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Abstract: Pediatric-type follicular lymphoma (PTFL) and pe-
diatric nodal marginal zone lymphoma (PNMZL) are rare pe-
diatric-type indolent B-cell lymphomas (PedIBCL) that differ
clinicopathologically from their adult counterparts. Accurate
diagnosis is important to avoid overtreatment but is often chal-
lenging. The mutational landscape of PTFL is known and may
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aid diagnosis, but the genetic features of PNMZL are not well
understood. We analyzed 21 cases of PedIBCL according to their
clinicopathologic findings and classified them into PTFL
(n=11), PNMZL (n=2), and “mixed type” tumors (n=38)
showing ambiguous histology. We also analyzed 2 cases of adult
B-cell lymphomas showing features of PedIBCL. Targeted se-
quencing of 121 lymphoma-related genes was performed. The
median age of PedIBCL patients was 16 years (range: 3 to 47),
and all but 1 PTFL patient were male. All patients presented
with limited-stage disease, and only 1 relapsed. There were no
significant differences in clinical features among the 3 PedIBCL
groups. The most frequently mutated genes were MAP2KI,
TNFRSFI14, KMT2C, IRFS, and NOTCH?2. The genetic features
of all groups were similar to the established mutational landscape
of PTFL. The 2 adult B-cell lymphomas cases also had
MAP2KI, TNFRSFI4, and IRFS8 mutations, but the clinical
features were not typical of PedIBCL. In summary, this study
demonstrated that PTFL and PNMZL are similar diseases with
overlapping clinical, pathologic, and genetic features; mixed type
tumors can also occur. Atypical adult cases with similar histo-
logic features were also observed. Therefore, the disease spec-
trum of PedIBCL may be much broader than is currently
believed.

Key Words: pediatric-type follicular lymphoma, pediatric nodal
marginal zone lymphoma, pediatric-type indolent B-cell
lymphoma, targeted gene sequencing

(Am J Surg Pathol 2022;46:1397-1406)

ediatric-type follicular lymphoma (PTFL) and pedia-

tric nodal marginal zone lymphoma (PNMZL) are
rare indolent B-cell lymphomas (IBCL) that differ clin-
ically and pathologically from their adult counterparts.!
Although they predominantly affect children and young
adults, cases have been reported in older adults.>* Be-
cause of their distinct clinicopathologic characteristics,
PTFL was recognized as a distinct entity in the revised 4th
World Health Organization classification of lymphoid
neoplasms, while PNMZL was included as a provisional
entity.’

Histologically, PTFL presents as effacement of the
nodal architecture with expansile or serpiginous follicles
composed of intermediate-sized to large-sized blastoid
cells. The Ki-67 proliferation index is high, and neoplastic
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follicles show no or irreFular polarization at the periphery
of the germinal center.’ Perifollicular marginal zone dif-
ferentiation can be seen in some cases.* PNMZL, like its
adult counterpart, shows expansion of the marginal zone
and interfollicular area, with small to medium monocytoid
or centrocytoid cells. However, PNMZL can also have a
follicular growth pattern because of progressive trans-
formation of germinal center (PTGC)-like changes and
hyperplasia of the reactive follicles.

Meanwhile, PTFL and PNMZL share many clinical
characteristics; they both predominantly affect young
males, present as a limited-stage nodal disease in the head
and neck region, and show an indolent clinical course with
remission after complete resection in most cases.! Because
of their indolent behavior and favorable outcomes with
minimal treatment,”® accurate diagnosis is important.
However, diagnosis is often challenging because their
histology can mimic reactive lymphoid hyperplasia and
other B-cell lymphomas.

The mutational landscape of PTFL is well known and
can aid diagnosis. PTFL lacks the characteristic BCL2 gene
rearrangement detected in more than 80% of its adult
counterpart,’ and recurrent mutations in TNFRSFI4,
MAP2KI, and IRFS genes have been reported.®!* In con-
trast, little is known about the genetic features of PNMZL.
Cytogenetic abnormalities, most commonly trisomy 18 and
trisomy 3, have been reported,!* but recurrent genetic
alterations were not detected in another series.'?

The aim of this study was to investigate the clin-
icopathologic and genetic characteristics of the two rare
pediatric-type indolent B-cell lymphomas (PedIBCL),
PTFL and PNMZL, and their diagnostic implications. We
performed targeted next-generation sequencing (NGS)
using a customized panel of 121 genes involved in the
pathogenesis of hematolymphoid neoplasms, and dem-
onstrated that there may be clinical, pathologic, and
genetic overlap between the 2 diseases.

