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Abstract
Adult T-cell leukemia (ATL) is an aggressive mature T-cell malignancy with a poor prognosis. The anti-C–C motif chemokine 
receptor 4 (CCR4) antibody mogamulizumab (moga) reduces ATL cells and induces reconstitution of polyclonal T cells; 
however, ATL cases often remain resistant and moga sometimes causes fatal immunopathology. Epstein–Barr virus (EBV)-
related B-cell lymphoma develops in severely immunocompromised subjects, and is particularly associated with impaired 
T-cell immunity. Here, we report an ATL patient who had received conventional chemotherapy plus moga, and subsequently 
developed EBV-related diffuse large B-cell lymphoma (DLBCL) of the central nervous system. Next-generation sequencing-
based T-cell receptor repertoire analyses identified residual abnormal clones and revealed that reconstitution of polyclonal 
T cells was incomplete, even after moga treatment. Furthermore, a skin rash that developed after moga treatment was found 
to contain ATL clones. This case suggests that the limited therapeutic effects of moga and incomplete T-cell reconstitution 
are associated with severely impaired T-cell immunity and subsequent development of EBV-related DLBCL.

Keywords Adult T-cell leukemia (ATL/ATLL) · Epstein–Barr virus-related central nervous system lymphoma · 
Mogamulizumab · T-cell reconstitution

Introduction

ATL develops in about 5% of carriers of human T-lympho-
tropic virus type 1 (HTLV-1). HTLV-1 infection to  CD4+ T 
cells is itself associated with immunodeficiency [1]. Addi-
tionally, several factors may also contribute to impaired cel-
lular immunity in HTLV-1-seropositive subjects, impaired 
antiviral immunity [2, 3], reduced normal lymphocytes [4], 
and immunosuppressive potential of ATL cells like regula-
tory T cells [5].

Most ATL cells express C–C motif chemokine receptor 
4 (CCR4); thus the anti-CCR4 antibody mogamulizumab 
(moga) shows marked therapeutic effects against ATL by 
inducing antibody-dependent cellular cytotoxicity [6]. How-
ever, some cases are still resistant to moga, and the antibody 
can cause severe immunopathologies such as Stevens–John-
son syndrome and fatal graft-versus-host disease (GVHD) 
[7]. Recently, we showed that deep sequencing-based T-cell 
receptor (TCR) repertoire analysis of ATL visualizes deple-
tion of abnormal T-cell clones and reconstitution of non-
tumor T-cell clones at the single-cell level [8, 9]. Moga 
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enhanced reconstitution of polyclonal T cells, whereas con-
ventional chemotherapy did not.

Immunodeficiency (e.g., caused by the use of cyto-
toxic agents and/or immunosuppression post-transplant) 
can lead to Epstein–Barr virus (EBV)-positive diffuse 
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large B-cell lymphoma (DLBCL) [10, 11]. Given that 
moga exerts many immunomodulatory effects, it may 
affect antiviral immunity. Indeed, several papers report 
reactivation of cytomegalovirus, hepatitis virus type B 
and EBV after moga treatment [12–14]. However, it is 
unclear whether moga itself increases the risk of viral 
infection and/or EBV-associated lymphoproliferative dis-
orders (EBV-LPD), because ATL is itself associated with 
immunodeficiency.

Here, we report a case of ATL that developed EBV-
related DLBCL after conventional chemotherapy and 
moga treatment. TCR repertoire analyses of peripheral 
blood mononuclear cells (PBMCs) coupled with a skin 
rash suggested residual abnormal T-cell clones and incom-
plete polyclonal T-cell reconstitution. These results imply 
that resistance to moga treatment, not moga itself, is asso-
ciated with deficient antiviral immunity.

Materials and methods

TCR repertoire analysis

PBMCs and skin tissue were collected from the patient 
with written informed consent and subjected to next-
generation sequencing-based TCR repertoire analysis as 
described in detail elsewhere [8]. Use of different TRAV 
and J chains, and the amino acid sequences within the 
CDR3 region were determined by sequencing the TCR α 
(TRA ) locus (performed by Miseq at Repertoire Genesis 
Incorporation). As controls, whole blood samples were 
also collected from six healthy individuals with written 
informed consent. To quantitatively evaluate TCR reper-
toire diversity, Shannon–Weaver indices were calculated 
on the R program as previously described [15]. All experi-
mental protocols were performed in accordance with the 
guidelines set out in the Declaration of Helsinki, and were 
approved by the Institutional Review Board of Karatsu 
Red Cross Hospital and Sagamihara National Hospital.

