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Maintenance Therapy With Low-Dose Azacitidine
After Allogeneic Hematopoietic Stem Cell
Transplantation for Recurrent Acute Myelogenous
Leukemia or Myelodysplastic Syndrome

A Dose and Schedule Finding Study

Marcos de Lima, MD"; Sergio Giralt, MD"; Peter F. Thall, PhD?; Leandro de Padua Silva, MD"; Roy B. Jones, MD';
Krishna Komanduri, MD%; Thomas M. Braun, PhD* Hoang Q. Nguyen, PhD?; Richard Champlin, MD';
and Guillermo Garcia-Manero, MD®

BACKGROUND: Recurrence is a major cause of treatment failure after allogeneic transplantation for acute myeloge-
nous leukemia (AML) and myelodysplastic syndrome (MDS), and treatment options are very limited. Azacitidine is a
DNA methyltransferase inhibitor with activity in myeloid disease. The authors hypothesized that low-dose azacitidine
administered after transplant would reduce recurrence rates, and conducted a study to determine a safe dose/sched-
ule combination. METHODS: Forty-five high-risk patients were treated. Median age was 60 years; median number of
comorbidities was 3; 67% were not in remission. By using a Bayesian adaptive method to determine the best dose/
schedule combination based on time to toxicity, the authors investigated combinations of 5 daily azacitidine doses,
8,16, 24, 32, and 40 mg/m?, and 4 schedules: 1, 2, 3, or 4 cycles, each with 5 days of drug and 25 days of rest. Cycle
1 started on Day +40. RESULTS: Reversible thrombocytopenia was the dose-limiting toxicity. The optimal combina-
tion was 32 mg/m? given for 4 cycles. Median follow-up was 20.5 months. One-year event-free and overall survival
were 58% and 77%, justifying further studies to estimate long-term clinical benefit. No dose significantly affected
DNA global methylation. CONCLUSIONS: Azacitidine at 32 mg/m? given for 5 days is safe and can be administered
after allogeneic transplant for at least 4 cycles to heavily pretreated AML/MDS patients. The trial also suggested that
this treatment may prolong event-free and overall survival, and that more cycles may be associated with greater
benefit. Cancer 2010;116:5420-31. © 2070 American Cancer Society.

KEYWORDS: acute, myelogenous, leukemia, hematopoietic, stem cell transplantation, myelodysplastic, syndrome,
recurrence.

Patients with acute myelogenous leukemia (AML) or advanced myelodysplastic syndrome (MDS) who fail to achieve
a complete remission (CR) or are otherwise refractory to therapy have a poor prognosis. Allogeneic hematopoietic stem
cell transplantation (HSCT) is frequently considered a salvage option for these patients, but disease recurrence and
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nonrecurrence mortality remain a major cause of treat-
ment failure for patients transplanted without remis-
sion."* Preparative regimen dose escalation has failed to
improve results significantly, in large part because of a
direct relationship between dose intensity and treatment-
related mortality. The CR rate with HSCT, however, is
high, and most patients transplanted in recurrence will be
in morphologic remission after HSCT, but these remis-
sions are usually short-lived. Because most recurrences
occur carly, any preventative intervention must be
implemented during the first 3 months after HSCT to be
effective. In this scenario, new strategies for maintaining
remission are needed.

Pharmacologic maintenance is difficult to achieve
with traditional agents because of multdple drug interac-
tions and myelosuppression risk. An ideal drug should
have activity against the disease, without excessive myelo-
suppression. Azacitidine is effective in MDS in doses that
are likely to induce severe pancytopenia after HSCT.?
This hypomethylating agent appears to reverse DNA
hypermethylation, leading to silencing of tumor-suppress-
ing genes in malignant cells. Azacitidine and decitabine
may also cause phenotypic modification of leukemic cells
(including increased expression of major histocompatibil-
ity complex class I and human leukocyte antigen [HLA]-
DR) and induction of expression of cancer antigens that
could potentially enhance the graft-versus-leukemia
effect.”® We have shown that low-dose azacitidine is
moderately active in reinducing remission and donor
chimerism for patients with indolent AML/MDS recur-
rences after HSCT, using doses ranging from 16 to
40 mg/m? for 5 days in 28- to 30-day cycles."”

We therefore hypothesized that azacitidine might
decrease the recurrence rate after HSCT. However,
it might worsen graft-versus-host disease (GVHD),
compromise graft function and immune recovery, or
induce other adverse effects. A phase 1 study consequently
was necessary. We were also interested in demonstrating
that the drug can be administered repeatedly after trans-
plant, assuming that patients treated early on, when grafts
are vulnerable to myelosuppression, would be able to
safely receive longer administration schedules in future
studies. Herein we present the results of such study.

MATERIALS AND METHODS

Eligibility

Eligible were adult patients with AML or high-risk MDS
(International Prognostic Scoring System'" intermediate-
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2 or high-risk) aged 18 to 75 years, not in first CR (CR1),
who were not candidates for myeloablative transplant
regimens because of older age or comorbidities. After
establishing the low toxicity profile of azacitidine, we
amended the protocol to allow inclusion of high-risk CR1
patients. Donors could be related or unrelated, matched
at HLA-A, B, C, DRBI, and DQB1 (I mismatch
allowed), typed as previously described.'?

