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REVIEW

Follicular lymphoma: updates for pathologists

Mahsa Khanlari', Jennifer R. Chapman’

"Department of Pathology and Hematopathology, St. Jude Children's Research Hospital, Memphis, TN;
Department of Pathology, Division of Hematopathology, University of Miami, Sylvester Comprehensive Cancer Center, and Jackson Memorial Hospitals, Miami, FL, USA

Follicular lymphoma (FL) is the most common indolent B-cell lymphoma and originates from germinal center B-cells (centrocytes and
centroblasts) of the lymphoid follicle. Tumorigenesis is believed to initiate early in precursor B-cells in the bone marrow (BM) that acquire
the 1(14;18)(32;921). These cells later migrate to lymph nodes to continue their maturation through the germinal center reaction, at
which time they acquire additional genetic and epigeneticabnormalities that promote lymphomagenesis. FLs are heterogeneous in
terms of their clinicopathologic features. Most FLs are indolent and clinically characterized by peripheral lymphadenopathy with involve-
ment of the spleen, BM, and peripheral blood in a substantial subset of patients, sometimes accompanied by constitutional symptoms
and laboratory abnormalities. Diagnosis is established by the histopathologic identification of a B-cell proliferation usually distributed in
an at least partially follicular pattern, typically, but not always, in a lymph node biopsy. The B-cell proliferation is biologically of germinal
center cell origin, thus shows an expression of germinal center-associated antigens as detected by immunophenotyping. Although many
cases of FLs are typical and histopathologic features are straightforward, the biologic and histopathologic variability of FL is wide, and
an accurate diagnosis of FL over this disease spectrum requires knowledge of morphologic variants that can mimic other lymphomas,
and rarely non-hematologic malignancies, clinically unique variants, and pitfalls in the interpretation of ancillary studies. The overall
survival for most patients is prolonged, but relapses are frequent. The treatment landscape in FL now includes the application of im-

munotherapy and targeted therapy in addition to chemotherapy.

Key Words: Follicular ymphoma; Immunohistochemistry; Molecular; Cytogenetics; Prognosis; Treatment
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Follicular lymphoma (FL) is an indolent B-cell malignancy
usually involving a lymph node with a morphologic appearance
resembling follicular lymphoid structures. FL cells arise from
germinal center B-cells of the lymphoid follicle (centrocytes and
centroblasts) [1]. The biologic and histopathologic spectrum of
FL is broad. In most cases, at least partial follicular (nodular) dis-
tribution is identified with varying degrees of diffuse neoplastic
growth [2].

In 2017 World Health Organization (WHO) classification,
grading of FL is based on the cytologic composition of neoplas-
tic follicles and the number of centroblasts identified, on aver-
age, in at least 10 high power fields. FLs express germinal center
B-cell markers by immunohistochemistry (IHC) [1].

pISSN 2383-7837
elSSN 2383-7845

Obsolete names for FL are Brill-Symmers disease, nodular
lymphoma (in Rappaport classification), centroblastic/centro-
cytic lymphoma (Kiel classification), and follicular center lym-
phoma (in REAL classification) [2-5].

FL is the second most common non-Hodgkin lymphoma,
comprising about 20%-25% of all new non-Hodgkin lymphoma
diagnoses in Western countries, and about 5% of all hematologic
neoplasms. The incidence of FL differs among geographic regions
and ethnic groups. Age-standardized incidence is about 2—4 per
100,000 person-years, and male to female ratio is variable (1:1.7
in most series). The median age ranges 60—65 years [6].

About 80% of all FLs are systemic nodal tumors. Peripheral
cervical and inguinal lymph nodes are the more frequently affected

© 2022 The Korean Society of Pathologists/The Korean Society for Cytopathology
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sites, although central lymph nodes, including abdominal and
thoracic, can also be involved. Extranodal sites that are commonly
involved include bone marrow (BM), spleen, liver, and peripheral

blood [7].

ETIOPATHOGENESIS

Biologic abnormalities that promote the development of FL
can be broadly summarized as occurring in three stages of B-cell
development: (1) BM events, (2) germinal center events, and
(3) post-germinal center events.

BM events

BM precursor B-cells, usually in the pre- or pro-B-cell stage,
acquire t(14;18)(q32;q21) IGH/BCL?2 because of repair failure
during V(D)J recombination. The resulting overexpression of
BCL2, an anti-apoptotic protein, promotes survival and discour-
ages apoptosis of B-cells as they later mature during the germinal
center reaction [8].

Germinal center events

B-cells harboring the t(14;18)(q32;q21) translocation retain
germinal center functionality (e.g., BCL6-mediated pathways),
and undergo somatic hypermutation and class switch recombi-
nation of immunoglobulin genes initiated by activation-induced
cytidine deaminase with retention of IgM/IgD surface expres-
sion. This last phenomenon is known as the allelic paradox and
promotes proliferation and survival pathways in malignant B-

cells [9].

Post-germinal center events

Additional chromosomal alterations and mutational abnor-
malities occur, promoting the pre-lymphomatous t(14;18)+ cell
into bonafide lymphoma cells. Reentry of a subset of BCL2+
memory B-cells to the germinal center also occurs [10].

In addition to the t(14;18)(q32;q21) translocation and BCL2
mutation, FL is characterized by additional mutational abnor-
malities most commonly in chromatin modifiers, B-cell recep-
tor signaling pathways, cell cycle regulation, transcription fac-
tors, and immune evasion genes [10-13]:

- Chromatin modification (KMT2D, EZH2, CREBBP, ARI-
DIA, MEF2B, EP300): inactivating mutations of KMT2D,
CREBBP, ARID1A, MEF2B, and EP300 and gains of the func-
tion of EZH2.

- B-cell receptor signaling (CARDI1 1, IgHV, IgLV, INFRSF14):
inactivating mutation of TNFRSF14 and gain of function mu-

https://jpatholtm.org/

tation in CARD11, IgHV, IgLV.

- Cell cycle regulation (RBI, CDK4): deletion of RB1 and
gain of function mutation in CDK4.

- Transcription factors (FOX01, MEF2B, BCLO): inactivating
mutation of MEF2B and gain of function mutation of FOX0!
and BCLO.

- Tumor suppressor and immune evasion (EPHA7, TNRSF14,
CREBBP): deletion/inactivating mutation of EPHA7, TNRSF14,
and CREBBP.

- Activation of JAK-STAT signaling (STAT6): gain of function
mutation in STATG.

The etiology of FL is mainly unknown. t(14;18)(q32;q21) IGH/
BCL2 alone is not sufficient to cause lymphoma [14]. Some essen-
tial factors which seem to play a contributing role are family his-
tory and inherited/genetic susceptibility (especially first-degree
relatives) and environmental factors (such as exposure to pesti-
cides and herbicides) [15,16].

Clinical features

The median age of patients with FL is the sixth decade [1].
Clinical presentation of FL is most commonly that of enlarged
lymph nodes, frequently in the neck or abdomen. FL is a localized
disease in about 10% to 20% of cases. The vast majority of FLs
present with widespread nodal involvement (~80%) and advanced-
stage disease (stages I[I-IV) at the time of diagnosis [7]. Some
cases follow a chronic relapsing course. A subset progresses rapid-
ly and transforms to aggressive lymphomas such as diffuse large
B-cell lymphomas, double-hit large B-cell lymphomas, and lym-
phoblastic leukemia/lymphoma [17].

FL can also relapse as classic Hodgkin lymphoma, which is clon-
ally related to the antecedent FL and with Hodgkin lymphoma
cells also harboring the t(14;18) (q32;q21) translocation [18].

Most patients with FL are mainly asymptomatic. Symptomatic
presentations may include fatigue, fever or night sweats, weight
loss, or recurrent infections. Tissue biopsy (lymph node/extranod-
al sites), most frequently in the form of needle biopsy (both core
needle biopsy and fine-needle aspiration biopsy), and occasion-
ally as excisional biopsies, are the most frequent diagnostic mate-
rials. Peripheral blood and BM biopsy are usually petformed for
staging purposes [10].

Abnormal laboratory findings are uncommon. Leukemic phase
FL is identified in < 5% of patients [19]. An increase in lactate de-
hydrogenase (LDH) and $2-microglobulins are present in about
15% of patients [20].

Rarely, FL is found outside lymph nodes. Extranodal FL can
cause a variety of symptoms depending on its location. For exam-

https://doi.org/10.4132/jptm.2021.09.29



Follicular lymphoma: updates ® 3

ple, in case of BM involvement, anemia is present (about 10% HISTOLOGIC FINDINGS

of patients with FL), while leukopenia/thrombocytopenia is

rarely seen [19,21]. Involvement of mucosa-associated sites may The diagnosis of FL is made histologically in tissue sections
be asymptomatic or present with symptomatology related to obtained from surgically excised lymph nodes or, more frequent-
the involved disease site. ly, a needle biopsy (both core needle biopsy and fine-needle aspi-

ration biopsy).
Gross examination of involved lymph nodes shows a vaguely
nodular pattern in the cut section with bulging.

Fig. 1. Follicular lymphoma, low-grade. A representative case of follicular lymphoma, low-grade. H&E-stained excisional biopsy (A-D) and
immunohistochemical stains (C inset, E-l) show classic morphology of follicular lymphoma cells, with increased, monotonous appearing
neoplastic follicles in an excisional biopsy of the lymph node. The borders of the follicles are ill-defined and lack well-preserved mantle zones.
Foci of sclerosis are identified (A). The neoplastic follicles are expansile and arranged in a back-to-back fashion. The neoplasm extends into
perinodal fat (B) and has attenuated to absent mantle zones (C). Immunostain for CD21 highlights follicular dendritic cell meshworks within
neoplastic follicles, which is useful in establishing the presence of lymphoid follicles (C, inset). The neoplastic follicle comprises numerous
centrocytes and fewer centroblasts, compatible with grade 1-2 of 3 (D). Immunostain for CD20 highlights B lymphocytes in neoplastic folli-
cles and interfollicular (diffuse) areas (E). Immunostain for CD3 highlights reactive T-cells in follicular lymphoma. The pattern of CD3, accumu-
lating around neoplastic follicles, can be used to highlightthe nodulardistribution of lymphoma cells (F). Immunostain for CD10 confirms that
the neoplastic cells are of germinal center origin (lymphoma cells are positive within neoplastic follicles). Scattered interfollicular neoplastic
cells are weakly stained with CD10. The reactivity is stronger in germinal centers than in interfollicular regions (G). Immunostain for BCL-6
highlights neoplastic lymphoma cells of germinal center origin within neoplastic follicles (H). Immunostain for BCL2 is positive in neoplastic B-
lymphocytes ().

https://doi.org/10.4132/jptm.2021.09.29 https://jpatholtm.org/
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Microscopic examination shows partial or complete efface-
ment of the lymph node architecture with numerous, similarly
sized, nonpolarized neoplastic follicles with attenuated or absent
mantle zones, typically present in a back-to-back fashion in in-
volved sites (Fig. 1). The neoplastic follicles of FL may also con-
tain many reactive T-cells and follicular dendritic cells (FDCs),
but tingible body macrophages are usually few or absent. FL is
typically composed of centrocytes (small and large cleaved B-
cells) and larger centroblasts (large noncleaved B-cells).

Grading of FL is based on the number of centroblasts per

high-power microscopy field (x40 objective, 0.159 mm?) [1].
Distinguishing between grades 1 and 2 (containing up to 15
centroblasts per field) is not recommended at this time. Grade
3 cases have > 15 centroblasts per field and are further subdi-
vided to 3A (centrocytes present), 3B (solid aggregates of cen-

troblasts with no or very rare intervening centrocytes) (Fig. 2).
Grade 3A (or 3B) FL with diffuse growth containing > 15 cen-
troblasts per high-power field should be classified as diffuse large
B-cell lymphoma (DLBCL) according to the WHO system (Ta-
ble 1) [1].

Fig. 2. Follicular lymphoma, high-grade morphology. A representative case of follicular lymphoma, high-grade (grade 3B). H&E-stained exci-
sional biopsy (A, B). The neoplastic follicles are composed of a homogeneous population of large lymphoma cells. High power magnification
shows a neoplastic follicle of FL, grade 3B. Most cells in this follicle are large centroblasts without intervening centrocytes.

Table 1. Follicular lymphoma grading, pattern, immunohistochemical and cytogenetic findings

World Health Organization grading of follicular lymphoma

Grade

Definition

Pattern Immunohistochemistry and cytogenetics

1 0-5 centroblasts/high power field Follicular or diffuse

2 6-15 centroblasts/high power field Follicular or diffuse

Follicular
If diffuse component:

3A  >15 centroblasts/high power field
Centrocytes present

Reported as diffuse large B cell ymphoma and follicular

IHC:

CD10: +(95%-100%)

BCL2: + (85%-90%)

FISH:

BCL2 translocation: + (80%-90%)
BCL6 rearrangement: + (3-15%)
Ki-67: <20%*

IHC:

CD10: + (80%-95%)

BCL2: + (50%-75%)

lymphoma (% of each component is reported); FISH:

correlate with clinical features and overall grade

in cases with small

Follicular
If diffuse component:

3B >15 centroblasts/high power field
Lack centrocytes

Reported as diffuse large B-cell ymphoma and

BCL2 translocation: + (60%-70%)
BCL6 rearrangement: + (30%—-40%)
Ki-67: >20%

IHC:

CD10: + (40%-85%)

BCL2: + (45%-75%)

follicular lymphoma (% of each component is reported) FISH:

BCL2 translocation: + (15%-30%)
BCL6 rearrangement: + (40%-50%)
CD10-IRF4/MUM1+: common
Ki-67: >50%

High power field of 0.159 mm? (x 40 objective).

Follicular: >75% (proportion follicular %). Diffuse: 0% (proportion follicular %).

IHC, immunohistochemistry; FISH, fluorescence in situ hybridization.

4~20% of low-grade follicular lymphomas have a high proliferation (Ki-67) rate.

https://jpatholtm.org/
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WHO classification recommends documenting the propor-
tion of the neoplasm that is present in a follicular versus diffuse
distribution, as follows: follicular pattern (> 75% of the sample
has a follicular pattern); follicular and diffuse pattern (25%—
75% of the specimen has a follicular pattern); focally follicular/
predominantly diffuse (< 25% of the specimen has a follicular
pattern); and a diffuse pattern (absence of follicular areas) [1].

Based on these criteria, a neoplasm with a purely follicular
pattern is considered FL, even if composed of centroblasts alone.
For patients with low-grade FL, the tumor pattern of diffuse
has no prognostic importance. Still, the possibility of sampling
error in small biopsies should be considered or noted in the report.
An area of increased subjectivity is when biopsies are small and
show limited regions of diffuse pattern with grade 3A morphol-
ogy. In these cases, especially if associated with low-grade FL in
most specimens and clinical findings support low-grade FL, it
is critical not to overcall that diffuse area as DLBCL [22].

FL of the usual type can show a wide range of morphologic
variability, but are still classified as FL. Distinct from this, there
are also WHO-defined FL variants which are also FL but have
consistent clinicopathologic and biologic nuances that separate
them from usual FL. In terms of morphologic variability in FL,
some cases of FL, especially when neoplastic follicles invade be-
yond the lymph node capsule, particularly in retroperitoneal
and mesenteric sites, can be associated with diffuse and promi-
nent sclerosis, often associated with blood vessels. FL of the usual
type may also show scattered Hodgkin-like cells, which must
be distinguished from classic Hodgkin lymphoma and collision
tumors with both FL and classic Hodgkin lymphoma, usually
accomplished by careful and extensive immunophenotyping. FL
can also have Castleman-like features, including concentric mantle
zone cells, hyalinization and regression of follicles, and interfol-
licular vascular proliferation with penetrating vessels creating
lollipop lesions. These cases may mimic hyaline vascular Castle-
man’s disease to the point that the FL is not identified, creating a
diagnostic pitfall [23]. In the floral variant of FL, neoplastic fol-
licles are irregular in shape and surrounded by expanded, prom-
inent mantle zone lymphocytes which penetrate neoplastic follicles.
This variant FL resembles the non-neoplastic entity progressive
transformation of germinal centers and may also mimic other
lymphomas, including marginal zone lymphoma (with follicular
colonization) or nodular lymphocyte-predominant Hodgkin lym-
phoma (NLPHL) [24,25]. Signet ring cell FL is a variant in which
tumor cells have clear, vacuolated cytoplasm and an eccentric
nucleus and should be distinguished from carcinoma cells. The
vacuoles are composed of intracytoplasmic immunoglobulin

https://doi.org/10.4132/jptm.2021.09.29
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deposits [26)].

FL variants include in situ follicular neoplasia, duodenal-type
FL, diffuse variant FL, and testicular FL. In situ follicular neo-
plasia is diagnosed when lymph node biopsies show overall normal
histologic findings with preservation of nodal architecture. Still,
abnormal, bright BCL2-positive B-cells are identified within
lymphoid follicles [1]. These BCL2-positive B-cells are confined
to follicles and represent colonization of pre-existing germinal
centers by monoclonal BCL2-rearranged B-cells [27,28]. Because
a subset of these patients will have FL in other sites at the time
of diagnosis of in situ follicular neoplasia, these patients should
be staged. Approximately 5% of these patients will subsequently
develop FL or DLBCL [29]. Further supporting that these lesions
are biologically in situ neoplasms, sequencing studies performed
in these selected cells show mutation abnormalities similar to
those seen in FL but at lower variant allele frequency. Moreover,
retrospective analysis of previously removed lymph nodes in pa-
tients diagnosed with FL can identify in situ FL in most of these
patients [30,31].

As opposed to in situ follicular neoplasia, lymph nodes may
show partial involvement by FL. Both neoplastic and reactive
follicles are present in these cases, and lymph node architecture
is partially effaced. These cases are still classified as FL, not in situ
lesions, and the presence of only partial nodal involvement is as-
sociated with lower stage, and better prognosis, given adequate
sampling [32].

Duodenal-type FL are FL that arise at extranodal, mucosal
sites within the small bowel, usually the second portion of the
duodenum (Fig. 3). These neoplasms do not typically pose diag-
nostic challenges since the histopathologic features are typical of
low-grade FL. This variant is important to recognize clinically
since it occurs in younger patients and remains localized in na-
ture [33]. Therefore, it is amenable to localized radiation alone
and generally does not requite systemic therapy. Biologically
this variant FL is intriguing in that it shows features overlap-
ping between FL and extranodal marginal zone lymphoma. Like
usual FL, duodenal-type FLs have BCL2 translocations, somati-
cally hypermutated immunoglobulin genes, and frequent mu-
tations in KMT2D, CREBBP, and TNFRSF14 [34]. However,
these lesions additionally show features that overlap with those
of extranodal marginal zone lymphoma, including restricted us-
age of immunoglobulin heavy chain variable region, suggesting
development in the context of antigen stimulation [35].

The diffuse variant of FL has clinical, immunophenotypic, and
molecular genetic differences from typical nodal FL. This variant
FL typically presents at nodal sites, usually inguinal lymph nodes,

https://jpatholtm.org/
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Fig. 3. Duodenal-type follicular lymphoma. A representative case of duodenal-type follicular lymphoma. H&E-stained biopsy (A, B) and im-
munohistochemical stains (C) show intramucosal follicular lymphoma, grade 1, forming polyps in the mucosa of the small intestine (A). The
neoplastic follicles are partially surrounded by a thin layer of mantle cells (arrow) (B). Neoplastic lymphocytes are positive for CD20 (C) with
the germinal center marker CD10 (D), and BCL6 (H) co-expression. CD10 also highlights the intestinal absorptive epithelium, which is inter-
nal control. The neoplastic lymphocytes co-express BCL2 (E, G), supporting follicular lymphoma diagnosis. CD21 confirms that the follicular

dendritic meshwork is located at the periphery of the neoplastic follicle (F). Ki-67 proliferation index is not increased ().

as a large mass [36,37]. However, as opposed to the usual FL,
this variant is frequently localized without systemic involvement.
Histologically, this variant may be challenging to recognize, given
that the majority of the neoplasm is distributed in a diffuse pat-
tern with only focal and usually small micronodular foci. Cyto-
logically, lymphoma cells have typical centrocytic and centro-
blastic morphologic features and typically express CD10 and
other germinal center B-cell markers. Diffuse expression of CD23
is consistently identified. Like usual FL, these neoplasms frequent-
ly show 1p36 chromosomal abnormalities and/or TNFSRF14
and CREBBP mutations. However, unlike usual FL, these neo-
plasms lack the BCL2 translocation harbor STAT6 mutations.
The testicular variant of FL is rare. This neoplasm was initially
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identified in children but has also rarely been reported in adults
[38]. These neoplasms have several features similar to pediatric
type FL. Histologically, these neoplasms have high-grade cytology
(grade 3A or 3B histology), yet they are usually localized and as-
sociated with a good prognosis. Neoplastic cells in this variant
do not express BCL2 protein and lack the BCL2 translocation,
similar to pediatric type FL.

