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Liquid biopsy for detection of mutation from circulating tumor DNA is a new technology which is
attractive in that it is non-invasive. Epidermal growth factor receptor (EGFR) tyrosine kinase inhib-
itors (TKI) is an effective first line drug for advanced non-small cell lung cancer patients who har-
bor activating EGFR mutation. During the course of treatment, resistance against TKI arises
which can be contributed to EGFR T790M mutation in about 50-60% of patients. Third genera-
tion TKI may overcome the resistance. In patients who cannot undergo tissue biopsy due to vari-
able reasons, liquid biopsy is an excellent alternative for the detection of EGFR T790M mutation.
However, this relatively novel method requires standardization and vigorous quality insurance.
Thus, a standard set of guideline recommendations for liquid biopsy for EGFR mutation testing
suitable for the Korean medical community is necessary. In this article, we propose a set of provi-
sional guideline recommendations that was discussed and approved by the Cardiopulmonary
Pathology Study Group of the Korean Society of Pathologists.

Key Words: Carcinoma, non-small-cell lung; Epidermal growth factor receptor; T790M; Circulating
tumor DNA; Liquid biopsy
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After the discovery of activating epidermal growth factor recep-
tor (EGFR) gene mutation, EGFR tyrosine kinase inhibitors (TKI)
became the first line of treatment in advanced non-small cell lung
cancer (NSCLC) with mutated EGFR."” These EGFR TKIs
such as gefitinib, erlotinib, and afatinib show consistently better
response rate and prolonged progression-free survival in EGFR
mutant NSCLC patients.” However, most patients receiving
EGFR TKI treatment may develop acquired resistance.* Al-
though various mechanisms are involved in this resistance, second-
ary T790M mutation of EGFR gene illustrates 50%—60% of the
resistance.”® A recently developed third generation TKIs can effec-
tively target T790M, and so it is vety critical to detect this muta-
tion in patients who has developed acquired resistance against
first- or second-line EGFR TKIs.”"'

Liquid biopsy is an emerging tool that detects genetic changes
in circulating tumor DNA (ctDNA) shed from the tumor cells.'**
Recently, Cobas EGFR mutation test V2 (Roche, Indianapolis,
IN, USA) has been approved by Food and Drug Administration
(FDA) for the detection of EGFR mutations from the blood of
NSCLC patients.” Although this non-invasive technique is fasci-
nating and promising, it is still a developing method which needs
further improvements. Hence, it is necessary to have guidelines
for its usage. Korean cardiopulmonary study group has prepared
the first guideline of EGFR mutation detection in blood for clini-
cians and pathologists who actively take part in the diagnosis and
treatment of lung cancer.

PATIENT ELIGIBILITY

Liquid biopsy for the detection of EGFR mutation can play
many roles in cancer diagnostics."**'*"” Patients diagnosed with
lung adenocarcinoma harboring EGFR mutation will be the first
candidates when they develop resistance against first-line TKIs.
Especially, when the tumor is too small or located in a challenging
region to be sampled, liquid biopsy can be a good alternative.'*'®
Patients with poor performance status can also benefit from this

technique.

Table 1. Comparison of specialized tubes for collection of ctDNA

SAMPLE COLLECTION

Sample collection and processing is a critical step in liquid biopsy.
Since ctDNA is rapidly degraded by the nuclease in blood and
contaminated by genomic DNA from blood cells, it is essential
to separate plasma from the sample."'* The routine venipunc-
ture technique will be sufficient to collect blood from the patients.
The sample collection tube should be chosen considering each
institution’s setting. Conventional ethyldiaminetetraaceticacid
(EDTA) tube can be used if the samples are processed without
delay."”” Recently, specialized tubes for delaying degradation of
ctDNA are commercially available.'”*" The tube from Streck
(Omaha, NE, USA) has been the most widely used collection tube.
Roche diagnostics and Qiagen have also marketed specialized
tubes. According to a study,” conventional EDTA tube and Streck
tube do not show much difference in their performance when
samples are processed within 6 hours. When incubated longer
in EDTA tube, cell-free DNA may be released from the blood cells,
and EDTA will hinder the polymerase chain reaction (PCR).®
Tubes from Roche and Qiagen showed similar performance, and
they are slightly better than Streck tube.” Specialized tubes can
sustain sample quality for several days at room temperature before
processing further (Table 1).

CIRCULATING TUMOR DNA ISOLATION

Before ctDNA extraction, blood should be processed into
plasma through double centrifugation. Plasma samples are better
than serum samples, which can be contaminated by DNA released
from immune cells.” Since a small amount of ctDNA is present in
plasma, isolation is a critical step in the process for saving tumor
DNA. Several commercial kits for isolation are available in the
market (Table 2).*"** These are manual, semiautomatic, and fully

Table 2. Commercially available ctDNA extraction kits

Company Trade name Method Automation
ThermoFisher MagMAX Magnetic beads Semiauto
Promega Maxwell RSC ~ Magnetic beads Semiauto
Roche Cobas Silica membrane Manual
Qiagen QlAamp Silica membrane Semiauto

CtDNA, circulating tumor DNA.

Company Trade name Volume (mL) Temperature (°C) Storage duration (day)
Streck cfDNA BCT 10 6-37 14
Roche Cell-Free DNA Collection Tube 8.5 18-25 7
Qiagen PAXgene Blood ccfDNA Tube 10 18-25 7

ctDNA, circulating tumor DNA.

http://jpatholtm.org/
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automatic. Manual protocol uses column-based method while
semi-automatic instrument works with magnetic beads. Previous
studies showed variable results depending on the extraction kits,
though they all had similar performances.””* The technician’s
skill and protocol optimization may be one of the critical factors
for yielding better ctDNA. Table 1 summarizes commercial
ctDNA extraction kits.

MUTATION DETECTION METHODS

High sensitivity detection methods are required to detect
EGFR mutations from liquid samples. Kits for detecting muta-
tions have been developed and are commercially available.”*
Each kit requires different quality and amount of DNA (Table
3). They depend on real time PCR technology with their own
variations. Roche Cobas uses real time PCR with Tagman like
probe and Qiagen has released ARMS based kits, Therascreen
EGFR RGQ. Another PCR based technique uses peptide nucleic
acid clamping and Panamutyper (Panagene, Daejeon, Korea).
The Roche and Qiagen systems use their own PCR machine from
Roche and Qiagen while Panamutyper can run on any qualified
PCR machines. The number of mutations these kits can detect
are different; however, together they include exon 19 deletion,
T790M and L858R. Curtently, only Roche kit has acquired
FDA approval. The most important element of these kits is how
sensitively and specifically they can detect mutations in liquid
samples. There are certain studies to evaluate their performance
and report sensitivities ranging from 62% to 67.5% and speci-
ficities ranging from 88% to 97%.”” In the ASSESS study,
these three kits showed high specificity, however, sensitivity was
equal to or less than 75%.” For T790M, sensitivity was 41%
and 29% for Cobas and Therascreen, respectively, and specificity
was 100% for both kits from the patients enrolled in AURA
trial."’ Therefore, deciding the best kit will depend on the labo-
ratory’s choice with consideration of their requirements. Features
of these products are summarized in Table 3. Other platforms
using digital PCR and next generation sequencing are still far
from widespread use in clinical setting.”*

Table 3. EGFR mutation detection kits in plasma

CRP in Hepatocellular Carcinoma © 155

REPORTING FORMAT

Once liquid biopsy for detecting T790M mutation is done,
the reports should contain the following information: pathologic
number, age, sex, hospital unit number, sample source, requesting
physician, requesting department, adequacy for testing (amount
of DNA extracted), receipt day, report day, storage tube, meth-
odology used, exons tested and associated range of detectable
mutations, mutation status, comments, testing technician, and
corresponding pathologist. Since the patients already have sensi-
tizing EGFR mutation, it is recommended to include the type
of original EGFR alteration and previous histologic diagnosis.

PROPOSAL FOR AN EXTERNAL QUALITY
ASSESSMENT PROGRAM

Since liquid biopsy technique has not been validated yet, vigor-
ous quality assurance is necessary. Although there is no recom-
mended program for external quality assessment (EQA), one
pilot trial for EGFR testing in blood is ongoing in Germany.”
Another program for BRAF and KRAS is also being conducted.”
Since patient derived standard sample is difficult to store and
distribute, artificial sample mimicking the real one can be used
instead.””' We are in the process of developing Korean EQA
program.

ROLE OF PATHOLOGISTS

Performance and interpretation of liquid biopsy require broad
knowledge in lung cancer pathology. Pathologists have an impor-
tant role in the diagnosis and management of cancer and thus can
interpret liquid biopsy results in conjunction with the histologic
diagnosis, previous status of EGFR-activating mutation, and
clinical situation. The liquid biopsy in lung cancer is usually per-
formed in patients whose previous EGFR mutation status has been
known. The sole purpose of this technique is to detect a T790M
mutation responsible for TKI resistance. Unlike tissue specimens,
in which the pathologists can determine the percentage of tumor

Company Trade Name Method Detectable mutations

Roche Cobas Real time PCR EX19Del, S768l, T790M, L858R, L861Q, G719X, EX20Ins
Qiagen Therascreen RGQ ARMS Ex19Del, T790M, L858R

Panagene Mutyper PNA clamp EX19Del, S768l, T790M, L858R, L861Q, G719X, EX20Ins
Bio-Rad rimePCR ddPCR Mutation Assay Digital PCR Ex19Del, T790M, L858R, L861Q

Sysmex-Inostics OncoBEAM Digital PCR Ex19Del, T790M, L858R, C797S

EGFR, epidermal growth factor receptor; PCR, polymerase chain reaction; PNA, peptide nucleic acid.

https://doi.org/10.4132/jptm.2019.02.22
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cells, it is extremely difficult to estimate whether the blood sam-
ple contains a sufficient amount of tumor DNA. If the sample is
adequate, the test generally finds the original EGFR-activating
mutation, which may act as an internal control for the presence of
ctDNA."” When it has not detected any EGFR-activating mu-
tation including previously existing one or reported mutations
other than the preexisting ones or T790M, pathologists should be
able to interpret the result. In the former, test should be repeated
because the samples might have been degraded and contain insuf-
ficient ctDNA. In the latter, the newly emerged mutation, in the
presence of newly developed lesion, may indicate a metachronous
primary tumor. The communication between pathologists, clini-
cians, and radiologists is important for further diagnosis and
management of cancer. Moreover, lung adenocarcinoma under-
goes frequent transformation into small cell carcinoma when it is
treated with TKI, while maintaining the original EGFR muta-
tion.”*** Recommended interpretation is suggested in Table 4.

PERSPECTIVES AND ADDITIONAL
RECOMMENDATIONS

EGFR mutation testing performed with blood or other liquid
sample is a non-invasive method, which can be more widely ad-
opted. Laboratories must get familiar with liquid samples and
develop their own protocols to handle these specimens. They
can choose appropriate sample tubes, extraction kits, detection
methods, and other instruments. They should select the most suit-
able combination in accordance with their requirements, unless
the detection kits indicate specific methods and instruments.”!
Although sensitivity of tissue biopsy is higher than liquid biopsy,
both are far from perfection and T790M mutation can be de-
tected only in one of the two methods. Reportedly, allele frac-
tion of T790M mutation tends to correlate with treatment effi-
cacy of osimertinib.”> Therefore, absence of T790M in tumor
tissue while it is detected in plasma might reflect low allele fre-
quency and lead to poor response. Therefore, the two methods
are complementary to each other and should be selected accord-
ing to each patient’s condition (Fig. 1).

CONCLUSIONS

Liquid biopsy is a promising method, which is safe and con-
venient. Before more experiences and data are accumulated, liquid
biopsy should be performed with great caution. There are a few
steps in liquid biopsy, which can produce false negative or false
positive results. Interpretation requires profound knowledge of

http://jpatholtm.org/

Table 4. Recommended interpretation of EGFR mutation test from
blood

Sen3|t|;|ng T790M Interpretation
mutation

Detected Detected T790M positive: start treatment with
third generation TKI

Detected Not detected ~ T790M negative: tissue biopsy
recommended

Not detected ~ Detected T790M positive: confirmation is
necessary

Not detected ~ Not detected ~ Non-informative: tissue biopsy strongly
recommended

EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor.

TKI treatment for EGFR mutant NSCLC

New lesion in lung,

Resistance .
transformation

Tissue biopsy
with EGFR testing

Liquid biopsy for
detection of T790M

Positive Negative

Tissue biopsy for Negative

3rd generation TK| «————
detection of T790M

Positive

CTx

Fig. 1. Proposed diagnostic algorithm for the detection of epider-
mal growth factor receptor (EGFR) T790M mutation. NSCLC, non-
small cell lung cancer; TKI, tyrosine kinase inhibitor; CTx, chemo-
therapy.

lung cancer including diagnosis, treatment, and prognosis. How-
ever, in debatable cases, discussion between pathologists, physi-
cians, and radiologists is critical. This method will soon play a ma-
jor role in early diagnosis, monitoring of treatment, and detection
of minimal residual disease. Currently, it cannot replace the con-
ventional pretreatment tissue diagnosis." It is important to val-
idate and improve the performance of this technique before it
is widely used in clinical practice. Liquid biopsy performed in
EGFR has provided a platform for determining gene mutations
in KRAS, ALK, PI3CA, and BRAF as well.
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Even before the term “primary age-related tauopathy (PART)”
was proposed in 2014, pathologists had observed localized neu-
rofibrillary degeneration in brains from aged people with rela-
tively well-preserved cognitive function that was mostly restricted
to medial temporal regions. These findings were somewhat infor-
mally described as “aging changes” because the features were
considered insufficient for a diagnosis of Alzheimer disease (AD).
The newly proposed consensus term (i.e., PART) includes fea-
tures that range from the presence of isolated neurofibrillary tan-
gles (NFTs) in cognitively normal aged brains to a subtype of
frontotemporal lobe degeneration (FTLD) known as FTLD-tau,
which is also referred to as tangle-only dementia, tangle-predom-
inant senile dementia (TPSD), and preferential development of
NFT without senile plaques."” However, these previous designa-
tions tended to accentuate unnecessarily the clinical aspects of
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Due to the progressive aging of Korean society and the introduction of brain banks to the Korean
medical system, the possibility that pathologists will have access to healthy elderly brains has in-
creased. The histopathological analysis of an elderly brain from a subject with relatively well-pre-
served cognition is quite different from that of a brain from a demented subject. Additionally, the
histology of elderly brains differs from that of young brains. This brief review discusses primary
age-related tauopathy; this term was coined to describe elderly brains with Alzheimer’s disease-
type neurofibrillary tangles mainly confined to medial temporal structures, and no p-amyloid pa-

Key Words: Autopsy; Cognition; Dementia; Tauopathies; Amyloid beta-peptides

cognitive impairment, leading to a biased understanding of the
disease entity." Although the word dementia is included in these
terms, profound cognitive impairment that interferes with daily
activities occurs in only a minority of affected individuals within
this population.'

