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Lineage switch between myeloid and lymphoid in acute leukemia is well established as a
mechanism for leukemic cells to escape chemotherapy. Cross-lineage transformation is
also recognized in some solid tumors on targeted therapy, such as adenocarcinomas of
the lung and prostate that transforms to neuroendocrine carcinoma on targeted therapy.
Now lineage plasticity is increasingly recognized in mature lymphomas, such as small B-
cell lymphomas transforming to histiocytic/dendritic cell sarcoma. However, there is no
report of aggressive mature B-cell lymphoma switching from one histologic category to
another upon targeted therapy. We report here a case of high-grade B-cell lymphoma with
MYC and BCL6 rearrangements relapsing as a high-grade plasmablastic neoplasm with
MYC and BCL6 rearrangements after R-CHOP and R-EPOCH therapy. Being aware of
this rare scenario will help improve our understanding of the underlying mechanisms of
therapeutic resistance and progression of lymphoma.
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INTRODUCTION

Significant advances have been made in cancer targeted therapy in the past decade. Unfortunately,
some patients who undergo targeted therapy experience relapse after a brief remission.
Accumulating evidence indicates that cancer cells change their identity by antigen remodeling
and phenotypic or lineage switching to cope with the adverse microenvironment and achieve
therapeutic resistance and tumor relapse and progression. Newly published data has shown that up
to 5% of EGFR-mutated adenocarcinomas of the lung on targeted therapy transform their histologic
subtype to neuroendocrine carcinoma. Similar trans-differentiation has also been reported in at least
20% of prostatic adenocarcinomas on antiandrogen therapy and some melanomas on MAPK
inhibitor treatment (1).

In hematopoietic neoplasms, lineage switch is not uncommon, mostly in immature tumors, as the
tumor cells have not yet fully differentiated and are multipotent like their normal counterparts. Cases
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of acute leukemia demonstrating lineage switch between myeloid
and lymphoid lineages during therapy have been increasingly
reported, particularly in those with KMT2A/MLL rearrangement
and/or after CD19-targeted immunotherapies including
blinatumomab and CAR-T cells (2–4). In contrast, lymphomas
deriving frommature lymphoid cells are considered lineage stable.
Nevertheless, evidence has emerged that mature lymphomas could
transform from one lineage to another at recurrence. Patients with
several types of small B-cell lymphomas, including follicular
lymphoma, chronic lymphocytic leukemia/small lymphocytic
lymphoma, mantle cell lymphoma, and marginal zone
lymphoma, can develop clonally-related histiocytic/dendritic cell
sarcomas (5–17). Recently, Zhang et al. and Kawashima et al. each
reported one case of mantle cell lymphoma switching lineage to
non-hematopoietic sarcoma with neuromuscular immuno-
phenotypic features (18, 19). Besides the lineage switch to non-
hematopoietic neoplasms in mature B-cell lymphomas, clonally-
related classic Hodgkin lymphoma can be seen at relapse in
patients with non-Hodgkin lymphomas including primary
mediastinal large B-cell lymphoma and follicular lymphoma
(FL), and vice versa (20, 21).

Among non-Hodgkin lymphomas, other than the histologic
progression from small B-cell lymphoma to large B-cell
lymphoma (LBCL) with a similar immunophenotype or verse
visa, such as FL progressing to LBCL or LBCL relapsing as FL
(22), however, there is no report so far of aggressive mature B-
cell neoplasms switching from one histologic category to
another. Here we report a patient with a high-grade B-cell
lymphoma (HGBL) with MYC and BCL6 rearrangements. The
patient received multiple intensive treatments combined with
Rituximab and achieved complete remission, but quickly
developed a high-grade plasmablastic neoplasm with retained
MYC and BCL6 rearrangements. To the best of our knowledge,
this is the first report of histologic subtype switch of high-grade
non-Hodgkin lymphoma, which provides further evidence that
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fully differentiated mature B-cell lymphoma cells retain the
lineage plasticity to escape chemotherapy.
CASE DESCRIPTION

A 42-year-old man who had a 4-year history of HIV infection
and was not compliant with HAART therapy presented with
night sweat and progressive lymphadenopathy in the bilateral
neck and groin regions in May 2017. His complete blood count
was WBC 4.17 x 103/ul, Hgb 9.3 g/dL, and PLT 180 x 103/ul, with
a CD4 count of 161/ul. Position-emission tomography/
computed tomography (PET/CT) scan showed extensive
hypermetabolic lymphadenopathy involving bilateral cervical,
bilateral axillary, subpectoral, mediastinal, bilateral hilar,
gastro-hepatic, portacaval, periportal, retroperitoneal,
mesenteric, bilateral iliac, and bilateral inguinal chains as well
as diffuse hypermetabolism in the adenoidal soft tissue and
palatine tonsils, hypermetabolism in the left parotid region,
focal hypermetabolism in the left T8 paravertebral region,
and splenomegaly.

