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ABSTRACT

French LEA childhood acute leukemia survivors’ cohort was

prospectively evaluated considering the type of anti-leukemic
treatment received, and compared with that of controls. The metabolic
profile of these patients was compared with that of controls. A total of
3203 patients from a French volunteer cohort were age- and sex-
matched 3:1 to 1025 leukemia survivors (in both cohorts, mean age: 24.4
years; females: 51%). Metabolic syndrome was defined according to the
National Cholesterol Education Program’s Adult Treatment Panel III cri-
teria. Metabolic syndrome was found in 10.3% of patients (mean fol-
low-up duration: 16.3+0.2 years) and 4.5% of controls, (OR=2.49;
P<0.001). Patients transplanted with total body irradiation presented the
highest risk (OR:6.26E;) P<0.001); the other treatment groups also
showed a higher risk than controls, including patients treated with
chemotherapy only. Odd Ratios were 1.68 (P=0.005) after chemothera-
py only, 2.32 (P=0.002) after chemotherapy and cranial irradiation, and
2.18 (P=0.057) in patients transplanted without irradiation. Total body
irradiation recipients with metanlic syndrome displayed a unique pro-
file compared with controls: smaller waist circumference (91 vs. 99.6 cm;
P=0.01), and increased triglyceride levels (3.99 vs. 1.5 mmol/L; P<0.001),
fasting glucose levels (6.2 vs. 5.6 mmol/L; P=0.049), and systolic blood
pressure (137.9 vs. 132.8 mmHg; P=0.005). By contrast, cranial irradia-
tion recipients with metabolic syndrome had a larger waist circumfer-
ence (109 vs. 99.6 cm; P=0.007) than controls. Regardless of the anti-
leukemic treatment, metabolic syndrome risk was higher among child-
hood leukemia survivors. Its presentation differed depending on the
treatment type, thus suggesting a divergent pathophysiology. This study
is registered at clinicaltrials.gov identifier: 01756599.

The prevalence of the metabolic syndrome among adults from the
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Introduction

The number of long-term survivors of childhood acute
leukemia (AL) has dramatically increased over the past
decades. Improvements in treatment and supportive care
have resulted in 5-year survival rates exceeding 85% in
children with acute lymphoblastic leukemia (ALL)"® and
approximately 55-60% among children with acute
myeloid leukemia (AML).*® Therefore, the long-term
chronic health condition of such patients has become a
major public health concern.” Several authors have shown
that long-term survivors of childhood cancer are at risk of
metabolic syndrome, a well-known marker of cardiovas-
cular morbidity and mortality.”"

Overall, previous studies in this field showed that long-
term survivors of childhood AL are at risk of developing a
metabolic syndrome, as compared with controls, but sev-
eral issues need to be addressed. Firstly, our team and oth-
ers have previously shown that hematopoietic stem cell
transplantation (HSCT) and cranial irradiation""*"* are
clearly associated with a higher risk of metabolic syn-
drome, while the risk of metabolic syndrome for patients
who received chemotherapy only has not been specifical-
ly assessed in large comparative studies.

Secondly, prevalence of the metabolic syndrome varies
greatly from one country to another.”””" Many metabolic
syndrome studies were carried out in the USA,""""*where
metabolic syndrome occurs more frequently among the
general population than in France'**® or other European
countries. Consequently, extrapolating US-based results to
understand metabolic syndrome in a non-US country may
not be appropriate. Furthermore, the incidence of meta-
bolic syndrome increases with age and is influenced by
sex, country of origin, socio-economic status® and aca-
demic level.” Thus, the real risk of developing metabolic
syndrome among survivors of childhood AL cannot be
accurately evaluated without considering all these param-
eters.

This study is based on data from the LEA (French
acronym for “leukemia in children and adolescents”)
cohort, a French prospective multicenter cohort designed
to evaluate the long-term health status of childhood AL
SUrvivors.

The primary objective of the present study was to eval-
uate the prevalence of metabolic syndrome and its com-
ponents in adults from the LEA cohort, and to compare it
with that found in controls from a French volunteer
cohort. More than 1000 patients from the LEA cohort
(60% of them treated with chemotherapy only), were
compared with age- and sex-matched controls from the
Investigation and Clinical Prevention (IPC) cohort, in
which volunteer patients were recruited from one of the
largest preventive healthcare centers in France.

