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The present study aimed to investigate the efficacy and safety of flumatinib in patients newly diagnosed with 
chronic myeloid leukemia in the chronic phase (CML-CP). A retrospective study was conducted using five 
patients newly diagnosed with CML-CP who received flumatinib (600 mg/day). Results of the present study 
demonstrated that all five patients with CML-CP that were treated with flumatinib achieved the optimal molecular 
response within three months. In addition, two patients experienced major molecular response (MMR), and 
one patient acquired undetectable molecular residual disease, which was maintained for more than one year. 
Moreover, one patient exhibited grade 3 hematological toxicity, two patients exhibited transient diarrhea, one 
patient exhibited vomiting and one patient exhibited a rash with pruritus. No second-generation tyrosine kinase 
inhibitor-specific adverse cardiovascular events occurred in any patients. In conclusion, flumatinib exhibits high 
efficacy and high early molecular response rate in patients newly diagnosed with CML-CP. The majority of 
patients obtained MMR within three months, and the adverse reactions experienced were mild and tolerable.

1. Introduction
Chronic myeloid leukemia (CML) is a myeloid malignancy formed 
by the clonal proliferation of bone marrow hematopoietic stem 
cells, accounting for ~15% of leukemia cases in adults (Siegel 
et al. 2021). The use of breakpoint cluster region (BCR)-ABL1 
tyrosine kinase inhibitor (TKI) has greatly improved the prognosis 
of patients with CML, and has become the first-line treatment 
strategy for patients newly diagnosed with chronic phase CML 
(CML-CP) (Cortes et al. 2021). Notably, the use of TKIs has also 
improved disease outcomes, aiding the formation of a manageable 
and potentially curable disease (Cortes et al. 2021). Flumatinib is 
a second-generation TKI (2G-TKI) developed in China. In a multi-
center, randomized, open phase III clinical trial using imatinib as a 
positive control, flumatinib was used to treat patients newly diag-
nosed with CML-CP. Notably, results using flumatinib demon-
strated higher rates of cytogenetic and molecular responses than 
when using imatinib. Furthermore, patients treated with flumatinib 
exhibited a lower incidence of adverse events (AEs) (Zhang et al. 
2021). Therefore, China Food and Drug Administration approved 
flumatinib as the first-line treatment in patients newly diagnosed 
with CML-CP. At present, there are no real-world reports on 
patients with CML-CP using flumatinib. The present study aimed 
to investigate the efficacy and safety of flumatinib in five patients 
newly diagnosed with CML-CP in our department.

2. Investigations and results

2.1. Patient characteristics
As shown in Table 1, five patients newly diagnosed with CML-CP 
that were either BCR-ABL1 positive or displayed a Philadelphia 
(Ph) chromosome were enrolled in the present study. Three and two 
patients were male and female, respectively, with a median age of 
55 years (range, 43-72 years) and a median body weight of 59.4 kg 
(range, 48-73 kg). Prior to TKI treatment, four patients exhibited a 
peripheral white blood cell (WBC) count >50×109/l, whereas three 
patients exhibited anemia and two patients exhibited a platelet count 
>450×109/l. All five patients displayed increased proportions of 
basophils. The spleens were enlarged in four out of five patients, 
whereas the remaining patient exhibited a healthy spleen. The strat-
ification results according to the Sokal index were as follows: One 
case at low risk, two cases at medium risk, and two cases at high 
risk. The chromosome karyotype of four patients was as follows: 
t(9;22)(q34;q11.2). One patient exhibited a poor cell culture with 
no mitotic phase. The BCR-ABL1 fusion gene type results were as 
follows: A total of four patients were positive for P210 expression, 
and one patient was positive for both P210 and P190 expression. 
Hydroxyurea was administered to reduce the number of leukocytes 
in four patients. It was also administered in the remaining patient 
and was accompanied with cell isolation and collection therapy.

