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as causes of secondary hypereosinophilia [5, 6]. Particularly, ana-

plastic large cell lymphoma (ALCL) is one of the T-cell lympho-

mas accompanied by secondary eosinophilia. Here, we present a 

patient with marked proliferation of eosinophils in the peripheral 

blood and bone marrow (BM) with a complex karyotype, leading 

to initial misdiagnosis as chronic eosinophilic leukemia (CEL). Af-

ter further evaluation of metaphase cytogenetics (MC) and inter-

phase �uorescence in situ hybridization (iFISH) at diagnosis and 

follow-up, the patient was �nally diagnosed with ALCL masked 

by eosinophilia. 

A 42-year-old man with a history of pulmonary hypertension 

due to atrial septal defect and atopic dermatitis had complained of 

vesicles and bullae on both thighs and the belly for one month. In 

the initial work-up, his peripheral blood test showed leukocytosis 

(49.7×109/L) with severe eosinophilia (34.8×109/L) (Table 1). A 

peripheral blood smear showed mainly mature eosinophils with-

out immature cells or abnormal lymphocytes (Fig. 1). Total immu-

noglobulin E was markedly elevated (11,137 IU/mL). Otherwise, 

Primary eosinophilia is a disorder involving clonal proliferation 

of eosinophils, whereas secondary eosinophilia can be caused by 

a variety of factors such as allergic disorders, parasitic and fungal 

infection, endocrine disorders, toxins, autoimmune diseases, or 

tumors. Secondary eosinophilia associated with tumors may be 

related to a cytokine-derived reactive phenomenon secreted by 

tumor cells [1-4].

Hodgkin or T-cell lymphomas have been commonly described 
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We report a patient with massive eosinophilia and a complex karyotype that was initially misdiagnosed as chronic eosinophilic leukemia (CEL), but 
later diagnosed as anaplastic large cell lymphoma (ALCL) masked by massive eosinophilia. The complex karyotype observed at initial diagnosis re-
mained unchanged later, after the evidence of bone marrow involvement of ALCL was obtained. At diagnosis, genetic aberrations corresponding to 
metaphase cytogenetics were not identified by interphase fluorescence in situ hybridization, although abnormal results were noted at follow-up. 
Together, these observations indicate that the complex karyotype at initial work-up has been derived from a low proportion of lymphoma cells with 
high mitotic ability that were not identified by microscopy, rather than from massive eosinophils. These findings suggest that our patient had ALCL 
with secondary eosinophilia rather than CEL since initial diagnosis.
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Table 1. Laboratory characteristics at initial diagnosis and follow-up study 

At initial diagnosis One year after initial diagnosis

Peripheral blood

Hemoglobin (g/dL) 13.9 8.0

Platelet (×109/L) 149 33

WBC (×109/L) 49.7 45.3

Differential count 

   Segmented neutrophils (%) 17 29

   Lymphocyte (%)   5 7

   Monocyte (%)   7 3

   Eosinophil (%) 70 28

   Basophil (%)   1 1

   Abnormal lymphocyte (%)   0 32

Absolute eosinophil count (×109/L) 34.8 12.7

Flow cytometry (% of lymphocyte cells)

   Surface CD3+ 61.0% 1.1%

   Cytoplasmic CD3+ NT 59.0%

   CD3-/CD4+ NT 97.4%

   CD3-/CD8+ NT 0.6%

   CD3+/CD4+ 48.0% 0.3%

   CD3+/CD8+ 9.0% 0.8%

   CD19+ 19.0% 0.0%

   CD16+/CD56+ 7.0% 5.9%

Bone marrow study

Cellularity Hypercellular (80–90%) Normocellular (40–50%)

