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Common cardiovascular biomarkers can independently predict
outcome of patients with Myelodysplastic syndromes
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Dear Editor,

Myelodysplastic syndromes (MDS) comprise a heterogeneous
group of clonal myeloid disorders characterized by ineffective
hematopoiesis and varying degrees of leukemic transformation
[1]. Several well-validated prognostic systems have been devel-
oped to help clinicians in predicting the disease course and design
evidence-based treatment strategies [2]. However, in particular for
lower-risk MDS, the prognosis assessment remains problematic as
clinical strategies range from watchful waiting to early allogeneic
stem cell transplantation [3]. In addition, with the exception of
cytogenetics and only very recently somatic mutations [4], no
other biomarkers have been incorporated in the algorithm of MDS
prognosis, reflecting the largely uncharted pathobiology and
heterogeneous course of MDS.

It has been reported that soluble biomarkers of cardiovas-
cular disease (CVD) such as N-terminal pro-B-type natriuretic
peptide (NT-proBNP) and growth differentiation factor-15
(GDF-15) may drive tumor growth and are apparently linked
to cancer incidence [5, 6]. Conversely, the decrease of high-
sensitivity C-reactive protein (Hs-CRP) levels after statin
treatment unexpectedly resulted in a significant reduction of
cancer mortality [7], while NT-proBNP and troponin T (TNT)
levels were independently associated with all-cause mortality
in patients with various malignancies, irrespective of the
presence or not of CVD [8]. MDS typically affect elderly
individuals carrying several comorbidities which can consider-
ably influence clinical outcome and most patients succumb to
conditions unrelated to MDS, with cardiovascular disease being
the second most common cause of non-MDS-related mortality
[9, 10]. On top of epidemiological evidence, experimental data
further support a pathophysiological link between clonal
hematopoiesis of indeterminate potential (CHIP), a precursor
of MDS, with CVD development through inflammation-
mediated accelerated atherosclerosis [11, 12]. Despite the
evidence of a bidirectional interplay between CVD and
malignancies and the reported association of CVD biomarkers
with all-cause mortality in cancer patients no study to date has
addressed the value of CVD biomarkers in the prognostic
assessment of MDS patients.

We performed a multicenter retrospective cohort study that
included 105 patients with MDS. Serum levels of TNT, proBNP,
GDF-15, and CRP, were measured in all patients. Survival analysis
was performed using Kaplan-Meier estimates and multivariate
analysis by using Cox regression. Overall survival (OS) was defined
as the time from sampling to last follow-up or death from any
cause and Leukemia-free survival (LFS) as the time from sampling
to leukemic progression or death. Time to progression (TTP) was
defined as the time from sampling to the date of disease

progression. Details of the statistical analysis are presented in
Supplemental Methods. The study was approved by the institu-
tional review boards and it was performed in compliance with the
Declaration of Helsinki.

Demographic and disease characteristics are summarized in
Table 1. With a median follow-up of 23.9 (95% Cl: 11-36.8)
months the median OS and TTP for the whole cohort was 37
(95% CI: 12.6-61.4) and 25 (95% ClI: 11.9-38.1) months,
respectively. Progression to AML was observed in 36 (34.3%)
patients and CVD was the primary cause for 3/30 (10%) of
reported deaths.

Univariate and multivariate analyses at diagnosis are
presented at Table 1. Baseline levels of hemoglobin, percen-
tage of bone marrow blasts (BMB) and CRP, GDF-15, and NT-
proBNP levels were identified as significant prognosticators for
OS, whereas hemoglobin, ANC, BMB cytogenetic category, CRP,
NT-proBNP, and GDF-15 were significantly associated with TTP
in univariate analysis. In multivariate analysis only BMB
(HR=1.054, 95% Cl=1.027-1.081), GDF-15 (HR=1.080, 95%
Cl=1.015-1.149), and NT-proBNP  (HR=1.270, 95%
Cl=1.107-1.457) correlated independently with OS, while
the same parameters, BMB (HR = 1.041, 95% Cl = 1.017-1.066),
GDF-15 (HR=1.063, 95% Cl=1.011-1.118), and NT-proBNP
(HR=1.207, 95% Cl=1.052-1.384) were also independently
associated with TTP.

