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Abstract

Chronic myeloid leukemia (CML) is a clonal hematopoietic stem cell disorder characterized by the presence of a cytoge-
netic abnormality, the Philadelphia (Ph) chromosome. BCR-ABL tyrosine kinase inhibitors (TKIs) have revolutionized the
treatment of chronic myeloid leukemia (CML). Patients who respond to treatment achieve a near-normal life expectancy. In
this case report, we present the first case from Turkey of reversible follicular lymphoid hyperplasia (FLH) related to the use
of a second-generation TKI, dasatinib. A peripheral blood specimen was evaluated by double-fusion fluorescence in situ
hybridization (FISH) for cytogenetics and by quantitative RT-PCR (qPCR) for BCR-ABL1 mRNA transcripts. The cervical
lymph node biopsy tissue was embedded in paraffin and sectioned following routine methods after fixation in neutral buffered
formalin. Immunohistochemical staining was applied for further evaluation. A 64-year-old male CML patient with complete
cytogenetic response (CCyR) and major molecular response (MMR) presented with lymphadenopathies accompanied by
mild lymphocytosis following 3 months of dasatinib treatment. The patient was diagnosed with FLH. After termination of
dasatinib, the lymphadenopathies regressed during follow-up. FLH should be considered a rare side effect of dasatinib. A

watch and wait strategy following dasatinib treatment termination would be suitable.
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Introduction

Chronic myeloid leukemia (CML) is defined by the pres-
ence of a distinctive cytogenetic abnormality, the Philadel-
phia (Ph) chromosome, which is a translocation between
chromosomes 9 and 22, t(9;22)(q34;q11.2), that leads to
a BCR-ABL fusion gene. CML patients primarily present
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with overproduction of myeloid cells. Fatigue, splenomeg-
aly, leukocytosis, thrombocytosis, and anemia are com-
mon clinical findings. Targeted inhibition of the oncogenic
BCR-ABL tyrosine kinase has significantly changed CML
therapy [1]. Dasatinib is a second-generation and more
potent tyrosine kinase inhibitor (TKI) approved to treat
first-generation TKI (imatinib)-resistant CML, and has a
broader target landscape, including SRC, SYK, and TEC
kinases. The most prevalent dasatinib-related adverse
effect is pleural effusion, which has been reported in up
to 20% of patients [2]. Nausea/vomiting, diarrhea, muscle
cramps, and edema, as well as cardiac, pulmonary, meta-
bolic/endocrine, and hepatic toxicities may also occur.
Furthermore, lymphocytosis and immune-modulatory
effects of dasatinib have been previously demonstrated
in vivo and in vitro [3, 4]. Mustjoski et al. presented
marked clonal lymphoproliferation caused by persistent
expansion of cytotoxic T cells or natural killer-large
granular lymphocyte (NK-LGL) cells in 22 patients dur-
ing dasatinib therapy [5]. Here, we report a chronic-phase
CML patient who developed a distinct form of follicular
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lymphoid hyperplasia (FLH) accompanied by peripheral
lymphocytosis following dasatinib treatment by focusing
on clinicopathological and radiographical findings.

Clinical history

A 64-year-old male patient was diagnosed with chronic-
phase CML with a low-risk EUTOS long-term survival
score (ELTS) following a work-up for fatigue, and imatinib
was initiated [6]. There was a suboptimal response at
20 months of treatment with a BCR-ABLI1 transcript level
of 0.2%, and imatinib was replaced with dasatinib. The
patient presented with progressive bilateral nontender
cervical, axillary, and inguinal lymphadenopathies after
3 months of treatment. At the time of the lymph node
enlargements, the patient was in complete cytogenetic
response (CCyR) and major molecular response (MMR)
with mild lymphocytosis. The physical examination dem-
onstrated no signs of local or systemic infections. Serology
for viral infections, autoimmune disorders, and toxoplasma
revealed no active disease. The computed tomography
(CT) component of fluorine-18-fluorodeoxyglucose
(18F-FDG) positron emission tomography/CT (PET/CT)
showed bilateral enlarged cervical lymph nodes (Fig. 1a)
without pathological 18F-FDG uptake in the axial fusion
image of 18F-FDG PET/CT (Fig. 1b). The coronal PET/
CT fusion image did not demonstrate pathological uptake
in any other parts of the body (Fig. 1c). The patient gave
consent for right cervical lymph node biopsy and publica-
tion of findings.

