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*FMvs FB in
fludarabine-based re-
duced intensity trans-
plant offers marginally
superior long-term sur-
vival in AML.

* Compared with FB, FM
is associated with
higher short-term post-
transplant nonrelapse
mortality, yet lower
long-term leukemia
relapse rate.

There is a lack of large comparative study on the outcomes of reduced intensity conditioning
(RIC) in acute myeloid leukemia (AML) transplantation using fludarabine/busulfan (FB) and
fludarabine/melphalan (FM) regimens. Adult AML patients from Center for International
Blood and Marrow Transplant Research who received first RIC allo-transplant between 2001
and 2015 were studied. Patients were excluded if they received cord blood or identical twin
transplant, total body irradiation in conditioning, or graft-versus-host disease (GVHD)
prophylaxis with in vitro T-cell depletion. Primary outcome was overall survival (OS),
secondary end points were leukemia-free survival (LFS), nonrelapse mortality (NRM),
relapse, and GVHD. Multivariate survival model was used with adjustment for patient,
leukemia, and transplant-related factors. A total of 622 patients received FM and 791
received FB RIC. Compared with FB, the FM group had fewer transplant in complete
remission (CR), fewer matched sibling donors, and less usage of anti-thymocyte globulin or
alemtuzumab. More patients in the FM group received marrow grafts and had
transplantation before 2005. OS was significantly lower within the first 3 months
posttransplant in the FM group (hazard ratio [HR] = 1.82, P < .001), but was marginally
superior beyond 3 months (HR = 0.87, P = .05). LFS was better with FM compared with FB
(HR = 0.89, P = .05). NRM was significantly increased in the FM group during the first

3 months of posttransplant (HR = 3.85, P < .001). Long-term relapse was lower with FM (HR
= 0.65, P < .001). Analysis restricted to patients with CR showed comparable results. In
conclusion, compared with FB, the FM RIC showed a marginally superior long-term OS and
LFS and a lower relapse rate. A lower OS early posttransplant within 3 months was largely

the result of a higher early NRM.

Introduction

Allogeneic hematopoietic cell transplantation (HCT) is a curative
treatment strategy for patients with acute myeloid leukemia (AML)."2
With the conventional myeloablative conditioning (MAC) de-
veloped in the 1970 and 1980s, HCT was restricted to younger
patients without comorbidities.®* Because the median age of AML
patients is ~68 years, most AML patients are not eligible for
standard MAC. Because of both antitumor effect of preparative
regimens and graft-versus-leukemia immunity in allogeneic HCT,
reduced intensity conditioning (RIC) regimens were developed 2
decades ago in an effort to allow allogeneic HCT among older
patients and those with comorbidities.>®® The goal was to reduce
nonrelapse mortality (NRM) while relying on graft-versus-leukemia
activity for disease control.>®'" In recent years, RIC regimens are
also frequently used in younger age group patients.”'"3

Fludarabine/melphalan (FM; M dose =140 mg/m?) and fludarabine/
busulfan (FB; B dose =6.4 mg/kg) are the 2 most commonly used
RIC regimens in HCT.'? There have been several retrospective
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studies and a meta-analysis comparing the 2; however, these studies
were limited by the inclusion of various age groups, disease-related
factors, and graft-versus-host disease (GVHD) prophylaxis
regimens.'* "¢ In general, the results suggested a higher NRM but
better disease control with FM RIC compared with FB and a variable
effect on overall survival (OS). In the current study, we analyzed
individual level data from a large cohort of AML transplantation
patients from Center for International Blood and Marrow Transplant
Research (CIBMTR) to compare the 2 RIC regimens. We studied
characteristics associated with regimen utility and comparative
effectiveness. Efforts were also made to identify subgroups of patients
that could derive greater benefit from either of the 2 regimens.

