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Abstract

Objectives: Composite lymphomas (CL), which are a combination of different types of lymphomas in a single patient
can occur simultaneously or sequentially. Diagnosis and treatment of CL require a full range of modern approaches.
Methods: The study included 37 cases of CL (M:F=2:1), the median age of patients was 64 (38-83 years). All patients un-
derwent a full range of diagnostic procedures, including histopathological, immunohistochemical/immunophenotypic
(flow cytometry), cytogenetic/FISH, and molecular tests at the National Research Centre for Hematology, Moscow.
Results: Metachronous CL were observed in 17 cases and the most common type of the second lymphoma was diffuse
large B-cell ymphoma (DLBCL) or Hodgkin's lymphoma (HL). In 30% of cases, DLBCL developed after HL therapy, and
in 30% - after therapy of angioimmunoblastic T-cell lymphoma (AITL). In 20 cases of synchronous CL the most common
was B-cell chronic lymphocytic leukemia (B-CLL) combined with hairy cell leukemia (HCL) - 54.5%, large granular lym-
phocytic leukemia, marginal zone lymphoma (MZL), follicular lymphoma, multiple myeloma, or mycosis fungoides. A
combination of HL with other lymphoma was observed in 25% of cases (HL+MZL represent 60% of cases).
Conclusion: CL are excellent models for studying the complex process of tumor cells evolution during the course of the
disease. Treatment of CL is a non-trivial task and aims to control both diseases.
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he current classification of lymphoid tumors (LT), pre-

sented by WHO in 2017, continues to be based on the
concept of the development of tumor cells from normal
progenitor cells, which stopped at various stages of their
differentiation as a result of malignant transformation.™
Differences in morphology, immunophenotype, somatic
hypermutation of immunoglobulin heavy chain genes, and
specific genetic abnormalities determine individual noso-
logical entity of lymphoproliferative diseases.
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Composite lymphomas (CL) account for 1-4% of all lym-
phomas™ and are a combination of different types of lym-
phomas in one patient that occurred synchronously, i.e.
simultaneously (lymphoma # 1 + lymphoma # 2) or meta-
chronously, i.e. sequentially (lymphoma # 1..... > 6 months +
lymphoma #2). CL can develop in different organs or in the
same organ, while the fact that the substrates of CL affect
one organ does not always indicate their clonal relation-
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ship and vice versa.® 4 In most cases, tumor substrates of
CL develop simultaneously in one organ or one anatomical
region, with one tumor component prevailing over the oth-
er” The most common development of high-grade lym-
phoma is against the background of long-term indolent
lymphoma, but such cases must be strictly differentiated
from cases of tumor transformation. The term "composite
lymphoma" was introduced in 1954 by Custer,® and later in
1977 improved by Kim."

Diagnosis of CL is often difficult and requires a comprehen-
sive approach using the full range of modern laboratory
methods: histopathological, immunohistochemical, and
molecular genetics. The study of clonal rearrangements of
T-cell receptor (TCR) genes and immunoglobulin (/g) genes
is important for the differential diagnosis of tumor and re-
active conditions in hematology.® Normally, each T-lym-
phocyte has an unique TCR, as well as a B-lymphocyte - a
unique /g. High diversity is provided by the complex rear-
rangement of the gene segments encoding the formation
of these receptors. Thus, the identification of multiple clon-
al rearrangements of TCR or Ig genes in the study material,
or the presence of both T- and B-cell clonality, is particular-
ly important in the diagnosis of CL. Determination of the
nucleotide sequence and belonging of the V-genes of the
heavy chain of immunoglobulins to one or different fami-
lies allows us to determine whether the substrates of CL are
products of one or different tumor clones.

Treatment of CL is a non-trivial and complex task, not yet
standardized.

In this article, we present an analysis of 37 CL cases ob-
served in the National Research Center for Hematology,
Moscow, Russia from 2012 to 2019. Histological, molecu-
lar-genetic, and therapeutic features of three clinical cases
are presented in detail.

