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Abstract: Composite lymphoma (CL) involving B-cell lymphoma and T-cell lymphoma is extremely rare. Herein, we report
three such cases using immunohistochemistry, flow cytometry, and the next-generation sequencing (NGS) to identify the
pathological and molecular characteristics of CL. In the first case, the patient was admitted to hospital for generalized pruritic
maculopapular rash over the whole body. An excisional biopsy of the skin lesions showed T-cell lymphoma. At the same time,
the staging bone marrow (BM) biopsy revealed a diffuse large B-cell lymphoma (DLBCL). After R-CHOP (rituximab,
cyclophosphamide, doxorubicin, vincristine, and prednisone) therapies, the patient produced a good response with substantial
dissipation of the rashes and relief of skin. The other two patients were admitted to hospital due to lymphadenopathy and were
diagnosed with DLBCL and follicular lymphoma (FL) after core needle biopsy of lymph nodes, BM biopsy, BM aspiration, and
flow cytometry. Following R-CHOP and R-COP (rituximab, cyclophosphamide, vincristine, and prednisone) therapies, they
achieved complete remission unconfirmed (CRu) and complete remission (CR). However, one or two years later, they suffered a
relapse of lymphadenopathy. The shocking fact was that re-biopsy of lymphadenopathy revealed peripheral T-cell lymphoma
(PTCL) and angioimmunoblastic T-cell lymphoma (AITL). NGS findings identified DNA methyltransferase 3a (DNMT3a),
isocitrate dehydrogenase 2 (IDH2), Ras homolog gene family, member A (RHOA), splicing factor 3B subunit 1 (SF3BI), and
tumor protein p53 (7P53) mutations. After immunochemotherapy, these patients achieved CRu and CR again. Nevertheless,
they suffered a second relapse of T-cell lymphoma. Finally, they died due to progression of disease. We found that the
occurrence of CL is associated with Epstein-Barr virus infection and DNMT3a, IDH2, and TP53 mutations, and the prognosis of
the disease is closely related to the T-cell lymphoma components.
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1 Introduction simultaneous occurrence of two or more morphologic-

al forms of Hodgkin or non-Hodgkin lymphoma

Composite lymphoma (CL) contains two or more
clonally distinct types of lymphoma within the same
patient. It is a very rare condition, with 1%—4% of all
reported lymphoma cases (Thirumala et al., 2000;
Kiippers et al., 2014). Custer (1954) described the
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within the same biopsy as the term “composite lymph-
oma.” Rappaport et al. (1956) modified this term.
Kim et al. (1977) further refined it, and since this
time, a variety of different types of CLs have been de-
scribed. Cases with two different histological types of
lymphoma presenting sequentially are also classified
as CL (Kiippers et al., 2014); however, when a low-
grade (indolent) lymphoma develops into a high-
grade (aggressive) type, it is a lymphoma transform-
ation and cannot be defined as CL.

The predilection sites for CL are lymph nodes or
other lymphoid organs, whereas in a minority of cases,
the coexisting B-cell and T-cell neoplasms arise in
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extranodal tissues (Whitling et al., 2013; Kiippers
et al., 2014). Histologically, most reported lymphoma
subtypes found in cases of CL can be quite varied,
including the combinations of essentially all major
types of lymphoma. CL can be composed of a Hodg-
kin lymphoma component and a non-Hodgkin lymph-
oma component, or two distinct non-Hodgkin lymph-
oma components. The most frequent cases are char-
acterized by both Hodgkin and non-Hodgkin lymph-
omas, or two distinct types of B-cell lymphoma
(Whitling et al., 2013). Perhaps partly because of the
low prevalence of T-cell lymphoma, CL cases contain-
ing both T-cell and B-cell lymphomas are very rare
(Cleary and Sklar, 1984; Wolfe and Borowitz, 1984).
In addition, despite cumulative evidence attained from
the growing number of published case studies, the
pathogenesis for developing CL remains unclear.

