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Abstract

Relapse remains the major cause of death in older patients transplanted for Acute Myeloid 

Leukemia (AML) in first complete remission (CR1) or for patients with advanced Myelodysplastic 

Syndrome (MDS) at any age. Conventional myeloablative conditioning followed by allogeneic 

blood or marrow transplantation is associated with significantly less relapse compared with 

reduced intensity conditioning (RIC) when performed in younger patients with AML or MDS, but 

the toxicity of this approach in older patients is prohibitive. We hypothesized that pharmacokinetic 
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targeting to optimize busulfan (BU) exposure, combined with the administration of azacitidine 

(AZA) post transplantation would mitigate the risk of relapse while reducing nonrelapse mortality 

(NRM) and ultimately improve progression free survival (PFS). On this phase II multicenter study, 

63 patients (40 unrelated donors (URD) and 23 matched related donors (MRD)) received a 

uniform conditioning regimen consisting of fludarabine IV (days −7 to −3), BU targeted to a daily 

area under the curve (AUC) of 4000uM*min (Days −6 to −3) following administration of a 25 

mg/m2 intravenous test dose on one day between Days −14 to −9, and antithymocyte globulin 

(days −6, −5 and−4 (two doses for MRD and three for MUD only). Beginning day +42–+90, all 

patients were planned to receive up to six monthly cycles of AZA at 32mg/m2 subcutaneously × 

5days. The median age was 62 years (44–74); 13 had AML and 50 had MDS. 87% of patients 

were within 20% of the target AUC based on a validation sample. A total of 41 patients (65%) 

started AZA at a median of 61 (range 43–91) days post-transplant, and 17(41%) of patients 

completed all 6 cycles of AZA. The cumulative incidence of non-relapse mortality (NRM) at 2 

years was 33.4% (95% CI, 22% – 45%). The cumulative incidence of relapse was 25% (95% CI, 

15%– 37%) at 2 years. With a median follow-up of 58.9 months, the estimated PFS probability at 

2 years and 5 years after transplantation was 41.2% (80% CI, 33.9% – 49.9%) and 26.9% (80% 

CI, 20.4%–35.5%) respectively for the entire group with a median PFS of 15.8 (95% C.I, 6.7–

28.3) mo. The OS probability at 2 and 5 years was 45.7% (95% CI, 34.9%–59.9%) and 31.2% 

(95% CI, 21.3% t- 45.8%) respectively for the entire group with a median OS of 19.2 (95% C.I. 

8.7–37.5) mo. In summary, we demonstrated the feasibility of a novel RIC conditioning regimen 

with test dose BU targeted to an AUC of 4000uM*min. The feasibility of AZA in this setting 

appears limited if applied to an unselected population of older HSCT recipients.

Introduction

Allogeneic hematopoietic stem cell transplantation (HSCT) remains the only curative 

treatment for patients with myelodysplastic syndrome (MDS). Although reduced intensity 

conditioning (RIC) is the preferred approach for the majority of patients with high-risk MDS 

based on their age and performance status, the problem of relapse remains pressing. Center 

for International Blood and Marrow Transplant Research (CIBMTR) registry data shows 3-

year probabilities of overall survival (OS) were 52% ± 2% and 49% ± 1% for recipients of 

matched related donor (MRD) and unrelated donor transplants (URD) for early MDS, 

respectively. Among patients with advanced MDS, corresponding probabilities were 45% 

± 1% and 41% ± 1%.1 The prognosis for patients with acute myeloid leukemia (AML) who 

are age 60 years or older at the time of initial diagnosis is also poor.2–7 Despite first 

complete remission (CR1) rates of up to 50% to 60%, prospects for long-term survival after 

chemotherapy are dismal because of the high risk of relapse.8

Several investigators have reported on the feasibility of employing a RIC approach in elderly 

patients with AML.9, 1011, 1213, 14 a prospective multicenter phase II trial study of allogeneic 

transplantation for older patients with AML in CR1 using RIC (Cancer and Leukemia Group 

B 100103 (Alliance for Clinical Trials in Oncology)/Blood and Marrow Transplant Clinical 

Trial Network 0502) showed that disease-free survival and OS at 2 years after 

transplantation were 42% and 48%, respectively, and the relapse rate was high at 44% at 2 
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years.15 Strategies to improve outcomes of allogeneic transplants in patients with MDS and 

elderly AML are needed, and should focus on efforts to mitigate relapse.

