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Abstract

Mature B-cell neoplasms and immature or precursor B-cell neoplasms need to be distinguished because these patients
usually require different therapeutic approaches. B-cell neoplasms that express TdT without unequivocal other features of
immaturity may therefore present a diagnostic challenge. We describe 13 patients with TdT-positive aggressive B-cell
lymphoma. The clinicopathologic features of these patients were highly heterogeneous, but for the purpose of this study we
grouped these cases as follows: (1) de novo high-grade B-cell lymphoma with MYC, BCL2, and/or BCL6 rearrangements
(double-hit or triple-hit lymphoma) with TdT expression. In this group we included two cases of de novo composite
lymphoma in which there were components of diffuse large B-cell lymphoma and TdT-positive blastic B-cell lymphoma;
(2) TdT-positive aggressive B-cell lymphoma arising in patients who previously had follicular lymphoma; (3) initial
relapse of TdT-negative aggressive B-cell lymphoma in patients who previously had follicular lymphoma, followed by
relapses in which the neoplasm acquired TdT expression; and (4) mature B-cell lymphomas that acquired TdT expression
at relapse. This group included one case of EBV-positive diffuse large B-cell lymphoma and one case of pleomorphic
variant mantle cell lymphoma. All patients in this study had an aggressive clinical course and a dismal outcome despite
appropriate therapy. Rather than “squeezing” these cases into current World Health Organization classification categories,
we suggest the use of a descriptive term such as high-grade B-cell lymphoma with TdT expression. In these tumors, the
cytogenetic findings and poor prognosis of this patient subgroup suggest that these neoplasms need to be distinguished
from B-lymphoblastic leukemia/lymphoma. Segregation of these neoplasms also may foster additional research on these
neoplasms.

Introduction

Distinguishing mature B-cell lymphomas from immature or
precursor B-cell neoplasms is important because different
therapeutic approaches are often used. For example, most
patients with diffuse large B-cell lymphoma (DLBCL) are
treated in a similar way, most often with the R-CHOP
(rituximab, cyclophosphamide, doxorubicin, vincristine,
and prednisone) chemotherapy regimen whereas patients
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with B-lymphoblastic leukemia/lymphoma are treated with
more intensive chemotherapy. Morphology provides
important information, but it is well known that some
mature B-cell neoplasms can have relatively immature
morphologic features and present in a fashion similar to a
leukemia. Lack of immunoglobulin light chains, dim or lack
of expression of CD20, and expression of CD34, CD99
or terminal deoxynucleotidyl transferase (TdT) in neoplastic
cells have been used as features to support immaturity.
Morphologic review combined with a detailed immuno-
phenotypic workup accurately classifies B-cell neoplasms in
most cases. However, expression of TdT in World Health
Organization (WHO) classification defined categories of
B-cell lymphoma that are typically negative for TdT can
occur rarely and present a diagnostic challenge [1, 2].
Perhaps the best known example of TdT expression by
a mature B-cell lymphoma is progression of follicular
lymphoma. At time of histological transformation to a
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higher-grade neoplasm, a small subset of follicular lym-
phoma cases can progress to a neoplasm that expresses
TdT. The current recommendation in the WHO scheme is
to classify these neoplasms as B-lymphoblastic lymphoma/
leukemia transformed from follicular lymphoma [3-5]. A
subset of these rare neoplasms also may carry MYC, BCL2,
and/or BCL6 rearrangements (double-hit or triple-hit lym-
phoma), a known poor prognostic subset. Less information
is available about other types of mature B-cell lymphoma
that acquire TdT expression and few guidelines regarding
these neoplasms are available in the literature or in the
WHO scheme.

In this study, we describe 13 patients with a high-grade
B-cell lymphoma that expressed TdT. This group is highly
heterogeneous at the clinical and pathologic level and all
patients had a dismal outcome despite being treated with
intensive chemotherapy. It seems likely that these patients
will require novel therapeutic approaches, and we suggest
that TdT-positive mature B-cell lymphomas need to be
segregated to facilitate the design of better therapies and
foster additional research.

