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Abstract

The availability of more effective biological therapy can improve outcomes of gastric cancer (GC), but most patients do not have access to
personalized treatment. GC molecular classification helps identify patients suitable for specific therapies and provides useful prognostic information.
To date, only a small number of patients have access to molecular classification. We proposed a working molecular classification that can be
delivered using on-slide tests available in most histopathology laboratories. We used eight on-slide tests [in situ hybridization (ISH) for Epstein—
Barr virus-encoded small ribonucleic acid (EBER) and immunohistochemistry (IHC) for MutL homolog 1 (MLH1), PMS1 homolog 2 (PMS2),
MutS homolog 2 (MSH2), MutS homolog 6 (MSH6), E-cadherin, -catenin and p53] to classify GC into one of six categories: GC associated
with Epstein-Barr virus (GC-EBV), GC mismatch repair deficient (GC-dMMR), GC with epithelial-mesenchymal transition (GC-EMT), GC with
chromosomal instability (GC-CIN), GC genomically stable (GC-GS) and GC not otherwise specified (GC-NOS)/indeterminate. The classification
has provision also for current and future on-slide companion diagnostic (CDx) tests necessary to select specific biological therapies and, as proof
of principle, in this study we used three CDx tests currently required for the management of GC [human epidermal growth factor receptor 2
(Her2), programmed cell death-ligand 1 (PD-L1) 22C3 and Claudin18.2 (CLDN18.2)]. This paper describes the necessary tissue pathways
and laboratory workflow and assesses the feasibility of using this classification prospectively on small endoscopic biopsies of gastric and
gastroesophageal junction adenocarcinoma. This work demonstrates that such molecular classification can be implemented in the context
of a histopathology diagnostic routine with little impact on turnaround times and laboratory capacity. The widespread adoption of a molecular

classification for GC will help refine prognosis and guide the choice of more appropriate biological therapy for these patients.
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& Introduction

Cancer of the stomach or of the gastroesophageal junction
(GEJ) (here referred collectively as gastric cancer or GC)
remains a major cause of morbidity and mortality [1]. The
outcome for these patients can be improved with more
effective biological treatment [2]. For this, GC needs to be
subdivided into groups enriched for responders for each
specific therapy, typically using predictive biomarkers. Better
prognostic and predictive data is provided by molecular
classification for GC [3-6], as opposed to the traditional
taxonomic classification [7].

Comprehensive multi-omnics studies have identified
molecular subtypes of GC linked to prognosis and response
to treatment. Based on the assessment of two different patient
populations, The Cancer Genome Atlas Consortium (TCGA)
and Asian Cancer Research Group (ACRG) proposed
different molecular classifications that have some overlaps
[4-6]. Unfortunately, molecular classifications remain
available only to a minority of GC patients because it requires

comprehensive high-cost genomics and transcriptomics, for
which there is a conspicuous lack of capacity worldwide.

Subsequently, several groups tried to deliver molecular
classification based on small numbers of markers, however
they used different nomenclature and often different tests
or different interpretative algorithms [8—11]. Therefore,
there was a need for harmonization of the terminology, test
repertoire and interpretation.

Recently, we proposed an inclusive working classification
based on on-slide tests that can be delivered by histopathology
using existing resources [12]. The classification includes
determination of Laurén’s subtypes using Hematoxylin—
Eosin (HE)-stained sections and the status of eight on-
slide biomarkers using in situ hybridization (ISH) and
immunohistochemistry (IHC) [13]. We used a cohort of
GC resection cases to assess the feasibility of delivering
the classification [14] of GC into one of six categories:
GC associated with Epstein—Barr virus (GC-EBV), GC
mismatch repair deficient (GC-dMMR), GC with epithelial-
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mesenchymal transition (GC-EMT), GC with chromosomal
instability (GC-CIN), GC genomically stable (GC-GS) and
GC not otherwise specified (GC-NOS)/indeterminate.
We also assessed the feasibility of integrating into this
classification a number of predictive on-slide companion
diagnostic (CDx) tests required for the management of GC
patients. These included human epidermal growth factor
receptor 2 (Her2), programmed cell death-ligand 1 (PD-L1)
and Claudin18.2 (CLDN18.2).