In order to assess the power of GDF-15 and NT-proBNP as
standalone prognosticators we determined the best cutoff levels
for each parameter using maximally selected rank statistics. A
GDF-15 value above the cutoff of 3727 ng/L was significantly
associated with worse OS (p=0.010) and TTP (p=0.006,
Supplemental Fig. 1), whereas the selected value for NT-proBNP
(175 ng/L) could not act as a prognosticator for either OS or TTP
(Supplemental Fig. 2).

We then addressed the prognostic power of the combination of
these two cardiac markers by constructing a composite score
(CardioScore) with the values of each NT-proBNP or GDF-15 above
the aforementioned cutoff scored with 0.5. Cardioscore stratified
patients in 3 categories (0, 0.5, and 1 point) with significantly
different OS (p=0.010) and TTP (p=0.043, Fig. 1A, B) after
adjustment for age and gender. We further evaluated whether
combining IPSS-R [13], currently the most widely used prognostic
system, with CardioScore could improve the prognostic power of
the former. The combined IPSS-RC score, defined as the sum of
IPSS-R score and CardioScore (Supplemental Table 1) resulted in
upstaging of 12/96 (12.5%) of the patients (Fig. 1C) and performed
better than IPSS-R, for both OS (p =0.0008; AlCc=212.980 vs
p=0.0014; AlCc=214.422, respectively) and TTP (p=0.0008;
AlCc =332.735 vs p=0.0018; AlCc =334.031, respectively, Sup-
plemental Table 2).

The advent of molecular analysis led to the implementation
of a molecular prognostic model for MDS, the IPSS-M [4]. To
question whether the CVD biomarkers still hold their
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Fig. 1 Cardioscore predicts overall survival and time to progression in MDS patients. A CardioScore (defined as the sum of 1/2 point if
GDF-15 > 3727 ng/L and 0.5 point if NT-proBNP 2175 ng/L) correlated significantly with OS (p = 0.010) after adjustment for age (p = 0.382) and
gender (p =0.447) using Cox regression (Omnibus test p =0.010). Hazard ratio is 3.086 (95% Cl: 1.131-8.403; p = 0.028) and 4.831 (95% Cl:
1.748-13.35; p=0.002) for CardioScore =0.5 and 1, respectively, when compared with baseline hazard (HR=1.000; CardioScore =0).
B Cardioscore also correlated significantly with TTP (p = 0.043), after adjustment for age (p =0.542) and gender (p =0.173) using Cox
regression (Omnibus test p=0.032). HR is 2.012 (95% ClI: 0.831-4.854; p=0.121) and 3.030 (95% Cl: 1.253-7.299; p=0.014) for
CardioScore = 0.5 and 1, respectively, when compared with baseline hazard (HR = 1.000; CardioScore = 0). C Restratification of IPSS-R to IPSS-
RC, the latter defined as the sum of IPSS-R score and CardioScore. IPSS-RC upstaged 12.5% of MDS patients. D Restratification of IPSS-M to
IPSS-MC, a composite score constructed by integrating the levels of NT-proBNP into IPSS-M. IPSS-RC redistributed 20.7% of MDS patients.

independent prognostic power when somatic mutations are
included in the prognostic algorithm we performed a separate
analysis in the selected group of patients with available
mutational data (n =29, Supplemental Table 3). In multivariate
analysis the levels of NT-proBNP were independently associated
with TTP (HR =1.586, 95% Cl = 1.139-2.207; p = 0.006) and OS
(HR=2.023, 95% Cl=1.109-3.690; p =0.022) along with the
number of identified mutations and BMB. We then used Cox
regression to generate IPSS-MC score, a NT-proBNP adjusted
IPSS-M score, which redistributed 6/29 (20.7%) of the patients
(Fig. 1D) and performed better than IPSS-M, for both OS
(p =0.0006; AlCc =41.566 vs p=0.002; AlICc =46.766, respec-
tively) and TTP (p = 0.0008; AlCc = 70.605 vs p = 0.008; AlCc =
74.414, respectively (Supplemental Table 4).