We herein report three cases of CL involving
concurrent B-cell and T-cell lymphomas, which were
positive for Epstein-Barr virus (EBV) DNA in two
patients and the mutations of genes involving DNA
methyltransferase 3a (DNMT3a), isocitrate dehydro-
genase 2 (IDH?2), Ras homolog gene family, member
A (RHOA), splicing factor 3B subunit 1 (SF3B1), and
tumor protein p53 (TP53).

2 Materials and methods
2.1 Histological and immunohistochemical analyses

All fresh tissue samples were fixed in 10%
(0.10 g/mL) buffered formalin and paraffin-embedded
according to routine procedures. Formalin-fixed,
paraffin-embedded (FFPE) sections were cut at 4-um
thickness and stained with hematoxylin-eosin (HE)
for morphologic evaluation. Immunohistochemical
staining was performed using the EnVision method
(Kédmmerer et al., 2001), with heating in a rice cooker
to repair the antigen. We purchased commercially
available antibodies for the following antigens and ap-
plied them at the dilutions suggested by the manufac-
turers: cluster of differentiation 3 (CD3), CD4, CD5,
CD7, CDS, CD10, CD15, CD19, CD20, CD23, CD30,
CD43, CD45, CD56, CD79a, B-cell lymphoma 2
(BCL2), BCL6, Myc, multiple myeloma oncogene 1
(MUM1), Ki67, Granzyme B, cyclin D1, and pro-
grammed death-1 (PD-1) (Beijing Zhongshan Jingiao
Biotechnology, Beijing, China).

2.2 Flow cytometry

Flow cytometry was performed using a BD
FACSCanto II cytometer, and subsequent analysis was
carried out using the BD FACSDiva software (Becton
Dickinson Biosciences, San Jose, CA, USA). The anti-
bodies in the panel included those against human
leukocyte antigen-DR (HLA-DR), CD2, CD3, CD4,
CDS5, CD7, CDS8, CD10, CDl1le, CD13, CD14,
CD16, CD19, CD20, CD22, CD23, CD25, CD33,
CD34, CD38, CD45, CD56, CD71, CD103, CDI117,
CD200, fast-migrating cerebrosides 7 (FMC-7),
sKappa, sLambda, cKappa, cLambda, BCL2, T cell
receptor aff (TCRof), and TCRyd (Becton Dickinson
Biosciences).

2.3 Next-generation sequencing

Acornmed Biotechnology (Tianjin, China) was
responsible for the next-generation sequencing (NGS)
as a centralized clinical testing center. Based on the
NGS of targeted capture, the mutation hotspots or
entire coding regions of 196 genes known to mu-
tate frequently in hematological malignancies were
sequenced.

Briefly, genomic DNA was extracted from tumor
FFPE tissues. After de-paraffinization with xylene
and ethanol, the genomic DNA was extracted with
the genomic DNA extraction kit (Qiagen, Hilden,
Germany) following the manufacturer’s instructions.
Library preparation for the sample was performed as
previously described (Chun et al., 2018). After amp-
lifying the captured library by polymerase chain reac-
tion (PCR), the constructed library was sequenced by
an [llumina HiSeq Xten sequencer (San Diego, CA,
USA).

3 Clinical features of three cases
3.1 Casel

A 71-year-old Chinese female patient, who was
a houseperson, presented generalized pruritic maculo-
papular rash over her whole body in August 2020.
She had no fever, night sweats, or weight loss. She
lived a regular life and had no family history of genetic
diseases, but had a history of hypertension and dia-
betes, which were well controlled by oral antihyper-
tensive drugs and hypoglycemic agent, respectively.



