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Case Report

Extramedullary blast crisis of CD34* CD38 leukemia
stem cells in chronic myeloid leukemia resistant to
tyrosine kinase inhibitors: a report of two cases
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Abstract: We report two cases of chronic-phase chronic myeloid leukemia (CML), who presented extramedullary
blast crisis; biopsy revealed proliferation of uniform blast cells, and immunophenotype was suggestive of CD34*
primitive hematopoietic cells. The BCR/ABL fusion gene detected in a paraffin-embedded section of the lesion by
double-color fluorescence in situ hybridization (FISH), indicating an extramedullary tumor composed of CML leuke-
mia stem cells in both cases. Although treated with dasatinib, systemic chemotherapy, and local radiotherapy, both
patients died of infection-related complications. Therefore, in our cases, CD34* CD38 leukemia stem cells of CML
appear to have migrated to and proliferated in extramedullary sites. Once blast crisis develops, the prognosis is very
poor, more potent tyrosine kinase inhibitors such as dasatinib will be ineffective, and a transplant of human stem

cells may be needed.
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Introduction

Chronic myeloid leukemia (CML) is a myelopro-
liferative clonal disorder of stem cells, and its
typical clinical course includes a chronic phase,
accelerated phase, and blast crisis phase.
Blast crisis is the end stage of the disease and
usually indicates a poor prognosis. Certain
patients will develop extramedullary blast crisis
(EBC) caused by the extramedullary infiltration
of blast cells. EBC occurs primarily in lymph
nodes, and secondarily in bone and certain
other soft tissues [1]. Blast Crisis (BC) cells are
mostly of myeloid lineage but may also is of
lymphoid lineage [2] and rarely of megakaryo-
cytic-type, mixed-type, or biphenotypic lineage
[3-5]. However, extramedullary tumors of
CD34* CD38 stem cells have not been report-
ed, and herein we present two cases of CML in
patients with CD34* CD38" cells in EBC recently
admitted to our department.

Case 1

A 31l-year-old man presented to our depart-
ment with severe pain and swelling in the left

knee for two months with no history of trauma.
In 2008, he was diagnosed with CML in the
chronic phase, and was treated with hydroxy-
urea. In September 2014, a bone marrow
examination revealed remarkable myeloid
hyperplasia with 8% blasts. The karyotype
1(9:22)(q34:qll) was identified in all cells exam-
ined, but no additional chromosomal abnormal-
ity, major BCR/ABL fusion gene, and E255K
mutation were detected, suggesting the dis-
ease had progressed to an accelerated phase.
Imatinib mesylate (400 mg) was given daily,
achieving bone marrow (BM) complete remis-
sion (CR). However, since January 2015, he
developed left knee pain and swelling progres-
sively. On referral to our department, a physical
examination revealed a red, swollen left knee,
fever, but no hepatosplenomegaly. His blood
counts were normal, however, a heterogeneous
low signal intensity mass was detected on T1
and T2 images in the lower part of the femur as
well as the upper part of the tibia (Figure 1A),
and then left femoral tumor incision biopsy was
performed. Histological analysis revealed some
necrotic areas and the proliferation of round
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Figure 1. A: Magnetic resonance image of the lower part of the left femur. Coronal T2 enhanced (the left one) and
sagittal T2-enhanced (the right one) image of the lesion (indicated by arrow). B: Computed tomography scans show
the presence of a large soft-tissue mass on the right side of the neck (arrow).
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Figure 2. Biopsy of the lower part of the femur of the first person shows the proliferation of round blast cells (hema-
toxylin and eosin stain, original magnification x200) diffusely positive for CD34 and CD43 but negative for CD38,
MPO, CD3, CD20, and TdT (original magnification x200).

blast cells. Immunohistochemistry showed that
these cells were LCA, CD43, and CD34 posi-
tive, and CD20, CD3, MPO, TdT, CD38, Auer
negative (Figure 2), and the proliferative activi-
ty (i.e., Ki67) was 50%. A screening of the biop-
sy specimen for cytogenetic abnormalities by
fluorescence in situ hybridization (FISH) found
that 70% of blast cells had nuclei containing
the Bcr/Abl fusion gene (Figure 3), which con-
firmed that the blasts were derived from Ph*
leukemia cells.

