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The primary aim of the present retrospective study was to investigate lipid profiles and
kinetics in acute promyelocytic leukemia (APL) patients. We analyzed 402 newly
diagnosed APL patients and 201 non-APL patients with acute myeloid leukemia (as
control). Incidence of hypertriglyceridemia in APL patients and non-APL patients was
55.82% and 28.4% (p = 0.0003). The initial levels of triglycerides, total cholesterol, high-
density lipoprotein cholesterol and low-density lipoprotein cholesterol were higher in APL
patients than in control (all p < 0.0001). In APL patients, triglyceride levels were
significantly increased during induction treatment with all-trans retinoic acid and arsenic.
Multivariable analysis showed that age, being overweight (body mass index ≥25) and APL
were independent risk factors for hypertriglyceridemia in all patients before treatment.
High triglyceride levels were not significantly associated with disease-free survival or
overall survival in the APL patients. In summary, in the current study triglyceride levels were
significantly elevated in APL patients before treatment, and they increased during
induction treatment, but there were no significant corresponding effects on survival.

Keywords: acute promyelocytic leukemia, hypertriglyceridemia, all-trans retinoic acid, body mass index,
peroxisome proliferator-activated receptor gamma
INTRODUCTION

Dyslipidemia is reportedly often detected in cancer patients, and it has recently attracted increased
attention due to its potential prognostic value of cancer and mortality from cardiovascular diseases (1–
3). In recent years, progress has been made in the study of dyslipidemia in patients with hematological
malignancies. In some studies, there have been lower levels of total cholesterol (TC), high-density
lipoprotein cholesterol (HDL), and low-density lipoprotein cholesterol (LDL), and higher triglyceride
(TG) levels in patients with hematological malignancies (4–6). Small sample sizes and a lack of subgroup
analyses may be the cause of the inconsistent results. As early as 1997 Estey et al. (7) reported that the
incidence of obesity in acute promyelocytic leukemia (APL) patients was significantly higher than that in
other types of acute myelocytic leukemia (AML). Many subsequent studies also indicated that obesity
may be associated with APL (8) and differentiation syndrome (9), and that it may be have substantial
adverse effects on clinical outcomes (10–12). Mazzarella et al. (13) recently reported that obesity was a
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dependent risk factor for APL. However, the correlation between
dyslipidemia and APL has not been reported. Therefore, a study
investigating a homogeneous leukemia type with a uniform
treatment protocol and an adequate sample size is required.

In this retrospective study, we aimed to conduct a
comprehensive study of lipid metabolism in 402 APL patients
and a uniform protocol with all-trans retinoic acid (ATRA) and
arsenic combination treatment to assess dyslipidemia during
treatment and a 1-year follow-up period.
MATERIALS AND METHODS

Patients and Sample Collection
A total of 603 leukemia patients were included in this
retrospective study, 402 APL patients and 201 non-APL acute
myelocytic leukemia patients (non-APL patients). APL patients
aged over 14 years who were admitted to the clinic center
affiliated with the First Affiliated Hospital of Zhejiang
University School of Medicine from January 2011 to December
2019 were included. For comparisons, we collected the data of
AML patients without APL in our hospital from January 2017 to
December 2017. The study was approved by the institutional
Ethics Committee and it was conducted in accordance with the
Declaration of Helsinki.

APL Patients were treated primarily in accordance with the
Shanghai APL protocol (14). We, routinely, took orally ATRA at
25 mg/m2/day and were intravenous injected arsenic trioxide
10 mg/day, until complete remission was achieved. APL
patients underwent 3 courses of consolidation therapy
(homoharringtonine/Mitox/daunorubicin and cytarabine) and
sequentially underwent a course of ATRA combined with
arsenic trioxide, 14 days apart for 24 months. For the non-APL
patients, 3 days of idarubicin (10 mg/m2/day) and 7 days of
cytarabine (100 mg/m2/day) were performed as induction
therapy. When complete remission was achieved, patients
received several courses of conventional chemotherapy including
treatment of cytarabine every 12 h for 6 days (1.5–3.0 g/m2),
homoharringtonine for 3 days (2 mg/m2/day), cytarabine for 7
days (75 mg/m2 twice a day) and aclarubicin for 7 days (12 mg/
m2/day); daunorubicin for 3 days (45 mg/m2/day) and cytarabine
for 7 days (100 mg/m2/day); idarubicin for 7 days (6–8 mg/m2/
day) and aclarubicin for 5 days (20 mg/m2/day).

