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Abstract

The evaluation of bone marrow (BM) involvement is important for diagnosis and staging in patients
with lymphoid neoplasia. We evaluated of immunoglobulin (Ig) and/or T-cell receptor (TCR) gene
rearrangements in the BM using the standardized BIOMED-2 multiplex PCR clonality assays and
compared the results with microscopic findings such as histology and CD 10, CD20, CD79a, CD3
and CD5 immunohistochemistry. A total of 151 samples were enrolled; | |9 B cell neoplasia, 29 T
cell neoplasia, and 3 Hodgkin’s lymphoma. The molecular clonality assay and microscopic diagnosis
were concordant in 66.9% (n=101) and discordant in 33.1 % (n=50). Ig/TCR gene clonality assay
detected 43 cases of BM involvement which was not presented in the morphology. Two cases
among them turned into microscopic BM involvement during a close follow up. Clonal TCR gene
rearrangements were detected in 12.6% of B cell neoplasia and Ig gene rearrangement were found
in 3.4% of T cell neoplasia. This molecular clonality assay is valuable particularly in diagnosing BM
involvement of lymphoid neoplasia if it is morphologically uncertain. But it should be carefully
interpreted because molecular clonality may be present in the reactive lymphoproliferation.
Therefore, comprehensive analysis with morphologic analysis should be important to reach a final
diagnosis.

Key words: immunoglobulin (Ig) /T-cell receptor (TCR) gene rearrangements, BIOMED-2 multi-
plex PCR.

Introduction

The evaluation of bone marrow (BM) samples in
patients with lymphoid neoplasia is an important
aspect for the diagnosis, staging and assessing the
treatment response [1]. Histology and morphology
supplemented with immunohistochemistry (IHC)
and/or flow cytometric immunophenotyping can be

helpful to accurate diagnosis [2].

However, it is more complicated to discriminate
BM involvement of malignant lymphoma accurately
with only microscopic findings. Molecular studies of
immunoglobulin (Ig) and/or T-cell receptor (TCR)
gene rearrangements can be a useful additional tool to
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support the clonality of the involved cells [3,4].

Although Southern blot analysis has proved to
be a gold standard method in the detection of clonal
rearrangement, it has several technical disadvantages,
such as time necessary to obtain results, the use of
radioactivity, and the susceptibility of the method to
various artifacts [5].

The BIOMED-2 multiplex PCR approach is a
rapid and reliable procedure that is more sensitive
than that of the Southern blot analysis in detecting
clonality. It seems that the Southern blot analysis can
now be reliably replaced in a routine laboratory set-
ting [6].

In this study, we evaluated Ig and TCR gene re-
arrangements in the BM of patients who were diag-
nosed as lymphoid neoplasia, using the standardized
BIOMED-2 multiplex PCR clonality assays (InVi-
voScribe Technologies, San Diego, CA, USA), and
compared the results with microscopic findings of the
BM.

Materials and Methods

Materials

A total of 151 BM aspirates from 131 patients
with lymphoid neoplasia were submitted for clonality
analysis of Ig and/or TCR gene rearrangements as a
part of diagnostic work-up, from July 2009 to Febru-
ary 2010, at Seoul St Mary's Hospital, Seoul, Korea.
There were 72 males and 59 females enrolled. The
median age was 50 (17- 77). This study was approved
by the institutional review board (IRB) of Seoul St.
Mary’s Hospital (Approval number: KC11RISI0759).
The diagnoses were performed, according to the joint
World Health Organization-European Organisation
for Research and Treatment of Cancer classification,
on the bases of clinical, histologic, and IHC criteria [7].
These included 119 B cell neoplasia, 29 T cell neo-
plasia, and 3 Hodgkin's lymphoma. BM study was
done using BM aspirates, clot section, and biopsy to
detect the involvement of neoplastic cells. IHC, in-
cluding CD10, CD20, CD79a and CD3, and CD5 were
performed to identify involvement status.

Ig and TCR gene clonality

Genomic DNA was extracted from 200ul of 151
BM aspirates using a commercial genomic DNA puri-
fication kit (Qiagen Gmbh, Germany). Each DNA was
quantified using the NanoDrop® ND-1000 spectro-
photometer. The resulting purity (A260/A280)
demonstrated 1.8 to 2.0, and it means to warrant DNA
purity.

