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Summary

Background. Most pancreatic ductal adenocarcinoma (PDAC) are diagnosed with fine
needle aspiration biopsies (FNAB). Some benign mimickers exist, and the differential diag-
nosis can be challenging. Immunohistochemistry (IHC) is a useful diagnostic tool, and
some biomarkers have been studied in this clinical setting. Homozygous deletion (HD) of
CDKN2A is observed in about 40% of PDAC, and methylthioadenosine phosphorylase
(MTAP) IHC has been identified as a reliable surrogate marker for this alteration. The aim
of our study is to evaluate the value of MTAP IHC status in the diagnosis of PDAC.
Materials and methods. We collected 27 EUS-FNAB of pancreatic masses. MTAP and
S100P IHC were performed. The IHC status of MTAP has been correlated with CDKN2A
molecular status studied by fluorescence in-situ hybridization (FISH) and next-generation
sequencing (NGS).

Results. Approximately 25% of FNAB diagnosed as PDAC showed complete loss of MTAP
expression. Our results demonstrated a very high positive predictive value (100%), with a
modest sensitivity (31.5%) but a high specificity (100%) for the diagnosis of PDAC. Regard-
ing S100P, 71% of PDAC cases tested positive, whereas the only case diagnosed as benign
was negative. The concordance between CDKN2A molecular status by FISH and MTAP
expression by immunohistochemistry did not prove to be optimal. Interestingly, some FISH
wild-type samples showed HD in NGS.

Discussion. An immunohistochemical immunohistochemical panel including MTAP and
S100P improves diagnostic accuracy in PDAC diagnosis, showing a better sensitivity
(75%) and the same specificity compared to single markers. FISH showed an incomplete
sensitivity in identifying all cases with HD of CDKN2A, with two cases MTAP negative by
IHC and identified as deleted only by molecular study.

Key words: pancreatic ductal adenocarcinoma, fine needle aspiration biopsies,
immunohistochemistry, MTAP, CDKN2A

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the most common ma-
lignancy arising in the pancreas'. PDAC is often a fatal malignant neo-
plasm with most patients diagnosed at locally advanced or metastatic
stages and limited therapeutic options available to date?. PDAC origi-
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nates from pancreatic ductal epithelium, primarily in
the pancreatic head®. Three histological precursors
of PDAC have been identified: pancreatic intra-epi-
thelial neoplasia (PanIN), mucinous cystic neoplasm
(MCN) and intra-ductal papillary mucinous neoplasm
(IPMN)#. Most pancreatic specimens are obtained to
confirm or exclude a diagnosis of pancreatic carci-
noma; however, some benign mimickers exist, mak-
ing the differential diagnosis challenging, especially
with small histological samples such as fine needle
aspiration biopsies (FNAB)®. The main benign mim-
icker of PDAC is reactive cellular atypia of the duct
epithelium in chronic pancreatitis (CP). This distinc-
tion can be quite complex because CP is often as-
sociated with substantial architectural and cytologic
changes in the pancreas®. Several studies have in-
vestigated the role of immunostaining in this diag-
nostic setting and some markers demonstrated good
diagnostic value, mainly SMAD4, S100P and p53™
°. Regarding the etiopathogenetic events involved
in the onset of PDAC, tumorigenesis mainly results
from genetic aberrations. The four major genetic mu-
tations observed in PDAC occur in KRAS, TP53, CD-
KN2A and SMADA4. In particularly, the most common
recurrent abnormalities in PDAC are oncogenic mu-
tation of KRAS and loss-of-function mutations and/or
deletions of p53, SMAD4 and CDKN2A™. CDKN2A
is a multifunctional tumor suppressor gene located
on chromosome 9p21. It encodes p16 and p19 pro-
teins which arrest the cell cycle at the G1/S check-
point through a CKDA4/6-regulated mechanism™.
Several inactivation mechanisms of CDKN2A gene
are known. Approximately CDKN2A is inactivated in
40% of pancreatic cancers by homozygous deletion
mutations while another 40% of the patients show
loss of one allele coupled with an intragenic muta-
tion, and in an additional 15% by hypermethylation
of the gene promoter™'3, In some neoplasms, espe-
cially malignant mesothelioma, methylthioadenosine
phosphorylase (MTAP) immunohistochemistry (IHC)
status has been identified as a reliable surrogate
marker for CDKN2A gene alterations™. The MTAP
gene is located adjacent to CDKN2A, approximately
100 kbp telomeric to the CDKN2A gene on chromo-
some 9p21. Thus, fluorescence in situ hybridization
(FISH) analysis have shown MTAP co-deletion in up
to 90% of pleural and peritoneal mesotheliomas with
CDKN2A homozygous deletion™ 6. Therefore, the
aim of our study is to evaluate the MTAP expression
status and to expand the knowledge about the value
of MTAP IHC status in the diagnosis of PDAC, espe-
cially on small histological samples.