Demographic and clinical data that were obtained from
medical records included: age, sex, height, weight, body mass
index (BMI), WBC, hemoglobin count, platelet counts, albumin,
alanine transaminase, aspartate transaminase, serum creatinine,
uric acid, lactate dehydrogenase, Sanz’s risk score (15), PML-
RARa transcript isoform and additional cytogenetic aberrations.
The concentration of total TG, TC, HDL, and LDL and serum
glucose were measured in all patients before the initiation of
chemotherapy, twice a week during the first 4 weeks of induction
chemotherapy, before the second course of the treatment, and
during the third, sixth, and twelfth months. Blood samples were
collected and stored in tubes containing ethylene diamine
tetraacetic acid, and plasma levels of fasting TC, TG, HDL, and
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LDL via enzymatic method (Boehringer Mannheim, Mannheim,
Germany). The lipid abnormality status was determined
according to the criteria described by the expert panel of the
National Cholesterol Education Program Adult Treatment Panel
III Third Report (16). The upper limits of normal TG, TC and
LDL were 1.7 mmol/L (150 mg/dL), 6.1 mmol/L (234.6 mg/dL)
and 4.0 mmol/L (152.9 mg/dL), respectively. The lower limit of
normal HDL was 0.96 mmol/L (55.4 mg/dL). The reporting
recommendations for tumor marker prognostic studies
(REMARK) guidelines were used as reference (17). We
collected a total of 25,783 samples.

Definition of Variable
According to the 2019 ESC/EAS Guidelines, hypertriglyceridemia
is defined as 1.7 mmol/L (150 mg/dL) (18). In TG-based analysis,
the patients were categorized into two major groups: high
triglyceride group (HTG group, TG ≥ 1.7 mmol/L) and non
HTG group (TG < 1.7 mmol/L). Patients were categorized into
underweight/normal (BMI < 25) and overweight (BMI ≥25) in
accordance with the current World Health Organization criteria.
The initial WBC counts of APL patients were evaluated and
adjusted. WBC counts ≤10 × 109/L were considered as low risk
and > 10 × 109/L were considered high risk (19). Disease-free
survival (DFS) was only used in analyses of patients who achieved
complete remission and it was measured from the date of
achievement of remission until the date of relapse or death from
any cause; at last follow-up, patients with unknown relapse or
death were removed on the date of their last examination. Overall
survival (OS) was applied to all patients and it was defined as the
length of time from the date of diagnosis to the death from any
cause; patients whose death was at last follow-up were removed on
the last date that they were known to have been alive.

Statistical Analysis
Data are presented as median and absolute range (non-normally
distributed data) or frequencies. The Shapiro-Wilk test was used
to assess the normality of data distributions. The Wilcoxon
Mann-Whitney test was used to compare the distribution of
numerical variables. The c2 test was used in qualitative variables.
The relationships between clinical factors and dyslipidemia were
assessed using univariable and multivariable logistic regression
models. All multivariable analyses were adjusted by sex and age.
The Kaplan–Meier method was used to estimate univariate
survival curves and the differences between curves were
analyzed via the log-rank test. Multivariable Cox proportional
hazard regression models were used to assess the prognostic
impact of hypertriglyceridemia with regard to OS and DFS.
Statistical analyses were performed using SPSS software,
version 23.0, and p < 0.05 was considered statistically significant.
RESULTS