PCR amplifications were performed to identify
the clonal Ig and TCR gene rearrangements, according
to the manufacturer’s instruction using a commercial

BIOMED-2 multiplex PCR, IdentiClone Ig/TCR gene
clonality assay (InVivo-Scribe Technologies, San Di-
ego, CA, USA). All samples were analysed in dupli-
cate. The full set of reactions for Ig gene arrangements
included five reactions targeting IGH (IGHa:
VuFR1-Jy; IGHg: VuFR2-Jy; IGHe: VuFR3-Jy; IGHp:
Dui-6-Ju; IGHE: Dny-Ju), two reactions targeting IGK
(IGKa: ViJ IGKg: Vi-Kge and JiCx intron-Kqe) and
one reaction targeting IGL (Vi-],). The full set of reac-
tions for TCR gene arrangements included two reac-
tions targeting TCRG (TCRGa: Vyiyio-Jy; TCRGe:
Vyoyi1-Jy),  three  reactions  targeting TCRB
(TCRBA:Vp-Jp1/22/26/27; TCRBs: Vp-Ip21/23/2.4/25;
TCRBc: Dg-Jg) and one reaction targeting TCRD
(Vs-Js). A standard 35- cycle PCR protocol was used
for each primer set. After initial denaturation at 95°C
for 7 minutes, each cycle was composed of denatura-
tion at 95°C for 45 seconds, annealing at 60°C for 45
seconds and extension at 72°C for 90 seconds. Final
extension was at 72°C for 10 minutes. The PCR prod-
ucts were analyzed on an automated capillary elec-
trophoresis system (ABI 3100, Applied Biosystems,
Foster City, Calif) with GeneScan software (Applied
Biosystems).

All electropherograms were examined by at least
two experts experienced in clonality analysis. The
criteria for defining a positive peak is that products
generated from diagnostic samples are discrete bands
appeared within expected size range and at least three
times the amplitude of the third largest peak in the
polyclonal background. [8]

Results

We consecutively investigated 151 BM samples
from 131 patients that were submitted for routine di-
agnostics. The initial diagnosis, BM findings including
IHC, and molecular results, are summarized in Table
1.

The microscopic BM involvement was demon-
strated in 40 out of 151 (26.5%) BM cases. Among
them, 15 cases were determined after IHC was per-
formed. Among the 119 B cell neoplasias, microscopic
BM involvement was positive in 31 cases and Ig gene
rearrangement was detected in 25 of 31. In 6 cases,
Ig/TCR gene rearrangement test did not detect BM
involvement, which was presented by microscopy.
The diagnosis of 6 cases were as follows; three diffuse
large B cell lymphomas, two mucosa-associated
lymphoid tissue lymphomas and one of other B cell
neoplasias. Among the 29 T cell neoplasias, micro-
scopic BM involvement was positive in 6 cases and
TCR gene rearrangement was detected in all of them.
Three Hodgkin’s diseases were enrolled whose BM
involvement was revealed by microscopy and 2 of
them revealed TCR gene rearrangement.
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Ig and TCR gene clonality assay detected 43
cases (29 B cell neoplasia and 14 T cell neoplasia) of
BM involvement of lymphoid neoplasia which was
not presented in the morphology. In 2 cases with pos-
itive clonal Ig gene rearrangement and negative mi-
croscopic findings turned into positive BM involve-
ment in a microscopic level, during a close follow up
BM evaluation. The Ig rearrangement profiles and
TCR rearrangement profiles are detailed in Table 2
and Table 3. In one case of MALT lymphoma with
microscopic BM involvement, there was clonality only
for Ig light chain rearrangement (IGK4). In one follic-
ular lymphoma and one lymphoplasmacytic lym-
phoma without microscopic bone marrow involve-
ment, there was clonality only for Ig light chain rear-
rangement(IGK4). In one case of Burkitt lymphoma

without microscopic bone marrow involvement, there
was clonality only for Ig light chain rearrangement
(IGKs). Clonal TCR gene rearrangements were de-
tected in 15 of 119 cases of B cell neoplasias, with or
without clonal Ig gene rearrangement. Ig gene rear-
rangements were found in 1 of 29 cases of T cell neo-
plasias combined with TCR gene rearrangement. The
BM involvements were not detected neither by mi-
croscopy nor molecular clonality assay in 68 cases. In
total, the result of Ig and TCR clonality assay and the
microscopic diagnosis were concordant in 101 cases
(66.9%) and discordant in 50 cases (33.1%) (Table 4).