Thus, the consensus term PART was suggested by researchers
of neurodegenerative diseases as a more objective and quantitative
description of pathological disease status separate from the clini-
cal presentation. The term PART was inspired by the pathological
classification system for AD of the National Institute on Aging-
Alzheimer’s Association."” Since being introduced, the clinico-
pathological traits of PART have been clarified more precisely.*®
This review aims to increase recognition of this disease entity by
Korean pathologists through a literature review and discussion
of the clinicopathological implications of PART, and via a figu-
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rative presentation of a PART case recently diagnosed at Chon-
nam National University Hospital brain bank.

DEFINITION AND HISTOLOGICAL
SPECTRUM OF PRIMARY AGE-RELATED
TAUOPATHY

The diagnosis of PART is histological in nature and can be ap-
plied to patients exhibiting mild-to-moderate tau-positive NFTs
but without, or with few, f-amyloid (AB) plaques."” The gross
features of a brain with PART may include minimal atrophy that
is primarily located in the medial temporal lobe; however, diffuse
neocortical atrophy is also present in some cases. AD-type NFTs,
including ghost tangles, are mainly distributed in the hippo-
campus and medial temporal lobe (Fig. 1A, in comparison with
advanced AD, Fig. 1B), and correspond to Braak stages I-III in
the majority of patients and to stage IV in rare cases.” The neu-
ronal tauopathy of PART may also extend to granule cells of the
dentate gyrus and neurons in the CA4 subregion of the hippo-
campus (Fig. 1C).” Other than PART, the presence of ghost tan-
gles or tau involvement in the dentate gyrus and CA4 are typically
considered to be features of advanced AD (Fig. 1D).” In addi-
tion to the hippocampus and medial temporal lobe, NFTs may
also be observed in subcortical structures, such as the amygdala,
nucleus basalis of Meynert, nucleus accumbens, hypothalamus,
thalamus, and olfactory system (bulb and cortex), and in the
brainstem, including the substantia nigta, locus coeruleus, dorsal
raphe nucleus, and medulla oblongata, where NFTs develop at
a younger age, sometimes even in teenagers.”'*'" Biochemical
and immunohistochemical studies have revealed that the NFTs
in PART contain mixed three-repeat (3R) and four-repeat (4R)
isoforms of tau proteins, as seen in AD."’

The presence of NFTs in Braak stage IV or lower is a basic re-
quirement for a histological diagnosis of PART; when combined
with Thal AP phase 0, PART can be diagnosed definitively (Fig.
1E-G). If the required distribution of NFTs is observed together
with Thal AP phase 1 or 2, then the pathology is categorized as
possible PART." The following is an example pathological diag-
nosis of PART: “Primary age-related tauopathy (PART), Definite,
Braak stage II1.”" Although Braak stage IV is considered a re-
quirement for PART diagnosis, Braak stage IV pathology in the
absence of AP plaques is rare and the possibility that cases such
as these represent FTLD-tau needs to be considered.!

http://jpatholtm.org/

GENETIC AND CLINICAL ASPECTS OF PART

PART brains are deficient in the apolipoprotein E (APOE) €4
allele, which is highly associated with the risk of AD.* The fre-
quency of APOE &4 in PART is approximately 10%,"® whereas
its prevalence in AD exceeds 45%."*"* A major genetic risk factor
for PART is the microtubule-associated protein tau (MAPT) gene
H1 haplotype, which is also an accepted risk factor of progressive
supranuclear palsy (PSP), corticobasal degeneration (CBD), and
argyrophilic grain disease (AGD).”"*

By definition, patients with the PART pathology present with
a lack of, or minimal, cognitive impairment.” However, greater
impairment has been noted as an aspect of TPSD, where the ini-
tial symptoms typically include memory disturbances.” During
disease progression, deficits in cognitive function may extend to
mild cognitive impairment (MCI) with a relatively well-preserved
personality.” Mental derangements, such as disorientation (or
rarely, delirium), depression and paranoid thinking have also been
observed.”'® One feature of PART is that cases with higher NFT
stages (Braak stage III or IV) are more likely to be associated
with subjective memory impairments, which is a common com-

plaint among the elderly population.'”'®

DEBATE REGARDING WHETHER PART IS ON
THE ALZHEIMER DISEASE CONTINUUM

Considering PART as being on the AD continuum, and espe-
cially comparing it with the limbic-predominant form of AD, has
been discouraged for several reasons.”'*' First, PART is asso-
ciated with lower Braak NFT stages and fewer, or an absence of,
AP plaques. Second, patients with PART have an older age of on-
set, shorter disease duration, and less severe cognitive impait-
ment. Third, the frequency of APOE €4 is much lower in PART
than in the normal elderly population and the frequency of TDP-
43 proteinopathy is higher in patients with limbic-predominant
AD (67%) than in those with definite PART (29%) (Table 1).%

A discussion on the role that AP plays in tauopathy is inevita-
ble when PART is compared with AD. In the absence of AP, as
seen in definite PART, the severity of tau-positive NFTs tends to be
greater with older age at death.” A proposed pathological step
in late-onset AD is tauopathy, corresponding to PART, which is
purported to occur at some point in the life cycle of almost every
individual; amyloidosis may also occur as an independent event.”
In this model, AP is not a catalyst for tau deposition in the brain, but
rather serves to promote the spread of tauopathy. This hypothesis
is supported by a study that used an established cell biosensor
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PART High ADNC

Tau

Fig. 1. Histopathological findings of primary age-related tauopathy (PART) in a 92-year-old woman (A, C, E, G) compared with those of high—
Alzheimer’s disease (AD) neuropathologic change (ADNC) in an 82-year-old man (B, D, F, H). Tau immunohistochemistry analyses revealed
marked tauopathy centered in the hippocampus and subiculum of the PART brain (A) and the extension of tauopathy into the temporal neo-
cortex of the high-ADNC brain (B) (AT8 immunohistochemistry). At a higher magnification, the granule cells of the dentate gyrus (arrowheads)
and the neurons of the CA4 subregion (arrows) exhibited tau involvement in the PART brain (C), as well as in the brain of the advanced AD
case (D) (AT8 immunohistochemistry). Although the hippocampus in the PART brain did not reveal any p-amyloid (AB)-positive plaques (E, G)
(AB immunohistochemistry), the high ADNC brain showed A deposition in the temporal neocortex through the CA4 subregion (arrows) that
corresponded to Thal Ap phase 4 (F, H) (Ap immunohistochemistry).
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Table 1. Comparison of PART with AD

Variable PART AD
Primary pathology
Tau-positive NFTs Medial temporal Diffuse cortical
region-restricted distribution
Braak stage <IV Braak stage >1Il
(usually I-111) (usually IV-VI)
A plagues Thal phase 0-2 Thal phase > 3
Definite PART:
Thal phase 0
Possible PART:

Thal phase 1-2
Mixed 3R and 4R tau Mixed 3R and 4R tau
MAPT H1 haplotype APOE g4

Tau isoforms
Genetic association
Clinical features

Cognition Normal-to-mild Dementia
impairment

Duration (yr) 5 96

Age at death (yr) 86 79141

Prevalence at >80 yr (%) 20 808"
Other co-existing pathology

TDP-43 proteinopathy (%) 30 67141920

Hippocampal sclerosis (%) 10 31620
a-Synuclein positive Lewy 10 301420

bodies (%)

PART, primary age-related tauopathy; AD, Alzheimer’s disease; NFTs, neu-
rofibrillary tangles; AB, B-amyloid; 3R, three-repeat; 4R, four-repeat.

assay to show that the seeding activity of tauopathy is enhanced
in the presence of AB-positive plaques.’ However, another report
found no clear distinction in tau seeding activity between PART
and AD subjects.” The functional interaction between tau and
AP, as well as the relationship between PART and AD, remain
to be elucidated.””

COEXISTING PATHOLOGIES IN ELDERLY
INDIVIDUALS WITH PRIMARY
AGE-RELATED TAUOPATHY

Previous studies focused on brain pathology in the elderly have
identified several pathological trends.*'""* Roughly 20% of aged
people in their 80s or older have PART,*""'** while the remain-
ing 80% exhibit some degree of AD-type pathology character-
ized by both NFTs and neuritic plaques."" Moreover, there are
few cases that are AB-positive only; most cases of AP deposition
show some tau-positive NFTs.*'' These observations are consistent
with prior reports showing that approximately 25% of eldetly
people with well-preserved cognitive function lack brain amy-
loidosis.' Even among a carefully selected group of centenarians,
20% were relatively free of AP deposition as detected by immu-
nohistochemistry.'" Thus, the relative proportions of PART and

http://jpatholtm.org/

AD appear to be maintained in centenarian populations.*"

It has been proposed that a neuropathological diagnosis of
TPSD or PART should be conservatively applied to cases where
NFTs mainly affect the hippocampal/limbic area, and where
there is a scarcity of AP deposits and no evidence of any other de-
mentia characterized by NFTs.” The limits of the PART diagnosis
explain the exclusion of PSP, CBD, and even Lewy body disease
cases in previous studies on PART. Despite the proposed limi-
tations to its diagnostic criteria, PART has been shown to co-ex-
ist with other pathologies. For example, TDP-43 proteinopathy,
including cerebral age-related TDP-43 with sclerosis, and AGD
have been identified in approximately 30% of cases with definite
PART.® Similarly, hippocampal sclerosis has been identified in
approximately 10% of cases,'® while 0-synuclein-positive Lewy
bodies have been observed in fewer than 109% of PART cases.®

CONCLUSIONS

PART can be diagnosed in cases showing neurofibrillary de-
generation restricted to the medial temporal region, an absence
(or scarcity) of AP deposition, and a lack of cognitive impairment
or MCIL. However, several unanswered issues remain regarding
the “gray zone” between PART and AD. The definition of clini-
copathological PART requires refinement due to the presence of
clinical PART in cases with higher Thal AP phases and moder-
ate-to-frequent neuritic plaques.'® The implications of the asso-
ciation of PART with diffuse amyloid and neuritic plaques also
remain to be clarified, although a quantitative margin of Ap depo-
sition, up to Thal phase 2, has been proposed.' Neither an exact
diagnostic threshold for AP deposition nor the methodology with
which to detect its presence has been clearly defined. Further-
more, the term “age-related” is somewhat ambiguous. For exam-
ple, the accumulation of abnormally phosphorylated tau proteins
can begin before puberty and Braak stage I or II may be seen in
individuals in their 20s."" Determining a common pathology in
aged brains, with recognition of PART, will provide a firm foun-
dation for a more profound understanding of age-related neuro-
degenerative changes. Additionally, accumulated neuropathology
data reflecting the epidemiology of the Korean population will
be a good resource for future neuroscientific research.
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Background: In order to improve the efficacy of endometrial carcinoma (EC) treatment, identifying
prognostic factors for high risk patients is a high research priority. This study aimed to assess the
relationships among the expression of estrogen receptors (ER), progesterone receptors (PR), human
epidermal growth factor receptor 2 (HER2), Ki-67, and the different histopathological prognostic
parameters in EC and to assess the value of these in the management of EC. Methods: We exam-
ined 109 cases of EC. Immunohistochemistry for ER, PR, HER2, and Ki-67 were evaluated in rela-
tion to age, tumor size, International Federation of Gynecology and Obstetrics (FIGO) stage and
grade, depth of infiltration, cervical and ovarian involvement, lymphovascular space invasion
(LVSI), and lymph node (LN) metastasis. Results: The mean age of patients in this study was 59.8 +
8.2 years. Low ER and PR expression scores and high Ki-67 expression showed highly signifi-
cant associations with non-endometrioid histology (p=.007, p<.001, and p<.001, respectively)
and poor differentiation (p=.007, p<.001, and p<.001, respectively). Low PR score showed a
significant association with advanced stage (p=.009). Low ER score was highly associated with
LVSI (p=.006), and low PR scores were associated significantly with LN metastasis (p=.026).
HER2 expression was significantly related to advanced stages (p=.04), increased depth of infil-
tration (p=.02), LVSI (p=.017), ovarian involvement (p=.038), and LN metastasis (p=.038). There
was a close relationship between HER2 expression and uterine cervical involvement (p=.009).
Higher Ki-67 values were associated with LN involvement (p=.012). Conclusions: The over-expres-
sion of HER2 and Ki-67 and low expression of ER and PR indicate a more malignant EC behavior.
An immunohistochemical panel for the identification of high risk tumors can contribute signifi-
cantly to prognostic assessments.

Key Words: Endometrial neoplasms; Prognosis; Steroid receptors; HER2; Ki-67

Endometrial carcinoma (EC) is the most common gynaecologic
malignancy among women wotldwide with 287,000 new cases
and 74,000 mortalities per year." EC is the fourth most common
type of cancer in females.” Traditionally, ECs have been classified
into two types. The more common is type I, mostly endometrioid
carcinomas, which are estrogen-dependent cancers with a relatively
good prognosis. On the other hand, type II tumours are not estro-
gen-driven and affect older age groups. These tumours have a poor
prognosis and demonstrate more common extrauterine spread.

© 2019 The Korean Society of Pathologists/The Korean Society for Cytopathology
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The prototype for this group is serous carcinoma."*’ In order to
improve the efficacy of EC treatment, identification of high-risk
prognostic factors is a high research priority. Early assessment
could enable conservative therapy in patients with favorable
prognosis as well as reserve effective and more radical therapy for
patients with aggressive forms of the tumor.® The use of estrogen
receptor (ER), progesterone receptor (PR), human epidermal
growth factor receptor 2 (HER?2), and Ki-67 have been routinely
used in breast cancer cases for molecular subtyping and guiding
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treatment. However, unlike breast cancer, there is no molecular
classification for EC based on such markers.” Recently, integrated
genomic characterization of EC revealed four genomic classes;
however, receptor status is not involved in this molecular classifi-
cation.”

Numerous studies showed that the EC prognosis is closely related
to patient age, tumour grade, depth of invasion and/or cervical
involvement, and the occurrence of lymph node metastases.’
Some potential biological markers including hormone receptors,
oncogenes, and tumour suppressor genes are also involved. How-
ever, no single marker was found to be indicative of EC often
enough to allow routine use in the sub-classification of EC."
Therefore, in the current study, a panel of immunohistochemical
markers (ER, PR, Her-2, and Ki-67) was tested to ascertain their
relationships with the histopathological prognostic parameters of
EC. The aim was to identify suitable markers to guide treatment
and assess prognosis of EC patients.