We also aimed to determine the potential effects of dif-
ferent therapeutic modalities used during leukemia treat-
ment on metabolic syndrome occurrence, and to assess
the risk of metabolic syndrome among patients who
received only chemotherapy [without HSCT and without
central nervous system (CNS) irradiation]. Lastly, we
aimed to investigate whether the metabolic syndrome
profile (i.e. the cluster of components that constitute
metabolic syndrome) varied between the IPC cohort and
the LEA cohort, which would suggest divergent mecha-
nisms concerning metabolic syndrome development
between these two groups.

Methods

This study is based on a comparison between the LEA cohort
and a control group from the IPC cohort.

The LEA group

The LEA program was implemented in 2004 to prospectively
evaluate the long-term health status, Quality of Life and socio-
economic status of childhood AL survivors enrolled in treatment
programs from 1980 to the present, in 16 cancer centers in France.
The details of the program have been previously described.”?
Data regarding different long-term complications were collected
during specific medical visits at pre-defined dates (Ounline
Supplementary Appendix). Since 2007, assessment of metabolic syn-
drome has been systematically proposed to all adults participating
in the LEA program. The study was approved by the French
National Program for Clinical Research, the National Cancer
Institute, and by the review boards of the institutions involved. All
patients provided written informed consent for participation in
the study.

The inclusion criteria for the current study were: 1) participation
in the LEA program between 2007 and 2014; 2) older than 18 years
of age at last LEA evaluation; and 3) at least one complete evalua-
tion for metabolic syndrome.

Comparison cohort: IPC group

The IPC centers are dedicated to the evaluation of the general
health status of French patients living in the Paris area (France).
These medical centers, funded by the French National Social
Security, offer a free medical examination every five years to
working and retired employees and their families. During each
examination, patients benefit from a medical check-up including
medical examination and biological tests. A self-administered
questionnaire provides information concerning higher education,
medical history, current health status and medication. During
these medical check-ups all patients were screened for metabolic
syndrome. Selected controls were age- (2-year categories) and sex-
matched 3:1 to the LEA patients.

Outcome measurements

Metabolic syndrome was defined according to the National
Cholesterol Education Program-Adult Treatment Panel IIT (NCEP-
ATPII) revised in 2005% as the combination of at least three of the
following criteria: 1) increased waist circumference (=102 c¢m in
men and =88 cm in women); 2) increased blood pressure (systolic
blood pressure =130 mmHg and/or diastolic blood pressure =85
mmHg) or treatment for hypertension; 3) reduced HDL-choles-
terol [<40 mg/dL (1.03 mmol/L) in men, <50 mg/dl (1.3 mmol/l) in
women]; 4) elevated fasting glucose levels (5.5 mmol/L) or treat-
ment for hyperglycemia; and 5) increased triglycerides (=1.7
mmol/L) or treatment for hypertriglyceridemia. For further details,
see the Online Supplementary Appendix.

Statistical analysis

Statistical analysis was performed using SPSS 20.0 (SPSS Inc.,
Chicago, IL, USA) and Intercooled Stata 9.0 for Windows.
Qualitative data are expressed as percentages. Quantitative data
are shown as mean=Standard Error of Mean (SEM). %* and Fischer
exact tests were used to compare qualitative variables.
Quantitative variables were compared using the Student test or
the Mann-Whitney test. Logistical regression, adjusted for sex and
age, was used to evaluate the probability of developing metabolic
syndrome in the LEA subgroups and the IPC group. Odds Ratios
(ORs) were estimated with 95% confidence interval (CI). P<0.05
was considered significant.



Metabolic syndrome in childhood leukemia survivors

Table 1. Leukemia subtypes and treatment regimen in patients in the Leukemia in Children and Adolescents (LEA) cohort. Comparison between

included and eligible but non-included patients.