Patients, materials, and methods

Patient cohort

The data were from the CIBMTR transplant registry, which included
AML patients aged =18 years that had their first allogeneic HCT
using FM- or FB (IV busulfan)-based RIC regimen between 2001
and 2015 in the United States. Patients were excluded if they
received cord blood, identical twin or haploidentical donors, total
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Table 1. Baseline characteristics in AML patients receiving FM, FB RIC regimen for allogeneic HCT (full cohort)

FM FB P
Patient-related
No. of patients 622 791
No. of centers 73 80
Age at transplant, y
Median (range) 59 (18-76) 61 (18-77) <.001
Male sex, n (%) 359 (58) 445 (56) .58
Karnofsky score, n (%) 19
<90 290 (47) 336 (43)
=90 311 (50) 416 (52)
Disease status before HCT, n (%)
Primary induction failure 120 (19) 86 (11) <.001
CR1 285 (46) 484 (62)
=CR2+ 110 (18) 163 (20)
Relapse 106 (17) 57 (7)
MRD status before transplant <.001
Negative 127 (20) 257 (33)
Positive 40 () 63 (8)
Not in CR1 138 (22) 190 (24)
NA before 2007 310 (50) 244 (31)
Cytogenetic score .96
Favorable 36 (6) 50 (6)
Intermediate 323 (52) 425 (54)
Poor 200 (32) 266 (34)
Therapy-related/secondary AML .56
No 533 (86) 689 (87)
Yes 75 (12) 88 (11)
Transplant-related, n (%)
Donor type <.001
HLA-identical sibling 130 (21) 241 (30)
Well-matched unrelated (8/8) 335 (54) 427 (54)
Partially-matched unrelated (7/8) 1156 (18) 95 (12)
Mismatched unrelated (=6/8) 18 (3) 5(<1)
Donor age at HCT (for URD only) .006
Median (range) 38 (16-85) 39 (11-82)
GVHD prophylaxis <.001
TAC-based + MTX 238 (38) 493 (63)
TAC-based + MMF 132 (21) 158 (20)
CsA-based + MTX 49 (8) 18 (2)
CsA-based + MMF 70 (11) 32 (4)
ATG/alemtuzumab use 259 (42) 413 (52) <.001
Giraft type <.001
Bone marrow 119 (19) 73 (9)
Peripheral blood 503 (81) 726 (91)
Year of transplant <.001
2001-2005 180 (29) 98 (12)
2006-2015 442 (71) 693 (88)
Median follow-up (range), mo 85 (6-168) 72 (6-169)
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Figure 1. Adjusted survival curve comparing FM vs
FB RIC on OS (full cohort).

0.8 A \

Probability
o
o

I
~
5

0.2 1

0.0

Adjusted probability at 5 year

FM 29 (25-32)%
FB 27 (24-30)%
p-value 0.57

12 24 36 48 60
Time (months)

FB — —FM

body irradiation as a part of conditioning, ex vivo T-cell depletion or
CD34 selected grafts, or GVHD prophylaxis using posttransplant
cyclophosphamide.

The CIBMTR is a research affiliation of the International Bone
Marrow Transplant Registry, the Autologous Blood and Marrow
Transplant Registry, and the National Marrow Donor Program
established in 2004, which collects data from more than 450
transplantation centers worldwide. The CIBMTR transplant registry
collects transplant essential data as well as comprehensive patient,
disease, and other clinical information pre- and poststem trans-
plantation per CIBMTR data collection form. Data are collected
pretransplantation, 100 days posttransplantation, 6 months post-
transplantation, and annually thereafter or until death.