The patient also presented a history of chronic viral
hepatitis B, and hence oral entecavir was adminis-
tered to prevent viral replication. Physical examination
showed multiple rashes all over the body (Figs. 1a, lc,
le, and 1g). An excisional biopsy of one of the right
upper arm skin lesions discovered T-cell lymphoma,
with no type specificity. The EBV-encoded RNA (EB-
ER) in situ hybridization test was negative. A positron-
emission tomography/computed tomography (PET/CT)
scan demonstrated increased fluorodeoxyglucose-avid
uptake involving the bilateral cervical, bilateral clav-
icular region, bilateral axillary lymph nodes, as well
as increased fluorodeoxyglucose-avid uptake in the
spleen with splenomegaly. We further performed B-
ultrasound of lymph nodes in the neck, clavicle, arm-
pit, and groin, but found no lymph node enlarge-
ment. The bone marrow (BM) biopsy was done for
staging, and showed a diffuse large B-cell lymphoma
(DLBCL). BM flow cytometric immunophenotyping
further confirmed a population of aberrant large B
lymphocytes.

Therefore, the final diagnosis was CL composed
of T-cell lymphoma in the skin and stage [IVA DLBCL
in the BM. After one cycle of chemotherapy with R-
CHOP (rituximab, cyclophosphamide, doxorubicin,
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vincristine, and prednisone) in September 2020, the pa-
tient produced a good response with substantial dissi-
pation of the rashes and relief of skin (Figs. 1b, 1d,
1f, and 1h). Regrettably, however, after three cycles
of chemotherapy with R-CHOP completed in October
2020, the patient was lost to follow up.

3.2 Case2

This case involved a 62-year-old Chinese male
patient, who worked as a farmer. In November 2017,
he presented with multiple cervical and subaxillary
lymphadenopathy, and also a slight dry cough. The
patient had an unexplained fever, but showed no
symptoms of infection, night sweats, or weight loss.
He lived a regular life, did not have diabetes or cardio-
vascular disease, and showed no family history of gen-
etic disease. A core needle biopsy of a left cervical
lymph node revealed DLBCL. A PET/CT scan dem-
onstrated increased fluorodeoxyglucose-avid uptake
involving the bilateral cervical, axillary, hilus of the
lung, mediastinal lymph nodes, and subcutaneous
lymph nodes of the chest wall (Fig. 2a). A staging
BM examination showed no evidence of lymphoma-
tous involvement. The peripheral blood EBV DNA
was found to be positive.

Fig. 1 Clinical features of Case 1. The skins of the upper limbs (a, b), lower limbs (¢, d), abdomen (e, f), and back (g, h)
before treatment in August 2020 (a, c, e, g) and after one cycle of R-CHOP treatment in September 2020 (b, d, f, h).
R-CHOP: rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone.
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Fig. 2 PET/CT scan of Case 2. (a) PET/CT before treatment
in December 2017 showed the involvement of bilateral
cervical, axillary, hilus of the lung, mediastinal lymph
nodes, and subcutaneous lymph nodes of the chest wall,
along with increased FDG uptake; (b) PET/CT in June 2021
showed multiple lymph nodes (left retroauricular region,
parotid region, neck, supraclavicular region, mediastinal
4R region, left chest wall, bilateral groin, abdominal cavity,
and retroperitoneal) along with increased FDG uptake. PET:
positron-emission tomography; CT: computed tomography;
FDG: fluorodeoxyglucose.

The final diagnosis was stage [IB DLBCL. After
six cycles of chemotherapy with R-CHOP completed
in March 2018, the patient achieved complete remis-
sion unconfirmed (CRu), with the regression of super-
ficial and mediastinal lymph nodes (Fig. 3). One year
later, in May 2019, the patient presented left cervical,
mediastinal, and retroperitoneal lymphadenopathy
(Figs. 4a and 4c). He did not experience fevers, chills,
night sweats, or significant weight loss. A subsequent
core needle biopsy of a left cervical lymph node re-
vealed peripheral T-cell lymphoma (PTCL), not other-
wise specified (PTCL-NOS). Six cycles of chemother-
apy with L-CHOP (lenalidomide, cyclophosphamide,
doxorubicin, vinorelbine, and prednisone) were com-
pleted in October 2019. He achieved CRu again
(Figs. 4b and 4d). In November 2020, the patient

