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Purpose: After failure of hypomethylating agents (HMA), patients with myelodysplastic 

syndromes (MDS) have dismal survival and no approved treatment options.

Patients and Methods: We conducted a phase 1b investigator-initiated trial of ipilimumab in 

patients with higher risk MDS who have failed HMAs. Patients received monotherapy at two dose 

levels (DL; 3 and 10 mg/kg) with an induction followed by a maintenance phase. Toxicities and 

responses were evaluated with CTCAE.4 and IWG-2006 criteria, respectively. We also performed 

immunologic assays and T-cell receptor sequencing on serial samples.

Results: Twenty-nine patients from 7 centers were enrolled. In the initial DL1 (3 mg), 3 of 6 

patients experienced grade 2–4 immune-related adverse events (IRAE) that were reversible with 

drug discontinuation and/or systemic steroids. In DL2, 4 of 5 patients experienced grade 2 or 

higher IRAE; thus, DL1 (3 mg/kg) was expanded with no grade 2–4 IRAEs reported in 18 

additional patients. Best responses included marrow complete response (mCR) in one patient 

(3.4%). Prolonged stable disease (PSD) for ≥46 weeks occurred in 7 patients (24% of entire cohort 

and 29% of those treated with 3 mg/kg dose), including 3 patients with more than a year of SD. 

Five patients underwent allografting without excessive toxicity. Median survival for the group was 

294 days (95% CI, 240–671+). Patients who achieved PSD or mCR had significantly higher 

frequency of T cells expressing ICOS (inducible T-cell co-stimulator).

Conclusions: Our findings suggest that ipilimumab dosed at 3 mg/kg in patients with MDS after 

HMA failure is safe but has limited efficacy as a monotherapy. Increased frequency of ICOS-

expressing T cells might predict clinical benefit.

Introduction

In patients with higher risk (HR) myelodysplastic syndromes (MDS), hypomethylating agent 

(HMA) failure is associated with dismal prognosis with a median overall survival (OS) of 

less than 6 months (1, 2), and the development of effective therapies after HMA failure 

remains a significant unmet clinical need. Several innate and adaptive immune system 

aberrations have been described in HR-MDS, including reduced numbers of and dys-

functional natural killer and cytotoxic CD8+ cells as well as increases in CD4+CD25high 

Foxp3+-regulatory T cells (Treg) compared with lower risk (LR) MDS patients (3–6).

In addition, immune evasion has also been proposed as an important mechanism of disease 

progression and/or HMA resistance with increased levels of immune checkpoint (IC) 

expression, including programmed death-1 (PD-1), its ligands (PD-L1 and PD-L2), and 

cytotoxic T lymphocyte-associated protein 4 (CTLA-4), having been observed in CD34+ 

cells from HR-MDS and having levels further increased in the post-HMA failure setting (7). 

Multiple other IC receptors have also been demonstrated to be upregulated on T cells in this 

patient population (7–9). The CTLA-4 and PD-1/PD-L pathways are operational at different 

phases of the immune response. Whereas CTLA-4 inhibits auto-reactive T cells at initial 

stages of naïve T-cell activation preferentially in the lymph nodes, the PD-1 pathway 

regulates previously activated T cells at the later phases of the immune response 

predominantly in peripheral tissues (9).

Augmentation of antitumor immunity by antibody-mediated CTLA-4 blockade has emerged 

as an effective strategy for inducing responses in preclinical models and in vitro studies of 
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hematologic malignancies (10–12), but clinical trial evaluation has lagged behind research in 

solid tumors. Ipilimumab was safe and had clinical activity in small studies of lymphoid and 

myeloid malignancies treated after relapse following allogeneic stem cell transplantation 

(alloSCT; refs. 13, 14). In this investigator-initiated multicenter phase I study, we 

hypothesized that ipilimumab would be tolerated and lead to meaningful clinical and 

measurable immunologic responses in patients with MDS who experienced HMA failure.

Materials and Methods

Patients

Eligible patients included adults with pathologically confirmed MDS who experienced 

HMA failure. Patients were required to have high-risk features as defined by at least one of 

the following conditions: an intermediate-2 (INT-2) or higher International Prognostic 

Scoring System (IPSS; ref. 15) risk category, or intermediate-1 (INT-1) with excess blasts 

(≥5% bone marrow blasts), or red blood cell or platelet transfusion dependency at the time 

of screening for the trial. Patients must have experienced primary or secondary failure of an 

HMA (azacitidine or decitabine) after ≥4 cycles and were required to have adequate end 

organ function and an Eastern Cooperative Oncology Group performance status of ≤2. 

