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1 |  INTRODUCTION

Chronic myeloid leukemia (CML) accounts for approximately 
15-20% of all leukemias in adults.1 CML is characterized by 
the BCR-ABL1 fusion gene encoding a constitutively active 

tyrosine kinase.2 Tyrosine kinase inhibitor (TKI) can help to 
improved the survival time in CML patients to expect almost 
normal life expectancy; however, the risk of secondary ma-
lignancies due to TKIs has not been completely eliminated. It 
is reported that second malignancies developed in 3.1-4.5% 
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Abstract
Tyrosine kinase inhibitor (TKI) can help to increase the survival time in chronic 
myeloid leukemia (CML) patients; however, the risk of secondary malignancies due 
to TKIs is a growing concern. Only few reports showed clinical course of patients 
who developed lymphoma during TKI therapies. Herein, we report a case of high-
grade B-cell lymphoma diagnosed in the course of CML treatment with bosutinib. 
The 75-year-old male patient had been diagnosed with CML 25  years ago. After 
receiving TKIs (imatinib, nilotinib, and bosutinib), he achieved a major molecular 
response. Over 3 years after starting bosutinib, he was diagnosed with a high-grade 
B-cell lymphoma. A total of six courses of DA-EPOCH-R therapy brought com-
plete remission of the lymphoma. Moreover, BCR-ABL1 transcript copies remained 
undetectable by RT-PCR, 8 months after stopping bosutinib. The risk of secondary 
malignancy due to TKI has been controversial. It is reported that TKI induces ir-
reversible chromosomal abnormalities or chromosome aberrations and inhibits the 
proliferation or function of T cells, B cells, and NK cells. These mechanisms of TKI 
may contribute to the development of secondary malignancy. There remains no con-
sensus on the management of secondary lymphoma during TKI therapies. At present, 
the only alternative is to observe patients receiving TKI treatment cautiously and to 
treat secondary lymphoma in the same manner as de novo lymphoma.
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of case during the treatment course of CML, of which sec-
ondary lymphoma accounts for about 5%.3-5 However, few 
reports showed clinical course of patients who developed 
lymphoma during TKI therapies. Herein, we report a case 
of high-grade B-cell lymphoma (HGBCL) diagnosed in the 
course of CML treatment with bosutinib and present the re-
view of literature.

2 |  CASE

The 75-year-old male patient was diagnosed with CML 
25  years ago (in August 1994), and he started a treatment 
with interferon. Twelve years later, the patient was started on 
imatinib. In October 2009, he gradually developed cytope-
nia. Although there were approximately 3% blasts in the bone 
marrow, cytogenetic analysis revealed double Ph clones. 
Therefore, the patient was diagnosed with an accelerated 
phase of CML and the treatment was switched to nilotinib. 
A cytogenetic response was achieved 3  months after start-
ing treatment with nilotinib, and a major molecular response 
(MMR) was achieved 2 years after starting nilotinib dosing. 
The patient developed erythema on the extremities and trunk 
from the start of nilotinib dosing, and antihistamines were 
continuously administered; however, because the eruptions 
became uncontrollable, the treatment was changed to bosuti-
nib (400-500 mg once daily) in March 2016. The MMR was 
maintained even after switching to bosutinib.

In early August 2019, the patient developed a posterior 
neck pain and malaise and was seen at a local medical insti-
tution. Computed tomography (CT) revealed lymphadenopa-
thies in the bilateral cervical, mediastinal, and gastric cardial 
regions, and also around the pancreas head and bilateral in-
guinal regions. Positron emission tomography showed abnor-
mal accumulation of fluorodeoxyglucose at these same sites 
(Figure 1A). Pathological examinations of the inguinal lymph 
node biopsies showed cells with large nuclei, proliferating in 
a starry sky pattern, and immunostaining revealed CD19(+), 
CD20(+), CD79a(+), MUM1(+), BCL-2(+), c-myc(+), 
strongly positive Ki-67, CD10(−), and TdT(−) (Figure 2A-
D). Neither BCL2 nor MYC rearrangement was detected 
by fluorescence in situ hybridization. The lymphoma cells 
were negative for Epstein-Barr virus (EBV)-encoded RNA 
(EBER), which allowed to exclude EBV-associated lympho-
mas. There was no bone marrow infiltration, and the patient 
was diagnosed with a stage III HGBCL. Administration of 
bosutinib was discontinued since BCR-ABL1 transcript cop-
ies remained below the level of detection achieved by the 
real-time quantitative reverse transcription polymerase chain 
reaction (RT-PCR). After two courses of the dose-adjusted 
EPOCH-R (etoposide, prednisone, vincristine, cyclophos-
phamide, doxorubicin, and rituximab) therapy, a complete 
remission (CR) was confirmed on CT scan. The CR was also 

maintained after 4 additional courses (a total of 6 courses) of 
the same therapy (Figure 1B). Moreover, BCR-ABL1 tran-
script copies remained undetectable by RT-PCR 8  months 
after bosutinib discontinuation.

3 |  DISCUSSION

The present patient developed lymphoma after being treat-
ment with three different TKIs. The patient developed 
HGBCL after administration of bosutinib. This is a valuable 
case because no previous studies have reported the detailed 
clinical course of such a case.