Our previous study was performed on tissue from surgical
excisions [14]. For a significant proportion of GC patients,
the only tissue available are endoscopic biopsies. These
present challenges such as identification of invasive
component versus high-grade (HG) dysplasia, limited
amounts of tissue and ability to assess heterogeneity. In
addition, endoscopic biopsy is often a superficial mucosal
sample, with different tumor microenvironment than
carcinoma in deeper portions of the gastric or esophageal
wall. In an attempt to mimic the small amount of biopsy
tissue, our previous study used tissue microarrays (TMAs),
but we are mindful that the TMA cores were chosen from
the most representative areas of the tumor and did not
contain normal mucosa.

Aim

In this present study, we therefore wanted to understand
if this classification can be delivered using endoscopic
biopsies, with all the limitations intrinsic to these samples.
This paper describes the required tissue pathways and
laboratory workflows and assessing the feasibility using a

proposed a molecular classification prospectively on small
endoscopic biopsy of GC.

& Materials and Methods
Study group

We used two different cohorts of patients with GC
diagnosed on endoscopic biopsy. The retrospective cohort
included 24 consecutive archival cases of gastric or GEJ
adenocarcinoma from which we had formalin-fixed paraffin-
embedded (FFPE) blocks with sufficient tissue to allow for
new sections to be cut. The prospective cohort comprised
30 consecutive patients with gastric or GEJ adenocarcinoma
confirmed by endoscopic biopsy received in the diagnostic
routine between May and November 2023.

Laboratory work

For each case, 16 sections from FFPE tissue were cut at
3 um onto TOMO® slides. Each case was stained with an HE
and a panel of on-slide tests for the molecular classification
that comprised of ISH for Epstein—Barr virus-encoded small
ribonucleic acid (EBER) and IHC for MutL homolog 1
(MLH1), PMS1 homolog 2 (PMS2), MutS homolog 2
(MSH2), MutS homolog 6 (MSH6), E-cadherin, S-catenin
and p53. Additional CDx tests included IHC for PD-L1 using
the 22C3 clone, CLDN18.2 and Her2 and, where necessary,
Her2 dual-color dual-hapten brightfield in situ hybridization
(DDISH). All tests were performed on Ventana Benchmark
instruments using reagents and protocols described in the
literature [14].

Slide assessment

Stained slides were digitized using a P1000 scanner

(3DHistech, Hungary), with a primary magnification of x36.
Digital slides were stored in SlideCenter v3.1 (3DHistech,
Hungary) and studied using CaseViewer v2.6 (3DHistech,
Hungary) on monitors with 4K resolution. The ease in
which invasive carcinoma can be distinguished from area
of HG dysplasia was qualified for each case using a three-
tier system: no difficulties, mild and major difficulties in
interpretation using an HE-stained section.

Each case was annotated for presence of sufficient
diagnostic material and turnaround time (TAT). Discordant
cases were reviewed in conference and a consensus diagnosis
reached. A time and motion study was undertaken to provide
an indication of the additional resources needed to assess
all the biomarkers and provide a final classification. This
was done by measuring the time needed by a pathologist
to examine a case that had been previously diagnosed as
carcinoma and for which all the additional biomarkers were
prepared and digitized.

Molecular algorithm

Each test was interpreted independently by two
pathologists (SC & CD) and cases were assigned to a
molecular diagnostic category and Laurén subtype using
algorithms described previously [14] and summarized in
Figure 1.