Patient Characteristics
Our study included 402 APL patients and 201 non-APL patients.
22.1% (71/321) of the APL patients were overweight, and 16.4%
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https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Sun et al. Hypertriglyceridemia in Acute Promyelocytic Leukemia
(33/201) of the non-APL patients were overweight (chi square
test, p = 0.1); the median BMI was 22.83 ± 3.32 kg/m2 in APL
patients and 22.59 ± 3.08 kg/m2 in non-APL patients (Mann–
Whitney test, p = 0.426). The initial concentration of TG, TC,
HDL, and LDL in the APL patients were significantly higher than
those in control (Mann–Whitney test, p < 0.001, < 0.001, = 0.002,
< 0.001). The proportions of the APL and non-APL patients
who had hypertriglyceridemia before treatment were 55.8%
and 28.4%, respectively (chi square test, p < 0.001).
Detailed characteristics of the study population are shown in
Table 1.

Relationships Between
Hypertriglyceridemia and Clinical Factors
We used univariable and multivariable h to explore the
correlation between the hypertriglyceridemia and other clinical
factors. In univariable analysis BMI and leukemia type were both
risk factors for hypertriglyceridemia (p < 0.001). The results
indicated that being overweight (BMI ≥ 25) (odds ratio [OR]
1.160, 95% confidence interval [CI] 1.087–1.238, p < 0.001) and
leukemia type (OR 3.558, 95% CI 2.312–5.477, p < 0.001) were
associated with hypertriglyceridemia. In APL patients
hypertriglyceridemia was significantly associated with age (OR
1.026, 95% CI 1.008–1.044, p = 0.004), being overweight (OR
1.149, 95% CI 1.053–1.254, p = 0.002), and higher WBC count
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(OR 1.022, 95% CI 1.005–1.040, p = 0.011). While PML-
RARa transcript isoform (p = 0.185) and abnormal karyotype
(p = 0.907) were not significantly associated with
hypertriglyceridemia. Compared with non-APL patients, APL
patients were younger (OR 0.971, 95% CI 0.954–0.988, p =
0.001), higher hypertriglyceridemia (OR 1.828, 95% CI 1.383–
2.415, p < 0.001), and had lower white blood cells (OR 0.977, 95%
CI 0.967–0.986, p < 0.001) and platelets (OR 0.981, 95% CI
0.975–0.987, p <0.001) before treatment. Detailed results of
logistic regression modelsing are shown in Table 2.

Lipid Kinetics
Changes of TG levels during induction treatment are shown in
Figure 1. TG concentrations were higher in APL patients than in
non-APL patients at every timepoint investigated (p ≤ 0.001).
The concentration of TG in APL patients continued to increase
and peaked on day 10 (median 2.93, range 0.71–11.4, p < 0.001).
In contrast, the concentration of TG in the non-APL patients
followed a valley curve and reached the nadir on the day 18
(median 1.27, range 0.25–10.32, p < 0.001). Additionally, the TG
concentration of the APL patients was higher than that of the
non-APL patients at every timepoint (p ≤ 0.001). Furthermore,
the median TG value in APL patients was higher than the upper
limit of normal, and the corresponding value in the non-APL
patients was lower than the upper limit of normal.
TABLE 1 | Characteristics of the Study Population According to the Type of Leukemia.

Non-APL APL P-value

Age (years), range 48.59(18–83) 42.9 (14–84) <0.001
Gender 0.21
Male, No. (%) 95(47.3) 212(52.7)
Female, No. (%) 106(52.7) 190(47.3)
Height (cm), range 164.59(146–185) 164.62(148–184) 0.968
Weight (kg), range 61.38(35.5–100) 62.16(38–101) 0.461
BMI(kg/m2), range 22.59(0.5–98.8) 22.83(0.2–117.2) 0.426
Underweight/normal, 168(83.6) 250(77.9) 0.1
BMI<25, No. (%)
Overweight/obese, 33(16.4) 71(22.1)

BMI≥25, No. (%)
WBC(10 ×109/L), range 35.55(0.5–98.8) 12.70(0.2–117.2) <0.001
≥10 ×109/L, No. (%) 97(48.3) 118(29.5) <0.001
<10 ×109/L, No. (%) 104(51.7) 282(70.5)

