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Background: The T315I BCR: ABL1 kinase-domain mutation represents an important mechanism of tyrosine kinase inhibitor (TKI) resistance 

in chronic myeloid leukemia (CML). Its pattern of emergence and association with treatment response and clinical outcomes remain clinically 

relevant. Material and Methods: This retrospective cohort study included 34 T315I-positive patients identified from a source cohort of 101 

patients with imatinib-resistant CML. Demographic, clinicopathological, prognostic, molecular, treatment-response, and outcome data were 

evaluated. T315I mutation patterns were categorized as isolated/upfront, upfront with additional mutation, or sequential. Complete 

hematological response (CHR), major molecular response (MMR), blast-phase progression, and mortality were assessed. Results: The mean 

age was 40.50 ± 13.16 years, and 91.2% were male. At diagnosis, 82.4% were in chronic phase. High-risk disease was observed in 70.6%, 

61.8%, and 64.7% according to Sokal, ELTS, and EUTOS scores, respectively. Isolated/upfront T315I was observed in 79.4%, upfront T315I 

with an additional mutation in 5.9%, and sequential T315I in 14.7%. The median time to mutation detection was 23.5 months. CHR was 

achieved in 67.6%, 91.2%, and 88.2% at 3, 6, and 12 months, respectively, while only 14.7% achieved MMR. During follow-up, 29.4% 

progressed to blast phase and 17.6% died. Small numbers of patients with sequential and additional-mutation patterns limited definitive 

comparisons between mutation subgroups. Conclusion: T315I-positive CML was characterized by adverse prognostic features, low molecular 

response, and clinically important rates of blast-phase progression and mortality. Most patients had isolated/upfront T315I, while sequential 

and additional-mutation patterns were less frequent. Timely mutation testing and close molecular monitoring remain important for guiding 

individualized therapy in TKI-resistant CML. 
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INTRODUCTION 
 

Chronic myeloid leukemia (CML) is a clonal 

myeloproliferative neoplasm characterized by the 

Philadelphia chromosome, resulting from the reciprocal 

translocation t(9;22)(q34;q11) and formation of the 

BCR::ABL1 fusion gene. The resultant constitutively active 

BCR::ABL1 tyrosine kinase promotes uncontrolled 

proliferation, impaired apoptosis, and genomic instability of 

hematopoietic cells.[1,2] The introduction of tyrosine kinase 

inhibitors (TKIs), particularly imatinib, transformed the 

natural history of CML by producing durable hematological, 

cytogenetic, and molecular responses and substantially 

improving long-term survival.[3–5] Nevertheless, primary or 

acquired resistance to TKI therapy remains an important 

therapeutic challenge. 

Resistance to TKIs may occur through BCR: ABL1-

dependent and independent mechanisms. Among the former, 

BCR: ABL1 kinase-domain mutations represent one of the 

most clinically relevant mechanisms. These mutations can 

interfere with TKI binding, alter kinase conformation, and 

reduce drug sensitivity.[6–8] Numerous kinase-domain 

mutations have been described, with considerable variability 

in their sensitivity to different TKIs. Consequently, identification 

of the specific mutation is important in patients demonstrating 

treatment failure or loss of a previously achieved response and 

can influence the selection of subsequent therapy.[8–10] 

Among the various BCR::ABL1 kinase-domain mutations, 

T315I is of particular clinical importance. The substitution of 

threonine by isoleucine at amino acid position 315 affects a 

critical residue within the ATP-binding site of BCR::ABL1. This 

alteration produces steric interference and eliminates a hydrogen-

bond interaction required for effective binding of several 

TKIs.[11,12] Consequently, T315I has historically been referred to 

as a “gatekeeper” mutation and confers resistance to imatinib as 
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well as several second-generation TKIs, including dasatinib, 

nilotinib, and bosutinib.[11–13] The development of agents 

with activity against T315I, particularly ponatinib and, more 

recently, the allosteric inhibitor asciminib, has expanded 

therapeutic options; however, management remains 

challenging, particularly in patients with advanced-phase 

disease or multiple prior TKI exposures.[14,15] 

The biological behaviour of T315I-mutated CML is 

heterogeneous. The mutation may be detected as a dominant 

or apparently isolated mutation or may emerge during 

treatment following pre-existing BCR::ABL1 kinase-domain 

mutations. Furthermore, multiple mutations may occur 

within the same leukemic clone as compound mutations or 

may develop successively during treatment as sequential 

mutations.[16] Such patterns reflect clonal evolution under the 

selective pressure of TKI therapy and may contribute to 

increasingly complex resistance profiles. The distinction 

between isolated, sequential, and compound T315I mutations 

is therefore potentially important because mutation evolution 

may influence sensitivity to subsequent TKIs, depth of 

molecular response, and the risk of disease progression. 

