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A B S T R A C T

Purpose
Acute graft-versus-host disease (aGVHD) is a major cause of morbidity and mortality after matched
unrelated, related, or mismatched related donor hematopoietic stem-cell transplantation (HSCT).
Improved GVHD prevention methods are needed. Pentostatin, an adenosine deaminase inhibitor,
leads to lymphocyte depletion with low risk of myelosuppression. We hypothesized that addition
of pentostatin to GVHD prophylaxis with tacrolimus and mini-methotrexate may improve out-
comes, and we conducted a Bayesian adaptively randomized, controlled, dose-finding study,
taking into account toxicity and efficacy.

Patients and Methods
Success was defined as the patient being alive, engrafted, in remission, without GVHD 100 days
post-HSCT and no grade � 3 GVHD at any time. Patients were randomly assigned to pentostatin doses
of 0, 0.5, 1.0, 1.5, and 2.0 mg/m2 with drug administered on HSCT days 8, 15, 22, and 30. Eligible
patients were recipients of mismatched related (n � 10) or unrelated (n � 137) donor HSCT.

Results
Median age was 47 years. Thirty-seven, 10, 29, 61, and 10 patients were assigned to the control
and four treatment groups, respectively, with comparable baseline characteristics. Pentostatin
doses of 1.0 and 1.5 mg/m2 had the highest success rates (69.0% and 70.5%) versus control
(54.1%). The posterior probabilities that the success rates were greater with 1.5 mg/m2 or 1.0
mg/m2 versus control are 0.944 and 0.821, respectively. Hepatic aGVHD rates were 0%, 17.2%,
and 11.1%, respectively, for 1.5 mg/m2, 1.0 mg/m2, and control groups. No grades 3 to 4 aGVHD
occurred in 11 HLA-mismatched recipients in the 1.5 mg/m2 group.

Conclusion
Pentostatin increased the likelihood of success as defined here, and should be further investigated
in larger randomized, confirmatory studies.

J Clin Oncol 29:294-302. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Acute graft-versus-host disease (aGVHD) is a major
cause of mortality and morbidity after allogeneic
hematopoietic stem-cell transplantation (HSCT).
High-resolution, allele-level HLA typing has im-
proved the results, but even with donor-recipient
high-resolution HLA matching at major histocom-
patibility complex class I (HLA-A, HLA-B, HLA-C)
and class II (HLA-DRB1 and HLA-DQB1), the in-
cidence of grades 2 to 4 aGVHD can be as high as
80% using cyclosporine- or tacrolimus-based
prophylaxis.1-6 Outcomes after the development of

grades 3 to 4 aGVHD are dismal, with a mortality
rate of 60% to 80%. Improved prophylactic ap-
proaches are needed.7,8

Pentostatin is a purine analog that inhibits
adenosine deaminase, leading to increased lym-
phocyte apoptosis and decreased interleukin-2
production.9,10 Preclinical data suggests that this
drug induces T-lymphocyte functional impair-
ment while sparing natural killer cell and humoral
responses.11 In vitro and animal data support ac-
tivity preventing GVHD, with minimal hemato-
logic toxicity, making pentostatin appealing as
peritransplantation therapy.12,13
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Pentostatin has been used successfully to treat aGVHD and
chronic GVHD (cGVHD).9,10,14,15 In a phase I dose-finding study, a
3-day schedule of the drug at 1.5 mg/m2/d was shown to have signifi-
cant activity against steroid-refractory aGVHD, with 63% complete
responses (CRs) and a 13% partial response rate.9 The drug was well
tolerated with no significant hematologic adverse effects. In another
study10 of heavily pretreated patients with steroid-refractory cGVHD,
pentostatin at 4 mg/m2 given every 2 weeks for 12 doses led to an
overall response rate of 55% and 2-year survival of 70%.

We hypothesized that the addition of pentostatin to our stan-
dard GVHD prophylaxis regimen (tacrolimus and mini-
methotrexate) would reduce the incidence of aGVHD in the
context of unrelated and HLA-mismatched related donor trans-
plants. We performed a randomized dose-finding study, seeking to
identify the optimal biologic effect of reducing aGVHD incidence.
While preserving engraftment, we were not interested in just de-
fining the maximum-tolerated dose, unlike classic phase I studies,
but instead took both safety and efficacy into account. In addition,
to understand both dose effect and drug effect, we included a
control group. Unrelated or mismatched related donor transplan-
tations are associated with higher aGVHD rates than matched
related donor HSCT. To minimize patient GVHD risk heterogene-
ity, we therefore limited our study to this higher-risk population.

