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. Introduction 

The therapeutic revolution in gastrointestinal (GI) oncology, 

hich has gathered momentum over the past decade, has led to 

he introduction of several new prognostic and predictive biomark- 

rs into clinical practice [ 1 , 2 ]. Consequently, the pathologist has as-

umed a leading role in the identification of the optimal therapeu- 

ic strategy for each patient [ 3 ]. 

In most cases, predictive biomarker assessment should be per- 

ormed at the time of diagnosis, to enable the adoption of new tar- 

eted neoadjuvant treatments where available ( e.g. , immunother- 

py in mismatch repair-deficient [dMMR] colorectal cancer [CRC]) 

 4 , 5 ]. In the metastatic/advanced clinical setting, the only avail- 

ble tissue is often represented by biopsy/cytology samples, con- 

aining small amounts of neoplastic cells [ 6 ]. The pathologist’s pri- 

ary objective in this setting is to reach a diagnosis and, in case 

f tissue from metastases, to verify the clinical suspicion regard- 

ng the primary site of the tumor, with targeted ancillary tests 

f necessary. Accurate diagnostic interpretation may, in fact, re- 

uire immunophenotyping of tumor cells to identify their histo- 

ype and origin, thus limiting the amount of tissue available for 

ubsequent molecular profiling. According to Guidelines, each pri- 

ary tumor requires the evaluation of different prognostic and 

redictive biomarkers, crucial for personalized therapy [ 7–12 ]. Fur- 

hermore, prognostic and predictive factors can be investigated 

ith different, and sometimes complementary, techniques, such 

s immunohistochemistry (IHC), in situ hybridization ( e.g. , fluores- 

ent [FISH] and chromogenic [CISH]), and molecular assays such as 

ext-generation sequencing (NGS), depending on the primary tu- 

or (for example, IHC in gastric cancer [GC] and NGS in biliary 

ract cancers). 

For these reasons, it has become imperative to manage small 

issue samples most appropriately, to provide a correct diagnosis 

nd adequate molecular profiling, avoiding inappropriate and time- 

onsuming testing, which could result in the need for re-biopsy in 

often unfit) patients ( Fig. 1 ). 

This paper aims to summarize the state-of-the-art in prognos- 

ic and predictive biomarker testing in GI neoplasms, with particu- 

ar focus on appropriate tissue handling. Moreover, for each prog- 
445
ly 

cision diagnostics, and histopathological diagnosis, along with biomarker

 the cornerstone for personalized treatment. In gastrointestinal neoplasms,

cular profiling are often performed on biopsy tissue, which may be quan-

Therefore, appropriate sample management is essential to avoid unnec-

 the information necessary for treatment planning. Several factors may

testing: (i) pre-analytical issues; (ii) heterogeneity in biomarker expres-

n in biomarker testing and evaluation. Moreover, in the metastatic setting,

information can lead to inappropriate sample handling, with negative im-

propriate guidelines in testing and reporting biomarker status according

, strongly encouraged. In this position paper, the Italian Group of Gas-

D), a section of the Italian Society of Pathological Anatomy and Cytology

e all the clinical and pathological requirements for adequate assessment

markers in the gastrointestinal oncology patient, from biopsy acquisition

 by Elsevier B.V. on behalf of Editrice Gastroenterologica Italiana S.r.l. This

is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

ostic and predictive factor, we report evidence-based data from 

he Literature regarding the ‘adequate’ amount of tissue for reli- 

ble biomarker assessment. Finally, we discuss the concept of ‘ad- 

quacy’ for biopsies from metastatic sites, with particular reference 

o the implications for biopsy handling in the absence of adequate 

linical, radiological, and laboratory information. 

. Pre-analytical, analytical, and post-analytical factors 

ffecting biomarker evaluation 

Several factors limit the diagnostic adequacy of routine tests 

or determining predictive biomarkers in clinical practice. We at- 

empted to summarize the most important factors (this is by no 

eans an exhaustive treatise), that pathologists should be aware of 

hen evaluating biomarkers ( Table 1 ). Examples from inadequate 

re-analytical phase affecting biomarkers evaluation are showed in 

ig. 2 . 

.1. Cold ischemia time 

Cold ischemia time is defined as the interval between tissue re- 

oval from the patient and its stabilization in formalin, and it is 

 crucial pre-analytical factor affecting protein preservation [ 13 ]. 

ixation delays of two to three hours have been shown to reduce 

ER2 immunohistochemical staining and FISH signals [ 14 ]. In ton- 

illar tissue, cold ischemia time over three hours increases PD-L1 

uboptimal staining and false-negative results, with marked deteri- 

ration after six hours [ 15 ]. Notably, non-refrigerated samples are 

ore affected by prolonged cold ischemia time compared to re- 

rigerated ones [ 16 ]. In addition to refrigeration, shipping and stor- 

ng the sample under vacuum contributes to better preservation 

f both nucleic acids and proteins [ 17 ]. Since no universal cutoff

pplies to all tissues or analytical platforms, maintaining a cold is- 

hemia time of one hour or less is widely recommended [ 13 , 18 , 19 ].

.2. Fixation time 

Under-fixation and over-fixation are known sources of issues in 

oth IHC and sequencing methods [ 18 ]. In CRC specimens, under- 

xation ( < 20 h) and over-fixation ( > 90 h) have been associated 

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Fig. 1. Recommended algorithm for proper sample management and biomarkers testing. 

Table 1 

Pre-analytical, analytical, and post-analytical recommendations for the evaluation of prognostic/predictive biomarkers in clinical practice. 

