse event
Patients who could be evaluated for adverse events
GVHD — dose-limiting toxicity
Chronic GVHD of liver
Acute GVHD of gut
Immune-related adverse events
Death
Pneumonitis
Grade 4
Grade 2
Colitis, grade 3
Immune thrombocytopenic purpura, grade 2

Diarrhea, grade 2

at least possibly related to ipilimumab
Acute kidney injury, grade 3
Corneal ulcer, grade 3
Thrombocytopenia, grade 3 or 4
Neutropenia, grade 3 or 4
Anemia, grade 3 or 4
Pleural effusion, grade 3
Limb edema, grade 1 or 2

Outcome of treatment

Complete response
Partial response
Stable disease

Progression of disease

Other adverse events of grade 3 or higher regardless of attribution, or grade 1 or 2 events

Patients who received maximum administered dose (10 mg/kg) 22

No. of Patients

28

A = N W OV = e i I

o o N wv

* Adverse events were graded according to the National Cancer Institute Common Terminology Criteria for Adverse

Events, version 4.0.

The other patient had typical GVHD features,
including crypt epithelial-cell apoptosis in the
absence of inflammation (Fig. S1 in the Supple-
mentary Appendix).

In total, ipilimumab was discontinued be-
cause of dose-limiting toxic effects in 5 patients:
4 patients with GVHD and 1 patient with severe
immune-related adverse events. Overall, the me-
dian number of doses received was 4 (range, 1
to 8). A total of 15 patients (54%) completed the
full course of induction therapy, and 6 patients
(21%) received maintenance therapy.

CLINICAL RESPONSE
In the cohort of patients who received 3 mg of
ipilimumab per kilogram, no responses were
noted. One patient with extramedullary acute
myeloid leukemia of the breast had a presumed
tumor flare after two doses of ipilimumab and
then had a 27% decrease in the size of the mass
at the end of induction; the reduced size was
maintained for 12 additional weeks (Fig. S2 in
the Supplementary Appendix).

The best responses among the 22 patients
who received 10 mg of ipilimumab per kilogram
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A Before Treatment

B After Treatment
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are listed in Table 2. Seven of 22 patients (32%)
met disease-specific criteria for a response. All
patients who had a response had baseline donor
T-cell chimerism in the blood of 99% or higher.
Five patients had an objective complete response
(23%), including all 3 patients with leukemia
cutis (Fig. 1A through 1D, and Fig. S3 in the

N ENGL ) MED 375;2

Figure 1. Clinical and Histopathological Responses
to Ipilimumab in Patients with Leukemia Cutis
and Hodgkin’s Lymphoma.

Panel A shows a lesion in the skin of a patient with
leukemia cutis before treatment, and Panel B shows
the clinical response after treatment. Panel C shows
sheets of neoplastic cells before treatment in the same
patient, and Panel D shows the histopathological re-
sponse after treatment, with fibrosis and sparse chronic
inflammation without evidence of cancer (hematoxylin
and eosin, low magnification in both panels). Panel E
shows a positron-emission tomographic and comput-
ed tomographic (PET-CT) image before treatment and
Panel F shows the response on PET-CT after treatment
in a patient with Hodgkin’s lymphoma. Panel G shows
a bone marrow biopsy specimen in the same patient
before treatment, with staining for CD30 showing ex-
tensive malignant lymphocyte infiltration (high mag-
nification), and Panel H shows a bone marrow biopsy
specimen after treatment, with no evidence of cancer
(high magnification).

Supplementary Appendix), 1 with myeloid sar-
coma involving lymph nodes, and 1 with smol-
dering myelodysplastic syndrome developing
into acute myeloid leukemia with marrow in-
volvement.

Two patients had a partial response, 1 with
widespread Hodgkin’s lymphoma involving the
bones and bone marrow (Fig. 1E through 1H)
and 1 with lung plasmacytomas. Six additional
patients who did not meet formal response cri-
teria had a reduction in the tumor burden, includ-
ing the patient with extramedullary acute myeloid
leukemia of the breast, 3 patients with Hodg-
kin’s lymphoma who had had a relapse very soon
after receiving multiple courses of post-trans-
plantation therapy and remained in the study
with stable disease for up to 1 year, a patient
with cutaneous T-cell lymphoma, and a patient
with acute myeloid leukemia who had a 28%
reduction in marrow blasts. In total, 13 of 22
patients (59%) had a reduction in the tumor
burden after receiving ipilimumab.