Materials and methods

Cytogenetic evaluation of the peripheral blood specimen was
performed by double-fusion fluorescence in situ hybridiza-
tion (FISH) with a cut-off level of 5% (HealthCare Biotech,
China). Quantitative RT-PCR (qPCR) was performed to
establish the presence of quantifiable BCR-ABL1 mRNA
transcripts.

Histologic and immunophenotypic studies

After fixation in neutral buffered formalin, the lymph node
was embedded in paraffin and sectioned following routine
methods. The sections were stained with hematoxylin and
eosin (H&E). Immunohistochemical staining with CD3
(clone: ZM45) (Zeta Corporation, CA, USA), CD5 (clone:
CD5/54/F6) (ScyTek Laboratories Inc, UT, USA) bcl-2
(clone: 100/D5) (ScyTek Laboratories Inc, UT, USA), CD68
(clone: KP1) (Zeta Corporation, CA, USA), bcl-6 (clone:
LN22) (Biocare Medical, CA, USA), CD20 (clone: L26)
(Biocare Medical, CA, USA), CD10 (clone: 56C6) (Biocare
Medical, CA, USA), Tdt (clone: ZM51) (Zeta Corporation,
CA, USA) and Ki-67(clone: SP6) (Zeta Corporation, CA,
USA) primary antibodies was applied on 2-um thickness
tissue sections by the manual indirect streptavidin—biotin
peroxidase method.

De-paraffinization and rehydration stage

Slices were kept at 60 °C for one night in the incubator.
They were prepared using xylene, 100% ethanol, and 96%

Fig.1 a Axial computed tomography (CT) demonstrates bilateral-
enlarged cervical lymph nodes (arrows). b Axial 18flor-fluorodeox-
yglucose (18F-FDG) positron emission tomography (PET) and CT
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fusion images do not exhibit pathological uptake of these enlarged
cervical lymph nodes (arrows). ¢ Coronal PET/CT fusion image does
not demonstrate pathological uptake in any other parts of the body
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ethanol for 15 min each. Afterwards, slices were washed
using distilled water.

Antibody recovery stage

A citrate buffer at pH 6 was prepared using 20 ml citrate
buffer and 180 ml of distilled water. The slices were placed
3 times for 5 min in a 700 W microwave. To return the slices
to room temperature, they were kept in buffered citrate and
EDTA (for Tdt) for 20 min. After washing them under dis-
tilled water, the tissue borders were framed using Pap-pen.

Antibody application

A 3% hydrogen peroxide (H,0,) was applied to prevent
endogenic peroxidase for 15 min before tissue slices as put
under distilled water. [sosmotic arrangement was made in
phosphate-buffered saline (PBS) with a pH of 7.4. In order
to prevent background staining, Ultra V block solution was

Fig.2 a Invagination of mantle
zone to germinal center (white
arrow, hematoxylin and eosin
(H&E) stain). b The penetra-
tion of proliferated vascular
structures in perifollicular area
to germinal center (white arrow,
H&E stain). ¢ The penetrations
of mantle zone and vascular
structures to germinal center
(white arrows, CD20 stain). d
CD10 positivity in germinal
centers. e bcl-2 negativity in
germinal centers. f bcl-6 posi-
tivity in germinal centers. g The
similar distribution of Ki-67 in
regular or irregular germinal
centers

applied for 5 min. After the solution was removed from the
slices, primary antibodies were applied to each slice for 2 h.
After PBS application, to stabilize he antibody-antigen com-
plex, biotin was applied as a coenzyme for 30 min. PBS was
reapplied, and a second coenzyme, streptavidin peroxidase,
was applied for 30 min. The tissues were placed into PBS
again. To visualize the connections, a chromogen (DAB)
was applied for 5-9 min. Finally, the tissues were washed
with distilled water, and Mayer’s hematoxylin solution was
applied for 5 min for progressive staining.