Table 1: Clinical characteristics of the examined patients

Case Sex Age, 
years

Body 
weight, 

kg

WBC, 109/l Hb, g/l Plt, 109/l Basophils, % Spleen size, 
cm x cm

Sokal 
score

Karyotype BCR-ABL 
type

ABL 
mutation

Hydroxyurea 
treatment

1 F 46 48 25.58 123 343 6.3 128x29 Low 46,XX,t(9;22)(q34;q11.2)[10] p210, p190 NA No

2 M 43 73 525.01 60 392 3.9 207x86 High 46,XY,t(9;22)(q34;q11.2)[3]/46,XY[2] p210 No Yes + cell 
isolation

3 F 60 59.4 133.30 98 305 1.3 185x59 Medium NA p210 NA Yes

4 M 55 61 88.00 99 453 1.7 192x82 High 46,XY,t(9;22)(q34;q11.2)[20] p210 NA Yes

5 M 72 51.5 62.26 122 492 8.6 145x49 Medium 46,XY,t(9;22)(q34;q11.2)[20] p210 No Yes

F, female; M, male; WBC, white blood cell; Hb, hemoglobin; Plt, platelet; NA, not available.
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Table 2: Changes in the levels of WBC, Plt, and in the proportion of basophils at diagnosis and at 3 months

Case WBC, 109/l Plt, 109/l Basophils, %

At diagnosis 3 months At diagnosis 3 months At diagnosis 3 months

1 25.58 5.65 343 171 6.3 0.8

2 525.01 8.23 392 134 3.9 0.3

3 133.30 6.1 305 288 1.3 0.4

4 88.00 4.36 453 80 1.7 0.1

5 62.26 3.68 492 78 8.6 0.7

WBC, white blood cell; Plt, platelet.

Table 3: Changes in P210 levels

Case P210 at diagnosis, IS P210, 3 months P210, 6 months P210, 12 months P210, 18 months P210, 24 months

1 83.8380% 0 0.0080% 0 0 0

2 65.1724% 0.0431% 0.0133% 0.0073% NA NA

3 111.4815% 0.3541% 0.1194% NA NA NA

4 239.4483% 0.7269% 0.1560% NA NA NA

5 40.9684% 0.9733% 0.5700% NA NA NA

IS, international scale; NA, not available.

2.2. Hematological response evaluation
Routine blood tests, peripheral blood smears, and physical 
examinations were performed three months following flumatinib 
treatment to assess hematological responses. As shown in Table 
2, all five patients demonstrated a WBC count <10×109/l; their 
platelet count was <450×109/l, and the proportion of basophils was 
<1% following three months of evaluation. All patients displayed 
absence of myeloid immature cells in the peripheral blood and 
exhibited no palpable splenomegaly. All five patients achieved 
complete hematological response [CHR (Wang et al. 2020)] at the 
3-month period.

2.3. Molecular response evaluation
The results of the present study demonstrated that flumatinib treat-
ment lasted for more than three months in all five patients (Table 3). 
The fusion gene test was performed in the third month of treatment. 
All patients achieved optimal response (BCR-ABLIS<1% in all five 
patients. IS, international scale), and two patients attained the major 
molecular response (MMR, BCR-ABLIS≤0.1%). Case 1 attained an 
undetectable molecular residual disease (UMRD) at 12 months and 
retained the therapeutic benefit of TKI for >1 year. Case 2 attained 
an MR4.0 (defined as BCR-ABLIS≤0.01%) at 12 months. In addition, 
case 1 was positive for P190 expression at initial diagnosis; this 
expression pattern was maintained after turning negative at 3 months.

2.4. Cytogenetic response evaluation
Chromosome karyotype assessment was performed every three 
months in all five patients. As shown in Table 4, both cases 1 and 
2 achieved complete cytogenetic responses (CCyR, defined as 0% 
Ph+ metaphase cells) at three months and maintained the optimal 
efficacy. Case 4 attained partial cytogenetic response (defined as 
1-35% Ph+ metaphase cells) at three months and achieved CCyR 
at six months. Case 5 exhibited 20 Ph+ metaphase cells at initial 
diagnosis; these cells had turned negative by six months.