Pre-analytical phase Analytical phase Post-analytical phase and reporting 

Limit cold ischemia time to ≤60 min. For IHC, use ∼4 μm thick sections (with a 

range from 3 to 5 μm) mounted on positively 

charged slides. 

Evaluate only the infiltrative neoplastic 

component. 

Avoid under- or over-fixation (10 % neutral 

buffered formalin for approximately 24 h, 

with a range from 6 to 48 h). 

For fusion genes testing, prefer 

alteration-specific IHC, FISH, and RNA-based 

NGS. 

For endoscopy biopsies, report the number of 

neoplastic fragments analyzed (especially for 

HER2/PD-L1/CLDN18.2 testing). 

Avoid testing FFPE samples older than 3 years 

(especially for PD-L1 evaluation). 

Consider at least 5–8 biopsy samples 

representative of the invasive tumor. 

Report the neoplastic cellularity (especially 

for PD-L1 and MMR testing). 

Avoid performing IHC MMR testing on 

pre-treated tumors. 

Report the sensitivity/specificity of the 

adopted method of analysis for mutational 

profiling. 

Reassess biomarker status in metastatic or 

post-treatment samples if clinically indicated. 

Report the quality of the nucleic acid ( e.g ., 

DIN/RIN) used for molecular testing. 

Abbreviations : CLDN18.2: Claudin-18.2; DIN: DNA Integrity number; FFPE: Formalin fixed/paraffin Embedded; FISH: Fluorescent in situ hybridization; IHC: Immunohisto- 

chemistry; μm: micrometer; MMR = Mismatch Repair; NGS: Next Generation sequencing; RIN: RNA Integrity Number. 
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ith a higher number of inadequate results for MMR protein eval- 

ation by IHC, particularly for MLH1 and PMS2 staining [ 20 ]. Nu- 

leic acid degradation, fragmentation, and sequence alteration fol- 

owing excessive fixation have been reported [ 13 , 21 ]. Formalin cold 

xation has been shown to preserve nucleic acids and proteins 

etter than room temperature fixation [ 22 , 23 ], also demonstrat- 

ng better results in the assessment of MMR proteins by IHC [ 20 ].

ypes of DNA damage known to occur in formalin-fixed paraffin- 

mbedded [FFPE] tissues include (i) formaldehyde-induced cross- 

inks; (ii) DNA fragmentation; (iii) deamination of cytosine bases 

roducing C-to-T mutations; and (iv) formation of abasic sites 

 13 , 24 ]. These DNA damages can significantly interfere with both 

olymerase chain reaction (PCR) and NGS [ 13 , 25 , 26 ]. 

For biomarker testing in clinical practice, we strongly recom- 

end following the standard procedures proposed by the College 

f American Pathologists (CAP) Preanalytics for Precision Medicine 

roject Team guidelines [ 13 ]. Specifically, the CAP guidelines rec- 

mmend a fixation time between 6 and 36 h, with 24 h being op- 

imal for most tissues, and up to 48 h for those with a high fat

ontent ( e.g. , colectomy specimens) (range of 12–24 h for biopsy 

nd 24–48 h for surgical specimens) [ 13 ]. 

The recommended fixative is 10 % pH-neutral phosphate- 

uffered formalin [ 13 ]. Fixation efficiency depends on temperature 

nd specimen thickness; at room temperature, formalin penetrates 

issues at approximately 1 mm per hour [ 27 ]. To ensure uniform 

xation, specimens should be fully immersed in formalin with a 
446
atio of fixative-volume to tissue-mass of at least 4:1, ideally 10:1 

 13 , 28 ]. To preserve the integrity of mucosal and neoplastic tis- 

ue and to avoid the degradation of proteins and nucleic acids, or- 

ans/parts of organs with lumens ( e.g. , stomach and colon) should 

e opened as quickly as possible, and solid surgical specimens ( e.g. , 

ancreas and liver) should be cut to a thickness of no > 10–15 mm 

efore fixation. Finally, for adequate morphological and biomarker 

valuation, sampling from surgical specimens should not exceed 4–

 mm in thickness [ 13 , 28 ]. 

.3. Storage and use of archival FFPE blocks 

The age of microtome sections and of FFPE tissue blocks may 

ffect IHC and molecular analyses [ 29 , 30 ]. Older FFPE samples can 

how reduced staining intensity, especially for membrane ( e.g., PD- 

1) and nuclear proteins [ 29 , 31–33 ]. For this reason, the use of

FPE blocks older than 3 years and the use of sections older than 

0 days should be discouraged [ 29 , 30 ]. 

.4. Choice of antibody clones 

Different antibody clones can be used to test the same 

iomarker, and can be required as companion diagnostic assays for 

he adoption of different tar geted therapies [ 34 ]. An important ex- 

mple in the GI tract is represented by the several commercially 
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Fig. 2. Biomarkers’ expression artifacts from pre-analytical phase. A: Marginal and cytoplasmatic PD-L1 immunostaining, due to sampling crash; B: MLH1 inadequate im- 

munostaining (artifactual loss in internal controls) due to over fixation-time; C: Cytoplasmatic HER2 immunostaining; d -E-F: MMR punctuate immunostaining can mislead 

pathologists evaluation both at low- (D; black square identifying area showed in E) and medium-power (E) resulting positive/expressed, whereas only careful high-power 