MATERIALS AND METHODS

Patients and Samples

Twenty-two cases diagnosed as PedIBCL, 2 diagnosed
as low-grade B-cell lymphoma (LGBCL) with histologic or
genetic features of PedIBCL, and 3 diagnosed as atypical
lymphoid hyperplasia with PedIBCL included in the dif-
ferential diagnosis were identified at Seoul National Uni-
versity Hospital (SNUH) and Seoul National University
Bundang Hospital (SNUBH) between 2013 and 2021
(Supplementary Fig. S1, Supplemental Digital Content 1,
http:/links.lww.com/PAS/B365). Archival formalin-fixed,
paraffin-embedded (FFPE) tissue samples and slides were
obtained. One case of atypical marginal zone hyperplasia
with no material for review was excluded. All hematoxylin
and eosin and immunohistochemistry (IHC) slides and
available genetic test results of the 26 cases were reviewed by
3 expert hematopathologists (Y.K.J., JH.P., and Y.A.K.).
Cases classified by the review board as atypical lymphoid
hyperplasia and BCL2-negative adult-type follicular lym-
phoma were excluded. Cases were reclassified histologically
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as PTFL (n=11), mixed PTFL and PNMZL (mixed type,
n=38), or PNMZL (n=2) by consensus among three hem-
atopathologists. PTFL was further classified into cases with
(n=3) and without marginal zone differentiation (n=3).
Two adult cases (ABCLO1 and ABCL02) showing partial
histologic features of PedIBCL and initially diagnosed as
LGBCL with differential diagnosis including PedIBCL were
analyzed separately as adult B-cell lymphoma (aBCL), not
otherwise specified (NOS) category. Clinical information,
including stage, treatment history, and survival, was col-
lected retrospectively from medical records. The study was
approved by the Institutional Review Board of SNUH
(H-2011-136-1174). Informed consent was waived.

IHC and B-Cell Clonality Test

IHC was performed using antibodies against CD3
(clone 2GV6; Ventana Medical Systems, Tucson, AZ),
CD20 (clone 1.26; DAKO, Carpinteria, CA), BCL2 (clone
124; DAKO), BCL6 (clone LN22; Novocastra, New-
castle, UK), CD10 (clone 56C6; Novocastra), MUMI1
(clone Ma695; Novocastra), MYC (clone EP121; Cell
Marque, Rocklin, CA), Ki-67 (MIB-1; Ventana Medical
Systems), PD-1 (clone MRQ-22; Cell Marque), IgD (clone
DRNIC; Novocastra), and FOXP1 (clone SP133; Cell
Marque) on representative whole FFPE tissue sections.
Epstein-Barr virus in situ hybridization was performed
using the Bond Ready-to-Use ISH EBER probe (Leica
Biosystems, Newcastle, UK) or the INFORM EBER
probe (Ventana Medical Systems). Immunostaining was
performed using Ventana Benchmark XT (Ventana
Medical Systems) or Bond-Max autostainer (Leica
Microsystems, Melbourne, Australia) according to the
manufacturer’s protocol.

B-cell monoclonality was detected using the IdentiClone
IGH Gene Clonality Assay (Invivoscribe Technologies Inc.,
San Diego, CA).

Targeted NGS

Targeted NGS was performed for cases with avail-
able FFPE tissue samples using a customized panel of 121
lymphoma-related genes (SNUH FIRST-Lymphoma
Panel v1.1; Supplementary Table S1, Supplemental Digi-
tal Content 2, http:/links.lww.com/PAS/B366). ABCLO1
had previous sequencing data, obtained from SNUH
FIRST-Lymphoma Panel v1.0.

Genomic DNA was extracted from FFPE tissues
using the Maxwell CSC DNA FFPE Kit or Maxwell 16
FFPE Tissue LEV DNA Purification Kit (Promega,
Madison, WI). Libraries were developed using the Sure-
Select XT-HS Target Enrichment System (Agilent Tech-
nologies, Santa Clara, CA). Paired-end sequencing was
performed using the NextSeq. 550Dx platform
(Illumina Inc., San Diego, CA). Sequenced reads were
aligned to the reference human genome (GRCh37/hgl9)
using Burrows-Wheeler Aligner (BWA v0.7.17) and
GATK Best Practice (v4.0.2.1). Single-nucleotide variants
(SNVs) and small insertions and deletions (indels) were
detected by using an in-house developed pipeline, SNVer
(v0.5.3) and LoFreq (v2.1.2). Translocations were

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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detected using Delly and Mantana, and copy number al-
terations were called using CNVkit. Mutations were an-
notated using SnpEff (v4.3).

Mutation Calling and Data Analysis

To identify and remove germline variants and re-
current sequencing artifacts, variants included in an in-
house Panel of Normals were excluded. Variants with
population frequency over 0.1% on the Genome Ag-
gregation Consortium (gnomAD) East Asian database,
Korean Variant Archive (KOVA), or Korean Reference
Genome Database (KRGDB) were also filtered out.
Mutations with variant allele frequency <2% and fewer
than 10 altered reads were called if the same mutation was
previously reported in association with hematolymphoid
malignancies on public databases, including COSMIC and
cBioPortal. Variants with variant allele frequency <2%
were also called if the mutation was predicted to be
pathogenic or had any clinical significance for PedIBCL
according to literature review.