Methods

The study included 37 cases of CL (M:F=2:1), the median
age of patients was 64 (38-83 years). All patients underwent
a full range of diagnostic tests, including histopathological,
immunohistochemical/immunophenotypic, cytogenetic/
FISH, and molecular methods.

Results and Discussion

Among 37 patients diagnosed with CL, 54% (n-20) of cases
had synchronous and 46% (n-17) cases had metachronous
tumor development.

As it shown in figure 1, among 20 cases of synchronous
diseases, the most common were combinations of B-CLL
with various LT in 55% (n-11) cases, and a combination of
HL with other LT (25% of cases, n-5).
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In the studied sample, B-CLL was combined with HCL in
more than half (n-6, 54.5%) of cases. At the same time, in all
cases, patients required therapy for HCL, but not for B-CLL.

The remaining cases included a combination of B-CLL with
large granular lymphocytic leukemia (n-1), MZL (n-1), follic-
ular lymphoma (n-1), multiple myeloma (n-1), and fungal
mycosis (n-1).

It was previously reported, that combinations of two B-cell
non-Hodgkin lymphomas can cover almost all possible
combinations, and in 61% of cases they consist of two
clonally unrelated B-cell tumors,™ which was proved by
the study of IgH gene rearrangements and translocations
- t(14;18) for follicular lymphoma and t(11;14) for mantle
cell ymphoma.?!

In our sample, synchronous development of HL with other
LT was rare, and in 60% (n-3) of these cases, a combination
of HL with MZL was noted. Moreover, it is unclear whether
HL in this combination is a clonal transformation from MZL
cells or is a second tumor developing de novo. As often in
both cell types we have found the same types of IGHV rear-
rangement. This may indicate that B-cells have passed ger-
minal center of the follicle and acquired some mutations
subsequently gave rise to the 2 clones, responsible for the
development of MZL and HL respectively. Combinations of
HL with follicular lymphoma (n-1), and mantle cell lympho-
ma (n-1) were also observed.

Among metachronous CL, the development of DLBCL after
treatment of other LT - 10 out of 17 cases (59%) and HL
after treatment of other LT — 5 out of 17 cases (29%) were
most often noted (Fig. 2).

In 30% of cases (n-3), DLBCL developed after treatment of
HL, in 30% of cases (n-3) — after treatment of AITL. The me-
dian time to development of the 2nd LT in this group of

Figure 1. Distribution of synchronous composite lymphomas (de-
scribed in the text). B-CLL - B-cell chronic lymphocytic leukemia; HL
-Hodgkin's lymphoma; HCL - hairy cell leukemia; TCL — T-cell lympho-
ma; BCL — B-cell lymphoma; LT - lymphoproliferative diseases.
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Figure 2. Distribution of metachronous composite lymphomas (de-
scribed in the text). DLBCL - diffuse large B-cell ymphoma; HL - Hod-
gkin's lymphoma; HCL - hairy cell leukemia; B-CLL - B-cell chronic
lymphocytic leukemia; MALT — MALT-lymphoma; LT - lymphoprolif-
erative diseases.

patients was 6 years (from 7 months to 40 years). HL as a
second LT developed after treatment of AITL in two cases,
and after treatment of HCL, B-CLL, and T-cell lymphoma in
one case, respectively.

Treatment of CL is a complex task, with no clear consen-
sus recommendations for the management of patients so
far. Presumably aggressive lymphoma (for example, HL or
DLBCL) in combination with long-term indolent (for ex-
ample, follicular lymphoma or B-CLL) should be treated,
while "watch and wait" tactics should adhere to indolent
lymphoma. The most difficult cases are simultaneous man-
ifestation of both substrates of CL (clinical case 2, present-
ed below). In such situations, it is difficult to stage each of
the lymphomas, while the volume of tumor lesion with one
or another substrate of CL affects the choice of intensity
and type of therapy. In cases of combination of classical HL
with indolent B-cell lymphoma, we treated HL with stan-
dard courses with the addition of rituximab, which helped
reduce the substrate of indolent lymphoma and achieve
long-term remissions.

