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A low body mass index is correlated with poor survival after allogeneic stem cell

transplantation
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Background and Objectives. The purpose of this study
was to determine whether body mass index (BMI, kg body
weight/height (in m2) is related to survival in recipients of
allogeneic stem cell transplantation (ASCT).

Design and Methods. Since 1977, 544 adult patients
(age ranging from 18 to 64 years) diagnosed with hemato-
logic malignancies; 172 acute myeloid leukemia, 83 acute
lymphocytic leukemia, 190 chronic myeloid leukemia and 99
others, underwent myeloablative conditioning and ASCT. Low
BMI (<20) was seen in 88 patients, normal BMI (20-25) in
290 and high BMI (>25) in 166 patients. The donors were
348 HLA-identical siblings, 157 matched unrelated donors
and 39 HLA major mismatched donors. We assessed BMI as
a risk-factor controlling for other risk-factors regarding trans-
plant-related mortality, survival and relapse-free survival
using the Cox regression model.

Results. Patients with a low BMI more often had ALL,
were younger, were more often conditioned with total bod-
dy irradiation and more often received monotherapy as
immunosuppression against graft-versus-host disease. BMI
had no effect on engraftment, transfusions and acute or
chronic GVHD. Patients with BMI <20 had a higher incidence
of a-streptococcal septicemia (p=0.005) than did patients
with BMI = 20, but both groups had a similar incidence of
overall bacteremia. Five-year survival was 36% in those with
low BMI, 47% in those with normal BMI and 55% in those
with high BML. In multivariate analysis, death was associat-
ed with BMI <20 (p=0.023). Other significant factors adjust-
ed for were: diagnosis of acute lymphoblastic leukemia,
donors other than HLA-identical siblings, disease stage
beyond first complete remission or 1%t chronic phase, trans-
plantation before 1993 and total body irradiation vs. busul-
fan conditioning.

Interpretation and Conclusions. A low BMI (<20) was
significantly correlated with an increased transplant-related
mortality, a decreased survival and relapse-free survival after
ASCT. BMI should be considered when analyzing outcome
after ASCT.
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after high-dose myeloablative chemoradiothera-

py has emerged during the past three decades as
the treatment of choice for high-risk acute leukemia
and chronic myeloid leukemia (CML)."-6 Leukemic
relapse, infections due to immunological incompetence,
graft-versus-host disease (GVHD) and veno-occlusive
disease of the liver (VOD) remain the major obstacles
affecting the outcome of patients undergoing allo-
geneic HSCT.

A number of studies have identified a variety of risk
factors that negatively influence the outcome of HSCT.
Disease stage at the time of transplant is the single most
important factor influencing outcome in all disease cat-
egories, for all donor types, stem cell sources and age
categories and is associated with both an increase in
transplant-related mortality as well as an increase in
relapse incidence.®-> The second most important factor is
the age of the patient. For patients over 2 years of age,
transplant-related mortality increases with increasing
age.>> HLA mismatch is a third strong individual risk fac-
tor; thus, patients receiving well-matched sibling mar-
row do better than patients grafted with unrelated mar-
row or a mismatched graft.®° Besides these factors which
are generally accepted, others have remained contro-
versial.

Ample evidence suggests that obesity in the general
population is a factor contributing to a greater risk of
inferior health, and premature death.'® Regarding body
weight on admission, both obesity and undernourish-
ment have been considered as risk-factors for compli-
cations and increased relapse/non-relapse mortality in
bone marrow transplant patients. Fleming et al.™ found
that obese adults have an inferior outcome after histo-
compatible allogeneic stem cell transplantation. In spite
of several reports of successful outcomes in obese
patients, patients are sometimes not eligible or not con-
sidered candidates for a transplant given difficulties in
chemotherapy dosing to avoid overdosing, leading to
increased drug toxicity and complications, such as
organ failure or skin breakdown.'2'3 Qbesity may also
represent an independent risk factor for autologous
bone marrow transplantation.'s

On the other hand, weight loss and severe hypoalbu-
minemia during remission induction in adult patients
with acute leukemia were found to be closely related to
infections.' In an older study Deeg et al.'” found no
increased risk of treatment-related mortality (TRM) in
the obese group but, in contrast, did find that under-
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weight patients are at increased risk of death in the
early period after transplant. The aim of the present
study was to evaluate whether obesity or mal-
nourishment affects the outcome of allogeneic
HSCT for hematologic malignancies.

