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ABSTRACT

Complete blood counts are frequently collected from cancer patients, but laboratory findings may be misleading. Secondary polycythemia
can occur in renal cell carcinoma (RCC) due to erythropoietin (EPO) stimulation. Therefore, complete blood counts should be closely
monitored to prevent complications such as thrombosis. We discuss the case of a 47-year-old man with metastatic RCC who presented
with secondary polycythemia that improved with chemotherapy. His secondary erythrocytosis was anticipated, but his haemoglobin levels
were lower than expected after therapy. This article discusses the treatment and diagnosis of secondary polycythemia in patients with RCC.
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LEARNING POINTS

e Haemoglobin and haematocrit levels should be closely monitored in renal cell carcinoma (RCC) patients as they may develop secondary
polycythemia as a result of their malignancy.

e Secondary polycythemia can be managed with chemotherapy and immunotherapy in RCC, with anti-cancer agents preventing the need
for phlebotomy.

e Chemotherapy may benefit RCC patients by decreasing tumour burden, preventing progression, and by lowering haemoglobin levels,
thus improving secondary polycythemia.

CASE DESCRIPTION

The patient was a 47-year-old man with a history of clear cell RCC after left-sided nephrectomy (Fig.1). He was initially staged T2aNxMO, but
3years after surgery, cancer recurred in the pancreatic tail and in lung nodules. Two years after this, CT of the chest, abdomen and pelvis was
significant for disease progression, and the patient was initiated on pembrolizumab and axitinib. He received 13 cycles of pembrolizumab
and daily axitinib, which resulted in significant improvement in his metastatic pulmonary lesions and secondary polycythemia.

However, he developed dysgeusia, nausea, non-bloody diarrhoea and asthenia, suspected secondary to axitinib, which was discontinued.
He completed two additional cycles of pembrolizumab, completing a total of 15 cycles of immunotherapy. During the patient’s final cycle of
pembrolizumab, he was hospitalized for suspected pneumonitis due to immunotherapy and pembrolizumab was discontinued.
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Figure 1. Renal cell carcinoma (clear cell), optically clear cells with round, uniform nuclei (due to glycogen content), arranged in nests in ‘chicken wire’ vasculature, Grade 1.

Sometimes, delicate capillaries rupture during surgical manipulation, resulting in the formation of ‘blood lakes’ within tumour cell nests. H&E stain

Treatment Hgb (g/dl)/Hct (%) Treatment Hgb (g/dl)/Hct (%)
Cycle 1 Axitinib and pembrolizumab 17.0/49.0 Cycle 9 Axitinib and pembrolizumab 17.8/54.1
Cycle 1 Axitinib and pembrolizumab 17.0/49.0 Cycle 10 Axitinib and pembrolizumab 18.0/59.6
Cycle 2 Axitinib and pembrolizumab 16.8/50.2 Cycle 11 Axitinib and pembrolizumab 16.8/48.5
Cycle 3 Axitinib and pembrolizumab 17.4/51.3 Cycle 12 Axitinib and pembrolizumab 16.0/48.6
Cycle 4 Axitinib and pembrolizumab 17.1/53.1 Cycle 13 Axitinib and pembrolizumab 15.3/48.2
Cycle 5 Axitinib and pembrolizumab 17.0/51.3 Axitinib only 15.3/48.2
Cycle 6 Axitinib and pembrolizumab 16.8/54.2 Cycle 14 Pembrolizumab only 14.4/43.0
Cycle7 Axitinib and pembrolizumab 17.1/51.62 Cycle 15 Pembrolizumab only 14.0/41.8
Cycle 8 Axitinib and pembrolizumab 17.2/50.8 Cycle 8 Axitinib and pembrolizumab 17.2/50.8

Table 1. Haemoglobin (Hgb) and haematocrit (Hct) levels during treatment with pembrolizumab (cycles 1-15) and daily axitinib (cycles 1-13). Normal Hgb: 12.0-16.0 g/dI; normal
Hct: 36.0-46.0%.
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Treatment with daily everolimus

Hgb (g/dl)/Hct (%)
First month 14.1/42.6
Second month 14.9/45.2
Third month 14.7/43.0
Fourth month 12.4/36.4

Table 2. Haemoglobin (Hgb) and haematocrit (Hct) levels during treatment with everolimus every day for 4 months. Normal Hgb: 12.0-16.0 g/dI; normal Hct: 36.0-46.0 g/dl.