Busulfan (BU) is commonly used in conditioning regimens for HSCT. Previous studies have 

suggested a therapeutic window for BU area under the curve (AUC) during allogeneic 

transplant, with decreased survival associated with both high and low levels.16 High levels 

have been strongly associated with the risk of fatal liver toxicity from hepatic sinusoidal 

obstruction syndrome.17, 18 In the context of the fludarabine (FLU)/BU regimen, an AUC > 

6000 uMol*min was found to be associated with increased toxicity and decreased survival.19 

Lower levels have been associated with both graft rejection and greater risk for relapse.20. 

This has led to the exploration of personalized BU dose based conditioning regimen.21. We 

hypothesized that we could improve outcomes of RIC by improving disease control while 

controlling the risk of non-relapse mortality (NRM) by using a higher BU dose, aiming for 

an AUC that is 75% of “standard” rather than the typical 50% used in RIC regimens. Also, 

DeLima et al. treated 45 high-risk patients with MDS and AML (67% not in CR) on a phase 

1 study with post-transplant AZA for 4 cycles.22 They established the maximal tolerated 

dose (MTD) as 32mg/m2 given for 5 days and reported a 1-yr event-free survival (EFS) and 

OS of 58% and 77%, respectively. We sought to optimize the administration of BU and 

combine that with post-transplant AZA maintenance to reduce relapse without a substantial 

increase in toxicity to improve progression-free survival (PFS) after HSCT. We conducted a 

phase II multicenter study within the CALGB (now part of the Alliance) and report the final 

results here.

Methods

Objectives

The primary objective of the study was to determine if this strategy could improve 2-year 

PFS in patients with high risk MDS and in patients with AML age 60 and older responding 

to initial therapy. Secondary objectives were to determine the ability to use pharmacokinetic 

(PK)-directed BU to achieve an AUC of 4000uM*min within 20% of target AUC in > 80% 

of patients, the safety and feasibility of using post-transplant AZA, rates of grade II-IV and 

III-IV acute graft versus host disease (GVHD), incidence of extensive chronic GVHD, 

treatment-related mortality at 100 days, and 2- and 5-year OS.

Patients and Donors

Patients were eligible if they met the following criteria: 1) AML : age ≥ 60 years and < 75 

years, morphologic complete remission (leukemia-free state) defined as bone marrow blasts 

< 5% (as determined by bone marrow within 4 weeks of beginning preparative regimen), but 

without requirement for normal peripheral blood counts, no extra medullary leukemia and 

no blasts in peripheral blood. Patients with prior CNS involvement were eligible as long as 

disease was in remission at transplant. No more than two cycles of induction chemotherapy 

and no more than two cycles of consolidation therapy were permitted. Patients treated with 

hypomethylating agents (AZA or decitabine) who achieved a leukemia-free state could have 

received up to 4 cycles of therapy to reach this status. No more than 6 months could elapse 

from documentation of morphologic CR to transplant. Patients with AML following blast 
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transformation of prior chronic myeloid leukemia or other myeloproliferative disease were 

excluded. 2) MDS: age < 75 years and with high-risk features defined as one of the 

following: International Prognostic Scoring System (IPSS) risk ≥ Int −2, refractory anemia 

with excess blasts by French–American–British (FAB) classification, high-risk cytogenetics 

(either complex karyotype or monosomy 7), and < 10% bone marrow blasts determined by 

bone marrow biopsy within 4 weeks of beginning preparative regimen. Reduction in marrow 

blast percentage may have been achieved with chemotherapy or other therapy. Patients could 

have received treatment with AZA or decitabine prior to study enrollment. Patients who 

progressed from MDS to AML during treatment were not eligible for enrollment.

The donors were either an HLA-identical sibling (6/6) by serologic typing (A, B, DR) or 

low-resolution molecular HLA tests or an 8/8 locus matched URD using high resolution 

DNA-based typing. The donors were required to be healthy and acceptable as per 

institutional standards for stem cell donation with no significant cardiopulmonary, renal, 

endocrine, or hepatic disease. There was no age restriction for related donors. Syngeneic 

donors were not eligible.