Design and Methods

Patients

From 1977 until August 2002, 544 adult patients
(age ranging from 18-64 years) diagnosed with
hematologic malignancies underwent allogeneic
HSCT at Huddinge University Hospital. To examine
outcome in relation to obesity, patients were
grouped on the basis of their relative weight
recorded before the beginning of the preparatory
regimen. The measure of relative weight was the
body mass index (BMI), which was calculated by
dividing the weight (kg) by the square of the height
(m?), according to Benn.®

Patients were classified into three groups based
on BMI: underweight patients (BMI <20); normal
weight patients (BMI 20-25), and obese patients
(BMI >25). The patients' and donors' characteris-
tics are shown in Table 1 and the distribution of
body weight in Figure 1. The patients with a low
BMI were younger, had a younger donor, more
often had bone marrow as stem cell source, were
more often conditioned with total body irradiation
(TBI) and more often received monotherapy as
immunosuppression against GVHD (p<0.001).
Minor differences between the groups included the
fact that underweight patients more often had ALL,
and more often received an HLA-identical sibling
transplant, (p<0.05). Recipient gender did not dif-
fer between the three groups.

Conditioning and supportive care

The majority (347/544, 64%) of patients with
malignant disease received 10 Gy of TBI, with their
lungs shielded to receive a median of 9 Gy, com-
bined with cyclophosphamide (CY) 60 mg/kg for
two consecutive days.' As an alternative, some
patients (111/544, 20%) received CY combined with
busulfan (BU) (4 mg/kg on four consecutive days),°
or 12 Gy of fractionated TBI (42/544. 8%) (3 Gy on
four consecutive days). In 31 patients who were
given a T-cell depleted graft, 6 Gy (2 Gy for three
consecutive days) of total lymphoid radiation (TLI)
was administered before TBI of 7.5 Gy (lungs
shielded to receive a median of 7 Gy).2' Thirty-eight
patients received a non-myeloablative condition-
ing regimen with TBI 2 Gy in combination with flu-
darabine (30 mg/m?2 for 3-5 days) (n=8), BU (4
mg/kg for two days), in combination with fludara-
bine (n=26), or fludarabine + CY (30 mg/kg for two
days) (n=4). All patients with an unrelated or mis-
matched related donor were treated with antithy-
mocyte globulin (ATG) (2-5 mg/kg/day) or OKT-3 (5

Table 1. Characteristics of patients and donors in 544 allo-
geneic stem cell transplants. The patients are divided into
three groups according to body mass index (BMI).

Characteristics BMI<20  BMI20-25  BMI>25 p value
No. of patients (%) 88 290 166
AML 22 (25) 87 (30) 63(38) ns
ALL 20(23) 52(18) 11(7) <0.03
CML 35(40) 89(31) 66 (40) ns
Other malignancy 11(13) 62 (21) 26 (16) ns
First complete remission 54 (61) 160 (55) 107 (68) ns
or chronic phase
Donor age 33 36 40 <0.01
Donor sex, M/F 47/41 176/114 92/74 ns
Recipient age 32 38 a4 <0.001
Recipient sex, M/F 50/38 171/119 99/67 ns
HLA-id sibling donor 65 (74) 179 (62) 104 (63) <0.05
Matched unrelated donor 18 (20) 91 (31) 48 (29) ns
Mismatched donor 5(6) 20(7) 14.(8) ns
BM vs. PBSC 76/12 217/73 113/53 <0.01
(86/14) (75/25) (68/32)
Nucleated cell dose (x10%/kg) 2.5 2.6 23 ns
(0.1-155)  (0.1-276)  (0.2-21.1)
Conditioning therapy, 79/9 220/70 109/57 <0.001
TBI/no TBI (90/10) (76/24) (66/34)

GVHD prophylaxis, mono- vs. 22/66 31/259 10/156 <0.001
combination therapy or T-cell  (25/75) (11/89) (6/94)
depletion

CR: complete remission; CP: chronic phase; M: male; F: female; MUD: matched
unrelated donors; TBI: total body irradiation; BM: bone marrow; PBSC: peripheral
blood stem cells; ns: not significant; p>0.05. The p values denote differences
between the low BMI group (<20) and the other two groups combined.

