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Lymphocytes in Breast Cancer

With the advance in personalized therapeutic strategies in patients with breast cancer, there is an
increasing need for biomarker-guided therapy. Although the immunogenicity of breast cancer has
not been strongly considered in research or practice, tumor-infiltrating lymphocytes (TILs) are
emerging as biomarkers mediating tumor response to treatments. Earlier studies have provided
evidence that the level of TILs has prognostic value and the potential for predictive value, particu-
larly in triple-negative and human epidermal growth factor receptor 2-positive breast cancer.
Moreover, the level of TILs has been associated with treatment outcome in patients undergoing
neoadjuvant chemotherapy. To date, no standardized methodology for measuring TILs has been
established. In this article, we review current issues and clinical evidence for the use of TILs in
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breast neoplasms

Molecular medicine has shown that all cancers are caused by
mutations accumulated in various genes. Cancerous tissues har-
boring genetic mutations frequently create a new class of tumor-
specific antigens."” The presentation of neoantigen by tumor
cells induces an immune response and triggers antitumor im-
munity. These neoantigens are displayed on the surfaces of tumor
cells and are increased in relation to mutational load because
mutations increase the efficiency with which a peptide is pre-
sented by MHC molecules.' Recent findings based on whole-
exome sequencing have revealed that different tumors have dif-
ferent mutational loads, suggesting that neoantigen repertoire
varies according to tumor type.’ That study showed that breast
cancer has an average of one somatic mutation per megabase (Mb)
of coding DNA and is expected to have moderate immunoge-
nicity among human cancers.

Though the immunogenicity of breast cancer has not been
traditionally considered in clinical practice or cancer research,
the presence of tumor-infiltrating lymphocytes (TILs) in the tu-
mor or peritumoral site has emerged as a biomarker of antitu-
mor immune response in breast cancer. Despite the heterogene-
ity of TILs and the absence of a standardized methodology of
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evaluating TILs, recent studies have suggested that the presence
of TILs is correlated with good outcome in patients with breast
cancer."” With advances in understanding of the role of the im-
mune system during carcinogenesis and tumor progression, TILs
have been recognized as important biomarkers reflecting anti-
tumor immune response in several malignancies, such as epithe-

1014 55 well as

lial ovarian carcinoma® and endometrial cancer,
breast cancer.

Recent achievements in immune therapy such as adoptive T-
cell therapy or dendritic cell therapy, which reactivate the anti-
tumor immune response and immune check-points inhibiting
monoclonal antibodies, have been applied in practice and have
ameliorated outcomes in patients with advanced malignancies."
Understanding the biology and clinical utilization of TILs might
offer novel therapeutic options in management of breast cancer.

In this article, we review three issues of TILs in patients with
breast cancer: (1) biology of TILs, (2) methodology defining T1ILs,
and (3) clinical evidence of TILs as biomarkers with clinical
utility.

© 2015 The Korean Society of Pathologists/The Korean Society for Cytopathology
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THE BIOLOGY OF TUMOR-INFILTRATING
LYMPHOCYTES IN BREAST CANCER

The components of TILs

Infilerating immune cells are frequently observed in tumors,
but the proportion of immune cells comprising the host im-
mune system is diverse and depends on the type and organ sites

1 Previous evidence from animal and clinical

of malignancies.
studies has shown that leukocyte subsets predominantly con-
tribute to either tumor-suppressive or tumor-stimulating activ-
ities. In murine models, myeloid lineage leukocytes, such as
dendritic cells, myeloid-derived suppressor cells, and tumor-as-
sociated macrophages, have been identified and are thought to
principally act to modulate the immune microenvironment to-
ward either an antitumor milieu or a tumor-promoting milieu.
T cells that migrate to tumor and/or peritumor sites are activated
or inactivated and, in turn, regulate macrophage differentiation
via polarization toward pro-tumorigenic M2 or antitumor M1
functional phenotypes, suggesting the importance of cell-to-cell
cross-talk in the immune milieu."”

Most TILs are T lymphocytes.'*” Tumor-infiltrating B lym-
phocytes are less common and are poorly defined.”’ The compo-
sition of TILs has been well studied in two recent publications."
These studies showed similar results that T lymphocytes consti-
tuted 75% of TILs, B lymphocytes made up fewer than 20%,
monocytes constituted fewer than 10%, and natural killer and
natural killer T cells made up fewer than 5% of all leukocytes.

To understand the role of T-lymphocyte—dominant TILs in
antitumor response through adaptive immunity, it is necessary
to understand the biologic characteristics and sub-classification
of T cells. T cells, which are distinguished from other lympho-
cytes such as B cells and natural killer cells, have a T-cell recep-
tor on the cell surface. There are several subgroups of T lym-
phocytes, each with a unique function. CD8+ T cells are known
as cytotoxic T cells and destroy tumor cells by binding to anti-
gen presented by MHC class I molecules, which are expressed
on the membranes of all nucleated cells. These cytotoxic CD8+
T cells are regulated and can be inactivated by regulatory T
cells (Treg), interleukin (IL) 10, and other cytokines, which pre-
vent autoimmune diseases.

T helper cells (Th cells), which are also known as CD4+ T
cells, mediate the immune response of other white blood cells.
They assist in maturation of B cells into plasma cells and memo-
ry B cells and activate CD8+ T cells and macrophages. Th cells
are activated when they come into contact with peptide antigens
expressed by MHC class IT molecules, which exist on the sur-

http://jpatholtm.org/

faces of antigen-presenting cells (APCs). This type of immune
reaction is classified as type IT immunity, which is distinguished
from type I immunity, which is mainly conveyed by CD8+ T
cells.”” When Th cells are activated, they undergo rapid division
and release cytokines mediating the active immunologic reac-
tion. According to signaling from APCs, Th cells differentiate
into various types such as Th1, Th2, Th3, Th17, Th9, or tu-
mot-infiltrated follicular helper (Tth) and release different cyto-
kines to promote various active immune reactions. Among Th
cells, Treg cells develop either in the thymus or in peripheral
lymphoid organs. Treg cells developed in a peripheral lymphoid
organ regulate adaptive immune responses.”” The expression of
forkhead box P3 protein (FOXP3) is used to identify Treg cells.

Several studies have highlighted the importance of T cells and
TILs in breast cancer. Regarding the prognostic effect of cyto-
toxic CD8+ T cells, it is evident that the presence of these cells is

A
> and

significantly associated with prolonged survival outcome
good response to chemotherapy.” The presence of CD8+ T cells
is also associated with different subtypes of breast cancer. In a
study with more than 1,200 breast cancer cases, high level of
CD8+ T cells was found in the less aggressive subtypes, such as
luminal cancer. In contrast, low level of CD8+ T cells was ob-
served in HER 2-positive or basal-like breast cancer.”®

In contrast to the studies with CD8+ T cells, the prognostic
effect of CD4+ T cells in breast cancer is variously reported and
remains inconclusive. Thl cells, which are the primary sources
of interferon-y, were reported to correlate with favorable prog-
nostic outcome,'” whereas Th2 cells were reported to counteract
Thl cells and attenuate the antitumor response based on analy-
ses with immune-gene signatures.”” A recent study defined the
existence of Tth cells and showed that an increase in CXCL13-
producing Tth cells in tertiary lymphoid structures adjacent to
breast tumors is positively associated with treatment outcome
and might modulate an effective and durable antitumor im-
mune response.”” Th17 cells also coneribute to the tumor micro-
environment. Particularly, the balance between Th17 cells and
IL-17 family, which have pro-inflammatory functions, has an im-
portant role in regulating tumor angiogenesis. The effect of Th17
cells near tumors seems to be variable depending on the cyto-
kine milieu.” The antitumor or pro-tumor effect of Th17 cells
might be different depending on the type of tumor.”

Studies with CD4+ Treg cells expressing FOXP3 remain con-
troversial because the presence of Treg cells has been associated
with both immunosuppressive and immunostimulatory activi-
ty."*** The effects of Treg cells on prognosis differed according
to immunohistochemistry (IHC) marker and type of CD4+ T

http://dx.doi.org/10.4132/jptm.2015.07.29



cells. Interestingly, the ratio of CD8+ to FOXP3+ is correlated
with molecular subtype” and is characterized to define medul-
lary cancer.”" Furthermore, a recent study showed that this ratio
can be used to identify patients with good response to neoadju-
vant chemotherapy in triple-negative breast cancer (TNBC).”
Currently, little is known regarding the role of tumor-infil-
trating B cells (CD20+) as components of TILs.”*" Some au-
thors have reported that increased expression of immunoglobu-
lin kC by B cells is associated with favorable prognosis of breast
cancer according to the database of gene-expression profiling.”

Factors affecting recruitment of TILs

There are several factors responsible for lymphocyte recruit-
ment in tumors. High endothelial venules (HEV) interact with
blood vessels and contribute to lymphocyte infiltration in breast
cancer.” The high density of HEV is related to lymphotoxin-f3
produced by mature dendritic cells’” and is associated with im-
proved survival outcome in patients with breast cancer. It has
been noted that HEV density is increased in ductal carcinoma
in situ compared to invasive ductal carcinoma.

Indoleamine-2,3-dioxygenase (IDO), which catalyzes the
conversion of tryptophan to kynurenine, is one of the enzymes
affecting lymphocytic infiltration of tumors. Tryptophan deple-
tion inhibits both tumor cells and lymphocytes, and kynurenine
has cytotoxic activity against tumors.”® Therefore, the catalytic
activity of IDO might inhibit or stimulate both tumor growth
and antitumor immune functions.”

Factors affecting TIL count and recruitment of TILs have been
studied. High TIL count has been observed in patients with
TNBC.” The presence of TILs has been shown to inversely cor-
relate with expression of human leukocyte antigen-G, which
might be involved in tumor escape.” The TIL count has also
been reported to be associated with expression of stem cell mak-
ers or epithelial-mesenchymal transition markers in cancer cells.”

Stromal TILs and intratumoral TILs

Depending on lymphocyte-infiltrated site, TILs are classified
as infiltrated lymphocytes in the tumor stroma (stromal TILs)
or in the tumor cell islets (intratumoral TILs). Stromal TILs are
defined as lymphocytes dispersed in the stroma and are distin-
guished from intratumoral TILs, which are located within car-
cinoma nests and are in direct contact with tumor cells.” To date,
most clinical trials have suggested that stromal TILs are likely
to be more stable and reproducible markers than intracumoral
TILs because of their increased frequency.

http://dx.doi.org/10.4132/jptm.2015.07.29
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Efforts in methodological agreement in evaluation of TILs in
breast cancer

There are many hurdles to utilizing TILs as prognostic ot pre-
dictive markers because of their heterogeneity and the absence
of standardized methods of evaluation. Moreover, the method-
ology based on THC assessment of TTLs demonstrates enormous
variation in analytical practice and limits the value of TIL mea-
surement to experimental research or specific studies. Conse-
quently, TIL determination is not yet feasible in routine clinical
practice and urgently demands a consensus in the development
of a standardized measurement system.

The initial method for measuring TILs was proposed by
Denkert ef al. in 2010, which evaluated TILs in specimens
from core biopsies. Since then, the majority of researchers inves-
tigating TILs have used that method, which has now been sup-
ported by robust findings. With this background, an International
TIL Working Group was recently organized, and participants
with experience in evaluation of TILs in specimens from phase
III clinical trials were surveyed regarding topics in the method-
ology of TILs evaluation. Consequently, they reported current
recommendations to reconcile the method of evaluating TILs
(Table 1).*

Clinical evidence of TILs in adjuvant or neoadjuvant studies

Major adjuvant or neoadjuvant studies testing TILs are pre-
sented in Tables 2 and 3.7***>#42457 Most of these studies
evaluated both stromal and intratumoral TILs. As described
above, the measurement of stromal TILs is more reproducible
amonyg studies and has superior clinical value. Some studies have
evaluated TILs using IHC, whereas others have identified the
immune components of TILs based on databases of gene-expres-
sion profiling.

In 2010, the clinical significance of TILs as biomarkers associ-
ated with pathologic response was identified by Denkert e o/,
using samples from large clinical trials. This pivotal scudy was
the first to evaluate TILs using the protocol of the International
TIL Working Group. From that time, many researchers have
focused on the association between presence of TILs and clinical
outcome in various cohorts.

Among these translational studies with TILs in the adjuvant
setting, the most important finding is the prognostic value of
stromal TILs in TNBC. The positive correlation between in-
crease of stromal TILs and survival outcome in TNBC was ini-
tially reported using data from the BIG 2-98 trial.” This corre-
lation was validated in independent cohorts of two clinical
trials.” Tnterestingly, the level of TILs was not prognostic in

http://jpatholtm.org/
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Table 1. International TIL Working Group recommendations for assessing TILs in breast cancer

1) TILs should be reported for the stromal compartment (=% stromal TILs). The denominator used to determine the % stromal TILs is the area of stromal
tissue (i.e., area occupied by mononuclear inflammatory cells over total intratumoral stromal area), not the number of stromal cells (i.e., fraction of total

stromal nuclei that represent mononuclear inflammatory cell nuclei).
2) TLs should be evaluated within the borders of the invasive tumor.

3) Exclude TILs outside of the tumor border and around DCIS and normal lobules.

5) All mononuclear cells (including lymphocytes and plasma cells) should be scored, but polymorphonuclear leukocytes are excluded.

)
)
4) Exclude TILs in tumor zones with crush artifacts, necrosis, regressive hyalinization as well as in the previous core biopsy site.
)
)

6) One section (4-5 um, magnification x 200-400) per patient is currently considered to be sufficient.
7) Full sections are preferred over biopsies whenever possible. Cores can be used in the pretherapeutic neoadjuvant setting; currently no validated

methodology has been developed to score TILs after neoadjuvant treatment.

8) A full assessment of average TILs in the tumor area by the pathologist should be used. Do not focus on hotspots.

9) The working group’s consensus is that TILs may provide more biological relevant information when scored as a continuous variable, since this will allow
more accurate statistical analyses, which can later be categorized around different thresholds. However, in daily practice, most pathologists will rarely
report for example 13.5% and will round up to the nearest 5%-10%, in this example thus 15%. Pathologist should report their scores in as much detail

as the pathologist feels comfortable with.

10) TlLs should be assessed as a continuous parameter. The percentage of stromal TILs is a semiquantitative parameter for this assessment, for example,
80% stromal TILs means that 80% of the stromal area shows a dense mononuclear infiltrate. For assessment of percentage values, the dissociated
growth pattern of lymphocytes needs to be taken into account. Lymphocytes typically do not form solid cellular aggregates; therefore,
the designation ‘100% stromal TILs’ would still allow some empty tissue space between the individual lymphocytes.

11) No formal recommendation for a clinically relevant TIL threshold(s) can be given at this stage. The consensus was that a valid methodology is currently
more important than issues of thresholds for clinical use, which will be determined once a solid methodology is in place. Lymphocyte predominant
breast cancer can be used as a descriptive term for tumors that contain ‘more lymphocytes than tumor cells’. However, the thresholds vary between

50% and 60% stromal lymphocytes.

Adopted from Salgado R, Denkert C, Demaria S, Sirtaine N, Klauschen F, Pruneri G, Wienert S, Van den Eynden G, Baehner FL, Penault-Llorca F, Perez EA,
Thompson EA, Symmans WF, Richardson AL, Brock J, Criscitiello C, Bailey H, Ignatiadis M, Floris G, Sparano J, Kos Z, Nielsen T, Rimm DL, Allison KH, Reis-
Filho JS, Loibl S, Setiriou C, Viale G, Badve S, Adams S, Willard-Gallo K, Loi S. The evaluation of tumor infiltrating lymphocytes (TILs) in breast cancer: recom-
mendations by an International TILs Working Group 2014, Ann Oncol 2015; 26: 259-71, with permission of Oxford University Press.*

TIL, tumor-infiltrating lymphocytes; DCIS, ductal carcinoma in-situ.

patients with estrogen receptor (ER)—positive cancer receiving
adjuvant chemotherapy. Consequently, these findings suggest
that stromal TILs can be utilized as prognostic markers in a
subset of breast cancer such as TNBC but not in ER-positive
breast cancer. Despite the reproducibility of TILs as prognostic
markers for patients with TNBC, TILs should not be used as
predictive markers for chemotherapy response because of the
absence of data from patients with TNBC not treated with che-
motherapy.

The pronounced prognostic effect of TILs particularly in
TNBC can be explained by the neoantigens described in the in-
troduction because TNBC has higher mutational load than do
non-TNBC tumors.” The higher mutational load of TNBC tu-
mors enhances immunogenicity and might result in increased
TIL recruiting.

Some studies have attempted to verify the prognostic signifi-
cance of TILs in patients with HER2-positive breast cancer
treated with adjuvant trastuzumab. Recent data from the FIN-
HER study suggested that increased TILs are associated with
better response to adjuvant trastuzumab. In the study, patients
with TIL-predominant tumors showed a superior survival out-
come compared to patients with non-TIL—predominant tumors
after adjuvant trastuzumab.’ Recently published data from the
N9831 study, which tested the benefit of trastuzumab in HER2-

http://jpatholtm.org/

positive breast cancer, also showed that patients with immuno-
genic tumors defined by mRNA expression of immune genes
had improved survival in response to trastuzumab treatments.”
However, there are major caveats to the results of the FINHER
trial. The number of patients was small (n=209), and the prog-
nostic value of TILs was not confirmed in multivariate analysis.
Moreover, based on the same samples from the N9831 study,
Perez et al.”” demonstrated conflicting results. In exploratory
analyses of TIL evaluation, stromal TILs were associated with
improved relapse-free survival in patients treated with chemo-
therapy alone but were not shown to be associated with recur-
rence-free survival in patients treated with chemotherapy plus
trastuzumab.

Therefore, based on the current findings, the effect of TILs in
mediating the response to adjuvant trastuzumab is not conclu-
sive. Despite the controversy regarding the role of TILs in re-
sponse to HER2-targeted therapy, previous studies have sug-
gested that TILs mediate the antitumor response of trastuzumab
and have the potential to be predictive markers of trastuzumab
response.’

In addition to stromal TILs identified by hematoxylin and eo-
sin exam, several studies have shown the prognostic value of
CD8+ intratumoral TILs in adjuvant settings. Furthermore, ge-
nomic data might accelerate the discovery of immune markers or

http://dx.doi.org/10.4132/jptm.2015.07.29



359

Tumor-Infiltrating Lymphocytes

‘[BAMNS 881)-80Ua1INJ8) ‘S4Y +103deoss usbouise ‘Y3 ‘uiejoid 4 X0 Peaupio;) ‘€dX0 (BAIMNS sai-asdejal 8SeaSIp JUBISIP ‘SHAQ [BANNS 881)-8Seasip JUISIP ‘S4ad ‘¢
Joydaoel Jojoe} ymolb fewepids uewny ‘gg3H ‘epiweydsoydojoko ‘unignaids |IoBINoIoN-G ‘D34 ‘BuIgjeouln A {[exeljoed d {[exeiaoop ‘g Ledued jsealq jueuituopald 81 o0oydwiA| ‘DgdT eAIMNS [[BISAO ‘SO ‘UIS
-09 pUe UliAxo1eway ‘JyH 1eoueo 1seaiq anebou-oidul ‘OGN ‘e1kooydwiA| Bureyul-iowns [eJownyenur i1t eikooydwiA| Bunesyiul-lown) fewions “J11s ‘Adessyiowsyo X190 ‘epiueydsoydojokd ‘uignioxop ‘[ioel
-NINOJ-G ‘D4 ‘[I0BINCION|-G ‘BExa10yIaU H|Al BAIMNS O1108dS Jaoued 1Seaiq ‘SS0g [[eANNS 881)-9SessIp ‘S ‘0l plezey ‘dH -Alsiwuayoo1siyounwil “OH| ‘AeLeoioi 8nssii ‘WAL {108N0INOj-G ‘UIDIgnIOXop
‘apiweydsoydojpio YyD ioeinoinoj-G ‘unigniides ‘epilueydsoydojoko ueipeue)) Y430 ‘epiuueydsoydojoAdouignioxop Oy HI0BIN0INoj-G ‘erexanoyiew ‘epiueydsoydooho YN0 erkooydwiAl Buelui-iowny L

gewnznses)
(28'=d) S44 40} 1" | YH :(%09< Areuia) Ogd 1 yum paieal| 95t qewnznisel] yim
gewnznisely dJ1odAg 0 pue (Auo 10e180E)
(200" =d) S44 10} 02°0 YH :(%09< Areuia) Ogd 1 NoyIMm paresi| 681 s STIL I8H Pamoj|0} OV aARoedsold wlie |E86N 0s'/B 1O Z8ied
I8H
(600" =d) S44 10} /2°0 4H STIL fesse (7 102)
:uoissaidxe YNHW | 7-0d eAnisod 9Z8 sTlLowosdsuoN  YNHW 1 7-ad VNHW UswiBas snoLep anjoedsoney  einysul 8jbuIS ‘e e Jadeyos
OANSOO-T|L+8aD YHMm 7L [ElC} pue X[ 0u o v2(¢102)
(70 =d) $304 404 870 YH L +€dXOA +cd3H/~4d3 88 UL LS €dx04 ‘8d0 VINL ‘Ov4 ‘OV 9N oAjoedsoney  einysul obuIS ‘e e nr]
[eul 1VaN
(¥00"=d) S304 40} 6.°0 YH “1ILS +8AD 800 Ad painusp Buipnioul a(7102)
(£0000"=d) 3304 10} 22°0 gH 1L +800 6evCh AL pue LS 800 VINL uswibel snoue on108dsosey SHOUO00 Uno4 ‘lele v
Wie gewnznisely Joy Aluo (syeueaiun +Z4HIH N
‘620" =0d) SHAQ 0 28'0 YH :(snonuuod) i1s +24daH 602 quienznise} Lim
(¢0=d) S40Q 404 22°0 YH :(snonupuod) | 1S OaNL vel gl 03440 034 /g {7 102)
SUON [e10] €6 s STIL I8H paMmajio} A 40 a oAoedsold d3HNIH ‘e e nry
dJiodhq
(£00'=d) SO 10} 6/°0 4H gL Pamojio} O 66119003 al102)
:(eseRI0Ul %01 Jed ‘snonupuod) 1S OaNL 187 s STIL I5H OV SA DY anjoedsoid 16129003 '[e 18 Swepy
4D
(960 =d) SO 10} 62°0 HH (%08 < Areuid) 0gd1 Ad pamojo}
(€20"=0) SO 10} £8'0 YH :(Snonupuod) (1S OdNL 95¢ 1L OV 10 4NO +(€102)
SUON [e101 600°C s STIL I8H Aq pamoyio} v aARoedsold 86-¢0 ©Id ‘818107
(L00">d) $S04 40} 870 HH “IL [e101 pue X]Qoulo v 102)
L +8d0 OdNL L6v UL LS 800 VAL ‘Ov4 ‘OV 9N oAjosdsosey  eIniisul slbuIS ‘fejenr
(200" =0d) 188 UOREPIEA Ul SSOF 10} 8G°0 HH
(L00" =d) 1es Buuel U SSOF 40} GG°0 HH 800 Aq «F102)
C1IL [e103 +8d0 veS L payhuepl T|L [e10L 800 VINL 4INO oAnoedsoney  einisul obuIS ‘[e 38 pnowyey
(eveveAun ‘910" =d) S40 40} 2°0 HUH EVORY w(1102)
S[I8d 1 +£d0 saujjohoeiyiue J0} GG Buofe OHI-edO eao VAL 430 OV 4NO oAjoedsoney  einyisul obuIS ‘[e 18 1SS\
e(SISAjeue a1eueAl L) uono8||09
' o A A ’ A
LSOO LOTE D) 821 s|dwes S| Jo 8dAL BTN essy uswibey A OE pnis aoualeley

sisoubold pue s7|1 Buiienfens saipnis WweAnpy *g ajgeL

http://jpatholtm.org/

http://dx.doi.org/10.4132/jptm.2015.07.29



o Ahn SG, et al.

