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Abstract

clonal hematopoiesis.

Keypoints

Clonal hematopoiesis of indeterminate potential (CHIP) is associated with a small risk of developing hematologic
malignancies and a higher risk of cardiovascular diseases (CVD). We asked whether the reverse correlation exists and
cardiometabolic risk factors have an impact on the progression of myelodysplastic syndrome (MDS) to acute myeloid
leukemia (AML). We investigated the association between abnormal lipid profiles and inflammation in MDS, which
shares many genetic mutations with CHIP, and the risk of developing acute leukemia. We examined the medical
records of 11071 MDS patients. Among them, 5422 had at least one lipid profile or C-reactive protein (CRP) measure-
ment. In univariate and multivariate analyses, elevated triglyceride and high-sensitive C-reactive protein (HS-CRP)
were significantly associated with a diagnosis of acute leukemia in MDS patients. Next, we examined these associa-
tions in patients with available MDS prognostic scores (International Prognostic Scoring System, IPSS, or its revised
version IPSS/R) (n= 2786 patients). We found that the statistical association between CRP and the progression of MDS
to leukemia was independent of other variables in the scoring system. MDS patients with elevated CRP in both the
high-risk and low-risk groups had a higher risk of progression to AML than those with a lower CRP. We speculate that
inflammation might be a common denominator in developing hematologic malignancies and CVD in patients with

Elevated triglyceride and high-sensitive CRP are associated with a higher risk of acute leukemia in MDS.
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To the editor:

MDS is a premalignant blood disorder, and about 30%
of MDS patients develop AML. The presence of similar
genetic mutations in abnormal hematopoietic clones in
CHIP and MDS raises the possibility of a CHIP to MDS
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to AML continuum [1-6]. CHIP is also associated with a
significant risk of CVD [7]. Preventive measures such as
the treatment of hyperlipidemia, blood pressure, and dia-
betes are recommended in managing CHIP patients [8].
Whether cardiovascular risk factors impact the progres-
sion of CHIP to malignant blood disorders is unknown.
MDS is also a clonal blood disorder but with a much
higher conversion rate to AML than CHIP. We investi-
gated the association between abnormal lipid profile and
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elevated inflammation biomarkers and the frequency of
diagnosis of AML in a large MDS cohort.

Among 11071 MDS patients diagnosed and treated
between 2003 and 2020 at MD Anderson Cancer Center,
5422 had at least one measurement of their lipid profile,
CRP, or HS-CRP. Their average age was 56 (+12), and
59.4% were male. More information about the population
and laboratory results are available in Additional file 1:
Methods and Table S1. About 62.2% (n=3375) of MDS
patients were diagnosed with acute leukemia through
follow-up. We compared laboratory values between MDS
patients who developed AML and those who remained
leukemia-free (n=2047, 37.8%). Among the continuous
variables, triglyceride and VLDL were higher, and HDL
and LDL were lower in MDS patients who developed
acute leukemia than in those who did not (Additional
file 1: Table S2). In the univariate analysis, all the con-
tinuous lab variables, as well as the statin prescription,
were significantly associated with the leukemia status
(Table 1). In the multivariate analysis, only the triglycer-
ide (OR 1.44; 95% CI 1.16—1.78) and HS-CRP (OR 1.13;
95% CI 1.06—1.21) remained significantly associated with
a diagnosis of acute leukemia (Table 1). In the univariate
analysis, treatment with statins was associated with an
increased frequency of diagnosis of AML (OR 1.13, 95%
CI 1.00-1.28, p=0.044) (Table 1). However, one cannot
study the effect of statins without considering the possi-
bility of confounding effects of high LDL. In the multivar-
iable analysis, when forced into the model, statins were
associated with a modestly reduced risk of AML, with a
borderline statistical significance (OR 0.8, CI 0.63-1.01,
p=0.061) (Table 1).