Our primary objective was to determine the dose most likely
to produce success, which we defined as the patient being alive, in
remission, with engraftment, without evidence of grade � 2
aGVHD at 100 days after transplantation and no grade � 3
aGVHD at any time. We used the classic definition of aGVHD (ie,
occurring within the first 100 days after transplantation), hence the

100-day end point. Secondary objectives were to determine the
safety of the drug in this patient population.

PATIENTS AND METHODS

Recipients of unrelated or one-antigen mismatched related donor HSCT for
treatment of high-risk and/or advanced hematologic malignancies were eligi-
ble. Patients were required to have normal renal, hepatic, pulmonary, and
cardiac function. After two patients with myelofibrosis experienced engraft-
ment failure, this disease became an exclusion criterion. Patients were stratified
as high-risk if they had active disease at transplantation and/or any HLA
mismatch, or low-risk if they were in CR from their malignancy and had no
HLA mismatch (Fig 1). GVHD assessment was done according to the consen-
sus criteria.16 The Appendix (online only) contains details.

HLA Typing

High-resolution HLA typing was prospectively available for all donor-
recipient pairs at HLA-DRB1 and HLA-DQB1 loci and in 93% of the pairs at
HLA-A and HLA-B loci; the remaining pairs were retrospectively typed at the
HLA-A and HLA-B loci by high-resolution methods, as previously de-
scribed.17 All patients had intermediate-resolution HLA-C typing.

Treatment Plan

All patients received tacrolimus and methotrexate. Tacrolimus was given
intravenously from day �2, targeting a blood level of 5 to 15 ng/mL. Metho-
trexate 5 mg/m2 was given intravenously on days �1, �3, and �6 (day �11
for control patients only). Pentostatin was given intravenously on days �8,
�15, �22, and �30 after transplantation. There were five study arms: control
(no pentostatin), and pentostatin at 0.5, 1.0, 1.5, or 2.0 mg/m2. Dose adjust-
ments during treatment were made on the basis of creatinine level: if � 2.0
mg/dL, no pentostatin; if 1.5 to 2.0 mg/dL, there was a 75% dose reduction.
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Fig 1. CONSORT diagram.
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Statistical Design and Analysis

This study was a Bayesian adaptively randomized, five-arm, dose-finding
study that took into account toxicity and efficacy. Throughout the trial, dose 0
was assigned with probability 20%, although the probability of assignment to
any of the four active treatment doses changed during the trial according to the
observed information about success by dose. A maximum of 150 patients were
to be enrolled. Depending on accumulating results regarding infections, delay
in engraftment, and any pentostatin-related grade 3 or greater toxicity, not
every dose was available for administration. Initially, and in keeping with the
phase I attitude, only the control and 0.5 mg/m2 doses were administered, and
after three patients were treated on the 0.5 mg/m2 arm, with at least two of
three of these patients having no drug-associated complications, the next
higher dose became available for use. This decision process was repeated to
determine whether each successive treatment arm would become available.

The primary efficacy end point was success, defined as the patient being
alive, in CR, having engrafted neutrophils, and without grade � 2 aGVHD 100
days after HSCT and no grade � 3 aGVHD at any time. Patients who devel-
oped grades 1 to 2 aGVHD and responded to treatment with resolution of the
manifestation at day 100 were considered a success. Patients with grades 3 to 4
aGVHD at any time were considered treatment failures regardless of response
to GVHD treatment. Those treatment arms that evinced a better success rate
received a greater proportion of the patients, with the degree of imbalance
depending on the corresponding imbalance in observed success rates.

Specifically, the probability of success in each pentostatin dose group was
compared with that in the control arm in the following manner. The observed
success rate in the control arm was defined as p0. Similarly, p1, p2, p3, and p4

were the success rates in the 0.5, 1.0, 1.5, and 2.0 mg/m2 pentostatin treatment
groups, respectively. Each time a patient entered the trial, we found P(pk �
p0 current data) for k � 1, 2, 3, and 4. This is known as the posterior proba-
bility, since its calculation is performed after data or results from the study
became available. The probability P(pk � p0), or prior probability, is estimated
before data from the study are known, and it is based on prior information
and/or past experience. Information regarding the prognosis of the patients
(high-risk v low-risk) was also used in calculating the posterior probability.
This probability was used in adapting the randomization allocation, making
decisions on whether to close accrual in treatment arms, and selecting the best
pentostatin dose. If at any time P(pk � p0 data) was � 0.99, we would stop the
study and select dose k as the best pentostatin dose.