360

‘ulgloid g4 X0q peaypo} ‘g4X04 ‘g Jo1dadal Jojoe} yimolb [ewispide uewny ‘ZyaH ‘[exe1soop ‘g ‘ueisuod eddey ujngojbounwiw Joy Buipoous susb
‘OMD)| ‘Upnapslul | Heoued 1sealq aArebeu-a|dul ‘OGN ‘[eXe1so0p pue uignids ‘jexeisoop ‘|3 ‘epiweydsoydojoAo ‘upigniide ‘oeinolony-G ‘D34 4eoued isealq jueuliopald e1AooydwiAl ‘g4 ‘erkooyduiA|
Bunesnu-iowny [ewoss “1LS ‘UIsos pue ulixorewsy ‘JgH ‘ekooydwiA| Bugeyul-iown] [eiownienul i1l Alsiwsyooisiyountull ‘“OH| ‘esuodsal aja|dwiod feaibojoyred ‘yod aikooydwiA| Bupesyu-iowny i1
“(ererrenun ‘£00000" =d) 4Od uim parerpnod Alpansod 80

(erereAuNn ‘00000 =0d) ONdA pereloosse gewnuwnyued 1(102)
HOd yim pelejenoo Ajpasod 8o Si1/0LdA VA7 10N 800 OHI UM @ INOUum/Uum O34 enjoadsold  Apnis AL || eseud ‘e 38 Z)0ygqeN
(ererenninw ‘yg0 =d) €dX04 ‘800 OHI susuwibel paseq oo(€102)
HOd yum pejejeuoo Apaisod s ONdAQLdA GLL sLs ‘800 ‘STIL I8H —oUexe}-euljokoBIILY  BA0adSOsRY einsu oibuIS [ je 89
(ererenninw ‘00" =d) 8dX04 suswibel paseq A€102)
HOd um psiejeod Apaisod a0 ONdAQLdA 3] s ‘¥30 '8a0 OHI —duexe}-euloAdeIUY  BA0edSONeY einsu oibuIs ‘e J6 083
(eveuennnw ‘00" =d)
HOd Yum peleroosse Ogd
(ereueApnw ‘10" =d) L Apnis 1oipeid «(€102) 1o
HOd yum pejeloosse Ogd pue sT|LS ONdAQ1dA —zgaH €L s $IL I8H aAq pemojio} O3 a-03 ojunpleden JeWILLINN-ESS|
eep ejep (spoyoo /)
(roo>d) p81eI00SSe uoIssaIdxe  uoISsaldxa uswibel BJEP UOISSaldxe (2102
Hod yum perejenod Apasod OMD)| pauepun Gy8 10N auaL) auarn) paseq-aulpAdBIYIUY an108dsolley ausb olond ‘B 18 1pIWydS
(erevenninw ‘y10"=d) 4217 0344 wlehoe)
40d yum payejeriod Apnnisod €dx04  ONJAQ LA 08k L ‘edX04 '8a0 OHI PaMOJ[0} [oXeNOBg  dnljoadsoley feuoinsul ‘e 19 €p0
(eveueAnW ‘100 >d) sustuife (2102)
HOod yum e1eje.ioo s|1 [e1o) SI1/01dA 39 STIL el STIL J9H  Paseq-euexe}-suljokoRILIuY anj0adsoney ansuUl 9IbUIS /e 18 IyonBeWeA
Suswibal paseq-suexey Jo
(eveueAlnW ‘GO =d) L peseq-epileydsoydojohd =(2102)
HOd Yum ejejelio0 s [elol 01dA OEaNL 6 s $IL I8H ‘paseg-euljohoeIuY  BAjoadsosey anysul 8jbuIS ‘e jo 0uQ
10-00919/7660 +
elep elep 01403 woy
(ereuRANNW ‘100 =d) pajeIoosse uoissaldxe  uoisseldxe BJEp UoIssaldxe w(1102)
Hod yum areeuoo ainyeubis 7|1 ybiH paulepun 66 10N aueL) auen) 131 sAD34 aA}0edsold ausb allond YiZREREEN
H0od pasealoul o annoipaid
Qlom SIeMEL YNHW sunww| g|. SIoYEW YNYW fesse suexe}-euloAoBIyUY
(eveennnw ‘100" =d) ONdA I8Y L sunuw| ¢ YNgW SA Ulyejdoicea (G 102)
(8sERIOUI %0 Jod ‘Snonuiuod) sT|1S SI1/0LdA 08S LS STIL I9H sn|d suexe;-suljofoeIyIuY aAoedsoid OIXIssedsr) ‘e 18 UeMus(Qq
(eveuenpnw ‘100" =d) (oureden)
(909< Areuig) 0gd1 auloe}0eded
(eveuenpnW ‘100" =d) ONdA L /BUIQ[RIOUNF DV L ousede) 2(0102)
(8seau0Ul 90| Jod ‘snonuiuod) sT|1S SI1/0L1dA 8G0‘| LS SIL I8H (ongueden) 00g-03 BA1108ds01d ongJedan ‘e 16 UaduaQ
ONdA suswiBel peseq 1+(8002)
(ereLeAun ‘p00 =d) L+€00 Si1/0LdA €l gl €00 OHI -Buexe}-aUloAoeIyIY  BAjosdsoney sinusul ojpuIS /e 3o eroyoAuIoH
Hod jo uonoe||09
HOd yum uoieio) uonuIeq ozis oldwes  s7|L Jo adAL JaxeN Ressy uswibey o/cLLES 10 JOUUEN Apms ERVEIETEN]

SeIPN]S JUeANPEOSU Ul 8suodsal o1Bojoyled pue Sj] USsMISq UOIBID0SSE 8] *¢ 8|qeL

http://dx.doi.org/10.4132/jptm.2015.07.29

http://jpatholtm.org/



immune signatures associated with TILs or treatment outcome.

TILs have been evaluated in the samples of core biopsies from
more than 3,000 patients receiving neoadjuvant chemotherapy.
These studies used clinical information from prospective trials,
as well as from single institutional cohorts. In an early study of
a cohort of limited size, the numbers of intratumoral TILs de-
tected by CD3 expression were significantly higher in patients
with pathological complete response (pCR).* Patients who
achieved pCR also had significantly higher dendritic cell (CD83+)
counts in specimens of core biopsies. The potential of TILs as
biomarkers predicting pCR was independently confirmed using
much larger cohorts of patients enrolled in the GeparDuo and
GeparTrio trials. These studies showed that the percentage of
intratumoral TILs is an independent predictor of pCR.*” The
studies investigating the role of TILs in patients undergoing
neoadjuvant chemotherapy are summarized in Table 3. In sum-
mary, data of both histologically assessed TILs and molecular
genetic signatures indicate that increased immune markers are
related to higher pCR rates independent of other clinico-patho-
logical factors or type of chemotherapy. A recent meta-analysis
of TILs in neoadjuvant studies also supported the hypothesis
that higher TIL level is associated with higher pCR rate.’

CONCLUSION

Accumulating preclinical and clinical evidence supports the
use of TILs as predictive and prognostic markers in breast can-
cer. However, it is essential to establish a standard definition of
TILs and to develop a consensus for morphological evaluation
of TILs before they can be applied in routine clinical practice.
The heterogeneity of types and functions of lymphocytes and
activating mechanisms demands molecular and functional char-
acterization of TILs in order to improve their value. The incor-
poration of other biomarkers in breast cancer, such as the re-
maining hurdle with interobserver variability in determination
of Ki-67, suggests that a biomarker cannot be widely applied
in daily practice until a standardized approach has been validat-
ed in multiple studies including prospective trials. Further sci-
entific research with TILs will offer unique insights and infor-
mation on the role of the immune systems in malignancy and

in treatment response.
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The advances in techniques of pancreas cytology specimen
sampling have improved the yield of specimen for diagnosis in
various pancreatic diseases. Proper triage and processing of
specimens that maximizes the use of the aspirated specimen or
cyst fluid for ancillary testing are pivotal in making a specific di-
agnosis, or in some cases, a sufficiently specific diagnosis, which
when combined with the clinical and imaging characteristics of
the case, allow for proper patient management. Recently pro-
posed terminology for pancreaticobiliary cytology aims to stan-
dardize the language of reporting to improve communication
among the patient’s caregivers as well as to provide for increas-
ingly conservative patient management options.'

CLINICAL INDICATIONS FOR SAMPLING

Pancreas cytology specimen sampling is indicated when the
information obtained by specimen sampling has the potential
to affect the patient management. This includes (1) differentiat-
ing benign from malignant lesions; (2) staging of cancer; and (3)
diagnosis of malignancy before chemotherapy and/or radiation
therapy.”
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The recent advances in pancreas cytology specimen sampling methods have enabled a specific
cytologic diagnosis in most cases. Proper triage and processing of the cytologic specimen is piv-
otal in making a diagnosis due to the need for ancillary testing in addition to cytological evalua-
tion, which is especially true in the diagnosis of pancreatic cysts. Newly proposed terminology for
pancreaticobiliary cytology offers a standardized language for reporting that aims to improve
communication among patient caregivers and provide for increased flexibility in patient manage-
ment. This review focuses on these updates in pancreas cytology for the optimal evaluation of
solid and cystic lesions of the pancreas.
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TECHNIQUES OF CYTOLOGY
SPECIMEN SAMPLING

Techniques of pancreas cytology specimen sampling include
percutaneous computed tomography- or ultrasound-guided fine
needle aspiration (FNA), endoscopic retrograde cholangiopan-
creatography (ERCP)—guided brush cytology of the pancreatic
duct, and the distal common bile duct, and endoscopic ultra-
sound—guided FNA (EUS-FNA)." ERCP-guided specimen
sampling is rarely used, as the yield of exfoliative cytology from
the aspirated pancreatic juice is low, and the risk of pancreatitis
from ductal brushing is significant.” Compared to EUS-FNA,
percutaneous FNA suffers from lower diagnostic yield in pan-
creatic tumors with diameter less than 3 cm,” and is suggested
to have higher complication rates.® Currently, EUS-FNA is
considered to be the first-line technique when sampling of a sus-
pected pancreatic cancer is indicated.’

EUS-FNA of solid pancreatic lesions is performed using linear
echoendoscopes. Doppler imaging is used to identify and avoid
blood vessels when passing the needle into the lesion.” Lesions
in the head/uncinate process of the pancreas are accessed via trans-
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duodenal approach; lesions in the body or the tail of the pancre-
as are accessed via a transgastric route.” Selection of appropriate
EUS needles is based on the vascularity of the target lesion, dif-
ficulty in accessing the lesion, and the type of specimen needed
for the diagnosis." For cytology, simple aspiration needles of 22-
or 25-gauge are used.” A recent meta-analysis concluded that
the EUS-FNA using 25-gauge needles are more sensitive than
that using 22-gauge needles for diagnosis of pancreatic malig-
nancy." Histologic samples may be obtained by standard 19-
gauge and 22-gauge FNA needles. Recently, 19-gauge and 22-
gauge core biopsy needles have become available.'' Core needle
biopsies are often critical in procuring sufficient tissue for a spe-
cific diagnosis, which is especially true for diseases dependent
on some tissue architecture such as autoimmune pancreatitis, or
morphologically similar tumors distinguished by immunohisto-
chemical studies such as neuroendocrine neoplasms, acinar cell
carcinoma and solid-pseudopapillary neoplasms.'?

When the lesion is identified, the needle, occluded by a stylet,
is placed into the target lesion with one quick thrust. Once the
lesion is placed into the solid lesion, the stylet is removed, and
the needle is moved to and fro within the lesion with or without
application of suction.” Use of a stylet is very important as it mi-
nimizes gastrointestinal contamination of the specimen which
can cause significant diagnostic difficulty.” Using fanning tech-
nique during needle handling enables sampling from multiple
areas within the lesion and increases the yield of cytology."* Mul-
tiple needle passes are usually needed for diagnosis.”

After each needle pass in EUS-FNA of solid masses, the pro-
cured material is expelled onto glass slides. Core particles are
placed in formalin solution. Smears are prepared on glass slides
and fixed in ethanol, or air-dried. In the case of EUS-FNA of
pancreatic cystic lesions, the procedure is similar to that of solid
pancreatic lesions except that direct smears are not made. All
fluid should be aspirated using suction with one needle pass,'®
and any solid component separately aspirated. Direct smears
should be made of this aspirate, which could be evaluated on-
site if so desired. Antibiotics are used to minimize the risk of cyst
infection."”

Tumor cell seeding following EUS-FNA has been reported
anecdotally, but relative to the number of biopsies performed,
the rate is very low. Seeding of neoplastic mucinous cysts is of
particular concern in Asian countries; however, a recent study has
shown that there is no difference in peritoneal seeding or pseu-
domyxoma peritonei in patients who did and did not have EUS-
FNA prior to resection.'®
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SPECIMEN TRIAGE AND PROCESSING

Specimen aspirated from the pancreas can be prepared using
direct smears, cytospins (Thermo-Shandon Instruments, Ashe-
ville, NC, USA), liquid based preparations—ThinPrep (Holog-
ic Corporation, Marlborough, MA, USA) or SurePath Prep
(Becton-Dickinson, Burlington, NC, USA), and as formalin-
fixed paraffin-embedded tissue (cellblocks and core biopsies).
The preparation technique used will depend on the type of lesion,
and the preferences of the laboratory and pathologists assessing
the samples. In order to perform a rapid on-site evaluation (ROSE)
at the time of biopsy, direct smears will have to be made.

RAPID ON-SITE EVALUATION

The purpose of ROSE is to ensure that the FNA is adequately
cellular for diagnosis and that the tissue aspirated is appropri-
ately prepared and triaged for diagnosis. ROSE has been shown
to be beneficial for solid mass lesions of the pancreas,”* but
since ROSE does not direct repeat biopsies of a cystic lesion, and
the aspirated cyst fluid is usually so scant, ROSE is not recom-
mended for cystic lesions that produce liquid cystic fluid. If the
cyst has a solid component, it is separately sampled with direct
smears made for cytological analysis.

PROCESSING OF ASPIRATES
FROM SOLID MASSES

The best method of processing specimen from FNAs of solid
masses is with direct smears, as long as good direct smears can
be made (see below). Processing specimen for cellblock prepara-
tion is recommended even if core biopsies are also planned as
not all core biopsies are representative. Specimen in paraffin pro-
vides small tissue fragments for cytohistological evaluation and
provides readily accessible tissue for immunohistochemical and
molecular studies, which may be essential for an accurate and
specific diagnosis. A dedicated biopsy pass can be triaged for mi-
crobiologic cultures, electron microscopy, and flow cytometric
analysis."”

Direct smears

Direct smears are made from aspirates that is solid enough to
be smeared, which may include some aspirates from thick cyst
contents. Direct smears may be air-dried or fixed with an alco-
hol based fixative. Air-dried smears are stained with a Romano-
wsky stain, such as Diff-Quik, which provides details of the cy-
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toplasmic features and background mesenchymal elements.
Fixed smears are stained with either a standard Papanicolaou
stain or hematoxylin and eosin stain, which provides nuclear de-
tails. Regardless of the stain used, all require good quality
smears for accurate interpretation. The person responsible for
making the smears should have proper training.

Prior to expressing the aspirate onto slides to make the direct
smears, the outside of the needle should be wiped clean of con-
taminating cells and mucus from the gastrointestinal tract. As-
pirated specimen should be spread across the slide in a relatively
thin layer with an even distribution, and without crush, air-dry-
ing or obscuring artifact. A poorly prepared smear may not be
interpretable, or worse, may lead to a false-positive or false-neg-
ative interpretation. Critical to an optimal smear is to remove
needle casts of clotted specimen from the slides, which are ex-
pressed as “worms” of clotted specimen and which may contain
valuable specimen (Fig. 1). All such specimen clots should be
gently lifted from the glass slide with the tip of a needle and
placed in formalin for cellblock preparation.

Liquid based preparations

The two most common liquid based cytology (LBC) methods
include ThinPrep (Hologic Inc., Marlborough, MA, USA) and
SurePath (Becton-Dickinson, Burlington, NC, USA). The pro-
prietary alcohol-based fixatives (Cytolyt [Hologic Corp., Marl-
borough, MA, USA] for ThinPrep and Cytorich Red [Becton-
Dickinson, Burlington, NC, USA] for SurePath) reduce the
potentially obscuring background elements such as blood and
inflammation. Extracellular mucin, however, will be diluted and
attenuated making morphological interpretation challenging.
For this reason as well as the inability to perform biochemical

Fig. 1. Needle casts of blood clot expressed onto a glass slide
should be placed in formalin for cellblock processing. Tissue en-
trapped in blood clot is not evaluable on cytology.
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testing, LBC is not recommended for cyst fluids. For solid mass-
es, however, a liquid-based preparation is far more desirable than
poorly prepared direct smears with artifact.

Formalin-fixed paraffin embedded specimen
Needle rinsings after expression of the aspirate on the slide
coupled with a dedicated biopsy for rinsing only, often provide
specimen for cellblock preparation. The cellular content of needle
rinsing fluid is spun down into a cell button, which is then fixed
in formalin and processed as a routine histology specimen (Fig. 2).
There are different methods of agglutinating the cells. A com-

mon method is the plasma-thrombin clot method using outdat-

Fig. 2. Tissue fragments from needle rinsings or clotted tissue
worms as illustrated in Fig. 1 should be processed as a cellblock,
which provides readily available tissue for ancillary testing. This ex-
ample of a well-differentiated neuroendocrine tumor resembles a
solid-pseudopapillary neoplasm.

Fig. 3. The example of a well-differentiated neuroendocrine tumor
resembling a solid-pseudopapillary neoplasm illustrated in Fig. 2 is
tested with an immunohistochemical stain for synaptophysin,
which shows diffuse strong staining supporting the diagnosis of a
neuroendocrine tumor (peroxidase-anti-peroxidase).
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Molecular analysis
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Fig. 4. Aigorithm for PCF triage and ancillary testing at the Massachusetts General Hospital. CEA, carcinoembryonic antigen.

ed plasma from a blood bank. This method suspends the cells
in a fibrin clot, which is wrapped in tissue paper and processed.
Other methods include the HistoGel technique (Thermo Scien-
tific Richard-Allan Scientific HistoGel, Kalamazoo, MI, USA)
and the collodion bag technique (Mavidon, Nailsea, Somert, UK
or Macron Fine Chemicals of Avantor Performance Materials
Inc., Center Valley, PA, USA), both of which are more labor in-
tensive, but which may be better for very scant specimens. An
automated cellblock method is the Cellient Automated Cell
Block System (Hologic Inc., Bedford, MA, USA) which creates
a paraffin-embedded cell block by using vacuum filtration to de-
posit a layer of cells on a filter and then infiltrate those cells with
processing reagents and paraffin.

Larger core biopsies which can be handled with forceps are
processed using standard histotechnology techniques. All such
core biopsies should be wrapped with tissue paper around a card-
board protector to prevent loss through the cassette during pro-
cessing. If the core biopsy sample is small and fragmented, it
should be handled as a cellblock. Having specimen fixed in for-
malin is an invaluable adjunct to cytological evaluation of a mass
lesion. This is especially true for diseases dependent on some
histologic architecture such as autoimmune pancreatitis, or mot-
phologically similar tumors which are distinguished by immu-
nohistochemical studies such as neuroendocrine neoplasms, acinar
cell carcinoma and solid-pseudopapillary neoplasms. Secondarily
cystic solid neoplasms, such a neuroendocrine tumors are de-
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pendent on cytology, and in many cases on the immunohisto-
chemical staining that supports the neuroendocrine nature of
the cells, for a specific diagnosis since biochemical analysis and
molecular analysis are noncontributory.”*** So in addition to the
simple hematoxylin and eosin stained sections from the cell-
block, additional sections of the tissue can be used for ancillary
testing including immunohistochemical stains and molecular
analysis (Fig. 3)."”

CYSTIC LESIONS

The triage of cyst fluid for testing is volume dependent. Cyst
fluid should always remain fresh and unfixed and sent to the cy-
tology lab for processing. Fig. 4 outlines the cyst fluid triage
protocol developed at the Massachusetts General Hospital. Cyst
fluid is triaged to address two specific clinical questions that di-
rectly impact patient management: (1) is the cyst mucinous?
and (2) is the cyst high-risk by cytology?®

Very small quantities of cyst fluid (< 0.5 mL) are typically too
scant in cellularity to make cytology a meaningful test. Howev-
er, if imaging features are characteristic of an intraductal papil-
lary mucinous neoplasm (IPMN), then the remaining clinical
question is whether there is cytological evidence of a high-risk
lesion warranting resection. As such, all of the cyst fluid should
be sent for cytological analysis. If, however, the primary question
is whether the cyst is mucinous or non-mucinous, fluid should
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be triaged to carcinoembryonic antigen (CEA) or, if prior test-
ing demonstrated a non-elevated CEA, molecular analysis.”

Cyst fluids measuring more than 0.5 mL offer sufficient vol-
ume for multiple ancillary tests (see below).

Cytospin

A cytospin is a cell concentration method of processing and is
the best method for fresh cyst fluid and scantily cellular aspi-
rates. High cellular samples need to be diluted. Cytospin prepa-
rations maintain the integrity of background elements such as
mucin and necrosis. Once the pancreatic cyst fluid is centrifuged
to create a cell button and the supernatant is sent for biochemi-
cal analysis, the cell button is resuspended and processed as a cy-
tospin to create a cytological slide for routine staining.

BIOCHEMICAL ANALYSIS

The supernatant cyst fluid following centrifugation is sub-
mitted to the chemistry laboratory for CEA and/or amylase test-
ing. At least 0.3 mL of fluid is usually needed for each assay. If
volume is scant, CEA generally takes priority over amylase. If
there is sufficient fluid, both assays are performed.

Carcinoembryonic antigen

CEA has been shown to be the most reliable and accurate test
for a mucinous cyst compared to mucin stains and cytology.” The
CEA immunoassay uses the sandwich antibody method. The
measured CEA value of a patient’s sample can vary depending
on the testing procedure used so each laboratory must validate
the assay for normal and abnormal ranges. Cut-off levels affect
sensitivity and specificity. At a level of 192 ng/mL CEA has an
overall accuracy of up to 80% (specificity of 84% and sensitivi-
ty of 75%).” Raising the cut off value improves specificity at
the expense of sensitivity. At a level of 800 ng/mL, the specificity
is 98% but sensitivity is 48%.” Serous cystadenomas and pseu-
docysts typically have CEA levels lower than 0.5 ng/mL. How-
ever, elevations of CEA may be seen in pseudocysts and other
non-mucinous cysts such as lymphoepithelial cysts,* and non-
neoplastic mucinous cysts such as gastrointestinal duplication
cysts.” In addition, CEA is not always elevated in a mucinous
cyst so a low CEA level may be supportive of a non-mucinous
cyst, but should not be interpreted as diagnostic of a non-muci-
nous cyst. CEA levels also do not correlate with malignancy.

Amylase

Amylase testing uses an enzymatic colorimetric assay to
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quantify o-amylase. The utility of amylase analysis in cyst fluid
is to support the clinical and cytological diagnosis of a pseudo-
cyst or serous cystadenoma. Pseudocysts should always have a
high amylase level, usually in the 1000s due to the destruction
of pancreatic acinar tissue, and serous cystadenomas consistently
demonstrate low amylase levels.”” A low amylase level (< 250
U/L) in a pseudocyst is very unlikely.”” Amylase levels are highly
variable in mucinous cysts and do not distinguish between
IPMN and mucinous cystic neoplasm (MCN).”**

MOLECULAR ANALYSIS

Mutational analysis is not routinely used for diagnosis or prog-
nosis of solid pancreatic masses, but is extremely valuable in the
diagnosis of pancreatic cysts.”***® Most epithelial neoplasms
are readily diagnosed using routine cytology with or without
immunohistochemical analysis. Molecular mutations are typi-
cally not sufficiently specific to establish a malignant diagnosis
since precursor lesions such as pancreatic intraepithelial neopla-
sia (PanIN) demonstrate some of the same mutations as invasive
adenocarcinoma. The model of progressive and cumulative mu-
tations from normal pancreas to PanIN to carcinoma has been
established with the sequential accumulation of alterations in
the KRAS and TP53 genes and loss of the CDKN2A and/or
SMAD4 tumor suppressor genes.”” Immunohistochemical
stains of tissue in cellblocks can analyze for upregulation of P53
and loss of SMAD4 by staining for the protein products of these
genes.