Needle biopsy of BM is performed as part of staging proce-
dures in patients with FL. In FL, focal or extensive BM involve-
ment is found in most patients [39]. The most frequent pattern
of involvement is paratrabecular aggregates of lymphoma cells,
with or without interstitial or diffuse patterns. The pure follicular
(nodular) pattern in BM is present in about 5% of cases with BM
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involvement [40].

The liver and spleen are commonly involved in FL. In the liver,
FL usually involves the portal tracts. However, large nodules in
parenchyma are present when the spleen is extensively involved
by lymphoma. In the spleen, the white pulp is preferentially in-
volved with two predominant patterns: Expansion of the white
pulp in most cases vs. relatively preserved white pulp architecture
less frequently [41,42].

Fine-needle aspirations typically show variable mixtures of
centrocytes and centroblasts. In comparison to reactive follicular
hyperplasia, tingible body macrophages ate rare or absent (Fig. 4).
Centrocytes are small to large, have angulated nuclei, dense chro-
matin, and scant cytoplasm. Centroblasts are large cells with oval
nuclei, vesicular chromatin, 1-3 nucleoli, moderate cytoplasm
and are > three times the size of lymphocytes. Similar morpho-
logic features might be seen in FDCs. However, FDCs have large
round nuclei, dispersed and even nearly clear chromatin, single
eosinophilic nucleolus, and indistinct cytoplasm [43].

H
:

)

()

p‘ .. e 4 0.° [
AN P

Follicular lymphoma: updates ® 7

IMMUNOHISTOCHEMICAL AND
ANCILLARY STUDIES

By IHC, FL cells express pan-B-cell markers (CD19, CD20,
CD22, CD79, PAXS5) and monotypic surface Ig, most com-
monly IgM with or without IgD [1]. Germinal center markers,
including CD10, BCL6, HGAL, LMO2, STMN1, GCET,
MEF2B, etc., are variably expressed by FL cells [44-46]. BCL2 is
positive in 85%-90% of FL grades 1 and 2 [46]. BCL2 and CD10
show decreased intensity and frequency of staining as the grade
of FL increases (Table 1).

A subset of FL cases is truly negative for BCL2, especially in
grade 3B [47-49]. These tumors also usually do not have the
BCL2 translocation of FL and may express MUM1 and cyto-
plasmic immunoglobulin, thus appearing to have biology more
similar to post-germinal center B-cells. However, a subset of

cases is falsely negative for BCL2 expression, which may be due to
a point mutation in BCL2 that blocks binding of the BCL2 clone
124, which is used commonly in clinical IHC. Other anti-BCL2
antibodies such as clone E17 or SP66 will be positive [50].

Fig. 4. Follicular lymphoma, fine-needle aspirate smear. Paratrabecular pattern of involvement in the bone marrow and peripheral blood
smear involvement. Wright-Giemsa-stained smears (A, D, E), H&E-stained slide (B), and immunohistochemical stain (C). Fine-needle aspira-
tion of a lymph node from a patient with FL, grade 1-2, demonstrates a mixture of centrocytes and centroblasts (A). Bone marrow core bi-
opsy specimen involved by follicular lymphoma is shown. The neoplasm has a paratrabecular pattern of distribution (B). PAX-5 highlights
neoplastic B-cells (C). Peripheral blood smear from a patient with follicular lymphoma demonstrates leukemic involvement by centrocytes (D)
with deeply cleaved nuclei (E).
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FL cases are negative for T cell markers CD2, CD3, CD4,
CD5, CD7, CD8, and are usually negative for CD43 and cyclin
D1 [1,51]. A small subset of cases is positive for CD3, including
a subset of instances of the floral variant of FL [52].

The morphologic appreciation of follicular patterns in FL is
usually adequate. Still, it can be supported by identifying FDC
networks underlying the follicular aggregates, which are gener-
ally positive for CD21, CD23, and/or CD35 [22]. Another clue
for a nodular pattern in FL is the accumulation of reactive T-cells
at the periphery of the nodules. CXCL13 is another FDC-asso-
ciated IHC marker that tends to be positive in most FL cases with
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Ki-67 assesses the proliferation rate of follicular lymphomas,
and the Ki-67 proliferation index correlates with FL grade. Most
low-grade FL has proliferative rates < 20%. Howevet, about 20%
of low-grade FL have a high proliferation rate (> 30%). These
follicular lymphomas appear to behave more aggressively, similar
to grade 3A or grade 3B FL. We report these cases as FL grade
1 to 2 with a high proliferation fraction. We include diagnostic
comments indicating that these cases may be more clinically
aggressive than typical low-grade FL [54]. It is recommended

(Lymph]
10°

5
3¢

53.93%

—

o

>
Ll

CD10 APCA700
2

dediiiid

—_
(=]
EJ

daad

;| 'lll"‘- Tyre T TrTIrrr
10° 104 108 108

CD20 APCA750

1063

105?

104

Lambba PE

. [428%
Tty in IR R aias
10° 10¢ 10° 10°

CD20 APCAT750

Fig. 5. A representative case of the flow cytometric immunophenotype of follicular lymphoma. Flow cytometry immunophenotyping of a
lymph node fine-needle aspirate specimen from a patient with follicular lymphoma confirms that the lymphoma cells, gated by expression of
CD45, co-express CD20 and CD10, with surface light chain restriction for lambda.
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to assess Ki-67 in follicles. However, if interfollicular areas are
more extensive than follicular ones, we estimate the Ki-67 pro-
liferation based on an average of the entire neoplasm [22]. FLs
with polarized follicles may have higher Ki-67 proliferative
rates present in the dark zone of the follicle, and this should not
be interpreted as a high proliferation index in FL [22].

Peripheral blood is commonly involved (at a low level) in
~90% of FL cases. This feature can be detected by flow cytometry
or molecular methods if not observed easily in peripheral blood
smear. Absolute lymphocytosis with a high count is present in
5%-10% of cases [19]. Neoplastic cells are typically small to in-
termediate in size with highly indented nuclei, known as buttock
cells.

The typical immunophenotype of FL as identified by flow
cytometry is CD19” (dim), CD20" (bright), CD10" (uniform),
CDs57, CD23, CD2007, CD11c, with surface expression of re-
stricted immunoglobulin k-chain or immunoglobulin A-chain
(Fig. ).

Conventional cytogenetic analysis can detect t(14;18)(q32;q21)
IGH-BCL2 in up to 90% of FL cases (Fig. 6) [55].

Follicular lymphoma: updates ¢ 9

Fluorescent in-situ hybridization (FISH) is more sensitive than
PCR-based approaches in detecting IGH-BCL2 due to variation
in breakpoint regions [56]. Rare cases of FL have the juxtaposi-
tion of the Ig light chain promotors to BCL2: t(2;18)(p11;q21)
and t(18;22)(q21;q11) [57].

The absence of a BCL2 rearrangement in a suspected low-
grade FL is unusual. In contrast, the absence of such a rearrange-
ment in grade 3 cases should not be interpreted as evidence against
a diagnosis of follicular lymphoma, particularly in grade 3B FL.

Loss of 1p36, which contains TNFRSF14, is common in FL
[11,13]. 3q27 BCLG rearrangement or amplification is present
mainly in FL 3B. In the absence of BCL2 rearrangement in grade
3 cases, FISH studies for BCLO rearrangements can be performed.

MYC rearrangement/activation of MYC is rare in FL (< 5%).
In the absence of histologic transformation, these cases are still
called FL and are not classified as high-grade B-cell lymphoma.
More extensive studies are needed to evaluate if MYC-rearrange-
ment in FL has prognostic significance [58,59]. However, some
of the FL with MYC-rearrangement are associated with trans-
formation to DLBCL. These cases are categorized as double-hit

Abbott Molecular IGH/BCL2 Fusion Probe

1G2F
Abnormal

Fig. 6. IGH/BCL2 dual-color fluorescent in-situ hybridization (FISH). FISH on a fixed, paraffin-embedded tissue section of follicular lymphoma
using dual-fusion probes for BCL2 (red) and IGH (green). The t(14;18)(932;021) IGH/BCL2 fusion gene is a yellow signal.

https://doi.org/10.4132/jptm.2021.09.29
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lymphoma, in the category of high-grade B-cell lymphoma, if
transformed and have BCL2 or BCLG translocation in addition
to MYC-rearrangement [60]. Other genetic alterations associ-
ated with transformation to DLBCL include the inactivation of
TP53 and CDKN2A [61,62].

Frequent genetic alterations in FL include: BCL2, KMT2D/
MLL2,EPHA7,EZH?2, BCL6, CREBBP, and TNFRSF14 muta-
tions. Less common genetic alterations are ARIDIA, CARDI11,
TNFAIP3, MYC, FOX01, and TP53 mutation/alteration. Com-
parative genomic hybridization has detected gains in 1, 2p15,
6p, 7p, 79, 8q, 12q, 18p, 18q, X chromosomes and losses in
1p36, 3q, 69, 9p, 10q, 11q, 13q, 17p chromosomes [1,10,63].

Finally, monoclonal B-cell populations in FL can be detected
by monoclonal Ig heavy and light chain gene rearrangements
detected by BIOMED-2 primer sets in multiplex polymerase
chain reaction [64,65].

DIFFERENTIAL DIAGNOSIS

Reactive follicular hyperplasia

In reactive follicular hyperplasia, follicles are primarily located
in the cortex, are more widely separated, show variation in size and
shape, the polarization of germinal centers into light and dark
zones (higher proliferation), frequent mitoses, tingible body mac-
rophages in germinal centers, and sharply demarcated mantle
zones. There is usually no evidence of monoclonality by Ig rear-
rangement studies, and t(14;18)(q32;q21) is not identified [66)].
Flow cytometry evidence of monotypic light chain expression,
uniform expression of CD10, decreased intensity of CD19, CD20,
and CD38, are also features that would support the diagnosis of
FL over reactive follicular hyperplasia. However, rare cases of re-
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Fig. 7. Floral variant of follicular lymphoma. H&E-stained excisional biopsy (A, B) shows the morphology of follicular lymphoma with large and

lobulated follicles, in some areas resembling flower petals (A). The darker mantle zone lymphocytes are infiltrating the pale follicular lympho-
ma cells (B).

active lymph nodes can show monotypic light chain expression
among B-cells, especially in children [67-69].

Progressive transformation of germinal centers

Nodules are 3-5 times larger than background reactive follicles
in the progressive transformation of germinal centers. It may be
hard to separate this entity from the floral variant of FL on mor-
phology (Fig. 7). By IHC, germinal center B-cells are negative for
BCL2 in the progressive transformation of germinal centers, and
there is no evidence of monoclonality or t(14;18)Xq32;q21)[25].

Castleman disease, hyaline vascular variant

Follicles are more widely spaced and have concentric mantle
zones. Follicles are depleted of germinal center B-cells, and there
are prominent FDCs. Lymphoid cells of the atretic follicles are
negative for BCL6 by IHC, and residual germinal center B-cells
do not express BCL2 [23].

Nodular lymphocyte-predominant Hodgkin lymphoma
NLPHL has larger nodules than FL, and the nodules are more
vaguely circumscribed. Most cells in nodules are small round
lymphocytes. Centrocytes and centroblasts are absent. The pres-
ence of lymphocyte predominant (LP) cells which are negative
for CD10 and BCL2, is the clue to the diagnosis of NLPHL. In-
terestingly, LP cells might express some germinal-center-associ-
ated markers, including BCL6, HGAL, LMO2, which may add to
the difficulty of differentiating NLPHL B-cell rich nodular areas
from FL [70]. In NLPHL, t(14;18)(q32;q21) is not identified [22].

Lymphocyte-rich classic Hodgkin lymphoma

There are commonly large nodules with eccentrically located
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germinal centers and expanded mantle zones in this neoplasm.
There are Reed-Sternberg and Hodgkin cells, usually present
within the expanded mantle zones. Reed-Sternberg and Hodgkin
cells are positive for CD15, CD30, and PAXS (dim) and negative
for CD45, OCT2, BOBI, and CD79a. BCL6 positive germinal
center B-cells do not co-express BCL2.

Mantle cell ymphoma

Mantle cell lymphoma (MCL) can resemble low-grade FL if it
has in nodular or mantle zone pattern. Lymphoma cells of MCL
are usually positive for CD35, CD43, cyclin D1, and negative for
CD10.t(11;14)(q13;932)/IGH-CCND]1 is the hallmark of
MCL.

Nodal marginal zone lymphoma

In nodal marginal zone lymphoma (MZL) lymphocytes with
monocytoid features, frequent plasmacytic differentiation, and
colonization of germinal centers by a monotypic and monoclonal
B-cell population is identified. The neoplastic cells express pan-
B-cell markers and are BCL2 positive by IHC. However, they
are negative for CD5, CD10, cyclin D1, BCL6, LMO2, and oth-
er germinal center-associated markers. Expression of germinal
center cell markers, including dual expression of BCL2 and BCL6
in rare cases of MZL, especially extranodal MZL, is an essential
diagnostic pitfall to be aware of [71]. Positive IHC stain for IRTA1
and MNDA favor the diagnosis of MZL [72].

PROGNOSTIC FACTORS AND
THERAPEUTIC MODALITIES

FL patients have a median overall survival of > 15 years with
different 5-year progression-free survival based on disease charac-
teristics, comorbidities, therapies used, and therapeutic response
[73]. Short remission after treatment has a poor prognosis [74].

FL may transform into an aggressive lymphoma. In ~25% to
35% of cases, FL progtess to DLBCL, usually with the DLBCL
showing biologic similarity to germinal center derived DLBCL
[75-77]. As mentioned previously, a small subset of FL may prog-
ress to high-grade B-cell lymphomas with MYC, BCL2, and/or
BCLG translocations, and rare cases may progress to lymphoblas-
tic lymphoma or relapse as classic Hodgkin lymphoma.

Other clinical prognostic factors in FL include:

Follicular Lymphoma International Prognostic Index (FLIPI),
based on the following criteria, was published before the era of
rituximab therapy [78]:

- Age (260 vs. <60 years)
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- Ann Arbor stage (III-IV vs. I-1I)

- Hemoglobin level (< 120 vs. 2120 g/L)

- Number of nodal areas involved (>4 vs. <4)

- Serum LDH level (above normal versus normal or below)

Three risk groups based on FLIPI are: low risk (score 0-1), in-
termediate-risk (score 2), and high risk (score 3-5), predicting
10-year overall survival of 70%, 50%, and 35%, respectively.

FLIPI2 system (in patients treated with rituximab) [79]:

- High serum 2 microglobulin

- Largest involved lymph node > 6 cm

- BM involvement

- Hemoglobin < 12 g/dL

- Age > 60 years

M7 FLIPI better characterizes prognostic risk by incorporating
the mutational status of seven genes included in this model: EZH2,
ARIDIA, MEF2B, EP300, FOX01, CREBBP, and CARD11
[80].

Other histopathologic adverse prognostic factors include:

- High histologic grade (especially grade 3B) and presence of
DLBCL [81]

- Low-grade FL or grade 3A FL with a high proliferation in-
dex (> 30%) behaves similar to high-grade FL [54]

Cytogenetic adverse prognostic factors:

- Complex karyotype

- Both BCL2 and MYC rearrangement

- Del6q25-27; del17p and/ or mutations of TP53 [82,83]

TREATMENT

Standardized first-line therapy for FL [10]:

(1) Stage 1 or contiguous stage II (non-bulky): localized
radiotherapy +/-systemic chemotherapy

(2) Stage I or stage II (bulky), or non-contiguous stage II:
Anti-CD20 monoclonal antibody +chemotherapy; anti-CD20
monoclonal antibody =chemotherapy and/or radiotherapy

(3) Stage III or stage IV: anti-CD20 monoclonal antibody (in
those with low tumor burden or elderly); anti-CD20 monoclo-
nal antibody +chemotherapy (+/-maintenance anti-CD20)

Patients with advanced-stage disease and a low tumor burden
also can undergo watchful waiting.

FL is generally very responsive to radiation and chemothera-
py. Radiation alone can provide a long-lasting remission in
some patients with limited disease. In more advanced stages, phy-
sicians may use one or more chemotherapy drugs or the monoclo-
nal antibody rituximab (Rituxan) alone or with other agents.

Standard combination regimens include:

https://jpatholtm.org/
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- R-Bendamustine (rituximab and bendamustine)

- R-CHOP (rituximab, cyclophosphamide, doxorubicin, vin-
cristine, and prednisone)

- R-CVP (rituximab, cyclophosphamide, vincristine, and
prednisone)

- Chemotherapy, radiation, monoclonal antibodies, and chi-
meric antigen receptor T cell therapy, like axicabtagene ciloleucel,
may be used to treat relapsed/refractory FL [84].

The bispecific antibody, mosunetuzumab, which targets CD20
and CD3, redirects and recruits endogenous T-cells to the proxim-
ity of CD20-expressing B-cells; it has promising clinical activity
in patients with relapsed or refractory FL [85].

Standard second-line regimens include:

- Bendamustine (Treanda) with or without rituximab (Ritux-
an) or obinutuzumab (Gazyva) [86]

- Copanlisib (Aliqopa): phosphoinositide 3-kinase (PI3K) in-
hibitor [87]

- Duvelisib (Copiktra): PI3K inhibitor [88]

- Idelalisib (Zydelig): PI3K inhibitor [88]

- Umbralisib (UKONIQ): PI3K inhibitor [89]

- Tazemetostat (TAZVERIK): inhibitor of EZH2 [90]

- Abexinostat, vorinostat, and mocetinostat: Histone deacety-
lase inhibitors [91,92]

- Polatuzumab vedotin, an antibody—drug conjugate target-
ing the CD79b component of the BCR [93]

- HuSF9-G4, an antibody targeting CD47 (which is overex-
pressed on cancer cells): enables the killing of tumor cells by mac-
rophages by disrupting the inhibitory effect of CD47 on macro-
phage phagocytosis [94].

CONCLUSION

FL is the most common indolent B-cell lymphoma and origi-
nates from the lymphoid follicle’s germinal center B-cells (cen-
trocytes and centroblasts).

In summary, we discussed the importance of morphologic
classification and interpretation of ancillary studies in the accu-
rate diagnosis of FL. Although many cases of FLs are typical and
histopathologic features are straightforward, differentiating FL
from mimickers, either from other lymphomas or reactive condi-
tions, requires awareness of different morphologic patterns in FL
and pitfalls in the interpretation of ancillary tests.

