lEEs)

y R Lk T A
(BRI T —47) LI TR ORISR
REREE i FfE S mep RIS T 5 | 88730 2011
7wl AZA1H1EREGRA | BARMLIKRFSENES
% AW-GVHDTB5 & =D (4B 2011.10.14-16)
Yano S, Takami A, et al Prognostic Factors of American Society of 2011
Reducing Relapse in Patients | Hematology 53rd
undergoing Allogeneic annual meeting
Hematopoietic Cell Ttansplan | (San Diego,CA
tation from Related Donor for 2011.12.10-13)
Acute Myeloid Leukemia:
The Japan Society for
Hematopoietic Cell
Transplantation (JSHCT)
AML Working Group.
REHEE. ®RER SR BRI BRIk S M | 5 34[E * 2012
F MR E M MESAE OB | B A R HEES

K+ DfftT — B AE L
¥4 AML Working Group—

(KB 2012.2.24-25)

34




V. BREROTITY GusChm)



Comparison of Allogeneic Hematopoietic Cell
Transplantation and Chemotherapy in Elderly Patients
with Non-M3 Acute Myelogenous Leukemia in First
Complete Remission
Saiko Kurosawa,' Takuhiro Yamaguchi,? Naoyuki Uchida,> Shuichi Miyawaki,*
Kensuke Usuki,5 Masato Watanabe,® Takuya Yamashita,7 Heiwa Kanamori,®
Junji Tomiyama,” Yuichiro Nawa,'® Shingo Yano,'! fin Takeuchi,'? Kazuaki Yakushiji,"

Fumiaki Sano,'* Nobuhiko Uoshima,'5 Takahiro Yano,'6 Yasuhito Nannya,’7
Yukiyoshi Moriuchi,'® Ikuo Miura,'® Yoichi Takaue,' Takahiro Fukuda'

The benefits of allogeneic hematopoietic cell transplantation (allo-HCT) for patients with acute myelogenous
leukemia (AML) in first complete remission (CR |) have mostly been evaluated in younger patients. Although favor-
able outcomes ofallo-HCTover chemotherapy have been reported with the use of reduced-intensity conditioning
(RIC) regimens in elderly patients with AML in CRI, information is still limited, especially on the effects of cyto-
genetic risks and donor sources. We collected data from AML patients aged 50 to 70 years who achieved CR 1, and
compared the outcome in 152 patients who underwentallo-HCT in CR 1 (HCT group) to that in 884 patients who
were treated with chemotherapy (CTx group). The cumulative incidence of relapse in the HCT group was signif-
icantly lower than that in the CTx group (22% versus 62%). Both overall survival (OS) and relapse-free survival
(RFS) were significantly improved in the HCT group (OS: 62% versus 51%, P = .012), not only in the whole pop-
ulation, but also in the intermediate-risk group. Among patients who had a suitable related donor, the outcomes in
the HCT group were significantly better than those in the CTx group. The introduction of appropriate treatment

strategies that include allo-HCT may improve the outcome in elderly patients with AML in CRI.
Biol Blood Marrow Transplant 17: 401-411 (2011) © 2011 American Society for Blood and Marvow Transplantation
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INTRODUCTION

The biologic characteristics of acute myelogenous
leukemia (AML) change as the patient becomes older,
because such patients are more often associated with un-
favorable profiles such as antecedent hematologic disor-
der (AHD), expression of P-glycoprotein in blasts, and
unfavorable-risk cytogenetic abnormalities [1-4]. In
addition, elderly patients are more likely to have
a worse performance status and an increased risk of
comorbidities, which makes it difficult for them
to undergo aggressive therapies [5,6]. Consequently,
the reported probability of achieving a first complete
remission (CRI1) is lower than that in younger
patients. In most previous studies, the duration of
remission has been reported to be 6 to 8 months, with
a 3-year survival rate of <20% [7-10].

Although allogeneic hematopoietic cell transplan-
tation (allo-HCT) is an effective strategy for decreasing
the risk of relapse in younger patients, an increase in
the risk of treatment-related toxicity is inevitable. Al-
though >50% of the reported AML patients are 50
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years of age or older, most previous studies have inves-
tigated treatment strategies that include allo-HCT in
related younger donor/patient pairs by allocating treat-
ment options based on donor availability. Over the past
decade, several studies showed that allo-HCT with
reduced-intensity conditioning (RIC) is acceptably
safe and effective in elderly patients [11-18]. Allo-
HCT with RIC has also been reported to be superior
to conventional chemotherapy in elderly AML patients
in CR1, particularly when they have a matched related
donor [19,20]. However, most of these studies included
small numbers of patients, and there is still limited
information available on the effects of risk factors of
AML, differences in donor sources, and conditioning
regimens. To address these critical questions, we
performed a nationwide retrospective survey.

PATIENTS AND METHODS

Data Source

The study protocol was approved by the institu-
tional review board at the National Cancer Center Hos-
pital. The targeted population was adult patients who
were diagnosed with AML between 1999 and 2006,
aged 50 to 70 years, and who had achieved CR1 after
1 or 2 courses of induction chemotherapy. The diagno-
sis of AML was determined by the WHO classification
and included myelodysplastic syndrome with 20% or
more bone marrow (BM) blasts. CR was evaluated ac-
cording to standard criteria for hematologic CR, which
was defined as a normocellular BM aspirate containing
5% or less blasts with normal maturation. The presence
of minimal residual disease was not molecularly exam-
ined in this study. Among them, patients with acute
biphenotypic leukemia who were treated with chemo-
therapy for acute lymphoblastic leukemia, those who
had extramedullary AML without BM invasion or ex-
tramedullary lesion that did not totally disappear after
remission induction chemotherapy, those with acute
promyelocytic leukemia, and those who received autol-
ogous HCT in CR1 were excluded from the analysis.
Information about the disease risks at diagnosis, clinical
course, HLA typing and donor availability during CR1,
conditioning regimen, and donor source of allo-HCT
were collected. Related donors included an HLA-
matched or 1-antigen (Ag)-mismatched related donor.
A haploidentical related donor who had 2 or more Ag
mismatches was considered as an alternative donor. Un-
related donors included volunteer BM donors with 0 or
1-Ag mismatches and unrelated cord blood with three
or less-Ag mismatches. As HLA typing for unrelated
BM donors was predominantly performed by matches
at serum levels in this era, detailed information on
allele-level matches was not completely available.

Biol Blood Marrow Transplant 17:401-411, 2011

Statistical Analysis

Data were retrospectively reviewed and analyzed as of
December 2009. Background differences between the 2
groups was examined with the chi-square test for cate-
goric variables, and with #test for metric variables. The
primary endpoints of the study were relapse-free survival
(RFS) and overall survival (OS) from when CR1 was
achieved. The unadjusted probabilides of RFS and OS
were estimated using the Kaplan-Meier product limit
method according to the treatment group, and 95% con-
fidence intervals (Cls) were calculated using the Green-
wood formula. To compare RFS and OS between the
treatment groups, the log-rank test was used. We per-
formed landmark analyses by excluding patients who
died or relapsed within 60 days from CRI for those
who were treated with chemotherapy alone. Cumulative
incidences were estimated for relapse and nonrelapse
mortality (NRM) to take into account competing risks.
The Pepe and Mori’s test was used to evaluate the differ-
ences between groups. RFS, OS, incidences of relapse,
and NRM were estimated as probabilities at 3 years
from CRI. Associations between treatment groups and
outcome were evaluated using Cox proportional hazard
regression models. In additon to whether allo-HCT in
CR1 was performed or not, the following factors were
considered as covariates: cytogenetic classification ac-
cording to the Southwest Oncology Group (SWOG),
FAB classification, the number of courses of chemother-
apy required to achieve CR1, initial white blood cell
(WBC) count, and dysplasia at diagnosis. We considered
2-sided P-values of <.05 to be statistically significant. Sta-
tistical analyses were performed with the SPSS software
package and SAS version 9.1.3 (SAS, Cary, NC, USA).