Materials and methods

SELECTION OF CASES

We collected a pool of 63 EUS-FNAB of pancreatic
masses performed from 2021 to 2022 at Pathology
Department of University of Campania “Luigi Vanvitel-
Ii” However, only 29 of 63 (46%) samples were quan-
titatively and qualitatively adequate to perform all the
tests included in our study.

MTAP anp ST100P IMMUNOHISTOCHEMICAL STUDY

Immunohistochemistry was performed on 4-micron,
formalin-fixed, paraffin-embedded sections, using the
Ventana platform (Ventana BenchMark ULTRA sys-
tem) according to the manufacturer’s instructions. The
following antibodies were used: anti-MTAP (mouse
monoclonal primary antibody, clone 2G4, Abcam)
and anti-S100P (mouse monoclonal primary antibody,
clone 16/f5, Cell Marque). Immunohistochemistry was
interpreted according to the scoring system previous-
ly used by Yu et al.’’, and MTAP loss is defined by
the complete loss of cytoplasmic and nuclear stain-
ing with retained expression in non-neoplastic cells,
while equivocal staining was defined as complete loss
in the majority of tumor cells with a small proportion
(< 20%) showing weak staining. Regarding S100P, we
considered cases as positive when a nuclear and cy-
toplasmic staining was observed and as negative in
the absence of nuclear and cytoplasmic staining.

CDKN2A staTus BY FLUORESCENCE IN-SITU HYBRIDIZATION
ANALYSIS

FISH analysis was performed on all cases using the
Kreatech™ CDKN2A (9p21)/9921 FISH probe; this
specific probe is designed as a dual-color assay to
detect deletions at 9p21. Deletions involving the CD-
KN2A gene region at 9p21 will show one red signal,
while the control at the chromosome 9921 region will
provide 2 green signals in hemizygous deletions. No
red signal but 2 green signals for 9921 will be visible
in homozygous deletions of 9p21. Two single color
red (R) and green (G) signals will identify the normal
chromosomes 9 (2R2G). Homozygous deletion was
defined as no CDKN2A and at least one CEP-9 signal
(OR1-2G) in > 10% of scored nuclei®.

MoLecuLAR DETERMINATION OF CDKN2A status By DNA/
RNA-sasep NGS

DNA was extracted from 10 um-serial sections of each
formalin-fixed and paraffin-embedded (FFPE) tissue
specimen after microdissection of tumor cells under
morphological control, using the MGF03- Genom-
ic DNA FFPE One-Step Kit, according to the manu-
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facturer’s protocol (MagCore Diatech). DNA quantity
was evaluated with the dsDNA HS assay kit using
the Qubit 2.0 Fluorometer (Invitrogen, Monza, Italy).
Libraries were prepared with Pillar® oncoReveal™
Multi-Cancer CNV + RNA Fusion Panel. A pan-cancer
panel with combined DNA/RNA that targets numerous
cancer-relevant genes and Detects the common solid
tumor fusion transcripts. The assay uses proprietary
Stem Loop Inhibition-Mediated amplification (SLI-
Mamp®) technology, a tiled amplicon-based library
prep chemistry for efficient single-tube target. Se-
quencing was performed on an lllumina MiSeq (San
Diego, USA) platforming a paired-end amplicon set-
ting. The sequencing data was analyzed using DRA-
GEN amplicon software.