Clinical outcome following detection of T315I may also 

depend on the disease phase, previous treatment exposure, 

hematological and molecular response, and subsequent 

therapeutic strategy. Earlier reports have demonstrated 

adverse outcomes among patients harboring T315I, 

particularly when the mutation is detected in accelerated or 

blast phase.[12] However, outcomes have evolved with the 

availability of later-generation TKIs and improved molecular 

monitoring. Early identification of treatment failure and 

serial assessment of BCR::ABL1 transcripts and kinase-

domain mutations may therefore allow timely therapeutic 

modification before further clonal evolution or progression 

occurs. 

Despite the clinical importance of T315I, information 

describing its clinicopathological characteristics, pattern of 

mutation evolution, treatment response, and clinical 

outcomes in Indian patients remains relatively limited. Most 

available studies have evaluated kinase-domain mutations 

collectively among patients with TKI-resistant CML rather 

than specifically characterizing the T315I-positive 

population.[17,18] In particular, data comparing patients in 

whom T315I occurs upfront or in isolation with those in 

whom it develops sequentially or as part of a more complex 

mutation pattern are scarce. Characterizing these patterns 

may improve understanding of the clinical heterogeneity of 

T315I-mutated CML and help identify patients requiring 

particularly close molecular surveillance and individualized 

therapeutic strategies. 

Therefore, the present study was undertaken to evaluate the 

clinicopathological profile, mutation characteristics and 

evolution, treatment response, disease progression, and 

clinical outcomes of patients with T315I-mutated CML. 

 

MATERIALS AND METHODS 

This was a retrospective observational cohort study 

conducted in the Department of Medical Oncology at a 

tertiary care teaching hospital. The study evaluated patients 

with chronic myeloid leukemia (CML) in whom the BCR::ABL1 

T315I kinase-domain mutation had been detected during 

evaluation for tyrosine kinase inhibitor (TKI) resistance. 

Clinical, hematological, cytogenetic, molecular, treatment, and 

follow-up information was retrieved retrospectively from 

institutional medical records and laboratory databases. 

Study Population: The source cohort consisted of 101 patients 

with imatinib-resistant CML who had undergone clinical, 

hematological, cytogenetic, and/or molecular evaluation. For the 

present T315I-focused analysis, only patients in whom the T315I 

mutation was detected were included. A total of 34 T315I-

positive patients constituted the final study population. T315I 

was identified in 34 of 101 (33.7%) patients in the source cohort. 
A prospective observational study was conducted in the 

Department of Medical Oncology over a period of 18 months, 

from January 2010 and June 2025. 

Inclusion Criteria 

Patients were included if they had a confirmed diagnosis of 

CML, had received imatinib therapy, subsequently demonstrated 

treatment failure or resistance, underwent BCR::ABL1 tyrosine 

kinase-domain mutation analysis, and were found to harbor the 

T315I mutation. Only patients with adequate clinicopathological, 

molecular, treatment-response, and follow-up information for 

assessment of the study outcomes were included. 

Exclusion Criteria 

Patients without the T315I mutation were excluded from the 

present analysis. Patients with incomplete treatment records, 

inadequate follow-up information, or insufficient laboratory and 

molecular data for assessment of treatment response and clinical 

outcomes were also excluded. Cases in which apparent treatment 

failure was attributable solely to documented treatment 

interruption or gross non-adherence without evidence supporting 

biological resistance were excluded wherever such information 

was available. 

Data Collection: Relevant information was retrospectively 

extracted from medical records using a structured data collection 

format. Demographic and clinical variables included age, sex, 

age at diagnosis, disease phase at diagnosis, splenomegaly, 

duration of disease, duration of imatinib exposure, and 

subsequent treatment. Available hematological, cytogenetic, 

molecular, treatment-response, disease-progression, and final-

outcome variables were recorded for each T315I-positive patient. 

Hematological and Clinicopathological Assessment: Baseline 

hematological parameters included hemoglobin concentration, 

total leukocyte count, peripheral blood basophil percentage, bone 

marrow blast percentage, and bone marrow basophil percentage. 

Bone marrow examination findings were reviewed wherever 

available. 