A right inguinal lymph node biopsy showed a large cell
lymphoma with starry sky appearance and frequent mitoses
(Figure 1). The lymphoma cells demonstrated frequent distinct
nucleoli and pale cytoplasm. They were positive for PAX5, CD20,
BCL6, MUM1 (subset), MYC, and BCL2, and were negative for
CD5, CD10, CD30, CD138, cyclin D1, and EBER. The Ki-67
proliferation rate was ~70%. Fluorescence in situ hybridization
(FISH) revealed MYC and BCL6 rearrangements. No BCL2
rearrangement was detected. PCR clonality assay showed
polyclonal IgH rearrangement. However, the quality of DNA
was low. A bone marrow biopsy was negative for lymphoma. The
patient was diagnosed with HGBL with MYC and BCL6
rearrangements. He was treated with 2 cycles of R-CHOP
(rituximab, cyclophosphamide, hydroxydaunorubicin,
FIGURE 1 | Morphology and immunophenotype of high-grade B-cell lymphoma with MYC and BCL6 rearrangements at initial diagnosis. The H&E showed a large
cell lymphoma with starry sky appearance. The lymphoma cells demonstrated distinct nucleoli and pale cytoplasm. Frequent mitoses were present. The lymphoma
cells were positive for CD20, PAX5, MUM1 (subset), BCL6, MYC, and BCL2, and were negative for CD138. The Ki-67 proliferation rate was ~70%.
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vincristine, and prednisone), 4 cycles of R-EPOCH (rituximab,
etoposide, prednisone, vincristine, cyclophosphamide, and
hydroxydaunorubicin), and methotrexate for central nerve
system prophylaxis. PET/CT scan performed in January 2018
revealed no residual disease.

Unfortunately, he developed multiple masses on the right
thigh in July 2018. MRI of the right thigh without contrast
showed a 23 x 10 x 9 cmmass centering in the vastus intermedius
muscle and a 19 x 6 x 5 cm mass centering in the distal aspect of
the sartorius muscle as well as signal abnormalities involving the
greater trochanter, tibial plateau, and femoral condyle. A core
biopsy of one of the thigh masses showed a large cell neoplasm
with starry sky appearance and multi-focal necrosis (Figure 2).
The tumor cells demonstrated eccentric nuclei and pink
cytoplasm. They were positive for MYC, BCL2, MUM1, EMA,
CD138, and Kappa, and were negative for PAX5, CD20, BCL6,
CD5, CD30, CD56, ALK1, Lambda, and EBER. The Ki-67
proliferation rate was ~90%. A diagnosis of high-grade
neoplasm with plasmablastic differentiation was entertained,
with a differential diagnosis of plasmablastic lymphoma vs
high-grade plasma cell neoplasm. Again, PCR clonality assay
showed polyclonal IgH rearrangement based on a low-quality
DNA. He was treated with 2 cycles of ICE (ifosfamide,
carboplatin, and etoposide).

About 1-2 months later, PET/CT restaging revealed multiple
hypermetabolic lesions within the chest, abdomen, and pelvis.
An excisional biopsy of the abdominal wall mass showed a high-
grade neoplasm morphologically and immunophenotypically
similar to the thigh neoplasm. FISH analysis showed MYC and
BCL6 gene rearrangements. A diagnosis of plasmablastic
lymphoma was reached. He was treated with CEOP
(cyclophosphamide, etoposide, vincristine, and prednisone),
then Gemcitabine plus oxaliplatin, and palliative radiation due
to hydronephrosis caused by tumor compression.
Frontiers in Oncology | www.frontiersin.org 3
Bone marrow biopsy performed in April 2019 was
morphological ly negat ive for lymphoma. However ,
chromosomal analysis detected in 2 of 20 cells a complex
karyotype including two concurrent rearrangements involving
the BCL6 andMYC genes in the form of t(3;14) and t(8;14): 47,X,
dic(Y;1)(q12;p12),+1,t(3;14)(q27;q32),dup(6)(p21.1p25),+7,t
(8;14)(q24.2;q32),dup(12)(q13q22),add(18)(q21.3)[2]/46,XY
[18]. He died in July 2019, 26 months after the initial diagnosis
of HGBL.
DISCUSSION

We report here a case of HGBL with MYC and BCL6
rearrangements switching to high-grade plasmablastic
neoplasm/lymphoma with retained MYC and BCL6
rearrangements at relapse. The initial lymphoma demonstrated
the typical morphology and phenotype of a mature LBCL. Despite
the extensive involvement of lymphoma initially, the patient
responded well to chemotherapy combined with Rituximab and
achieved complete remission. After a brief remission, the patient
had an extensive relapse. The recurrent tumor demonstrated
plasmablastic morphology and immunophenotype, losing B-cell
markers (CD20, PAX5, and BCL6) and gaining plasmacytic
markers (CD138, EMA, and MUM1). The presence of both
MYC and BCL6 rearrangements in both tumors support the
clonal relatedness. Interestingly, despite retaining BCL6
rearrangement, BCL6, a molecule that is required to be
repressed for plasmacytic differentiation, was not expressed in
the recurrent tumor.