With a median follow-up time of 15 months
(range, 8 to 27) among survivors, the 1-year
overall survival rate was 49% (Fig S4 in the
Supplementary Appendix). The median duration
of response had not been reached. Two of the
three patients with leukemia cutis remained in
complete remission at 12 and 15 months, and
the patient with the myelodysplastic syndrome
developing into acute myeloid leukemia remained

NEJM.ORG JULY 14, 2016

The New England Journal of Medicine
Downloaded from negjm.org at DFCI on September 8, 2016. For personal use only. No other uses without permission.
Copyright © 2016 Massachusetts Medical Society. All rights reserved.



IPILIMUMAB AFTER ALLOGENEIC TRANSPLANTATION

in complete remission at 16 months. The patient
with lung plasmacytomas had a partial response
without progression for more than 21 months.
Clinical response was not associated with the
patient’s age, the intensity of the conditioning
regimen, the stem-cell source, the time since
transplantation, or prior donor-lymphocyte infu-
sion. All seven patients with a complete or par-
tial response, as compared with 62% of patients
who did not have a response, had some prior
GVHD (P=0.08).

IMMUNOLOGIC EFFECTS

In exploratory studies, we assessed the associa-
tion between clinical outcomes and the immu-
nologic responses to ipilimumab both at the site
of disease and in the blood. In three patients
with leukemia cutis who had a complete re-
sponse, pretreatment skin-biopsy specimens
showed dense infiltration with leukemia cells,
and post-treatment biopsy specimens confirmed
elimination of leukemia cells and replacement
with mild fibrosis and chronic inflammation
(Fig. 1A through 1D, and Fig. S3 in the Supple-
mentary Appendix). Serial skin-biopsy specimens
in one of these patients showed increased infil-
tration of CD8+ T cells 12 days after the patient
received a single dose of ipilimumab (Fig. 2A).
Increased cytotoxicity, as evidenced by staining
for perforin granules, paralleled the increased
CD8+ T-cell infiltration (Fig. 2A and 2B).

To further explore this finding, we performed
RNA sequencing from biopsy specimens obtained
at sites of leukemic involvement in two patients
who had a response and one patient who did not
have a response (Fig. 2C). Consistent with the
immunohistochemical analysis, gene-expression
data showed up-regulation of both CD8A (by a
factor of 8.5 to 22.0) and PRF1 (perforin) (by
a factor of 1.5 to 9.0) in association with the
clinical response to ipilimumab. In one patient
who had a response, increased expression of
CD8A and PRF1 after the administration of ipili-
mumab was detected at two different sites of
relapse. In contrast, the patient who did not have
a response had up-regulation of CD8A (by a fac-
tor of 10.0) without increased PRFI expression
(PRF1 expression changed by a factor of —1.5).

To probe the systemic effects of ipilimumab
on T-cell immunity, we evaluated changes in
CD4+ regulatory T-cell (Treg) and CD4+ conven-

tional T-cell (Tcon) populations in peripheral
blood 8 weeks after the patients began to receive
ipilimumab. Flow cytometry (Fig. 3A) showed
that patients who had a complete response or
stable disease had fewer CD4+ Treg cells and
more CD4+ Tcon cells than patients with pro-
gressive disease. Using mass cytometry (Fig. 3B),
we found that activated CD4+ Treg cells were
present at a 50% lower frequency in two patients
who had a response than in two patients who
had disease progression (additional details are
provided in the Supplementary Appendix).

