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Abstract
We present the case of a patient with multiple tyrosine kinase inhibitor (TKI)-refractory chron-
ic phase chronic myeloid leukemia (CP-CML) with a T315I mutation of abl1. Dasatinib, a sec-
ond-generation TKI, was administered as the initial treatment but achieved neither a cytoge-
netic nor molecular response. A mutational analysis of abl1 revealed that the patient had a 
T315I mutation. The patient was then administered ponatinib, a third-generation TKI, which is 
thought to be effective against T315I; however, the complete blood counts became within 
normal limits, and neither a cytogenetic nor molecular response was achieved. However, the 
patient has maintained a healthy chronic phase (with no blast crises) for more than 5½ years 
since the diagnosis of CP-CML. T-cell receptor (TCR) repertoire analyses using peripheral 
blood revealed a remarkable clonal expansion of effector cytotoxic T lymphocytes (CTLs) that 
contained TCR V beta 13.6. We observed the clonal expansion of naïve CTLs with TCR V beta 
13.6; however, no clonality was observed in the memory CTLs. The naïve and effector CTLs 
persisted at very high percentages since the seventh month after starting dasatinib. The CTLs 
could not have led to the molecular response; therefore, there might be plenty of CML stem 
cells remaining in the bone marrow. Therefore, although the CTLs might have prevented the 
disease from developing blast crises over more than 5 years, the CTLs might not have been 
able to become memory CTLs. © 2021 The Author(s).
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Introduction

The formation of bcr-abl1 by chromosomal translocation between chromosomes 9 and 
22 results in chronic myeloid leukemia (CML) [1]. Since the approval in 2001 of imatinib, the 
first-generation tyrosine kinase inhibitor (TKI), TKIs (including second-generation TKIs) 
have led to significantly improved outcomes for patients with CML [2]. However, bcr-abl1 
mutations, such as T315I, have become the focus when treating patients with CML with TKIs 
[3–7]. Ponatinib, a third-generation TKI, has been approved for refractory CML and relapse/
refractory Philadelphia chromosome (Ph1)-positive acute lymphoblastic leukemia and has 
the potential for treating patients with T315I [8]. This is a case report of a patient with 
dasatinib and ponatinib-refractory chronic phase CML (CP-CML) with T315I who presented 
long-term survival with no blast crisis. The patient developed clonal naïve and effector cyto-
toxic T lymphocytes (CTLs) that might have prevented the patient from experiencing a blast 
crisis.

Case Report/Case Presentation

A 58-year-old man presented to our hospital with leukocytosis. Table 1 summarizes the 
patient’s laboratory data. The patient had an elevated leukocyte count (298,400/μL) with 
8.5% myeloblasts, and anemia (hemoglobin, 7.5 g/dL). A flow cytometric analysis targeting 
the stem cell fraction revealed that the myeloblasts were positive for CD7, CD13, CD33, CD34, 
CD117, and HLA-DR, and negative for CD2, CD3, CD4, CD8, CD56, CD10, CD19, CD20, and 
CD235a. The results of the bone marrow aspiration were not available due to a dry tap. We 
detected a chromosomal abnormality t(8;9;22)(q22;q34;q11.2) in all 20 analyzed mitotic 
cells in a peripheral blood sample. A real-time quantitative polymerase chain reaction analysis 
revealed that the patient was positive for major bcr-abl1 but negative for minor bcr-abl1. A 
computed tomography scan revealed marked hepatosplenomegaly (data not shown). Based 
on these findings, we diagnosed the patient with CP-CML.