MATERIALS AND METHODS

Sample selection

Archival material of randomly-selected hysterectomy specimens
of 109 EC cases were retrieved from the Pathology Department.
These cases were diagnosed in the period between 2005 and
2017. Corresponding files of these cases were retrieved from the
Clinical Oncology and Nuclear Medicine Departments at Man-
soura University. The histological types were endometrioid (89
cases), serous (12 cases), undifferentiated (one case), dedifferenti-
ated (one case), and carcinosarcoma (three cases). The remaining
three cases showed mixed patterns. The major component in two
was endometrioid; the other was serous carcinoma. Hematoxylin
and eosin (H&E) stained slides for every case were reviewed by
two independent pathologists. International Federation of Gyne-
cology and Obstetrics (FIGO) revised criteria in 2009 were used for
grading and staging of cases."" All procedures performed in the
current study were approved by the ethical committee of Man-
soura University (Institutional Review Board [IRB] code number
MD15.09.08, dated 18/09/2015) in accordance with the 1964
Declaration of Helsinki and its later amendments. Formal writ-
ten informed consent was not required with a waiver by the IRB.

Tissue microarray construction

The tissue microarray (TMA) was constructed as previously
published."” Briefly, a representative slide for each tumor was
selected and an area of the tumor was circled. Using the manual
tissue arrayer (MTA-1, Estigen, Tartu, Estonia), the areas of interest
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of a donor block were cored using tissue punches of 0.6 mm di-
ameter. The cores were then transferred into the recipient block.
Three cores were taken from each tumour. In carcinosarcoma cases,
only the epithelial component was assessed. Sections from these
microarrays wete then H&E stained and tested for spot adequacy.

Immunohistochemistry

Sections from the microarray were stained with antibodies
against ER, PR, HER2 (Rabbit, monoclonal, Genemed, South
San Francisco, CA, USA) and Ki-67 (mouse, monoclonal, Gen-
emed) according to the instructions of the manufacturers. The
positive control for ER and PR in this study was normal endome-
trial glands and stroma where these receptors show nuclear expres-
sion. The positive control for HER2 was positive breast carcinoma
tissue. The positive internal control for Ki-67 was tonsillar lym-
phoid follicles.

Evaluation of the staining

Slides were examined by two independent pathologists blinded
to patient characteristics and outcome. For ER and PR, we applied
a scoring system that depended on immunoreactivity distribution
and intensity."”" The percentage of stained cells was scored as
follows: 1, 09%-25%; 2, 26%—75%, and 3, >76%. The intensity
of staining was also reported as 1, absent or weak; 2, moderate;
and 3, strong. The sum of the two values equalled the score.
Tumours were then subdivided into three categories depending
on this immunohistochemical score. Category I corresponded to a
score of 2, category II to a score of 3—4, and category III to a score
of 5-6.

U.S. Food and Drug Administration criteria were used for
evaluation of HER2 scoring.” The scoring was 3+ if complete
with strong membranous staining in more than 10% of tumor
cells; 2+ if complete, weak to moderately intense staining of the
membrane was seen in greater than 10% of tumor cells; 1+ if in-
complete staining of the membrane was found in more than 10%
of tumor cells and a score of 0 was assigned when no staining or
membranous staining in less than 10% of tumor cells was pres-
ent. A score of 3+ was considered positive, a score of 2+ was
equivocal positive and scores of 1+ and 0 were negative.

Ki-67 was evaluated as the percentage of cells showing positive
nuclear reactivity in at least 500 histologically recognized tumour
cells counted at X400 magnification.

For TMA validation purposes, the originally recorded immu-
nohistochemical results from the initial routine histopathology
reports of ten patients were compared to those of the current exper-
iment. Similar findings were observed in the TMAs compared to
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full tissue sections.

Statistical analysis

Data were analysed by IBM SPSS software package ver. 20.0
(IBM Corp., Armonk, N, USA). Qualitative data were described
as number and percent. Quantitative data were described using
median (minimum and maximum) and interquartile range for
non-parametric data and mean and standard deviation for para-
metric data after testing for normality using the Kolmogrov-
Smirnov test. The significance of the results obtained was judged
at the 5% level. The tests used were chi-square, Monte Carlo, Fisher
exact, Student t-, E- (ANOVA), Mann-Whitney, Kruskal-Wallis,
and Spearman correlation.

RESULTS

Clinicopathological features of the studied cases

Patient ages ranged from 37 to 79 years with a mean age of
59.8 + 8.2 years. Most of the cases (88 patients, 80.7%) in this
study were postmenopausal.

Tumors ranged from 1 to 14 cm in largest dimension with a
median value of 3 cm. There were 36 cases of grade 1 (33%), 43
cases of grade 2 (39.4%), and 30 cases were high grade carcinomas
(27.5%) including grade 3 endometrioid, serous, mixed, undif-
ferentiated and dedifferentiated carcinomas, and carcinosarcomas.
In three cases (2.7%) the tumour was limited to the endometrium,
69 (63.3%) cases showed infiltration of the inner myometrial
half, the tumour infiltrated the outer half in 26 cases (24%), and
the serosa was infiltrated in three cases (2%). Cervical involve-
ment was found in 20 cases (18%), 71 cases (65%) were free from
cervical infiltration and in 14 cases (12.8%) cervical involvement
was not determined due to suboptimal surgery. Adnexal metastases
were found in 11 cases (10%), 83 cases (76%) were free from
adnexal infiltration, and in 15 cases (13.7%) adnexal infiltration
was unknown due to suboptimal surgery. There were 71 cases
(65.1%) in stage I (56 stage IA and 15 stage IB), 15 cases in stage
I1(13.8%), 10 cases (9%) in stage IIIA, only two cases were stage
IIIB, and one case was stage IVA. Lymphovascular emboli were
found in 29 cases (26.6%).

Table 1. ER expression score in relation to histopathological parameters

ER score
Category 1 (n=45) Category 2 (n=40) Category 3 (n=20) Test of significance
Grade
G1 10(22.2) 20 (50.0) 6 (30.0) MC, p=.021
G2 15(33.3) 13 (32.5) 11 (55.0) ¥=2.9,p=.233
G3 20 (44.4) 7(17.5) 3(15.0) y¥=2.67,p=.007
Stage MC, p=.057
&Il 32(78.0) 35(94.6) 16 (94.1)
& v 9(22.0) 2(5.4) 1(6.9)
Depth ¥=197,p=.362
Inner half 27 (65.9) 28 (73.7) 15(83.3)
Outer half 14 (34.1) 10 (26.3) 3(16.7)
Cervical involvement ¥=5.1,p=.081
Absent 30(75.0) 26 (72.2) 15 (100)
Present 10 (25.0) 10 (27.8) 0
Y ¥*=10.13, p=.006
Present 19 (42.2) 7(17.5) 2(10.0
Absent 26 (57.8) 33(82.5) 18(90.0)
Lymph node involvement MC, p=.161
Absent 15(71.4) 18 (94.7) 3(75.0)
Present 6 (28.6) 1(6.9) 1(25.0)
Ovarian involvement MC, p=.025
Absent 30(76.9) 35(97.2) 14(93.3)
Present 9(23.1) 1(2.8 1(6.7)
Histology MC, p=.007
Non-endometrioid 15 (33.3) 3(2.5) 2(10.0)
Endometrioid 30 (66.7) 37 (92.5) 18(90.0)

Values are presented as number (%).

ER, estrogen receptor; 3, chi-square test; MC, Monte Carlo test; LVI, lymphovascular invasion.
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The association of immunohistochemical results with
histopathological prognostic parameters

The distribution of immunohistochemical data in relation to
individual histopathological parameters is presented in Tables
1-4. The relationships among ER, PR expression, and other markers
(HER2-neu and Ki-67) as well as the relationship between
HER2-neu expression and Ki-67 expression are presented in Ta-
bles 5. Representative examples of the different expression pat-
terns are show in Fig. 1.

ER and PR scores were statistically associated (p <.001). There
were significant relationships between low ER scores and non-
endometrioid histology (p =.007) and higher grade of endometri-
al cancer (p=.007). The ER score tended to decrease with advanced
stage (p=.057). Low ER score was associated with ovarian involve-
ment (p =.025), lymphovascular space invasion (LVSI) (p =
.006), and higher Ki-67 values (p =.024).

Low PR expression score was associated with non-endometrioid
histology (p <.001), higher tumour grade (p <.001), advanced stage
(p=.009), and ovarian involvement (p <.007). The PR score de-
creased with LVSI (p = .06), and lower score was associated with
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lymph node metastasis (p = .026). Ki-67 values were higher with
low PR score (p=.025).

HER?2 expression was significantly associated with advanced
tumour stages (p = .04), increased depth of myometrial infiltration
(p =.02), greater incidence of LVSI (p =.017), ovarian involve-
ment (p =.038), and lymph node metastasis (p =.038). There
was a notable relationship between HER2 expression and cervical
involvement (p=.009).

A positive correlation was found between tumour size and Ki-67
index (p =.02). Higher Ki-67 index was linked to more aggtes-
sive features such as non-endometrioid histotype (p <.001) and
poor differentiation grade (p <.001). There was a strong relation-
ship between higher Ki-67 values and lymph node involvement
(p=.012).

Median Ki-67 index value was higher in HER2-neu—positive
cases than that of negative cases (p = 482, Mann-Whitney test).

DISCUSSION

EC is the most common gynaecologic cancer worldwide and

Table 2. PR expression score in relation to histopathological parameters

PR score

Category 1 (n=35)

Category 2 (n=33)

Category 3 (n=37) Test of significance

Grade

G1 2((6.7)

G2 13 (37.1)

G3 20 (67.1)
Stage

[&Il 25 (73.5)

&V 9 (26.5)
Depth

Inner half 21 (63.6)

Quter half 12 (36.4)
Cervical involvement

Absent 23 (69.7)

Present 10(30.3)
Y

Present 13(37.1)

Absent 22 (62.9)
Lymph node involvement

Absent 11 (64.7)

Present 6(35.3)
Ovarian involvement

Absent 24.(75.0)

Present 8(25.0)
Histology

Non-endometrioid 15 (42.9)

Endometrioid 20 (67.1)

12(36.4) 22 (59.5) MGC, p<.001
13 (39.4) 13(35.1) MC, p=.901
8(24.2) 2(5.4) MC, p<.001
28 (93.9) 30(96.8) MC, p=.009
2(6.7) 1(3.2)
24.(77.4) 25(75.8) £=1.83, p=.401
7(22.6) 8 (24.20)
21 (75.0) 27 (90.0) 7£=3.9,p=.162
7(25.0) 3(10.0)
10(30.3) 5(13.5) 2=5.46, p=.063
23(59.7) 32 (86.5)
10(83.3) 15 (100) MC, p=.026
2(16.7) 0
MC, p=.007
25(89.9) 30 (100)
3(10.7) 0
£=21.89, p<.001
5(15.2) 0
28 (84.9) 37 (100)

Values are presented as number (%).

PR, progesterone receptor; MC, Monte Carlo test; 42, chi-square test; LVI, lymphovascular invasion.
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the incidence is increasing.**'® EC may not always fit into the dual
model of type I and type II cancers: those can be vague clinico-
pathological designations rather than firm diagnostic entities.
Tumours display varying degrees of conformity with both types
and have different behaviours and prognoses.'"? According to the
National Cancer Comprehensive Network guidelines for man-
agement of EC, the treatment strategy depends on surgical stag-
ing, depth of infiltration and the presence of adverse risk factors

Table 3. The expression of HER2 in relation to histopathological
parameters

HER2
Negative Positive  Fisher exact test
(n=102) (n=3) p-value
Grade
Gt 36 (35.3) 0 321
G2 38(37.3) 1(33.3) >.992
G3 28 (27.5) 2(66.7) 192
Stage
[&ll 82 (89.1) 1(33.3) .042
& v 10(10.9) 2(66.7)
Depth
Inner half 70 (74.5) 0 .022
Outer half 24 (25.5) 3(100)
Cervical involvement
Absent 71(80.7) 0 .009
Present 17 (19.3) 3(100)
Y
Present 25 (24.5) 3(100) 017
Absent 77 (75.5) 0
Lymph node involvement
Absent 36 (85.7) 0 .032
Present 6(14.3) 2 (100)
Ovarian involvement
Absent 78 (89.7) 1(33.3) .038
Present 9(10.3) 2 (66.7)
Histology
Non-endometrioid 19 (18.6) 1(33.3) 473
Endometrioid 83 (81.4) 2(66.7)

Values are presented as number (%).
HER2, human epidermal growth factor receptor 2; LVI, lymphovascular in-
vasion.

such as age, tumour size, LVSI and lower uterine involvement.
Adjuvant therapy determinations are made on the basis of patho-
logic findings in the postoperative specimen. Supetficially inva-
sive, low grade (G 1-2) carcinomas in the absence of adverse risk
factors can be treated by surgery with post-operative observation.
However, in the presence of adverse risk factors, patients need
adjuvant radiotherapy. High grade carcinomas with no adverse
risk factors may be spared from adjuvant chemotherapy.”

Both breast and endometrial cancers are among the commonest

Table 4. The expression of Ki-67 in relation to histopathological
parameters

KI-67
Median (min-max)  Test of significance
Grade
G1 15.0 (0.5-90.0) KW, p<.001
G2 15.0 (0.5-75.0)
G3 35.0 (0.5-80.0)
Stage
[ &1l 20.0 (0.5-90.0) Z=1.5,p=0.132
& IV 35.0 (2.0-80.0)
Depth
Inner half 17.0 (0.5-90.0) Z=0.11, p=.921
Quter half 23.0 (0.5-80.0)
Cervical involvement
Absent 20.0 (0.5-90.0) 7=0.18, p=.862
Present 20.0 (0.5-70.0)
Y
Present 30.0 (0.5-80.0) Z=1.68,p=.113
Absent 18.5 (0.5-90.0)
Lymph node involvement
Absent 20.0 (0.5-70.0) 7=2.5p=.012
Present 50.0 (8.0-80.0)
Ovarian involvement
Absent 20.0 (0.5-90.0) 7=1.36, p=.171
Present 30.0 (5.0-80.0)
Histology
Non-endometrioid 50.0 (5.0-80.0) Z=4.4,p<.001
Endometrioid 15.0 (0.5-90.0)

KW, Kruskal-Walis test; Z, Mann-Whitney U test; LVI, lymphovascular inva-
sion.

Table 5. Relationship between ER, PR expression and other markers (HER2 and Ki-67)

ER score PR score
Category 1 Category2  Category 3 Category 1 Category 2 Category 3 Test
(h=45) (h=40) (h=20) of significance (n=35) (n=33) (n=37) of significance

HER2 MC, p=.812 MC, p=.193

Negative 43 (95.6) 39 (97.5) 20 (100) 34 (97.1) 31(93.3) 37 (100)

Positive 2(4.4) 1(2.5) 0 129 2(6.1) 0
Ki-67 KW, p=.024 KW, p=.025

Median (min-max) 30 (0.5-80) 10 (0.5-80) 25 (1-90) 35.0(0.5-80)  15(0.5-70) 10 (0.5-90)

Values are presented as number (%).

ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; MC, Monte Carlo test; KW, Kruskal-Walis test.
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cancers in females, and both are largely considered to be hormone-
dependent tumours. In breast cancer, a simple immunohisto-
chemical panel of ER, PR, HER2, and Ki-67 is routinely per-

Fig. 1. Examples of different patterns of immunohistochemical ex-
pression in endometrial carcinomas. (A) Estrogen receptor (ER) ex-
pression score (6) in a case of well differentiated endometrial carci-
noma (EC). (B) ER expression score (4) in a poorly differentiated EC.
(C) progesterone receptor (PR) expression score (6) in a moderately
differentiated EC. (D) PR expression score (2) in a poorly differenti-
ated EC. (E) Positive human epidermal growth factor receptor 2
(HER2) overexpression (score +3) in a case of poorly differentiated
EC. (F) HER2 score (+ 1), which is considered negative, in a well
differentiated EC. (G) High Ki-67 index in a poorly differentiated EC.
(H) Low Ki-67 index in a well differentiated EC.
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formed on preoperative or postoperative specimens yielding valuable
therapeutic and prognostic information. Similar to breast cancer,
this panel may be of value when assessing EC specimens. The
information attained may be helpful in guiding patient man-
agement and in providing prognostic information about tumour
behaviour.”

In the current work, we assessed the immunohistochemical ex-
pression of the same panel of biological markers (ER, PR, HER2,
and Ki-67) on 109 cases of EC and their association with histo-
pathological prognostic characteristics. The presence of hormone
receptors in ECs correlates with the clinical disease stage, histo-
logical grade, and overall survival. The absence of hormone re-
ceptors is considered to indicate aggressive tumour behaviour and
poor prognosis.”** A recent systematic review and meta-analysis
revealed that higher levels of ER and PR were associated with
favourable prognosis and longer overall survival.” This study
showed close associations between low ER and PR scores, non-
endometrioid histology and high grade endometrial cancer. More-
over, low PR score was significantly associated with advanced
tumour stage. These findings agree with previous studies.”***
While not statistically significant, the ER score tended to be
lower with advanced stage. Some studies failed to show associa-
tions between ER and PR expression and tumour stage.”*”’ Our
data revealed significant associations between ovarian involvement
and low ER and PR scores, an observation in contrast to previous
observations.®”® This discrepancy may be due to differences in
sample size, primary antibody used, and the method of scoring the
immunohistochemical results. ER and PR did not show signifi-
cant association with the depth of myometrial invasion or cervical
infiltration as previously reported.””* Low ER score was signifi-
cantly associated with LVSI; low PR score tended to be associated
with LVSI as well, but the strength of the low PR association did
not match that of low ER. This agrees with the findings of a pre-
vious study.** Low PR scores were significantly associated with
lymph node metastasis as reported earlier.”* Consistent with previ-
ous studies, high ER and PR scores were highly associated while
lower scores were associated with higher Ki-67 values.***"*’

The increased expression of HER2 correlates with worse prog-
nosis in various malignant tumours. In their extensive study (483
cases), Morrison et al.** demonstrated that the over-expression of
HER?2 was an independent prognostic factor that correlated with
worse survival. Our work confirms a close relationship between
HER? overexpression and some of the traditional prognostic factors
of endometrial cancer. In partial agreement with previous studies,
we found HER2 expression to be associated with advanced tumour
stages and increased depth of myometrial invasion.”'*> We have

http://jpatholtm.org/



170 o SalamaAetal.

not observed, however, any substantial relationship between HER2
overexpression and the grading of ECs. Some previous studies did
not show a significant association between HER2 expression and
the prognostic parameters.** In contrast to this, our study revealed
that HER2 overexpression was significantly associated with a
greater incidence of ovarian and cervical involvement, lympho-
vascular emboli and LN metastasis, findings in line with a previous
observation.4 We did not find HER2 over-expression to be signif-
icantly associated with ER, PR, or Ki-67 expression, a finding
inconsistent with that of a study showing significant correlation
between HER2 over-expression and high Ki-67 index."

Increased Ki-67 expression indicates higher mitotic activity
and greater tumour cell proliferation. Some studies revealed that
Ki-67 could be an independent prognostic marker of survival in
EC.**® On the other hand, Pansare et al.* did not find correla-
tions between Ki-67, histological type, grading, and tumour clini-
cal staging. An elevated Ki-67 expression in this study was strongly
related to non-endometrioid histotype and poor differentiation.
Higher Ki-67 index was also found to be associated with lymph
node involvement but not tumour stage, depth of myometrial
invasion, cervical infiltration, or ovarian involvement.

Our proposed immunohistochemical panel (ER, PR, HER2,
and Ki-67) may be of value for preoperative biopsies. Results
may indicate tumour behaviour characteristics, presence of adverse
risk factors such as lymphovascular emboli and cervical involve-
ment, and the necessity for more radical surgery with pelvic and
para-aortic lymph node dissection.”” Moreover, the panel may
also be petformed on postoperative specimens. The panel may be
included routinely as an adjunct consideration in the postopera-
tive treatment decision making process. Low risk patients with
low grade, superficially invasive tumours may be spared the mor-
bidity of lymphadenectomy as well as the cost and morbidity of
radiotherapy. The panel results can also assist in identifying high
risk patients requiring more radical surgery, post-operative radio-
therapy, and/or chemotherapy.”

In conclusion, low ER and PR expression scores (category I),
together with HER2 overexpression (score + 3) and Ki-67 indices
of more than 20%, were associated with more malignant behav-
iour of ECs. Further studies involving larger numbers of patients
are needed to investigate the correlation between this immuno-
histochemical panel’s results and the recent molecular classifica-
tion of EC.
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Background: Although the correlation between low claudin-1 expression and worse prognosis
has been reported, details on the prognostic implications of claudin-1 expression in various ma-
lignant tumors remain unclear. The present study aimed to elucidate the prognostic roles of clau-
din-1 immunohistochemistry (IHC) in various malignant tumors through a meta-analysis. Methods:
The study included 2,792 patients from 22 eligible studies for assessment of the correlation between
claudin-1 expression and survival rate in various malignant tumors. A subgroup analysis based
on the specific tumor and evaluation criteria of claudin-1 IHC was conducted. Results: Low claudin-1
expression was significantly correlated with worse overall survival (OS) (hazard ratio [HR], 1.851;
95% confidence interval [CI], 1.506 to 2.274) and disease-free survival (DFS) (HR, 2.028; 95% Cl,
1.313 to 3.134) compared to high claudin-1 expression. Breast, colorectal, esophageal, gallblad-
der, head and neck, and lung cancers, but not cervical, liver or stomach cancers, were signifi-
cantly correlated with worse OS. Breast, colorectal, esophageal, and thyroid cancers with low
claudin-1 expression were associated with poorer DFS. In the lower cut-off subgroup (<25.0%)
with respect to claudin-1 IHC, low claudin-1 expression was significantly correlated with worse
OS and DFS. Conclusions: Taken together, low claudin-1 IHC expression is significantly correlated
with worse survival in various malignant tumors. More detailed criteria for claudin-1 IHC expres-

Korea sion in various malignant tumors are needed for application in daily practice.
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Claudins comprise a large family of tetraspan trans-mem-
brane proteins and are required for tight junction formation.'
Claudin-1 expression is regulated by the B-catenin—T-cell factor/
lymphoid enhancing factor signaling pathway.”’ Claudins have
potentially different functions driven by the formation of homo-
typic or heterotypic interactions across the junction in various
tissues.”® The epithelial-to-mesenchymal transition, which is
correlated with tumor invasiveness, is affected by the change of
expression and the redistribution of tight junction proteins in-
cluding claudin.” Expression patterns of claudins can differ by
tumor or tissue type, which can affect tumor behavior and prog-
nosis." The prognostic roles of claudin-1 have been diverse in
several studies involving various tumor types.”' " However, in
stomach cancer, increased claudin-1 expression in tumor cells has
been significantly correlated with worse prognosis in the intestinal
type, but not in the diffuse type. In kidney and lung cancers, high
claudin-1 expression has likewise been correlated with worse
prognosis.'>'* Although a correlation between low claudin-1
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elSSN 2383-7845
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expression and worse prognosis has been reported, details on the
prognostic implications of claudin-1 expression in various malig-
nant tumors remain unclear.

To elucidate the prognostic role of claudin-1 immunohisto-
chemistry THC), the correlation between claudin-1 IHC expres-
sion and survival rates was investigated in various malignant
tumors. A subgroup analysis based on the evaluation criteria of
claudin-1 THC was conducted.

MATERIALS AND METHODS

Literature search and selection criteria

Relevant articles were obtained by searching the PubMed and
MEDLINE databases through February 28, 2018. The search
was performed using ‘claudin-1" and ‘survival’ as search terms.
The titles and abstracts of all returned articles were screened for
exclusion. Review articles were also screened to find additional
eligible studies. English language studies addressing claudin-1

© 2019 The Korean Society of Pathologists/The Korean Society for Cytopathology
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IHC expression in human malignant tumors and the correlation
between claudin-1 THC expression and survival rate were included.
Case reports were excluded. This meta-analysis did not require
the approval of an institutional review board.

Data extraction
The following information was collected and verified from
9,11-31

the full texts of eligible studies:
cation date, study location, number of patients analyzed, antibody

first author’s name, publi-

manufacturer, dilution ratio, cut-offs for assessing high claudin-1
THC expression, tumor type, and data allowing estimation of the
impact of claudin-1 THC expression on overall survival (OS) and
disease-free survival (DFS). We did not define a minimum number
of patients to be included in a study. Any disagreements were
resolved by consensus.

Statistical analyses

To perform the meta-analysis, all data were analyzed using the
Comprehensive Meta-Analysis software package (Biostat, Engle-
wood, NJ, USA). Correlations between claudin-1 IHC expres-
sion and survival were measured by hazard ratios (HR) obtained
from the eligible study data. We aggregated the estimated HR
and its standard error using given parameters, which were the HR
point estimate, log-rank statistic or its p-value, O-E statistic (dif-
ference between numbers of observed and expected events), or its
variance.”” If the extractable data only included the survival
curve, two persons independently extracted survival rates to reduce
reading variability, according to Parmar’s recommendation.”
Meta-analysis was performed using fixed-effects and random-
effects models. The values pooled using the random effects model
were utilized for interpretation. Subsequently, a study showing
results of an estimated HR > 1, with a 95% confidence interval
(CI) that does not include 1, implied poor survival with a low or
aloss of claudin-1 expression. Because eligible studies used various
antibodies and evaluation criteria, a random-effects model was
more suitable than a fixed-effects model. Subgroup analyses
based on specific organs and cut-off value for high expression of
claudin-1 THC were performed. In addition, heterogeneous and
sensitivity analyses were conducted to assess the heterogeneity
of eligible studies and the impact of each study on the combined
effect, respectively. Heterogeneity between studies was checked
by the Q and I’ statistics and demonstrated p-values. For assess-
ment of publication bias, Begg’s funnel plot and Egger’s test were
petformed. The results were considered statistically significant
when p<0.05.

http://jpatholtm.org/

RESULTS

Selection and characteristics of studies

One hundred seventy reports were identified in the database
search. Of these, 44 were excluded due to lack of sufficient infor-
mation. Other studies were excluded because they reported the
results of other diseases (n = 38), used animals or cell lines (n=57),
were not written in English (n =5), or were non-original articles
(n=3) (Fig. 1). In addition, one article was excluded due to dupli-
cation. After applying the inclusion and exclusion criteria, 22
reports were finally included in the meta-analysis (Table 1). Eli-
gible studies used various manufacturers” antibodies and variable
dilution ratios, as shown in Table 1. The cut-off values to distin-
guish between low or high claudin-1 THC expressions varied
between 1% and 50%.

The correlation between claudin-1 IHC expression and
survival

The correlation between low expression of claudin-1 THC
and survival was investigated by subdividing data according to
OS in 15 studies and according to DES in 15 studies. Low expres-
sion of claudin-1 THC was significantly correlated with worse OS
(HR, 1.851; 95% CI, 1.506 to 2.274) (Fig. 2A) and DFS (HR,
2.028;95% CI, 1.313 to 3.134) (Fig. 2B). Eligible studies showed
significant heterogeneity in OS and DFS. Sensitivity analysis
showed that eligible studies had no effect on the pooled HR. In
sensitivity analysis, the ranges of HRs were 1.745-1.917 and

170 Studies identified through

database searching
\
Primary selection through
browsing the retrieved titles
and abstracts 118 Studies excluded
57 Studies using animal or
cell lines

38 Studies for other disease

15 No inclusion or insufficient
information

y 5 Articles of non-English

52 Full-text articles assessed 3 Case report or review articles
for eligibility

A4

30 Studies excluded
29 No inclusion or insufficient
information
A4 1 Duplication
22 Studies included in the
meta-analysis

Y

Fig. 1. Flow chart for study search and selection methods.
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in- i 0
Study Location  Antibody company Dilution Clicoi Organ Tumor _Claudin-1 expressmr‘], n oo
value (%) type Low High
Ma et al. (2014)'° China Zymed 1:50 10 Breast - 96 (55.5) 77 (44.5)
Morohashi et al. (2007)* Japan Zymed 1:50 10 Breast - 104 (52.0) 96 (48.0)
Matsuoka et al. (2011)% Japan Spring Bioscience ND 33.3  Colorectum - 124 (79.5) 32 (20.5)
Resnick et al. (2005)* USA Zymed 1:125  ND*  Colorectum - 32 (25.0) 96 (75.0)
Shibutani et al. (2013)%* Japan Zymed 1:100 25 Colorectum - 110(32.00 234 (68.0)
Yoshida et al. (2011)® Japan Zymed 1:400 30 Colorectum - 92 (49.7) 93 (50.3)
Miyamoto et al. (2008)? Japan Zymed 1:100 10 Esophagus SCC 11(20.4) 43 (79.6)
Xiong et al. (2011)® China Fuzhou Maixin Biotech  ND 25 Gallbladder - 37 (65.2) 30 (44.8)
Liet al. (2015) China Beijing ZSGB-BIO ND 40 H8N SCC 26(26.8)  71(73.2)
Sappayatosok and Phattarataratip (2015)%°  Thailand ~ Invitrogen 1:200 50 H&N SCC 33(73.3) 12 (26.7)
Fritzsche et al. (2008)"* Switzerland Zymed 150 10 Kidney Clearcell  210(75.5) 68 (24.5)
RCC
Papillary 6(158)  32(84.2)
RCC
Shin et al. (2011) Korea Abcam 1:200 5 Kidney Clearcell 101 (84.9) 18 (15.1)
RCC
Bouchagier et al. (2014)" Greece Zymed 1:40 18 Liver HCC 9(13.4) 58 (86.6)
Higashi et al. (2007)"® USA Zymed 1:50 ND  Liver HCC 28 (50.9) 27 (49.1)
Chae et al. (2014)" Korea Abcam 1:500 50 Lung AdCa ND ND
Chao et al. (2009)"® Taiwan Zymed ND ND Lung AdCa 34 (50.7) 33(49.3)
Merikallio et al. (2011)?' Finland Zymed 1:50 25 Lung SCC 15(12.1) 109 (87.9)
AdCa 2(20.0) 8(80.0)
Zhang et al. (2013° China Zymed ND 10 Lung AdCa 33 (40.7) 48 (59.3)
Huang et al. (2014)° China Zymed 1:100 5 Stomach - 63(36.4)  110(63.6)
Jung et al. (2011)"" Korea Lab Vision 1:200 25 Stomach - 31(43.1) 41 (56.9)
Tzelepi et al. (2008)* Greece Zymed 1:100 5 Thyroid - 24 (26.4) 67 (73.6)
Hoellen et al. (2017)' Germany  Thermo Fisher ND >0 Uterine cervix  SCC 14 (13.2) 92 (86.8)
Scientific Inc.