Statistical Analysis

Fisher exact test was performed to compare cate-
gorical variables. The Kruskal-Wallis test or Mann-
Whitney U test was performed to compare continuous
variables. All statistical analyses were performed using
SPSS (ver. 25.0; IBM Corp., Armonk, NY). Two-sided
P-values <0.05 were considered statistically significant.

RESULTS

Classification and Pathologic Features

Eight cases initially diagnosed as PTFL and three ini-
tially diagnosed as PNMZL were reclassified as PTFL
(Tables 1 and 2; Supplementary Table S2, Supplemental
Digital Content 3, http:/links.lww.com/PAS/B367). Three of
these cases showed focal marginal zone differentiation,
whereas the remaining cases did not (Fig. 1). The cases were
classified, by consensus, as mixed type if histologic features of
both PTFL and PNMZL were observed. These cases showed
expansile follicles with effacement of the nodal architecture,
marginal zone hyperplasia with occasional PTGC-like
features, and diffuse CD20 staining in both follicular and
interfollicular areas (Fig. 2). Four cases initially diagnosed as
PTFL, 3 initially diagnosed as PNMZL, and 1 initially
diagnosed as indeterminate PedIBCL (PTFL vs. PNMZL)
were reclassified as mixed type. All cases reclassified as
PNMZL had initially been diagnosed as PNMZL (Fig. 3). A
total of 21 cases were finally classified as PedIBCL, including
11 PTFL, 8 mixed type, and 2 PNMZL cases (Tables 1 and
2; Supplementary Fig. S1, Supplemental Digital Content 1,
http://links.lww.com/PAS/B365).

Clinical Characteristics

There were no significant differences in clinical char-
acteristics, including age, sex, tumor location, stage, treat-
ment modality, and relapse, between the PedIBCL groups
(Tables 1 and 2; Supplementary Table S2, Supplemental
Digital Content 3, http:/links.lww.com/PAS/B367). The

TABLE 1. Clinical Features of the Patients

Consensus Initial
Patient ID  Reclassification Diagnosis Age (y) Sex Location Stage LDH Treatment Relapse PFS (m) OS (m)
PTFLO1 PTFL w/o MZ PTFL 13 Male Head and neck LN 2B 197 Chemotherapy  No 62 62
PTFL02 PTFL w/o MZ PTFL 23 Male Head and neck LN 1A 141 Radiotherapy No 14 14
PTFLO3 PTFL w/o MZ PTFL 12 Female Head and neck LN 1A NA Watchful wait No 46 46
PTFLO04 PTFL w/o MZ PTFL 25 Male Head and neck LN 1A 145 Watchful wait No 31 31
PTFLOS PTFL w/o MZ PTFL 17 Male Head and neck LN 2A 155 Watchful wait No 38 38
PTFL06 PTFL w/o MZ PTFL 12 Male Head and neck LN 2A 184 Chemotherapy  No 48 48
PTFLO7 PTFL w/o MZ PTFL 14 Male Head and neck LN 1A NA Follow-up loss No 1 1
PTFLO8 PTFL w/o MZ PNMZL 20 Male Head and neck LN 1A 143 Chemotherapy  No 18 18
PTFL09 PTFL w/ MZ PTFL 32 Male  Inguinal LN 1A 454 Radiotherapy No 68 68
PTFL10 PTFL w/ MZ PNMZL 16 Male Head and neck LN 1A 178 Watchful wait Yes 11 30
PTFLI11 PTFL w/ MZ PNMZL 22 Male Head and neck LN 2A 186  Watchful wait No 39 39
MIXEDOl Mixed PTFL 20 Male Head and neck LN 1A 143 Radiotherapy No 17 17
MIXEDO02 Mixed PTFL 8 Male Head and neck LN 1A NA Follow-up loss No 2 2
MIXEDO3 Mixed PTFL 16 Male Head and neck LN 1A 136 Watchful wait No 1 1
MIXED04 Mixed PTFL 47 Male Head and neck LN 1A 226 Watchful wait No 2 2
MIXEDO5 Mixed Pediatric 3 Male  Tonsil 1A 250 Watchful wait No 54 54
MZL
MIXEDO06 Mixed PNMZL 15 Male Head andneck LN, 2A  NA Follow-uploss No 1 1
axillary LN
MIXEDO0O7 Mixed PNMZL 24 Male Head and neck LN 1A 172 Watchful wait No 26 26
MIXEDO8 Mixed PedIBCL 8 Male Head and neck LN 2A 261 Chemotherapy  No 1 1
PNMZL01 PNMZL PNMZL 15 Male Head and neck LN 1A 159 Chemotherapy  No 61 61
PNMZL02 PNMZL PNMZL 18 Male Head and neck LN 1A 127  Watchful wait No 1 1
ABCLO1  aBCL, NOS Other 52 Female Head and neck LN, 4A 152 Chemotherapy  No 14 14
axillary LN, BM
ABCL02 aBCL, NOS Other 59 Male Head and neck LN 1A 147  Watchful wait Yes 10 33

