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Abstract: Gynecomastia refers to the abnormal enlargement of the male breast caused by the proliferation of the glandular component 
of the breast, typically due to sexual hormone disturbance. Multiple medications have been linked to the development of gynecomastia 
with varying incidences. This adverse event has also been associated with TKIs such as imatinib, dasatinib, and rarely nilotinib. 
However, it is poorly described and regarded as a rare event. Herein, we present the first case of a CML patient who developed 
gynecomastia after switching from imatinib to flumatinib. The patient is an 82-year-old male. He was diagnosed with CML and 
initially treated with imatinib. However, the treatment response milestone after three months of imatinib was not achieved. Hence, 
flumatinib was used to replace imatinib. Unexpectedly, two weeks later, he developed gynecomastia. Gynecomastia usually causes 
distress to patients, and there are currently no clear mechanisms or management strategies for this condition. Inspired by this case and 
through a review of the literature, we propose possible mechanisms and management strategies for this rare adverse event associated 
with TKIs, along with future perspectives. This may assist others in dealing with this issue and stimulate research on it. 
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Introduction
Tyrosine kinase inhibitors (TKIs) have changed the treatment landscape of chronic myeloid leukemia (CML), achieving 
impressive long-term outcomes compared to traditional therapies. Despite approval of the third generation, side effects, 
including myelosuppression, fluid retention, rash, myalgia/arthralgia, cardiovascular disease, hyperglycemia, pulmonary 
arterial hypertension, and liver toxicity, consistently trouble some patients, leading to dosage reduction and even 
discontinuation.1 Gynecomastia is a relatively rare adverse event of TKIs, and has been associated with imatinib, 
dasatinib, and nilotinib.2–4 Gynecomastia is an abnormal condition characterized by the enlargement of the male breast, 
which is caused by the proliferation of the glandular component of the breast, typically due to sexual hormone 
disturbance. Drugs, such as antiandrogens and 5 alpha-reductase inhibitors, have been estimated to cause about 
10–25% of all cases of gynecomastia. Despite the widespread use of TKIs in CML, gynecomastia is regarded as 
a rare event associated with it and it is poorly described.5,6 Flumatinib is a second-generation TKI and was approved for 
patients with Philadelphia chromosome-positive CML in China in 2019. Here, we present the case of a CML patient who 
developed gynecomastia after switching from imatinib to flumatinib. To the best of our knowledge, this is the first case 
report of gynecomastia associated with flumatinib. Currently, there are no well-defined mechanisms or established 
management strategies for this condition. Inspired by this case and through a comprehensive review of the literature, 
we put forward possible mechanisms and management strategies for this rare adverse event associated with TKIs, along 
with future perspectives. We suggest that gynecomastia may be a potential adverse event for all TKIs and should be given 
due attention, and this paper may help others address this issue and stimulate research on it.
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Case Presentation
An 82-year-old male of Han nationality was admitted to the endocrinology department of our hospital in August 2023 
because of poor glucose control. Regular complete blood count (CBC) showed a significant white blood cell count of 
78.18×10^9/L, with neutrophil dominance (70.25×10^9/L) and increased basophilic granulocytes (3.28×10^9/L), throm
bocytosis (572 ×10^9/L), and HGB (118 g/L). Abdominal ultrasonography revealed slight splenic enlargement, with 
a maximum dimension of 12.1 cm. Bone marrow aspiration was performed for morphology, immunology, cytogenetics, 
and molecular (MICM) detection. The patient was diagnosed with chronic myeloid leukemia (CML). He was initially 
treated with hydroxyurea to reduce white blood cells as an inpatient, and then with imatinib as an outpatient. Three 
months later, a response evaluation showed BCR-ABL-210/ABL (56.58%). Imatinib was discontinued and the patient 
was subsequently started on flumatinib. Two weeks later, he experienced pain in both breasts, and ultrasonography on 
2024.2.19 showed mammary gland hyperplasia, left 0.26 cm, right 0.3 cm (Figure 1a). Approximately one month later, 
the patient still complained of pain. Repeat breast ultrasonography revealed significant enlargement of the mammary 
glands, left 3.4×0.26 cm, right 4.3×0.3 cm, and gynecomastia was confirmed (Figure 1b). After reviewing his medical 
history carefully, no other medications or underlying medical conditions, apart from flumatinib, could have contributed to 
the development of gynecomastia. And the patient refused to check his hormonal status changes after initiating flumatinib 
treatment or at the time of gynecomastia occurrence.

