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a b s t r a c t 

Background: Tumor testing utility in Lynch syndrome (LS) diagnosis is established. 

Aims: Analyze the differences between tumor testing efficiency in rectal (RC) and colon cancer (CC). 

Methods: We performed immunohistochemistry (IHC) for MisMatch Repair (MMR) proteins (IHC-MMR) 

and MicroSatellite Instability analysis (MSI) on 482 unselected primary tumors: 320 CCs and 162 RCs. 

Samples had proficient-IHC, deficient-IHC or borderline-IHC (“patchy” expression). MSI-H borderline-IHC 

tumors were considered as likely MMR-deficient. Germline testing was offered to MMR-deficient patients 

without BRAF mutation or MLH1 promoter hypermetilation ( MLH1 -Hy). 

Results: We identified 51/482 (10.6%) MMR-defective tumors. Multivariable analysis demonstrated a sig- 

nificant correlation between tumor testing results with histotype, lymph-node involvement and tumor 

location. In particular, RC showed a lower MMR-deficiency rate than CC ( p < 0.0 0 01). Interestingly, MLH1 

loss was detected in 0% RCs and 76.1% CCs, with 80% of them showing BRAF mutation/ MLH1 -Hy. A 

germline variant was detected in 12 out of 18 patients (mutation detection rate of 66.7%). 

Conclusion: Tumor testing results showed molecular differences between CCs and RCs, in terms of MMR 

proteins expression, and presence of BRAF mutation/ MLH1 -Hy. MSH6 variants were the most frequent 

ones (50%). Although young age at diagnosis was associated with mutation detection ( p = 0.045), 33.3% 

of LS patients were > 50 years. 

© 2020 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved. 
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. Introduction 

Lynch syndrome (LS) is an autosomal dominant condition

aused by a germline mutation in one of the DNA MisMatch Re-

air (MMR) genes ( MLH1 , MSH2 , MSH6 and PMS2 ) or by an EPCAM

ene deletion resulting in MSH2 silencing [1] . LS is characterized

y a relevant increased risk of developing tumors, particularly col-

rectal cancer (CRC) and endometrial cancer (EC): it accounts for

pproximately 1–3% of all CRCs and 2% of ECs [2 , 3] . 
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Historically, the identification of individuals with LS has been

ased on clinical criteria (Amsterdam or Bethesda guidelines) [4] .

owever, sensitivity and specificity of these criteria has proven

o be moderate [5 , 6] . Universal testing of all CRCs by IHC-MMR

nd/or by MSI is currently recommended as initial screening ap-

roach to detect the syndrome, since MSI and loss of MMR protein

xpression are hallmarks of LS-associated tumors. Several studies

n universal tumor screening have found that half of LS cases

re diagnosed after age 50 and almost a quarter do not meet the

msterdam criteria or revised Bethesda guidelines [7 , 8] . In addi-

ion, clinical tools have been developed to quantify an individual’s

robability of carrying a MMR gene mutation ( e.g. MMRPro and

REMM5 Model), but also these models have limitations [9 , 10] .

n light of these considerations, in 2015 the Lombardy region in
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Italy approved a regional decree to offer IHC of MMR proteins

and/or MSI analysis to all newly diagnosed CRCs, as well as the

genetic counseling for all patients affected by an MMR-defective

CRC (Ruling n. 4498, 6 March 2015) [11] . 

Up to 85% of MMR-defective CRCs are sporadic, due to acquired

somatic mutations or MLH1 promoter hypermethylation ( MLH1 -Hy)

[12] . Tumors with loss of MLH1/PMS2 expression should be further

screened for BRAF p.Val600Glu mutation or MLH1 -Hy to exclude

sporadic etiology. Subsequent germline testing can ultimately con-

firm the LS diagnosis [4] . 

Of relevance, rectal cancer (RC) is usually less frequent than

colon cancer (CC) in LS patients, even if the syndrome has been

traditionally associated with “colorectal cancer”. Indeed, CC and RC

are mostly considered as a single tumor entity and are thought to

be a similar organ. However, previous studies rejected the defini-

tion “CRC”, showing that CC and RC are self-standing tumor enti-

ties according to epidemiology, carcinogenesis, molecular and tu-

mor biology [13] . 