BM indicates bone marrow; LDH, lactate dehydrogenase; LN, lymph node; MZ, marginal zone differentiation; NA, not available; NOS, not otherwise specified; OS,

overall survival.

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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median age was 16 years (range: 3 to 47 y), and most pa-
tients were diagnosed as adolescents to young adults. All
patients, except 1 PTFL case without marginal zone dif-
ferentiation (PTFLO03), were males. Patients mostly pre-
sented with a single mass in the head and neck region
regardless of group, and only 1 patient complained of B
symptoms. All patients presented with limited-stage disease
according to the Ann Arbor staging system, with 15 stage
1A, 5 stage 2A, and 1 stage 2B patients. Serum lactate
dehydrogenase levels were below 250 IU/L in 14 of 17
patients.

All 21 patients underwent surgical excision of the
involved lymph nodes. Five patients (23.8%) received
chemotherapy, and 3 (14.3%) received radiotherapy after
excision. Ten patients (47.6%) did not receive any addi-
tional therapy after surgery (“watchful waiting”). Only 1
case of PTFL with marginal zone differentiation
(PTFL10) relapsed 11 months after complete excision and
watchful waiting. The patient remained relapse-free
for additional 19 months after re-excision of the
involved node.

Mutational Landscape

Targeted NGS was performed in 20 of 21 PedIBCL
cases, excluding 1 PTFL without marginal zone differ-
entiation who had no remaining material for NGS study. We
detected a total of 52 SNVs or indels in 22 genes, and 4 copy
number alterations in 4 genes (Fig. 4). The top 5 most
frequently mutated genes were MAP2KI (40%, 8/20 cases),
TNFRSFI14 (35%, 7/20 cases, including 1 with multiple
mutations), KMT2C (25%, 5/20 cases, including 1 with
multiple mutations), /RF8 (15%, 3/20 cases, including 2 with
multiple mutations), and NOTCH2 (15%, 3/20 cases,
including 1 with multiple mutations). There was no
significant difference in the incidence of mutations of these
5 genes among the 3 PedIBCL groups (ie, PTFL, mixed type,
and PNMZL) (P>0.05 for all 5 genes according to the
Fisher exact test), or between PTFL and mixed type (P > 0.05
for all 5 genes according to the Fisher exact test) (Table 2).

KMT2C was the most frequently mutated gene in
PTFL. Four of 10 cases (40%) showed KMT2C mutation, 3 of
which were the same KMT72C G908C mutation. Two PTFL
cases, 1 with and 1 without marginal zone differentiation,

TABLE 2. Comparison of Clinical Characteristics and Mutations Between Groups

PTFL, n (%)