Included LEA
patients (n=1025)

Eligible non-
included (n=437)

n(%) or mean + SEM

n(%) or mean + SEM

Leukemia subtype
ALL 867 (84.6) 379 (86.7) 0.29
AML 158 (15.4) 58 (13.3)

Mean age at leukemia diagnosis, years 8.37 £ 0.15 8.50 +0.23 0.63

Mean follow-up duration (between leukemia 16.32 + (.21 15.64 £ 0.33 0.08

diagnosis and last LEA evaluation), years

Total dose of steroids, mg/m? 4688.28 + 148.35 4880.52 + 195.31 0.43

Treatment modalities
Chemotherapy alone 637 (62.2) 261 (59.7) 0.20
Chemotherapy + central nervous system irradiation 143 (13.9) 70 (16.0)

Hematopoietic stem cell transplantation after TBI conditioning 168 (16.4) 83 (19.0)
Hematopoietic stem cell transplantation after Bu-based conditioning regimen 77(75) 23 (5.3)

Hematopoietic stem cell transplantation 245 (23.9) 106 (24.3) 0.88

Autologous stem cell transplantation 65 (26.5) 24 (22.6) 0.65

Allogeneic stem cell transplantation 180 (73.5) 82 (174)

Donor type (n, % of allo-transplant recipients)

Matched sibling donor 105 (62.1) 47 (61.8) 0.96
Mismatched related donor 9 (5.3) 5 (6.6)
Matched unrelated donor 32 (18.9) 15 (19.7)
Cord blood unit 23 (13.6) 9 (11.8)

Central nervous system irradiation 168 (16.4) 7717 0.53
18 Grays (n, % of irradiation recipients) 128 (76.2) 54 (70.1) 0.08
24 Grays (n, % of irradiation recipients) 28 (16.7) 13 (16.9)

Other 8 (4.8) 10 (130)

Irradiation subtype
Cranial irradiation (n, % of irradiation recipients) 122 (72.6) 61 (79.2) 0.32
Cranio-spinal irradiation (n, % of irradiation recipients) 44 (26.2) 16 (20.8)

n: number; SEM: Standard Error of Mean; ALL: acute lymphoblastic leukemia; AML: acute myeloid leukemia; TBI: total body irradiation; Bu-based: busulfan-based.

Results

Characteristics of the LEA cohort

Among the 3188 participants in the LEA cohort between
2007 and 2014, 1462 were eligible (aged >18 years at last
evaluation) of whom 1025 had a complete evaluation of
the metabolic syndrome; all 1025 were included in the
present study (for details, see the flow chart in Online
Supplementary Figure S1). Characteristics of the LEA
patients are summarized in Table 1, which also includes a
comparison between included and eligible but not includ-
ed patients. No significant difference was noted between
included and eligible but not included patients in terms of
AL subtype, age at diagnosis, and AL treatment modali-
ties. Among the 1025 included patients, 524 (51.1%) were
females; 867 patients (84.6%) had had ALL and 15.4%
AML. The mean follow-up duration from leukemia diag-
nosis to last metabolic syndrome evaluation was
16.32+0.21 years. Patients were treated according to the
protocols in use at the time of AL diagnosis, depending on
leukemia subtype (AML or ALL) (i.e. FRALLE, EORTC,
LAME or ELAM). Most of the included patients received

haematologica | 2018; 103(4)

chemotherapy only (n=637, 62.2%), while 143 patients
(13.9%) were treated with chemotherapy and CNS irradi-
ation. Overall, 245 patients (23.9%) received HSCT after a
conditioning regimen with (n=168, 68.6%) or without
(n=77, 31.4%) TBL. Finally, 180 (73.5%) of the 245 trans-
planted patients received allogeneic stem cell transplanta-
tion.

Characteristics of the IPC group

The control group included 3203 patients who were
age- and sex-matched 3:1 to the LEA patients. Table 2 pro-
vides demographic characteristics and socio-economic
data concerning the LEA and IPC patients. As expected, no
difference in age at evaluation for metabolic syndrome
was noted between the LEA and IPC groups (24.4+0.2 vs.
24.4+ 0.1 years, respectively). Similarly, the sex ratio was
the same in both groups. Notably, the LEA patients had an
overall higher socio-economic status and higher education
level compared to controls; for example, LEA patients
were more frequently currently employed than controls
(79.5% vs. 47.3%, respectively; P<0.001) and were more
likely to have a higher level of education (57.8% vs.
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40.2%, respectively; P<0.001). Furthermore, controls (IPC
group) had a higher mean body mass index (BMI) than
LEA patients (23.7+4.71 and 23.3+4.46 for IPC and LEA
patients, respectively; P=0.01).

