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Unusual or unexpected effect of treatment

Osimertinib is an oral third-generation epidermal growth factor receptor (EGFR)-tyrosine kinase inhibitor (TKI)
approved as first-line therapy for advanced non-small cell lung cancer (NSCLC) with positive EGFR mutation.
Rashes, nail toxicity, and diarrhea are common adverse events. Hematological adverse effects, including ane-
mia, thrombocytopenia, and lymphocytopenia, have been reported. However, erythrocytosis has not been re-
ported as an adverse event. To the best of our knowledge, we report the first case of acute lower extremity
thrombosis presumably caused by osimertinib-induced erythrocytosis.

A 70-year-old man with epidermal EGFR-mutant advanced NSCLC presented with acute left sural pain. The pa-
tient’s left foot was cold, and peripheral arterial Doppler signals were absent. He had developed erythrocytosis
of unknown etiology during osimertinib therapy. Hemoglobin (Hb) and hematocrit were 22.6 g/dL and 62.5%,
respectively. Contrast-enhanced computed tomography showed thrombotic occlusion of the popliteal artery.
Other than erythrocytosis, there was no possible cause of arterial thrombosis. Osimertinib was discontinued
immediately because the NSCLC started to resist treatment and was presumed to be the cause of erythro-
cytosis. He received endovascular treatment (EVT). Following serial EVT and debridement, his fourth toe was
amputated for necrosis. Erythrocytosis persisted 8 months during osimertinib therapy. Hb levels decreased to
15.4 mg/dL due to blood loss complicated with catheter thrombectomy and remained normal for 20 months
after osimertinib discontinuation. The patient died of cancer progression.

This case suggests the erythrocytosis was possibly caused by osimertinib. We may need to monitor Hb levels
during osimertinib therapy and be alert to thrombosis once Hb starts to rise.

Antineoplastic Agents ¢ Carcinoma, Non-Small-Cell Lung ¢ Embolism and Thrombosis ¢
Long Term Adverse Effects ¢ Molecular Targeted Therapy ¢ Polycythemia
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Background

The recent development of tyrosine kinase inhibitors (TKIs) has
dramatically improved the prognosis of patients with advanced
non-small cell lung cancer (NSCLC) with epidermal growth
factor receptor (EGFR) gene mutations [1-4]. Osimertinib is
an oral third-generation EGFR-TKI specifically designed to in-
hibit EGFR-sensitizing mutations and acquired T790M muta-
tions [5]. It is an approved first-line therapy for EGFR-mutant
advanced NSCLC [6]. Rashes, nail toxicity, and diarrhea are
common adverse events of the drug [1,7]. Hematological ad-
verse events such as anemia, thrombocytopenia, and lympho-
cytopenia have also been reported [7]. However, erythrocyto-
sis has not been previously reported as an adverse event of
osimertinib. To the best of our knowledge, we report the first
case of acute lower extremity thrombosis caused by osimer-
tinib-induced erythrocytosis.

Case Report

A 70-year-old man with a history of hypertension and hyper-
uricemia was diagnosed with EGFR-mutant advanced NSCLC
and underwent treatment with afatinib. Twelve months later,
disease progression was observed, and a second biopsy of the
lung tumor was taken to investigate the resistant mutation in
EGFR. A T790M mutation was identified and we began osimer-
tinib therapy. A partial response was observed. Four months
later, erythrocytosis developed. The patient’s hemoglobin (Hb)
levels increased to 18 g/dL over 5 months (Figure 1). He did
not report vomiting or diarrhea, and there were no other clini-
cal signs of volume contraction, such as reduced skin turgor or
tachycardia. His bone marrow smear, pathological examination,
and serum erythropoietin levels were normal and JAK2V617F
was not mutated, ruling out polycythemia vera. The patient
had quit smoking 10 years prior and did not have a history of
sleep apnea syndrome; polysomnography also showed no ev-
idence of sleep apnea syndrome. The tumor continued to re-
spond to osimertinib therapy. Low-dose aspirin was adminis-
tered to prevent thrombosis. Since the cause of erythrocytosis
was unclear, we continued osimertinib therapy. Eight months
later, the patient presented with acute left sural pain. His Hb
level and hematocrit were 22.6 g/dL and 62.5%, respective-
ly, with a mean corpuscular volume of 105.0 fL and mean cor-
puscular Hb of 38.0 pg.

The patient’s vital signs on admission were as follows: body
temperature, 36.7°C; blood pressure, 164/96 mm Hg; heart rate,
113 beats/min (regular); respiratory rate, 15 breaths/min; and
oxygen saturation of 98% in ambient air. On examination, the
patient’s left foot was cold, and the peripheral arterial Doppler
signals were absent. The remaining complete blood cell count
results revealed a white blood cell count of 3500/pL and a
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Figure 1. The trend of hemoglobin (Hb) level. The trend of
Hb level from the initiation of osimertinib therapy is
shown. The arrow indicates the timepoint at which
acute arterial thrombosis developed and osimertinib
was discontinued.