Our findings reveal a previously unrecognized association
between circulating NT-proBNP and GDF-15 with MDS course
and outcome and are in line with numerous reports showing a
robust association between cardiac and cancer incidence and
mortality [14-16]. Of note, risk factors for CVD and pre-existing
CVD, as captured by the MDS-Cl index in our analyses, did not
affect OS and TTP, indicating that the correlation of survival
with CVD biomarkers is rather linked to non-CVD-related or at
least all-cause death. We acknowledge that our cohort was
limited and the analysis was based only on baseline values not
accounting for fluctuations on hematological parameters and
CVD biomarkers that cannot be reliably captured retrospec-
tively, whereas the very low number of CVD deaths precludes
definite conclusions. However, the independent correlation of
NT-proBNP and GDF-15 with TTP agues further for a potential
causal association between CVD biomarkers and MDS patho-
biology by forming a vicious cycle linking CVD with clonal
hematopoiesis [17]. Future studies in large, prospectively
annotated, cohorts are needed to definitely address whether
this feed forward loop indeed exists and circulating cardiac
biomarkers can lead to enhanced risk of progression to myeloid
malignancies in individuals with CHIP and/or drive progression
in MDS patients.

SPRINGER NATURE

loannis Mitroulis', Vasileios Papadopoulos®’,

Eleftheria Lamprianidou’, Peter Mirtschink?,

Konstantinos Liapis @', Kalliopi Zafeiropoulou?,

Alexandra Kourakli®, Theodoros Moysiadis (*,

Menelaos Papoutselis', George Vrachiolias'

Argiris Symeonidis >° and loannis Kotsianidis'*

"Department of Hematology, Democritus University of Thrace
Medical School, Alexandroupolis, Greece. “Institute for Clinical
Chemistry and Laboratory Medicine, University Hospital and Faculty
of Medicine Carl Gustav Carus of TU Dresden, Dresden, Germany.
*Hematology Division, Department of Internal Medicine, University of
Patras Medical School, Patras, Greece. *Department of Computer
Science, School of Sciences and Engineering, University of Nicosia,
Nicosia 2417, Cyprus. *These authors contributed equally: Argiris
Symeonidis, loannis Kotsianidis. ®email: ikotsian@med.duth.gr

REFERENCES

1. Cazzola M. Myelodysplastic syndromes. N. Engl J Med. 2020;383:1358-74.

2. Jonas BA, Greenberg PL. MDS prognostic scoring systems—past, present, and
future. Best Pr Res Clin Haematol. 2015;28:3-13.

3. Platzbecker U, Kubasch AS, Homer-Bouthiette C, Prebet T. Current challenges and
unmet medical needs in  myelodysplastic syndromes. Leukemia.
2021;35:2182-98.

4. Bernard E, Tuechler H, Greenberg PL, Hasserjian RP, Arango OJE, Nannya Y, et al.
Molecular international prognostic scoring system for myelodysplastic syn-
dromes. NEJM Evid. 2022;1:EVID0a2200008.

5. Meijers WC, Maglione M, Bakker SJL, Oberhuber R, Kieneker LM, de Jong S, et al.
Heart failure stimulates tumor growth by circulating factors. Circulation.
2018;138:678-91.

6. Jovani M, Liu EE, Paniagua SM, Lau ES, Li SX, Takvorian KS, et al. Cardiovascular
disease related circulating biomarkers and cancer incidence and mortality: is
there an association? Cardiovasc Res. 2021;118:2317-28.

7. Ridker PM, Danielson E, Fonseca FAH, Genest J, Gotto AM, Kastelein JJP, et al.
Rosuvastatin to prevent vascular events in men and women with elevated
C-reactive protein. N. Engl J Med. 2008;359:2195-207.

8. Pavo N, Raderer M, Hiilsmann M, Neuhold S, Adlbrecht C, Strunk G, et al. Car-
diovascular biomarkers in patients with cancer and their association with all-
cause mortality. Heart. 2015;101:1874-80.