Results

In low-magnification histopathological examination, the
first remarkable finding was large lymphoid follicular struc-
tures with large and irregular germinal centers and expan-
sion of the mantle zone. At high magnification, enlargement
in the interfollicular area was accompanied by vascular
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proliferation. In immunohistochemical staining, strong
membranous and nuclear staining supported reactivity with
CD3, CDS5, bcl-2, and CD68, which were positive for inter-
follicular and parafollicular areas; bcl-6, CD20, and Ki-67
were positive for follicular areas. There were invaginations
of CD5 (—) mantle zone cells to enlarged germinal centers
in reactive secondary follicles (white arrow, Fig. 2a, b). Pro-
liferative vessels in the perifollicular area were penetrating
to the germinal centers (white arrow Fig. 2b). The germinal
centers were disrupted clearly by vascular structures and
mantle zone with CD20 staining (Fig. 2¢). In a differential
diagnosis of follicular lymphoma or follicular in situ lesions,
the predominance of CD20 and Ki-67 in the germinal cent-
ers and mantle zones, the dominance of CD3 (+) T-lympho-
cytes in the interfollicular areas, and bcl-2 and Tdt negativity
whereas CD10 and bcl-6 positivity in the germinal centers
were findings in favor of reactive hyperplasia (Fig. 2d, e,
f, g). Following the diagnosis of FLH, dasatinib was dis-
continued and switched to nilotinib. The reactive lymphad-
enopathies regressed within 2 months. The patient is still in
follow-up with CCyR and MMR.

Discussion

The diagnostic work-up for any lymphadenopathy in a CML
patient should include the evaluation of extramedullary blas-
tic transformation of disease and the presence of a concurrent
follicular lymphoma or follicular in situ lesion. In this case,
the patient was in CCyR and MMR during the appearance
of lymphadenopathies; furthermore, the 18F-FDG uptake
of the lymph nodes was not pathologic, which excludes
these causes. The histologic finding of drug-induced lym-
phadenopathy, especially with anticonvulsant therapy, was
described previously [7]. Several published cases support the
phenomenon of dasatinib-related lymphadenopathy [7-10],
and to our knowledge, this is the first case from Turkey. In
the histopathological examination, the predominant staining
areas with CD20 were the germinal center, mantle zone,
and partially parafollicular areas. Dominant staining with
CD20 was not observed in the interfollicular areas. Although
these findings were interpreted to favor reactive lymphoid
hyperplasia, possible monoclonal B-cell-lymphocytosis
and closely related in situ follicular neoplasia should not be
ignored due to CD5 negativity in the same areas [11]. In our
case, regression in lymphadenopathies after discontinuation
of dasatinib confirmed the interpretation of reactivity. For
a differential diagnosis, Castleman’s disease or progressive
transformation of germinal centers (PTGC) might be consid-
ered [8]. We did not detect either penetrating vessels or hya-
linization of vessel walls, which would suggest Castleman’s
disease. In PTGC, germinal centers are markedly larger than
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normal, with indistinct margins and composed of follicular
mantle lymphocytes and extensive follicular dendritic cells
as well as tingible body macrophages. In our case, the ger-
minal centers were enlarged, but they were irregular and had
nearby vascular proliferations.

FLH is characterized by B lymphocyte stimulation. LYN,
an SRC family protein, is expressed in B lymphocytes and
is a regulator of B-cell antigen receptors via Atk/PKB sign-
aling, contributing to B-cell activation [12, 13]. Here, the
impact of dasatinib on SRC kinases and the Akt/PKB path-
way could contribute to the initiation of FLH. Additionally,
dasatinib-mediated lymphocytosis is partially related to the
redistribution and accumulation of terminally differentiated
T cells and memory B cells in the bloodstream [4].

We recommend considering physical examination and
diagnostic work-up in patients treated with dasatinib to rule
out FLH. Patients should be considered for dasatinib discon-
tinuation and switched to another TKI if FLH is diagnosed.
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