Briefly, the tests were examined hierarchically starting
with ISH for EBER. If this was positive in the tumor cells
(TCs), the case was classified as GC-EBV; if negative, the
next set of tests for mismatch repair (MMR) was assessed.
This included four IHC markers (MLH1, PMS2, MSH2
and MSHS6). If carcinoma lacked nuclear staining for any
of these markers, the tumor was classified as GC-dAMMR;
if the tumor expressed all four markers, we examined the
next set of tests (IHC for E-cadherin and f-catenin).
Carcinoma that lacked membrane expression or had aberrant
expression (cytoplasmic or nuclear) for one or both markers
was classified as GC-EMT; if the carcinoma had preserved
membrane expression for both markers, we proceeded to
examine the expression pattern of p53 by IHC. The expression
of p53 was defined as wild type (p53wt) or mutant (pS3m),
according to Kdobel et al. [15]. Briefly, mutant patterns
include strong and diffuse nuclear staining in >80% of
TCs, cytoplasmic staining and diffuse lack of staining. Wild-
type patterns were confined to nuclear staining of variable
intensities and affecting <80% of TCs. Carcinoma with p5S3m
was classified as GC-CIN, whereas carcinoma with pS3wt
as GC-GS. The hierarchical system allowed classification
even when some of the downstream biomarkers could not
be interpreted, but the carcinoma was already assigned to
a molecular subgroup, otherwise the case was set in the
GC-NOS category.

Interpretation of oncology biomarkers

Interpretation of the CDx biomarkers followed published
guidelines. In particular, PD-L1 was assessed using the
combined positive score (CPS) with a positivity threshold
of 5; CLDN18.2 was regarded positive if there was membrane
staining of strong or moderate staining intensity in >75%
of TCs; Her2 was considered positive if IHC score was
3+ or 2+ and DDISH amplified, according to the latest
American Society of Clinical Oncology/College of American
Pathologists (ASCO/CAP) guidelines [16-23].
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Figure 1 — Interpretation algorithm for the hierarchical classification. ff-cat: Beta-catenin; E-cad: E-cadherin; EBER:
Epstein—Barr virus-encoded small ribonucleic acid; GC: Gastric cancer; GC-CIN: GC with chromosomal instability;
GC-dMMR: GC mismatch repair deficient; GC-EBV: GC associated with Epstein—Barr virus; GC-EMT: GC with epithelial—
mesenchymal transition; GC-GS: GC genomically stable; GC-NOS: GC not otherwise specified; MMR: Mismatch repair.

=& Results

Our study included 11 female (F) and 43 male (M)
patients, with a mean age of 72.9 years. Table 1 provides
detailed information of age and gender of the patients in each
of the two endoscopic biopsy cohorts. All the tests performed
in this study were interpretable, except for a single case where
the CLDN18.2 slide had no diagnostic material (tumor tissue
exhausted). Details of the molecular subgroups in all patients
as well as in each cohort (retrospective and prospective)
are in Table 2. An example of a case is provided in Figure 2
(A—L). Overall, there were no GC-EBV, 1/54 (2%) cases of
GC-dMMR, 10/54 (19%) cases of GC-EMT, 24/54 (44%)
cases of GC-CIN, 13/54 (24%) cases of GC-GS and 6/54
(11%) cases of GC-NOS. The six cases of GC-NOS were
all in the prospective cohort and were due to failure to order
all the additional tests for molecular classification, although
some biomarkers (PD-L1 and Her2) were performed. Laurén
intestinal type was the predominant subtype in all categories
except GC-EMT, were the cases were divided equally
between diffuse and intestinal types. No loss of E-cadherin
and/or f-catenin was found in the GC-dMMR; there were
no p53m cases in the GC-dMMR and four cases were in
the GC-EMT category (three p53 overexpression and one
p53 loss). In the GC-CIN category, 18 cases had p53 over-
expression, five cases had p53 loss and one case had both
cytoplasmic and overexpression. A detailed immunological
profile for each of GC categories is in Table 3.

In Figure 3 (A-I), there are examples of the various
p53 THC patterns.