According to our observations, the course of disease and
the response to therapy in patients with HCL, indolent
B-cell ymphomas, and DLBCL, are similar whether they are
part of CL or presented separately. Therefore, each disease
could be treated according to the regimens prescribed for
this disease. The exception, in our experience, were pa-
tients with classical HL, which in combination with indolent
lymphomas manifested at an older age than HL, presented
separately, and this is probably why we faced a large num-
ber of complications due to polychemotherapy courses.

Here we present the most interesting clinical cases in detail.
Clinical case 1 (synchronous development of classical HL

and MZL with subsequent transformation into DLBCL).
Patient V, born in 1953, was diagnosed with HL, NS type |,
stage VB with lesions of the peripheral, intrathoracic, ret-
roperitoneal lymph nodes (LN), spleen, and bone marrow
(BM) in 2011 (at the age of 58) based on histological and
immunohistochemical (IHC) studies of a biopsy of the pe-
ripheral LN and BM. At diagnosis, the morphological and
IHC picture of HL lesions revealed some laboratory features
that attracted attention:

1. histological study of LN biopsy showed HL substrate.

2. B-cell clonality (rearrangements of IGHV genes) was re-
vealed in LN (Fig. 3).

Itis known that in HL tumor cells are represented by a small
population (from 0.1 to 10%) and IGHV gene rearrange-
ments in LN biopsies are detected in 16 - 24% cases only.
® Furthermore, B-cell clonality is low and detected against
significant polyclonal background (Fig. 3). Therefore B-cell
clonality in HL should always alert clinicians to the pres-
ence of B-cell ymphoma as a second disease.

The patient underwent 8 courses of BEACOPP-14 program
chemotherapy (X/2011-111/2012). According to PET-CT data,
complete metabolic remission was confirmed after treat-
ment, which persisted for 2 years.

Since 11l/2014, there has been a slow gradual increase in
the size of the spleen and intra-abdominal LNs with a satis-

Figure 3. Fragment analysis of B-cell clonality (IGH) in patient B.,
1953: clonal rearrangement (280bp) was detected in the material of
the peripheral lymph node biopsy (LN) in 2011 (a), retroperitoneal LN
in 2015 (c), spleen in 2016 (d), retroperitoneal LN in 2017 (e), and in
bone marrow (BM) in 2017 (f).



factory general condition of the patient. No treatment was
performed.

In X1/2015, histological examination of BM revealed small-
cell lymphoid infiltrates expressing CD20 and PAX-5 ac-
cording to IHC data and not expressing cyclin D1, CD5,
CD23. There were no signs of damage specific for HL. Im-
munophenotyping of BM show that about 20% of all lym-
phocytes were represented by a monoclonal population of
B-lymphocytes with the CD19k+CD20++CD5+CD23-CD10-
CD200-CD38-CD43- immunophenotype. No chromosomal
aberrations were found in the standard cytogenetic study
of BM.

In XIl/2015, a laparoscopic biopsy of the retroperitoneal
LN and liver was performed. There was a disruption of LN
tissue architectonics due to a dense diffuse — nodular pro-
liferation of small lymphoid cells with round-oval, angular,
centrocyte-like nuclei; with an admixture of scattered large
cells with the morphology of centroblasts. In some areas,
subcapsular preexisting follicles with signs of coloniza-
tion by small cell proliferation with CD20+, PAX-5+, BCL2+,
CD10-, cyclin D1-, and BCL6- phenotype. Ki-67 index of
proliferative activity was 10-15%. At the same time, large
cells with sharply hypertrophied eosinophilic nucleoli with
broad light or dense eosinophilic cytoplasm with Hodgkin
cell morphology, binuclear forms with Reed-Sternberg cell
morphology expressing CD15, CD30, and weakly PAX-5,
and large atypical cells were scattered among the small cell
proliferation.