RESULTS

Patients

Clinical data for around 1300 patients were col-
lected from 67 institutions. After excluding 45 patients
who received autologous HCT in CR1 or other ineligi-
ble patients as described in Patients and Methods, 1036
were eligible for this study (Table 1). The median
follow-up of the surviving patients was 44 months. As
a remission induction therapy, 89% of elderly patients
had received cytarabine- and anthracycline (daunoru-
bicin or idarubicin)-based regimens. Low-dose cyatar-
abine-based regimens were performed in 8% of the
elderly patients. Consolidation therapy was continued
with cytarabine-based regimens with or without main-
tenaice therapy at the discretion of physicians.

Donor Availability and Consideration
of allo-HCT in CRI

Information on HLA typing during CR1 and the
availability of related donors was obtained in 953
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Table |. Patient Characteristics

All Patients Allo-HCT in CRI No HCT in CRI
Characteristics n = 1036 n = 152 (%) n = 884 (%) P
Median age
years, (range) 60 (50-70) 55 (50-70) 61 (50-70) <.001
Median time from diagnosis to CRI
days, (range) 40 (26-283) 48 (26-242) 39 (13-283) <.001
Disease
MO, 6,7 102 24 (16) 78 (9) <.001
AHD 37 19 (13) 18 (2) <.001
Cytogenetic risks (SWOG) <.001
Favorable 164 5(3) 159 (18)
Intermediate 589 93 (61) 496 (56)
Unfavorable 166 27 (18) 139 (16)
Unknown 99 25 (16) 74 (8)
Remission induction 0.13
2 courses 199 36 (24) 163 (18)
WBC (/uL) <.001
Higher than 20,000 335 28 (18) 307 (35)
Dysplasia <.001
Yes 268 - 74 (49) 194 (22)

Allo-HCT indicates allogeneic hematopoietic cell transplantation; CRI, first complete remission; AHD, antecedent hematologic disorder; WBC, white
blood cell; SWOG, Southwest Oncology Group.

elderly patients. Among these patients, HLA typing
was performed in 331 patents in CR1 (35%) and these
patients were younger than those who did not have
their HLA typed during CR1 (median, 56 years versus
62 years) (Table 2 and Figure 1). Patdents who had
their HLA typed were associated with more unfavor-
able features, such as unfavorable FAB types, AHD,
arequirement of 2 courses of remission induction ther-
apy, dysplasia at diagnosis, and a lower frequency of
favorable-risk AML by the SWOG classification. Re-
lated donors (HLA-matched and 1-Ag-mismatched
related donors) were found in 134 padents (40%).

lated donor and those who did not after HLA typing
(Table 2). Among the patients who had a related do-
nor, 76 (57%) actually underwent allo-HCT during
CR1. Among the 197 patients who did not find a re-
lated donor, 76 (39%) received allo-HCT from an al-
ternative donor in CR1 (Figure 1).

Patients Who Received allo-HCT in CRI

Of the total 1036 patients, 152 underwent allo-
HCT in CR1 (15%). Patients who received allo-HCT
in CR1 were younger and associated with more

unfavorable characteristics than those who did not
(Table 1). As shown in Table 3, 49% of the padents

No significant difference was found in the distribution
of age and risk factors between patients who found a re-

Table 2. Donor Search and Transplantation

HLA Check in CRI, n = 331 Statistical Differences

No HLA Related Donor Related Donor  Related Donor not Related Donor
Check in CRI  Available/HCT+**  Available/HCT—"  Available/HCT+S  not Available/HCT—*
Characteristics N = 622 (%) n =76 (%) n = 58 (%) n =76 (%) n =121 (%) P Pt Pt
Age, median, years 62 55 55 55 57 <.001 396 906
Disease
MO, 6,7 47 (8) 17 (22) 5(9) 7(9) 13 (1) 0.008 170 160
AHD 11 (2) 4 (5) 2(3) 15 (20) 2(2) <.001 186 450
Cytogenetic risks (SWOG) <.001 561 .045
Favorable 118 (19) 4 (5) 12 (21) I (h 19 (16)
Intermediate 354 (57) 43 (57) 28 (48) 50 (66) 69 (57)
Unfavorable 92 (15) 13(17) 9 (16) 14 (18) 17 (14)
Unknown 48 (8) 16 (21) 9 (16) 11 (14) 14 (12)
Remission induction .009 541 871
2 courses 103 (17) 19 (25) 14 (24) 17 (22) 29 (24)
WBC (/pL) .021 178 .004
Higher than 20,000 223 (36) 11 (14) 19 (33) 17 (22) 39 (32)
Dysplasia <.001 991 17
Yes 127 (20) 31 (41) 16 (28) 43 (57) 26 (21)

CR indicates complete remission; HCT, allogeneic hematopoietic cell transplantation; AHD, antecedent hematologic disorder; WBC, white blood cell;
SWOG, Southwest Oncology Group.

*P-value of comparing “No HLA check in CRI1” versus “HLA check in CR1.

1P-value of comparing “Related donor available®*®” versus “Related donor not available
$P-value of comparing “HCT+*" versus “HCT->" among those who had a related donor.

c+dn
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Figure 1. Patient flow. Among 953 patients for whom information was
available, HLA typing was performed in 331 patients in CRI (35%). Re-
lated donors were found in 134 patients (40%). Among the patients who
had a related donor, 76 (57%) actually underwent allo-HCT in CRI.
Among the |97 patients without a related donor, 76 (39%) received
allo-HCT from an alternative donor in CRI.

received allo-HCT in CR1 from an HLA-matched or 1-
Ag-mismatched related donor. The median interval
from CRI to allo-HCT was 139 days. An RIC regimen
was given to 93 patients (61%) with a higher median
age of 58 years compared to those who received
a myeloablative (MA) regimen, 52 years. Extensive
chronic graft-versus-host disease (¢<GVHD) developed
in 61 patients (45 %) among 135 who lived and had a fol-
low-up period of longer than 100 days.

Comparison of the Outcomes of allo-HCT
versus Chemotherapy in CRI

The outcome in patients who received allo-HCT
in CR1 (HCT group) was compared to that in patients
who did not receive allo-HCT in CR1 (CTx group).
Landmark analyses were performed in all subgroups
by excluding 46 patients from the CTx group who re-
lapsed or died within 60 days after achieving CR1. In

Table 3. Characteristics of Transplantation in CRI

Biol Blood Marrow Transplant 17:401-411, 201 |

the CTx group, 183 patients ultimately received sal-
vage allo-HCT after relapse (33 % of relapsed patients).
The cumulative incidence of relapse in the HCT group
was significantly lower than that in the CTx group
(22% versus 62% at 3 years from CRI, P < .001)
(Figure 2). The cumulative incidence of NRM in the
HCT group was higher than that in the CTx group
(21% versus 3%, P < .001). The 3-year RFS in the
HCT group was significantly higher than that in the
CTx group (56% versus 29%, P < .001). Although
the difference between the HCT and CTx groups
decreased, the 3-year OS in the HCT group was also
significantly higher than that in the CTx group (62%
versus 51%, P = .012). Multivariate analyses for sur-
vival showed that performance of allo-HCT, a single
course of induction therapy to achieve CR1, lack of
dysplasia, WBC below 20,000/pL. at diagnosis, and
a more favorable cytogenetic risk were significantly
associated with better RFS and OS (Table 4). We
also used the Cox proportional hazards model with
time-dependent variables after taking into account
the time from CR1 to allogeneic HCT. By adjusting
the influence of waiting time to allogeneic HCT in
this analysis, we found that allogeneic HCT in CR1
was also independently associated with better OS.

