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Introduction: Obesity is a worldwide problem that is related to cardiac disease, thrombosis
and cancer. However, little is known about the impact of obesity on the outcomes of adult
acute lymphoblastic leukemia (ALL) patients.

Methods: We retrospectively evaluated a cohort of 154 newly diagnosed adult ALL patients
between 1994 and 2011 at Mayo Clinic (Rochester). According to the World Health
Organization (WHO) international BMI classification, patients were stratified as under-
weight, normal weight, overweight, and obese. For some analyses, patients were also
stratified according to a two-sided non-obese or obese classification.

Results: The median follow-up time was 8.37 years. Obese patients were more likely to be
women (p=0.024) and >60 years old (p=0.003). Five-year mortality rates were higher in
obese patients than non-obese [HR 95% CI: 1.60 (1.03-2.50) p=0.035]. This was also the
case in subgroup analysis among T-cell patients although the number of patients was small
[HR 95% CI: 5.42 (1.84-15.98) p<0.001]. There was no difference in mortality among the
B-cell patients. After adjusting for baseline variables, the difference in mortality remained in
several models. There was no difference in EFS or cumulative incidence of relapse rates
between obese and non-obese patients among the overall population.

Discussion: In conclusion, our study suggests that adult ALL patients with obesity have
lower survival rates, especially in T-cell ALL.
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Introduction

Compared with children, the long-term survival rate for adult patients with acute
lymphoblastic leukemia (ALL) is inferior, with 5-year overall survival of only 30%-
40% for patients younger than 60 years, less than 15% for patients older than 60
years and less than 5% for patients older than 70 years.! Significant advances,
however, have been made in the treatment of ALL in adults in the last decade. With
current treatment regimens, long-term survival is achieved by approximately 80%
of patients with Burkitt’s leukemia,” 50% of patients with B-cell ALL (B-ALL),’
50% to 60% of patients with Philadelphia chromosome (Ph)—positive ALL,* and
50% to 60% of patients with T-cell ALL (T-ALL).” Current risk classification
strategies are based primarily on age as well as the analysis of genetic abnormalities
of leukemic blasts and careful monitoring of each patient’s response to therapy,®’
both of which are used to adjust therapy. However, certain clinical features, such as
obesity, which are not typically used for risk stratification, are also associated with
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outcomes of acute leukemia.*’ Studies addressing the
impact of obesity on outcomes of adult patients with
ALL are rare and have been reported in only one other
series.” Thus, we examined the effects of obesity on treat-
ment outcomes of adult patients with ALL at our center.

Methods

Patients and Treatments

This was a retrospective, single-center study of adult ALL
patients. We analyzed data from 154 consecutive eligible
patients 18 years of age or older diagnosed with newly
diagnosed ALL between 1994 and 2011 at Mayo Clinic
(Rochester) who had at least five years of follow-up.
Patients with mixed phenotype acute leukemia, Burkitt
lymphoma, palliative treatment only and those without
initial body mass index (BMI) data were excluded.
Weight and height were measured by trained personnel.
The chemotherapy dose was calculated on the basis of
actual body surface area (BSA). The study was approved
by the Mayo Clinic Institutional Review Board. All
patients gave their consent for their medical records to
be utilized for research purposes.

Patients were treated with chemotherapy regimens that
were categorized into two broad categories,l) BFM-based
regimens including the UKALLXII/E2993 protocol' and
the CALGB 9111 protocol'' or utilizing the 2)
HyperCVAD'? regimen. For patients who were BCR-
ABLI positive, a tyrosine kinase inhibitor (TKI), including
imatinib or dasatinib, was added when available.

The BMI was calculated as weight at diagnosis in kilo-
grams divided by height in square meters — BMI (kg/m?) =
Weight (kg)/[height (m)]>. According to the World Health
Organization (WHO) international BMI classification, patients
were stratified as follows: underweight (BMI < 18.5), normal
weight (BMI 18.5 to <25), overweight (BMI 25 to <30), and
obese (BMI >30). For some analyses, patients were more
simply classified into two categories: non-obese (BMI <30)
or obese (BMI >30).