Results

CLINICOPATHOLOGICAL FEATURES

Twenty-nine cases were selected including 18 female
patients (62%) and 11 male patients (38%), with an
average age and a median age of 70 years. The cases
were classified as: benign (2/29, 6.9%), atypical (1/29,
3.4%), suspicious (2/29, 6,9%) and malignant (24/29,
82.8%). However, the final cohort was of 27 cases
as one case, classified as benign, and another one,
as atypical, were not included because of insufficient
lesional cells in the residual material. Slides were re-
viewed by two expert pathologists who confirmed the
morphologic diagnosis and evaluated the immunohis-
tochemical slides. Most cases (82.7%, 24 out of 29)
consisted of at least 100 neoplastic cells, while only 2
cases (6.9%) showed a quantity of cells between 50
and 100, and 3 cases (10.4%) had less than 50 neo-
plastic elements. Table | shows the clinicopathological
features of the analyzed series.

Table I. Clinicopathological features of the cohort.

N %
Sex
Male 11 38%
Female 18 62%
Age
< 70 years 14 48.3%
>70 years 15 51.7%
Diagnosis
Benign 2 6.9%
Atypical 1 3.4%
Suspicious 2 6.9%
Malignant 24 82.8%

N: number; %: percentage.

EvaLuatioNn oF MTAP EXPRESSION BY
IMMUNOHISTOCHEMICAL STAINING

Immunohistochemistry for MTAP was performed on
FNAB and we considered lack of its expression as
the complete loss of cytoplasmic and nuclear stain-
ing with retained expression in neoplastic cells, which
act as internal normal controls, while equivocal stain-
ing as weak cytoplasmic staining, compared to the
internal normal control, in all or most of neoplastic
cells (Fig. 1). Approximately one-third of FNAB diag-
nosed as PDAC showed complete loss of MTAP ex-
pression (6/24, 25%) and the overall data related to
MTAP immunohistochemistry are summarized in Ta-
ble Il. It should be reported that one case diagnosed
as benign and the only case diagnosed as atypical
are non-contributive (NC) for the MTAP evaluation
because sections were completely acellular. Interest-
ingly, 5 of the 6 cases (83.3%) equivocal for MTAP ex-
pression were clearly malignant on hematoxylin and
eosin evaluation, while only one (20%) was classified
as suspicious and follow-up subsequently confirmed
to be PDAC. Finally, the only case classified as benign
and evaluable was MTAP retained.

Table II. MTAP immunohistochemical expression in the co-
hort.

Diagnosis N. of cases Complete Equivocal Retained
(%) loss (%) (%) (%)

Benign 1(3.7%) 0(0) 0(0) 1 (100%)
Suspicious 2 (7.4%) 1 (50%) 1 (50%) 0 (0)

Malignant = 24 (88.9%) 7 (29%) 4 (17%) 13 (54%)

EvaLuaTioNn oF S100P EXPRESSION BY
IMMUNOHISTOCHEMICAL STAINING

Our series was also studied for S100P, a well-
known additional immunohistochemical marker to
improve the accuracy in the diagnosis of PDAC on
small samples. We considered the test as positive
when nuclear and cytoplasmic staining is observed
in all neoplastic cells while a negative result was the
complete lack of S100P expression (Fig. 2). Seven-
teen out of 24 PDAC cases resulted S100P posi-
tive (71%) while the only case diagnosed as benign
were S100P negative (100%) (Tab. Ill). Regarding
suspicious diagnosis, there is one case S100P pos-
itive (50%) and one case S100P negative (50%);
however, the S100P positive case also resulted
MTAP lost and follow-up subsequently confirmed it
to be PDAC.
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Figure 1. MTAP immunohistochemical staining. (A) PDAC with retained (B) MTAP expression. (C) PDAC with equivocal (D)
MTAP immunohistochemical staining. (E) PDAC with complete loss of cytoplasmic and nuclear (F) MTAP expression.
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for S100P and retained (C) MTAP expression. (D) Another case of PADC with lack of both (E) S100P and (F) MTAP immuno-

histochemical expression.

Table Ill. S100P immunohistochemical expression.

