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High prevalence of obesity in acute
promyelocytic leukemia (APL): implications
for differentiating agents in APL and

metabolic syndrome

Jason Tedesco, Julianne Qualtieri, David Head, Bipin N. Savani and Nishitha Reddy

Abstract:

Background: Between January 1999 and December 2008, 469 patients treated for acute
myeloid leukemia (AML] were included in this single-institution study.

Methods: We performed a case—control analysis to study the rate of obesity among patients
with acute promyelocytic leukemia (APL) and non-APL AML.

Results: A total of 81% of APL patients analyzed were obese compared with 41.7% in the non-
APL group (p <0.001). Body mass index (BMI) >30 was seen in 57% of APL patients compared
with 31% for the non-APL group (p=0.01). Neither obesity nor the chemotherapy dosing based

on ideal body weight affected survival.

Conclusions: Our findings generate the hypothesis that APL and metabolic syndromes may
share a common pathogenic pathway via retinoic acid receptors (RARs], the ligand-controlled
transcription factors that function as heterodimers with retinoid X receptors (RXRs) to regulate
cell growth and survival. If this link is confirmed in larger studies, our data will instigate further
studies using RXR and RAR modulators as a preventive strategy among obese individuals.
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Introduction

Acute promyelocytic leukemia (APL) is a distinct
subtype of acute myeloid leukemia (AML) char-
acterized by the chromosomal translocation t
(15; 17), which produces the fusion protein
PML-RAR«a linking the retinoic acid receptor
alpha on chromosome 17 with the PML gene
on chromosome 15. Increased understanding of
the molecular genetics of APL has provided a
rational basis for therapeutic intervention [Sanz
et al. 2009; Tallman and Altman, 2009; Tallman,
2004]. Retinoic acid receptors (RARs) are
ligand-controlled transcription factors that func-
tion as heterodimers with retinoid X receptors
(RXRs) to regulate cell growth and survival. In
APL, the fusion protein heterodimerizes with
RXR and binds strongly to retinoic acid response
elements, repressing transcription; high-dose all-
trans retinoic acid (ATRA) can dissociate this
abnormal complex [Grignani er al. 1998]. RARs
have also been implicated in the pathogenesis of
metabolic diseases such as obesity and type 2

diabetes mellitus [Altucci er al. 2007].
Epidemiological studies reveal that APL occurs
predominantly in adults and has an increased
incidence in certain regions such as Latin
America and Northeastern Italy [Maule er al
2008]. In the United States, the incidence of
APL is estimated to be approximately 1000 new
cases per year [Yamamoto and Goodman, 2008].
Risk factors associated with the development of
APL are unclear at this time. A study by Estey
and colleagues suggested that obese patients with
AML were more likely to have APL [Estey ez al.
1997]; however, this association has not been fur-
ther studied recently in the context of the increas-
ing prevalence of obesity over the past decade
in the United States during the ATRA era.
In addition, in our experience, we observed that
several patients diagnosed with APL to be mor-
bidly obese, posing a challenge in chemotherapy
dosing. ATRA has changed the treatment para-
digm of this once life-threatening illness to a cur-
able disease [Tallman and Rowe, 2003]. It is
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Table 1. Baseline characteristics.

plausible that therapy with ATRA not only offers
a cure in a majority of APL patients but may also
help control the metabolic syndrome in these
patients on long-term followup.

Patients and methods

AML patients who received therapies at
Vanderbilt University Medical Center from
January 1999 to December 2008 were included
in an Institutional Review Board-approved
case—control study. Of 469 AML patients, 61
were diagnosed with cytogenetically confirmed
APL and 44 APL patients matched with control
subjects were included in the final analysis.
Controls were selected randomly matched for
age and sex over a 10-year period. Patients who
were diagnosed with AML in the same month as
patients with APL were included in the final anal-
ysis in a 1:2 ratio.

Height and weight were obtained at original dis-
ease presentation. Complete response rates were
documented by pathological confirmation of dis-
ease status and cytogenetic analysis.

Definitions

Body mass index (BMI) was calculated using the
standard formula: weight in kilograms/height in
meters®. Patients were classified as underweight
(BMI < 20), normal (BMI 20-25), overweight
(BMI 25—-30), and obese (BMI > 30).

Statistical analysis

Summary statistics, such as proportions, means,
standard deviations, 95% confidence intervals,
medians and ranges, were used to describe the
patient characteristics. Standard techniques in
survival analysis, including Kaplan—Meier esti-
mates and the Cox proportional hazard models,
were used to estimate the time-to-event distribu-
tions of outcome variables. All patients were fol-
lowed for disease relapse and survival, and
Kaplan—Meier analysis was performed. Log-
rank test was used to compare survival distribu-
tions among patients with various BMIs within
the APL group and compared with non-APL
AML cohort. Data analysis was performed
using SPSS 17 for Windows (SPSS Inc.,
Chicago, IL) software.

Results

Patient characteristics are shown in Table 1. Of
469 patients with AML, 135 patients were
included in the final analysis. For 44 APL
patients included in the analysis, 91 non-APL
AML patients served as controls.

The median age was 46.5 years (15—83 years) in
AML patients and 43.5 years (11-74 years) in
APL patients. A total of 51% of AML and
54.5% of APL patients were female.