In a subset analysis according to the cytogenetic
risk, patients with intermediate-risk AML showed the
similar trends in relapse, NRM, RFS, and OS to the en-
tire patient population (OS: 67% versus 54%, P = .024)
(Figure 3A). Among patients with unfavorable-risk
AML, 27 received allo-HCT in CR1 and 125 did not.
In this group of patients, relapse incidence in the
HCT group was also substantial (Figure 3B) (41% at
3 years; 95% CI, 21%-61%), which led to OS that did
not differ significantly compared to that in the CTx
group (OS: 47% versus 35%, P = .206).

We also evaluated the outcome in relation to
donor availability (Figure 4). Among 134 patients

Allo HCT in CR1 Median Interval from CR1
Characteristics n = 152 (%) Median Age, Years (Range) to HCT, Days (Range)
Total 55 (50-70) 139 (14-981)
Donor
Matched related 64 (42) 55 (50-70) 121 (14-574)
|-Ag-mismatched related 10 (7) 57 (50-60) 99 (15-436)
Haplo-identical 3(2) 51 (50-54) 144 (21-147)
Unrelated bone marrow 52 (34) 55 (50-64) 177 (40-981)
Cord blood 23 (15) 55 (50-67) 127 (14-650)
Conditioning
Myeloablative
TBI regimen 16 (11) 52 (50-58) 167 (52-436)
Non-TBI regimen 40 (26) 52 (50-59) 141 (14-361)
Reduced-intensity
Flu/Bu-based 48 (32) 58 (50-70) 147 (15-574)
Flu/Mel-based 29 (19) 58 (50-66) 126 (14-981)
Others 16 (11) 58 (50-69) 99 (23-304)

Allo-HCT indicates allogeneic hematopoietic cell transplantation; CR, complete remission; Ag, antigen; TBI, total body irradiation; Flu, fludarabine; Bu,

busulfan; Mel, melphalan.
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Figure 2. Outcomes according to treatment in CR1 (total elderly patients). Relapse (upper left), nonrelapse mortality (upper right), relapse-free sur-
vival (bottom left), and overall survival (OS) (bottom right) of patients who underwent allogeneic hematopoietic cell transplantation in CR| and those
who did not are shown. Forty-six patients who died or relapsed within 60 days from CR1| were excluded as described in the Statistical Analysis. OS was
significantly improved in the HCT group (P = .012).

who had a related donor, 76 underwent allo-HCT in These results did not change when 622 patients who
CRI. The incidence of NRM among the patients did not have their HLA typed (those who were not
who received allo-HCT from a related donor was known to have a suitable related donor) were included

14%, which was significantly lower compared to that in the CTx group (66% versus 54%, P = .011)
observed in the whole HCT group. On the other (Appendix 1-A) or when landmark was extended to 5
hand, patients who found a related donor but did not months from CR1 for the patients in the CTx group
undergo allo-HCT in CR1 had a substantial incidence who had a related donor (66% versus 54%, P = .068)
of relapse (80%; 95% CI, 70%-90%). These results (Appendix 1-B). We also performed the same compari-
led to significant differences in RFS and OS between son limited to intermediate-risk AML patients who had
the HCT and CTx groups (RFS: 64% versus 11%, a related donor, and found significant differences
P < .001, OS: 66% versus 43%, P = .001) (Figure 4A). between the HCT and CTx groups (RFS: 78% versus

Table 4. Muiltivariate Analysis

RFS os
Variables HR (95% CI) P HR (95% Cl) P

Allo HCT in CR1 (versus Yes)

No 2.58 (1.97-3.37) <.001 1.81 (1.35-2.42) <.001
Cytogenetic Risk (versus Favorable)

Intermediate 1.14 (0.90-1.44) .283 1.10 (0.84-1.45) 487

Unfavorable 1.70 (1.28-2.24) <.001 1.89 (1.37-2.59) <.001

Unknown 1.62 (1.18-2.23) .003 1.34 (0.92-1.95) 132
FAB (versus M1, 2, 4, 5)

MO, 6,7 1.25 (1.00-1.57) .052 1.38 (1.07-1.77) 014
Remission Induction (versus | course)

2 courses 1.52 (1.26-1.84) <.001 .61 (1.31-1.99) <.001
Dysplasia (versus No)

Yes 1.21 (0.98-1.48) .075 1.29 (1.02-1.63) .033
WBC (versus 20,000 or lower)

Higher than 20,000 1.29 (1.09-1.54) .004 1.24 (1.01-1.51) .038

HR indicates hazard ratio; RFS, relapse-free survival; Cl, confidence interval; OS, overall survival; allo-HCT, allogeneic hematopoietic cell transplantation;
CR, complete remission; WBC, white blood cell count.
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Figure 3. Outcomes according to treatment in CR1 (cytogenetic risks). Relapse (upper left), nonrelapse mortality (upper right), relapse-free survival
(bottom left), and overall survival (OS) (bottom right) of patients who underwent allogeneic hematopoietic cell transplantation in CR1 and those who
did not are shown among (A) intermediate-risk AML and (B) unfavorable-risk AML. (A) OS was significantly improved in the HCT group among patients
with intermediate-risk AML. (B) Relapse incidence was high even after HCT, and OS in the HCT group did not significantly differ from that in the CTx

group.

13%, P < .001, OS: 78% versus 63%, P = .048)
(Appendix 1-C).

Among 197 patients who did not have a related
donor, 76 underwent allo-HCT from an alternative
donorin CR1.Alternative donorsincluded 51 unrelated
BM, 22 unrelated CB, and 3 haploidentical related
donors. Patients who received allo-HCT in CR1 from
an alternative donor had a higher incidence of NRM
than those who received allo-HCT from a related donor
(28% versus 14% at 3 years, P = .029). Additionally, in-
cidence of relapse in allo-HCT from an alternative do-
nor was notreduced compared to thatin a related donor
transplant setting (22% versus 22%, P = .743). Conse-
quently, if we compare the outcomes of the HCT and
CTx groups among patients who did not have a related
donor, OS did not significantly differ between the two
groups (57% versus 47%, P = .388) (Figure 4B).

Asshownin Table 3,39% of the patients in the HCT
group received an MA regimen. Except for the younger
age in those who received an MA regimen, there was no
difference in the disease risk between the MA and RIC
groups. Additionally, the OS did not significantly differ
between the two groups (3-year OS from CR1: 63 % ver-
sus 61%, P = .571) (Appendix 2-A). We also found that
OS was not significantly different according to the appli-
cation of total body irradiatdon (TBI) (TBI regimen ver-
sus non- I'BIL: 67% versus 61%, P = .932) (Appendix 2-B)
or among different RIC regimens (fludarabine +
busulfan-based, 56%; fludarabine + melphalan-based,
67%; others, 68%, P = .862) (Appendix 2-C).

DISCUSSION

We performed retrospective analyses with a 60-
day landmark to compare allo-HCT and CTx in
1036 patents aged 50 to 70 years with non-M3 AML
in CR1. The results of this study revealed that, overall,
elderly patients with AML who received allo-HCT in
CR1 had improved outcomes compared to those who
were treated with conventional chemotherapy alone.
Based on cytogenetic subgroup analyses, patients
with intermediate-risk AML had a significantly better
OS when they received allo-HCT in CRI. On the
other hand, patients with unfavorable-risk AML had
a higher risk of relapse even after allo-HCT in CR1,
which diminished the benefit of allo-HCT. We also
observed that patients who had a related donor had
a significantly improved outcome when they received
allo-HCT in CRI.