Myeloblast (%) 0.2 1

Eosinophil (%) 46.2 20.6

Lymphocyte (%) 4.8 16.8

Abnormal lymphocyte (%) not observed 11

Immunohistochemistry

   CD30 Negative Negative 

   CD3 Negative Negative

   CD20 Negative NT

   CD4 Negative Positive in some aggregates

   CD8 Negative NT

   ALK Negative Negative

Cytogenetic/Molecular study

 Karyotype 46,XY,add(1)( p31~32),del(1)(q31q32),del(6)(q13),add(7)
(q22),add(9)(q22),add(10)(p11.2),?der(11)t(11;12)(q23;q13), 

-13,add(16)(p13.3),add(19)(q13.1),add(21)
(q22),+mar[13]/46,XY[7]

46,XY,add(1)( p31~32),del(1)(q31q32),del(6)(q13),add(7)
(q22),add(9)(q22),add(10)(p11.2),?der(11)t(11;12)(q23;q13), 

-13,add(16)(p13.3),add(19)(q13.1),add(21)
(q22),+mar[7]/46,XY[13]

 iFISH

   BCR/ABL1 rearrangement* Negative (0.0%) NT

   FIP1L1/PDGFRA rearrangement* Negative (0.0%) NT

   PDGFRB rearrangement* Negative (0.5%) NT

   KMT2A (MLL) rearrangement* Negative (0.5%) Negative (0.0%)

   13q14.3deletion† Negative (1.0%) Positive (53.5%)

   RUNX1 amplification* Negative (0.0%) Positive (47.0%)

   6q21 deletion* NT Positive (19.0%)

   7q31 amplification* Negative (0.5%) Positive (30.0%)

*cutoff: 1.5%; †cutoff: 3.7%.
Abbreviations: ALK, anaplastic lymphoma kinase; FIP1L1/PDGFRA, FIP1-like-1–platelet-derived growth factor receptor-alpha; iFISH, interphase fluorescence in situ hybridiza-
tion; MLL, myeloid lymphoid leukemia, NT, not tested; PDGFRB, platelet-derived growth factor receptor-beta; RUNX1, Runt-related transcription factor.
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Fig. 1. Morphology, cytogenetic studies, and interphase fluorescence in situ hybridization (iFISH) at diagnosis (A) and follow-up (B). (A1) Peripheral 
blood smear showing eosinophilia without abnormal lymphoid cells. (A2) BM examination showing hypercellularity with marked eosinophil pre-
dominance. No abnormal lymphoid cells were observed. (A3) G-banded karyotype result showing a complex karyotype at diagnosis. (A4) iFISH us-
ing D13S319/13q34 probes and RUNX1/RUNX1T1 probes shows normal hybridization signals. (B1) Peripheral blood smear revealing abnormal lym-
phoid cells with eosinophilia. (B2) BM aspiration revealing large irregular lymphoid cells with some eosinophils. (B3) G-banded karyotype revealing 
the same complex karyotype at follow-up as at diagnosis. (B4) iFISH using D13S319/13q34 probes shows two green signals (LAMP1) and one or-
ange (D13S319) signal, indicating deletion of the 13q14.3 locus. iFISH using RUNX1/RUNX1T1 probes shows three green (RUNX1) and two orange 
(RUNX1T1) signals, demonstrating RUNX1 amplification.
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there was no evidence of parasitic and fungal infection, endocrine 

disorders, toxins, or autoimmune diseases.

A BM study revealed hypercellularity with eosinophilic prolifer-

ation without increased myeloblasts (0.2% of total nucleated cells). 

Eosinophils and their precursors accounted for 46% of total nucle-

ated cells. MC analysis showed a complex karyotype (Table 1, Fig. 