Materials and methods
Study group

We searched our institutional archives for patients with
a diagnosis of B-cell lymphoma with TdT expression
between January 1, 2007 and December 31, 2017. We
also searched for any patients carrying the diagnosis of
B-acute lymphoblastic leukemia who had a documented
history of follicular lymphoma within the same period.
Clinical and diagnostic data were obtained by review of
the medical records. This study was approved by the
institutional review board at The University of Texas MD
Anderson Cancer Center.

Histologic and immunophenotypic methods

Tissue sections of biopsy specimens stained with
hematoxylin-eosin and bone marrow aspirate smears stained
with Wright-Giemsa were reviewed. The biopsy specimens
were obtained from bone marrow, lymph nodes, or extra-
nodal sites. Bone marrow biopsy specimens were dec-
alcified using formic acid.

We performed multicolor flow cytometry immunophe-
notypic analysis on cell suspensions of tissue biopsy spe-
cimens or bone marrow aspirate specimens collected in
EDTA-anticogulant and processed within 24 h of collection
as described previously [6]. Erythrocytes were lysed with
ammonium chloride (Pharm LyseTM, BD Biosciences, San
Diego, CA) at room temperature for 10 min using a standard

lyse/wash technique after incubation with monoclonal
antibodies for 10 min at 4 °C. The following antibodies
were used: CD2, cytoplasmic CD3, surface CD3, CD4,
CD5, CD7, CD10, CD13, CD14, CD15, CD19, CD20,
CD22, CD25, CD33, CD34, CD36, CD38, CD41, CD45,
CD49d, CD52, CD56, CD64, CD66¢, cytoplasmic CD79a,
CD81, CD117, CD123, CD184, cytoplasmic IgM, human
leukocyte antigen (HLA)-DR, kappa, lambda, myeloper-
oxidase, and terminal deoxynucleotidyl transferase (TdT).
All antibodies were purchased from BD Biosciences (BD
Biosciences). Samples were acquired on FACSCanto II
instruments (BD Biosciences, San Diego, CA) and analysis
of flow cytometry data was performed using FCS Express
software (De Novo Software, Los Angeles, CA).
Immunohistochemical analysis was performed using
formalin fixed, paraffin-embedded tissue sections as
described previously [7]. The antibody panel included
reagents specific for: CD3, CD20, CD30, CD79a, CD138,
BCL6, and Ki-67 (Dako North America, Carpinteria, CA);
CDS5 and cyclin D1 (Thermo Scientific, Fremont, CA);
CD34 and PAXS5 (BD Biosciences); BCL2 and TdT (Leica
Biosystems, Buffalo Grove, IL); and MYC (Ventana,
Tucson, AZ). In situ hybridization for Epstein-Barr virus
encoded small RNA (EBER) (Ventana) was also performed.

Conventional cytogenetic analysis and fluorescence
in situ hybridization (FISH)

Conventional cytogenetic analysis was performed on
G-banded metaphase cells prepared from unstimulated bone
marrow aspirate cultures using standard techniques [8].
Twenty metaphases were analyzed and the results reported
using the International Systems for Human Cytogenetic
Nomenclature [9]. Fluorescence in situ hybridization
(FISH) was performed on bone marrow smears or tissue
samples to assess for MYC rearrangement (LSI MYC dual
color, breakapart probe), IGH-BCL2 fusion (LSI IGH/BCL2
dual color, dual fusion probe), BCL6 rearrangement (LSI
BCL6 dual color, breakapart probe) or BCR-ABLI fusion
(LSI BCR/ABL ES probe) as described previously [7]. All
FISH probes were obtained from Abbott Molecular, Inc.,
(Des Plaines, IL). At least 200 interphases were analyzed.