Ovur results that allo-HCT in CR1 provided an im-
proved OS agree with previously reported comparisons
of allo-HCT versus chemotherapy in elderly patients
with AML in CR1. Mohty etal. [20] performed a retro-
spective comparison of “donor” versus “no donor”
based on their consistent policy of considering allo-
HCT with RIC in CR1 when a patient with high-risk
AML had an HLA-matched sibling. They reported su-
perior survival rates not only in the “transplant group”
compared to the “no transplant group,” but also in the
“donor group” compared to the “no donor group.” Fur-
thermore, Estey et al. [19] reported the first prospective
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Figure 4. Outcomes according to treatment in CR1 (donor availability). Relapse (upper left), nonrelapse mortality (NRM) (upper right), relapse-free
survival (bottom left), and overall survival (OS) (bottom right) of patients who underwent allogeneic hematopoietic cell transplantation in CR| and those
who did not are shown among (A) patients who had a suitable related donor and (B) patients who did not have a suitable related donor. (A) NRM was
reduced in related donor transplant and survival probabilities were significantly improved in the HCT group. (B) OS in alternative donor transplant did

not significantly differ from that in the CTx group.

observation of allo-HCT with RIC versus chemother-
apy in elderly patients. Although the proportions of pa-
tients who were referred for transplantation (54%) and
those who actually underwent allo-HCT in CR1 (14%)
were relatively small, they presented an encouraging
outcome that supported the benefit of allo-HCT.

In elderly patients with intermediate-risk AML, we
also found improved OS when they received allo-
HCT in CR1. This finding is consistent with the result
indicated by a meta-analysis by Koreth et al. [21],
although their report mostly included prospective
studies that targeted younger patients. No previous
studies have reported the effects of cytogenetic risks
in the transplant setting for elderly patients. In the
intermediate-risk group, we found a 60% relapse inci-
dence at 3 years from CR1 when the patients were
treated with chemotherapy alone. We also revealed
that the incidence of relapse was reduced by 40%
with the use of allo-HCT in CR1 without a significant
increase in NRM compared to younger patients, which
led to a significant improvement of OS.

Our current study did not show a significant benefit
of allo-HCT among patents with unfavorable-risk
AML. Although fewer patients were analyzed in this
subgroup, which may have led to the unlikelihood of
yielding a statistical significance, this result may also
be explained by the fact that elderly patients tend to be
given less-aggressive chemotherapy before allo-HCT
because of concerns about toxicity [7,9]. Because no
other realistic option can offer a chance of cure for

patients with unfavorable-risk AML, many physicians
would consider that allo-HCT is optimal for these pa-
tients. However, we clearly need to seek novel strategies
to reduce therisk of relapse, for example, by reducing the
tumor burden before allo-HCT with more intensified
chemotherapy or conditioning regimen, or by preven-
tion of recurrence after allo-HCT by vaccination strat-
egy [22-27]. The role of new drugs such as clofarabine
or hypomethylating agents should also be estimated
for elderly patients with poor-risk AML who are vulner-
able to intensive treatments [28,29].

We observed a markedly reduced incidence of
NRM after transplantation from a related donor, which
improved the outcome of patients who received allo-
HCT in CR1 from a related donor. Among 134 pa-
tients who had a suitable related donor, 40% did not
undergo allo-HCT during CR1. Unfortunately, the
exact reason was not available from our retrospectively
collected database. Possible reasons include disease
relapse before the anticipated timing for allo-HCT,
or failure to receive appropriate therapy because of
being too ill. However, an analysis with a landmark ex-
tended to 5 months still proved that OS in the HCT
group was significantly better compared to that in the
CTx group among those who had a related donor.

In contrast to the favorable outcome in the setting of
allo-HCT from a related donor, the outcome of allo-
HCT from an alternative donor in CR1 was not signif-
icantly superior to that of chemotherapy alone. In addi-
tion to the significantly higher NRM after alternative
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donor transplant, the incidence of relapse was not re-
duced in the alternative donor transplant compared to
that in related donor transplant despite our expectation
that a graft-versus-leukemia (GVL) effect would be
more potent after allo-HCT from alternative donors.
Several reports have indicated that the outcomes of
allo-HCT from HLA allele-matched unrelated donors
are comparable to those from related donors [14,27].
One possible explanation for this disparity is that
patients who received allo-HCT from an alternative do-
nor in our database were significantly more likely to have
high-risk AML than those who received allo-HCT from
a related donor. Second, HLA typing was predomi-
nantly performed serologically in the period of our
study. About a third of the patient/donor pairs who are
considered to be matched unrelated pairs by a serologic
examination have been reported to have an allele-
mismatch [30]. In addition, voluntary unrelated donors
consisted only of BM donors because peripheral blood
harvest is not yet allowed in our country, and unrelated
CB accounted for one-third of the alternative donors in
our study. Although allo-HCT from an alternative do-
nor was not shown to have a benefit in elderly patients
in our study, we may expect a better outcome with
a smooth access to an allele-matched unrelated donor.

Whereas prior reports that have compared allo-
HCT and chemotherapy in elderly patients targeted
only allo-HCT with RIC [19,20], one-third of the
HCT group patients in our study received an MA con-
ditioning regimen. However, except for patient age,
there were no significant differences in the disease risks
between the MA and RIC groups, and OS was similar
between the two groups. As has been previously
pointed out, there were no significant differences in
OS among different RIC regimens [31].

Because our database consists of retrospectively
collected clinical data, this cohort of patients may
have several inherent selection biases. Although we
performed a landmark analysis to eliminate the biases
by the patients who did not have a chance to receive
allo-HCT in CR1 because of earlier relapse or comor-
bidity, patients in the HCT group may still have had
favorable features that enabled them to successfully
reach the point of allo-HCT in CRI1. Furthermore,
our database did not provide detailed information on
consolidation chemotherapy after achievement of
CR1 or the reasons why patients did not undergo
allo-HCT such as the presence of comorbid condi-
tions. Although the number of the elderly patients
who received autologous HCT in CR1 was small,
the exclusion of these patients may have made the
non-HCT group have even more inherent selection
bias, Nevertheless, the results drawn from our data-
base, which includes 850 patients in the CTx group
and 150 patients in the HCT group, may allow us to
suggest optimal strategies for elderly patients with
AML especially stratified by cytogenetic subgroups.

Biol Blood Marrow Transplant 17:401-411, 2011

In conclusion, our study indicated that elderly pa-
tients with AML who underwent allo-HCT in CRI
had improved outcomes compared to those who were
treated with conventional chemotherapy alone, and
also revealed that intermediate-risk AML patients had
an improved OS when they underwent allo-HCT in
CRI. Because OS was better in elderly patients when
they have a matched related donor and successfully un-
dergo allo-HCT in CR1, they should be encouraged to
seek the opportunity of allo-HCT in CR1 by perform-
ing HLA typing and donor search in the early period
after achievement of CR1. Novel strategies to reduce
the risk of relapse and better access to allele-matched
unrelated donors should further improve the prognosis
of elderly patients with AML..
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Appendix . Overall survival from CRI are compared between the patients who received allogeneic transplantation in first complete remission and
those who did not among the group of patients who had a suitable related donor. (A) Comparison of the two groups when 622 patients who did not have
their HLA typed (those who were not known to have a suitable related donor) were included in the chemotherapy group (66% versus 54%, P = .01 1). (B)
Comparison of the two groups when landmark was extended to 5 months from CRI (66% versus 54%, P = .068). (C) Comparison of the two groups