1). However, genetic aberrations corresponding to MC were not 

identi�ed at diagnosis by iFISH using the D13S319 13q34 probe, 

RUNX1/RUNX1T1 dual-color, dual-fusion translocation probe, 

D7S486/CEP7 FISH probe (Abbott/Vysis, Downers Grove, IL, USA), 

and 6q21/6q23 probe (MetaSystems, Altlussheim, Germany). In 

addition, iFISH analysis did not reveal rearrangement of PDGFRA 

or PDGFRB using the FIP1L1/CHIC2/PDGFRA deletion/translo-

cation probe and PDGFRB translocation-break apart probe (Meta-

Systems). Based on �ndings such as marked proliferation of eo-

sinophils and complex karyotypes, the patient was initially thought 

to have CEL, not otherwise speci�ed (CEL-NOS).

Meanwhile, skin biopsy performed at initial evaluation revealed 

lymphomatoid papulosis, which is known to be associated with 

CD30+ large T-cell lymphoma. Over subsequent weeks, the skin 

lesions spread over the whole body with itching sensation and 

pain. Upon careful physical examination, the patient had small 

nodal lesions on the neck, axillary, and inguinal areas. Lymph 

node biopsy showed anaplastic lymphoma kinase (ALK)-negative 

ALCL (positive expression of CD30, CD4, and CD3 and lack of ex-

pression of ALK). We retrospectively reviewed the BM aspiration 

and biopsy to investigate ALCL involvement in BM, but could not 

prove in�ltration of abnormal lymphoid cells in the BM. 

The patient subsequently received standard therapy for ALCL. 

After receiving six cycles of chemotherapy (cyclophosphamide, 

doxorubicin, vincristine, prednisone, etoposide regimen), he un-

derwent autologous peripheral blood stem cell transplantation. At 

three months after this procedure, we found abnormal lymphoid 

cells (32%; Fig. 1, Table 1) with leukocytosis (45.3×109/L) and eo-

sinophilia (12.7×109/L) in the peripheral blood. BM aspiration 

specimens showed increased abnormal lymphoid cells (11% of to-

tal nucleated cells) and eosinophils (21% of total nucleated cells). 

Flow cytometric analysis demonstrated the presence of abnormal 

T lymphoid cells with the presentation of cytoplasmic CD3+/sur-

face CD3-/CD4+/CD5+ (Table 1). Additionally, multiple spreading 

positron emission tomography-avid lymph nodes were observed, 

demonstrating disease progression. Chromosome analysis yielded 

the same results as the initial chromosome study (Fig. 1); however, 

the iFISH results differed from those at diagnosis. We observed 

13q14.3 deletion (nuc ish (D13S319×1,LAMP1×2) [107/200]), RUNX1 

ampli�cation (nuc ish (RUNX1T1×2,RUNX1×3) [94/200]), 6q21 

deletion (nuc ish (SEC63×1,MYB×2) [38/200]), and 7q31 ampli-

�cation (nuc ish (D7Z1×2,D7S486×3) [60/200]) in 54%, 47%, 19%, 

and 30% of interphase cells, respectively (Table 1). Therefore, the 

patient was diagnosed with BM involvement of ALK-negative ALCL 

with secondary eosinophilia, not CEL-NOS. Taken together, it is 

likely that the complex karyotype was derived from abnormal T 

lymphoid cells of ALCL rather than from eosinophils associated 

with CEL. The patient died two weeks after follow-up BM exami-

nation with gradually worsening symptoms and no response to 

treatment.

Some studies have reported that the abnormal lymphoma cells 

in patients diagnosed with ALCL can be masked by massive eo-

sinophilia, leading to an initial misdiagnosis of hypereosinophilic 

syndrome or CEL [7-9]. Clonal T-cell lymphoma can induce sec-

ondary eosinophilia by the secretion of cytokines such as inter-

leukin-3, interleukin-5, and granulocyte-macrophage colony-stim-

ulating factor. 