In plasma samples obtained from patients
who had a response to ipilimumab, we observed
significant increases in chemokines that are
critical for leukocyte trafficking, including the
interleukin-8 receptor ligands and chemokine
(C-X-C motif) ligands 2 (CXCL2) (Fig. 3C) and 5
(CXCL5) (Fig. 3D), but not in other chemokines
such as CXCLG, interleukin-1 receptor type I,
angiopoietin-1 and angiopoietin-2, and vascular
endothelial growth factor (data not shown). Fi-
nally, we observed that low pretreatment levels
of soluble major histocompatibility complex
class I polypeptide-related sequence A positively
predicted a clinical response (P=0.006) (Fig. S5
in the Supplementary Appendix). Taken together,
these data began to elucidate immunologic re-
sponses both in situ and systemically during
CTLA-4 blockade in patients with relapse after
allogeneic HSCT.

DISCUSSION

Treatment options for patients with relapse of
disease after allogeneic HSCT are limited. In our
early-phase study, we found that CTLA-4 block-
ade with ipilimumab induced clinically signifi-
cant remissions in patients with recurrent can-
cer after transplantation. Although no objective
responses were seen at a dose of 3 mg per kilo-
gram, 7 of 22 patients (32%) who received 10 mg
per kilogram had a response; this suggests that
the antibody dose may be important after
transplantation. Five patients had complete re-
mission and 4 patients who had a response
continued to have a durable remission for more
than 1 year. These observations suggest that
CTLA-4 blockade may be effective after alloge-
neic HSCT by inducing a dormant graft-versus-
tumor response.
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Figure 2. Immunohistochemical and Transcriptional Analysis of In Situ Leukemic Responses to Ipilimumab.
Panel A shows immunohistochemical images (at high magnification) of costaining for CD8+ T cells (red) and perforin
(brown) before and after the initial dose of ipilimumab in a patient with leukemia cutis (Patient 1) who had a com-
plete remission. The arrow on the left side of the panel indicates a leukemic blast; the arrows on the right side of
the panel indicate cells undergoing apoptosis. The scale bars represent 50 ym. The inset (right) shows CD8+ T cells
(red) contacting multiple leukemic cells with perforin staining (brown). Panel B shows quantitation by means of vi-
sual estimation for the stains in Panel A. Panel C shows gene-expression analyses of CD8A and PRF1 from biopsy
specimens obtained before and after treatment with ipilimumab in two patients with leukemia who had a response
and one patient who did not have a response. Biopsy specimens from two different sites of leukemia cutis (the back
and hip) were obtained from Patient 1 before and after treatment.
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Figure 3. Systemic Immunologic Correlative Studies
in Patients Who Received Ipilimumab, According to
Response Status.

Panel A is a heat map showing the results of unsuper-
vised clustering. These results are expressed as the
percentage of T-cell subsets, as assessed by means of
flow cytometry of peripheral-blood mononuclear cells
(PBMCs) 8 weeks after administration of ipilimumab,
in patients with progressive disease (PD), stable disease
(SD), or a complete response (CR). The top two rows
represent the percentage of total regulatory T-cells
(Tregs) and conventional T-cells (Tconvs), and the bot-
tom six rows represent T-cell subsets of these two pop-
ulations, including Treg effector memory (EM) cells,
Tconv EM cells, Treg central memory (CM) cells, Tconv
CM cells, Treg naive cells, and Tconv naive cells. Mini-
mum values (dark blue) and maximum values (dark
red) in each row are shown. Plus signs indicate posi-
tive expression, and minus signs negative expression.
Panel B shows a mass cytometric analysis of PBMCs
at 8 weeks after administration of ipilimumab. Shown
are activated Tregs (the population of cells below the
black dividing line) in two patients who had a complete
response as compared with two patients whose best
response was PD. Cells expressing the Helios, HLA-DR,
and CD25"'FoxP3R! markers are considered to be acti-
vated Tregs. Panel C shows levels of chemokine (C-X-C
motif) ligand 2 (CXCL2), and Panel D shows levels of
chemokine (C-X-C motif) ligand 5 (CXCL5) in the plasma
of patients at baseline as compared with 8 weeks after
treatment with ipilimumab, according to response sta-
tus. Patients with a response included four patients with
a CR and one with SD and some antitumor activity.