ND, non-description; SCC, squamous cell carcinoma; H&N, head and neck; RCC, renal cell carcinoma; HCC, hepatocellular carcinoma; AdCa, adenocarci-

noma.
Using criteria for intensity.

1.869-2.324 in OS and DFS, respectively. There was no evidence
of publication bias in Egger’s test (p=.505 in OS and p=.956 in
DFS) and no asymmetry in Begg’s funnel plot.

We conducted subgroup analysis based on specific tumors. In
OS, low expression of claudin-1 THC was significantly correlated
with a lower survival rate in breast, colorectal, esophageal, gall-
bladder, head and neck, and lung cancers, but not in cervical, liver,
or stomach cancers (Table 2). In addition, there was significant
correlation between low expression of claudin-1 THC and worse
DES in breast, colorectal, esophageal, and thyroid cancers, but
not in liver, lung, kidney, or stomach cancers (Table 2). However,
in DFS of head and neck cancer, low claudin-1 THC expression
showed a reverse correlation (HR, 0.396; 95% CI, 0.160 to
0.765). The cancer with the highest HR was breast cancer in
both OS (HR, 3.364; 95% CI, 1.898 to 5.961) and DFS (HR,
5.182;95% CI, 3.749 t0 7.162).

Next, to evaluate the optimal criteria of low claudin-1 THC
expression, we created subgroups using the median value of cut-

https://doi.org/10.4132/jptm.2019.02.03

offs from eligible studies (25.0%). The results of subgroup analysis
based on the evaluation criteria are shown in Fig. 3. In OS, HRs
were 1.738 (95% CI, 1.251 to 2.415) and 1.805 (95% CI, 1.252
t0 2.602) in the >25.0% and < 25.0% cut-off subgroups, respec-
tively. In DFS, HRs were 1.492 (95% CI, 0.808 to 2.753) and
2,611 (95% CI, 1.218 t0 5.597) in subgroups with the >25.0%
and <25.0% cut-offs, respectively.

DISCUSSION

While claudin-1 has been studied in various malignant tumors,
the prognostic role of claudin-1 IHC has not been fully elucidated
and may vary.”'"*' The current study is the first meta-analysis
of published studies on the prognostic role of claudin-1 IHC in
various malignant tumors.

Although 27 subtypes of claudin are currently known in human
tissues,” the expressions and functions of claudins in malignant
tumors are not fully understood. In tumor cells, claudin-1 partic-

http://jpatholtm.org/
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Overall survival

Study name Subgroup within study Statistics for each study Hazard ratio and 95% Cl

Hazard Lower Upper

ratio [imit limit p-value

Ma 2014 Breast 3.364 1.898 5.961 0.000 —
Resnick 2005 Colorectum 4133  1.652 10.343 0.002 =
Shibutani 2013 Colorectum 1445 0880 2.372 0.146 -
Yoshida 2011 Colorectum 4778 2296 9.945 0.000 —_—
Miyamoto 2008 Esophagus 1.988 1.009 3.916 0.047
Xiong 2011 Gall bladder 1779  1.071  2.955 0.026
Li2015 Head & neck 1759  1.020 3.034 0.042
Bouchagier 2014 Liver 1.411 0.708 2.812 0.328 —
Higashi 2007 Liver 1.988 0942 4194 0.071
Chao 2009 Lung 1.874 1.072 3.276 0.028
Merikallio 2011 (AdCa) Lung 2.115 0.301 14.867 0.452
Merikallio 2011 (SCC) Lung 1292 0805 2072 0.288 -+
Zhang 2013 Lung 2492 1365 4.548 0.003 —ri—
Huang 2014 Stomach 1.483 1.014 2.169 0.042 ——
Jung 2011 Stomach 0925 0304 2.810 0.891 -
Hoellen 2017 Uterine cervix 0.765 0321 1.823 0.546 =

1.851 1506 2274  0.000 4

01 02 0.5 1 2 5 10
Favours A Favours B 0

Disease-free survival
Study name Subgroup within study Statistics for each study Hazard ratio and 95% Cl

Hazard Lower Upper

ratio limit limit p-value
Ma 2014 Breast 4.354 2.667 7.106 0.000 —.I—
Morohashi 2007 Breast 5930 3.853 9.127 0.000 —il—
Matsuoka 2011 Colorectum 6.074  3.049 12101 0.000 —tl—
Resnick 2005 Colorectum 3979 1.663 9.518 0.002 i
Shibutani 2013 Colorectum 1.881 1259 2812 0.002 1
Yoshida 2011 Colorectum 2323 1313 4110 0.004
Miyamoto 2008 Esophagus 2375 1177 4791 0.016 i
Sappayatosok 2015 Head & neck 039%6 0.161 0.975 0.044 L
Fritzsche 2008 (cRCC) Kidney 0.607 0.373 0.987 0.044 —till—
Fritzsche 2008 (cRCC) Kidney 1.972 0.671 5.795 0.217 5
Shin 2011 Kidney 1412 0645 3.093 0.388 i
Higashi 2007 Liver 1.394 0.800 2427 0.241 -
Chae 2014 Lung 1.014 0.634 1.623 0.953 ——
Jung 2011 Stomach 0.838 0395 1.778 0.645 L
Tzelepi 2008 Thyroid 8.697 3.120 24.241 0.000 —

2028 1313 3134  0.001 N |

0.1 0.2 0.5 1 2 5 10
Favours A Favours B

Fig. 2. Forest plot diagram showing the correlation between low claudin-1 immunohistochemical expression and overall survival (A) and dis-

ease-free survival (B).>'"*" Cl, confidence interval.

ipates in the up-regulation of ZEB-1, which induces reduction
of E-cadherin expression and leads to invasive activity.” Loss
of claudin-1 expression might induce loosening of tight junc-
tions, which would alter the cohesion and invasiveness of tumor
cells.""*” Furthermore, by loosening tight junctions, diffusion

http://jpatholtm.org/

of nutrients and other growth factors may be increased in tumor
cells, which could induce proliferation of tumor cells. Claudin-1
overexpression inhibits the dissociation of cancer cells and sup-

13,36

presses migration, invasion, and metastasis. " Claudin-1 can

also be expressed in normal cells, but the function and expression

https://doi.org/10.4132/jptm.2019.02.03
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Table 2. Meta-analysis for the correlation between low claudin-1 expression and overall and disease-free survival

No. of subset Fixed effect (95% Cl) R RGeS e Random effect (95% C) BEERIES
p-value p-value
Overall survival
Breast* 1 3.364 (1.898-5.961) >.99 3.364 (1.898-5.961) -
Cervix 1 0.765 (0.321-1.823) >.99 0.765 (0.321-1.823) -
Colorectum* 3 2.354 (1.618-3.425) .013 2.906 (1.244-6.786) .286
Esophagus* 1 1,088 (1.009-3.916) >.99 1,088 (1.009-3.916) -
Gallbladder* 1 1.779 (1.071-2.955) >.99 1,779 (1.071-2.956) :
Head and neck* 1 1.759 (1.020-3.034) >.99 1.759 (1.020-3.034) -
Liver 2 1.652 (0.995-2.742) .508 1.652 (0.995-2.742) -
Lung* 4 1.731 (1.275-2.350) 391 1.731 (1.275-2.350) .648
Stomach 2 1.411 (0.985-2.022) 431 1.411(0.985-2.022) -
Disease-free survival
Breast* 2 5.182 (3.749-7.162) .353 5.182 (3.749-7.162) -
Colorectum* 4 2.599 (1.963-3.441) .025 3.012 (1.763-5.146) 178
Esophagus* 1 2.375 (1.177-4.791) >.99 2.375 (1.177-4.791) -
Head and neck* 1 0.396 (0.160-0.765) >.99 0.396 (0.160-0.765) -
Liver 1 1.394 (0.800-2.427) >.99 1.394 (0.800-2.427) -
Lung 1 1.014 (0.634-1.623) >.99 1,014 (0.634-1.623) -
Kidney 3 0.866 (0.589-1.274) 056 1.072 (0.510-2.254) 133
Stomach 1 0.838 (0.395-1.778) >.99 0.838 (0.395-1.778) -
Thyroid* 1 8.697 (3.120-24.241) >.99 8.697 (3.120-24.241) -
Cl, confidence interval.
*p<.05.
0s \ The prognostic role of claudin-1 was different between intestinal
Cut-off 225.0% E —®— 1.738[1.251,2.415] and diffuse types of gastric cancer." In addition, in meta-analysis
Cut-off <25.0% | ——a—— 1.805[1.252, 2.602] for clear cell renal cell carcinoma, the estimated HR was 0.873
DFS E (95% CI,0.385 to 1.981; p = .746)."**” However, the estimated
Cut-off >25.0%  ——a———— 1.492[0.808, 2.753] HR of papillary renal cell carcinoma was 1.972 (95% CI, 0.671
Cut-off <25.0% E . to 5.795), but there was no statistical significance (p =.217).
! 2.611[1.218, 5.597] Although low claudin-1 THC expression was significantly corre-
0 ) 5 3 4 5 6 lated with poor prognosis in lung cancer, significant correlation

Hazard ratio

Fig. 3. Forest plot diagram for subgroup analysis based on cut-off
value of low claudin-1 immunohistochemical expression. OS, over-
all survival; DFS, disease-free survival.

pattern of claudin-1 might vary in different organs. More studies
are needed to clarify the potential gamut of functions.

In the present meta-analysis, low expression of claudin-1 IHC
was significantly correlated with worse OS and DFS in human
malignant tumors (HR, 1.851; 95% CI, 1.506 to 2.274 and HR,
2.028;95% CI, 1.313 to 3.134, respectively). Unlike the results
of most reports showing the correlation between low expression
of claudin-1 IHC and a lower survival rate, inverse correlations
or no correlations were found in stomach cancer, clear renal cell
carcinoma, and lung adenocarcinoma. Among eligible studies
with stomach cancers, Huang et al. reported that low claudin-1
expression was significantly correlated with better survival rate."”

https://doi.org/10.4132/jptm.2019.02.03

was found in adenocarcinoma, but not squamous cell carcino-
ma.'>"*"%" Cancers with an HR exceeding 1 in both OS and DFS
were breast, colorectal, and esophageal cancers.

This meta-analysis included studies using IHC for the evalua-
tion of claudin-1 expression. The rate of low claudin-1 IHC ex-
pression ranged from 15.8% to 84.9%, which varied according
to specific tumor type. Various cut-off values (19%-50%) were
used in eligible studies; therefore, the rates of low or high claudin-1
THC expression could be largely affected by the cut-off value.
Consequently, this discrepancy might affect the correlation be-
tween claudin-1 IHC expression and survival rate. In addition,
discrepancies between investigators were possible concerning the
rates of low claudin-1 THC expression. Detailed evaluations, such
as subgroup analysis based on median cut-off values, were required
to elucidate the cause of the large difference between eligible
studies. In OS, the HR of cases with low claudin-1 THC expres-
sion was significantly higher in both cut-off subgroups (Fig. 3).

http://jpatholtm.org/
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However, in the higher cut-off value subgroup, low claudin-1
THC expression was not significantly correlated with worse DFS
(HR, 1.492; 95% CI, 0.808 to 2.753). Our results suggest that
a lower cut-off value might be more suitable for evaluation of low
claudin-1 expression rather than a higher cut-off value. However,
further studies based on specific tumor types will be needed to
elucidate the effect of cut-off value on the correlation with survival.

There are a number of limitations in the current study. First,
the study investigated the correlation between claudin-1 expres-
sion and prognosis in various malignant tumors. Although several
studies have reported the prognostic roles of claudin-1, they were
limited in their interpretive value because of the small number
of studies for specific tumor types. Interestingly, in head and neck
cancet, the prognostic roles of low claudin-1 THC expression were
different between OS and DFS."®” The discrepancy between
included studies could not be found due to the small number of
studies. Second, the adequate antigenicity of included tissues in
eligible studies could not be guaranteed due to the use of old
specimens in some studies. Whether the low expression of clau-
din-1 reflected this problem could not be determined in the pres-
ent study. Third, to avoid bias from follow-up periods, survival
data were extracted at a 60-month follow-up. This follow-up
period had no effect on the correlation between claudin-1 expres-
sion and survival in the present study, and the correlation be-
tween claudin-1 expression and survival could differ from those in
previous reports.

In conclusion, low claudin-1 expression was significantly cor-
related with lower survival rates in various malignant tumors.
Lower criteria for claudin-1 THC expression could be suitable
for prediction of a patient’s prognosis. More detailed criteria for
claudin-1 THC expression in various malignant tumors is needed
for application of claudin-1 IHC expression in daily practice.
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Background: Most triple-negative breast cancers (TNBCs) have a high histologic grade, are asso-
ciated with high endoplasmic stress, and possess a high frequency of TP53 mutations. TP53
missense mutations lead to the production of mutant p53 protein and usually show high levels of
p53 protein expression. Tumor-infiltrating lymphocytes (TILs) accumulate as part of the anti-tumor
immune response and have a strong prognostic and predictive significance in TNBC. We aimed
to elucidate the association between p53 expression and the amount of TILs in TNBC. Methods:
In 678 TNBC patients, we evaluated TIL levels and expression of endoplasmic stress molecules.
Immunohistochemical examination of p53 protein expression was categorized into three groups:
no, low, and high expression. Results: No, low, and high p53 expression was identified in 44.1%
(n=299), 20.1% (n=136), and 35.8% (n=243) of patients, respectively. Patients with high p53 ex-
pression showed high histologic grade (p<.001), high TIL levels (p=.009), and high expression of
endoplasmic reticulum stress-associated molecules (p-elF2a, p=.013; XBP1, p=.007), compared
to patients with low p53 expression. There was no significant difference in disease-free (p=.406)
or overall survival rates (p=.444) among the three p53 expression groups. Gonclusions: High p53
expression is associated with increased expression of endoplasmic reticulum stress molecules
and TIL influx.