Patients were categorized according to the documented phase of 

CML as chronic phase, accelerated phase, or blast phase. Disease 

phase at initial diagnosis and subsequent progression during 

follow-up were recorded. 

Prognostic Risk Assessment: Available prognostic scores were 

retrieved from the clinical records. Patients were categorized 

according to the Sokal, European Treatment and Outcome Study 

(EUTOS), and EUTOS Long-Term Survival (ELTS) scores. The 

distribution of T315I-positive patients across the respective low-

, intermediate-, and high-risk categories was evaluated. 

Cytogenetic Assessment: Available conventional cytogenetic 
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findings were reviewed for the presence of the Philadelphia 

chromosome [t(9;22)], variant or complex Philadelphia 

chromosome abnormalities, and other documented 

cytogenetic abnormalities. Cytogenetic information was 

obtained from laboratory records and evaluated in 

conjunction with the molecular profile. 

Molecular Assessment: Molecular response was assessed 

using available quantitative BCR::ABL1 transcript levels, 

preferably reported on the International Scale. Baseline and 

follow-up BCR::ABL1 measurements were reviewed 

wherever available. 

BCR::ABL1 tyrosine kinase-domain mutation analysis was 

reviewed to identify the T315I mutation and any additional 

kinase-domain mutations. The timing and pattern of mutation 

development were evaluated from serial molecular records. 

Classification of T315I Mutation Pattern: T315I-positive 

patients were categorized according to the documented 

pattern of mutation emergence. Isolated/upfront T315I was 

defined as T315I detected without a previously documented 

kinase-domain mutation. Sequential T315I referred to T315I 

detected subsequently during follow-up after another 

BCR::ABL1 kinase-domain mutation had previously been 

identified. Compound/complex T315I referred to cases in 

which T315I was documented in association with one or 

more additional kinase-domain mutations according to the 

available molecular records. 

The time to detection of the imatinib-resistance mutation was 

recorded and categorized as <12 months, 12–24 months, or 

>24 months. It was also analyzed as a continuous variable 

where appropriate. 

Assessment of Treatment: Treatment received before and 

following recognition of T315I-mediated resistance was 

retrieved from the clinical records. Subsequent therapies 

included modification or switching of TKIs and other 

therapeutic interventions according to disease phase and 

clinical condition. 

Treatments documented in the study records included 

ponatinib, dasatinib, bosutinib, asciminib, hydroxyurea, and 

combination approaches incorporating a TKI with 

chemotherapy or hypomethylating agents. Treatment 

selection had been determined by the treating physician 

according to disease phase, previous TKI exposure, mutation 

profile, clinical condition, and drug availability. 

Assessment of Treatment Response: Treatment response 

was assessed from available follow-up records. Complete 

hematological response (CHR) was evaluated at 3, 6, and 12 

months. Patients were classified according to documented 

achievement, non-achievement, incomplete response, or loss 

of CHR, as applicable. 

Molecular response was assessed from serial BCR::ABL1 

transcript measurements. Major molecular response (MMR) 

was recorded according to the molecular response 

documented in the clinical and laboratory records. Time to 

molecular response was evaluated wherever adequate serial 

measurements were available. 

Assessment of Disease Progression and Clinical 

Outcomes: The principal clinical outcomes were 

progression to blast phase and mortality. Disease progression 

was determined from clinical, hematological, bone marrow, 

and molecular records. For patients who experienced blast-phase 

transformation, the available time to progression was recorded. 

Final survival status was classified as alive or expired at the last 

available follow-up. Where adequate time-to-event information 

was available, follow-up duration and the interval between 

relevant clinical events were recorded for survival analysis. 

Outcome Measures: The primary outcomes were the pattern of 

T315I mutation emergence, hematological and molecular 

treatment responses, and clinical outcomes among T315I-

positive CML patients. 

Secondary outcomes included clinicopathological and prognostic 

characteristics, timing of T315I detection, subsequent treatment 

received, blast-phase progression, mortality, and differences in 

treatment response and clinical outcomes according to 

isolated/upfront, sequential, and compound/complex T315I 

mutation patterns. 

Statistical Analysis: Data were analyzed using IBM SPSS 

Statistics version 26.0. Continuous variables were summarized 

as mean ± standard deviation (SD) when approximately normally 

distributed and as median with interquartile range (IQR) when 

distributions were skewed. Categorical variables were expressed 

as frequencies and percentages. 

