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elderly patients undergoing allo-HCT are lacking. We performed a retrospective analysis of 86 nonobese (body
mass index [BMI] <30) and obese (BMI >30) patients age >60 years who underwent allo-HCT for myeloid malig-
nancies between January 2010 and June 2015. We found no significant between-group differences in mean age,
sex, comorbid conditions, cytogenetic risk, disease indication for transplantation, or donor type. The median over-
all survival (OS) was 36 months for the BMI <30 group and 24 months for the BMI >30 group (P=.55). The median
progression-free survival (PFS) was 10.1 months in the BMI <30 group and 13.6 months in the BMI >30 group
(P=.93). There were no significant between-group differences in acute graft-versus-host disease (GVHD) and
cumulative incidence of chronic GVHD at 1 year post-transplantation. Among patients admitted for transplanta-
tion, the mean length of stay was 25 days in the BMI <30 group and 26 days in the BMI >30 group (P=.64). The
rate of readmission within 30 days of discharge was significantly higher in the BMI >30 group (34% versus 16%;
P=.045). Our data reveal that in these elderly patients with myeloid malignancies undergoing allo-HCT, clinical
outcomes, including OS, PFS, and GVHD, were not affected by obesity. Thus, in elderly patients, obesity should not
preclude consideration for curative allo-HCT and does not portend worse outcomes after allo-HCT.

© 2018 American Society for Blood and Marrow Transplantation.

INTRODUCTION

Myeloid malignancies, such as acute myelogenous leukemia
(AML) and myelodysplastic syndrome (MDS), are potentially life-
threatening diseases of the elderly, occurring mostly in the
seventh to eighth decades of life [1,2]. The general approach to
treatment is a form of induction chemotherapy followed by
consideration of allogeneic hematopoietic cell transplantation
(allo-HCT) as consolidation therapy in selected patients consid-
ered to have high-risk disease and to be fit for transplantation.
Historically, allo-HCT was reserved for young patients with an
acceptable performance status, but with the adoption of
reduced-intensity and nonmyeloablative conditioning regimens,
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along with improved supportive care measures, the application
of this procedure has been extended to older patients with more
comorbid conditions [3]. Several large studies have demonstrated
the long-term efficacy and safety of allo-HCT in older patients
while suggesting that age is not an independent risk factor for
survival post-transplantation [4-8].

One comorbidity given particularly close consideration before
allo-HCT is obesity. Obesity is defined in several ways, but one
commonly accepted definition is body mass index (BMI) >30 kg/
m? [9]. It is often associated with other comorbid conditions,
such as cardiovascular diseases and diabetes, and has been asso-
ciated with increased mortality [10-13]. Approximately 40% of
patients age 65 to 74 years in the United States are classified as
obese according to the Centers for Disease Control and Preven-
tion criteria; thus, obesity is often encountered during the allo-
HCT evaluation [14]. Obesity can disproportionally affect older
patients as it exacerbates the age-related decline in physical
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function and is an important cause of disability in older adults
[15]. Obesity also impacts the development of malignancy. A US
population-based study using BMI and cancer incidence data esti-
mated that in 2012, 28,128 new cancer cases in males and 72,266
cases in females were attributable to excess BMI [16]. There is
sufficient evidence to suggest associations between higher BMI
and an increased risk of various specific cancers, including gastro-
intestinal malignancies, breast cancer, and multiple myeloma
[17]; however, the association between elevated BMI and
reported poorer prognosis after cancer diagnosis and treatment
has been consistent only in patients with breast cancer [18—20].

In the context of allo-HCT, obesity and its associated condi-
tions can be a barrier to a successful procedure. A validated
risk assessment tool, the HCT-specific comorbidity index (HCT-
CI) [21], is commonly used to predict the outcome of allo-HCT
in terms of risk of death from transplantation complications
(nonrelapse mortality [NRM]). Sorror et al [21] found that obe-
sity (which they defined as BMI >35) had a high predictive
hazard ratio (HR) for 2-year NRM. Under this system, BMI >35
accounts for a comorbidity with a weighted score of 1 and is
considered a marker of worse survival. However, the impact of
obesity on outcomes after allo-HCT for hematologic malignan-
cies remains unclear, and other studies have found no correla-
tion with worse survival [22,23]. In the present study, we
aimed to evaluate the effect of obesity on outcomes in older
patients (age >60 years) undergoing allo-HCT for myeloid
malignancies and compare these patients’ outcomes with
those of nonobese counterparts of the same age group.