Study end points

The primary study end point was OS defined as time from transplant
to death from any cause. Patients were censored at time of
last follow-up. The secondary end points included leukemia-free
survival (LFS) defined as time to leukemia relapse or death from
any cause. Patients were censored at last follow-up. NRM was
defined as time to death without evidence of persistent disease or
leukemia relapse, with leukemia relapse as competing risk event.
Patients were censored at last follow-up. Relapse was defined as
recurrence of leukemia after transplant, meeting 1 or more of the
following criteria per CIBMTR: =5% blasts in the marrow or
peripheral blood, extramedullary disease, or disease presence
determined by a physician upon clinical assessment. NRM is
considered as a competing risk event and patients were censored
at last follow-up. Hematological complete remission (CR) was
defined by CIBMTR as meeting all of the following response criteria
for at least 4 weeks: <5% blasts in the bone marrow; no blast in
blood; normal maturation of all cellular components in the bone
marrow; no extramedullary disease (eg, central nervous system,
soft-tissue disease); absolute neutrophil count (ANC) =1000/pL,
platelets =100000/plL; and transfusion independent. Acute
GVHD (aGVHD) included occurrence of grade 2, 3, and/or 4 skin,
gastrointestinal, or liver abnormalities fulfilling the consensus criteria
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of aGVHD."” Chronic GVHD (cGVHD) was defined as occurrence
of symptoms in any organ system fulfilling the diagnostic criteria of
cGVHD."® For both acute and chronic GVHD, patients were
censored at time of subsequent transplant or last follow-up. GVHD-
free and relapse-free survival (GRFS) is a composite end point in
which events include grade 3-4 aGVHD, cGVHD, relapse or death,
whichever occurs first. Patients were censored at time of sub-
sequent HCT or last follow-up.

Statistical methods

Busulfan and melphalan dosing. In the FB group, because of
having too few patients (n = 50) receiving oral busulfan who were
all transplanted in early years, only patients received IV busulfan
were included in the analysis. The 2 most commonly used dosing
regimens, 3.2 (n = 122) and 6.4 mg/kg (n = 402), were identified.
We compared demographics characteristics between the 2 groups
and respective survival at 5 years and did not detect any statistically
significant difference. Therefore, the 2 dose groups were combined
in the analysis.

Similarly, the 2 most common dosing groups of melphalan, 100
(n = 69) and 140 mg/m? (n = 493) in the FM group were compared
with respect to demographics and survival outcomes. Similarly, in
univariate analysis, no statistically significant differences were
detected and therefore the 2 dose groups were combined.

Baseline characteristics. Patient, disease, and transplant-
related factors were compared between the FM and FB using the
x? test for categorical variables and the Wilcoxon 2-sample test for
continuous variables. The probabilities of disease-free and OS were
calculated using the Kaplan-Meier estimator and were plotted using
adjusted Kaplan-Meier curves. The probabilities of the secondary
end points were generated using cumulative incidence estimates
that were accounted for competing. Cox proportional hazards
regression were used to estimate hazard ratio (HR) for outcomes
between the 2 treatment groups. The variables to be considered in
the multivariate models included age, sex, Karnofsky Performance
Scale at time of HCT, clinical onset of AML, cytogenetics, disease
status before HCT, time to achieve CR1, year of HCT, donor type,
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Figure 2. FM vs FB on AML transplant outcomes.
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graft type, donor/recipient sex match and cytomegalovirus seros-
tatus, GVHD prophylaxis, and in vivo T-cell depletion. The assump-
tion of proportional hazards for each factor in the Cox model was
tested using time-dependent covariates. When the test indicated
differential effects over time (nonproportional hazards), models
were constructed breaking the posttransplant time course into 2
periods, using the maximized partial likelihood method to find the
most appropriate breakpoint. Backward stepwise model selection
was used to identify all significant risk factors. Each step of model
building contained the main effect of conditioning regimen. Factors
of significance level <5% were kept in the final model. Potential
interactions between main effect and significant risk factors were
also tested. Direct adjusted probabilities of OS and LFS, and
direct adjusted cumulative incidence probability function (CIF)
of relapse and NRM were generated from the final regression
models stratified by conditioning regimen and weighted aver-
ages of covariate values using the pooled sample proportion as
the weight function. These adjusted probabilities estimated likelihood

3184 ZHOU et al

of outcomes in populations with similar prognostic factors. Among
the secondary outcomes, GRFS and GVHD comparing FM vs FB
were also reported.