Diagnosis N. of cases (%) Positive (%) Negative (%)
Benign 1(3.7%) 0 (0) 1 (100%)

Suspicious 2 (7.4%) 1 (50%) 1 (50)

Malignant 24 (88.9%) 17 (71%) 7 (29%)

IMMUNOPHENOTYPIC PROFILE AND STATISTICAL ANALYSIS
The contingency table (Tab. IV) allows to evaluate the

correlation between MTAP expression and morpho-
logical diagnosis. Our results demonstrated a very

Table IV. Contingency table: MTAP immunohistochemical
status-morphological diagnosis.

Total
Benign  Malignant
MTAP reteined 1 13 14
MTAP lost 0 7 7
Total 1 20 21

high positive predictive value (PPV) (6/6, 100%) but a
low negative predictive value (NPV) (1/14, 7%) of the
immunohistochemical test, with a modest sensitivity
(6/19, 31.5%) but a high specificity (1/1, 100%) and a
good accuracy (7/20, 35%) for the diagnosis of PDAC
in both EUS-FNAB. Interestingly, the data improves
significantly when an immunohistochemical panel in-
cluding MTAP and S100P is applied (Tab. V). In this
regard, we observed 10 cases diagnosed as malignant
and MTAP retained/S100P positive and one case di-
agnosed as malignant and MTAP lost/S100P negative,
showing how this association could implement the
accuracy in the diagnosis of PDAC. In detail, we ob-
served a better NPV (1/8, 12.5%), a significantly great-
er sensitivity (18/24, 75%) and a slightly lower PPV
(18/19, 94.7%), with the same specificity compared to
single markers (Tab. V). However, the small number of
our cases is a significant limitation of our study.

Table V. Summary of expression status of MTAP and S100P by IHC.

Diagnosis MTAP- MTAP+ MTAP Eq MTAP- MTAP+ MTAP Eq
S100P- S100P- S100P- S100P+ S100P+ S100P+
Benign 0 (0) 1 (100%) 0 (0) 0 (0) 0 (0) 0 (0)
Suspicious 0 (0) 0 (0) 1 (50%) 1 (50%) 0 (0) 0 (0)
Malignant 1 (4.2%) 3 (12.5%) 3 (12.5%) 6 (25%) 10 (41.6%) 1(4.2%)

Eq: equivocal staining.
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CorreLATioN BETWEEN MTAP expressioNn AND CDKN2A
MoLECULAR sTATUS BY FISH ano DNA/RNA-Basep NGS

Fluorescence in situ hybridization was performed on
all the cases in order to study CDKN2A copy num-
ber status and its correlation with MTAP expression,
for research purposes. Of the 27 evaluable cases, the
majority (25/27, 92.5%) were found to be CDKN2A
wild-type, with only two cases (7.5%) harboring dele-
tion of the gene. No hemizygous deletion pattern was
observed. Interestingly, these cases, both diagnosed
as malignant, with two-copy loss of CDKN2A showed
lack of MTAP expression. However, the concordance
between CDKN2A molecular status and MTAP ex-
pression by immunohistochemistry did not prove to
be optimal (Tab. VI); in detail, 16 of 27 cases (59.3%)
showed theoretical concordance between immuno-
histochemical and molecular analysis (first three rows
of Tab. VI) while five of 27 cases (18.5%) demonstrat-
ed obvious discordance with loss of expression of
MTAP and no CDKN2A copy number change (fourth
and fifth rows of Tab. VI). Molecular analysis was per-
formed on 5 cases with adequate residual biomaterial.
These cases were diagnosed as PDAC and CDKN2A
wild-type by FISH but 3/5 (60%) showed equivocal
immunohistochemical staining while 2/5 (40%) were
negative for MTAP by IHC (Tab. VII). Sequencing data
obtained with the Pillar® oncoReveal™ panel demon-
strated high quality. An average of 2 million reads were
obtained in all samples, with a mapping rate greater
than 85%. Sequence analysis identified deletions of

Table VI. Correlation between MTAP IHC CDKN2A molecu-
lar status by FISH.