Liver tissue showed minimal signs of involvement in small-
cell B-cell lymphoma.

Thus, at this stage, based on the results of histological ex-
amination of the biopsy material of retroperitoneal LN, liv-
er, and BM, the patient was diagnosed with CL represented
by HL (retroperitoneal LN) and MZL (retroperitoneal LN,
liver, BM). B-cell clone detected in histological samples did
not differ in the length of rearranged IGHV gene from the
one found at the onset of HL (Fig. 3).

In V/2016, a splenectomy was performed. IHC revealed
small cell lymphoid prolipheration with CD20 expression,
a significant part of them were IgD+, CD11c+, DBA44+,
TRAP+, with a pronounced extrafollicular component.
Large tumor cells scattered along the periphery of folli-
cle-like structures expressed CD15, CD30, PAX-5, and fas-
cin; they did not express BoB1, CD79a, or CD20 under the
corresponding "internal" controls. Immunohistochemis-
try of splenic LNs were similar and represented by both
substrate of HL, NS type | (large tumor cells with reactive
T-cell microenvironment and rosette formation), and sub-
strate of MZL.

Thus, a histological picture of CL was seen in the spleen
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and peripheral LN, as well as in retroperitoneal LN. Subse-
quently, the patient had disease progression with the in-
crease in the size of retroperitoneal LN. Taking into account
the indolent course of the disease, the patient underwent
5 courses of immunochemotherapy under the RB program
(rituximab-bendamustine). Partial response was received.
However, later in VI/2017, a rapid increase in the size of vis-
ceral LNs max to 38-40 mm was again observed. PET/CT
was not performed. Based on histological examination of
repeated biopsy of retroperitoneal LN, the transformation
of MZL to DLBCL, CD20-non-GCB-type, Ki-67 to 80% was
confirmed. B-cell clonality remained unchanged (Fig. 3).
The patient underwent 1 course of chemotherapy under
the DHAP program, 1 course of EPOCH, with a temporary
positive effect. Chemotherapy courses were complicated
by severe infectious complications, from which the patient
died in a state of progression of the underlying disease.

According to the literature, almost half of the CL represent-
ed by classical HL and B-cell non-Hodgkin's lymphoma
were clonally related,®' while the other half were clonally
unrelated.>? In these cases, the development of the sec-
ond lymphoma may have been an accidental event or may
have been the result of chemotherapy or radiation therapy
that the patient received to treat the first lymphoma.

In the case presented B-cell clone originally identified in
the LN material at the onset of HL, persisted unchanged
throughout the observation period. Therefore it could be
concluded, that same B-cell clone gave rise to the second
HL and to MZL, which was indolent for about 5 years, and
lately transformed into DLBCL (Fig. 3).

Clinical case 2 (synchronous development of classical HL
and MZL). Patient C, born in 1958. The onset of the disease
since 2014 (at the age of 56 years) in the form of B-symp-
toms appearance. Since 2015, a gradual increase in the size
of the spleen, isolated retroperitoneal LNs (20*12 mm) and
hepatic nodes (21*10 mm) is noted. Immunophenotyping
of BM cells revealed a monoclonal population of B-lym-
phocytes with an immunophenotype corresponding to
the MZL. Histological and IHC studies of BM also character-
ized MZL. Taking into account the increasing splenomeg-
aly up to 370*131mm, anemia up to 82 g/I, progression
of B-symptoms, the patient underwent splenectomy with
liver biopsy. Removed spleen 340*230%¥100mm weighing
5500 g. Examination of the spleen showed a disruption of
its histological structure due to diffuse-nodular lymphoid
infiltrate from small and medium-sized cells with round-
oval nuclei, some of them with blastoid morphology, with
increased mitotic activity (6-8 mitoses in the X400 field of
view). At the same time, within large nodule-like structures,
among small and medium-sized lymphoid cells with atyp-
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ical nuclei, large tumor cells with the morphology of Hod-
gkin and Reed-Sternberg cells are located separately.