HBG*(g/L), range
PLT*(10 ×109/L), range

90.96(48–161)
62.31(6–361)

88.59(41–157)
36.65(4–225)

0.325
<0.001

ALB*(g/L), range 40.47(28.5–53.4) 42.48(25.3–66.8) 0.095
ALT*(U/L), range 27.99(5–389) 32.68(4–560) 0.068
AST*(U/L), range 27.17(7–539) 31.49(6–367) 0.062
Cr*(mmol/L), range 63.74(32–170) 64.96(18–322) 0.315
UA*(mmol/L), range 270.21(96–578) 235.44(36–561) 0.288
LDH*(IU/L), range 708.38(129–1025) 465.49(115–4462) <0.001
TG*(mmol/L), range 1.57(0.44–10.39) 2.29(0.43–20.86) <0.001
HTG group 57(28.4) 211(55.8) <0.001
TG≥1.70, No. (%)

TC*(mmol/L), range 3.45±1.09(0.96–7.13) 4.28(1.96–7.68) <0.001
HDL*(mmol/L), range 0.86(0.23–2.44) 0.97(0.15−4.27) 0.002
LDL*(mmol/L), range 1.84(0.11−3.67) 2.28(0.11–4.99) <0.001
Glucose*(mmol/L), range 5.67(2.14–14.51) 6.65(3.35–33.71) <0.001
November 2020 | Volume 10 | Article
APL, acute promyelocytic leukemia; non-APL, acute myeloid leukemia exclude of APL; BMI, body mass index; WBC, white blood cell; HBG, Hemoglobin count; PLT, platelet count; ALB,
albumin; ALT, alanine transaminase; AST, aspartate transaminase; Cr, serum creatinine; UA, uric acid; LDH, lactate dehydrogenas; TG, triglyceride; HTG group, high triglyceride group ≥

1.70 (mmol/L); TC, cholesterol; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol.
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A B
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FIGURE 1 | Lipid kinetics. Significant difference (*P < 0.05,**P < 0.0001); n.s., not significant. APL, acute promyelocytic leukemia; non-APL, acute myeloid leukemia
exclude of APL; TG, triglyceride; TC, cholesterol; HDL, high-density lipoprotein cholesterol; LDH, low-density lipoprotein cholesterol; ULN, upper limits of normal;
LLN, lower limits of normal.
TABLE 2 | Logistic regression models evaluating the associations between clinical variables and hypertriglyceridemia in APL and non-APL patients.

All patients Univariable analysis P-value Multivariable analysis P-value

Dependent
variable

Independent
variable

OR (95% CI) OR (95% CI)

HTG Age 1.009(0.998–1.020) 0.130 1.016(1.003–1.029) 0.019
Gender 1.246(0.889–1.747) 0.202 1.143(0.767–1.705) 0.512
BMI 1.168(1.097–1.242) <0.001 1.160(1.087–1.238) <0.001
Leukemia type 3.185(2.154–4.710) <0.001 3.558(2.312–5.477) <0.001

Leukemia type Age 1.025(1.013–1.038) <0.001 1.030(1.012–1.048) 0.001
(non-APL) Gender 1.259(0.872–1.816) 0.219 1.543(0.906–2.628) 0.110

BMI 0.980(0.924–1.040) 0.507 0.994(0.910–1.086) 0.897
TG 0.555(0.446–0.689) <0.001 0.547(0.414–0.723) <0.001
WBC 1.020(1.013–1.027) <0.001 1.024(1.014–1.034) <0.001
PLT 1.014(1.010–1.019) <0.001 1.019(1.013–1.026) <0.001
LDH 1.001(1.000–1.001) 0.001 1.000(1.000–1.001) 0.161

