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Abstract

Donor lymphocyte infusion (DLI) without prophylactic immunosuppression has been used for 

relapsed AML after allogeneic stem cell transplant (allo-SCT). However DLI is associated with an 

increased incidence of acute Graft vs. Host Disease (aGVHD). In mice, administration of 

azacitidine (AzaC) on days 4, 6, 8, and 10 post DLI increases regulatory T cell (Treg) numbers and 

prevents GVHD without hindering Graft vs. Leukemia (GVL). Based on these findings, we 

conducted a phase 1 study of AzaC post DLI for AML relapse post allo-SCT. AzaC was 

administered on days 4, 6, 8 and 10 post-DLI. Dose escalation was done using a 3+3 design with 

three AzaC dose levels: 30 mg/m2 (level -1), 45 mg/m2 (level 1) and 75 mg/m2 (level 2). Three 

patients were treated in the 45 mg/m2 dose level and 5 patients were treated in the 75 mg/m2 dose 

level; no DLTs or grade 3-5 treatment related toxicities were observed. After a median follow-up 

of 5.2 months, no patients developed grade III-IV aGVHD and no patients died of aGVHD. Six 

out of 8 patients in the treatment group responded to treatment including two cytogenetic complete 

remissions, one hematologic complete remission, and three complete remissions with incomplete 

count recovery. In conclusion, administration of AzaC early post DLI is well tolerated and can 

potentially prevent GVHD after DLI. Further studies are required to evaluate the effect of 

azacitidine early post DLI on GVHD and GVL.
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1. Introduction

Long-term survival is achieved in about 30–60% of acute myeloid leukemia (AML) patients 

after allogeneic stem cell transplantation (allo-SCT). Disease relapse is the most common 

cause of treatment failure following allo-SCT for AML, occurring in 20–70% of patients. 

Relapse generally carries a poor prognosis with a median survival of only 3–4 months 

without active treatment [1].

In the event of relapse following allo-SCT, remission may be re-established by administering 

salvage chemotherapy followed by donor lymphocyte infusion (DLI) without prophylactic 

immunosuppression. A retrospective analysis of ∼400 AML patients in 41 centers indicates 

that such therapy increased the estimated survival at 2 years from ∼9% to ∼21%; however 

many patients developed acute graft-versus-host-disease (aGVHD) (43%), 80% were grade 

II to IV [2]. More importantly, death secondary to GVHD after DLI occurs in 8% to 16% of 

patients [2, 3]. Therefore strategies are needed to prevent GVHD without affecting graft 

versus leukemia (GVL) after DLI. We and others demonstrated that hypomethylating agents 

convert conventional T cells to Tregs and that using hypomethylating agents after stem cell 

transplant or DLI in mice prevents GVHD with no effect on GVL [4, 5]. AzaC after allo-

SCT and DLI reduces GvHD in these animals by (1) in vivo conversion of alloreactive donor 

T cells (FOXP3-) into Tregs (CD4+CD25+FOXP3+) and (2) the direct suppressive effects of 

AzaC on allogeneic T cells [6]. Based on our preclinical experiments, we hypothesize that 

the administration of AzaC early post DLI (days 4, 6, 8, and 10) will be associated with an 

increased number of Tregs, reduced rates of aGVHD, and no decrease in GVL in AML 

patients who relapsed following allo-SCT. The purpose of this phase 1 study was to 

determine the safety and tolerability and the maximum tolerated dose (MTD) of AzaC when 

given after salvage chemotherapy and DLI.

2. Methods

2.1. Study Design

This was a single institution, open label, 3+3 dose escalation phase 1 study performed at the 

Siteman Cancer Center at Washington University School of Medicine in St. Louis, Missouri. 

The Washington University Institutional Review Board approved the study, and all patients 

signed an informed consent prior to enrollment. The study was conducted in compliance 

with the Declaration of Helsinki, and the applicable local and national regulations. The 

clinical trial was registered at www.clinicaltrials.gov as NCT01390311.