Key Words: p53; Breast neoplasms; Lymphocytes, Tumor-infiltrating

Triple-negative breast cancer (TNBC) is a molecular subtype
of breast cancer that lacks expression of estrogen and progesterone
receptors and does not show overexpression of human epidermal
growth factor 2. This profile has no targeted therapy or standard
biomarkers, and its aggtessive phenotype, lower overall survival,
and shorter relapse-free intervals than other breast cancer sub-
types make its clinical management a challenge."” Different
biomarkers for TNBC as prognostic or predictive indicators and
possible targets for novel therapy have been studied.”” Insight
into the connection between the immune system and breast cancer
may improve treatments and outcomes.

We previously demonstrated that TNBC tumors characteris-
tically possess more tumor-infiltrating lymphocytes (TILs) than
other breast cancer subtypes and TILs are positively correlated
with endoplasmic reticulum stress-associated molecules.*® The

endoplasmic reticulum is responsible for protein folding in cells.”'’

© 2019 The Korean Society of Pathologists/The Korean Society for Cytopathology
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In tumor environments, the combination of high cancer cell
proliferation rates, nutrient deficiency, and hypoxia lead to accu-
mulation of unfolded or misfolded proteins in the endoplasmic
reticulum that induce endoplasmic reticulum stress. Tumor cells
activate the unfolded protein response and various downstream
endoplasmic reticulum stress signaling pathways to adapt to this
environment.”'’ Recent studies show that endoplasmic reticu-
lum stress-associated molecules play important roles in tumori-
genicity in TNBC.

The TP53 gene is a tumor suppressor gene that regulates the
cell cycle, cell proliferation, DNA repair, cellular senescence, and
death by apoptosis.' Cells with somatic TP53 mutations can
avoid apoptosis and progress to malignant tumor cells. Tumors
with TP53 mutations are highly invasive, poorly differentiated,
and have a high histologic grade, showing poor response to che-
motherapy.”' In solid cancers, mutations affecting the protein-

pISSN 2383-7837
elSSN 2383-7845



encoding reading frame, often referred to as null mutations, result
in p33 protein absence.'' On the contrary, TP53 missense mu-
tations may lead to the production of a mutant p53 protein,
which has a prolonged half-life relative to the normal isoform that
leads to its accumulation in tumor cells and makes it readily
detectable by immunohistochemistry.""*"” Mutant p53 pro-
teins not only lose the tumor suppressor function of wild-type
P53 but also acquire new functions not present in the wild-type
protein, termed gain-of-function properties, that promote tumori-
genesis. So far, mutant p53 gain-of-function properties have
been shown to stimulate tumor cell proliferation, migration,
invasion, survival, chemoresistance, cancer metabolism, and tissue
architecture disruption.'®

Both types of mutations (null and missense) have been observed
in the same cancer type."' TP53 mutations are seen in 18%-25%
of primary breast cancers™'” and in approximately 80% of TN-
BCs, which is markedly more frequent than in other breast cancer
subtypes.”'®"” Mutations in TP53 are predominantly missense
mutations, producing mutant p53 proteins. Furthermore, as
the mutant protein in malignant cells is less susceptible to deg-
radation than wild-type p53, its accumulation establishes the
TP53 mutation as an attractive therapeutic target for TNBC.**

Considering that TNBC is highly correlated with TIL levels,
endoplasmic reticulum stress-associated molecules, and TP53
mutation rate, we examined the correlations among TIL levels,
endoplasmic reticulum stress-associated molecules, and expres-
sion of p53 in TNBC.

MATERIALS AND METHODS

Patients and tissue specimens

A total of 678 TNBC patients who underwent surgery for
primary breast cancer between 2004 and 2010 at Asan Medical
Center in Seoul, Korea were retrospectively selected. In this group,
470 patients did not present with lymph node metastasis, and
they received four cycles of adjuvant anthracycline (60 mg/m’ adri-
amycin) and cyclophosphamide (600 mg/m®). The remaining 208
patients presented with lymph node metastases and were treated
with four cycles of adriamycin, followed by either four cycles of
paclitaxel (175 mg/m?) or four cycles of docetaxel (75 mg/m’).
In total, 548 patients (80.8%) received radiotherapy. The median
follow-up period was 78.3 months. Clinicopathologic informa-
tion and survival data were obtained from medical records and
surgical pathology reports. Exemption from informed consent
after de-identification of information was approved by the Insti-
tutional Review Board of Asan Medical Center (2013-08606).
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Histological evaluation

Two pathologists (H.].L. and G.G.) reviewed whole sections
of the hematoxylin and eosin-stained slides for histologic grade,
pT category, pN category, and necrosis in the invasive area. Addi-
tionally, the levels of stromal TILs were evaluated, using full
sections in 10% increments (defined as the mean percentage of
plasma cells and lymphocytes in stoma of invasive carcinoma; if
<10% area, then 0, 1, or 5% level criteria were used).”

Tissue microarray construction and immunohistochemical
evaluation

Available formalin-fixed paraffin-embedded blocks of 678
cases were arrayed with a tissue-arraying instrument, as previ-
ously described.® Tissue microarray sections were stained with
an automatic immunohistochemical staining device (Bench-
mark XT, Ventana Medical Systems, Tucson, AZ, USA). Anti-
bodies to target phospho-eukaryotic initiation factor 2a (p-el-
F2a), protein kinase RNA-like endoplasmic reticulum kinase
(PERK), X-box binding protein-1 (XBP1), and CD8 were used,
and their expressions in the tumor cells were determined, as previ-
ously described.** An additional antibody to target p53 (1:1,500,
Dako, Glostrup, Denmark) was also used. The level of p53 ex-
pression was ranked on a 4-point intensity scale (0, none; 1, mild;
2, moderate; and 3, intense). The percentage of nuclear expres-
sion of the p53 was also measured. An “immunoreactive score”
was generated as the product of the intensity and the percentage
of positive cells.

Statistical analysis

All statistical analyses were performed using SPSS statistical
software ver. 18.0 (SPSS, Chicago, IL, USA). The chi-squared
test, linear-by-linear association test, Spearman’s correlation,
Mann-Whitney U test, and log-rank test were used to evaluate
the data. All tests were two-sided and statistical significance
was set at p <.05.

RESULTS

Clinicopathologic characteristics of the study population
All 678 patients were female, and their median age was 47
years at diagnosis (range, 23 to 76 years). Histologic grades 1
and 2 occurred in 160 cases (23.6%), and grade 3 in 518 cases
(76.4%). There were 299 pT1 tumors (44.1%), 353 pT2 tumors
(52.1%), 25 pT3 tumors (3.7%), and one pT4 tumor (0.1%).
Most (n =470) of the patients did not have pathologic lymph
node metastasis (pNO, 69.3%) while 120 tumors (17.7%) were
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pN1, 46 tumors (6.8%) were pN2, and 42 tumors (6.2%) were
pN3. The tumors were categorized into four groups based on
TIL amounts: < 10% TILs (164 patients, 24.2%), >10%; < 30%
TILs (154 patients, 22.7%); >30%; and < 60% TILs (148 pa-
tients, 21.8%), >60% TILs (212 patients, 31.3%). Necrosis in
the invasive area was identified in 488 of the patients (72.0%).

Classifying p53 expression as none, low, or high

Immunochemical analysis of p53 expression was scored as
follows (Fig. 1): 0, no expression (299 cases, 44.1%); >0 to
240, low expression (136 cases, 20.1%); and > 240 to 300, high
expression (243 cases, 35.8%).

Characteristics of tumors according to p53 expression
Compared to the low p53 expression group, the high p53 ex-
pression group was significantly associated with higher histologic
grade (p <.001), higher TIL levels (p =.009), increased presence
of necrosis in the invasive area (p =.010), and higher expression

of two endoplasmic reticulum stress-associated molecules (p-
elF2a, p=.013 and XBP1, p=.007) (Table 1, Fig. 2). Com-
pared to the no p53 expression group, the high p53 expression

300 A
@ 200
n
[\
o
ks
o
=

100

0
0 100 200 300
Immunoreactive score

Fig. 1. Distribution of triple-negative breast cancer patients by im-
munoreactive scores for p53 expression.

Table 1. Comparison of clinicopathologic variables according to p53 expression level

p53 expression level p-value
Parameter
Low (%) No (%) High (%) Low vs no Low vs high No vs high
Histologic grade 011 <.001 .088
1and?2 48 (35.3) 70 (23.4) 42 (17.3)
3 88 (64.7) 229 (76.6) 201 (82.7)
pT category 103 430 408
1 70 (51.4) 121 (40.5) 108 (44.5)
2 61 (44.9) 168 (56.2) 124 (51.0)
3 5(3.7) 93.0) 11 (4.5)
4 0 1(0.3) 0
pN category 510 .636 161
0 95 (69.9) 199 (66.6) 176 (72.4)
1-3 41 (30.1) 100 (33.4) 67 (27.6)
TIL 524 .009 .032
<10% 39 (28.7) 72 (24.1) 53 (21.8)
>10% and <30% 33(24.3) 77 (25.8) 44 (18.1)
>30% and <60% 33(24.3) 65 (21.7) 50 (20.6)
>60% 31(22.7) 85 (28.4) 96 (39.5)
Necrosis in the invasive area 579 .010 015
Negative 46 (33.8) 92 (30.8) 52 (21.4)
Positive 90 (66.2) 207 (69.2) 191 (78.6)
p-elF2a 74 013 191
Low 79 (59.0) 151 (51.4) 108 (45.4)
High 55 (41.0) 143 (48.6) 130 (54.6)
PERK .300 .740 487
Low 77 (57.0) 153 (51.5) 132 (54.8)
High 58 (43.0) 144 (48.5) 109 (45.2)
XBP1 137 .007 .088
Low 86 (64.7) 167 (56.6) 119 (50.0)
High 47 (35.3) 128 (43.4) 119 (50.0)

TIL, tumor-infiltrating lymphocyte.

http://jpatholtm.org/
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. F

Fig. 2. Histologic features and p53 expression in triple-negative breast cancer tumors. A tumor with low histologic grade shows sparse tu-
mor-infiltrating lymphocytes (TILs) and low p53 expression (A, D). Tumors with high histologic grade show abundant TILs and no p53 ex-

pression (B, E) or high p53 expression (C, F).
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Fig. 3. Differences in the level of tumor-infiltrating lymphocytes (TILs) (A) and the average number of CD8* T cells (B) among the three
groups of triple-negative breast cancer patients categorized by p53 expression level.

group was significantly associated with higher TIL levels (p =
.032). Compared to the low p53 expression group, the no p53
expression group was significantly associated with higher histo-
logic grade (p =.011). The TIL levels of the no p53 expression
group did not show significant differences from the TIL levels
of the low p33 expression group (p =.524).

There were differences in the amounts of TILs (Fig. 3A) and
the average number of CD8" T cells (Fig. 3B) among the three
groups of TNBC patients classified according to p53 expression

https://doi.org/10.4132/jptm.2019.02.08

level. The high p53 expression group had significantly higher
amounts of TILs (p=.009 and p =.015) and more CD8+ T cells
(p=.001 and p=.015) than the low and no expression groups,
respectively. However, there was no significant difference between
the no and low p53 expression groups in the amounts of stromal
TILs (p=.492) and the number of CD8" T cells (p=.133).
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Association between high histologic grade and endoplasmic
reticulum stress-associated molecules

Since tumors with high histologic grades have an increased
proliferation rate, which induces endoplasmic reticulum stress,
we also analyzed the relationship between histologic grade and
expression of endoplasmic reticulum stress-associated molecules.
High histologic grade was significantly associated with two out
of three endoplasmic reticulum stress-associated molecules (p-
elF2a, p=.036 and XBP1, p<.001, but not PERK, p=.928)
(Table 2).

Prognostic significance of p53 expression in TNBC
Univariate analysis was undertaken to elucidate the prognostic
significance of p53 expression. There was no significant difference
in disease-free (p = .406) or overall survival rates (p = .444) among
the three groups of no, low, and high p53 expression (Fig. 4).

Table 2. Comparison of pathologic variables according to histo-
logic grade

Histologic grade
Parameter
1and 2 3 p-value
p-elF2a .036
Low 92 (58.2) 246 (48.4)
High 66 (41.8) 262 (51.6)
PERK .928
Low 85 (53.5) 277 (76.5)
High 74 (46.5) 237 (46.1)
XBP1 <.001
Low 109 (69.4) 263 (51.7)
High 48 (30.6) 246 (48.3)

Values are presented as number (%).
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Prognostic significance of TILs among groups based on
p53 expression in TNBC

Since the level of TILs in TNBC patients has been recognized
as a significant prognostic factor,”* the effect of TILs in each p33
expression group was examined. In the high p53 expression group,
the higher the TIL level, the better the disease-free (p = .006) and
overall survival rates (p =.005) (Fig. 5). Disease-free (p =.001)
and overall survival curves (p =.001) were more significantly sep-
arated when the TILs were divided by 10%. In the no p53 ex-
pression group, the higher the TIL level, the higher the disease-
free (p = .044) and overall survival rates (p = .046). Conversely, in
the low p53 expression group, disease-free (p =.092) and overall
survival rates (p =.108) were not significantly different, according
to the TIL levels.

DISCUSSION

Our previous studies demonstrated that TILs are highly asso-
ciated with interferon- and endoplasmic reticulum stress-associ-
ated molecules.”*” Based on these results, we hypothesized
that high p53 expression, which is linked with a high histologic
grade (frequent mitosis, large cell and nuclear size, and poor dif-
ferentiation), might induce endoplasmic reticulum stress and
subsequent interferon signaling pathway activation, as well as the
influx of TILs. Moreover, high p53 expression, which is related
to necrosis, might induce the release of damage-associated mol-
ecules, an immune response, and the influx of TILs. The present
research analyzed the clinical and pathological significance of
p33 expression in TNBC. In comparison to low p53 expression,
high p53 expression was shown to be associated with high his-
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Fig. 4. (A, B) Kaplan-Meier survival analyses of triple-negative breast cancer patients categorized by p53 expression levels.
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Fig. 5. Kaplan-Meier survival analyses of triple-negative breast cancer patients according to tumor-infiltrating lymphocytes levels in low (A,

D), no (B, E), and high (C, F) p53 expression groups.

tologic grade, nectosis in the invasive area, and more TILs, sup-
porting the study hypothesis.

Darb-Esfahani et al.* revealed a significant association between
p53 protein expression characterized by immunohistochemical
staining intensity (“wild-type pattern”, tumor cell nuclei stained
as variable and weak intensity; “overexpression”, > 60% of tumor
cell nuclei stained as uniformly strong or moderate intensity; “loss,”
tumor cell nuclei stained completely negative) and the TP53
mutation, with 80% of the p53 overexpression group possessing
the missense mutation. Also, in TNBC, missense TP53 muta-
tions were significantly linked with higher levels of stromal TILs
(p=.028) and CD8A gene expression (p =.020), and tended to
be associated with a better survival (p =.093) compared to all
other types of mutations.”