limited to intermediate-risk AML patients (78% versus 63%, P = .048).
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Appendix 2. (A) Overall survival (OS) rates from CR1 are compared between myeloablative and reduced-intensity conditioning regimens. There were
no significant differences between myeloablative and reduced-intensity conditioning regimens (63% versus 61%, P = .571). (B) OS did not differ signif-
icantly according to the application of total-body irradiation among patients who received myeloablative regimen (TBI regimen versus non-TBI: 67%
versus 61%, P =.932). (C) Among patients who received reduced-intensity conditioning regimen, OS from CRI did not differ significantly among dif-
ferent regimens (fludarabine + busulfan-based, 56%; fludarabine + melphalan-based, 67%; others, 68%, P = .862).
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A Markov decision analysis of allogeneic hematopoietic cell transplantation
versus chemotherapy in patients with acute myeloid leukemia in first remission
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Various prospective trials have been per-
formed to assess the roles of allogeneic
hematopoietic cell transplantation (allo-
HCT) and chemotherapy in patients with
acute myeloid leukemia (AML) in first
complete remission (CR1). However, the
results have not always been consistent,
and there has been a limited evaluation of
quality of life (QOL) in these postremis-
sion strategies. We performed a Markov
decision analysis that enabled us to com-
pare survival outcomes with a QOL evalu-

ation using a database of 2029 adult AML
patients who achieved CR1. The Markov
decision model compared 2 strategies:
allo-HCT or chemotherapy in CR1. Pa-
tients who had intermediate- or unfavor-
able-risk AML had a longer life expect-
ancy when they received allo-HCT in CR1
than patients treated with chemotherapy
alone. Likewise, patients who had a suit-
able related donor who received allo-HCT
in CR1 had a longer life expectancy. The
life expectancy was shortened to a greater

degree by adjustment for QOL in the
allo-HCT group. Nevertheless, QOL-
adjusted life expectancies in most of the
subgroups remained longer in the allo-
HCT group than in the chemotherapy
group. Our results showed that older pa-
tients with a related donor and younger
patients with unfavorable cytogenetics
benefited the most from allo-HCT in CR1.
(Blood. 2011;117(7):2113-2120)

Introduction

Although 60%-80% of patients with acute myeloid leukemia
(AML) achieve first hematologic complete remission (CR1) with
chemotherapy, a substantial number of patients have an individual-
ized risk of relapse.! Allogeneic hematopoietic cell transplantation
(allo-HCT) has been established as a powerful treatment method to
reduce the risk of relapse in patients with AML. However, this
approach still leaves concerns associated with a certain probability
of nonrelapse mortality. Although several prospective trials that
used genetic allocation have been performed to clarify the roles of
postremission strategies, the results have not always been consis-
tent.2? The role of allo-HCT in patients with AML in certain
subgroups, including patients with intermediate-risk AML and
elderly patients who have remained in CR1, remains unclear.
A large meta-analysis that considered many of these prospective
studies reported that allo-HCT in CR1 provided survival advan-
tages not only in an unfavorable-risk group but also in an
intermediate-risk group.!® Even with these numerous studies
performed in a prospective setting, it is still controversial to simply
define allo-HCT as a better decision because of concerns about
various late effects such as graft-versus-host disease (GVHD) that
might lower the quality of life (QOL) after cure of the disease.

A decision analysis is a statistical technique that is used to help
decision making under uncertain conditions with the assumption of
a QOL evaluation.!! When it is combined with a Markov process, it
gives a flexible analytical method that makes it possible to track
clinical events that occur after a certain decision with different
probabilities and desirability over time.!? This technique can offer
valuable information about what clinical decision should be taken
by quantitatively integrating the risks and benefits of a certain
decision, and, hence, has been widely applied in making decisions
in various fields. For example, in the field of hematology, on the
basis of the results of a Markov decision analysis, Lee et all3
reported the indications of allo-HCT for chronic myeloid leukemia
in the era before imatinib, and Cutler et al** elucidated the
recommended timing of allo-HCT for younger patients with
myelodysplastic syndrome. Regarding AML, Sung et al'® reported
the results of a decision analysis with a conventional decision tree
concerning consolidation strategies for patients in CR1. However, a
Markov decision analysis has not yet been reported for postremis-
sion strategies in AML in CR1. To address this point, we performed
a Markov decision analysis with the use of clinical information
collected from 2029 patients.
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Figure 1. Markov decision model. Markov model that compares allo-HCT in CR1
and chemotherapy in CR1 is shown. Possible health states for each of the 2 groups
are indicated in circles. Arrows indicate possible transitions between states. CR1
indicates first complete remission; allo-HCT, allogeneic hematopoietic cell transplan-
tation; CTx, chemotherapy; and GVHD, graft-versus-host disease.

Methods

Data source

The study protocol was approved by the Institutional Review Board at
National Cancer Center Hospital. We constructed a new database that
included the clinical data of adult patients (age 16-70 years) whose
conditions were diagnosed as AML by the World Health Organization
classification between 1999 and 2006 and who had achieved CR1 after 1 or
2 courses of induction chemotherapy. Clinical information on > 2600 patients
was collected from 70 institutions across the country. Patients with biphenotypic
leukemia who were treated with chemotherapy for acute lymphocytic leukemia;
patients who had extramedullar AML without marrow invasion, an extramedul-
lary lesion that did not totally disappear after remission induction chemotherapy,
or acute promyelocytic leukemia; and patients who received autologous HCT in
CR1 were excluded from the analysis. Consequently, a total of 2029 patients
were considered for this analysis.
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Decision strategy

The primary decision examined in this study was whether to perform
allo-HCT in patients with AML who remained in CR1. Statistical analyses
were performed as of January 2010 with the use of the software package
TreeAge Pro 2009 (TreeAge Software Inc) and the SPSS software package
(SPSS Inc).

Markov model. We constructed a Markov decision model to compare
2 strategies: performing allo-HCT in CR1 (HCT group) and continuing
chemotherapy without allo-HCT in CR1 (CTx group; Figure 1). The
possible health states that were considered to occur after each decision/
strategy included, for the HCT group, (1) no relapse without GVHD, (2) no
relapse with GVHD, (3) relapse, and (4) dead, and for the CTx group, (1) no
relapse, (2) relapse, (3) second remission, (4) after salvage allo-HCT, and
(5) dead. The “GVHD” state included chronic extensive GVHD. The
“dead” state included death from any cause. A schematic of the tree file is
shown in supplemental Figure 1, available on the Blood Web site; see the
Supplemental Materials link at the top of the online article.

State transition probabilities. Transition probabilities between the
states were calculated from the information in the database collected for this
analysis as described in “Data source.” The probabilities of state transition
were allowed to vary over time. As a result, patients were distributed in
various health states with different proportions along with cycle advances,
that is, as time advanced from CR1, as shown in Figure 2. To take into
account patients who were unable to receive allo-HCT in CR1 even though
they had made a decision to receive allo-HCT, patients who died or relapsed
within 3 months from CR1 were excluded from the database when we
calculated the probabilities. The cycle length between state transitions has
previously been set at the time considered to represent the clinical features
and decision-making process for the target disease. In a Markov decision
analysis that targeted myelodysplastic syndrome,' the cycle length was set
at 6 months. In this analysis that targets patients with AML, we chose a
shorter cycle length (3 months), and the analysis was performed for
40 cycles (10 years). The results are presented as life expectancy (LE),
which is the average duration of life when patients are followed up for
10 years.