Stimulation of a graft-versus-tumor effect
arouses concern regarding the potential exacer-
bation of GVHD; however, GVHD that precluded
additional administration of ipilimumab devel-
oped in 4 of 28 patients; each of these patients
had a response to glucocorticoids. Immune-
related adverse events that are typical of ipilim-
umab were also observed in 6 patients. After
dose delay and the administration of glucocorti-
coids, 5 of these patients were able to receive
additional ipilimumab without recurrence of the
adverse effects. However, in 1 patient, immune-
related adverse effects led to treatment-related
death. Since our study included only patients
who had undergone transplantation 3 months or
more previously, no conclusions can be drawn
regarding the safety of ipilimumab in the early
post-transplantation period.

Patients with relapse after allogeneic HSCT
are in a unique position to benefit from check-
point blockade. One study has suggested that
immune escape after transplantation can be
mediated by reduced expression of costimulatory
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molecules and loss of the recipient’s mismatched
HLA haplotype.’® Donor-derived T cells also ex-
press high levels of checkpoint receptors.!” Dys-
function of donor antitumor CD8+ T cells may
play a crucial role in the biology of relapse after
transplantation.’® Although donor-lymphocyte
infusions may partially reverse this dysfunction,
agents such as anti—-CTLA-4 antibodies can be
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adjusted more easily than cellular products to
selectively augment graft-versus-tumor effects
without inducing severe GVHD. Extramedullary
myeloid leukemias, which are typically refractory
to standard therapies, may provide a particularly
rich environment for antigen presentation that
makes them sensitive to checkpoint blockade.*?
Indeed, all three patients with leukemia cutis
had a complete response, as did a patient with
myeloid sarcoma. GVHD developed in the three
patients with leukemia cutis; this suggests that
the occurrence of GVHD may be associated with
a clinical response.

Our immunohistochemical and gene-expres-
sion data indicated that in patients with leukemia
cutis, ipilimumab drove infiltration of cytotoxic
CD8+ T cells to the site of disease. These data
were notable for CD8+ T-cell up-regulation both
in patients who had a response and in those who
did not, but a lack of in situ cytotoxic function
in patients who did not have a response suggests
that local factors may suppress antileukemic im-
munity by preventing the acquisition of a cyto-
toxic phenotype, rather than by blocking T-cell
infiltration.

In contrast, analysis of peripheral blood showed
decreased CD4+ Tregs and increased CD4+ ef-
fector T cells in patients who had a response.
Moreover, CD4+ Tregs in patients who had a
response were less activated than those in pa-
tients who did not have a response. In patients
who had a response, peripheral T cells were also
enriched for more differentiated CD62L— effec-
tor memory T-cell subsets. CD62L is a lymph-
node “homing receptor” that is down-regulated
during T-cell activation to allow for lymph-node
egress and subsequent encounter with cognate
antigen in the peripheral tissues. Increased
CDG62L- effector memory T cells may be an in-
direct effect of ipilimumab, reflecting activation,
homing, and differentiation of CD4+ effector
T cells as CTLA-4+ Tregs are depleted. The ap-

parent differential effects of ipilimumab that we
observed on CD4+ and CD8+ T cells in the pe-
ripheral blood and tissue suggest that immuno-
logic correlative studies should not be restricted
to one tissue compartment. Indeed, recent data
have revealed localization-dependent heteroge-
neity in T-cell homeostasis.*

Our chemokine analysis suggests that greater
activation of the interleukin-8 pathway is associ-
ated with improved antitumor immunity, which
may facilitate a clinical response. Moreover, we
found that pretreatment soluble MHC class I
polypeptide—related sequence A was negatively
correlated with the clinical outcome in patients
after transplantation, as it is in patients with
melanoma??; this suggests that it could be fur-
ther evaluated as a predictive biomarker for re-
sponse to checkpoint blockade, with potential
usefulness in human cancers more broadly.
These exploratory observations of immunologic
correlates with clinical outcome will need to be
validated in larger cohorts of patients who re-
ceive CTLA-4 blockade.

In summary, CTLA-4 blockade was a feasible
approach for the treatment of patients with re-
lapsed hematologic cancer after transplantation.
Complete remissions with some durability were
observed, even in patients with refractory myeloid
cancers.
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