We compared BM Ig/TCR gene rearrangement
results with the molecular results of the original
lymphoma tissues in some cases and showed the pro-
files in Fig.1.

Table 1. Morphologic involvement results and Ig/TCR rearrangement results according to the diagnosis.

Diagonosis (n)  Microscopic involvement Total number Total- Total+ Ig- Ig+ Ignotdone TCR- TCR+ TCR notdone
DLBCL(62) Negative 48 36 12 40 7 1 23 5 20
Positive 14 3 11 3 11 0 4 2 8
MALT (29) Negative 26 19 7 21 5 0 9 4 13
Positive 3 2 1 2 1 0 0 0 3
FL(6) Negative 2 1 1 1 1 0 1 0 1
Positive 4 0 4 0 4 0 1 0 3
MCL(6) Negative 2 0 2 0 2 0 0 0 2
Positive 4 0 4 1 3 0 1 1 2
BL(4) Negative 3 1 2 2 1 0 1 1 1
Positive 1 0 1 0 1 0 0 1 0
CLL(3) Negative 2 0 2 0 2 0 1 0 1
Positive 1 0 1 0 1 0 0 0 1
LPL(2) Negative 1 0 1 0 1 0 0 0 1
Positive 1 0 1 0 1 0 1 0 0
Other B(7) Negative 4 2 2 3 1 0 1 1 2
Positive 3 1 2 1 2 0 2 0 1
HD(3) Negative 0 0 0 0 0 0 0 0 0
Positive 3 1 2 3 0 0 1 2 0
PTCL(9) Negative 6 2 4 3 0 3 2 4 0
Positive 3 0 3 3 0 0 0 3 0
TLL(8) Negative 7 4 3 5 0 2 4 3 0
Positive 1 0 1 0 0 1 0 1 0
ALCL(4) Negative 2 0 2 1 0 1 0 2 0
Positive 2 0 2 1 1 0 0 2 0
ENK/TL(6) Negative 6 3 3 1 0 5 3 3 0
Positive 0 0 0 0 0 0 0 0 0
NK/TL(2) Negative 2 0 2 1 0 1 0 2 0
Positive 0 0 0 0 0 0 0 0 0
Total 151 75 76 92 45 14 55 37 59

Abbreviations: DLBCL, diffuse large B cell lymphoma; MALT, MALT lymphoma; FL, follicular lymphoma; MCL, mantle cell lymphoma; BL, Burkitt lymphoma;
CLL,chronic lymphocytic lymphoma; LPL,lymphoplasmacytic lymphoma; Other B, Other B cell neoplasia; HD,Hodgkin's disease; PTCL, peripheral T cell lymphoma; TLL, T
lymphoblastic lymphoma; ALCL, anaplastic large cell lymphoma; ENK/TL, extranodal NK/T cell lymphoma; NK/TL,NK/T cell lymphoma. Ig/TCR rearrangement nega-
tive means: no specific product, polyclonal or pseudoclonal. Ig/TCR rearrangement positive means: clonal or clonal with a polyclonal background.
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Table 2. Morphologic involvement results and Ig rearrangement profiles.

Dx M/I IGHa IGHs IGHc IGHp IGHE IGKa IGKs (Vi-Kee  IGL
( VuFR1-Ju) (VuFR2-Jn) ( VuFR3-Ju) (Dwi-e-Jn)  (Du7-Jn) (Vie]w) and JxCx in- (Va-In)
tron-Kae)
Neg Pos Neg Pos Neg Pos Neg Pos Neg Pos Neg Pos Neg Pos  Neg Pos

DLBCL Neg 47 47 47 44 3 46 1 45 2 46 1 47

Pos 11 3 10 4 11 3 12 2 13 1 5 9 10 4 12 2
MALT Neg 25 1 25 1 26 25 1 26 22 4 26 25 1

