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Introduction

Regorafenib is an oral multi-targeted tyrosine kinase inhibitor (TKI) indicated for the treatment of various tumor types, including metastatic gastrointestinal stromal tumors (GIST), as a third-line systemic therapy. Erythrocytosis, which is characterized by an increase in erythrocyte count, hemoglobin, and hematocrit levels, has been described as a side effect of some antiangiogenic TKIs but has never been associated with regorafenib administration.





Case presentation

An extra-GIST was diagnosed in a 58-year-old woman after she underwent surgery to remove a pelvic mass. Three years later, systemic therapy with imatinib was started due to pelvic disease recurrence. However, after six months, due to disease progression, we prescribed sunitinib, which the patient received for four years. Regorafenib was initiated in June 2019, and after six months, we noted an increase in the erythrocytes’ count and hemoglobin (Hb) levels. Given that the patient had clinical benefit and hematocrit was within normal range, we only monitored the blood cell count and continued to give regorafenib at the same dose. The drug was then stopped for over six weeks due to hospitalization for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, and Hb levels returned to normal. Therefore, we decided to restart regorafenib at a lower dose. However, Hb levels rose again in conjunction with increased hematocrit, resulting in the need for multiple phlebotomies. We attempted to restart regorafenib every other day, but it was unsuccessful, so we stopped it permanently in May 2023, and all values returned to normal.





Conclusion

Regorafenib may cause secondary erythrocytosis that could not be dose-related, as this case report suggests. Secondary erythrocytosis might be a marker of TKI efficacy, given the patient’s prolonged clinical benefit during regorafenib treatment (48 months). In patients receiving regorafenib, monitoring blood count as well as any symptoms associated with erythrocytosis may be suggested.
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1 Introduction

Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal tumors of the gastrointestinal tract (1, 2). They probably arise from interstitial Cajal (ICC) cells, which regulate gastrointestinal motility and, in most cases, have oncogenic gain-of-function mutations in KIT or PDGFRA genes (3). Extra-gastrointestinal stromal tumors (EGISTs) are a rare subtype that originate outside the gastrointestinal tract, mainly from the mesentery, omentum, or peritoneum (4). Their incidence is estimated to be between 5% and 10% of all GISTs (5). Given the rarity of EGISTs, recommended treatment approaches are not different compared to GISTs. In particular, surgery is the first treatment choice for localized disease, while systemic therapy with specific tyrosine kinase inhibitors (TKIs) is indicated in metastatic or unresectable disease (6). Patients with metastatic disease characterized by KIT mutations receive imatinib as first-line therapy. In the case of disease progression, the standard second-line treatment for GIST is sunitinib, while regorafenib is approved as the third-line (2, 6).

Regorafenib is an oral multi-targeted TKI, whose targets are involved in the regulation of tumor angiogenesis (VEGFR1–3 and TEK), oncogenesis (KIT, RET, RAF1, BRAF, and and BRAFV600E), and maintenance of the tumor microenvironment (PDGFRA, PDGFRB and FGFR) (7). Fatigue, diarrhea, hand-foot skin reaction, and hypertension are the most commonly reported adverse events with this drug (8–10).

Erythrocytosis is defined as an increase in erythrocyte count, hemoglobin (Hb), and hematocrit (Hct) levels beyond the sex-specific normal range (11). Primary erythrocytosis is secondary to myeloproliferative diseases such as polycythemia vera (PV), while secondary erythrocytosis is associated with elevated serum erythropoietin (EPO) levels (11). This increase could be determined by hypoxia, solid tumors that produce EPO, congenital causes (e.g., erythropoietin receptor mutations or increased Hb-oxygen affinity), or drugs (12). Specific World Health Organization (WHO) criteria should be satisfied for diagnosing PV (13), while clinical and laboratory testing is necessary to diagnose secondary erythrocytosis. In particular, patients should undergo a drug history and a complete cardio-pulmonary evaluation to identify any signs of hypoxia, carbon monoxide exposure, or obstructive sleep apnea. Additionally, abdominal imaging examination may identify erythropoietin-producing tumors (11).