Examination of the bone marrow suggested
chronic-phase  CML. A 1(9;22)(q34;q11.2)
abnormality was revealed by chromosomal
analysis of the bone marrow cells, with the Ber/
Abl fusion gene revealed in 70% of interphase
nuclei by FISH analysis, high Bcr/Abl mRNA
expression detected by reverse transcriptase
polymerase chain reaction (RT-PCR) in 42.3%
of cells, and E255K mutation occurring in 55%
of cells.

After diagnosis, 140 mg of dasatinib daily and a
course of high dose methotrexate (5 g/m?)
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were given. As pain persisted, he was started
on local radiotherapy 20 Gy in five fractions;
however, his pain was not relieved and a few
days later, he died of pneumonia and septic
shock.

Case 2

A 60-year-old man was admitted in February
2015 because of a gradually enlarging mass in
his neck for 2 months. He had been diagnosed
with chronic-phase CML in 2009 and was treat-
ed with 400 mg of imatinib mesylate every day,
which resulted in complete cytogenetic remis-
sion 4 months later. In May 2014, the patient
was admitted to our department because of
headache. A computed tomography scan of his
head demonstrated no specific signs of menin-
geal and cerebral involvement. And lumbar
puncture revealed blasts in the cerebrospinal
fluid (CSF), and several doses of intrathecal
chemotherapy with cytarabine, methotrexate
and dexamethasone given once a week, as well
as 140 mg of dasatinib given every day, led to
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a few months prior to) blast
crisis in the marrow [7]. In our
report, both patients were still
in the chronic phase of their
disease when EBC appeared
and both died of infection-
related complications not
more than 5 months after
developing EBC.

Most EBC cells are of myeloid
lineage, and some are of lym-

Figure 3. Detection of Bcr-Abl fusion genes by FISH in a paraffin-embedded phoid lineage. Determining

tissue section. Ber-Abl fusion genes are indicated by co-localized signals (ar-
rows) for Ber genes (green signals) and Abl genes (red signals). The counter-
stain is 4,6-diamino-2-phenyl-indole (A: Patient 1, B: Patient 2).

the disappearance of the headache and the
blasts in the CSF. After 7 months with complete
hematologic and cytogenetic remission, the
patient developed a subcutaneous tumor on
the right side of his neck.

On arrival at our hospital, physical examination
showed that the 56 cm lump was hard, ill-
defined, and not obviously tender. Moreover, no
enlarged superficial lymph nodes were detect-
ed. A CT scan showed the subcutaneous tumor
(Figure 1), and a biopsy with immunochemical
staining of the tumor demonstrated the prolif-
eration of blast cells (Ki67 proliferation index,
75%), of LCA*, CD43*, CD34*, CD20,, CD3,
MPO-, TdT, and CD38;, which were similar to
the first case. A FISH analysis revealed the
presence of a Bcr-Abl gene rearrangement in
the biopsy specimen; bone marrow was still in
chronic phase disease; cytogenetic analysis
showed normal karyotype; RT-PCR revealed
Ber-Abl mRNA expression in only 0.2% of the
cells, and genetic analysis failed to detect any
mutations.

Two courses of combination chemotherapy and
local radiotherapy, as well as 140 mg/day of
dasatinib, failed to shrink the neck mass. And
the patient gave up treatment and soon died of
pneumonia.