Using IPSS or IPSS/R classifications (whichever was
available initially), MDS patients were categorized into
two groups: patients with a high risk of conversion to
leukemia (high and intermediate II according to IPSS

Table 1 Risk of leukemia for all patients
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and high and very high according to IPSS/R) and those
with a low risk (Intermediate I and low according to
IPSS and low and very low according to IPSS/R). In our
cohort, 2786 patients had either IPSS or IPSS/R and lipid
profile and CRP or HS-CRP. Among them, 1003 (36%)
were in the high-risk group and 1783 (64%) in the low-
risk group. The distribution of lipid profile and CRP and
HS-CRP among these groups are shown in Additional
file 1: Table S3. In the low-risk group, elevated CRP
was more common in patients who developed leukemia
than in those who did not (Additional file 1: Table S4).
In the high-risk group, elevated CRP and triglyceride
were more common in patients who developed leukemia
(Additional file 1: Table S5). Elevated CRP was associ-
ated with an increased risk of conversion to AML in both
high- and low-risk groups in univariate and multivari-
able logistic regression analyses (an estimated odd ratio
of 1.3) (Table 2). Our results point to a predictive value
for inflammatory biomarkers in MDS. In another study
on a small number of low-risk MDS patients, CRP was
found to be associated with a worse prognosis [9]. In uni-
variate analysis, the use of statins was associated with an
increase in the risk of AML but lost its significance in the
multivariable analysis (Table 2). More information about
the statistical methods is provided in the Additional
file 1: Material.

Inflammation is important in the pathogenesis and
progression of MDS [10, 11]. The pro-inflammatory
effect of elevated triglycerides in atherosclerosis has been
recently recognized [12] and might also be relevant to its
impact on the bone marrow microenvironment. A limita-
tion of our study is that we did not examine confounding
factors such as age, gender, and chemotherapy proto-
cols. Our results and speculations should be examined in
other MDS cohorts.

Univariate logistic regression

Multivariable logistic regression
(based on backward model selection)

Multivariable Model (based on a
backward model selection with
statin forced in the Model)

OR (95% ClI) p-value OR (95% ClI) p-value OR (95% CI) p-value
HS-CRP* 1.18(1.11,1.24) <0.001 1.13(1.06,1.21) <0.001 1.14(1.06,1.21) <0.001
TRIG* 1.38(1.22,1 56) <0.001 144 (1.16,1.78) 0.001 144 (1.16,1.78) 0.001
CRP* 8(1.20,1.37) <0.001
HDL 0.99 (0.98,0.99) <0.001
LDL 00 (0.99, 1.00) 0.001
VLDL 01 (1.00, 1.01) <0.001
Statin, yes/no 3(1.00, 1.28) 0.044 0.80 (0.63,1.01) 0.061

" Log-transformed, OR> 1 means an increased risk
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Table 2 Impact on the risk of leukemia in the high- and low-risk groups

Univariate logistic regression Multivariable Logistic regression
OR (95% CI) p-value OR (95% CI) p-value
HS-CRP* 096(0.83,1.12) 0.64
v TRIG* 1.34(0.94, 1.89) 0.105
7]
s? CRP* 1.40(1.16, 1.70) =0.001 1.41(1.17,1.70) =<10.001
=
.20 HDL 1.00 (0.99, 1.01) 0.98
-
LDL 1.00 (0.99, 1.00) 0.288
VLDL 1.01(1.00, 1.03) 0.097
Statu, 3.55(2.61.4.83) <0.001 1.15 (0.62, 2.15) 0.659
| ves/no
HS-CRP* 1.11(0.96, 1.28) 0.160
TRIG* 1.14(0.86, 1.51) 0.368
—2‘2 CRP* 131 (1.11, 1.54) 0.002 1.32 (1.11,1.56) 0.002
e
é HDL 0.99 (0.98, 1.00) 0.168
(=]
) LDL 1.00 (0.99, 1.00) 0.273
VLDL 1.00 (0,99, 1.01) 0.794
Statin, 433 (329.5.69) <0.001 0.87 (0.51.1.47) 0597
yes/no
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