QOL utilities. We also assessed QOL-adjusted life expectancy (QALE)
for the HCT and CTx groups. The time spent in each health state was
adjusted for the estimated QOL that patients experienced while they
remained in that state, which was represented by a utility value. In this
study, utility values were derived from a questionnaire (supplemental
Figure 2) that used a visual analog scale and was presented to 35 physicians
who were familiar with the treatment of AML. Among them, 25 were
physicians who were mainly involved in transplantation, and 10 were
physicians mostly involved in chemotherapy with knowledge of transplan-
tation. The utility values were expressed as numerical values between 0 (a

10 # No relapse no GVHD
4 No relapse with GVHD
08~ 4 Relapse
© Dead

Years from CR1

Figure 2. Distribution of patients in each health
state. Distribution of patients with intermediate-risk AML
in each health state is shown. Transition probabilities
between the states were calculated for each subgroup
with the use of the database. The probabilities of state
transition were allowed to vary along with the cycle
(1 cycle = 3 months) advances, depending on the states
that the cohorts move from and to. As a result, the
patients were distributed in each health state in chang-
ing proportions at different times from CR1. GVHD
indicates graft-versus-host disease; and CR1, first com-
plete remission.
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Table 1. Quality-of-life utilities

Median Range

0.60-1.00

Second remission 0.40-0.95

Allo-HCT indicates allogeneic hematopoietic cell transplantation; CR1, first
complete remission; and GVHD, graft-versus-host disease.

health state equivalent to dead) and 1 (perfect health) (Table 1) and were
used to adjust for QOL by being multiplied by the expected length of life for
each state in each cycle. For long-term survivors who developed chronic
extensive GVHD, the utility value was changed on the basis of the
previously reported probability of the discontinuation of immunosuppres-
sive treatment.}6-17

Comparison of HCT with CTx in CRI and sensitivity analyses. Both
LE and QALE were analyzed for the HCT group and the CTx group. LE
and QALE, which represent the average expected duration of life in 10-year
follow-up from CR1, were obtained from the area under the survival curves
depicted by TreeAge Pro software. An annual discount rate of 3% was used
for all analyses. Subgroup analyses were performed on the basis of patient
age, the Southwest Oncology Group (SWOG) cytogenetic classification,?
and donor availability. We performed sensitivity analyses to test the
robustness of our conclusions. Variable measures that were tested in the
sensitivity analysis included the range of patients who were excluded
from the database on the assumption that they were unable to receive the
decided treatment, the plausible range of QOL utilities, 95% confidence
intervals of the state transition probabilities, and the age range of
subgroups.

Results
Patients

A total of 2029 patients were eligible for this analysis (Table 2).
The median age was 50 years, and the median follow-up of the
surviving patients was 49.8 months (range, 0.2-116.3 months). The
proportions of patients with favorable, intermediate, unfavorable,
and unknown cytogenetic risk according to the SWOG criteria
were 19%, 52%, 18%, and 11%, respectively. Therapies performed
at CR1 were allo-HCT in 494 patients (24%) and chemotherapy in
1535 patients (76%). The HCT group included all the 494 patients
who received allo-HCT in CR1. The median interval from CR1 to
allo-HCT was 4.7 months (range, 0-37 months). Among patients
who were treated with chemotherapy in CR1, 118 patients who
died or relapsed within 3 months were excluded when calculating
state transition probabilities on the assumption that they might have
decided to receive allo-HCT while they remained in CRI1. As a
consequence, 1417 patients, including 478 who received allo-HCT
after their first relapse, were included in the CTx group (Figure 3).
The patients in the HCT group were younger and were more often
associated with unfavorable features compared with those in the
CTx group. Table 3 and Figure 3 show donor availability and actual
application of allo-HCT in CR1. Among 1076 patients for whom
human leukocyte antigen (HLA) was typed in CRI, 431 had
HLA-matched or 1-antigen (Ag)-mismatched related donors (40%).
Donor group included the 431 patients who had a suitable related
donor. Among them, 243 actually received allo-HCT in CR1
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(related donor, 240; unrelated donor, 3). The no-donor group
included the 645 patients who did not find a related donor and 953
for whom HLA was not typed in CR1. Among them, 251 received
allo-HCT in CR1 from an alternative donor (unrelated bone
marrow, 177; unrelated cord blood, 62; haploidentical related
donor, 12). In both the donor and no-donor groups, subgroup
analyses were separately performed by comparing patients who
received allo-HCT in CR1 (HCT group) and patients who did not
(CTx group). Overall survival curves obtained by a Kaplan-Meier
estimation of all of the patients registered in our original database
stratified according to the SWOG classification and the treatment
chosen in CR1 are shown in supplemental Figure 3. Survival
curves depicted by TreeAge Pro are shown in supplemental
Figure 4.

Markov decision analysis

The discounted LE and QALE for the HCT and CTx groups were
analyzed for patients of all ages, younger patients (16-49 years)
and older patients (50-70 years; Table 4). In each age group,
LE and QALE were analyzed in different cytogenetic subgroups
and donor-availability subgroups.

Analysis of all patients. An analysis that included patients of
all ages showed that LE in the HCT group was 3 months longer
than that in the CTx group (69.7 vs 66.7 months; Table 4). After we
adjusted for QOL, QALE in the HCT group was only 0.5 months
longer than that in the CTx group (55.9 vs 55.4 months). The LE
was generally shortened to a greater degree in the HCT group after
adjustment for QOL. This trend was consistent throughout all of
the subgroups.

We performed subset analyses according to cytogenetic risk
stratified according to the SWOG criteria. Patients with favorable-
risk AML in the CTx group had a longer LE than patients in the
HCT group. In contrast, patients with intermediate, unfavorable,
and unknown-risk AML in the HCT group had a longer LE than
patients in the CTx group (intermediate, 73.6 vs 66.4 months;
unfavorable, 61.6 vs 53.4 months). Although QALE was shortened
to a greater degree in the HCT group, we found that QALE

Table 2. Patient characteristics

Allo-HCT in
CR1

CTxin
Characteristics CR1 All patients P*

76 (83)

40 (69 (8
259 (17)

154 (31)

Allo-HCT indicates allogeneic hematopoietic cell transplantation; CTx, chemo-
therapy; SWOG, Southwest Oncology Group; FAB, French-American-British; and
WBC, white blood cell.

*Comparing “Allo-HCT in CR1” with “CTx in CR1.”
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Figure 3. Patient flow. The flow of HLA check, donor
availability, and actual application of allo-HCT in CR1 are
shown. Among the total of 2029 patients with AML in CR1,
494 received allo-HCT in CR1 and were included in the
HCT group. Among the remaining 1535 patients,
118 patients who died or relapsed within 3 months were
excluded to take into account patients who were unable
to receive allo-HCT in CR1 even though they had made
a decision to receive HCT in CR1. Consequently,
1417 patients were included in the CTx group. Among
them, 478 received allo-HCT after first relapse. The donor
group included the 431 patients who had a suitable
related donor. The no-donor group included the
645 patients who did not find a related donor and 953 for
whom HLA was not typed in CR1. CR1 indicates first
complete remission; and HCT, hematopoietic cell trans-
plantation.
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remained longer in the HCT group for all cytogenetic risks except
for the favorable-risk group (favorable, 56.0 vs 64.3 months;
intermediate, 59.4 vs 55.6 months; unfavorable, 47.6 vs
44.4 months). In the analysis of AML other than favorable risk,
patients in the HCT group had a longer LE and a longer QALE than
patients in the CTx group (LE, 69.5 vs 62.5 months; QALE, 55.8 vs
52.0 months).

We also performed subset analyses on the basis of the availability of
a related donor. Patients who were known to have an HLA-matched or
1-Ag— mismatched related donor (donor group) in the HCT group had a
longer LE and a longer QALE than patients in the CTx group (LE,
72.2 vs 63.0 months; QALE, 57.6 vs 49.9 months). However, in patients
who did not have a suitable related donor (no-donor group), there were
no differences in LE or QALE between the HCT and CTx groups (LE,
67.7 vs 67.0 months; QALE, 54.6 vs 54.4 months). Analyses of the .

Table 3. Donor availability and transplantation in CR1

donor and no-donor groups were also conducted with the database
whereby the favorable-risk patients were excluded. There was almost no
change in LE and QALE in the HCT group (less than a month)
compared with the results obtained with the whole database. However,
LE and QALE in the CTx group were shortened by several months by
excluding the patients with favorable-risk AML from analysis. Conse-
quently, in the donor group, the differences of LE and QALE between
the HCT and CTx group increased (LE, 72.0 vs 60.5 months; QALE,
57.2 vs 47.6 months). Meanwhile in the no-donor group, LE and QALE
in the HCT group became longer than those in the CTx group (LE, 67.3
vs 64.2 months; QALE, 54.5 vs 52.2 months). Survival curves that
compare the HCT and CTx groups in these subgroups depicted by
TreeAge Pro software are shown in Figure 4.

