Experimental
Exp Oncol 2021

43,1,41-45 NCOLOGY

ERYTHROPOIETIN AS AN INDEPENDENT PROGNOSTIC FACTOR
IN MYELODYSPLASTIC SYNDROMES
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Aim: To assess the level of erythropoietin (EPO) in blood sera of patients with different subtypes of myelodysplastic syndromes (MDS)
from different risk subgroups and to determine its prognostic role. Materials and Methods: EPO was measured by enzyme-linked
immunosorbent assay in peripheral blood of 54 patients with different M DS subtypes according to the French—American—British
(FAB) classification. The comparison group consisted of 15 healthy individuals. Complete blood count (hemoglobin, leukocyte and
platelet levels) was determined and bone marrow cells were characterized morphologically. The overall and leukemia-free survivals
were estimated by Kaplan — Meier method. Results: The level of EPO in MDS was reliably higher in comparison with healthy
persons (p < 0.01, Mann — Whitney test). No statistically significant difference was found in serum EPO concentration between
the groups of patients with low- and high-risk MDS (603.5 pg/ml vs 721.0 pg/ml; p > 0.05). In transfusion-dependent patients,
the level of EPO was significantly higher than in other patients, which may be due to increased endogenous EPO secretion result-
ing from chronic hypoxia. A negative correlation was revealed between EPO level and Hb level as well as between EPO level and
percentage of blast cells in bone marrow in high-risk MDS patients but not in patients with less aggressive variants of MDS. In-
stead, patients with low-risk MDS had a negative relationship between concentrations of EPO and tumor necrosis factor alpha
(p = 0.06, Kendall’s tau test). No significant difference was found between EPO concentration in cases differing by bone marrow
cellularity or the presence of cytogenetic abnormalities. An EPO concentration below 200 pg/ml was a predictor of shorter overall
survival in patients with all MDS subtypes (p < 0.05, Mann — Whitney test). In patients with all FAB disease subtypes, there was
no relationship between the leukemia-free survival and serum EPO concentration. Conclusion: This study shows that lower serum

EPO level may be considered as one of the additional adverse prognostic factors in MDS patients.
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The ineffective hematopoiesis typical for myelo-
dysplastic syndromes (MDS) results from a number
of disorders in bone marrow (BM), including genetic,
epigenetic and immunomodulatory changes in he-
matopoietic/progenitor cells as well as the imbalance
in relationship between hematopoietic and stromal
cells with abnormal release of growth factors and
chemokines [1-3]. The most common manifestation
of MDS is anemia with quite complex pathophysiology
involving several factors. For example, the activation
of macrophages and increased production of cyto-
kines cause shortening of the erythrocyte life, and
the impaired reutilization of iron in BM and abnormal
production of endogenous erythropoietin (EPO) result
in anemia [4].

Several mechanisms of the anemic syndrome de-
velopment in MDS patients have been proposed. One
of the mostimportant pathogenetic aspects regarding
anemia in MDS is the cytokine component [5, 6]. Ac-
cording to many researchers, the production of cyto-
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kines, and in particular their concentration in blood
serum, is regulated by BM niches that control hema-
topoietic stem cells proliferation and quiescence [7].
Inturn, BM niche contains a diverse number of stromal
cells, including macrophages, fibroblasts and osteo-
blasts, as well as the blood vessels and the elements
of the extracellular matrix [8, 9].

EPO is considered as one of the main cytokines
regulating hemopoiesis and is the first factor that re-
sponds to the reduction of hemoglobin in patients with
MDS. The understanding of the physiological functions
of EPO has significantly evolved over the last few de-
cades. Its main functions are to stimulate the prolifera-
tion, differentiation and maturation of erythroid cells,
to inhibit their apoptosis, to regulate iron metabolism,
neutralizing the inhibitory effect of cytokines on hema-
topoiesis [10]. Normally, endogenous EPO is produced
by peritubular cells of renal cortex (up to 90%) and liver
cells (10—15% of the total production) and is controlled
via oxygen-dependent mechanisms. The decreased
EPO level is associated not only with MDS but also with
anemia of other genesis [10, 11]. Interferon-gamma,
tumor necrosis factor alpha, interleukin 1 and interleu-
kin 6, have been shown to inhibit erythropoiesis in vitro
and in vivo, decreasing EPO production [12-14].