TNBC has a higher TIL level than other breast cancer sub-
types. However, the level of TIL varies within TNBC. TP53
mutations occur more frequently in TNBC (80%) than other
breast cancer subtypes.”"” Of the TP53 mutations, missense muta-
tions produce a new mutant protein that can be presented on the
cell surface via major histocompatibility complex (neoantigen),
triggering the immune system and leading to a TIL response.
This hypothesis is supported by our finding that the TIL levels
of p53 overexpression group (probably due to missense muta-
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tion) were significantly higher than the TIL levels in the p53
low expression group (wild-type TP53) (p =.009). In contrast,
null mutations of the TP53 gene simply do not produce normal
levels of p53 protein, and the p53 function is lost. Since it does
not make a new mutant protein to act as a neoantigen, it does
not trigger the immune response, resulting in unchanged TIL
levels. This hypothesis is supported by our finding that the no
P33 expression group (probably due to null mutation) did not
show a significant difference in TIL levels compared to those of
the low p53 expression group (p=.524), while TIL levels in the
no p53 expression group showed a significant difference com-
pared to TIL levels in the high p53 expression group (p=.032).
Although TNBC has a high mutation burden and other gene
mutations can enhance immunogenicity, our findings suggest
an important role of TP53 mutation in the immunogenicity of
TNBC.

In TNBC patients, a high TIL level is associated with good
prognosis.”* In our study, p53 overexpression was related to TIL
levels, but not with prognosis. Although there have been many
attempts to correlate TP53 mutation status and clinical outcomes,
such as overall survival rates in TNBC patients, conflicting find-
ings have often emerged, with either poor survival in TNBC pa-

27-30

tients with TP53 mutation®™ or no significance.”"** This is
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probably due to the beneficial effects of mutant p53 gain-of-
function for tumorigenesis that offsets the favorable prognostic
impacts of high TIL levels.

Mutant p53 proteins have been regarded as attractive targets
for cancer therapy. Most of the strategies developed to target
mutant p53 proteins involve restoration to wild-type p33 activity
and depletion of the mutant p53 protein. Small molecules, such
as 2,2-bis(hydroxymethyl)-quinuclidin-3-one or zinc metallo-
chaperone-1, are representative restoration methods to wild-type
p53 activity. Among exemplary methods for depletion of the
mutant p53 protein, geldanamycin, 17AAG, and ganetespib
are inhibitors of heat shock protein 90, which, in turn, inhibits the
degradation of mutant p53 protein mediated by carboxyl ter-
minus of heat shock cognate protein 70—interacting protein and
murine double minute 2 (MDM2).!6%3

In the current study, overall and disease-free survival rates
were much better when the level of TILs was >10% compared
with <10% in the high p53 expression group, suggesting that
the TP53 missense mutation is associated with TIL influx and
some TILs can recognize mutant p53. Therefore, in the high p53
expression groups with TIL levels < 10%, the identification of
T cells with T cell receptors (TCRs) reactive to mutant p53 and
development of engineered T cell adoptive immunotherapy tar-
geting mutant p53 may lead to successful immunotherapy. For
instance, Lheureux et al.” found immunogenic TP53 “hotspot”
mutations as well as T cells with mutant p53-reactive TCRs in
seven ovarian cancer patients. Therefore, in TNBCs with TP53
mutations, genetic transfer of the TP53 mutation-specific TCRs
into autologous lymphocytes could be used to generate cells for
use in cancer adoptive cell transfer immunotherapy.

The present study demonstrated close associations between
the expression of p53 and the molecules associated with endo-
plasmic reticulum stress and TIL influx. Further studies targeting
mutant p53 could facilitate the development of efficient immu-
notherapeutic agents.
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of IgG4-Related Lung Disease

IgG4-related disease is a systemic inflammatory disease and is known as IgG4-related lung dis-
ease (IgG4-RLD) when it involves the respiratory system. Primary lung cancer arising from a
background of 1gG4-RLD is very rare. Herein, we report a case of adenosquamous carcinoma
arising from the background of IgG4-RLD and presenting as an interstitial lung disease pattern. A
66-year-old man underwent lobectomy under the impression of primary lung cancer. Grossly, the
mass was ill-defined and gray-tan colored, and the background lung was fibrotic. Microscopical-
ly, tumor cells showed both squamous and glandular differentiation. Dense lymphoplasmacytic
infiltration with fibrosis and obliterative phlebitis were seen in the background lung. IgG4 immu-
nohistochemical stain showed diffuse positivity in infiltrating plasma cells. Primary lung adeno-
squamous carcinoma has not been reported in a background of IgG4-RLD. Due to the rarity of
IgG4-RLD, physicians must follow patients with IgG4-RLD over long periods of time to accurately
predict the risk of lung cancer.
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IgG4-related disease (IgG4-RD) is a rare, chronic, systemic
inflammatory disease with increased serum IgG4 levels that is
characterized by dense lymphoplasmacytic infiltration, storiform
fibrosis, and obliterative phlebitis with IgG4 immunoreactivity
in plasma cells." When IgG4-RD involves the lung, it is called
IgG4-related lung disease (IgG4-RLD) and manifests in various
histologic forms, such as solid nodular type, bronchovascular
type, or interstitial lung disease type.”* The association of lung
cancer with IgG4-RLD remains unclear, and only a small number
of adenocarcinoma-associated cases have been reported.*® Herein,
for the first time, we report a case of adenosquamous carcinoma in
a 66-year-old male patient who was followed-up for IgG4-related
cholangitis.

CASE REPORT

A 66-year-old man who had a past medical history of idio-
pathic pulmonary fibrosis (IPF) and mass-forming IgG4-related
autoimmune cholangitis was admitted to the hospital for a
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newly-identified consolidative lung mass discovered during fol-
low-up. Chest computed tomography revealed a subpleural
nodule in the left lower lobe of the lung in a background of retic-
ular and honeycomb fibrosis (Fig. 1A). "*F-fluorodeoxyglucose
uptake was detected in the subpleural nodule (Fig. 1B). The results
of the pulmonary function tests were within normal range: forced
vital capacity (FVC) 3.23 L (82% of the predicted value), forced
expiratory volume in 1 second (FEV,) 2.35 L (80% of the predicted
value), and FEV,/FVC 73%. Laboratory test showed an increased
serum IgG4 level (232.4 mg/dL). The patient underwent lobec-
tomy under the impression of lung cancer. Grossly, the tumor
was ill-defined, gray-tan colored and measured 3.5 % 3.2 x 2.0
cm. The background lung was fibrotic and emphysematous
(Fig. 1C). Microscopically, the background lung showed diffuse
irregular interstitial fibrosis with dense lymphoplasmacytic infil-
tration and occasional obliterative phlebitis (Fig. 1D-F). Tumor
cells showed both squamous and glandular differentiation. The
squamous cell carcinoma component was composed of moder-
ately to poorly differentiated tumor cells that contained keratin
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Fig. 1. (A, B) Chest computed tomography shows a consolidative nodule (arrow) in a background of subpleural reticulation and honeycomb
fibrosis at both lung bases. Positron emission tomography reveals "®F-fluorodeoxyglucose uptake by the nodule. (C) The cut section of the
lung showed an ill-defined and gray-tan colored mass (arrow). The background lung was emphysematous and fibrotic. (D-F) Histologic ex-
amination shows irregular interstitial fibrosis with patchy lymphoid aggregation, predominant lymphoplasmacytic infiltration, and occasional
obliterative phlebitis. (G) The squamous cell carcinoma component shows keratinization and multifocal dyskeratosis. (H) The adenocarcino-
ma component was mainly composed of a moderately differentiated acinar pattern. () Diffuse spread through air space (arrowheads) and
multifocal lymphangitic spread (arrow) of tumor cells are frequently found at the periphery of the mass. (J) Dense fibrosis and lymphoplasma-
cytic infiltration are found in the peritumoral area. Multifocal endolymphatic tumor emboli (arrows) are also noted. (K) Both IgG4 and IgG (in-

set) immunohistochemical stains show diffuse positivity in the infiltrating plasma cells. The IgG4/1gG ratio was over 40%.

pearls (Fig. 1G). The glandular component was mainly acinar
pattern with focal micropapillary pattern (Fig. 1H). Diffuse
spread through air space of tumor cells was frequently found at
the periphery of the mass (Fig. 1I). Multifocal lymphangitic
spreading of tumor cells and metastatic lymph nodes were found
(Fig. 1I). Dense fibrosis and lymphoplasmacytic infiltration
wete adjacent to the tumor cells (Fig. 1]). The final pathologic
stage was pT2aN2MO by the American Joint Committee on
Cancer seventh staging system. Immunohistochemistry (IHC)
staining revealed the squamous cell carcinoma component was
focally positive for p63 (1:200, Biocare, Concord, CA, USA), and
the glandular component was negative for TTF-1 (1:50, Dako,
Glostrup, Denmark). Additional tests for anaplastic lymphoma
kinase (ALK) IHC staining (1:40, NCL-ALK, clone 5A4, No-
vocastra, Newcastle upon Tyne, UK) and epidermal growth factor
receptor gene mutation analysis using a PNA clamping kit (Pana-
gene, Inc., Daejeon, Korea) were negative, and up to 10% of the
tumor cells showed membrane positivity for programmed death-

https://doi.org/10.4132/jptm.2019.02.21

ligand 1 (RTU, 22C3, Dako). IgG4 (1:2,000, The Binding Site,
Birmingham, UK) IHC stain showed diffuse positivity in infil-
trating plasma cells (> 50 cells/high-power field), and the IgG4/
IgG ratio was over 40% (Fig. 1K). Thus, the patient’s IPF was
thought to be a manifestation of IgG4-RLD, and we concluded
that primary adenosquamous carcinoma had developed in the
background of IgG4-RLD. This study was approved by the In-
stitutional Review Board of the Samsung Medical Center with
a waiver of informed consent (IRB No. 2018-11-053) and per-
formed in accordance with the principles of the Declaration of
Helsinki.

DISCUSSION

IgG4-RD was first reported as autoimmune pancreatitis in
2001.” IgG4-RD is known to predominantly involve the pancreas,
hepatobiliary tract, salivary glands, and lacrimal glands, and lung
or pleural involvement can occur in up to 35% of patients.® The
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Table 1. Clinicopathologic findings of previously reported cases of concurrent IgG4-RLD lung cancer

Reference  Sex /?;;r)e Location -[ﬁfoc;f Pattern of ADC Radiologic finding IZ%TEL(S TNM stage mani(f)ggtzrtions Se(ﬁg}clj?_?‘l
Presentcase M 66 LLL ASC Acinar and focal ~ Subpleural nodule in a Interstitial ~ pT2aN2MO  IHD 232
micropapillary background of reticular and
honeycomb fibrosis
Zenetal* M NA RLL ADC Mixed, including Nodular lesion within the reticular ~ Interstitial ~ pT1N2MO No NA
acinar shadow
Inoueetal® M 78 RUL ADC Lepidic Ground-glass opacity with central  Nodular pT1bNOMO  Pancreas 983
collapse and pleural indentation
Tashiroetal® M 72 RML ADC  Lepidic Spiculated nodule with pleural Nodular pT1bNOMO  No 346

indentation

IgG4-RLD, IgG4-related lung disease; ADC, adenocarcinoma; M, male; LLL, left lower lobe; ASC, adenosquamous carcinoma; Interstitial, interstitial lung dis-
ease type; IHD, intrahepatic bile duct; RLL, right lower lobe; NA, not available; RUL, right upper lobe; Nodular, solid nodular type; RML, right middle lobe.

histologic patterns of IgG4-RLD are divided into three types:
solid nodular type, bronchovascular type, and interstitial lung
disease type.”

It is still debatable whether IgG4-RD is associated with ma-
lignancy. Yamamoto et al.” observed 106 IgG4-RD patients
(primarily with Mikulicz’s disease), and the high standardized
incidence rate (SIR) of 3.83 supported the association between
IgG4-RD and increased incidence of total malignancies. In a
different study, Hirano et al.'"’ observed 113 patients with IgG4-
RD (primarily with autoimmune pancreatitis), and the SIR was
not significant (1.04). These different outcomes likely result
from whether the studies considered cases that simultaneously
found malignancies and IgG4-RD.

However, none of these studies included patients with IgG4-
RD that involved the pulmonary system. The association of
IgG4-RLD with lung cancer has not been studied, and only three
lung cancer cases in IgG4-RLD patients have been reported
with their histopathologic findings.*®

The patient in the present case had primary adenosquamous
carcinoma, which has not been reported alongside IgG4-RD in
the previous literature. The adenosquamous carcinoma was char-
acterized by poorly differentiated squamous and glandular tumor
cells with lymph node metastases, and the IgG4-RLD back-
ground presented as interstitial lung disease. Inoue et al.” and
Tashiro et al.® reported a well differentiated lepidic pattern of
adenocarcinoma accompanied by IgG4-RLD as a solid nodule or
ground glass opacity pattern. There were no lymph node metas-
tases in these two cases. Zen et al.* reported a moderately differ-
entiated, mixed pattern (including acinar pattern) adenocarci-
noma in a background of IgG4-RLD presenting as interstitial
pneumonia. Lymph node metastases were found, and the patho-
logic stage was pT1N2MO. In the present case, similar to Zen’s
report, moderately to poorly differentiated carcinoma occurred in
a background of IgG4-RLD with an interstitial lung disease pat-

http://jpatholtm.org/

tern. Numerous lymphovascular invasions and lymph node metas-
tases were found, and the final pathologic stage was pT2aN2MO0.
Table 1 summarizes the clinicopathologic and radiological char-
acteristics of the reported cases of concurrent IgG4-RLD and
lung cancer.