PNMZL, All PedIBCL, aBCL, NOS,
Without MZ With MZ All PTFL Mixed, n (%) n (%) n (%) n (%) P* Pt P
Number of patients 8 3 11 8 2 21 2 — — —
Median age, y 15.5 (12-25) 22 (16-32) 17 (12-32) 15.5 (3-47) 16.5 (15-18) 16 (3-47) 55.5 (52-59) 0.766 0.589 0.492
(range)
Sex (M:F) 7:1 3:0 10:1 8:0 2:0 20:1 1:1 1.000 1.000 1.000
Location 0.738 0.429 0.678
Head and neck 8 (100) 2 (66.7) 10 (90.9) 7 (87.5)§ 2 (100) 19 (90.5) 2 (100!
LN
Tonsil 0 0 0 1(12.5) 0 1 (4.8) 0
Inguinal LN 0 1(33.3) 1.1 0 0 1 (4.8) 0
Stage at presentation — — —
Limited-stage 8 (100) 3 (100) 11 (100) 8 (100) 2 (100) 21 (100) 1 (50.0)
Advanced stage 0 0 0 0 0 0 1 (50.0)
LDH, IU/L 0.682 0.471 0.525
<250 6 (100) 2 (66.7) 8 (88.9) 4 (66.7) 2 (100) 14 (82.4) 2 (100)
>250 0 1(33.3) 1 (1L.1) 2(33.3) 0 3(17.6) 0
Treatment 1.000 0.853 1.000
Watchful waiting 3 (37.5) 2 (66.7) 5(45.5) 4 (50.0) 1 (50.0) 10 (47.6) 1 (50.0)
Chemotherapy 3(37.5) 0 3(27.3) 1(12.5) 1 (50.0) 5(23.8) 1 (50.0)
Radiotherapy 1 (12.5) 1(33.3) 2 (18.2) 1(12.5) O 3 (14.3) 0
Unknown 1 (12.5) 0 19.1) 212500 0 3(14.3) 0
Relapse 0 1(33.3) 1.1 0 0 1 (4.8) 1 (50.0) 1.000 0.238 1.000
Median PFS, 345 (1-62) 39 (11-68) 38 (1-68) 2 (1-54) 31 (1-61) 18 (1-68) 12 (10-14) — — —
m (range)
Median OS, 34.5 (1-62) 39 (30-68) 38 (1-68) 2 (1-54) 31 (1-61) 26 (1-68) 23.5 (14-33) — — —
m (range)
Mutations
MAP2KI 1 (14.3) 1(33.3) 2 (20) 5(62.5) 1 (50.0) 8 (40.0) 2 (100) 0.139 0.285 0.145
TNFRSFI4 1(14.3) 2 (66.7) 3 (30) 3 (37.5) 1 (50.0) 7 (35.0) 2 (100) 1.000 0.375 1.000
IRFS 0 1(33.3) 1 (10) 2 (25.0) 0 3 (15.0) 2 (100) 0.684 0.435 0.559
KMT12C 2 (28.6) 2 (66.7) 4 (40) 0 1 (50.0) 5(25.0) 0 0.109 0.058 0.092
NOTCH2 1(14.3) 0 1 (10) 2 (25.0) 0 3 (15.0) 0 0.684 1.000 0.559

* P-value for comparison among PTFL, mixed type, and PNMZL.

tP-value for comparison among PTFL without MZ, PTFL with MZ, mixed type, and PNMZL.

1 P-value for comparison between PTFL and mixed type.

§Including 1 case (MIXEDO06) with main lesion in the head and neck LN and additional involvement of axillary LN.
||l Including 1 case (ABCLO1) with main lesion in the head and neck LN and additional involvement of axillary LN and bone marrow.
LDH indicates lactate dehydrogenase; LN, lymph node; MZ, marginal zone differentiation; NOS, not otherwise specified; OS, overall survival.
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FIGURE 1. Pathologic features of pediatric-type follicular lymphoma. A-F, Representative images of PTFL without marginal zone
differentiation (PTFLO3). A-C, H&E shows partial effacement of nodal architecture with expansile and serpiginous follicles. Follicles
are composed of intermediate to large blastoid cells and have a starry sky appearance. D, BCL2 is negative in expansile follicles. E,
CD10 is positive in follicles. F, Ki-67 proliferation index is high in follicles and there is no polarization. G-L, Representative images of
PTFL with marginal zone differentiation (PTFL11). G-H, H&E shows effacement of nodal architecture with expansile follicles. Some
neoplastic follicles show marginal zone differentiation at the periphery. I, Follicles are composed of intermediate-sized cells with a
centrocytic and centroblastic morphology. ], CD20 highlights expansile follicles and the presence of interfollicular B cells. K, BCL2 is
negative in follicles. L, Ki-67 proliferation index is high in expansile follicles. Some follicles are showing PTGC-like changes.

shared the same MAP2KI Q56P mutation. One PTFL case  case of PTFL (with marginal zone differentiation) showed an
without marginal zone differentiation showed TNFRSFI4  IRFS mutation, which was a missense mutation (Y23H).

missense mutation. Two cases with marginal zone differ- The most frequently mutated gene in the mixed type was
entiation showed TNFRSFI4 mutations, one of which was a ~ MAP2KI. Five of 8 cases (62.5%) had MAP2KI mutations, all
start loss mutation; the other was a splicing mutation. Only 1 of which were missense mutations. Three mixed type cases had

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc. www.ajsp.com | 1401
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FIGURE 2. Pathologic features of the mixed type (A-F, MIXEDO7; G-I, MIXEDO3). A-C and G, H&E shows expansile follicles and
surrounding clear cells with marginal zone differentiation. D and H, CD20 highlights expansile follicles and interfollicular B cells. E,
Ki-67 proliferation index is high in follicles but low in interfollicular area. Follicles are showing PTGC-like changes. F and I, CD10

highlights PTGC-like changes.

TNFRSFI4 mutations. All 3 cases with TNFRSFI4 mutation
were originally diagnosed as PTFL. In addition, 2 mixed type
cases had multiple missense mutations in the /RFS gene (K66R
and L82V in MIXEDO07, and Y23H and F36L in MIXEDOS).
None of the mixed type cases had KMT2C mutations.