Prevalence of metabolic syndrome: comparison
between the LEA and the IPC groups

The metabolic syndrome prevalence was 10.3%
(n=106/1025) in the LEA group and 4.5% (n=145/32083) in
the IPC group (P<0.001), with an OR of 2.49 (95%CI:
1.91-8.25) (Table 3). The metabolic syndrome occurred in
9.7% of female LEA patients, whereas the syndrome
occurred in 4% of control females (OR: 2.56, 95%CI: 1.75-
3.74; P<0.001). Metabolic syndrome was observed in 11%

of male LEA patients and 5% of male controls (OR: 2.3,
95%CI: 1.63-3.34; P<0.001).

Since blood pressure is the variable the most affected by
fluctuations and might be overestimated in some cases,
we analyzed the metabolic syndrome occurrence exclud-
ing the hypertension criteria: 46 LEA patients (4.5%) had
a metabolic syndrome versus 66 controls (2.1%). The dif-
ference was still statistically significant (P<0.001).

We analyzed the cumulative incidence of the metabolic
syndrome among LEA patients over time: 7.86% (95%Cl:
5.99-10.29) at 25 years, and 14.42% (95%CI: 11.22-18.43)
at 30 years (Online Supplementary Appendix).

Prevalence of the metabolic syndrome components
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n=42. LEA patients were compared with
Investigation and Clinical Prevention (IPC)
group patients (controls) with metabolic syn-
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and age. Results are expressed as
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(considered separately) also differed between the LEA and
IPC patients: LEA patients were more likely than IPC sub-
jects to have a larger waist circumference [17% vs. 10.6%,
respectively, OR=1.79 (95%CI: 1.43-2.28); P<0.001], ele-
vated triglycerides [14% vs. 4.5%, respectively, OR=3.59
(95%CI: 2.8-4.6); P<0.001] and high blood pressure
[33.9% vs. 22.8%, respectively, OR=1.81 (95%CI: 1.53-
2.14); P<0.001]. By contrast, the prevalence of elevated
fasting glucose and low HDL-cholesterol levels were not
elevated in the LEA group.

Metabolic syndrome in childhood leukemia survivors

The highest prevalence of metabolic syndrome was
found in patients who received HSCT (prevalence: 18.8%,
OR: 4.87, 95%CI: 3.4-6.99; P<0.001). TBI before HSCT
was associated with the highest prevalence of metabolic
syndrome (23.2%) as well as the highest relative risk of
developing metabolic syndrome (OR=6.26, 95%ClI: 4.17-
9.36; P<0.001). Notably, women who received HSCT after
TBI were at particularly high risk of developing metabolic
syndrome compared with females from the control group
[OR=9.25 (95%CI: 5.33-16.1); P<0.001]. Male patients
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Figure 2. Clinical markers. Clinical markers
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metabolic syndrome among Leukemia in
Childhood and Adolescents (LEA) cohort
patients who show a metabolic syndrome
(n=106) according to treatment modality:
hematopoietic stem cell transplantation
(HSCT) with total body irradiation (TBI): n=39;
HSCT without TBI: n=7; no HSCT with central
nervous system (CNS) irradiation: n=18; no
HSCT/no CNS irradiation: n=42. LEA patients
with metabolic syndrome were compared with
Investigation and Clinical Prevention (IPC)
group patients (controls) with metabolic syn-
drome (n=145). Results are expressed as
meantStandard Error of Mean (SEM). (A)
Waist circumference. (B) Systolic blood pres-
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receiving TBI, compared with males from the IPC cohort,
were also at higher risk of metabolic syndrome [OR=4.13
(95%Cl: 2.26-7.56); P<0.001]. Transplanted patients with-
out TBI had also a higher risk of metabolic syndrome,
even if it did not reach the significance threshold
(OR=2.18, 95%CI: 0.97-4.86; P=0.057). We also found
that patients who underwent CNS irradiation were more
likely to develop metabolic syndrome compared with
controls [OR= 2.32 (95%CI: 1.36-3.97); P=0.002].
Interestingly, patients who received chemotherapy only
were also more likely to develop metabolic syndrome

Table 2. Characteristics of the Leukemia in Children and Adolescents
Comparison of age, sex, socio-economic status and education level.

