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Abstract
The incidence of excessive adiposity is increasing worldwide and is associated with numerous
adverse health outcomes. We compared outcomes by body mass index (BMI) for adult patients with
acute myeloid leukemia (AML) who underwent autologous (auto, n=373), related donor (RD,
n=2041), or unrelated donor (URD, n=1801) allogeneic myeloablative hematopoietic cell
transplantation (HCT) using marrow or peripheral blood stem cells reported to the Center for
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International Blood and Marrow Transplant Research (CIBMTR) from 1995-2004. Four weight
groups by BMI (kg/m2) were defined: underweight < 18; normal 18 – 25; overweight >25 – 30; and
obese > 30. Multivariable analysis referenced to the normal weight group showed an increased risk
of death for underweight patients in the RD group (RR, 1.92; 95% CI, 1.28-2.89; P = 0.002) but not
in the URD group. There were no other differences in outcomes among the other weight groups
within the other HCT groups. Overweight and obese patients enjoyed a modest decrease in relapse
incidence, though this did not translate into a survival benefit. Small numbers of patients limit the
ability to better characterize the adverse outcomes seen in the underweight RD but not the
underweight URD allogeneic HCT patients. Obesity alone should not be considered a barrier to HCT.
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INTRODUCTION
Obesity remains an increasingly prominent and challenging international health issue,
particularly in the developed world(1-7). Excessive adiposity has been associated with a
number of medical complications including cardiovascular disease and diabetes that could
adversely impact outcomes for hematopoietic cell transplantation (HCT) for acute myeloid
leukemia (AML)(6,8,9). AML is often optimally treated with HCT and in some cases, affords
the best opportunity for long-term disease free survival. Recently, it was demonstrated that
even in the intermediate-risk setting, allogeneic HCT (alloHCT) improves overall survival
compared to other approaches(10). However, there has been concern that obese and overweight
patients may not have equivalent outcomes when compared to those of normal weight. To date,
transplant outcomes for patients with AML based on BMI have not been well-characterized.

In 2004, we published results from an observational study performed by the Center for
International Blood and Marrow Transplantation Research (CIBMTR) for patients undergoing
autologous HCT (autoHCT) for lymphoma(11). In that study, we showed that obese patients
fared at least as well as patients with normal body mass index. The purpose of this study was
to explore the impact of BMI in a different disease setting and in the context of allogeneic
transplantation to understand if the previous observations regarding obesity apply.

PATIENTS AND METHODS
Data Sources

The CIBMTR is a research affiliation of the International Bone Marrow Transplant Registry
(IBMTR), Autologous Blood and Marrow Transplant Registry (ABMTR) and the National
Marrow Donor Program (NMDP) established in 2004 that comprises a voluntary working
group of more than 450 transplantation centers worldwide that contribute detailed data on
consecutive allogeneic and autologous hematopoietic SCT to a Statistical Center at the Medical
College of Wisconsin in Milwaukee and the NMDP Coordinating Center in Minneapolis.
Participating centers are required to report all transplants consecutively; compliance is
monitored by on-site audits. Patients are followed longitudinally, with yearly follow-up.
Computerized checks for discrepancies, physicians’ review of submitted data and on-site audits
of participating centers ensure data quality. Observational studies conducted by the CIBMTR
are performed in compliance with the Privacy Rule (HIPAA) as a Public Health Authority, and
in compliance with all applicable federal regulations pertaining to the protection of human
research participants as determined by continual review of the Institutional Review Boards of
the National Marrow Donor Program and the Medical College of Wisconsin since 1985.
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Patients
Our study inclusion criteria included all patients with AML who received a first allogeneic
marrow or peripheral stem cell graft HCT from a related donor (RD alloHCT) or an unrelated
donor (URD alloHCT) or received an autoHCT between 1995 and 2004 and reported to the
CIBMTR. Patients whose transplant center reported myeloablative conditioning (as
determined by the transplant center) and whose disease status prior to transplant was reported
as primary induction failure (PIF), first or second complete remission (CR1, CR2) or first
relapse were included in this study. For the autologous cohort, recipients of purged grafts
(n=55) were excluded. A total of 4,735 patients met these initial selection criteria. We further
excluded 520 patients (74 autologous; 305 RD, 141 URD) from teams with inadequate follow-
up or inconsistent reporting over the study period in order to reduce selection and reporting
bias of patients. To ensure that the research patients were representative of all registered
patients in the CIBMTR database, demographics and relapse and survival rates between
research and registered patients were compared and no differences were noted.