For cysts, however, molecular analysis of DNA from the few
cells or supernatant fluid is very valuable. Molecular testing is
performed on a homogenized aliquot of cyst fluid typically at
least 0.3 mL in volume. The DNA present in the sample may or
may not be representative of the cells evaluated by cytology; in
other words, the cytology may not demonstrate neoplastic cells,
but the molecular analysis demonstrates a KRAS mutation,”**" "
Whatever DNA is present in the sample is analyzed, whether it
is from cells in the sample or free DNA in the cyst fluid. As such,
the presence of a mutation is a true positive result, but the ab-
sence of a mutation may very likely represent a false-negative re-
sult. Detection of KRAS/GNAS/RNF43 mutations are highly
specific for determining that the cyst is mucinous, and may pre-
clude the need for repeat testing if CEA is not elevated to support
the clinical impression of a mucinous cyst from imaging.***' De-
tection of mutations late in the adenoma-carcinoma sequence
such as in TP53, pI6/CDKN2A, and SMAD4 may add weight
to an indeterminate (atypical or suspicious) cytological interpre-
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Table 1. Molecular changes associated with the most common pre-
cursor and cystic lesions in the pancreas

Genetic change Associated lesions

KRAS mutation IPMN, MCN, and PaniIN, all grades
GNAS mutation IPMN, all grades

RNF43 mutation IPMN and MCN, all grades
P16/CDKN2A loss IPMN, MCN, and PaniIN, all grades
TP53 mutation IPMN, MCN, and PanIN, high-grade
SMAD4 loss IPMN, MCN, and PanIN, high-grade

VHL mutation
CTNNBT mutation

IPMN, intraductal papillary mucinous neoplasm; MCN, mucinous cystic
neoplasm; PanIN, pancreatic intragpithelial neoplasia.

Serous cystadenoma
Solid-pseudopapillary neoplasm

Table 2. Standardized pancreaticobiliary terminology proposed by
the Papanicolaou Society of Cytopathology

I. Nondiagnostic
II. Negative (for malignancy)
III. Atypical
IV. Neoplastic
A. Benign
Serous cystadenoma
Neuroendocrine microadenoma
Lymphangioma
B. Other
Intraductal papillary mucinous neoplasm (low, intermediate and
high-grade dysplasia)
Mucinous cystic neoplasm (low, intermediate and high-grade
dysplasia)
Well-differentiated neuroendocrine tumor
Solid-pseudopapillary neoplasm
V. Suspicious (for malignancy)
VI. Positive/Malignant
Ductal adenocarcinoma and variants
High-grade (G3) neuroendocrine carcinoma
Acinar cell carcinoma
Pancreatoblastoma
Lymphoma
Metastases

tation. Table 1 outlines the molecular profiles useful in the evalu-
ation of pancreatic cysts.

STANDARDIZED REPORTING OF
PANCREATICOBILIARY CYTOLOGY

The Papanicolaou Society of Cytopathology has proposed a
standardized terminology scheme for reporting pancreaticobili-
ary cytology with six categories (Table 2)."' New and somewhat
controversial is the category “neoplastic” that is divided into
clearly “benign” neoplasms and “other” neoplasms. The “other”
category includes a wide variety of lesions ranging from prema-
lignant mucinous cysts to low-grade potentially malignant and
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low-grade malignant neoplasms. This standardized terminology
and nomenclature system aims to provide intra- and interdepart-
mental guidance for diagnosis, and one that correlates the diag-
nosis to our current understanding of the lesion’s biological be-
havior and management recommendations.

Category I. Non-diagnostic

A cytology specimen is non-diagnostic when it fails to provide
any diagnostic or useful information about the solid or cystic le-
sion sampled. The clinical and imaging context should be taken
into consideration when assessing whether a sample is adequate.
Thick extracellular mucin without epithelial cells is not non-di-
agnostic, for example. Thin cyst fluid with an elevated CEA level
above a validated cut-off level supporting a mucinous cyst is
also not non-diagnostic despite the absence of an epithelial cell
component.” In contrast, cyst fluid without lesional epitheli-
um, scant thin extracellular mucin which could be gastrointesti-
nal contamination, and a CEA level below the established cut-off
level supporting a mucinous cyst is a nondiagnostic specimen.

Category Il. Negative (for malignancy)

When an FNA contains adequate cellular and/or extracellular
tissue to evaluate or define a lesion that is identified on imag-
ing, it can be classified as negative (for malignancy). Whenever
possible a specific diagnosis should be given, for example, ch-
ronic pancreatitis or lymphoepithelial cyst.* Benign pancreati-
cobiliary tissue in the setting of vague fullness and no discrete
mass also qualifies as a negative interpretation. A negative intet-
pretation with a descriptive diagnosis implies that the sample is
adequately cellular and that no cytological atypia is present.

Category ll. Atypical

When cells display cellular changes inconsistent with normal
or reactive cellular changes, and that are insufficiently atypical or
characteristic to make a diagnosis of a neoplasm or to be suspi-
cious for a high-grade malignancy, then the atypical category is
appropriate. Aspirates with cytological findings suggestive but
not diagnostic of a low-grade neoplasm such as a neuroendocrine
tumor or solid-pseudopapillary neoplasm due to insufficient
specimen for confirmation of a specific diagnosis belong in the
atypical category. Brushing cytology yielding atypical biliary
epithelium remains in this category since premalignant lesions
of the biliary tract have not been as well defined with correla-
tive management algorithms.

http://jpatholtm.org/
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Category IV. Neoplastic

IVA. Neoplastic: benign

Aspirates diagnostic of a benign neoplasm belong in this in-
terpretation categoty, for example, serous cystadenoma, neuroen-
docrine microadenoma, and lymphangioma.

IVB. Neoplastic: other

Pre-malignant neoplasms such as IPMN or MCN with low,
intermediate, or high-grade dysplasia, and potentially malignant
or low-grade malignant neoplasms such as well-differentiated
pancreatic neuroendocrine tumors and solid-pseudopapillary neo-
plasms belong in this category.

The rationale for this proposed category relates the desire to
standardize and correlate the cytological nomenclature with the
2010 World Health Organization (WHO) terminology classifi-
cation that maintains the nomenclature for both neuroendo-
crine tumors and solid-pseudopapillary neoplasms as “neoplasms”
rather than carcinomas, and to take into consideration the in-
creasingly conservative management approaches for many of the
lesions.

These “other” neoplasms are either pre-invasive, potentially
malignant, or low-grade malignant neoplasms, which should
be distinguished from aggressive, high-grade malignancies such
as ductal adenocarcinoma. All of the tumors in this category are
clearly neoplastic, and even though some are low-grade malig-
nant, the heading “Neoplastic: other” is an accurate and reason-
able generic term that accurately reflects the pre-operative cyto-
logical terminology and does not define the neoplasm as benign
or malignant. The cytological categories of “atypical” and “suspi-
cious for malignancy” connote an indeterminate interpretation
and do not relate the detection of a neoplasm, which could lead
to unnecessary repeat biopsy.

The cytological interpretation of a neuroendocrine tumor, not
otherwise specified indicates a well-differentiated neoplasm. The
term “carcinoma” is reserved for high-grade neoplasms (G3),
typically with a small cell carcinoma or large cell undifferentiat-
ed carcinoma morphology. Although it is now widely accepted
that well-differentiated neuroendocrine tumors have malignant

144
)

potential," many are very slow growing and even curable if cau-
ght at an early stage, and some are detected incidentally in as-
ymptomatic, elderly patients who may be better served with con-
servative observation than surgical intervention. To distinguish
these low-grade neoplasms from highly aggressive malignant
neoplasms and to offer management flexibility in elderly pa-

tients with small, asymptomatic tumors where the risk to bene-
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fit ratio of surgery is high compared to conservative management,
neuroendocrine tumors are placed in this category rather than
the malignant category. Convincing a patient with a malignant
cytology report that conservative management of their inciden-
tal 1-cm-sized neuroendocrine tumor is the best option for them
is virtually impossible.

Solid-pseudopapillary neoplasm is a low-grade malignancy
but with a small local recurrence rate and low metastatic poten-
tial.” For these reasons coupled with the fact that the tumor is
called a “neoplasm” and not carcinoma, it is included in this Neo-
plastic: other category.

The pre-malignant mucinous cysts of the pancreas, IPMNs
and MCNe, are lined by low, intermediate, or high-grade dys-
plasia; malignancy requires an invasive component. Atypia less
than overtly malignant is included in this category of ‘Neoplas-
tic: other’. Distinguishing the atypia in these cysts is challeng-
ing using a four-tiered system, and it is not always possible to
distinguish high-grade dysplasia from carcinoma, or intermedi-
ate-grade dysplasia from high-grade dysplasia. A two-tiered sys-
tem of low-grade (low-grade and intermediate-grade dysplasia)
and high-grade (high-grade dysplasia or adenocarcinoma) epi-
thelial atypia provides the best information for clinical manage-

ment. ¥

Category V. Suspicious (for malignancy)

A specimen is suspicious for malignancy when the quality
and/or quantity of the cellular atypia are insufficient for a malig-
nant interpretation. This category generally refers to pancreatic
adenocarcinoma since most malignancies in the pancreas are duc-
tal adenocarcinoma, but this category is used for all high-grade,
aggressive malignancies. The suspicious category is also used for
aspirates that include high-grade neoplasms in the differential
diagnosis, e.g., acinar cell carcinoma or pancreatoblastoma, but
insufficient tissue for confirmatory ancillary studies is not available.

Category VI. Positive or malignant

This category includes high-grade, aggressive tumors such as
pancreatic ductal adenocarcinoma and its variants, cholangiocar-
cinoma, acinar cell carcinoma, high-grade neuroendocrine car-
cinoma (small cell and large cell), pancreatoblastoma, lympho-
mas, sarcomas and metastases to the pancreas.

SUMMARY

Pancreatic cytology is an accurate method of evaluating solid
and cystic lesions in the pancreas. Accuracy, however, requires a
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multidisciplinary and multimodal approach where the cytologi-
cal features are interpreted in the context of the clinical, imaging
and ancillary testing information available. Adequate tissue pro-
curement, processing and triage are vital steps in ensuring that
the tissue is sufficient for a diagnosis, and standardized termi-
nology ensures that the language used to report the findings in
a single coherent, integrated report is understood by all caregiv-
ers involved in the management of the patient.
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Background: There is increasing interest in hepatocellular carcinomas (HCC) expressing
“stemness”-related markers, as they have been associated with aggressive behavior and poor
prognosis. In this study, we investigated the usefulness of Sal-like protein 4 (SALL4), a recently
proposed candidate marker of “stemness.” Methods: Immunohistochemical stains were per-
formed for SALL4, K19, and epithelial cellular adhesion molecule (EpCAM) on tissue microarrays
constructed from 190 surgically resected HCCs, and the results were correlated with the clinico-
pathological features and patient survival data. Results: Nuclear SALL4 expression was observed
in 39/190 HCCs (20.5%), while K19 and EpCAM were expressed in 30 (15.9%) and 92 (48.7%)
HCCs, respectively. The nuclear expression was generally weak, punctate or clumped. SALL4 ex-
pression was significantly associated with a poor overall survival compared to SALL4-negative
HCCs (p=.014) compared to SALL4-negative HCCs. On multivariate analysis adjusted for tumor
size, multiplicity, vascular invasion, and pathological tumor stage, SALL4 remained as a signifi-
cant independent predictor of decreased overall survival (p=.004). SALL4 expression was posi-
tively correlated with EpCAM expression (p=.013) but not with K19 expression. HCCs that ex-
pressed both SALL4 and EpCAM were associated with significantly decreased overall survival,
compared to those cases which were negative for both of these markers (p=.031). Conclusions:
Although SALL4 expression was not significantly correlated with other clinicopathological param-
eters suggestive of tumor aggressiveness, SALL4 expression was an independent predictor of
poor overall survival in human HCCs, and was also positively correlated with EpCAM expression.

Key Words: Carcinoma, hepatocellular; SALL4; Immunohistochemistry; Prognosis

Hepatocellular carcinoma (HCC) is one of the leading causes
of cancer mortality in the world, with a limited number of cur-
rently available therapeutic options. Recent advances in research
have suggested various molecular classifications for HCC, for ex-
ample the “hepatoblast signature,” “cholangiocarcinoma-like sig-

» o«

nature,

epithelial cellular adhesion molecule (EpCAM)—posi-
tive signature,” and “S-gene score,” which help to identify subsets
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of HCC with poor prognosis and aggressive biological behavior,
and which also point to the heterogeneity of HCC." Translat-
ing the molecular classifications into surgical pathology practice
would potentially add more functionally and clinically relevant
information in addition to the purely morphological diagnosis,
and such endeavors have resulted in new classifications of vari-
ous cancers, including HCC, which reflect the histopathologi-
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cal, immunophenotypical and molecular features of the tumors.

Interestingly, a remarkable number of the proposed poor
prognostic signatures for HCC are related to “stemness,” and the
expression of hepatic stem/progenitor cell-related markers in
HCCs have been associated with an aggressive clinical behavior,
compared to conventional HCCs that do not express these mark-
ers.”® It may be speculated that HCCs with “stemness”-related
marker expression result from the malignant transformation of
hepatic stem/progenitor cells, or from the dedifferentiation of
conventional HCCs that acquire “stemness’-related markers dur-
ing tumor progression. Whatever the pathogenesis, these tu-
mors show features of aggressive behavior, such as frequent vas-
cular invasion, and poor prognosis, up-regulation of epithelial-
mesenchymal transition-related genes, longer telomeres and
increased resistance to chemotherapeutic agents.”””

It is still uncertain which marker is the best one for identify-
ing this aggressive subgroup of HCCs; most of the recent litera-
ture has focused on K19, EpCAM, and CD133. Recent studies
have proposed as a novel marker for the progenitor subclass of
HCC Sal-like protein 4 (SALL4), which is known to be an im-
portant regulator of pluripotency in embryonic stem cells.”"* In
this study, we investigated the usefulness of SALLA as a prognos-
tic marker and a marker of “stemness” in HCC.

MATERIALS AND METHODS

Case selection and review

This study was approved by the Institutional Review Board of
Seoul National University Bundang Hospital (B-1502-286-302).
One hundred and ninety consecutive cases of surgically resected
or explanted HCCs were enrolled in this study, and were re-
trieved from the surgical pathology files of Seoul National Uni-
versity Bundang Hospital from May 2003 to April 2010. The
clinicopathological characteristics of the cases are summarized
in Table 1. The electronic medical records, surgical pathology
reports, and the hematoxylin and eosin-stained slides were re-
viewed for each case, and the clinicopathological variables noted
included tumor size, multiplicity (including intrahepatic me-
tastasis/satellite nodules and multicentric occurrences), histo-
logical differentiation according to the Edmondson-Steiner grade
(the highest grade in tumors with heterogeneity), the presence
of microvascular or major vascular invasion, the patient demo-
graphics (age and sex), and the presence of an underlying etiol-
ogy (e.g., hepatitis B, C, alcohol). Follow-up data was also ob-
tained from the medical records, including recurrences (including
local recurrence and distant metastasis) and death. The median

http://jpatholtm.org/

Table 1. Clinicopathologic characteristics of the HCC patients (n=
190)

Characteristic No. (%)
Age (yr) 58.1+11.8
Sex
Male 151 (79.5)
Female 39 (20.1)
Etiology
Hepatitis B 136 (71.6)
Hepatitis C 17 (8.9)
Alcohol 8(4.2)
Others 30(15.8)

1,634.6+4,590.4
661.2+1,528.9

Serum alpha-fetoprotein (U/mL)
Serum PIVKA-II (AU/mL)

Multiplicity

Absent 106 (55.8)

Present 31(16.3)
Tumor size (cm)? 46+3.0
Edmondson-Steiner grade

| 1(0.5)

Il 47 (24.7)

Il 122 (64.2)

\% 20 (10.5)
Microvascular invasion

Absent 116 (61.1)

Present 74 (38.9)
Major vessel invasion®

Absent 168 (88.4)

Present 22 (11.6)
Follow-up

Recurrence® 102 (53.7)

Deaths due to HCC 24 (12.6)

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

HCC, hepatocellular carcinomas.

“Size of largest tumor in case of multiple tumors; “Main or first order branch-
es of portal vein and/or one or more of right, middle or left hepatic veins; “Lo-
cal recurrence or distant metastasis.

follow-up period was 52 months (range, 0 to 133 months). Over-
all survival was defined as the interval from initial surgical treat-
ment for HCC to the date of death, and disease-free survival as
the interval from initial treatment to local or distant recurrence.

Tissue microarray construction and immunohistochemistry
Tissue cores measuring 2 mm in diameter were sampled from
formalin-fixed paraffin-embedded HCC tissues and arranged in
recipient tissue array blocks using a trephine apparatus (Supet-
biochips Laboratories, Seoul, Korea). Two or three cores were
sampled from each HCC, depending on the amount of histolog-
ical heterogeneity present in the tumor. One core was sampled
from the corresponding non-neoplastic liver for each case. Four
pm-thick sections were obtained from the tissue microarray
blocks and subjected to immunohistochemical staining for SALL4

http://dx.doi.org/10.4132/jptm.2015.07.09



(1:100, mouse monoclonal antibody, clone EE-30, Santa Cruz
Technologies Inc., Santa Cruz, CA, USA), K19 (1:150, mouse
monoclonal antibody, clone BA17, Dako, Glostrup, Denmark)
and EpCAM (1:3,000, mouse monoclonal antibody, clone VU-
1D9, Calbiochem, Darmstadt, Germany). Briefly, tissue sec-
tions were deparaffinized in xylene, rehydrated in graded alco-
hol, and antigen retrieval was performed using citrate buffer

SALL4 Expression in Hepatocellular Carcinoma ¢ 375

(pH 6.0) for 15 minutes. Sections were incubated with the pri-
mary antibodies at room temperature for 30 minutes, and then
incubated with secondary antibodies (EnVision Detection Sys-
tem, Dako). Counterstaining was performed using Mayer’s he-
matoxylin and the stained slides were mounted.

SALL4 was expressed in the tumor cell nuclei, and positivity
for SALL4 expression was defined as nuclear staining for the

Fig. 1. Immunohistochemical stain results. Nuclear SALL4 staining is seen in a case of HCC (A), which is weaker and clumped (inset) com-
pared to the strong nuclear staining seen in testicular seminoma (B). Clumped nuclear SALL4 expression is seen in another case of HCC
with fibrous stroma (C). The non-neoplastic liver is negative for SALL4, except for occasional faintly positive cells in the ductular reactions (D,
arrows). Nuclear SALL4 staining (E) is seen in an HCC with EpCAM expression (F). SALL4, Sal-like protein 4; HCC, hepatocellular carcino-

ma; EpCAM, epithelial cellular adhesion molecule.

http://dx.doi.org/10.4132/jptm.2015.07.09
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protein in more than 10% of the tumor cells after calculating
the SALL4-labeling index (a ratio of positive nuclei/total nuclei
under the 400 x field magnification) with the help of the Image
J software (downloaded from http://imagej.nih.gov/ij). A testic-
ular seminoma tissue sample was used as a positive control for
SALL4. Membranous and/or cytoplasmic staining in the tumor
cells were counted as positive for EpCAM and K19.

Statistical analysis

All statistical analyses were conducted using IBM SPSS ver.
21 (IBM Corp., Armonk, NY, USA). Chi-square, Fisher’s exact
and t tests were performed as deemed appropriate. Univariable
analyses for overall survival and disease-free survival were per-
formed using the Kaplan-Meier method and log-rank tests. Sta-
tistically significant variables from the univariable analysis were
entered into the multivariable analyses using the Cox proportion-
al hazard method. Statistical significance was defined as p <.05.

RESULTS

SALL4, K19, and EpCAM expression in HCC

The immunohistochemical stain results and the expression
frequencies of SALL4, K19, and EpCAM are summarized in
Figs. 1 and 2, respectively. The SALL4 nuclear labeling index
ranged from 0% to 78.9% (mean = standard deviation, 8.9 =
19.2%) in the 190 HCCs, and 39 cases (20.5%) were deemed
positive for SALL4 expression (labeling index 210%). Although
a definite nuclear staining was present in the tumor cells, the in-
tensity of staining was generally not as strong as in the positive

EpCAM
n=92 (48.7%)

SALL4
n=39 (20.6%)"

45
(23.8%)

20
(10.6%)

6(3.2%)

K19 3(1.6%)
n=30 (15.9%)

Fig. 2. Venn diagram summarizing the relationships between the
expression of SALL4 (pink), K19 (blue), and EpCAM (green) in
HCCs. While SALL4 expression is frequently co-expressed with
EpCAM (26/39, 66.7%), K19 expression was only seen in 6 of
SALL4-positive HCCs (15.4%). SALL4, Sal-like protein 4; EpCAM,
epithelial cellular adhesion molecule; HCC, hepatocellular carcino-
ma. “Total n=189 with SALL4, EpCAM, and K19 data.

http://jpatholtm.org/

control tissue (testicular seminoma) (Fig. 1A—C). In some areas,
the nuclear staining was punctate and only identifiable at higher
power magnification. SALL4 positivity was generally uniformly
distributed in the HCCs without predilections for a particular
morphological tumor cell: some SALL4-positive tumor cells
were small with increased nuclear/cytoplasmic ratios reminiscent
of the stem/progenitor cell phenotype, while others were more
typical HCCs with various degrees of differentiation. In the ad-
jacent non-neoplastic liver, the hepatocytes and bile ducts did
not stain for SALL4, and interestingly, SALLA4 positivity was seen
in occasional ductular reactions, although the staining was very
faint and barely visible (Fig. 1D).

K19 and EpCAM expression data were available for 189 cases
(due to tissue core loss in 1 case). K19 and EpCAM were ex-
pressed in 30 (15.9%) and 92 (48.7%) cases, respectively, in the
typical membranous/cytoplasmic pattern, and they were also
expressed in the bile ducts and ductular reactions in the non-
neoplastic livers. A significant positive correlation was seen be-
tween EpCAM and K19 expression: K19 positivity was seen in
27 out of 92 EpCAM-positive HCCs (29.3%) compared to 3
out of 97 EpCAM negative HCCs (3.1%) (p <.001). SALL4 ex-
pression was more frequently seen in EpCAM-positive HCCs
(26/92, 28.3%) compared to EpCAM-negative HCCs (13/97,
13.4%) (p=.013) (Fig. 1E, F). However, there was no significant
correlation between SALLA and K19 expression: only 3.2% of
the HCCs demonstrated positivity for both SALL4 and K19
(Fig. 2). The relationships between the expression of SALL4, K19,
and EpCAM in HCCs are summarized in a Venn diagram in
Fig. 2.

Correlation with clinicopathological variables and survival
Univariable analysis demonstrated that SALLA4 expression was
significantly associated with reduced overall survival (p =.014)
(Fig. 3A). In addition to SALLA expression, larger tumor size (>
3 cm, p =.045), multiplicity of tumor (p=.001), major vascular
invasion (p = .046) and higher T stage (stage 3 or 4, p <.001)
were significantly associated with decreased overall survival. In
comparison, SALLA expression was not significantly associated
with disease-free survival (Fig. 3B), while larger size (>3 cm, p=
.009), multiplicity (p=.002) and higher T stage (stage 3 or 4, p=
.019) were significantly associated with reduced disease-free
survival. HCCs with K19 expression had a tendency for de-
creased overall survival, although this result was not statistically
significant (p =.063), while disease-free survival was significantly
decreased for K19 expressing HCCs (p=.001) (Fig. 3C, D). Ep-
CAM expression was associated with a tendency for decreased

http://dx.doi.org/10.4132/jptm.2015.07.09



overall survival (p =.053); however, it was not associated with
disease-free survival.

