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Follicular lymphoma (FL) is the most common subtype of indolent lym-
phoma and is characterized by the presence of a t(14;18)(q32;q21)
chromosomal translocation. However, about 10-30% of patients with
FL do not have this translocation, and some of these t(14;18)-negative
cases alternatively carry BCLé6 translocation involving 3g27 [1]. FL with
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Abstract

Intraclonal diversity is commonly observed in patients with follicular lymphoma (FL),
whereas tumor cells at the onset and relapse usually share early genetic events such
as VDJ rearrangement of the immunoglobulin genes and t(14;18) translocation. We
report a case of FL with relapse with FL that was clonally different from the tumor
cells at onset. A 59-year-old male presented with paraaortic lymph node swelling
and thickening of the right renal pelvic and ureteral wall was histologically diag-
nosed as FL, grade 1. Karyotypic analysis revealed t(14;18)(q32;q21) with +12 and
+der(18)t(14;18). Ten years after the initial diagnosis, he suddenly developed sys-
temic lymphadenopathy as a second relapse, and histological examination led to the
diagnosis of FL grade 3B with diffuse large B-cell lymphoma. Surprisingly, karyotypic
analysis demonstrated the presence of +12 and 3q27 abnormality, which was proved
to be a BCL6 translocation by fluorescence in situ hybridization, but the absence
of t(14;18)(q32;921). We compared VDJ rearrangement of the FL cells at onset and
relapse and found that they were completely independent of each other. These tumor
cells sharetrisomy 12 as a common genetic abnormality, and it is speculated that tri-
somy 12 may have occurred earlier than BCL2 and BCL6 translocations. These results
suggest that there can even be cases of “relapse” of FL with an independent origin
of the primary tumor cells. Our observation highlights the importance of re-biopsy of
relapsed FL, especially when it occurs after a long remission with different clinical pre-

sentation from that at the onset.
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BCL6 translocation has several distinct biological features, and it is
associated with higher histological grade, atypical protein expression,
and increased risk of histologic transformation [2,3].

Although the survival of patients with FL has been improving for
several decades, histologic transformation develops with an incidence
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49, XY, +X, +12, t(14;18)(q32;q21), +der(18)t(14;18),
add(22)(q11.2) [7]/ 49, s1, del()(q?) [1]/ 46, XY [1]

Sample

Sample

Sample

Sample

* *xk Kk Kk *k * * * *

TATATCATATGATGAAAGACAGACATTTTATGCAGAATCCGTGAGGGGCCGGTTCAGCATCTC
TATATCATATGATGGAAGTAATAAATACTATGCAGACTCCGTGAAGGGCCGATTCACCATCTC
IGHV3-30*03

kK * * * x * ok x
CAGAGACAGGTTCAAGAACACTCTGTATCTACAAATGAATACCCTGACATCTAAGGACACGGC

CAGAGACAATTCCAAGAACACGCTGTATCTGCAAATGAACAGCCTGAGAGCTGAGGACACGGC
IGHV3-30%03

* * *

TGTGTATTTTTGTGCGAGACATAGATCCACTCATAGTGACGACCGGCGAAATGCTTTTGATTT
TGTGTATTACTGTGCGAGA--———-—-———-———— ATAGTG---———-—————— ATGCTTTTGATGT
IGHV3-30*03 IGHD1-26*01 IGHJ3*01