The patient was administered dasatinib (140 mg/day) as the initial treatment, resulting 
in a decreasing leukocyte count that gradually returned to normal. The hemoglobin and 
platelet levels dropped below their normal limits (Fig. 1a, b). A bone marrow aspiration 11 
months after the initiation of dasatinib revealed that the patient had not achieved a cytoge-
netic response in all 20 analyzed mitotic cells, and there was no molecular response (inter-
national scale [IS], 103.1%). We detected a T315I mutation of abl1 by mutational analysis 
using the bone marrow sample. We then added pegylated interferon alpha (PEG-IFNα) (90 
μg/week) to the dasatinib (100 mg/day). After administering 14 doses of PEG-IFNα, we 
withdrew the drug because the hemoglobin level reached 3.1 g/dL (Fig. 1b). The IS value was 
38.8% at that time and increased to 95.7% at 9 months after the initiation of the dasatinib 
plus PEG-IFNα combination. Ponatinib was administered instead of dasatinib soon after 
ponatinib’s approval for use for refractory CML. The starting ponatinib dosage was 30 mg/
day and was subsequently raised to 45 mg/day. Although we observed no cytogenetic or 
molecular response since that point, the complete blood counts remained almost within 
normal limits more than 4 years after starting ponatinib. A few bone marrow aspiration 
analyses were conducted during the course of treatment, observing a T315I mutation at 9, 25, 
and 63 months after the start of treatment with dasatinib (Fig. 1b). We detected the chromo-
somal abnormality t(8;9;22)(q22;q34;q11.2) was in 19 of the 20 analyzed mitotic cells at 63 
months after the start of treatment with dasatinib; the remaining 1 cell showed a normal 
karyotype (data not shown).
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To investigate the cellular immunity, T-cell receptor (TCR) V beta gene repertoire analyses 
were performed using flow cytometry targeting CD8-positive T cells at several time points 
(Fig. 2). We detected fairly high percentages of naïve and effector CTLs using TCR V beta 13.6 
at the seventh month after starting dasatinib (naïve CTLs, 33.5%; effector CTLs, 71.9%). The 
percentages of naïve CTLs subsequently showed a gradual increase to approximately 70%, 
while the percentages of the effector CTLs remained at the same level until the sixty-sixth 
month after starting dasatinib. Although we observed remarkable clonality of the naïve and 

Table 1. Laboratory data on first admission

Complete blood counts Values

White blood cells 298,400/μL
Blasts 8.5%
Promyelocyte 20.5%
Myelocytes 11.5%
Metamyelocytes 3.5%
Stabbed neutrophils 4.5%
Segmented neutrophils 37.0%
Lymphocytes 3.0%
Eosinophils 5.0%
Basophils 6.5%
Monocytes 0.0%
Red blood cells 231×104/μL
Hemoglobin 7.5 g/dL
Hematocrit 22.1%
Platelet 41.9×104/μL

Bone marrow aspiration

Dry tap

Flow cytometry (peripheral mononuclear cells)

T/NK cell lineage B cell lineage Myeloid lineage/others

CD2: 0.0%
CD3: 0.1%
CD4: 0.5%
CD5: 1.9%
CD7: 88.8%
CD8: 0.1%
CD56: 4.6%

CD10: 0.1%
CD19: 0.0%
CD20: 0.2%

CD13: 99.1%
CD14: 0.2%
CD33: 91.4%
CD34: 84.3%
CD41: 15.5%
CD117: 84.9%
CD235a: 0.6%
HLA-DR: 92.4%

Chromosomal analysis (peripheral blood)

46,XY,t(8;9;22)(q22;q34;q11.2) [20]

bcr-abl1 mRNA analysis (RQ-PCR)

major bcr-abl1 mRNA 1.1×105 copies/μg RNA
minor bcr-abl1 mRNA not detected

RQ-PCR, real-time quantitative polymerase chain reaction
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Fig. 1. Changes in the treatment of CML and biomarkers. a Changes in leukocyte counts. b Changes in bio-
markers. Treatment periods and dosages of dasatinib, ponatinib, and pegylated interferon alpha are shown 
at the top of the figure. The green, black, red, and blue lines indicate the bcr-abl1 international scale (%), leu-
kocyte counts (/μL), hemoglobin level (g/dL), and platelet counts (/μL), respectively. The yellow triangle 
indicates the time points when the T351I mutation was detected. All data were shown from the third month 
from start of dasatinib treatment. PEG-IFNα, pegylated interferon alpha; WBC, white blood cell; Hb, hemo-
globin; PLT, platelet; IS, bcr-abl1 international scale.
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effector CTLs, there has been no obvious clonal expansion of memory CTLs until the present 
(Fig. 2).