platelet count of 110x103/pL. The blood chemistry and coagu-
lation panel results were as follows: blood urea nitrogen, 16.9
mg/dL; serum creatinine, 0.79 mg/dL; aspartate aminotransam-
inase, 39 U/mL; alanine aminotransferase, 27 U/mL; activated
partial thromboplastin time, 40.5 s; and prothrombin time-in-
ternational normalized ratio, 1.24. His lipid profile and HbA1c
were within the reference ranges. Contrast-enhanced comput-
ed tomography (CT) and urgent angiography revealed throm-
botic occlusion of the left popliteal artery. Progression of the
tumor was also identified during CT. There was no evidence of
severe atherosclerosis, aneurysm, or shunt in the pulmonary
circulation. An electrocardiogram on presentation showed si-
nus tachycardia. The systolic function was normal, and cardiac
defect or intracardiac thrombus were not noted on the trans-
thoracic echocardiogram. Other than erythrocytosis, there was
no possible cause of arterial thrombosis. Endovascular treat-
ment (EVT) was successful, and the blood flow to the toe im-
proved. Osimertinib was discontinued immediately because
the lung cancer started to resist treatment and was presumed
to be the cause of erythrocytosis.

The patient’s Hb levels decreased to 15.4 mg/dL due to blood
loss complicated with catheter thrombectomy. Following se-
rial EVT and debridement, his fourth toe was amputated be-
cause of necrosis. Anticoagulation therapy and wound care
were continued.

On admission day 10, the patient was discharged. We initiat-
ed platinum-based combination chemotherapy in an outpa-
tient setting. After the discontinuation of osimertinib, there
was no recurrence of erythrocytosis or thrombosis (Figure 1).
The cancer progressed, and the patient died 20 months after
the thrombotic event.
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Discussion

We reported the first case of arterial thrombosis associated with
erythrocytosis caused by osimertinib therapy. Erythrocytosis
increases the red blood cell (RBC) mass, leading to hypervis-
cosity and increased risk of both arterial and venous throm-
bosis [8]. In the present case, erythrocytosis was considered
the most probable cause of acute lower extremity thrombo-
sis because other possible causes of arterial thrombosis, such
as atrial fibrillation, myocardial ischemia, severe arteriosclero-
sis, or paradoxical embolism through intracardiac or intrapul-
monary shunt, were not identified. However, it could not be
excluded that the cancer also led to the development of arte-
rial thrombosis, in view of its progression [9]. Erythrocytosis
is classified as either absolute or relative erythrocytosis [10].
The former is due to increased RBC production and the lat-
ter is due to decreased plasma volume [11]. Based on the pa-
tient’s medical history, physical examination, and normal blood
urea nitrogen/creatinine levels, relative erythrocytosis (eg, de-
hydration) was excluded. Absolute erythrocytosis is further
categorized into primary and secondary erythrocytosis [12].
The former includes polycythemia vera and other myelopro-
liferative neoplasms. According to the 2016 WHO classifica-
tion, the patient did not meet the diagnostic criteria of poly-
cythemia vera and other myeloproliferative neoplasms owing
to the absence of hypercellularity of bone marrow and JAK2
gene mutation [13]. Secondary erythrocytosis occurs when RBC
production is induced by increased erythropoietin [14]. The dif-
ferential diagnosis of secondary erythrocytosis includes hypox-
ia-associated erythrocytosis and tumor-associated erythrocy-
tosis. Chronic hypoxia could result from tobacco use, cyanotic
heart disease, chronic obstructive pulmonary disease, carbon
monoxide exposure, and sleep apnea syndrome [14]. These
factors were not identified in the present case. Autonomous
production of erythropoietin by various tumors, such as renal
cell carcinoma, hepatocellular carcinoma, and hemangioblas-
toma, can cause secondary erythrocytosis [14]. They were also
ruled out based on imaging studies, and the tumor continued
to respond while the patient was receiving osimertinib thera-
py. Furthermore, he did not have any history of using anabol-
ic steroids or exogenous erythropoietin that could be a phar-
macological cause for erythrocytosis [15].
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Erythrocytosis persisted for 8 months during osimertinib ther-
apy. The patient’s Hb levels continued to be normal for 20
months after discontinuing osimertinib, even though the tu-
mor progressed. This suggested that erythrocytosis was proba-
bly caused by osimertinib and was not a paraneoplastic effect.
Previous clinical trials have not reported that erythrocytosis is
associated with osimertinib therapy [1,7]. Vascular endotheli-
al growth factor (VEGF)-TKIs, such as sunitinib, sorafenib, and
pazopanib, have been reported to cause secondary erythro-
cytosis [16-19]. VEGF tyrosine kinases cause erythrocytosis,
without elevating serum erythropoietin. Although the precise
mechanism remains unclear, it is hypothesized that VEGF in-
hibition may sensitize erythropoietin or modulate the erythro-
poietic pathway [16]. Osimertinib is an EGFR-TKI and does not
block the VEGF signaling pathway; therefore, osimertinib may
cause erythrocytosis through a different mechanism. Further
studies are required to investigate the association and mech-
anism of osimertinib-induced erythrocytosis.

Conclusions

We reported a case of arterial thrombosis which was proba-
bly due to osimertinib-induced erythrocytosis. We may need
to consider monitoring Hb during osimertinib therapy and re-
main alert for thrombosis once Hb level starts to rise.
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