No mutations were shared between the 2 cases of
PNMZL. One case (PNMZLO01) showed missense muta-
tions in MAP2KI (F531) and KMT2C (G908C) genes, an
in-frame deletion mutation of the EP300 gene, and 1 copy
loss of the ATM, BIRC3, and CHEKI genes. The other case
(PNMZLO02) had a TNFRSFI14 nonsense mutation (Q180%)
and CREBBP frameshift mutation.

Adult B-Cell Lymphoma, Not Otherwise
Specified With Genetic Features of Pediatric-
type Indolent B-Cell Lymphomas

The 2 adult cases, separately categorized as aBCL,
NOS (ABCL01 and ABCLO02), were histologically unusual,

1402 | www.ajsp.com

with some features of PedIBCL (Fig. 5). ABCL0O1 showed
pure follicular proliferation with a “node within a node”
pattern. Neoplastic follicles were composed of intermediate-
sized blastoid cells and were negative for BCL2. B-cell
monoclonality was detected on /GH gene rearrangement
study, and it was initially diagnosed as “LGBCL, type
undetermined, with differential diagnoses of PTFL and
BCL2-negative adult-type follicular lymphoma.” The
clinical features of ABCLO1 were not typical for PTFL in
that the patient was a 52-year-old female with stage 4
disease involving cervical and axillary lymph nodes and
bone marrow. However, targeted NGS performed for
diagnostic purposes revealed the typical PedIBCL
mutational pattern (Fig. 4). ABCLOl was therefore
diagnosed as “LGBCL, type undetermined with genetic
features of PTFL.”

In contrast, ABCL02 was a 59-year-old male with a
single cervical mass. Histologic examination showed

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 3. Pathologic features of pediatric nodal marginal zone lymphoma (PNMZLO01). A and B, H&E shows effacement of the
nodal architecture. Lymphoid follicles and clear cells with marginal zone differentiation can be seen. C, CD20 shows nodular
architecture with a hyperplastic marginal zone. D, CD10 shows PTGC-like changes.

mixed follicular and interfollicular hyperplasia with scat-
tered PTGC-like changes. B-cell monoclonality was also
detected on IGH gene rearrangement study, and the pa-
tient was diagnosed as “LGBCL, most likely NMZL with
features of PNMZL.” However, the patient relapsed to
stage 3 disease 10 months after excision of the cervical
lymph node, which was atypical for PedIBCL (Tables 1
and 2; Supplementary Table S2, Supplemental Digital
Content 3, http:/links.lww.com/PAS/B367). Targeted
NGS was performed in ABCLO02, and it also exhibited the
typical PedIBCL mutational pattern (Fig. 4).

The 2 aBCL, NOS cases shared the IRFS K66R
mutation and had missense mutations in the same codon
(K57) of the MAP2KI gene. They also had TNFRSF14
mutations, with ABCL0O1 showing a start loss mutation
and ABCLO02 showing a missense mutation (C42Y).

DISCUSSION
The 2 conventional PedIBCLs (ie, PTFL and PNMZL),
are known to share many clinical characteristics, 1316 which
was also observed in this study. They also have some histologic
similarities, in that PTFL may have marginal zone differ-
entiation at the periphery of neoplastic follicles, while

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

PNMZL may show both interfollicular and follicular
proliferation.® However, the mixed or gray-zone features of
PTFL and PNMZL remain unaddressed. In this study, we
performed clinicopathologic analysis of 21 PedIBCL cases,
including PTFL and PNMZL. By consensus, the cases were
reclassified into 3 groups (PTFL, mixed type, and PNMZL)
based on histologic findings. PTFL was subdivided into cases
with focal marginal zone differentiation and cases with a pure
follicular morphology. In this study, 38.1% (8/21 cases) had an
ambiguous mixed type histology with features characteristic of
both PTFL and PNMZL. Half of these cases were originally
diagnosed as PTFL (4/8 cases), while 37.5% (3/8 cases) were
diagnosed as PNMZL. Three of 11 cases (27.3%) reclassified
as PTFL were initially diagnosed as PNMZL. These findings
suggest histologic overlap between the 2 diseases and
highlight the difficulties in diagnosing these histologically
ambiguous cases.

The mutational landscape of PTFL has been well
described. Unlike its adult counterpart, it lacks BCL2 gene
rearrangement, and mutations in epigenetic modifier genes
including KMT2D, CREBBP, and EP300 are less com-
mon. Mutations in TNFRSF14, MAP2KI, and IRFS are
also more frequently detected in PTFL.3?13 To determine
the genetic features helpful for differentiating PTFL and
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FIGURE 4. Targeted sequencing for 121 lymphoma-related genes. Mutational patterns and the clinicopathologic characteristics
are depicted, and no significant differences in genetic alterations were found according to the consensus diagnosis. CN indicates
copy number; Dx, diagnosis; MZ, marginal zone differentiation; NOS, not otherwise specified.