Statistical analysis

Overall survival (OS) was defined from the day of diagnosis
of a TdT-positive B-cell lymphoma to the last follow-up
or death. Patients who underwent stem cell transplant
were censored. Distribution of OS was estimated with the
Kaplan-Meier method, with difference compared by the
log-rank test. All P values are two-tailed and considered
significant when < 0.05. Statistical analysis was performed
using GraphPad Prism 5.0.
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Fig. 1 De novo high-grade B-
cell lymphoma with MYC,
BCL2, and BCL6
rearrangements and TdT
expression. a Hematoxylin and
eosin, x400. b CD20 stain,
x400. ¢ Ki-67, x400. d TdT,
x400

Results

De novo high-grade B-cell lymphoma with double-
hit or triple-hit genetics and TdT expression

This group included five men and one woman who did not
have a history of indolent lymphoma. This group included
two subgroups. The first subgroup included four men
(cases #1-4) who presented with newly found lumps or
masses with or without B symptoms. Pathologic examina-
tion showed a diffuse proliferation of medium-sized lym-
phoid cells with round nuclear contours, open chromatin,
inconspicuous nucleoli, and scant cytoplasm (Fig. la).
Touch imprints showed a predominance of monomorphic
medium-sized cells with scant basophilic cytoplasm, round
nuclei and inconspicuous nucleoli. Apoptosis was frequent
and a starry-sky appearance was present. Mitotic figures
were easily seen.

The neoplastic cells were positive for CD10, CD19,
CD20, PAX-5, BCL6 (partial), MUM-1/IRF4, TdT
and monotypic surface immunoglobulin light chain
expression, but were negative for CD34. Ki-67 was
95-100% (Fig. 1b, d).

Conventional karyotyping was not performed in these
patients. FISH demonstrated rearrangements of MYC and
BCL2 in two patients (cases #1 and 2) and MYC, BCL2,
and BCL6 in two patients (cases #3 and 4). These patients
were treated with rituximab, etoposide, prednisone, vin-
cristine, cyclophosphamide, and doxorubicin (R-EPOCH)

(cases #1, 2, and 4) or EPOCH (case #3). Clinical follow-up
was available for three of these patients. One patient (case
#1) went to his hometown for treatment and was lost for
follow-up. In case #2, the patient underwent autologous
stem cell transplant after achieving complete remission
with R-EPOCH. However, this patient developed relapse
14 months later. He was treated with rituximab, hyper-
fractionated cyclophosphamide, vincristine, doxorubicin,
and dexamethasone (R-hyperCVAD) or blinatumomab off
protocol, but died 2 months after relapse. Two patients
had primary refractory disease; one patient died 8 months
after diagnosis (case #3) and in the other patient therapy
was changed to rituximab, dexamethasone, cytarabine, and
cisplatin (R-DHAP) (case #4).

A second subgroup of two patients had high-grade
B-cell lymphoma with a biphasic or composite pattern.
Case #5 was a 43-year-old man who sought medical
attention for sore throat, dysphagia, and 20-pound weight
loss. Endoscopy revealed a right supraglottic mass. Case
#6 was a 6l-year-old woman who presented with
abdominal pain thought initially to be acute cholecystitis.
CT scan demonstrated mesenteric lymphadenopathy with
the largest lymph node 5.7 centimeters in greatest
dimension. Pathologic examination of these two neo-
plasms showed a biphasic neoplasm. One component
resembled DLBCL and was composed of sheets of large
lymphoid cells with round-to-ovoid nuclear contours,
vesicular chromatin, a single prominent nucleolus, and a
moderate amount of cytoplasm (Fig. 2a, b). These large
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Fig. 2 De novo high-grade B-
cell lymphoma with MYC and
BCL2 rearrangements with
biphasic appearances of diffuse
large B-cell lymphoma and TdT-
positive blastic B-cell
lymphoma in the same lymph
node. a Hematoxylin and eosin,
x400. b Left. Blastic B-cell
lymphoma component, x1,000.
b Right. Diffuse large B-cell
lymphoma (DLBCL)
component, x1,000. ¢ CD20
expression is only present in the
DLBCL component, x200.