presented multiple lymphadenopathy in the whole
body again. Core needle biopsy revealed a PTCL-
NOS relapse. Subsequently, he accepted three cycles
of tislelizumab and chidamide, and two cycles of tislel-
izumab and Gemox (gemcitabine, oxaliplatin), but did
not respond well. In June 2021, PET/CT showed a pro-
gression of the disease (Fig. 2b). He was subsequently
given four cycles of clinical trial (IBI322), and five
cycles of azacitidine, chidamide, and lenalidomide.
However, he still had a progressive disease and showed
pancytopenia in April 2022. BM re-biopsy revealed
T-cell lymphomatous involvement. Then, he accepted
two cycles of tislelitzumab, dexamethasone, and eto-
poside, and two cycles of doxorubicin, pegas-pargase,
and etoposide. Unfortunately, he died of disease pro-
gression in October 2022.

3.3 Case3

The patient in this case was a retired 65-year-old
Chinese male. In May 2018, he had right cervical
lymphadenopathy. Core needle biopsy of the right cer-
vical lymph node revealed grade I follicular lymph-
oma (FL). The patient had no fever, night sweats, or
weight loss. He had a history of diabetes, which was
well controlled by oral hypoglycemic drugs. The final
diagnosis was stage IIA FL. He was given six cycles
of chemotherapy with R-COP (rituximab, cyclophos-
phamide, vincristine, and prednisone) and achieved
complete remission (CR). Two years later (January
2021), the patient presented left inguinal lymphade-
nopathy. The core needle biopsy of left inguinal lymph-
adenopathy revealed angioimmunoblastic T-cell lymph-
oma (AITL). PET/CT scan demonstrated increased
fluorodeoxyglucose-avid uptake involving multiple
lymph nodes above and below the diaphragm (Fig. 5a).
The peripheral blood EBV DNA was found to be

Fig. 3 Chest CT scan of Case 2. (a) Multiple axillary and mediastinal lymphadenopathy before treatment in November
2017; (b) No significant axillary or mediastinal lymph node enlargement was observed after R-CHOP therapies in May
2018. CT: computed tomography; R-CHOP: rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone.
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Fig. 4 Chest and abdominal CT of Case 2. (a) Multiple axillary and mediastinal lymphadenopathy before treatment in
May 2019; (b) No significant axillary or mediastinal lymph node enlargement was observed after L-CHOP therapies in
December 2019; (c) Multiple lymphadenopathy in the lesser omentum, mesentery, and retroperitoneum before treatment
in May 2019; (d) No significant lymph node enlargement was observed in the lesser omentum, mesentery, or
retroperitoneum after L-CHOP therapies in December 2019. CT: computed tomography; L-CHOP: lenalidomide,

cyclophosphamide, doxorubicin, vinorelbine, and prednisone.
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Fig. 5 PET/CT scan of Case 3. (a) PET/CT before treatment
in February 2021 showed the involvement of multiple lymph
nodes (left parapharyngeal, left preauricular, bilateral neck,
bilateral clavicle region, bilateral armpit, mediastinum,
bilateral hilum, para-aortic, bilateral internal iliac, bilateral
groin, and subcutaneous soft tissue of left lower humerus)
along with increased FDG uptake; (b) PET/CT after treatment
in July 2021 showed that primary lesions had significantly
shrunk or reduced in size, and there was no increase in FDG
uptake. PET: positron-emission tomography; CT: computed
tomography; FDG: fluorodeoxyglucose.

positive. The final diagnosis was AITL. He did not
well respond to the GDP (gemcitabine, dexametha-
sone, and cis-platinum) therapy; therefore, he was given
two cycles of azacitidine and chidamide, and three

cycles of miniGemox (gemcitabine, oxaliplatin), azacit-
idine, and chidamide, completed in June 2021. He
showed CR with a PET/CT evaluation (Fig. 5b). Seven
months later (February 2022), he presented with mul-
tiple superficial lymphadenopathy and a skin itch. The
core needle biopsy of the right inguinal lymphadeno-
pathy revealed AITL relapse. He was treated with eto-
poside, vibutuximab, and dexamethasone. Unfortu-
nately, he developed severe pneumonia and died of re-
spiratory failure in March 2022.