Written informed consent for use and disclosure of the protected information was 
obtained from the patient.

Discussion/Conclusion

TKI induction to treat CP-CML has drastically changed the natural course of patients with 
CP-CML [1], most of whom can expect a normal life expectancy if treated appropriately [2]. 
However, abl1 mutations often show resistance to treatment with first- and second-gener-
ation TKIs such as imatinib, dasatinib, nilotinib, and bosutinib [3–7]. The T315I mutation is 
especially resistant to all first- and second-generation TKIs. Ponatinib, a third-generation TKI, 
can overcome the T315I mutation [8]. Regrettably, however, neither a cytogenetic nor 
molecular response was achieved when this patient was treated with ponatinib. The patient 
might have had the T315I mutation at the first diagnosis due to the following reasons: (1) 
there was an additional chromosomal abnormality with Ph1, t(8;9;22)(q22;q34;q11.2), (2) 
the initial treatment with dasatinib failure, and (3) the T315I mutation was detected 7 months 
after starting dasatinib. Generally, patients with CP-CML who are not treated with TKIs will 
progress to accelerated or blast crisis phases of the disease within 3–5 years. However, our 
patient spent a normal life with no complaints in the CP phase for more than 5½ years, with 
no cytogenetic or molecular response. Cellular immunity can play an important role in 
controlling the disease status of CML. Allogeneic donor lymphocyte infusion in patients with 

Fig. 2. T-cell receptor V beta gene repertoire analysis. Naïve, effector, and memory CTLs are shown in the 
upper, middle, and lower panels, respectively. Peripheral blood mononuclear cells were analyzed by flow 
cytometry using the Beta Mark TCR Vβ repertoire kit (Beckman Coulter, Tokyo, Japan) according to the man-
ufacturer’s instructions. Naïve CTLs were defined as the CD8+CD27+CD45RA+ population, effector CTLs 
were defined as the CD8+CD27–CD45RA+ population, and memory CTLs were defined as the CD8+CD45RA– 
population. Vb, V beta; Mo, months after starting dasatinib.
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relapsed CML after allogeneic hematopoietic stem cell transplantation often shows effec-
tiveness through cellular immunity [9]. In a previous study, we reported that long-lasting 
effector and memory CTLs with TCR clonality were detected in a patient with CP-CML who 
could achieve long-term survival with TKI-treatment-free remission and in a patient with 
Ph1-positive acute lymphoblastic leukemia with long-term complete molecular response [10, 
11]. These effector and memory CTLs might play important roles in attacking leukemic stem 
cells and inhibiting regrowth. We detected the T315I mutation in the early stage of the disease 
and observed refractoriness against ponatinib in this patient. Nonetheless, the patient was 
able to survive for more than 5½ years, living a normal life even with no cytogenetic or 
molecular response. The clonal expansion of effector CTLs with TCR V beta 13.6 might prevent 
the patient’s CML stem cells with the T315I mutation from transforming into accelerated or 
blast crisis phases of the disease. However, the effector CTLs were unbale to eradicate the 
patient’s CML stem cells and must therefore have not been able to become memory CTLs so 
far.

In summary, we report an impressive case of a patient with dasatinib and ponatinib-
refractory CP-CML who lived a normal life for more than 5½ years despite a positive T315I 
mutation. Expanded effector CTLs with TCR V beta 13.6 might have profoundly contributed 
to stabilizing the disease status in the chronic phase. Based on our previous reports, cellular 
immunity against leukemic stem cells with bcr-abl1 may be a key factor in treating CML and 
Ph1-positive leukemia.
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