2.2. Eligibility

Patients with AML (according to World Health Organization criteria) with evidence of 

relapse following allo-SCT that required salvage therapy followed by a DLI were eligible. 
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Previous allo-SCT using a related or unrelated donor was allowed, however the original 

donor was required to undergo additional apheresis for collection of donor lymphocyte 

product or authorize the use of cryogenically stored cells from a previous apheresis.

Eligible patients were required to be at least 18 years old, have an ECOG performance status 

of 3 or below, and have adequate organ function (creatinine < 2.0 mg/dL, total bilirubin < 

2.0 mg/dL, aspartate transaminase, alanine transaminase, and alkaline phosphatase < 3.0x 

the upper limit of normal). Patients were excluded if they had a known hypersensitivity to 

AzaC or mannitol, were seropositive for HIV, had grade 3-4 aGVHD, or were pregnant or 

nursing. Prior exposure to AzaC was not exclusionary.

2.3. Treatment Plan

All patients underwent salvage chemotherapy per institutional guidelines. All 

immunosuppressive medications were stopped before starting salvage chemotherapy. The 

salvage chemotherapy regimen used was determined by the treating physician. DLI (Day 0) 

occurred within 1-4 weeks following the salvage chemotherapy (Figure 1). Treatment with 

AzaC began 4 days after DLI, and consisted of 4 doses administered on days +4, +6, +8 and 

+10 post DLI. Each dose of AzaC was administered intravenously over 15 minutes. The 

initial cohort was treated with a dose of 45 mg/m2/day and the subsequent cohort was treated 

with a dose of 75 mg/m2/day. The possibility of a minus 1 cohort (30 mg/m2) was included. 

No intra-patient dose escalation was allowed (Figure 1).

Maximum tolerated dose (MTD) was defined as the highest dose level tested in which < 1 of 

3 or < 2 of 6 patients experience a dose limiting toxicity (DLT). DLT was defined as any 

grade 4 hematologic toxicity related to study treatment lasting more than 7 weeks post DLI 

or any grade 3-5 non-hematologic toxicity related to study treatment occurring within 28 

days of AzaC administration.

All patients received standard supportive care including: transfusions, antiemetics, and 

antibiotics according to institutional guidelines. If neutropenia persisted on day +11 

following DLI, G-CSF was started at a dose of 5 μg/kg/day and continued until neutrophil 

recovery. Any surgery, immunotherapy, biologic therapy, radiotherapy, or chemotherapy 

used to treat the patient's underlying AML was prohibited during study treatment.

Patients remained on study treatment until one of the following conditions was met: 

completion of study treatment, unacceptable toxicity, patient withdrawal, treating physician 

discretion, or death. Following completion of protocol therapy, patients were allowed to 

proceed to additional treatment at the discretion of their treating physician.

An additional 3 patients who met study eligibility and underwent salvage chemotherapy 

followed by DLI were enrolled. These patients underwent all study evaluations but did not 

receive AzaC study treatment. These patients served as a control group for the planned 

correlative studies.
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2.4. Response Evaluation

Blood counts were performed daily following salvage chemotherapy and DLI until 

neutrophil recovery (neutrophil count >1000 cells/μl for 2 days). Blood counts and bone 

marrow examinations were performed on Day +32 (+/- 3 days) after DLI to determine 

response. Karyotyping and fluorescent in situ hybridization (FISH) were performed on bone 

marrow aspirate samples. Additional blood counts and/or bone marrow examinations were 

performed at the discretion of the treating physician. No bone marrow examination was 

performed after pre-DLI chemotherapy and before DLI.

In addition to response rate, disease-free survival (DFS), the interval from the date of the 

first dose of AzaC to the date of progression or relapse, and overall survival (OS), the 

interval from the date of the first dose of AzaC to the date of death from any cause were 

measured.

All patients who completed study treatment and subsequently underwent a bone marrow 

evaluation for disease response were considered evaluable for response using the revised 

international working group response criteria for AML [7].

2.5. Acute GVHD Evaluation

Patients were monitored for aGVHD at least weekly through Day +32 following DLI, then 

at least every other week through Day +100. Acute GVHD was graded according to the 

modified Glucksberg criteria [8].