The proportion of Her2-positive cases was 9/54 (17%),
with the majority in GC-CIN and GC-GS (each 4/9) and
a single case in GC-EMT. There were 37/54 (69%) PD-L1-
positive cases, and these were predominantly in GC-CIN
(18/37 or 49%) and GC-GS (7/37 or 19%). We also found
20/47 cases positive for CLDN18.2, most of which were
within GC-CIN (12/20 or 60%), with 4/20 (20%) in both
GC-EMT and GC-GS.

GC-NOS

MMR data
missing

GC-NOS

E-cad or B-cat
data missing
GC-NOS
p53 data
missing

GC-NOS

GC-GS

Table 1 — Gender and age of patients in the cohorts
studied

Retrospective  Prospective Overall
(n=24) (n=30) (n=54)
Male [%] 75 83 79
Female [%] 25 17 21
Median age [years] 76.1 69.6 72.85

n: No. of cases.

Table 2 — Proportion of each molecular subgroup in
the retrospective, prospective and combined cohorts

GC- GC- GC- GC- GC- GC-
EBV dMMR EMT CIN GS NOS
Retrospective 0% 4% 33% 25% 38% 0%
study (n=24) °  (n=1) (n=8) (n=6) (n=9) °
13% 17% 22%
Her2™ - 0%
(n=1) (n=1) (n=2)
100% 50% 33% 33%
PD-L1¢) - -
(n=1) (n=4) (n=2) (n=3)
38% 17% 44%
CLDN18.2®")  — 0% -
(n=3) (n=1) (n=4)
Prospective 0% 0% 7% 60% 13% 20%
study (n=30) ° °  (n=2) (n=18) (n=4) (n=6)
17% 50%
(+) — —
Her2 0% (=3)  (n=2) 0%
100% 89% 100% 83%
L 1) — —
PD-L1 (1=2) (n=16) (n=4) (n=5)
50% 61%

(+) - - o —
CLDN18.2 (n=1) (n=11) 0%
Combined 0% 2% 19% 44% 24% 11%

(n=54) °  (n=1) (n=10) (n=24) (n=13) (n=6)
0, 0, )
Her2® - o U TR ST 0%
PD-L1¢ _ 100% 60% 75% 54% 83%
(n=1) (n=6) (n=18) (n=7) (n=5)
40% 50% 31%

(+) - —

CLDN18.2 0% (n=4) (n=12) (n=a)

CLDN18.2: Claudin18.2; GC: Gastric cancer; GC-CIN: GC with
chromosomal instability; GC-dMMR: GC mismatch repair deficient;
GC-EBV: GC associated with Epstein—Barr virus; GC-EMT: GC with
epithelial-mesenchymal transition; GC-GS: GC genomically stable;
GC-NOS: GC not otherwise specified; Her2: Human epidermal growth
factor receptor 2; n: No. of cases; PD-L1: Programmed cell death-ligand 1.
The proportion of companion diagnostic (CDx) biomarkers was calculated
as percentage of each molecular subtype.
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Figure 2 — Example of assessment of biomarkers for molecular classification. Case No. 2 of retrospective cohort. Final
diagnosis: GC-CIN, Laurén intestinal type. (A) HE shows Laurén intestinal type; (B) ISH for EBER is negative; (C—F) IHC
for MMR enzymes (MLH1, PMS2, MSH2 and MSHG6) shows nuclear preserved expression; (G and H) IHC for E-cad
and f-cat show preserved membrane staining; (I) IHC for p53 shows strong and diffuse nuclei staining in >80% of TCs
(p53m). Further CDx biomarkers: (J) PD-L1 is negative (CPS<5); (K) CLDN18.2 is negative (no membrane staining); and
(L) Her2 is positive (IHC score 3+). All microphotographs were taken at digital magnification of x3.5. f-cat: Beta-catenin;
CDx: Companion diagnostic; CLDN18.2: Claudin18.2; CPS: Combined positive score; E-cad: E-cadherin; EBER: Epstein—
Barr virus-encoded small ribonucleic acid; GC-CIN: GC with chromosomal instability; HE: Hematoxylin—Eosin; Her2:
Human epidermal growth factor receptor 2; IHC: Immunohistochemistry; ISH: In situ hybridization; MLHI1: MutL
homolog 1; MSH2: MutS homolog 2; MSH6: MutS homolog 6; MMR: Mismatch repair; p53m: p53 mutated; PD-L1:
Programmed cell death-ligand 1; PMS2: PMS1 homolog 2; TC: Tumor cell.