METHODS
Study Design

We performed a retrospective, single-center analysis using our institu-
tional database for allo-HCT from the Blood and Marrow Transplant Program
at the Medical College of Wisconsin. The study was approved by the Institu-
tional Review Board of Froedtert and the Medical College of Wisconsin.

Patient Population

The patient population consisted of adult patients with myeloid malig-
nancies (AML, MDS, or MPN), age >60 years, who underwent unrelated or
related donor allo-HCT between January 2010 and June 2015.

Data Sources and Data Elements

Our data were abstracted from inpatient and outpatient electronic medi-
cal record. Demographic data collected included age at transplantation, sex,
weight and BMI at day of admission, disease indication for allo-HCT, type of
graft donor (sibling or unrelated donor), HLA matching, and outpatient versus
inpatient transplant. Comorbid conditions, such as history of diabetes melli-
tus (DM), hypertension (HTN), cerebrovascular accident (CVA), chronic kid-
ney disease (CKD), and coronary artery disease (CAD), were abstracted from
the patient’s problem list. Pretransplantation disease status was based on the
bone marrow biopsy percentage of blasts measured immediately before allo-
HCT. The type of conditioning was identified as either myeloablative (MAC)
or reduced intensity (RIC) based on consensus criteria [24]. Chemotherapy
dosing followed standard protocol at our institution, which is based on
adjusted body weight (actual body weight plus a 40% difference between
actual and ideal body weight) for agents other than fludarabine, which is
always dosed based on actual body weight. Laboratory values measured at
allo-HCT included WBC, hemoglobin, and platelet count. For patients with
AML, cytogenetic risk stratification at diagnosis was calculated on modified
European Leukemia Net recommendations [25]. For patients with MDS, risk
stratification was done according to the Revised International Prognostic
Scoring System score at diagnosis [26]. For all patients, HCT-CI scores includ-
ing and excluding obesity were calculated [21], and a Karnofsky Performance
Status (KPS) score was obtained from chart review. The KPS is a standard
measurement of cancer patients’ ability to perform ordinary tasks and is
scored from O to 100 [27]. Acute graft-versus-host disease (aGVHD) was
defined as GVHD occurring at <100 days after allo-HCT; chronic GVHD
(cGVHD), as GVHD occurring at >100 days.

Statistical Analysis

Patients were stratified by BMI >30 or <30. Descriptive statistics were
used to measure baseline characteristics, for which comparative analyses
were done using 2 and Fisher’s exact tests. The Kaplan-Meier method was
used to calculate overall survival (OS) and progression-free survival (PFS),
which were estimated from the date of allo-HCT to death, progression, or last
follow-up. The log-rank test was used to compare OS and PFS between the
BMI >30 and BMI <30 groups. Univariate and multivariate analyses were
performed to determine the effect of patient-level variables on OS using a

Table 1
Patient Characteristics

Characteristic BMI <30 kg/m?(N =45; 52%) BMI >30 kg/m?(N = 41; 48%) PValue

Baseline characteristics
Age at HCT, yr, mean 66 64 .10
Male sex, n (%) 26(58) 23(56) .88
Weight, kg, mean 76 101 <.01
KPS >90, n (%) 25(56) 27 (66) 33
HCT-CI score >3, n (%)
Including obesity 13(29) 30(73) <.01
Excluding obesity 13(29) 25(61) <.01
DM, n (%) 15(33) 18 (44) 31
HTN, n (%) 24 (53) 25(61) 48
History of CVA, n (%) 2(4) 0 17
History of CKD, n (%) 5(11) 1(2) 12
History of CAD, n (%) 5(11) 8(20) 28
>5% blasts, n (%) 9(20) 3(7) 12
WBC at HCT, K/xL, median 2.7 3.5 .07

Hemoglobin at HCT, K/dL, median 9.8 10 93
Platelets at HCT, K/uL, median 83 122 51
Myeloablative conditioning, n (%) 13(29) 19 (46) 09
Matched related transplant, n (%) 17 (38) 20(49) 30
7/8 HLA-matched transplant, n (%) 0(0) 3(7) 10
Outpatient HCT, n (%) 6(13) 4(10) 74