Conditioning Regimen

A BU test dose of 25 mg/m2 IV over 45 minutes was administered as a single intravenous 

(IV) infusion between days −14 and −9. (Figure 1) The test dose was infused over 45 

minutes and blood samples were drawn at end of infusion and 1,2,4 and 6 hours after test 

dose completion. (All samples for pharmacokinetic were sent to Emory Medical laboratories 

or Seattle Cancer Care Alliance). The PK based targeted treatment dose of BU was 

calculated as follows: BU* (mg) = test dose (mg) × 4000/test AUC. Initially the treatment 

dose was originally administered over 3 hours. The protocol was subsequently modified to 

infuse BU at the same infusion rate as the test dose. BU target level validation samples were 

obtained at end of infusion and 1,2,4 and 6 hours following the day −6 dose of BU. FLU 30 

mg/m2/day was administered IV over 30 minutes for 5 days on Days −7 through −3. Rabbit 

antithymocyte globulin (thymoglobulin) was administered at 1.5 mg/kg/day IV over 6 hours 

for 2 doses on Days −6 and −5 in case of related donors. In URD the dose was escalated to 

1.5 mg/kg Day −6, 2.0 mg/kg Day −5 and 2.5 mg/kg Day −4.

Post-transplant Azacitidine

Post-transplant AZA was to be started as early as day +42 but not later than day +90 

provided the following conditions were met: serum creatinine <2.0 mg/dl, serum bilirubin < 

2.0 mg/dl, aspartate amino-transferase AST ≤ 3 X ULN, platelets ≥ 30,000/μl without 

transfusion for the preceding 72 hours, absolute neutrophil count (ANC) > 500/μl (this may 

have been achieved with use of growth factors), no acute GVHD grade III or IV and no life-

threatening infections or bleeding. The AZA was administered at a dose of 32 mg/m2 

subcutaneously (SC) daily for 5 days. Cycles were repeated for up to 6 courses every 4 

weeks. If SC administration was not possible, IV administration was permitted. Before the 

start of cycles 2 to 6 the platelet count needed to be >20,000/μl attained with or without 

platelet transfusion and ANC > 500/μl with or without the use of myeloid growth factors. If 

patients were unable to start a subsequent cycle of AZA due to toxicity or other reasons, the 

start of a subsequent cycle could be delayed up to 4 weeks. If the AZA could not be started 
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after a 4-week delay, the patient could not receive any additional AZA. Patients who 

developed drug-related grade 3 or 4 renal, hepatic, cardiac, pulmonary or neurologic toxicity 

had the Aza discontinued permanently. Patients with active acute GVHD grade III-IV were 

not eligible to receive Aza. If acute GVHD grade III-IV resolved, patients could receive the 

drug at one lower dose level in subsequent cycles dose level −1, 16mg/m2 and dose level −2 

(minimum dose) 8 mg/m2. Patients developing pneumonia or any infection deemed life 

threatening by the attending physician had the AZA discontinued. If unexplained elevations 

of creatinine occurred to between 2 and 3 mg/dl, the next cycle was delayed until values 

returned to normal or baseline and the dose was reduced by one level for the next treatment 

course AZA was discontinued for any unexplained increase in creatinine > 3 mg/dl.

Donor Mobilization and Target Allograft Composition

Donors received G-CSF 10 mcg/kg SC on Days −5 through −2 (and, if necessary −1). On 

Days −1 (and 0) donors underwent leukapheresis for 1–2 days to achieve a CD34+ cell dose 

of ≥ 2 × 106 /kg (actual weight - recipient). If the yield of CD34+ cells was < 2 × 106 /kg on 

Day −1, an additional apheresis was permitted to be performed on Day 0. If after two 

apheresis procedures the total CD34+ cell dose was at least 2 × 106 /kg, no further apheresis 

was required. Target CD34+ cell doses were based on institutional standards for sibling 

donors, as long as minimum of 2 × 106 /kg was achieved. There was no maximum CD34+ 

cell dose specified and doses were not capped.

Supportive Care and Patient Assessments

Tacrolimus was targeted to a serum level of 5–10 ng/mL (not to exceed 15 ng/mL). The 

suggested starting dose was 0.03 mg/kg PO BID beginning on Day −2 tapering between Day 

+90 to +120 with a goal of stopping by Day +150 to +180. Methotrexate was administered at 

5 mg/m2/day IV on Days +1, +3, +6 (and Day +11 in case of URD). Recipients received 5 

mcg/kg G-CSF SC daily beginning on Day +12 and continuing until ANC > 1500/μL for 

two consecutive days or > 5000/μL for one day. Acute GVHD (aGVHD) and chronic GVHD 

(cGVHD) were graded according to established criteria.16,17Patients were considered 

evaluable for GVHD if they engrafted. Organ toxicity was graded according to the National 

Cancer Institute Common Terminology Criteria for Adverse Events version 4.0.