Interestingly, when we performed the survival analysis after
combining EpCAM and SALL4 expression status, HCCs that
expressed both SALL4 and EpCAM were associated with signifi-
cantly decreased overall survival, compared to those cases which
were negative for both these markers (p=.031) (Fig. 4). In addi-
tion, while EpCAM-negative HCCs were associated with a rela-
tively favorable outcome compared to EpCAM-positive HCCs
during the earlier follow-up period (< 5 years), EpCAM-negative
HCCs with SALLA4-positivity showed an abrupt decrease in over-
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all survival after 5 years of follow-up.

On multivariable analysis, SALL4 (p = .004), multiplicity (p =
.016) and higher T stage (p =.004) remained as significant in-
dependent predictors of decreased overall survival (Table 2). For
disease-free survival, larger tumor size (>3 cm, p=.019), and mul-
tiplicity (p =.004) were independent prognostic factors.

SALL4 expression was not significantly associated with other
clinicopathological parameters of tumor aggressiveness, such as
presence of vascular invasion, larger tumors, and multiplicity
(Table 3). On the other hand, EpCAM expression in HCCs was
more frequently associated with poor histological differentiation
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Fig. 3. Kaplan-Meier survival curves demonstrating decreased overall survival (A) and disease-free survival (B) in HCCs with SALL4 expres-
sion, and decreased overall survival (C) and disease-free survival (D) in HCCs with K19 expression. HCC, hepatocellular carcinoma; SALL4,

Sal-like protein 4.
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(p =.019), microvascular invasion (p =.011), younger age (p =
.020), B-viral etiology (p =.010), and high serum o-fetoprotein
(AFP) levels (p=.023), and K19 expression was more frequently
associated with higher serum AFP levels (p = .032), major vas-
cular invasion (p =.010), and higher pathological T stage (3 or 4,
p=.011). Increased tumor size was also more frequent in K19-
positive HCCs, although not statistically significant (p =.076).

DISCUSSION

HCCs with “stemness”-related marker expression—those that
have the histomorphological features of conventional HCCs but
express markers related to stemness on immunohistochemis-
try—have been receiving increasing interest over the past sev-
eral years, as there is accumulating evidence that they are asso-
ciated with aggtessive behavior and poor prognosis, compared
to conventional HCCs that do not express these markers.”® The
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Fig. 4. Kaplan-Meier survival curves demonstrating the differences
in overall survival in HCCs after combining EpCAM and SALL4 ex-
pression status. HCC, hepatocellular carcinoma; EpCAM, epithelial
cellular adhesion molecule; SALL4, Sal-like protein 4.

more frequently discussed markers of stemness in HCCs in-
clude K19, EpCAM, and CD133; however, it is still uncertain
which marker best represents stemness in HCCs, and there is
still a growing number of putative markers of stemness in the lit-
erature, including the recently proposed SALL4, which need
further validation."” We were interested to see whether SALL4
expression in HCCs is indeed associated with the expression of
other more established markers of stemness (K19 and EpCAM)
and whether it has clinicopathological implications in our co-
hort of resected HCCs. Interestingly, we found SALL4 expression
in 20.5% of HCCs, that SALL4 expression is positively corre-
lated with EpCAM expression, and also that it has prognostic
implications.

SALLA4 is a zinc finger transcriptional activator located on
chromosome 20q13.13-13.2 that is required for the mainte-
nance of pluripotent embryonic stem cells, potentially through
interactions with Oct3/4, Sox2, and Nanog.'*** Mutation in
SALLA4 results in the Okihiro syndrome, a rare autosomal dom-
inant disorder characterized by multiple organ defects.'* SALL4
has been found to be expressed in leukemias and hematopoietic
stem cells, and also in solid tumors such as germ cell tumors and
AFP-producing gastric cancers, suggesting that SALL4 may be
a marker of embryonic stem cells and also cancer stem cells."”"®
In the fetal murine liver, SALL4 has been shown to be expressed
in hepatic stem/progenitor cells, but the expression diminishes
gradually during development and is not seen in adult hepato-
cytes."” These findings suggest that SALL4 may be a good mark-
er of hepatic stem/progenitor cells and HCC cancer stem cells.

Over the past two years, there has been increasing interest in
SALL4 as a potential marker for identifying HCCs with features
of “stemness,” aggressive behavior, and poor prognosis. Oikawa
et al.” demonstrated a decreased overall survival in their profil-
ing analysis of 110 HCCs (from the microarray dataset pub-
lished by Lee e 4/."), and also showed that the overexpression of
SALLA4 in liver cancer cells induced the expression of K19 and

Table 2. Multivariable analysis results: independent predictors of decreased overall survival and disease-free survival

95% Confidence interval

p-value Hazard ratio
Lower Upper
Overall survival
SALL4 positivity .004 3.556 1.511 8.367
Multiplicity of tumor .016 2.929 1.223 7.014
High T stage (T3 and 4) .004 3.583 1.486 8.636
Disease-free survival
Size (>3 cm) .019 1.703 1.092 2.656
Multiplicity of tumor .004 1.937 1.234 3.039

SALL4, Sal-like protein 4.

http://jpatholtm.org/
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Table 3. Clinicopathologic characteristics and immunohistochemical stain results of 190 HCCs

SALL4 K19* EpCAM®
p-value p-value
Negative Positive Negative Positive Negative Positive

Frequency 151 (79.5) 39 (20.5) 159 (84.1) 30(15.9) 97 (51.3) 92 (48.7)

Age (yr) .858 .694 .020
<60 81 (53.6) 20 (51.3) 83 (52.2) 17 (56.7) 43 (44.3) 57 (62.0)
>60 70 (46.4) 19 (48.7) 76 (47.8) 13 (43.3) 54 (65.7) 35 (38.0)

Sex 1.000 .808 113
Male 32(21.2) 8 (20.5) 33(20.8) 7(23.3) 16 (16.5) 24 (26.1)

Female 119(78.9) 31(79.5 126 (79.2) 23(76.7) 81(83.5 68 (73.9)

Etiology 319 .829 .010
Hepatitis B virus—related 40 (26.5) 14 (35.9) 45(29.3) 9(30.0) 36 (37.1) 18 (19.6)
Non-hepatitis B virus—related 111 (73.5) 25 (64.1) 114 (71.7) 8(70.0) 61 (62.9) 74 (80.3)

Serum a-fetoprotein (IU/mL) (n=132) 1.000 .032 .023
<1,000 76 (76) 25 (78.1) 86 (80.4) 14 (58.3) 54 (85.7) 46 (79.3)
>1,000 24 (24) 719 21(19.6) 10 (41.7) 9(14.3 22 (20.7)

Multiplicity .825 .328 372
Absent 120 (79.5) 32 (82.1) 129 (81.1) 22 (73.3) 80 (82.5) 71(77.2)

Present 31 (20.5) 7(17.9) 30(18.9) 8(26.7) 17 (17.5) 21 (22.8)

Tumor size (cm)°® 432 076 873
<5 105 (69.5) 30(76.9) 118 (74.2) 17 (66.7) 70(72.2) 65 (70.7)
>5 16 (30.5) 9(23.1) 41 (25.8) 13 (43.3) 27 (27.8 27 (29.3)

Pathologic T stage 1.000 011 .266
pT1/pT2 122 (80.8) 32 (82.1) 134 (84.3) 19 (63.3) 82 (84.5) 71(77.2)
pT3a/pT3b/pT4 29(19.2) 7(17.9) 25(15.7) 11 (36.7) 15 (15.5) 21(22.8

Edmondson-Steiner grade 410 .648 019
1/l 36 (23.8) 12 (30.8) 42 (26.4) 6 (20.0) 32 (33) 16 (17.4)
nav 115(76.2) 27 (69.2) 117 (73.6) 24 (80.0) 65 (67) 76 (82.6)

Microvascular invasion .581 .685 011
Absent 94 (62.3) 22 (56.4) 98 (61.6) 17 (56.7) 68 (70.1) 47 (561.1)

Present 57 (37.7) 17 (43.6) 61 (38.4) 13 (43.3) 29 (29.9) 45 (48.9)

Major vessel invasion® 781 .010 .366
Absent 134 (88.7) 34(87.2) 145(91.2) 22 (73.3) 88 (90.7) 79 (85.9)

Present 17 (11.3) 5(12.8) 14 (8.8) 8(26.7) 9(9.3 13 (14.1)

Values are presented as number (%).

HCC, hepatocellular carcinomas; SALL4, Sal-like protein 4; EpCAM, epithelial cellular adhesion molecule.
n=189 (tissue core loss in 1 case); "Size of largest tumor in case of multiple tumors; “Main or first order branches of portal vein and/or one or more of right,

middle or left hepatic veins.

EpCAM, suggesting that SALL4 may be a marker of stem cells.
Zeng et al." demonstrated a decreased recurrence-free survival
in SALLA4-positive HCCs, and SALL4 activation in cell lines re-
sulted in the up-regulation of hepatic stem cell markers KRT19,
EPCAM, and CD44. Another extensive study showed a poor
overall survival in SALL4-positive HCCs in two independent
cohorts (Singapore, n = 179; Hong Kong, n = 228), in addition
to an enrichment of progenitor-like gene signatures and overex-
pression of proliferative and metastatic genes on gene expres-
sion analysis."’ In another recent analysis of Western HCCs,
higher tumor grade, more frequent lymphovascular invasion
and shorter recurrence-free and overall survivals were seen in
SALL4-positive HCCs, although the SALL4-positivity was only
seen very rarely (1.39%), suggesting differences in SALL4 expres-

http://dx.doi.org/10.4132/jptm.2015.07.09

sion status according to the etiology of HCC.” The expression
frequency of SALL4 in HCC has in fact varied widely in differ-

#1202 Te s plausible

ent reports, ranging from 1.3% to 85%.
that a higher prevalence of hepatitis B virus infection may ac-
count for the higher frequency of SALL4-positivity in Eastern
HCGs; interestingly, SALL4-positivity has been shown to be
more frequently associated with hepatitis B virus infection.' In
addition, the differences in the antibodies, immunohistochemis-
try protocols, and the interpretation methods for defining “SALLA-
positivity” are also likely to account for the wide range of SALLA4-
positivity reported in the literature.

As it has been previously demonstrated that nuclear labeling
for SALLA in liver tissues is seen with high pH antigen retrieval

and not as clearly with the conventional citrate buffer,” we also

http://jpatholtm.org/
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stained the same tissue microarrays for SALL4 using a different
antigen retrieval method (Tris-EDTA buffer; pH 9.0) to see if
there were differences in the staining pattern or frequency; how-
ever, the results were identical (data not shown). Therefore,
SALL4 immunostaining is feasible using the citrate buffer (pH
6.0) for antigen retrieval. We found that the nuclear staining for
SALL4 in the testicular seminoma was very intense, diffuse and
finely granular, in comparison to most SALL4-positive HCCs in
which the nuclear staining was weaker and punctate or clumped,
similar to a previous report.”’ In practice, when faced with the oc-
casional diagnostic challenge of discriminating between HCC
and yolk sac tumor—which may have similar morphological fea-
tures and also positivity for AFP and glypican-3—SALL4 im-
munohistochemistry may play a role, as the strong and diffuse
staining for SALLA is rarely seen in HCCs.”' However, as for the
utility of SALL4 in HCC:s as a prognostic marker and a marker of
“stemness,” further validation in independent cohorts of HCC
would be necessary, as the staining is not as intense, and there is
likely to be interobserver variation in the interpretation of SALL4
positivity. Although we found a significantly decreased overall
survival and a higher frequency of EpCAM positivity in SALLA4-
positive HCCs compared to SALL4-negative HCCs, we pet-
formed a semi-manual count of the SALL4-labeling index with
the help of an image analysis software, which is not always a fea-
sible method in routine pathology practice in comparison to the
distinct cytoplasmic staining for K19 or EpCAM.

Our finding of a positive correlation between SALL4 and Ep-
CAM expression in HCCs, poor overall survival in SALL4-posi-
tive HCCs, and positive (albeit weak and sporadic) staining in
the ductular reactions support the recent literature that SALLA
may be a useful marker of “stemness” in hepatic stem/progeni-
tor cells and HCCs. However, in contrast to K19 or EpCAM, the
nuclear staining is not as easily appreciable by immunohisto-
chemistty, and other than being a prognostic indicator of poor
overall survival, there were no significant correlations between
SALLA positivity and the clinicopathological parameters sug-
gestive of aggressiveness. Therefore, while SALL4 is an indepen-
dent prognostic factor for decreased overall survival in HCC pa-
tients and may be a potential marker for identifying the aggressive
subgroup of HCCs with “stemness” features, further validation
in larger HCC cohorts is required prior to further consideration
of SALL4 as a good marker of “stemness” in liver specimens.
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Background: Insulin-like growth factor-1 receptor (IGF1R) is a membrane receptor-type tyrosine ki-
nase that has attracted considerable attention as a potential therapeutic target, although its clinical
significance in non-small cell lung cancer (NSCLC) is controversial. This study aimed to clarify the
clinical significance of IGF1R expression in human NSCLC. Methods: IGF1R protein expression
was evaluated using immunohistochemistry in 372 patients with NSCLC who underwent curative
surgical resection (146 squamous cell carcinomas [SqCCs] and 226 adenocarcinomas [ADCs]).
We then analyzed correlations between expression of IGF1R and clinicopathological and molecu-
lar features and prognostic significance. Results: Membranous and cytoplasmic IGF1R expres-
sion were significantly higher in SqCCs than in ADCs. In patients with SqCC, membranous IGF1R
expression was associated with absence of vascular, lymphatic, and perineural invasion; lower
stage; and better progression-free survival (PFS) (hazard ratio [HR], 0.586; p =.040). In patients
with ADC, IGF1R expression did not have a significant prognostic value; however, in the subgroup
of epidermal growth factor receptor (EGFR)-mutant ADC, membranous IGF1R expression was
associated with lymphatic and perineural invasion, solid predominant histology, and higher can-
cer stage and was significantly associated with worse PFS (HR, 2.582; p =.009). Conclusions:
Lung ADC and SqCC showed distinct IGF1R expression profiles that demonstrated prognostic
significance. High membranous IGF1R expression was predictive of poor PFS in EGFR-mutant
lung ADC, while it was predictive of better PFS in SqCC. These findings will help improve study
design for subsequent investigations and select patients for future anti-IGF1R therapy.

Key Words: Carcinoma, non-small-cell lung; Insulin-like growth factor-1 receptor; Receptor, epidermal
growth factor; Immunohistochemistry; Membranous expression

Epidermal growth factor receptor (EGFR)-tyrosine kinase in-
hibitors (TKIs) have been used to treat non-small cell lung cancer
(NSCLC), and a better response and prolonged survival have
been observed in patients who harbor EGFR mutations."” How-
evet, despite a dramatic response, most NSCLC patients experi-
ence drug resistance and tumor progression. Two major resistance
mechanisms of a secondary point mutation of T790M and MET
gene amplification have been reported.”* However, the resistance
mechanism remains largely unknown.

Insulin-like growth factor-1 receptor (IGF1R) is a membrane
receptot-type tyrosine kinase that plays a crucial role in cancer
cell proliferation, inhibition of apoptosis, angiogenesis, and an-
chorage-independent growth via the phosphatidylinositol 3-ki-

© 2015 The Korean Society of Pathologists/The Korean Society for Cytopathology
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nase-AKT and RAS/RAF/mitogen activated protein kinase sig-
naling pathways.”® In addition, both 7% vitro and in vive studies
have revealed extensive crosstalk between EGFR and IGF1R sig-
naling on multiple levels." These data indicate that IGFIR can
lead to acquired resistance against EGFR-targeted drugs, and
targeting both receptors could provide better efficacy in cancer
treatment by overcoming drug resistance.'""?

Despite extensive research to clarify the clinical significance of
IGF1R in NSCLC, the characteristics and implicated prognos-
tic value remain controversial. Cappuzzo et a/."* have suggested
that patients who have high IGFIR expression and are receiving
gefitinib therapy might have improved outcomes compared with
those with lower expression. In addition, Kikuchi ez #/." reported
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that low IGF1R expression was associated with poor prognosis
in lung adenocarcinomas (ADCs). In contrast, Tsuta ¢f a/. U re-
vealed that, in surgically treated patients, IGFIR protein expres-
sion, copy number and IGFIR bright-field in-sizu hybridization
positivity did not correlate with overall survival. These discrep-
ancies might partly be attributable to the heterogeneity of the
study groups including ethnicity, histologic subtypes, and mo-
lecular subtypes. To address these differences, we investigated
the expression and clinical significance of IGFIR expression in his-
tologically and genotypically specified subgroups of NSCLC.

MATERIALS AND METHODS

Patients

We collected tumor samples from 372 patients who underwent
curative surgical resection for NSCLC at Seoul National Univer-
sity Bundang Hospital in Korea, between May 2003 and De-
cember 2008. Patients who did not undergo curative resection
and those who had a history of malignancy, preoperative chemo-
therapy, or radiotherapy were excluded. Smoking status was de-
fined as never-smoker (< 100 lifetime cigarettes) or smoker. Tu-
mors were staged using the American Joint Committee on Can-
cer (AJCC) TNM classification of malignant tumors seventh
edition criteria, and the histological type and grade of differen-
tiation of tumors were determined according to the classifica-
tion system developed by the World Health Organization fourth
edition.”>' Overall survival (OS) was measured from the date of
lung cancer surgery until the time of death, and progression-free
survival (PES) was measured from the date of surgery until re-
currence or death. Clinicopathological characteristics of the pa-
tients are summarized in Table 1. All patients provided written

informed consent, and this study was approved by the Institu-
tional Review Board (IRB) of Seoul National University Bun-
dang Hospital.

Prognostic Significance of IGF1R in NSCLC ¢ 383

IGF1R expression according to immunohistochemistry
Formalin-fixed paraffin-embedded tissues were sectioned at a
thickness of 4 pm and stained with rabbit monoclonal antibody
against human IGFIR (G11, Ventana Medical Systems, Tucson,
AZ, USA) using an automated immunostainer (Ventana Medi-
cal Systems). Placental tissue was used as a positive control, and
non-immune serum was used as a negative control instead of the

Table 1. Patient characteristics

Characteristic No. (%) (h=372)
Median age (range, yr) 66 (39-83)
Sex

Male 249 (66.9)

Female 123 (33.1)
Histology

SqCC 146 (39.2)

ADC 226 (60.8)
Smoking history

Never 146 (39.2)

Former/current 226 (60.8)
Tumor size (cm)

<3 143 (38.4)

>3 229 (61.6)
Pleural invasion

Absent 219 (68.9)

Present 153 (41.1)
Vascular invasion

Absent 313 (84.1)

Present 59 (15.9)
Lymphatic invasion

Absent 209 (56.2)

Present 163 (43.8)
Perineural invasion

Absent 342 (91.9)

Present 30(8.1)
Pathological stage

| 165 (42.7)

Il 99 (25.6)

11 108 (28.0)

SqCC, squamous cell carcinoma; ADC, adenocarcinoma.

, .

Fig. 1. Representative immunohistochemistry examples of membranous insulin-like growth factor-1 receptor (IGF1R) expression. IGF1R ex-
pression in non-neoplastic lung tissue (A), membranous IGF1R expression in squamous cell carcinoma (B), membranous IGF1R expression

of adenocarcinoma (C).
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primary antibody. Adjacent normal-appearing bronchial epithe-
lium within each tissue section served as an internal reference.

The H-score (semiquantitative system with a total score range
of 0-300) was used to evaluate immmunohistochemical stain-
ing, and membranous and cytoplasmic staining were evaluated
separately. The percentage of positive cells (0%—100%) was mul-
tiplied by the dominant intensity score of staining. The intensity
score was defined as follows: 0, no appreciable staining; 1, bare-
ly detectable staining; 2, distinct brown staining; and 3, strong
dark brown staining. A total score range of 0 to 300 was gener-
ated for each sample, where median score was used as a cutoff val-
ue. All of the slides were evaluated by two pathologists (E.P. and
H.K.) in a blinded manner. If discrepancies occurred, a consen-
sus score was reached.

Study of EGFR, KRAS, ALK, ROS1, and MET mutations
Samples were analyzed for EGFR mutations within exons 18

to 21 and KRAS exon 2 (codons 12, 13, and 61) using poly-

merase chain reaction and direct DNA sequencing or pyrose-

quencing methods."” Iz situ hybridization was performed for
ALK and ROS1 rearrangement and MET amplification.'*

Statistical analyses

Statistical analyses were performed using IBM SPSS ver. 19.0
(SPSS Inc., Chicago, IL, USA). All of the values were based on
two-sided statistical analysis, and a p-value of <0.05 was deter-
mined to indicate a statistically significant difference.

RESULTS

IGF1R expression according to immunohistochemistry

In non-neoplastic lung tissue, the distribution of IGF1R ex-
pression was different among cell types. Bronchial basal cells
showed constant weak membranous and distinct cytoplasmic
expression of IGF1R. Alveolar pneumocytes and alveolar mac-
rophages showed negative to negligible cytoplasmic positivity.
In NSCLC, the prevalence of IGFIR expression was significantly
higher in squamous cell carcinoma (SqCC) compared with ADC
(p=.000), and representative examples are shown in Fig. 1.

IGF1R expression and clinical outcomes in SqCC
Membranous and cytoplasmic IGFIR expression were evident
in the 146 patients with SqCC. Membranous IGF1R expression
was identified in 100 of 146 patients (68.5%) and was signifi-
cantly associated with absence of vascular invasion (p = .039), ab-
sence of lymphatic invasion (p =.047), absence of perineural in-

http://jpatholtm.org/

vasion (p =.027), lower stage (p=.011), and better PES (p=.011)
and OS (p = .034) compared to the negative subgroup (Table 2,
Fig. 2A, B). Multivariate analysis indicated that membranous
IGFIR expression was an independent prognostic factor for
better PES (hazard ratio [HR], 0.586; 95% confidence interval
[CI], 0.352 to 0.975; p = .040) but not OS (HR, 0.550; 95% CI,
0.302 to 1.002; p=.051). Cytoplasmic IGFIR expression was
identified in 107 of 146 patients (73.3%) and tended to corre-
late with younger age (p=.021) and absence of pleural invasion
(p=.013). Patients were additionally divided into four groups:
group I that was positive for both membranous and cytoplas-
mic expression (M+/C+), group II that was membranous ex-
pression-positive and cytoplasmic expression-negative (M+/C-),
group III that was membranous expression-negative and cyto-

Table 2. Clinicopathological characteristics in relation to expres-
sion of IGF1R in SqCC

Membranous IGF1R staining

Characteristic p-value
Positive Negative
Age (1)
<65 57 (69.5) 25 (30.5) 451
>65 43 (67.2) 21(32.8)
Sex
Male 93 (68.4) 43(31.6) 611
Female 7 (70.0) 3(30.0)
Smoking history
Never 7 (63.6) 4 (36.4) 476
Former/current 93 (68.9) 42 (31.1)
Tumor size (cm)
<3 32 (74.4) 11 (25.6) 213
>3 68 (66.0) 35 (34.0)
Differentiation
Well 7 (70.0) 3(30.0) 453
Moderately 80(70.8) 33(29.2)
Poorly 11(61.1) 7(38.9)
Pleural invasion
Absent 71(72.4) 27 (27.6) 101
Present 29 (60.4) 19 (39.6)
Vascular invasion
Absent 84 (72.4) 32 (27.6) .039
Present 16 (63.3) 14 (46
Lymphatic invasion
Absent 62 (74.7) 21(25.3) .047
Present 38 (60.3) 25 (39.7)
Perineural invasion
Absent 93 (71.5) 37 (28.5) 027
Present 7(43.8) 9 (56.3)
Pathological stage
| 34 (75.6) 11 (24.4) 011
Il 48 (75.0) 16 (25.0)
11 18 (48.6) 19 (61.4)

Values are presented as number (%).
IGF1R, insulin-like growth factor-1 receptor; SqCC, squamous cell carcinoma.
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Fig. 2. Kaplan-Meier survival analysis of progression-free survival and overall survival curves based on membranous insulin-like growth fac-
tor-1 receptor (IGF1R) expression. Membranous IGF1R expression had significantly better progression-free survival (A) and overall survival (B)
in squamous cell carcinoma. Membranous IGF1R expression in epidermal growth factor receptor (EGFR)-mutant adenocarcinoma had sig-
nificantly poor progression-free survival (C) and a trend toward poor overall survival (D).

plasmic expression-positive (M—/C+), and group IV that was
negative for both membranous and cytoplasmic expression (M—/
C-). The groups included 85, 16, 24, and 21 patients, respec-
tively. On univariate analysis, group II that was membranous
expression-positive and cytoplasmic expression-negative (M+/
C-) showed the best PES (p =.021) and OS (p=.028), followed by
group I (M +/C+), group IV (M—/C-), and group IIT (M—/C+).

