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Abstract

Large B-cell lymphoma with /RF4 rearrangement is a provisional entity in the 2017 World Health
Organization classification. In order to characterize these lymphomas in children from the United
States, /RF4 fluorescence in situ hybridization and immunohistochemical stains were performed
on 32 follicular (FL) and diffuse large B-cell lymphomas (DLBCL) from Children’s Oncology
Group studies. Two DLBCLs (6%) had /RF4 rearrangements, one involving the ileocecal valve
and another involving the tonsil and cerebrospinal fluid. Both cases had strong, diffuse IRF4/
MUM1 immunohistochemical staining, which may be a pathologic clue to the diagnosis.
Reclassification of these cases may have prognostic and therapeutic implications.

Keywords
diffuse large B cell lymphoma; follicular lymphoma; /RF4; lymphoma; pediatric

Addressfor correspondence: Karen M. Chisholm, MD, PhD, Seattle Children’s Hospital, Department of Laboratories, OC.8.720,
4800 Sand Point Way NE, Seattle, WA 98105, Phone: 206-987-2103, Fax: 206-987-3840, karen.chisholm@seattlechildrens.org.
CONFLICTS OF INTEREST

The authors declare that there is no conflict of interest

Previous publication: This paper was presented as “//RF4 Translocation status in pediatric follicular and diffuse large B cell
lymphoma patients enrolled in Children’s Oncology Group Trials” at the 6t International Symposium on Childhood, Adolescent and
Young Adult Non-Hodgkin Lymphoma, Rotterdam, Netherlands, September 26-29, 2018. Abstract published in British Journal of
Haematology. 182(S1): 81, #131.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Chisholm et al.

Page 2

INTRODUCTION

Non-Hodgkin lymphoma (NHL) accounts for 5-7% of childhood cancers, with diffuse large
B-cell lymphoma (DLBCL) representing 10-20% and follicular lymphoma (FL) 1-2% of
pediatric NHL.1 FL in pediatric patients can be divided into “pediatric-type” and “usual/
adult” variants based upon morphology, immunohistochemistry, genetics, and clinical
information.24 In 2011, a German group identified translocations between /GH, /GL, and
IGK with /RF4in 20 of 427 (5%) cases of DLBCL and high grade FL.> These lymphomas
were more frequent in children under age 18 years, typically had limited stage in the head
and neck region including the Waldeyer ring, and showed a better prognosis. The revised
2017 World Health Organization (WHO) classification of hematopoietic and lymphoid
neoplasms introduced a new provisional entity of large B-cell lymphoma with /RF4
rearrangement, encompassing these higher grade FL (3B) and DLBCLs.5 Herein, pediatric
cases of FL and DLBCL from Children’s Oncology Group (COG) studies were screened for
this translocation and immunohistochemical properties in order to assess the incidence of
these newly classified lymphomas in United States cohorts.

METHODS

RESULTS

FL from COG rare NHL registry ANHL04B1’ and DLBCL (excluding mediastinal) from
COG B-NHL trials ANHL1131 and CCG-59618 were identified from the central pathology
review archives and approved for use in this study by COG (protocol #ANHL16B2-Q and
#ANHL16B3-Q) and the Cancer Therapy Evaluation Program. Informed consent was
obtained by the patient and/or parent/guardian. Cases with sufficient unstained formalin-
fixed paraffin embedded slides were included, and hematoxylin and eosin-stained (H&E)
slides were reviewed to confirm the submitted diagnoses. Fluorescence in situ hybridization
(FISH) using the /RF4/DUSP22 break-apart probe (Kreatech probe KI-10613, Leica
Biosystems, Buffalo Grove, IL) was performed, with tissues demonstrating =11% of cells
with separation of 5’ and 3’ signals considered rearranged based on our clinical laboratory
validation. Immunohistochemistry (IHC) staining for MUM1/IRF4, CD10, BCLS6, and/or
BCL2 (Supplemental Information Table S1) was performed if not previously reported at
diagnosis or done during central review. Cases were considered positive if >30% tumor cells
stained.® A minimum of ten 200x fields of each section were examined in IHC analyses.
Clinical characteristics including age, gender, biopsy site, disease site(s), cytogenetics,
clinical stage, and outcome were obtained from COG files (Supplemental Information Table
S2).

FISH for /RF4 rearrangements was successfully performed on 32 cases. H&E slide review
confirmed 20 cases of DLBCL and 11 cases of pediatric-type FL; however, one FL case was
reclassified as DLBCL in a background of follicular hyperplasia. The male to female ratios
were 9:2 and 16:9 with median ages of 13.0 years (range 6.4-18.6) and 12.8 years (range
4.5-18.1) for the FL and DLBCL cases, respectively.
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IRF4 rearrangements were identified in 2/32 cases. The first case was the reclassified
DLBCL which occurred in a 5.9-year-old female with stage 1V disease involving the tonsil
and cerebrospinal fluid (CSF). Figure 1 demonstrates the histology of her tonsil, positive
MUML staining in >95% of cells, and weak BCL6 staining; this lymphoma lacked
expression of BCL2 and CD10. This child is alive without evidence of relapse 1379 days
after registry enrollment, with therapy including cyclophosphamide, doxorubicin, etoposide,
methotrexate, cytarabine, and vincristine with intrathecal cytarabine and methotrexate. The
second /RF4-rearranged case was a DLBCL occurring in a 16.3-year-old male with isolated
disease in his ileocecal valve, Murphy stage Il. Figure 2 demonstrates the histology from his
ileum and strongly positive MUML in >90% of the cells. This lymphoma lacked CD10 and
BCL2 expression; staining for BCL6 failed, likely due to long-term storage of the unstained
slide prior to testing. This patient is also alive without evidence of relapse 1446 days after
enrollment and treatment on the CCG-5961 trial .8