The studies on the EPO role in the pathogenesis
of MDS, in particular in the mechanisms of ineffective
hematopoiesis, started as early as in the 1980s. EPO
receptors are detected in the erythroid burst-forming
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unit. Their expression increases during maturation
of erythroid precursors, while EPO receptors are not
detected on more mature erythroid cells. At present,
it has been proven that serum EPO deficiency is not
a cause of ineffective erythropoiesis [ 15]. Alternatively,
the ineffective erythropoiesis is attributed to intracel-
lular defects of EPO-induced antiapoptotic pathways
and by excessive stimulation of proapoptotic sig-
nals [16, 17]. Serum EPO concentrations are signifi-
cantly higher in transfusion-dependent patients while
this was not confirmed in high-risk patients. It is worth
to mention that serum EPO level correlated with a sig-
nificant reduction in overall survival (OS) [18]. Nega-
tive correlation between serum EPO and hemoglobin
concentration was observed [19, 20].

A number of prognostic factors for MDS are de-
scribed, but there is no sufficient information regard-
ing the relationships between these markers and life
expectancy or low- and high-risk groups due to the
various mechanisms of development and progression
in different MDS subtypes. Therefore, this question
is relevant and has not only scientific but also practi-
cal significance.

MATERIALS AND METHODS

Patients with MDS of different subtypes according
to the FAB classification were observed and treated
in the Sl “Institute of Blood Pathology and Transfusion
Medicine of NAMS of Ukraine” and the Lviv Communal
Municipal Clinical Hospital N2 5 in 2010-2015 were in-
cluded into the study. All patients gave their informed
consent for participation in the study and the process-
ing of their depersonalized clinical and biochemical
data.

The group of patients with refractory anemia (RA)
included 26 people (median age 59 years (48-77),
5 patients were diagnosed with refractory anemia
with ring sideroblasts (RARS) (median age 69 years
(54-71), 21 patients had refractory anemia with ex-
cess of blasts (RAEB) (median age 61 years (30-81)
and 2 patients suffered from refractory anemia with
excess of blasts in transformation (RAEB-t) (aged
32 and 76). Control group included 15 healthy donors
with median age of 60 years (35-69). The studied
groups were formed based on the risk of transforma-
tion to acute leukemia (AL), namely low-risk group (RA,
RARS) and high-risk group (RAEB, RAEB-t), taking into
consideration the similarity of clinical, hematological,
cytogenetic parameters and the course of the disease
within each of these groups.

Blood samples were taken from MDS patients with
different FAB subtypes immediately before transfu-
sion or 7 days after the last blood transfusion in or-
der to reduce the false results, since the production
of endogenous EPO to certain degree depends on the
hemoglobin level.

Endogenous EPO concentration in serum was
measured by enzyme-linked immunosorbent assay
using Erythropoietin-IFA-Best kit (Vector Best, Russian
Federation) according to the manufacturer’s instruc-

tion. The optical density was measured using enzyme
analyzer Multiscan EX (Thermo Fisher Scientific, USA)
at a wavelength of 450 nm.

Complete blood count (hemoglobin, leukocyte
and platelet levels) was determined automatically
on a CellDynRuby hematology analyzer (Abbott,
USA). The morphological characterization of BM cells
(in particular, signs of dyshemopoiesis of the three
lineages) and number of blasts in BM were assessed
using a light microscope.

Serum tumor necrosis factor-a (TNF-a) and trans-
forming growth factor-p (TGF-B) levels were deter-
mined by enzyme-linked immunosorbent assay and
kits for detection of TNF-a (BIOSOURCE, Belgium)
and TGF-B (ELISA kit, Germany) using immunoassay
Multiscan EX analyzer at a wavelength of 450 nm.