The overall survival for most patients is prolonged, but relapses
are frequent. Understanding mutational abnormalities and sig-
naling pathways, in addition to the t(14;18) (q32;q21) transloca-
tion and BCL2 mutation, will further help to identify innovative
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treatment approaches and application of immunotherapy and
targeted therapy in patients with FL.
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Clinicopathological differences in radiation-induced
organizing hematomas of the brain based on type
of radiation treatment and primary lesions
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Background: Radiation-induced organizing hematoma (RIOH) is a sporadic form of cavernous hemangioma (CH) that occurs after cere-
bral radiation. RIOH lesions are distinct histologically from de novo CH; however, detailed research on this subject is lacking. In the
present study, the clinical and histological features of RIOHs were evaluated based on causative lesions. Methods: The present study
included 37 RIOHs confirmed by surgical excision from January 2009, to May 2020, in Yonsei Severance Hospital. All cases were divid-
ed into subgroups based on type of radiation treatment (gamma knife surgery [GKS], n=24 vs. conventional radiation therapy [RT], n=
13) and pathology of the original lesion (arteriovenous malformation, n=14; glioma, n=12; metastasis, n=4; other tumors, n=7). The
clinicopathological results were compared between the groups. Results: Clinical data of multiplicity, latency, and size and wall thickness
of the original tumors and RIOHs were analyzed. The GKS group showed shorter latency (5.85+4.06 years vs. 11.15+8.27 years, p=
.046) and thicker tumor wall (693.7 £565.7 um vs. 406.9+519.7 um, p=.049) than the conventional RT group. Significant difference was
not found based on original pathology. Conclusions: RIOH is more likely to occur earlier with thick tumor wall in subjects who underwent
GKS than in patients who underwent conventional RT. These results indicate the clinical course of RIOH differs based on type of treat-

ment and might help determine the duration of follow-up.
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Radiation-indicated cavernous hemangioma (RICH) refers to
a localized vascular, tumor-like lesion that develops after cerebral
radiation [1-3]. The lesion occurs mainly in children and young
people, with variable latency periods after radiation treatment
and diverse original lesions, including arteriovenous malforma-
tion (AVM), glioma, and metastatic tumor [4,5]. Similar to de
novo cavernous hemangioma (CH), RICH appears as an enhanc-
ing lesion with popcorn-like appearance and partial hemosiderin
rim on magnetic resonance imaging (MRI) and is observed his-
tologically as a vascular-rich hemorrhagic lesion [6-8]. Thus,
RICH has been regarded as a sporadic form of de novo CH that
appears as a late complication of cerebral radiation [9,10].

Recently, in several studies in which RICH was compared
with de novo CH, RICH was shown a potentially distinct group
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of diseases with different pathogenesis compared with previously
known CHs [6,11-13]. Previous research has reported that RICH
following stereotactic radiosurgery shows some distinguishing
features on MRI such as an unilocular cystic area with some solid
component and prominent perilesional edema, and de novo CH
appears to have a complete hemosiderin rim and less prominent
perilesional edema [6]. Furthermore, RICH is more likely to be
an inactive organizing hematoma rather than a vascular malfor-
mation. Therefore, the term “radiation-induced organizing hema-
toma (RIOH)” was proposed to describe the lesions more appro-
priately and replace the term RICH, which might be a misnomer
for these lesions [6]. All the authors of the current study agreed
to this concept, and the term RIOH, instead of RICH, was used
throughout the manuscript.
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Detailed studies on RIOH are limited. In particular, RIOH
lesions have been reported irrespective of radiation dose, type of
malignancy, or radiation type, such as gamma knife surgery (GKS)
or conventional radiation therapy (RT) [11]. However, studies
to improve the understanding of RIOH lesions have not been
conducted. In the present study, RIOH lesions were better defined,
and their clinicopathological characteristics, including original
pathology and type of radiation treatment, were compared.

MATERIALS AND METHODS

Patient selection and clinicopathological examination

Between January 2009 and May 2020, a total of 37 cases of
pathologically confirmed RIOH was selected from Severance
Hospital. For each case, the size of both the original tumor and
RIOH was obtained. The size of original tumor was measured
from preoperative imaging, and the size of RIOH were obtained
through microscopic examination. The difference between the
maximal diameter of primary tumor and RIOH was measured.
All the pathologic slides were reviewed, and the tumor wall thick-
ness of RIOH was measured at the thickest point of the submit-
ted tissue under light microscope.

All medical records were reviewed, and clinical data including
age at the time of RIOH detection, sex, radiologic findings, lo-
cations of the original tumor and RIOH, multiplicity, and la-
tency period were compared between the original tumor and
RIOH. A radiologist (M.P) reviewed all MRI scans of patients,
focusing on differences in radiologic findings including perile-
sional edema and hemosiderin rim depending on type of RT.
Furthermore, information on previous treatments was collected.
Cases were classified into two groups based on previous type of
radiation (GKS, n =24 vs. conventional RT, n = 13) and into four
groups based on preceding pathology of the original tumor (AVM,
n = 14; glioma, n = 12; metastasis, n = 4; other tumors, n = 7).
The clinicopathological parameters were analyzed. For patients
who had been treated multiple times or who underwent both GKS
and RT, the groups and latency were divided and calculated
based on timing and method of the last treatment.

Statistical analysis

Statistical analyses were performed using SPSS ver. 21.0 (IBM
Corp., Armonk, N, USA). Continuous and categorical variables
were analyzed using the non-parametric Mann-Whitney U test
and the chi-square test, respectively, and p <.05 was considered
statistically significant.
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RESULTS

Patient characteristics

A total of 37 samples was included in the study. Baseline patient
characteristics are summarized in Table 1. RIOH samples were
from 14 males (37.8%) and 23 females (62.2%). Twenty-four
patients (64.9%) underwent GKS, and 13 (35.1%) were treated
with conventional RT. Original tumor pathologies were as follows:
AVM (n =14, 37.8%), brain tumors (11 gliomas and 1 ependy-
moma; n =12, 32.4%), metastasis (n =4, 10.8%), and other tu-
mors (3 schwannomas, two nasopharyngeal cancers, one pituitary
tumor, and one craniopharyngioma; n=7, 18.9%). The cases of
nasopharyngeal cancer were subcategorized into ‘other tumors’
in this study because postoperative RT often is used for naso-
pharyngeal cancer, and the central nervous system area usually
is included in the radiation field.

Clinicopathological differences between RIOH lesions

The overall results of the clinical and pathological compari-
sons are summarized in Tables 2 and 3. RIOH cases were divided
into two groups based on previous type of radiation (GKS or
conventional RT). Histologically, RIOH shows a hematoma-like
area with a reduced number of hyalinized thin-walled vessels
with fibrin and infiltrating foamy macrophages in the vessel
walls. Conversely, de novo CH shows a thick, hyalinized wall
without prominent macrophage infiltration (Fig. 1). The results

Table 1. Baseline characteristics of the patients (n=37)

Characteristic No. (%)
Age at the time of RIOH detection (yr), mean+SD 46.57+13.79
Sex
Male 14 (37.8)
Fernale 23 (62.2)
Original pathology
AWM 14 (37.8)
Brain tumor 12 (32.4)
Metastasis 4(10.8)
Other tumors 7(19.0)
Type of treatment
GKS 24 (64.9)
RTx 13 (35.1)
Tumor location
Frontal lobe 10(27.0)
Parietal lobe 5(13.5)
Temporal lobe 6(16.2)
Occipital lobe 4(10.8)
Other (including sellar lesion) 12 (32.5)

RIOH, radiation-induced organizing hematoma; SD, standard deviation;
AVM, arteriovenous malformation; GKS, gamma knife surgery; RTx, radia-
tion therapy.
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Table 2. Clinicopathological differences between 37 radiation-induced organizing hematomas

Radiation treatment Original pathology
Variable p-value : : p-value
GKS (h=24) RTx(n=13) AVM (n=14)  Braintumor (n=12) Metastasis (n=4) Others (h=7)
Tumor size (cm)
Primary tumor 3.35+1.22  3.04+1.08 387 3.87+1.26 2.85+1.04 2.92+0.60 2.85+1.05 .081
RIOH 2.01+0.80 1.51+055 055 2.06+0.82 1.50+0.68 2.20+0.41 1.75+£0.75 459
(Size differences) 1.34+1.338 1.53+1.28 .695 1.81+1.49 1.35+£1.25 0.72+0.45 1.10+£1.28 425
Tumor wall thickness (um) 693.7+565.7 406.9+519.7 .049 714.2+610.9 560.0+630.6 362.5+47.8 538.5+5180 .752
Latency (yr) 585+4.06 11.15+8.27 .046 8.92+7.01 7.55+5.06 2.28+3.45 8.68+7.28 161

Values are presented as mean+SD.

GKS, gamma knife surgery; RTx, radiation therapy; AVM, arteriovenous malformation; RIOH, radiation-induced organizing hematoma; SD, standard deviation.

Table 3. Correlation between multiplicity and treatment/original pa-
thology

Multiplicity
p-value
Total No Yes

GKS 24 21(87.5) 3(12.5) 586
RTx 13 11 (84.6) 2(15.4)
AVM 14 13(92.8) 1(7.2) 1585
Brain tumor 12 10 (83.9) 2(16.7)
Metastasis 4 2(50.0) 2(50.0)
Others 7 7 (100) 0

GKS, gamma knife surgery; RTx, radiation therapy; AVM, arteriovenous
malformation.

showed significantly shorter latency in the GKS group than in
the conventional RT group (5.85 +4.06 years vs. 11.15 + 8.27
years, p = .046). In addition, the RIOH in the GKS group had
significantly thicker tumor wall than that in the conventional
RT group (693.7 = 565.7 pm vs. 406.9 + 519.7 pm, p =.049)
(Fig. 2). Significant differences were not observed in age, tumor
size of ptimary tumor, or RIOH. The primary tumor size did not
differ between groups. However, the size of RIOH lesions tended
to be larger in the GKS group than in the conventional RT group
(p=.055). The multiplicity of RIOH was not significantly dif-
ferent between the groups. In terms of original pathology, the
four groups based on preceding pathology were compared, and no
significant differences were found in any of the clinicopathological
parameters.

The results of the radiologic findings are summarized in Ta-
ble 4. All patients with GKS-induced RIOH and 11 patients
with RT-induced RIOH showed perilesional edema on T2-
weighted images. Seven patients in the GKS-induced RIOH
group showed subacute stage hemorrhage on T1-weighted im-
ages, and 21 showed hemosiderin rim deposit on T2-weighted
images. Similarly, nine patients in the RT-induced RIOH group
showed subacute stage hemorrhage, and 11 cases showed hemo-
siderin rim. Significant difference in radiologic image findings
including perilesional edema (p =.223), subacute stage hemor-
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thage (p=.059) and hemosiderin deposit in MR image (p =
.679), was not observed between the GKS and RTx groups.

No significant differences were found in other parameters. In
the GKS group, the mean age at the time of RIOH diagnosis was
46.9 years; the mean sizes of primary tumor and RIOH were 3.35
cm and 2.01 cm, respectively; and size difference between primary
tumor and RIOH was 1.34 cm. In the conventional RT group,
the mean age was 45.8 years; the sizes of primary tumor and
RIOH measured 3.04 cm and 1.51 cm on average, respectively;
and the size difference between primary tumor and RIOH was
1.53 cm. However, the size of RIOH lesions tended to be larger
in the GKS group than in the conventional RT group (p=.055).

In terms of original pathology, the four groups based on pre-
ceding pathology were compared. The mean age in the AVM,
brain tumor, metastasis, and other tumors groups was 43.1
years, 43.5 years, 57.2 years, and 52.7 years, respectively. The
mean sizes of the primary tumor and RIOH were 3.87 cm and
2.06 cm in the AVM group, 2.85 cm and 1.50 cm in the brain
tumor group, 2.92 cm and 2.20 ¢m in the metastasis group,
and 2.85 cm and 1.75 cm in the other tumors group, respec-
tively. The size difference was 1.81 cm, 1.35 cm, 0.72 ¢m, and
1.10 cm in the AVM, brain tumor, metastasis, and other tumors
groups, respectively. The mean tumor wall thickness was 714.2
pm in the AVM group, 560.0 pm in the brain tumor group,
362.5 pm in the metastasis group, and 538.5 pm in the other
tumors group. The average latency in the AVM, brain tumor,
metastasis, and other tumors groups was 8.92 years, 7.55 years,
2.28 years, and 8.68 years, respectively. No significant difference
was found in any of the clinicopathological parameters.

Three patients in the GKS group showed multiplicity, two in
the conventional RT group, 1 in the AVM group, 2 in the brain
tumor group, and two in the metastasis group; however, statis-

tical difference was not found between the groups.
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Fig. 1. The histology of radiation-induced organizing hematoma (RIOH
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) and de novo cavernous hemangioma (CH); Microscopically, RIOH

shows a hematoma-like area composed of hyalinized vessels with fibrin and infiltrating foamy macrophages (A, B), and de novo CH consists

of clusters of well-formed vascular lumens (C).

Fig. 2. Gamma knife surgery-induced radiation-induced cavernous hemangioma (RIOH) shows relatively thicker tumor walls (A) compared
with conventional radiation therapy-induced RIOH (B) (Masson'’s trichrome).

Table 4. Radiological differences between GKS-induced and conventional RTx-induced RIOH

Perilesional edema

Subacute stage hemorrhage (T1 high)

Hemosiderin deposit

p-value p-value (T2 dark rim) p-value
Total Absent Present Absent Present Absent Present
GKS 24 0 23 (95.8 223 9(37.5) 7(29.1p .059 2(8.3) 21 (87.5¢ 679
RTx 13 2(15.9) 11 (84.6) 4(30.7) 9(69.2) 2(15.9) 11 (84.6)

GKS, gamma knife surgery; RTx, radiation therapy; RIOH; radiation-induced organizing hematoma; MRI, magnetic resonance imaging.
%One case was undetectable on MRI; °Eight cases were excluded that did not include the T1 series in preoperative MRI.

DISCUSSION

RIOH has been considered a sporadic form of de novo CH
occurring as a late complication of cerebral radiation. RIOH
occurs in children mainly after the use of cerebral radiation to
treat medulloblastoma, glioma, or AVM or for prophylactic
treatment of hematological malignancies such as acute lympho-
blastic leukemia [4,5,14,15]. However, RIOH is rare in adults

https://doi.org/10.4132/jptm.2021.08.30

[14,16]. In a previous study with 84 cases of RIOH, the average
age at diagnosis was 20.6 years, the median was 17 years, and the
average latency to development of RIOH was 10.3 years, with
a median of 8 years [11]. One rare case of RIOH has been diag-
nosed at 52 years after RT [17].

The pathophysiology of RIOH is not well-known; however,
two hypotheses have been suggested: occult CHs that were pre-
viously present respond to radiation and become apparent; de
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novo formation of the lesion in response to radiation [10]. The
de novo mechanisms might include a series of processes, such as
vascular injury, proliferation of the vascular wall, necrosis, and
ischemia due to narrowing of the lumen. Previous studies showed
increased vascular endothelial growth factor after exposure to
radiation in rats, supporting this hypothesis [18].

Patients with de novo CH can be treated with antiepileptic
drugs and regular follow-up but are usually recommended to un-
dergo surgery if possible in case the symptoms worsen or the size
changes due to the risk of bleeding. In RIOH, which is regarded
a sporadic form of de novo CM, surgical treatment is considered
the standard treatment option following the treatment algorithm
for de novo CM. However, if RIOH is considered a separate dis-
ease entity with different pathogenesis and clinical course than
de novo CM, conservative treatment modalities could be con-
sidered a in addition to invasive surgical treatments, which could
cause neurological side effects. Therefore, several studies have
been conducted to compare the pathogenesis of RIOH and de
novo CH, and several notable results were reported. Compared
with de novo CH, RIOH was found to develop at younger age,
symptoms at the time of diagnosis were milder, and tended to
be more multifocal. However, the prevalence of a hemorrhagic
event, the most fatal complication, was not significantly different
[11-13].

Considering the hematoma-like area and infiltration of foamy
macrophage, RIOH appears more likely to be an inactive hem-
angioma-like lesion, which might be closer to a recanalized cavi-
tary hematoma induced by high-dose radiation than to vascular
malformation [6]. Therefore, we suggest the use of the term
RIOH rather than RICH.

In the present study, we hypothesized that RIOH would
show clinical and histological differences depending on treat-
ment type or primary pathology. Based on the treatment type,
the GKS group showed shorter latency. In previous studies, sev-
eral factors affecting the duration of the latency period have
been reported, including radiation dose > 30 Gy and RT before
10 years of age [11,14,15,19], with increased risk of hemor-
rhagic event [9]. Hypothetically, the shorter latency observed in
the GKS group might be due to its requirement of a higher dose
in a smaller target area compared with conventional RT or fo-
cused damage that could accelerate tissue necrosis and tumori-
genesis.

The present study had several limitations. First, the small sam-
ple size might have led to skewed statistical results. Second, al-
though all available clinical, radiologic, and pathologic data were
collected, some parameters might be inconsistent in retrospec-
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tive analysis. Third, the subjects were older in the present study.
As previously stated, RIOH occurs primarily in younger patients,
however, in the present study, the mean age of the subjects was
46.6 years, which is an older age group compared with other re-
ports (median 31.1 years [12]; mean age at the time of radiation
10.4 years with mean latency of 10.3 years [11]). Histopatho-
logical differences can exist in the RIOH of older subjects com-
pared with younger subjects and could affect the results. How-
ever, only 37 patients were included in this study, most of whom
wete in their 30s or older, explaining why the results differ from
those of previous studies. Further research with a larger cohort
is needed to verify the results.

We hypothesized that the size of RIOH after conventional
RT would be larger than after GKS because conventional RT is
applied for larger lesions. However, the average size of the le-
sion tended to be larger in the GKS group, although the differ-
ence was not statistically significant. Furthermore, we hypothe-
sized that the size difference between primary tumor and RIOH
would be greater in the GKS group than in the RT group; how-
evet, significant difference was not observed. The repeated treat-
ment applied in the same lesion, the error in the measurement
of the radiological/pathological size, and the limitations of the
present study described above might have affected these results.

In summary, RIOH after GKS tended to occur earlier and
had thinner tumor wall than RIOH after conventional RT. The
original pathology of RIOH had no effect on the histologic and
clinical features of RIOH. These results suggest that the clinical
course of RIOH differs based on type of treatment. Understand-
ing the unique pathophysiology of RIOH, one of the most well-
known complications of cerebral radiation, has become more
important as the survival rate of brain tumor patients increases.
Therefore, further investigation in the form of prospective studies
with larger cohorts is required to elucidate more detailed clini-
cal and histologic features of patients to provide appropriate medi-
cal management and predict the clinical course more accurately.
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Association of PTTG1 expression with invasiveness
of non-functioning pituitary adenomas

Su Jung Kum, Hye Won Lee, Soon Gu Kim, Hyungsik Park, Ilseon Hwang, Sang Pyo Kim

Department of Pathology, Keimyung University Dongsan Medical Center, Daegu, Korea

Background: Pituitary tumor transforming gene 1 (PTTG1), paired-like homeodomain 2 (PITX2), and galectin-3 have been widely studied
as predictive biomarkers for various tumors and are involved in tumorigenesis and tumor progression. We evaluated the usefulness of
PTTG1, PITX2, and galectin-3 as predictive biomarkers for invasive non-functioning pituitary adenomas (NFPAs) by determining the
relationship between the expressions of these three proteins and the invasiveness of the NFPAs. We also investigated whether PTTG1,
E-cadherin, and Ki-67, which are known to be related to each other, show a correlation with NFPA features. Methods: A retrospective
study was conducted on 87 patients with NPFAs who underwent surgical removal. The NFPAs were classified into three groups
based on magnetic resonance imaging findings of suprasellar extension and cavernous sinus invasion. Immunohistochemical stain-
ing for PTTG1, PITX2, galectin-3, E-cadherin, and Ki-67 was performed on tissue microarrays. Results: PTTG1 expression showed a
statistically significant correlation with the invasiveness of NFPAs, whereas PITX2 and galectin-3 did not have a relationship with the in-
vasiveness of NFPAs. Moreover, there was no association among PTTG1, E-cadherin, and Ki-67 expression. Gonclusions: PTTG1 has
the potential to serve as a predictive biomarker for invasive NFPA. Furthermore, this study may serve as a reference for the development

of PTTG1-targeted therapeutic agents.
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Pituitary adenoma is a common neuroendocrine tumor that
accounts for approximately 17% of all primary intracranial neo-
plasms [1]. While most of these tumors are benign, some show
aggressive patterns such as invasion into surrounding struc-
tures. In contrast to the functioning pituitary adenomas, which
are usually quickly detected due to symptoms of excess hormone
secretion, the detection of a non-functioning pituitary adenoma
(NFPA) is relatively delayed. As a result, NFPAs are usually
found as macroadenomas (1-4 cm) or giant adenomas (>4 cm)
with suprasellar extension (SSE), which tend to invade into the
cavernous sinus. The effectiveness of hormone control therapy
for NFPA is limited, and surgical removal is the only effective
treatment [2,3]. Based on these aspects, it is clinically important
to identify prognostic markers of NFPAs.