Even so, flumatinib was the last resort in the TKI arsenal in our department, and he was deprived of nilotinib owing to 
diabetes mellitus. He continued with flumatinib and was advised to undergo bilateral subareolar mastectomy; however, he 
refused it and was under follow-up.

Discussion and Future Perspective
Although TKIs are classified as targeted drugs, they do not strictly act on a single target, leading to off-target effects. 
The first-generation TKI imatinib is a signal transduction inhibitor that inhibits BCR-ABL, c-KIT, and platelet-derived 
growth factor receptor (PDGFR).7 Besides BCR-ABL, the second-generation TKI dasatinib can also inhibit Src, c-KIT, 

Figure 1 Ultrasonography images show developmental mammary glands. (a) Two weeks after flumatinib; (b) One and a half months after flumatinib. The red arrows indicate 
enlarged gland. 
Abbreviations: R, right; L, left.
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and PDGFR.3 Gynecomastia is thought to be related to c-KIT and PDGFR because they are receptors expressed in the 
testis, and the inhibition by TKIs results in a reduction of testosterone production, thus contributing to gynecomastia. 
Imatinib is the most commonly reported TKIs that causes gynecomastia, with a frequency of 6–18%, followed by 
dasatinib.2,3,8 Similarly, nilotinib can also exert antagonism against c-KIT and PDGFR, however, we only found 
a single case.4 Flumatinib is a second-generation TKI and a selective inhibitor of BCR-ABL, PDGFR, and c-KIT, 
which have been increasingly used, especially in China.9 To the best of our knowledge, this is the first report of 
gynecomastia associated with flumatinib therapy. Interestingly, gynecomastia occurred after the replacement of 
imatinib with flumatinib in our patient, indicating discrepant pharmacodynamics of different TKIs on the c-KIT/ 
PDGFRA axis.10 Similarly, Caocci et al reported a case of gynecomastia after the replacement of imatinib with 
dasatinib, and tamoxifen was prescribed, with a significant regression of gynecomastia within 1 month.3 On the 
contrary, Natalie et al reported a patient with the disappearance of gynecomastia after changing dasatinib to imatinib.11 

In the aforementioned case, the patient developed gynecomastia after switching from imatinib to nilotinib, which 
resolved within 3 months after switching to dasatinib, and nilotinib was considered more effective than dasatinib on 
c-KIT.4,12 The cases indicated that the second generation TKIs are more likely to cause gynecomastia because they 
cause a more potent inhibitory action on c-KIT and PDGFR, moreover, dose dependence.3,7,9 This could also be 
explained by their molecular structure and pharmacokinetics and pharmacodynamics. Flumatinib is obtained by 
replacing the phenyl ring of imatinib with a pyridine group and introducing a trifluoromethyl group. These structural 
alterations enable flumatinib to attain higher potency. In comparison with other TKIs (imatinib, nilotinib, and 
dasatinib), the chemical structure of flumatinib is similar.13 However, compared with imatinib, the second- 
generation TKIs have fewer total users and a later market entry time, which could potentially explain the lower 
number of cases of gynecomastia associated with them.

Inspired by the case and literature, we speculated that any TKIs targeting the c-KIT/PDGFRA axis has the potential to 
cause gynecomastia, which should be noted and informed to patients taking or changing TKIs. For patients who develop 
gynecomastia after TKIs treatment, individualized treatment should be arranged, such as close observation, symptomatic 
treatment, hormonal therapy, changes of TKIs, and subareolar mastectomy. However, the clear mechanism underlying it 
and the actual gynecomastia frequency of different TKIs should be further studied. This is the first report of gyneco
mastia associated with flumatinib, similar to other TKIs, flumatinib has the potential to cause gynecomastia and 
physicians should know this unusual adverse event.
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