APL patients Univariable analysis P-value Multivariable analysis P-value

HTG Age 1.021(1.007–1.035) 0.002 1.026(1.008–1.044) 0.004
Gender 1.564(1.039–2.354) 0.032 1.222(0.715–2.088) 0.463
BMI 1.165(1.080–1.257) <0.001 1.149(1.053–1.254) 0.002
WBC 1.026(1.012–1.040) <0.001 1.022(1.005–1.040) 0.011
LDH 1.001(1.000–1.002) 0.001 1.001(1.000–1.001) 0.122
transcript isoform
Frontiers in Oncology | www.frontiersin.org
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TG, triglyceride concentration; PLT, platelet count; LDH, lactate dehydrogenase; OR, odds ratios; CI, confidence interval; PML-RARa, promyelocytic leukemia-retinoic acid receptor alpha.
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In non-APL patients TC, LDL, and serum glucose
concentrations were significantly lower than those of APL
patients, at all timepoints investigated (p < 0.05). However, the
median TC, LDL, and glucose values in APL or non-APL
patients at each time point were within the normal range. The
detailed information is shown in Figure 1.

There was no significant difference in TG between APL and
non-APL patients after 3 months, although the median was
outside the normal range. At 12-month follow-up, there were
46.4% (83/179) of APL patients and 49.4% (88/178) of non-APL
patients were hypertriglyceridemic. More detailed information
pertaining to TG and hypertriglyceridemia is shown in Figure 2.
Associations Between
Hypertriglyceridemia and Survival in APL
Patients
The median follow-up time for the 353 surviving patients was 44
months (ranges 5–105 months). All APL patients experienced
hematologic remission before maintenance therapy. 21 (early
death rate 5.22%) patients died during induction therapy, 7 died
after disease relapse, 3 survived after relapse, and 21 (5.2%)
missed the follow-up. The 3-year DFS and OS rates were
92.65% and 93.12%, respectively. Neither DFS nor OS
differed significantly in APL patients with and without
hypertriglyceridemia (DFS hazard ratio [HR] 0.580, 95% CI
0.257–1.307, p = 0.097; OS HR 0.486, 95% CI 0.202–1.174, p =
1, Figure 3).
Frontiers in Oncology | www.frontiersin.org 5
DISCUSSION

To the best of our knowledge the current study constitutes the
first clinical evidence that TG levels are elevated in APL patients
at the time of initial diagnosis compared with non-APL patients,
and TG levels increased during induction therapy with ATRA
and arsenic. Additionally, our results suggest that APL and being
obesity (BMI ≧ 25) are risk factors for hypertriglyceridemia but
hypertriglyceridemia is not significantly associated with DFS or
OS in APL patients.

Chinese research (Chinese Chronic Diseases and Risk Factors
Surveillance Research, n = 163,641, from 2013–2014) showed
that the prevalence of hypertriglyceridemia was 25.8% in healthy
adults which is higher than the 13.1% incidence reported in 2012
(20). In the USA, data from the National Health and Nutrition
Examination Surveys showed that 47% of all adults in 2010 had
hypertriglyceridemia (21). European data from 2016 show that
27% of all adults have a nonfasting triglyceride level >2.0mmol/l
(22). Unsurprisingly, associations between hypertriglyceridemia
and cancer have been reported in several studies (2, 3).
Combined treatment with asparaginase and corticosteroids
leads to hypertriglyceridemia in up to 67% of patients receiving
treatment for acute lymphoblastic leukemia (5, 23). The
hypertriglyceridemia incidence in APL patients is still unknown;
our study found that the incidence of hypertriglyceridemia in
Chinese APL patients before treatment was as high as 55.8%. After
1 year of follow-up, the incidence of hypertriglyceridemia in APL
was still 46.4%.
A B

DC

FIGURE 2 | Comparison between the lipid profile at each time point. (A) TG, triglyceride (B) TC, cholesterol (C) HDL, high-density lipoprotein cholesterol (D) LDL, low-density
lipoprotein cholesterol; APL, acute promyelocytic leukemia; non-APL, acute myeloid leukemia exclude of APL; ULN, upper limits of normal; LLN, lower limits of normal.
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We speculated that high TG levels—a risk factor for
atherosclerotic cardiovascular disease—would lead to adverse
prognoses. Large observational, epidemiological, genetic, and
Mendelian randomization studies support the hypothesis that
elevated blood triglyceride levels are independently associated
with increased risk of atherosclerosis and coronary artery disease
(22, 24, 25). TG levels > 1,000 mg/dL (11.4 mmol/L) can also
induce acute pancreatitis (26). In the current study, only one
APL patient had a lipid profile of 20.86 mmol/L. That patient did
not develop acute pancreatitis during the course of treatment.