Table 3 — Detailed immunological profile for each GC molecular subgroup in the combined cohort

GC-EBV GC-dMMR GC-EMT GC-CIN GC-GS GC-NOS

Combined study (n=54) 0% 2% (1/54) 19% (10/54)  44% (24/54)  24% (13/54)  11% (6/54)
EBV®) n/a 0% 0% 0% 0% n/a
EBVO n/a 100% (1/1)  100% (10/10)  100% (24/24)  100% (13/13) n/a
dMMR n/a 100% (1/1) 0% 0% 0% n/a
pPMMR n/a 0% 100% (10/10)  100% (24/24)  100% (13/13) n/a
E-cad® n/a 100% (1/1) 50% (5/10)  100% (24/24)  100% (13/13) n/a
E-cad® n/a 0% 50% (5/10) 0% 0% n/a
B-cat® n/a 100% (1/1) 0% 100% (24/24)  100% (13/13) n/a
B-cat® n/a 0% 100% (10/10) 0% 0% n/a
p53m n/a 0% 40% (4/10)  100% (24/24) 0% n/a
p53wt n/a 100% (1/1) 60% (6/10) 0% 100% (13/13) n/a
Her2t" n/a 0% 10% (1/10) 17% (4/24) 31% (4/13) 0%

Her20) n/a 100% (1/1) 90% (9/10) 83% (20/24) 69% (9/13) 100% (6/6)

PD-L1® n/a 100% (1/1) 60% (6/10) 75% (18/24) 54% (7/13) 83% (5/6)

PD-L10 n/a 0% 40% (4/10) 25% (6/24) 46% (6/13) 17% (1/6)
CLDN18.2% n/a 0% 40% (4/10) 50% (12/24) 31% (4/13) n/a
CLDN18.20) n/a 100% (1/1) 60% (6/10) 50% (12/24) 69% (9/13) n/a

CDx: Companion diagnostic; dMMR: Deficient MMR; GC: Gastric cancer; GC-CIN: GC with chromosomal instability; GC-dMMR: GC mismatch
repair deficient; GC-EBV: GC associated with Epstein—Barr virus; GC-EMT: GC with epithelial-mesenchymal transition; GC-GS: GC genomically
stable; GC-NOS: GC not otherwise specified; MMR: Mismatch repair; n: No. of cases; n/a: Not applicable; p53m: p53 mutated; p53wt: p53
wild-type; pMMR: Proficient MMR. The proportion of CDx biomarkers was calculated as percentage of each molecular subtype. EBV*)/();
Presence/absence of Epstein—Barr virus; E-cad®)/B-cat®): Presence of membrane staining for E-cadherin/B-catenin; E-cad®)/B-cat®): Loss of
membrane staining or aberrant cytoplasmic or nuclear staining for E-cadherin/g-catenin; Her2*)(): Human epidermal growth factor receptor 2

positive/negative; PD-L1®)/): Programmed cell death-ligand 1 positive/negative; CLDN18.2+)0): Claudin18.2 positive/negative.




Implementing an integrated molecular classification for gastric cancer from endoscopic biopsies using on-slide tests 261

" 2
P R
% M-.p-' T RREA

2o Sa W # ¢ ol W P

The time and motion study showed that pathologists
required an average of 3.5 minutes per case to assess and
score each of the biomarkers. With respect to the difficulty
in interpretation, 43 (79.7%) cases were classified as having
no difficulties, nine (16.6%) cases were classified as having
mild interpretative difficulties and two (3.7%) cases had
major interpretative difficulties.