Primary HMA failure was defined as failure to achieve an objective response after at least 4 

cycles of HMA, and secondary failure as loss of response/relapse after achieving an initial 

objective response to the HMA.

Study design

This was an investigator-initiated, NCI-Cancer Therapy Evaluation Program (NCI-CTEP)–

sponsored, multi-center, dose escalation phase Ib trial. The dose escalation was conducted at 

Johns Hopkins University (Baltimore, MD), whereas the dose expansion included 6 

additional academic centers [Yale University (New Haven, CT), Columbia University (New 

York, NY), Duke University (Durham, NC); University of North Carolina (Raleigh, NC); 

Baylor University (Waco, TX), and Washington University (St. Louis, MO)].

Single-agent ipilimumab (YERVOY, Bristol-Myers Squibb), a human IgG1 mAb specific for 

human CTLA-4 (CD152) was administered intravenously on an outpatient basis on day 1 of 

each 21-day cycle for 4 cycles of induction, followed by 4 maintenance doses at 12-week 

intervals for patients who did not progress for a maximum total of 8 doses (Fig. 1A). There 

were two dose levels [doselevel1 (DL1): 3 mg/kg andDL2: 10mg/kg]. Intrapatient dose 

escalation and concomitant administration of any other anticancer therapies were not 

allowed. The dose expansion part used the optimal dose identified during escalation (3 

mg/kg) to enroll an additional 18 patients.

The protocol was developed by the authors in collaboration with NCI-CTEP and was 

approved by the individual Institutional Review Boards. All patients provided informed 

consent. The study was conducted in accordance with the Declaration of Helsinki.
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Safety and efficacy assessments

Toxicities were graded and tabulated according to CTCAE 4.0 criteria (16). Immune-related 

adverse events (IRAE) were managed per the manufacturer’s algorithms. Bone marrow 

biopsies were scheduled at baseline, postinduction cycles 2 and 4, and before each 

maintenance dose. Continued therapy was contingent upon disease that was at least stable.

Dose-limiting toxicity (DLT) was defined as the occurrence of any of the following during 

the first 2 cycles of therapy: (i) any grade 3 or 4 nonhematologic toxicity with the following 

exceptions: (A) transient laboratory abnormalities that can be treated or resolve to grade 2 or 

less within 72 hours or (B) grade 3 expected and known IRAEs that resolve within 4 weeks 

of steroid therapy to grade 1 (17–19); and (ii) grade 4 hematologic toxicity defined as 

treatment-associated aplasia lasting greater than 42 days from the last dose of study drug. 

Given that severe cytopenias are features of advanced MDS and commonly encountered in 

this patient population, hematologic parameters were not used for dose interruption, 

discontinuation, or to define DLT, the exception being prolonged treatment–associated 

aplasia.

Responses were evaluated using International Working Group (IWG) 2006 criteria (20) after 

the second and fourth dose of induction and before each maintenance dose. Best observed 

responses were classified as complete response (CR), marrow CR (mCR), partial response 

(PR), hematologic improvement (HI), stable disease (SD), or progressive disease (PD). The 

overall response rate (ORR) was defined as the sum of CR, mCR, PR, and HI. We defined 

SD as per the IWG 2006 criteria (20) as failure to achieve at least PR, but no evidence of 

progression for ≥8 weeks.

Correlative studies

Correlative immunologic studies were performed on mononuclear cells from both peripheral 

blood (PBMC) and bone marrow (BMMC) samples that were collected at baseline and at 

predetermined time points after ipilimumab treatment (after induction cycle 2 and 4; after 

each maintenance cycle 1–4, and end of treatment or study discontinuation). Correlative 

assays included immunophenotyping of PBMCs and BMMCs by multicolor flow cytometry 

(Supplementary Table S1), as well as high-throughput sequencing of the T-cell antigen 

receptor (TCR) repertoire. Detailed description of the methods used in laboratory studies is 

provided in the Supplementary Material.

Statistical analyses

All patients with MDS who received ipilimumab were included in the safety and efficacy 

analyses. Clinical characteristics measured at screening and during follow-up are 

summarized using frequencies and percentages for discrete measures and median (range) for 

continuous measures. OS was calculated from first dose of ipilimumab to the date of death, 

last follow-up visit, or censored at alloSCT and estimated using the Kaplan–Meier method. 