2.5. Adverse reactions
In the present study, certain hematological adverse reactions 
occurred, including Common Terminology Criteria for Adverse 
Events (CTCAE) grade 3 thrombocytopenia in case 4 (at 1 month) 
and grade 1 thrombocytopenia in case 5. Biochemical abnormal-
ities including alanine aminotransferase elevation (grade 1) and 
aspartate transaminase elevation (grade 1) were noted in case 5. No 
other biochemical abnormalities were observed in other patients. 
Adverse reactions associated with quality-of-life included tran-
sient diarrhea, which occurred in two patients, vomiting, which 
occurred in one patient, and rash with pruritus, which occurred 
in one patient. Notably, no adverse reactions, such as edema and 
muscle/joint pain were observed. TKI-specific cardiovascular AEs 
included QT interval prolongation, pulmonary hypertension, and 
pleural effusion. None of the five patients presented with these 
AEs. The AEs were effectively controlled following symptomatic 
treatment and no patient received reduced dosage or discontinued 
the treatment due to AEs.

2.6. Follow-up
The median follow-up time of flumatinib treatment was twelve 
months in the group comprising five patients newly diagnosed with 
CML-CP (range, 6-24 months). Moreover, the median progres-
sion-free survival (PFS) and overall survival (OS) time periods 
were not reached; no mortalities or loss of follow-up were noted.

3. Discussion
At present, TKIs are the primary choice for the treatment of 
CML-CP. The first-line TKIs include imatinib (first-generation 
TKI), nilotinib, dasatinib, and bosutinib [second generation (2G)-
TKI] (Hochhaus et al. 2020; Jabbour et al. 2020). The 2G-TKIs 
used as a first-line treatment exhibit higher rates of response and 
faster and deeper responses compared with those of imatinib, 
which may reduce disease progression and significantly improve 

Table 4: Changes in karyotype features

Case Karyotype, at diagnosis Karyotype, 3 months Karyotype, 6 months Karyotype, 12 months Karyotype, 18 months Karyotype, 24 months

1 46,XX,t(9;22)(q34;q11.2)[10] 46,XX[20] 46,XX[20] 46,XX[20] 46,XX[20] 46,XX[20]

2 46,XY,t(9;22)(q34;q11.2)[3]/46,XY[2] 46,XY[20] 46,XY[20] 46,XY[20] NA NA

3 NA NA NA NA NA NA

4 46,XY,t(9;22)(q34;q11.2)[20] 46,XY,t(9;22)(q34;q11.2)[1]/46,XY[19] 46,XY[20] NA NA NA