The IHC study confirmed the presence of CL, represented
by MZL with signs of blast transformation (in the spleen,
liver, regional LN, BM) and classical EBV-positive HL (in the
spleen and regional LN). Ki-67 expression from 40% to 60%
in tumor cells.

The patient underwent 6 courses of R-BEACOPP-14 pro-
gram chemotherapy with the introduction of rituximab 1
time in 2 courses. Entecavir was also delivered constantly,
taking into account the concomitant chronic viral hepatitis
B. Complete PET-negative remission was achieved, BM was
sanitized. He is in remission for 26 months.

Clinical case 3 (synchronous development of two B-cell
LT). Patient G., born in 1960. The disease diagnosed in April
2017 (at the age of 57) with fever, joint syndrome, cytope-
nia (thrombocytopenia 78%109/1 and leukopenia 1.4*109/1),
pronounced splenomegaly (226¥196 mm). After further
examination, the diagnosis of HCL was verified based on
the presence in the blood of a monoclonal population of
B-lymphocytes with the characteristic immunophenotype
CD19k+CD20br+CD22br+CD79b+ LAIR-1+CD11c+CD25+
CD103+CD200+CD5- with additional CD23+ expression,
and a mutation of the B-RAF gene leading to the amino
acid substitution of V60OE.

From IX/2016 to 11/2017, the patient underwent the first stage
alpha-interferon therapy -3 million ME subcutaneously ev-
ery other day with positive dynamics in the form of spleen
reduction to 176*63 mm, blood counts improvement.

In 11/2017, a course of therapy with cladribine (0.14 mg/
kg/day 5 days) was performed, after which the spleen re-
mained the same size, and single small intra-abdominal
LNs were located in the abdominal cavity. Taking into ac-
count splenomegaly and lymphadenopathy, the patient
was recommended quarterly administration of rituximab
at a dose of 375 mg/m? for a year, but the patient did not
receive this therapy.

In VII/2017, the patient noted an increase in the size of the
abdomen, loss of appetite and weight. In VIII/2017, there
was a sharp pain in the left abdomen after physical exer-
tion. During the examination - splenomegaly 301¥250%91
mm with an infarction zone up to 51*72*38 mm; an in-
crease the hepatic LNs up to 50 mm and the splenic LNs up
to 30 mm, in the projection of the small omentum LNs up
to 40 mm; pancytopenia (leukopenia 2.2¥109/1, thrombo-
cytopenia 68*109/1, anemia 66 g/l); febrile fever.

Splenectomy with liver biopsy was performed. Spleen im-

munophenotyping revealed 2 monoclonal populations
(Fig. 4):

« 99% with the immunophenotype of mantle cell lym-
phoma (CD19k+ CD20+ CD5+ CD22+ CD79b+ CD25+C-
D81+ROR-1+CD10-CD103-),

+ 0.9% with HCL immunophenotype (CD19%k+ CD-
20bright+ CD22brightCD103+ LAIR-1+ CD11c+ CD25+
CD81+ ROR-1+ CD200+ CD10-CD5-).

Morphological studies of the spleen (with IHC), regional
LN, and liver tissue corresponded to MCL. Histological, IHC,
and immunophenotypic studies of BM also revealed MCL
involvement (Fig. 5). Cytogenetic examination of the BM
and spleen revealed translocation t(11;14)(q13;932.3) in
50% of the nuclei; deletions 17p13/TR53, and monosomy
17 were not detected. Populations with the HCL immuno-
phenotype were not detected in BM.