4 Results
4.1 Histology and immunohistochemistry
4.1.1 Case 1

Excisional biopsy of the right upper arm skin le-
sions (August 2020) was performed, which showed T-
cell lymphoma (no specific type). HE staining detected
normal epidermis with elastic fiber degeneration in
the superficial dermis, and the infiltration of focal
irregular lymphoid cells around the blood vessels
(Fig. 6a). Immunohistochemical staining revealed that
the tumor cells were positive for CD3 (Fig. 6b), CD2
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(Fig. 6¢), CD5 (Fig. 6d), CD7, and CD8, partially posi-
tive for CD4, and scatteredly positive for Granzyme
B, while negative for CD20 (Fig. 6¢e), CD79a, and
CD10. The Ki67 proliferative index was estimated at
30% (Fig. 61).

The BM biopsy (August 2020) revealed DLBCL.
HE staining showed significant lymphocyte hyper-
plasia with moderate fibrosis (Fig. 7a). Immunohisto-
chemical staining indicated that tumor cells were
focally positive for CD20 (Fig. 7b) and scatteredly
positive for CD3 (Fig. 7c) and CD5, myeloperoxidase

(MPO) was slightly reduced, and the Ki67 prolifer-
ation index was high (Fig. 7d).

4.1.2 Case 2

Core needle biopsy of the left cervical lymph
node (November 2017) revealed DLBCL, non-
germinal center subtype. The tumor cells were medium
to large in size and round to oval in diffuse hyperpla-
sia with rich and lightly stained cytoplasm, the nuclei
were deeply stained, and the nucleoli were visible in
the center (Fig. 8a). The immunohistochemical results

Fig. 6 Epidermis of the skin (right upper arm) of Case 1: T-cell lymphoma. (a) HE; (b—f) Immunohistochemical staining
with anti-CD3 (b), anti-CD2 (c), anti-CDS (d), anti-CD20 (e), and anti-Ki67 (f) antibodies. Scale bar=100 pm. HE:

hematoxylin-eosin; CD: cluster of differentiation.

Fig. 7 Bone marrow biopsy of Case 1: diffuse large B-cell lymphoma (DLBCL). (a) HE; (b—d) Immunohistochemical staining
with anti-CD20 (b), anti-CD3 (c), and anti-Ki67 (d) antibodies. Scale bar=100 pm. HE: hematoxylin-eosin; CD: cluster

of differentiation.



showed that tumor cells were diffusely positive for
CD20 (Fig. 8b), CD79a, and MUMI1 (Fig. &c), and
negative for CD3 (Fig. 8d), CD5, CD23, and cyclin
DI1. The Ki67 proliferation index was up to 90%
(Fig. 8e).

Core needle biopsy of the left cervical lymph
node (May 2019) revealed PTCL-NOS. HE-stained
sections showed the structural destruction of lymph
nodes and diffuse proliferation of lymphoid cells of
varying sizes, accompanied by eosinophil infiltration
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(Fig. 9a). The immunohistochemical results showed
that the tumor cells were diffusely positive for CD3
(Fig. 9b), CD45 (leukocyte common antigen (LCA)),
CD45RO, and CDS, and negative for CD20 (Fig. 9c).
The Ki67 proliferation index was up to 90% (Fig. 9d).

BM re-biopsy in April 2022 revealed T-cell lym-
phomatous involvement. Routine sections showed active
BM hyperplasia and the diffuse hyperplasia of lymph-
oid cells with clear cytoplasm in the BM (Fig. 10a).
The immunohistochemical results showed that tumor

Fig. 8 Cervical lymph node of Case 2: diffuse large B-cell lymphoma (DLBCL), non-germinal center subtype. (a) HE;
(b—e) Immunohistochemical staining with anti-CD20 (b), anti-MUM1 (c), anti-CD3 (d), and anti-Ki67 (e) antibodies.
Scale bar=100 pm. HE: hematoxylin-eosin; CD: cluster of differentiation; MUM1: multiple myeloma oncogene 1.