IGF1R expression and clinical outcomes in ADC
In ADC patients, IGF1R expression was predominantly cyto-

plasmic with weak membranous staining. Positive membranous
IGF1R expression was identified in 31 of 226 patients (13.7%)

http://dx.doi.org/10.4132/jptm.2015.07.10

and was significantly associated with perineural invasion (p =
.040), although the measure had no significant prognostic value.
Cytoplasmic expression was identified in 141 of 226 patients
(62.4%) and correlated with smaller tumor size (p =.002) and
absence of vascular invasion (p = .046), but these results were not
statistically significant for PES or OS.

IGF1R expression and clinical outcomes in EGFR-mutant
ADC

EGFR mutation was found in 108 of 226 patients (47.8%).
The most common mutation was in-frame deletion in exon 19
(57 of 108, 52.8%), followed by missense mutation (L858R) in

http://jpatholtm.org/
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exon 21 (35 of 108, 32.4%). When ADC samples were strati-
fied into EGFR-mutant and EGFR-wild type subgroups, mem-
branous IGFIR expression was identified in 13 of 108 patients
(12.0%) in the EGFR-mutant ADC subgroup. Membranous IG-
FIR expression was associated with lymphatic invasion (p=.039),
perineural invasion (p =.004), solid predominant histology (p =
.037), and higher cancer stage (p =.030) and showed a signifi-
cantly worse PES (p =.002) and OS (p = .040) compared with
those without membranous expression (Table 3, Fig. 2C, D).
Multivariate analysis revealed that membranous IGF1R expres-
sion was an independent prognostic factor for worse PFS (HR,
2.582;95% CI, 1.265 to 5.271; p=.009) but not for OS (HR,
1.369; 95% CI, 0.558 to 3.359; p = .492) in patients with EG-
FR-mutant ADC. Cytoplasmic IGF1R expression was not asso-
ciated with any clinicopathological parameters in PES or OS.

In EGFR-wild type ADC, membranous IGF1R expression
was identified in 23 of 118 patients (19.5%) and was not corre-
lated with clinicopathological parameters. In contrast, cytoplas-
mic IGFIR expression was observed in 86 patients (73.5%)
who showed significantly better PFS (p =.033) and OS (p =.05)
compared to the negative subgroup. No positive membranous
IGFIR expression was observed for TKI-treated EGFR-mutant
ADC (n = 36). Positive IGF1R cytoplasmic expression was seen
in 15 of 36 patients (41.7%) but was not associated with PES or
OS. In addition, IGF1R expression was not correlated with
ALK, KRAS, ROS1, or MET mutation (p>.05).

DISCUSSION

We determined the possible clinical significance of IGF1R
expression in NSCLC. The main findings of this study are as
follows: (1) the prevalence of IGF1R expression was significant-
ly higher in SqCC compared with ADC; (2) in SqCC, membra-
nous IGF1R expression was associated with significantly better
PFS compared with those without membranous expression; (3)
in ADC, membranous and cytoplasmic IGF1R expression had
no significant prognostic value; (4) in the EGFR-mutant ADC
subgroup, membranous IGF1R expression was significantly as-
sociated with worse PES.

In SqCC, membranous IGF1R expression was associated
with several good prognostic clinicopathological parameters and
showed a linear relationship with PFS. Several previous studies
have delineated the association between IGF1R expression and
better OS, although the biologic mechanism is unclear.””" One
possible explanation is that, because IGF1R is expressed in nor-
mal bronchial basal cells, the progenitors of SqCC tumor cells,

http://jpatholtm.org/

Table 3. Clinicopathological characteristics in relation to expres-
sion of IGF1R in EGFR-mutant ADC

Membranous IGF1R staining

Characteristic p-value
Positive Negative

Age (yr)
<65 8(11.0) 65 (89.0) A17
>65 5(14.9) 30(85.7)

Sex
Male 5(11.6) 38 (88.4) 583
Female 8(12.3) 57 (87.7)

Smoking history
Never 8(11.0) 65 (89.0) 417
Former/current 5(14.3) 30(85.7)

Tumor size (cm)
<3 3(6.1) 46 (93.9) 075
>3 10 (16.9) 49 (83.1)

Pleural invasion
Absent 7(11.9) 52 (88.1) 590
Present 6(12.2) 43(87.8)

Vascular invasion
Absent 9(9.6) 85 (90.4) 064
Present 4(28.6) 10 (71.4)

Lymphatic invasion
Absent 4(6.5) 58 (93.5) .039
Present 9(19.6) 37 (80.4)

Perineural invasion
Absent 9(8.9 92 (91.1) .004
Present 4(67.1) 3(42.9)

Predominant pattern
Acinar 709.2) 69 (90.8) .303
Papillary 3(21.4) 11(78.6)
Solid 2(28.6) 5(71.4)
Lepidic 1(9.1) 10(90.9)

Presence of lepidic
Positive 3(.9 48 (94.1) .057
Negative 10 (17.5) 47 (82.5)

Presence of solid
Positive 4(33.3) 8 (66.7) .037
Negative 9(9.4) 87 (90.6)

Pathological stage
| 3(4.9) 58 (95.1) .030
Il 2(16.7) 10(83.3)
Il 8(22.9) 27 (77.1)

Values are presented as number (%).
IGF1R, insulin-like growth factor-1 receptor; EGFR, epidermal growth factor
receptor; ADC, adenocarcinoma.

membranous IGF1R expression on tumor cells could be inter-
preted as an activated and overexpressed form of the physiological
function of the receptor.”” If the tumor cell displays higher IG-
F1R expression, it is a more mature and well-differentiated cell
that still depends on the normal IGF1R pathway and can be ex-
pected to become indolent during the course of the disease. An
alternative explanation, based on the fact that the degree of re-
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ceptor expression would reflect the level of its ligands, is that, if
the level of the ligand is higher, more receptors would be occu-
pied and internalized for signaling, while low circulating ligand
level would result in receptor overexpression as a compensatory
mechanism. Therefore, positive membranous IGFIR expression
could be interpreted as a level of IGF1 or IGF2 within or lower
than the normal range, which could imply that the tumor has
low proliferative activity.

Not only was membranous IGF1IR expression significantly
associated with better survival in SqCC, but the membranous-
positive and cytoplasmic-negative subgroup (M+/C-) had the
best PFS and OS in SqCC. This result suggests opposing effects
of IGFIR protein expression based on its location. This is the
first study to evaluate the cellular location of IGF1R expression
in NSCLC and provides better understanding of the relevance
of pattern of IGFIR staining in NSCLC.

In ADC patients, IGF1R expression did not affect clinical
outcome. However, when we classified these patients on the ba-
sis of EGFR-mutation status, the EGFR-mutant ADC sub-
group showed strong correlations with several negative prog-
nostic clinicopathological parameters and worse survival. There-
fore, IGFIR was identified as a poor prognostic factor in EGFR-
mutant ADC, which is opposite the result seen in the SqCC group.

This difference prompted speculation that the role of the IG-
F1R pathway in ADC might differ according to the presence of
EGFR mutations. We assume that, in the EGFR-mutant ADC
subgroup, the IGFIR pathway would activate downstream tar-
gets on the EGFR, which could promote cellular proliferation,
inhibition of apoptosis, angiogenesis, and anchorage-indepen-
dent growth. In NSCLC, experimental studies have demonstrat-
ed that IGF1R activation can underlie resistance to EGFR-tar-
geted therapies, and several clinical trials have indicated that co-
expression of EGFR and IGF1R correlates with poor survival.**
Furthermore, Yeo et al.** recently reported that IGFIR expres-
sion was a negative predictive factor for response to EGFR-TKI
treacment in EGFR-mutant ADC patients. Although these data
indicate that IGF1R leads to acquired resistance against EGFR-
targeted drugs, none of the patients in the EGFR-TKI treated
group showed membranous IGFIR expression.

In summary, the implication of IGF1R expression in NSCLC
differs according to subtype, and the clinical significance of IG-
F1R expression should be interpreted after considering the his-
tology and genotype of the tumor. High membranous IGF1R
expression might be a biomarker of better PES in SqCC and of
poor PES in EGFR-mutant lung ADC. These findings will serve
to improve study design for subsequent investigations into IG-
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F1R and NSCLC and to select patients for future anti-IGF1R
therapy.
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Background: Parafibromin is a recently defined tumor suppressor gene. The aim of our study was
to determine the relationships of parafibromin expression in urothelial carcinomas (UCs) with
prognostic parameters and to evaluate the use of parafibromin as a potential marker of UC.
Methods: Parafibromin expression was assessed in 49 UC specimens using immunohistochem-
istry. The correlations between parafibromin expression and clinical and pathologic parameters
were investigated. Results: Of the patients, 42 (85.7%) were male, and the mean age was 69.6 +
8.2 years (range, 54 to 88 years). Morphologically, the UCs were divided into two groups: papil-
lary (n=27) and non-papillary (n=22). There were seven low-grade (14.3%) and 42 high-grade
(85.7%) tumors. Parafibromin was negative in 13 tumors (26.5%), partially positive in 19 tumors
(38.8%), and positive in 17 tumors (34.7%). Parafibromin expression was more negative in UCs
from upper urinary locations (n=17) and with muscularis propria invasion (n=28), which was sta-
tistically significant (p=.009 and p=.007, respectively). There was no statistically significant rela-
tionship between parafibromin expression and gender, age, tumor grade, survival, or disease-free
survival. Gonclusions: We found that UC cases with parafibromin positivity had less of a tendency
to show muscularis propria invasion and were more commonly located in the lower urinary sys-
tem. These results need to be confirmed with studies based on larger case series.
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Urothelial neoplasms are the most common urinary tract
cancers and can be located in the lower (bladder and urethra) or
upper (pelvocalyceal cavities and ureter) urinary tract. Bladder
tumors make up 90%-95% of all urothelial malignancies,'
while upper urinary tract urothelial carcinomas (UUTUCs) are
uncommon and make up only 5%.”* The natural history of
bladder tumors and UUTUCG: differ; 60% of UUTUCs, but only
15% of bladder tumors, are found to be invasive at the time of
diagnosis.”” Tumor stage, histological grade, lymph node in-
volvement, and type of surgical procedure used have been
shown to be significant prognostic factors for urothelial carcino-
mas.*" Several classical clinicopathological, morphometric, cy-
tometric, immunohistochemical, and molecular markers have
also been shown to have prognostic significance, but the search
for markers that affect patient outcome continues.

Parafibromin is a protein encoded by the hyperparathyroidism
2 (HRPT?2) tumor suppressor gene. Mutations of this protein
lead to autosomal dominant hyperparathyroidism-jaw tumor syn-
drome with parathyroid adenoma or carcinoma, mandibular or

pISSN 2383-7837
elSSN 2383-7845

Key Words: Parafibromin; Urothelial carcinoma; Muscularis propria; Papillary; Non-papillary

maxillary fibro-osseous tumors, and renal neoplastic and non-
neoplastic abnormalities such as Wilms™ tumor, hamartoma, or
cystic renal disease.'""” The HRPT?2 gene, located in human chro-
mosome 1q31.2, consists of 17 exons and spans 18.5 kb in the ge-
nome. The 2.7-kb transcript that it encodes is translated into a
531-amino acid parafibromin protein with a molecular weight of
60 kD."*" This gene might function as a tumor suppressor gene
as HRPT2-inactivating mutations have been reported in various
malignancies.'**' These findings suggest a potential role of parafi-
bromin in the pathogenesis and progression of malignancy.

The role of the newly discovered tumor suppressor gene
parafibromin in urothelial carcinoma has not been investigated.
We evaluated the immunohistochemistry of parafibromin ex-
pression in urothelial carcinoma and paired benign urothelium
from patients undergoing transurethral resection, radical cys-
tectomy (RC), and nephroureterectomy. The aim was to inves-
tigate the expression of parafibromin in urothelial carcinoma and
to determine its role in tumor behavior and prognosis in uro-
thelial carcinoma (UC) patients.

© 2015 The Korean Society of Pathologists/The Korean Society for Cytopathology
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MATERIALS AND METHODS

Patient and tissue selection

The study cohort consisted of 49 cases diagnosed as urothelial
carcinoma at a single center between January 2006 and Decem-
ber 2013. A total of 49 surgical specimens from 21 transure-
thral resections, 11 radical cystectomies, and 17 nephroureter-
ectomies were retrospectively reviewed. Survival periods were
calculated based on patient demographics. All patients provid-
ed consent for use of their tumor tissue for clinical research, and
the Sifa University Ethics Committee approved the research pro-
tocol. We assessed patient medical charts for clinical features such
as progression, recurrence, and presence and number of near and
distant metastases.

Histopathological evaluation

All surgical specimens were processed according to standard
pathology procedures and were histologically confirmed to be
urothelial carcinoma. Tumor grading was performed according
to the 2004 World Health Organization-International Society
of Urological Pathology Consensus Classification.” Tumor ar-
chitecture was defined as papillary or non-papillary based on

Table 1. Clinical and histopathological features of the patients

Clinical and histopathological features No. of cases (%)

Gender

Male 42 (85.7)

Female 7(14.3)
Tumor type

Papillary UC 27 (65.1)

Non-papillary UC 22 (44.9)
Tumor grade

Low 7(14.3

High 42 (85.7)
Muscularis propria invasion

Present 21(42.8)

Absent 28 (57.2)
Latest health status

Alive 46 (93.9)

Dead 3(6.1)
Recurrences

Present 20 (40.8)

One 14 (28.6)
More 6(12.2)

Absent 29 (59.2)
Progression®

Absent 30 (61.2)

Present 19 (38.8)

UC, urothelial carcinoma.
*Progression is accepted when the tumor developed invasive features/
deep invasion/lymph node metastasis/distant organ metastasis.

http://jpatholtm.org/

the predominant feature of the index lesion.

Immunohistochemical evaluation of parafibromin
Formalin-fixed and paraffin-embedded tissue specimens were
prepared for immunohistochemical (IHC) staining for all pa-
tients. A demonstrative block containing benign urothelium
tissue adjacent to the tumor was selected for IHC evaluation.
Sections 4-5-pm-thick were prepared from the paraffin-embed-
ded tissues and were placed on electrostatic-charged slides (X-
tra, Surgipath Medical Industries, Richmond, IL, USA). Sections
were deparaffinized and dehydrated through a graded ethanol
series using routine protocols. The ITHC study was performed
using parafibromin (1:100, HRPT2, Santa Cruz Biotechnology,
Santa Cruz, CA, USA). Slides from parathyroid adenoma cases
were used as positive controls. The IHC staining process, includ-
ing deparaffinization and antigen retrieval, was performed on a
Dako LV-1 automated immunostaining system (Dako, Glos-
trup, Denmark). Scoring was performed separately by two pa-
thologists who were blinded to patient characteristics. Nuclear
staining was accepted as positive for parafibromin. The staining
pattern was classified as diffusely and strongly positive when
there was nuclear staining in all or nearly all (i.e., >95%) of the
tumor cells regardless of staining intensity, negative when there

Table 2. The relationship between tumor subtype and clinico-
pathologic parameters

Clinico-pathologic Papillary Non-papillary
parameters subtype (n=27)  subtype (n=22) preelle
Gender .385
Male 3 4
Female 24 18
Tumor grade .01
Low 7 0
High 20 22
Muscularis propria invasion .001
Absent 19 2
Present 8 20
Tumor localization 163
Upper urinary system 7 10
Lower urinary system 20 12
Latest health status 071
Alive 27 19
Dead 0 3
Recurrences 110
Present
One 5 9
More 5 1
Absent 17 12
Progression 683
Absent 17 13
Present 10 9

http://dx.doi.org/10.4132/jptm.2015.08.10



was almost no staining (< 1%) of tumor nuclei, and partially
positive in all other cases."” A negative result was reported only if
there was an internal positive control. There was no difference
between the grades of the two pathologists.

Statistical data analysis

The SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA) software
program was used for statistical analyses. In addition to descrip-
tive statistical methods, the chi square test and Fisher exact test
were used for the comparison of categorical variables. Binary
numerical data were compared with the Mann-Whitney U test.
Survival data were obtained with Kaplan-Meiet, log rank, and
Cox regression analyses. A p-value of < .05 was accepted as sta-
tistically significant.

RESULTS

Clinical and pathological parameters
The mean age was 69.55 + 8.2 years (range, 54 to 88 years),

Parafibromin in Urothelial Carcinomas e 391

and men made up 85.7% (n = 42) of the group. Table 1 presents
the clinicopathological features of the subjects. The follow-up
range was 3 to 96 months. There were three deaths due to tu-
mor during follow-up. Tumor progression (including develop-
ment of invasive features, deep invasion, lymph node metastasis,
and distant organ metastasis) was seen in 19 cases. Mean survival
duration was 37.88 = 29.6 months. Mean disease-free progres-
sion in the recurrence-free cases was 26.98 + 26.2 months. There
was a statistically significant relationship between tumor sub-
type and tumor grade and muscularis propria invasion (p = .01
and p =.001, respectively) (Table 2). All low-grade non-invasive
tumors were of the papillary subtype, while high-grade tumors
were mainly of the non-papillary subtype. Invasion was found
in five of six high-grade UCs with squamous differentiation.
There was no statistically significant relationship between tumor
subtype and tumor localization, gender, age, presence or number
of recurrences, presence of progression, survival, or disease-free
survival (Table 2).

Table 3. The relationship between parafibromin expression and clinicopathologic parameters

Parafibromin expression

Clinicopathologic parameter p-value
Negative Partially positive Positive
Gender .569
Male 10 17 15
Female 3 2 2
Tumor type 11
Papillary UC 6 14 7
Non-papillary UC 7 5 10
Tumor grade 105
Low 0 ) 2
High 13 14 15
Muscularis propria invasion .007
Absent 1 12 8
Present 12 7 9
Tumor localization .009
Upper urinary system 9 4 4
Lower urinary system 4 15 13
Latest health status Fe58
Alive 13 19 14
Dead 0 0 3
Disease-free survival 13 19 17 311
Recurrences 573
Present
One 2 6 6
More 1 2 3
Absent 10 11 8
Progression® 183
Absent 10 12 8
Present 3 7 9

UG, urothelial carcinoma.

*Progression is accepted when the tumor developed invasive features/deep invasion/lymph node metastasis/distant organ metastasis.

http://dx.doi.org/10.4132/jptm.2015.08.10
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The relationship between parafibromin expression and
urothelial carcinoma

Parafibromin expression was negative in 13 cases (26.5%), par-
tially positive in 19 cases (38.8%), and positive in 17 cases
(34.7%) (Table 3, Figs. 1-3). There was a statistically significant
relationship between parafibromin expression and muscularis
propria invasion and tumor location (upper/lower urinary sys-
tem). It was interesting that parafibromin was more negative in
UCs with muscularis propria invasion than in tumors that did
not invade muscle (p = .007). Parafibromin expression was high-
er in tumors of the lower urinary system than in upper urinary
system tumors (p = .009). There was no statistically significant
relationship between parafibromin expression and gender, age,
tumor grade, presence and number of recurrences, presence of
progression, survival, or disease-free survival (Table 3). Parafibro-
min positivity in the normal urothelial epithelium adjacent to

the tumor was seen in nine cases (Fig. 4). The positivity rate in
normal urothelial epithelium was 50% to 90%.

DISCUSSION

Parafibromin is a tumor suppressor gene that has attracted
interest for its potential prognostic value in some tumor types,
especially parathyroid tumors. Its use as a potential indicator of
tumor aggressiveness has been reported in other organs (e.g.,
colon, stomach, and breast)."****" To the best of our knowledge,
there has not been a study on parafibromin staining in UCs in
the English literature. The main aim of this study was to con-
tribute to establishing criteria that can predict the behavior of
tumors in suspect cases. We also evaluated the presence of sta-
tistically significant relationships between parafibromin staining
and other prognostic parameters. Parafibromin expression was

Fig. 1. Parafibromin staining in differant types of urothelial carcinomas. (A) Parafibromin positivity on immunohistochemical evaluation of non-
invasive high-grade papillary urothelial carcinoma. (B) Parafibromin positivity in the invasive areas of high-grade urothelial carcinoma of the
bladder. (C) Partial parafioromin positivity in non-invasive low-grade papillary urothelial carcinoma. (D) Parafibromin negativity in non-invasive
high-grade papillary urothelial carcinoma.

http://jpatholtm.org/
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weaker in UCs with muscularis propria invasion than in those
without invasion of the muscle. Parafibromin staining was more
common in lower urinary system UCs than in those of the up-
per urinary system. The parafibromin staining data in our study
correlates with that of previous parafibromin staining studies of
malignancies of other systems. Selvarajan et a/."® observed an in-
verse correlation between tumor size and parafibromin expres-
sion in 163 breast carcinoma cases (p =.05). Zheng et al.”* ob-
served that lymph node metastasis and prognosis are related to
parafibromin expression in colorectal carcinoma. Compared
with the non-neoplastic colorectal mucosa, adenomas and carci-
nomas had decreased nuclear expression of parafibromin mes-
senger RNA level. Zheng et 2/’ also reported that parafibro-
min expression gradually decreased in carcinoma areas compared

to the normal gastric mucosa areas, and statistically significant
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relationships between parafibromin and lymphatic invasion, in-
vasion depth, lymph node metastasis, and tumor stage were ob-
served. The rate of muscularis propria invasion in bladder carci-
nomas is estimated to be 20%-30% at the time of diagnosis.
Muscularis propria invasion results in progression in 20%-50%
of cases, even if the tumor is diagnosed early.”** We found a
statistically significant relationship between parafibromin ex-
pression and muscularis propria invasion, which suggests that
this biomarker can function as an indicator of progression.

The rate of upper urinary system recurrence (UUSR) follow-
ing RC is low (0.7% and 7.4%) but indicates a worse progno-
sis. The most important independent factors predicting UUSR
following RC are number of metastatic lymph nodes and pres-
ence of local recurrence in the renal pelvis.” We did not find a
statistically significant relationship between parafibromin ex-

Fig. 2. Parafibromin negativity in minimally invasive high-grade papillary urothelial carcinoma of the ureter. (A) Morphological features of uro-

thelial carcinoma. (B) Parafibromin negativity in the same tumor.

Fig. 3. Parafibromin negativity in invasive high-grade papillary urothelial carcinoma of the bladder. (A) Morphological features of urothelial car-
cinoma. (B) Parafibromin negativity in areas of muscularis propria invasion of the same tumor.

http://dx.doi.org/10.4132/jptm.2015.08.10
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Fig. 4. Parafibromin positivity in normal urothelial epithelium.

pression and recurrence or progression in tumors that were re-
moved by cystectomy, but parafibromin negativity was relative-
ly prominent in recurring and progressive cases.

Urothelial carcinomas with squamous differentiation are
known to have a poor prognosis. Their clinical course depends
on the extension of the tumor to adjacent tissue and lymph
nodes, requiring prompt radical surgery. Studies on the devel-
opment mechanism and postoperative treatment of these tu-
mors are ongoing.® We did not find a marked difference in the
diffuseness or intensity of parafibromin staining in the six tumors
of this group (three were strongly positive, one was positive,
and two were negative). However, two patients died (one with a
tumor in the ureter, and the other with a tumor in the renal
pelvis), which is consistent with data from the literature.