A molecular study of B-cell clonality in spleen tissue, BM,
and peripheral blood revealed a clonal rearranged IGHgene
product of 267 nucleotide pairs length. At the same time,
in peripheral blood from 2016 (at the time of on diagnosis),
a clonal product was also detected by IGH gene rearrange-
ments, but its size differed from the clone that character-
izes the MCL substrate. Data from the fragment analysis is
shown in figure 6. Changes in the clonal rearrangements of
the Ig and TCR genes during the course of the disease are
typical for patients with acute lymphoblastic leukemia,?
which is explained by the increased activity of the recom-
binant complex in immature tumor cells. However, this
situation is not typical for mature cell lymphoproliferative
diseases?* 24 and rather characterizes the development of
a new disease.

Figure 4. Flow cytometry of spleen biopsy. Red color - the popu-
lation of tumor cells of the mantle cell lymphoma (99%), dark blue
color - the population of tumor cells of hairy cell leukemia (0.9%).
Blue - normal T-and NK-lymphocytes.



Figure 5. Spleen. Mantle cell lymphoma. (a) Diffuse pattern of monot-
onous medium size cells with irregular nuclear. H&E [magnification
x400]. (b) Immunostaining for CD20 highlight the nodular patern of
CD20-positive tumor cells [magnification x100]. () Immunostaining
for cyclin D1 highlight the strong nuclear expression by tumor cells
[magnification x200]. (d) Immunochemistry for CD5 shows monoto-
nous expression CD5 by tumor cells [magnification x200].

To date, we have not found any descriptions of cases of
synchronous development of HCL and MCL in the litera-
ture. In this case, the two tumors were clonally unrelated,
which was confirmed by sequencing of IGH genes, as well
as immunomagnetic selection of CD103+ and CD5+ lym-
phocytes, followed by analysis of B-cell clonality in each of
the populations.

Given the lack of minimal volume of HCL and no signs of
progression, HCL therapy was not delivered. The patient
was treated for MCL - 6 courses of immunochemotherapy
under the R-BAC program. Complete remission of the dis-
ease was achieved, confirmed by PET-CT, histological, mo-
lecular, and cytogenetic studies of BM, and maintenance
therapy with rituximab is being performed. Remission of
both diseases persists for 24 months (flow cytometry does
not detect tumor cell populations).

Conclusion

Primary multiple LT with localization in one or more areas
can be presented in one patient. Diagnosis of such condi-
tions is possible only through a comprehensive assessment
of the clinical picture and data from the entire range of
modern histological, immunohistochemical, and molecu-
lar genetic methods. If there is an atypical clinical course of
the disease or there are laboratory signs that do not fit into
the classic picture, a full examination is necessary to ex-
clude the second disease. Clonally related CL are excellent
models for studying the complex process of transformation
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Figure 6. Fragment analysis of B-cell clonality (IGH) in a patient G,
1960: (a) clonal product 267bp in spleen from 2017; (b) clonal prod-
uct 267bp in bone marrow and in blood from 2017, characterizing
the population of mantle cell lymphoma; (c) clonal product 299bp in
blood from 2016, characterizing the population of hairy cell leukemia.

of tumor cells during the course of the disease. Treatment
of CL is a non-trivial task and is aimed at controlling both
diseases.

Disclosures

Statement of Ethics: The study was conducted in accordance
with the Declaration of Helsinki of 1975, as revised in 2008.
Written informed consent was given by all participants.

Ethics Committee Approval: Approved by the Ethics Committee
of National Research Center for Hematology (protocol #01/2012).

Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Authorship Contributions: Concept -S.S., TM,; Design - S.S.,
L.A.; Supervision — A.S.; Materials — SK., T.M., LA, L.P, E.D.; Data
collection &/or processing — S.S., Y.S., EN,, B.B,, E.Z. AK,; Analysis

and/or interpretation - S.S., Y.S., B.B,; Literature search - S.S.; Writ-
ing - S.S., A.S,; Critical review - T.M., LA, AK.

References

1. Swerdlow SH, Campo E, Pileri SA, Harris NL, Stein H, Siebert R,
et al. The 2016 revision of the World Health Organization clas-
sification of lymphoid neoplasms. Blood 2016;127:2375-90.