mg/day) for 2-5 days prior to transplantation.22
Before November 1988, all patients with hemato-
logic malignancies received 8-12 mg methotrexate
(MTX) or 20 mg Ara-C intrathecally (i.t.) twice
before HSCT to prevent CNS leukemia. After the
transplant, i.t. MTX was given from day 32 and
every other week until day 102. After 1988, only
patients with ALL, AML M4 and M5 and/or a his-
tory of CNS disease, were given this treatment.
Patients with previous CNS disease were given i.t.
treatment until 24 months after ASCT. From 1995
to March 2002, granulocyte colony-stimulating
factor was routinely given to 195 patients from
day +10 until neutrophil engraftment (>0.5x10°/L).

Nutritional treatment

Patients were encouraged to eat several meals
during the day. They could chose from a variety of
food. If eating was a problem because of mucosi-
tis and nausea, they were encouraged to drink. Sev-
eral high-calorie fluids were offered. A special
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Figure 1. Weight distribution among adults undergoing ASCT for hematologic malignancies. The horizontal axis shows weight
categories expressed as body mass index (BMI); the vertical axis gives the absolute number of observations. Patients were
grouped as BMI <20 = underweight; BMI 20-25 = normal weight; BMI >25 overweight.

dietician took care of these patients. When need-
ed, total parenteral nutrition (TPN) was added.

GVHD prophylaxis

Monotherapy with MTX according to the Seattle
protocol, was given to 33 patients."?® Twenty-one
patients received cyclosporine (CsA) alone as GVHD
prophylaxis.?* The CsA dose was gradually tapered
off six months after transplantation. One year after
HSCT, CsA was discontinued if no signs of chronic
GVHD were found. T-cell-depleted bone marrow was
given to 31 patients, using previously described
techniques.?’ Between August 1985 and April 1989,
204 patients received combination therapy with the
first four doses of MTX given together with CsA, as
described above.?'?526 Between May 1989 and Jan-
uary 1995, 79 leukemic patients were given combi-
nation therapy on an individual basis.?” CsA was
tapered after two months, if possible, and MTX was
continued until day 102 after ASCT. From 1995
(n=145), a short course of MTX in combination with
low dose CsA was used.? Ten patients were given
CsA together with prednisolone and 13 were give
CsA combined with micophenolate mofetil (MMF).

1046

Statistical analysis

Results were analyzed as of November 2002. Sur-
vival by weight categories were summarized by
means of Kaplan-Meier curves.?® Log rank statistics
were used to compare survival between the three
categories. We also assessed the significance of
weight as a risk-factor for transplant-related mor-
tality (TRM, all deaths except relapse), relapse and
chronic GVHD, while controlling for the patient's age
(> or < 39 years), sibling vs. unrelated donor, year of
transplant (as a continuous variable), conditioning
with busulfan vs. TBI, GVHD prophylaxis, diagnosis
and disease status and stem cell source (bone mar-
row vs. peripheral blood stem cells), using the Cox
proportional hazard regression model for univariate
and multivariate analysis.?® Patients in first complete
remission or first chronic phase were considered as
having early disease, while all other were considered
to have late disease. Patients given monotherapy
with MTX or CsA were grouped together, since they
showed the same incidence of acute and chronic
GVHD.2* For the same reason, patients receiving T-
cell-depleted grafts were grouped with those receiv-
ing combination therapy with CsA and MTX.2'
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Figure 2. Mean body weight, expressed as BMI, of patients before beginning the preparation regimen, grouped by year of trans-
plant. The increase in BMI after 1990 was statistically significant (p=0.003), mean + SD.

Results

Patients’ distribution by weight

Figure 1 shows the relative frequency of the
patients’ weights expressed as BMI. Younger adults
(<39 years) were clustered more tightly around the
ideal or a low BMI; older patients showed a ten-
dency towards higher weight. Sex distribution was
equal within the groups. There was a significant
increase in mean BMI over the years studied (Fig-
ure 2). In the time period 1980-89, 29% of patients
had a BMI <20 before beginning their preparatory
regimen and only 16% were overweight with a BMI
>25. Of these only 4% were obese (BMI >30). In
contrast, only 8% of patients transplanted between
2000 and 2002 were underweight and 40% were
over)weight, with 11% of these being obese (BMI
>30).