Categorical variables were compared using the Chi-square test or 

Fisher's exact test, as appropriate. Fisher's exact test was 

preferred when expected cell frequencies were small, particularly 

for comparisons involving sequential and compound/complex 

T315I mutation patterns. 

Continuous variables between two groups were compared using 

the independent-samples t-test for normally distributed variables 

or the Mann–Whitney U test for non-normally distributed 

variables. Comparisons involving more than two mutation-

pattern groups were performed using one-way analysis of 

variance (ANOVA) or the Kruskal–Wallis test, as appropriate. 

Associations of relevant clinicopathological, molecular, 

treatment, and response variables with blast-phase progression 

and mortality were explored using univariate analyses.  

All statistical tests were two-sided, and a p-value <0.05 was 

considered statistically significant. 

 

RESULTS 

A total of 101 patients with imatinib-resistant chronic myeloid 

leukemia (CML) constituted the source cohort. The T315I 

mutation was identified in 34 patients, corresponding to a 

frequency of 33.7%. The present analysis was restricted 

exclusively to these 34 T315I-positive patients. The 

demographic, clinicopathological, molecular, treatment-

response, and outcome characteristics of this T315I-positive 

cohort are presented below. 

Demographic and Clinicopathological Characteristics 

The mean age of the 34 T315I-positive patients was 40.50 ± 

13.16 years, with a median age of 37.5 years (IQR: 30.5–52.3) 

and a range of 19–62 years. The mean age at initial diagnosis of 

CML was 34.85 ± 13.97 years. A marked male predominance 

was observed, with 31 (91.2%) males and 3 (8.8%) females. At 

initial diagnosis, 28 (82.4%) patients were in chronic phase, 5 

(14.7%) were in accelerated phase, and 1 (2.9%) was in blast 

phase [Table 1]. 
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Table 1: Demographic and baseline clinicopathological characteristics of T315I-positive CML patients (n=34) 

Characteristic Value 

Age, years, mean ± SD 40.50 ± 13.16 

Age, years, median (IQR) 37.5 (30.5–52.3) 

Age range, years 19–62 

Age at diagnosis, years, mean ± SD 34.85 ± 13.97 

Age at diagnosis, median (IQR) 34.0 (24.0–45.0) 

Male, n (%) 31 (91.2) 

Female, n (%) 3 (8.8) 

Chronic phase at diagnosis, n (%) 28 (82.4) 

Accelerated phase at diagnosis, n (%) 5 (14.7) 

Blast phase at diagnosis, n (%) 1 (2.9) 

Total leukocyte count, ×10³/µL, median (IQR) 247.5 (196.3–327.5) 

Hemoglobin, g/dL, mean ± SD 9.27 ± 2.10 

Peripheral smear basophils, %, median (IQR) 5.5 (4.0–8.0) 

Bone marrow blasts, %, median (IQR)* 3.0 (3.0–5.0) 

Bone marrow basophils, %, median (IQR) 5.0 (4.0–6.0) 

Baseline BCR::ABL1, %, mean ± SD 48.78 ± 21.01 

Spleen size, mean ± SD 15.44 ± 3.69 

 

The baseline hematological profile demonstrated a median 

total leukocyte count of 247.5 ×10³/µL and mean hemoglobin 

concentration of 9.27 ± 2.10 g/dL. Median peripheral smear 

basophils were 5.5%, while median bone marrow blasts and 

basophils were 3.0% and 5.0%, respectively. The mean 

baseline BCR::ABL1 transcript level was 48.78 ± 21.01%, 

indicating a substantial molecular disease burden in the study 

population [Table 1]. 

Prognostic Risk Profile: A large proportion of T315I-

positive patients belonged to adverse prognostic categories. 

According to the Sokal score, 24 (70.6%) patients were high-

risk, 9 (26.5%) were intermediate-risk, and only 1 (2.9%) 

was low-risk. Similarly, 21 (61.8%) patients were classified 

as high-risk and 13 (38.2%) as intermediate-risk according to 

ELTS, with no patients in the low-risk category. The EUTOS 

score classified 22 (64.7%) patients as high-risk and 12 

(35.3%) as low-risk [Table 2]. 

 

Table 2: Prognostic risk profile of T315I-positive CML patients (n=34) 

Prognostic parameter n (%) / Value 

Sokal score, mean ± SD 1.58 ± 0.48 

Sokal low risk 1 (2.9) 

Sokal intermediate risk 9 (26.5) 

Sokal high risk 24 (70.6) 

ELTS score, mean ± SD 2.50 ± 0.72 

ELTS low risk 0 (0.0) 

ELTS intermediate risk 13 (38.2) 

ELTS high risk 21 (61.8) 

EUTOS score, mean ± SD 105.65 ± 28.33 

EUTOS low risk 12 (35.3) 

EUTOS high risk 22 (64.7) 

 

Thus, high-risk disease was common among T315I-positive 

patients irrespective of the prognostic system employed. 