5 46,XY,t(9;22)(q34;q11.2)[20] 45,X,-Y[4]/46,XY[16] 46,XY[13] NA NA NA

NA, not available.
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PFS in patients with moderate- and high-risk CML-CP (Cortes et 
al. 2016, 2018; Hochhaus et al. 2016).
Flumatinib mesylate is a novel orally available small-molecule 
TKI, which has demonstrated a stronger inhibitory potency for the 
activity of BCR-ABL1 kinase, and a lower inhibitory potency for 
the activity of platelet derived growth factor receptor β and c-KIT 
kinase compared with those of imatinib. Moreover, treatment with 
flumatinib exerted no effect on the phosphorylation of EGFR, 
VEGFR, c-Src, or the HER2 kinase (Luo et al. 2010). The results 
of a previous study demonstrated that flumatinib exerted signifi-
cant inhibitory effects on CML cell lines expressing the wild-type 
BCR-ABL1 kinase and numerous mutant BCR-ABL1 kinases, 
which were resistant to imatinib, with the exception of those with 
the T315I mutation (Luo et al. 2010; Qiu et al. 2008; Yang et al. 
2019). In patients with Ph+ acute lymphoblastic leukemia (Ph+ 
ALL), flumatinib combined with multidrug chemotherapy demon-
strated clinical efficacy and was well tolerated, highlighting its 
potential use as an alternative TKI for patients with Ph+ ALL (Mi 
et al. 2021). Moreover, flumatinib treatment significantly reduced 
the expression levels of C-Myc, hypoxia inducible factor-1α, 
and vascular endothelial growth factor in the multiple myeloma 
(MM) cell line U266 (Chang et al. 2013). In addition, using acti-
vating loop mutations in gastrointestinal stromal tumors (GISTs), 
flumatinib effectively bypassed the drug resistance of certain KIT 
mutants (Zhao et al. 2014). These findings suggested that fluma-
tinib may act as a promising therapeutic agent in the treatment of 
MM and GISTs.
Flumatinib was successfully used in the first-line treatment of 
patients newly diagnosed with CML-CP in clinical trials, which 
resulted to its recommendation by the Chinese guidelines as the 
first-line treatment for patients with CML-CP (Wang et al. 2020). 
To date, the use of flumatinib in patients with CML-CP has not 
been reported. The present study investigated five patients newly 
diagnosed with CML-CP, who were treated with flumatinib as a 
first-line therapy. The molecular response was assessed at baseline 
and every three months following treatment, via the detection of the 
BCR-ABL1 mRNA expression levels. All five patients achieved 
optimal response at three months of treatment and two patients 
attained an MMR. Only one patient attained an MR4.0 at twelve 
months, and one patient retained UMRD for more than one year. 
With the significant extension of patient survival, an increasing 
number of studies have focused on the impact of adverse reac-
tions following long-term TKI treatment, including quality-of-life 
adverse reactions and treatment-free remission (TFR), which has 
become the long-term goal of CML treatment. According to drug 
withdrawal experiments reported recently, obtaining a molecular 
reaction that lasts >MR4.0/MR4.5 and >2 years is the prerequisite 
for drug withdrawal tests (Wang et al. 2020). In the present study, 
case 1 retained UMRD for more than one year, and was expected 
to initiate drug withdrawal early in order to reach TFR.
The cytogenetic efficacy was also evaluated in the present study. 
Case 3 was not evaluated for lack of metaphases at initial diagnosis, 
which was mainly due to inadequate bone marrow samples and 
poor cytogenetic culture. The loss of chromosome Y in the bone 
marrow cells is frequently noted in healthy elderly individuals, 
which could be detected in both normal and malignant cells of 
patients with CML (Kirk et al. 1994). Loss of the Y chromosome in 
Ph+ cells predicts a poor response to imatinib therapy (Lippert et 
al. 2010). In the present study, case 5 obtained the Y chromosome 
at three months and turned negative at six months by karyotype 
examination. This probably was related to the administration of the 
2G-TKI flumatinib. In the present study, all five patients achieved 
the best response within three months, and the effective rate was 
higher than that noted in the clinical trials (Zhang et al. 2021). This 
may be associated with the small number of patients enrolled and 
the statistical deviation. Therefore, further verification is required 
by the use of a larger sample size.
The AEs of TKI therapy include hematological toxicity, quali-
ty-of-life-associated AEs, and TKI-specific cardiovascular adverse 
reactions. The comparisons between non-head-to-head studies 
demonstrated that treatment with flumatinib was safer than the 

existing 2G-TKIs and the incidence of hematological toxicity was 
similar to that of imatinib and nilotinib, but significantly lower 
than that of dasatinib. Flumatinib was associated with a lower inci-
dence of quality-of-life adverse reactions, notably digestive tract 
adverse reactions and rashes. Flumatinib treatment did not lead to 
cardiovascular events specific to 2G-TKIs (Hochhaus et al. 2016; 
Nakamae et al. 2017; Patel et al. 2017). In the present study, the 
incidence of grade 3 or higher hematological toxicity and qual-
ity-of-life-associated adverse reactions was consistent with that 
reported by previous studies (Zhang et al. 2021). The lower inci-
dence of grade 1 or 2 hematological abnormality and biochemical 
abnormality were recorded mainly due to the fact that patients who 
received flumatinib at home did not monitor their blood biomarker 
and biochemical indicator levels weekly. By contrast, they were 
only tested every three months during their visit to the hospital 
for efficacy evaluation. No 2G-TKI-specific adverse cardiovas-
cular events were noted and no notable intolerance to treatment 
was present in any of the patients examined. A previous study 
demonstrated that cytochrome P450 (CYP) 3A4 inhibitors could 
increase the plasma concentration of flumatinib, which indicated 
that lower doses of flumatinib should be considered (Chen et al. 
2020). In the present study, the patients examined did not have 
their dosage reduced or their treatment discontinued due to AEs or 
co-administration with CYP3A4 inhibitors. These results indicated 
that flumatinib used as the first-line treatment strategy for patients 
with CML-CP resulted in mild and controllable adverse reactions.
In conclusion, the present study indicated that flumatinib used 
as a first-line therapeutic option exhibited notable efficacy with 
high rates of responses. These responses were faster and deeper 
in patients newly diagnosed with CML-CP. In addition, patients 
treated with flumatinib exhibited reduced rates of AEs that were 
well tolerated; therefore, flumatinib may be used as a primary 
choice of first-line 2G-TKI in patients newly diagnosed with 
CML-CP.

