
In this issue of Haematologica, Vantyghem et al.1 demon-
strate, in a real-life setting, how the application of a
customized next-generation sequencing (NGS) panel

can support routine diagnostics, deliver prognostic infor-
mation, and may even directly influence the choice of
therapy towards a more personalized treatment. 

The diagnostic workup for patients with unexplained
cytopenia or proliferative blood counts currently follows
specific clinical procedures: After a deep dive into the
patient’s history and an examination of his or her com-
plete blood count, a peripheral blood smear is evaluated
microscopically. At the same time, several medical imag-
ing techniques, such as ultrasound or computed tomogra-
phy scans, are used to determine the plausible cause of
the observed signs and symptoms. If a malignant hema-
tologic disorder is suspected, a bone marrow aspirate and
biopsy are often the next steps. The material obtained is
then analyzed morphologically, cytogenetically, and his-
tologically.2 However, even combining the results of the
various investigations (cytomorphology, cytochemistry,
cytogenetics, fluorescence in situ hybridization, histology,
immunohistology, and multiparameter flow cytometry)
does not guarantee a precise diagnosis in all cases, e.g., a
malignant hematologic disorder or
reactive/normal/benign conditions. For patients without
a firm diagnosis, the treatment options dwindle down to
‘watch-and-wait’ often accompanied by the application
of more diagnostic techniques (e.g., magnetic resonance
imaging, positron emission tomography), and “reevalua-
tion in 3 months if blood counts remain abnormal”.

However, with the increased importance and accept-
ance of molecular genetics in the last decade, substantial
progress has been achieved. The work of various research
groups has made it possible to define the landscape of
molecular findings for the diagnosis of myelodysplastic
syndrome, myeloproliferative neoplasm, myelodysplastic
syndrome/myeloproliferative neoplasm and severe aplas-
tic anemia.3-7 This not only fosters diagnostic clarity but
also has an increasing impact on prognosis and therapeu-
tic options, including targeted treatment. 

Vantyghem et al. divided their cohort of 177 patients
with suspected chronic myeloid malignancies into two
overlapping groups to exemplify the clinical impact of tar-
geted sequencing to confirm or discard a suspected diag-
nosis (group A) and to assess the therapeutic conse-
quences of somatic mutations (group B). A panel of 34
genes was used to search for clonal hematopoiesis in
group A patients for whom the gold standard routine
workup had not yielded a conclusive diagnosis.
Cytogenetic chromosomal banding analysis, carried out
in 86% of the cases of group A, revealed a normal kary-
otype in 72% of the tested patients. Only in 8% of the

cases was a cytogenetic aberration found that might have
been useful for diagnosis and prognosis according to
international risk scoring systems. However, the identifi-
cation of clonal hematopoiesis in 33% of the patients
confirmed the diagnosis in 31 patients, whereas the
absence of clonal hematopoiesis ruled out a chronic
myeloid malignancy in 47 patients. Moreover, in group B
prognostic mutations were identified in 33% of the
patients, with this prognostic information affecting treat-
ment choices in 18 cases. 

The results clearly demonstrate the advantages of
molecular approaches for, but not limited to, patients
without a firm diagnosis from classical investigations.
The authors concluded that for those patients cell pellets
or DNA should be stored at first investigation to provide
the possibility of any kind of molecular investigations at
a later time point. 

The approach described also has a socio-economic
impact: any repeated testing procedures submit patients,
who are already stressed by the uncertainty of their dis-
ease state, to additional discomfort and put a strain on the
healthcare system by causing extra costs and consuming
valuable resources, such as the time of doctors and labo-
ratories. 

On the other hand, any kind of targeted treatment,
guided by NGS results, will not only serve patient’s needs
best but will also avoid treatment costs for suboptimal
outcomes. Depending on molecular genetic findings,
treatment modalities might be initiated, altered, post-
poned or in some cases even stopped. The limit of the
theranostic impact of NGS is far from being reached.
With the establishment of multicenter, large-scale
sequencing projects, more information on frequency and
diversity of germline and especially somatic variants
across different disease entities will be gained, improving
variant interpretation and increasing the number of
potentially actionable targets.8 In the present study,
Vantyghem et al. identified multiple variants in genes
associated with myeloid malignancies but due to the lim-
ited amount of information for these variants, they had to
be classified as variants of unknown significance, exclud-
ing them (so far) from the therapeutic decision-making
process. 