2.6. Toxicity Evaluation

Toxicities were evaluated from the start of AzaC study treatment through Day +100, patient 

withdrawal, start of a subsequent chemotherapy, or death. Toxicities were graded according 

to version 4.0 of the National Cancer Institute Common Terminology Criteria for Adverse 

Events (NCI CTCAE). All patients who received at least one dose of AzaC while on the 

study were considered evaluable for toxicity.

2.7. Correlative Studies

To determine the effect of AzaC on Treg number and frequency, peripheral blood was 

collected from study patients at the following time points: baseline, day +11, day +18, day 

+25, and day +64 following DLI. Treg number and frequency was determined by flow 

cytometry using CD3, CD4, and CD8 antibodies, and by intracellular staining for FOXP3 

expression. Tregs were defined as CD4+FOXP3+ T cells. Treg frequency was calculated by 

dividing Treg numbers by CD4+ cell counts.

2.8. Statistical Analysis

Data analysis was descriptive in nature. Demographic and clinical characteristics, toxicity, 

DFS, OS and aGVHD were listed for each patient and each dose level.
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3. Results

3.1. Patients Characteristics

From May 2012 through Jan 2014, 11 patients were enrolled in the study: 8 who received 

AzaC study treatment, and 3 who did not and served as controls for the planned correlative 

studies. The data reported here applies only to the 8 patients who received AzaC study 

treatment.

The median age at enrollment was 54.5 years (range 31-68) and 5 out of 8 patients were 

female. The median time from allo-SCT to enrollment was 4.5 months (range 2.2-37.1). 

Four had undergone allo-SCT with cells from 10/10 matched sibling donors, while 4 had 

received cells from a 10/10 matched unrelated donor. Seven patients received intensive 

salvage regimens (FLAG or FLAG-IDA [4], 7+3 [1], CLAM [1], or MEC [1]), while 1 

received a non-intensive regimen (AzaC) prior to DLI. The median number of days between 

chemotherapy and DLI was 15 (range 10-20). The median number of administered CD3+ 

Tcells/kg and total nucleated cells/kg were 1.0×107 (range 0.4-4.9 × 107) and 1.2×108 (range 

0.4-4.4 × 108). Table 1 summarizes the demographics for each patient.

3.2. MTD Determination

Three patients were enrolled into dose level 1 (45 mg/m2 on days 4, 6, 8, and 10 post DLI). 

None of these experienced a DLT and therefore three more patients were enrolled into dose 

level 2 (75 mg/m2). No DLTs were observed, so an additional cohort for dose level 2 was 

opened. Two patients were enrolled and neither had a DLT. Thus in the 5 patients treated at 

this maximum dose level of 75 mg/m2 no DLTs were observed. As enrollment of a 6th 

patient in the dose level would not alter the MTD determination, the cohort was closed 

prematurely.

3.4. Response Assessment

The median duration of neutrophil recovery was 17 days (range 6-34) following DLI and 28 

days following salvage chemotherapy (range 21-46). Six out of eight patients achieved 

remissions, including two cytogenetic complete remissions, one morphologic complete 

remission, and three complete remissions with incomplete count recovery. Two out of eight 

patients failed to respond. One responder never achieved full donor chimerism and 

underwent allo-SCT from another donor. At the time of manuscript preparation, 2 of the 8 

patients were alive, however all patients had experienced subsequent relapse/progression. 

The median DFS was 2.9 months (range 0.9-10.0) and the median OS was 12.5 months 

(1.6-30.2).

3.5. GVHD

Five of the 8 patients developed aGVHD, all of which were grade 1 or 2. For 3 patients the 

aGVHD was isolated to skin, while 1 patient had skin and GI involvement, and 1 had liver 

involvement. Table 2 summarizes the aGVHD experienced by each patient. No patients 

developed grade 3-4 aGVHD or chronic GVHD and none of the patients died of aGVHD.
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3.6. Toxicity

Study treatment was well tolerated. There were no grade 3-5 events related to study 

treatment. Three patients experienced opportunistic infections and 1 patient experienced 

febrile neutropenia. No patients required dose reductions, however the day +8 AzaC dose of 

one patient was held due to hepatic dysfunction (grade 2 elevated bilirubin, grade 2 elevated 

AST, grade 3 elevated ALT, and grade 3 elevated alkaline phosphatase) that was considered 

unrelated to study treatment or aGVHD. The patient quickly recovered and received his Day 

+10 AzaC dose without incident. Table 3 summarizes grade 3-5 adverse events reported 

regardless of attribution to study treatment. No grade 5 toxicities were observed.