Outcome reporting. For both primary and secondary outcomes,
OS, LFS, relapse, NRM, and GVHD (acute and chronic) were
reported for the entire cohort and patients who achieved CR
pretransplant (CR cohort). For reporting OS and NRM, outcomes
were divided into short- (=3 months) and long-term (>3 months)
periods. The 2 survival curves crossed at 3 months, suggesting
model-defined time dependence resulting from violation of the
proportionality assumption of the Cox model. We therefore
reported early vs late period divided at 3-month posttransplant.

Sensitivity analyses. The analyses included comparison limited
to patients with reported comorbidity index (HCT-CI) available who
were transplanted in 2007 and beyond, and among patients who
received matched sibling or well-matched unrelated donors. Center
effect in the comparison was studied in the comparison using
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Table 2. Transplant outcomes in AML patients receiving FM vs FB RIC for allogeneic HCT

FM vs FB (entire cohort), HR (95% CI)

FM vs FB (CR only cohort), HR (95% CI)

0s
=3 mo 1.82 (1.36-2.45), P < .001*
>3 mo 0.87 (0.76-1.00), P = .05
LFS 0.89 (0.78-1.00), P = .05
NRM
=3 mo 3.85 (2.46-6.03), P < .001*
>3 mo 1.14 (0.88-1.47), P = .32
Relapse 0.65 (0.55-0.76), P < .001*
GRFS 1.03 (0.91-1.15), P = .66

2.70 (1.80-4.07), P < .001*
0.81 (0.68-0.95), P = .01*
0.87 (0.75-1.01), P = .06

5.09 (2.83-9.14), P < .001*
1.17 (0.88-1.57), P = .28
0.60 (0.49-0.73), P < .001*
1.01 (0.87-1.16), P = .92

*Significant P value.

random-effects model in the framework of extended Cox multivar-
iate regression analysis and for OS and LFS; center effect was not
a statistically significant factor (P > .05).

Results

Baseline characteristics

The cohort consisted of 622 AML patients who received transplant
with the FM RIC and 791 with the FB RIC regimen. Baseline
characteristics of the 2 treatment groups in the entire cohort and
CR cohort are summarized in Table 1 and supplemental Table 1,
respectively. In the entire cohort, the median age of the FM group
was 59 years (range, 18-76); and the median age of FB group was
61 years (range, 18-77). Notably, compared with the FB group, the
FM group had more patients with active disease (36% vs 18%),
with mismatched donors (24% vs 15%), with bone marrow grafts
(19% vs 9%), received transplant before 2005 (29% vs 12%), and
without anti-thymocyte globulin (ATG)/alemtuzumab (58% vs 48%).
However, there were fewer patients in CR1 (46% vs 62%) and
matched sibling donor grafts (21% vs 30%) in the FM group compared
with that of FB group. The remaining characteristics were comparable
between the 2 groups for both entire cohort and CR cohort.

Transplant outcomes

OS and LFS. There was a lower OS associated with FM group
compared with FB group within 3 months posttransplant (HR =
1.82; 95% confidence interval [Cl], 1.36-2.45; P < .001). OS was
marginally superior with FM compared with FB beyond 3 months
(HR = 0.87; 95% ClI, 0.76-1.00; P = .05). At 5 years posttrans-
plant, the survival rate was 29% (95% Cl, 25-32) for FM and 27%
(95% CI, 24-30) for FB (P = .57) (Figure 1). The results were
shown to be consistent in patients with CR pretransplant (Figure 2;
Table 2) for an increased early mortality in the FM group within
3 months posttransplant (HR = 2.70; 95% ClI, 1.80-4.07; P <
.001), and a better OS beyond 3 months compared with the FB
group (HR = 0.81; 95% Cl, 0.68-0.95; P = .01) (Table 2).
Regarding the LFS, again there was a marginal advantage with FM
compared with FB (entire cohort: HR = 0.89; 95% ClI, 0.78-1.00;
P = .05; and CR cohort: HR = 0.87; 95% Cl, 0.75-1.01; P = .06)
(Table 2). Adjusted probabilities (at specific time points) among
patients in CR at transplant showed comparable OS at 1, 3, and
5 years posttransplant. Similarly, LFS was similar between the FM
and FB groups (Figure 2; supplemental Table 2).