The increase in knowledge will also lead to optimized
bioinformatics workflows to improve the sensitivity and
specificity of variant detection and to decrease the influ-
ence of technical noise, which results in technical artifacts
that currently have to be removed through painstaking
manual efforts. Various collaborations are underway to
create consensus somatic pathogenicity datasets for stan-
dardized variant interpretation.9 For high-throughput lab-
oratories, parallelization of analysis pipelines will help to
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keep turn-around times within a reasonable time frame,
allowing a personalized molecular analysis for every
patient before treatment starts. Turn-around times might
be further reduced by using machine-learning techniques
for speedy and accurate evaluation of test results.10

We must serve our patients to the best of our capacity
by applying state-of-the-art methodologies to extend and
supplement standard diagnostic criteria. Thus, any new
data, any new scientific finding and any new assay needs
to be evaluated, tested, and validated based on the best of
the current available guidelines.11,12 In addition, analysis
pipelines must be benchmarked to ensure flawless behav-
ior with acceptable error margins.13 Following rigorous
testing and scientific validation, we have the mandate to
integrate new techniques with diagnostic, prognostic or
therapeutic benefit into clinical routine practice as early
as possible. Vantyghem et al. showed that in 83% of
patients, a mutational profile was useful for making an
integrated final diagnosis. In 19% the additional informa-
tion gained by NGS data had prognostic impact and led
to treatment modifications. 

If we want to reduce the level of uncertainty in the
diagnosis of hematologic malignancies, NGS might pro-
vide us with the necessary additional information already
today.14,15 Even if NGS is still comparably expensive, the
confidence gained regarding a correct, final diagnosis,
which reduces a patient’s fear and prevents wrong treat-
ment, justifies its application already now. 
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Figure 1. Overview of the composition of
the cohort and the analytical workflow in
the study by Vantyghem et al. The composi-
tion of the cohort of patients, with regards to
their type of disorder, is depicted as a pie
chart in the upper right corner with different
shades of blue representing the various
entities. The aims and results of the analy-
ses are shown in the different boxes for the
respective groups. AA: aplastic anemia; CH:
clonal hematopoiesis; hMDS: hypoplastic
myelodysplastic syndrome; ICUS: idiopathic
cytopenia of undetermined significance;
MDS: myelodysplastic syndrome; MPN:
myeloproliferative neoplasm. 
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In 1999, Loo and Beguin examined the effect of recom-
binant human erythropoietin on megakaryopoiesis,
noting that iron-replete and iron-overloaded rats treat-

ed with recombinant human erythropoietin demonstrat-
ed a one-third decreased duration of thrombocytosis
compared with normal rats.1 The putative explanation
given for the increased duration in the normal rats was
erythropoietin-induced, iron-deficient erythropoiesis.
This provocative hypothesis was subsequently supported
by the findings of a post-hoc analysis2 of a large prospec-
tive study of oral versus intravenous or no iron as adjunc-
tive therapy for erythropoiesis-stimulating agent-treated
patients with cancer and chemotherapy-induced anemia.3

This study demonstrated that intravenous, but not oral,
iron repletion resulted in marked improvements in hemo-
globin and hematopoietic responses and also re-demon-
strated the known associations of increased thromboses
and thrombocytosis among patients with cancer receiv-
ing erythropoiesis-stimulating agents. Of 187 patients
treated with an erythropoiesis-stimulating agent, 19
developed 29 venous thromboembolic events and those
with platelet counts greater than 350,000 per microliter
were three times more likely to develop venous throm-
boembolism. Notably, there was a reduced incidence of
thrombocytosis and thrombotic complications in those
treated with intravenous iron compared with those who
were not.

Further corroborating evidence pointing to iron-restrict-
ed erythropoiesis resulting in reactive thrombocytosis
and thrombosis was derived from a recently published
study describing the rate, predictors, and thrombotic
complications of thrombocytosis in patients with iron-
deficiency anemia.4 Utilizing queries of an institutional
database containing clinical information on more than six

million patients over a 40-year time period (1979-2019),
supported by extensive manual chart reviews, thrombo-
cytosis was observed in 32.6% of patients with iron-defi-
ciency anemia, in whom 15.8% developed thrombotic
complications. In contrast, thromboses occurred in 7.8%
of those with iron deficiency but without thrombocytosis
(Figure 1).  

The etiological explanation for why iron-restricted ery-
thropoiesis increases hypercoagulability has remained
somewhat obscure. In this issue of Haematologica, Jimenez
and colleagues describe an animal model of iron deficien-
cy, using Sprague-Dawley rats, which could offer unique
opportunities to explore multiple pathophysiological
mechanisms for thrombocytosis and venous thromboge-
nesis.5 Furthermore, using sensitive histological and
sophisticated high-frequency ultrasound techniques, the
investigators were able to track the development and pro-
gression of thrombus formation. They were then able to
correlate those changes with the generation of ex vivo bio-
markers of platelet activation and indicators of global
hemostasis. The potential use of this rat model to detect
important targets that could be exploited therapeutically
to mitigate the association of iron deficiency with throm-
bocytosis and thromboembolism is promising and
encouraging.

In their elegant description of iron deficiency-induced
augmentation of coagulability on thromboelastography
and hemostasis following rat tail resection, prominent
correlates of increased platelet adhesion and aggregation
were clearly described. Using in vitro assays of platelet
aggregation, the authors were able to postulate that not
only is platelet activation an ongoing process in inflam-
matory conditions but in iron deficiency as well.
Importantly, given the frequent comorbidity of iron defi-