Other eligibility criteria included a left ventricular
¢jection fraction >40%, a forced expiratory volume at
1 second, forced vital capacity, and diffusing capacity of
lungs for carbon monoxide >40%, creatinine <1.6 mg/
dL, bilirubin <1.6 mg/dL, human immunodeficiency
virus seronegativity, negative pregnancy test, absence of
active infection, and ability to undergo the informed
consent process. The protocol was approved by the
institutional review board at The University of Texas
M. D. Anderson Cancer Center.

A reduced-intensity regimen of gemtuzumab ozoga-
micin 2 mg/m® (given to 40 CD33-positive patients on
Day —12), fludarabine at a dose of 30 mg/m* (on
Days —5, —4, —3, and —2), and melphalan at a dose of
140 mg/m2 (Day —2) was used.'® Patients with unrelated
or mismatched-related donors received rabbit antithymo-
cyte globulin (ATG) 0.5 mg/kg (Day —3) and 1.25 mg/
kg (Days —2, —1). GVHD prophylaxis was tacrolimus
and minimethotrexate (5 mg/m2 on Days 1,3, 6,and 11),
or sirolimus, mycophenolate mofetil, and ATG (n = 5).
Supportive care was as previously described.'

Eligibility to Receive Azacitidine
Patients in CR by HSCT Day +30 were eligible to receive
azacitidine, whereas patients with persistent disease or
without donor engraftment were removed from the study.
Other eligibility criteria to start azacitidine were as
follows: creatinine <1.6 mg/dL, bilirubin <1.6 mg/dL,
alanine aminotransferase <3 X upper limit of normal,
platelet count >15,000/mm?’, and absolute neutrophil
count (ANC) >1000/mm°. Patients could not have
bleeding, uncontrolled infection, or grade III/IV acute
GVHD. If not eligible for treatment during the first
3 months post-transplant, patients went off protocol.

Azacitidine was given for 1 to 4 30-day cycles. In
cach cycle, the drug was administered subcutaneously for
5 days, starting on the sixth week after HSCT at 1 of
5 dose levels (8, 16, 24, 32, or 40 mg/mz).

Development of drug-related grade 3 or 4 organ
toxicity or severe infection led to azacitidine discontinua-
tion. Azacitidine was also discontinued if platelet count
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Table 1. Primers and Conditions Used for PCR of Pyrosequencing

Primer Sequences

LINE F: 5- GAGTTAGGTGTGGGATATA-3

R: 5-AAAATCAAAAAATTCCCTTTC-3%

Gene Bank Temperature,
Accession No. °C (Cycles)
X58075 56 (45)

Sequencing: 5-AGTTAGGTGTGGGATATAGT-3

PCR indicates polymerase chain reaction; LINE, long interspersed nuclear elements.

2Biotin-labeled.

dropped to <10,000/mm?>, with 50% dose reduction if
platelet count dropped to <20,000/mm?, or if ANC
dropped to <500/mm?, not responsive to growth factor.
Granulocyte colony-stimulating factor administration
was allowed.

Evaluation of Response and Definitions
Patients had a bone marrow aspiration on transplant Days
+30 and 4100 to 4120, and at 9 and 12 months after
transplantation. CR was defined as <6% bone marrow
blasts and evidence of donor chimerism (>80%) by DNA
microsatellite polymorphism analysis.

Bone marrow or peripheral blood donor-recipient
chimerism was evaluated using DNA microsatellite
polymorphism analysis by polymerase chain reaction
(PCR). We also used conventional cytogenetic analysis
with G-banding or fluorescent in situ hybridization stud-
ies for the Y chromosome in sex-mismatched transplants.
Mixed chimerism was defined as the presence of any
detectable percentage of unsorted recipient cells or DNA.

Analysis of DNA Methylation

We studied long interspersed nuclear elements methyla-
tion, a marker of global DNA methylation using bisulfite
pyrosequencing.'* Methods for bisulfite modification of
DNA and subsequent PCR techniques are described in
hetp://www3.mdanderson.org/leukemia/methylation and
in Table 1. The degree of methylation was calculated
using PSQHS 96A 1.2 software (Biotage AB, Uppsala,
Sweden). Blood samples were obtained on Days 1, 5, and
21 of treatment with azacitidine (n = 38 patients).