=& Discussions

Molecular classification of GC is important because it
provides relevant prognostic and predictive data. Numerous
studies have linked molecular subtypes with survival and
benefits of adjuvant chemotherapy [24]. For instance, GC-
EBYV has the best prognosis in terms of relapse-free survival
and overall survival, GC-GS has the worst prognosis, while
GC-dMMR has an intermediate prognosis and GC-CIN
seems to have an intermediate prognosis and a better response
to adjuvant chemotherapy [25].

Several groups attempted to provide molecular
classification of GC using different nomenclature, different
tests and different interpretative algorithms [8—11]. We
proposed an inclusive working molecular classification based
on on-slides tests that provides harmonization and can be
delivered by histopathology using existing resources. In
a study of GC resection specimens, we demonstrated the
feasibility of using this classification, however this study
left a number of unanswered questions [14]. For example,
will endoscopic biopsies contain sufficient tissue for this
proposed classification? Will pre-analytical conditions
impact on test interpretation? How easy is the assessment
of biomarkers on small and superficial samples of carcinoma?
Such questions are pertinent, since the endoscopic biopsy is
the only tumor tissue available for a significant proportion

C p53m overexpressed pattern
(strong and diffuse nuclear staining in >80% TCs). Middle row (D-F): IHC p53m null pattern (no staining in TCs).
Bottom row (G-1): p53wt pattern (nuclear staining of variable intensity in >1% TCs). All microphotographs were taken
at digital magnification of x20. HE: Hematoxylin—Eosin; IHC: Immunohistochemistry; p53m: p53 mutated; p53wt:
P53 wild-type; TC: Tumor cell.

of GC patients. A molecular classification system must
therefore be robust on such specimens. In addition, having
implemented molecular classifications for other tumor sites
into the diagnostic routine we are aware that it is essential
to assess how the data is communicated to and used by the
clinicians and how the additional tests impact on the existing
resources of the service, including tissue availability, test
capacity and TAT [26-29].

Prevalence of molecular subgroups

Compared with the data we obtained on excision
specimens [14], the prevalence of each molecular subgroup
in endoscopic biopsy differs primarily in the incidence of
GC-dMMR (20% in the study from resection specimen and
2% in the endoscopic biopsy study) and GC-EBV (no cases
were found in this study, compared to 6% in the resection
specimen study). There is also a major difference in the
proportion of GC-CIN (23% in the study from resection
specimen and 44% in the endoscopic biopsy study. It is
worth noting that 38% of the GC-dMMR found in the
resection specimen study also have p53 mutant pattern
(which, in the absence of IMMR, would have led to classify
these cases as GC-CIN). More importantly, while the
endoscopic biopsy cohorts had no selection bias and included
all patients presenting with carcinoma, the cohort of patients
in the resection study was intrinsically biased because it
was restricted to operable patients and the operable cohort
may be enriched of cases intrinsically less aggressive. This
would explain the relative abundance of GC-EBV and
GC-dMMR in the operable cohort. Ultimately there are
important difference of gender and age in these cohorts:
the patients in the current study were on average seven
years older than those of the cohort used in the study of
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gastric resections specimens, which also had a M:F ratio of
1.94, compared to 3.73 in this present study. While we can
speculate on the reasons for the differences in prevalence of
the various molecular subgroups in these two studies, neither
was designed to assess molecular subgroup prevalence.