N. of cases CDKN2A status by

Diagnosis (%) MTAP IHC FISH
Malignant 13 (48.2%) Retained Wild-type
Malignant 2 (7.4%) Lost Homozygous
deletion
Benign 1(3.7%) Retained Wild-type
Malignant 5 (18.5%) Lost Wild-type
Suspicious 1(3.7%) Lost Wild-type
Malignant 4 (14.8%) Equivocal Wild-type
Suspicious 1(3.7%) Equivocal Wild-type

Table VII. Correlation between MTAP [HC, CDKN2A mo-
lecular status by FISH and RNA-based NGS.
No. of CDKN2A

Diagnosis cases MTAPIHC status tix '::T,\T é\s
(%) by FISH
Malignant = 3 (60%) @ Equivocal = Wild-type Wild-type
Malignant = 2 (40%) Lost Wild-type = Homozygous
deletion

exons 2 and 3 in the CDKN2A gene in 2 out of 5 sam-
ples (Tab. VII). These alterations were categorized as
‘B’ in the CIViC database, indicating a moderate level
of clinical significance based on limited evidence.

Discussion

The status of MTAP expression, assessed by immuno-
histochemistry, serves as a surrogate marker for CD-
KN2A molecular status in malignant mesothelioma'®.
In the differential diagnosis between reactive and ma-
lignant mesothelial proliferation, loss of cytoplasmic
MTAP expression demonstrates 100% specificity and
variable sensitivity (37% for epithelioid mesothelioma
and 80% for sarcomatoid mesothelioma). This is com-
parable to the sensitivity of homozygous deletion of
CDKN2A detected by FISH, which shows 100% spec-
ificity and 58-62% sensitivity. Reported data demon-
strated that loss of MTAP expression is 78% sensitive
and 96% specific for CDKN2A homozygous dele-
tion'202%_ However, the assessment of MTAP status is
indeed extremely complex in mesothelial proliferation
setting. Interobserver disagreement on MTAP scoring
was more likely in cases with faint cytoplasmic stain-
ing, defined as tumoral cytoplasmic staining overtly
weaker than the cytoplasmic staining in the positive
internal control. Hida et al.?” and Chapel et al.™ con-
sidered faint cytoplasmic MTAP staining in tumor cells
as evidence for CDKN2A homozygous deletion. Thus,
as CDKN2A is deleted in several cases of PDAC, we
evaluated the utility of MTAP immunohistochemical
expression for the diagnosis of PDAC in limited cyto-
logical samples. However, also in pancreatic patholo-
gy, routine practice can be challenging, primarily due
to the limited biomaterial, which makes morphological
evaluation ambiguous and ancillary techniques often
difficult to interpret.

In our study we observed loss of MTAP expression in
25% of cases diagnosed as PDAC (6 out of 24), as
previously reported®. Overall, our data about MTAP
immunohistochemical expression are similar to those
reported by Yu et al.; in detail, we demonstrated an
high PPV (100%) but a low NPV (7%) of the test, with
a modest sensitivity (31.5%) but a high specificity
(100%) for the diagnosis of PDAC in both EUS-FNAB,
although the results are limited by the low number of
cases in our cohort. Furthermore, 6 cases (22.2%%)
showed equivocal staining for MTAP and they were
classified as malignant (5/6, 83.3%%) or suspicious
(1/6, 16.7%). We considered as equivocal a weaker
cytoplasmic staining in most neoplastic cells com-
pared to the internal normal control. Accordingly, in
the context of the established diagnosis, this finding