Case and results

An 83-year-old man was admitted to hospital with loss 
of appetite and a severe skin rash. He had red papules on 
the limbs, which expanded rapidly. Peripheral blood tests 
revealed increased numbers of abnormal lymphocytes, 
elevated lactate dehydrogenase levels, and hypercalcemia. 
Skin biopsy revealed infiltration into the dermis by abnor-
mal lymphocytes with nuclear atypia (Fig. 1a–c). Abnor-
mal lymphocytes in the peripheral blood and skin rash 
were CD3/4/25/CCR4 positive and CD7 negative. Because 
the patient was seropositive for HTLV-1, and integration 
of clonal HTLV-1 provirus was confirmed by Southern 
blot analysis of peripheral blood, we made a diagnosis of 
acute-type ATL. He was treated with conventional chemo-
therapy (pirarubicin, cyclophosphamide, vincristine, pred-
nisolone: THP-COP), but this exacerbated the skin rash. 
Next, he received moga and THP-COP, resulting in rapid 
disappearance of abnormal lymphocytes from the periph-
eral blood and skin rash. However, after five courses of 
chemotherapy, the skin rash reappeared and skin biopsy 
at day 173 after the start of therapy revealed infiltration 
into the epidermis and subcutaneous tissues by lympho-
cytes. There was no histological evidence of infiltration 
by abnormal lymphocytes, and immunohistochemical 
staining revealed a mixture of CD4- and CD8-positive 
lymphocytes, suggesting a moga-related rather than an 
ATL-related skin rash (Fig. 1d–f). At this point, abnor-
mal lymphocytes were not identified in peripheral blood, 
and soluble interleukin 2 receptor was declined (from 
62,100 to 1070 U/mL). In addition, no signs of central 
nervous system lymphoma were detected. Therefore, it was 
assumed that disease activity of ATL was suppressed. The 
patient received corticosteroids, and the eruptions resolved 
gradually. THP-COP was repeated without further admin-
istration of moga. The patient was then discharged without 
any additional treatment.

One month later, he was readmitted with nausea, vomit-
ing, and a staggering gait. There was no skin rash and lab-
oratory data were not suggestive of relapsing ATL; how-
ever, soluble interleukin 2 receptor levels were elevated 
(6070 U/mL). Magnetic resonance imaging of the brain 
revealed multiple tumors in the right cerebral hemisphere 
and left cerebellum (Fig. 1g/h). A brain tumor biopsy 
revealed diffuse infiltration by medium- to large-sized 
lymphocytes, which were negative for CD45RO, but posi-
tive for CD20; in situ hybridization revealed EBV-encoded 
RNA (EBER) (Fig. 1i–j). Meanwhile, TIA-1+ or PD-1+ 
non-tumor T cells were almost not detected (Fig. 1k–l). 
EBV-DNA (9.0 × 102 copies/106 cells) was detected in 
peripheral blood, resulting in a diagnosis of EBV-related 
DLBCL. The patient received brain irradiation, but ATL 

Fig. 1  Histopathological analysis of skin rash and magnetic reso-
nance imaging of brain tumors. a Hematoxylin and eosin (H&E) 
staining of skin rash biopsies before treatment. Immunohistochemical 
staining for CD4 (b) and CD8 (c) is also shown. d–f Histopathologi-
cal analysis of the skin rash after moga therapy. d H&E, e CD4, and 
f CD8. g Gadolinium-enhanced magnetic resonance imaging detected 
a round tumor with ringed enhancement in the right cerebral hemi-
sphere (T1-weighted images). h Two tumors were detected in the left 
cerebellar hemisphere. i H&E staining of brain tumor biopsy sections 
revealed diffuse infiltration by medium-to-large atypical lymphocytes. 
Immunohistochemical stainings for CD20 (j) and EBER (k) of the 
tumor, and CD3 (l), TIA-1 (m) and PD-1 (n) stainings of non-tumor 
T cells are shown (magnification × 400)
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soon relapsed as scrotum invasion. The ATL worsened 
rapidly thereafter (in both the skin and peripheral blood) 
and he died 1 year after onset.

Samples of peripheral blood and skin from the rash were 
collected sequentially and subjected to deep sequencing-
based TCR repertoire analyses at day 173 after the start of 
therapy. Consistent with our previous report [8], THP-COP 
did not reconstitute polyclonal non-tumor T cells (Fig. 2a; 
Table 1). The number of abnormal T-cell clones was still 
high even after sequential administration of moga and THP-
COP, and reconstitution of polyclonal T cells was incom-
plete. Notably, although histological staining and nuclear 
morphology did not strongly suggest cutaneous involvement 
of ATL (Fig. 1d–f), abnormal clones were detected in the 
skin rash (Fig. 2b; Table 1). Shannon–Weaver indices H’ 
showed insufficient recovery of TCR repertoire diversity 
even after moga treatment compared with healthy controls 
(Fig. 2c).