Engraftment, transfusions, infections and
GvHD

Engraftment occurred in 519 of the 544 patients
(95%). No differences were recorded in time to

Table 2. Engraftment, transfusions, infections and graft-ver-
sus-host disease according to BMI.

BMI<20  BMI 20-25 BMI >25

Engraftment
ANC >0.5%10°/L 18 (0-42) 17 (0-71) 17 (0-32) ns
Platelets >30x10%/L 19 (0-210) 18 (0-210) 18 (0-116) ns
Transfusions
Platelets 6 (0-40) 4(0-58) 4(0-35) ns
Erythrocytes 6 (0-40) 4 (0-58) 4(0-34)
Granulocytes 25 (26%) 49 (17%) 23 (14%)  p=0.02*
Infections
CMV infection 44% 50% 56% ns
CMV disease 15% 11% % ns
Herpes simplex virus 31% 22% 22% ns
Sepsis 40% 38% 40% ns
Viridans septicemia 20% 10% 8% p=0.005*
Graft-versus-host disease
Acute GVHD II-IV 30% 23% 24% ns
Chronic GVHD 57% 58% 61% ns

*BMI <20 vs. >20; ANC: absolute neutrophil count; CMV: cytomegalovirus;
GVHD: graft-versus-host disease.
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Figure 3. Cumulative incidence and time to transplant-related mortality (death from all causes except relapse) among patients
with BMI <20, BMI 20-25 and BMI >25. TRM in the BMI <20 group was significantly different from that in the normal weight

group (p<0.05).

granulocyte or platelet engraftment between the
three weight categories (Table 2). Furthermore,
body weight did not affect the need for platelet or
red blood cell transfusions. However, the need for
granulocyte transfusions was significantly higher in
the low weight group, than in the patients with
BMI >20 (p=0.02). The low weight patients were
also found to have a statistically higher incidence
of a-streptococcus septicemia (p=0.005) whereas
the incidence of sepsis of other bacterial origin or
infections with herpes viruses did not differ
between the three weight groups.

The incidence of acute GVHD (grades II-1V) and
chronic GVHD was not affected by body weight,
since it did not differ between the three groups
(Table 2). In the multivariate analysis, no associa-
tion between BMI and acute or chronic GVHD was
found.

Transplantation-related mortality

The overall TRM was 47% in the low BMI group,
which was significantly higher than for patients of
normal weight (34%; p=0.05; Figure 3). The TRM
for the low weight group was also higher than the

Table 3. Multivariate analysis of risk-factors for a) trans-
plant-related mortality (TRM); b) overall survival; c)
leukemia-free survival. Corrected for differences in patients
and donor characteristics, see Table 1.

A. TRM

Factor RH Cl p value
BMI <20 1.46 1.01-2.12 0.045

B. Leukemia-free survival

Factor RH Cl p value
BMI <20 1.35 1.01-1.80 <0.05

C. Survival

Factor RH cl pvalue
BMI <20 1.42 1.06-1.90 0.02

RH: relative hazard; CI: confidence interval.

TRM of the obese patients (33%), although the dif-
ference did not reach statistical significance
(p=0.07). Transplants performed with an unrelated
donor or high-risk disease including patients
beyond first remission or beyond first chronic
phase, were the two most significant factors for
TRM (p<0.01). In the multivariate analysis correct-
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ed for differences between the groups, the corre-
lation between low BMI (<20) and a higher TRM
was statistically significant (p=0.045) (Table 3a).

Relapse and relapse-free survival

Body weight had no impact on the risk of relapse.
There were 23 relapses among patients with a low
BMI, 76 relapses in the group with a BMI 20-25,
and 38 relapses in the overweight group. The
cumulative incidences of relapse were 39%, 39%
and 34% in the three groups, respectively, with no
correlation between BMI and relapse. However,
body weight affected survival of patients who did

haematologica/journal of he

normal weight patients and 55%

1718 19 20 21 22 23 24 25  jp overweight patients.

not relapse, since 5-year relapse-free survival of
all patients with a BMI <20 was 34% compared to
419% in the normal weight group and 469% for the
overweight patients (Figure 4a). In the corrected
multivariate analysis, low BMI (<20) was correlat-
ed to a lower relapse-free survival (p<0.05).