evaluation (F) reveals “false-positive” punctate pattern of tumor cells (black circle) as opposed to true diffuse positive nuclear staining of inflammatory cells (red circle). 
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vailable IHC assays for the evaluation of PD-L1, of which those ap- 

roved for use in clinical practice are the Dako 28–8, Dako 22C3, 

nd Ventana SP263 clones [ 34 ]. The 28–8 and 22C3 clones bind to

he extracellular domain of PD-L1 (while SP263 binds to an intra- 

ellular domain), and for this reason, they are more susceptible to 

eglycosylation and structural conformational changes [ 35 ]. Espe- 

ially in the case of suboptimal decalcification or fixation, this can 

ead to a partial reduction or a complete loss of IHC staining [ 35 ]

nd may result in a discordant PD-L1 evaluation depending on the 

HC assay adopted [ 36 , 37 ]. In the setting of Claudin18.2 (CLDN18.2),

he Ventana CLDN18 (clone 43–14A) assay is now commercially 

vailable for clinical practice as a companion diagnostic assay [ 38 ]. 

.5. Minimum number of biopsy samples and neoplastic cells 

Endoscopists and radiologists must be aware of the minimum 

umber of samples ( e.g. , from primary GC) or neoplastic cells ( e.g. ,

n liver biopsy) required for a reliable diagnosis and biomarker as- 

essment. It is important to note that even if the tissue is satis- 

actory for histopathological diagnosis, it is not always sufficient or 

dequate for complete molecular characterization. 

GI tumors, and in particular gastric/gastroesophageal junction 

ancers (GC/GEJCs), are burdened by a high level of histological 
447
nd molecular intra-tumor heterogeneity [ 33 , 39–43 ]. Furthermore, 

ot all biopsy samples are composed of invasive neoplasia: some 

ragments may have dysplasia (not suitable for biomarker evalua- 

ion), while others are composed of ulcer or granulation tissue or 

ven of normal mucosa [ 44 ]. For this reason, the analysis of mul- 

iple biopsy specimens is required for an adequate evaluation of 

iomarkers. 

Specifically, the adequacy criteria for the assessment of certain 

iomarkers, such as HER2 and CLDN18.2, refer to the minimum 

umber of biopsies representative of the invasive neoplasia. For 

he assessment of MMR and PD-L1, however, adequacy relates to 

he minimum number of neoplastic cells from the invasive com- 

onent. At least 6–8 endoscopic biopsies representative of the in- 

asive tumor should be obtained for the assessment of HER2 and 

LDN18.2, and at least 100 neoplastic cells for the assessment of 

MR and PD-L1, ideally from at least 5 different biopsy samples 

 41–43 , 45 , 46 ]. 

However, whether this is sufficient remains a matter of de- 

ate, given that the number of biomarkers required for appropriate 

anagement is increasing and is expected to grow further soon. 

urthermore, criteria for the adequacy of HER2 and CLDN18.2 have 

ot yet been explored and/or established in the metastatic setting 

 e.g. , liver biopsies). 



P. Parente, F. Grillo, M. Callegarin et al. Digestive and Liver Disease 58 (2026) 444–455

Fig. 3. Examples of inadequacy for biomarker assessment in primary and metastasis. A (5x),B (10x) Sampling from gastric cancer with only 3 fragments representative of 

infiltrating carcinoma; C: Hepatic localization of mucinous adenocarcinoma in absence of clinical information. 
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Awareness of adequacy criteria by endoscopists and radiologists 

an lead to improved sampling techniques, thus avoiding repeat 

sophagogastroduodenoscopy (EGD)/liver sampling to obtain addi- 

ional tissue, resulting in reduced healthcare costs, patient discom- 

ort, and time-to-treatment. 

In any case, a statement on the adequacy of the tissue for 

iomarker assessment, describing the number of fragments avail- 

ble, should be included in the pathology report e.g. , six or more 

ragments representative of the invasive component/100 or more 

eoplastic cells versus less than six fragments/ < 100 neoplastic cells 

 46 ] ( Fig. 3 ). 

With regard to re-biopsy, it is not the pathologist’s role to rec- 

mmend obtaining additional tumor samples in the pathology re- 

ort; rather, discussion at a multidisciplinary meeting is advised in 

uch cases, as all factors, including the patient’s condition, should 

e taken into consideration. 

.6. Biomarkers heterogeneity: where to test, primary tumors and/or 

etastases? 

Recent studies on intratumor heterogeneity and clonal evo- 

ution in metastases suggest reconsidering biomarker profiling 

trategies in advanced/metastatic disease. 

Although the 2016 guidelines recommended testing a single site 

primary or metastatic) to assess HER2 status in GC/GEJC [ 47 ], ac- 

ording to the more recent Literature, the discordance for HER2 

tatus between primary tumors and distant metastases ranges 

rom 0 % to 26 % [ 48–62 ]. Significant spatial heterogeneity between 

rimary GC/GEJC and paired lymph nodes and distant metastases 

as also been reported for PD-L1 [ 63–66 ] and CLDN18.2 expression 

 43 , 63 , 67 ]. These findings may explain the failure of several tar-

eted therapy trials in metastatic GC/GEJC [ 68 , 69 ] and suggest that

esting only the primary tumor or the metastatic site may lead to 

uboptimal therapeutic selection. 

On the other hand, high concordance of MMR profile and EBV 

tatus between primary GCs and paired peritoneal metastases has 

ecently been reported [ 63 ]. 