Pos 3 3 3 3 3 2 1 3 3
FL Neg 2 2 2 2 2 1 1 2 2

Pos 4 4 3 1 4 4 4 2 2 3 1
MCL Neg 1 1 2 2 2 1 1 1 1 1 1 2

Pos 1 3 1 3 1 3 4 4 1 3 2 2 2 2
BL Neg 3 3 3 3 3 3 2 1 3

Pos 1 1 1 1 1 1 1 1
CLL Neg 1 1 1 1 2 1 1 2 1 1 2 1 1

Pos 1 1 1 1 1 1 1 1
LPL Neg 1 1 1 1 1 1 1 1

Pos 1 1 1 1 1 1 1 1
Other B Neg 4 3 1 4 3 1 4 4 3 1 4

Pos 1 2 1 2 2 1 2 1 3 1 2 2 1 2 1
HD Neg

Pos 3 3 3 3 3 3 3 3
PTCL Neg 3 3 3 3 3 3 3 3

Pos 3 3 3 3 3 3 3 3
TLL Neg 5 5 5 5 5 5 5 5

Pos
ALCL Neg 1 1 1 1 1 1 1 1

Pos 1 1 2 2 2 2 1 1 1 1 2
ENK/TL Neg 1 1 1 1 1 1 1 1

Pos
NK/TL Neg 1 1 1 1 1 1 1 1

Pos
Total 119 18 119 18 128 9 127 10 134 3 1056 32 119 18 129 8

Abbreviations: DLBCL, diffuse large B cell lymphoma; MALT, MALT lymphoma; FL, follicular lymphoma; MCL, mantle cell lymphoma; BL, Burkitt lymphoma;
CLL,chronic lymphocytic lymphoma; LPL,lymphoplasmacytic lymphoma; Other B, Other B cell neoplasia; HD,Hodgkin's disease; PTCL, peripheral T cell lymphoma; TLL, T
lymphoblastic lymphoma; ALCL, anaplastic large cell lymphoma; ENK/TL, extranodal NK/T cell lymphoma; NK/TL,NK/T cell lymphoma; M/I, microscopic involvement.
Ig/TCR rearrangement negative means: no specific product, polyclonal or pseudoclonal. Ig/TCR rearrangement positive means: clonal or clonal with a polyclonal back-

ground.
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Table 3. Morphologic involvement results and TCR rearrangement profiles.

Dx M/1 TCRGs(Vyo/y11-Jy) TCRBA(Vp-Jp1/22/26/27) TCRBs ( Vp-Jp21/23/24725) TCRBc( Dp-Jp) TCRD (Vs-Js)
Neg Pos Neg Pos Neg Pos Neg Pos Neg Pos
DLBCL Neg 26 2 27 1 28 28 27 1
Pos 6 6 6 5 1 6
MALT Neg 10 3 13 13 12 1 12 1
Pos
FL Neg 1 1 1 1 1
Pos 1 1 1 1 1
MCL Neg
Pos 2 2 2 2 1 1
BL Neg 2 1 1 2 2 2
Pos 1 1 1 1 1
CLL Neg 1 1 1 1 1
Pos
LPL Neg
Pos 1 1 1 1 1
Other B Neg 1 1 2
Pos 2 2 2 2
HD Neg
Pos 1 2 3 3 3 2 1
PTCL Neg 5 1 5 1 6 6 6
Pos 1 2 3 3 3 3
LBL Neg 5 2 7 7 7 7
Pos 1 1 1 1 1
ALCL Neg 2 2 2 2 2
Pos 1 1 1 1 2 1 1 1 1
ENK/TL  Neg 5 1 6 6 5 1 6
Pos
NK/TL Neg 2 1 1 2 2 2
Pos
Total 74 18 85 7 92 0 88 4 87 5

Abbreviations: DLBCL, diffuse large B cell lymphoma; MALT, MALT lymphoma; FL, follicular lymphoma; MCL, mantle cell lymphoma; BL, Burkitt lymphoma;
CLL,chronic lymphocytic lymphoma; LPL,lymphoplasmacytic lymphoma; Other B, Other B cell neoplasia; HD,Hodgkin's disease; PTCL, peripheral T cell lymphoma; TLL, T
lymphoblastic lymphoma; ALCL, anaplastic large cell lymphoma; ENK/TL, extranodal NK/T cell lymphoma; NK/TL,NK/T cell lymphoma; M/I, microscopic involvement.
Ig/TCR rearrangement negative means: no specific product, polyclonal or pseudoclonal. Ig/TCR rearrangement positive means: clonal or clonal with a polyclonal back-
ground.

Table 4. Concordance between molecular results and microscopic BM involvement of B cell neoplasia (n=119) and T cell neoplasia
(n=29).