Fig. 9 Cervical lymph nodes of Case 2: peripheral T-cell lymphoma, not otherwise specified (PTCL-NOS). (a) HE;
(b—d) Immunohistochemical staining with anti-CD3 (b), anti-CD20 (c), and anti-Ki67 (d) antibodies. Scale bar=100 pm.

HE: hematoxylin-eosin; CD: cluster of differentiation.
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Fig. 10 Posterior superior iliac spine of Case 2: T-cell lymphoma involving bone marrow. (a) HE; (b—d) Immunohisto-
chemical staining with anti-CD3 (b), anti-CD7 (c), and anti-Ki67 (d) antibodies. Scale bar: 100 pm (a—c) and 200 pm (d).

HE: hematoxylin-eosin; CD: cluster of differentiation.

cells were positive for CD3 (Fig. 10b), CD4, and
CD7 (Fig. 10c), and negative for CD20, CD79a, and
terminal deoxynucleotidyl transferase (TdT). The pro-
liferation index of Ki67 was about 10% (Fig. 10d).

4.1.3 Case 3

Core needle biopsy of the right cervical lymph
node (May 2018) revealed grade I FL. The slides
demonstrated the structural destruction of lymph
nodes based on the lymphoid cell nodular growth pat-
tern. The immunohistochemistry showed CD20, CD21,
CD23 highlight network of follicular dendritic cells
(FDCs), and BCL6 highlight B-cell nodular hyperpla-
sia. The tumor cells were diffusely positive for BCL2.
The proliferation index of Ki67 was about 10%.

Core needle biopsy of the left inguinal lymph-
adenopathy (January 2021) revealed AITL. Immuno-
histochemistry showed that tumor cells were diffusely
positive for CD2, CD3, CDS5, CD43, and BCL2, and
partially positive for CD10 and BCL6. CD23 showed
irregular proliferation of FDC network. The Ki67 pro-
liferative index was estimated at 50%.

Subsequently, core needle biopsy of the right in-
guinal lymphadenopathy (February 2022) revealed
AITL. The lymphocytes were diffusely grown, show-
ing mild to moderate atypia with deep nuclear stain-
ing and high branching endothelial vein hyperplasia
(Fig. 11a). The immunohistochemical results showed
that tumor cells were diffusely positive for CD3

(Fig. 11b), CD10 (Fig. 11¢), and PD-1 (Fig. 11d).
CD23 showed the irregular proliferation of FDC
network (Fig. 11e). Tumor cells were negative for
CD20, CD79a, and CD56. CD4 was diffusely posi-
tive in tumor cells (Fig. 11f), while CDS8 (Fig. 11g)
was only scattered. The Ki67 proliferative index was
estimated at 40% (Fig. 11h).

4.2 Flow cytometry

In Case 1, excisional biopsy of the skin lesions
revealed T-cell lymphoma. At the same time, BM bi-
opsy showed DLBCL. To further confirm the diagno-
sis, BM flow cytometric immunophenotyping was
performed. We found a population of aberrant large B
lymphocytes comprising approximately 7.5% of total
viable cellular events (Fig. 12). These were positive
for CD19, CD20, CD22, CD45, sKappa (dim), cKappa
(dim), and FMC-7, partially positive for CD11c and
CD23, and negative for CD3, CD4, CDS5, CDS, CD10,
CD25, CD38, CD103, CD200, and BCL2.

4.3 Next-generation sequencing

One year after the successful initial treatment
in May 2019, the patient in Case 2 suffered a re-
enlargement of the cervical lymph nodes, and core
needle re-biopsy was done to confirm whether the lymph-
oma relapsed. A surprising finding was that re-biopsy
of lymphadenopathy revealed PTCL, not DLBCL.
To further elucidate the molecular characteristics of
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Fig. 11 Right inguinal lymph node of Case 3: angioimmunoblastic T-cell lymphoma (AITL). (a) HE; (b—h) Immunohisto-
chemical staining with anti-CD3 (b), anti-CD10 (c), anti-PD-1 (d), anti-CD23 (e), anti-CD4 (f), anti-CD8 (g), and anti-Ki67 (h)
antibodies. Scale bar=100 pm. HE: hematoxylin-eosin; CD: cluster of differentiation; PD-1: programmed death-1.
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Fig. 12 Case 1: immunophenotypic analysis of the bone marrow by 8-color flow cytometry. Atrovirens events,
neoplastic B lymphocytes; green events, normal lymphocytes; blue events, granulocytes; red events, blast cells;
purple events, monocytes; yellow events, precursor B-cell; sky-blue events, plasmocytes; gray events, nucleated red