Disease indication, n (%) 77
AML 26 (58) 27 (66)
MDS 16 (35) 12(29)
MPN 3(7) 2(5)

Cytogenetic risk, n (%) .36
Good 9(20) 13(32)
Intermediate 20 (44) 13(32)
Poor 16 (36) 15(36)

Significant P values are in bold type.
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Cox proportional hazards model. P < .05 was considered to indicate statistical
significance. A secondary analysis was performed among patients with BMI
<30 and BMI>35 using the same methods detailed above. Statistical analyses
were performed using Stata version 13.1 (StataCorp, College Station, TX).

RESULTS

We identified 86 patients who met the inclusion criteria;
patient characteristics are summarized in Table 1. Of these, 41
patients (48%) had a BMI >30 and 45 (52%) had a BMI <30. In
the BMI >30 group, 15 patients had a BMI >35 (range, 30 to
49). The median age at transplantation was 66 years in both
groups. There were no significant differences in mean age, sex,
cytogenetic risk (good, intermediate, or poor), disease indica-
tion (AML, MDS, or MPN), donor (related or unrelated), and
KPS score >90 between the 2 groups. Presence of comorbid
conditions, such as DM, HTN, CKD, CVA, and CAD, were similar
in the 2 groups. MAC was provided to 19 patients in the BMI
>30 group (46%) and to 13 patients (29%) in the BMI <30
group (P=.09). Three patients in the BMI >30 group had a <8/
8-matched unrelated donor. GVHD prophylaxis included tacro-
limus and short-course methotrexate in all patients except 1,
who received post-transplantation cyclophosphamide. The 3
patients with a <8/8 match received anti-thymocyte globulin
in addition to tacrolimus. Pretransplantation bone marrow
biopsy revealed >5% blasts in 3 patients (7%) in the BMI >30
group and 9 patients (20%) in the BMI <30 group (P =.12). Sig-
nificantly more patients in the BMI >30 group had an HCT-CI
score >3 (30 versus 13; P < .01). After excluding obesity (BMI
>35 as in the HCI-CI model), the percentage of patients with
an HCT-CI >3 remained higher in the BMI >30 group (61% ver-
sus 29%; P < .01).

Clinical outcome data are reported in Table 2. The median
0S was 36 months in the BMI <30 group and 24 months in the
BMI >30 group (Figure 1A), but the difference was not statisti-
cally significant (P=.55). The median PFS was 10.1 months in
the BMI <30 group and 13.6 months in the >30 group (P=.93)
(Figure 1B). aGVHD occurred in 16 patients (36%) in the BMI
<30 group, compared with only 8 patients (20%) in the BMI
>30 group (P =.10). The 1-year cumulative incidence of cGVHD
was 56% in the BMI >30 group versus 38% in the BMI <30
group (P=.09). Among the patients admitted for transplanta-
tion (n = 76), the mean length of stay was 25 days in BMI <30
group and 26 days in the BMI >30 group (P=.64). More
patients in the BMI >30 group were readmitted within 30 days
of discharge (34% versus 16%; P=.045).

Regression analyses were performed to identify predictors
for OS. In univariate analysis, only poor-risk cytogenetics was
associated with worse OS (HR, 2.63; 95% confidence interval
[CI], 1.12 to 6.18; P=.03) (Table 3). Selected variables were
then included in a multivariate analysis (Table 3). In this analy-
sis, poor-risk cytogenetics remained a predictor for increased
risk for death, but BMI had no bearing on OS (HR, 1.17; 95% (I,
0.58 to 2.35; P=.66).