T-cell percentages, absolute numbers, and ratios were summarized by time point 

(pretreatment, cycle 2, and cycle 4) for patients and overall for healthy controls (HC) using 

descriptive statistics (mean, SD). Differences in log-transformed T-cell values were 

compared between HCs and patients at pretreatment using two-sample t tests. Differences 
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from pretreatment to cycle 2 and cycle 4 were estimated for patients and tested for positive 

or negative changes with paired t tests. Analyses were completed using R version 3.3.2 [R 

Core Team (2016). R: A language and environment for statistical computing. R Foundation 

for Statistical Computing, Vienna, Austria. URL: https://www.R-project.org/].

Results

Study population

A total of 29 patients with MDS from 7 centers enrolled in this trial, of whom 11 patients 

were treated during the dose escalation phase (6 patients at 3 mg/kg dose and 5 patients at 10 

mg/kg), whereas another 18 patients were treated in the dose expansion at the 3 mg/kg dose. 

The mean age of enrolled patients was 67.3 years (standard deviation, 7.9 years), and 79.3% 

were males (Table 1). All patients received prior HMA therapy before enrolling in the study. 

Median number of administered HMA cycles was 6, and most patients (72%) had primary 

HMA failure. Most patients were in the IPSS high (17.2%) or INT-2 (37.9%) risk categories, 

whereas 44.8% had IPSS INT-1 with high-risk features. Median bona marrow blast count at 

enrollment was 8.5% (range, 0%–30%), median hemoglobin 8.9 g/dL (range, 7.2–11.3), 

median platelet count was 46 (range, 12–474), and median absolute neutrophil count was 

0.41 (range, 0–4.72).

Safety evaluation

Fifteen patients (51.7%) received all 4 induction doses, of whom 7 patients proceeded to the 

maintenance phase and received at least one dose. All patients on the trial experienced grade 

1 and 2 AEs and 82.8% experienced grade 3 or 4 AEs (Table 2). As expected in this 

population, the most common grade 3 and 4 AEs were hematologic and infectious in nature 

(Table 2). Six patients (20.7%) developed grade ≥2 IRAEs (Table 2; Supplementary Table 

S2) that necessitated removal from study. During the dose escalation part of the study (n = 

11), 3 of 6 patients in DL1 developed grade ≥2 IRAEs, and all 3 patients received systemic 

steroids. At DL2 with 10 mg/kg, 4 of 5 patients developed IRAEs, of which 3 were grade ≥2 

and one was grade 1. The 3 patients who developed grade ≥2 IRAEs were treated with 

systemic steroids. All IRAEs were reversible with stopping ipilimumab and/or initiation of 

systemic steroids, and all patients were successfully weaned from steroids. The spectrum of 

IRAEs observed was similar to that of ipilimumab use in patients with solid malignancies 

(rash, hepatitis, and diarrhea/colitis). On the basis of these findings, the DL1 (3 mg/kg) was 

chosen for dose expansion. Interestingly, no grade ≥2 IRAEs occurred during the dose 

expansion part of the study at the 3 mg/kg dose.

A total of 15 of the treated patients (51.7%) died during study follow-up, all of which were 

related to disease progression or disease-related complications. No deaths were attributed to 

ipilimumab or an IRAE. Of the 15 deaths attributed to disease progression or were 

considered disease-related, 9 (60%) progressed during therapy and the remaining 6 patients 

were taken off study due to grade ≥2 IRAEs and only progressed later. In total, 3 patients 

(10.3%) completed all 8 doses of study therapy by last follow-up, and 4 patients (13.8%) 

proceeded to alloSCT without progressing on ipilimumab.
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Efficacy evaluation

The clinical efficacy of single-agent ipilimumab is noted in Table 3 with an ORR of only 

3.4% as one patient achieved mCR as the best response. This patient had a baseline INT-2 

IPSS risk category with 12.5% blasts in the baseline marrow. There were no CR, PR, or HI 

observed and the duration of mCR was 3 months. We defined patients with SD for ≥46 

weeks as having prolonged SD (PSD). PSD was observed in 7 patients (24% of the entire 

study cohort and 29% of those patients treated at the tolerated 3 mg/kg dose), including ≥54 

weeks in 3 of these patients (10.3%). The three patients who had stable disease for ≥54 

weeks all had INT-1 IPSS risk category. A total of 5 patients (17.2%) proceeded to alloSCT. 