4. Experimental

4.1. Patients
A total of five patients newly diagnosed with CML-CP, who were recruited between 
April 1st 2020 and December 31st 2021 in The First Affiliated Hospital of Anhui 
Medical University (North District), were retrospectively analyzed. The inclusion 
criteria for the patients were as follows: Age 18-80 years, being newly diagnosed 
with CML-CP, and previous administration of flumatinib as a first-line therapy. The 
exclusion criteria for the patients were as follows: Administration of interferon-α, 
other chemotherapeutic agents, or any other TKIs for the treatment of CML. However, 
the administration of hydroxyurea prior to flumatinib to reduce the number of leuko-
cytes was accepted for inclusion in the present study. The diagnosis was based on 
the Chinese Guidelines for Diagnosis and Treatment of Chronic Myeloid Leukemia 
(Wang et al. 2016). The patients with typical clinical manifestations combined with 
the presence of Ph+ metaphase cells (detected by conventional cytogenetic assess-
ment) and/or the presence of P210 BCR-ABL transcripts (detected by molecular 
assessment) were diagnosed as CML. CML-CP was defined according to the Chinese 
guidelines (Wang et al. 2016). The Sokal risk scoring system was used to divide the 
enrolled patients into different groups as previously described (Sokal et al. 1984). All 
enrolled patients provided written informed consent for participation in the present 
study, which was approved by the Ethics Committee of The First Affiliated Hospital 
of Anhui Medical University North District (Hefei, China).

4.2. Detection of fusion genes
Reverse transcription-PCR was performed for the detection of the BCR-ABL fusion 
gene. If the BCR-ABL fusion gene was positive, its copy number was further deter-
mined using quantitative (q) PCR; the mutations in the ABL kinase region were 
detected using first-generation sequencing.

4.3. Cytogenetic studies
Bone marrow samples were obtained at the time of CML diagnosis and 20 metaphase 
cells were counted and analyzed in each patient according to the International System 
for Human Cytogenomic Nomenclature (ISCN2016) recommendations.

4.4. Treatment
For patients newly diagnosed with CML-CP, flumatinib (600 mg/day) was 
administered orally under fasted conditions (no food or drink 2 h prior to and 1 h 
following TKI treatment). This was used as an initial therapy in case WBC counts 
were <50×10g/l. Hydroxyurea (30-50 mg/kg/day) was administered to reduce the 
number of leukocytes when the peripheral WBC counts were >50×109/l prior to TKI 
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treatment. Hydroxyurea combined with blood cell isolation and collection therapy 
were administered to reduce leukocytes in case the peripheral WBC counts were 
>200×109/l. Flumatinib treatment was subsequently initiated when the WBC counts 
decreased to a point below 50×109/l. Hydration, alkalinization, and uric acid reduction 
were administered to prevent tumor lysis syndrome.

4.5. Assessment of the treatment response and follow-up
The molecular responses were evaluated using quantification of BCR-ABL1 mRNA 
expression via qPCR. MMR was defined as BCR-ABL1 transcript levels ≤0.1% (ABL 
transcript >10,000) according to the International Scale, and UMRD was defined as 
undetectable BCR-ABL1 transcripts at the level of amplifiable ABL transcripts, as 
previously described in the Chinese guidelines (Wang et al. 2020). The PFS time 
was defined as the time from the beginning of flumatinib treatment to the therapeutic 
failure for any reason, including increased BCR-ABL1 transcript levels, progres-
sion of disease, recurrence, or death. The OS time was defined as the time between 
flumatinib initiation and the end of the follow-up period. Follow-up was carried out 
via telephone, outpatient follow-up, and the hospital case registration system. The 
follow-up period ended on June 30th 2022.

4.6. Assessment of safety
AEs were divided between grades 1-5 according to the National Cancer Institute 
CTCAE (version 5.0). The major AEs of flumatinib treatment, including hematolog-
ical adverse reactions, non-hematological adverse reactions, quality-of-life associated 
adverse reactions, and TKI-specific cardiovascular adverse reactions, were observed 
and recorded.
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