The mechanism of hypertriglyceridemia development in APL
patients has not been completely clarified (27). We concluded
that hypertriglyceridemia may be associated with APL as well as
being overweight for three possible reasons. One pertains directly
to being overweight, another pertains to the PML/RARa fusion
protein, and the last involves the induction of abnormal lipid
metabolism in APL patients by ATRA therapy.

With regard to being overweight, in a population-based cross-
sectional study obesity was a significant risk factor for APL (13).
The risk was particularly high in the APL subtype, with an
estimated 44% HR increase per additional 5 kg/m2. Obesity is
also associated with differentiation syndrome (9), relapse (10),
and poor survival (11). Genetic up-regulation of pro-
inflammatory factors related to direct growth promotion,
generation of genotoxic oxidative stress, immune modulation
(28, 29), and metabolic components of endogenous agonists for
peroxisome proliferator-activated receptors (PPAR) (30, 31) may
be involved in this clinical phenomenon in APL. While the
pathophysiology of hypertriglyceridemia remains poorly
understood (32), the mechanism of hypertriglyceridemia in the
setting of obesity has been linked to insulin resistance. Not all
obesity patients are insulin resistant (33), thus he interconnections
involved need to be further explored.

With respect to the PML/RARa fusion protein, galectin-12 is
selectively overexpressed in APL cells (34), and this
overexpression is mediated by PPARg (27). RAR activation
leads to increased secretion and decreased catabolism of
Frontiers in Oncology | www.frontiersin.org 6
TG-rich particles, causing the accumulation of TG in the
plasma and a secondary decrease in HDL-C levels. Because
PML protein was initially described as a tumor suppressor,
studies investigating PML have mainly focused on its roles in
apoptosis, cell cycle regulation (35), tumorigenesis (36) and
tumor metastasis (37). A growing number of studies have also
observed an association between PML protein and metabolism.
PML is upregulated in metastatic breast cancer and non-
metastatic breast cancer with a poor prognosis, and studies
indicate that PML may be involved in expression of the stem
cell factor SOX9 and associated initiation of breast cancer (37).
Carracedo and Pandolfi et al. (35) reported that hepatic PML
protein levels are increased in obese individuals, suggesting that
PML may be involved in hepatic function. Analyses of the
microarray data in PML-depleted Human Umbilical Vein
Endothelial Cells suggest that PML is involved in the
regulation of a large number of metabolic genes (38, 39). The
rearrangement of glucose and fatty acid metabolic gene
expression in PML knockout mice, reportedly resulted in an
increased metabolic rate and counteracted Western diet-induced
obesity symptoms (40). In a previous study there was a negative
correlation between PML-RARa expression and PPARg in APL
cells (41). Subsequent experiments suggest that the metabolic
stress sensor Tribbles homolog 3 may inhibit the activity of
PPARg by interfering with interaction between PPARg and
RXR, and promoting the ubiquitination and degradation of
PPARg. The synergistic effect of PML-RARa and elevated
Tribbles homolog 3 can inhibit the activity of PPAR and cause
abnormal lipid metabolism in newly diagnosed APL patients.
APL patients. Therefore, PML can be used as a nutritional
sensor to maintain metabolic homeostasis.