Survival and causes of death

Patients with a low BMI tended to have a lower
survival (36%) than normal weight patients (47%)
and a lower survival than the overweight patients
(55%, p=0.01, Figure 4b). The causes of death are
listed in Table 3. The two most common causes of

matology vol. 88(09):september 2003 1049
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Table 4. Primary causes of death (n=285).

BMI <20 BMI 20-25 BMI >25
Infection 18 (32%) 53 (34%) 25 (34%)
GVHD 9 (16%) 23 (15%) 16 (22%)
Relapse 19 (34%) 59 (38%) 21 (28%)
Other 10 (18%) 20 (13%) 12 (16%)

death were infections and relapse. There were no
marked differences in the causes of death between
the different weight categories. Survival had pro-
gressively improved in more recent years (Figure
2). In the corrected multivariate analysis, death was
associated with BMI <20 (p=0.02, Table 3c). Other
significant factors adjusted for included diagnosis
of ALL, donors other than HLA-identical siblings,
disease stage beyond first complete remission or
first chronic phase and transplantation before
1992. Patients receiving TBI had a higher risk of
death than patients who were conditioned with
busulfan.

Discussion

Immediate and long-term outcomes after ASCT
are influenced by numerous factors, such as
advanced disease, older patient age, patient-recip-
ient histocompatibility and cell dose.’® The pre-
sent study shows that a low body weight at the
time of admission is also an independent risk-fac-
tor for poor outcome. BMI is a rather broad index
of protein-calorie malnutrition. However, it is easy
to calculate from the patients' data base and ready
to use. It can also be analyzed easily in large reg-
istry data bases. In our study, patients with a BMI
<20 had significantly more streptococci viridans
septicemias and required more granulocyte trans-
fusions. In multivariate analysis, adjusted for oth-
er risk-factors, low weight patients had an
increased TRM, a decreased RFS and a decreased
overall survival.

No published tables of ideal body weight cur-
rently account for age, percent body fat or gener-
al health status. Recognizing these limitations, we
used BMI in our analysis. Only adult patients were
included in the study since outcome after HSCT or
high intensity chemotherapy in children appears
to be less affected by nutrional status.’ 173" Of 544
consecutive adult patients included in our study
patients in the low weight group (BMI <20) were
younger than the patients in the other weight
groups. Available records provided no information
on duration of therapy before transplant or prob-
lems potentially associated with malnutrition, such

as hypogammaglobulinemia or impaired defence
mechanisms, nutrional intake or weight dynamics
just prior to transplantation. Disease status, how-
ever, did not differ between the three groups, sug-
gesting that the subjects included in the low
weight group were more likely to be of a baseline
low weight, rather than patients who had become
underweight as a result of weight loss from their
baseline weight.

We found a significant increase in mean body
weight over the last 20 years. However, year of
transplant was corrected for in the Cox regression
analysis as a continuous variable. Indeed, survival
improved in more recent years, when BMI also
increased (Figure 2). Compared to in the early
1980s, older patients are now considered for trans-
plant, and the higher mean weight could merely be
consistent with the increased incidence of obesity
as the population of patients ages. Furthermore,
the prevalence of obesity in the general population
of Sweden is increasing.?? The higher weight in the
patients may also reflect a more frequent use of
prophylactic artificial nutrition during the induc-
tion period, leading to less weight loss pre-trans-
plantation.