In the 2004 World Health Organization (WHO) classification,
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three subcategories were proposed for the classification of primary
pituitary tumors: typical, atypical, and carcinoma [4]. Atypical
pituitary adenoma was diagnosed based on histopathological
features, including a high Ki-67 proliferation index (> 3%), p53
expression, and a high mitotic count. However, as the WHO
classification was revised in 2017, the term “atypical pituitary
adenoma” is no longer recommended based on studies reporting
that this subtype does not reflect prognosis [5-7]. Instead, histo-
logical or radiological invasiveness status has emerged as an im-
portant factor for predicting prognosis, which was also introduced
in the 2017 WHO classification [5,8]. In general, two factors
are predominantly used to evaluate the invasiveness status of
pituitary adenoma: SSE and cavernous sinus invasion (CSI). CSI
is directly associated with prognosis [9]. On the other hand,
there are many studies indicating that SSE alone lacks prognostic
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value [10-12]. However, several grading systems combining SSE
and CSI have shown significant prognostic value and are cur-
rently widely used [13].

Until the term “atypical pituitary adenoma” was accepted, p53
was generally used as a biomarker for aggressive pituitary adeno-
ma [14]. However, as various studies asserting that p53 is not
suitable as a prognostic marker have been published, there is now
no biomarker of aggressive pituitary adenomas with proven valid-
ity [9,15,16]. Currently, only a few candidate proteins are being
studied [17].

This study focused on the pituitary tumor transforming gene 1
(PTTGL), paired-like homeodomain 2 (PITX?2), and galectin-3
proteins as predictive biological markers for invasive NFPAs.
PTTGI and PITX2 are not widely used markers, but it has been
continually reported that these proteins are related to tumors and
their aggressiveness in various organs. PTTGI is an oncogene
that participates in mitosis, DNA repair, angiogenesis, and cell
proliferation [18-21]. PTTGI is also known to induce tumor
aggressiveness by being involved in epithelial-to-mesenchymal
transition (EMT) and down-regulating E-cadherin expression
[19,22,23]. PITX2, a member of the paired-like homeobox
transcription factor family, regulates cell cycle regulators such as
cyclin D1, cyclin D2, and ¢-Myc. Galectin-3 is a well-known
prognostic and diagnostic marker in various organs that is in-
volved in various biological processes, including cell growth,
angiogenesis, cell adhesion, and tumor progression [24,25].

In this study, we aimed to determine the correlation between
PTTG1, PITX2, and galectin-3 expression levels and to evaluate
the various clinicopathologic characteristics of the NFPAs, includ-
ing invasiveness status. Moreover, we evaluated the relation-
ships among PTTG1, E-cadherin, and Ki-67 in NFPAs. This is
the first study to investigate the biological significance of PTTGI,
PITX2, and galectin-3 in Korean patients with NFPAs.

MATERIALS AND METHODS

Patients and tissue specimens

The archived specimens of 124 patients with NFPAs, obtained
from 2000 to 2019 by surgical resection, including the trans-
sphenoidal approach, at Keimyung University Dongsan Hospital
(Daegu, Korea), were analyzed in this study. A pathological diag-
nosis of the surgical specimens was made based on hematoxylin
and eosin staining and immunohistochemical staining for six
pituitary hormones (growth hormone, thyroid-stimulating hot-
mone, prolactin, follicle-stimulating hormone, luteinizing hot-
mone, and adrenocorticotropic hormone). Clinical confirmation
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that these adenomas did not exhibit excess hormone secretion
was based on checking the patients’ serum hormone levels and
the absence of hormone-related symptoms. Cases showing positive
immunohistochemical staining but not associated with clinical
evidence of excess hormone secretion were diagnosed as NFPAs.
Sufficient tissue for the construction of microarrays was avail-
able from 87 of the 124 cases. Clinical data, including age, sex,
symptoms, recurrence, and survival status, were obtained via
retrospective chart review.

Radiographic analysis

Tumor size and invasion status were evaluated using magnetic
resonance imaging (MRI). Tumor size was recorded as the longest
diameter. CSI was evaluated based on the criteria presented by
Cottier et al. [26]. The samples were then classified into three
groups: group I, neither SSE nor CSI; group II, only one of SSE
or CSI; and group III, both SSE and CSI. We considered that a
higher group level indicated a more aggressive tumor.

Construction of tissue microarrays

Four tissue microarray (TMA) blocks were constructed from
archived, formalin-fixed paraffin blocks of the 87 samples with
sufficient tumor cells. After checking the tumor cell-rich areas on
the hematoxylin and eosin slides, a 3-mm-diameter core was col-
lected from each sample and then arranged on premade recipi-
ent paraffin blocks (UB06-3, UNITMA, Seoul, Korea).

Immunohistochemistry

Sections (5 pm in thickness) were obtained from the four
TMA blocks described above. Immunohistochemical staining
for PTTG1, E-cadherin, Ki-67, PITX2, and galectin-3 was per-
formed using an automated slide-processing system (Bench-
Mark XT, Ventana Medical Systems, Tucson, AZ, USA). The cut
sections were pretreated with Cell Conditioner 1 (CC1, #950-
124, Ventana Medical Systems) for 40 minutes. The sections
were then incubated with PTTG1 antibody (1:200, #34-1500,
Thermo Fisher Scientific, Waltham, MA, USA), PITX2 anti-
body (1:50, #ab32832, Abcam, Cambridge, UK), galectin-3
antibody (1:200, #18-0393, Thermo Fisher Scientific), E-cad-
herin antibody (1:400, #M3612, Dako, Glostrup, Denmark),
and Ki-67 antibody (1:200, #ab16667, Abcam) for 32 minutes
each. The OptiView DAB Detection Kit (#760-700, Ventana
Medical Systems) was used for chromogenic detection.

Protein expression was evaluated by scoring the intensity of
each stain on a scale of 0 (negative), 1 (weak), 2 (moderate), and 3
(strong). Since the proportion of each stain was uniform in most
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of the tumors, the expression level was determined only by the
intensity of the stain. For Ki-67 staining, the stained cells were
counted using a computer-assisted image analyzer (GenASIs
HiPath, Applied Spectral Imaging Inc., Carlsbad, CA, USA).

Statistical analysis

The chi-squared test was used to determine the differences
among expression groups of PTTG1, PITX2, galectin-3, and E-
cadherin associated with clinical characteristics (e.g., SSE, CSI,
sex, and recurrence). Linear-by-linear association was used to
evaluate the correlation of the three invasiveness groups with
PTTGL, PITX2, and galectin-3 expression levels. The indepen-
dent t-test was used to analyze the relationships among the three
candidate biomarkers and clinical factors including age, tumor
size, and Ki-67 index. Analysis of variance was used to determine
the differences between the three invasiveness groups associated
with age and tumor size. An ordinal logistic regression model was
used to compare the influences of individual factors, including
PTTGI, PITX2, galectin-3, E-cadherin, Ki-67, age, sex, and
tumor size, on NFPA invasiveness. All analyses were performed
using IBM SPSS Statistics for Windows, ver. 25 (IBM Corp.,
Armonk, N, USA). Statistical significance was set at p <0.05.

RESULTS

Patient characteristics

The characteristics of the 87 patients with NFPA are shown
in Table 1. The median age at diagnosis was 54 years (range, 16
to 83 years). Among these 87 patients, 48 (55.2%) were men
and 39 (45.8%) were women. The mean tumor size (+ standard

deviation [SD]) was 28.3 + 12.5 mm, and there were two cases
with missing tumor size data.

Overall, 77 patients (88.5%) showed SSE and 33 cases (37.9%)
showed CSI on MRI (Table 1). Among the 87 patients, seven
(8.0%) were in group I, 50 (57.5%) were in group II (SSE only,
47; CSI only, 3), and 30 (34.5%) were in group III (Fig. 1).

Thirty-five patients (40.2%) underwent post-operative radio-
therapy. During each follow-up period (mean, 66 months;
range, 0.5 to 209 months), tumor recurrences were observed in

Table 1. Clinical characteristics of patients with non-functioning
pituitary adenomas

Clinical characteristic No. (%)
Age (1)

Median (range) 54 (16-83)
Sex

Male 48 (55.2)

Female 39 (44.8)
Tumor size (mm)?

Mean+SD 28.3+12.5
Postoperative radiotherapy

Yes 35 (40.2)

No 52 (59.8)
Recurrence

Present 16 (18.4)

Absent 71(81.6)
Suprasellar extension

Present 77 (88.5)

Absent 10(11.5)
Cavernous sinus invasion

Present 33 (37.9)

Absent 54 (62.1)

SD, standard deviation.
@Unknown tumor size in two cases.

Group | Group Il Group Il

SSE (+) and CSI (-)
n=7 n=47 n=3 n=30

SSE (9 and CSI (9 SSE () and CSI (+) SSE (+) and CSI (+)

Fig. 1. Invasiveness groups of non-functioning pituitary adenoma (NFPA) based on suprasellar extension (SSE) and cavernous sinus invasion
(CSl) on magnetic resonance imaging (MRI). The representative MRI images of SSE (arrows) and CSI (arrowheads) are shown. NFPAs were
classified into three groups based on the MRI findings: group |, neither SSE nor CSI; group II, only one of SSE or CSl; group lll, both SSE
and CSI.
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16 patients (18.4%), and non-disease-related death was ob-
served in one patient. Disease-related death was not observed.

Expression levels of PTTG1, PITX2, and galectin-3 and their
relationship with invasiveness of NFPA

The individual staining patterns and scores of PTTG1, PITX2,
and galectin-3 are shown in Fig. 2. Staining of PTTG1 was ob-
served in a cytoplasmic and paranuclear pattern. In PTTG1
staining, a score of 0 was considered no expression, scores of 1
and 2 were considered low expression, and a score of 3 was con-
sidered high expression. Staining of PITX2 and galectin-3

PTTG1

PTTG1 expression in pituitary adenomas ® 25

showed both nuclear and cytoplasmic patterns. In PITX2 and
galectin-3 staining, a scote of 0 was considered no expression, a
score of 1 was considered low expression, and scores of 2 and 3
were considered high expression. Expression levels of PITX2
and galectin-3 were applied differently from PTTG1 because
there were too few cases with scores of 3 in PITX2 and galec-
tin-3 staining, making it difficult to calculate the appropriate
statistics. Ten (11.5%) specimens were negative for PTTG1, and
52 (59.8%) and 25 (28.7%) specimens showed low and high
PTTGI expression, respectively. In PITX2 staining, 21 (24.1%)
of the specimens showed no expression, 30 (34.5%) showed low

Negative (n=10)

0 (hegative)

PITX2

Low (n=52) High (n=25)
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Fig. 2. Scoring of immunohistochemical staining for pituitary tumor transforming gene (PTTG1), paired-like homeodomain 2 (PITX2), and ga-
lectin-3. The intensity of immunohistochemical stains was scored from O (negative) to 3 (strong). PTTG1: a score of 0 was regarded as nega-
tive, scores of 1 and 2 were regarded as low, and a score of 3 was regarded as high expression. PITX2 and galectin-3: a score of O was re-
garded as negative, a score of 1 was regarded as low, and scores of 2 and 3 were regarded as high expression.
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expression, and 36 (41.4%) showed high expression. In galec-
tin-3 staining, 37 (42.5%) specimens showed no expression, 27
(31.0%) showed low expression, and 23 (26.4%) showed high
expression.

PTTG] expression was significantly correlated with NFPA in-
vasiveness. In the high PTTG1 expression group, SSE or CSI was
observed more frequently than in the negative or low PTTG1
expression group (p=.033) (Table 2). Similarly, the higher inva-
siveness group showed higher PTTGI expression, and the lower
invasiveness group showed lower PTTG1 expression (p =.003)
(Table 3, Fig. 3). There was no association between PITX2 or
galectin-3 expression and invasiveness (Table 3). As described
above, expression levels of PITX2 and galectin-3 were applied
differently from PTTG1 because the number of cases with scores
of 3 in PITX2 and galectin-3 was too few (score 1, low expres-
sion; scores 2 and 3, high expression). Nevertheless, even when
the expression levels of PITX2 and galectin-3 were classified in
the same way as PTTG1 expression (scores 1 and 2, low expres-
sion; score 3, high expression), there was no statistically signifi-

Table 2. Clinicopathologic characteristics according to PTTG1 ex-
pression

Negative or low High PTTG1

Variable PTTG (1=62) (n=25) p-value
Age (yr) .656
Median (range) 53 (31-83) 55 (16-83)
Sex 183
Male 37 (69.7) 11 (44.0
Female 25 (40.3) 14 (56.0)
Invasiveness status
Suprasellar extension 033
Present 52 (83.9) 25 (100)
Absent 10 (16.1) 0
Cavernous sinus invasion 0272
Present 19 (30.6) 14 (56.0)
Absent 43 (69.4) 11 (44.0)
Tumor size (mm)° 612
Mean+SD 29.0+13.5 26.5+9.2
Recurrence
Present 13 (21.0) 3(12.0) .329
Absent 49 (79.0) 22 (88.0)
Present (N-PRT) 11 (28.9) 0(0.0) 103
Absent (N-PRT) 27 (71.1) 14 (100.0)
E-cadherin 183
Positive (score 1-3) 25 (40.3 14 (56.0)
Negative (score 0) 37 (59.7) 11 (44.0)
Ki-67 index (%) .389
Mean +SD 1.83+1.1 1.8+25

cant correlation between PITX2 and galectin-3 expression and
NFPA invasiveness (p=.271 for PITX2, p=.997 for galectin-3).

PTTG1, PITX2, and galectin-3 did not show any relation-
ship with other clinical characteristics, such as age, sex, tumor
size, and recurrence. Even in the group without post-operative
radiotherapy, there was no correlation between PTTG1 expres-
sion and recurrence (Table 2).

Relationships of E-cadherin loss and Ki-67 index with
PTTG1 expression

The individual staining patterns of E-cadherin and Ki-67 are
shown in Fig. 4. The E-cadherin stained in a membranous pat-
tern. A score of 0 was considered negative, and scores of 1 to 3
were considered positive for E-cadherin staining. Forty-eight
(55.2%) of the specimens were negative, and 39 (44.8%) showed
positive E-cadherin expression. In the high PTTGI expression
group, 11 (44.0%) showed negative E-cadherin expression. In
the negative or low PTTG1 expression group, 37 (59.7%)
showed negative E-cadherin expression (Table 2). There was no
significant correlation between the expression of E-cadherin and
PTTGL.

Table 3. Clinicopathologic characteristics according to tumor inva-
siveness group

Tumor invasion group

Variable p-value
[(n=7) I (n=50) Il (n=30)

Age (yr) 605
Median (range) 50 (42-71) 55(16-83) 54.5(31-83)

Sex (%) 790
Male 3(42.9 28 (56.0) 17 (66.7)
Female 4(671)  22(44.0)  13(43.3)

Tumor size (mm)? <.001°
Mean+SD 17.2+5.1  259+9.2 353+15.0

PTTG1 (%) 013°
High 0 112200 14 (46.7)
Negative or low 7(100) 39(78.0) 16 (63.3)

PITX2 (%) 745
High 3429 19(38.0) 14 (46.7)
Low or negative 4(57.1) 31 (62.0) 16 (63.3)

Galectin-3 (%) 605
High 1(14.3) 15(30.0) 7(23.3)
Low or negative 6(85.7) 35(70.0) 23 (76.7)

E-cadherin (%) .989
Positive 3(429  23@460)  13(43.3)
Negative 4(57.1) 27 (54.0) 17 (66.7)

Ki-67 index (%) 681
Mean+SD 15208 16+2.0 12+1.1

Values are presented as number (%) unless otherwise indicated.

PTTG1, pituitary tumor transforming gene 1; SD, standard deviation; N-PRT,
no post-operative radiotherapy.

aStatistically significant (p <.05); ®Unknown tumor size in two cases with
low PTTG1 expression.

https://jpatholtm.org/

Values are presented as number (%) unless otherwise indicated.

SD, standard deviation; PTTG1, pituitary tumor transforming gene 1;
PITX2, paired-like homeodomain 2.

#Unknown tumor size in two cases in group |ll; *Statistically significant (p <
.05).
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The Ki-67 staining showed nuclear staining, and the overall
average index (+ SD) was 1.4% + 1.4%. The average Ki-67 index
in the high PTTGI expression group was 1.8% = 2.5%, which
was higher than that observed in the negative or low PTTGI
expression group (1.3% + 1.1%) (Table 2). Ki-67 expression
tended to be associated with PTTG1 expression; however, this
result was not statistically significant (p =.389).

https://doi.org/10.4132/jptm.2021.08.31

Other clinical factors associated with aggressive features of
NFPA

The tumor invasiveness was significantly correlated with the
tumor size: the higher the level of the invasion group, the larger
the tumor size (p <.001) (Table 3, Fig. SA). In addition, tumor
size was associated with the recurrence of NFPA (Fig. 5B). As
the size of the tumor increased, the NFPA tended to recur. How-
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Table 4. Multivariate analysis (ordinal logistic regression test) of
invasiveness groups associated with clinicopathologic variables

Variable Estimate p-value 95% Confidence interval
Age 0.030 180 -0.014t0 0.074
Sex -0.085 .876 -1.152 10 0.983
Tumor size 0.13 <.0012 0.069 to 0.191
PTTG1 2.518 .0012 1.086 to 3.950
PITX2 -0.320 .391 -1.05210 0.411
Galectin-3 0.195 575 -0.485100.875
E-cadherin 0.482 498 -0.914t01.879
Ki-67 index 0.347 .696 -1.398 t0 2.093

PTTG1, pituitary tumor transforming gene 1; PITX2, paired-like homeodo-
main 2.
aStatistically significant (p <.05).

ever, post-operative radiotherapy was not considered in this study.

Multivariate analysis of NFPA invasiveness

Multivariate analysis using ordinal logistic regression showed
that PTTGI expression and tumor size were statistically associ-
ated with tumor invasiveness levels (p =.001 for PTTGI, p <
.001 for tumor size) (Table 4). The other variables including
PITX?2, galectin-3, E-cadherin, Ki-67, age, and sex did not show
any relationships with the tumor invasiveness groups. In addi-
tion, the PTTG1 expression and the tumor size were statistically
independent of each other and of other variables including PITX?2,
galectin-3, E-cadherin, Ki-67, age, and sex (Table 4).

https://jpatholtm.org/

DISCUSSION

Although several studies have shown PTTG1 overexpression
in pituitary adenomas and in tumors of other organs, a limited
number of studies have investigated the relationship between
PTTG] expression and tumor invasiveness [18,27,28]. A meta-
analysis of these studies concluded that there was a significant
relationship between PTTGI expression and the invasiveness of
pituitary adenomas [29]. However, most of these studies were
limited to a specific subtype of functioning pituitary adenomas
or did not distinguish functioning adenomas from non-func-
tioning adenomas.

In this study, we performed an analysis limited to NFPA, and
demonstrated that PTTGI expression was significantly corre-
lated with the invasiveness of NFPA. Only a few previous studies
have explored PTTG1 expression and invasiveness status limited
to NFPA [18,27,30]. A study by Trott et al. [30] revealed that
PTTG] expression and the invasiveness status of NFPA had an
important correlation. Additionally, research by McCabe et al.
(18] revealed PTTGI overexpression in both invasive NFPAs
and invasive functioning pituitary adenomas. The results of the
present study support these two previous studies. In contrast, a
previous study conducted by Zhang et al. [27] did not identify
a correlation between PTTGI expression and invasiveness in
NFPA but did reveal the correlation in functioning pituitary
adenomas. However, the number of the NFPA samples in the
study by Zhang et al. [27] was 30, which was smaller than those

https://doi.org/10.4132/jptm.2021.08.31



included in the studies that confirmed the significant correla-
tion between PTTG1 and NFPA invasiveness, including our
study; the numbers of NFPA samples were 56 for the study by
Trott et al. [30], 92 for the study by McCabe et al. [18], and 87
for the present study. It is therefore reasonable to assume that
PTTG1 expression is correlated with NFPA invasiveness, as it is
in other organ tumors.