Definitions

Neutrophil engraftment was defined as an increase in the absolute neutrophil count to 500/μl 

or greater after a conditioning regimen–induced nadir. Platelet engraftment was defined as 

the first day of three consecutive platelet count measurements greater than 20,000/μl without 

the aid of transfusion. NRM was defined as death in CR. Primary graft failure was defined 

as failure of neutrophil engraftment by day 30. Cytogenetic risk category was assigned based 

on the CALGB criteria.8

Statistical Considerations

The primary endpoint was the probability of progression-free survival (PFS) at two years as 

estimated by the Kaplan-Meier estimator (if there is no censoring prior to 2 years, this is 

equivalent to a simple proportion of patients alive and progression free at 2 years). Disease 
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progression and death due to any cause was considered an event. The time to PFS was the 

time interval between transplant and progression, death or last follow-up whichever occurred 

first. Patients without progression who were lost to follow-up prior to 2 years were censored 

at the time of their last follow-up. This study was designed as a single arm single-stage trial.

Based on previous studies, a two-year PFS of 25% or lower was considered clinically 

uninteresting. A two-year PFS of 40% or higher would be considered clinically promising. 

Assuming a two-year PFS of 40%, a sample size of 64 evaluable patients provides 90% 

power at the one-sided Type I error of 0.10 to reject the null hypothesis that the two-year 

PFS was 25%. Based on this design, if at least 21 out of the 64 patients are alive and 

progression-free for at least 2 years, it would be concluded that the 2-year PFS probability is 

greater than 25%.

Patients’ demographics and disease and treatment characteristics were summarized with 

median and range for continuous variables and frequency and percentage for categorical 

variables. Progression-free survival and overall survival were summarized using the Kaplan-

Meier estimator. The cumulative incidence of relapse, non-relapse mortality, acute and 

chronic GVHD were summarized using the cumulative incidence function treating death as 

the competing risks. All patients who were lost to follow-up without experiencing the event 

of interest were censored at the time of their last follow-up. Data quality was ensured by 

review of data by the Alliance Statistics and Data Center and by the study chairperson 

following Alliance policies. Data collection and statistical analyses were conducted by the 

Alliance Statistics and Data Center. All analyses were conducted using the SAS software v. 

9.4 on the study database frozen on [July 23rd, 2018

Results

Patients and Donor Characteristics

Patient and donor characteristics are provided in Table 1. In all, 68 patients were registered 

and 65 received transplantations at 10 centers between September 2010 and October 2013. 

(Figure 2) Each participant signed an institutional review board (IRB)-approved, protocol-

specific informed consent document in accordance with federal and institutional guidelines. 

Five of the patients who were registered (2 received transplantations) were excluded from 

the primary analysis for the following reasons: two patients were taken off study prior to 

starting treatment, one patient withdrew consent prior to transplant and two patients who 

underwent transplantation had chronic myelomonocytic leukemia (CMML) and were 

deemed ineligible for the study. Thus, the data analysis was limited to the 63 eligible 

recipients. The median patient age was 62 (range, 44 to 74) years. Fifty patients (79.4%) had 

high-risk MDS and 13 patients (20.6%) had AML. Twenty-three patients (36.5%) received 

grafts from matched related donors and 40 patients (63.5%) received unrelated donor grafts. 

The median time from diagnosis to transplantation was 5.9 (range, 1.8–109.7) months.
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Busulfan dosing

Data on BU test dose and therapeutic dosing is shown in Table 2. The median AUC on the 

validation sample was 4143 (range, 2400–6642) micromol*min. Thus, 87.1 % of patients 

were within 20% of target AUC based on the validation sample.

Engraftment and Chimerism

The median number of CD34+ cells infused was 5.0 × 106 /kg (range: 2.5–19.3). The 

median time to neutrophil engraftment was 13 days (range, 1 to 166 days) and to platelet 

engraftment was 11 days (range, 0 to 110 days) post HSCT. Primary graft failure was 

observed in 4 (6.5%) of patients. Beginning with the first planned sample on day +30, the 

median proportion of donor cells in samples of peripheral blood analyzed for myeloid 

chimerism was consistently higher than 64% (range, 64% to 100%) at all time points 

analyzed. Median CD3+ cell chimerism values gradually increased over time in the 

surviving patients without relapse and were 93% (range, 0% to 100%) at day +30, 95.5% 

(range, 68% to 100%) at day +90, 100% (range, 0% to 100%) at day +180, and 100% 

(range, 0% to 100%) at day +365. (Table 3)

Post-transplant Azacitadine

A total of 41 patients (65%) started AZA at a median of 61 (range 43–91) days post-

transplant. Twenty-two patients never started AZA. Seventeen (41% of 41) patients 

completed all 6 cycles of AZA representing 27% of the study group originally intended to 

receive 6 cycles of Aza. Details on reasons for not starting Aza and for ending protocol 

treatment prior to completing AZA are shown in Table 4.