d TdT stain in the blastic B-cell
lymphoma component, x200

cells were CD10+, CD20+, BCL2+, BCL6 (weak+), Ki-
67 ~60%, and TdT(—). A second component was com-
posed of medium-sized lymphoid cells with immature
chromatin that were TdT(+), CD10+, CD20(—), CD45
(=), BCL2+, BCL6(—), and Ki-67 90-100% (Fig. 2c, d).
FISH analysis showed MYC and BCL2 rearrangements
in case 5 and MYC, BCL2, and BCL6 rearrangements in
case 6. Of note, MYC and BCL2 rearrangements were
found in both components of the neoplasm in case #5.
Staging bone marrow was negative for lymphoma in both
patients. The cerebrospinal fluid was negative for lym-
phoma in case #5, but not evaluated in patient #6.

Clinical follow-up was available. In case #5, the patient
was treated with a chemotherapy regimen designed for
B-lymphoblastic ~ lymphoma/leukemia  (daunorubicin,
cyclophosphamide, vincristine sulfate, and L-asparaginase),
but after a preliminary response the patient had recurrence
and underwent allogeneic stem cell transplant 6 months
after diagnosis. The patient died 2 months after the
transplant. In case #6, the patient achieved partial remission
after six cycles of R-EPOCH and is being considered
for stem cell transplant at time of writing.

Follicular lymphoma followed by TdT-positive
aggressive B-cell lymphoma

Three patients belong to this group. Two patients (cases #7
and #9) had follicular lymphoma, grade 1 involving axillary
lymph nodes, and one patient (case #8) had follicular

SPRINGER NATURE

lymphoma, grade 2 in the right parotid gland. Patient
#7 also had squamous cell carcinoma of the tonsil and
initial treatment was designed for the tonsillar cancer. The
other two patients were treated with R-CHOP and achieved
complete remission. With a median interval of 13 months
(range, 11 to 18 months), all three patients developed
aggressive and high-grade B-cell lymphoma involving the
left mandible (case #7), abdomen (#8), and left axillary
lymph node (#9), respectively. Bone marrow was not
involved by lymphoma in all patients.

Pathologic examination of these lymphomas showed
lymph node or extranodal sites diffusely involved by sheets
of medium-to-large lymphoid cells with a starry-sky
appearance. The neoplastic cells had round to slightly
irregular nuclear contours, fine chromatin and scant cyto-
plasm. Mitotic figures were frequent. The neoplastic cells
were positive for CD10, CD19, and TdT and were negative
for CD20, CD34, and surface immunoglobulin by flow
cytometry. Immunohistochemical analysis showed BCL6
was expressed in one neoplasm (case #9). Ki-67 was
90-100% in all patients. FISH to assess MYC, BCL2, and
BCL6 was performed using formalin-fixed, paraffin-
embedded tissue in two neoplasms (cases #8 and 9), but
results were successful in only case #9 who had MYC and
BCL2 rearrangements. In case #7 tissue remaining in the
paraffin block was insufficient for FISH studies.

Two patients were treated with R-hyperCVAD therapy.
One patient (case #7) did not respond to therapy and died
3.2 months after diagnosis. The other patient (case #9)
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showed a very good response to the therapy and underwent
autologous stem cell transplant, but the disease progressed
1.5 months after the transplant. This patient was treated with
various modalities including radiation, R-DHAP che-
motherapy, and chimeric antigen receptor T-cell infusion,
but died 5.3 months after the autologous stem cell trans-
plant. Patient #8 responded initially to rituximab, ifosfa-
mide, and etoposide, but developed recurrence 3 months
later. He was switched to R-hyperCVAD, but had pro-
gressive disease involving the kidney, lower retro-
peritoneum, extraperitoneal space, and testis and died
6.1 months after diagnosis.

