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Abstract

A total of 36 consecutive patients with AML in CR underwent reduced-intensity allogeneic
hematopoietic SCT (RISCT) with fludarabine and melphalan conditioning. All patients were
ineligible for myeloablative transplantation because of age or comorbidity. In total, 30 patients
were in first CR and six patients were in second CR. Donors were siblings in 21 (58%) patients
and were unrelated in 15 (42%) patients. Hematopoietic cell transplant specific comorbidity scores
>3 were present in 26 (72%) patients. With a median follow-up of 52 months (range, 34-103
months), OS and PFS rates at 4 years were 71% (s.e., 8%) and 68% (s.e., 8%), respectively. At 4
years, the cumulative incidence of non-relapse mortality was 20% (s.e., 7%) and of relapse
mortality was 8% (s.e., 5%). Neither OS nor PFS was affected by older age (>60 years), unrelated
donor, melphalan dose, or comorbidity score. At last follow up, of the 24 surviving patients, 21
(88%) had performance status (ECOG) of 0 without any active chronic GVHD requiring steroids.
Hence, RISCT with fludarabine and melphalan conditioning produces durable long-term remission
in older patients with AML.
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Introduction

Despite advances in our understanding of the molecular mechanisms of disease process and
the availability of novel agents for treatment, the outcome of AML in older patients (>60
years) is dismal, with 5-year survival rate ranging from 10 to 15%.1-3 Most patients who
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achieve remission after induction therapy eventually relapse. Allogeneic transplant reduces
the risk of relapse,*° but conventional myeloablative allogeneic transplant and conventional
conditioning entail a high risk of treatment-related mortality for patients older than 60 years
and/or who have comorbidities.*67 Therefore, conventional myeloablative allogeneic
transplant is not suitable for most patients with AML.

An alternative for these AML patients is reduced-intensity allogeneic hematopoietic SCT
(RISCT), which is based on the premise that the antileukemic activity of an allogeneic
transplant is mainly because of graft-vs-leukemia immune effect of allogeneic cells and that
conditioning chemotherapy and radiotherapy dose can be decreased to reduce treatment-
related mortality, but still allow engraftment of allogeneic cells. Several studies have
reported encouraging early results, but long-term outcome data are limited.8-14 To augment
these limited data, we analyzed long-term results of RISCT in patients with AML in CR.

Patients and methods

Eligibility

Patients with AML in CR undergoing reduced intensity allogeneic transplant with
fludarabine and melphalan conditioning over a 8-year period between April 1998 and Sept
2006 are included in this retrospective analysis. To avoid a selection bias, all patients who
had received a transplant, whether on or off protocol, were included in this analysis. Patients
included in this analysis had been treated under protocols approved by the institutional
review board or with institutional review board approval under the compassionate IND
mechanism. All patients had provided written informed consent. The institutional review
board approved this analysis. CR was defined as <5% BM blasts, neutrophils >1 x 109/L
and platelets >100 x 109/L.15

Conditioning regimen and supportive care

The conditioning regimen had consisted of fludarabine 25-30 mg/m? for 4-5 days
(transplant days —6 or -5 to —2) with melphalan 100 mg/m? (n=21; 58%) or 140 mg/m?
(n=15; 42%) given on day —2. Anti-thymocyte globulin (horse 40-60 mg/kg or rabbit 4-7.5
mg/kg in divided doses) had been given to 17 patients who had received either an unrelated
donor graft (n=15; 42%) or a mismatched-related donor graft (n=2; 6%).16-18 GVHD
prophylaxis had consisted of tacrolimus and mini MTX. Standard antimicrobial prophylaxis
had been given. Donor BM or G-CSF primed PBPCs had been procured using standard
mobilization protocols and apheresis techniques. All donors had provided written informed
consent. BM procured from unrelated donors had been obtained through the National
Marrow Donor Program according to applicable guidelines. As required by the National
Marrow Donor Program, donors had provided informed consent at the donor center.