We then performed a secondary analysis by comparing out-
comes between patients with BMI >35 (n = 15), which corre-
lates with severe obesity [28], and patients with BMI <30 (n =
45) to examine whether outcomes were worse in patients at
the extremes of weight. Again, we found no between-group
differences in patient variables, including age, sex, KPS score,
presence of comorbid conditions (DM, HTN, CVA, CKD, and
CAD), intensity of conditioning, indication for HCT, and disease
status before transplantation. There were more patients with
HCT-CI >3 in the BMI >35 group (P < .01), but this did not
hold true when we excluded the point for obesity (P=.21).
There were no between-group differences in aGVHD or

cumulative incidence of cGVHD at 1 year. Interestingly, in the
>35 BMI group, the length of stay among hospitalized patients
was longer (median, 28 days versus 25 days; P=.16) and more
patients were readmitted within 30 days of HCT (47% versus
16%; P = .01). The median OS and PFS was not reached in the
BMI >35 group, and values were not statistically different
from those of the BMI <30 group (Figure 2A and B). In multi-
variate analysis, BMI >35 was not associated with worse OS
(HR, 0.75; 95% (I, 0.43 to 1.32; P=.32) (Table 4).

DISCUSSION

Allo-HCT is a high-risk treatment offered to patients with
hematologic malignancies with a curative intent. What was
once limited to younger patients with matched sibling donors
is now offered to patients as old as 80 years with a variety of
donor options. With an aging population and the increased fre-
quency of myeloid diseases in patients age >60 years, the use
of allo-HCT is increasing in this age group [29]. At the same
time, the proportion of patients who are obese or severely
obese has increased. Obesity hastens age-related decline and is
a factor used to evaluate patients before transplantation
[15,21]. In this study, we evaluated outcomes among older
patients with and without obesity and found that obesity at
time of allo-HCT does not correlate with worse survival out-
comes and should not represent a barrier to successful allo-
HCT in appropriately selected elderly patients. In particular,
our findings held true regardless of our BMI cutoff (30 or 35),
with a median survival of almost 2 years.

Two large Center for International Blood and Marrow
Transplant Research observational studies explored the effect
of obesity on transplantation outcomes across all age groups,
and both studies found that obesity does not impair outcomes
after HCT. The first, by Navarro et al [22], studied 4215 patients
with AML who underwent allo-HCT, using an even number of
related and unrelated donors. Patients were divided into 4
weight groups by BMI: underweight, <18; normal weight, 18
to 25; overweight, >25 to 30; and obese, >30. The median age
was 40 for the unrelated donor allo-HCT group and 39 for the
related donor allo-HCT group, representing a significantly
younger cohort compared with ours. They found significantly
worse treatment failure, relapse, treatment-related mortality,
and OS in the underweight group compared with the normal
weight group. In contrast, patients in the obese BMI group did
not have significantly worse survival outcomes than normal-
weight patients. In the second study, Vogl et al [30] studied the
outcomes of 1087 patients who underwent autologous HCT for
multiple myeloma. Patients were divided into groups based on
BMI: normal weight, 18.5 to 25; overweight, 25 to 30; obese,
30 to 35; and severely obese, >35. These authors also found
that BMI had no significant effect on survival outcomes, includ-
ing PFS, OS, progression/relapse, and NRM. Our study was dif-
ferent in that it evaluated the effect of obesity in older allo-
HCT recipients, who may be at greater risk of obesity-related
diseases.

Other studies have shown a correlation between pre-
transplantation BMI and post-transplantation complications.
GVHD is a major complication of allo-HCT. Hyperglycemia
during the neutropenic period has been associated with a
significantly increased risk of grade II-IV aGVHD and NRM
[31]. Increased BMI and obesity are known to be associated
with hyperglycemia and thus may increase the risk of
aGVHD. However, our results do not show a higher inci-
dence of aGVHD in elderly obese patients compared with
nonobese elderly patients. The 1-year cumulative incidence
of cGVHD was higher in obese patients, although the
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Table 2

Clinical Outcomes
Outcome BMI <30 kg/m?(N =45; 52%) BMI >30 kg/m?(N =41; 48%) PValue
0S, mo, median 36 24 .55
PFS, mo, median 10.1 13.6 93
Relapse post-HCT, n (%) 21 (47) 13(32) .16
30-day readmission, n (%) 7(16) 14 (34) 045
aGVHD, n (%) 16 (36) 8(20) .10
1-year cumulative incidence of chronic GVHD, n (%) 17 (38) 23 (56) .09
Intensive care unit transfer, n (%) 2(4) 2(5) 92
Length of stay, d, mean 25 26 .64

Significant P values are in bold type.
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Figure 1. OS (A) and PFS (B) in the BMI <30 and BMI >30 groups.