3.7. Effect of AzaC on Tregs post DLI

There was no statistically significant difference in circulating Treg's number or frequency, or 

the CD3+, CD4+, CD8+, white blood cells, and absolute lymphocyte counts on days 11, 18, 

25 and 64 post DLI between recipients of AzaC and the control group (Figure 2 and Figure 

3).

4. Discussion

Here we report the results of our phase I clinical trial showing that administration of AzaC at 

45 mg/m2 and 75 mg/m2 on days 4, 6, 8, and 10 post DLI is safe and tolerable; it did not 

result in prolonged cytopenia or other significant toxicities. There was no increase in Treg 

number or frequency in patients receiving AzaC, but this potentially is attributed to the use 

of a severe lymphocyte depleting chemotherapy for salvage (FLAG), very low lymphocyte 

and CD4 counts post DLI and/or the study's small sample size. In addition, it is also possible 

that AzaC-converted Tregs migrate to GvHD target organs where they suppress GvHD, 

thereby not being detected in peripheral blood. We are encouraged by the observation of no 

grade III-IV or deaths related to aGVHD. Although 6 out of 8 patients treated achieved a 

remission, just 2 patients had durable remission. Schroeder et al reported the outcome of 

combination of AzaC and DLI as first salvage therapy for relapsed AML or MDS after allo-

SCT in a prospective single arm multicenter study. Patients received AzaC on days 1-5 every 

28 days and DLI after second cycle, fourth cycle and sixth cycle of AzaC. Overall response 

rate was 30% including seven CRs (23%). Patients with CR had durable responses with 5 of 

the 7 patients remaining in CR for a median duration of 777 days (range 461–888 days) [9]. 

Inferior durable remission in our study compared with Schroeder et al study can be due to: 

(1) lower GVL related to using azacitidine early post DLI in our study, (2) lower number of 

patients in this phase 1 study, or (3) using planned several cycles of azacitidine after DLI in 

Schroeder et al study.

In animal models, regulatory T-cells (Tregs), defined as CD4+CD25+FOXP3+ cells, can 

mitigate GVHD by suppressing alloreactive donor T cells without sacrificing GVL [10]. 

Therefore administering Tregs after allogeneic transplant or DLI for prevention of GVHD 

would seem to be an attractive strategy. There are several major hurdles in using Tregs in an 

allo-SCT setting: (1) the number of circulating Tregs recoverable from the peripheral blood 

of donors is very limited (approximately 6% of circulating CD4+ T cells), (2) there is no 

Treg specific cell surface marker for in vivo or in vitro purification of Tregs, (3) in vitro 
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expansion of Tregs is very inefficient and costly, and (4) in vitro expansion of Tregs often 

causes loss of function, possibly due to loss of FOXP3 expression [11-18]. Therefore in vivo 

pharmacologic conversion of conventional T cells to Tregs is a more practical strategy.

FOXP3 expression is required for Treg phenotype. Mutations in the FOXP3 gene result in 

autoimmune diseases due to the loss of functional Tregs [12-15, 19, 20]. Several studies 

have demonstrated that in both humans and mice the Foxp3 locus is unmethylated in Tregs, 

but heavily methylated and silenced in conventional T cells [16, 17, 21-23]. We and others 

recently demonstrated that hypomethylating agents post transplant or DLI in mice prevent 

GVHD without affecting GVL by in vivo conversion of alloreactive donor T cells (FOXP3-) 

into Tregs (CD4+CD25+FOXP3+) and by direct suppressive effects of AzaC on allogeneic T 

cells [4-6]. It is not completely understood why AzaC does not suppress GVL while it has a 

suppressive effect on alloreactive T cells. It is possible that the increased expression of 

leukemia associated antigens on leukemia cells by AzaC may increase the targeting of T 

cells to these cells and offset the suppressive effect of AzaC on alloreactive T cells [24-27].