Total Design and Statistical Analysis

The primary goal was to find the best combination of per-
administration dose and schedule of azacitidine. Each
patient was assigned 1 per-administration dose/schedule
combination, with schedule = 1, 2, 3, or 4 cycles. The
first cycle started approximately on Day 40 post-trans-
plant. Under schedule 1, the assigned per-administration
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dose was given on transplant Days 40, 41, 42, 43, and 44;
under schedule 2 on Days 40, 41, 42, 43, 44, 68, 69, 70,
71, and 72, and similarly for schedules 3 and 4. The
outcome was the time to toxicity, where toxicity was
defined as any of the following adverse events occurring
within 116 days from the start of the first cycle: 1)
National Cancer Institute grade 3 or higher renal, hepatic,
cardiac, pulmonary, or neurologic toxicity; 2) grade III-
IV acute GVHD; 3) serious infection; 4) severe hemato-
logic toxicity/graft failure; or 5) >2 dose reductions for
any reason. The Bayesian method of Braun et al'® was
used to adaptively choose each new patient’s per-adminis-
tration dose/schedule combination, based on the proba-
bility of toxicity within 116 days from the start of therapy,
with the goal of choosing the per-administration dose/
schedule combination having posterior mean probability
of toxicity closest to .30, a criterion similar to that used by
the Continual Reassessment Method.'® Additional safety
rules were 1) a per-administration dose/schedule pair was
acceptably safe if the posterior probability of having likeli-
hood of toxicity >.30 was not >.80, with no unacceptable
pairs administered; and 2) when escalating to a per-
administration dose/schedule pair that had not yet been
tried, it was allowed to increase either the per-administra-
tion dose or schedule, a “do not skip” rule.

The trial was conducted as follows, where “escala-
tion”(“de-escalation”) means increasing (decreasing) per-
administration dose, schedule, or both:

® Treat the first patient at the lowest dose/schedule pair
(8 mg/mz, 1 cycle).

® For cach patient after the first, based on the current data
under the Bayesian model, determine the set of acceptably
safe per-administration dose/schedule combinations.

® If none of the per-administration dose/schedule combina-
tions are acceptably safe, then stop the trial and conclude
that none of per-administration dose/schedule combina-
tions are acceptable.

e If 1 or more per-administration dose/schedule combina-

tions are acceptably safe, then assign the next patient to
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the combination for which, based on the current data,
the posterior mean of probability of toxicity is closest to
the targeted value .30, subject to the escalation con-
straint of the “do not skip” rule.

e If the safe dose with probability of toxicity closest to the
targeted value .30 is below the current per-administra-
tion dose/schedule combination, then there was no con-

straint on de-escalation.

It was planned initially to study the 3 per-adminis-
tration doses of 8, 16, and 24 mg/mz. When only 1 toxic-
ity was observed in the first 27 patients, the design was
extended to include 4 higher per-administration doses,
32, 40, 48, or 56 mg/mz, of which 48 and 56 rng/m2 were
not studied.

Unadjusted probabilities of overall survival (OS)
and event-free survival (EFS) were estimated using the
Kaplan-Meier method.'” The log-rank test'® was used to
compare unadjusted OS or PES between subgroups. A
Bayesian log-normal regression model was used to assess
the effects of covariates and treatment on OS and PFS.
Covariates included log(bone marrow blast), number of
previous chemotherapy regimens (>2 vs <1), cytogenet-
ics, number of comorbidities, dose, and number of cycles
of azacitidine. The lognormal regression model was
selected using the Bayes Information Criterion and the
Bayesian chi-square method."” Each covariate parameter
in the lognormal model linear term was assumed to follow
a normal prior with mean 0 and variance 10,000, denoted
N(0,10000), and the dispersion parameter followed a
noninformative inverse-gamma prior with mean 1 and
variance 10,000. A Bayesian logistic regression model was
fit for the binary indicator of chronic GVHD, with each
parameter in the linear term of covariates following a non-
informative N(0,10000) prior. The Bayesian model fits
were carried out in WinBugs1.4°%; all other analyses were
carried out in Splus6.1.>' The Bayesian parametric model
underlying the method'” was fit to the final data to assess
the joint effects of per-administration dose and schedule
on the risk of toxicity.

RESULTS

Patients

Median age was 60.6 years (range, 24.3-73.8 years). Diag-
noses were AML (n = 37) or MDS (n = 8); 67% of the
patients were not in CR at HSCT. The median number
of prior chemotherapy regimens was 2, 39 patients previ-
ously received high-dose Ara-C—based chemotherapy, and
18% of the patients had failed a previous allogeneic
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HSCT. The median number of clinical comorbidities was
3 (Table 2), and median performance status was 1 (range,
0-2).

Donors, Grafts, and Engraftment

Donors were unrelated (42%) and related (58%). All but
3 donor-recipient pairs were fully matched. Median num-
ber of infused CD34-positive and total nucleated cells was
4.3 x 10° (range, 1.04-13.3) and 8.0 x 10® (range, 0.4-
26.9). Median time to neutrophil and platelet engraft-
ment was 12 days (n = 45; range, 10-23) and 17 days
(n = 43; range, 10-606). As expected with this preparative
regimen, most patients (96%) exhibited 100% donor
chimerism on Day 30 to 40. Azacitidine did not affect
engraftment (median of 100% donor chimerism for
evaluable patients at 6 and 12 months after HSCT).

Preparative Regimen and Azacitidine

Ninety patients were enrolled. Four never started the
conditioning because of death or serious infections, 10
patients died early (up to Day +60), and 2 did not
respond to transplant. Of the 74 patients potentially eligi-
ble to receive azacitidine, 45 (60%) actually received it
and comprise the group described here. Reasons for never
receiving azacitidine were refusal (n = 3), GVHD (n =
5), pancytopenia (n = 6), elevated creatinine (n = 4), and
infections (n = 11). Patients received a total of 105 cycles
of azacitidine.