€ blood advances 14 juLy 2020 - voLume 4, NUMBER 13

NRM

NRM was significantly higher in the FM compared with the FB group
during the early period (<3 months) posttransplant. This was found
in both the entire cohort (HR = 3.85; 95% Cl, 2.46-6.03; P < .001)
and CR cohort (HR = 5.09; 95% ClI, 2.83-9.14; P < .001). In the
multivariate survival analysis, excess in NRM in the FM group did not
persist beyond 3 months (entire cohort: HR = 1.14; 95% ClI, 0.88-
1.47; P = .32; CR cohort only: HR = 1.17; 95% Cl, 0.88-1.57;
P = .28) (Table 2). CIF comparing FM vs FB at 1-, 3-, and 5-year
time points in patients with pretransplant CR showed higher NRM
in the FM group, largely owing to increased early NRM occurring
within the first 3 months posttransplant (Figure 2; supplemental
Table 2).

Relapse and GRFS

In both the full and the CR cohorts, there were an overall significant
decrease in relapse associated with the FM group compared with
the FB group (entire cohort: HR = 0.65; 95% ClI, 0.55-0.76; P <
.001; and CR cohort: HR = 0.60, 95% Cl, 0.49-0.73; P < .001).
CIF at respective time points posttransplant showed a consistent
lower relapse rate in the FM compared with the FB group, P < .001
(Figure 2; supplemental Table 2). There was no detectable
difference with regard to GRFS when comparing the 2 conditioning
regimens, either in the entire cohort or the CR cohort (Table 2).

Multivariable analysis comparing FM with FB based
on patient, leukemia, and
transplant-related characteristics

Effect of baseline characteristics on overall mortality comparing the
2 treatment groups were reported in forest plots according to the
early (<3 months) and late (>3 months) time periods (Figures 3
and 4), as well as with the multivariate models (supplemental Tables
3 and 4). The results showed a uniformly increased early mortality
associated with FM group irrespective of patient-, disease-, and
transplant-specific factors. These included age, Karnofsky Perfor-
mance Scale, cytogenetics risk, secondary AML, or remission
status. Differences in mortality between the 2 regimens diminished
beyond 3 months posttransplant without influence from specific
baseline characteristics. Those included well-established adverse
risk groups. In other words, there was consistency of the results
within all subgroups (all P values for interaction >.05).
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Overall Mortality (1-OS)
FM vs. FB <3 mo no. of events HR {95% CI) Interaction
Conditioned on FM/FB FM vs. FB p-value
Overall 111/76 »—-—1 1.82 (1.36-2.45)
Donor i 0.001
1
1
All other donors 74/66 )—.—E—< 1.5 (1.08-2.07)
Partially-matched URD 37/10 i —— m——> 34(2.185.33)
Age i 0.12
40-59 41/28 |—.I—| 1.66 (1.12-2.47)
1
60-69 47/40 |—.i—| 1.65 (1.13-2.39)
1
KPS i 0.23
1
<90 66/40 — 2.04 (1.45-2.88)
1
>90 44/30 »—.—| 1.67 (1.14-2.46)
Secondary/t-AML i 0.32
|
No 99/66 »—I.—n 1.95 (1.44-2.64)
Cytogenetics ! 0.42
Intermediate 51/34 |—-—| 1.74 (1.21-2.52)
Poor 45/32 |—I.—| 1.86 (1.27-2.73)
1
Disease status i 0.65
CR1 39/27 |—.-§—| 1.6 (1.08-2.37)
1
>CR2 20/11 - | 2.3(1.36-3.86)
1
PIF/Rel 52/38 |—.—| 1.94 (1.32-2.85)
(I) ojs 1 1j5 2 2j5 3 3j5 alt

Figure 3. Early overall mortality (1 - OS) (<3 months) comparing FM vs FB based on patient-, disease-, and transplant-related characteristics (full cohort).