Here, we report a case of regorafenib-related secondary erythrocytosis in a patient treated for metastatic EGIST.




2 Case presentation

In 2011, a 58-year-old patient underwent surgical removal of a pelvic mass (16x10x15cm) and hysterectomy with bilateral salpingo-oophorectomy. The histological examination revealed a morphologically biphasic mesenchymal neoplasm with spindle and epithelioid cells; the mitotic index was less than 5/50 high-power field (HPF) and the Ki-67 labelling index was 5%. The tumor cells tested positive for CD117, P16, and SMA but negative for CD34 (Table 1). Based on the morphological features and the knowledge that CD34 is negative in 50% of EGIST cases (14, 15), a low-to-moderate EGIST was diagnosed. The assessment of KIT and PDGFRA mutations was not performed because it was not required at the time of the first diagnosis. Preoperative staging with CT scan did not show other lesions. According to the pathological stage (pT4N0M0) and high risk of recurrence based on Miettinen’s criteria (16), the treating physician could have recommended adjuvant therapy with imatinib; however, the patient only started a clinical and imaging-based follow-up program.


Table 1 | Immunohistochemical analysis performed on primary tuomor at baseline.



Three years later, a gynecologic ultrasound examination revealed three pelvic non-cystic lesions (38x40x33mm, 78x42x54mm, and 27x17mm), which were confirmed as malignant relapse with an abdominal computed tomography. Then, the patient was referred to our Institution and started first-line treatment with imatinib 400 mg/day, which was associated with recurrent neutropenia of grade 2 (G2). After six months of therapy, peritoneal disease progression was documented after a radiological evaluation; therefore, second-line treatment with sunitinib continuous daily dosing of 25 mg was prescribed at a lower dose because of previous neutropenia secondary to imatinib. The treatment was well tolerated except for recurrent G2 neutropenia, after which the sunitinib dose was reduced to 12,5 mg/day. After four years of sunitinib therapy, further peritoneal disease progression was noted, and regorafenib 160 mg/day (once daily for 3 weeks followed by 1 week off-therapy) was prescribed as a third-line treatment in June 2019 (Figure 1). Six months after starting regorafenib, an increase in Hb level to 16.7 g/dl (normal range, 12-16 g/dl), which correspond to G1 according to CTCAE v 5.0, and in erythrocyte count to 5.65x106/μL (normal range, 4.0-5.2x106/μL) was detected during routine blood examinations. In the following months, the Hb level continued to slightly rise to 17.6 g/dl (G1) without symptoms onset or significant increase in Hct values: considering the clinical benefit the same dose of regorafenib was maintained. However, following the patient’s hospitalization due to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection in June 2022, regorafenib was discontinued for over six weeks and the Hb levels decreased to normal values (13.6 g/dl at hospital discharge). Considering the patient’s ongoing clinical frailty after hospitalization and previous oncological treatments, as well as the prolonged disease stability, regorafenib was resumed at a lower dose (40 mg/day). Despite dose reduction, Hb levels rapidly increased to a maximum value of 19.5 g/dl (G2), with 60% of Hct value (normal range 41-54%) in January 2023. EPO level was 21.4 mU/ml (normal range 2.59-18.50 mU/ml). The patient remained asymptomatic. After immediately stopping regorafenib and hematologic consultation, the patient underwent phlebotomies, resulting in normalized Hb and Hct levels after two sessions. We attempted to restart the TKI therapy at the same dose, but a third phlebotomy session was necessary after one week, as the Hb level rose to 17.4 g/dl (G1) and the Hct was 54.3%. Regorafenib was restarted at 40 mg every other days as a final attempt; however, the patient required another phlebotomy after two weeks, so we ultimately stopped TKI therapy in May 2023 (time to treatment failure after regorafenib initiation: 48 months). Afterwards, the Hb and Hct levels finally returned to normal values. (Figure 2).




Figure 1 | Drugs’ timeline.






Figure 2 | Hemoglobin (A), red blood cells (B) and hematocrit (C) trend. ▲ phlebotomy.