A previous report described a patient who showed a complex 

karyotype with massive eosinophilia in the peripheral blood and 

BM, with no evidence of BM involvement of malignant lymphoma 

but a large cell lymphoma of cervical lymph nodes, leading to a 

diagnosis of CEL with coexisting lymphoma [10]. Similarly, our pa-

tient presented marked eosinophilia and a complex karyotype by 

MC, but no abnormal lymphoid cells in the peripheral blood and 

BM, leading to an initial misdiagnosis of CEL. The same complex 

karyotype was observed later, when there was evidence of BM 

involvement of ALCL. However, iFISH results differed between 

the initial diagnosis and follow-up, with abnormal iFISH results 

observed only at follow-up. These �ndings suggest that the com-

plex karyotype at initial work-up was derived from a small pro-

portion of lymphoma cells that was not identi�ed by microscopy 

but had high mitotic ability. Based on these �ndings, we revised 

our �nal diagnosis as ALCL with secondary eosinophilia. Conven-

tional karyotyping test uses metaphase cells and thus the features 

of cells with high mitotic activity are re�ected, while iFISH uses 

interphase cells. Therefore, the sensitivity of karyotyping by MC is 

mainly affected by the mitotic ability of targeted cells, whereas iF-

ISH can re�ect the true proportion of cells rather than the mitotic 
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ability of cells [11, 12]. Thus, rare clonal cells with high mitotic abil-

ity can show genetic changes by MC but not by iFISH.

Cytogenetics of ALK-negative ALCL are heterogeneous. Recent 

studies have addressed the biological implications of genetic het-

erogeneity such as DUSP22 on 6p25.3 and TP63 on 3q28 rearrange-

ments within ALK-negative ALCL. They identi�ed DUSP22 and 

TP63 rearrangements in 30% and 8% within ALK-negative ALCLs, 

respectively [13, 14]. However, we did not perform molecular stud-

ies to detect speci�c chromosomal rearrangements. Not only chro-

mosomal rearrangements but also copy number abnormalities 

such as 1q, 6q21, and 7p gains and 6q21, 13q, and 17p13 losses in 

ALCL have been reported [14]. A previous study determined the 

prevalence of monosomy 13, which was observed in our case, as 

5% in adult ALK-negative ALCL [15]. However, deletion 13 is not 

speci�c for ALCL, but rather is a relatively common characteristic 

re�ecting tumor aggressiveness. 

In conclusion, this study emphasizes the need for extensive patho-

logic workup in cases of unexplained eosinophilia with particular 

attention to MC and iFISH to exclude underlying malignancy masked 

by eosinophilia. When MC and iFISH results are discordant (i.e., 

aberrations identi�ed by MC are not identi�ed by iFISH), the pos-

sibility of a small proportion of clonal cells with high mitotic abil-

ity should be considered. 

요  약

과다한 호산구 증가증과 함께 복합핵형의 관찰로 인해 진단 초기

에는 만성 호산구백혈병으로 생각하였지만 최종적으로는 역형성

큰세포림프종으로 밝혀진 증례를 경험하였기에 보고하고자 한다. 

진단 초기에 호산구 증가가 보인 골수에서 관찰된 복합핵형이 이

후 역형성큰세포림프종이 골수를 침범한 것을 확인했을 때에도 

동일하게 관찰되었다. 중기세포에서 관찰된 복합핵형 결과와는 달

리, 간기세포를 이용한 형광제자리부합법에서는 진단 초기에는 이

상 소견이 관찰되지 않았다. 하지만 질병이 진행함에 따라 간기세

포 형광제자리부합법에서 복합핵형에 대응하는 비정상적인 결과

를 얻을 수 있었다. 이러한 결과를 통하여 초기 진단 당시 나타난 

복합핵형이 대량의 호산구에 의해서가 아닌 현미경으로는 관찰할 

수 없었던 소수의 높은 유사 분열 능력을 가진 림프종 세포에서 유

래되었음을 알 수 있었다. 따라서, 이러한 분자유전학적인 차이를 

확인함으로써 본 증례가 만성호산구백혈병이 아닌 이차성 호산구

증가증이 있는 역형성큰세포림프종 환자임을 진단할 수 있었다. 
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