More than two-thirds were high-risk by Sokal criteria, while 

approximately three-fifths were classified as high-risk by 

both ELTS and EUTOS systems [Table 2]. 

Pattern and Timing of T315I Mutation 

Among the 34 T315I-positive patients, 29 (85.3%) had T315I 

detected upfront/concurrently, whereas 5 (14.7%) 

demonstrated sequential emergence of T315I after a 

previously documented BCR::ABL1 kinase-domain 

mutation. On detailed classification, 27 (79.4%) had 

isolated/upfront T315I, 2 (5.9%) had upfront T315I with an 

additional mutation, and 5 (14.7%) had sequential T315I 

[Table 3]. 

 

Table 3: Pattern and timing of T315I mutation among T315I-positive patients (n=34) 

Mutation characteristic n (%) / Value 

Upfront/concurrent T315I 29 (85.3) 

Sequential T315I 5 (14.7) 

Isolated/upfront T315I 27 (79.4) 

Upfront T315I with additional mutation 2 (5.9) 

Sequential emergence of T315I 5 (14.7) 

Time to mutation detection, months, median (IQR) 23.5 (13.3–83.5) 

Range, months 4–204 

Mutation detected <12 months 8 (23.5) 

Mutation detected at 12–24 months 10 (29.4) 

Mutation detected >24 months 16 (47.1) 
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The median time to detection of the resistance mutation was 

23.5 months (IQR: 13.3–83.5), with a wide range of 4–204 

months. Eight (23.5%) patients had mutation detection 

within 12 months, 10 (29.4%) between 12 and 24 months, 

and 16 (47.1%) after more than 24 months of therapy. Thus, 

nearly half of the T315I-positive patients demonstrated late 

detection beyond 24 months [Table 3]. 

Hematological and Molecular Treatment Response: At 3 

months, complete hematological response (CHR) was 

achieved in 23 (67.6%) patients, while 10 (29.4%) had no 

CHR and 1 (2.9%) had an incomplete CHR. By 6 months, 

CHR was documented in 31 (91.2%) patients. At 12 months, 

30 (88.2%) patients had CHR, while 2 (5.9%) had no CHR 

and 2 (5.9%) had lost a previously achieved CHR [Table 4]. 

 

Table 4: Hematological and molecular treatment response among T315I-positive patients (n=34) 

Treatment response n (%) 

CHR at 3 months 23 (67.6) 

Incomplete CHR at 3 months 1 (2.9) 

No CHR at 3 months 10 (29.4) 

CHR at 6 months 31 (91.2) 

No CHR at 6 months 2 (5.9) 

Loss of CHR at 6 months 1 (2.9) 

CHR at 12 months 30 (88.2) 

No CHR at 12 months 2 (5.9) 

Loss of CHR at 12 months 2 (5.9) 

MMR achieved 5 (14.7) 

MMR not achieved 29 (85.3) 

Time to MMR among responders, months, median (IQR) 14.0 (12.0–18.0) 

 

Despite relatively high hematological response rates at 6 and 

12 months, molecular response was considerably less 

frequent. Major molecular response (MMR) was achieved in 

only 5 (14.7%) patients, while 29 (85.3%) did not achieve 

MMR. Among the five patients who achieved MMR, the 

median time to MMR was 14 months (IQR: 12–18 months) 

[Table 4]. 

Treatment Profile: Treatment exposure following 

resistance and mutation detection was heterogeneous. 

Hydroxyurea was documented in 13 (38.2%) patients and 

ponatinib in 12 (35.3%). Five (14.7%) patients received a 

hypomethylating agent in combination with a TKI, while 3 

(8.8%) each received BFM-based therapy with a TKI and 

dasatinib. Bosutinib, asciminib, imatinib 600 mg, and low-

dose cytarabine (LDAC) with a TKI were each documented 

in one patient [Table 5]. 