Several studies revealed a correlation between PTTG1 expres-
sion and the recurrence of pituitary adenomas [30-32]. One of
these studies by Fillippella et al. [31] did not report the factor
of postoperative radiotherapy. Additionally, other studies by
Trott et al. [30] and Noh et al. [32] excluded the patients who
underwent postoperative radiotherapy. The present study did
not reveal a correlation between PTTGI expression and recur-
rence of the tumor. We also analyzed PTTGI expression and
recurrence in a group of patients who did not undergo post-oper-
ative radiotherapy, but no meaningful results were obtained,
contrary to the results of previous studies.

A few studies have demonstrated that PITX2 expression is in-
creased in pituitary adenomas, highlighting a correlation between
PITX2 overexpression and the aggressiveness of NFPAs [33,34].
In comparison, however, the results of the present study did not
show a relationship between PITX2 expression and NFPA inva-
siveness. These contradictory results are probably due to the
small number of cases in our study. However, since few studies
have been conducted on this subject to date, more data should
be acquired to establish the relationship between PITX2 expres-
sion and NFPA invasiveness.

In pituitary adenoma, galectin-3 expression is increased in
functioning pituitary adenomas, especially in functioning corti-
cotroph adenomas, but not in NFPAs [35,36]. In addition, there
have been several studies on galectin-3 and the aggressive behav-
ior of pituitary adenoma, which demonstrated that galectin-3
expression is positively correlated with the aggressiveness of pi-
tuitary adenomas, but not in NFPAs [36,37]. In the present study
with only NFPAs, the intensity of galectin-3 staining was varied,
and there was no correlation with the invasiveness of NFPAs.
Although we noted a high intensity of galectin-3 staining in our
study, the validity of this result should be reassessed because we
did not compare the intensity in NFPAs with that in function-
ing adenomas.

As PTTGI was the only protein that showed an association
with the invasiveness of NFPAs in this study, further investiga-
tion was performed on the relationship among PTTG1, E-cad-
herin, and Ki-67. Based on the previous studies, which showed
an association between PTTG1 and E-cadherin loss in the process
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of EMT in other organs (e.g., head and neck, esophagus, ovary,
and breast), we hypothesized that E-cadherin is correlated with
PTTG] expression in NFPAs; this is the first study on PTTG1
and E-cadherin in pituitary adenoma [19,22,23]. However, we
could not identify the relationship between PTTG1 expression
and E-cadherin loss in NFPAs. This may be due to the small
number of cases, but it may also be the result of PTTG1 not
being the main causative factor for E-cadherin loss. There are
several epigenetic mechanisms that induce E-cadherin loss other
than PTTG1, including some microRNAs (e.g., miR-192, miR-
200, and miR-205) and the hypermethylation of CDHI pro-
motet, a gene encoding E-cadherin [38,39]. The results of our
study suggest that the factors such as the microRNAs and the
hypermethylation of CDHI promoter may play a greater role
than PTTGI in inducing E-cadherin loss in pituitary adenomas.

There have been previous studies on PTTG1 expression and
cell proliferation, but the results are conflicting [40-43]. Studies
by Heaney et al. [40] and Wang et al. [41] revealed that PTTG1
promoted cell proliferation. However, studies by Mu et al. [42]
and Yu et al. [43] revealed that there was no correlation between
PTTG] and cell proliferation, which is consistent with the re-
sults of the present study. In terms of its ability to inhibit chro-
matid separation during mitosis, PTTG] is expected to inhibit
cell proliferation, but its ability to induce angiogenesis or disrupt
the DNA repair system may promote cell proliferation. As there
are contradictory views in many studies, the relationship be-
tween PTTGI expression and cell proliferation needs to be fur-
ther studied.

Additionally, we determined that the invasiveness status and
recurrence of NFPAs were significantly correlated with tumor
size. According to many studies, pituitary adenomas show aggres-
sive behavior as the size of the tumor increases, which is consistent
with the results of our study [44]. However, with respect to tumor
recurrence, previous studies have shown that tumor recurrence
is not influenced by tumor size, which contradicts the results of
the present study [45]. Although the results of our study revealed
a correlation between tumor size and recurrence, it should be
noted that the factor of post-operative radiotherapy was not con-
sidered.

In conclusion, we demonstrated here that PTTG1 has the po-
tential to be a predictive marker for the invasiveness of NFPAs.
Although there are many previous studies that have explored
the relationship between PTTG1 expression and tumors includ-
ing pituitary adenoma, in the present study, we elucidated the
role of PTTG1, particularly in NFPASs, for the first time. Further-
more, we provide evidence for the development of PTTG1-tar-
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geted agents and references for studies on the correlation be-
tween PTTG1 and various tumors, which have been continually
reported.
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Background: Primary adrenal (PA) diffuse large B cell lymphoma (DLBCL) was previously reported as an aggressive subset of DLBCL,
but its genetic features were not sufficiently characterized. From our previous study of DLBCL with programmed death-ligand 1 (PD-L1)
gene alterations, we focused on PD-L1 gene alterations in PA-DLBCL with clinicopathologic implications. Methods: We performed fluo-
rescence in situ hybridization for PD-L1 gene translocation and amplification in PA-DLBCL (n=18) and comparatively analyzed clinico-
pathologic characteristics with systemic non-adrenal (NA)-DLBCL (n=90). Results: PA-DLBCL harbored distinctive features (vs. NA-
DLBCL), including high international prognostic index score (3-5) (72% [13/18] vs. 38% [34/90], p=.007), poor Eastern Cooperative
Oncology Group performance score (>2) (47% [7/15] vs. 11% [10/90], p=.003), elevated serum lactate dehydrogenase (LDH) (78%
[14/18] vs. 51% [44/87], p=.035) and MUM1 expression (87% [13/15] vs. 60% [54/90], p=.047). Moreover, PA-DLBCL showed frequent
PD-L1 gene alterations (vs. NA-DLBCL) (39% [7/18] vs. 6% [5/86], p=.001), including translocation (22% [4/18] vs. 3% [3/87], p=.016)
and amplification (17% [3/18] vs. 2% [2/87], p=.034). Within the PA-DLBCL group, PD-L1 gene—altered cases (vs. non-altered cases)
tended to have B symptoms (p=.145) and elevated LDH (p=.119) but less frequent bulky disease (>10 cm) (p=.119). In the survival
analysis, PA-DLBCL had a poor prognosis for overall survival (OS) and progression-free survival (PFS) (vs. NA-DLBCL; p=.014 and p=
.004). Within the PA-DLBCL group, PD-L1 translocation was associated with shorter OS and PFS (p<.001 and p=.012). Conclusions:
PA-DLBCL is a clinically aggressive and distinct subset of DLBCL with frequent PD-L1 gene alterations. PD-L1 gene translocation was
associated with poor prognosis in PA-DLBCL.
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Malignant lymphomas have been classified and updated by
distinctive morphologic, clinical, and genetic features [1]. Classi-
cal Hodgkin lymphoma (cHL) has activated programmed death-
ligand 1 (PD-L1) signaling, while it is derived from B cells [2-5].
For B cell-derived neoplasms with intact B cell antigen expres-
sion, including diffuse large B cell lymphoma (DLBCL), the clin-
icopathologic significance of PD-L1 gene alteration has not been
well characterized. In our previous retrospective study of DLB-
CL, PD-L1 gene alterations, including translocation and amplifi-
cation, were observed in 14% of non-germinal center B cell-like
(non-GCB) subtype [6]. Interestingly, frequent alteration of the
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PD-L1 gene was observed in several anatomic site-specific sub-
types of DLBCL, including primary mediastinal large B cell lym-
phoma, primary DLBCL of the central nervous system (CNS)
and primary testicular DLBCL [7,8]. These phenomena suggest
that PD-L1 gene alteration may also play an important patho-
genic role in a delicately defined subset of DLBCL.

Adrenal gland has a unique microenvironment with potential
features of immune sanctuary sites and locally increased immu-
nosuppressive hormones [9,10]. It is rarely involved by malignant
lymphomas usually with secondary spread from systemic extra-
adrenal lymphomas [11]. Primary adrenal lymphoma accounts
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for only < 1% of non-Hodgkin lymphomas and 3% of extrano-
dal lymphomas, and DLBCL is the most common histologic type
[11,12]. Primary adrenal DLBCL (PA-DLBCL) was reported to
frequently have clinicopathologic features such as elevated lactate
dehydrogenase (LDH), presence of B symptoms, non-GCB sub-
type, Bcl-6 gene rearrangement and worse prognosis [11,13,14].

In our previous study of DLBCL, PD-L1 gene alteration was
observed in one out of three cases of the PA-DLBCL subset, pro-
viding a clue for further investigation of PD-L1 gene alteration in
PA-DLBCL [6]. Furthermore, we also focused on several studies
relating PD-L1 upregulation with clinical aggressiveness [15,16].
These findings raised questions about the prevalence of PD-L1
gene alterations in PA-DLBCL as well as its role in presumed clin-
ical aggressiveness [14]. Herein, we hypothesized that the clini-
copathologic features of PA-DLBCL may be associated with PD-
L1 gene alterations. We investigated (1) the clinicopathologic
characteristics of PA-DLBCL, including the frequency of PD-L1
gene alterations, and (2) the associations between PD-L1 gene
alterations and clinicopathologic variables, including prognosis.

MATERIALS AND METHODS

Patients and samples

From 20 cases of DLBCL, not otherwise specified (NOS) that
occurred primarily in the adrenal gland, i.e., “primary adrenal
DLBCL (PA-DLBCL)” retrospectively retrieved from the archives
of pathology records between May 2003 and January 2013 at
Seoul National University Bundang Hospital (SNUBH) and
Seoul National University Hospital, two cases were excluded due
to inappropriate tissue conditions and failure to meet the clini-
cal criteria. Therefore, a total of 18 cases of PA-DLBCL were fi-
nally enrolled. To elucidate the unique clinicopathologic features
of PA-DLBCL, systemic cases of DLBCL, NOS diagnosed at
SNUBH during the same period was used as a reference group
of “non-adrenal (NA)-DLBCL” group containing 90 cases [6].
Considering the characteristics of the previously described PA-
DLBCL [11,13], we defined PA-DLBCL as “de novo DLBCL
with one or more adrenal gland mass-forming and/or hypermet-
abolic lesion(s) as the most dominant lesion” for the purpose of
the present study. Specifically, the “PA-DLBCL” group included
the following cases: (1) cases of DLBCL, NOS according to the
World Health Organization (WHO) 2016 criteria with no prior
history of lymphoma, (2) cases with unequivocal adrenal-domi-
nant mass lesions (maximal diameter: adrenal mass > X2 of NA
mass) measured by computed tomography (CT) and/or "*F-pos-
itron emission tomography (PET)-CT, and (3) cases proven by
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appropriate pathologic studies. The following cases were exclud-
ed from the “PA-DLBCL” group for the purpose of clarity of this
study: (1) widely disseminated DLBCL cases, (2) cases with wide-
spread node-based disease, and (3) any distinct entities including
‘DLBCL of the CNS’, ‘primary mediastinal large B cell lympho-
ma’, ‘primary testicular DLBCL, so-called ‘gray-zone lympho-
mas’ and lymphomas associated with Epstein-Barr virus or hu-
man immunodeficiency virus. All samples in this study were
archived materials of formalin-fixed paraffin-embedded tissues
obtained from biopsy or surgical specimens.

The pathologic diagnosis was reviewed by two pathologists
(KRL and JHP) by WHO 2016 criteria, and the ‘cell of origin’
subtype was determined by Han’s algorithm [1,17]. Clinical
findings were retrieved from medical records.

Fluorescence in situ hybridization for PD-L1 gene

We investigated the genetic alterations of the PD-L1 (CD274)
gene (translocation, copy number gain, and amplification) by us-
ing fluorescence in situ hybridization (FISH) staining, as previ-
ously described [6]. A PD-L1 break-apart probe (9p24.1) (cata-
log No. PDL1BA-20-ORGR) from Empire Genomics (Buffalo,
NY) was used to detect the translocation, and a PD-L1 (orange)/
chromosome 9 (green) probe set (9p24.1/9p21.33) (catalog No.
PDL1-CHR09-20-ORGR) from the same company was used to
detect the copy number gain and amplification. To determine
translocation, copy number gain and amplification, more than
200 cells with non-overlapping nuclei were counted. Separation
of orange and green signals in more than 15% of cells was inter-
preted as the presence of translocation. Copy number gain and
amplification were defined as orange/green signal (PD-L1 gene/
chromosome 9) ratios > 2 and >4, respectively. In the case of clus-
tered signals, we counted them as 12 copies. In our series of PA-
DLBCL, there were no cases with copy number gain or cases with
concurrent translocation and copy number gain/amplification.

Statistical analysis

SPSS Statistics ver. 19 (IBM Corp., Armonk, NY, USA) was
used for statistical analysis. Chi-square and Fisher exact tests were
used to compate clinicopathologic features. Kaplan-Meier anal-
ysis was used to draw survival curves using the log-rank test. A
Cox proportional hazard model was used for multivariate survival
analysis. Overall survival (OS) was defined as the time interval
from the date of diagnosis to the date of last follow-up or death.
Progression-free survival (PES) was defined as the time interval
from the date of treatment to the date of progression with radio-
logic confirmation using CT and/or PET-CT after treatment or
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Table 1. Clinicopathologic features of PA-DLBCL and NA-DLBCL
patients

Clinicopathologic

. PA-DLBCL  NA-DLBCL  p-value
characteristic

Age (yr) 796
<60 9(50.0) 42 (46.7)
>60 9(50.0) 48 (53.3)

Sex 667
Men 10 (55.6) 45 (50.0)
Women 8(44.4) 45 (50.0)

B symptoms .0822
Absent 10 (55.6) 69 (76.7)
Present 8(44.4) 21(23.0)

ECOG PS .003?
<2 8(53.93) 80 (88.9)
>2 7 (46.7) 10 (11.1)

Serum LDH .035
Normal 4(22.2) 43 (49.4)
Elevated 14(77.8) 44 (50.6)

Ann Arbor stage .796
i 9(50.0) 42 (46.7)
-1V 9(50.0) 48 (53.3)

International prognostic index .007
0-2 5(27.8) 56 (62.2)
3-5 13(72.0) 34 (37.8)

Bone marrow involvement >.99%
Absent 13 (86.7) 70 (84.3)
Present 2(18.3 13 (15.7)

Bulky mass (>10 cm) .0842
<10 14(77.8) 83(92.2)
>10 4(22.0) 7(7.8)

Hans classification 2248
GCB 2(13.3) 25 (30.1)
Non-GCB 13 (86.7) 58 (69.9)

BCL2 expression .349
Negative 4(26.7) 35(39.3)
Positive 11 (73.9) 54 (60.7)

BCL6 expression 079
Negative 4(26.7) 46 (51.1)
Positive 11 (73.3) 44 (48.9)

CD10 expression 4592
Negative 15(93.8) 76 (84.4)
Positive 1(6.2) 14 (15.6)

MUM1 expression 047
Negative 2(13.3) 36 (40.0)
Positive 13 (86.7) 54 (60.0)

Treatment .585
R-CHOP 17 (94.4) 81(90.0)
R-others 1(5.6) 4(4.4)
Others 0(0.0) 5(5.6)

Total 18(100.0)  90(100.0)

Values are presented as number (%).

PA, primary adrenal; DLBCL, diffuse large B cell ymphoma; NA, non-adre-
nal; ECOG PS, Eastern Cooperative Oncology Group performance status;
LDH, lactate dehydrogenase; GCB, germinal center B cell.

p-values were calculated by Pearson’s chi-square test (2-sided) or Fisher’s
exact test (2-sided).
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the date of death. All p-values reported were two-sided, and sta-
tistical significance was accepted when they were less than .05.

RESULTS

Clinicopathologic characteristics of PA-DLBCL

To characterize the clinicopathologic features of PA-DLBCL,
we analyzed the clinicopathologic parameters of the PA-DLBCL
group with a reference group of NA-DLBCL (Table 1). As for
clinical variables, compared to NA-DLBCL, PA-DLBCL patients
showed high international prognostic index (IPI) score (3-5)
(72% [13/18] in PA-DLBCL vs. 38% [34/90] in NA-DLBCL,
p =.007), poor Eastern Cooperative Oncology Group perfor-
mance score (ECOG PS) (22) (47% [7/15] in PA-DLBCL vs.
11% [10/90] in NA-DLBCL, p = .003), elevated LDH (78%
[14/18] in PA-DLBCL vs. 51% [44/87] in NA-DLBCL, p=.035)
with trends for high frequency of B symptoms (44% [8/18] in
PA-DLBCL vs. 23% [21/90] in NA-adrenal DLBCL, p =.082)
and bulky disease (>10 cm) (22% [4/18] in PA-DLBCL vs. 8%
[7/90] in NA-adrenal DLBCL, p = .084). However, the two groups
showed a similar distribution of high-stage disease (50% [9/18]
in PA-DLBCL vs. 53% [48/90] in NA-DLBCL).

Pathologically, the PA-DLBCL group showed frequent MUM1
expression (87% [13/15] in PA-DLBCL vs. 60% [54/90] in NA-
adrenal DLBCL, p = .047) with trends for Bcl-6 expression (73%
[11/15] in PA-DLBCL vs. 49% [44/90] in NA-adrenal DLBCL,
p=.079).

Taken together, PA-DLBCL group harbored aggressive clini-
copathologic features even with similar stage, compared to NA-
DLBCL.

Table 2. PD-L1 genetic alteration in PA-DLBCL and NA-DLBCL

PD-L1 genetic status PA-DLBCL NA-DLBCL p-value
PD-L1 translocation 016
Absent 14(77.8) 84 (96.6)
Present 4(22.2) 3(3.4)
PD-L1 amplification .034
Absent 15 (83.3) 85(97.7)
Present 3(16.7) 2(2.3)
PD-L1 genetic alteration .001
Absent 11(61.1) 81(94.2)
Present 7(38.9 5(5.8)
Total 18(100.0) 87 (100.0)

Values are presented as number (%).

p-values were calculated by Fisher’s exact test (2-sided).

PD-L1, programmed death-ligand 1; PA, primary adrenal; DLBCL, diffuse
large B cell lymphoma; NA, non-adrenal.
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PD-L1 gene alteration by using fluorescence in situ
hybridization

We next analyzed the frequency of PD-L1 gene alterations,
including translocation and amplification, by using the FISH
method. As shown in Table 2 and Fig. 1, PD-L1 gene alteration
in PA-DLBCL accounted for 39% (7/18), including translocation
in 22% (4/18) and amplifications in 17% (3/18), which were
much higher frequencies than NA-DLBCL with PD-L1 gene
alteration in 6% [5/86], including translocation in 3% (3/87) and
amplification in 2% (2/87) (p=.001, p=.016, and p=.034, re-
spectively). Therefore, the PA-DLBCL group had a significantly
higher frequency of PD-L1 gene alterations than the NA-DLB-
CL group.

Associations between clinicopathologic variables and
PD-L1 gene alterations in PA-DLBCL

We next investigated associations between PD-L1 gene alter-
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ations and clinicopathologic parameters within the PA-DLBCL
group. As shown in Table 3, PA-DLBCL with PD-L1 gene al-
teration tended to have elevated serum LDH (100% [7/7] in the
PD-L1-altered group vs. 64% [7/11] in non-altered group) and
B symptoms (71% [5/7] in the PD-Ll-altered group vs. 27%
[3/11] in non-altered group). In contrast, there was a tendency
for less frequent bulky disease (> 10 cm) in the PD-L1-altered
group (0% [0/7] in the PD-L1-altered group vs. 36% [4/11] in
non-altered group).