Initial TdT-negative aggressive B-cell lymphoma in
patients who previously had follicular lymphoma,
followed by relapses in which the neoplasm
acquired TdT expression

There were two patients in this category who had a history
of follicular lymphoma, treated with immunochemotherapy
achieving partial (case #10) or complete remission (case
#11). Eleven and 14 months after diagnosis, respectively,
new lymphadenopathy appeared and histologic examination
showed a diffuse (case #10) or diffuse and nodular (case
#11) proliferation of medium-sized lymphoid cells with
round nuclear contours, open chromatin, 2—3 nucleoli and
moderate amount of cytoplasm (Fig. 3a). A starry-sky pat-
tern was focally present and mitotic figures were frequent.
Flow cytometry sowed CD10+/CD19+/CD20(-) aberrant

B
p
%
&
4 2
o ]
-
®
&
.
&
L
-,  »
B
£
5 =
-

LN > o > .
0 ; @ Al
) ¥ 5" o 3
i
a
i
< % :f.-“
- J Py
) % ".“\ - S o "4
. Vi, 3
W g X o 1\
L ke F 4 ¥ w2
|
';\ < . e 2 a9 ¥i

B-cells with monotypic surface light chain expression.
Immunohistochemical analysis showed that the neoplastic
cells were positive for BCL2 and BCL6 (weak) and nega-
tive for TdT (Fig. 3b). Ki-67 rate was 100% in case #10 and
70% in case #11. In case 11, MYC and BCL2 rearrange-
ments were detected by FISH. Both neoplasms were clas-
sified as high-grade B-cell lymphoma and, in case 11, with
MYC and BCL2 rearrangements (double-hit lymphoma),
likely transformed from follicular lymphoma. Staging bone
marrow biopsy was negative for lymphoma in case 10.

Patient #10 was treated with R-CHOP therapy, but
suffered from tumor lysis syndrome with renal failure.
Due to atypical lymphoid cells identified in the peripheral
blood, a second bone marrow aspiration and biopsy were
performed 3 weeks after the diagnosis of the high-grade
B-cell lymphoma. The bone marrow was hypercellular
(90%) with diffuse sheets of immature-appearing cells
(Fig. 3c). The aspirate smears showed 74% medium-sized
immature cells with TdT expression by immunofluorescence.
Flow cytometry immunophenotyping showed that the
immature cells were positive for CD10, CD19, and TdT, and
negative for CD20, surface and cytoplasmic immunoglobulin
light chains. Conventional karyotype showed a complex
karyotype with t(8;14)(q24.1;q32) and t(14;18)(q32;q21.3).
The patient was treated with R-hyperCVAD but did not
respond and died 5.4 months after development of the TdT-+
high-grade B-cell lymphoma/leukemia.

Patient #11 was treated with rituximab, ifosfamide, car-
boplatin, and etoposide (R-ICE) following the diagnosis of
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Fig. 4 Epstein-Barr virus-
positive diffuse large B-cell
lymphoma with TdT expression.
a Hematoxylin and eosin, x400.
b In situ hybridization of
Epstein-Barr virus encoded
small RNA (EBER), x200. ¢ Ki-
67, x400. d TdT, x400
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high-grade B-cell lymphoma with MYC and BCL2 rear-
rangement and achieved complete remission. Subsequently,
she underwent autologous stem cell transplant, but was
found to have a recurrent disease in the retroperitoneum
3 months later. The immunophenotype was identical to the
previous double-hit lymphoma. However, bone marrow
showed diffuse sheets of immature-appearing cells, positive
for TdT, PAX-5, and BCL2 and negative for CD20, CD34,
BCL6 and cyclin D1 with Ki-67 90% (Fig. 3d). Flow
cytometry showed CD45 dim+ cells, positive for CDI10,
CD19, and CD38 and negative for CD5, CD20, and surface
immunoglobulin. She was treated with radiation and lena-
lidomide but died approximately 1 month later from TdT+
high-grade B-cell lymphoma/leukemia.