In this study, we report our three-year experience of tumor

testing on CRCs at the European Institute of Oncology, evaluat-

ing possible differences between CCs and RCs in terms of IHC/MSI

screening efficiency and LS detection rate. 

2. Materials and methods 

2.1. Study population 

Patients who underwent tumor testing with IHC/MSI techniques

at the European Institute of Oncology (IEO) between January 2016

and December 2018 were included in the study cohort (482 pri-

mary and consecutive colorectal tumors, including samples from

other institutions) ( Table 1 ). The analyses were performed regard-

less of age at diagnosis and of personal and/or family history. The

series included 320 CCs and 162 RCs. We utilized cancer tissue

from either biopsies or surgical resection (pre- or post- chemother-

apy/radiotherapy). Clinico-pathological data were obtained from

electronic medical records. The study was approved by the Insti-

tutional Review Board (UID 2058). 

2.2. IHC-MMR and MSI 

Surgical resections were used as the source material for IHC-

MMR in 88.8% CCs and 50.0% RCs ( Table 1 ). IHC-MMR was per-

formed on representative formalin-fixed, paraffin-embedded tumor

specimens (both biopsies and surgical resections). Sections pre-

treated with EDTA were stained with DAKO ready-to-use mono-

clonal antibodies MSH6 (clone EP49), PMS2 (clone EP51), MSH2

(clone FE11) and MLH1 (clone ES05). A protein was considered to

be expressed when nuclear staining was present in ≥95% of tumor

cells. Loss of protein expression was defined as absence of nuclear

staining in ≥95% of tumor cells with appropriate labeling in inter-

nal controls. Staining in > 5% and < 95% of tumor cells was equivo-

cal. MMR status was classified as proficient if all four markers were

positive, as deficient if loss of expression was observed for at least

one protein, as borderline in cases with equivocal staining. 

All samples that underwent MSI analysis were evaluated by

trained and certified pathologists to assess adequacy and percent-

age of tumor cell content. Manual macrodissection was performed

before nucleic acid isolation using a sterile scalpel to enrich tumor

cell content (range 30–90%). 

Until June 2017 MSI was examined by amplification and anal-

ysis of polymerase chain reaction (PCR) products with a penta-

plex panel consisting of mononucleotide markers (BAT26, BAT25,

NR21, NR22, and NR24). After an internal validation, starting from

July 2017 the pentaplex panel was replaced by the real-time PCR-

based Idylla system (Biocartis NV, Mechelen, Belgium). This ap-
Please cite this article as: M. Marabelli, S. Gandini and P.R. Rafaniello 
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roach automatically analyzes seven short mononucleotide repeats

ocated in the ACVR2A , BTBD7 , DIDO1 , MRE11 , RYR3 , SEC31A and

ULF2 genes. Samples were classified as MSI-High (MSI-H), MSI-

ow (MSI-L) or microsatellite stable (MSS). 

MSI was performed on all 482 samples, while IHC-MMR on 474

amples, since eight cases did not have enough material for doing

oth ( Table 2 ). 

MLH1 -Hy testing was carried out using a methylation-specific

CR after DNA bisulfite conversion with EZ DNA Methylation Kits

Zymo research). BRAF p.Val600Glu was investigated with standard

CR and sequencing approach. 

.3. Germline analysis of MMR genes 

Subjects affected by MMR-deficient CRC and without MLH1 -Hy

r BRAF mutation were addressed to genetic counseling and pro-

ided written informed consent. Clinical features were collected

y medical records. PREMM5 model was used to estimate the

robability of detecting a germline MMR mutation [10] . Genomic

NA was extracted from peripheral blood on a MagCore Super

utomated Nucleic Acid Extractor (Diatech). The sequencing was

erformed with the Illumina MiSeq system and using the MiSeq

2 Standard reagent Kit 2 ×250 cycles. We utilized two alterna-

ive NGS multigene panels [14 , 15] both including all the MMR

enes; however, in order to reduce the number of uninforma-

ive/uncertain results, we extracted genetic data only for genes in-

icated by the IHC pattern, according to the NCCN guidelines [4] . 