 

Table 5: Treatment profile of T315I-positive CML patients (n=34) 

Treatment n (%) 

Hydroxyurea 13 (38.2) 

Ponatinib 12 (35.3) 

Hypomethylating agent + TKI 5 (14.7) 

BFM-based therapy + TKI 3 (8.8) 

Dasatinib 3 (8.8) 

LDAC + TKI 1 (2.9) 

Imatinib 600 mg 1 (2.9) 

Bosutinib 1 (2.9) 

Asciminib 1 (2.9) 

 

The treatment pattern demonstrated substantial 

heterogeneity, reflecting multiple lines of therapy and 

changes in treatment during the disease course. Ponatinib 

was documented in approximately one-third of patients, 

whereas hydroxyurea was the most frequently recorded 

treatment exposure among the listed treatment variables 

[Table 5]. 

Disease Progression and Final Clinical Outcomes: During 

follow-up, 10 (29.4%) of the 34 T315I-positive patients 

progressed to blast phase, whereas 24 (70.6%) did not. 

Among the 10 patients who progressed, the median recorded 

time to progression was 34 months (IQR: 20.5–80.8 months). 

At final assessment, 28 (82.4%) patients were alive and 6 

(17.6%) had died [Table 6]. 

 

Table 6: Disease progression and final clinical outcomes among T315I-positive patients (n=34) 

Clinical outcome n (%) / Value 

Progression to blast phase 10 (29.4) 

No progression to blast phase 24 (70.6) 

Time to progression among progressors, months, median (IQR) 34.0 (20.5–80.8) 

Alive at final assessment 28 (82.4) 

Expired 6 (17.6) 

 

These findings demonstrated that nearly one-third of T315I-

positive patients experienced blast-phase progression during 

the available follow-up. Although the majority remained 

alive at final assessment, mortality occurred in 
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approximately one-sixth of the cohort [Table 6]. 

Treatment Response and Outcomes According to T315I 

Mutation Pattern: To explore whether the mode of T315I 

emergence was associated with clinical behavior, patients 

were categorized as isolated/upfront T315I (n=27), upfront 

T315I with an additional mutation (n=2), or sequential T315I 

(n=5). The response and outcome distributions according to 

these mutation patterns are presented in [Table 7]. 

 

Table 7: Treatment response and clinical outcomes according to T315I mutation pattern 

Outcome Isolated/upfront T315I (n=27) Upfront T315I + additional mutation (n=2) Sequential T315I (n=5) 

CHR at 3 months 19 (70.4) 1 (50.0) 3 (60.0) 

CHR at 6 months 25 (92.6) 1 (50.0) 5 (100.0) 

CHR at 12 months 23 (85.2) 2 (100.0) 5 (100.0) 

MMR achieved 4 (14.8) 0 (0.0) 1 (20.0) 

Progression to blast phase 8 (29.6) 1 (50.0) 1 (20.0) 

Mortality 4 (14.8) 1 (50.0) 1 (20.0) 

Alive at final assessment 23 (85.2) 1 (50.0) 4 (80.0) 

Values are n (%). 

 

Among patients with isolated/upfront T315I, CHR was 

achieved in 70.4% at 3 months, 92.6% at 6 months, and 

85.2% at 12 months. MMR was achieved in 14.8%, while 

29.6% progressed to blast phase and 14.8% died. Among the 

five patients with sequential T315I, 60.0% achieved CHR at 

3 months and all achieved CHR at 6 and 12 months; one 

patient (20.0%) achieved MMR, one (20.0%) progressed to 

blast phase, and one (20.0%) died. Of the two patients with 

upfront T315I accompanied by an additional mutation, one 

progressed to blast phase and died [Table 7]. 

 

DISCUSSION 

The present study specifically evaluated the 

clinicopathological profile, pattern of mutation evolution, 

treatment response, and clinical outcomes among 34 patients 

with T315I-mutated chronic myeloid leukemia (CML). 