After 30 patients had been evaluated, we calculated the predictive prob-
ability that pk could ever be judged to be greater than p0, and we dropped
treatment arm k if this predictive probability was� 0.05. The study would stop
if all pentostatin treatment arms were dropped by this criterion, and pentosta-
tin would have been declared ineffective at any of the doses studied. We
repeated this process with each successive cohort of 10 patients.

The study had a false-positive rate of 0.05 for the null hypothesis in which
none of the doses improved success rate over control (success rate anticipated
to be 30% for low-risk patients and 15% for high-risk patients). This adaptive
Bayesian design had power 0.70 to detect a dose that had a success rate of 60%
for low-risk patients and 45% for high-risk patients.

We used the product limit estimator of Kaplan and Meier to estimate
overall survival and relapse-free survival, and we used log-rank statistics to
compare treatment groups (Fig 2).18 We measured event times from the date
of transplantation and used Fisher’s exact test to compare aGVHD rates
between each pentostatin arm and the control arm. Cumulative incidence of
cGVHD was estimated considering early death as a competing risk.19 All
analyses are by intention to treat.

RESULTS

A total of 150 patients were enrolled from November 2000 to Decem-
ber 2007. Three patients were removed from the study without treat-
ment because of ineligibility (n � 1) and because of insufficient
donor-cell collection (n � 1; both assigned to the 1.5 mg/m2 arm),
although one patient (from the 2.0 mg/m2 arm) withdrew consent

before treatment. Median follow-up was 13 months. Patient charac-
teristics were similar across treatment groups (Table 1).

Treatment Success Rate

The success rates in the 1 mg/m2, 1.5 mg/m2, and control arms
were 69%, 70.5%, and 54.1%, respectively (Table 2). The final poste-
rior probability that the success rate in the 1.5 mg/m2 arm was higher
than in the control arm was 0.944, and it was 0.821 for the 1 mg/m2

dose. Although the success rates for the 1.0 mg/m2 and 1.5 mg/m2

arms were similar, the 1.5 mg/m2 arm had twice as many patients
assigned to it because of early treatment failures for patients assigned
to the 1.0 mg/m2 dose. For example, three of the first six and four of the
first 10 patients assigned to the 1.0 mg/m2 arm experienced treatment
failure, whereas only one of the first six and two of the first 10 patients
assigned to the 1.5 mg/m2 arm experienced treatment failure. At the
end of the trial, the randomization probabilities were 0.342 (1.0
mg/m2) and 0.452 (1.5 mg/m2), with probabilities of 0.002 and 0.003
being assigned to the 0.5 mg/m2 and 2.0 mg/m2 dose levels, respectively.

Engraftment

Eight patients experienced graft failure: control arm, n � 1
(2.7%) and pentostatin arms, n � 7 (6.4%). There were six primary
graft failures and two secondary failures. Three graft failures occurred
in the 1.5 mg/m2 arm and illustrate the learning curve associated with
using the drug in this context. There were two additional primary graft
failures: both patients had splenomegaly and a diagnosis of myelofi-
brosis/myelodysplasia (both received reduced-intensity condition-
ing). Subsequently, myelofibrosis became an exclusion criterion for
the study. The two secondary graft failures occurred in patients receiv-
ing treatment doses of ganciclovir (one with mild renal dysfunction).

GVHD

Grades 1 to 4 aGVHD rates were 66.2% (92 of 139 engrafted
patients), grades 2 to 4 were 43.9%, and grades 3 to 4 were 15.8%
(Table 3). The median time to aGVHD was 27.5 days (range, 8 to 97
days). A nonsignificant trend toward less grade 2 to 4 and 3 to 4
aGVHD was seen in the pentostatin 1.5 mg/m2 arm (37.5% v 55.6%;
P � .085) when compared with control (10.7% v 19.4%: P � .358).
Four patients in the control group developed hepatic GVHD, as op-
posed to none of the 66 patients receiving pentostatin 1.5 mg/m2 or 2.0
mg/m2. Furthermore, among donor-recipient pairs with � 10/10
HLA match, no grades 3 to 4 aGVHD were seen in the pentostatin 1.5
mg/m2 or 2.0 mg/m2 groups (Table 3). There was no difference in the
proportion of patients taking steroids at day 100 among different
subgroups, but there was a higher response rate to steroids among
patients with GVHD in the 1.5 mg/m2 arm. The cumulative incidence
of cGVHD at 3.5 years was 43.6%, 40.0%, 46.2%, 46.8%, and 83.3% in
the control and pentostatin 0.5, 1.0, 1.5, and 2.0 mg/m2 dose
groups, respectively.