In patients with advanced CRC, high concordance rates have 

een reported for KRAS, NRAS, BRAF , and PIK3CA status between 

rimary tumors and distant metastases, ranging from 93 % to 100 % 
448
 70 , 71 ]. Instead, little is known about the concordance of MMR/MSI 

tatus between primary tumors and paired metastases. However, 

ne study reported a discordance rate ranging from 0 % to 16 % 

etween primary mucinous colorectal adenocarcinomas and paired 

ynchronous metastases, depending on the testing method adopted 

 72 ]. Whether this finding is due to true biomarker discordance or 

olely secondary to the different sensitivity of tests is up for de- 

ate. 

.7. Timing of biomarker assessment and biomarker prioritization 

The timing of biomarker assessment in clinical practice may 

ary depending on the organization of the national healthcare sys- 

em, the type of healthcare facility, and reimbursement scenarios. 

iomarker status can be assessed at the time of diagnosis as a 

eflex-test, upon clinical request, or following a step-by-step eval- 

ation. As most targeted therapeutic options have been approved 

s first-line treatments and several combination regimens are un- 

er investigation or have already been successfully tested in clin- 

cal trials, the reflex-testing option appears to be the most appro- 

riate way to optimize tissue utilization and reduce the time-to- 

reatment. However, reflex-testing is not always feasible according 

o regional/national organization and, therefore, a strict collabora- 

ion with clinicians is fundamental. 

In the advanced/metastatic setting, most of the available tis- 

ue samples are represented by endoscopic biopsies [ 6 ]. Conse- 

uently, the quantity of tumor tissue available is often insuffi- 

ient to evaluate multiple biomarkers, and it is necessary to im- 

lement innovative tissue-sparing and reflex-testing strategies, as 

lready introduced for the molecular profiling of non-small cell 

ung cancer (NSCLC) [ 73 ]. First and foremost, the pathologist must 

orrectly diagnose invasive carcinoma, distinguishing the invasive 

omponents from pre-invasive areas, which should not be consid- 

red when evaluating biomarker. The pathologist must also order 

nly the IHC stains strictly necessary for the diagnosis. A defini- 

ive diagnosis can often be reached on hematoxylin and eosin 

H&E) stained slides, although sometimes histochemical stains ( e.g. , 

ucin stains such as Alcian Blue PAS) or IHC stains ( e.g. , pan- 

ytokeratins, tissue-specific transcription factors) may be neces- 

ary for the correct interpretation in undifferentiated histology. The 
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athologist must be fully aware that, once the diagnosis is made, 

he residual tissue is usually necessary for biomarker testing and 

hat this evaluation is as important as the diagnosis itself. In cases 

f very low neoplastic cellularity, the choice of the biomarker test- 

ng sequence should be discussed/debated with the oncologist in 

rder to prioritize the assessment of biomarkers required at the 

eginning of the therapeutic algorithm. 

.8. Clinical requirements for sample evaluation and adequacy 

ssessment 

To ensure proper sample handling and evaluation, treating 

hysicians must provide the pathologist with adequate clinical in- 

ormation. Essential information includes oncological history, imag- 

ng, laboratory data (including tumor markers), any previous surgi- 

al procedures and histopathological diagnoses, and the presence 

f any predisposing conditions favoring tumor-onset. All this infor- 

ation must be provided on the histology request form. 

Adequate clinical information is especially critical in the 

etastatic setting, where knowing the location, histotype, and 

rading of the primary tumor is essential. In fact, metastases from 

ifferent primary sites can exhibit highly similar histological fea- 

ures ( e.g. , mucinous adenocarcinomas and signet ring carcino- 

as; Fig. 3 ) and, depending on their origin, may require distinct 

iomarker’ profiling strategies ( e.g. , tissue fragmentation for NGS 

n lung cancer; tissue preservation for different IHC staining in 

C/GEJC, CRC or breast cancer). Without adequate clinical infor- 

ation, attempting to identify the primary site can result in the 

aste of tissue without necessarily being able to reach a definitive 

iagnosis (as no IHC panel is sufficiently sensitive/specific for the 

dentification of the primary tumor). Furthermore, performing NGS 

n a liver metastasis clinically defined as ‘lung primary’ will results 

n unnecessary waste of tissue if a ‘true’ gastric primary, is present, 

hich needs IHC for treatment planning. 

In addition, neoadjuvant therapy has been associated with 

reatment-induced alterations in prognostic and predictive 

iomarkers. An example in the GI tract is the decreased stain- 

ng intensity and increased focal/inconclusive staining of MMR 

roteins in CRC following neoadjuvant treatment [ 74–76 ]. For 

his reason, the biomarker status as assessed on pre-treatment 

iopsy should be provided in patients undergoing surgery after 

eoadjuvant therapy. Obtaining previous histology reports from 

xternal institutions is, therefore, particularly relevant, as they 

rovide "documented/reliable" sources on the type of surgery and 

n the location, histology, and IHC profiling (if performed) of the 

umor. 

If ‘ liver lesion, NOS (not otherwise specified)’ is reported on a 

iver biopsy histology request form, with no additional clinical in- 

ormation, only a morphologic diagnosis should be performed ( e.g. , 

ucinous adenocarcinoma), and any IHC testing and biomarker 

rofiling should be deferred until adequate clinical information has 

een obtained ( Fig. 1 ). 