Three of these patients underwent alloSCT after finishing the 4 doses of induction 

ipilimumab therapy and before receiving any maintenance therapy. A fourth patient 

proceeded to alloSCT after developing a grade 3 IRAE that required steroid use after 3 

induction doses of ipilimumab, and the fifth patient underwent alloSCT after being removed 

from study after the second induction dose to rapid disease progression and after receiving 

salvage chemotherapy. The median OS for entire cohort (censoring at the time of alloSCT) 

was 294 days [95% confidence interval (CI), 240–671+]. Patients who received any 

maintenance therapy (n = 7) had a median OS of 400 days (95% CI, 240–671 days; 

Supplementary Fig. S1).

Correlative studies

Studies to evaluate the dynamic changes in T-cell subsets during ipilimumab treatment were 

performed on 16 patients who had PBMCs and/or BMMCs available from at least two time 

points. We defined patients who achieved mCR or PSD (SDfor ≥46 weeks) as having 

achieved meaningful clinical benefit (MCB) for laboratory analyses.

Absolute lymphocyte count and T-cell subsets

We did not observe a correlation between absolute lymphocyte count (ALC) and probability 

of achieving MCB (Supplementary Fig. S2). Using multi-parameter flow cytometry, we 

performed an extensive phenotypic characterization of lymphocyte populations. Prior to 

treatment, our patient population showed a lower CD4:CD8 ratio of 1:1 compared with 

healthy, age-matched controls (HC) that were closer to 2:1. Following 2 cycles of 

ipilimumab, there was a trend toward normalization of this ratio, but it did not reach that of 

HCs (Fig. 1B). We used CD45RA and chemokine receptor 7 (CCR7) to distinguish four 

differentiation subsets of T cells: naïve (TN), central memory (TCM), effector memory 

(TEM), and terminally differentiated EM (TEMRA) T cells (21). When comparing the 

differentiation status of CD4+ and CD8+ T cells in peripheral blood of patients with MDS at 

baseline to that of HCs, we found significantly decreased median frequencies of TN (P = 

0.004 and P = 0.008, respectively) and increased TEMRA cells (Fig. 1C). Interestingly, after 2 

cycles of ipilimumab, frequencies of TEMRA cells decreased, whereas TN levels were 

partially restored toward levels of HCs. A similar but insignificant trend toward decreased 

TN, but increased TEMRA was observed in the bone marrow of patients with MDS versus 

HCs (Supplementary Fig. S3). However, there were no changes in bone marrow T-cell 

differentiation before and after ipilimumab treatment.
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Analysis of costimulatory and coinhibitory molecules

We analyzed the expression of costimulatory molecules (ICOS; inducible T-cell co-

stimulator) and two coinhibitory molecules (PD-1 and CTLA-4) in peripheral blood and 

determined that patients who achieved MCR following ipilimumab treatment had a higher 

percentage and absolute number of CD4+ and CD8+ T cells expressing ICOS (P = 0.05 and 

P = 0.01, respectively; Fig. 2; Supplementary Fig. S4). ICOS expression and absolute 

numbers peaked at cycle 2 of treatment, slowly decreased over the study period, and reached 

pretreatment levels during ipilimumab maintenance. In contrast, minimal increases in ICOS 

expression were observed for patients who did not achieve MCB. A similar pattern was 

observed in the bone marrow (Supplementary Fig. S5). Together, these data suggest that 

ICOS expression is positively correlated with achievement of MCB with single-agent 

ipilimumab in patients with MDS. This observation is consistent with published results with 

CTLA-4 blockade in patients with solid tumors, suggesting correlation between increased 

peripheral CD4+ and CD8+ T cells expressing ICOS and clinical benefit (22, 23). Taking 

data from previous studies into consideration that have shown a 2-fold higher increase in 

CD4+ICOShi T cells in the 10 mg/kg/dose than that seen with the 3 mg/kg/dose of antibody 

(22), it is plausible that increase in ICOS expression could be dose dependent. 

Unfortunately, we could not address this hypothesis because IRAEs precluded patients in the 

10 mg/kg group from further analysis due to lack of available specimens because patients 

with severe IRAEs were taken off the study. Expression of the immune coinhibitory receptor 

CTLA-4 followed a similar pattern showing a trend of increased expression in both CD4+ 

and CD8+ T cells (average increase of 6% and 2.4% respectively, P = n.s.) over the first 4 

cycles of ipilimumab treatment among patients who achieved MCB, followed by a gradual 

decrease to pretreatment levels during maintenance (Supplementary Fig. S6A), and similar 

but insignificant trends were observed for absolute numbers (data not shown).