EFS and OS

Median follow-up was 20.5 months (range, 7.7-39.6
months). Nineteen (42%) patients had died at a median
of 30.8 months (95% confidence interval [CI], 14.3
months-upper limit not estimable) (Fig. 1). Causes of
death included GVHD (n = 3), pneumonia and pulmo-
nary hemorrhage (n = 1), and disease recurrence (n =
15). Nonrecurrence mortality rate was 9% (n = 4).

Twenty-four (53%) patients had developed disease
recurrence. Seven recurrences occurred while on azaciti-
dine: at 16 mg/m2 for 2 cycles (n = 1, AML in CR3, sec-
ond HSCT), 24 mg/m2 for 1 cycle (n = 3, in first
recurrence), 32 mg/m” for 1 cycle (n = 2, primary induc-
tion failure and first recurrence), and 40 mg/m2 for 2
cycles (n = 1, primary induction failure).

Twenty-cight patients (62%) died or developed dis-
ease recurrence. Median EFS was 18.2 months (95% ClI,
11.9 months-upper limit not estimable) (Fig. 2). Cyto-
genetics or donor type did not affect EFS. There was,
however, a significant EFS difference favoring patients in

5423



Table 2. Patient Characteristics
Variable

Age, y
Bone marrow blast at transplantation (%) (all patients)
Median bone marrow blasts at transplantation

(in patients with active disease)

Sex
Women
Men

Diagnosis
AML
MDS

Cytogenetics''*5

Bad®
Intermediate
Good

No. of chemotherapy regimens received
before transplantation
0

1
2
3
4

Complete remission at transplantation
No
Primary induction failure
First and second recurrence
Untreated high-risk MDS
Yes

No. of comorbidities®
0

No o~ owNn =

8
Median performance status at transplantation

Donor type
Unrelated
Related

Stem cell source
Bone marrow
Peripheral blood

Azacitidine dose, mg/m?
8
16
24
32
40

No. of azacitidine cycles
1

2
3
4

No. (%)

45
45
30

21 (46.7)
24 (53.3)

37 (82.2)
8 (17.8)

18 (40.0)
26 (57.8)
1(2.2)

30 (66.7)
16

11 and 1
2

15 (33.3)°

(28.9)
13 (28.9)
10 (22.2)

9 (20.0)

Median (Range)
60.6 (24.3-73.8)

6 (0-80)
10 (6%-80%)

1(0-2)

AML indicates acute myelogenous leukemia; MDS, myelodysplastic syndrome.

2Included 7 patients with chromosome 7 deletions.

®First complete remission (CR): 5 patients (2 without cytogenetic CR, 1 with minimal residual disease by flow cytometry
and poor prognosis cytogenetics, and 2 requiring >2 cycles of chemotherapy to enter CR); second CR, 7 patients; third

CR, 3 patients.
© Comorbidities were scored as in Sorror et al.*®
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Figure 1. Kaplan-Meier estimates of overall survival (n = 45) are shown for (A) all patients, (B) patients by cytogenetics risk
group, (C) patients by donor type, and (D) patients by remission status at the time of transplantation. There was no significant
difference noted among the subgroups for any of the 3 variables (log-rank P values of .55, .50, and .10, respectively). Cl indicates
confidence interval; NA, not available; Cyto, cytogenetics; SIB, sibling; MUD, matched unrelated donor; CR, complete remission;

BMT, bone marrow transplantation.

CR versus those with active disease (median of 27.2 vs
12 months; P = .05, log-rank test).

The fitted Bayesian model indicates that longer OS
was significantly associated with having fewer bone
marrow blasts, a smaller number of previous chemo-
therapies, fewer comorbidities, and more cycles of azaciti-
dine (posterior probability .95 of a beneficial effect)
(Table 3). There was no significant association between
azacitidine dose and OS. Similar results were noted in the

EFS model (Table 4).
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Acute and Chronic GVHD

Grade 2-3 and grade 3 acute GVHD rates were 27% and
9%, respectively. Because most GVHD started before
azacitidine initiation, and patients who developed severe
GVHD earlier were excluded, these results should be
interpreted with caution.

Eighteen (37%) of 43 patients at risk developed
chronic GVHD. The probability of developing chronic
GVHD decreased significantly with the number of azaci-
tidine cycles, but was unaffected by dose (Table 5).
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Figure 2. Kaplan-Meier estimates of event-free survival (EFS) (n = 45) are shown for (A) all patients, (B) patients by cytogenetics
risk group, (C) patients by donor type, and (D) patients by remission status at the time of transplantation. There was no signifi-
cant difference noted among the subgroups for cytogenetics or donor type (P = .97 and P = .50, respectively; log-rank test).
However, there was a significant difference in EFS that favored patients in complete remission (CR) (6 events; median,
27.2 months with a lower 95% confidence interval [Cl] of 12.1 months) versus those with active disease at hematopoietic stem cell
transplantation (22 events; median, 12.0 months with 95% CI, 8.4-24.4 months [P = .05, log-rank test]). NA, not available; Cyto,
cytogenetics; SIB, sibling; MUD, matched unrelated donor; BMT, bone marrow transplantation.