.9. Evaluating the infiltrative neoplastic component 

A significant proportion of GC/GEJCs occur within a multistep 

arcinogenetic cascade related to gastric Helicobacter pylori infec- 

ion (Correa’s cascade) [ 77 ] or long-standing gastroesophageal re- 

ux disease (Barrett’s carcinogenesis) [ 78 ]. Therefore, dysplastic le- 

ions are often present in biopsy specimens obtained during en- 

oscopic mapping of the invasive lesion. Due to their neoplastic 

ature, dysplastic lesions (both low-grade and high-grade) may be 

ssociated with driver molecular alterations that can result in dif- 

cult or incorrect biomarker evaluation. 

For example, HER2 amplification has been extensively docu- 

ented as an early event in esophageal and gastric carcinogene- 
449
is [ 42 , 79 ]. An analysis of HER2 status in pre-invasive and invasive

astric lesions reported a HER2 positivity in 12.9 % of high-grade 

ysplastic lesions compared to 20.2 % of invasive carcinomas, with 

hree cases (33.3 %) of HER2 overexpression/amplification limited 

o the dysplastic lesion and not found in the invasive component 

 80 ]. Similarly, PD-L1 can also be expressed in preinvasive gastroe- 

ophageal lesions, and a significantly higher prevalence of PD-L1 

ositivity has been reported in esophageal Barrett’s dysplasia com- 

ared to gastric dysplasia [ 81 ]. A discordant PD-L1 status between 

he dysplastic lesion and the paired invasive component has been 

eported in 40 % of cases, with 6.7 % of PD-L1-positive dysplastic 

esions associated with a PD-L1-negative invasive component [ 81 ]. 

inally, the dMMR profile in preinvasive gastroesophageal lesions 

as been found in 11.5 % of patients with gastroesophageal adeno- 

arcinoma, and 16.7 % of these were associated with a synchronous 

MR-proficient (pMMR) adenocarcinoma [ 82 ]. 

Therefore, dysplasia should not be considered in biomarker as- 

essment, and samples consisting only of dysplastic lesions should 

e considered ‘inadequate’ [ 81–83 ]. 

The evaluation of the invasive component in endoscopic biopsy 

issue is subject to significant inter-pathologist variability [ 82 , 84 ]. 

hen possible, biomarker interpretation should be performed 

y dedicated gastrointestinal pathologists, and in complex cases, 

HC/ISH evaluation with the corresponding H&E section should be 

erformed jointly with a second pathologist. This is important to 

void incorrect biomarker assessment, which could have significant 

dverse consequences on the therapeutic decision-making process. 

.10. Adequacy for molecular profiling 

The amount of neoplastic nucleic acids available for molecu- 

ar profiling depends on several factors ( e.g. , tumor type, specimen 

ize, neoplastic cellularity, and percentage of neoplastic cells), and 

t is well known that a low DNA yield can negatively affect ge- 

omic assays [ 3 , 75 , 85 ]. For this reason, samples from pre-treated

umors are often not ideal for molecular analyses, due to the pres- 

nce of extensive necrotic or mucinous tissue and depletion of tu- 

or cells [ 86 ]. In samples with a high non-neoplastic component, 

icrodissection or macrodissection should be performed to obtain 

 minimum tumor fraction of approximately 20 %, trying to avoid 

reas of necrosis and mucus [ 86 , 87 ]. The neoplastic percentage in

he selected area must be estimated to identify the most appro- 

riate molecular assay ( e.g. , PCR, Sanger sequencing or NGS) and 

nsure that the sample meets the limit of detection for the cho- 

en method [ 86 ]. Furthermore, a poor quality input material can 

ignificantly impact the analysis results [ 85 ]. For instance, a DNA 

ntegrity Number (DIN) < 4 has been associated with a poorer an- 

lytical performance when using the TapeStation 4200 platform to 

valuate MSI status [ 88 ]. 

.11. Cytology samples and molecular characterization 

Whenever possible, cell blocks (CBs) should be obtained from 

ytology samples (serous cavity fluids and fine-needle aspiration 

FNA] specimens). CBs are an optimal method for preserving cytol- 

gy specimens and performing IHC, for which smears are not suit- 

ble [ 89 ]. According to the guidelines from the College of Ameri- 

an Pathologists, CBs are an acceptable alternative to tissue spec- 

mens for HER2 IHC testing in gastroesophageal adenocarcinomas 

 47 ]. Although specific recommendations are still lacking, recent 

tudies have also found a good level of concordance for MMR and 

LDN18.2 evaluation between CBs and tissue specimens [ 90 , 91 ]. 

The strategic management of cytology specimens in ad- 

anced/metastatic tumors includes prioritizing CBs for the histo- 

ype definition and IHC testing, and cytology smears for molecular 

nalyses [ 92 , 93 ]. 
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. Predictive biomarkers for gastrointestinal tumors 

.1. Esophageal carcinoma 

According to the current ESMO guidelines, immunotherapy 

s recommended both in the first-line and in second- or 

ater-line settings in advanced/metastatic esophageal squamous- 

ell carcinoma (SCC) [ 94 , 95 ]. IHC evaluation of PD-L1 with 

emi-quantitative immunoscores is required to assess the el- 

gibility of patients to immune checkpoint inhibitors (ICIs) 

herapy [ 33 , 96 ]. 

The tumor proportion score (TPS) is the percentage of vi- 

ble neoplastic cells with partial or complete PD-L1 membrane 

taining at any intensity [ 33 , 95 ], and a prolonged Overall Sur-

ival (OS) has been reported in patients with TPS ≥1 treated with 

CIs [ 97 ]. 