Statistical analysis

Primary outcomes were OS, PFS, relapse mortality and non-relapse mortality (NRM). We
calculated actuarial estimates of OS and PFS using the Kaplan—Meier method. We
calculated all outcomes since the date of transplant. PFS was defined as time to disease
progression or death. The cumulative incidence of NRM and of relapse mortality was
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estimated accounting for the competing risks of progression of malignancy and NRM,
respectively. Cumulative incidence of chronic GVHD was estimated considering relapse or
death in the absence of GVHD as competing events. Predictors of OS and PFS were
evaluated using Cox proportional hazards regression model. Statistical significance was
defined at the 0.05 level. Analysis was performed using STATA 9.0. (StataCorp. 2005. Stata
Statisitcal Software: Release 9. College Station, TX, USA: StataCorp LP.).

Patient characteristics

Detailed characteristics of the 36 consecutive patients are shown in Table 1. The 24 men and
12 women had a median age of 57 years (range, 21-71 years) and had high-risk disease as
indicated by antecedent myelodysplastic syndrome (n=9; 25%), therapy-related AML (n=9;
25%) and second remission (n=6). The majority of patients had intermediate (n=22) or poor-
risk karyotype (n=10). For 18 patients, the stem cell source had been BM; for the remaining
18 patients, mobilized PBSCs had been used. As would be expected in a clinical trial of a
reduced-intensity regimen that included patients who had not qualified for a myeloablative
transplant, the majority of the patients had significant comorbidities. A total of 26 (72%)
patients had a high score =3, and of those, 10 (28%) had a score =6, indicating a significant
coexisting medical illness.®

Engraftment and chimerism

GVHD

Al patients had engrafted with a median time to neutrophils >0.5x10%L of 12.5 days
(range, 8-19 days) and platelets >20x10%/L of 16 days (range, 9-39 days). Chimerism
studies on day 30 had showed 100% donor hematopoiesis in T and myeloid lineage in 35
(97%) of 36 patients. One patient had 98% donor cells at day 30, but had converted to 100%
donor hematopoiesis a month later.

Cumulative incidence of grades 11-1V acute GVHD was 25% (s.e., 7%) with 9 of 36 patients
developing acute GVHD, which was severe (grades 111-1V) in 4 (11%) patients. Cumulative
incidence of chronic GVHD (Figure 1) was 58% (s.e., 8%), occurring in 20 patients: 10
(29%) with limited disease and 10 (29%) with extensive disease.

Survival data

With a median follow-up of 52 months (range, 34-103 months), OS and PFS rates at 4 years
were 71% (s.e., 8%) and 68% (s.e., 8%), respectively (Figure 2). At 4 years, the cumulative
incidence of NRM was 20% (s.e., 7%) and relapse mortality was 8% (s.e., 5%) (Figure 3).
Neither OS nor PFS was significantly affected by older age (>60 years), unrelated donor,
dose of melphalan, or comorbidity score in an univariate analysis (Table 2). Overall, 12
patients had died: four of recurrent disease and eight of other causes. Chronic GVHD had
been the main cause of death in five of these eight patients who had been in remission at the
time of their death. Of the remaining patients, two patients had died of pneumonia and
multiorgan failure, and one had died of acute myocardial infarction.
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Long-term data for survivors

Of the 24 patients who were still alive at last follow-up, 22 (92%) had been in remission
after the transplant, and two (8%) remaining patients had been in remission after a second
allograft for recurrent disease. Of these 24 patients, 21 (88%) had a performance status of 0
without any active chronic GVHD. These patients were off all immunosuppressive agents
(n=15) or had been on tapering doses of tacrolimus (n=6), but not steroids. Three patients
had some sequelae from the transplant process: one patient had post-herpetic neuralgia, one
patient had extremity weakness because of polyneuropathy and required long-term
hemodialysis for end-stage renal disease, and one patient, who had been non-compliant with
immunosuppressive medications, had active, extensive, chronic GVHD.