Blood Cancer Journal (2023)13:64


http://orcid.org/0000-0002-4188-9518
http://orcid.org/0000-0002-4188-9518
http://orcid.org/0000-0002-4188-9518
http://orcid.org/0000-0002-4188-9518
http://orcid.org/0000-0002-4188-9518
http://orcid.org/0000-0003-1165-9639
http://orcid.org/0000-0003-1165-9639
http://orcid.org/0000-0003-1165-9639
http://orcid.org/0000-0003-1165-9639
http://orcid.org/0000-0003-1165-9639
http://orcid.org/0000-0003-1673-196X
http://orcid.org/0000-0003-1673-196X
http://orcid.org/0000-0003-1673-196X
http://orcid.org/0000-0003-1673-196X
http://orcid.org/0000-0003-1673-196X
http://orcid.org/0000-0002-3685-3473
http://orcid.org/0000-0002-3685-3473
http://orcid.org/0000-0002-3685-3473
http://orcid.org/0000-0002-3685-3473
http://orcid.org/0000-0002-3685-3473
mailto:ikotsian@med.duth.gr

9. Madry K, Lis K, Fenaux P, Bowen D, Symeonidis A, Mittelman M, et al. Cause of
death and excess mortality in patients with lower-risk myelodysplastic syn-
dromes (MDS): a report from the European MDS registry. Br J Haematol.
2023;200:451-61.

10. Brunner AM, Blonquist TM, Hobbs GS, Amrein PC, Neuberg DS, Steensma DP,
et al. Risk and timing of cardiovascular death among patients with myelodys-
plastic syndromes. Blood Adv. 2017;1:2032-40.

11. Jaiswal S, Natarajan P, Silver AJ, Gibson CJ, Bick AG, Shvartz E, et al. Clonal
hematopoiesis and risk of atherosclerotic cardiovascular disease. N. Engl J Med.
2017;377:111-21.

12. Fuster JJ, MacLauchlan S, Zuriaga MA, Polackal MN, Ostriker AC, Chakraborty R,
et al. Clonal hematopoiesis associated with TET2 deficiency accelerates athero-
sclerosis development in mice. Science. 2017;355:842-7.

13. Greenberg PL, Tuechler H, Schanz J, Sanz G, Garcia-Manero G, Solé F, et al.
Revised international prognostic scoring system for myelodysplastic syndromes.
Blood. 2012;120:2454-65.

14. Sturgeon KM, Deng L, Bluethmann SM, Zhou S, Trifiletti DM, Jiang C, et al. A
population-based study of cardiovascular disease mortality risk in US cancer
patients. Eur Heart J. 2019;40:3889-97.

15. Uddin MDM, Nguyen NQH, Yu B, Brody JA, Pampana A, Nakao T, et al. Clonal
hematopoiesis of indeterminate potential, DNA methylation, and risk for cor-
onary artery disease. Nat Commun. 2022;13:5350.

16. Nakao T, Natarajan P. Clonal hematopoiesis, multi-omics and coronary artery
disease. Nat Cardiovasc Res. 2022;1:965-7.

17. Avagyan S, Zon LI. Clonal hematopoiesis and inflammation—the perpetual cycle.
Trends Cell Biol. 2022;50962-8924:00275-6.

ACKNOWLEDGEMENTS

This research has been co-financed by the European Regional Development Fund of
the European Union and Greek national funds through the Operational Program
Competitiveness, Entrepreneurship and Innovation, under the call RESEARCH -
CREATE - INNOVATE (project code: T2EDK-02288, MDS-TARGET)».

AUTHOR CONTRIBUTIONS
IM analyzed and interpreted data and wrote the manuscript, VP and TM performed
statistical analysis, EL, MP, KL, GV, KZ, and AK collected data, PM performed research

Blood Cancer Journal (2023)13:64

Correspondence

and collected data, AS designed research and wrote the manuscript, IK designed
research analyzed and interpreted data and wrote the manuscript.

COMPETING INTERESTS

The authors declare no competing interests.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/541408-023-00844-4.

Correspondence and requests for materials should be addressed to loannis
Kotsianidis.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

5Y Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

SPRINGER NATURE


https://doi.org/10.1038/s41408-023-00844-4
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Common cardiovascular biomarkers can independently predict outcome of patients with Myelodysplastic syndromes
	Acknowledgements
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