The combined positive score (CPS) is the number of tumor cells, 

ymphocytes, and macrophages with PD-L1 membrane staining di- 

ided by the number of viable tumor cells and multiplied by 100 

 33 , 95 ]. The anti-PD-1 antibody pembrolizumab has been associ- 

ted with a prolonged OS in patients with CPS ≥10 [ 98 , 99 ]. 

The tumor area positivity (TAP) is the percentage of neoplas- 

ic cells and immune cells with PD-L1 membrane staining on the 

hole tumor area [ 100 ]. The tumor area is defined as the region

ccupied by all viable tumor cells and tumor-associated stroma; 

on-neoplastic tissue is included in the tumor area only if bor- 

ered by neoplastic tissue on both sides of a 10x field, while re- 

ions with necrosis, crush, and cautery artifacts are excluded [ 100 ]. 

ntra-luminal macrophages are included in the score only if they 

ll the luminal space and are in contact with tumor cells, while 

mmune cells located within vessels are not considered [ 100 ]. The 

nti-PD-1 antibody tislelizumab has recently been approved by the 

uropean Medicines Agency (EMA) for esophageal SCCs with a TAP 

core of ≥5 % [ 94 ]. 

In advanced esophageal SCCs, all three scores (TPS, CPS, and 

AP) should be performed on the same PD-L1-stained slide and in- 

luded in the pathology report [ 46 ]. For an adequate PD-L1 evalu- 

tion, at least 100 viable tumor cells and at least 5 tissue biopsies 

hould be assessed [ 33 , 46 , 101 ]. If fewer than 100 viable tumor cells

re present, the evaluation should be performed in another block 

r at a deeper level of the same block [ 33 ]. 

Notably, a recent multicenter Italian study reported heterogene- 

ty in PD-L1 assessment using CPS, TPS, and TAP in esophageal can- 

er and GC/GEJC between different Institutions [ 102 ]. This hetero- 

eneity was significantly associated with the PD-L1 workload, the 

hoice of antibody clone, and tissue aging, highlighting the need 

o address these issues to improve the consistency of PD-L1 evalu- 

tion in routine testing [ 102 ]. Esophageal and GEJ adenocarcinomas 

hould be profiled as GC [ 46 ]. 

.2. Gastric adenocarcinoma 

Advanced or metastatic unresectable GC should be tested 

or HER2, PD-L1, MMR, and CLDN18.2 status; the same applies 

o esophageal and GEJ adenocarcinomas [ 10 , 46 , 103 ]. Additional 

iomarkers are currently under investigation and may be intro- 

uced into clinical practice in the near future [ 46 , 104 ]. 

In GCs, HER2 IHC staining is classified according to the Hof- 

ann scoring system as follows: absent (0); faint/barely percep- 

ible (1 + ); weak to moderate (2 + ); or moderate to strong (3 + )

 105 , 106 ]. Membranous staining must be present in at least 10 %

f tumor cells in surgical specimens and in a cluster of at least 5 

umor cells in biopsy samples; otherwise, the score is 0 regardless 

f staining intensity [ 1 ]. Tumors with a score 3 + are regarded as

ER2-positive, whereas cases with a score 2 + are equivocal and re- 
450
uire further testing with in situ hybridization ( e.g ., FISH or CISH) 

 1 ]. A HER2/CEP17 signal ratio ≥2 is considered positive [ 1 ]. Pre-

eoplastic lesions can also express HER2, although only the inva- 

ive component should be evaluated [ 1 , 79 ]. Given the spatial het- 

rogeneity of HER2 expression, at least 5–6 biopsy samples are re- 

uired to perform a reliable assessment [ 1 , 41 ]. 

In GC, PD-L1 expression has traditionally been evaluated us- 

ng CPS [ 107 ]. Since this evaluation is time-consuming and often 

oorly reproducible [ 108 ], the TAP score has recently been intro- 

uced [ 100 ]. Studies have reported a good level of concordance 

etween the CPS and TAP score [ 109 , 110 ], and both should be

ncluded in the pathology report. In GC, PD-L1 positivity is gen- 

rally limited to the immune component and is only rarely ob- 

erved in neoplastic cells [ 46 ]. To accurately assess PD-L1, at least 

 biopsy samples and 100 viable neoplastic cells should be exam- 

ned [ 33 , 111 ]. 

The deficit of the MMR system (dMMR profile) and the result- 

ng microsatellite instability (MSI) status are well-known predic- 

ors of response to immunotherapy [ 112 ]. MSI tumors represent 

pproximately 22 % of all GCs [ 113 ], but as they are associated with

 good prognosis, they represent < 5 % of tumors in the metastatic 

etting [ 114 ]. dMMR status is assessed by IHC evaluation of the 

MR proteins MLH1, PMS2, MSH2, and MSH6 [ 1 ]. The expression 

s classified as retained in case of moderate/strong nuclear stain- 

ng in ≥10 % of tumor cells, lost if nuclear expression is absent, or 

ndeterminate if the staining intensity of tumor cells is lower than 

he internal control or nuclear staining is found in < 10 % of tumor 

ells [ 1 ]. In cases with indeterminate IHC results, is recommended 

o perform MSI testing by NGS or PCR [ 1 ]. In the absence of IHC

ositivity in the internal controls ( i.e. , non-neoplastic mucosa, lym- 

hocytes, and/or fibroblasts), the sample is considered ‘inadequate’ 

or MMR proteins assessment, and MSI testing by molecular assays 

s recommended. 