From the view of development, pluripotent stem cells
progressively lose their plasticity as they mature into
differentiated cells and maintain lineage stability after
maturation. Correspondingly, immature tumors have multi-
FIGURE 2 | Morphology and immunophenotype of high-grade plasmablastic neoplasm with MYC and BCL6 rearrangements at relapse. The H&E showed a large
cell neoplasm with starry sky appearance and focal necrosis. The tumor cells demonstrated eccentric nuclei and pink cytoplasm. Frequent mitoses were present.
The tumor cells were positive for EMA, MUM1 (diffuse strong), MYC, CD138, and Kappa, and were negative for CD20, PAX5, BCL6, and Lambda. The Ki-67
proliferation rate was ~90%.
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directional differentiation potential whereas mature tumors
typically show specific differentiation directions. However, this
traditional view has been challenged by the growing evidence
that terminally differentiated tumor cells do retain plasticity (23).
These cells have the potential to modify their molecular,
phenotypic, and histologic characteristics to cope with the
selective stresses from the microenvironment, especially after
targeted therapy. This plasticity is increasingly recognized as one
of the critical mechanisms involving tumor relapse, metastasis,
and therapeutic resistance (1).

In general, tumor cells change their identity along the path of
differentiation, backward or forward. Differentiated tumor cells
de-differentiating to an earlier stage, or even progenitor
phenotype, is commonly seen in soft tissue sarcoma (23–25).
Sometimes small B-cell lymphomas, such as marginal zone B-cell
lymphoma, demonstrate differentiation toward terminally
differentiated plasma cells, or even overwhelmed by plasma
cells, particularly after therapy (26, 27). Plasmacytic
differentiation requires downregulation of PAX5 and BCL6
expression mediated through upregulated MUM1 and BLIMP1
(28, 29). BCL6 is a master regulator for initiation of germinal
center reaction and maintenance of germinal center
immunophenotype in normal B-cells, and its downregulation
is required for their exit of germinal centers. PAX5 controls the
identity of B-cells and its downregulation leads to loss of
expression of other B-markers, facilitating upregulation of
genes for plasmacytic differentiation. Generally, B-cell
lymphoma loses only CD20 expression and retains B-cell
identity after Rituximab treatment. However, the recurrent
lymphoma in our patient lost expression of not only CD20 but
also PAX5 and BCL6. In addition, it gained expression of
MUM1, CD138, and EMA, indicating a switch to plasmacytic
immunophenotype. The loss of B-cell identify renders the
lymphoma cells less susceptible to the chemotherapeutic
regimens for B-cell lymphomas. Interestingly, PCR analyses
both at initial diagnosis and at relapse failed to detect
monoclonal IgH rearrangements based on low-quality of DNA.
Additional pathology material was not available for us to repeat
PCR analyses for IgH or immunoglobulin light chains. The false-
negative IgH rearrangement is well known in B-cell lymphomas
with translocations involving IgH. In such scenarios, V, D and J
segments are disrupted. In our case, both MYC and BCL6 had
IgH as the fusion partners. Another well-documented possibility
for the false-negative IgH analyses is the presence of extensive
somatic hypermutations of IgH gene prevents PCR amplification
(30). This possibility is supported by the findings of BCL6
Frontiers in Oncology | www.frontiersin.org 4
negativity by immunohistochemistry in the relapsed tumor
despite the presence of BCL6 rearrangement. However, both
initial and relapsed tumors showed MYC and BCL6
rearrangements, supporting that both tumors share a common
precursor lesion but diverge to two different histologic subtypes
of tumors at initial diagnosis and at relapse, somewhat analogous
to acute leukemia switching between myeloid and lymphoid
lineages, or analogous to branch evolution of FL (3, 4, 31, 32).
CONCLUSION

In summary, we report here a case of HGBL withMYC and BCL6
rearrangements switching to high-grade plasmablastic neoplasm
with MYC and BCL6 rearrangements. This is the first report of
aggressive mature B-cell neoplasm switching from one histologic
category to another, supporting the notion that fully differentiated
mature B-cell lymphoma retains plasticity, and expanding the
spectrum of lineage or phenotypic switch in B-cell lymphoma.
Being aware of this particular scenario will help improve our
understanding of the underlying mechanisms of tumor escape
from chemotherapy and develop novel anti-tumor therapy.
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