Statistical analysis was performed using software
package STATISTICA 6.0, by StatSoft Inc. (USA).
Parametric data were presented as median [lower-
upper quartile] (minimum-maximum). The duration
of overall and leukemia-free survival were estimated
using the Kaplan — Meier method. The log-rank test
or Cox F-test was used to compare survival in the
two groups. Cox proportional hazard regression was
used to determine the most significant independent
prognostic factors affecting survival. The breakdown
points for parametric indicators were determined us-
ing sequential Wald analysis. The interdependence
between the indices of paired studies determined the
rank correlation (Kendall’s tau [1] test).

RESULTS AND DISCUSSION

Serum concentration of EPO did not differ sig-
nificantly between MDS patients of low-risk group
(median 603.5 pg/ml with fluctuation ranges from
51.0to 2022.0 pg/ml) and high-risk group (median
reached 721.0 pg/ml). However, in both groups EPO
level was markedly different from such in control group
(p < 0.05) (Fig. 1).

When EPO concentration was assessed in rela-
tion to sex of patients, no significant difference was
revealed. Median serum EPO in women reached
781 pg/ml, in men — 446 pg/ml (Mann — Whitney
test, p = 0.46).

Statistically significant difference in EPO concen-
tration was revealed in patients from group of high-risk
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Fig. 1. Serum EPO concentration in patients from low-risk and
high-risk groups. The difference in comparison with healthy
donors was significant (p < 0.05, Mann — Whitney test)
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MDS (RAEB/RAEB-t) with hemoglobin level below and
above 80 g/I. In patients with more severe anemia, EPO
level reached 765.5 pg/ml vs. 124 pg/ml in patients
with less profound anemia (Mann — Whitney test,
p < 0.05). Such tendency was not observed in pa-
tients with low-risk MDS (RA/RARS). In this group,
patients with higher hemoglobin content had EPO
concentration atalevel 614 pg/ml (ranging from 51 pg/
ml to 2022 pg/ml), which substantially did not differ
from such in patients with more severe anemia who had
median EPO level of 801.5 pg/ml (ranging from 51 pg/
ml to 2022 pg/ml) (Mann — Whitney test, p > 0.05).

In order to determine possible association between
the concentration of the cytokine and BM cellularity, all
patients were divided into three groups, namely with
hypocellular, normocellular and hypercellular BM. The
highest EPO concentration was observed in patients
with hypercellular BM, median was 781 pg/ml (506—
2179 pg/ml). Nevertheless, the maximum EPO level did
not change significantly in comparison with previous
group and was 2027 pg/ml in group of normocellular
and 2179 pg/ml in group of hypercellular BM. There
was no marked difference in EPO concentration
of this cytokine between different groups depending
on BM cellularity (p > 0.05, Mann — Whitney test)
(Fig. 2).

Taking into consideration that cytogenetic changes
in hematopoietic cells play crucial role in the course
and prognosis of MDS, we analyzed EPO level de-
pending on the presence or absence of significant
chromosomal aberrations in BM cells. EPO level did
not differ significantly between the groups with un-
changed karyotype and with solitary abnormalities
and reached 857 pg/ml and 1093 pg/ml respectively
(p > 0.05, Mann — Whitney test).

Analysis of correlation between EPO concentration
and some constitutional and hematological param-

2500
u25-75%
2000 . [
| minjmax
% 1500 w
<
£ 1000
w
500
0 - -
Hypocellular Normocellular Hypercellular

Fig. 2. EPO level in patients with different MDS subtypes de-
pending on BM cellularity.

Table. Correlation between EPO concentration and peripheral blood,
BM parameters and cytokines (patients with RA/RARS and RAEB/RAEB-t)

RA/RARS RAEB/RAEB-t
Parameter EPO, pg/ml
T D T D
Age 0.08 0.603 -0.23 0.207
Hb level -0.01 0.993 -0.15 0.039
Platelets 0.09 0.559 0.133 0.47
BM blasts 0.09 0.574 -0.45 0.01
TNF-a -0.13 0.06 0.19 0.35

Note: T — Kendall correlation coefficient

eters was performed. In patients with low-risk MDS,
EPO concentration did not correlate with demographic
data, peripheral blood or BM parameters. Contrary
to this, in patients with high risk of transformation,
a negative correlation between the hemoglobin level
and EPO concentration (1 = -0.15; p = 0.039) and
reliable relationship between BM blasts percentage
and EPO concentration (1 = -0.45; p = 0.01) were
revealed (Table).