The final study population included 1,801 and 2,041 patients who received an URDalloHCT
or RDalloHCT, respectively, and 373 patients who underwent autoHCT. Patients were divided
into groups based on body mass index (BMI) calculated from weight at the time of
transplantation. Weight groups were defined according to consensus weight designations by
the World Health Organization(12) and the National Heart Lung and Blood Institute Expert
Panel(13) as follows: underweight, BMI <18 kg/m2; normal, BMI 18 to 25 kg/m2; overweight,
BMI >25 to 30 kg/m2; and obese, BMI >30 kg/m2. Obese (BMI >30 to 34) and morbidly obese
groups (BMI ≥ 35) were combined for all analyses after confirmation of the lack of significant
outcomes differences when analyzed separately (see section on overall survival-multivariate
analysis for details).

Data Collection
All missing or inconsistent data at the time of data file preparation were queried. Unavailable
data from the transplant centers was treated as missing in the analysis. Cytogenetics data at the
time of diagnosis or prior to transplantation were queried if not previously reported.
Cytogenetic data were available for 79% of patients. Follow-up was updated for all patients in
the data file. The median follow-up by transplant type and the completeness of follow-up index
at 3 years(14) were 74 months and 94% for RD alloHCT, 58 months and 86% for URD
alloHCT, and 85 months and 80% for autoHCT, respectively.

Study End Points
Primary end points were overall survival (OS), transplant-related mortality (TRM), relapse,
and leukemia-free survival (LFS). OS was defined as time to death from any cause; surviving
patients were censored at time of last follow-up. TRM was defined as death within the first 28
days of transplantation from any cause or death in continuous complete remission at any
subsequent time point. Relapse was defined as the time to onset of clinical or hematologic
recurrence, disease progression, or persistent disease. For relapse, patients with persistent
disease were considered events at day 28. LFS was defined as survival in continuous complete
remission of primary disease; disease relapse or persistence, or deaths were considered as
events.

Secondary end points studied included rates of primary neutrophil and platelet engraftment,
grade II-IV acute graft-versus-host disease (GVHD), and chronic GVHD. Neutrophil
engraftment was defined as the time to achieve a sustained absolute neutrophil count ≥500
cells/μL for three consecutive days. Time to platelet engraftment was defined as time to achieve
a platelet count of 20,000/μL, evaluable at 7 days from the last platelet transfusion.
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Acute and chronic GVHD were graded by the transplant center according to standard criteria
(15,16).

Statistical Analysis
Patient-, disease-, and transplant-related factors were compared among the four BMI groups
by using the Chi-squared test for categorical variables and the Kruskal-Wallis test for
continuous variables. Univariate probabilities LFS and OS were estimated by using the Kaplan-
Meier method(17). The log rank test was used for comparing survival curves. Probabilities of
TRM, relapse, neutrophil engraftment, platelet engraftment, acute and chronic GVHD were
estimated by using cumulative incidence to allow for competing risks. In the multivariate
analyses we used Cox proportional hazards regression models separately for each donor type.
Models were constructed to compare the outcomes among the four BMI groups, with normal
BMI used as the baseline group, while adjusting for all covariates listed in the demographics
tables (Table 1). A model was built for each primary outcome of interest as a dependent variable
and all the relevant exposure variables as explanatory variables. A main effect term for the four
BMI groups was forced into the model. The proportional hazards assumption for all the
variables was examined by using time-varying covariates, but violations of this assumption
were not detected. Interactions between weight groups and other significant explanatory
variables were explored but none were found significant. The models were adjusted for the
geographical region of the patient (US, Canada, Europe, Asia, Australia/New Zealand,
Mideast/Africa, Central/South America) using a stratified Cox model to account for imbalances
in the BMI groups by region. Bonferroni corrections were applied to allow adjustment for
multiple comparisons between each weight group and the normal weight group. A P value <.
0167 was therefore considered statistically significant, whereas the P values for inclusion in
the final models of all other potentially confounding covariates were set at <.05. Comparisons
of all secondary outcomes were limited to univariate comparisons.