Patients with APL were significantly more obese
compared with patients with a diagnosis of
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Figure 1. The median body mass index (BMI) of patients with acute promyelocytic leukemia (APL] was signif-
icantly higher compared with acute myeloid leukemia (AML] patients (p <0.001).

non-APL AML (Figure 1). The median weight of
patients with APL was 96.2kg (range,
59.8—203.5) versus 81.4kg (range, 49.6—151.5)
for non-APL patients (p =0.003). The median
BMI of patients with APL was 32.0 (range
23—55.1). This was significantly higher than
patients with non-APL. AMI, who had a
median BMI of 26.9 (range, 15.1-42.0)
(»<0.001). When analyzed by gender, this
trend remained  significant for women
(»=0.032) but not for men (p=0.07).
BMI > 30 was seen in 57% of APL patients com-
pared with 31% for non-APL group (»p=0.01).

All patients with non-APL. AML received stan-
dard therapy with 7 + 3i (continuous Ara-C infu-
sion and idarubicin). A total of 37 APL patients
received therapy with ATRA and an anthracy-
cline; three received single-agent ATRA and
three patients received ATRA, continuous low-
dose cytarabine infusion and idarubicin. A total
of 36 (81%) APL patients underwent dose
adjustment based on their ideal body weight.
There were statistically more significant coronary
artery events in the APL group (p=0.039).
However, there were no significant differences
among patients diagnosed with diabetes mellitus
in either group (p =0.09). In a univariate analy-
sis, BMI did not significantly influence the overall
outcome of patients with APL (p=0.38). The
median survival time for AML patients was

16.8 months (95% CI 29.7—49.5). The median
survival for APL patients has not been reached
(» <0.001). Figure 2 shows the long-term sur-
vival of APL and AML (non-APL) group.

Discussion

Although the mechanism is unclear, our data
have shown that the majority of our APL patients
are either overweight or obese. Comorbid ill-
nesses such as hypertension (HTN), diabetes
mellitus and coronary artery disease (CAD) as
expected were more common in obese patients
(Table 1). Neither obesity nor chemotherapy
dose reductions impacted the overall survival of
APL patients. However, in a report by Jeddi and
colleagues high BMI (>30) remained as an inde-
pendent predictor of differentiation syndrome
[Jeddi er al. 2010]. While confirming the report
by Estey and colleagues on an increased inci-
dence of higher BMI among APL patients
[Estey er al. 1997], our report although small,
offers a unique observational study in the
ATRA era. This is important, especially since it
is possible that APL and metabolic syndromes
may share a common pathogenic pathway via
RARs, to regulate cell growth and survival. If
this link is true then it is possible that prolonged
ATRA treatment may not only cure APL but also
control the long term sequelae of metabolic
syndrome.

http://tah.sagepub.com

143



Therapeutic Advances in Hematology 2 (3)

1 .U‘L_ it
+

t lLI APL
-
0.8 "1
4
'x_
L

i -
> 06 :
, -
5 +
w "
g %
=5 -
(8] ‘e

0.4- -

"= AML
e L s S R e e
0.2-
B'a I I 1 1 1 1
0.00 20.00 40.00 60.00 80.00 100.00 120.00

survival in months

Figure 2. Overall survival of acute promyelocytic leukemia (APL] and acute myeloid leukemia (AML) patients.

Implications for RARs and RXRs modulators in
APL and obesity

RARs are ligand-controlled transcription factors
that function as heterodimers with RXRs to reg-
ulate cell growth and survival. RARs are impli-
cated in the development of APL and metabolic
diseases such as obesity and diabetes mellitus
[Lefebvre ez al. 2010]. The success of RAR mod-
ulation with differentiating agents such as ATRA
in the treatment of APL has stimulated consider-
able interest in the development of RAR and
RXR modulators. Retinoids can be either bene-
ficial or detrimental. Retinoic acid differentiation
therapy saves the lives of the majority of APL
patients, but pan-retinoids are also known for
their teratogenicity. With the recognition that ret-
inoid receptors have various ligands with distinct
selectivity, significant effort has been made in
several areas [Jeddi er al. 2010; Tallman and
Altman, 2009]. First, understanding the molecu-
lar basis of the leukemogenic events that cause
APL and the mechanism(s) involved in RA
action during therapy and the absence of a ther-
apeutic potential for variant APLs and all non-
APL AML patients. The second area of advance-
ment has been in the dissection of receptor-eli-
cited functions by mouse genetics and the use of
selective ligands, including rexinoids, which are
less toxic than retinoids. The third is searching
for alternative therapies, to extend the use of

retinoids and  rexinoids beyond  APL.
Substantial challenges remain to exploit the ther-
apeutic potentials of RXR ligands including the
general concern of potential toxicity. A conve-
nient way to study the effectiveness of RARs in
metabolic syndrome is to study APL patients
treated with ATRA. Long-term followup of
these patients might indicate and will also insti-
gate prospective studies to assess the secondary
beneficial effect of ATRA on metabolic syn-
drome, as based on our study APL patients are
predominantly either overweight or obese.

Our analysis is limited by the small sample size and
inherent limitations of its retrospective nature and
we need stronger evidence after ruling out causes
of potential bias. This study, however, generates
novel hypotheses and it is hoped will also instigate
larger population-based studies or analyses of
larger registry data to study whether obesity is a
risk factor for developing APL and the long-term
impact of ATRA therapy on metabolic syndrome.
Further investigation, perhaps related to an RXR
abnormality, integral to body mass gain and leuke-
mogenesis is also warranted.
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