GVHD and c GVHD

The cumulative incidences of grades II to IV and III to IV aGVHD at 100 days were 36.5% 

(95% CI, 24.7% to 48.3%) and 12.7% (95% CI, 5.9% to 22.2%), respectively (Figure 3a) . . 

For all patients experiencing grade II to IV aGVHD, the median time to onset was 31 days 

(range, 3 to 339 days). The cumulative incidence of any cGVHD by 2 years was 30.2% 

(95% CI, 19.2% to 41.8%) (Figure 3b); cumulative incidence of extensive cGVHD was 14% 

(95% CI, 7% to 24.1%) at 2 years. For all patients experiencing limited or extensive 

cGVHD, the median time to onset of cGVHD was 216 days (range, 50 to 391 days) post-

transplantation.

Nonhematologic Adverse Events and Opportunistic Infections

The post-transplant rates of > grade 3 adverse events are shown in Table 5. The only grade 3 

to 5 organ toxicity seen in >10% of patients was mucositis (31%) and rash (13%). No cases 

of hepatic sinusoidal obstruction syndrome were observed. Reactivation of cytomegalovirus 

(viremia) occurred in 14 (41%) of 34 donor/recipient pairs at risk. Three patients developed 

cytomegalovirus disease (GI 2, CNS 1). No patients died due to cytomegalovirus disease.

Results for PFS, OS NRM and Relapse,

The median follow-up of survivors was 58.9 (95% CI 53.1 to 62.6) months. At 2 years 

posttransplant, 25 patients (more than the decision threshold of 21 patients) were alive and 
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progression-free. Therefore, per study design, there is sufficient evidence to conclude that 

PFS probability at 2 years is higher than 25% with a one-sided type I error rate of 10%. 

Equivalently, the PFS probability at 2 years and 5 yrs. after transplantation was 41.2% (80% 

CI, 33.9% - 49.9%) and 26.9% (80% CI, 20.4%−35.5%) respectively for the entire group 

with a median PFS of 15.8 (95% C.I, 6.7–28.3) mos. (Figure 5) The PFS probability at 2 and 

5 years years after transplantation for patients with AML was 53.8% (95% CI: 32.6–89.1) 

and 30.1% (95% CI, 13.6–69.5) respectively with a median PFS of 28.3 months. (95% CI: 

5.7-NR) (Figure 6). The PFS probability at 2 years and 5 years after transplantation for 

patients with MDS was 37.8% (95% CI: 26.5–54) and 25.9% (95%CI, 15.7–42.5%) 

respectively with a median PFS of 10.9 months. (95% CI: 5.7–27.1).

The primary reasons patients came off treatment are shown in Table 6. The 100-day 

mortality was 16% (N=10). 24 patients (57%) died from causes other than relapse at a 

median of 222 days (range, 5 to 1678 days) after transplantation. The cumulative incidence 

of NRM at 2 years was 33.4% (95% CI, 22% to 45%;) (Figure 4). 20 patients relapsed at a 

median of 140 (range 33–1352) days post HSCT. The cumulative incidence of relapse was 

25% (95% CI, 15% to 37%) at 2 years.

Forty-two patients have died. As shown in Table 7, treatment-related death (n=18, 43%) and 

death from disease (n=18, 43%) were equally likely to be the causes of death, representing 

86%% of all deaths. The OS probability at 2 and 5 years was 45.7% (95% CI, 34.9%

−59.9%) and 31.2% (95% CI, 21.3% t- 45.8%), respectively, for the entire group with a 

median OS of 19.2 (95% C.I. 8.7–37.5) months. The OS probability at 2 and 5 years for the 

patients with AML was 61.5% (95% CI, 40.0–94.6) and 44% (95% CI: 23.3–83), 

respectively, with a median OS of 30.4 months. (95% CI: 7.1-NR). The OS probability at 2 

and 5 years for the patients with MDS was 41.7% (95% CI, 30.0–58.0) and 27.8% (95% CI: 

17.4–44.5), respectively, with a median OS of 15.7 (95% CI: 6.9–37.5) months.