Toxicity

Overall, 90% of the intended doses of pentostatin were delivered.
Among the engrafted patients, assignment to the treatment arms did
not delay neutrophil or platelet engraftment (Table 4) or achievement
of donor chimerism. The drug is potentially nephrotoxic, and the rates
of mild (grades 2 to 3) renal toxicity were higher among patients
receiving pentostatin when compared with controls (Table 4).
Thrombotic-thrombocytopenic purpura has occurred in patients
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treated with pentostatin.20 In our study, we observed two cases in the
control arm and five cases in the study arms. Rates of fungal, bacterial,
and cytomegalovirus infection/reactivation were comparable in all
study arms. In addition, rates of early death, disease recurrence, and no
response to HSCT were similar (Table 4).

Relapse and Survival

Twenty patients (13.6%) experienced relapse of their malignancy
by 100 days after transplantation (Table 4). Eighty-one patients
(55.1%) have died. The 5-year actuarial survival rate was 41%. The

median survival for patients in CR treated in the pentostatin 1.5
mg/m2 arm (n � 29) was not reached, compared with 24 months for
control patients (n � 15; P � .178). Furthermore, among patients
with myeloid disease in CR, there was also a trend toward improved
survival favoring patients treated with pentostatin 1.5 mg/m2 (n � 22)
over the control arm (n � 10; P � .071). However, no survival
advantage was observed for patients with active disease at HSCT
(median overall survival of 13.6 months in the 1.5 mg/m2 arm v 18.4
months for controls; P � .46). Day-100 all-cause mortality was 11.6%
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Fig 2. Kaplan-Meier plots of overall survival (A) by risk group. High-risk (n � 107) was defined as presence of active disease at the time of transplantation and/or any
donor-recipient HLA mismatch, and low-risk (n � 40) was defined as complete remission at the time of transplantation and no HLA mismatch. (B) Overall survival by
pentostatin dose assignment; control group (n � 37), 0.5 mg/m2 (n � 10), 1.0 mg/m2 (n � 29), 1.5 mg/m2 (n � 61), 2.0 mg/m2 (n � 10). (C) Survival of patients in
complete response at the time of transplantation; control group (n � 16), 0.5 mg/m2 (n � 4), 1.0 mg/m2 (n � 16), 1.5 mg/m2 (n � 33), 2.0 mg/m2 (n � 7). (D) Overall
survival of patients with myeloid disease in complete remission at the time of hematopoietic stem-cell transplantation; control group (n � 11), 0.5 mg/m2 (n � 3), 1.0
mg/m2 (n � 15), 1.5 mg/m2 (n � 26), 2.0 mg/m2 (n � 5). Comparison of pentostatin 1.5 mg/m2 v control: P � .071. All analyses were conducted by intention to treat.
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Table 1. Patient Characteristics

Characteristic

All Patients
(N � 147)

Dose (mg/m2)

Pentostatin

Control
0.0 (n � 37)

0.5
(n � 10)

1.0
(n � 29)

1.5
(n � 61)

2.0
(n � 10)

No. % No. % No. % No. % No. % No. %

Age, years
Median 47 50 42 46 50 44
Range 18-72 18-69 23-55 20-71 22-72 31-59

Sex
Male 83 56.5 22 59.5 7 70.0 18 62.1 33 54.1 3 30.0
Female 64 43.5 15 40.5 3 30.0 11 37.9 28 45.9 7 70.0

Stem-cell source
Peripheral blood 28 19.0 8 21.6 0 8 27.6 11 18.0 1 10.0
Bone marrow 119 81.0 29 78.4 10 100 21 72.4 50 82.0 9 90.0