BM involvement Ig rearrangement(B cell neoplasia) TCR rearrangement(T cell neoplasia)
of lymphoid neoplasm Positive Negative Positive Negative
Positive 25(21.0%) 6(5%) 6(20.7%) 0(0%)
Negative 29(24.4%) 59(49.6%) 14(48.3%) 9(31%)

Ig/TCR rearrangement negative means: no specific product, polyclonal or pseudoclonal. Ig/TCR rearrangement positive means: clonal or clonal with a polyclonal back-
ground.

TCRB,4 IGH,
a. b.

Fig 1. Examples of cases with identical clones in the bone marrow (top) and lymphoma tissue(bottom). Clonal analysis of TCRB, of T lymphoblastic
lymphoma (a) and IGH, of mantle cell lymphoma(b).
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Discussion

Morphologic examination is the generally ac-
cepted method for determining BM involvement of
lymphoma in patients evaluated for extent of disease
at diagnosis and after the therapy. Molecular methods
for determining clonality provide alternative tech-
niques for evaluating suspicious or indeterminate
cases, and have the potential to increase the detection
of minimal degrees of marrow involvement. The de-
tection of identical T- or B-cell clones in a tissue sam-
ple and BM is of great importance in staging lym-
phoid neoplasia and prognostic relevance [9-12].

The BIOMED-2 concerted action, comprising 47
institutes from seven European countries, developed
a set of standardized multiplex-PCR protocols for the
diagnosis of clonality, based on capillary electropho-
resis. This group designed IGH, IGK, and IGL clonality
assays for B-cell neoplasias, and TCRB, TCRD and
TCRG for T-cell neoplasias (TCRA was not included as
a PCR target due to its complexity). A total of 97 new
primers were designed, covering the majority of
functional gene segments and representing 418 single
PCR procedures [13-15].

We evaluated BIOMED-2 multiplex PCR clonal-
ity assay in the BM samples of lymphoid neoplasia.
Microscopic findings and BIOMED-2 multiplex PCR
were concordant in 66.9% (n=101), and discordant in
33.1% (n=50).

In 5% (6/119) of B cell neoplasias, the BM in-
volvements were detected by microscopic evaluation,
but Ig gene rearrangements were negative. This dis-
cordance may be related to the sample variation be-
tween the trephine biopsy and aspirates because of
heterogeneous or patchy marrow involvement, a
failure to aspirate sufficient lymphoma cells, or insuf-
ficient primer homology for amplification. [16].

In 24.4% (29/119) of B cell neoplasia, the micro-
scopic BM involvements were not present and Ig gene
rearrangements were detected. Further, in 48.3%
(14/29) of T cell neoplasia, the microscopic BM in-
volvements were not present, and TCR gene rear-
rangements were detected. Two from these cases,
with clear monoclonal Ig/TCR products without
morphologic evidence, prompted further pathological
review. We experienced that the BM involvement was
confirmed after additional IHC in a follow up BM.
This demonstrates that it is important to interpret the
PCR results within the whole diagnostic context.

According to the literature of the evaluation for
BIOMED-2 assay in tissue samples, with reactive
lymphoproliferations, most cases show Ig/TCR poly-
clonality, but clear monoclonal Ig/TCR products were
observed in 10%, which prompted further pathologi-
cal review. Clonal cases included two missed lym-
phomas in national review and nine cases that could
be explained as diagnostically difficult cases or
probable lymphomas upon additional review [4].

The use of Ig/TCR clonality assessment is a tool
for diagnosing malignant lymphoma with high cer-
tainty, but monoclonality is not always equal malig-
nancy. Clonality findings could often occur in some
reactive inflammatory conditions such as Helicobac-
ter-associated gastritis or lymphoid hyperplasia of the
skin. [17,18,19]

In one case of MALT lymphoma with micro-
scopic BM involvement, there was clonality only for
Ig light chain rearrangement (IGKa). The increased
detection of clonality by combined analysis of IGK
and IGH has been demonstrated in some papers
[14,20-22]

Clonal TCR gene rearrangements were detected
in 12.6% (15/119) of B cell neoplasia with or without
clonal Ig gene rearrangement. Ig gene rearrangements
were found in 3.4% (1/29) of T cell neoplasia com-
bined with TCR gene rearrangement. TCR rear-
rangements occur in 10-20 % of B cell neoplasias and
Ig gene rearrangements occur in 5-10 % of T cell neo-
plasias. These rearrangements may correspond to the
presence of a small additional B-or T cell population,
therefore, B/T lineage assignment should be based on
complete Ig/TCR multiplex pattern [16,17,23].