We found no difference in time to engraftment
of platelets and granulocytes between the differ-
ent weight groups, nor in the need for red cell and
platelet transfusions (Table 2). However, under-
weight patients received significantly more gran-
ulocyte transfusions than patients of normal or
high body weight. Indications for granulocyte
transfusions include neutropenia (absolute neu-
trophil count <0.1x10°/L) with septicemia and high
fever (>40°C) not responding to antibiotics, or with
disseminating local infections. Malnutrition, par-
ticularly protein-calorie and fatty acid depletion,
confers increased susceptibility to infections.®
Infections may also further precipitate nutritional
depletion by triggering catabolic processes and
increasing the demands for energy and nutrients.
The ensuing vicious cycle impairs the nutritional
state as well as host defences. In accordance with
this, we found a significantly higher incidence of
septicemia caused by streptococci viridans, but not
other bacteria, in the low weight group. The viri-
dans streptococci are most prevalent in the oral
cavity and typically cause infection only when the
oral mucosa is significantly disrupted as in
chemotherapy-induced mucositis. In allogeneic
HSCT, chemotherapy is given at the maximum tol-
erated doses in an attempt to cure the disease.
However, patients who fall outside ideal weight
ranges may be at greater risk of relapse or drug
toxicity." Overweight patients treated with adjust-
ed or ideal weight doses may be receiving insuffi-
cient treatment. Underweight patients, on the oth-
er hand, may be overdosed and suffer increased drug
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toxicity. The available data did not allow us to ana-
lyze the incidence and severity of mucositis in the
different weight groups, but it can be speculated
that the high number of septicemia caused by strep-
tococci viridans in the low weight group resulted
from therapy-related toxicity due to overdosing.
Ineffective methods of dosing preparative
chemotherapeutic agents could result in unneces-
sarily low dosage of chemotherapy and increase the
risk of relapse in obese patients. However, the cumu-
lative relapse incidence in our patients did not dif-
fer between the three groups. This agrees with
results of a previous study by Fleming and co-work-
ers who reported a similar relapse incidence
between obese and non-obese patients in a case-
controlled study of adults undergoing allogeneic
HSCT." Furthermore, studies of patients receiving
autologous transplantation for leukemia have failed
to show a correlation between patients’ weight and
risk of relapse.'*'>%* This may suggest that patients
of all weight categories receive enough chemother-
apy for a similar cytotoxic effect on the leukemic
cells. We found that low body weight was associat-
ed with an increased risk of TRM. Multivariate
analysis, corrected for differences between the
groups, demonstrated that the association between
low weight and TRM was not explained simply by a
correlation with factors such as diagnosis, histo-
compatibility, disease stage, conditioning regimen,
or year of transplant. The cause of the increased
TRM is likely to be multifactorial. Malnutrition
impairs the function of the immune system and
skeletal muscles. During infection and inflamma-
tion, catabolic and anorexic cytokines, such as
tumor necrosis factor a (i.e.; cachectin), interleukin
1B and interleukin-6, are released. These are
macrophage-derived peptides known to impair the
nutritional balance.’>3 Taken together, these fac-
tors may contribute to poorer outcome for already
underweight patients. Although underweight
patients have an increased risk of death in the ear-
ly period after transplant, the incidence of acute
GVHD grades II-IV was not higher in these patients
than in the normal and overweight patients. The
incidence of chronic GVHD was also similar in the
three groups and no association between BMI and
chronic GVHD was found in the multivariate analy-
sis corrected for differences between the groups.
In accordance with results of a previous study by
Deeg and co-workers,'” we found that the overall
prognosis of overweight patients after transplant is
not significantly different from that of patients clos-
er to ideal body weight when analyzed for relapse-
free survival and overall survival. In fact, we found
survival to be highest in the group of patients with
a BMI >25 pre-transplant and this was significant-
ly higher than overall survival in the low weight
group (Figure 4b). Similar to previous studies on

both allogeneic and autologous stem cell trans-
plantation, we found a reduced relapse-free survival
and overall survival in malnurished patients.*'” That
a BMI <20 is an independent risk-factor for a poor-
er outcome after allogeneic HSCT was seen in the
corrected multivariate analyses showing that a low
BMI was correlated with both a lower relapse-free
survival and a lower overall survival.

In conclusion, our findings indicate that strategies
to improve nutritional balance should be evaluated
in malnourished patients with a BMI <20 prior to
HSCT. Furthermore, BMI should be included as a risk
factor when analyzing outcome after HSCT.
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In the following paragraphs, Dr. Sierra summarizes
the peer-review process and its outcomes.

What is already known on this topic

High body weight has been reported as significant
risk factor for increased procedure-related mortali-
ty after allogeneic transplantation. The effect of low
weight or low body mass index on the outcome is
uncertain.

What this study adds

The authors showed that a body mass index below
20 increased mortality and reduced survival after
transplantation.

Caveats

This was an heterogeneous series of patients
receiving related or unrelated donor transplantation
for a variety of diseases. The findings should be tak-
en with caution and reproduced in future studies
including homogeneouly treated patients.
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