RESULTS
Patient Characteristics

Patients included in this analysis were age 18 years or older, with AML in first or second
complete remission (CR), in first relapse, or with primary induction failure after initial therapy
who underwent HCT between 1995-2004, inclusive. A total of 4,215 patients were evaluated
in this study. Comparisons of patient-, disease-, and transplant-related characteristics among
the weight groups are listed in Table 1. Because of low numbers of patients in the underweight
arm for those undergoing autoHCT (n=5), this group was omitted from analysis. With respect
to the key risk characteristics of age, Karnofsky performance status (KPS) < 90, disease status
at transplant, cytogenetic risk group, and, for unrelated allogeneic transplants, donor matching,
no differences among the normal weight, overweight, and obese groups were observed. For
the underweight group, there were some differences compared to the normal weight group for
the RD alloHCT group (more primary induction failures [PIF] and first relapses: 38% vs 28%,
respectively) and for the URD alloHCT group (median age: 26 vs 40; KPS <90: 58 vs 32%;
and well-matched donor(18): 18 vs 39%, respectively). Table 2 summarizes the rates of
neutrophil and platelet engraftment according to BMI group and transplant type. Hematopoietic
recovery was similar among all BMI groups.

Overall Survival-Univariate Analysis
Figure 1 shows Kaplan-Meier estimates of OS by transplant type and weight group. For the
RD alloHCT group, probabilities of OS in the univariate analysis were similar between the
normal (63% [95% CI, 60%-66%]), and overweight (60% [95% CI, 56%-64%]) groups,
slightly worse in the obese group (52% [95% CI, 47%-58%]), and markedly worse in the
underweight group (38% [95% CI, 22%-55%]) at 1 year. Corresponding OS probabilities at 5
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years were 47% (95% CI, 44%-50%), 44% (95% CI, 40%-49%), 37% (95% CI, 31%-43%),
and 19% (95%CI, 6%-35%), respectively. For the URD alloHCT and the autoHCT groups,
there were no statistically significant differences among the weight groups.

Overall Survival-Multivariate Analysis
In multivariate analysis (Table 3) in the RD alloHCT setting, with normal weight patients as
the reference, the underweight group had a higher risk of mortality (RR, 1.92; 95% CI,
1.28-2.89; P = .002); there were no differences among the normal, overweight, and obese
groups. The morbidly obese group (BMI ≥ 35) was analyzed separately for OS versus the
normal weight group: RD group n=118, RR=1.05 (0.81-1.35), p=0.733; URD group: n=170,
RR=1.11 (0.91-1.35), p=0.317. Other factors associated with higher risks of mortality were
age >50 years, KPS <90%, and disease stage worse than first remission at transplantation; CSA
+/− other, T cell depletion for GVHD prophylaxis (CSA/MTX as the reference group); high
risk cytogenetics (normal cytogenetics as reference); and use of TBI. For the URD alloHCT
and autoHCT groups, there were no differences in overall survival among the weight groups.

Transplant-Related Mortality
Point wise probabilities of TRM are summarized in Table 2. In multivariable analysis in the
RD alloHCT setting, the underweight group experienced a relative risk (RR) of TRM of 2.23
(95% CI: 1.17-4.25; P =0.014) compared to the normal weight group. There were no
differences among the other weight groups. Other significant variables increasing the risk of
TRM were age >40, KPS <90, GVHD prophylaxis with CSA +/− other or T cell depletion,
and a disease status of primary induction failure at transplant. A favorable factor was year of
transplant between 2000 and 2004 (versus 1995 to1999). In the URD alloHCT and autoHCT
settings, there were no differences among the BMI groups.

Relapse
Table 2 summarized the univariate probabilities of leukemia relapse by BMI group at each
transplant type. In multivariate analysis, in the RD alloHCT setting, the underweight group
had a higher risk of relapse compared to the normal weight group, with a RR of 2.06 (95% CI,
1.20-3.54, P = 0.009). There were no differences in the other weight groups. Interestingly,
similar to the previous study of autoHCT for lymphoma, the relative risk of relapse was reduced
for the URD alloHCT overweight (RR 0.82, 95% CI 0.68-0.99, P = 0.044) and obese (RR 0.76,
95% CI 0.0.60-0.96, P = 0.022) groups, though this difference did not translate into a survival
benefit. There were no differences among the weight groups in the autoHCT group
(underweight was excluded, n=5).

Leukemia-Free Survival
In multivariate analysis, LFS was worse in the RD alloHCT setting for the underweight group
(RR 2.07, 95% CI 1.36-3.13, P = <0.001). Otherwise, no other differences were observed for
any other groups in any other setting.

Acute and Chronic Graft-versus-Host Disease (GVHD)
The rates of acute and chronic GVHD by transplant type are summarized in Table 2. No
statistically significant differences were observed among the weight groups in either allo HCT
setting for either type of GVHD.