Follow-up was on all with

complete patients

a minimum of five years of follow-up in all cases.

Criteria for Treatment Outcomes

The objective of the study was to evaluate the impact of
obesity on the outcomes of adult patients with acute lym-
phoblastic leukemia. Outcomes include overall survival
(OS), event-free survival (EFS), and relapse. OS time
was defined as the time interval from diagnosis to death

from any cause. EFS time was defined as the time interval
from diagnosis to BMT, relapse or death whichever comes
first. Relapse time was calculated from the date of diag-
nosis until the first relapse with death as the competing
risk and censored at the time of BMT or the last follow-up
for those alive and disease-free.

Statistical Analysis

Baseline characteristics were compared between BMI
groups using Chi-Square test. OS and EFS were estimated
for each BMI classification using the Kaplan—Meier esti-
mator. The cumulative incidence of relapse in obese and
non-obese patients, adjusted for the competing risk of
death, was estimated using the cumulative incidence func-
tion and compared using Gray’s test. Cox proportional
hazards models were used to estimate the effect of BMI
on outcomes. BMI was included in all models as the main
effect. Other covariates considered in the multivariable
Cox models include patient age at diagnosis (18—40 vs
40-60 vs >60), type of ALL (B-cell vs T-cell), gender,
hyperleukocytosis (white blood cell >30x10%/L in B cell
ALL, and >100x10%/L in T cell ALL) at diagnosis, ECOG
score, cytogenetic risk group (MRC-ECOG risk stratifica-
tion: standard, intermediate, high), central nervous system
involvement at diagnosis and type of induction regimen
(HyperCVAD or BFM-based). Statistical analyses were
performed using SAS Version 9.3 (SAS Institute, Cary
NC, USA) and R Version 3.3.1 (R Foundation for
Statistical Computing, Vienna, Austria). A p-value <0.05
was considered statistically significant and all statistical
tests were two-sided.

Results

Patient Demographics

A total of 154 patients were analyzed in this study. The median
age was 42.5 years (range 18-82 years). Median follow-up
was 8.4 years. Overall, median BMI was 27.9 kg/m? (range,
19.04-49.58). According to BMI WHO classification, among
the 154 patients, 41 (26.6%) were classified as normal weight,
59 (38.3%) as overweight, and 54 (35.1%) as obese. There
were no underweight patients. Ages varied among the BMI
groups. Normal weight patients were younger than overweight
patients, who in turn were younger than obese patients
(P=0.002). Because there was no significant difference in all
analyses between normal and overweight patients, they were
grouped into one BMI category, ie, non-obese (101 patients,
65.5%). Obese patients were more likely to be women
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(p=0.024) and to be >60 years of age (p=0.003) (Table 1).
Patient characteristics are summarized in Table 1. Forty nine
of the 100 (49%) non-obese patients received a blood or
marrow transplant (with the median time from diagnosis to
BMT of 5.8 months (range 2—162 months)). Fifteen out of 54
(28%) obese patients received a BMT with the median time
from diagnosis to BMT of 7.4 months (range 2—46 months).

Relationship Between BMI and Survival:
EFS and OS

The rate of complete remission and complete remission
with incomplete count recovery (CR/CRi) did not differ

Table | Demographics by Obese/Non-Obese

between the obese and non-obese patients (Figure 1).
The risk of mortality was higher in obese patients com-
pared to non-obese patients [HR 95% CI: 1.60 (1.03—
2.50) p=0.035 Figure 2A]. After adjusting for baseline
variables, the difference in mortality remained in several
models as shown in Table 2. There was no difference in
EFS (Figure 2B) or relapse (Figure 2C) between obese
and non-obese patients. In an additional analysis by ALL
subtype, among T-ALL patients (obese n=10, non-obese
n=24), obesity was associated with a lower OS [HR 95%
CI: 5.42 (1.84-15.98) p<0.001] (Figure 3A) and with
EFS, [HR 95% CI: 2.5 (1.00-6.21), P = 0.042] (Figure
3B). In contrast, no difference in OS or EFS was seen
between obese (n=44) and non-obese (n=76) B-ALL