Although it seems counterintuitive that CTLA-4 blockade would increase CTLA-4 

expression, increased intracellular expression of this molecule has previously been reported 

after ipilimumab treatment of melanoma patients in both the helper and cytotoxic T-cell 

compartments (24). We hypothesize that the observed phenomenon likely reflects a 

physiologic counter regulation upon treatment with anti–CTLA-4 antibody. In contrast to 

CTLA-4, flow cytometric assessment of PD-1 demonstrated a wide range of frequencies of 

CD4+ and CD8+ T cells in both patients and HCs, and both frequencies and absolute 

numbers of PD-1+T cells remained stable throughout ipilimumab treatment (Supplementary 

Fig. S6B, absolute numbers not shown). This suggests that the lack of T-cell activation in 

nonresponders was not due to increased expression of other coinhibitory molecules.

Tregs

Tregs normally constitute 1% to 2% of circulating CD4+ T cells (25). Consistent with 

previous reports (6, 26, 27), flow cytometric analysis showed significantly higher frequency 

of CD3+CD4+Foxp3+ and activated, effector Tregs (eTreg subset; Miyara fraction II; refs. 

28, 29) in both peripheral blood and bone marrow prior to treatment (Supplementary Fig. 

S7A). Overall enrichment of CD3+CD4+Foxp3+ and eTregs persisted throughout all of the 

examined time points, and neither their frequency nor the CD8 T-cell:Treg ratio were 
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impacted by ipilimumab (Supplementary Fig. S7B). Furthermore, no correlation between 

Treg expression and immune toxicities was observed.

TCR sequencing

We performed high-throughput antigen receptor sequencing of the TCR Vβ CDR3 region on 

sorted peripheral blood CD4+ and CD8+T cells from three groups of patients: (i) those who 

achieved MCB; (ii) those who did not achieve MCB; and (iii) patients who were taken off 

study due to toxicity. TCRβ sequencing data revealed that the majority of patients had some 

improvement in TCR diversity as measured by clonality or Gini coefficient in either the CD4 

or CD8 compartment, or for some patients in both compartments (Fig. 3A and B). 

Interestingly, the magnitude of improvement in diversity did not always correlate with 

achieving MCB (Fig. 3A and B; Supplementary Fig. S8).

Discussion

The use of immune checkpoint blockade (ICB) in patients with advanced solid tumors, 

including melanoma, bladder, lung, and head and neck, has shown impressive clinical results 

leading to several approvals of these agents (30–37). Likewise, the use of mAbs directed 

against PD-1 has shown excellent clinical activity in relapsed/refractory Hodgkin lymphoma 

and has recently been approved for this indication (38). Augmentation of antitumor 

immunity by modulation of inhibitory signals through CTLA-4 blockade has also emerged 

as an effective strategy for inducing responses in preclinical models of hematologic 

malignancies (10–12), and blocking CTLA-4 signaling with ipilimumab demonstrated a 

favorable safety profile and activity in a limited number of patients with relapsed 

lymphomas and MDS/acute myeloid leukemia (AML) treated after alloSCT (13, 14).

This investigator-initiated multi-center phase Ib study was designed to investigate the use of 

anti–CTLA-4 therapy in patients with MDS after HMA failure. To our knowledge, this is the 

first published trial that formally tested single-agent ipilimumab in patients with MDS post-

HMA failure who did not previously undergo an alloSCT. We used a similar dosing and 

administration schema (including induction and maintenance phases) to what has been used 

in the initial trials of the drug in advanced melanoma (30). In our patients, the 10 mg/kg 

dose had unacceptable toxicity, but we found that the 3 mg/kg dose was well tolerated and 

led to mCR and PSD in a subset of patients. There have been 2 studies reported in abstract 

format that used ipilimumab and pembrolizumab in the post-HMA failure setting that also 

show modest clinical activity (39, 40). The first reported 1 PR and 3 mCRs in 27 patients 

treated with single-agent pembrolizumab (39). The second study, which used ipilimumab at 

3 mg/kg in 18 patients, reported slightly better activity with 1 CR, 2 mCRs, and 2 

hematologic improvements with an ORR of 30% (40). The difference in the response rates 

seen by these early reports and ours that used the same agent and dose in a similar patient 

population remains unclear but may have to do with a difference in patient selection and 

small sample size of the studies. Regardless, the efficacy of ipilimumab as monotherapy 

appears to be limited. Unfortunately, we did not have serial molecular data available on 

enough patients to allow a meaningful analysis of molecular clearance in patients with SD. It 
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thus remains unclear whether ipilimumab impacted the disease at the molecular level as 

most patients continued to have morphologic evidence of disease.