Toxicities and Infections

Median platelet count at the start of azacitidine was
113,000/mm? (range, 16,000-302,000; lower quartile,
69,500), median white blood cell count was 5600/mm?
(range, 2800-18,000), and median ANC was 3000/mm’
(range, 1220-15,800). There was no correlation in this
relatively small series between white blood cell or platelet
count at the start of maintenance and development of
hematologic toxicities. Hematologic toxicities associated/
possibly associated with azacitidine included reversible
grade 1-2 or 3 thrombocytopenia (n = 7 and n = 2),
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which was documented more often with 32 mg/mZ, and
in 1 of 2 patients receiving 40 mg/m?. Grade 1-2 neutro-
penia was documented in 7 cases.

Other toxicities included grade 1 nausea (n = 9),
grade 2 fatigue (n = 6), grade 1-2 transaminases elevation
(n=13), pruritus (n = 1), grade 1 confusion (n = 2), grade
2 creatinine elevation (n = 1), and oral ulcers (n = 2).
There were 3 cases of possible ocular toxicity: conjunctival
erythema, retina hemorrhage with platelet count drop to
50,000/mm” (possibly pre-existing), and papilledema.
One patient developed cholecystitis. The most serious
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Table 3. Fitted Bayesian Lognormal Survival Model for Overall Survival (N=45)

Variable Mean SD

Intercept 1.474 0.337
log (bone marrow blast) —0.108 0.062
No. of chemotherapy —0.334 0.187

regimens >2 (vs 0, 1)

No. of comorbidities —0.086 0.041
Azacitidine dose 0.006 0.009
No. of cycles 0.118 0.074
R 0.676 0.272

Posterior 95% Probability
Credible Interval of a Beneficial
Effect®
2.5% 97.5% ect
0.787 2.174 -
~0.253 —0.003 022
~0.707 —0.005 023
-0.176 -0.013 010
-0.010 0.026 716
~0.029 0.263 946
0.247 1.293 —

SD indicates standard deviation.

2Values in the last column close to either 1 or 0 correspond to a significant effect. Higher number of administered cycles
of azacitidine, but not dose, was associated with improved survival.

Table 4. Fitted Bayesian Log-Normal Model for Event-Free Survival (N=45)

Variable Mean SD

Intercept 1.573 0.327
log (bone marrow blast) —0.140 0.058
No. of chemotherapy —0.429 0.183

regimens >2 (vs 0, 1)

No. of comorbidities —0.085 0.040
Azacitidine dose —0.006 0.008
No. of cycles 0.137 0.076
R 0.816 0.260

Posterior 95% Probability
Credible Interval of a Beneficial
a
2.50% 97.50% Effect
0.937 2.213 —
—0.264 ~0.030 .007
~0.798 -0.078 .006
~0.169 ~0.015 .008
-0.020 0.011 208
—0.003 0.299 971
0.390 1.402 -

SD indicates standard deviation.

2Values in the last column close to either 1 or 0 correspond to a significant effect. Higher number of administered cycles
of azacitidine, but not dose, was associated with improved event-free survival.

Table 5. Fitted Bayesian Logistic Regression Model for Chronic GVHD (n=43)?

Variable Mean SD

Intercept 0.582 0.779
Azacitidine dose —0.0145 0.036
No. of cycles —0.439 0.311

Posterior 95% Probability
Credible Interval of a Beneficial
2.50% 97.50% Effect
-0.887 2.111 —
-0.083 0.057 658
-1.073 0.159 928

GVHD indicates graft-versus-host disease; SD, standard deviation.

2Two patients were not evaluable because of early deaths.

possibly drug-related adverse event was 1 case of pulmo-
nary hemorrhage because of fungal pneumonia, which
occurred in a patient receiving a second HSCT, who
evolved with thrombocytopenia and multiorgan failure.
Infections that occurred during the treatment period were
considered to be within the expected profile seen in this
population.

The fitted model for the risk of toxicity as a function
of per-administration dose and number of cycles that was
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used as a basis for choosing per-administration dose/
schedule pairs during the trial is summarized in Table 6.
The risk of toxicity from 1 administration at a given dose
is characterized by 3 parameters that determine a triangu-
lar hazard function. The 3 parameters are the hazard trian-
gle’s area, days to peak, and days from peak to the end.
Additional details of the statistical model and method are
given in Braun et al.'” Table 7 gives the posterior mean
of the probability of toxicity by Day 116 from the first
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Table 6. Posterior values of Prob (ptox > .30)

No. of
Cycles

y 8 16 24
4 .006/A .034/A 148/A
3 .001/A .005/A .030/A
2 .000/A .000/A .001/A
1 .000/A .000/A .000/A

Per Administration Dose of Azacitidine (mg/m?)

32 40 48 56

.269/A .783/A .920/T .970/T
.083/A .558/A .755/A .883/T
.004/A .220/A 371/A 541/A
.000/A .025/A .045/A .076/A

Prob (ptox) indicates the probability of toxicity within 116 days. (a dose/schedule combination was considered to be
excessively toxic if this probability exceeded .80); A, acceptable toxicity; T, unacceptable toxicity.