A DIAGNOSTIC ROLE OF MTAP IN PANCREATIC LESIONS

should be interpreted as indicative of MTAP loss, in
line with the interpretative criteria applied in malignant
mesothelioma. Another immunohistochemical marker
widely studied to augment the morphologic diagnosis
of PDAC in small biopsies is S100P3"34. This protein
is part of the calcium binding protein family and is in-
volved in PDAC development and considered as a pre-
dictive diagnostic marker for the disease. A cytoplas-
mic and nuclear immunohistochemical staining has
been shown to increase the accuracy in the diagnosis
of the PDAC and the current evidence suggests that
S100P plays an important diagnostic role in this clini-
cal setting with a high sensitivity and specificity®. Our
experience demonstrates how an immunohistochemi-
cal panel including MTAP and S100P improves diag-
nostic accuracy, showing a better NPV (12.5%) and
a greater sensitivity (75%) with a slightly lower PPV
(94.7%) and the same specificity compared to single
markers (Tab. V). However, the only positive case on
proposed immunohistochemical analysis (MTAP-/
S100P+) and classified as suspicious was confirmed
to be PDAC on follow-up. Unlike Yu et al., we also
performed FISH analysis on all cases. Data from The
Cancer Genome Atlas shows that a significant propor-
tion of PDACs exhibit CDKN2A deletion (52/183, 28%)
and that CDKN2A and MTAP are frequently, but not
always, co-deleted (41/52, 79%)%. These results sug-
gest that MTAP expression will not perfectly correlate
with CDKN2A status. Our data about the homozygous
deletion of CDKN2A follows this trend, with a non-per-
fect correlation between immunohistochemistry and
FISH. All malignant cases resulting MTAP retained
were also CDKN2A wild-type by FISH just like the only
benign case. However, in our PDAC series, although
the two cases with CDKN2A two copy had lost MTAP,
we identified four discordant cases characterized by
loss of MTAP expression but no copy number change
of CDKN2A (Tab. VI). The same discrepancy was ob-
served in one case diagnosed as suspicious (Tab. VI).
Another interesting result concerns five cases diag-
nosed as malignant and one case diagnosed as sus-
picious which showed a MTAP equivocal staining and
a wild-type status of CDKN2A by FISH (Tab. VI). In
summary, we identified a low proportion of PDACs with
CDKN2A homozygous deletion (2 out of 24.8%) and
a non-negligible proportion of MTAP |IHC-CDKN2A
FISH discordant cases (11 out of 27, 40.7%) compared
to MTAP IHC-CDKN2A FISH concordant cases (16
out of 27, 59.3%). This data could suggest that MTAP
gene may be altered without detectable co-deletion of
CDKN2A in PDACs, as already reported for primary
non-small cell lung cancers®. However, literature da-
ta show how MTAP and CDKN2A genes are closely
related and they are frequently co-deleted in some