Discussion

CML in EBC is defined as the development of
extramedullary disease caused by the infiltra-
tion of blasts independent of the proliferation
of blasts in the bone marrow [6]. CML in EBC is
rare and it often occurs simultaneously with (or
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the cell lineage of the blasts is
clinically important for pre-
dicting the response to che-
motherapy and survival in
blast-crisis CML. Immunohistochemical stain-
ing makes it possible to identify tumor cell
markers. Tumor cells in these two patients
were CD34* CD38;, and positive for Bcr-Abl
rearrangement, so we believed that these
tumor cells originated from bone marrow leuke-
mia stem cells.

Researchers have detected the Bcr-Abl fusion
gene not only in different BM hematopoietic
myeloid cell lineages but also in CD34" precur-
sors from CML patients [8]. Since TKI became
widely used to treat CML patients, the inci-
dence of EBC has increased, and the reason is
not clear Some researchers believe that blast
cells changed in the early stage can evade TKI
Killing and selectively proliferate in extramedul-
lary sites [2]. Other researchers hold that Bcr-
Abl kinase mutation occurs in leukemia stem
cells before TKI therapy because of the instabil-
ity of the BCR-ABL fusion gene in CML stem
cells [9]. Our two patients had a history of pre-
TKI use, and the first patient had the E255K
mutation. We suppose that BM leukemia stem
cells migrate to the extramedullary sites.

As we all know, persistence of leukemia stem
cells is the main reason for the relapse and
refractoriness in CML patients. According to Su
Chu et al., CD34* CD38 stem cells function as
a major reservoir of residual BCR-ABL" cells in
patients in remission on imatinib mesylate
treatment and can generate BCR-ABL" cells
after transplantation to immunodeficient mice
[10]. Consequently, we hypothesize that leuke-
mia stem cells can migrate to and proliferate in
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extramedullary sites to form extramedullary
tumors, and our two cases provide further evi-
dence to support this hypothesis.

There is no standard treatment for CML-EBC.
Naito et al [11] confirmed that imatinib can
penetrate lymph nodes in animal models, so
imatinib for CML blast crisis in lymph nodes
may be effective. In recent years, treatment of
CML-EBC with imatinib was successful in some
cases [12], and because dasatinib can pene-
trate extramedullary tissue or the CNS, patients
receiving it may achieve a good response [13].
Though given a standard dose of dasatinib, our
two patients failed to respond. Effectiveness
may depend on tumor cell type. According to
the literature, CML hematopoietic stem cells
are not sensitive to TKIs; even dasatinib could
not induce a pro-apoptotic response in CML
progenitors [14]. Thus, dasatinib cannot be
expected to inhibit the proliferation of leukemia
stem cells in extramedullary sites.

We are the first to report that CML patients can
progress to EBC of CD34* CD38" leukemia stem
cells during TKI treatment, which provides fur-
ther evidence that leukemia stem cells can
migrate in extramedullary sites and proliferate.
At this point, the prognosis is very poor, even
more potent ABL kinase inhibitors is ineffec-
tive. So other pathways of CML stem cell sur-
vival need to be identified and targeted to
enhance their elimination, HSCT may be
needed.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Hongyan Tong,
Department of Hematology, The First Affiliated
Hospital, College of Medicine, Zhejiang University,
79# Qingchun Road, Hangzhou 310003, Zhejiang
Province, China. Tel: 0086-13958122357; Fax:
0086-0571-87236702; E-mail: hongyantong@ali-
yun.com.cn

References

[1] Sakakura M, Ohishi K, Nomura K, Katayama N,
Nishii K, Masuya M, Nakase K, Shiku H. Case
of chronic-phase chronic myelogenous leuke-
mia with an abdominal hematopoietic tumor of
leukemic clone origin. Am J Hematol 2004; 77:
167-170.

4818

(2]

(3]

(4]

(5]

)

(11]

Kim AS, Goldstein SC, Luger S, Van Deerlin VM,
Bagg A. Sudden extramedullary T-lymphobla-
stic blast crisis in chronic myelogenous leuke-
mia: a nonrandom event associated with ima-
tinib? Am J Clin Pathol 2008; 129: 639-648.
Pullarkat ST, Vardiman JW, Slovak ML, Rao DS,
Rao NP, Bedell V, Said JW. Megakaryocytic
blast crisis as a presenting manifestation of
chronic myeloid leukemia. Leuk Res 2008; 32:
1770-1775.