Table 7. Posterior Mean ptox

No. of

Cycles 8 16 24
4 105 164 225
3 .082 129 .180
2 .056 .089 125
1 .029 .046 .065

Per Administration Dose of Azacitidine (mg/m?

32 40 48 56

.260 407 475 531
21 .339 394 445
148 246 289 .331
077 134 .160 .186

ptox indicates probability of toxicity by Day 116.

Although the pair 2 courses and dose of 48 mg/m? had a predicted mean ptox of .289, it was not selected as being the

best because no patients were treated at this dose level.

Table 8. Posterior Mean and SD of the Per-Administration Hazard Parameters in the Bayesian
Model for the Probability of Toxicity as a Function of PAD and Number of Cycles

PAD Area [a], Days to Peak

Mean (SD) of Hazard [b],
Mean (SD)

8 0.0058 (0.0034) 14.5 (24.1)

16 0.0095 (0.0041) 14.9 (22.9)

24 0.0138 (0.0049) 11.7 (25.7)

32 0.0163 (0.0054) 15.9 (12.4)

40 0.0295 (0.0160) 14.0 (11.9)

Days from Peak Duration

of Hazard to End [b+c],

[c], Mean (SD) Mean d (SD)
8.7 (12.8) 23.2 (27.8)

14.4 (21.6) 29.4 (31.5)

20.3 (38.9) 32.0 (47.3)

31.3 (29.4) 47.3 (26.6)

32.0 (29.0) 46.0 (26.5)

SD indicates standard deviation; PAD indicates per-administration dose.

administration of azacitidine, as a function of per-
administration dose and number of cycles (probability of
toxicity). The design targeted a per-administration dose/
schedule combination having posterior mean probability
of toxicity closest to .30. Tables 6 and Table 8 show that,
in terms of proximity to the targeted mean probability of
toxicity of 0.30, 2 equally optimal safe combinations were
32 mg/m? for 4 cycles, which had posterior mean proba-
bility of toxicity = .26, and 40 mg/m? for 3 cycles), which
had posterior mean probability of toxicity = .34. The
dose 32 mg/m” for 4 cycles combination was chosen
because of thrombocytopenia observed with 40 mg/m®.

Induction of DNA Hypomethylation

As shown in Figure 3, we were unable to detect any signif-
icant induction of global DNA hypomethylation.
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DISCUSSION

Disease recurrence is a major cause of treatment failure
after transplant.”>?® Results of most therapies given to
treat recurrence are very poor. In view of this observation,
we proposed to evaluate post-transplant azacitidine as a
strategy for remission consolidation/maintenance.

We demonstrated that it is possible to administer
azacitidine early after allogeneic HSCT to the majority of
a group of high-risk AML/MDS patients. Approximately
60% of our cohort of heavily pretreated patients was able
to receive at least 1 cycle of the drug. Our study was
designed with only a maximum of 4 cycles because of the
logistics of a phase 1 trial, but there are no reasons to
believe we could not prolong the duration of treatment,
considering that longer exposure may be important with
hypomethylating agents. We used an innovative trial
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Dynamics of Global DNA Methylation with Azacitidine Therapy
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Figure 3. Mononuclear cell DNA global methylation is shown
before and after the administration of azacitidine. C indicates
cycle; D, day of the administration cycle. Global hypomethy-
lation induction was analyzed using the long interspersed
nuclear elements (LINE) bisulfite pyrosequencing assay. LINE
methylation was measured on Day 1 before therapy and on
Days 5 and 21 of therapy. (A) When all patients and dose
levels/schedules were analyzed, no evidence of induction of
LINE hypomethylation was observed. (B) The effect per dose
level is shown. A nonsignificant hypomethylation trend was
observed in patients treated at a dose of 8 mg/m?.

design that allowed us to determine dose and schedule of
administration, overcoming a major limitation of tradi-
tional phase 1 studies that do not address the issue of
number of cycles that can be delivered with a given dose.

A maintenance of remission study does not provide
direct evidence of drug activity. However, direct substan-
tiation of the antileukemia effectiveness of low-dose azaci-
tidine has been reported.”” We have treated AML/MDS
patients relapsing after allogeneic HSCT with doses rang-
ing from 16 to 40 mg/m” for up to 2 years, and prelimi-
nary experience indicates a 20% long-term disease control
rate for patients with indolent recurrences, even without
the need for immunosuppression withdrawal.'?

Given the timing of drug administration, we could
not determine whether there was any effect on acute
GVHD. However, the probability of developing chronic
GVHD may have been decreased with longer schedules of
azacitidine administration. This possible effect is intrigu-
ing and deserves further investigation.
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There was no change in global DNA methylation
with therapy, which is in contrast to studies in patients
receiving standard-dose azacitidine."* Others have been
unable to document a relationship between hypomethyla-
tion induction and disease response, however,?® and it is
possible that the potential therapeutic effects observed
here are not directly related to hypomethylation.