Negative correlation was revealed between EPO
level and risk of transformation into AL in accordance
with prognostic scale IPSS-R (1t = —-0.45; p = 0.066)
and IPSS (1 =-0.06; p = 0.006). It was demonstrated
that EPO concentration was significantly higher
in patients with very low, low and intermediate-1 risk
of transformation.

The study of the effect of EPO as a parametric
variable on OS using the proportional regression
model of risk in RA/RACS group showed no reliable
relationship between serum EPO concentration and
survival of patients (p = 0.51) in contrast to patients
from high-risk group (p = 0.004)

Based on results of a Wald’s sequential analysis,
an EPO concentration of 200 pg/ml was chosen for
high-risk MDS patients as a threshold, at which the
difference in OS between the study subgroups was
most significant. In this regard, a group of patients was
divided into two subgroups: those with an EPO level
of less and more than 200 pg/ml. Contrary to literature
data, median OS in patients with higher EPO concen-
tration was 36.9 months (lower quartile 19.1 months),
in comparison with subjects with lower EPO level, who
had median OS 6.7 months (OS in 25% of patients
was 1.9 months). In this respect, low serum EPO
concentration in patients with aggressive subtypes
of MDS might be considered as an unfavorable factor
for OS in this population.

Lower EPO level is an independent prognostic
marker for predicting the survival in patients with high-
risk MDS. In contrast to the literature data, the survival
of our patients with higher EPO level was significantly
longer. The expected cumulative 2-year survival
in high-risk MDS patients with EPO below 200 pg/
ml was 8% vs. 57% in patients with an EPO concen-
tration above this threshold level. The 3-year survival
of patients with high EPO concentration was 37%,
4-year survival was nearly 9%, 5-year survival — 4%.

In patients with low-risk MDS, only slight difference
was found in 2-year survival in studied subgroups re-
garding the concentration of endogenous EPO. Thus,
predicted survival (2 years) in patients with higher
EPO was 54.0% vs. 45.9% in subjects with lower EPO
concentrations (p < 0.05, Cox F-test). At the same
time, a significantly longer duration of 4-year and
5-year survival was observed in patients with an EPO
level above 200 pg/ml, and the proportion of surviv-
ing patients was 27.8% vs. 6.1% and 15.6% vs. 3.1%,
respectively.

Consequently, we have analyzed the relevance
of serum EPO levels as a prognostic marker in patients
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with de novo MDS. Our results showed that patients
with different MDS subtypes according to FAB clas-
sification have statistically significant differences
in serum EPO level at the time of diagnosis that cor-
related with survival.

Patients with all MDS subtypes had significantly
higher EPO level in comparison with healthy donors.
However, since median Hb level in two groups of pa-
tients did not differ, there was no marked distinction
in EPO level regarding disease risk profile. Moreover,
in patients with lower Hb EPO concentration was
higher, which might indicate enhanced endogenous
EPO secretion in response to hypoxia. Our results
in this respect are consistent with the literature
data [20]. As pointed out by Jelkmann [8], response
to hypoxia in vivo is a dynamic process, meaning
that EPO concentration increases following anemic
or hypoxemic stimuli, with further decrease despite
continuous hypoxia. This corresponds with our data
demonstrating the significant changes in EPO concen-
tration in patients with less aggressive and more ag-
gressive MDS subtypes. Itis known that in patients with
different MDS subtypes the mechanisms of cytopenia
development and the duration of anemia are distinct.
Thus, in low-risk MDS, EPO enhances differentiation
of erythroid and myeloid progenitors. Atthe same time
its level correlates with TNF-a, TGF-3, which in turn
exert inhibitory effects on stem hematopoietic cells,
as proven by Isufi et al. [21]. Increased production
of TNF-a and TGF-B in early stages of MDS, which
is associated with an EPO increase in response to hy-
poxia, as well as disturbances of adhesion of stem and
stromal cells, represents the pathogenetic basis for the
development of anemic syndrome in these patients
(due to apoptosis activation). Contrary to above-
mentioned, in patients with high-risk MDS, increased
production of interleukin-6 by blast cells and enhanced
production of vascular endothelial growth factor with
activation of BM angiogenesis underlie the occurrence
of anemia and disease progression.