! cowinetar .

than controls [OR= 1.68 (95%CI: 1.17-2.41); P=0.005]
(Table 3).

Age at diagnosis or at transplantation did not impact the
metabolic syndrome risk among the LEA patients.

Metabolic syndrome profile: impact of treatment
modalities

We also aimed to determine whether the metabolic pro-
file among patients who had a metabolic syndrome was
different between LEA patients and controls. This is the

(LEA) and the Investigation and Clinical Prevention) (IPC) groups.

IPC n=3203 LEA n= 1025 P
n (%) or mean + SEM n (%) or mean  SEM
Mean age, years 244 + 0.1 244 +0.2 NS
Sex
Male 1573 (49) 501 (49) NS
Female 1630 (51) 524 (51)
Socio-economic status
Marital status
Married/living with a partner or with family
Yes 2016 (64) 731 (82.0) <0.001
No 1134 (36) 161 (18.0)
Missing data 53 11
House-owner
Yes 234 (7.4%) 117 (18.7%) <0.001
No 2930 (92.6%) 510 (81.3%)
Missing data 39 276
Supplementary health insurance
Yes 2123 (67.1%) 794 (92.0%) <0.001
No 1039 (32.9%) 69 (8.0%)
Missing data 41 40
Complementary free medical care 446 (16.2%) 39 (4.5%) <0.001
Education level
Ongoing education 1095 (34.4%) 368 (41.1%) <0.001
Education completed 2087 (65.6%) 52 (58.9%)
Missing data 21 8
Higher education 930 (40.2%) 424 (57.8%) <0.001
No higher education 1385 (59.8%) 310 (42.2%)
Occupation
Currently employed 987 (47.3%) 408 (79.5%) <0.001
Seeking employment 1099 (52.7%) 92 (17.9%)
Other (without employment, not seeking employment) 0 (0.0%) 13 (2.6%)
Other cardio vascular risk factors
Body Mass Index 23.7 (£4.71) 23.3 (+4.46) 0.01
Smoking habits
Smoker 854 (26.7) 185 (18)
Non smoker 1708 (53.3) 493 (48.1) <0.01
Former smoker 242 (7.6) 9(0.9
Missing data 398 (12.4) 338 (33)

n: number; SEM: Standard Error of Mean; NS: not significant. Significant values are in bold. Supplementary health insurance is typically purchased by individuals with a good

economic status, whereas complementary free medical care is dedicated only to the poo

rest patients.

-m haematologica | 2018; 103(4)



reason why in this study we selected only patients with a
metabolic syndrome from the LEA and IPC cohorts
(Figures 1 and 2).

When assessing the metabolic syndrome patients in
both groups (n=106 in the LEA group, n=145 in the control
group), metabolic profile differed between the two groups
of patients. In the LEA group with metabolic syndrome,
patients had significantly higher levels of triglycerides
[mean triglyceride level: 2.74+0.4 mmol/L (LEA patients)
vs. 1.5+0.1 mmol/L (IPC patients); P=0.001] and elevated
systolic and diastolic blood pressure (mean systolic blood
pressure: 137.1+1.3 (LEA) and 132.8+1.1 mmHg (IPC);
P=0.005; mean diastolic blood pressure: 81.7+1.1 (LEA) vs.
78.5+0.8 mmHg (IPC); P=0.01 (Figures 1 and 2).