Survival analysis

As shown in Fig. 2, the PA-DLBCL group showed inferior OS
and PFS compared to the NA-DLBCL group (p=.014 and p =
.004) (Fig. 2A, B). When survival was analyzed within the PA-
DLBCL group (Table 4), PD-L1 gene alteration did not signifi-
cantly affect OS or PES (p>.05) (Fig. 2C, D). When the survival
effect of PD-L1 translocation was analyzed, the PD-L1 translo-

Fig. 1. Fluorescence in situ hybridization analysis of the programmed death-ligand 1 (PD-L1) gene in diffuse large B cell lymphoma. By using
a dual-color orange/green break-apart probe, non-split fused signal indicates the absence of translocation (A), while separate orange and
green signals indicate the presence of translocation (B). By using a copy number analysis probe, orange (PD-L1 gene) and green (chromo-
some 9) signals showed a nearly 1:1 ratio in cases with no gain or amplification of the PD-L1 gene (C), in contrast to amplified orange sig-

nals indicating PD-L1 gene amplification (D).
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Table 3. Clinicopathologic features of primary adrenal diffuse large
B cell lymphoma according to PD-L1 gene alteration

Clinicopathologic Hoga o Of. Fisgiee Of
characteristic PD-L1 gf:-nenc PD-L1 ggnenc p-value
alteration alteration
Age (yr) >.99
<60 6 (54.5) 4(57.1)
>60 5 (45.5) 3(42.9
Sex >.99
Male 6 (54.5) 4(57.1)
Female 5 (45.5) 3(42.9)
B symptoms 145
Absent 8(72.7) 2(28.6)
Present 3(27.3) 5(71.4)
ECOG PS .619
<2 5(62.5) 3429
22 3(37.5) 4 (57.1)
Serum LDH 119
Normal 4(36.4)
Elevated 7(63.6) 7(100.0)
Ann Arbor stage .335
-l 4(36.4) 5(71.4)
-1V 7(63.6) 2(28.6)
International prognostic index .596
0-2 4(36.4) 1(14.3)
3-5 7(63.6) 6(85.7)
Bone marrow involvement 486
Absent 7(77.8) 6 (100.0)
Present 2(22.2) 0
Bulky disease (cm) 119
<10 7 (63.6) 7(100.0)
>10 4(36.4) 0
Mass size (cm) 7.4+3.2 55+1.6 15672
Hans classification >.99
GCB 1(10.0) 1(20.0)
Non-GCB 9(90.0) 4(80.0)
BCL2 expression .560
Negative 2(20.0) 2(40.0)
Positive 8(80.0) 3(60.0)
BCL6 expression >.99
Negative 3(30.0) 1(20.0)
Positive 7(70.0) 4(80.0)
CD10 expression >.99
Negative 9(90.0) 6(100.0)
Positive 1(10.0) 0
MUM1 expression >.99
Negative 1(10.0) 1(20.0)
Positive 9(90.0) 4(80.0)
Total 11 (100.0) 7(100.0)

Values are presented as number (%) or mean+SD.

PDL1, programmed death-ligand 1; ECOG PS, Eastern Cooperative On-
cology Group performance status; LDH, lactate dehydrogenase; GCB,
germinal center B cell.

p-values were calculated by Fisher’s exact test (2-sided) or Spearman’s
correlation (2-sided; rho=-0.456).
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cation group showed inferior OS and PFS (p<.001 and p=.012)
(Fig. 2E, F). However, PD-L1 gene amplification was not associ-
ated with prognosis. Among the conventional prognostic mark-
ers, ECOG PS was a significant predictor for PES (p =.039). In
multivariate analysis, all variables were not significant due to the
limited number of cases.

DISCUSSION

In our study, we demonstrated that PD-L1 gene alterations
wete more frequent in PA-DLBCL than in NA-DLBCL and tend-
ed to be associated with aggtessive clinical parameters such as
the presence of B symptoms or high LDH. Patients with PD-L1
translocation but not amplification revealed inferior survival in
PA-DLBCL.

DLBCLs in certain primary anatomic sites, such as the medi-
astinum, CNS or testis, are classified as specific types because of
their distinct molecular pathogenesis. PD-L1/PD-L2 signaling
has been reported to be activated in these lymphomas [7,8]. Al-
though PA-DLBCL is not defined as a special type based on an-
atomic sites, it is usually associated with aggressive features and
distinct pathologic characteristics [12,14]. Our study also sup-
ported that PA-DLBCL had aggressive features with a high rate
of PD-L1 gene alteration, suggesting unique clinicopathologic
characteristics.

Because of the rarity of PA-DLBCL, its clinicopathologic fea-
tures, including pathogenic mechanism and clinical behavior,
have not been well characterized. Several previous reports revealed
aggressive features of PA-DLBCL, such as frequent B symptoms,
elevated serum LDH, bulky mass formation and predominance
of the non-GCB subtype, which are in concordance with our re-
sults [11-14]. In the present study, compared to the NA-DLBCL
group, the PA-DLBCL group showed frequent poor ECOG PS
(22), high IPI (3-5) and poor prognosis, suggesting the intrin-
sic aggressive features of PA-DLBCL [11,12], even with a nearly
equal proportion of high-stage (III-IV) disease in both groups
(50% vs. 53%).

The biological role of the programmed death-1/PD-L1 axis
was revealed as the induction and maintenance of peripheral tol-
erance in T cells to prevent autoimmune reactions. However, in-
hibitory signals via this pathway hamper the proliferation and
function of effector T cells, resulting in immune evasion in an-
titumor immunity [18]. Recently, several studies have suggested
that cancer cell-intrinsic PD-L1 signaling contributes to the pro-
liferation, migration and invasion of various types of cancer cells,
including lymphoma cells [19]. In this context, these extrinsic
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Fig. 2. Kaplan-Meier curves of overall survival (OS) and progression-free survival (PFS) in diffuse large B cell ymphoma (DLBCL) patients. OS
(A) and PFS (B) of primary adrenal (PA)- and non-adrenal (NA)-DLBCL patients. OS (C) and PFS (D) of PA-DLBCL patients by the presence
of programmed death-ligand 1 (PD-L1) gene alterations. OS (E) and PFS (F) of PA-DLBCL patients by the presence of PD-L1 gene translo-
cation.
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Table 4. Univariate survival analysis according to clinicopathologic
variables and PD-L1 gene alteration in primary adrenal diffuse large
B cell lymphoma

p-value

Clinicopathologic variable Progression-free  Overall

survival survival
Age (<60 vs. >60) 139 192
Sex (male vs. female) 910 656
ECOG PS (<2 vs. >2) .039 661
B symptoms (absent vs. present) 206 704
Serum LDH (normal vs. elevated) .768 267
International prognostic index (0-2 vs. 3-5) 057 260
Bone marrow involvement (absent vs. present) .986 431
Bulky disease (<10 cmvs. >10 cm) .158 873
Ann Arbor stage (-l vs. llIHV) 535 .857
Hans classification (GCB vs. non-GCB) 942 992
PD-L1 gene alteration (- vs. +) 559 472
PD-L1 gene amplification (- vs. +) 317 139
PD-L1 gene translocation (- vs. +) 012 <.001

PD-L1, programmed death-ligand 1; ECOG PS, Eastern Cooperative
Group performance status; LDH, lactate dehydrogenase; GCB, germinal
center B cell.

and intrinsic effects of PD-L1 signaling may help to constitute
the features of PD-L1-altered cancers. In our PA-DLBCL group,
we observed that PD-L1 gene alteration had trends for frequent
B symptoms, elevated serum LDH and relatively less bulky
mass lesions, suggesting that PD-L1-altered tumor cells may
tend to secrete mediators producing systemic reactions at a rela-
tively early phase of mass formation.

The aggressive clinicopathologic nature of PA-DLBCL could
not be fully explained by PD-L1 gene alteration due to its limit-
ed prevalence (39%). Another genetic feature of PA-DLBCL in-
cludes Bcl-6 gene rearrangement [14], which is common in both
GCB and non-GCB DLBCLs [1,20,21]. A recent functional
study in a mouse model revealed that Bcl-6 suppressed PD-L1/
PD-L2 expression in germinal center (GC) B cells [22]. However,
the functional role of Bcl-6 on PD-L1 in the post-GC B cell con-
text is not definite and remains to be investigated further.

In summary, we observed that PA-DLBCL had characteristic
clinicopathologic features, including high IPI, inferior outcome,
and frequent PD-L1 gene alteration. Within this PA-DLBCL
group, PD-L1 gene translocation was a significant poor prog-
nostic marker predicting OS and PES. Our results suggest that
PA-DLBCL can be a distinct entity with frequent PD-L1 genetic
alterations and may provide insight into the potentially shared
pathogenesis of DLBCL of the mediastinum, CNS, testis, and
adrenal gland.
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Polo-like kinase 4 as a potential predictive biomarker
of chemoradioresistance in locally advanced rectal cancer
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Background: Polo-like kinase 4 (PLK4) is a serine/threonine protein kinase located in the centriole of the chromosome during the cell cy-
cle. PLK4 overexpression has been described in a variety of many common human epithelial tumors. Conversely, PLK4 acts as a haplo-
insufficient tumor suppressor in some situations, highlighting the importance of strict regulation of PLK4 expression, activity, and func-
tion. Meanwhile, the importance of chemoradiation resistance in rectal cancer is being emphasized more than ever. We aimed to
analyze PLK4 expression and the tumor regression grade (TRG) in patients with rectal cancer, treated with chemoradiotherapy (CRT).
Methods: A retrospective study was conducted on 102 patients with rectal cancer who received preoperative CRT. Immunohistochem-
istry for PLK4 in paraffin-embedded tissue was performed from the biopsy and surgical specimens. Results: We found significant asso-
ciation between high expression of PLK4 and poor response to neoadjuvant CRT (according to both Mandard and The Korean Society
of Pathologists TRG systems) in the pre-CRT specimens. Other clinicopathologic parameters did not reveal any correlation with PLK4
expression. Conclusions: This study revealed an association between high expression of PLK4 in the pre-CRT specimens and TRG. Our
results indicated that PLK4 could potentially be a new predictor for CRT effect in patients with rectal cancer.
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The 5-year survival rate for rectal cancer patients undergoing
surgery is 50%. This is because even with curative resection, the
risk of local recurrence or distant metastasis is high [1]. There-
fore, improving survival remains an important issue, even in re-
sectable rectal cancer. Meanwhile, in patients with rectal cancer,
preoperative chemoradiotherapy (CRT) significantly improves
the overall and cancer-specific survival rates compared to surgery
alone. Therefore, chemoradioresistance is an important challenge
in rectal cancer and a major aspect of its treatment.

Polo-like kinase 4 (PLK4) is a serine/threonine kinase located
in the centriole of the chromosome throughout the cell cycle and
is essential for centriole duplication [2-5]. PLK4 expression has
been described in a variety of human solid tumors [6]. In partic-
ular, high levels of PLK4 mRNA have been detected in triple-
negative breast cancers, which are resistant to conventional sys-
temic therapy [7]. PLK4 expression upregulation independently
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induces aneuploidy, loss of cell polarity, and hyperplasia in certain
non-transformed cell lines and proliferative tissues [8,9]. In the
context of p33 dysfunction, elevated PLK4 expression contrib-
utes to aneuploidy and tumorigenesis [9,10]. Contrarily, PLK4
acts as a haploinsufficient tumor suppressor in some situations.
Rosario et al. pointed out that haploid levels of PLK4 interfered
with RhoGTPase function during cytokinesis, leading to aneu-
ploidy and tumorigenesis, thus suggesting that early loss of het-
erozygosity in PLK4 is one of the factors leading to hepatocellu-
lar carcinogenesis [11,12]. These results underscore the importance
of strict regulation of PLK4 expression, activity, and function [13].
However, studies on PLK4 expression in patients with rectal can-
cer are limited. Thus, this study aimed to retrospectively analyze
PLKA4 expression in patients with rectal carcinoma treated with
preoperative CRT in both preoperative biopsy specimens and
postoperative surgical specimens.
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MATERIALS AND METHODS

Patients and sample collection

The electronic records of rectal cancer patients treated at Keimy-
ung University Dongsan Hospital were reviewed retrospective-
ly. Among them, 102 cases containing both biopsy and surgical
specimens were chosen. These tissue specimens along with pa-
tient clinical data (age, sex, date of surgery, recurrence, death, data
on time to recurrence or death) and records of clinicopathologi-
cal features (differentiation, lymphovascular invasion, pT cate-
gory, pN category, pM category, microsatellite instability [MSI]
status, KRAS, NRAS and BRAF mutations) of the rectal cancer
were collected.

Among the various grading systems devised to evaluate chemo-
radioresistance, the Mandard system [14] was used (Mandard-
TRG [tumor regression grade]). Additionally, the KSP-TRG
system, newly proposed by the Gastrointestinal Pathology Re-
search Group of the Korean Society of Pathologists (KSP), based
on the 8th edition of American Joint Committee on Cancer and
the College of American Pathologists cancer protocol, was also
used and data collected [15]. This grade is divided into four tiers:
grade 0 (no viable cancer cells, complete response), grade 1 (sin-
gle cells or rare small groups of cancer cells, near-complete re-
sponse), grade 2 (residual cancer with evident tumor regression,
but more than single cells or rare small groups of cancer cells,
partial response), grade 3 (extensive residual cancer with no evi-
dent tumor regression, poor or no response).

PLK4 predicting chemoradioresistance ¢ 41

Overall survival (OS) was defined as the duration from the date
of surgery to the date of the last follow-up visit or the date of
death due to any cause, whereas disease-free survival (DFS) was
defined as the duration from surgery to any type of recurrence.

Immunohistochemistry

We selected formalin-fixed paraffin-embedded (FFPE) tissue
samples from rectal cancer tissues and used them for tissue mi-
croarray (TMA) construction. Of the 102 patients with rectal
cancer, tissue specimens from both before CRT (biopsy speci-
men) and after CRT (surgery specimen) were selected for 71 pa-
tients. Only biopsy specimens were selected from 31 patients
with no or few cells remaining in the surgical specimens. Rep-
resentative tumor areas were identified by two pathologists (H.O.
and H.W.L.) in hematoxylin and eosin-stained tissue sections.
After the pathologists’ review, TMAs were assembled from trip-
licate 5 mm cores of the FFPE tumor samples. Immunohisto-
chemical staining was performed on the TMA sections with an
antibody against PLK4 (12952-1-AP, 1:400, ProteinTech Group,
Inc., Chicago, IL, USA) using the Ventana BenchMark XT Au-
tomated System following the manufacturer’s protocol (Ventana
Medical Systems, Tucson, AZ, USA).

Evaluation of immunohistochemistry

The histoscore (H-score) method was used to determine the
immunohistochemical expression of PLK4. The H-score was
calculated by multiplying the intensity score by the percentage

multiplied by percentage of positive cells. (A) Score 0 (negative staining) of PLK4 expression of pre-CRT specimen. (B) Score 1 (weak stain-
ing) of PLK4 expression of pre-CRT specimen. (C) Score 2 (medium staining) of PLK4 expression of pre-CRT specimen. (D) Score 3 (strong
staining) of PLK4 expression of pre-CRT specimen. (E) Score 0 (negative staining) of PLK4 expression of post-CRT specimen. (F) Score 1
(weak staining) of PLK4 expression of post-CRT specimen. (G) Score 2 (medium staining) of PLK4 expression of post-CRT specimen. (H)
Score 3 (strong staining) of PLK4 expression of post-CRT specimen. PLK4, Polo-like kinase 4; CRT, chemoradiotherapy.
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of positive cells and ranges from 0 to 300 points [16]. We scored
both the nucleus and cytoplasm of previously selected samples.
The intensities were scored as “0” (negative staining), “1” (weak
staining), “2” (medium staining), and “3” (strong staining) (Fig.
1). Based on the median H-score, two groups were formed for
statistical analysis: “high expression” (H-score > median) and “low
expression” (H-score < median).

Statistical analysis

All analyses were performed using IBM SPSS Statistics soft-
ware ver. 26.0 (IBM Corp., Armonk, NY, USA). Chi-square with
Fischer's exact tests analysis were performed. Kaplan-Meier curves
were used for survival analysis. Ordinal logistic regression model
was used to compare the influence of individual factors, includ-
ing age, sex, pT category, pN category, MSI status, and nuclear
and cytoplasmic PLK4 expression of the pre-CRT specimen, on
the KSP-TRG system. A two-tailed p-value of less than .05 in-
dicated statistical significance.

RESULTS

Cohort characteristics

The median age of the cohort was 65 years (range, 32 to 85
years). Among the 102 patients, 70 (69%) were men and 32
(31%) were women. Rectal cancer recurred in 28 patients (27%),
and 11 patients (11%) died. All characteristics of the 102 pa-
tients with rectal cancer are shown in Table 1.

PLK4 expression and TRG

High nuclear PLK4 expression in pre-CRT specimens (H-score
>160) correlated with high Mandard-TRG (p <.001) and KSP-
TRG (p<.001). The Mandard-TRG (p <.001) and KSP-TRG
(p<.001) also showed a significant correlation in the group. Fur-
thermore, high cytoplasmic PLK4 expression in the pre-CRT
specimens (H-score > 155) correlated with high Mandard-TRG
(p=.022)and KSP (p=.013) systems. Again, the Mandard-TRG
(p=.002) and KSP-TRG (p = .004) wete also significantly cor-
related within groups. There was no association between PLK4
expression in the pre-CRT specimens and other parameters. The
results mentioned above are summarized in Table 2. Nuclear
PLK4 expression in the post-CRT specimens was correlated with
sex (p =.015) and mortality (p =.035). There was no association
between PLK4 expression in the post-CRT specimens and other
parameters. The results mentioned above are summarized in
Table 3.