Non-Obese Obese Total p value patients (Figure 4A and B). Causes of death included
(N=100) (N=54) (N=154) relapse in 52 patients, non-relapse mortality in 27
Gender 0.024 patients (mostly related to post-transplant complications
F 42 (42.0%) 33 (61.1%) | 75 (48.7%) and was unable to be determined in 10 patients).
M 58 (58.0%) 21 (389%) | 79 (513%)
. .
Age at diagnosis 0.003 DISCUSSIOI‘I
18-39 54 (54.0%) 18 (33.3%) | 72 (468%) Obesity is now an alarming problem worldwide. Globally,
40-59 34 (34.0%) 18 (33.3%) | 52 (33.8%) . .
the prevalence of overweight and obesity increased by
260 12 (12.0%) 18 (33.3%) | 30 (19.5%) ] i i
28% in adults and 47% in children between 1980 and
ALL subtype 0434 .
i 2013. Current estimates suggest that there are nearly
B Cell 76 (76.0%) 44 (81.5%) | 120 (77.9%) - ) ) )
T Cell 24 (24.0%) 10 (185%) | 34 22.1%) 2.1 billion people in the world who are either overweight
or obese.'® In the United States, data from the National
Hyperleucocytosis 0.862 . . X
at Dx Health and Nutrition Examination Surveys (NHANES)
Missing 9 3 12 collected between 2011 and 2012 suggest that 35% of
No 69 (758%) 38 (74.5%) | 107 (75.4%) adults are obese.'* Aside from well-known long-term
Yes 22 (24.2%) 13 (25.5%) | 35 (24.6%) L . .
complications, obesity may also affect cancer incidence
ECOG 0.575 and cure.'® Here, we report the relationship between obe-
erformance score . . . .
P sity and outcomes in adult patients with ALL and show
0 24 (24.0%) 8 (148%) | 32(208%)
I 54 (54.0%) 31 (57.4%) | 85 (55.2%)
2 16 (16.0%) 11 (204%) | 27 (17.5%)
3 6 (6.0%) 4 (7.4%) 10 (6.5%) 1009
Cytogenetic risk 0.126
group
Standard 8 (8.0%) 10.9% | 9(58% £
>
Intermediate 52 (52.0%) 24 (44.4%) | 76 (49.4%) L
High 40 (40.0%) 29 (53.7%) | 69 (44.8%) s
c
@
o
CNSL at DX 038 8
No 93 (93.0%) 48 (88.9%) | 141 (91.6%)
Yes 7 (7.0%) 6(111%) | 13 (84%)
Induction regimen 0.396
T T T T T
HyperCVAD based | 46 (46.0%) 21 (389%) | 67 (43.5%) 0 3 ) ° o 12
Time to event (months)
BFM based 54 (54.0%) 33 (6|.|%) 87 (56.5%) BMI Events/Total Median (95% Cl)  HR (95% Cl)
Non-Obese 92/94 1.1(1.0-1.2) Reference
----------- Obese 41/42 10(1.0-14) 0.89 (0.61-1.29)
oo 0534 Vomor
Diagnosis cohort 0.958 ? Patients-at-Risk ‘
Dx 1994-2004 44 (44.0%) 24 (44.4%) | 68 (44.2%) N e 42 s B : H
Dx 20052015 56 (56.0%) 30 (55.6%) | 86 (55.8%)
Figure | Time to complete response (| year).
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Figure 2 (A) Overall survival by BMI group (non-obese vs obese). (B) Event-free survival by BMI group (non-obese vs obese). (C) Relapse by BMI group (non-obese vs

obese). Patients with prior BMT are censored.

that obese patients had a higher mortality overall with
decreased overall survival that was not related to relapse.