Ipilimumab has also been studied in the relapse post-alloSCT setting. Interestingly, a recent 

study in this population noted that a higher dose of 10 mg/kg was tolerated in the post-

alloSCT setting with only 4 of 22 patients treated at that level developing G2–4 IRAE 

(including 1 death) compared with 4 of 5 patients in our study who received this dose 

developing significant IRAEs (13). It is not clear whether post-alloSCT changes in the 

immune system somehow modulate the development of IRAEs and allow the 10 mg/kg dose 

to be tolerated. Interestingly, lower dose ipilimumab (3 mg/kg) appeared to be well tolerated 

both with upfront treatment and following alloSCT; however, clinical activity appears to be 

limited at 3 mg/kg dose because there were no complete responses in both upfront and the 

post-alloSCT relapse setting. This is in comparison with 23% CR, 9% PR, and 27% 

reduction in tumor burden in post-alloSCT patients treated 10 mg/kg ipilimumab as the 

single agent. In addition, responses to single-agent Ipilimumab following transplant were 

common for patients whose relapse was extramedullary disease with 4 of the 5 remissions 

seen for AML being for granulocytic sarcoma, suggesting extramedullary disease 

involvement may be more susceptible to ICB than marrow blasts. This raises important 

questions about dose effect as well as the clinical setting.

Several pharmacodynamic markers have been reported to impact responses in patients 

treated with ipilimumab. Increases in ALC after two or three doses and increases in 

eosinophil count after the first dose have been correlated with clinical benefit and OS in 

metastatic melanoma (41). In our study, there was no clear correlation between serial 

changes in ALC and achievement of MCB from ipilimumab therapy. Earlier studies also 

reported on increased frequency of circulating CD4+HLA-DR+ and or CD4+CD45RO+ T 

cells after ipilimumab therapy (41, 42); however, the most consistent finding is an increased 

frequency of ICOS, a costimulatory molecule that is a member of immunoglobulin gene 

family and structurally related to CD28 and CTLA-4, that is expressed on CD4+ and CD8+ 

T cells after their activation (22,43–45). Expression of this molecule has previously been 

shown to be increased in CD4+ and CD8+ T cells after ipilimumab monotherapy treatment in 

patients with melanoma and bladder cancer (22, 23). We observed a significant increase in 

the number of CD4+ICOS+ and CD8+ICOS+ T cells in peripheral blood after cycles 2 and 4, 

compared with baseline levels. These findings indicate that the percentage of circulating 

ICOS+ T cells might serve as an early prognostic marker of clinical efficacy of CTLA-4 

blockade treatment in MDS.

Tregs have been described to constitutively express CTLA-4, thereby making them potential 

targets for CTLA-4 blockade therapy. However, the effect of ipilimumab on Treg frequency 

across different solid tumors is inconsistent (41). Increased CD8+/Treg ratio has been 

proposed to correlate with ADCC of intratumoral Tregs in responding lesions of melanoma 

patients (46, 47). Our data demonstrate that Treg frequency or the CD8/Treg ratio did not 

change over the course of treatment with ipilimumab. Recent studies have also suggested 

that treatment with anti–CTLA-4 may lead to the compensatory upregulation of alternate 

checkpoint molecules and/or their ligands (48, 49); however, in our analysis, we did not find 
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a consistent relationship between increased PD-1 expression and achievement of a clinical 

benefit.

One mechanism by which checkpoint inhibitors are thought to elicit their effect is by 

broadening the TCR repertoire (50–52). We performed high-throughput sequencing of the 

TCR Vβ CDR3 regions on flow cytometrically sorted T-cell subsets to assess the effect of 

ipilimumab on the diversity of the T-cell repertoire. Data were analyzed on the basis of 

achievement of MCB or those who experienced toxicity. There was heterogeneity in the 

clonality of the T-cell populations within each group. Overall, the clonality in the CD4 T-cell 

population was lower at baseline and had relatively smaller changes following ipilimumab 

therapy. In contrast, changes in the CD8 T-cell clonality were more dramatic but still did not 

correlate with achieving MCB. The explanation is not clear, but it may be that measuring 

high-level changes in clonality is not sensitive enough to detect what is functionally 

occurring with particular clones within the population or achievement of complete clinical 

response is required to see more significant changes with this novel technology.