Mature B-cell lymphomas that acquired TdT
expression at relapse

Two patients are included in this group. A 71-year-old man
(case #12) had a fall resulting in significant back pain went
to a local emergency room for evaluation. CT scan revealed
lymphadenopathy involving the retroperitoneum and left
external iliac region. Pathologic examination of a retro-
peritoneal lymph node showed a diffuse proliferation of
large atypical lymphoid cells with round-to-ovoid nuclear
contours, vesicular chromatin, prominent single-to-multiple
nucleoli and moderate amount of cytoplasm, imparting
an immunoblastic or plasmablastic appearance (Fig. 4a).
A starry-sky pattern with numerous apoptotic bodies and

SPRINGER NATURE

L)

AR

o e

mitotic figures were present. The neoplastic cells were
positive for TdT, CD10 (weak), CD79a, PAX-5, BOB.1,
and CD45 and were negative for CD5, CD20, CD34,
CD138, ALK-1, BCL2, BCL6, cyclin D1, EMA, HHVS,
kappa and lambda light chains, MUM-1, and OCT?2. In situ
hybridization for Epstein-Barr virus encoded small RNA
was strongly positive in the neoplastic cells (Fig. 4b, d). Ki-
67 was 95-100%. FISH analysis showed MYC rearrange-
ment, but no evidence of BCL2 and BCL6 rearrangement.
The case was thought best classified as EBV-positive
DLBCL, but unusual features for this diagnosis included
MYC rearrangement and TdT expression. The patient was
treated with one cycle of EPOCH in his hometown and
came to our institution for a second opinion. The R-CHOP
regimen was recommended but the patient wanted to be
treated at a local hospital and was lost for follow-up.

A 59-year-old woman (case #13) presented to our insti-
tution complaining of an inability to swallow and close
her mouth due to facial weakness. She was status post
three cycles of R-CHOP therapy for mantle cell lymphoma
in leukemic phase diagnosed at an outside hospital
2 months prior to her visit. Magnetic resonance imaging
brain scan was consistent with diffuse leptomeningeal
enhancement, particularly involving cranial nerves III, V,
VII, and VIII. Lymph node biopsy showed a diffuse pro-
liferation of medium-sized cells with round to irregular
nuclei, fine chromatin, small nucleoli and scant cytoplasm
(Fig. 5a). Flow cytometry immunophenotyping demon-
strated a monotypic B-cell population with surface kappa
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Fig. 5 Blastoid mantle cell
lymphoma with TdT expression.
a Hematoxylin and eosin, x400.
b Cyclin D1 stain, x400. ¢ Ki-
67, x400. d TdT, x400

light chain, positive for CDS, CD10, CD19, CD20, CD22,
CD38, CD43, CD44, and CD79b. Immunohistochemical
studies revealed that the lymphoid cells were positive or
PAX-5, BCL2, and cyclin D1, consistent with mantle cell
lymphoma. Ki-67 was approximately 70%. TdT expression
was also observed in a subset of lymphoma cells (Fig. 5b,
d). FISH analysis was negative for MYC rearrangement.
Lumbar puncture was positive for lymphoma cells. Bone
marrow was negative for lymphoma. She was treated with
high-dose methotrexate with cytarabine intrathecal therapy.
Patient wanted to receive treatment in her hometown and
there is no further follow-up.

Discussion

We report 13 patients with high-grade B-cell lymphoma
with TdT expression. These patients had heterogeneous
histories and clinicopathologic features, but we have arbi-
trarily divided them into four groups for the purpose of
organizing the data (Fig. 6). The first group is de novo high-
grade B-cell lymphoma with MYC and BCL2 and/or BCL6
rearrangements and TdT expression. Four of these patients
had a homogeneous appearing neoplasm and two patients
had a composite lymphoma with areas of TdT(—) DLBCL
and TdT(+) blastic B-cell lymphoma. In case #5, both
components showed rearrangements of MYC and BCL2,
suggesting that both components arose from a common
clone. Alternatively, the TdT(—) DLBCL component
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Fig. 6 Four groups of high-grade B-cell lymphoma/leukemia with TdT
expression. DHL high-grade B-cell lymphoma with MYC and BCL2
rearrangements (double-hit lymphoma), THL high-grade B-cell lym-
phoma with MYC, BCL2, and BCL6 rearrangements (triple-hit lym-
phoma), FL follicular lymphoma

possibly could have been an intermediate step on the way to
developing TdT(+) blastic B-cell lymphoma, representing a
rare “snapshot” of the transformation.