The biallelic rearrangements in a single clone
result in two different PCR products.

When interpreting multiple clonal products,
careful consideration of immunobiological and tech-
nical explanations is needed. Multiple rearrangements
(2-4 clonal rearrangements) occur on IGK loci in 8
cases and 2-4 rearrangements occur on TCRB loci in 7
cases. These are summarized in table 5 and table 6. As
reported by Anon W., due to specific configuration of
the IGK and TCRB loci, multiple rearrangements can
occur on one allele resulting in the possibility that up
to four PCR products could be compatible with a sin-
gle clone. When 2 > clonal Ig/TCR products (> 4 for
IGK and TCRB) are detectable, this could reflect bi-
clonality, oligoclonality, or even pseudoclonality [24].

Table 5. Summary of different IGK rearrangement configurations that are compatible with a single clone.

IGK configuration Cases (n) Number of rearrangements detectable

Vk-Jx (multiplex tube A) Intron/ Vk-Kde(multiplex tube B) Total
V-J2/V-]2 3 2 0 2
V-Kde/V-Kde 3 0 2 2
V-Ja+intr-Kde/ V-Ja+intr-Kde 2 2 2 4
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Table 6. Summary of different TCRB rearrangement configurations that are compatible with a single clone.
TCRB configuration Cases (n) Number of rearrangements detectable

VB-JB (multiplex tube A/B) Dp-JB (multiplex tube C) Total
G/D-Ji+D-]» 1 0 2 2
V-Jior2/V-J1or2 4 2 0 2
D-J1+D-J2/ D-J1+D-]2 1 0 4 4
V-J1+D-J2/V-J1+D-]2 1 2 2 4

Two primary difficulties in the interpretation of
clonal results are pseudoclonality and oligoclonality,
and a careful interpretation of Ig/TCR gene rear-
rangement is required.

Molecular specialists, pathologists and clinicians
should be aware of several technical and immuno-
logic pitfalls that should be considered when inter-
preting TCR clonality findings. If there is no clonal
signal and no polyclonal Gaussian curve in TCR
clonality assessment, it may be few T cells in sample,
low DNA input and poor DNA quality. In such cases,
the checking of the presence of T cells, DNA concen-
tration and DNA quality verification process is
needed. Few T cells in a sample may result in the se-
lective amplification and pseudoclonality due to low
level of specific template. In such cases, it is needed to
repeat PCR in multiplicates and compare patterns for
consistency. The exaggerated immune response with
dominant specificity can show the oligoclonality or
monoclonality in histologically reactive lesion. In such
cases, it is needed to repeat PCR in multiplicates and
reevaluate histopatholoy for large germinal centers
containing dominant T cell clones [25].

Pseudoclonality may be erroneously interpreted
as clonal population and generate false-positive re-
sults. Specifically, TCR/Ig assays in a reactive tissue,
where a few B or T-cells are present, usually show
weak clonal products coexisting in one tube that may
be incorrectly considered clonal [26]. Duplicate anal-
yses and mixing of PCR products should help to clar-
ify whether the seemingly clonal PCR products are
derived from different lymphocytes (polyclonal).

BIOMED-2 multiplex PCR could be a good di-
agnostic tool in that it offers the evidence of BM in-
volvement of lymphoid neoplasia. If it is molecular
positive but not detected microscopically, close fol-
low-up and careful observation with IHC are needed.
In addition, comparing BM Ig/TCR gene rearrange-
ment results with the molecular results of the original
lymphoma tissues could be helpful. We confirmed
that the clone that was detected in the BM was iden-
tical to lymphoma clone (5 T cell lymphomas and 5 B
cell lymphomas).

In conclusion, Ig/TCR gene rearrangement
analysis using BIOMED-2 multiplex PCR is of great
value, particularly, in diagnosing BM involvement of

lymphoid neoplasia if it is morphologically uncertain.
Clonal rearrangements appear to be suspicious of
malignant disease, but may be present in the reactive
lymphoproliferation, so comprehensive analysis with
morphologic analysis should be important to reach a
final diagnosis.
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