At the beginning of his treatment with pembrolizumab and axitinib, the patient’s haemoglobin levels and haematocrit were consistently
elevated, suspected to be secondary to carcinoma-related excess EPO production (Table 1). These haemoglobin levels met 2016 WHO criteria
for polycythemia as values were above the threshold of 16.5 g/dl. The EPO level was also found to be higher than the upper limit of normal,
with a value of 19.6 mU/ml (normal 2.6-18.5). The patient denied bleeding, the faecal occult blood test was negative, and colonoscopy was
negative for gastrointestinal bleeding. Laboratory results did not show findings consistent with iron deficiency anaemia.

Due to disease progression, the patient was initiated on everolimus. His haemoglobin and haematocrit continue to trend downwards to
within normal limits (Table 2).

DISCUSSION

Increased EPO levels are seenin some patients with RCC. Elevated EPO as a paraneoplastic process has been demonstrated in approximately
one-third of RCC patients in two separate studies!*?. In another study, approximately 66% of RCC patients had elevated EPO levels; however,
only 8% had polycythemia due to EPO overproduction®. The prevalence is high enough that EPO has been studied as a tumour marker for
RCC, with decreased EPO levels after nephrectomy and increased EPO levels with tumour recurrence in patients who had EPO elevation
at the time of diagnosis of the primary tumour®4, RCC patients with polycythemia have shown partial or complete response to anti-cancer
therapy and may have a higher response to some therapies such as IL-2 and alpha-interferon treatment than those without polycythemial®.,
In one study evaluating 37 patients, those with tumour histological staining positive for EPO were over twice as likely to die as those with
negative staining, signifying a poor prognosis in this subset of patients®l.

RCC can lead to a paraneoplastic syndrome called ‘secondary polycythemia’ This phenomenon is caused by independent EPO production
resulting from VHL-mutation-based modified regulation of hypoxia-inducible transcription factors’l. Our patient’s EPO levels were
consistently above the upper limit of normal throughout the course of his cancer. In general, patients with primary polycythemia vera tend
to have low EPO levels; however, elevated EPO levels are 98% specific for secondary erythrocytosist®. It is crucial to monitor secondary
polycythemia given the consequences of uncontrolled polycythemia. In terms of incidence, it is estimated that haematologists see one
new patient with polycythemia vera for approximately every 10 patients with relative or secondary polycythemial®. Our patient was found
to have elevated haemoglobin and haematocrit levels approaching the criteria for polycythemia. However, after treatment was initiated,
haemoglobin dropped to low to normal levels, indicating the therapeutic effect of the immunotherapy and chemotherapy.

Polycythemiais animportant diagnosis as patients with primary polycythemia vera have an increased risk of arterial and venous thrombosis
and of major haemorrhage!®®. Those with malignancy already have an increased risk of thrombosis!*Y, and therefore erythrocytosis due to
a tumour creates an even greater risk of thrombotic events. The therapeutic effect of combination immunotherapy and chemotherapy in
our patient helped avoid multiple phlebotomies and ultimately prevented thrombotic, haemorrhagic and/or cardiovascular complications.
In addition, our patient had initial hypertension, which improved following anti-cancer treatment, likely due to the improvement in his
erythrocytosis.

In our case, the patient received chemotherapy and immunotherapy with axitinib (tyrosine kinase inhibitor) and pembrolizumab (inhibits
binding of PD-1 ligands by binding to the PD-1 receptor on T-cells). However, pembrolizumab has the serious side effect of autoimmune
haemolytic anaemia, which may be due to auto-antibody formation, T-cell clonal formation, and decreased T-cell regulation*?. Our patient
did not exhibit findings of haemolysis, but his haemoglobin levels decreased after treatment was initiated. Axitinib ultimately helped inhibit
the patient’s tumour progression while simultaneously controlling his polycythemia.
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After discontinuing pembrolizumab and axitinib, our patient received everolimus, an mTOR inhibitor. This agent can cause significant
anaemia in patients, leading to morbidity and treatment interruption, and eventually requiring discontinuation of therapy for some
patients!®3l, Although our patient developed bone marrow suppression leading to anaemia caused by everolimus, this ultimately benefited
him, as this further treated his polycythemia without the need for phlebotomy while decreasing his tumour burden.

As the patient received three different regimens for his cancer, our analysis is limited in identifying which specific regimen most impacted on
his EPO overproduction-induced polycythemia. Studies of additional cases are necessary to confirm these results and determine whether
EPO levels can be used as tumour markers in this patient population.
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