There are scarce data in the literature about the impact of
obesity on outcomes of adult ALL patients. The present
study shows that obese patients with ALL have a higher
risk of overall mortality. This adverse effect of obesity on

mortality remained after adjusting for demographic and
baseline clinical factors, while the rates of refractory leuke-
mia, relapse and EFS were nearly identical across different
weight categories. In the subgroup of patients with T-cell
ALL, obesity was associated with a 5-fold increase in over-
all mortality. In our data, obese patients were older, which

Table 2 Cox Proportional Hazards Models-Time to Death Comparing BMI Groups Adjusting for Baseline Variables

Parameters Reference HR (95% CI) p-value
BMI group adjusting for B/T cell Non-obese 1.55 (0.99, 2.43) 0.054
BMI group adjusting for age group Non-obese 1.41 (0.87, 2.28) 0.165
BMI group adjusting for cytogenetic risk group Non-obese 1.45 (0.92, 2.27) 0.106
BMI group adjusting for gender Non-obese 1.68 (1.07, 2.63) 0.024
BMI group adjusting for hyperleucocytosis Non-obese 1.55 (0.97, 2.47) 0.066
BMI group adjusting for ECOG status Non-obese 1.61 (1.03, 2.52) 0.038
BMI group adjusting for CNSL Non-obese 1.61 (1.03, 2.51) 0.035
BMI group adjusting for induction regimen Non-obese 1.57 (1.01, 2.45) 0.046
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Figure 3 (A) T-cell ALL overall survival by BMI group (non-obese vs obese). (B) T-cell ALL event-free survival by BMI group (non-obese vs obese).

may explain the slight decrease in the adverse risk of obe-  conclusion with EFS in adults with BCR-ABL-negative
sity after adjusting for age group. Another retrospective ~ALL.'® However, a study from France did not find any
analysis of two GIMEMA studies reached a similar relationship between BMI and outcome in adult ALL, but
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Figure 4 (A) B-cell ALL overall survival by BMI group (non-obese vs obese). (B) B-cell ALL event-free survival by BMI group (non-obese vs obese).

an increased BMI (>25) appeared associated with a better ~ 41%; P =0.04) in T-ALL,” which contradicts our findings.
outcome in terms of leukemia free survival (LFS) (3-year However, they were not able to confirm their results in
LFS, 76% vs 13%; P = 0.005) and OS (3-year OS, 78% vs  a validation cohort of 211 T-ALL patients.
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In pediatric ALL, reports of the effect of BMI on patient
outcome are conflicting. A study from the Children’s Cancer
Group (CCG) highlighted that obesity at diagnosis was an
independent predictive factor of relapse and remission in
adolescent patients.® In contrast, a study from St. Jude
Children’s Research Hospital found no differences in overall
survival, event-free survival, or relapse rates among four BMI
groups (underweight: BMI < 10th percentile; normal: 10th to
85th percentile; at risk of overweight: BMI 85th to 95th
percentile; overweight: BMI > 95th percentile).!” Our current
study suggests that adult obese patients with ALL have
a worse survival, and suggests that their prognosis is unfavor-
able even in the context of contemporary supportive care.

In contrast, in adult, acute myeloid leukemia (AML)
studies showed that obesity was not associated with worse
survival or toxicities.'®!” However, in acute promyelocy-
tic leukemia (APL), increasing BMI was strongly asso-
ciated with worsening outcomes that were not seen with
other subtypes of AML.>° Another study of children and
adults with APL showed that overweight/obese patients
had a significantly higher relapse rate and incidence of
differentiation syndrome.”' Recently, a pooled analysis
from four Cancer and Leukemia Group B (CALGB)
(now the Alliance) studies also showed that obesity has
significant prognostic value for DFS and OS in APL
patients, but not for non-APL AML patients.”> These
results may suggest a relationship between obesity-
related metabolic mediators and the pathogenesis of APL.