Although our study focused on UC, we also took into account
the transition areas with normal urothelial epithelium during
sample selection. All nine cases of normal urothelial epithelium
in the observed areas were positive for parafibromin. Porzionato
et al.”’ have evaluated parafibromin staining in human and
mouse tissues and reported that human bladder epithelium did
not stain with parafibromin. However, the normal epithelium
showed positive parafibromin staining in our cases. We are not
sure of the cause of this discrepancy, but it could be related to
differences in the parafibromin stain.

We found that the infiltration rate of the muscularis propria
decreased in parafibromin-positive urinary system carcinomas.
The parafibromin positivity rate was higher in carcinomas of
the papillary type and in those of the lower urinary system. The
question remains whether these features can be used as guiding
parameters in tumor subgroups where the follow-up criteria
have not been fully standardized, such as with papillary UCs. Pa-

http://jpatholtm.org/

rafibromin expression was lower in higher-grade tumors, al-
though this difference from lowet-grade tumors was not statisti-
cally significant. Parafibromin negativity might provide guidance
on adjuvant therapy in cases with poor prognostic parameters
such as urothelial carcinoma with squamous differentiation. All
of these statements require support from studies based on larger
groups with longer follow-up periods.
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Background: Adenoid cystic carcinoma (ACC) and adenoid basal carcinoma (ABC) are rare in the
uterine cervix. ACC is more aggressive than ABC, thus accurate differential diagnosis is impor-
tant. In this study, we identified cytologic features useful in distinguishing these two tumors for di-
agnosis. Methods: Three cases of ACC and five cases of ABC were selected for this study. Cervi-
covaginal smear slides were reviewed retrospectively, and the area, circumference, major axis,
and minor axis of nuclei were measured using an image analyzer. Results: ACC displayed three-
dimensional clusters with a small acini pattern. ABC displayed peripheral palisading without an
acini pattern. The nuclei of ACC were more irregular and angulated than those of ABC, and the
former showed a coarsely granular chromatin pattern. The nucleic area, circumference, major
axis, and minor axis were 18.556 + 8.665 pm?, 23.320+11.412 uym, 5.664 +1.537 pym, and 4.127 +
1.107 pm in ACC and 11.017 +4.440 pm?, 15.920+5.664 pm, 4.612+1.025 pm, and 3.088+0.762
pm in the cases of ABC. All measured values showed statistically significant difference (p <.001).
Conclusions: Although the nuclei of both of these tumor types were oval shaped, inferred from
the ratio of minor axis to major axis (0.728 in ACC and 0.669 in ABC), the area of nuclei was ap-
proximately 1.7 times larger in ACC than in ABC. Distinguishing nucleic features, including area,
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774beon-gil, N\amdong-gu, Incheon 21565, Korea
Tel: +82-32-460-3073

Fax: +82-32-460-2394

E-mail: syha@gilhospital.com test

The World Health Organization (WHO) classifies malignant
tumors of the uterine cervix into three categories: squamous tu-
mors, glandular tumors, and “other epithelial tumors.” The cat-
egory of “other epithelial tumors” is composed of five different
tumor types: adenosquamous carcinoma, adenoid cystic carci-
noma (ACC), adenoid basal carcinoma (ABC), neuroendocrine
tumors, and undifferentiated carcinoma.' Both ACC and ABC
are rare tumors, accounting for less than 1% of all cervical ade-
nocarcinomas and are usually found in postmenopausal women
over the age of 60.” In spite of the fact that the cytologic features
of these two malignant tumors of the uterine cervix can be very
confusing, an accurate diagnosis of ACCs and ABCs is impor-
tant because their clinical and biological behaviors are quite dif-
ferent; ACCs have worse prognosis than ABCs.'

The Papanicolaou test, the most useful screening method for
detecting precursor lesions of the uterine cervix, has been used
universally with very high diagnostic accuracy. We have been us-
ing the Bethesda System revised in 2001 for diagnostic termino-
logy. For evaluation of precancerous and malignant lesions, the
diagnostic terms are grouped into squamous cells and glandular

© 2015 The Korean Society of Pathologists/The Korean Society for Cytopathology
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morphology, and chromatin pattern, may be helpful in making a correct diagnosis.

Key Words: Adenoid cystic carcinoma; Adenoid basal carcinoma; Vaginal smears; Papanicolaou

cells. However, the system does not classify glandular cell lesions
more specifically. Because the incidence of both malignant le-
sions is very low, distinguishing ACCs and ABCs from other ma-
lignancies usually relies on cytology. These tumors are occasion-
ally associated with conventional squamous cell carcinoma, and
cytologic findings are similar to those of endometrial cells and
masquerade as squamous cell carcinoma. In addition, the diagno-
stic cytology of ACC is usually negative because of intact overly-
ing mucosa.’

In this study, we evaluated the cytological differences between
ACC and ABC in order to identify useful cytologic features that
can distinguish the two.

MATERIALS AND METHODS

Cytologic and surgical specimens were obtained from nine
patients diagnosed with ACC or ABC from 1998 to 2014 at Ga-
chon University Gil Medical Center. Of the 2,229 cases of uter-
ine cervix carcinomas during this period, there were four cases
of ACC (0.17%) and five cases of ABC (0.22%). All cytology
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specimens were obtained by the routine Papanicolaou cervico-
vaginal smear and the cases were confirmed by surgical specimens
obtained from punch biopsy, conization or hysterectomy. Of the
four of ACC cases, one case that coexisted with squamous cell
carcinoma. The age range of these ACC cases was 45 to 76 years
old at the time of diagnosis. One ACC case was excluded be-
cause there were no visible malignant cells on the reviewed cy-
tologic slide. Of the five cases diagnosed as ABCs, four cases co-
existed with squamous cell carcinoma. The age range of these
ABC cases was 56 to 78 years old at the time of diagnosis (Table 1).

All patients underwent several cervicovaginal smear tests be-
fore and after surgical treatment. Conventional Papanicolaou
smear and liquid based preparation methods were used. Of the
ACC patients, three had undergone conventional smears, and the
one case that was excluded had undergone a liquid based prepa-
ration. All patients with ABC, had undergone conventional
smear. Cytologic diagnosis was made based on the Bethesda
system. After cytological diagnosis, patients underwent surgical
procedure for definitive diagnosis or treatment. Punch biopsy,
curettage, conization or hysterectomy were performed. We ret-
rospectively reviewed the cervicovaginal smear slides obtained
before surgery after histological confirmation.

In all cytology slides, selected individually dispersed represen-
tative tumor cells were measured using an image analyzer. A
DP70 digital camera (Olympus, Tokyo, Japan) was used to take
pictures of tumor cells. I-Solution ver. 8.4 (IMT i-Solution, Co-
quitlam, BC, Canada) was used for measurement of the area,
circumference, major axis, and minor axis of nuclei. These param-
eters were then used to compare the morphological differentia-
tion of the nuclei of the ACC and ABC in cytology specimens.

Data analysis was performed using SPSS ver. 21.0 (IBM
Corp., Armonk, NY, USA). Mann-Whitney U-test was used for
comparison of numeric data of area, circumference, major axis,
and minor axis of the nuclei of ACC and ABC. Differences be-
tween ACC and ABC were considered statistically significant
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when p-values were less than .05.

RESULTS

Cytologic characteristics of ACC

Three cases in this study were ACC. Initial cytologic diagno-
ses varied, including squamous cell carcinoma, adenocarcinoma,
and other malignancies (Table 1). The overall cytologic features
of the three cases included large amount of necrotic debris and
tumor diathesis as well as numerous orangeophilic globules in
the background. Most tumor cells were arranged in three-dimen-
sional overlapping tumor cell clusters, consisting of 40 to 50 tu-
mor cells. The tumor cells occasionally formed glandular struc-
tures (Fig. 1A). Rarely, opaque orangeophilic contents were
observed in the center of the glandular pattern (Fig. 1B). A few
tumor cells were scattered individually. Tumor cells were small
and round to oval shape with moderate size variation. Each cell
had an indistinct cell border and scant eosinophilic cytoplasm.
The nuclei were angulated and hyperchromatic, with coarse
granular chromatin pattern. They also had inconspicuous nu-
cleoli (Table 2, Fig. 1C).

Diagnoses of ACCs were confirmed by surgical specimens.
One case was cervical punch biopsy, while the others were radi-
cal hysterectomy specimens. All cases showed typical histologic
findings. There were numerous well circumscribed cellular nests
of various sizes in the cervical stroma. Tumors were composed
of basaloid cells with indistinct nucleoli arranged in nests with
a cribriform appearance, which sometimes had a palisading ar-
rangement in the periphery (Fig. 1D).

Cytologic characteristics of ABC

There were four cases of ABC in this study. All four cases (cas-
es Nos. 4-6 and 8) coexisted with squamous cell carcinomas
confirmed by surgical specimens. All but one case (case No. 8)
were diagnosed as squamous cell carcinoma in cytologic exami-

Table 1. Clinical summary of adenoid cystic carcinoma and adenoid basal carcinoma

Case No. Age (yr) Cytologic diagnosis Surgical procedure Histologic diagnosis Combined lesion

1 76 SCC Punch biopsy ACC

2 45 AC Hysterectomy ACC -

3 68 MN Hysterectomy ACC SD

4 78 SCC, AC Punch biopsy ABC SCC

5 62 SCC Hysterectomy ABC SCC

6 56 SCC Hysterectomy ABC SCC

7 62 SCC Hysterectomy ABC -

8 68 ASCUS Hysterectomy ABC SCC

SCC, squamous cell carcinoma; ACC, adenoid cystic carcinoma; AC, adenocarcinoma; MN, other malignant neoplasm; SD, squamous differentiation; ABC,
adenoid basal carcinoma; ASCUS, atypical squamous cells of undetermined significance.
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nations. The cytologic diagnosis of case No. 4 was combined five cases, some clusters of malignant cells showed distinctive
carcinoma, i.e., squamous cell carcinoma and adenocarcinoma. features different from those of pure squamous cell carcinoma.
Case No. 8 was diagnosed as atypical squamous cells of unde- Tumor diathesis was prominent in the background. Tumor cells
termined significance (Table 1). In reviewed cytology slides of occasionally presented as single cells, but mostly as three-di-

Fig. 1. Cytologic and histopathologic features of adenoid cystic carcinoma. (A) Tumor cells display three-dimensional clusters forming small
acini or glandular pattern in necrotic background. (B) Some glandular structures contain opaque orangeophilic contents in the center. (C) The

size of nuclei is variable. The nuclei have irregular and angulated membrane with coarsely granular chromatin pattern (arrows). (D) On histo-
logic section, tumor nests consist of basaloid cells forming a cribriform appearance with palisading arrangement in the periphery.

Table 2. Summary of the cytologic features of adenoid cystic carcinoma and adenoid basal carcinoma of the cervix

Cytologic features Adenoid cystic carcinoma Adenoid basal carcinoma

Background Bloody and necrotic; orangeophilic globules Necrotic, mostly

Architecture Three-dimensional clusters; occasionally glandular structures; — Three-dimensional clusters of sheets; nuclear overlapping;
opaque materials in the center of the glands rarely peripheral palisading

N/C ratio Moderate to high High

Nuclear shape Round to oval Round to oval

Nuclear size (um) 5-78 3-42

Nuclear size variation Mild to moderate® MildP

Mitotic counts (/100-150 cells) 2-3 0-1

Chromatin pattern Hyperchromatic; coarse granular chromatin pattern Hyperchromatic; finely granular chromatin pattern

Nucleoli Rarely seen; indistinct, mostly Rarely seen; small nucleoli, occasionally

*Estimate based on major axis in our cases; "Estimate based on major axis with standard deviation in our cases.

http://jpatholtm.org/ http://dx.doi.org/10.4132/jptm.2015.07.08
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Fig. 2. Cytologic and histopathologic features of adenoid basal carcinoma. (A) Clusters consist of small round basaloid cells in the necrotic
background. (B) Tumor cells display three-dimensional clusters with peripheral palisading without glandular pattern. (C) The size of nuclei
shows mild variation. The nucleic membrane is smooth with a finely granular chromatin pattern. (D) On histologic section, basaloid cells
forming tumor nests display peripheral palisading deep in cervical stroma.

mensional clusters. Rarely, the tumor cell clusters displayed pe-
ripheral palisading; however, there was no glandular structure
formation (Fig. 2A, B). Individual cells were small and showed
slight variation in size with a variable amount of eosinophilic
cytoplasm. Nuclei were dense basophilic, hyperchromatic, and
sometimes had a fine granular chromatin pattern. Inconspicu-
ous nucleoli were seen (Table 2, Fig. 2C).

Punch biopsy was performed in one case, and radical hyster-
ectomy was performed for cure in the others. Squamous cell car-
cinomas were also found in four of five cases. All cases showed
cervical ulceration grossly, without formation of a mass-like le-
sion. The tumors had similar histology. ABC was not exposed
to the surface. These tumors showed solid tumor cell nests with
peripheral palisading or cord like arrangement, and they some-
times formed acini structures without hyaline material. Tumor
cells had small basophilic nuclei, with inconspicuous nucleoli

http://dx.doi.org/10.4132/jptm.2015.07.08

(Fig. 2D).

Analysis of tumor cell nuclear morphology

The mean ACC nuclear area was 18.556 + 8.655 pm’, and
11.017 + 4.440 pm’ in ABC. The mean nuclear perimeter was
23.320 + 11.412 pm in ACC, and 15.920 + 5.664 pm in ABC.
The major axis was 5.664 = 1.537 pm and 4.612 + 1.025 pm in
ACC and ABC, respectively. The minor axis was 4.127 = 1.107
pm in ACC, and 3.088 = 0.762 pm in ABC. Thus, ACC and
ABC differed significantly in mean nuclear area, circumference,
major axis, and minor axis (p <.001) (Table 3).

DISCUSSION

ACC and ABC are rare, accounting for less than 1% of all tu-
mors of the uterine cervix.> ACC of the cervix was first de-

http://jpatholtm.org/
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Table 3. Comparison of nuclear features between adenoid cystic carcinoma and adenoid basal carcinoma

ACC (n=117) ABC (n=218) p-value?
Area (Um?) 18.556+8.655 11.017 £4.440 <.001
Circumference (um) 23.320+11.412 15.920+5.664 <.001
Major axis (um) 5.664 +1.537 4.612+1.025 <.001
Minor axis (um) 4127+1.107 3.088+0.762 <.001
Values are presented as mean +standard deviation.
ACC, adenoid cystic carcinoma; ABC, adenoid basal carcinoma.
°Statistical significance was determined by Mann-Whitney U-test.
Table 4. Differential diagnosis of adenoid cystic carcinoma and adenoid basal carcinoma”'®
Differential diagnosis Nuclear features Cytologic features Structures

SCC, keratinizing

irregularly distributed chromatin
Smaller than HSIL; markedly irregular
distributed chromatin

SCC, nonkeratinizing

Small cell carcinoma
with granular or stippled chromatin;
frequent mitosis; inconspicuous nucleoli

Columnar configuration enlarged,
pleomorphic nuclei; irregular nuclear
membrane; macronucleoli

Variation of nuclear size; loss of nuclear
polarity; moderate hyperchromasia;
large with clumped chromatin;
small to prominent nucleoli

Small round to oval shape; inconspicuous
nucleoli

Endocervical adenocarcinoma

Endometrial carcinoma

Benign endometrial
stromal cells

Intermediate cells with normochromatin;
elongated nuclei; mild hyperchromasia

Atrophy

Marked variation in size and shape; irregular
nuclear membrane; coarsely granular and

Small, relatively uniform cells; hyperchromatic

Dense orangiophilic Low cellularity; single cells and less

commonly in aggregates

Basophilic Single or aggregated cells

Scant cyanophilic cytoplasm Singly and in groups with nuclear
molding

Usually finely vacuolated Abundant abnormal cells; single
cells or two-/three-dimensional
sheets; discohesive groups

Scant, cyanophilic, often Single or small, tight clusters

vacuolated; commonly

intracytoplasmic neutrophil

Three-dimensional ball-like clusters;
double-contoured cluster (the first
half of the menstrual cycle)

- Flat, monolayer sheets

Scant, basophilic, or occasionally
vacuolated

SCC, squamous cell carcinoma; HSIL, high grade intraepithelial lesion.

scribed by Paalman and Counseller in 1949, while ABC of the
cervix was first reported as a separate entity in 1966 by Baggish
and Woodruff.” While there have been many single or multiple
case reports of ACCs and ABCs, few have been reported on the
cytologic characteristics of these two rare malignant tumors of

3419 While some have posited that these tumors share

the cervix.
origin from pluripotent reserve cells," their biologic behavior is
quite different: whereas ABCs are low-grade tumors with good
prognosis, ACCs are aggressive, with frequent local recurrences
or metastasis. Therefore, accurate differential diagnosis of these
two tumors on cervicovaginal smear is very important. However,
to date, there are no reports describing the morphologic differ-
ences between ACC and ABC that allow for sufficient diagnosis
by cytology.

All reviewed cervicovaginal smear specimens have numerous
three-dimensional overlapping tumor cell clusters. These pat-
terns were described in a report by Grafton ¢ 4/, in which three
cases were found, and these overlapping tumor cells were said
to resemble endometrial adenocarcinoma cells. In the present
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study, we found that tumor cells in cases of ACC display typical
glandular structures, which are hardly seen in cases of ABC.”
This feature was previously mentioned as acinus formation,
cribriform pattern, or rosette-like group.”**'® The cytologic di-
agnosis of four of the five ABC cases in this study was squamous
cell carcinoma. This is not surprising because squamous cell car-
cinoma or squamous intraepithelial lesions are commonly asso-
ciated with ABC. One case was diagnosed as atypical squamous
cells of undetermined significance. In some reported ABC cases,
the cytologic diagnosis was negative or squamous intraepitheli-
al lesion because of the intact surface epithelium with or without
dysplasia or no connection with the epithelium.” While necro-
sis has not been reported as a feature of ABC,” necrosis was fre-
quently seen in the cervicovaginal smears of our ABC cases,
which can to be explained by the coexisting squamous cell car-
cinoma. Tumor cell clusters showing peripheral palisading in
ABC was a characteristic finding in our cases and other reports."?
Glandular structures were found more often in ACC, which
have also been mentioned in previous reports as specific find-
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ings of ACC.***!® While these features are meaningful find-
ings in the two different tumor groups, because ACC and ABC
may show similar findings in the histology of surgical speci-
mens, these are not significantly distinguishing points. In our
ACC cases, glandular structures had opaque orangeophilc con-
tent in the lumina, which may be a helpful feature in making a
diagnosis of ACC on the cervicovaginal smear.

The two different tumors in this study showed similar nucleic
characteristics including hyperchromasia and indistinct nucleo-
li. However, we noted that ACC and ABC have different chro-
matin patterns. Whereas ACC had a coarsely granular chroma-
tin pattern, ABC was more finely granular. In addition, ACC
shows a more irregular and angulated nuclear outline than ABC
(Figs. 1C, 2C)."* Importantly, the nucleic characteristics in ACC
and ABC were significantly different in area, perimeter, major
axis, and minor axis. The ratio of minor axis to major axis was ap-
proximately 0.728 in ACC and 0.669 in ABC, which suggests
that the shape of the nuclei is very similar (i.e., oval rather than
spherical in both tumors). However, the nucleic area of ACC
was 1.684 times larger than that of ABC. Therefore, careful ob-
servation of nuclear size, outline, and chromatin pattern may be
useful in reaching correct diagnosis when pathologists confuse
ACC with ABC.

The differential diagnosis of uterine cervix tumor is very im-
portant. Because ACC and ABC are rare tumors, it is difficult to
consider these tumors as part of a differential diagnosis. The
most misdiagnosed tumor is squamous cell carcinoma, which
commonly occurs in the cervix and is coexistent with ABC in
many cases. In our institution, the initial cytologic diagnosis was
squamous cell carcinoma for five of the eight cases in this study.
Three of these five were ABC associated with squamous cell
carcinoma. The cytologic characteristics of squamous cell carci-
noma are tumor diathesis in the background, low cellularity
with single cells or less commonly aggregated cells. The nuclei
show marked variation in size and shape with irregular nuclear
membrane and coarsely granular chromatin pattern. However,
ACC and ABC commonly show three-dimensional tumor cell
clusters and have relatively small, uniform tumor cells. These
distinct features could aid pathologists in making a correct di-
agnosis of ACC or ABC. Other lesions to consider in differential
diagnosis are summarized in Table 4. These include small cell
carcinoma, endocervical adenocarcinoma, endometrial adenocar-
cinoma, benign endometrial cells, and benign cervical lesion such
as atrophy (Table 4).

The purpose of this study was to provide comprehensive in-
formation on the cytologic characteristics of ACC and ABC of
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the cervix, so that pathologists may consider these two malig-
nant tumors when the cervicovaginal smear shows small round
cell clusters. Although they show significant difference in nucle-
ar area, circumference, major axis, and minor axis, such differ-
ence is not of practical use. However, the size difference of nuclei
may be useful. In order to distinguish ACC from ABC, to sum-
marize, pathologists will need to make careful observation on st-
ructure of tumor cell cluster, nuclear size, irregularity of nuclear
membrane, and nuclear chromatin pattern, with a possibility of

combined lesions in mind.
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We report a unique case of a 4-year-old girl with an intriguing fibrohistiocytic tumour. Magnetic
resonance imaging scans showed a dural mass of variegated intensity compressing the left oc-
cipital pole and apparently extending toward the superior sagittal sinus. Grossly, the cut surface
of the surgical specimen was yellow, pale, and soft with reddish kernel-like crusts. Histologically,
the yellow areas resembled cholesterol granulomas with widespread coagulative necrosis, cho-
lesterol clefts, powdery calcification, foreign body-type giant cells, and foamy macrophages,
while the scattered red spots contained numerous multinucleated giant cells of foreign-body and
Touton types, the former with amphophilic to slightly eosinophilic cytoplasm. Immunoperoxidase
reactions confirmed the expression of histiocytic markers and vimentin. As far as we know, no tu-
mour displaying these peculiar morphological features has yet been described.
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Fibrohistiocytic tumours are well-recognized histopathologi-
cal entities that usually occur in subcutaneous and soft tissues.
Nevertheless, such lesions can also involve the neural axis. We
recently encountered a particularly curious example arising from
the pachymeninx; thus, we present this unique case along with
its singular morphological traits.