Discussion

This prospective study demonstrates the feasibility and challenges of implementing 

strategies designed to mitigate relapse in patients with high-risk hematological malignancies 

undergoing HSCT in a multi-center setting. The study met the primary endpoint with the 

conclusion that PFS probability at 2 year post transplant was greater than 25% with the one-

sided type I error of 10% as designed (equivalently, 80% CI was presented above). A test 

dose of BU to achieve targeted AUC of 4000uM*min is both feasible and effective even in a 

predominantly older patient population, as the vast majority of patients (87.1%) were within 

20% of the targeted value without experiencing grade 4 toxicity. The planned administration 

of post-transplant maintenance AZA in older patients with AML and high-risk MDS is much 

more challenging, and one third of our patients could not receive AZA as planned and only 

27% of all recipients were able to receive the intended 6 cycles of maintenance therapy. 

Although we achieved our goal of at least 25% patients who were progression free at 2 or 

more years post HSCT, we conclude that post-transplant maintenance strategies that are less 

toxic and more effective than subcutaneous AZA should be sought.
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We have also demonstrated the clear value of long-term follow up to achieve a more 

accurate assessment of the value of any transplant strategy. It is unusual for the first report of 

a prospective HSCT trial to contain data on a group of patients with a median follow up of 

nearly 5 years. We demonstrated many adverse relapse and non-relapse events can occur 

between years 2 to 5 in a high-risk population and caution broad interpretation of studies 

with less than 2 years median follow up.

Prospective randomized trials and analysis of registry data comparing myeloablative 

conditioning to RIC in MDS and AML have yielded mixed results.23–27.The CIBMTR 

registry data shows that between 2000 and 2015 the combination of FLU and BU (6.4mg/kg 

total dose) was the most commonly used RIC regimen for AML and MDS, accounting for 

32% of the transplants..( D′Souza A, Fretham C, 2016) This regimen uses 50% of the 

standard BU dose without targeting. The toxicity seen with BU-containing RIC regimen 

using 3.2–6.4mg/kg has been minimal. We aimed to study a PK-based targeted BU 

preparative regimen with a target AUC 75% of the full dose. We hypothesized that the 

enhanced antitumor effect of this higher BU exposure would also allow sufficient time for 

the allo-immune effect to emerge. The target AUC of 4000uM*min was achieved in 87% of 

patients. Again, as anticipated the toxicity attributable to the conditioning regimen was 

generally mild to moderate and reversible. Optimizing BU PK through targeted dosing 

seems rational if the goal is to achieve maximal exposure while limiting toxicity. For 

instance, the BMT CTN 0901 study demonstrated substantially lower rates of relapse but 

increased NRM in the recipients of fully myeloablative conditioning. Combining 

myeloablative conditioning with ex vivo T-cell depletion may also be another useful strategy 

to prevent relapse while minimizing transplant related toxicity.28, 29

We also aimed to study the use of post-transplant AZA to reduce early post-transplant 

relapse, directly through the effect of AZA on MDS or alternatively by altering the post-

transplant immune environment in a manner that facilitates the graft-versus-leukemia effect. 

Several authors have reported on the use of DNA hypomethylating agents after allogeneic 

transplant.22, 30–33 In contrast to our cohort, the majority of patients in these studies had a 

diagnosis of AML. Patients with MDS accounted for nearly 80% of patients in our cohort 

and we allowed patients with up to 10% blasts to be eligible. A total of 41 patients (65%) 

started AZA and 17 (41%) of patients completed all 6 cycles of AZA. This experience is 

similar to that reported by the other authors. If the goal is to administer maintenance therapy 

for prolonged periods post-HSCT (up to 12 months or longer) in older patients, 

subcutaneous AZA may not be an optimal strategy based on our study results, given that less 

than half of the patients could complete the planned course. Oral maintenance agents or cell/

antibody based relapse mitigation strategies may be more attractive alternatives.

We incorporated rabbit ATG (thymoglobulin) into the conditioning regimen in order to 

reduce the rates of both severe acute and chronic GVHD, as supported by both retrospective 

and prospective controlled data.34, 35Whether this strategy led to a higher risk of relapse in 

the patients on this study is a matter of speculation and cannot be addressed with certainty. 