PNMZL, we performed targeted NGS of 121 lymphoma-
related genes. However, the mutational profiles of the
three PedIBCL categories were all similar to the pre-
viously known mutational profile of PTFL, and no sig-
nificant differences were found among the categories.
PTFL, mixed type, and PNMZL all had recurrent muta-
tions in MAP2KI (2/10, 5/8, and 1/2 cases, respectively)
and TNFRSFI4 (3/10, 3/8, and 1/2 cases, respectively)
genes. Mutations in /RF8, including the known PTFL-
specific alteration K66R %12 in 1 mixed type case, were also
detected in a PTFL case and another mixed type case (1/10
and 2/8 cases, respectively). Although there was a lack of
KMT?2C mutations in mixed type cases, half of the PTFL
and PNMZL cases had KMT2C mutations and shared the
same KMT2C G908C mutation. These results suggest
overlap in the mutational landscape of PTFL, mixed type,
and PNMZL.

Clinically, the mixed type shared features and bio-
logical behaviors with PTFL and PNMZL. PTFL,
PNMZL, and mixed type were all diagnosed mainly in
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adolescents and young adult males, and mostly presented
as limited-stage disease in the head and neck region. Ex-
cept for one PTFL case, none of the cases showed pro-
gression over the follow-up period of up to 68 months.
Because of their indolent course and lack of progression
even after the watchful waiting strategy,”-317-18 accurate
diagnosis of PedIBCL is important because high-grade
lymphomas are more common in the same age group.
Recognizing the disease spectra of PTFL and PNMZL,
which share clinical, pathologic, and genetic features (as
highlighted in this study), will aid appropriate diagnosis
and subsequent management of PedIBCL patients.

In this study, we encountered 2 peculiar aBCL cases.
These cases were not histologically consistent with any of
the conventional B-cell non-Hodgkin lymphomas, and
instead had partial PedIBCL features. Consensus review,
however, concluded that these cases were not histologi-
cally typical of PedIBCL. The clinical course of the two
cases was also rather aggressive and atypical of PedIBCL.
However, both cases had MAP2KI, TNFRSFI4, and

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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PTFL and PNMZL: Overlapping Spectrum of Disease

FIGURE 5. Adult B-cell ymphoma, not otherwise specified, with partial features of pediatric-type indolent B-cell ymphoma. A-F,
ABCLOT, initially diagnosed as LGBCL, type undetermined with a differential diagnosis of PTFL and BCL2-negative adult-type
follicular lymphoma. A-C, H&E shows a nodular pattern with follicles composed of intermediate-sized blastoid cells. D, CD20
staining highlights the follicular pattern. E, BCL2 is negative in neoplastic follicles. F, The Ki-67 proliferation index is high in follicles.
G-I, ABCLO2, initially diagnosed as LGBCL, most likely NMZL with features of PNMZL. G and H, H&E and CD20 staining shows
mixed follicular and interfollicular hyperplasia. |, CD10 highlights scattered PTGC-like changes.

IRF8 mutations, which are typical of PedIBCL. In addi-
tion, they both had I/RFS8 K66R mutations, a known
hotspot mutation in PTFL.>!? These findings suggest that
histologic mimickers of PedIBCL, rarely occurring in
adults, may also share its genetic features.

This study raised several questions. Given the shared
morphologic and genetic features of PTFL, mixed type,
and PNMZL, their diagnostic criteria need to be clarified.

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

Furthermore, whether PTFL and PNMZL are pathoge-
netically related remains to be clarified. Moreover, mar-
ginal zone differentiation in PTFL, even to the level of
mixed histology, remains to be investigated. The 3 groups
of PedIBCL in this study shared similar clinical, patho-
logic, and genetic features, and this finding suggests that
there may be an overlapping spectrum of disease between
PTFL and PNMZL. However, because of small sample
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sizes, these questions should be further addressed in larger
cohorts.

In conclusion, the 2 PedIBCLs were clinically similar
conditions with overlapping pathologic and genetic features.
There were also some clinically atypical cases that shared the
pathologic and genetic features of PedIBCL. This study may
expand the currently recognized disease spectrum of PedIBCL.

ACKNOWLEDGMENTS

The authors greatly appreciate Dr Young Hyeh Ko
(Department of Pathology, Samsung Medical Center, Sung-
kyunkwan University School of Medicine, Seoul Republic of
Korea) for performing pathologic analyses as a member of the
Pathology Review Board. The authors also appreciate Dr Gui
Young Kwon (Seoul Clinical Laboratories Yongin-si Republic
of Korea), Dr Jeong Hae Kie (Department of Pathology,
National Health Insurance Service llsan Hospital Goyang-si
Republic of Korea), Dr Hee Kyung Kim (Department of
Pathology, Soonchunhyang University Bucheon Hospital
Bucheon-si Republic of Korea), Dr Ho Jung Lee (Department
of Pathology, Nowon Eulji Medical Center, Eulji University,
Seoul Republic of Korea), and Dr Ja Hee Suh (Department of
Pathology, National Medical Center, Seoul Republic of
Korea) for providing tissue materials for this study.