Ganessan K, Goel R, Kumar K, Bakhshi S.
Biphenotypic extramedullary blast crisis as a
presenting manifestation of Philadelphia
chromosome-positive CML in a child. Pediatr
Hematol Oncol 2007; 24: 195-198.

Chen X, Rutledge JC, Wu D, Fang M, Opheim
KE, Xu M. Chronic myelogenous leukemia pre-
senting in blast phase with nodal, bilineal my-
eloid sarcoma and T-lymphoblastic lymphoma
in a child. Pediatr Dev Pathol 2013; 16: 91-96.
Sabattini E, Bacci F, Sagramoso C, Pileri SA.
WHO classification of tumours of haematopoi-
etic and lymphoid tissues in 2008: an over-
view. Pathologica 2010; 102: 83-87.
Tsukamoto S, Ota S, Ohwada C, Takeda Y,
Takeuchi M, Sakaida E, Shimizu N, Yokote K,
Iseki T, Nakaseko C. Extramedullary blast crisis
of chronic myelogenous leukemia as an initial
presentation. Leuk Res Rep 2013; 2: 67-69.
Chandia M, Sayagués JM, Gutiérrez ML, Chillon
ML, Aristizabal JA, Corrales A, Castellanos M,
Melon A, Sanchez ML, Barcena P, Matarraz S,
Gonzalez-Gonzalez M, Barrena S, Lopez A,
Canizo MC, Sanchez-Guijo F, Orfao A.
Involvement of primary mesenchymal precur-
sors and hematopoietic bone marrow cells
from chronic myeloid leukemia patients by
BCR-ABL1 fusion gene. Am J Hematol 2014;
89: 288-294.

Janssen JJ, Deenik W, Smolders KG, van Kuijk
BJ, Pouwels W, Kelder A, Cornelissen JJ,
Schuurhuis GJ, Ossenkoppele GJ. Residual
normal stem cells can be detected in newly di-
agnosed chronic myeloid leukemia patients by
a new flow cytometric approach and predict for
optimal response to imatinib. Leukemia 2012;
26: 977-984.

Chu S, McDonald T, Lin A, Chakraborty S,
Huang Q, Snyder DS, Bhatia R. Persistence of
leukemia stem cells in chronic myelogenous
leukemia patients in prolonged remission with
imatinib treatment. Blood 2011; 118: 5565-
5572.

Naito K, Mori T, Miyazaki K, Tsukada Y, lkeda Y,
Okamoto S. Successful treatment of extramed-
ullary blast crisis of chronic myelogenous leu-
kemia with imatinib mesylate (STI571). Intern
Med 2003; 42: 740-742.

Int J Clin Exp Med 2016;9(2):4815-4819


mailto:hongyantong@aliyun.com.cn
mailto:hongyantong@aliyun.com.cn

EBC, leukemia stem cells, chronic myeloid leukemia

[12] Raanani P. Taming of the shrew-overcoming [14] Konig H, Copland M, Chu S, Jove R, Holyoake
extramedullary blast crisis in the era of the TL, Bhatia R. Effects of dasatinib on SRC Kki-
new tyrosine kinase inhibitors. Acta Haematol nase activity and downstream intracellular sig-
2013; 130: 108-110. naling in primitive chronic myelogenous leuke-

[13] Xu Z, Zheng M, Wu C, Ma Y, Meng L, Zhou J, mia hematopoietic cells. Cancer Res 2008;
Wang Y. The overwhelmingly positive response 68: 9624-9633.

to Dasatinib of a patient with multiple blast cri-
sis of chronic myeloid leukemia. Int J Clin Exp
Med 2015; 8: 1460-1466.

4819 Int J Clin Exp Med 2016;9(2):4815-4819