Discussion

ATL involves central nervous system (CNS) in 10–25% of 
cases [16, 17]; thus in the absence of histopathologic analy-
ses, intracranial lesions are often diagnosed clinically as 
CNS invasion by ATL, partly due to difficulty in obtain-
ing biopsy samples. However, it should be noted that B-cell 
lymphoma can occur in ATL, as in this case. EBV-positive 

DLBCL in the elderly is associated with immunodeficiency 
(e.g., due to human immunodeficiency virus (HIV) infec-
tion and/or chemotherapy regimens, including methotrex-
ate) [10]; also, HTLV-1 infection correlates with general 
immunodeficiency [1] and reduced numbers of EBV-specific 
T cells [2]. EBV-related malignant lymphoma develops not 
only in those with ATL, but also in carriers of HTLV-1 
[18–20]. Therefore, reduced immunity against EBV in 
HTLV-1 carriers and ATL patients might contribute to reac-
tivation of EBV and subsequent development of EBV-related 
lymphoma.

Rapid and effective immune reconstitution correlates 
strongly with successful treatment of hematological malig-
nancies, particularly after hematopoietic stem cell transplan-
tation [21]. We showed previously that deep sequencing of 
TCRs in ATL enables detection of residual abnormal clones 
[8]; we also found that in a subset of patients with ATL, 
moga increases reconstitution of polyclonal T cells with 
a widely diverse TCR repertoire [9]. In the present case, 
reconstitution of polyclonal T cells was incomplete and 
some abnormal cells were detected in the peripheral blood 
and skin rash, even after moga therapy (Fig. 2a, b); this 
means that the therapeutic effects of moga were insufficient.

Diversity of TCR repertoire declines as aging, which is 
called “immunosenescence” and results in reduced antivi-
ral immunity [22–24]. In our case, recovery of TCR rep-
ertoire diversity was insufficient compared with healthy 
controls even after moga treatment (Fig.  2c) measured 
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Fig. 2  The T-cell receptor repertoire analyses with peripheral blood 
mononuclear cells (PBMCs) and the skin rash. a PBMCs were sub-
jected to TCR repertoire analyses before and after conventional 
chemotherapy (THP-COP), and mogamulizumab therapy. The white 
blood cell count and frequency of abnormal lymphocytes at each time 

point are shown. 3D graphs show the frequencies of TRAV/J clones, 
and abnormal clones are denoted by arrows. b TCR repertoire analy-
sis of the skin rash at day 173 is shown. c Shannon–Weaver indices 
H’ of the samples are plotted. The data of healthy controls are also 
shown with means and SDs
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Table 1  The frequencies of the top ten sequence reads through the clinical course as for TRAV/J usage and amino acid sequences of CDR3 
region

Yellow and orange denote abnormal T cell clones
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by Shannon–Weaver index [15]. It suggests that antiviral 
immunity against EBV was still suppressed all through the 
clinical course. Staining TIA-1 and PD-1 on T cells might 
help to distinguish EBV-associated CNS lymphomas from 
EBV-negative ones [25]. But immunohistochemical stain-
ing revealed that TIA-1+ or PD-1+ non-tumor T cells were 
not found in the brain biopsy (Fig. 1l–m), implying severe 
immunodeficient microenvironment. “Other iatrogenic 
immunodeficiency-associated lymphoproliferative disor-
ders” are associated with the use of immunosuppressants 
and deficient cellular immunity [10, 26], which is compat-
ible with our case in that TCR repertoire diversity was still 
limited. Collectively, development of ATL and insufficient 
recovery of TCR repertoire diversity after treatment might 
predispose EBV-associated lymphoma in this case.

EBV-related CNS lymphoma developed subsequently 
to moga treatment for ATL. Deep sequencing of the TCR 
revealed incomplete reconstitution of polyclonal T cells and 
residual abnormal clones in the skin rash. This case implies 
that EBV-related CNS lymphoma is associated with weak 
therapeutic effects of moga and subsequent development of 
T-cell immunodeficiency, rather than with moga itself. Thus, 
attention should be paid to possible reactivation of EBV, 
particularly in those with therapy-refractory ATL.
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