blood cell.
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the disease, the FFPE sections were sent to Acornmed
Biotechnology (Tianjin, China) for NGS detection.
The NGS findings identified DNMT3a, IDH2, RHOA,
SF3B1, and TP53 mutations (Table 1).

5 Discussion

The occurrence of CL is infrequent. Meanwhile,
despite many reported cases in the literature, the
underlying mechanism for developing CL remains
unclear. Certainly, however, CL does not occur by
chance. A few hypotheses for the pathogenesis of the
development of CL are explained as follows.

The first possible cause might be an environmen-
tal risk factor, that is, immune dysregulation caused
by the first lymphoma, engendering an environment
that is conducive to the second lymphoma (Xu et al.,
2002). One such example is viral infection, with EBV
being the most common. In this study, Cases 2 and 3
were shown to be positive for EBV DNA at the time
of the first B-cell lymphoma. EBV antigens expressed
in malignant B-cells might stimulate T-cell prolifer-
ation; in certain cases, it might induce T-cell neoplastic
transformation through clonal selection (Zettl et al.,
2002). Alternatively, EBV in already-existing T-cell
lymphoma might also be a possible etiological agent
involved in the development of the B-cell component.
Intrinsic immunodeficiency caused by T-cell lymphoma
may cause host B-cell infection with EBV and induce
B-cell transformation. However, this is not the only
mechanism for the formation of CL, as many other CL
cases, like Case 1 in this work, showed no evidence
of EBV infection.

Immune dysregulation caused by autoimmune
conditions might be another cause for the development
of CL. Hu et al. (1987) described a CL patient who
had a previously diagnosed autoimmune condition.

Both B-cells and T-cells may be stimulated through
chronic exposure to autoantigens, which might induce
the transformation of both cell lineages in the process
of proliferation.

Another possible explanation for the formation
of CL might be that either sharing a common progeni-
tor or being nurtured by the same microenvironment
undergoing divergent evolution via additional genomic
modification results in heterogeneous subclones that
are capable of generating both B-cell and T-cell clones.
Wang et al. (2014) showed a CL case composite man-
tle cell lymphoma (MCL), and PTCL demonstrated
the rearrangement and replications of cyclin D1
(CCND1I) gene and the upregulation of its protein
cyclin D1 expression in both B-cell and T-cell lymph-
omas. Tanaka et al. (2018) reported a CL case where
both B-cell and T-cell neoplasms likely arose from the
follicle center with genetic alterations involving the
immunoglobulin heavy chain (IgH) gene within each
lymphoma.

At the same time, with the development of mo-
lecular technology, several molecular mechanisms
may also contribute to CL development. Mutations of
epigenetic regulators including DNA methylation
genes DNMT3a and IDH?2 might induce the occur-
rence of a second lymphoma. DNA methyltransferase
(DNMT) mediates an essential epigenetic mechanism
that controls cell proliferation, apoptosis, differenti-
ation, cell cycle, and cell transformation. A previous
study found that DNMT3a was overexpressed in 13%
of DLBCL patients (Amara et al., 2010). DNMT3a
(5%-36%) and IDH?2 (0%—8%) have also been iden-
tified in patients with PTCL-NOS; additionally,
DNMT3a and IDH2 were mutated in 20%—45% and
26%-38% of AITL cases, respectively (Couronné
et al., 2012; Odejide et al., 2014). Thus, under certain
circumstances, DNMT3a mutation may lead to both
B-cell and T-cell lymphomas in a single patient.