In sensitivity analyses, there was no evidence showing superior
outcome associated with either the FM or FB group, especially
when restricted to patients with HCT-CI available for multivariate
adjustment. There was also no difference in outcomes when limiting
analysis to patients who received sibling or well-matched unrelated
donors (supplemental Tables 5 and 6).

GVHD

Based on the multivariable model of the entire cohort, after
adjusting for all other characteristics, FM was associated with
higher grade 2-4 and grade 3-4 aGVHD (supplemental Table 3).
This was true both in the full and CR cohorts (supplemental
Tables 3 and 4). With regard to cGVHD, for the full cohort, FM
was associated with higher cGVHD in absence of in vivo T-cell
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depletion, but effect was not seen in its presence, suggesting
presence of interaction. For the CR cohort, this effect modifica-
tion with in vivo T-cell depletion on the outcome of cGVHD was
not seen.

Compared with tacrolimus and mycophenolate (TAC/MMF), GVHD
prophylaxis using calcineurin inhibitor (TAC or cyclosporine [CsA])
and methotrexate (MTX) led to a lower incidence of grade 2-4
aGVHD (TAC/MTX vs TAC/MMF: HR = 0.65; 95% CI, 0.52-0.80;
P <.001; CsA/MTX vs TAC/MMF: HR = 0.59; 95% Cl, 0.37-0.93;
P = .02). Notably, in vivo T-cell depletion by either ATG or
alemtuzumab consistently showed a benefit in reducing both grade
II-IV aGVHD (HR = 0.80; 95% ClI, 0.66-0.96; P = .02) and cGVHD
(HR = 0.65; 95% CI. 0.51-0.81; P < .001), as well as a lower NRM
(HR = 0.78; 95% Cl, 0.63-0.97; P = .02).
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Overall Mortality (1-OS)

FM vs. FB >3 mo no. of events HR (95% CI) Interaction

Conditioned on FM/FB FM vs. FB p-value

Overall 354/513 ! 0.87 (0.76-1.00)

Donor i 0.4
All other donors 205/447 )-.—1 0.85 (0.73-0.99)
Partially-matched URD 59/66 n—i—.—| 1(0.71-1.41)

Age i 0.32
18-39 31/27 |—.—§——| 0.64 (0.39-1.06)

40-59 154/191 |—-1—| 0.91(0.73-1.12)
|

60-69 154/256 |—.—+ 0.84 (0.69-1.03)

>70 15/39 : : - sy 1.31(0.72-2.39)

KPS i 0.06
<90 152/221 |-.-E+ 0.73 (0.6-0.9)

290 186/266 ni—.—| 1.02 (0.84-1.23)

Secondary/t-AML i 0.28
No 295/439 ».-< 0.83 (0.72-0.97)

Yes 48/65 —— 1.07 (0.74-1.55)

Cytogenetics i 0.82
Favorable 12/22 I - E | 0.7 (0.35-1.38)
Intermediate 179/269 »—.——| 0.88 (0.73-1.07)

.
Poor 120/189 n—-l——| 0.84 (0.67-1.05)

Disease status , 0.39
CR1 158/321 |—I-—| 0.9 (0.74-1.09)
>CR2 52/110 |—.—E—| 0.69 (0.5-0.96)

PIF/Rel 143/81 |—i-—| 0.95 (0.74-1.22)
0 05 1 15 2

Figure 4. Late overall mortality (1 - OS) (>3 months) comparing FM vs FB based on patient-, disease-, and transplant-related characteristics (full cohort).

Engraftment

Data on neutrophil (ANC) and platelet engraftment of the 2
regimens is shown in supplemental Table 7. There appeared to be
notably faster engraftment of counts in the FB compared with the
FM group, but 