Goodyear et al found increased Treg numbers and lower risk of GVHD when AzaC was 

administered post alemtuzumab based reduced intensity conditioning allo-SCT for AML; 

however, Treg numbers were significantly higher at only one time point tested, 3 months 

post allo-SCT [25]. The effect of AzaC on Treg frequency was not reported. None of the 

patients treated developed > grade II aGVHD.

Interestingly, they demonstrated that AzaC administration induced a cytotoxic CD8 T-cell 

response to several leukemia associated antigens [25]. There are two main differences 

between the present study and the Goodyear, et al. study: (1) in the present study AzaC was 

given after DLI not allo-SCT and (2) in the present study AzaC was given early post DLI 

before count recovery at doses of 45 mg/m2 and 75 mg/m2 on days +4, +6, +8, +10, while in 

their study AzaC was given after count recovery at a dose of 36 mg/m2 daily for 5 

consecutive days starting at approximately 40 days post allo-SCT and continuing every 28 

days for up to a total of 10 cycles. In light of rapid expansion of T cells before count 

recovery early post transplant especially in allo-SCTs with myeloablative conditioning, 

starting hypomethylating agents early post allo-SCT could be potentially more beneficial. 

Currently there is an ongoing phase I clinical trial of using AzaC post allo-SCT prior to 

count recovery at Washington University in St. Louis to explore these issues 

(NCT01747499).

No AzaC maintenance post DLI was given in our trial. In light of the short half-life of 

converted Tregs, administration of additional monthly maintenance AzaC post DLI after 

count recovery could potentially result in an increased number of Tregs, decreased GVHD, 

and better leukemia control.

In conclusion, here we report that administration of AzaC at 45 mg/m2 and 75 mg/m2 on 

days 4, 6, 8, and 10 post-DLI is safe and does not result in prolonged cytopenia or other 

significant toxicities. The optimal biologic dose (OBD) may be lower than maximal 

tolerated dose; in the other words dose-related toxicity cannot be regarded as the best 

surrogate for efficacy [28]. The OBD of AzaC post DLI is a dose that abrogates GVHD with 
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no effect on GVL as measured by remission rate and relapse post DLI. Although here we 

demonstrated that both 75 mg/m2 and 45 mg/m2 dose levels of AzaC post DLI are safe, to 

define the efficacy and OBD of AzaC early post DLI both the 75 mg/m2 and 45 mg/m2 dose 

levels should be tested using greater numbers of patients.
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Highlights

• Azacitidine (AzaC) on days 4, 6, 8, and 10 post DLI is safe.

• AzaC early post DLI can potentially prevent GVHD.

• The effect of AzaC post DLI on GVHD and GVL should be studied in 

a larger study.
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Figure 1. 
Treatment schema.

Abbreviations: AzaC = Azacitadine; DLI = donor lymphocyte infusion; d = day, G-CSF = 

granulocyte colony stimulating factor.
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Figure 2. 
The frequency (A) and number (B) of regulatory T cells in recipients of AzaC (n = 8 

patients) compared to control (CNTL) (n = 3 patients).
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Figure 3. 
Nucleated white blood cells (A), lymphocytes (B), and CD3+ (C), CD4+ (D), CD8+ (E), and 

Treg cells/μL (F) at various times and dose levels of AzaC post DLI
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Table 3

All grade 3-5 adverse events regardless of attribution

Grade 3 Grade 4 Grade 5

Anemia 3

Febrile Neutropenia 2

Sepsis 1

Diarrhea 1

Anorexia 1

Alanine aminotransferase increased 1

Hypoalbuminemia 1

Hypocalcemia 1

Hypokalemia 2

Hyponatremia 3

Hypophosphatemia 1

Encephalopathy 1

Within each grade column, the number of patients who experienced each event at that maximum severity is reported
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