The patient remained asymptomatic, and the diagnostic testrequested by the hematologist demonstrated no JAK V617F mutation, thereby excluding the possibility of primary erythrocytosis.

The patient did not take any other concomitant medications throughout the entire period.

CT re-evaluation revealed pelvic disease stability. Since the patient had a good performance status, we tried a re-challenge treatment with imatinib 200mg/day in August 2023. Unfortunately, in December 2023, the patient developed a systemic infection that led her to death. The patient’s overall survival from the first diagnosis was 151 months (12 years and seven months).




3 Discussion

To our knowledge, we described the first case of regorafenib-related erythrocytosis in a patient diagnosed with metastatic EGIST who achieved a prolonged clinical benefit with third-line regorafenib therapy. We assessed the probability that erythrocytosis was a regorafenib-related side effect using the Naranjo scale (17, 18), obtaining a score of 6, corresponding to a probable correlation. Furthermore, no other EGIST cases with erythrocytosis are described in the literature. Nevertheless, in a preclinical study, mice with a particular loss-of-function mutation in KIT developed polycythemia vera in addition to GIST, suggesting a function of KIT in early erythropoiesis (19).

In patients with different tumor types, elevated Hb levels have been documented in association with multiple TKIs, including sunitinib (20), sorafenib (21), axitinib (22), and pazopanib (23).

While the exact mechanism of TKI-related erythropoiesis is still unknown, different hypotheses have been proposed. In a preclinical study, Tam et al. showed that endogenous VEGF plays a role in the down-regulation of vertebrate erythropoiesis (24). They also demonstrated that complete inhibition of VEGF can induce erythrocytosis and hepatic EPO synthesis (24). Van Der Veldt et al. hypothesized that sunitinib-related erythrocytosis may be secondary to vasoconstriction caused by VEGFR-2 inhibition that leads to intravascular fluid leakage. The decrease in plasma volume results in a relative increase in Hb, Hct, and erythrocytes (20). Alexandrescu et al. proposed that erythrocytosis could result from sensitization to the effects of EPO and is a rebound to VEGF inhibition-induced hypoxia after observing reversible erythrocytosis in patients treated with sunitinib or sorafenib for different tumor types (renal cell carcinoma [RCC], melanoma, and hepatocellular carcinoma) (21). Wang et al. reported a case series of six metastatic RCC patients treated with various anti-VEGF drugs (but not regorafenib) who developed polycythemia (25). They concluded that polycythemia was secondary to the release of EPO by malignant clones in response to anti-VEGF therapy, considering that RCC cells can synthesize EPO (26). Tripathi et al. conducted a retrospective analysis of 71 patients with advanced clear-cell RCC treated with different anti-VEGFR TKIs. They found Hb elevation in 83% of them, with a median time to increase of 2.4 weeks (27). However, higher Hb levels were associated with poor prognosis in this study. They assumed that hypoxia caused by anti-VEGF drugs led to the activation of other pro-angiogenic pathways that resulted in treatment resistance (27).

Similarly to other anti-VEGFR TKIs, we hypothesized that regorafenib could induce secondary erythrocytosis, even if the mechanism is unclear. Our patient continued to develop erythrocytosis even after we attempted to restart the drug at a reduced dose, suggesting that this adverse effect was not dose-related. In addition, considering that Hb levels increased six months after regorafenib initiation, we cannot exclude a potential sensitization effect.

Furthermore, in our patient, the clinical benefit was significantly prolonged with regorafenib therapy compared to what was reported in clinical trials (47 months vs 4.8 months) (9), despite EGISTs are characterized by a lower survival in comparison to other GISTs. Secondary erythrocytosis may result from VEGFR inhibition (25). Hence, the development of erythrocytosis could be a potential marker of regorafenib efficacy based on the prolonged response highlighted in this case. However, these observations are only hypothesis-generating and should be validated by further empirical research. Therefore, close monitoring of Hb, Hct, and erythrocytes levels, as well as any symptoms associated with erythrocytosis may be suggested in patients treated with regorafenib and exploring the potential association between the occurrence of erythrocytosis and the clinical outcome might be warranted.
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