2. Thirumala S, Esposito M, Fuchs A. An unusual variant of com-
posite lymphoma: a short case report and review of the litera-
ture. Arch Pathol Lab Med 2000;124:376-78. [CrossRef]

3. Gorodetskiy VR, Probatova NA, Konovalov DM, Ryzhikova NV,
Sidorova YV, Sudarikov AB, et al. Composite Epstein-Barr vi-
rus-positive mucosa-associated lymphoid tissue lymphoma


https://doi.org/10.5858/2000-124-1376-AUVOCL

136

10.

11.

12.

13.

Smirnova et al., The Incidence of Composite Lymphomas: Case Studies Anddisease Management / doi: 10.14744/ejmo.2022.14882

and Epstein-Barr virus-negative diffuse large B-cell lympho-
ma in the parotid salivary gland of a patient with Sjogren's
syndrome and rheumatoid arthritis: a case report. J Med Case
Rep 2020;14:12. [CrossRef]

Gorodetskiy VR, Probatova NA, Radenska-Lopovok SG, Ry-
zhikova NV, Sidorova YV, Sudarikov AB. Clonal relationship of
marginal zone lymphoma and diffuse large B-cell lymphoma
in Sjogren's syndrome patients: case series study and review
of the literature. Rheumatology International. 2020;40:499-
5086. [CrossRef]

Kippers R, Diihrsen U, Hansmann ML. Pathogenesis, diagno-
sis, and treatment of composite lymphomas. Lancet Oncol
2014;15:e435-46. [CrossRef]

Custer R. Pitfalls in the diagnosis of lymphoma and leukemia
from the pathologist’s point of view. Second National Cancer
Conference; New York; 1954. p. 554-7.

Kim H, Hendrickson R, Dorfman RF. Composite lymphoma.
Cancer 1977;40:959-76 [CrossRef]

Lassmann S, Gerlach UV, Technau-lhling K, Werner M, Fisch
P. Application of BIOMED-2 primers in fixed and decalcified
bone marrow biopsies: analysis of immunoglobulin H recep-
tor rearrangements in B-cell non-Hodgkin's lymphomas. J Mol
Diagn 2005;7:582-91. [CrossRef]

Brauninger A, Hansmann ML, Strickler JG, Dummer R, Burg G,
Rajewsky K, et al. Identification of common germinal-center
B-cell precursors in two patients with both Hodgkin's disease
and non-Hodgkin's lymphoma. N Engl J Med 1999;340:1239-
47.

Marafioti T, Hummel M, Anagnostopoulos |, Foss HD, Huhn D,
Stein H. Classical Hodgkin’s disease and follicular lymphoma
originating from the same germinal center B cell. J Clin Oncol
1999;17:3804-09. [CrossRef]

Nakamura N, Ohshima K, Abe M, Osamura Y. Demonstration
of chimeric DNA of bcl-2 and immunoglobulin heavy chain
in follicular lymphoma and subsequent Hodgkin lymphoma
from the same patient. J Clin Exp Hematop 2007;47:9-13.
Rosenquist R, Roos G, Erlanson M, Kiippers R, Brauninger A,
Hansmann ML. Clonally related splenic marginal zone lym-
phoma and Hodgkin lymphoma with unmutated V gene re-
arrangements and a 15-yr time gap between diagnoses. Eur J
Haematol 2004;73:210-14. [CrossRef]

Traverse-Glehen A, Pittaluga S, Gaulard P, Sorbara L, Alonso
MA, Raffeld M, et al. Mediastinal gray zone lymphoma: the
missing link between classic Hodgkin's lymphoma and medi-
astinal large B-cell lymphoma. Am J Surg Pathol 2005;29:1411-
21. [CrossRef]

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Eberle FC, Salaverria I, Steidl C, Summers TA Jr, Pittaluga S,
Neriah SB, et al. Gray zone lymphoma: chromosomal aberra-
tions with immunophenotypic and clinical correlations. Mod
Pathol 2011;24:1586-97. [CrossRef]