Conditioning regimen�

BEAM 2 1.4 0 1 10.0 0 0 1 10.0
BU/FLU 90 61.2 25 67.6 4 40.0 18 62.1 38 62.3 5 50.0
BU/FLU/CLO 3 2.0 1 2.7 0 0 2 3.3 0
BU/CY 14 9.5 2 5.4 3 30.0 4 13.8 3 4.9 2 20.0
BU/MEL 3 2.0 2 5.4 0 0 1 1.6 0
CY/TBI 14 9.5 4 10.8 0 1 3.5 7 11.5 2 20.0
FLU/MEL 15 10.2 2 5.4 2 20.0 3 10.3 8 13.1 0
FLU/MEL/GO 6 4.1 1 2.7 0 3 10.3 2 3.3 0
BU-based 112 76.2 30 81.1 8 80.0 22 75.9 44 72.1 8 80.0

Regimen type
Ablative 112 76.2 28 75.7 7 70.0 24 82.8 45 73.8 8 80.0
RIC 35 23.8 9 24.3 3 30.0 5 17.2 16 26.2 2 20.0

Donor
Unrelated 137 93.2 33 89.2 9 90.0 28 96.6 57 93.4 10 100
Mismatched-related 10 6.8 4 10.8 1 10.0 1 3.4 4 6.6 0

Antithymocyte globulin 134 91.2 34 91.9 9 90.0 28 96.6 55 90.2 8 80.0
Diagnosis

AML 84 57.1 15 40.5 6 60.0 23 79.3 35 57.4 5 50.0
MDS 21 14.3 8 21.6 0 1 3.5 12 19.7 0
CML 18 12.2 5 13.5 2 20.0 4 13.8 5 8.2 2 20.0
ALL 17 11.6 5 13.5 0 1 3.5 9 14.8 2 20.0
Lymphoma 7 4.8 4 10.8 2 20.0 0 0 1 10.0

HLA match
10/10 104 70.7 27 73.0 4 40.0 18 62.1 48 78.7 7 70.0
9/10 34 23.1 7 18.9 3 30.0 9 31.0 12 19.7 3 30.0
8/10 6 4.1 2 5.4 2 20.0 2 6.9 0 0
7/10 3 2.0 1 2.7 1 10.0 0 1 1.6 0

Disease status at time of transplantation
Complete remission 67 45.6 15 40.5 4 40.0 14 48.3 29 47.5 5 50.0
CML chronic phase 9 6.1 1 2.7 0 2 6.9 4 6.6 2 20.0
Active disease 71 48.3 21 56.8 6 60.0 13 44.8 28 45.9 3 30.0

Risk group
Low† 40 27.2 8 21.6 0 9 31.0 19 31.2 4 40.0
High‡ 107 72.8 29 78.4 10 100 20 69.0 42 68.9 6 60.0

Graft characteristics (min-max)
Total nucleated cells

Median 3.0 3.4 1.1 3.9 2.7 2.3
Range 0.2-554.1 0.6-21.3 0.8-4.4 0.3-22.8 0.2-16.3 0.6-5.54.1

CD34
Median 3.8 3.5 4.7 3.9 3.6 4.2
Range 1.1-29.3 1.4-12.7 1.7-6.9 1.3-29.3 1.1-12.4 1.6-7.7

CD3
Median 3.8 3.1 4.9 4.1 3.6 4.2
Range 0.9-29.3 1.4-12.7 0.9-6.9 1.3-29.3 1.1-12.4 1.6-7.7

Abbreviations: BEAM, carmustine, etoposide, cytarabine, melphalan; BU, busulfan; FLU, fludarabine; CLO, clofarabine; CY, cyclophosphamide; MEL, melphalan;
TBI, total body irradiation; GO, gemtuzumab ozogamicin; RIC, reduced-intensity conditioning; AML, acute myeloid leukemia; MDS, myelodysplastic syndromes;
CML, chronic myelogenous leukemia; ALL, acute lymphocytic leukemia.

�Conditioning regimen: BU/MEL: busulfan 130 mg/m2 for 4 days, melphalan 70 mg/m2 for 2 days; FLU/MEL/MYLO: fludarabine 30 mg/m2 intravenously daily for 4 days,
melphalan 140 mg/m2, gemtuzumab ozogamicin 2 mg/m2; BU/CY: busulfan 3.2 mg/kg intravenously daily for 4 days, cyclophosphamide 60 mg/kg for 2 days; BU/FLU: busulfan
130 mg/m2 intravenously daily for 4 days, fludarabine 40 mg/m2 intravenously daily for 4 days; CY/TBI: cyclophosphamide 120 mg/kg, total body irradiation at 12 Gy; BU/FLU/CLO:
busulfan 130 mg/m2 intravenously daily for 4 days, fludarabine 40 mg/m2 for 4 days, clofarabine 40 mg/m2 intravenous daily for 4 days; BEAM: carmustine 300 mg/m2, etoposide
200 mg/m2 for 4 days, cytarabine 200 mg/m2 for4 days, melphalan 140 mg/m2 for 1 day; FLU/MEL: fludarabine 25 mg/m2 for 5 days, melphalan 70 mg/m2 for 2 days.