Unlike the parent cohort, which included all patients with 

imatinib-resistant CML, the present analysis focused 

exclusively on T315I-positive patients, thereby allowing a 

more detailed assessment of this clinically important 

gatekeeper mutation. The major findings were a 

predominance of younger male patients, a high proportion of 

adverse prognostic risk categories, predominantly 

isolated/upfront occurrence of T315I, relatively low 

achievement of major molecular response (MMR), and 

clinically important rates of blast-phase progression and 

mortality.The mean age of the T315I-positive patients was 

40.50 ± 13.16 years, while the mean age at diagnosis was 

34.85 ± 13.97 years. Males constituted 91.2% of the study 

population. At initial diagnosis, 82.4% of patients were in 

chronic phase, 14.7% in accelerated phase, and 2.9% in blast 

phase. The relatively young age of the study population was 

consistent with the pattern reported in Indian CML cohorts, 

where patients generally present at a younger age than those 

described in Western populations. The predominance of 

chronic-phase disease at initial presentation also indicates 

that development of T315I was not restricted to patients 

initially presenting with advanced disease. A notable 

observation was the high baseline prognostic risk burden 

among T315I-positive patients. High-risk disease was 

identified in 70.6% according to Sokal, 61.8% according to 

ELTS, and 64.7% according to EUTOS criteria. This 

suggests that a considerable proportion of patients who 

subsequently harbored T315I already had adverse disease 

characteristics. Previous studies have demonstrated an 

association between kinase-domain mutations and advanced or 

resistant disease, with T315I being particularly relevant because 

of its resistance profile.[7,12] However, because the present 

analysis included only T315I-positive patients and did not use 

T315I-negative patients as a comparator, these findings should 

be interpreted as characterization of the T315I population rather 

than evidence that high-risk scores independently predicted 

T315I development. The T315I mutation accounted for 34 of 101 

(33.7%) patients in the original imatinib-resistant cohort. This 

finding is comparable with Rajappa et al,[15] who detected kinase-

domain mutations in 29 of 90 imatinib-resistant patients, with 

T315I being the most frequent mutation, occurring in 9 of 29 

mutation-positive patients (31.0%). Majumdar et al,[16] in a large 

Indian series of 791 patients with TKI intolerance or resistance, 

detected BCR::ABL1 kinase-domain variants in 236 patients 

(29.8%), with T315I among the most frequently identified 

variants. Other Indian data have likewise identified T315I as one 

of the predominant kinase-domain abnormalities in TKI-resistant 

CML.[7] These observations support the clinical importance of 

specifically identifying T315I during evaluation of patients with 

inadequate or lost response to TKI therapy. An important aspect 

of the present study was the characterization of the pattern of 

T315I emergence. Of the 34 patients, 27 (79.4%) had 

isolated/upfront T315I, 2 (5.9%) had upfront T315I with an 

additional mutation, and 5 (14.7%) demonstrated sequential 

emergence of T315I. The median time to detection of the 

resistance mutation was 23.5 months, with 47.1% being detected 

after more than 24 months. These findings illustrate the dynamic 

nature of BCR::ABL1 kinase-domain evolution during 

treatment. Sequential acquisition of mutations may result from 

the selective pressure exerted by successive TKIs, allowing 

resistant subclones to expand over time.[9,11] Majumdar et al,[16] 

reported compound mutations in 33 of 236 (13.3%) mutation-

positive patients, further demonstrating that multiple kinase-

domain abnormalities are not uncommon in heavily treated or 

resistant CML. The distinction between isolated, sequential, and 

multiple/compound mutations is clinically relevant because 

accumulation of kinase-domain abnormalities may further 

restrict therapeutic options. Shah et al,[11] demonstrated that 

multiple BCR::ABL1 kinase-domain mutations may emerge 

during sequential TKI therapy and contribute to increasingly 

complex patterns of resistance. In the present cohort, however, 
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the number of patients with additional or sequential 

mutations was small. Therefore, the observed differences 

between mutation patterns should be considered exploratory 

rather than evidence of an independent prognostic effect. 

Hematological response improved over time in the present 

cohort. CHR was achieved in 67.6% of patients at 3 months, 

increasing to 91.2% at 6 months and remaining high at 88.2% 

at 12 months. In contrast, only 5 patients (14.7%) achieved 

MMR, indicating that restoration or maintenance of 

hematological control did not necessarily translate into a 

deep molecular response. Rajappa et al,[15] reported CHR in 

55.5% and major cytogenetic response in 39% of imatinib-

resistant patients following imatinib dose escalation. The 

relatively low MMR rate in our T315I-positive population is 

clinically important because T315I interferes with the 

activity of imatinib and several second-generation  

TKIs.[12–14] Consequently, hematological response alone may 

underestimate the persistence of resistant molecular disease. 

Treatment following detection of resistant disease was 

heterogeneous, reflecting the retrospective nature of the 

cohort, different treatment periods, disease phases, previous 

TKI exposure, and availability of subsequent therapies. 

Ponatinib was documented in 35.3% of patients, while 

hydroxyurea was recorded in 38.2%. Smaller proportions 

received dasatinib, bosutinib, asciminib, hypomethylating 

agents with TKIs, or chemotherapy-based combinations. 