In summary, we found that ipilimumab dosed at 3 mg/kg is well tolerated and led to minor 

clinical benefit in a subset of patients with MDS resistant to HMA therapy, whereas the 10 

mg/kg dose was associated with significant immune toxicity. It is also possible that the 

patients who achieved prolonged periods of disease stability did so due to underlying disease 

biology and not due to ipilimumab therapy. Although numbers were small, there was no 

indication of increased toxicity in patients who subsequently underwent alloSCT. We elected 

to combine the IWG-2006 defined mCR and the PSD as “meaningful clinical endpoints” to 

help inform the interpretation of the laboratory correlative results and found that circulating 

ICOS+ T cells can serve as an early prognostic marker of clinical efficacy of CTLA-4 

blockade treatment in MDS. It will be ofinterest to see the results of other phase I studies in 

MDS patients are currently underway to test checkpoint inhibitors such as anti–CTLA-4, 

anti–PD-1, and anti–PDL-1 antibodies in combination with HMAs as upfront therapy and in 

the post-HMA relapsed/refractory setting.
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Refer to Web version on PubMed Central for supplementary material.
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Translational Relevance

Our data represent the first published clinical trial data on the use of immune checkpoint 

blockade therapy in patients with myelodysplastic syndromes (MDS). Our data suggest 

that ipilimumab as a single agent is safe but is associated with a limited clinical activity 

in patients with refractory and relapsed MDS after hypomethylating agent failure. 

Marrow complete response and prolonged stable disease were observed in 1 and 7 of 24 

patients (29%) treated at the tolerated dose of 3 mg/kg, respectively. Expression of ICOS 

on T cells positively correlated with achievement of clinical benefit and should be further 

explored as a biomarker for response. Immune profiling data can contribute to the clinical 

development of immune checkpoint blockade–based therapies in MDS.
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Figure 1. 
Peripheral blood T cells from patients with HR-MDS are characterized by an altered 

CD4:CD8 T-cell ratio and a later differentiated phenotype and can partly be restored through 

ipilimumab treatment. A, Ipilimumab was administered on day 1 of each 21-day cycle for 4 

cycles of induction, followed by 4 maintenance doses at 3-month intervals. B and C, Freshly 

frozen PBMCs prospectively collected from patients with HR-MDS before and after 2 

cycles of ipilimumab treatment (n = 12) and healthy donors (n = 14) were 

immunophenotyped. Pie charts and bar graphs represent the mean percentages of different T-

Zeidan et al. Page 15

Clin Cancer Res. Author manuscript; available in PMC 2019 August 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



cell subsets detected in peripheral blood (PB) of patients with HR-MDS and HCs. B, Pie 

charts showing the relative distribution of CD4+ and CD8+ T cells for healthy donors, 

patients before treatment, and patients after 2 cycles of ipilimumab treatment. C, 
Percentages of four major T-cell differentiation subsets, TN (CCR7+CD45RA+), TCM 

(CCR7+CD45RA–), TEm (CCR7–CD45RA–), and TEmra (CCR7–CD45RA+). CD4+ T cells are 

presented on the left, and CD8+ T cells are shown on the right. Statistical comparisons were 

calculated in R as described in Materials and Methods with *, P ≤ 0.05 and **, P≤ 0.01.
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Figure 2. 
Increased frequencies of ICOS are associated with a clinical benefit to ipilimumab 

treatment. Immunophenotyping by flow cytometry was performed on PBMC samples 

collected from patients with HR-MDS (n = 12) at different time points before and after 

ipilimumab treatment as well as on HC PBMC samples (n = 6). CD4+ICOS+ (top) and 

CD8+ICOS+ (bottom) peripheral blood T cells after treatment with 3 or 10 mg/kg/dose of 

anti-CTLA-4. Data are presented for 4 patients who achieved MCB (left; UPIN 04/07 = 

prolonged SD and 35/45 = mCR) and 8 nonresponding patients (right; UPIN 14/18/44 = PD 

and UPIN 02/03/09/11/16 = PD with IRAE). Dotted lines indicate IRAEs/toxicity. Statistical 

comparisons were calculated in R as described in Materials and Methods with *, P ≤ 