DISCUSSION
In this contemporary, retrospective, large study in AML patients, we demonstrated that obesity
as defined by BMI at time of transplantation does not correlate with worse survival outcomes
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but that underweight recipients of RD allo HCT have shorter survival compared to patients
within the normal BMI range. Similar to our previous study in patients with lymphoma, the
current study demonstrates that obesity does not appear to represent a significant barrier to
successful HCT for AML.

The impact of obesity on transplant outcomes remains controversial. The HCT-specific
comorbidity index developed by Sorror et al included obesity (BMI >35kg/m2) as one of the
components to predict non-relapse mortality at 2 years(19). This study included 708 patients
in the training set who underwent allogeneic HCT for several indications; of these, 2% were
obese. The data in this analysis predate the collection of HCT-CI-specific information initiated
by CIBMTR in 2007 so no direct comparison is possible. However, transplant-related mortality
in our study was not significantly higher in obese AML patients compared to normal weight
patients, regardless of the donor type.

In the previous lymphoma study, we observed poorer outcomes in one of the underweight
groups. Interestingly, poorer survival outcomes were observed in underweight patients in the
RD allo HCT group but not the URD alloHCT group. Because of the small numbers of patients
in the RD alloHCT group, there is some imbalance compared to the other weight groups with
respect to disease status at time of transplantation with disproportionately more PIF/relapse
and CR2 patients, though it is not clear how much this finding accounts for the difference in
leukemia-free and overall survival. Such an imbalance of disease status was not seen in the
underweight URD alloHCT group. It is noteworthy that the underweight RD alloHCT group
had a similar KPS (P = 0.353) and cytogenetic risk (P = 0.327) compared to the other weight
groups; these important factors do not appear to account for the difference in survival. It may
also be that the higher risk of the URD alloHCT procedure masks important but less obvious
risks associated with being underweight whereas in the related donor HCT setting, such risks
become manifest. Small numbers of patients and lack of available data pertinent to nutritional
status such as serum albumin or TPN use limit the ability to better characterize this observation
in underweight patients. Moreover, the analysis does not account for unknown biological
factors not included in the model that may be influencing outcomes in the underweight RD
allo HCT group.

An important limitation of this study is that any conditioning regimen dose adjustments for
overweight and obesity used by the various transplant centers could not be assessed from the
CIBMTR data. Since chemotherapy dosing in the conditioning regimen may be based on actual
weight or adjusted ideal body weight, clinical outcomes may have been confounded by whether
dose adjustments were made for patients with high BMI. There is currently no accepted
standard conditioning regimen dose adjustment schema based on weight and various
methodologies are used, as was ascertained by Grigg and colleagues(20). A small study of
AML patients undergoing autoHCT without dose adjustment has previously suggested that
some adjustment may be beneficial, as the lack of conditioning regimen dose adjustment in
that study resulted in unacceptable treatment-related mortality(21).

Similar to our previous study in lymphoma, the current study demonstrates that obesity does
not appear to represent a significant barrier to successful HCT in AML. This conclusion must
be tempered, however, with the acknowledgment that the patients who received myeloablative
HCT were likely selected by their transplant centers, and were deemed to be “fit” to withstand
the rigors of HCT. The limitations of pre-transplant co-morbidity data within the CIBMTR
database preclude an assessment of this issue. Thus, the caveat is that it appears that overweight
and obese patients have similar outcomes to normal weight patients when they otherwise appear
to be eligible HCT candidates. Obesity alone, however, should not preclude HCT when
appropriate for the treatment of AML.
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Figure 1.
a. Adjusted probability of overall survival among BMI groups for patients (≥ 18 years) after
an RD alloHCT for AML between 1995 and 2004.
1b. Adjusted probability of disease free survival among BMI groups for patients (≥ 18 years)
after an RD alloHCT for AML between 1995 and 2004
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Figure 2.
a. Adjusted probability of overall survival among BMI groups for patients (≥ 18 years) after
an URD alloHCT for AML between 1995 and 2004.
2b. Adjusted probability of disease free survival among BMI groups for patients (≥ 18 years)
after an URD alloHCT for AML between 1995 and 2004.
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Figure 3.
a. Adjusted probability of overall survival among BMI groups for patients (≥ 18 years) after
an autologous HCT for AML between 1995 and 2004.
3b. Adjusted probability of disease free survival among BMI groups for patients (≥ 18 years)
after an autologous HCT for AML between 1995 and 2004.
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