CASE REPORT

A 4-year, 7-month-old girl presented for medical consultation
with her parents. They complained about a lump in the back of
the child’s head that made it difficult to comb and plait the girl’s
hair. The child was entirely asymptomatic, and there was no rel-
evant medical history, such as systemic ailment or associated
long-bone disease. Haematological and biochemical tests were
unremarkable, and no lipid abnormality was detected. Magnetic

pISSN 2383-7837
elSSN 2383-7845

Key Words: CNS fibrohistiocytic tumour; Dural tumour; Cholesterol granuloma; Solitary reticulohis-
tiocytoma; Fibroxanthoma

resonance imaging scans showed an occipital dural-based tu-
mour of heterogeneous intensity slightly compressing the left
occipital pole and apparently extending toward the superior sag-
ittal sinus (Fig. 1A, B). Resection was performed, and the sur-
gical specimen was submitted for histopathological evaluation.
The outer surface of the fixed specimen (6X6X 2 cm) was
gray tan, smooth, and hard, yet the transverse cut surface con-
tained yellow, pale, and pasty material with reddish kernel-like
crusts, resulting in an overall appearance similar to a slice of
butter-covered raspberry bread (Fig. 1C). Under light microsco-
py, the pale yellow areas contained widespread coagulative ne-
crosis, powdery calcification, numerous cholesterol clefts, foreign
body-type giant cells, and foamy macrophages, while the red
nodules were populated by giant cells (Fig. 2A-C). The entire
lesion was demarcated by a thin fibrous wall consistent with
compacted dura mater. Closer examination of the nodular areas
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Fig. 1. Magnetic resonance imaging scans and gross surgical resection specimen. (A) T1-weighted sagittal scan demonstrating a tumour of
heterogeneous intensity attached to the dura mater. (B) T1-weighted axial image. The arrow points to an area probably invaded by the tu-
mour. (C) Transverse cut surface with a butter-covered raspberry slice of bread appearance.

detailed a miscellaneous group of giant cells including mononu-
cleated as well as multinucleated forms of foreign-body and
Touton types, the former with ground-glass amphophilic to
flamboyantly eosinophilic cytoplasm and occasional empty vacu-
oles (Fig. 2C-G). At times, foci of a mixed inflammatory cell
population could be recognized, including lymphocytes, neutro-
phils, and scarce eosinophils. Intriguingly, some giant cells dem-
onstrated phagocytosis of related tumoural elements (cell canni-
balism) and uptake of inflammatory cells (Fig. 2E). Disturbing
bizarre nuclei were also present in some of these giant cells;
however, mitotic activity was not identified (Fig. 2G). The im-
munoperoxidase-coupled reactions revealed a fibrohistiocytic
immunophenotype with CDG68, 0;-antitrypsin (data not shown),
ay-antichymotrypsin (data not shown), and vimentin positivity
(Fig. 3A, B). CD34 immunostaining was negative but high-
lighted the delicate vascular branching, whereas the epithelial
membrane antigen (EMA) unexpectedly delineated the giant
cell borders (Fig. 3C, D). Likewise, staining for PS100, CDla,
CD207, FXIlIla, smooth-muscle actin (SMA), muscle-specific
actin (MSA), podoplanin (D2-40), microphthalmia transcription
factor (MITF), and glial fibrillary acidic protein (GFAP) was also
negative. Ancillary histochemical stains were also requested

http://jpatholtm.org/

(Ziehl-Neelsen, auramine-rhodamine, Fite-Faraco, periodic acid-
Schiff, Brown-Hopps and Grocott) and did not detect either con-
ventional or atypical mycobacteria. An additional dural frag-
ment labeled as “implant attached to the superior sagittal sinus”
was received. It had yellow macules constituted microscopically
of foamy histiocytes and multinucleated foreign-body type giant
cells engulfing cholesterol crystals.

According to the aforementioned findings, the lesion was di-
agnosed as dural xanthogranuloma (cholesterol granuloma with
broad areas of coagulative necrosis and foci of giant cells). To date
the patient is healthy and without any complaints.

All procedures performed in this study were in accordance
with the ethical standards of the institutional and/or national re-
search committee and with the 1964 Helsinki Declaration and
its later amendments or comparable ethical standards. Informed
consent was obtained from the patient’s legal guardian, and ano-
nymity of the patient was preserved.

DISCUSSION

Lesions of fibrohistiocytic origin seem to be quite rare among
central nervous system (CNS) tumours."” Accumulation of foamy
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Fig. 2. Microscopic features. (A) Panoramic photomicrograph showing the boundary zone between the cholesterol granuloma area (right
field) and one of the reticulohistiocytoma-like nodules (left field). (B) Boundary zone at higher magnification. Cholesterol clefts, xanthocytes,
multinucleated foreign-body type giant cells, and strands of thin fibrous tissue can be identified. (C) Panoramic view of one of the reticulohis-
tiocytoma-like nodules: “chactic pattern” of lipidized and amphophilic multinucleated giant cells. (D) Multinucleated giant cells with ampho-
philic cytoplasm and empty vacuoles. (E) Touton-type giant cell next to a cannibal cell (arrow). (F) Amphophilic multinucleated giant cell with
a finely granular cytoplasm filled with lipids (Oil Red). (G) Mononucleated giant cell with nuclear atypia.

macrophages in the neural axis can arise from known metabolic/
storage disorders or serum lipid disturbances (secondary CNS
involvement) but can also occur without an exact cause or trig-
gering factor (primary CNS involvement).”” At present, the
pathogenesis of the latter remains poorly understood. Nonethe-
less, two hypothetical pathways have been proposed to explain
their formation:>” (1) local trauma or haemorrhage with over-
stimulation of mesenchymal cells from dura mater or vascular
adventitia and (2) synthesis of lipotrophic factors that cause un-
differentiated mesenchymal cells to undergo xanthomatous
transformation. These primary CNS, lipidized fibrohistiocytic
tumours have been traditionally dichotomized as intraventricu-
lar (i.e., affecting plexi choroidei) or meningeal (dural-associated).™
This classification can be further expanded to include some other
topographies, such as leptomeningeal or parenchymatous (intra-
cerebral or intracerebellar).*"’

Although plexi choroideorum xanthomas have been described
since the beginning of the 20th century," the first observations
of a non-ventricular fibrous xanthoma were presented in the 1973

http://dx.doi.org/10.4132/jptm.2015.05.28

work of Kepes ¢ al." It was not until 1979 that Lam and Co-
lah"? reported the first dural-associated lesion of this kind. In
contrast, CNS cholesterol granulomas (xanthogranulomas) are
uncommon lesions usually found incidentally in plexi choroidei
during postmortem examination (1.6% to 7% of autopsies).
They are thought to occur either because of desquamation of
choroidal epithelial cells or from local histiocytes recruited, pet-
haps, as formerly described.” They feature needle-like cholester-
ol clefts flanked by foreign-body type giant cells, foamy histio-
cytes, chronic inflammatory cells, and scattered haemosiderin
granules.” Also, varying amounts of fibrosis can be present, be-
coming most marked in long-standing lesions. Otherwise, solitary
reticulohistiocytoma is a distinctive but rare lesion in adults."'*"
Such tumours are seen as a yellow-brown to dark-red papule
consisting of dense circumsctibed nodules of deeply eosinophilic
histiocytes often exhibiting multinucleation with no Touton gi-
ant cells. Some degree of nuclear atypia and occasional mitotic
figures might be present. Immunoperoxidase reactions reveal ex-
pression of CD163, CD68, and vimentin, along with variable
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Fig. 3. Immunohistochemistry panel. (A) CD68 immunolabeling of foamy macrophages (left) and multinucleated giant cells (right). (B) Ubiqui-
tous vimentin expression. (C) Delicate intranodal capillary branching unveiled by CD34. (D) Multinucleated giant cells’ circumference immu-
nostained with epithelial membrane antigen.

reactivity for HAMS6, o,-antitrypsin, lysozyme, FXIIIa, PS100,
MSA, and MITE A multicentric variant has also been described,
but it is associated with autoimmune disorders and internal ma-
lignancies. Interestingly, it has been suggested that the solitary
form is similar to adult xanthogranuloma, with the distinction
being largely based on predominance of multinucleated eosino-
philic histiocytes." Reports of solitary reticulohistiocytoma in-
volving the neuroaxis are currently non-existent in the global
medical literature.

There were various differential diagnoses to consider in our
case, such as xanthoma, fibrous histiocytoma (fibroxanthoma),
atypical fibrous histiocytoma, solitary (juvenile) xanthogranulo-
ma, and Erdheim-Chester disease. As conveyed by Weiss and
Enzinger, xanthomas are just collections of tissue histiocytes
filled with lipids."”” These foamy macrophages are embedded
within a loose stroma and organise in uniform sheets, occasion-
ally divided into smaller nests by delicate fibrous bands. They

http://jpatholtm.org/

are thought to be closely related to cholesterol granulomas,
probably in an earlier stage. Nevertheless, a comparative clinico-
pathological analysis of both lesions in plexi choroidei revealed
some differences.' Intense siderosis and a higher male-to-female
ratio were noted in cholesterol granulomas (14:3 vs 13:8), while
xanthomas were more frequently associated with dyslipidaemia.
Histologically, benign fibrous histiocytomas are characterized by
a mixture of spindle fibroblast-like cells arranged in short fasci-
cles, with or without focal storiform profiles, and plump histio-
cyte-like cells accompanied by variable numbers of foamy histio-
cytes, haemosiderin-laden macrophages, multinucleated giant
cells of foreign-body or Touton types, lymphocytes, plasma cells,
and bundles of collagen.'” The immunohistochemical profile
shows an admixture of CD68, FXIIIa, CD34, PS100, SMA, and
D2-40 cells, in variable proportions.* A subset of fibrous histio-
cytomas exhibits borderline histologic signs of malignancy, in-
cluding significantly greater cellular atypia and increased mitot-
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ic activity." In spite of the nuclear pleomorphism focally detected
in our case, mitotic activity was not present; thus, the bizarre
nuclei observed were considered a degenerative phenomenon
such as that seen in ancient neurilemmoma or giant cell ependy-
moma. We also interpreted the small implant attached to the
superior sagittal sinus as an additional lesion rather than direct
extension from the larger one (i.e., an early multifocal process).
Juvenile (solitary) xanthogranuloma demonstrates a wavering
time-dependent appearance and is a challenging diagnosis to
eliminate.">" Despite its classic morphology showing foamy
histiocytes accompanied by Touton-type giant cells, early lesions
tend to possess less intracytoplasmic lipid droplets. Hence,
mononuclear cells display a plump eosinophilic cytoplasm. Con-
versely, longstanding lesions usually develop interstitial fibrosis
and even assume a vague storiform pattern. Additionally, the ex-
istence of transitional cases with or without xanthomatous fea-
tures, with or without interspersed spindle cells, and containing
multinucleated giant cells with or without Touton configuration
is also possible. Usually, a modest number of acute and chronic
inflammatory cells are also present, especially eosinophils. Re-
gardless of morphology, macrophages and Touton cells show im-
munoreactivity for CD68, oy-antitrypsin, 0;-antichymotrypsin,
lysozyme, CD31, and FXIIla. Langerhans and non-Langerhans
cell histiocytoses are also worth considering.” The former can be
ruled out by means of an appropriate immunohistochemistry
panel (PS100, CD1a, and CD207) in a suitable clinical setting
(localized vs multiple sites of involvement). On the other hand,
the latter can be troublesome, particularly when Erdheim-
Chester disease is suspected, which is a rare disorder that most
often becomes apparent in middle age and is typically seen in
the context of long-bone and systemic disease. It is character-
ized by lipid-laden CD68+, CD1la—, and PS100— macrophages
and Touton-type multinucleated giant cells accompanied by
scarce eosinophils. Indeed, the reddish nodules described in our
case displayed some of these features; however, considering the
lack of multiple organ involvement, we considered the multinu-
cleated foreign-body type giant cells to represent a trait more
akin to solitary reticulohistiocytoma than to Erdheim-Chester
disease. Tuberculosis was also a consideration; however, the gross
appearance of the lesion was not consistent with a tuberculoma,
which is usually hard and chalky-white rather than soft, and
pale-yellow. Also, tuberculosis tends to be infratentorial in the
paediatric population. Furthermore, there was no Heubner ar-
teritis or typical epithelioid granulomas of tuberculosis with ca-
seous necrosis and Langhan type giant cells. One might argue
that it can be entirely feasible in an immunodeficient patient;
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however, as previously stated, our patient was a completely
healthy girl who had already received her bacillus Calmette—
Guérin vaccine (which only provides protection against the lep-
tomeningeal form). Other non-fibrohistiocytic neoplasms can
show extensive xanthomatous changes, such as glioblastoma,
pleomorphic xanthoastrocytoma, and metaplastic meningio-
ma.'™"® Nonetheless, immunoperoxidase-coupled assays for
GFAP and EMA can be useful to achieve a diagnosis in these
settings. Though a dull peripheral rim was observed in the mul-
tinucleated giant cells through EMA immunostaining, it was
uncertain whether to dismiss it as an artifact. Indeed, EMA ex-
pression has been demonstrated in normal plasma cells, mono-
blasts, and in some hematological malignancies."

Xanthogranuloma and solitary reticulohistiocytoma are con-
ditions grouped among the pathogenetically diverse category of
fibrohistiocytic tumours.' Interestingly, these miscellaneous le-
sions sometimes show stunning overlapping morphological or
immunophenotypical traits, which might be explained on the
basis of the “facultative fibroblast” concept proposed by Ozzello
in 1963.">* This concept features a cell with an inherent capac-
ity to transdifferentiate to another morphologic and functional
state, an assumption that could be true for the present case.
Nonetheless, it can simply represent a time-dependent phenom-
enon (i.e., evolving stages of the same process). Hence, we report
a lipidized fibrohistiocytic lesion arising in the dural coat of the
CNS with peculiar and unconventional traits that, as far as we
know, have not been previously described.
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A 39-year-old man infected with human immunodeficiency virus (HIV) was admitted to our hospi-
tal because of sudden onset of chest pain. Chest radiography revealed pneumothorax of the right
lung. Computed tomographic scans disclosed a 5.8-cm-sized emphysematous bulla in the right
middle lobe of the lung. Histologically, the wedge-resected lung showed medium to large atypical
cells within the bullous cavity of the Pneumocystis jirovecii pneumonia, without solid mass forma-
tion. These atypical cells were confirmed to be large B-cell ymphoma, Epstein-Barr virus—posi-
tive and human herpesvirus 8-negative. Therefore, this case was not diagnosed as primary effu-
sion lymphoma, but effusion-based lymphoma arising in an emphysematous cavity of an HIV-
infected patient. This type of effusion-based lymphoma has never been reported, and, although
rare, it should be noted in order to clinically diagnose this lymphoma.
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Primary effusion lymphoma (PEL) is the only subtype of effu-
sion-based lymphoma (EBL) listed on the 2008 World Health
Organization (WHO) classification, and it is specified as a large
B-cell lymphoma that presents as serous effusions without a de-
tectable tumor mass." PEL represents one of the specific lympho-
mas that occur in human immunodeficiency virus (HIV)-posi-
tive patients, accounting for less than 3% of all HIV-related lym-
phomas.” PEL cells are usually negative for pan-B-cell markers
and often reveal a consistent dual herpesvirus infection with
both human herpesvirus 8 (HHVS) and Epstein-Barr virus (EBV).
Recently, HHV8-negative EBL has emerged as a distinct entity,
often associated with older patient age, clinical history of fluid
overload, and a universal expression of pan-B-cell markers. Pa-
tients with HHV8-negative EBL tend to be positive for the he-
patitis C virus, but negative for HIV and EBV infection. Mean-
while, HHV8-positive solid lymphomas without lymphoma-
tous effusions are considered extracavitary variants of PEL, which
have been validated via gene expression profiling and proteomic
analyses.” In this context, we report herein another unique case
of HHV8-negative and EBV-positive EBL, which developed
from the bullous cavity of Preumacystis jirovecii pneumonia (PJP)
in a clinical background of HIV infection.
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CASE REPORT

A 39-year-old man visited our hospital because of two enlarg-
ing dusky-colored patches on his chin and forehead, both of
which appeared 1 month prior to his visit. Both skin lesions were
diagnosed as Kaposi sarcoma, and the patient was diagnosed to
be HIV positive. Two months later, he experienced sudden onset
of chest pain and difficulty breathing. Laboratory tests showed
high levels of white blood cells (10,600/pL) with 73.5% granu-
locytes and serum lactate dehydrogenase of 679 TU/L. The pa-
tient’s CD4 T-cell count had decreased to 19 cells/pL. Hepatitis
A, B, or C viruses were not detected. Computed tomographic
scans of his chest revealed a 5.8-cm emphysematous bulla in the
right middle lobe of his lung, while the left lobe showed diffuse
ground glass opacities, suggestive of interstitial pneumonia (Fig.
1A). The patient underwent wedge resection of the lung, which
grossly revealed a multilocular bullous cavity surrounded by
whitish pneumonic consolidation (Fig. 1B). Microscopically, agg-
regates of atypical lymphoid cells were floating in the bullous
cavity without forming solid masses. These cells showed medium
to large pleomorphic nuclei with prominent nucleoli and baso-
philic cytoplasm, revealing plasmablastic features (Fig. 2). Th-
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rough immunohistochemistry, tumor cells were found to exhibit CD30, and CD138. The Ki-67 labeling index reached up to
a non-germinal center B-cell nature showing positivity for CD20, 80%-90%. Tumor cells were positive for EBV-encoded RNA
CD79a, and MUMI but negativity for CD3, CD10, BCL6, in situ hybridization, EBV latent membrane protein-1 (LMP1),

Fig. 1. A computed tomographic scan (A) and serial lung sections (B) displaying a 5.8-cm multilocular emphysematous bulla surrounded by
pneumonic consolidation in the right middle lobe of the lung. The left lung shows diffuse ground glass opacities, which is consistent with in-
terstitial pneumonia.

Fig. 2. Lymphoma cells have large eccentric pleomorphic nuclei and basophilic cytoplasm, showing plasmablastic features (A). Proliferating
and necrotic tumor cells (arrows) are located in the bullous cavity, representing effusion-based nature (A inset). Tumor cells are positive for
CD20 immunohistochemistry (IHC) (B), Epstein-Barr virus (EBV) in situ hybridization (C) and also EBV nuclear antigen-2 IHC (D).
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Table 1. Main differential diagnoses of this case

HIV-Positive Effusion-Based Lymphoma ¢ 411

Present case PEL HHV8-negative EBL DLBCL. a.SSOC'ated .Wlth
chronic inflammation
Age at diagnosis 39 yr Young or middle-aged Old (median, 70 yr) Old (median, 65-70 yr)
Underlying condition Pneumocystis jirovecii pneumonia ND Fluid overload Pyothorax or chronic pleuritis

Pneumonic bullae

CD20(+), CD79a(+),
MUMH1(+), CD138(-), CD30(-)
HIV(+), HHV8(-)

EBV/(+, latency Ill), HCV()
Unknown

Site of involvement
Immunophenotype

Viral infection

Prognosis

Body cavities

CD20(-), CD79a(-),
CD138(+), CD30(+/-)
HIV(+), HHV8(+)

EBV(+, latency Il), HCV(-)
Unfavorable

(median survival, <6 mo)

Body cavities
CD20(+), CD79a(+),
CD138(+/-), CD30(+/-)

Body cavities
CD20(+/-), CD79a(+/-),
MUM1(+), CD138(+), CD30(+/-)

HIV(-), HHV8(-) HIV(-), HHV8(-)
EBV(-), HCV(+, 26.5%) EBV(+, latency Ill), HCV(-)
Variable Unfavorable

(median survival, 10 mo) (5-yr survival, 20%-35%)

PEL, primary effusion lymphoma; HHV8, human herpesvirus 8; EBL, effusion-based lymphoma; DLBCL, diffuse large B-cell lymphoma; ND, not described;
HIV, human immunodeficiency virus; EBV, Epstein-Barr virus; HCV, hepatitis C virus.

EBV nuclear antigen-2 (EBNA-2), but negative for HHVS.
The background bullous cavity and adjacent alveolar cavities
were filled with frothy exudates containing Preumacystis jirovecii
clearly visible after application of Gomori methenamine silver
stain. Therefore, the patient was diagnosed with EBL, not PEL,
arising in the PJP-associated cavitary lung lesion. He was treat-
ed with highly active antiretroviral therapy along with anti-mi-
crobes for 6 months, followed by chemotherapy.

DISCUSSION

This is a unique case of EBL occurring in the PJP-associated
bullous cavity of the lung. The differential diagnosis of this case
includes HHV8-negative EBL, PEL, and diffuse large B-cell
lymphoma (DLBCL) associated with chronic inflammation (Ta-
ble 1). While PEL is the only subtype of EBL listed in the 2008
WHO classification, HHV8-negative EBL has been steadily
considered a separate entity, because the demographics, immu-
nophenotype, and clinical outcome of HHV8-negative EBL are
inconsistent with PEL.>! In contrast to this case, PEL is invari-
ably positive for HHVS, and usually negative for pan-B-cell
markers.' Compared to HHVS-negative EBL, this case did not
show any clinical condition of fluid overload such as cirthosis,
protein-losing enteropathy, or cardiac disease. In addition, the
tumor in this case developed in the setting of both HIV and EBV
positivity, while negative for the hepatitis C virus, which is the
reverse of HHV8-negative EBL. With regard to the tumor’s ori-
gin, the present case is unique in that all previously reported
cases of EBL involved pleural, peritoneal, or pericardial cavities,
except for one, which was detected from scrotal effusion fluids.®
Although our case most closely resembles DLBCL associated
with chronic inflammation, in that it is a lymphoid neoplasm
often involving the body cavity and occurring in a condition of
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chronic inflammation and EBV infection, DLBCL forms a de-
tectable tumor mass and typically develops after a long-standing
inflammation, usually over 10 years.” It is unclear whether this
particular tcumor should be considered a previously undescribed
subtype of DLBCL, or whether it corresponds with a rare variant
of HHV8-negative EBL or DLBCL associated with chronic in-
flammation.

Interestingly, this tumor was accidentally discovered in the
pneumothorax as a complication of PJP. The incidence of pneu-
mothorax in HIV-positive patients is approximately 2%, but can
reach up to 9% in those with PJP*’ It has been reported that
chronic inflammation and localized immunosuppression may
enhance the clonal evolution of EBV-infected lymphocytes.'® DL-
BCL cells in HIV-positive patients have been known to express
the interleukin-6 (IL-6) receptor, which can respond to the IL-6
produced by adjacent non-neoplastic cells in a paracrine man-
ner."! In addition, similar to DLBCL associated with chronic in-
flammation, the tumor cells in this case revealed EBV latency
type IIT (LMP1-positive, EBNA-2—positive) infection, which
represents the most complete form of latent gene expression.'>"
This finding is in contrast to PEL, in which the tumor cells are
infected with the more restricted EBV latency type 1T (LMP1-
positive, EBNA-2—negative) infection."

In conclusion, the present case is a rare instance of HHV8-ne-
gative and EBV-positive EBL in an HIV-positive patient. This
type of clinical presentation has never been described previously,
and it should be kept in mind in order to diagnose occult lym-
phomas.
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Recent advances in cytogenetics have altered the traditional

Growth Having a Fat Component

We report a rare case of oncocytic renal cell carcinoma (RCC) with tubulopapillary growth in the
background of tuberculous end-stage kidney disease. Histology of the renal mass consisted of
oncocytic cells forming solid, thin tubules and rare papillae. The tumor had abundant eosinophilic
oncocytic cells containing occasional cytoplasmic Mallory body-like hyaline globules and a tiny
focus of clear cells with intervening mature fat. Both the oncocytic cells and clear cells were im-
munoreactive for a-methylacyl-CoA racemase, vimentin, pancytokeratin, and CD10, and negative
for transcription factor E3, CD15, human melanoma black 45, and c-kit. Mallory body-like hyaline
globules were positive for CAM 5.2 and periodic acid-Schiff with or without diastase. Ultrastruc-
turally, the tumor cells had abundant cytoplasmic mitochondria. The present case is a rare case
of oncocytic RCC with tubulopapillary growth pattern. The case is unique in that the tumor was
mixed with fat component, which is not common in RCC and thus can lead to misdiagnosis.

Key Words: Oxyphil cells; Carcinoma, renal cell; Adipocytes; Mycobacterium tuberculosis

CASE REPORT

classification of renal cell carcinoma (RCC). According to the

latest World Health Organization classification, renal cell tu-
mors are classified based on their morphological, immunohisto-
chemical, and genetic features.' The following subgroups can be
used to classify these tumors: clear cell RCC (VHL and others
on chromosome 3), papillary RCC (MET), chromophobe RCC
(TP53), and collecting duct RCC.> Among them, papillary RCC
can display extensive areas of solid and non-papillary architec-
ture and extensive areas of oncocytic cytoplasm. As a rare mor-
phological variant of papillary RCC, oncocytic RCC has been
described as having papillotubular growth, as oncocytic papil-
lary RCC with an inverted nuclear pattern, or as oncocytic pap-
illary RCC with solid architecture.”® This new variant is com-
posed of tumor cells with morphological, immunohistochemical,
and ultrastructural characteristics of oncocytes, and frequently
presents as high nuclear grade 3, type 2 papillary RCC with rare
metastases, similar to type 1 papillary RCC. The present case of
an oncocytic variant of RCC coexisted with renal tuberculosis.
Here, we report a rare case of oncocytic RCC with a tubulo-
papillary growth pattern and extracellular mature fat component
in a tuberculous end-stage kidney and discuss its complex dif-

ferential diagnosis.
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A 52-year-old male had been treated for chronic renal failure
and had been on continuous ambulatory peritoneal dialysis for 9
years. He visited our hospital due to a recent onset of vague left
flank pain. Abdominopelvic computed tomography (CT) re-
vealed a round mass in the lower pole of the left kidney and
marked hydronephroureter with cortical thinning of bilateral
kidneys (Fig. 1). Chest CT showed segmental consolidation with
surrounding ground glass opacity in the right upper lobe, sug-
gesting pulmonary tuberculosis. Bilateral nephrectomy was
then performed.