0.05;**, P ≤ 0.01; and ***, P ≤ 0.001.
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Figure 3. 
Ipilimumab treatment increases peripheral TCR diversity but does not correlate with clinical 

outcomes. PBMC samples from 16 patients, both at baseline and after 2 cycles of 

ipilimumab treatment, were sorted into CD4+ and CD8+ T cells and subjected to survey-

level next-generation high-throughput sequencing of the TCR Vβ CDR3 region. Patients 

were chosen to represent 3 subgroups: (i) patients who achieved MCB (n = 5); (ii) patients 

who progressed/did not achieve MCB (nonresponders, n = 7); and (iii) patients who 

developed IRAEs to ipilimumab treatment and had to be taken off study (toxicity, n = 4). A-
B, Clonality, Gini coefficient, and top 20 T-cell clones for CD4+ and CD8+ T cells were 

calculated as described in the Supplementary Appendix. Data, mean + SD. Changes in 

clonality (A) and Gini coefficient (B) improved after 2 cycles but did not correlate with 

clinical response to treatment and achieving MCB.

Zeidan et al. Page 18

Clin Cancer Res. Author manuscript; available in PMC 2019 August 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zeidan et al. Page 19

Table 1.

Demographics and baseline characteristics at screening

All patients
N = 29

Sex - no. (%)

 Male 23 (79)

 Female 6(21)

IPSS risk category

 INT-1 13 (45)

 INT-2 11 (38)

 High 5 (17)

IPSS-R risk category

 Intermediate 9 (31)

 High 8 (28)

 Very high 12 (41)

ECOG PS at screening - no. (%)

 0 10 (36)

 1 18 (64)

BM blast count (%) - median (range) 8.5 (0–30)

BM cellularity (%) - median (range) 65 (9–95)

WBC (G/I) - median (range) 2 (0.69–9.1)

Hb (g/dL) - median (range) 8.9 (7.2–11.3)

PLT (G/I) - median (range) 46 (12–474)

ALC (G/L) - median (range) 1.02 (0.13–2.13)

ANC (G/L) - median (range) 0.41 (0–4.72)

PB blast count (%) - median (range) 0(0–23)

Abbreviations: ANC, absolute neutrophil count; BM, bone marrow; ECOG PS, Eastern Cooperative Oncology Group performance status; PB, 
peripheral blood; WBC, white blood cells; PLT, platelets.
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Table 2.

AEs observed during study

 AE
Number of patients
affected (%) Grade

IRAE

Dermatitis 4 (13.8) G1–3

Colitis 2 (6.9) G2–3

Transaminitis 2 (6.9) G3–4

Pneumonitis 1 (3.4) G2

Myositis 1 (3.4) G2

Bell palsy 1 (3.4) G2

cGVHD
a 1 (3.4) G3

Nonimmune related

Hematologic

 Anemia 8 (27.6) G3–4

 Thrombocytopenia 4 (13.8) G3–4

 Neutropenia 6 20.1) G3–4

Infections

 Febrile neutropenia 7 (24.1) G3–4

 Pneumonia 5 (17.2) G3–4

 Catheter-related infection 1 (3.4) G3–4

 Skin infection 1 (3.4) G3–4

 Sepsis 1 (3.4) G3–4

Others

 Fatigue 1 (3.4) G3–4

 Syncope 1 (3.4) G3–4

 Increased liver enzymes 2 (6.9) G3–4

 Generalized muscle weakness 2 (6.9) G3–4

 Upper gastrointestinal bleeding 1 (3.4) G3–4

 Arthralgia 1 (3.4) G3–4

 Intracranial bleeding 1 (3.4) G3–4

a
Patient with prior alloSCT.
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Table 3.

Treatment characteristics and responses (N = 29)

Ipilimumab dose administered

 3 mg/kg 24 (82.8)

 10 mg/kg 5 (17.2)

Completed 4 doses of induction therapy - no. (%) 15 (51.7)

Median number of cycles of therapy (range) 4 (1, 8)

Response after the induction 4 cycles - no. (%)

 SD 14 (93.3)

 PD 1 (6.7)

Received at least one dose of maintenance therapy - no. (%) 7 (24.1)

Best response during study - no. (%)

 CR 0(0)

 PR 0(0)

 mCR 1 (3.4)

 HI 0 (0)

 SD 17 (58.6)

 PD 11 (37.9)

Abbreviations: CR, complete response; HI, hematologic improvement; mCR, marrow complete response; PD, progressive disease; PR, partial 
response; SD, stable disease.
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