We believe these neoplasms would be diagnosed as B-
lymphoblastic lymphoma/leukemia if the WHO recom-
mendations and scheme are strictly applied. However, the
cases in this study did not show other features supporting
immaturity such as expression of CD34 or lack of expres-
sion of surface immunoglobulin. Furthermore, we suggest
that the presence of double-hit genetics is sufficiently dis-
tinctive to support recognizing these neoplasms as being
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different from typical de novo B-lymphoblastic lymphoma/
leukemia for two reasons. First, rearrangements in MYC
and BCL2 and/or BCL6 are extremely rare in de novo
B-lymphoblastic lymphoma/leukemia [10-12]. In a single
center retrospective study, three of 1624 (0.2%) patients
with de novo B-lymphoblastic lymphoma/leukemia had
rearrangements in MYC and BCL2 [12]. Second, these
patients have a dismal prognosis, similar to other patients
with double- or triple-hit lymphoma, despite receiving
chemotherapy designed for B-lymphoblastic lymphoma/
leukemia [10—-12]. The median OS of the six patients in
this study was 13.1 months, similar to the prognosis of
patients with double- or triple-hit lymphoma without TdT
expression [13, 14]. Accordingly, we are reluctant to use
TdT expression to support a diagnosis of B-lymphoblastic
lymphoma/leukemia in the context of findings otherwise
supporting the diagnosis of high-grade B-cell lymphoma
with MYC and BCL2 and/or BCL6 rearrangements. Instead,
we emphasize the cytogenetic findings and use a descriptive
term such as blastic B-cell lymphoma with rearrangements
in MYC, BCL2, and/or BCL6.

A second group of three patients had a history of folli-
cular lymphoma and developed a TdT-positive blastic
B-cell lymphoma. Although we did not test the clonal
relationship of the FL and subsequent TdT-positive blastic
B-cell lymphoma, this occurrence is recognized in the
literature as a rare form of high-grade transformation of
follicular lymphoma. While there is only one patient with
documented double-hit genetics in this group, it is possible
one or both of the other patients could have had double-
hit genetics if sufficient tissue was available for FISH [3-5,
15-21]. Despite the presence of double-hit genetics, as we
understand the WHO classification system, the recommen-
dation is to use the term B-lymphoblastic lymphoma
transformed from FL. We agree that this approach is
useful for distinguishing these cases from de novo
B-lymphoblastic lymphoma/leukemia, but we suggest that
this designation does not fully convey the substantially
worse outcome of patients with follicular lymphoma who
progress to TdT-positive aggressive lymphoma as compared
to patients with de novo B-lymphoblastic lymphoma/leu-
kemia. Available data show that these patients usually have
a highly aggressive clinical course and have significantly
worse outcome compared with de novo B-lymphoblastic
lymphoma/leukemia irrespective of Philadelphia chromo-
some (Ph) status. Hyper-CVAD based regimens represent
the standard treatment for patients with B-lymphoblastic
lymphoma/leukemia. In patients with B-acute lympho-
blastic leukemia, a complete remission rate of >90% with
a 5-year OS of 40% is commonly achieved [22]. With the
introduction of tyrosine kinase inhibitors, the outcomes
of Ph + B-acute lymphoblastic leukemia also have been
improved with a 5-year OS of around 50% [23]. In this
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study, patients underwent hyper-CVAD-based intensive
chemotherapy, and the median OS for this group was
only 5.3 months.

The third group is likely related to the second group
as both patients had a history of follicular lymphoma.
However, this group is intriguing because these tumors
suggest that high-grade B-cell lymphoma with double-hit
genetics without TdT expression could be an intermediate
step to B-lymphoblastic lymphoma/leukemia with double-
hit genetics. In the third group, patients with a history
of follicular lymphoma developed TdT-negative double-hit
lymphoma and then acquired TdT expression at later
relapse. Similar observations have been reported by others
[16, 20]. Whether there is an intermediate step of TdT-
negative double-hit lymphoma that occurs during the
leukemogenesis of TdT-positive double-hit lymphoma
remains to be elucidated, but we show that at least a
subset of patients can show this pattern of tumor evolution.