Grossly, a well-circumscribed, round, solid mass measuring
2.5%2.0%1.5 cm was found at the lower pole of the left kidney.
The cut surface of the mass was yellow-tan colored. Both kidneys
showed severe hydronephrosis and pyelonephritic changes. The
dilated pelvocalyces were covered with yellow-tan necrotic ma-
terial. Microscopically, most of the mass was composed of solid
and thin tubules of eosinophilic oncocytic cells mixed with ma-
ture fat (Fig. 2A, B). The polygonal-shaped tumor cells had abun-
dant eosinophilic granular cytoplasm and round nuclei with
prominent nucleoli (Fig. 2C). Elongated tubular architectures
were predominant with occasional detachment from the lumens
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Fig. 1. Coronal view of abdominopelvic computed tomography re-
veals severe hydronephrosis of bilateral kidneys. Note a round le-
sion in the left kidney (arrow).

(Fig. 2D). The tumor demonstrated only focal large papillary
fronds that contained delicate fibrovascular cores (Fig. 2E, left)
and aggregates of clear cells (Fig. 2E, right). Occasionally, the
oncocytic cells had Mallory body-like eosinophilic cytoplasmic
hyaline globules (Fig. 2F, left). Mitotic figures were counted up
to 2 per 10 high power fields. The surrounding parenchyma
showed a caseous necrotic cystic wall. Immunohistochemically,
both the oncocytic and clear cells were diffusely strongly posi-
tive for vimentin (prediluted, V9, Dako, Glostrup, Denmark),
pancytokeratin (prediluted, AE1/AE3, Dako), and o-methylacyl-
CoA racemase (AMACR; 1:50, EPUM1, Novocastra, New
Castle upon Tyne, UK). Some of the oncocytic cells were weak-
ly positive for CD10 (1:100, 56C6, Dako). The tumor cells were
negative for epithelial membrane antigen (prediluted, E29, Dako),
cytokeratin 7 (CK7; 1:100, OV-TL, Dako), MOC31 (MOC31,
1:70, Novocastra), E-cadherin (1:50, 36B5, Dako), carcinoem-
bryonic antigen (prediluted, Dako), progesterone receptor (1:50,
PgR636, Dako), CD15 (1:50, C3D-1, Dako), human melano-
ma black 45 (HMB-45; prediluted, Dako), transcription factor
E3 (1:50, MRQ-37, Cell Marque Corporation, Rocklin, CA,
USA), and c-kit (1:30, T595, Novocastra). These cells were also

http://jpatholtm.org/

negative for Hale’s colloidal iron and periodic acid-Schiff (PAS)
staining. Mallory body—like eosinophilic hyaline globules were
stained with PAS and diastase-resistant (Fig. 2F, right), and they
were slightly positive for CAM 5.2 (prediluted, BD Bioscience,
San Diego, CA, USA) and negative for o-fetoprotein (prediluted,
Dako). The tumor was diagnosed as oncocytic papillary RCC of
Fuhrman’s nuclear grade 3. Surrounding parenchyma as well as
renal pelvis and ureter showed chronic granulomatous inflamma-
tion with caseation nectosis. The oncocytic areas of the paraffin
block were taken for ultrastructural examination. Electron mi-
croscopy revealed that the ovoid-shaped tumor cells had abun-
dant cytoplasm and round nuclei with a euchromatic pattern.
They had abundant mitochondria and some rough endoplasmic
reticula (Fig. 3).

The mass was diagnosed as oncocytic RCC with a tubulopap-
illary growth pattern. During 9 years of postoperative follow up,
the patient showed no recurrence or metastasis.

Institutional Review Board (IRB) of Gachon University Gil
Medical Center IRB No. GCIRB2015-192) approval was ob-
tained for this case report.

DISCUSSION

Under light microscopy, the present renal tumor showed the
characteristic pathologic findings of oncocytic tumor composed
of mainly solid architecture with thin tubules, i.e., short papil-
lae and intermixed fat. There are several oncocytic renal cell neo-
plasms with these histopathological features, which poses a di-
agnostic problem in differentiation becween RCC with oncocytic
features, oncocytoma-like epithelioid angiomyolipoma (AML),
and renal oncocytoma.! Renal oncocytoma shows typical gross
features of a solitary, well-circumscribed, slightly lobulated, sol-
id appearance with a mahogany brown or dark red cut surface
with a frequent central scar. Microscopically, the small, round,
uniform tumor cells of oncocytoma have abundant, faintly eo-
sinophilic granular cytoplasm, and the cells are arranged in
nests and tubulocystic, solid, or trabecular patterns with a myx-
omatous or hyalinized stroma. Immunohistochemistry can be
helpful for arriving at the correct diagnosis because the distinct
immunopositivity for c-kit and the immunonegativity for CK7
and vimentin are characteristic of renal oncocytoma.' Clear cell
RCC has diverse architecture of solid, alveolar, and acinar pat-
terns, but prominent papillary architecture is not common. An
extensive papillary architecture is one of the characteristic fea-
tures of papillary RCC. A focal tubular growth pattern with
small papillae may be also seen in papillary RCC, but extensive

http://dx.doi.org/10.4132/jptm.2015.07.01
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Fig. 2. (A) Tumor cells with abundant eosinophilic cytoplasm are arranged in solid papillae and tubules, intermingled with mature fat component.
(B) The tumor is composed of a compact arrangement of small thin tubules. (C) At the solid area, lobules separated by thin capillaries consist of
eosinophilic and granular tumor cells. Note fat vacuoles. (D) Eosinophilic tumor cells are lining the tubules with focal surface decapitation. (E)
Oncocytic cells occasionally form papillary architecture (left). The tubules of clear tumor cells have the appearance of clear-type renal cell
carcinoma (right). (F) The oncocytic cells have eosinophilic cytoplasmic globules (arrows, left) that are stained with periodic acid-Schiff (right).
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Fig. 3. Electron microscopy reveals oval-shaped tumor cells with
abundant mitochondria and shelf-like cristae (x 3,000).

tubular structures with intraluminal papillary projections have
been rarely described.”* Recent studies reported that a variant of
oncocytic RCC having papillotubular growth shows the histol-
ogy of an extensive small tubular growth pattern, often with
papillary fronds. Such tumors are mainly composed of oncocytic
cells with eosinophilic granular cytoplasm and some scattered
clear vacuolar cells.” Either the oncocytic cells or the clear cells
in those studies were positive for AMACR, CD10, CK7, epithe-
lial membrane antigen, and vimentin, but they were negative
for c-kit and E-cadherin. These histological and immunohisto-
chemical findings are partly shared by those of the present case.
Yet in the present case, the microscopic presence of mature fat
among the monotonous polygonal cells with oncocytic cytoplasm
suggested a possible diagnosis of oncocytoma-like epithelioid
AML." Epithelioid AML was often misdiagnosed as granular,
chromophobe, or high-grade unclassified RCC until it was in-
cluded in the classification system of renal tumors. Intratumoral
fat may be rarely found in RCC.* Therefore, this uncommonly
encountered histologic feature should be distinguished from
perinephric and sinus fat invasion of RCC. Negative reaction for
melanoma markers, such as HMB-45, Melan-A, microphthal-
mia transcription factor, and tyrosinase, and immunopositivity
for such RCC markers as CD10 and epithelial membrane anti-
gen, can exclude oncocytoma-like epithelioid AML."' The pres-
ent immunohistochemical results matched those of the tumor
cells of papillary RCC and partly matched those of the oncocytic
cells of papillary RCC showing papillotubular growth, as re-

http://jpatholtm.org/

ported by Masuzawa ez al.,’ whereas oncocytic cells are diffusely
stained with AMACR and CK7.° Recent molecular studies that
have focused on oncocytic papillary RCC have revealed similar
results to those of traditional papillary RCC showing frequent
trisomies 7, 12, 16, 17, and 20." Kunju ¢ a/.” reported trisomy 7
and 17 and loss of the Y chromosome. Park ¢t #/.° demonstrated
that comparative genomic hybridization showed gains of 3p22
and 11q12-q13 in addition to chromosome 17 or loss of 4q.
They also demonstrated a loss of chromosome 4 in one case of
oncocytic papillary RCC. These molecular changes of oncocytic
papillary RCC are similar to other types of papillary RCC. Im-
munopositivity for AMACR is similar to types 1 and 2 papil-
lary RCC.

The Mallory body-like eosinophilic hyaline globules are not
commonly encountered in RCC, but they were first reported by
Datta in 1977.” These structures are morphologically similar to
those seen in alcoholic liver disease, which is composed of a par-
allel array or granular aggregates of intermediate filaments. These
prekeratin-like structures show similar immunohistochemical
and special staining results as the present case.

The present tumor arose in the background of tuberculous
kidney. To date, less than 50 cases of RCC with renal tuberculo-
sis have been reported." Establishing a causative relationship
between the chronic inflammation of tuberculosis and RCC is
rather complicated, especially since we know from previous lit-
erature that bacillus Calmette-Guérin interaction with the uro-
epithelium upregulates interleukins and various forms of inter-
feron, which are currently the primary immunotherapies for RCC.

We emphasize a rare morphology of oncocytic RCC with tu-
bulopapillary growth pattern containing a mature fat compo-
nent. This combination of pathologic findings are rarely encoun-
tered and should be distinguished from other types of RCC as
well as oncocytoma-like epithelioid AML.
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Polypoid endometriosis is a rare type of endometriosis that
sometimes mimics the clinical presentation of malignancy. We
report a case of a young woman with a history of hormone treat-
ment who was suspected to have an ovarian malignancy with

metastases.
CASE REPORT

A 30-year-old GOPO woman with a history of left ovarian
cystectomy due to endometriosis presented with a huge left ad-
nexal mass detected on ultrasonography. After the previous cys-
tectomy, she was administered a gonadotrophin releasing hot-
mne (GnRH) agonist for four months and then a combined oral
contraceptive (OC), Mercilon (Organon Ltd., Doublin, Ireland)
(mixed ethinylestradiol and desogestrel), for about two years.
Her menstrual cycle was regular, but she experienced severe
dysmenorrhea. The patient’s serum cancer antigen (CA) 125 level
was increased (595.3 U/mL), while her CA 19-9 and carcinoem-
bryonic antigen results were normal.

Ultrasonography showed an 11-cm-sized, mixed-echoic, semi-
solid mass in the left adnexa. Abdominopelvic computed to-
mography revealed the mass to be solid with enhancement (Fig.
1A). Another mass was present in the left abdominal wall, ex-
tending to the peritoneum and the rectus abdominis muscle. A
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small amount of ascites was observed in the perihepatic space
(Fig. 1B).

A laparoscopic left salpingo-oophorectomy was performed to
remove the 11-cm-sized tumor encasing and destroying the ad-
nexal organs. Intraoperative frozen section examination indicat-
ed the lesion to be benign, most likely severe endometriosis.
Other peritoneal foci were also resected.

Microscopically, the left adnexal mass was composed of endo-
metrial-like tissue. Dilated endometrial-type glands were lon-
gitudinally arranged around grouped, thick-walled vessels, which
were reminiscent of a typical endometrial polyp (Fig. 1C). Wor-
risome features, such as increased stromal cellularity or atypia,
were not noted. The mitotic rate was less than 1 in 10 high-
power fields (Fig. 1D). Immunohistochemically, both the epi-
thelial and the stromal cells were positive for estrogen receptor
and progesterone receptor. The stromal cells were also positive
for CD10 (Fig. 1E, F). The absence of increased cellularity and/
or stromal atypia easily excluded the possibility of adenosarcoma.
The endometrial-type stromal cells with CD10 positivity in our
case were obviously different from the fibroblastic and CD34-
positive stromal cells in adenofibroma.

The patient did not present residual disease at her follow-up
six months after the operation.

DISCUSSION

Polypoid endometriosis is a rare type of endomettiosis. In con-
trast to the usual cystic endometriosis, it is solid and frequently
forms a nodular polypoid mass that can sometimes mimic ma-

lignancy at presentation.' Frequently involved sites are the vagi-

pISSN 2383-7837
elSSN 2383-7845



Polypoid Endometriosis Mimicking Malignancy ® 419

Fig. 1. (A) On axial computed tomography, a solid and cystic mass (arrows) with periuterine adhesions is visible in the left adnexa. (B) Anoth-
er mass can be seen in the left upper abdominal wall (arrows) and extending to the rectus abdominis muscle. A small amount of ascites is
present in the perihepatic area (arrowheads). (C) Microscopically, the mass is composed of endometrial-like tissue. Dilated endometrial-type
glands are longitudinally arranged around grouped, thick-walled vessels with swollen and congested stroma, which is reminiscent of a typi-
cal endometrial polyp. (D) Some glandular epithelial cells demonstrate ciliated metaplasia. (E) On immunohistochemical staining, the glandu-
lar epithelial cells and some stromal cells are positive for estrogen receptor. (F) CD10 is positive only in stromal cells.

na, cervix, adnexa, and colorectum.” It usually causes non-spe-
cific symptoms, such as dysmenorrhea, menorrhagia, or vaginal
spotting."*’

The etiology of polypoid endometriosis is uncertain. Some re-
ported cases have been associated with unopposed estrogen treat-
ment, phytoestrogen, and tamoxifen, suggesting the role of es-
trogenic stimulation in the development of the disease."** With-
drawal of a GnRH agonist was also reported to cause polypoid

endometriosis as a rebound phenomenon.”” To our knowledge,

http://dx.doi.org/10.4132/jptm.2015.05.12

there is no previous report of polypoid endometriosis associated
with OCs. In a collective review of 22 cases of polypoid endo-
metriosis, Parker ¢t 2/, included four cases with mixed estrogen-
progestin therapy. But it was in the form of hormone replace-
ment therapy after menopause or oophorectomy rather than a
contraceptive use. OCs, which are frequently used to prevent the
recurrence of endometriosis after conservative surgery, have also
been reported to increase the risk of endometriosis in certain
conditions.® In our patient, estrogen seems to have retained its

http://jpatholtm.org/
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stimulatory effect despite being balanced with progesterone.

Polypoid endometriosis can sometimes mimic the clinical pre-
sentation of malignancy.' The presence of a large adnexal mass,
multiple peritoneal and pelvic foci, ascites, and elevated CA 125
in our case gave the preoperative impression of a malignant ovar-
ian tumor with peritoneal metastases. An elevated CA 125 level
is one of the laboratory abnormalities associated with endome-
triosis and is also reported in some cases of polypoid endometri-
osis.*” It has been reported that ascites, though very rarely, can
be associated with endometriosis, especially in the presence of
severe disease.'” When it presents with ascites, particularly ac-
companied by multiple peritoneal lesions on radiology, adnexal
polypoid endometriosis can be easily misinterpreted as ovarian
malignancy with peritoneal metastases.

Our patient underwent laparoscopic surgery despite the pre-
operative suspicion of malignancy. Gynecological laparoscopy is
increasingly performed, even in some early oncological condi-
tions, because of its reduced invasiveness. In our case, an intraop-
erative frozen diagnosis of a benign mass prevented conversion of
the procedure to a more extensive surgery with laparotomy. De-
spite the relatively typical microscopic findings, the confusing
presentation of the mass, such as its large size, solid nodular na-
ture, destruction of normal anatomical structures, multifocality,
peritoneal involvement, ascites, and elevated CA 125, rendered
doubt on the benign nature of the lesion. Pathologists’ awareness
of this rare form of endometriosis is vital in order to avoid un-
necessary radical surgery. Yet again, a thorough microscopic ex-
amination with sufficient sampling is warranted in these patients
in order to exclude complex hyperplasia or adenocarcinoma,
which, although very rare, has arisen in polypoid endometrio-
sis." Polypoid endometriosis should also be included in the dif-
ferential diagnosis of seemingly malignant adnexal tumors in a
young woman, especially when associated with a history of hor-
mone therapy, notably OCs, for endomettiosis.
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Langerhans cell histiocytosis (LCH) is a rare disease of un-
known etiology and is characterized by a clonal proliferation of
Langerhans cells." The clinical presentation of LCH is variable,
ranging from single organ to multisystem involvement; patients
may experience benign to life-threatening outcomes." Localiza-
tion of LCH to the stomach is extremely rare and is most often
found in pediatric patients with systemic disease.” Here we pres-
ent a case of localized LCH to the stomach in a 64-year-old man
who underwent a complete resection of the lesion by endoscopic
submucosal dissection (ESD).

CASE REPORT

A 64-year-old man was referred to a gastroenterologist for fur-
ther evaluation of an abnormality found during an upper gastro-
intestinal examination. This patient had nothing remarkable in
his medical history except medical treatment for hyperthyroid-
ism. Esophagogastroduodenoscopy revealed an elevated mucosal
lesion approximately 1 cm in size in the gastric fundus (Fig. 1A).
The surface of the lesion was smooth with focal erosion. Micro-
scopic examination of the endoscopic biopsy specimen revealed
increased eosinophilia, and a cluster of histiocytic cells infiltrated
the lamina propria and were mixed with lymphocytes, neutro-
phils, and plasma cells (Fig. 1C). The histiocytic cells had elon-
gated nuclei, intranuclear grooves, and irregular nuclear mem-
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branes, as well as abundant fine granular eosinophilic to clear
cytoplasm. Histiocytic cell clusters showed strong immunoreac-
tivity to S100 and CD1a (Fig. 1D), while they were negative to
cytokeratin AE1/AE3 and leukocyte common antigen. Through
a combination of morphological and immunohistochemical
analyses, a diagnosis of LCH was confirmed. A gastroenterolo-
gist performed ESD for complete removal of the lesion. The
ESD specimen showed a very focal remnant LCH lesion that had
been completely removed (Fig. 1B). Following complete resec-
tion of the gastric LCH lesion, a comprehensive evaluation was
performed to determine the extent of the disease. No evidence of
multisystem involvement was found. The patient’s 6-month fol-
low-up visit revealed no local or systemic recurrence, and the pa-
tient remained in good health.

DISCUSSION

LCH is a rare disease identified in both children and adults
and is characterized by infiltration of histiocytic cells in various
organs.” The pathogenesis and etiology of LCH are not fully un-
derstood." A recent hypothesis suggests that LCH cells are de-
rived from bone marrow monocyte precursors that differentiate
into antigen-presenting cells (i.e., Langerhans cells or dendritic
cells) in the epidermis, respiratory tract, and lymph nodes. The
presence of monoclonality itself has been used as evidence that
this disease is a clonal neoplastic disorder. Despite the neoplastic
nature of the condition, the clinical course of LCH is heteroge-
neous. Therefore, treatment of LCH depends on the extent and
severity of the disease at the time of diagnosis, which includes
the number of involved organs and the presence of normal organ
function.'

© 2015 The Korean Society of Pathologists/The Korean Society for Cytopathology
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Fig. 1. Endoscopic and histologic finding of gastric Langerhans cell histiocytosis. (A) A mild elevated mucosal lesion (1 cm in size) with cen-
tral erosion is observed upon gastroenteroscopy (circle). The lesion is located in the fundus of the stomach. (B) Microscopic analysis of the
endoscopic submucosal dissection specimen. Focal histiocytic cell aggregates are present in the lamina propria and muscularis mucosa,
with abundant eosinophils and other inflammatory cells. (C) Microscopic analysis of the endoscopic biopsy specimen reveals histiocytic cell
aggregates in the lamina propria of the mucosa, with abundant eosinophil infiltration. Lymphocytes and plasma cells are also observed. The
histiocytic cells show an irregular nuclear membrane and groove. These cells have abundant and granular eosinophilic to clear cytoplasm. (D)
Immunohistochemistry for CD1a. The histiocytic cells show positive staining for CD1a.

Involvement of the gastrointestinal tract is very rare and has
been associated with systemic involvement and poor prognosis.*
In pediatric patients, LCH in the gastrointestinal tract produces
symptoms such as vomiting, loose stool, and abdominal pain
and is related to a poor prognosis in the majority of neonatal cas-
es; in these patients, skin lesions usually precede gastrointestinal
LCH.* In contrast to children, adult patients are asymptomatic
and present with solitary polypoids or elevated lesions. Only six
cases in adult of gastric LCH have been reported in the litera-
ture.**'* In contrast to pediatric LCH, adult gastric LCH ap-
pears as a unifocal disease without recurrence or progression, in a
similar manner to our case (Table 1). Like many other gastric
LCH cases, an elevated mucosal lesion was noted in our patient
by the gastroenterologist, whose initial impression was a sub-

http://jpatholtm.org/

mucosal tumor. Endoscopic findings of gastric LCH mucosa are
sometimes confused with gastric tumors presenting as polypoids
and ulcerative mucosa.”* Despite the absence of clinical features,
gastric LCH shows the typical histological characteristics of
LCH in other organs.”* Histologically, histiocytic cells resemble
Langerhans cells of the epidermis. Langerhans cell form a sheet
of islands with indistinct cell borders and abundant eosinophilic
cytoplasm. Their nuclei are elongated and irregular, exhibiting
vesicular chromatin with a nuclear groove and often presenting
with a single prominent nucleoli.’* Langerhans cells are usually
mixed with other inflammatory cells such as eosinophils, lym-
phocytes, plasma cells, and neutrophils. In the literature, pre-
dominant eosinophil infiltration has been reported in 50% of
cases with gastric LCH." In a similar manner to a previous re-

http://dx.doi.org/10.4132/jptm.2015.05.19



Table 1. Comparison of reported cases and presented case

Gastric Langerhans Cell Histiocytosis © 423

Cr?s'e Reference Agse(zr)/ Symptom Engr?ji(;%plc Multiplicity Specimen  Multisystem? Outcomes  Follow-up

1 Singhi and 68/M  Dysphasia Polyp Antrum Solitary  Biopsy Absent Remission 22 mo
Montgomery*

2 lwafuchietal® 49/F  Asymptomatic ~ Sessile elevation Throughout the ~ Multiple  Biopsy Absent Remission 5.6 yr

stomach

3 Nihei et al.” 47/F  R/O cancer Flat Body Solitary  Resection Absent Remission 20 mo

4 Vazquez and 59/F  Epigastric pain  Ulcer Lesser curvature  Solitary ~ Resection N/A N/A N/A
Ayestaran®

5 Lecetal® 51/M  Asymptomatic  Elevated Antrum Solitary  Biopsy, ESD  Absent Remission 12 mo

6 Wadaetal.®  53/F  Abdominal Polypoid Throughout the  Multiple  Biopsy Absent Alive/skin lesion 2 yr

discomfort stomach developed
7 Presentcase ~ 64/M  Asymptomatic ~ Elevated Fundus Solitary  Biopsy, ESD  Absent Remission 6 mo

M, male; F, female; R/O, rule out; N/A, not applicable; ESD, endoscopic submucosal dissection.

aMultisystem involvement at diagnosis.

port,” our case showed aggregates of histiocytic cells with Lang-
erhans cell nuclear features, which were mixed with inflamma-
tory cells, mainly eosinophils. Immunohistochemical analysis is
helpful to confirm the diagnosis, and Langerhans cells show dif-
fuse immunoreactivity for S100 and CD1a." In such cases, we
suggest that stomach LCH could appear as a submucosal tumor
upon endoscopy. Pathologists should consider the possibility of
LCH if microscopic observation of biopsy specimens reveals in-
creased eosinophilia or histiocytic cells. In these cases, immuno-
histochemical staining for $100 and CD1a is needed.
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