Fong D, Kaiser A, Spizzo G, Gastl G, Tzankov A. Hodgkin’s dis-
ease variant of Richter’s syndrome in chronic lymphocytic
leukaemia patients previously treated with fludarabine. Br J
Haematol 2005;129:199-205. [CrossRef]

Thomas RK, Wickenhauser C, Kube D, Tesch H, Diehl V, Wolf J,
et al. Repeated clonal relapses in classical Hodgkin's lympho-
ma and the occurrence of a clonally unrelated diffuse large B
cell non-Hodgkin lymphoma in the same patient. Leuk Lym-
phoma 2004;45:1065-9. [CrossRef]

Ohno T, Trenn G, Wu G, Abou-Elella A, Reis HE, Chan WC. The
clonal relationship between nodular sclerosis Hodgkin's dis-
ease with a clonal Reed-Sternberg cell population and a sub-
sequent B-cell small noncleaved cell lymphoma. Mod Pathol
1998;11:485-90.

Parrens M, Vergier B, Fitoussi O, Lahet C, Belleannee G, Marit
G, et al. Sequential development of Hodgkin's disease and
CD30+ diffuse large B-cell ymphoma in a patient with MALT-
type lymphoma: evidence of different clonal origin of sin-
gle microdissected Reed-Sternberg cells. Am J Surg Pathol
2002;26:1634-42. [CrossRef]

Steinhoff M, Assaf C, Anagnostopoulos |, Geilen CC, Stein
H, Hummel M. Three coexisting lymphomas in one patient:
genetically related or only a coincidence? J Clin Pathol
2006;59:1312-15. [CrossRef]

de Leval L, Vivario M, De Prijck B, Zhou Y, Boniver J, Harris NL,
et al. Distinct clonal origin in two cases of Hodgkin's lympho-
ma variant of Richter's syndrome associated With EBV infec-
tion. Am J Surg Pathol 2004;28:679-86. [CrossRef]

Venkatraman L, Catherwood M, Benson G, Drake M. Hodgkin
transformation of small lymphocytic lymphoma: gene usage,
mutational status and clonal relationship. Histopathology
2007;51:866-68. [CrossRef]

Smirnova SY, Sidorova YV, Ryzhikova NV, Sychevskaya
KA, Parovichnikova EN, Sudarikov AB. Evolution of tumor
clones in adult acute lymphoblastic leukemia. Acta Naturae
2016;8:100-9. [CrossRef]

Sychevskaya KA, Biderman BV, Kravchenko SK, Plastinina
L, Smirnova SY, Babayeva F, et al. Clonal evolution of follic-
ular lymphoma cells from onset to relapse. HemaSphere
2018;8:1039.

Lee SE, Kang SY, Yoo HY, Kim SJ, Kim WS, Ko YH. Clonal rela-
tionships in recurrent B-cell ymphomas. Oncotarget 2016


https://doi.org/10.1186/s13256-019-2331-1
https://doi.org/10.1007/s00296-019-04470-x
https://doi.org/10.1016/S1470-2045(14)70153-6
https://doi.org/10.1002/1097-0142(197709)40:3%3C959::AID-CNCR2820400302%3E3.0.CO;2-3
https://doi.org/10.1016/S1525-1578(10)60591-0
https://doi.org/10.1200/JCO.1999.17.12.3804
https://doi.org/10.1111/j.1600-0609.2004.00283.x
https://doi.org/10.1097/01.pas.0000180856.74572.73
https://doi.org/10.1038/modpathol.2011.116
https://doi.org/10.1111/j.1365-2141.2005.05426.x
https://doi.org/10.1080/10428190310001643421
https://doi.org/10.1097/00000478-200212000-00012
https://doi.org/10.1136/jcp.2005.030825
https://doi.org/10.1097/00000478-200405000-00018
https://doi.org/10.1111/j.1365-2559.2007.02876.x
https://doi.org/10.32607/20758251-2016-8-4-100-109