There have been no studies on whether IgG4-RLD increases
the risk of malignancy. Although there have been a small num-
ber of cases, it is likely that lung cancer more frequently occurs in
the solid nodular or interstitial lung disease type of [gG4-RLD
rather than the bronchovascular type. Thus far, malignancy has
not been reported in the bronchovascular type of IgG4-RLD.
There is also a possibility that the differentiation or aggressive-
ness of the tumor may depend on the background type of IgG4-
RLD, and the prognosis could be worse in patients with the in-
terstitial lung disease background. Further studies with more
cases are needed to elucidate the relationship between tumor
aggressiveness and patterns of [gG4-RLD.
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Tumor/Hemangiopericytoma

A 51-year-old woman presented with severe dizziness. The brain magnetic resonance image re-
vealed a 5.5 cm multiloculated mass with a thick rim in the left temporal lobe. Cytological exami-
nation of frozen diagnosis of the mass showed hypercellular sheets of round and rhabdoid cells
in a hemorrhagic background, and two mitotic figures were observed. Histologically, the excised
dura-based mass consisted of predominantly round cells with small foci of rhabdoid tumor cells
in a pseudoalveolar pattern in a hemorrhagic background, and the cells showed nuclear positivity
for signal transducer and activator of transcription 6 as well as frequent mitosis. The mass was
diagnosed as a grade 3 solitary fibrous tumor (SFT)/hemangiopericytoma (HPC). The cytological
diagnosis of SFT/HPC is challenging because of the heterogeneous cytological findings, such as
histological heterogeneity, and because there are no standardized cytological criteria for malig-
nant SFT/HPC. Cytological findings, such as singly scattered small cells, hypercellularity, rare ropy
collagen, and round and rhabdoid cells with pseudoalveolar pattern, may assist in the diagnosis of
malignant SFT/HPC.
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A solitary fibrous tumor (SFT)/hemangiopericytoma (HPC) is
uncommon and was first described as an angioblastic meningi-
oma." Currently, this combined term is used to describe a wide
pathological spectrum of mesenchymal tumors that share molec-
ular events such as paracentric inversion on chromosome 12q13,
resulting in NGFI-A-binding protein 2 (NAB2)/signal trans-
ducer and activator of transcription 6 (STATO6) gene fusion with
STATG6 nuclear immunopositivity.” Dedifferentiation also occurs
in SET/HPC of the central nervous system (CNS), such as in those
of extracranial soft tissue.’

Few studies have reported the cytological characteristics of
SFT/HPC of the CNS." Here, we present the cytology of a frozen,
histologically-proven, grade 3, meningeal SFT/HPC.

CASE REPORT

Clinical summary

A 51-year-old woman visited an emergency center for abrupt
onset of severe dizziness, sweating, and vomiting during sleep.
The brain diffusion-weighted magnetic resonance image showed
a 5.5-cm multiloculated mass with a thick hypointense rim,
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hemorrhage, and surrounding edema in the left temporal lobe
(Fig. 1). Cavernous hemangioma or other brain tumors with
hemorrhage were considered, and surgical excision was per-
formed. After complete surgical excision, the patient continued
in good health for the next seven months.

Pathological findings

For diagnosis of the frozen tissue, hemorrhagic and highly
vascular crush smears composed of sheets of monotonous round
cells with heterochromatic nuclei in a hemorrhagic background
were obtained (Fig. 2A). Focal myxoid changes were also found
(Fig. 2B). Small round cells were juxtaposed with abundant
thin capillaries (Fig. 2C, D). In a background rich in red blood
cells, only scant eosinophilic ropy collagen was found juxtaposed
to the vessels (Fig. 2E). Small clusters or singly-dispersed round-
to-rhabdoid cells with eccentric nuclei and eosinophilic, granu-
lar, inclusion-like cytoplasm were found (Fig. 2F). Based on the
frozen cytology, the initial differential diagnoses of the frozen
tissue were SFT/HPC and meningioma of focal rhabdoid type.
Albeit rare, an oncocytic glomus tumor was also considered.

For the permanent diagnosis, formalin-fixed paraffin-embed-
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Fig. 1. T2-weighted magnetic resonance imaging reveals a 5.5 cm
multiloculated mass (arrow) with a thick hypointense rim.

ded tissue sections of the entire resected mass were prepared, and
they showed a highly vascular and hemorrhagic meningeal mass
(Fig. 2G, H) composed of monotonous round cells with irregu-
lar nuclei and prominent single nucleoli and a scanty amount of
eosinophilic cytoplasm (Fig. 2I). A peripheral solid portion was
found, and blood-filled cavities with centrally detached cells,
forming a pseudoalveolar and peritheliomatous arrangement,
were observed throughout the mass (Fig. 2J). Mitotic activity
was 9 mitoses/10 high power fields. Necrosis was not found. The
congested portion showed myxoid changes in the loose edema-
tous stroma and loose pseudoalveolar arrangements (Fig. 2K).
Focal rhabdoid appearance was also observed, and these cells
showed nuclear positivity for INI-1 (1:200, 25/BAF47, BD
Bioscience, San Diego, CA, USA) (Fig. 2L, left). Both round and
spindle cells showed positive staining for CD34 (1:50, QBEnd
10, Dako, Glostrup, Denmark) and nuclear positivity for STAT6
(1:150, S-20, sc-621, Santa Cruz Biotechnology, Santa Cruz,
CA, USA) (Fig. 2L, right). The cells showed negative staining
for glial fibrillary acidic antigen (prediluted, polyclonal, Dako),
smooth muscle actin (1:100, 1A4, Dako), myogenin (1:50,
LO26, Novocastra, Newcastle upon Tyne, UK), desmin (1:100,
D33, Dako), epithelial membrane antigen (1:100, E29, Dako),
S100 protein (1:600, polyclonal, Dako), synaptophysin (predi-
luted, DAK-SYNAP, Dako), and c-kit (1:30, T5PS, Novocastra).

Ultrathin sections revealed that the closely packed spindle-
to-ovoid tumor cells had a moderate amount of cytoplasm con-
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taining intermediate filaments and lysosomes with a well-formed
Golgi apparatus (Fig. 3A). Occasionally, intermediate junctions
and pinocytotic vesicles were found. The tumor cells also had
cytoplasmic processes containing intermediate filaments (Fig.
3B). Basal lamina-like materials were found around the tumor
cells (Fig. 3C). Microvillous processes were found, but paranu-
clear whorls of intermediate filaments were not observed. Isoci-
trate dehydrogenase 1 (IDH) gene R132 mutation was tested
on the resected specimen by real time polymerase chain reaction
(PCR) using a PNA Clamp IDH1 Mutation Detection Kit (Pa-
nagene Ltd., Daejeon, Korea) according to the manufacturer’s
instructions, and methylation of O°-methylguanine DNA
methyltransferase (MGMT) was tested by methylation-specific
PCR; IDHI R132 mutation was not detected, but promoter
methylation of MGMT gene was detected. The tumor was diag-
nosed as a grade 3 SFT/HPC according to a 3-tier system based
on the histopathological phenotype and mitotic count by the
World Health Organization 2016 CNS tumor classification.*

Approval for this case report was obtained from our Institu-
tional Review Board (No. GCIRB 2019-020) with a waiver of
informed consent.

DISCUSSION

In extracranial SFT/HPC cases, a preoperative, cytological,
confirmative diagnosis can be established if STAT6 immunos-
taining of the cell block is performed.” However, cytologic ex-
amination of meningeal SFT/HPC cannot be performed until
intraoperative frozen smears are made.” Therefore, cytological ex-
amination of frozen tissue is important for the correct diagnosis.
Cytologic findings of SFT/HPC are nonspecific and include the
so-called patternless pattern and various heterogeneous cytologic
findings.® SFT/HPC with naked stripped nuclei has been shown
to occur outside the CNS, and scattered ropy collagen fragments
in the background are the most distinctive cytological findings.®
Both intracranial and extracranial SFT/HPC shows scanty to
moderate cellular smears of oval-to-spindle cells in a background
of irregular ropy fragments of collagen or eosinophilic collage-
nous matrix.” Most of the cells are dispersed singly or in loose
clusters enmeshed in vessels.® Individual tumor cells show uni-
form bland nuclei with even finely-granular chromatin in low-
grade SFT/HPC.” The most consistent features are the presence
of stripped nuclei in the background and thick ropy bands of
matrix material.” The predominance of small round cells in the
tumor should be used to distinguish SFT/HPC from neurocytoma
or paraganglioma. Considering the heterogeneous and wide
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Fig. 2. (A-F) Frozen crush cytology. (A) Cellular smear shows sheets or singly scattered round to oval cells with cellular overlapping. (B)
Round- to ovoid-shaped cells have bland nuclear chromatin with a moderate amount of cytoplasm with occasional rhabdoid features. (C)
Endothelial cell-lined capillaries crossing the tumor cells. (D) High magnification shows several clusters of oval cells of a pseudoalveolar archi-
tecture, coarse chromatin pattern, small inconspicuous nucleoli, and irregular nuclear membranes. Arrow indicates nuclei of endothelial cells.
(E) Small round cells (left) and ropy collagenous tails are found. (F) Round to ovoid cells had bland nuclear chromatin with a moderate
amount of cytoplasm with occasional rhabdoid features. Inset indicates focal rhabdoid appearance. (G-L) Histological findings. (G, H) Pat-
ternless solid growth of spindle to round cells is present with intervening staghorn-like vessels. () High magnification shows congested tumor
composed of round cells around blood vessels. (J) Pseudoalveolar pattern reveals hypercellularity, pleomorphism, and mitosis (arrow). (K) Con-
gested pseudoalveolar pattern is arranged around blood vessels resembling a pseudorosette-like pattern. Arrow indicates endothelial cells. (L)
The tumor cells retain INI-1 immunostainability (left) and nuclear positivity for STATS (right).
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Fig. 3. Electron microscopic findings. (A) Round shaped tumor cells have a moderate amount of cytoplasm filled with intermediate filaments,
lysosomes with well-formed Golgi apparatus. Note pinocytotic vesicles (black arrow), intermediate junctions (white arrow) and microvillous
processes (x 2,500). (B) Basal lamina-like materials (arrows) surround the tumor cells filled with intermediate filaments (x 5,000). (C) Well-
formed collagen bundles at the extracellular spaces and cytoplasmic intermediate filaments are found (x 3,000).

spectrum of histological findings observed in SFT/HPC, cyto-
logic heterogeneity is comprehensible. SFT/HPC of the CNS is
a poorly understood mesenchymal neoplasm,” and few reports of
intraoperative cytological characteristics have been published.*"
Low to intermediate grade SFT/HPC, i.e., grades 1 and 2, shows
cohesive hypercellular sheets of polygonal- to spindle-shaped
tumor cells. The tumor cells have a scant amount of wispy cyto-
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plasm and oval-to-short spindle-shaped nuclei with coarse chro-
matin, whereas SFT/HPC of higher grade shows increased nucle-
ar pleomorphism with frequent mitoses." Dense ropy collagen
or dilated vascular structures are observed in almost all cases of
benign SFT/HPC.” The present case showed scant ropy collagen,
which made it difficult to diagnose SFT/HPC using frozen sec-
tions."" Despite the standardized cytological data for higher
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grades of SFT/HPC, malignant SFT/HPC shows hypercellularity,
pleomorphism, rare ropy collagen, and epithelioid or round cell
features with occasional rosette-like structures as well as necro-
sis and mitosis, similar to high-grade SFT/HPC.”'""* Some
studies have suggested that a predominance of single cells con-
firms the presence of high-grade SFT/HPC."""” Rare cases of
extracranial malignant SFT/HPC have shown heterologous
mesenchymal differentiation or lipomatous or rhabdomyosarco-
matous differentiation.”'* In the present case, rhabdoid-featured
cells retained INI-1 and showed negative staining for myogenin
or desmin without ultrastructural demonstration of paranuclear
whorls of intermediate filaments. In retrospect, the frozen cytol-
ogy from the present case that showed a scanty amount of back-
ground ropy collagen and dispersed predominant round cells
with an occasional rhabdoid appearance did not permit a correct
frozen diagnosis. In our opinion, these focal rhabdoid features in
the high-grade malignant SFT/HPC, which may be a high-grade
component, may indicate the initial signs of dedifferentiation
from low-grade SFT/HPC.

Besides, branching staghorn vasculature is one of the salient
findings of SFT/HPC, and it is not commonly found in frozen
cytology but instead in the cell block. Thus, the vascular pattern
does not contribute to the frozen cytologic diagnosis of SFT/
HPC." Spindle cell predominant smears in SFT/HPC must be
distinguished from nerve sheath tumors and fibrous histiocy-
toma. Meningeal SFT/HPC may show dispersed small mono-
morphous cells. Smears from a benign peripheral nerve-sheath
tumor are composed of end-tapering spindle cells arranged in
interlacing bundles in a myxoid background, and wavy nuclear
buckling and thick hyalinized vessels may be found. In the
present case, the frozen sections showed a myxoid edematous
background, but this myxoid background is uncommon in the
cytology of SFT/HPC with neither spindle cell nor round cell
morphology."” A predominant spindle cell morphology and
scattered background amorphous wispy magenta materials in a
hemorrhagic background cause problems during diagnosis. A
rarely-observed, monotonous, round cell-predominant SFT/HPC,
like in the present case, should be distinguished from neurocy-
toma, paraganglioma, glomus tumor, and glomangiopericytoma,
which are uncommon meningeal tumors.” A peritheliomatous
or pseudoalveolar arrangement in cystic changes, which is unusual
for SFT/HPC, is commonly found in glomus tumor/gloman-
giopericytoma or synovial sarcoma.'® Capillaries crossing related
to tumor cells as well as hemorrhagic cytological smears are shared
cytological findings for glomus tumor, paraganglioma, and SFT/
HPC. When compared with the knobby oval- to spindle-shaped
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tumor cells of SFT/HPC, the cytology of glomus tumor or glo-
mangiopericytoma is characterized by a fine vasculature su-
rounded by monotonous round cells with punched out nuclei and
amphophilic cytoplasm with an indistinct cell border. Paragan-
glioma cytology also shows round cells with moderate nuclear
pleomorphism and fine granular cytoplasm enveloped by thin
vessels.'/

It is important to differentiate SFT/HPC from meningioma.
The indistinct cell border and stippled chromatin of meningioma
differ from the cytology observed in the present case. Intraopet-
ative cytologic findings of meningiomas have been well-described:
nuclear grooves, intranuclear inclusions, and psammoma bodies
as well as abundant wispy cytoplasm. However, similar to the
present case, a predominance of epithelioid cells and small cell
change or rhabdoid cells can be found in higher grade meningi-
omas. Rhabdoid meningioma shows eccentrically placed vesic-
ular nuclei with eosinophilic plump hyaline cytoplasm and short
broad processes."® The nuclei have occasional nuclear inclusions
with no nuclear grooves and whorls. Oncocytic glomus tumor
can be distinguished with the histological findings. Other CNS
neoplasms showing rhabdoid cells are astrocytomas, glioblasto-
mas, ependymomas and atypical teratoid/rhabdoid tumors,
CNS embryonal tumors with rhabdoid features, choroid plexus
carcinomas, sarcomas, and germ cell tumors."”

The present case showed MGMT methylation. Although a
clear correlation between MGMT methylation status and response
has not yet been clarified in SFT/HPC (unlike glioblastoma),
SFI/HPC with or without MGMT methylation enhanced the
response to alkylating agents by inhibiting DNA repair in a
previous study using temozolomide or dacarbazine.”

The present tumor was diagnosed as grade 3 SFT/HPC,
although the frozen smears did not show the typical cytological
findings of SFT/HPC such as a paucity of collagenous stroma
and rhabdoid cells masquerading as high grade meningioma, as
well as a pseudoalveolar pattern, which are heterogeneous.
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