Patients with metabolic syndrome from the LEA group
who received TBI had a particular metabolic profile: in
spite of a smaller mean abdominal circumference [91+2
(LEA) vs. 99.6+1.5 cm (IPC); P=0.01], these patients dis-
played higher mean triglyceride levels (3.99+1.06 vs.
1.5+£0.07 mmol/L, respectively; P<0.001), higher mean
blood pressure (systolic blood pressure: 137.9+2.2 mmHg
vs. 132.8+1.1, respectively; P=0.005) and higher mean fast-
ing glucose levels (6.2+0.3 vs. 5.6+0.1 mmol/L, respective-
ly; P=0.049) than patients with metabolic syndrome from
the control group. By contrast, metabolic syndrome
patients from the LEA group who received CNS irradia-
tion without TBI also displayed higher triglyceride levels
(mean: 2.17+0.25 mmol/L vs. 1.5+0.07, respectively;
P=0.002) but had a larger waist circumference (109+4.5
cm vs. 99.6+1.5 cm, respectively; P=0.007) compared with
metabolic syndrome patients in the control group.

Metabolic syndrome patients who received HSCT
without TBI in the LEA cohort showed higher systolic
blood pressure levels (mean: 140.6+8.1 mmHg vs.
132.8+1.1 mmHg, respectively; P=0.039) but lower fasting
glucose levels (mean: 4.4+0.6 mmol/L vs. 5.6+0.1 mmol/L;
P=0.049) compared with metabolic syndrome controls.
Lastly, LEA patients with metabolic syndrome who were
treated with chemotherapy only displayed higher triglyc-
eride levels (1.94+0.17 vs. 1.5+0.07 mmol/L, respectively;
P=0.008) and higher systolic blood pressure (138.6+1.5 vs.
132.8+1.1; P=0.02) compared with metabolic syndrome
controls.

Discussion

Here we report on one of the largest comparative stud-
ies on metabolic syndrome prevalence among adults treat-

Metabolic syndrome in childhood leukemia survivors

ed for AL during childhood or adolescence. We found that
patients from the LEA cohort were at greater risk of devel-
oping metabolic syndrome (OR=2.49, 95%CI: 1.91-3.25)
compared to controls, regardless of the treatment they
received.

Furthermore, the risk was significantly higher for
patients treated exclusively with chemotherapy compared
to controls (OR= 1.68, 95%CI: 1.17-2.41; P=0.005), a fact
which has never been shown before, even though it had
been suspected. The results presented in previous meta-
analyses or comparative studies have so far remained
unconfirmed, probably due to the relatively low number
of patients receiving chemotherapy only'**" or the lack of
proper controls.”* The Saint Jude study published by
Nottage et al." reported a higher risk of metabolic syn-
drome in 784 AL survivor patients as compared to con-
trols, but 64.6% of them had received cranial irradiation.
In the subgroup of patients treated exclusively with
chemotherapy, no significant increase in the risk of devel-
oping metabolic syndrome could be shown, probably due
to the small number of patients who received chemother-
apy only (n=277). By contrast, the LEA patients included
in this study were mainly treated with chemotherapy only
(n=637,62.2%). So, we demonstrate here that, even in the
case of treatment with chemotherapy only, the metabolic
syndrome risk is higher among long-term AL survivors
than in the control population. This is important since
nowadays, the majority of children treated for an AL will
receive only chemotherapy, without any irradiation or
HSCT. Several mechanisms have been discussed to
explain how metabolic syndrome develops after
chemotherapy treatment. Alkylating agents are known to
induce mitochondrial dysfunction and endothelial cyto-
toxicity, which can lead to insulin resistance, steatosis and
hypertension. Anthracyclins and antimetabolites can also
cause mitochondrial and endothelial dysfunction. Steroids
can induce hyperglycemia and dyslipidemia. Vinca alka-
loids induce endothelial toxicity and can cause hyper-
glycemia by inhibition of GLUT2/4 vesicle translocation.*
Lastly, iron overload, a frequent complication after multi-
ple transfusions in patients treated for acute leukemia,
could also increase the risk for metabolic syndrome
through hepatic toxicity. As a consequence, the notable
metabolic syndrome risk in patients treated exclusively
with chemotherapy, who represent the majority of future
AL survivors, should be taken into careful consideration
throughout their long-term follow up.

This high risk among LEA patients is striking given that
the LEA patients were found to benefit from more favor-

Table 3. Metabolic syndrome prevalence among Leukemia in Children and Adolescents (LEA) patients according to treatment modality.
Comparison with the Investigation and Clinical Prevention) (IPC) group (sex- and age-matched controls).