Analysis of younger patients. For younger patients, LE and
QALE were analyzed with the data from patients aged 16-49 years

HLA check in CR1 (n = 1076)

Related donor

Related donor Related donor not Related donor not

Characteristics No HLA check in CR1 available/HCT+ available/HCT~ available/HCT+ available/HCT—
Totalno. of patients =~ . 243 Coiqes Cest ‘ .
Cytogenetic risks (SWOG)
 Favorable,n (%) Coseay L e LAy Ty
Intermediate, n (%) 496 (52) 140 (58) 84 (45) 132 (53)
Unfavorable; n (%) 139(18) B2l 38R0y el
Unknown, n (%) 85 (9) 39 (16) 19 (10) 39 (16)
No. of younger patients,n (%) 257 67 27 e
Cytogenetic risks
Favorable, n (%) 106 (41) 86 35028 - 180@) o sen
Intermediate, n (%) 101 (39) 97 (58) 55 (43) 82 (47) 125(47)
. Unfavorable, n (%) - 30 (12) - 39(23) o 27 (2 498 - s0(19)
Unknown, n (%) 20 (8) 23 (14) 10 (8) 28 (16)
No. of older patients, n (%) 8% 7 B e
Cytogenetic risks
~Favorable, n (%) 127 (18) 4 Co12(20) oy
Intermediate, n (%) 395 (57) 43 (57) 29 (48) 50 (66)
Unfavorable,n (%) - 109 (1) oosan Mg 14(18)
Unknown, n (%) 65 (9) 16 (21) 9 (15) 11.(14)

CR1 indicates first complete remission; HLA, human leukocyte antigen; HCT, allogeneic hematopoietic cell transplantation; and SWOG, Southwest Oncology Group.



From bloodjournal.hematologylibrary.org at KOKURITSU GAN 030105 on May 16, 2012. For personal use only.

BLOOD, 17 FEBRUARY 2011 « VOLUME 117, NUMBER 7

MARKOV DECISION ANALYSIS OF AMLINCR1 2117

Table 4. Discounted life expectancy

Younger patients Older patients
All patients (median age, 35 y) (median age, 60 y)
LE QALE LE QALE LE QALE
Decision at CR1 Allo-HCT CTx CTx Allo-HCT CTx Allo-HCT Allo-HCT CTx

Alio-HCT

Tot
Cytogenetic risks (SWOG)

CTx Allo-HCT CTx

73.6

Intermediate

Unknown 65.6

Dondr avaiiability

No related donor 677  67.0
Donor availability (other than favorable-ris

Related donor

72.0 60.5

55.6

46.8

54.4

76.2 75.1 62.0 62.4

68.5

60.7 54.5 514

67.4 68.3 56.3 53.6 63.1 48.8 50.6 38.§

57.7 57.2 57.7 454

46.8

47.6

Life expectancies are shown in months.

LE indicates life expectancy; QALE, quality of life—adjusted life expectancy; allo-HCT, allogeneic hematopoietic cell transplantation; and CTx, chemotherapy.

(median 35 years). In the HCT group, LE in younger patients was
6 months longer than that in older patients (71.4 vs 65.8 months).
In the CTx group, LE in younger patients was longer than that in
older patients by more than a year (73.2 vs 60.0 months).

Younger patients with favorable-risk AML had both a longer
LE and a longer QALE in the CTx group than in the HCT group.
Allo-HCT in CR1 among younger patients was associated with a
longer LE in both the unfavorable-risk group (62.8 vs 55.3 months)
and donor group (73.0 vs 67.6 months). After we adjusted for QOL,
these patients in the HCT group had a longer QALE than those in
the CTx group (unfavorable, 48.7 vs 44.8 months; donor group,
58.3 vs 54.2 months). Younger patients with intermediate-risk

Allo-HCTin CR1

- CIxinCR1

¥

z 3

'4 s 5‘7 8 9 1
Years from CR1

o 1

AML in the HCT group had a slightly longer LE than those in the

CTx group (76.2 vs 75.1 months). However, QALE did not
improve when they received allo-HCT in CR1 (62.0 vs
62.4 months).

Analysis of older patients. The outcomes for older patients
were analyzed with the data from patients aged 50-70 years
(median, 60 years). Older patients who received allo-HCT in CR1
had a longer LE than patients who received chemotherapy in all
subgroups, except for the no-donor group (intermediate, 68.5 vs
60.7 months; unfavorable, 61.6 vs 53.3 months; donor group,
73.4 vs 53.2 months). The data available for favorable-risk patients
who received allo-HCT in CR1 were insufficient to perform an

10~
- o ; CTxinCR1

d N ’
. Allo-HCTInCR1

B

S & 7 8 % B

Allo-HCTinCR1

7 CTxinCR1

o 1 2 3 4 5 6 7 8 9 10
Years fromCR1

Figure 4. Survival curves of allo-HCT versus CTx by TreeAge. The overall survival curves of the HCT and CTx groups depicted by TreeAge Pro 2009 in (A) total patients,
(B) SWOG favorable-risk group, (C) intermediate-risk group, (D) unfavorable-risk group, (E} donor group, and (F) no-donor group. allo-HCT indicates allogeneic hematopoietic

cell transplantation; CTx, chemotherapy; and CR1, first complete remission.
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analysis. Because of the large decrease in LE in the CTx group
among older patients, differences in LE between the HCT and CTx
groups became more prominent in older patients than in younger
patients. Although the difference in the duration of life between the
HCT and CTx groups decreased after we adjusted for QOL, we
found that older patients in the HCT group had a longer QALE in
the intermediate- and unfavorable-risk groups. The difference in
QALE between the HCT and CTx groups was most prominent
among older patients who had a suitable related donor (donor
group, 57.7 vs 40.4 months).

Sensitivity analysis and external validation. Sensitivity analy-
ses were performed for the assumption of “patients who were
unable to receive allo-HCT in CR1 despite the decision to perform
allo-HCT,” the plausible range of QOL utilities (Figures 5-6;
supplemental Figure 5), 95% confidence intervals of the state
transition probabilities, and the age range. We found that the
optimal decisions could be altered in both directions, allo-HCT
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Figure 5. One-way sensitivity analysis. One-way sensi-
tivity analysis for the utility of the state “No relapse with
GVHD” after allogeneic transplantation in CR1 among
patients with intermediate-risk AML is shown. The green
dot represents the QOL-adjusted life expectancy when
allo-HCT was performed in CR1. The blue dot represents
the QOl-adjusted life expectancy when treated with
chemotherapy in CR1. The median value of the utility for
this state provided by physicians was 0.60, shown as a

# HCTin CR1
4 CTxin CR1

N red star. At the median value, QOL-adjusted life expect-
Median value: ancy in the HCT group is shown to outweigh that in the
* 0.60 CTx group. The threshold value at which the favored
decision is altered was 0.44, shown as a black dotted line.

Plausible range: The plausible range of the utility provided by physicians

was 0.40-0.80, shown as a red transparent square.
Because the threshold value, 0.44, was included within
the plausible range, this sensitivity analysis indicates that

| 0.40-0.80
Threshold:

this result favoring HCT may be altered, depending on
how the QOL of chronic GVHD is evaluated. Such results
- = (.44 that favored a decision may change within the plausible

range are interpreted as “sensitive.” If the plausible range
was provided in 0.50-0.80, this result would turn to “not
sensitive,” indicating that the favored decision does not
change. QOL indicates quality of life; CR1, first complete
remission; HCT, allogeneic hematopoietic cell transplan-
tation; CTx, chemotherapy; and GVHD, graft-versus-host
disease.

favored versus CTx favored, by changing the population that was
excluded from the database, changing the utility values within the
plausible range of physicians’ opinions, changing the state transi-
tion probabilities within the range of the confidence interval, and
changing the cutoff point for the age at which the age subgroups.
were divided. We also compared the overall survival curves
depicted by TreeAge Pro software with the use of our database with
those obtained by a Kaplan-Meier estimation as reported in
prospective studies from other countries.? The curves had similar
shapes (supplemental Figure 4).