Abnormal lipid metabolism in APL patients was induced by
ATRA therapy. In APL patients ATRA reportedly stimulates the
synthesis of cholesterol and triglycerides in the liver, elevating
blood lipid levels (42). In vitro experiment indicated that TG
levels in NB4 APL cell line treated with ATRA were significantly
higher than TG levels prior to treatment (27). The G0/G1 switch
A B

FIGURE 3 | Disease-free survival and overall survival in HTG and non-HTG patients with APL. (A) Disease-free survival and (B) overall survival HTG group, high
triglyceride group ≥ 1.70 (mmol/L); non-HTG group, triglyceride < 1.7 (mmol/L); Significant difference (P < 0.05).
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gene 2 (G0S2) is also a direct PPARg target gene and may be
involved in the adipocyte differentiation (43). In another study
adipose triglyceride lipase was a rate-limiting factor in the
inhibition of TG metabolism by G0S2, which partially
mediates the therapeutic effects of ATRA in APL by increasing
TG levels (44). In addition, the transcription factor forkhead box
O1 (FOXO1) is stimulated by retinoid therapy and is inactivated
via phosphorylation of insulin. This inactivation leads to
decreased gluconeogenesis and the release of very low-density
lipoprotein by the liver after feeding. FOXO1 stimulates
microsomal triglyceride transfer protein and apolipoprotein C-
III, which lead to the activation of particle assembly and
inhibition of lipoprotein lipase, the two —which are both
causes of increased plasma TG (45). Interestingly, the retinoid
effects on FOXO1-dependent increases in apolipoprotein C-III
are inhibited by PPARg (46).

Treatment for hypertriglyceridemia includes the management
of lifestyle and secondary factors, and pharmacotherapy.
The guidelines recommend that if the patient has conditions,
such as type 2 diabetes , obesi ty , a lcohol overuse ,
hypothyroidism, pregnancy, hepatosteatosis, renal failure, or
concomitant drug use, the primary disease should be treated.
The management of mild-to-moderate hypertriglyceridemia
(< 10 mmol/L) should follow recommended guidelines with
an initial emphasis on diet and exercise after these
secondary conditions have been addressed. The potential
benefits of using related inhibitors such as PPARg
agonizing thiazolidinediones require further investigation.
Thiazolidinediones (rosiglitazone, pioglitazone) are oral
insulin-sensitizing medications used in type 2 diabetes mellitus
that can reduce glucose with a minimal risk of hypoglycemia and
potential anti-atherosclerotic effects. Some studies suggested that
thiazolidinediones can inhibit the proliferation of HL-60 cell
lines (47). In vitro, pioglitazone induces chronic myelogenous
leukemia cells to exit the quiescent state, thereby making them
sensitive to the effects of imatinib. After promising results in a
case series (48) and a single-arm phase 2 study (49), combination
treatment with pioglitazone and imatinib is now under
prospective randomized investigation (ClinicalTrials.gov
Identifier NCT02767063). Whether it is necessary to
use thiazolidinediones in combination in APL requires
rigorous investigation.

As time went on, the blood lipid levels were similar in
approximately 1 year. Gastrointestinal side effects after
chemotherapy in non-APL patients may reduce their intake,
but APL induction therapy has little effect on diet. The reason for
this is unclear. After only one year of follow-up, the incidence of
hypertriglyceridemia in APL was still 46.4%. This may be
because they were still on retinoic acid maintenance treatment,
or because many APL patients are prone to hypertriglyceridemia
due to lifestyle habits such as excessive nutrient intake, low levels
of exercise, and relatively low levels of participation in social
activities. Our results suggested that elevated TG did not result in
shorter DFS or OS under this protocol. Notably in this regard,
the complications of associated with hypertriglyceridemia take a
Frontiers in Oncology | www.frontiersin.org 7
long time to manifest. Hypertriglyceridemia remains an
important clinical phenomenon, and lipid metabolism is very
important in APL.

There are several limitations to this study. The follow-up
period was relatively short, limiting the conclusions that could be
drawn about many common complications associated with
hypertriglyceridemia such as arteriosclerosis and coronary
heart disease. In addition, with the prolonged follow-up time,
there are more data on blood lipid loss.

In summary, there are evidently significant associations
between body weight and hypertriglyceridemia in APL
patients, and potential relationships between them require
further investigation. Hypertriglyceridemia may be related to
the pathogenesis of APL and this may have implications with
respect to treatment with ATRA. Relationships between APL,
ATRA treatment, and lipid metabolism require further
investigation, and such research may ultimately result in
improved prognoses.
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