This treatment heterogeneity is relevant when interpreting 

outcomes because patients did not receive a uniform post-

T315I therapeutic strategy. T315I has historically 

represented a major therapeutic challenge because the 

mutation confers resistance to imatinib and several second-

generation TKIs, making mutation-directed treatment 

particularly important.[13,14] Disease progression remained an 

important adverse outcome. Ten of the 34 T315I-positive 

patients (29.4%) progressed to blast phase, with a median 

time to progression of 34 months among those who 

progressed. At final assessment, 28 patients (82.4%) were 

alive, while 6 (17.6%) had died. These observations are 

consistent with previous evidence indicating that T315I can 

be associated with adverse clinical outcomes, although 

prognosis is strongly influenced by disease phase at the time 

of mutation detection. Nicolini et al,[12] demonstrated 

impaired survival associated with T315I among TKI-

resistant chronic-phase CML patients. Similarly, earlier work 

examining patients with T315I after imatinib failure showed 

that survival was strongly dependent on disease stage, with 

substantially better outcomes among patients remaining in 

chronic phase than among those with advanced disease. The 

present study also explored outcomes according to the 

pattern of T315I evolution. Among the 27 patients with 

isolated/upfront T315I, 8 (29.6%) progressed to blast phase 

and 4 (14.8%) died. Among the five patients with sequential 

T315I, one (20.0%) progressed and one (20.0%) died. Of the 

two patients with upfront T315I accompanied by another 

mutation, one progressed and died. MMR was achieved in 

14.8% of isolated/upfront cases, none of the two additional-

mutation cases, and 20.0% of sequential cases. Although the 

proportion of adverse outcomes appeared high in the very 

small additional-mutation subgroup, meaningful statistical 

comparison was limited by the subgroup sizes. These findings 

therefore do not establish that one pattern of T315I evolution was 

prognostically worse than another. The mutation-evolution 

findings should also be interpreted in the context of clonal 

selection during TKI treatment. Kinase-domain mutations may 

be detectable before overt clinical deterioration and may expand 

under continued therapeutic selection.[10] Branford et al,[10] 

demonstrated that detection of BCR::ABL1 kinase-domain 

mutations could identify patients at increased risk of subsequent 

disease progression. Similarly, mutations including T315I have 

been reported more frequently in advanced-phase disease and 

during progression from chronic to accelerated or blast phase.[6] 

These observations emphasize the importance of timely mutation 

analysis when treatment failure or loss of response is identified. 

Our findings are also supported by more recent Indian 

experience. Majumdar et al,[16] demonstrated considerable 

molecular heterogeneity among TKI-resistant/intolerant patients, 

including compound mutations, and reported poor survival 

among the limited number of T315I-positive patients with 

available follow-up. More recent Indian data have similarly 

identified T315I as a frequent mutation among patients with 

frontline TKI resistance and reported inferior overall survival 

among patients harboring T315I or ATP-binding-region 

mutations. Collectively, these observations reinforce the clinical 

relevance of T315I testing, while also demonstrating that 

outcomes are influenced by disease phase, clonal evolution, 

response to subsequent therapy, and availability of mutation-

directed treatment. 

 

CONCLUSION 

The present study demonstrated that T315I-mutated CML was 

characterized by a high proportion of adverse prognostic risk 

profiles and predominantly occurred as an isolated/upfront 

mutation (79.4%). Although complete hematological response 

improved from 67.6% at 3 months to 88.2% at 12 months, only 

14.7% of patients achieved major molecular response. During 

follow-up, 29.4% of patients progressed to blast phase and 17.6% 

died. Sequential and additional-mutation patterns were less 

frequent, and their small numbers limited definitive comparison 

of outcomes between mutation patterns. These findings highlight 

the clinical significance of T315I and emphasize timely mutation 

testing, close molecular monitoring, and individualized 

mutation-directed therapy in TKI-resistant CML. 

Limitation: The present study had certain limitations. Its 

retrospective and single-center design and the relatively small 

T315I-positive sample size limited the statistical power for 

subgroup comparisons. In particular, only five patients had 

sequential T315I and two had upfront T315I with additional 

mutations; therefore, definitive conclusions regarding 

differences in outcomes according to mutation evolution could 

not be drawn. Treatment after T315I detection was 

heterogeneous, and the study covered patients receiving different 

subsequent therapeutic approaches. Furthermore, the available 

molecular data did not necessarily permit clonal phasing of all 

coexisting mutations; therefore, cases with additional mutations 

should be interpreted cautiously when applying the strict 

molecular definition of a compound mutation. 
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