That said, the overall relapse rate of 25% is in line with reports from high-risk patients 

reported using non-ATG containing regimens.
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Overall, the conditioning regimen was reasonably well tolerated with acceptable and 

supportable rates of mucositis and cumulative incidences of grades II to IV and III to IV 

aGVHD at 100 days of 36.5% and 12.7%, respectively. The cumulative incidence of 

cGVHD at 2 years of 30.2% with extensive c GVHD in 14% is also in line with previous 

reports, particularly when peripheral blood progenitor cells are used as a graft source. The 

100-day cumulative incidence of NRM was 16% and cumulative incidence of NRM at 2 

years was 33.4%, which, while appearing high, are also consistent with previous studies that 

included patients with high risk MDS. The PFS probability at 2 years after transplantation 

was 41.2% for the entire group (AML 53.8% ,MDS 37.8%) and the OS probability at 5 

years was 31.2% (AML 44% MDS 27.8%), with death due to disease accounting for 43% of 

all deaths. The heterogeneity of the patient cohort and the single arm design of the study 

make firm conclusions difficult. Also, this study was conducted at a time before 

incorporation of MRD assessment prior to transplant was routine, and collection of these 

data will be critical for future prospective trials. However, the results in this elderly group of 

patients is encouraging.

In a multicenter study of post-transplant AZA maintenance in older AML patients, 

quantification of circulating tumor-specific CD8+ T cells was evaluated and their presence 

was associated with freedom from relapse.32 The potential induction of these tumor-specific 

cells by AZA provides good rationale for its use in this setting. Unfortunately, we did not 

analyze for the presence of these cells in our study, but this clearly should be incorporated 

into future studies planning to administer AZA or other hypomethylating agents following 

HSCT.

In conclusion we have demonstrated the feasibility of a novel RIC conditioning regimen 

with test dose BU targeted to an AUC of 4000uM*min and report on the largest series of 

patients to date with both AML and MDS given post-transplant Aza. The feasibility of AZA 

in this setting appears limited if applied to an unselected population of older HSCT 

recipients, but may be useful if employed in a more targeted group of patients most likely to 

benefit. However, the true value of this approach can only be evaluated in a randomized 

clinical trial. The results of a recently completed randomized study () will be very helpful in 

determining the ultimate future of this strategy.
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Figure 1: 
Treatment Schema
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Figure2. 
Consort Diagram
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Figure3a. 
Cumulative Incidence of acute GVHD
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Figure3b. 
Cumulative Incidence of any chronic GVHD
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Figure 4. 
Cumulative Incidence of Non Relapse Mortality and Relapse
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Figure 5. 
Kaplan Meier Survival Curves (All Patients)
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Figure 6. 
Kaplan Meier Survival Curves (By Disease)
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Table 1.

Patient Characteristics

Total (N=63)

Age, years (median, range) 62 (44–74)

Gender

 Male 51 (81.0%)

 Female 12 (19.0%)

ECOG Performance Status

 0 26 (41.3%)

 1 34 (54.0%)

 2 3 (4.8%)

Disease

 AML 13 (20.6%)

 MDS 50 (79.4%)

IPSS (MDS Only)

 Low 3 (7.3%)

 Intermediate-1 9 (22.0%)

 Intermediate-2 26 (63.4%)

 High 3 (7.3%)

 Missing 9

 N/A (AML Patients) 13

Cytogenetics Risk

 Normal 29 (47.5%)

 Complex 18 (29.5%)

 −7, del(7)q 8 (13.1%)

 Other 6 (9.8%)

 Missing 2

Induction Regimen

 7+3 12 (20.3%)

 DNA hypomethylating agent 41 (69.5%)

 Other 2 (3.4%)

 Unknown 4 (6.8%)

 No prior chemotherapy 4

Donor type

 MRD 23 (36.5%)

 MUD 40 (63.5%)

Months from diagnosis to transplant, median (range) 5.9 (1.8–109.7)

 ABO Compatibility

  Match 29 (46%)

  Major mismatch 12 (19%)
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Total (N=63)

  Minor mismatch 19 (30.2%)

  Bidirectional 3 (4.8%)

Patient | Donor CMV serology

 Negative | Negative 27 (42.9%)

 Negative | Positive 7 (11.1%)

 Negative | Unknown 1 (1.6%)

 Positive | Negative 8 (12.7%)

 Positive | Positive 19 (30.2%)

 Positive | Unknown 1 (1.6%)

Patient | Donor Gender

 Female | Female 1 (1.6%)

 Female | Male 11 (17.5%)

 Male | Female 16 (25.4%)

 Male | Male 35 (55.6%)

Number of Cells Infused, CD34+ ×106/kg, median (range) 5.0 (2.5–19.3)
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Table2.