Practical considerations
over the implementation

Timely execution of our classification required
coordination with laboratory staff. We cut all the necessary
sections upfront after a diagnosis of invasive carcinoma.
We found that 16 spare sections were sufficient. We only
had a single case (from a total of 54) where tissue was
exhausted, and a single test could not be performed
(CLDN18.2). Whilst a step-by-step approach would save
reagent costs, it would increase time for both technicians
and pathologists and would ultimately be more expensive
to the service. Finally, as shown previously [12] planning
of all tests upfront allows laboratory staff to optimize the
use of immunostainers and minimize the impact on capacity,
paradoxically even creating more capacity [30].

An important element to consider is the pathologist’s
time required to interpret all these tests. A time and motion
study performed using digital slides has shown that this
classification would add an average of 3.5 minutes per case
to the pathologist’s workload. It is possible that the time
required for assessment using glass slides may be less. This
does not consider the time required to train the pathologist
in the interpretation of these biomarkers and the time
required to maintain competence. The TAT for reporting
were not affected by the need to interpret the additional
biomarkers.

In our retrospective study, the laboratory batched all the
tests for the 24 cases. This ideal scenario was inherently
efficient and resulted in minimal burden to the laboratory
but did not allow to assess the real impact on the diagnostic
routine. The prospective study provided an indication of
the difficulties of implementing this classification within
diagnostic routine. In the prospective arm of this study,
we had a high number (six or 20%) of GC-NOS due to
test failure. This was not due to analytical failure, lack of
diagnostic tissue or uninterpretable test results but to the
reporting pathologist neglecting to request further tests
once a diagnosis of invasive carcinoma was obtained. Such
a large proportion of “test failure” in the prospective arm
is a reminder of the difficulties of implementing reflex
testing in a diagnostic histopathology workflow. We suspect
we would have had even higher test failure if we implemented
a step-by-step approach.

A major difficulty in assessing these biomarkers on
endoscopic biopsy is the identification of the invasive
carcinoma versus HG dysplasia. 16.6% of our cases presented
mild interpretative difficulties and 3.7% presented major
interpretative difficulties. It will require studies on paired
biopsy and excision samples to demonstrate whether biopsies
are truly representative. Small biopsies will continue to be
vulnerable to sampling errors in heterogeneous tumors and
we recommend repeating these tests if additional tumor
tissue becomes available.

Correct interpretation of all the on slides tests is key
for the successful implementation of this classification.
There is consensus on the scoring and interpretation of

all of the biomarkers we used in the study apart from
p53 [16-20, 31-34]. Interpretation of p53 IHC remains
contentious, with numerous groups using interpretative
algorithms and cut offs for positivity that differ significantly
and makes comparison challenging [35-37]. It is important
to remember that, for the purpose of this classification, this
IHC is intended to be an assessment of the mutation status
of tumor protein pS3 (TP53) gene, and that the algorithm
should clearly differentiate between pS3m and pS3wt, rather
than provide a numerical quantification of p53 immuno-
staining.

The TP53 gene encodes for a key regulator of apoptosis
and is the most commonly mutated gene in human cancer
[38]. In this classification, however, its mutation status is
used as surrogate marker to identify tumor with CIN. A
certain degree of CIN is present in most tumors, but large-
scale losses, gains and rearrangements of deoxyribonucleic
acid (DNA) are the hallmark of a group of genetically
unstable tumors that behave differently from all others.
In fact, CIN is included in the molecular classifications of
tumors from several sites [39]. It is important to remember
that, even within a single tumor site, this represents a
heterogeneous group of diseases that will require further
dissection in future. From the practical point of view, it
is useful to recognize these tumors because of the specific
treatment challenges they pose, including their propensity
for continuous large amplitude genetic evolution [40].