The negative correlation revealed between the
levels of TNF-a and EPO confirms inhibitory effect
of proinflammatory cytokines on EPO secretion not
only in patients with MDS [14] but also in patients
with anemia of chronic disease widely described
in the literature [12, 13]. However, pathogenesis
of anemia in MDS is rather complex and involves not
only cytokine-mediated mechanisms but also mul-
tiple other factors. Therefore, this interdependency
is an unsettled and debatable issue.

We have not shown a reliable relationship between
EPO concentration and BM cellularity. This is quite
expectable since EPO is produced largely in kidneys
and not by hematopoietic stem cell or BM microenvi-
ronment. On the other hand, based on a series of stud-
ies, scientists have concluded that reduced oxygen
transport to tissues or increased body oxygen demand
stimulates EPO excretion [20]. However, based on the
study of changes in the concentration of EPO in the
dynamics, scientists have put forward the theory that

the decrease in EPO content in plasma is associated
with its increased utilization by BM cells. Subsequent
studies in this direction have refuted this theory proving
that the uptake of EPO in BM has no importance for
the EPO metabolism in comparison with its daily renal
production and BM cannot be considered as a place
of EPO disposal or inactivation. Therefore, correlation
between EPO concentration and BM cellularity could
not been confirmed.

Our study aimed to analyze the diagnostic signifi-
cance of serum EPO in a group of patients with de novo
MDS in order to evaluate its relationship with the risk
of transformation to AL, and with OS of the patients.
This information allows us to determine the potential
to use EPO as a prognostic factor.

The issue of the correlation of EPO level with
OS in patients with different MDS subtypes has not
been sufficiently covered in the available literature.
Only some of researchers consider association be-
tween lower OS of these patients and high endogenous
serum EPO concentration [19], which is not compat-
ible with our results. OS in our high-risk MDS patients
was significantly longer at higher EPO concentrations.
Such a difference with low-risk MDS may be due to the
involvement of other mechanisms in pathogenesis
of more aggressive MDS subtypes. Therefore, the is-
sue of heterogeneity of this disease remains relevant
and requires a differentiated approach not only in di-
agnostics but also in therapeutic tactics.

Important part of the management of all MDS
patients is not only improving the quality of life, but
also reduction of the risk of disease transformation.
Therefore, scientists are exploring the factors that
determine the likelihood of such transformation. The
literature data shows that a high EPO level is associ-
ated with a shortened leukemia-free survival [17, 19].
However, we did not find a relationship between the
leukemia-free survival and serum EPO level neither
in patients with RA/RARS nor in the RAEB/RANB-
t group. This is probably due to a small number of pa-
tients with a determined serum EPO level and requires
further research.

In available literature, there is no clear numerical
value of EPO concentration that would be prognostic
of survival. We have found that OS in high-risk MDS
patients with higher EPO concentrations was more
than 5-fold higher in comparison with patients with
low EPO level. Thus, serum EPO concentration less
than 200 pg/ml is suggested to be another negative
prognostic factor for OS in patients with high-risk MDS.

Our study showed the importance of determin-
ing serum EPO as an independent prognostic factor
in patients with primary MDS, both low- and high-risk
according to the IPSS classification. The analysis re-
vealed that an EPO level above 200 pg/ml in patients
with high-risk MDS could be considered as a marker
of a poor prognosis associated with a shortened
OS. It becomes apparent that the same factors differ-
ently affect the duration of OS and the rate of leukemic
transformation in different FAB subtypes and risk
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groups of MDS. In spite of the large number of continu-
ously updating prognostic scales, the issue of MDS
prognosis remains relevant and encourages the use
of differentiated approaches to the further investiga-
tion of prognostic factors and the development of new
prognostic scales separately for low- and high-risk
MDS patients.
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EPUTPOMOETUH 9K HESANEXXHUN
MPOrHOCTUYHUN DAKTOP Y XBOPUX HA
MIENOANCIIJIACTUYHI CUHAPOMU