†Low-risk: complete remission at the time of transplantation and no HLA mismatch.
‡High-risk: active disease at the time of transplantation or any HLA mismatch.
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for the whole cohort, and the nonrelapse mortality rate was 8.2%
(Table 4).

DISCUSSION

We describe the first prospective adaptively randomized study to
evaluate the role of pentostatin as a prophylactic aGVHD agent. We
identified one and possibly two doses (1.5 mg/m2 and 1.0 mg/m2) that
are promising with improved success rate. The absence of hepatic
aGVHD in the 1.5 mg/m2 subgroup was notable. We consider the
adaptive randomization method used here to have advantages in

dose-finding, taking efficacy (engraftment, response) as well as toxic-
ity (aGVHD, early death) into consideration in a single clinical trial for
determining the optimal drug dose.21 Moreover, trial participants
were more likely to be exposed to a dose that was not only less toxic but
also more efficacious. We defined success as a composite of clinically
meaningful and relevant end points (not only the absence of aGVHD).
To the best of our knowledge, this type of design has never been used
in the GVHD context.22 The overall success was 70.5% for the pen-
tostatin 1.5 mg/m2 group versus 54.1% for controls, with reduced
aGVHD rates. Furthermore, pentostatin was not associated with an
increased relapse rate.

Table 2. Success Rates

Patient Status
No. of

Patients

Dose (mg/m2)

Total
(N � 147)

Pentostatin

Control
0.0 (n � 37) 0.5(n � 10) 1.0(n � 29) 1.5(n � 61)

2.0
(n � 10)

No.* % No.* % No.* % No.* % No.* % No.* %

High-risk† 107 14/29 48.3 3/10 30.0 13/20 65.0 28/42 66.7 3/6 50.0 61/107 57.0
Low-risk‡ 40 6/8 75.0 0 0.0 7/9 77.8 15/19 79.0 1/4 25.0 29/40 72.5
Complete remission 76 10/16 62.5 2/4 50.0 12/16 75.0 28/33 84.9 3/7 42.9 55/76 72.4
Active disease 71 10/21 47.6 1/6 16.7 8/13 61.5 15/28 53.6 1/3 33.3 35/71 49.3
HLA match 104 13/27 48.2 2/4 50 14/18 77.8 34/48 70.8 3/7 42.9 66/104 63.5
HLA mismatch 43 7/10 70.0 1/6 16.7 6/11 54.6 9/13 69.2 1/3 33.3 24/43 55.8
All patients 147 20/37 54.1 3/10 30.0 20/29 69.0 43/61 70.5 4/10 40.0 90/147 61.2

NOTE. Success is defined as patient is alive, in remission, without evidence of grade 2 acute graft-versus-host disease (aGVHD) at day 100, and absence of grades
3 to 4 GVHD at anytime.

*Indicates number of events/patients at risk.
†High-risk: active disease at the time of transplantation or any HLA mismatch.
‡Low-risk: complete remission at the time of transplantation and no HLA mismatch.

Table 3. aGVHD Incidence and Distribution

Variable
No. of

Patients

Dose (mg/m2)

All
(N � 139)

Pentostatin

Control
0.0 (n � 36)

0.5
(n � 8)

1.0
(n � 29)

1.5
(n � 56)

2.0
(n � 10)

No.* % No.* % P No.* % P No.* % P No.* % P No.* %

Grades 2 to 4 aGVHD 20 55.6 4 50.0 .999 12 41.4 .321 20 35.7 .085 5 50 .999 61 43.9
HLA 10/10 100 15/27 55.6 2/4 50 3/18 16.7 16/45 35.6 4/7 57.1 40/100 40.0
HLA � 10/10 39 5/9 55.6 2/5 40 9/11 81.8 4/11 36.4 1/3 33.3 21 53.8

Grades 3 to 4 aGVHD 7 19.4 3 37.5 .355 5 17.2 .999 6 10.7 .358 1 10 .664 22 15.8
HLA 10/10 100 6/27 22.2 1/3 33.3 0/18 0 6/45 13.3 1/7 14.3 14 14.0
HLA � 10/10 39 1/9 11.1 2/5 40 5/11 45.5 0/11 0 0/3 0 8 20.5