Several tumor sites (e.g., gynecological cancer,
hematolymphoid cancer, head and neck cancer, colorectal
cancer, cancer of soft tissues, etc.) use mutation status of
TP53 gene inferred by p53 THC for classification and
prognosis [41-45]. pS3wt protein has a short half-life,
resulting in reduced IHC staining. P53 pathogenic mutations
can change the p53 staining pattern in a number of ways.
The missense mutations in the region encoding the DNA-
binding domain (the most prevalent mutations) lead to
impaired degradation of the pS3 protein mediated by mouse
double minute 2 (MDM2) [46]. This lack of degradation
results in accumulation of p53 in the nucleus that, in IHC
terms, gives strong and diffuse staining. Alternatively, they
may result in loss of epitopes recognized by the ITHC
antibodies, which translates in lack of staining. Lack of
staining may be also the result of 7P53 deletion. In addition,
some mutations may cause inappropriate intracellular
localization of the protein (for instance intracytoplasmic
rather than nuclear) [15].

Conversely, expression of p5S3wt is regulated by certain
intracellular pathways and alterations of these pathways
may result in overexpression or lack of expression of p53
that is not the consequence of 7P53 gene mutation. There
has been concern that amplification of MDM2 may result
in IHC p53m null pattern in the absence of 7P53 mutation.
In a recent study, Sung et al. (2022) investigated the p53
IHC status in 134 solid tumors that included 77% of cases
with 7P53 mutation and correlated the IHC status with 7P53
mutation and MDM2 amplification. They found that IHC
pS3wt pattern can predict absence of pathogenic mutation
in TP53 with 68% sensitivity (Se), 100% specificity (Sp),
100% positive predictive value (PPV) and 91% negative
predictive value (NPV); the p53m overexpression pattern
can predict in-frame alterations in the DNA binding domain
of p53 with 100% Se, 82% Sp, 87% PPV and 100% NPV;
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the pS3m null pattern can predict mutations associated with
significant disruption of protein coding sequences with 86%
Se, 97% Sp, 89% PPV and 96% NPV. Importantly, these
studies showed that MDM?2 alterations were not associated
with IHC p53m patterns [47].

While awareness of the factors that regulate p53
expression is essential for the accurate interpretation of
p53 THC, the Se and Sp to predict 7P53 mutation status
by IHC depends also on the analytical performance of the
THC test [48, 49]. It is not surprising that different antibody
clones and staining protocols have been shown to affect
outcomes. In relation to the influence of specific IHC
protocols, it is worth noting that in the past 5-7 years
there has been a quantum change in the Se of the clinical
IHC assays for p53. This coincided with the use of p53
status to assess aggressiveness or histological grade in several
solid tumor sites. Hence, dilution of the primary antibody
has gone from 1:400 or even 1:800 to 1:100 or 1:200 [50].

In summary, an algorithm that assesses 7P53 mutational
status from p53 THC needs to assess staining on the whole
TC population. IHC patterns are null (no staining in any of
the TCs), aberrant (cytoplasmic staining in >80% of the
TCs + nuclear staining), overexpressed (strong nuclear
staining in >80% of the TCs) and wild-type (nuclear
staining of variable intensity in >1% of the TCs). The
null, overexpressed and aberrant patterns are associated
with mutation and are referred to as p5S3m pattern [15].

This classification has the potential to deliver timely and
important prognostic information to the multi-disciplinary
team (MDT)/Tumor Board. Prognostic data is currently
derived from other studies that use similar but not identical
subgroups. Outcome data is now required to annotate
more precisely the molecular subgroups defined by this
classification. Good communication with clinicians is
also critical and the pathology report may need to contain
comments on the clinical implications of the molecular
subgroups that could instruct MDT discussions.

& Conclusions

This on-slide working classification can be used with
small endoscopic biopsies, requires minor modification on
the existing tissue pathways and can be delivered with
short TAT, fitting the requirements of cancer patients.
There is no doubt adding more information to a cancer
diagnosis increases the cost of the diagnostic service and
consideration should always be given as to whether the
increase expenditure is offset by improvements in outcomes
or savings in unnecessary therapy. Additional predictive
on-slide biomarkers for therapy selection are likely to
continue to emerge. Having an established framework for
on-slide molecular classification in the diagnostic routine
will facilitate implementation of new biomarkers, but
training is still required.
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