REFERENCES

1. Quintanilla-Martinez L, Sander B, Chan JK, et al. Indolent
lymphomas in the pediatric population: follicular lymphoma,
IRF4/MUMI1+ lymphoma, nodal marginal zone lymphoma and
chronic lymphocytic leukemia. Virchows Arch. 2016;468:141-157.

2. Gitelson E, Al-Saleem T, Robu V, et al. Pediatric nodal marginal
zone lymphoma may develop in the adult population. Leuk
Lymphoma. 2010;51:89-94.

3. Louissaint A Jr, Ackerman AM, Dias-Santagata D, et al. Pediatric-
type nodal follicular lymphoma: an indolent clonal proliferation in
children and adults with high proliferation index and no BCL2
rearrangement. Blood. 2012;120:2395-2404.

4. Liu Q, Salaverria I, Pittaluga S, et al. Follicular lymphomas in
children and young adults: a comparison of the pediatric variant with
usual follicular lymphoma. Am J Surg Pathol. 2013;37:333-343.

5. Swerdlow SH, Campo E, Pileri SA, et al. The 2016 revision of the
World Health Organization classification of lymphoid neoplasms.
Blood. 2016;127:2375-2390.

1406 | www.ajsp.com

10.

11.

12.

14.

15.

16.

17.

. Koo M, Ohgami RS. Pediatric-type follicular lymphoma and

pediatric nodal marginal zone lymphoma: recent clinical, morpho-
logic, immunophenotypic, and genetic insights. Adv Anat Pathol.
2017;24:128-135.

. Ronceray L, Abla O, Barzilai-Birenboim S, et al. Children and

adolescents with marginal zone lymphoma have an excellent
prognosis with limited chemotherapy or a watch-and-wait strategy
after complete resection. Pediatr Blood Cancer. 2018;65:€26932.

. Attarbaschi A, Beishuizen A, Mann G, et al. Children and

adolescents with follicular lymphoma have an excellent prognosis
with either limited chemotherapy or with a “Watch and wait”
strategy after complete resection. Ann Hematol. 2013;92:1537-1541.

. Schmidt J, Ramis-Zaldivar JE, Nadeu F, et al. Mutations of

MAP2K]1 are frequent in pediatric-type follicular lymphoma and
result in ERK pathway activation. Blood. 2017;130:323-327.
Schmidt J, Gong S, Marafioti T, et al. Genome-wide analysis of
pediatric-type follicular lymphoma reveals low genetic complexity
and recurrent alterations of TNFRSF14 gene. Blood. 2016;128:
1101-1111.

Louissaint A Jr, Schafernak KT, Geyer JT, et al. Pediatric-type
nodal follicular lymphoma: a biologically distinct lymphoma with
frequent MAPK pathway mutations. Blood. 2016;128:1093-1100.
Ozawa MG, Bhaduri A, Chisholm KM, et al. A study of the
mutational landscape of pediatric-type follicular lymphoma and
pediatric nodal marginal zone lymphoma. Mod Pathol. 2016;29:
1212-1220.

. Lovisa F, Binatti A, Coppe A, et al. A high definition picture of key

genes and pathways mutated in pediatric follicular lymphoma.
Haematologica. 2019;104:e406-e409.

Rizzo KA, Streubel B, Pittaluga S, et al. Marginal zone lymphomas
in children and the young adult population; characterization of
genetic aberrations by FISH and RT-PCR. Mod Pathol. 2010;23:
866-873.

Woessmann W, Quintanilla-Martinez L. Rare mature B-cell
lymphomas in children and adolescents. Hematol Oncol. 2019;
37(suppl 1):53-61.

Attarbaschi A, Abla O, Arias Padilla L, et al. Rare non-Hodgkin
lymphoma of childhood and adolescence: a consensus diagnostic and
therapeutic approach to pediatric-type follicular lymphoma, margin-
al zone lymphoma, and nonanaplastic peripheral T-cell lymphoma.
Pediatr Blood Cancer. 2020;67:¢28416.

Oschlies I, Salaverria I, Mahn F, et al. Pediatric follicular lymphoma
—a clinico-pathological study of a population-based series of
patients treated within the Non-Hodgkin’s Lymphoma—Berlin-
Frankfurt-Munster (NHL-BFM) multicenter trials. Haematologica.
2010;95:253-259.

. Makarova O, Oschlies I, Muller S, et al. Excellent outcome with

limited treatment in paediatric patients with marginal zone
lymphoma. Br J Haematol. 2018;182:735-739.

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.