It has been shown by other authors that epigenetic
changes may lead to decreased expression of cancer testis
antigens in malignant cells.””>" Tt seems reasonable to
hypothesize that DNA hypomethylating agents could
magnify the graft-versus-leukemia effect of allogeneic
HSCT by increasing the immunogenicity of cancer
cells through increased expression of tumor antigens.
Azacitidine and decitabine may also induce increased
FoxP3 expression and regulatory T lymphocyte genera-
conceivably influence GVHD

tion, which could

incidence.’?

As expected, EFS was negatively influenced by
disease burden, extent of prior treatment, and comorbid-
ities. Longer schedules of azacitidine administration were
associated with prolongation of EFS and OS, even with a
median number of 2 cycles per patient. It is unlikely that
patient selection per se explains the results. Although we
excluded patients from receiving azacitidine for reasons
described here, the final study cohort consisted of patients
with a median age of 60 years, mostly with recurrent
disease, and who had received a median of 2 chemo-
therapy regimens before transplant, a poor prognosis
variable in the setting of refractory AML/MDS.%>%4

Feasibility of maintenance therapy is likely higher
than documented here. We arbitrarily limited eligibility
for starting azacitidine to the first 2.5 months after
HSCT, a decision made because of logistic reasons only.
If patients are allowed to start the treatment in a more
flexible schedule during the first 40-100 days, a larger
fraction will be eligible to receive it. These findings
provide the basis for an ongoing randomized trial compar-
ing azacitidine given for 1 year after HSCT versus no
maintenance.

In conclusion, azacitidine 32 mg/m2 daily for 5 days
in each of 4 30-day cycles is associated with acceptable
toxicities when given after HSCT. Our trial also suggested
that this treatment may prolong EFS and OS, and that
more cycles may be associated with greater benefit.

CONFLICT OF INTEREST DISCLOSURES

Dr. de Lima received a research grant from Pharmion/Celgene.

5429



Original Article

REFERENCES

1

10.

11.

12.

13.

14.

15.

. Armistead P, de Lima M, Pierce S, et al. Quantifying the

survival benefit for allogeneic stem cell transplant in relapsed
acute myeloid leukemia. Biol Blood Marrow Transplant. 2009;
15:1431-1438.

. Thomas ED, Buckner CD, Banaji M, et al. One hundred

patients with acute leukemia treated by chemotherapy, total
body irradiation, and allogeneic marrow transplantation.

Blood. 1977;49:511-533.

. Fenaux P, Mufti GJ, Hellstrom-Lindberg E, et al. Efficacy

of azacitidine compared with that of conventional care regi-
mens in the treatment of higher-risk myelodysplastic syn-
dromes: a randomised, open-label, phase III study. Lancer
Oncol. 2009;10:223-232.

. Issa JP, Garcia-Manero G, Giles FJ, et al. Phase 1 study of

low-dose prolonged exposure schedules of the hypomethylat-
ing agent 5-aza-2'-deoxycytidine (decitabine) in hematopoi-
etic malignancies. Blood. 2004;103:1635-1640.

. de Lima M, Ravandi F, Shahjahan M, et al. Long-term fol-

low-up of a phase I study of high-dose decitabine, busulfan,
and cyclophosphamide plus allogeneic transplantation for
the treatment of patients with leukemias. Cancer. 2003;97:
1242-1247.

. Pinto A, Maio M, Attadia V, Zappacosta S, Cimino R.

Modulation of HLA-DR antigens expression in human
myeloid leukaemia cells by cytarabine and 5-aza-2’-deoxy-
cytidine. Lancet. 1984;2:867-868.

. Pinto A, Attadia V, Fusco A, Ferrara F, Spada OA, Di Fiore

PP. 5-Aza-2'-deoxycytidine induces terminal differentiation
of leukemic blasts from patients with acute myeloid leuke-

mias. Blood. 1984;64:922-929.

. Coral S, Sigalotti L, Covre A, Nicolay HJ, Natali PG, Maio

M. 5-AZA-2'-deoxycytidine in cancer immunotherapy: a
mouse to man story. Cancer Res. 2007;67:2900-2901.

. Saunthararajah Y. Decitabine and sickle cell disease: molecu-

lar therapy for a molecular disease. Pediatr Hematol Oncol.
2007;24:465-468.

Jabbour E, Giralt S, Kantarjian H, et al. Low-dose azaciti-
dine after allogeneic stem cell transplantation for acute leu-
kemia. Cancer. 2009;115:1899-1905.

Greenberg P, Cox C, LeBeau M, et al. International scoring
system for evaluating prognosis in myelodysplastic syn-
dromes. Blood. 1997;89:2079-2088.

Parmar S, de Lima M, Zou Y, et al. Donor-recipient
mismatches in MHC class I chain-related gene A in un-
related donor transplantation lead to increased incidence
of acute graft-versus-host disease. Blood. 2009;114:2884-
2887.

de Lima M, Champlin RE, Thall PF, et al. Phase I/II
study of gemtuzumab ozogamicin added to fludarabine,
melphalan and allogeneic hematopoietic stem cell trans-
plantation for high-risk CD33 positive myeloid leukemias
and myelodysplastic syndrome. Leukemia. 2008;22:258-
264.