neoplasms™43 To better understand the molecular
status of CDKN2A, we also performed a DNA/RNA-
based NGS. This choice is based on data from Dudley
et al.* regarding the performance of NGS and FISH as
adjunctive tests for detecting malignancy or high-risk
neoplasia (i.e. main duct IPMN, high-grade dysplasia,
or carcinoma) in pancreaticobiliary brushing cytology
specimens. Dudley et al. demonstrated that NGS has
superior diagnostic performance compared to FISH.
Specifically, when added to conventional cytology,
NGS increased diagnostic sensitivity to 85% (95%
Cl, 68-95%) compared to 76% (95% ClI, 58-89%) with
FISH. This improvement resulted in a significant in-
crease in the area under the curve in a receiver oper-
ating characteristic (ROC) analysis (P = 0.03)*. Sev-
eral other studies have reported comparable findings,
suggesting that NGS may be a superior diagnostic
adjunctive method to FISH, particularly in enhancing
diagnostic sensitivity*+’. We selected five cases char-
acterized by an adequate amount, although limited, of
residual biomaterial and potential or confirmed MTAP
IHC-CDKN2A FISH discordance, i.e. three cases with
equivocal MTAP [HC staining and two cases negative
for MTAP IHC but all CDKN2A wild-type by FISH. Se-
guence analysis identified CDKN2A homozygous de-
letion in the two MTAP IHC negative cases (Tab. VII).
Thus, this finding demonstrated a better correlation be-
tween DNA/RNA-based NGS and immunohistochemi-
cal staining, along with surprisingly higher sensitivity
of NGS in defining CDKN2A status compared to FISH,
which is currently considered the gold standard test.
The limited cellularity of these samples could explain
this finding. The performance of FISH may be limited
by the small amount of available diagnostic biomate-
rial, as is the case with cytology samples. This can
present a challenge in achieving reliable results, as the
technique depends on the availability of sufficient tar-
get DNA for effective probe binding 484°. It is plausible
to hypothesize that, in cases with limited cellularity, the
CDKN2A homozygous deletion was not observed in a
diagnostic number of neoplastic cells (cut-off > 10%
of scored nuclei) while the copy number variation was
demonstrated with Pillar® oncoReveal™, which uses
proprietary Stem Loop Inhibition-Mediated amplifica-
tion (SLIMamp®) technology, a tiled amplicon-based
library prep chemistry for efficient single-tube target. In
this clinical setting, the key advantage of this method
is that Pillar Biosciences has patented the stem-loop
inhibition mediated amplification (SLIMamp) technol-
ogy and integrated it into commercially available ampli-
con-based next-generation sequencing (NGS) cancer
testing kits, specifically designed to overcome chal-
lenges related to low input DNA amounts. These kits
are claimed to effectively analyze FFPE samples with
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suboptimal DNA quality and/or low input DNA amount,
achieving a higher sample quality control pass rate
compared to both hybrid-capture methods and con-
ventional amplicon-based sequencing approaches®.
Therefore, this recent technology enables the optimi-
zation of the limited biomaterial available and produc-
es data even under unfavorable conditions. Another
interesting topic is the challenge of interpreting MTAP
staining, especially on small samples, considering also
the lack of a strict definition of MTAP loss. It is interest-
ing to highlight that the limited amount of biomaterial
would not impact the interpretation of immunostaining,
loss of expression of MTAP is generally homogeneous
in PDAC®', making even a small sample representative
of the entire neoplasm. Therefore, as also suggested
by Yu et al., further studies to evaluate and define an
effective and standardized cut-off for loss of MTAP ex-
pression could certainly improve the diagnostic utility
of this staining. The interpretative challenges are also
observed in FISH assessment. In this case, there are
no standardized cut-offs for CDKN2A homozygous
deletion in pancreatic pathology, and the limited sam-
ple size can affect the result, leading to a risk of false
negative cases. This risk could be lower using extrac-
tive molecular analysis methods, which, however, have
other limitations.

Finally, MTAP has also demonstrated an interest-
ing value as predictive biomarker in addition to its
diagnostic role. The therapeutic potential of targeting
MTAP deficiency has been extensively investigated
across various cancer types. MTAP loss, which fre-
quently co-occurs with CDKN2A deletion, leads to a
synthetic lethal vulnerability that can be therapeutical-
ly exploited®. In detail, MTAP deficient tumor cells ex-
hibit increased sensitivity to methionine depletion and
inhibitors of purine synthesis, making the cells more
susceptible to drugs that target purine or methionine
metabolism. MTAP loss is associated with elevated ac-
tivity of ornithine decarboxylase (ODC) in pancreatic
tumors. ODC is the rate-limiting enzyme in polyamine
synthesis®, and the ability of MTAP to suppress tumor
growth is linked to its regulatory effect on polyamine
production. Furthermore, the growth of MTAP deficient
tumor cells is abrogated by inhibition of protein argi-
nine methyltransferase 5 (PRMT5), making PRMT5 a
promising synthetic lethal target in MTAP deficient tu-
mors®*®®, In this context, pancreatic cancer organoids
have been used to confirm the efficacy of PRMT5 in-
hibition. The PRMTS5 inhibitor EZP015556 has demon-
strated effectiveness in both MTAP deficient organoids
and a subset of MTAP proficient organoids®.

In summary, our data demonstrates that MTAP expres-
sion is frequently lost in PDACs and CDKN2A homozy-
gous deletion can be reliably predicted by loss of MTAP

immunohistochemical expression. However, a major
limitation of our study is the limited number of cases
tested, particularly within the negative or suspicious
group. As previously noted, this limitation is primarily
due to the paucity of material typically yielded by EUS-
FNAB procedures. Therefore, further studies with larger
cohorts and, if possible, a higher representation of neg-
ative or suspicious cases are recommended. Moreover,
in our opinion, it is mandatory to define, standardize,
and apply strict criteria for the interpretation of MTAP
immunohistochemical staining, particularly in small
samples, in order to accurately identify negative cases.
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