High Mandard-TRG correlated with high pT category (p <

https://jpatholtm.org/

Table 1. Clinicopathological parameters in 102 cases of rectal
cancer patients

Characteristic No. (%)
Age (yr)

<65 50 (49.0)

>65 52 (51.0)

Median (range) 65 (32-85)
Sex

Male 70 (68.6)

Female 32 (31.4)
Differentiation

Wel 5(4.9)

Moderate 89 (87.3)

Poorly 5(4.9
Lymphovascular invasion

Absent 71(69.6)

Present 23 (22.5)
pT category

Tx=T2 50 (49.0)

T3-T4 52 (51.0)
pN category

NO 71 (69.6)

N1-N2 31(30.4)
pM category

MO 101 (99.0)

M1 1(1.0)
TRG of Mandard (group)

TRG1, 2 27 (26.5)

TRG3 37 (36.3)

TRG4, 5 38(37.3)
TRG of KSP (group)

TRGO, 1 27 (26.5)

TRG2, 3 75(73.5)
TRG of Mandard

TRG1 16 (15.7)

TRG2 11 (10.8)

TRG3 37 (36.3)

TRG4 28 (27.5)

TRG5 10(9.8)
TRG of KSP

TRGO 16 (15.7)

TRG1 11 (10.8)

TRG2 39(38.2)

TRG3 36 (35.3)
MSI

MSS and MSI-L 93(91.2)

MSI-H 9(8.8)
Recurrence

No 74 (72.5)

Yes 28 (27.5)
Death

No 91(89.2)

Yes 11 (10.8)

TRG, tumor regression grade; KSP, The Korean Society for Pathologists;
MSI, microsatellite instability; MSS, microsatellite stable; MSI-L, MSI-low;
MSI-H, MSI-high.

https://doi.org/10.4132/jptm.2021.10.07
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Table 2. Correlation of PLK4 expression of pre-CRT specimen with clinicopathological parameters in 102 cases of rectal cancer patients

Nuclear stain of PLK4 in pre-CRT specimen

Cytoplasmic stain of PLK4 in pre-CRT specimen

Low expression High expression Low expression High expression
(H-score < 160) (H-score>160) Pl (H-score<155) (H-score>155) PR
Age (yr) 196 >.99
<65 18 (20.9) 24 (27.9) 21(24.4) 21(24.4)
>65 25(29.1) 19 (22.1) 22 (25.6) 22 (25.6)
Sex 486 .816
Male 31(36.0) 28 (32.6) 29 (33.7) 30(34.9)
Female 12 (14.0 15 (17.4) 14 (16.3) 13 (15.1)
Differentiation .999 999
Well 2 (2.4) 2(2.4) 2 (2.4) 2 (2.4)
Moderate 39 (45.9) 38 (44.7) 39 (45.9) 38 (44.7)
Poorly 2(2.4) 224 224 2(2.4)
Lymphovascular invasion 118 150
Absent 26 (32.5) 35 (43.8) 27 (33.8) 34 (42.5)
Present 12 (15.0) 789 12 (15.0) 789
pT category 518 518
Tx-T2 23(26.7) 20 (23.3) 20(23.3) 23(26.7)
T3-T4 20 (23.3) 23 (26.7) 23 (26.7) 20 (23.3)
pN category 328 138
NO 30(34.9) 34 (39.5) 29 (33.7) 35 (40.7)
N1-N2 13 (15.1) 9(10.5) 14 (16.3) 8(9.3)
pM category >.99 .309
MO 42 (49.4) 42 (49.4) 41 (48.2) 43 (50.5)
M1 1(1.2) 0 1(1.2) 0
TRG of Mandard <.001 .022
TRGT, 2 19 (22.1) 3(3.5) 16 (18.6) 6(7.0)
TRG3 13 (15.1) 19 (22.1) 16 (18.6) 16 (18.6)
TRG4, 5 11(12.8) 21 (24.4) 11 (12.8) 21(24.4)
TRG of KSP <.001 .013
TRGO, 1 19 (22.1) 3(3.5) 16 (18.6) 6(7.0)
TRG2, 3 24 (27.9) 40 (46.5) 27 (31.4) 37 (43.0)
MSI >.99 >.99
MSS and MSI-L 39 (45.3) 38 (44.2) 37 (62.1) 28 (39.4)
MSI-H 4(4.7) 5(5.8) 4(5.6) 2(2.8)
Recurrence .952 357
No 32 (37.6) 33(33.8) 31(44.3 19 (27.1)
Yes 10 (23.9) 10(11.8) 10 (14.3) 10 (14.3)
Death >.99 724
No 40 (46.5) 39 (45.3) 35(49.3) 27 (38.0)
Yes 3(3.5) 4(4.7) 6(8.5) 34.2)

Values are presented as number (%).

PLK4, Polo-like kinase 4; CRT, chemoradiotherapy; TRG, tumor regression grade; KSP, The Korean Society for Pathologists; MSI, microsatellite instability;

MSS, microsatellite stable; MSI-L, MSI-low; MSI-H, MSI-high.

.001), high pN category (p = .026), microsatellite instability-high
(p=.049), and high KSP-TRG (p <.001). There was no associa-
tion between the Mandard-TRG and other parameters. The re-
sults mentioned above are summarized in Supplementary Table
S1. High KSP-TRG correlated with high pT category (p <.001),
high pN category (p =.011), and high Mandard-TRG (p <.001).
There was no association between the KSP-TRG and other pa-
rameters. The results mentioned above are summarized in Sup-

https://doi.org/10.4132/jptm.2021.10.07

plementary Table S2.

Conversely, there was no significant association between DFS
and high nuclear expression of PLK4 (p = .493) (Fig. 2A) or high
cytoplasmic expression of PLK4 (p =.677) (Fig. 2B) in the pre-
CRT specimens. There was also no significant association be-
tween OS and high nuclear expression of PLK4 (p =.965) (Fig.
2C) or high cytoplasmic expression of PLK4 (p = .434) (Fig. 2D)
in the pre-CRT specimens.

https://jpatholtm.org/
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Table 3. Correlation of PLK4 expression of post-CRT specimen with clinicopathological parameters in 102 cases of rectal cancer patients

Nuclear stain of PLK4 in post-CRT specimen

Cytoplasmic stain of PLK4 in post-CRT specimen

Low expression High expression LLow expression High expression
(H-score <160) (H-score >160) e (H-score <155) (H-score >155) PELE
Age (yr) 252 897
<65 17 (25.4) 18 (26.9) 28(41.8) 7(10.4)
>65 20 (29.9) 12 (17.9) 26 (38.8) 6(9.0)
Sex 015 526
Male 30 (44.8) 16 (23.9 38 (56.7) 8(11.9)
Female 7(10.4) 14(20.9) 16 (23.9) 5(7.5)
Differentiation 251 332
Well 0 2(3.1) 1(1.6) 1(1.6)
Moderate 34 (53.1) 24 (37.5) 47 (73.4) 11(17.2)
Poorly 23.1) 23.1) 4(6.3) 0
Lymphovascular invasion .849 318
Absent 26 (39.4) 21(31.8) 36 (54.5) 11 (16.7)
Present 11 (16.7) 8(12.1) 17 (25.8) 2(3.0)
pT category .057 317
Tx-T2 8(11.9) 13 (19.4) 15 (22.4) 6(9.0)
T3-T4 29 (43.3) 17 (25.4) 39 (58.2) 7(10.4)
pN category 154 753
NO 26 (38.8) 16 (23.9) 33(49.3) 9(13.4)
N1-N2 11 (16.4) 14 (20.9) 21(31.3 4(6.0)
pM category >.99 197
MO 36 (54.5) 29 (43.9) 53 (80.3) 12 (18.2)
M1 1(1.9) 0 0 1(1.5)
TRG of Mandard 918 279
TRGT, 2 2(3.0) 1(1.5) 3(4.5) 0
TRG3 16 (23.9) 13 (19.4) 21(31.3) 8(11.9)
TRG4, 5 19 (28.4) 16 (23.9) 30 (44.8) 5(7.5)
TRG of KSP >.99 >.99
TRGO, 1 2(3.0) 1(1.5) 3(4.5) 0
TRG2, 3 35 (52.2) 29 (43.3) 51 (76.1) 13 (19.4)
MSI >.99 574
MSS and MSI-L 34 (50.7) 28 (41.8) 49 (73.1) 13 (19.4)
MSI-H 3(4.5) 2(3.0 5(7.5) 0
Recurrence 671 314
No 25(37.9) 21(31.8) 35 (53.0) 11 (16.7)
Yes 12 (18.2) 8(12.1) 18 (27.3) 2(3.0
Death .035 677
No 29 (43.3) 29 (43.3) 46 (68.7) 12 (17.9)
Yes 8(11.9) 1(1.5) 8(11.9) 1(1.5)

PLK4, Polo-like kinase 4; CRT, chemoradiotherapy; TRG, tumor regression grade; KSP, The Korean Society for Pathologists; MSI, microsatellite instability;

MSS, microsatellite stable; MSI-L, MSI-low; MSI-H, MSI-high.

Multivariate analysis for the KSP-TRG

Multivariate analysis showed that pT category and nuclear and
cytoplasmic PLK4 expression in the pre-CRT specimens were
statistically associated with the KSP-TRG (p <.05). Other vari-
ables, including age, sex, pN category, and MSI status, were not
associated with the KSP-TRG. In addition, pT category and nu-
clear and cytoplasmic PLK4 expression in the pre-CRT speci-
mens were statistically independent of each other or other vari-
ables. The results mentioned above are summarized in Table 4.

https://jpatholtm.org/

DISCUSSION

In this study, we first distinguished the expression of immu-
nohistochemical staining of PLK4 in samples before and after
CRT by its high and low expressions and classified them accord-
ing to the clinical data, including the prognosis and histopatho-
logical features. We also found that the expression of PLK4 in
the pre-CRT specimens was associated with both the Mandard-
TRG and KSP-TRG. This association was found in both nuclear

https://doi.org/10.4132/jptm.2021.10.07
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Fig. 2. (A) Kaplan-Meier curves of disease-free survival in high and low expression of nuclear expression of PLK4 of pre-CRT specimen. (B)
Kaplan-Meier curves of disease-free survival in high and low expression of cytoplasmic expression of PLK4 of pre-CRT specimen. (C) Ka-
plan-Meier curves of overall survival in high and low nuclear expression of PLK4 of pre-CRT specimen. (D) Kaplan-Meier curves of overall
survival in high and low expression of cytoplasmic expression of PLK4 of pre-CRT specimen. PLK4, Polo-like kinase 4; CRT, chemoradio-
therapy.

Table 4. Multivariate analysis (ordinal logistic regression test) of TRG of KSP associated with clinicopathologic variables including nuclear and
cytoplasmic PLK4 stain of pre-CRT specimen

Variable Estimate p-value 95% Confidence interval
Including nuclear PLK4 stain of pre-CRT specimen
Age -0.685 113 -1.5632t0 0.161
Sex -0.173 .708 -1.080t0 0.734
pT category -1.403 .003 -2.338 to -0.469
pN category -0.520 .330 -1.567 t0 0.527
MS| state -0.578 406 -1.939t0 0.784
Nuclear PLK4 stain of pre-CRT specimen -1.766 <.001 -2.667 to -0.866
Including cytoplasmic PLK4 stain of pre-CRT specimen
Age -0.411 .329 -1.237 10 0.415
Sex -0.351 444 -1.250t0 0.548
pT category -1.595 .001 -2.532 t0 -0.658
pN category -0.513 .335 -1.5568 t0 0.531
MSI state -0.444 .530 -1.829 10 0.940
Cytoplasmic PLK4 stain of pre-CRT specimen -1.500 .001 -2.376 t0 -0.623

TRG, tumor regression grade; KSP, The Korean Society for Pathologists; PLK4, Polo-like kinase 4; CRT, chemoradiotherapy; MSI, microsatellite instability.
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and cytoplasmic expression. Therefore, preoperative evaluation
of PLK4 will be useful as one of the methods to predict the re-
sponse of rectal cancer patients to CRT. Unfortunately, the asso-
ciation between PLK4 and prognosis was not revealed in this
study and more robust studies are needed in the future to sup-
port this possibility.

Although radiation therapy before surgery reduces the local re-
currence rate by more than 50% than surgery alone [1] and treat-
ment for rectal cancer has greatly evolved in recent years, patients
are prone to recurrence and many eventually die from the disease.
Therefore, the importance of the response to preoperative CRT in
rectal cancer is very important.

In a study on the correlation between preoperative CRT and
PLK4 expression, PLK4 enhanced chemoradiation resistance in
glioblastoma multiforme (GBM), whereas PLK4 knockdown via
lentiviral transfection significantly increased the chemoradiation
sensitivity of GBM cells [17]. The authors stated that PLK4 was
transcriptionally regulated depending on ATAD2 (ATPase fam-
ily AAA domain containing 2), a gene involved in cell prolifer-
ation and metastasis, and that this regulation increased PLK4
radioresistance. In addition, PLK4 expression is known to be a
negative predictor of response to taxane-based neoadjuvant che-
motherapy [18]. The authors stated that the resistance to taxane-
based chemotherapy appeared in patients with high PLK4 ex-
pression because PLK4 was involved as an upstream regulator of
gamma-tubulin, which affected the treatment response to taxane.
Therefore, the authors concluded that PLK4 inhibitors enhanced
the effect of chemotherapy. However, reports on the possibility of
prognostic effects of PLK4 expression in rectal cancer are lacking.

There are several drawbacks to our study. The most significant
drawback was the limited number of cases. Despite the small
sample size that could undermine the power of the study, we
found a significant difference, which should be confirmed by
large-scale studies in the future. Additionally, the retrospective
nature of the study was a limitation to its design. It would also
be necessary to design a better-validated study with no missing
factors. Future research with better power should be conducted
to confirm the preliminary results obtained from this study.

We reported PLK4 expression and the prognosis of rectal can-
cer by dividing our study into pre-CRT and post-CRT groups.
Based on our human tissue study results, PLK4 expression could
be a potential predictor for the response of CRT. Therefore, the
clinical development of PLK4 could be an effective therapeutic
strategy for the management of advanced rectal cancer.
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CASE STUDY

Chronic lymphocytic leukemia and concurrent seminoma
in the same testis

Kosuke Miyai'"’, Fumihisa Kumazawa', Kimiya Sato', Hitoshi Tsuda'
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A 59-year-old man presented with a painless testicular mass and underwent a radical orchiectomy. The resected specimen showed a
5-cm-sized, white-yellow and homogenous solid mass in the testicular parenchyma. Histologically, the central part of the tumor exhibit-
ed typical features of seminoma. The peripheral part of the tumor exhibited diffuse infiltration of small, monotonous lymphoid cells in-
volving the tunica albuginea. The monotonous lymphoid cells were immunoreactive for CD20, CD79a, CD5, and CD23, and negative for
CD3, CD10, and cyclin D1. Kappa light chain restriction was detected on flow cytometry using the resected specimen. Considering the
circulating lymphoid cell count of >5.0x 10%/uL, we diagnosed the peripheral component of the tumor as an infiltration of chronic lym-
phocytic leukemia. This extremely rare combination of seminoma and lymphoid neoplasm should be considered in the differential diag-
nosis of classic seminoma with extensive lymphoid reaction in tumors arising in elderly patients.
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Germ cell tumors derived from germ cell neoplasia in situ (GC-
NIS) account for more than 90% of testicular tumors, and ap-
proximately half of these tumors are histologically determined
to be pure seminomas [1]. In contrast, less than 5% of testicular
neoplasms are malignant lymphomas, most of which are diffuse
large B-cell lymphomas (DLBCLs) [2]. As the distribution of age
at onset differs between testicular germ cell tumors (2045 years)
and lymphomas (> 50 years) [1,2], only a few reports have de-
scribed the concurrent and/or synchronous presentation of testic-
ular seminoma and lymphoid neoplasms [3-6]. Leukemia, in-
cluding lymphoid and myelogenous subtypes, can also involve
testis in a subset of cases [7,8]. Chronic lymphocytic leukemia
(CLL) is an indolent type of lymphoid neoplasm, characterized
by an increased number of peripheral monoclonal B-lymphocytes,
as well as lymphadenopathy, organomegaly, and cytopenia. Ex-
tranodal involvement—including the skin, gastrointestinal tract,
or central nervous system—has been reported in a small subset
of the patients, and testicular involvement is relatively rare [7].
Recently, we experienced a unique case of CLL and concurrent
seminoma in a single tumor of the same testis. Herein, we de-

© 2022 The Korean Society of Pathologists/The Korean Society for Cytopathology
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scribe the clinicopathological features of this case.
CASE REPORT

A 59-year-old Japanese man, without any notable past or fa-
milial medical history, was admitted to our hospital because of
a painless right testicular mass. Abdominal and pelvic computed
tomography (CT) revealed a 4.5 cm-sized mass in the right tes-
ticular parenchyma without evidence of ascites or nodal/distant
metastasis. His interleukin-2 receptor level was 613 U/mL (nor-
mal range, 122 to 496 U/mL), and the levels of lactate dehydro-
genase, O-fetoprotein, and human chorionic gonadotropin were
within the normal limits. His white blood cell count on admis-
sion was 12.0X 10°/uL with a lymphocyte percentage of 69.3%
(absolute lymphocyte count, 8.3 x 10°/uL). No obvious anemia
or thrombocytopenia was observed. Under the clinical diagnosis
of a germ cell tumor or malignant lymphoma, right radical or-
chiectomy was performed.

The cut surface of the resected specimen showed a well-cir-
cumscribed, white-yellow and homogenous solid mass with no
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hemorthage or necrosis measuring 5.0x4.0%2.9 cm in the tes-
ticular parenchyma (Fig. 1). Histologically, the tumor consisted
of two components: a central multinodular component and a pe-
ripheral diffuse infiltrative component (Fig. 2A). The multinod-
ular component was composed of large polygonal cells with clear
cytoplasm and prominent nucleoli intermingled with lympho-
cytes (Fig. 2B). Around the nodular proliferation of polygonal
tumor cells, dense infiltration of variously sized lymphocytes with
multiple lymphoid follicles was observed. In contrast, the periph-
eral part of the tumor exhibited monotonous, diffuse infiltration
of small lymphoid cells, focally involving the entire tunica albu-
ginea (Fig. 2C). Immunohistochemically, the large polygonal cells
wete diffusely positive for octamer-binding transcription factor
4 (Oct-4), and scattered Oct-4—positive cells were detected in
the peritumoral seminiferous tubules (Fig. 2D); these observa-
tions confirmed the diagnosis of seminoma and the correspond-
ing GCNIS. No vascular permeation, invasion beyond the tunica
albuginea, or spermatic cord invasion by the seminoma cells was
observed (pathological T1).

The peripheral monotonous lymphoid cells were immunore-
active for CD20, CD79a, CDS, and CD23 and negative for CD3,
CD21, CD10, and cyclin D1 (Fig. 2E, F). Kappa light chain re-
striction was detected during flow cytometry using the resected
specimen. Considering that the patient’s circulating lymphoid
cell count was >5.0X 10*/pL at admission, the peripheral com-
ponent of the tumor was diagnosed as testicular involvement of
CLL. Immunostaining for CD21 revealed a retained follicular
dendritic-cell meshwork in the lymphoid stroma of the seminoma
(Fig. 3A). The Ki67 labeling index in the lymphoid stroma of
the seminoma was much higher than that in CLL (approximately

Fig. 1. The cut surface of the resected specimen shows a white-
yellow, solid mass measuring 5.0 cm in the right testicular paren-
chyma.
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30% vs. < 5%) (Fig. 3B). These findings suggested that CLL was
not intermixed with the lymphoid stroma of the seminoma; these
two components existed exclusively within a single tumor mass.
Postoperative fluorodeoxyglucose positron emission tomography/
CT showed no obvious nodal lesions or mass-forming lesions
within systemic organs. The patient required no additional ther-
apy during follow-up, and remained alive and well, with no evi-
dence of disease progression, recurrence, or metastases after 2 years.

DISCUSSION

A vast majority of primary testicular lymphoid neoplasms
(809%-95%) are DLBCLs [2]. Previously reports of other rare
histological types of malignant lymphoma included mantle cell
lymphoma [9], testicular follicular lymphoma [10], extranodal
marginal zone lymphoma [11], natural killer/T-cell lymphoma,
nasal type [12], peripheral T-cell lymphoma (PTCL) [13], and
activin receptor-like kinase-1-negative anaplastic large cell lym-
phoma [14]. On the other hand, testicular involvement of lym-
phoid leukemia has been described in some previous reports [7,3].
In a previous report reviewing 13,500 autopsy and 641 surgical
specimens, seven cases with lymphoid leukemia secondarily in-
volving the testis were detected; 6 were acute lymphoblastic leu-
kemia (without information of B- or T-cell linage) and only one
case was CLL [7]. Schniederjan and Osunkoya [8] identified 40
patients with lymphoid neoplasms of male urogenital organs. Of
these, two were acute B-lymphoblastic leukemia in the testis
and 4 were CLL in the prostate [8]. There have been a few re-
ported cases of Richter syndrome, defined as the development of
DLBCL in a patient with a previous or concomitant CLL/small
lymphocytic lymphoma, with testicular involvement [15,16]. In
the present report, we described an additional rare case of testic-
ular involvement of CLL without progression to DLBCL.