Table 3
Univariate and Multivariate Analyses for OS, BMI <30 versus BMI >30
Covariate Univariate Analysis Multivariate Analysis
HR 95% CI PValue HR 95% Cl PValue
BMI >30 1.20 .66-2.19 .56 117 .58-2.35 .66
>5% BM blasts at HCT 37 .11-1.20 .10 .50 14-1.72 27
Myeloablative conditioning 94 51-1.75 .85 95 51-1.78 .88
Poor-risk cytogenetics 2.63 1.12-6.18 .03 2.57 1.08-6.11 .03
HCT-CI >3 excluding obesity .89 48-1.64 72 94 46-1.90 .86
| Overall Survival of BMI<30 vs BMI>35 | Progression Free Survival of BMI<30 vs BMI>35
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Figure 2. OS (A) and PFS (B) in the BMI <30 and BMI >35 groups.
difference was not statistically significant. The same group related comorbidities associated with obesity, such as dia-
of researchers also found an association between obesity betes, which has been linked to impaired cell-mediated

and increased risk of infection [32]. This may be due to immune response and higher infection rates [33]. Our



E. Voshtina et al. / Biol Blood Marrow Transplant 25 (2019) e33—e38 e37

Table 4
Multivariate Analyses for OS (BMI <30 versus BMI >35)

Covariate Multivariate Analysis

HR 95% CI PValue
BMI >35 75 43-1.32 32
>5% BM blasts at HCT 38 .09-1.69 .20
Myeloablative conditioning .60 25-143 25
Poor-risk cytogenetics 1.42 .98-2.05 .06
HCT-CI >3, excluding obesity .80 27-2.31 .68

analysis of patient outcomes showed equivalent numbers of
intensive care unit transfers and mean length of stay in our
elderly obese patients with a BMI >30 and our nonobese
elderly patients suggesting no increased risk of post-HCT
complications due to obesity. However, patients with a BMI
>30 were more likely to be readmitted to the hospital, and
patients in the highest BMI group (>35) showed a trend
toward longer length of hospital stay. This trend could be
related to an increased incidence of obesity-related comor-
bidities and obesity-related illnesses. The higher rate of
comorbidities was evident in our finding of a statistically
significant HCT-CI score >3 in our elderly patients with a
BMI >30 even after excluding 1 point for obesity.

In terms of transplantation-related outcomes, similar to
other studies, here patients with poor-risk cytogenetics were
found to have poorer OS. Interestingly, in our cohort, the pres-
ence of increased blasts did not adversely affect survival out-
comes. The significance of this finding is limited by our small
sample size, however. Although nonmyeloablative or reduced-
intensity conditioning regiments have been developed to
reduce NRM in elderly patients and those with significant
comorbidities [34,35], more than one-third of all patients in
our >60 year old cohort were able to tolerate myeloablative
conditioning, and independent of BMI, the intensity of condi-
tioning was not associated with an increased risk of mortality.
This finding is consistent with larger studies that have found
no statistically significant differences in survival outcomes
after allo-HCT by the type of conditioning [36,37].

Our study has several limitations. This retrospective analy-
sis is limited by the accuracy of the documentation retrieved
from the medical record. As a single-center analysis, it is sub-
ject to institutional biases in the patient population that might
not reflect the general population. In addition, our sample size
was limited to cases available in our database. A larger study
through the transplant registries would be useful to confirm
our findings and overcome these limitations. Finally, although
we tried to account for possible confounders with multivariate
analysis, we might not have considered all possible variables
that affect outcomes.

In conclusion, the present study demonstrates that
obese elderly patients undergoing allo-HCT did not experi-
ence inferior outcomes compared with nonobese elderly
allo-HCT recipients, regardless of the BMI cutoff for obesity
used (30 or 35). BMI >30 was associated with increased
rehospitalization within 30 days of discharge after allo-
HCT. Severely obese (BMI >35) patients showed trends
toward longer duration of hospitalization and a higher rate
of readmissions within 30 days of discharge after trans-
plantation. Hospital-based measures may be implemented
to identify these higher-risk patients to reduce the risk of
readmission and length of stay. In a patient age >60 years,
elevated BMI should not impact the consideration of a
curative intent allo-HCT if he or she is otherwise appropri-
ate for transplantation.
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