The fourth group in this study included two patients with
mature high-grade B-cell lymphoma with TdT expression.
These cases also posed a diagnostic dilemma because
of discordant expression of an immature marker (TdT) in
otherwise mature B-cell lymphomas: EBV-positive DLBCL
and mantle cell lymphoma. Except for TdT expression,
other features supporting immaturity were not present
in these tumors. To the best of our knowledge, TdT
expression has not been reported in patients with EBV-
positive DLBCL. A single case of mantle cell lymphoma
with concurrent TdT and cyclin D1 expression has been
reported [24].

Terminal deoxynucleotidyl transferase is a DNA poly-
merase that incorporates nucleotides to the 3’-OH-terminal
of single-stranded DNA in a template-independent
manner. TdT plays an essential role in increasing antigen
receptor diversity by catalyzing random addition of deox-
yribonucleotides to single-stranded DNA during V(D)J
recombination of the immunoglobulin and T-cell receptor
genes [25]. In normal tissue, TdT expression is mostly
confined to B- or T-cell precursors in the thymus and bone
marrow, but not in mature lymphocytes [26]. During B-cell
development, TdT is normally expressed at the pro-B-cell
stage, but its expression gradually declines and disappears
when IGH rearrangement is complete and IGK or IGL
rearrangement begins (the pre-B-cell stage). In lymphoid
neoplasms, TdT is expressed in most cases of acute B- or
T-lymphoblastic leukemia/lymphoma. In contrast, most
studies have shown that TdT expression is absent in other
types of B- and T-cell lymphoma [27-29]. However, TdT is
not a specific marker for B- or T-lymphoblastic lymphoma/
leukemia because expression of TdT also can be seen in
acute myeloid leukemia with minimal differentiation, blas-
tic plasmacytoid dendritic cell neoplasm and Merkel cell
carcinoma [30-32].
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The data in this study show that TdT can be expressed
rarely in mature B-cell lymphomas, usually at time of
progression or relapse. In the current WHO classification,
cases of follicular lymphoma that transform to a high-grade
B-cell lymphoma with TdT expression are considered as
lymphoblastic transformation of FL. This terminology, in
our opinion, may suggest that these neoplasms may behave
similarly to de novo B-lymphoblastic lymphoma/leukemia
and the experience reported here shows that this is not the
case. Many of these neoplasms have rearrangements in
MYC, BCL2 and/or BCL6 and a very poor prognosis.
Currently, the WHO classification provides less guidance
for cases of de novo high-grade B-cell lymphoma with
double/triple hit genetics that express TdT or for mature
B-cell neoplasms other than follicular lymphoma that
relapse as TdT-positive high-grade B-cell lymphoma. In our
opinion, using the designation of lymphoblastic transfor-
mation in these contexts is potentially confusing. Further-
more, we suggest that such designation does not capture the
essence of these diseases and might potentially misguide
patient management. We therefore suggest a descriptive
term such as high-grade B-cell lymphoma with TdT
expression with emphasis on cytogenetic findings to convey
their distinctive nature, which is distinct from typical
B-lymphoblastic lymphoma/leukemia. It should be empha-
sized, however, that this terminology is not intended to
be used for typical cases of B-lymphoblastic leukemia/
lymphoma. Furthermore, this terminology is not intended
for rare cases of B-lymphoblastic leukemia/lymphoma with
surface light chain expression [33].

In summary, we have described 13 cases of B-cell
lymphoma at time of initial diagnosis or relapse character-
ized by aggressive morphologic features, a B-cell immu-
nophenotype, a poor prognosis, and TdT expression that
do not easily fit into current WHO classification defined
entities. We suggest the term high-grade B-cell lymphoma
with TdT expression for these neoplasms. Segregating these
rare tumors may be useful for prognostication and also
may facilitate additional research and the design of novel
therapeutic approaches for these patients.
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