* * %

ATGGGGCCAAGGAACCCTGGTCAC

CTGGGGCCAAGGGACAATGGTCAC
IGHJ3*01

FIGURE 1 Clinical, pathological, and genetic features of lymphoma at onset. (A) PET-CT scan of the patient. (B) Histological findings of the
paraaortic lymph node, which was diagnosed as follicular lymphoma, grade 1. (a) Hematoxylin and eosin, (b) CD20, (c) Hematoxylin and eosin, (d)
CD10, (e) Bcl-2, (f) Bcl-6. (Original magnification: a-b, x 100; e-f, x 400). (C) Karyotyping of lymphoma cells (SRL Inc. Tokyo, Japan). (D)
Fluorescence in situ hybridization for BCL2-IGH fusion signals (SRL Inc.). IGH is labeled with a green probe and BCL2 is labeled with a red probe.
Fusion signals are shown as yellow signals, which are indicated by arrows. (E) VDJ sequence of lymphoma cells at onset. DNA was extracted from
formalin-fixed, paraffin-embedded lymphoma sample using NucleoSpin DNA FFPE XS (Macherey-Nagel, Duren, Germany). The tumor-specific
VDJ sequence of the IGH gene was determined using seminested PCR and Sanger sequencing. Somatic hypermutations are indicated by asterisks
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add(11)(g23), +12 [20]
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FIGURE 2 Clinical, pathological, and genetic features of lymphoma at relapse. (A) PET-CT scan of the patient. (B) Histological findings of the
cervical lymph node, which was diagnosed as follicular lymphoma, grade 3B. (a, b) Hematoxylin and eosin, (c) CD20, (d) CD21, (e) CD10, (f) Bcl-2, (g)
Bcl-6, and (h) Ki-67. (Original magnification: a, c d, x 100; b, e-f, x 400). (C) Karyotyping of the lymphoma cells (LS| Medience Corporation, Tokyo,
Japan). (D) Fluorescence in situ hybridization (FISH) for BCL2-IGH fusion signals (upper panel) and BCL6 split signals (lower panel) (LS| Medience
Corporation). IGH and BCL2 are labeled as in Figure 1D, but fusion signals were not detected. BCLé FISH demonstrated the split of red 5’BCL6
probes (mostly two copies) and green 3'BCL6 probes (mostly one copy) indicated by arrows, with one yellow unsplit signal indicated by an
arrowhead. (E) VDJ sequence of lymphoma cells at relapse. DNA was extracted from fresh frozen lymphoma sample using a QlAprep Spin
Miniprep Kit (Qiagen, Hilden, Germany), and tumor-specific VDJ sequence of the IGH gene was determined as in Figure 1E
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TABLE 1 Asummary of the characteristics of lymphoma at onset and relapse

Lymphoma at onset
Patient’s age 59
Tumor distribution

Serum LDH

Paraaortic LNs, pelvic and ureteral wall
Normal (214 1U/L)

Biopsied sample Paraaortic LN
Histology FL grade 1
Flow cytometry CD19,CD20,CD10, IgM, IgD, Igk positive

G-banded karyotype
FISH analysis BCL2-IGH fusion signal positive

IGH usage IGHV3-30—IGHD1-26—IGHJ3

49, XY, +X, +12,t(14;18)(q32;q21), +der(18)t(14;18),
add(22)(q11.2) [71/49, s1, del(6)(q?) [1]/46, XY [1]

Lymphoma at relapse

69

Cervical, supraclavicular, axillar, mediastinal LNs
Elevated (522 1U/L)

Cervical LN

FL grade 3B with DLBCL

CD19,CD20, IgA, IgA positive; CD10 negative

48, XY, der(3)add(3)(p21)add(3)(g27), 45, add(7)(p13),
add(11)(q23), +12[20]

BCL2-IGH fusion signal negative, BCL6 split signal
positive

IGHV1-18—-IGHD1-1-IGHJ5

DLBCL, diffuse large B-cell ymphoma; FISH, fluorescence in situ hybridization; FL, follicular lymphoma; IGH, immunoglobulin heavy chain; LDH, lactate dehy-

drogenase; LN, lymph node.

of 2-3% per year and is associated with poor outcomes. Recent com-
prehensive genetic studies have revealed that transformed FL not only
evolves directly from the initial FL cells but often arises by divergent
evolution from a common precursor through the acquisition of distinct
genetic abnormalities [4-6]. Even in these cases, primary FL and trans-
formed FL cells usually share VDJ rearrangement and early genetic
abnormalities such as t(14;18) translocation. We report here a case of
FL with relapse with FL that was clonally different from the primary
tumor cells.

A 59-year-old male with obesity, hypertension, type 2 diabetes mel-
litus, hyperuricemia, and hyperlipidemia was found to have paraaortic
lymph node swelling and thickening of the right renal pelvic and
ureteral wall by [18F]-fluorodeoxy-D-glucose (FDG) positron emission
tomography-computed tomography (PET-CT) scanning at a medical
checkup (Figure 1A). Cytological examination of the urine and uretero-
scopic biopsy of the ureteral wall failed to show abnormal findings.
A retroperitoneal laparoscopic biopsy of the paraaortic lymph node
demonstrated nodal proliferation of small centrocyte-like cells, which
were positive for CD20 (clone L27, Roche, Basel, Switzerland), CD10
(clone 56C6, Leica, Deerfield, Illinois, USA), Bcl-2 (clone 124, Dako,
Tokyo, Japan), and Bcl-6 (clone GI191E/A8, Roche), and diagnosis of FL,
grade 1 was made (Figure 1B). Flow cytometric analysis revealed that
the lymphoma cells were positive for CD19, CD20, CD10, IgM, IgD,
Igx, and HLA-DR, and karyotypic analysis revealed t(14;18)(q32;q21)
with +12 and +der(18)t(14;18) (Figure 1C). Fluorescence in situ
hybridization (FISH) analysis confirmed the presence of BCL2-IGH
translocation, with most cells carrying three fusion signals (Figure 1D),
which were compatible with the result of karyotyping. Because the
patient demonstrated right hydronephrosis, he was treated with
four cycles of R-CVP (rituximab, cyclophosphamide, vincristine, and
prednisone) followed by four cycles of rituximab monotherapy, and
obtained complete remission (CR). However, his disease gradually
relapsed in his right renal pelvis and ureter. Four years after the initial
diagnosis, the patient received six cycles of BR (bendamustine and
rituximab), which led him to durable CR. Ten years after the initial
diagnosis, he suddenly developed progressive bilateral cervical lymph