There are limitations to our study. Due to the retro-
spective nature of this study, some data were missing for
patients. Also, while BMI is the most widely used standard
for classifying obesity, it may not be the best indicator of
obesity in patients with chronic diseases because of its
failure to distinguish between adipose tissue and lean
muscle mass.>® Obesity is defined as an excess accumula-
tion of body fat. To measure fat content in the body
accurately is difficult, and no method is easily available
for routine clinical use. Not only is the total amount of fat
an individual carries important but also where the fat is
distributed in the body. Fat in a central or upper body
(android) distribution is most related to health risk. The
most accurate way to measure central obesity is by mag-
netic resonance imaging or computer-assisted tomography
scanning, but this approach is too expensive for routine
use. Simple anthropometric measurements can be used,
such as waist circumference. A waist circumference of
greater than 1020 mm in men and 880 mm in women is
a risk factor for insulin resistance, diabetes mellitus and

cardiovascular disease.”* So it may be better if we can
combine other indices such as waist circumference to
identify obesity. Additionally, we were not able to deter-
mine the variations of BMI during patient follow-up.

Our study showed obese ALL patients had inferior survi-
val compared to non-obese patients. Some data may explain
this obesity  is
hyperleptinemia,”™ and current studies indicate the plasma

result.  Typical

25

characterized by

and bone marrow leptin levels were significantly higher in
ALL patients and there were positive significant correlations
between bone marrow blast cells percentage, total white blood
cells counts, serum lactate dehydrogenase and plasma leptin
levels.?® These findings suggest the possibility that leptin
might play a role in the pathophysiology of leukemia.*’
However, studies on leptin receptor expression have not
been consistent in vivo and in vitro. One study revealed that
leukemic blasts from children ALL patients did not express
the leptin receptor on the leukemia cell surface, whereas
surrounding lymphocytes exhibited strong staining.*® In
ALL cell lines, B-cell-derived cells exhibited very low, even
absent leptin receptor expression, compared with relative
higher expression of T-cell-derived cells, especially in Jurkat
cells.*’ This may indicate the leptin and its receptor play
a different role in T versus B-lymphoblastic cells.

One important issue in regard to this topic is the impact of
obesity on the pharmacokinetics and pharmacodynamics of
chemotherapy drugs. There are limited data on this issue and
the results available are conflicting, as in the case of doxor-
ubicin. One earlier study suggested that doxorubicin had lower
clearance and longer half-life in the most obese patients, result-
ing in a larger area-under-the-curve and more exposure,
although the pharmacokinetics of doxorubicinol, an active
metabolite, did not differ among patient groups.’® Another
study did not
Pharmacokinetics is affected by multiple factors such as

come to the same conclusion.®'
plasma protein binding capacity, water- or lipid-solubility of
the compound, liver metabolism, and the function of the excre-
tion pathway. Hijiya et al'” showed that intracellular levels of
thioguanine nucleotides and methotrexate polyglutamates, as
well as systemic clearance of methotrexate, teniposide, etopo-
side, and low-dose cytarabine, did not differ between different
BMI groups of patients with pediatric ALL. Prospective phar-
macokinetic studies of medications used in ALL, especially
corticosteroids, cytarabine, anthracycline, cyclophosphamide,
and methotrexate are needed in adult ALL patients. At our
center, we do not modify the chemotherapy dosing on the basis
of body It could be, that

surface area. however,

Blood and Lymphatic Cancer: Targets and Therapy 2021:1 |
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pharmacokinetic-guided dosing might reduce toxicity in those
ALL patients with an abnormal BMI.

In conclusion, our study suggests that obesity is asso-
ciated with lower survival rates in adult ALL patients,
especially in T-cell ALL. Further studies would be war-
ranted to confirm this finding and determine the underlying
pathophysiologic mechanisms.
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