MUML1 IHC staining was successfully performed in 29/32 cases: 3 cases had >90% positive
cells, 4 had 60-90% positive cells, 3 had 30-60% positive cells, and 16 were negative
(<30%); 3 additional cases had positive staining reported by the submitting institution but
without quantitation. CD10 was positive in 20/31 cases, BCL6 in 18/23 cases, and BCL2 in
9/25 cases. Two of the 3 cases with >90% MUML1 positive cells demonstrated /RF4 gene
rearrangements. The third case with strong, diffuse MUML1 staining was a DLBCL that also
expressed BCL6 and CD10 in >80% of cells. This case had stage IV disease involving
retroperitoneal and inguinal lymph nodes, the nasopharynx, spleen, lung, intestine, and
parameninges with an abnormal karyotype of 46,XY,del(6)(q13923),del(11)(p11.2p15)[21]/
46,XY[1]. While not all /RF4translocations can be demonstrated with current techniques®
and some reports have described pediatric Waldeyer ring lymphomas with IRF4/MUM1
overexpression lacking these gene rearrangements,10:11 the high stage, aggressive disease in
this patient is not suggestive of a large B-cell lymphoma with /RF4 rearrangement.

DISCUSSION

Our series confirms that large B-cell lymphomas with /RF4 rearrangements occur at a low
frequency, herein 6%, and 5% in the largest published series of 20 cases.® The head and
neck region including the Waldeyer ring is the most common site,3 as seen in the tonsil
lymphoma in this series. The other case in this series occurred at the ileocecal valve, a less
common but described location, found in 4 cases in the German cohort.> The German series
also found that 84% of cases had limited disease stage, consistent with the current ileocecal
case, but not the tonsil case (which demonstrated CSF involvement). Yet, the reported better
prognosis and overall survival® is supported by both of the cases in our series showing no
evidence of disease more than 3.5 years after diagnosis, though both were treated with
intense chemotherapy.

Morphologically, large B-cell lymphomas with /RF4 rearrangements can appear as high
grade FL, DLBCL, or FL with diffuse components. The identification of a diffuse
component can be helpful in differentiating an /RF4-rearranged lymphoma from a pediatric-
type FL, as demonstrated by the tonsil case which was originally submitted as a pediatric-
type FL but reclassified as DLBCL. This case also co-expressed MUM1 and BCLG, an
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atypical finding in normal germinal centers? and pediatric-type FL,2 as IRF4 usually
suppresses BCL6 expression. In the German series, MUM1 was expressed in all 20 cases of
large B-cell lymphoma with /RF4 rearrangement (having strong intensity in 17/20), BCL6 in
94% of cases, and CD10 and BCL2 in approximately 65% of cases each.> MUM1 and BCL6
co-expression has been reported in other reports of these lymphomas.311:13 Of the 22 cases
with MUM1 and BCL6 IHC staining in this series, only 9 were positive for both stains,
including the /RF4-rearranged DLBCL of the tonsil (the ileal case failed BCL6 staining). Of
note, the two cases with /RF4 gene rearrangements had strong intense staining of >90%
cells, and this strong MUML1 staining has been reported in most of the /RF4-rearranged
cases in the literature.3511.13

In conclusion, /RF4 rearrangements occurred at low frequency in patients enrolled in these
COG studies. These cases would be reclassified under WHO 2017 criteria as large B-cell
lymphomas with /RF4 rearrangements, which may have important therapeutic implications
due the associated good prognosis. Studies will need to be undertaken to determine if
chemotherapy can be reduced or a watch and wait strategy can be utilized for those with
localized disease after excision. Strong and diffuse MUML1 staining may be suggestive of
this diagnosis, so this stain should be assessed routinely on pathologic examination, with
follow-up FISH evaluation to confirm the diagnosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviation key:

COG Children’s Oncology Group

CSF Cerebrospinal fluid

DLBCL Diffuse large B cell lymphoma
FISH Fluorescence in situ hybridization
FL Follicular lymphoma

H&E Hematoxylin and eosin-stained
IHC Immunohistochemistry
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Figure 1. Large B-cell lymphoma with | RF4 rearrangement from the tonsil.
A) H&E 20X of tonsil demonstrating squamous mucosa overlying an atypical lymphoid

proliferation. B) H&E 400X demonstrating atypical cells with round to irregular nuclear
contours, vesicular chromatin, and prominent nucleoli. C, A subset of atypical lymphocytes
expressed weak BCL6 (400X), while (D) >95% of atypical lymphocytes strongly expressed
MUML1 (400X). The cells lacked BCL2 and CD10. E) FISH demonstrated separated red and
green probes from the /RF4 gene break-apart probe.
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Figure 2. Large B-cell lymphoma with |RF4 rearrangement of the small intestine.
A) H&E 20X demonstrating small intestinal mucosa overlying an atypical lymphoid
proliferation. B) H&E 400X demonstrating atypical cells with irregular nuclear contours,
coarse chromatin, and variably conspicuous nucleoli. C) >90% of atypical lymphocytes
strongly expressed MUML1 (400X). The cells lacked CD10 and BCL2 expression. BCL6

staining failed. D) FISH demonstrated separated red and green probes from the /RF4 gene
break-apart probe.
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