N Metabolic syndrome OR (95% CI) P
n (%)

IPC patients 3203 145 (4.5%) - -
LEA patients 1025 106 (10.3%) 249 (1.91-3.25) <10°?
Chemotherapy alone, no CNS irradiation 637/1025 (62.2%) 42 (6.6%) 1.68 (1.17-2.41) 0.005
Chemotherapy+CNS irradiation 143 /1025 (13.9%) 18 (12.6%) 2.32 (1.36 -3.97) 0.002
HSCT without TBI 7771025 (7.5%) 7(9.1%) 2.18 (0.97-4.86) 0.057
HSCT after TBI conditioning 168 /1025 (16.4%) 39 (23.2%) 6.26 (4.17-9.36) <10°®

N/n: number; OR: Odds Ratio; CI: Confidence Interval; CNS: central nervous system; HSCT: hematopoietic stem cell transplantation; TBI: total body irradiation. Significant val-

ues are in bold.
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able socio-economic conditions (e.g. higher level of educa-
tion, higher rates of employment) than IPC patients.
Indeed, it is well known that lower socio-economic status
is associated with a higher risk of metabolic syndrome.”*
As the control group (IPC population) was characterized
by particularly unfavorable social and economic condi-
tions (unemployed: 52.7%, no higher education: 59.8%),
the relative risk of metabolic syndrome in the LEA group
may be underestimated. Due to these unfavorable socio-
economic conditions, the IPC group is probably at higher
risk of metabolic syndrome than the general French popu-
lation, which makes the risk described in the LEA patients
even higher. Moreover, LEA patients had a lower mean
BMI, and were less frequently smokers than controls,
which could contribute to their relative risk of developing
a metabolic syndrome being underestimated.

Few studies on metabolic syndrome in AL survivors
consider socio-economic factors, whereas studies about
metabolic syndrome in the general population have
shown this to be very important. Given the impact of
socio-economic status on the development of the meta-
bolic syndrome, further studies are needed to investigate a
potential correlation between lifestyle (e.g. sedentary
behavior), eating habits, and the occurrence of metabolic
syndrome in AL survivors.

Our findings concerning metabolic syndrome preva-
lence in the LEA cohort (10.3%) is difficult to compare
with studies from other countries, as metabolic syndrome
prevalence in the general population varies from one
country to another. Furthermore, metabolic syndrome
prevalence is lower in France than in many other industri-
alized countries.” Previous reports of metabolic syn-
drome prevalence among AL survivors range from 4.2%
to 49%,'"1°%** with prevalence depending mainly on the
treatment type (chemotherapy, HSCT or CNS irradiation),
follow-up duration and metabolic syndrome definition. In
several studies, HSCT was associated with a high preva-
lence of metabolic syndrome, ranging from 31% to
49%.'%** The study by Nottage et al. reported a higher
metabolic syndrome prevalence among non-transplanted
patients (33.6%) than that found in our study, and this can
partly be explained by the number of patients who
received CNS irradiation (507 of 784 patients) and the
older age of the patients."

The risk of developing metabolic syndrome was even
higher among patients who received CNS irradiation (OR:
2.32, 95%CI: 1.36-3.97; P=0.002), which confirms the
results of previous studies.””* Interestingly, those
patients had a much larger waist circumference compared
with the IPC group. This highlights the impact of CNS
irradiation on the development of obesity, an observation
which has been previously described"*'** and debated.**

The highest risk of metabolic syndrome was observed
among transplanted patients (prevalence: 18.8%, OR:
4.87, 95%CI: 3.4-6.99; P<0.001), especially those who
received TBI (OR: 6.26, 95%CI: 4.17-9.36; P<0.001). The
deleterious impact of TBI on the development of the
metabolic syndrome has previously been reported by our
group'and others;'®* here, these data are confirmed with
a larger number of patients. Apart from TBI, so far addi-
tional risk factors for metabolic syndrome in HSCT
patients have not been clearly documented: some authors
have suggested that graft-versus-host disease would
increase this risk," but this remains controversial.