Discussion

In this retrospective study, we report long-term results of RISCT for older patients (median
age, 57) with AML in CR: with a median follow-up of 52 months at 4 years, OS, PFS and
NRM rates were 71, 68 and 20%, respectively, with the majority (88%) of surviving patients
having normal performance status without any need for significant immunosuppression.
These findings are particularly important, as all these patients were ineligible for
myeloablative transplant because of older age or comorbidities and because their anticipated
prognosis with standard chemotherapy was guarded. That two-thirds of patients had
remained in long-term remission certainly indicates that RISCT should be a treatment option
for most patients with high-risk AML in CR and who are unable to receive a conventional
myeloablative allogeneic transplant, regardless of age or comorbidities. Because of a small
sample size and limited number of events, we could not identify any factors predictive of OS
or PFS.

Consistent with our results, several research groups have reported outcomes after RISCT in
older patients with AML in remission that appear better than those reported with standard
therapy. OS rates of 34-79% at 2 years after transplant has been reported in these studies
with RISCT in patients with AML in remission.8-14 Our results confirm those findings with
a longer follow-up period and demonstrate that the majority of patients wean off
immunosuppressants and achieve normal functional status.

Although different reduced-intensity conditioning regimens were used in those studies,8-14
the best reduced-intensity regimen for patients with AML in remission remains to be
identified. In an attempt to further reduce the toxicity without affecting the relapse rate, the
dose of melphalan in our study patients had been reduced from 140 mg/m? to 100 mg/m2. In
all, 58% of our patients had 100 mg/m? of melphalan and had outcomes similar to those of
patients who had received melphalan 140 mg/m? (Table 2).

A much larger randomized study will be needed to identify the agent, which will yield better
results when added to fludarabine as a part of a conditioning regimen; melphalan 100
mg/m?2, melphalan 140 mg/m2, BU and low-dose total-body radiation are all suitable
alternatives. Although PFS and OS in this study are comparable with those obtained with
myeloablative regimens, RISCT cannot be recommended for younger patients who are able
to undergo conventional myeloablative transplant in the absence of a comparative phase 11
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trial, despite several reports of similar outcomes between two regimens in retrospective
studies.10.19

What is the role of comorbidities or donor type? As measured by HCT index,® NRM does
not correlate with higher comorbidity score in our study, which is possibly because of a
smaller number of deaths caused by something other than recurrent disease. However, for
patients in CR with comorbidities, the reduced-intensity regimen may be more tolerable.
Likewise, our results were similar for unrelated and related donors as previously
reported.10.20.21 Thys, age, donor type and comorbidities should not deter patients with
AML in remission from undergoing RISCT.

Although a limitation of our study is inclusion of a small number of patients and a single-
center selection bias, our study did include all consecutive patients with AML in CR
undergoing RISCT with this regimen at our center, whether they were treated on or off
protocol. Small sample size reflects the knowledge that fewer older patients achieve
remission than do younger patients,? and a suitable donor can only be found in a timely
manner in a small fraction of these patients.2? Therefore, every attempt should be made to
improve induction chemotherapy and remission rates in these older patients, and a donor
search should begin when the disease is diagnosed. Despite these limitations, if a suitable
donor can be identified for older and infirm patients who have AML in remission, RISCT
should be a treatment consideration, as it can lead to long-term remission and a possible
cure.
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Figure 1.
Incidence of chronic GVHD.
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Patient characteristics

Characteristic N % (n=36)
Age
Median (range) 57 (21-71)
Sex
Male 24 67
Female 12 33
Diagnosis
AML, secondary to MDS 9 25
AML, therapy-related 9 25
AML, de novo 18 50
CMV status (patient/donor)
Positive 29 81
Negative/negative 3 8
Negative/positive 4 11
FAB
MO0/M1/M2 2/3/8
M4/M5/M6 5/6/1
M7/unclassified 1/10
Cytogenetics
Good 2 5
Intermediate 22 61
Poor 10 28
Unknown 2 5
Sem cell source
BM 18 50
Blood 18 50
Conditioning regimen
Melphalan 100 21 58
Melphalan 140 15 42
Donor type
Unrelated, 6/6 matched 15 42
Related, 6/6 matched 19 53
Related, 1 Ag mismatched 2 5
Disease status
CR1 30 83
CR2 6 17
HCT score
0-2 10 28
3-5 16 44
26 10 28
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Abbreviations: HCT=Hematopoietic cell transplantation; MDS=myelodysplastic syndrome.
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