The risk of secondary cancer due to TKI has been a sub-
ject of debate. Novartis and MD Anderson Cancer Center 
reported TKI does not increase the risk of secondary malig-
nancy,6,7 but these data are based on spontaneous reports or 
include patients with diseases other than CML. Contrarily, 
there have been several reports that the risk of secondary 
cancer in CML patients who were administered TKI could 
increase.3,8,9 In a survey of 13,256 CML patients, Sasaki K 
et al reported a 4.5% incidence of secondary malignancies.4 
In this study, patients who had a history of cancer at the time 

F I G U R E  1  PET/CT images during the diagnosis of the high-
grade B-cell lymphoma. A) Fused positron emission tomography 
showing increased fluorodeoxyglucose uptake at the bilateral cervical 
and also around the pancreas head and bilateral inguinal regions. 
B) The metabolic CR was maintained after 6 courses of EPOCH-R 
therapy
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of CML diagnosis and those who developed other cancers 
within one year of the CML diagnosis were excluded from 
this report. Furthermore, the 10-year risk of secondary ma-
lignancy was stable. These reports suggest that TKI may in-
crease the risk of secondary malignancies, and it is therefore 
necessary to cautiously observe patients receiving a TKI 
treatment for the onset of other cancers.

Sasaki K et al reported 31 (0.2%) CML patients with sec-
ondary lymphoma, but their clinical courses are unknown. 
Table  1 showed the detailed clinical course of lymphomas 
that developed during TKI treatment in CML patients.10-17 
Among them, imatinib was the most commonly used medica-
tion, while there were no reports of patients who were treated 
with bosutinib. The time from the initial TKI dose to the 
onset of the secondary cancer was longest in our case. The 
outcomes of the lymphoma are unknown for case 4 and 8, 
while case 3 died 8 months after developing the lymphoma. 
Other cases responded well to chemotherapy.

Several possible mechanisms of the onset of other hema-
tologic malignancies in CML patients under TKI therapy 
may be thought possible. First, CML itself may increase the 
risk of cancer onset. It is possible that BCR-ABL transloca-
tion may introduce genetic instability and that progenitors of 
other hematologic malignancies were already latent at the 
time of CML diagnosis.18 However, patients who had been in 
long-term remission have also been observed with secondary 
cancer; therefore, this hypothesis alone does not fully explain 
the mechanisms of onset. Second, TKI-induced immunosup-
pression may leave patients vulnerable to secondary cancers. 
TKIs are known to inhibit the proliferation or function of T 
cells, B cells, and NK cells,19 and this may decrease tumor 
immunity, thereby contributing to the cancer onset. It is well 

known that long-term immunosuppression led to increase 
the risk of lymphoproliferative complications and secondary 
hematologic malignancies, in which the most common ma-
lignancies are non-Hodgkin lymphomas.20,21 Thus, as long 
as patients are on TKI therapy, they must be considered as 
being exposed to the risk of secondary malignancies. Third, 
EBV can contribute to the pathogenesis of lymphoma, par-
ticularly in compromised patients22; however, Epstein-Barr 
encoding region in situ hybridization was negative with this 
patient's specimens. In the revised 4th edition of the 2016 
classification of the World Health Organization,23 a positive 
expression of EBER in pathological samples is necessary 
for the diagnosis of EBV + DIBCL. Moreover, there seems 
also to be concern about TKI-associated follicular lymphoid 
hyperplasia.24 TKIs may promote B-cell activation and pro-
liferation resulting from activation of the serine-threonine ki-
nase Akt (also known as protein kinase B), which may induce 
clonal abnormalities in B cells.25

Dasatinib is a dual-specific SRC and ABL inhibitor and 
has 100-300 fold higher activity than imatinib.26,27 Bostinib 
is also a dual SRC/ABL inhibitor and inhibits the ABL T315I 
mutant almost 70-fold more potently than dasatinib.28 In 
contrast to dasatinib, bostinib has reduced activity against 
nonspecific molecular targets such as KIT and PDGFR (two 
common off-targets).29 Since TKIs have different off-target 
effects, the relevant TKI with the presence of lymphoid hy-
perplasia or lymphoproliferative disorder should be switched 
to another TKI or discontinued if possible.

There are no clear reports on the prognosis of lymphoma 
developed during TKI therapy. The present patient responded 
rapidly to initial therapy as well as most of other patients 
displayed in Table  1. Lymphoma arising in patients with 

F I G U R E  2  Pathological findings of 
the inguinal lymph node. Hematoxylin and 
Eosin staining illustrates cells with large 
nuclei, proliferating in a starry sky pattern 
(A). Immunohistochemical staining showed 
positive for CD20 (B), CD79a (C), and 
Ki-67 (D)

(A) (B)

(C) (D)
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primary immunodeficiencies is generally known to have 
poor a prognosis.30 However, the prognosis of most of iat-
rogenic immunodeficiency-associated lymphomas is not 
poor.31 Presently, the only treatment available for lymphomas 
resulting from TKI therapy is the same as that for de novo 
lymphoma. Accumulating data from more patients is needed 
for the development of novel therapeutic strategies for lym-
phomas secondary to TKI.
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