node swelling with elevation of serum lactate dehydrogenase to 522
IU/L (normal range, 124-226 1U/L). PET-CT scan revealed systemic
lymphadenopathy with strong FDG uptake especially in the cervical,
axillar, and mediastinal lymph nodes (Figure 2A). Histological exam-
ination of the biopsied cervical lymph node demonstrated follicular
and diffuse (50%) proliferation of mostly centroblast-like cells, and
CD21-positive follicular dendritic cell networks were only partially
identified. Lymphoma cells were positive for CD20 and Bcl-2, but
weakly positive for Bcl-6 and negative for CD10, and Ki-67 positivity
was 60% (Figure 2B). According to these findings, the diagnosis of FL
grade 3B with diffuse large B-cell lymphoma (DLBCL) was made. Flow
cytometric analysis revealed that the tumor cells were positive for
CD19, CD20, IgA, Ig4, and HLA-DR. Surprisingly, karyotypic analysis
demonstrated the presence of 3q27 abnormality and +12 but the
absence of t(14;18)(q32;g21) (Figure 2C). FISH analysis confirmed the
BCL6 split signal, which indicated the presence of BCL6 translocation,
but a BCL2-IGH fusion signal was not detected (Figure 2D), suggesting
that the tumor cells were derived from a clonally different cell origin
from the primary FL cells. With written informed consent of the
patient, we compared VDJ rearrangement of the FL cells at onset and
relapse using seminested polymerase chain reaction (PCR) and Sanger
sequencing [7], and we found that they were completely independent
of each other (Figures 1E and 2E). A summary of the characteristics
of lymphoma at onset and relapse is shown in Table 1. The patient
was treated with six cycles of R-CHOP (rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisone) and obtained a third CR.
Detailed comparison of FL at onset and relapse of this patient pro-
vides several important implications. The patient developed two clon-
ally independent FL metachronously, and there may be some underly-
ing predisposition to FL in this patient. There are several case reports
describing the appearance of a different lymphoma clone in the clinical
course of a patient with immunodeficiency [8,9], or the development of
a new lymphoid tumor as a secondary malignancy, but the patient was
immunocompetent and did not have a history of intensive chemother-
apies. The patient had several possible risk factors reported for FL such
as sedentary lifestyle, obesity, preference for a diet rich in meat and
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alcohol [10]. In contrast, the patient did not have any history of expo-
sure to chemicals, such as pesticides, industrial solvents, or hair dyes,
which were reported as possible environmental risk factors for FL.

FL cells at both onset and relapse demonstrated trisomy 12 as a
common genetic abnormality, and trisomy 12 may have occurred ear-
lier than BCL2 and BCL6 translocations. Trisomy 12 is a recurrent
genetic abnormality in chronic lymphocytic leukemia (CLL) and is also
broadly detected in B-cell malignancies [11,12], whereas it was sup-
posed as a secondary genetic change in some cases. There are two
case reports in which trisomy 12 was shown to be shared in two clon-
ally different B-cell malignancies [13,14]. It can be speculated that tri-
somy 12-positive cells may serve as a common tumor precursor in
different B-cell malignancies, although further analysis is necessary.
We were not able to detect a trisomy 12-positive cell population by
FISH in the patient’s peripheral blood after chemotherapy that would
support the hypothesis of the presence of a common precursor for
lymphomas.

A wide range of clinical presentations and consequences of FL in
patients has generally been attributed to the intraclonal heterogene-
ity of FL cells. However, we have shown that there can even be cases of
“relapse” of FL with an independent origin of the primary tumor cells.
This manuscript aimed to invite a discussion on the possible predisposi-
tion for the development of FL before t(14;18) generation. In any case,
our observation highlights the importance of rebiopsy of relapsed FL,
especially when it occurs after a long remission with different clinical

presentation from that at the onset.
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