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n 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." 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 analysis® 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.’
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.’ 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.” 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-
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Figure 1. Rates of thrombocytosis and thrombosis among patients with iron-deficiency anemia. Rates of thrombocytosis and thrombosis in a recent large clinical
database study of over six million patients, supported by extensive chart review to exclude alternative confounding causes of thrombocytosis and confirm thrombotic
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ciency with a number of clinical conditions with known
thrombotic risk such as inflammatory bowel disease and
cancer, this animal model clearly demonstrates that iron
deficiency alone increases thrombotic tendency, consis-
tent with the findings of aforementioned human studies.
Perhaps even more importantly, treatment with ferric car-
boxymaltose (an intravenous iron formulation) reversed
the prothrombotic changes in the rats, including throm-
bocytosis, changes in platelet function, and iron deficien-
cy-associated increases in thrombus size in both venous
and arterial models of thrombosis.

The development of a high quality animal model to lend
support to the longstanding observation of iron deficiency
mediated-thrombocytosis leading to a significantly higher
risk of thrombosis is an important advance. Without strat-
ifying for iron deficiency or its successful abatement by
intravenous iron, the observation of a marked increment
in thromboses in erythropoiesis stimulating agent-treated
patients with cancer and chemotherapy-induced anemia
and anemia associated with both non-dialysis and dialy-
sis-dependent chronic kidney disease led to the near pro-
scription of the use of a treatment which unqualifiedly
leads to improvements in energy, activity and quality of
life in a cohort with debilitating chronic illness. Despite a
litany of prospective, randomized, placebo-controlled
studies failing to show harm with the use of erythro-
poiesis-stimulating agents, especially in cancer and
chemotherapy-induced anemia,® extreme caution with
their use remains the order of the day.

- 662 haematologica | 2021; 106(3)

A now growing body of inferential evidence supports the
use of intravenous iron as the preferred route of administra-
tion in most of the described conditions. This new animal
model provides evidence that intravenous iron replenish-
ment may have additional advantages in mitigating the
thrombogenic potential of iron deficiency. It also suggests
that intravenous iron might preferentially provide an
important adjunctive therapy to mitigate the hypercoagula-
bility associated with iron-deficiency states comorbid with
multiple disorders in humans, such as cancer, inflammatory
bowel disease, after bariatric surgery, abnormal uterine
bleeding and pregnancy. Given that iron-deficiency anemia
affects approximately 20% of the human population at any
given point in time,” even a modestly increased thrombotic
risk imparted by iron deficiency has profound public health
implications. Additionally, synergism of multiple thrombot-
ic risk factors is well-documented,’ raising the specter of a
potentially even greater thrombotic impact of this common
problem given its frequent comorbidities. Thankfully, addi-
tional avenues of investigation to better understand these
risks are open, as this animal model also suggests that criti-
cal biomarkers can now be explored and can then be corre-
lated with objective i1 vivo events. Such biomarkers could
also include the hypoxia-inducible factors HIF-1 and HIF-2,
whose target genes include erythropoietin, the transferrin
receptor and vascular endothelial growth factor. These tar-
gets are also associated with increased thrombogenesis.

Despite the overwhelming preponderance of published
evidence supporting the safety and efficacy of intra-



venous iron,” reluctance to its use among practitioners
prevails due to heightened concerns of danger fomented,
at least in part, by misinformation and misinterpretation
of the incidence and clinical nature of serious adverse
events occurring in recipients of this treatment." The con-
vincing evidence brought forth from these well-per-
formed in vitro experiments and animal models provides
information not only on a long-sought physiological
mechanism for a commonly observed clinical event but
more importantly on the need to heighten the awareness
of a readily prescribed treatment modality which miti-
gates its occurrence.
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