Several studies, including ours, have also shown an

association between metabolic syndrome and growth hor-
mone deficiency,"*'*** particularly in patients who
received CNS irradiation or TBI. However, the precise
mechanism by which growth hormone deficiency could
induce a metabolic syndrome remains unclear.

We also aimed to determine whether the metabolic pro-
file among patients who had a metabolic syndrome was
different between LEA patients and controls. This is why
we only selected patients with a metabolic syndrome
from among LEA and IPC patients in order to study this
metabolic profile (Figures 1 and 2). Interestingly, we found
that, compared with metabolic syndrome controls,
patients with metabolic syndrome who received HSCT
after TBI had a specific metabolic profile: they had more
elevated triglycerides and fasting glucose levels, as well as
higher blood pressure. This suggests that these patients
develop a metabolic syndrome with more severe features
than that of controls, which could lead to higher rates of
cardiovascular morbidity, as suggested for the general
population.*

Patients who developed metabolic syndrome after TBI
had a smaller waist circumference than IPC patients with
metabolic syndrome. Altogether, these results suggest that
obesity is not a key factor after TBI, in contrast to the gen-
eral population. Different hypotheses can be made con-
cerning the pathophysiology in those patients. Irradiation
of the pancreas during TBI can induce diabetes” and there-
fore metabolic syndrome. Furthermore, some authors
have found that, in patients treated with TBI, insulin
resistance was not associated with obesity but rather with
abnormal fat mass repartition.”* Modification of adipose
tissue metabolism has been recognized as a fundamental
mechanism behind metabolic syndrome development.”
Therefore, TBI exposure may induce adipose tissue abnor-
malities, as suggested by animal models,” and contribute
to the development of metabolic syndrome. Our previous
studies indicated that high-dose corticosteroids do not
have an impact on metabolic syndrome,'""” and, therefore,
this hypothesis remains controversial."""

Patients with metabolic syndrome who received only
chemotherapy displayed higher systolic blood pressure
and increased triglyceride levels compared with metabolic
syndrome controls, thus suggesting a more severe form of
metabolic syndrome.

The waist circumference of patients who received CNS
irradiation was markedly larger than that of the controls.
Obesity caused by CNS irradiation, as previously
described,” is probably linked to the metabolic syndrome
development. As the hypothalamus exerts central neu-
roendocrine functions that control hunger and satiety,
hypothalamic irradiation could lead to modifications in
food intake and energy balance.

One limitation of our study involved the fact that some
important metabolic syndrome factors such as physical
activity, eating habits and lifestyle have not been docu-
mented in our population. However, those factors are
known to be very important in the metabolic syndrome
genesis. A reduction in physical activity in LEA patients, as
well as unhealthy eating habits could worsen the risk of
developing metabolic syndrome. Another bias is linked to
the control population, which includes only people from
the Ile de France region, whereas LEA patients are recruit-
ed from throughout France. Some regional differences in
the metabolic syndrome prevalence could be found,
which might make it difficult to extrapolate the results



from the IPC population to the general French population.

In summary, our study suggests that metabolic syn-
drome may develop through different mechanisms,
depending on the treatments received. In the present
study, we used age-matched controls, which enabled us to
accurately evaluate metabolic syndrome risk in this young
AL survivor population (mean age: 24 years), regardless of
the fact that metabolic syndrome prevalence among indi-
viduals in this young age range is poorly described. This
prevalence will probably increase with age, as is the case
for the general population.”

In conclusion, this study reveals an increased risk of
metabolic syndrome among adult survivors of AL,
regardless of the treatment they received. Moreover,
metabolic syndrome seems to be more severe in the LEA
patients than in the control group. The highest risk is
observed in patients who received TBI, a group that dis-
plays a specific metabolic profile, but all patients treated
for childhood AL should be considered at risk of meta-
bolic syndrome, regardless of the treatment they

Metabolic syndrome in childhood leukemia survivors

received, even in the case of chemotherapy only. We
hypothesize that if early detection of metabolic syn-
drome is followed by changes in lifestyle (e.g. improved
eating habits, more physical activity), it will help to pre-
vent cardiovascular events in this at-risk population.®
We are currently planning controlled intervention studies
in order to explore such an approach.
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