0. boiiko*, M. Cimonosa, H. Knuw, O. Jlanuw, 5. Buzoscoka,
3. Macasx

Y «Incmumym namonoeii kposi ma mpaucysiiinoi meouyunu
HAMH Ykpainu», Jlvsie 79044, Ykpaina

Merta: BuaHauntn piBeHb eputponoeTtuHy (EMO) B cuposaTui
KPOBI XBOPUX HA Pi3HI NigTUAN MiENOANCNAACTUYHUX CUHAPOMIB
(MAC), wo cknagaTb PisHi Niarpynu pusmnky, Ta OLHUTY NPO-
FHOCTMYHY POJib LbOro nokasHuka. Marepiasan Ta metoaum:
KoHueHTpaujto EMO BumipioBanu metonom TBepaodasHoro
iMyHOMEPMEHTHOro aHanidy B 3paskax nepndepunyHoi KpoBi
54 xBopux Ha pi3Hi nigtTunn MAC BignosigHo oo ®AB knacu-
dikauji. pyna nopiBHAHHA cknaganacs 3 15 340poBux ocib.
BusHavanu BMIiCT reMornobiHy, neikounTiB Ta TPOMOOLMUTIB.
KniTnHm 3paskiB KiCTKOBOrO MO3KY XapakTepuaysann Mopdono-
riyHo. 3aranbHy Ta 6e3peunanBHY BUXMBAHICTb PO3PaxoByBanm
3a metogom KannaHa — Mewepa. Pe3dynbtaTtu: PiBHi EMO
y xBopux Ha MZC 6ynu BiporifHO BULLMMM B MOPIBHSHHI 3i 300-
poBumu ocobamu (p < 0.01, kputepin MaHHa — YiTHi). He 6yno
BUSIBJIEHO CTATUCTUYHO BIPOriAHOI PiBHULI 32 KOHLIEHTPALIED
EMO mixx rpynamu xBopux Ha MAC HM3bKOro Ta BUCOKOrO CTy-
neHst puauky (603,5 nr/mn B NopiBHAHKHI 3 721 nr/mn; p > 0.05).
Y xBOpWX, 3aNeXHUX Bif remoTpaHcdyaiii, pisHi EMNO 6ynu Bi-
POriAHO BULLMMMW B MOPIBHSAHHI 3 IHLUMMW NaLieHTaMu, Lo MOXe
OyTn 06yMOBNEHO MiABULLEHHAM cekpelii eHgoreHHoro ENMO,
CNPUYMHEHUM XPOHIYHOIO rinokcieto. Y xsopux Ha MAC rpynun
BUCOKOro pu3unky 6yna BUsiIBieHa HeratMBHa KOPENsLis Mix
piBHAMM EMO Ta remornobiny, a Takox mMix pisHamu EMO Ta Bia-
COTKOM GanacTHUX KNiTUH Yy KiICTKOBOMY MO3KY. Takoi kopensuji
He BiA3Hayann y XBOPUX 3 MEeHLl arpecuBHUMK BapiaHTamMu
MZAC. HatomicTb y nauieHtisB 3 MAC rpynu HU3bKOro pusnky
BiA3HAYaNN HEraTMBHY KOPEensLilo Mix KoHueHTpauismu ENO
Ta dakTopa Hekpody nyxnuH anbda (p = 0.06, kpuTepint Tay
Kenpanna). He 6yno nomiyeHo cyTTeBOI pidHULI y piBHSAX EMNO
MiXX BUNagKamm, LLO PI3HATLCS 3a KNITUHHICTIO KICTKOBOIO MO3KY
ab0 HasBHICTIO UMTOreHeTMYHMX aHomanin. KoHueHTpauito EMNO
Hux4e 3a 200 nr/ma MoXHa po3rnsaaTh Ik NPeaMKTOP MEHLLOT