Table 1 Results of NGS in the left neck lymph node

Mutated gene Transcript ID Mutated site Nucleic change Amino acid change VAF (%)
DNMT3a NM_022552 Exon 19 ¢.2207G>A p.R736H 2391
IDH?2 NM_002168 Exon 4 c.515G>T p.R172M 8.59
RHOA NM_001664 Exon 2 ¢.50G>T p.G17V 10.36
SF3B1 NM_012433 Exon 14 c.1997A>C p.K666T 1.19
TP53 NM_000546 Exon 7 ¢.730G>C p.G244R 1.27

NGS: next-generation sequencing; DNMT3a: DNA methyltransferase 3a; IDH2: isocitrate dehydrogenase 2; RHOA: Ras homolog gene family,
member A; SF3BI: splicing factor 3B subunit 1; 7P53: tumor protein p53.



Trimech et al. (2021) reported a small series of pa-
tients with CLs consisting of chronic lymphocytic
leukemia/small lymphocytic lymphoma (CLL/SLL)
and AITL, in which the AITL comprised prominent
clear cells with similar mutations consisting of tet
methylcytosine dioxygenase 2 (T7E72) or DNMT3a al-
teration. Zhang et al. (2022) also found a DNMT3a
mutation in CL in both CLL/SLL and monomorphic
epitheliotropic intestinal T-cell lymphoma (MEITL) tis-
sues. Besides, previous studies have also shown that
TP53 mutation can be identified in both B-cells and
T-cells in the lymph nodes (Xie et al., 2020; Onaindia
et al., 2021; Luo et al., 2022), which might also con-
tribute to the occurrence of CL. In our Case 2, NGS
detection showed DNMT3a and TP53 mutations.

Although we still have not found out the exact
mechanism for the formation of CL, it is certain that
the pathogenesis is complex, with more than one patho-
physiologic mechanism involved in the development
of CL of B-cell and T-cell origins.

Because of its low incidence, there is no stand-
ard treatment for CL. Therefore, the overall therapeut-
ic strategies need to cover both disease components.
R-CHOP or CHOP-like regimens are usually used as
first-line treatments for CL of B-cell and T-cell lymph-
omas (Zettl et al., 2002; Balagué et al., 2007). Cur-
rently, there is no standard treatment for refractory or
relapsed CL either. Therapeutic regimens should be
chosen according to a necessary re-biopsy to deter-
mine whether the recurrence is only T-cell lymphoma,
B-cell lymphoma, or still CL. The prognosis of pa-
tients with CL of B-cell and T-cell lymphomas varies
considerably because of the heterogeneous combin-
ation of neoplastic components. Zettl et al. (2002) re-
ported that EBV-associated B-cell lymphoprolifer-
ation occurring in AITL did not seem to be associated
with a more aggressive clinical course than typical
AITL clinically. Conversely, some scholars believe
that CL containing both T and B neoplasms follows
an aggressive clinical course. Suefuji et al. (2012)
reported 19 CL patients of B-cell and T-cell lymph-
omas; after a median follow-up of three months (range,
1-13 months), 12 (63.2%) patients were alive and 7
(36.8%) patients had died of the disease. Two patients
we reported showing that B-cell lymphoma was suc-
cessfully cured with R-CHOP regimens; however, T-
cell lymphoma relapsed two times and led to the
death of the patients. Hence, the response of the more
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aggressive T-cell component to chemotherapy deter-
mines the disease prognosis. The progression free
survival (PFS) of the two cases we reported was 1—
2 years, and the overall survival (OS) was 4—6 years.

In conclusion, in rare circumstances, B-cell lymph-
oma can occur in combination with T-cell lymphoma.
In our experience, physicians should not stop pursu-
ing treatment for secondary lymphoma even if they
have identified one major lymphoma. With the recent
advances in diagnostic modalities, such as immuno-
phenotyping, flow cytometry, immunohistochemistry,
analytical and molecular diagnostic tests, particularly
their applications in clinical practice, the detection rate
of CL can be expected to increase in the future.
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