The present case also showed the synchronous, concurrent CLL
and seminoma in a single testicular tumor. There is no obvious
pathophysiologic link or common risk factor between semino-
ma and CLL. Our literature review found a few rare examples of
patients with synchronous seminoma and lymphoid neoplasms.
All of these patients—including the present one—were aged
more than 50 years [3-6]. Singh et al. [3] reported a case of syn-
chronous classical Hodgkin lymphoma in the mediastinal/intra-
abdominal lymph nodes and right testicular seminoma. In an-
other case, a huge pelvic mass and partially obstructed small
intestine were simultaneously, but separately, resected, and his-
tological examination of these two lesions revealed pure semi-
noma and DLBCL, respectively [4]. Jacobsen et al. [5] described
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Fig. 2. (A) The scan image showing a central multinodular component (arrows) and peripheral diffuse infiltrative component (arrowheads). (B)
The multinodular component comprises large polygonal cells with clear cytoplasm and prominent nucleoli intermingled with variously sized
lymphocytes. (C) The peripheral component showing diffuse, dense infiltration of small lymphoid cells involving the entire tunica albuginea.
Lymphoid cells with hyperchromatic and monotonous nuclei are noted (inset). (D) The large polygonal cells are diffusely positive for octamer-
binding transcription factor 4 (Oct-4) (left), and scattered Oct-4-positive cells are detected in the seminiferous tubules (right). (E, F) Small,
monotonous lymphoid cells are diffusely immunoreactive for CD20 (E, left), CD5 (F, left), and CD23 (F, right) and negative for CD3 (E, right).
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TA

Fig. 3. (A) Meshwork of CD21+ follicular dendritic cells is retained in the lymphoid stroma of the seminoma; it is absent in the chronic lym-
phocytic leukemia (CLL). (B) The Ki-67 labeling indices in the lymphoid stroma of the seminoma and CLL were approximately 30% and <5%,

respectively.

a case of metastatic seminoma and concurrent follicular lym-
phoma, grade 1 in a supraclavicular lymph node. Only one case
of concurrent seminoma and PTCL, NOS in the same testis has
been reported [6]. Because of indolent clinical courses of CLL
and seminoma, additional/adjuvant therapy was not administered
for both tumors in the present case. However, concurrent man-
agement of the two different malignancies is usually necessary in
these cases. An accurate pathological diagnosis is especially im-
portant for improving the patients’ clinical courses.

Concerning the large cell component of the present tumor, the
presence of GCNIS and careful histological/immunohistochem-
ical examination made it possible to distinguish the seminoma
from other tumors including large cell lymphoid neoplasms
(DLBCL, PTCL, and anaplastic large cell lymphoma) and solid-
type non-seminomatous tumors (embryonal carcinoma and yolk
sac tumor). However, when DLBCL is detected, surrounded by
dense, small lymphocytic infiltration as in the present case, Rich-
ter syndrome should be considered during differential diagnosis
[15,16]. On the other hand, differential diagnoses of the small
cell component of the present tumor (i.e., CLL) include non-neo-
plastic, reactive lymphocytes and other mature small B-cell lym-
phomas, such as follicular lymphoma, mantle cell lymphoma,
and extranodal marginal zone lymphoma. Of these, the most im-
portant differential diagnosis is small reactive lymphocytes infil-
trating into the seminoma, which can be misdiagnosed as “two-
cell pattern” of classic seminoma. Compared to small monotonous
lymphoid tumor cells of CLL, lymphoid stroma intervening in
seminoma cells is composed of various sizes of lymphocytes. In
addition, reactive lymphocytes in seminoma sometimes exhibit

https://doi.org/10.4132/jptm.2021.09.10

lymphoid follicles with CD21-positive follicular dendritic-cell
meshwork (Fig. 3A) and show much higher Ki67 labeling index
than CLL (Fig. 3B). Finally, because immunohistochemical de-
tection of the monoclonality of lymphoid cells without plasma-
cytic differentiation is sometimes challenging, light chain re-
striction detected by flow cytometry is useful for ruling out non-
neoplastic, reactive lymphocytic infiltration. Our patient’s specific
immunohistochemical findings (CD20+, CD3+, and CD23+)
and a circulating lymphoid cell count of > 5.0x 10°/uL support-
ed the diagnosis of CLL rather than that of other mature small
B-cell lymphomas.

In summary, we have described a case of isolated CLL with
concurrent seminoma in the same testis. With respect to diag-
nostic and therapeutic aspects, this extremely rare combination
should be kept in mind for both clinicians and pathologists.
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CASE STUDY

TTF1-positive SMARCA4/BRG1 deficient lung adenocarcinoma
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SMARCA4/BRG1-deficient lung adenocarcinoma (SD-LUAD) is being recognized as a distinct subtype based on subtle differences in
its clinical, morphological, and immunophenotypic attributes compared to other non-small cell lung carcinomas. We present here a
case of SD-LUAD with curious thyroid transcription factor 1 (TTF1) expression in a morphologically heterogenous lung adenocarcinoma.
The better differentiated area showed preservation of TTF1 expression, and a poorly differentiated tumor had loss of TTF1 expression

with universal BRG1 loss.
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Mammalian switch/sucrose non-fermentable (SWI/SNF) com-
plex is a major chromatin remodeling pathway comprising of three
orthologues. Of these, BRG1/BRM-associated factor (BAF) is
most significant with SMARCA4 and SMARCA2 providing en-
ergy through their ATPase like enzymatic activity [1]. SMARCA4
gene encodes BRG1 (Brahma related gene), which is a catalytic
subunit of the SWI/SNF complex. Several SMARCA4 mutated
cancers have been described, of these small cell carcinomas of ova-
ry, hypercalcemic-type, and thoracic tumors have been best stud-
ied. It is widely believed that SMARCA4/BRG1-deficient lung
adenocarcinoma (SD-LUAD) is devoid of thyroid transcription
factor 1 (TTF1) expression though a contrary view exists [2-5].
We report a case of morphologically heterogenous lung adeno-
carcinoma with heterogenous TTF1 expression and universal
BRG1 loss.

CASE REPORT

A 54-year-old male, chronic smoker with a 40 pack-year his-
tory, presented with complaints of breathlessness and hemopty-
sis. Routine laboratory investigations were within normal limits.
Chest X-ray revealed a large rounded mass in the parahilar region
of the left lung with mediastinal widening. Whole-body positron
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emission tomogtaphy and non-diagnostic computed tomography
(PET-CT) revealed a parahilar mass in the left lung measuring
6.2x4.8 cm with bulky mediastinal lymphadenopathy and bony
metastases (Fig. 1). Computed tomography (CT)-guided trucut
biopsy from the left lung mass revealed a heterogeneous tumor
with solid pattern (Fig. 2A). The tumor cells in the better differ-
entiated area had bland nuclei, high nuclear to cytoplasmic ratio,
and a compact morphology (Fig. 2B, C). The tumor cells in other
areas had abundant pink bubbly cytoplasm, pleomorphic vesicu-
lar nuclei with prominent nucleoli, and brisk mitoses (Fig. 2D,
E). Neutrophilic emperipolesis and inflamed stroma were also
seen in these areas (Fig. 2D, E).

Upon immunohistochemistry (IHC) analysis, tumor cells in
the better differentiated area (Fig. 3A) expressed cytokeratin
(CK) (Fig. 3B), but lacked BRG1 expression (Fig. 3C). These
tumor cells were positive for TTF1 (Fig. 3D) while tumor cells
in lesser differentiated area (Fig. 3E) expressed weaker CK (Fig.
3F), and were devoid of BRG1 (Fig. 3G) and TTF1 (Fig. 3H). In
summary, tumor cells in both the areas were devoid of BRG1 and
expressed CK, CK7, epithelial membrane antigen, and BerEp4,
while TTF1 expression was noted only in better differentiated
component. On additional THC, the tumor cells in the better
differentiated area revealed aberrant expression of SRY-box tran-
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Fig. 1. Positron emission tomography computed tomography (PET-CT) image. (A) Maximum intensity projection. (B, C) Axial computed to-
mography. (D, E) Fused fluorodeoxyglucose PET-CT axial images showing left lung central lesion with mediastinal lymph nodes and bone le-
sions.

Fig. 2. Histopathological findings of the case. (A) Scanner view depicting two cores: one with compact morphology with a trabecular and
abortive cribriform pattern (left) and another more loose and pink owing to abundant cytoplasm (right). (B) Low power view of better differen-
tiated area (compact morphology) with tumor cells arranged in acinar and abortive cribriform pattern. (C) Tumor cells in a better differentiated
area showing uniform tumor cells with scant eosinophilic cytoplasm and high nucleocytoplasmic ratio. (D) Low power view of lesser differen-
tiated area (loose area) with tumor cells showing abundant bubbly cytoplasm, pleomorphic nuclei, and inflamed stroma. (E) Tumor cells of a
lesser differentiated area showing abundant eosinophilic cytoplasm, vesicular pleomorphic nuclei, and neutrophilic emperipolesis with stroma
rich in inflammatory cells.
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Fig. 3. Representative images of immunohistochemistry. Tumor cells in a better differentiated area (A), showing cytokeratin (CK) expression
in tumor cells (B), loss of BRG1 in tumor cells (C), thyroid transcription factor 1 (TTF1) expression by tumor cells in better differentiated area
(D). Tumor cells in lesser differentiated area (E) showing weaker CK expression in tumor cells (F). Loss of BRG1 in tumor cells (G) and loss of

TTF1 (H) in tumor cells showing poor differentiation.

scription factor (SOX) 2 and SOX11, and were negative for p40,
Hep Par 1, spalt like transcription factor 4 (SALL4), and CD34
immunoexpression. Other areas with poor differentiation exhib-
ited immunopositivity for SALL4 and were negative for p40,
Hep Par 1, SOX2, SOX11, and CD34 expression. This contrasts
with the well-defined expression of Hep Par 1 in SD-LUAD
and SALL4, SOX2, and CD34 in SMARCA4/BRG1-deficient
thoracic sarcoma (SD-TS) [4]. A final diagnosis of SD-LUAD
was established on the basis of epithelial marker expression and
BRG1 loss. Programmed death-ligand 1 immunoexpression
showed a tumor proportion score of < 1%. No targetable driver
mutation was identified for epidermal growth factor receptor
(EGFR), reactive oxygen species 1 (ROSI), and anaplastic lym-
phoma kinase 1 (ALK-1).

The patient received six cycles of 5 Gy radiotherapy, but un-
fortunately succumbed to his illness.

DISCUSSION

The literature describes a varied morphology of SD-LUAD in
the form of solid adenocarcinoma, large cell carcinoma, hepatoid,
rhabdoid, spindling, and signet ring cell along with inflamed
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stroma, emperipolesis, necrosis, and brisk mitosis [4-9]. There is
only a handful of cases with acinar/papillary morphology [3,6].
SD-LUAD are typically negative for TTF1 as described in the lit-
erature [5,6]. Contrary observations were described by Herpel
et al. [3] and Agaimy et al. [4] with intact TTF1 expression in
20% and 10% of their cases, respectively. The present case is
unique with heterogeneous tumor morphology and heteroge-
nous TTF1 expression, but with diffuse loss of BRG1. Despite
having a typical morphology of adenocarcinoma in one core,
BRG! immunoexpression was studied in view of the morpho-
logical telltale signs of SD-LUAD in other areas.

SD-LUAD can variably express Hep Par 1 and stem cell mark-
ers are more often expressed in SD-TS [4]. Our case unfolds the
dynamic and evolving genetic events of lung adenocarcinoma.
TTF1 was expressed only by the better differentiated component
and BRG1 loss was exhibited by both areas in the present case.
The loss of BRGT in the better differentiated component is ger-
mane to our hypothesis that BRG1 loss was the primary event,
which eventually had downregulated the transcription of TTF1
and was reflected as loss of TTF1 in poorly differentiated area and
suggested that SMARCA4 mutation was the driver mutation.
The observation of SALL4 expression in lesser differentiated area
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with aberrant SOX2 and SOX11 expression in better differenti-
ated area is difficult to explain in the present case. However, it
clearly unravels the evolutionary pathway of oncogenesis with
SMARCA4 protein loss being the primary oncogenic event.
There is continuous remodeling of chromatin responsible for gain
and loss of many genes and protein expression, which is reflected
as aberrant and heterogenous expression of SALL4, SOX2, and
SOXI11 in the present case. Rekhtman et al. also proposed that
SMARCA4-deficient thoracic sarcomas are indeed undifferenti-
ated or dedifferentiated lung carcinoma associated with smoking
[10]. The IHC in the present case imitates the ongoing continu-
ous remodeling, thereby leaving a probability of possible dedif-
ferentiation of adenocarcinoma into sarcoma over time.

Given an almost indistinctive morphology, a need to minimize
IHC, the unique biology propelling a rapid progression, and lack
of actionable driver mutation, this entity needs separation from
other lung adenocarcinoma, so that it can be studied more ex-
haustively to develop a genome-directed therapy. This task how-
ever, is rendered more difficult by the fact that some of the SD-
LUAD may express TTF1, and this finding opens up the question
whether all non—small cell lung carcinomas should be assessed
for SMARCA4/BRGI protein expression.
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CASE STUDY

Composite follicular lymphoma and classic Hodgkin lymphoma
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Composite lymphoma is very rare and a combination of Hodgkin lymphoma and non-Hodgkin lymphoma and even histiocytic tumors
can occur. Because of the unfamiliarity, not only can this cause diagnostic problems, but can also affect treatment plan. We report a
case of composite lymphoma in a 40-year-old male. Initial biopsy showed a composite lymphoma of follicular lymphoma grade 1 and
classic Hodgkin lymphoma. After chemotherapy, another lymph node was taken because of disease progression, which revealed follic-

ular lymphoma, grade 3a without Hodgkin lymphoma component.
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Composite lymphoma was initially recognized by Custer [1]
as two or more distinct lymphomas that occur in the same pa-
tient. This definition was later refined by Kim et al. [2] as simul-
taneous occurrence of more than one type of lymphoma in the
same organ or tissue site of the same patient. Composite lympho-
ma is rare and may consist of non-Hodgkin lymphoma (NHL)
with Hodgkin lymphoma (HL) [3,4], B-cell NHL with T-cell
NHL [5-8], T-cell or B-cell NHL with other histologic type(s)
of the same lineage [9], or NHL with histiocytic or dendritic cell
tumors [10]. Excluding follicular lymphoma (FL) associated with
diffuse large B-cell lymphoma, the most common composite lym-
phoma is FL of low grade associated with classic HL [3,4,11] fol-
lowed by FL associated with mantle cell lymphoma [9,12]. His-
tologically, composite lymphomas display a mixed pattern, or less
commonly, distinct zonal distribution of each lymphoma com-
ponent [3,5]. Composite lymphoma may pose a diagnostic chal-
lenge, especially when two lymphoma components are mixed in
the same lymph node. Herein we report a case of composite HL
and FL of mixed histologic pattern.

CASE REPORT

Clinical findings
A 40-year-old man was diagnosed with HL at an outside hos-
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pital and was referred for treatment. He showed a neck mass and
weight loss. Laboratory tests were within normal limits except for
a positive hepatitis B antigen test. A positron emission tomogta-
phy (PET)—computed tomography (CT) scan revealed multiple
right level I, IT, and V hypermetabolic lymph nodes of the neck,
both axillae, and retropancreatic regions. Abdominal CT scan
revealed no organomegaly, but mild irregular hypermetabolism
was noted in the spleen and along the marrow space by PET-CT.
Under the diagnosis of classic HL, nodular sclerosis, stage IV, the
patient was treated with doxorubicin, bleomycin, vinblastine,
and dacarbazine (ABVD) chemotherapy, and an antiviral agent
for hepatitis B was administered. A few months later, abdominal
CT scan revealed slightly increased sizes of multiple lymph nodes
at the portocaval, aortocaval, left paraaortic, and small bowel mes-
entery. Lymph node biopsy from a level IV node was diagnosed
as FL, grade 3a. Bone marrow biopsy was negative. Six cycles of
rituximab with bendamustine were planned.

Pathologic findings

All the lymph node biopsies were reviewed. The biopsy was
evaluated with immunohistochemical stains including staining
for CD20, CD3, CD30, CD15, PAX5, BCL2, CD10, and Ki-67
(Leica Biosystems, Newcastle upon Tyne, UK). Immunohisto-
chemistry was performed using a Leica BOND-III automated
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stainer (Leica Biosystems, Melbourne, Australia). Epstein-Barr
virus was detected by in situ hybridization (ISH) using a Bond
Ready-to-Use ISH Epstein-Barr virus (EBV)-encoded RNA probe
(Leica Biosystems, Newcastle upon Tyne, UK).

The initial biopsy that was diagnosed as HL at outside clinic
was reviewed. Enlarged follicles were found at the peripheral part
of the node but the center showed diffuse area. Large neoplastic
Hodgkin Reed-Sternberg cells were easily recognizable in the dif-
fuse area but also found in the peripheral area between the neo-
plastic follicles. Histiocytes were mixed but eosinophils were not
prominent. Reed-Sternberg cells were positive for CD30, CD15,
and PAX5, but negative for CD20 and CD3. PAXS staining was
relatively weak in comparison with the neighboring non-neoplas-
tic B cells. Neoplastic follicles were positive for CD20, CD10,
and BCL2, but negative for CD30 and CD15. Therefore, we con-
cluded that it was a composite lymphoma of FL grade 1 and clas-

sic HL (Figs. 1A-I, 2A-C). EBV was negative in both HL and
FL cells. The second biopsy performed in our hospital showed
only FL without HL component but this time the grade of FL
was 3a because of centroblastic proliferation (Fig. 2D-F).

DISCUSSION

Composite FL and HL is extremely rare and only 25 cases have
been reported in the literature written in English to date [3,4,11-
16]. While composite lymphoma usually is indicated histopath-
ologically by at least two morphologically distinct lymphomatous
proliferations, the proof that these proliferations are separate and
distinct neoplasms requires immunologic analysis. The true inci-
dence of composite lymphoma may be underestimated because
as in this case, separate tumor components can be easily over-
looked on initial microscopic examination.

Fig. 1. Composite follicular lymphoma and Hodgkin lymphoma of initial biopsy. (A) Lymph node shows nodular area representing follicular lym-
phoma and diffuse area containing Hodgkin lymphoma. (B) Follicular lymphoma, grade 1. (C) Reed-Sternberg cells of Hodgkin lymphoma. (D)
CD10-positive cells of follicular ymphoma. (E) BCL2-positive follicular lymphoma. (F) CD21-positve follicular dendritic cell meshwork of follicu-
lar lymphoma. (G) CD30 in Reed-Sternberg cells. (H) CD15 in Reed-Sternberg cells. (I) PAX5 weak positive in Reed-Sternberg cells (arrows).
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Fig. 2. (A-C) Composite follicular lymphoma and Hodgkin lymphoma of initial biopsy. Double stain for CD10 to show follicular lymphoma
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(brown) and CD30 to identify Hodgkin lymphoma (red). (A) CD30-positive Reed-Sternberg cells (arrows) are scattered in between follicular
lymphoma. (B) A few CD30-positive Reed-Sternberg cells (arrow) within neoplastic follicles of follicular lymphoma. (C) Diffuse permeation of
Hodgkin lymphoma to follicular lymphoma area. Reed-Sternberg cells (arrow) are scattered in diffuse area and small nodular remnant of neo-
plastic follicles. (D-F) Follicular lymphoma of recurrent lesion: (D) follicular lymphoma, grade 3a, (E) CD10, (F) BCL2.

In the initial biopsy of the present case, neoplastic follicles in
the periphery of the lymph node were misinterpreted as a com-
ponent of HL because the cellular atypia of the follicle was not
recognized, and HL frequently has a vague follicular pattern.

While distinct clonal origin of separate tumor component of
composite lymphoma has been reported in one study [12], it is
well known that separate tumor components share a common
clonal relationship, including a BCL2 translocation [3,11,13].
Recent next generation sequencing study revealed both compo-
nents also share the same mutational variants but have patho-
genic variants that are specific for each component as well [3].
These findings indicate that two distinct lymphomas sharing a
common cytogenetic abnormality derived from the same precur-
sor, overlaid with a subtype-specific mutation occurring in each
subclone, can lead to composite HL and FL. In addition, EBV
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infection observed in HL cells, but not FL cells of the composite
lymphoma [3] emphasizes the role of EBV infection in the patho-
genesis of HL [17] and suggests that EBV infection also contrib-
utes to the formation of composite lymphoma. Composite lym-
phoma may pose both a diagnostic and managerial challenge [3].
A previous report demonstrated that the HL component in com-
posite lymphoma pursues an indolent clinical course compared
with de novo HL. No recurrence of the HL component was re-
ported even without ABVD treatment for HL. In contrast, pa-
tients treated with ABVD only or who were untreated, experi-
enced recurrence of FL like the present case [3]. Although the
number of cases is too small to provide definitive information for
treatment or to establish concrete guidelines for management
[18], the above report may give a hint on how best to treat com-
posite FL and HL.
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