Organs affected by grades 2 to 4 aGVHD
Skin 17 47.2 4 50 11 37.9 18 32.1 5 50 55 39.5
GI tract 11 30.5 3 37.5 5 17.2 13 23.2 2 20 34 24.4
Liver 4 11.1 2 25 5 17.2 0 0 11 7.9

Time to grades 2 to 4 aGVHD, days
Median 33.5 21 20 23 27 25
Range 8-52 11-27 11-73 9-69 11-49 8-73

Use of steroids on day 100 11/33 33.3 2/8 25 .999 7/26 26.9 .777 21/55 36.0 .819 6/10 60.0 .158 47/132 35.6
Response to steroids used for GVHD

treatment 9/22 40.9 1/4 25 .999 14/17 82.4 .020 31/40 77.5 .006 4/9 44.4 .999 59/92 64.1

NOTE. P values are from Fisher’s exact test for comparison with control arm.
Abbreviation: aGVHD, acute graft-versus-host disease.
*Indicates number of events/patients at risk.
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Grades 2 to 4 and 3 to 4 aGVHD rates of 56% and 19% in the
control group were similar to the generally reported experience.17,23

Of note, the distribution of relevant baseline characteristics, such as
proportion of patients with active disease, use of peripheral blood stem
cells, use of myeloablative regimens, and use of antitymocyte globulin
(ATG) was similar across treatment arms.

Pentostatin 1.5 mg/m2 was associated with no instances of grades
3 to 4 aGVHD in patients with � 10/10 HLA matched donor. No
hepatic GVHD was observed in recipients of the higher pentostatin
dose levels of 1.5 mg/m2 and 2 mg/m2. Similar to what has been
documented in several aGVHD studies, cGVHD rates were compara-

ble in the control and pentostatin arms. It is important to note, how-
ever, the low rates of cGVHD overall (including the control cohort).
We do not have a clear explanation for that, but it may be related to the
use of ATG and bone marrow as the stem-cell source in most trans-
plants. In addition, although the proportion of patients given ste-
roids to treat aGVHD on day 100 was similar across study groups,
the response to treatment was significantly improved in the 1.5
mg/m2 group.

Acknowledging the limitations of subset analyses, there was a
trend toward a survival advantage for patients in CR treated with
pentostatin 1.5 mg/m2. We found a similar trend among patients with

Table 4. Engraftment, Mortality, and Toxicity

Variable

Dose (mg/m2)

Total
(N � 147)

Pentostatin

Contro
l0.0 (n � 37)

0.5
(n � 10)

1.0
(n � 29)

1.5
(n � 61)

2.0
(n � 10)

No. % No. % No. % No. % No. % No. %

Engraftment
Time to neutrophil engraftment,

days�

Median 13 15 12 12 13 13
Range 8-23 10-20 10-22 8-24 11-25 8-25

Time to platelet engraftment, days†
Median 18 21 15 15 22 16
Range 10-177 11-70 9-85 9-90 12-71 9-177

Day-100 mortality
Overall mortality 5 13.5 2 20 4 13.8 6 9.8 0 17 11.6
Nonrelapse mortality 3 8.1 1 10 3 10.3 5 8.2 0 12 8.2
Cause of death

GVHD 3 8.1 0 3 10.3 3 4.9 0 9 6.1
Infection 0 1 10.0 0 0 0 1 0.7
Relapse 2 5.4 1 10.0 1 3.4 1 1.6 0 5 3.4
Other 0 0 0 2 3.3 0 2 1.4

Day-100 relapse rate 6 16.2 4 40 3 10.3 6 9.8 1 10 20 13.6
No response to HSCT 2 5.4 1 10.0 1 3.4 3 4.9 0 7 4.8
Transplantation-related toxicity

Graft failure 1 2.7 2 20 0 5� 8.2 0 8 5.4
Prolongation of neutrophil

engraftment time beyond 21
days‡ 4 10.8 0 0.0 2 6.9 2 3.3 1 10.0 9 6.1

Early death (within 30 days from
SCT)

0 0 1 3.4 2 3.3 0 3 2.0

Renal toxicity ‡
Creatinine elevation

Grade 1 9 24.3 5 50.0 3 10.3 10 16.4 1 10.0 28 19.0
Grade 2 2 5.4 1 10.0 1 3.4 8 13.1 3 30.0 15 10.2
Grade 3 0 0 0 3 4.9 0 3 2.0

