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The grade of neoangiogenesis and

the bone marrow blast count predict
leukemic transformation-free survival
in myelodysplastic syndromes
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Myelodysplastic syndromes (MDS) are clonal
bone marrow disorders showing highly variable
clinical courses. The median overall survival in
MDS is 15-30 months, the risk of acute myeloid
leukemia (AML) transformation being 25-30%
at five years (1). It is known, that blasts’ percent-
age, karyotypic abnormalities and the depth of
cytopenias included in the International Prog-
nostic Scoring System (IPSS) are strong pre-
dictors for a poor prognosis and AML transfor-
mation risk in MDS (2). In a previous regional
study, Banescu et al. revealed a 62.5 % incidence
of abnormal karyotypes in MDS patients. Ac-
cording to their findings, the leukemic transfor-
mation-risk was higher and the overall surviv-
al shorter in cases with cytogenetic alterations
and especially, with complex karyotype (3). The
IPSS does not have an absolute value since half
of the MDS cases appear with normal karyotype
(4). In parallel, there is an increasing endeavour
to focus research on the MDS-AML interface,
crucial in the disease progression. The molecular
mechanism of leukemic transformation in MDS
is still incompletely understood, but most of the
recently detected molecular changes are pres-
ent only in a fraction of MDS patients (5), (6).
For these considerations, no universal molecular
model can be applied, multi-step pathways of
leukemogenesis being influenced by the balance
of apoptosis and proliferation, host-response re-
lated features and stromal reactions (7). In MDS,
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there is a growing interest for histopathological
diagnosis based on the percentage, morphologi-
cal and immunophenotypic features of blasts in
the bone marrow (according to the WHO 2008
classification). On the other hand, the histolog-
ical subtypes have been included in risk mod-
els of MDS-AML transformation. The trephine
biopsy can offer important clues for diagnosis
since it characterizes the complex interaction be-
tween the stroma as microenvironment, the nor-
mal and dysplastic cells.

The angiogenic factors produced by the
neoplastic and non-neoplastic cell types play a
role in angiogenesis, microvessel density being
described as an independent prognostic param-
eter in solid tumours. An aberrant expression of
vascular endothelial growth factor (VEGF) has
also been revealed in atypical localization of im-
mature precursors (ALIPs) of BM biopsies taken
from MDS patients, suggesting that VEGF levels
might play a role not only in neovascularisation,
but also in the delivery of autocrine and parac-
rine stimuli for blasts, thus having a role in the
mechanism of transformation (7). The number of
studies is limited, but the results of these studies
focused on microvessel density (MVD) confirm
that neither MVD nor VEGF expression were
predictors of progression to AML, although they
confirmed increased MVD in MDS (8), (9), (10).

We studied angiogenesis in 47 cases of my-
elodysplastic syndrome by a quantitative mor-
phometric approach. An informed consent was
obtained from each patient and the Ethics Com-
mittee of the Emergency Clinical Hospital issued
the approval no. 780/14.01.2016 for the study.
Microvessel density was evaluated on archival
CD 34 immunostained bone marrow trephine bi-
opsy specimens. CD34 staining of blast cells was
eliminated by oversizing the capture threshold in
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comparison to the blast diameter. For each case,
ten microscopic fields were chosen, captured with
a 20x objective, saved in JPEG format and im-
ported for analysis into the Image J software for
determining the endothelial surface area (Image
processing and analysis in Java, National Insti-
tutes of Health). The final result was calculated
individually for each case based on the arithmetic
mean. Morphometric results were correlated with
clinical data, with the blast count, and low- and
high- risk groups were defined. The Kaplan-Meier
analysis was conducted to describe the leukemic
transformation-free period.

In the studied cohort, cases were classified
according to the WHO criteria, as refractory
anaemia (RA), refractory anaemia with blast
excess (RAEB-1, RAEB-2) and refractory cy-
topenia with multi-lineage dysplasia (RCMD).
The overall observation period was 42 months,
the survival was 10 (4-24) months and 9 patients
(19%) developed acute myeloid leukaemia.

We observed significant differences between
the CD34 expression levels of patient subgroups
with leukemic transformation and with stable
disease -2.69 (1.22-4.24) vs. 0.85 (0.47-1.92),
and those who show immediate aggravation with
a fatal non-leukemic outcome- 0.70 (0.20-0.87)
- p=0.008, r=0.44 and p=0.012, r=0.59, respec-
tively. Taking these into account, we applied two
types of time-to-transformation risk classifica-
tion criteria to the cohort:

3. Simple risk classification based on the bone
marrow blast count rank (low-risk: <10%,
high-risk >10%, (30 vs. 17 cases).

4. Combined risk classification based on a score
obtained from the blast count and the angi-
ogenic CD34 expression level. We applied
many models including the two parameters
and finally applied the one based on the fol-
lowing formula:

CR _ (Blastcount (CD34 expression

score rank) rank)

where “blast count rank” was interpreted sim-
ilarly (1-<10%,2->10%), the CD34 expression
rank was ordered according to the tertiles of the
values obtained on the cohort -1, 2, 3. CR scores
1, 2, 3 were considered at low risk while 4 and 6
at high-transformation risk (38 vs. 9 cases).

According to the simple risk classification,
11.5% from the low-risk group, and 35.3% of
cases from the high-risk group suffered a leu-
kemic transformation (p=0.12). At the combined
risk classes, we observed that 9.4% of the low-
risk versus 54.5% of the high-risk individuals
developed AML (p=0.016).

In the case of simple risk groups,
Kaplan-Meier analysis for the transforma-
tion-free survival revealed that the curves were
significantly different (log-rank test p=0.021,
Cox-Mantel test p=0.005). At the combined
risk classification, the difference was more rel-
evant (log rank test p=0.007, Cox-Mantel test
p<0.001) (Figure 1).

Thus, both risk classifications determined
valid risk groups, the combined classification of-
fering a stronger transformation-risk prediction.

International initiatives tend to improve and
refine the IPSS variables, suggesting inclusion of
the serum lactate dehydrogenase activity, ferritin
and beta-2 microglobulin as well as bone mar-
row fibrosis. Our data show that bone marrow
angiogenesis could be another factor to consider.
In order to establish the exact role of bone mar-
row angiogenesis in the MDS-AML interface,
larger studies on multiethnic cohorts should be
performed.
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Figure 1. Kaplan-Meier curves for transformation-free survival in the combined risk group 1 and
2. P value for log-rank test is shown
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