Since the loss of MLH1 and MSH2 leads to the degradation of 

MS2 and MSH6, respectively, a cost-effective approach could be 

o initially test PMS2 and MSH6 only. If loss of one of these is 

bserved, the expression of MLH1 and/or MSH2 should be eval- 

ated. Although a meta-analysis reported the validity of this two- 

ntibody approach [ 115 ], it is not recommended by ESMO guide- 

ines, due to the potential impact of pre-analytical and analytical 

ssues [ 75 , 112 ]. 

Although specific guidelines for GC are lacking, we suggest eval- 

ating at least 5–6 biopsy samples for MMR status [ 46 ]. 

Targeted therapy directed against CLDN18.2 represents the most 

ecent addition in the treatment landscape of GC [ 38 ]. The mon- 

clonal antibody zolbetuximab is currently recommended in ad- 

ition to chemotherapy as the first-line treatment in CLDN18.2- 

ositive tumors, defined as moderate to strong IHC membrane 

taining (complete, basolateral, or lateral) in at least 75 % of tu- 

or cells [ 38 , 103 ]. As cutoff values may change over time with the

ntroduction of new agents, we recommend reporting the percent- 

ge of 2 + /3 + tumor cells, rather than simply indicating whether 

he tumor is CLDN18.2-positive or -negative. Pre-neoplastic lesions 

hould not be considered in the evaluation, and at least 6 biopsy 

amples and 50 tumor cells should be assessed [ 38 ]. 

FGFR2 is a member of the FGFR family, and its splice iso- 

orm FGFR2b is expressed in almost 40 % of GCs [ 116 ]. FGFR2b-

ositive tumors have been associated with diffuse histology and 

 worse prognosis [ 117–119 ]. The monoclonal antibody bemar- 

tuzumab, directed against the FGFR2b isoform, has shown promis- 

ng results in the phase II FIGHT trial [ 120 ]. However, the phase

II FORTITUDE-101 study did not confirm the efficacy of bemar- 

tuzumab in patients with FGFR2b 2 + /3 + IHC staining in ≥10 % of

umor cells [ 121 ]; future studies are needed to better tailor anti- 

GFR2b-targeting. 
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.3. Small bowel adenocarcinoma 

Small bowel adenocarcinoma (SBA) is a rare malignancy, as- 

ociated with a worse prognosis than CRC [ 122 , 123 ]. Only a

imited number of studies have explored the role of predictive 

iomarkers and targeted treatments in advanced/metastatic SBAs 

 46 ]. dMMR/MSI status has been described in approximately 11 % 

f metastatic SBAs, with a higher prevalence compared to CRCs 

 124–126 ]. Since these tumors may benefit from immunotherapy 

 124 , 127 , 128 ], dMMR/MSI status should be assessed [ 46 ]. 

HER2 positivity has recently been described in approximately 

 % of advanced SBAs [ 126 ], and there is evidence of the efficacy

f HER2-targeted treatments in this context [ 129–131 ]. 

In addition, NGS can identify other actionable alterations, in- 

luding BRAF V600E, KRAS, and POLE/POLD1 mutations, RET or NTRK 

usions, and high tumor mutational burden (TMB) [ 46 , 132 ]. 

.4. Colorectal adenocarcinoma 

In metastatic CRC, MMR and HER2 status should be evaluated 

y IHC, along with molecular characterization of KRAS (exons 2, 

, and 4), NRAS (exons 2, 3, and 4), and BRAF (exon 15) [ 9 , 46 ].

n selected cases, multigene tumor NGS may be indicated to de- 

ect KRAS, BRAF, and POLE mutations, ERBB2 amplifications , NTRK 

nd RET fusions, MSI, and high TMB [ 8 ]. If tissue biopsies are not

vailable, circulating tumor DNA (ctDNA) assays represent a valid 

lternative for the molecular characterization of tumors [ 133 ]. 

The evaluation of MMR/MSI status should be performed in all 

RC patients at the time of diagnosis in the context of the univer- 

al screening for Lynch syndrome (LS) [ 134 , 135 ]. LS is caused by

ermline mutations in the DNA mismatch repair genes ( i.e., MLH1, 

SH2, MSH6 , and PMS2 ) or in EPCAM (leading to epigenetic si- 

encing of MSH2 )[134], and it is associated with an increased risk 

f developing several malignancies, including colorectal, endome- 

rial, ovarian, gastric, small bowel, and urinary tract cancers [ 136 ]. 

MMR/MSI tumors represent approximately 15 % of all CRC, and 

0 % of these arise in the context of LS [ 45 ]. As part of the uni-

ersal screening for LS, patients with loss of MSH2 and/or MSH6 

xpression or isolated loss of PMS2 expression should undergo ge- 

etic testing [ 134 , 135 ]. In patients with MLH1 and PMS2 expres-

ion lost, genetic testing is recommended only in cases without 

RAF V600E mutation and/or MLH1 promoter hypermethylation, 

hich are commonly found in sporadic dMMR tumors [ 134 , 135 ]. 

Localized dMMR/MSI tumors are associated with a better prog- 

osis but a worse response to fluoropyrimidine therapy compared 

o pMMR/Microsatellite stable (MSS) ones; therefore, MMR testing 

s useful to identify a subgroup of stage II CRC patients in which 

djuvant treatment is not recommended [ 137 ]. In the metastatic 

etting, dMMR/MSI tumors represent 5 % of cases [ 45 ]. These tu- 

ors are associated with good responses to ICIs [ 138 , 139 ]. Recent

tudies have also demonstrated excellent responses to neoadjuvant 

mmunotherapy in locally advanced CRC [ 4 , 140 , 141 ], highlighting 

he importance of assessing MMR status in biopsy specimens be- 

ore surgery and neoadjuvant therapy [ 45 ]. 