Discussion

We performed a decision analysis that applied a Markov process to
evaluate 2 postremission strategies: allo-HCT and CTx in AML in

10 B3 HCT favored
[T} CTxfavored
a 08
O
<
nw = 0.6~
Ox ;
Figure 6. Two-way sensitivity analysis. Two-way sen- g~ = Median value:
sitivity analysis for the utilities of the states “No relapse ™ @
without GVHD” and “No relapse with GVHD.” The blue B 8_ 0.4 no GYHD, 0.90
area represents the range in which HCT is favored. The 7~ E *
green area represents the range in which CTx is fa- 2 GVHDx 0.60
vored. Although the median value (0.90 for “without o - .
GVHD” and 0.60 for “with GVHD,” shown as a red star) 2 0.2" Plausible range:
indicates that HCT in CR1 is favored, the plausible range
(0.60-1.00 for “without GVHD” and 0.40-0.80 for “with no GVHD, 0.60-1.00
GVHD,” shown as a red transparent square) overlaps
the threshold line. This result is interpreted as “sensi- 0.0 1 GVHD, 0.40-0.80

tive,” which means the outcome is changeable within the
plausible range of QOL evaluation provided by physi-
cians. CR1 indicates first complete remission; HCT,
allogeneic hematopoietic stem cell transplantation; CTx,
chemotherapy; and GVHD, graft-versus-host disease.
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CRI. Our results showed that the LE of patients with intermediate-
and unfavorable-risk AML were longer when they received allo-
HCT in CR1. We also found that patients who were known to have
a suitable related donor had a longer LE in the HCT group. After
adjustment for QOL, QALE in most of these subgroups remained
longer in patients who received allo-HCT in CR1 than in patients
who received chemotherapy. )

In subset analyses according to the cytogenetic risk, we showed
that favorable-risk patients had a longer LE and a longer QALE in
the CTx group, which is consistent with previous reports. However,
the results in favorable-risk patients may not be reliable because
only a few patients with favorable-risk AML received allo-HCT in
CR1 and patients in the HCT group may have had specific reasons
(eg, 2 courses of remission induction chemotherapy or antecedent
hematologic dysplasia).

In intermediate-risk and unfavorable-risk patients, LE was longer in
the HCT group. This result was consistent with that of a large
meta-analysis.!? If we integrate the assumption about the QOL obtained
after the 2 strategies using utility values provided by physicians, the LE
was shortened to a greater degree in the HCT group. This observation
may indicate that there are more concerns about the deterioration of the
QOL after allo-HCT than after chemotherapy alone. However, we still
found that the QALE was longer in the HCT group, except for younger
intermediate-risk patients.

In subset analyses that were based on donor availability, we
found that patients who had an HLA-matched or 1-Ag-mismatched
related donor had a longer LE and a longer QALE when allo-HCT
was performed during CR1. A purposeful delay of allo-HCT has
not been fully studied in patients with AML when they have a
suitable related donor.S This result may recommend that we
consider allo-HCT in CR1 rather than wait until after relapse when
a suitable related donor is available. LE in older patients who
received allo-HCT from a suitable related donor was even compa-
rable to that in younger patients (73.0 vs 73.4 months), which led to
a more conspicuous superiority of allo-HCT compared with CTx
when older patients had a suitable related donor. In addition, the
QALE of older patients with a related donor was 17 months longer
in the HCT group than in the CTx group. This result suggests that
allo-HCT in CR1 from a suitable related donor for older patients
may provide an improved outcome even after we take into account
transplantation-related toxicities, which are generally a greater
concern among older patients.'® However, among patients who did
not have a suitable related donor, we did not find any advantages of
allo-HCT from an alternative donor in CR1 compared with the CTx
group. In recent years, the outcomes of allo-HCT from a
matched related donor and that from a matched unrelated donor
have been reported to be comparable.!? Because this database
included the clinical information of patients treated between
1999 and 2006, most of the unrelated bone marrow (BM) donor
sources were selected on the basis of HLA serum matches and
not on allele matches. In addition, our database included
1-Ag-mismatched unrelated BM and unrelated cord blood as
alternative donors. Regarding the indications for allo-HCT from
an alternative donor, further studies may be needed to evaluate
whether there is a population that benefits from allo-HCT from
well-matched unrelated BM.

The ability to consider QOL is one of the advantages of
performing a decision analysis. We adjusted for QOL by applying
QOL utility values provided by physicians. Utility values for
various health states were obtained over a wide range. This
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observation may indicate that, even for the same patient, different
therapeutic strategies may be chosen at the discretion of the
physician. Another reason why the range of utility was broad may
be the diverse symptoms and QOL within the same health state,
such as the severity of “extensive chronic GVHD.”202! Conse-
quently, in our study, sensitivity analyses showed that a better
decision with a higher QALE was frequently altered to the other
decision within the plausible range of utility values provided by
physicians. There were no significant difference between the values
provided by transplantation physicians and chemotherapy physi-
cians. However, interestingly, median values of QOL utility in our
study were lower than those used in prior analyses performed in
North America. For example, although the utility for “no relapse
with GVHD” was set at 0.6 (range, 0.4-0.8) in our study, this value
was set at around 0.9 in other studies.!>!522 This trend was more
prominent in the HCT group, which might indicate differences in
approaches to estimating the same complications that may be due
to ethnicity or differences in the contents of questionnaires.

It might be ideal to evaluate QALE based on QOL utility values
obtained from patients who actually live with various disease
states.?>?* However, most prior studies on decision analysis in this
field have used utility values provided by physicians.!>!5 Sung
et al'” stated that their utility values provided by physicians were
consistent with those provided by patients in the European
Organization for Research and Treatment of Cancer and Gruppo
Italiano Malattie Ematologiche dell’ Adulto trial.>* Patients may
even give diverse QOL values for a certain health state according to
differences in age, background, and philosophy. We believe that a
QOL validation by patients is an important issue and is worth being
pursued in another study.

Our data surely reflect the nature of a retrospectively collected
database, including a diverse heterogeneity in treatment strategies
chosen after the achievement of CR1. However, it may be difficult
to obtain a database that was collected purely prospectively,
especially in patients who were treated with chemotherapy alone.
Therefore, we considered that this database, which consists of the
clinical information for 2029 patients, was sufficient for us to
perform this analysis. Another concern is that, because we col-
lected clinical data on Japanese patients, the application of these
results to other ethnic populations needs to be carefully evaluated.
However, we have shown that the survival curves obtained from
this analysis are similar to those reported in prospective studies
from other countries. In decision analysis, the P value is not used to
show the “significantly” better decision. Sensitivity analysis is a
way to investigate the robustness of our conclusions when various
parameters are changed within a possible range. It might be
difficult to draw a definite conclusion in this study because, as a
result of the sensitivity analysis, a favorable decision could be
switched to the other decision. Nevertheless, we have been able to
show that a decision analysis with a Markov model can be
effectively used to evaluate the QOL-adjusted survival outcomes of
allo-HCT versus chemotherapy in CR1.

In summary, by using a Markov decision analysis that was
based on an original database collected for this study, we have
shown that patients with intermediate- and unfavorable-risk AML
and patients who had a suitable related donor had a longer LE and a
longer QALE when they received allo-HCT in CR1. A subgroup
analysis showed that older patients with a suitable related donor
benefited the most from allo-HCT in CR1. Although it is clear that
both methods of treatment still require improvement, we believe