Soriano AO, Yang H, Faderl S, et al. Safety and clinical
activity of the combination of 5-azacytidine, valproic acid
and all-trans retinoic acid in acute myeloid leukemia and
myelodysplastic syndrome. Blood. 2007;110:2303-2308.
Braun TM, Thall PF, Nguyen H, de Lima M. Simultane-
ously optimizing dose and schedule of a new cytotoxic
agent. Clin Trials. 2007;4:113-124.

5430

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

O’Quigley J, Pepe M, Fisher L. Continual reassessment
method: a practical design for phase I clinical trials in can-
cer. Biometrics. 1990;46:33-48.

Kaplan M, Meier P. Nonparametric estimator from incom-
plete observations. J Am Statistical Assoc. 1958;53:457-481.
Mantel N. Evaluation of survival data and 2 new rank order
statistics arising in its consideration. Cancer Chemother Rep.
1966;50:163-170.

Johnson V. A Bayesian X2 test for goodness-of-fit. Ann Stat.
2004;32:2361-2384.

WinBugs. WinBugs Version 1.4. London, UK: Imperial
College & Medical Research Council, UK; 2009.

Venables WN, Ripley BD. Modern Applied Statistics With
Splus. 4th ed. New York, NY: Springer; 2002.

Oran B, Giralt S, Couriel D, et al. Treatment of AML and
MDS relapsing after reduced-intensity conditioning and
allogeneic hematopoietic stem cell transplantation. Leukemia.
2007;21:2540-2544.

Arfons LM, Tomblyn M, Rocha V, Lazarus HM. Second
hematopoietic stem cell transplantation in myeloid malig-
nancies. Curr Opin Hematol. 2009;16:112-123.

Shaw BE, Russell NH. Treatment options for the manage-
ment of acute leukaemia relapsing following an allogeneic
transplant. Bone Marrow Transplant. 2008;41:495-503.
Mielcarek M, Storer BE, Flowers ME, Storb R, Sandmaier
BM, Martin PJ. Outcomes among patients with recurrent
high-risk hematologic malignancies after allogeneic hemato-
poietic cell transplantation. Biol Blood Marrow Transplant.
2007;13:1160-1168.

Mortimer J, Blinder MA, Schulman S, et al. Relapse of
acute leukemia after marrow transplantation: natural history
and results of subsequent therapy. / Clin Oncol. 1989;7:50-
57.

Lubbert M, Bertz H, Wasch R, et al. Efficacy of a 3-day,
low-dose treatment with 5-azacytidine followed by donor
lymphocyte infusions in older patients with acute myeloid
leukemia or chronic myelomonocytic leukemia relapsed
after allografting. Bone Marrow Transplant. 2010;45:627-
632.

Figueroa ME, Skrabanek L, Li Y, et al. MDS and secondary
AML display unique patterns and abundance of aberrant
DNA methylation. Blood. 2009;114:3448-3458.

Stankovic T, McLarnon A, Agathanggelou A, Goodyear O,
Craddock C, Moss P. Epigenetic manipulation of cancer
testis antigen (CTAg) expression: a strategy for manipulating
the graft-versus leukaemia response in patients allografted
for haematological malignancies [abstract]. Blood. 2008;112:
600a.

Campoli S, Ferrone S. HLA antigen changes in malignant
cells: epigenetic mechanisms and biologic significance. Onco-
gene. 2008;27:5869-5885.

Hambach L, Ling KW, Pool ], et al. Hypomethylating drugs
convert HA-1-negative solid tumors into targets for stem cell-
based immunotherapy. Blood. 2009;113:2715-2722.
Sanchez-Abarca LI, Gutierrez-Cosio S, Santamaria C, et al.
Immunomodulatory effect of 5-azacytidine (5-azaC): poten-
tial role in the transplantation setting. Blood. 2010;115:107-
121.

Schmid C, Schleuning M, Ledderose G, Tischer J, Kolb H.
Sequential regimen of chemotherapy, reduced-intensity con-
ditioning for allogeneic stem-cell transplantation, and pro-
phylactic donor-lymphocyte transfusion in high-risk acute

Cancer  December 1, 2010



Azacitidine After Allogeneic Transplant/de Lima et al

34.

35.

Cancer

myeloid leukemia and myelodysplastic syndrome. J Clin
Oncol. 2005;23:5675-5687.

Wong R, Shahjahan M, Wang X, et al. Prognostic factors
for outcomes of patients with refractory or relapsed acute
myelogenous leukemia or myelodysplastic syndromes under-
going allogeneic progenitor cell transplantation. Bio/ Blood
Marrow Transplant. 2005;11:108-114.

Byrd JC, Mrozek K, Dodge RK, et al. Pretreatment cytoge-
netic abnormalities are predictive of induction success, cu-

December 1, 2010

36.

mulative incidence of relapse, and overall survival in adult
patients with de novo acute myeloid leukemia: results from
Cancer and Leukemia Group B (CALGB 8461). Blood.
2002;100:4325-4336.

Sorror ML, Giralt S, Sandmaier BM, et al. Hematopoietic
cell transplantation specific comorbidity index as an out-
come predictor for patients with acute myeloid leukemia in
first remission: combined FHCRC and MDACC experien-
ces. Blood. 2007;110:4606-4613.

5431