MMR protein expression is evaluated by IHC, followed by MSI 

nalysis (by PCR or NGS) in case of indeterminate/inadequate re- 

ults [ 45 , 75 ]. An adequate assessment requires the analysis of 

t least 50 viable tumor cells and at least 5 biopsy specimens 

 45 , 46 , 75 ]. 

Mutations in exons 2, 3, and 4 of KRAS and NRAS (found in ap-

roximately 40 % and 4 % of CRCs, respectively) are negative pre- 

ictive factors for response to anti-epidermal growth factor recep- 

or (EGFR) targeted therapies [ 1 , 9 ]. Therefore, RAS analysis by PCR 

r NGS is mandatory before starting treatment with the anti-EGFR 

onoclonal antibodies cetuximab and panitumumab [ 9 , 46 ]. In ad- 

ition, the KRAS G12C mutation, which is found in approximately 
451
 % of CRCs, has recently emerged as a potential drug target [ 142 ].

 recent phase III trial showed that the combination of the KRAS 

12C inhibitor sotorasib plus panitumumab resulted in prolonged 

rogression-free survival (PFS) compared to standard therapy [ 143 ]. 

his combination has been approved by the FDA as a second-line 

reatment for KRAS G12C-mutated metastatic CRC. 

BRAF mutations are found in approximately 10 % of CRCs, with 

he most common being the BRAF V600E mutation in exon 15 

 > 90 % of cases) [ 144 ]. This mutation is a known negative prognos-

ic factor in metastatic CRC, and some studies reported its associa- 

ion with a lower response to EGFR-targeted treatments [ 145–147 ]. 

n these patients, the BEACON study reported a prolonged survival 

ith the combination of encorafenib (a BRAF V600E inhibitor) plus 

etuximab compared to cetuximab plus chemotherapy as a sec- 

nd/third line of therapy [ 148 , 149 ], and a recent phase 3 trial also

eported significantly longer OS and PFS in patients treated with 

ncorafenib, cetuximab and chemotherapy compared to standard 

are in the first-line setting [ 150 ]. 

Although the BRAF V600E mutation can be detected by IHC in 

he context of universal screening for LS [ 151 , 152 ], the eligibility of

atients with unresectable/metastatic CRC for targeted treatments 

hould be assessed by PCR or NGS techniques, along with NRAS 

nd KRAS testing [ 46 , 153 ]. 

HER2 overexpression occurs in approximately 2 % of CRCs [ 154 ], 

nd HER2-targeted therapies are mainly adopted in the refractory 

etting [ 9 , 155 , 156 ]. 

HER2 expression can currently be assessed using two classifica- 

ion systems: the HERACLES criteria and those adopted in GC [ 154 ]. 

ccording to the HERACLES criteria, tumors with 3 + IHC staining 

ntensity in at least 50 % of neoplastic cells are considered posi- 

ive, while cases with 3 + staining intensity in < 10 % of neoplastic 

ells, 2 + staining intensity in < 50 % of neoplastic cells or 0/1 +
taining intensity are considered negative [ 157 , 158 ]. Confirmation 

y ISH is required for cases with 2 + staining in ≥50 % of tumor

ells or 3 + staining in 10 %–49 % of tumor cells [ 157 , 158 ]. The cri-

eria adopted in GC require ISH confirmation only in tumors with 

 + staining in ≥10 % of neoplastic cells, while cases with 3 + stain-

ng in 10 %–49 % of cells are regarded as positive [ 105 ]. Unlike

C, there is no validated method for assessing HER2 in CRC biopsy 

pecimens. Both classification systems can therefore be used (pro- 

ided that the system used is specified in the diagnostic report). A 

ecent study reported a good level of concordance between HER2 

verexpression in 10 % to 49 % of neoplastic cells and ISH positiv- 

ty, therefore, ISH could be unnecessary in this setting [ 159 ]. 

When available and cost-effective, multigene tumor NGS can be 

erformed to detect KRAS G12C and BRAF V600E mutations, ERBB2 

mplifications, MSI status, and POLE mutations [ 8 ], the latter asso- 

iated with high tumor mutational burden and good response to 

mmunotherapy in pMMR tumors [ 160 ]. NGS can also be used to 

etect other tumor-agnostic biomarkers such as NTRK1 / 2 / 3 and RET 

usions, and tumors with high TMB [ 8 ]. 

. Conclusion 

The evolution of precision medicine has led to the develop- 

ent of personalized therapeutic strategies for a growing number 

f patients. This is particularly relevant in the advanced/metastatic 

tage, when patients are not eligible for surgery. In this setting, 

owever, only small amounts of tissue are available for character- 

zing prognostic and predictive biomarkers, the number of which 

s constantly increasing. In GI oncology, pathologists often need to 

iagnose and evaluate biomarkers on small biopsy samples, which 

ay be affected by pre-analytical and analytical issues. Moreover, 

n the metastatic setting, inadequate clinical information can re- 

ult in waste of tissue in an attempt to define the primary tu- 

or or, worst of all, in the investigation of the ‘wrong’ prognostic 
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nd predictive biomarkers. For these reasons, a ‘critical’ approach 

o the diagnosis and the characterization of biomarkers is advised, 

ccording to Guidelines and evidence-based clinical practice, with 

articular reference to appropriate tissue handling. 
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