TTP/HUS 2 5.4 0 0 3 4.9 2 20 7 4.8
Infectious complications

Bacterial 24 64.9 6 60.0 17 58.6 38 62.3 7 70.0 92 62.6
Viral 23 62.2 4 40.0 15 51.7 7 70.0 89
Fungal 5 13.5 2 20.0 7 24.1 1 10.0 24 16.3
Parasite 0 0 1 3.4 0 2 1.4
CMV 21 56.8 3 30.0 12 41.4 27 44.3 5 50.0 68 46.3

Abbreviations: GVHD, graft-verus-host disease; HSCT, hematopoietic stem-cell transplantation; SCT, stem-cell transplantation; TTP/HUS, thrombotic thrombocy-
topenic purpura/hemolytic uremic syndrome; CMV, cytomegalovirus.

�The initial two graft failures had a diagnosis of chronic myelomonocytic leukemia and myelodysplastic syndromes with myelofibrosis and subsequently this was
made an exclusion criteria. Thereafter, three additional cases of graft failures incurred in the pentostatin 1.5 mg/m2 arm.

†Thirteen patients did not engraft platelets: two at control dose 0.0 mg/m2, three at dose 0.5 mg/m2, two at dose 1.0 mg/m2, six at dose 1.5 mg/m2.
‡In 0.5 mg/m2 dose group, one patient had renal failure in the context of multiple organ failure; in 1.5 mg/m2 dose group, one patient required dialysis.
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myeloid leukemia who had transplantations in CR (P � .071). This
effect was evident only with longer follow-up and was not present
in the subgroup of patients not in CR at HSCT. This potential
advantage will need to be evaluated and confirmed in a larger
cohort of patients.

Pentostatin is not devoid of risks, and a learning curve was evi-
dent in this study. Engraftment failure occurred in eight patients,
including two patients with fibrotic marrows, suggesting that such
patients should not be treated with this drug. Careful monitoring of
renal function and avoidance of ganciclovir during pentostatin ad-
ministration is also required. Nephrotoxicity is a well-known risk with
the drug, and dose adjustments are necessary in the presence of re-
nal failure.14,24

Infectious complications were equally distributed in the study
and control arms. Although late infections and cytomegalovirus
reactivation have been reported with higher pentostatin doses in
GVHD treatment studies,10,14 we did not see such a trend here.
Interestingly, we did not observe an increased relapse rate in the
pentostatin arms, suggesting no major interference with the graft-
versus-leukemia effect.

We conclude that pentostatin at a dose of 1.5 mg/m2 given
prophylactically with tacrolimus and mini-methotrexate, leads to an
increased success rate following unrelated donor or mismatched re-
lated allogeneic HSCT. Success was defined as the patient being alive,
engrafted, in remission, and without signs and symptoms of aGVHD
after HSCT. The 1.5 mg/m2 dose appeared more promising, consid-
ering the low rate of hepatic GVHD and the higher posterior proba-
bility of success when compared with controls. The drug also appeared
to be active in the subgroup of mismatched unrelated donor trans-
plantations as well. A prospective randomized trial comparing GVHD
prophylaxis with and without this purine analog is warranted to de-
finitively assess the efficacy of pentostatin in the setting of alloge-
neic HSCT.

Although this initial study with an adaptive randomization ap-
proach is no substitute for a large-scale, randomized phase III trial in
disease-specific and conditioning therapy–specific populations, it was
useful for obtaining estimates of the effectiveness of adding pentosta-
tin to the GVHD prophylaxis armamentarium in an efficient manner.
Our data can be used to support therapeutic decision making while
awaiting the outcome of more definitive studies. Considering that
ours was a phase I/II study, we had to incorporate a relatively short yet
meaningful end point because of the logistics of conducting the trial.
From a phase I perspective, 100 days was adequate time to detect
toxicities and most direct drug effects. Our initial goal in the phase I
portion was to define the dose and to innovatively use a statistical
approach that allowed us to move seamlessly to the phase II portion of

the trial incorporating efficacy in the measured outcome. Currently,
our results support the use of pentostatin at a dose of 1.5 mg/m2 once
weekly, as described, in patients with unrelated or one-antigen mis-
matched donors undergoing allogeneic HSCT for advanced hemato-
logic malignancies. Future studies should use the defined pentostatin
dose and provide longer-term end points.
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