Busulfan Dosing

N Result

Test dose AUC (μmol * min), median (range) 60 903.5 (100–1294)

BSA, median (range) 63 1.9 (1.5–2.3)

Busulfan total dose (mg), median (range) 63 800 (194–1502)

AUC on validation sample (μmol * min), median (range) 62 4143 (2400–6642)

Validated Sample AUC/Target dose, median (range) 62 1.04 (0.60–1.66)

 Achieved AUC within 20% of target AUC, N(%) 62 54 (87.1%)
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Table3.

Chimerism

CD3+ (N; Median (Range)) Total N; Median (range)

Day 30 35; 93% (0–100) 40; 100% (64–100)

Day 60 22; 95% (68–100) 31; 100% (95–100)

Day 90 24; 95.5% (0–100) 31; 100% (92–100)

Day 180 20; 100% (0–100) 26; 100% (90–100)

Day 365 11; 100% (0–100) 15; 100% (95–100)
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Table 4.

Azacitidine Dosing

Result

Started Azacitidine 41

 Reasons for ending protocol treatment prior to starting Azacitidine

  Death 8 (36%)

  Progression 4 (18%)

  AE 5 (23%)

  Refusal 2 (9%)

  Other
1 3 (14%)

Time from transplant to start of Azacitidine (days), median (range) 61 (43–91)

Number of Azacitidine received

 1 4 (9.8%)

 2 4 (9.8%)

 3 5 (12.2%)

 4 5 (12.2%)

 5 5 (12.2%)

 6 18 (43.9%)
2

Completed Azacitidine 17 (41%)

 Reasons for ending protocol treatment prior to completing Azacitidine

  Death 4 (17%)

  Progression 6 (25%)

  AE 5 (21%)

  Refusal 8 (33%)

  Other
3 1 (4%)

1:
Patient scheduled to receive bone marrow stem cells not allowed per protocol; could not start AZA due to low ANC on day 90; Pt started on 

Valcyte for CMV which caused low counts, never met criteria to start AZA

2:
1 patient stated cycle 6, but only received doses 1 and 2; doses 3–5 were missed due to sepsis. Therefore they did not complete treatment per 

protocol

3:
Treatment delayed greater than 4 weeks due to AE not related to protocol
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Table 5.

Summary of Adverse Events Regardless of Attribution

Summary of Grade 1 +Adverse Events Regardless of Attribution Number of Evaluable Patients: 63

Patients with a maximum: n (%)

Total

 Grade 1 Event 0 (0.0%)

 Grade 2 Event 0 (0.0%)

 Grade 3 Event 4 (6.3%)

 Grade 4 Event 42 (66.7%)

 Grade 5 Event 17 (27.0%)

Hematologic Adverse Events

 Grade 1 Event 0 (0.0%)

 Grade 2 Event 1 (1.6%)

 Grade 3 Event 6 (9.5%)

 Grade 4 Event 54 (85.7%)

 Grade 5 Event 0 (0.0%)

Non-Hematologic Adverse Events

 Grade 1 Event 0 (0.0%)

 Grade 2 Event 2 (3.2%)

 Grade 3 Event 37 (58.7%)

 Grade 4 Event 7 (11.1%)

 Grade 5 Event 17 (27.0%)

Note: Summaries are based on available patient data
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Table 6.

Patient disposition

Total (N=63)

Months of follow-up for survivors, median (95% CI) 58.9 mo (53.1–62.6)

Primary off treatment reason

 Treatment completed per protocol 17 (27.0%)

 Disease progression 10 (15.9%)

 Adverse event 10 (15.9%)

 Died during treatment 12 (19.0%)

 Patient refused further protocol treatment 10 (14.9%)

 Other
1 4 (6.4%)

1:
Patient scheduled to receive bone marrow stem cells not allowed per protocol; could not start AZA due to low ANC on day 90; Pt started on 

Valcyte for CMV which caused low counts, never met criteria to start AZA; Treatment delayed greater than 4 weeks due to AE not related to 
protocol
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Table 7:

Cause of Death

Cause of death Total (N=42)

 Protocol treatment related 18 (42.9%)

 Protocol disease related 18 (42.9%)

 Not related to protocol treatment or protocol 5 (11.9%)

 Unknown 1 (2.4%)
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