Standard PCR followed by Sanger sequencing and Multiplex

igation-dependent Probe Amplification (SALSA MLPA P072 MSH6

robemix) were carried out for variant validation on an indepen-

ent sample. Germline MMR variants were classified according to

he IARC (International Agency for Research on Cancer) clinical

ve-class system and depending on the InSiGHT MMR gene vari-

nt classification criteria. In particular, the LOVD InSiGHT database

as consulted; if clinical significance of a variant was not reported

y the InSiGHT, other public databases were questioned, such as

linVar. In case of a Variant of Unknown Significance (VUS), where

osegregation analysis was applicable, we used the “Analyze my

ariant” website [16] . 

.4. Statistical analysis 

Descriptive characteristics are presented by colon and rectum

ites. We compared median and interquartile range of continuous

ariables with Wilcoxon rank test and relative frequencies of cat-

gorical variables with Chi-squared or Fisher’s exact tests. Multi-

ariable logistic regression model was used to calculate odds ra-

ios indicating the association of cancer site with MMR deficiency

djusting for other confounding factors. 

All statistical tests were two-sided, and p < 0.05 was considered

tatistically significant. The statistical analyses were performed

ith the Statistical Analysis System Version 9.2 (SAS Institute, Cary,

C, USA). 

. Results 

.1. Clinico-pathological characteristics of CC and RC patients 

The clinico-pathological features of the patients included in this

tudy are indicated in Table 1 , as well as the comparison between

C and RC characteristics. The two series were relatively homoge-

eous, showing similar age at cancer diagnosis, histology, grading,

N and pM. However, we observed a statistically significant differ-

nce for the following variables: sex (more males in RC than in CC

atients, p < 0.001); tumor specimen (more biopsies in RCs than in

Cs, p < 0.001); pT (bigger tumors in CCs than in RCs, p = 0.002);
et al., Is tumor testing efficiency for Lynch syndrome different in 
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Table 1 

Clinico-pathological features of the analyzed series. 

Total CCs RCs P-value 

Number of samples 482 320 162 

Median age at diagnosis (range) 63 ys (25–86) 64 ys (26–86) 63 ys (25–81) 0.28 

Sex < 0.001 

Male 270 (56.1%) 162 (50.6%) 109 (67.3%) 

Female 211 (43.9%) 158 (49.4%) 53 (32.7%) 

Histological subtype 0.26 a 

Adenocarcinoma NOS 436 (90.5%) 286 (89.4%) 150 (92.6%) 

Mucinous adenocarcinoma 34 (7.1%) 25 (7.8%) 9 (5.6%) 

Signet-ring cell carcinoma 4 (0.8%) 3 (0.9%) 1 (0.6%) 

Micropapillary adenocarcinoma 2 (0.4%) 2 (0.6%) 0 (0.0%) 

Carcinoma with sarcomatoid components 1 (0.2%) 1 (0.3%) 0 (0.0%) 

Adenosquamous carcinoma 1 (0.2%) 0 (0.0%) 1 (0.6%) 

Undifferentiated carcinoma 1 (0.2%) 0 (0.0%) 1 (0.6%) 

Adenoma 3 (0.6%) 3 (0.9%) 0 (0.0%) 

Colon site 

Left 177 (55.3%) 

Right 142 (44.4%) 

NA 1 (0.3%) 

Tumor specimen < 0.001 

Biopsy 117 (24.3%) 36 (11.3%) 81 (50.0%) 

Surgical resection 365 (75.7%) 284 (88.8%) 81 (50.0%) 

Grading 0.062 b 

G1 10 (2.1%) 7 (2.2%) 3 (1.9%) 

G2 184 (38.2%) 143 (44.7%) 41 (25.3%) 

G3 116 (24.1%) 99 (30.9%) 17 (10.5%) 

G4 1 (0.2%) 0 (0.0%) 1 (0.6%) 

NA 171 (35.5%) 71 (22.2%) 100 (61.7%) 

pT c 0.002 d 

pT1 8 (2.2%) 6 (2.1%) 2 (2.5%) 

pT2 32 (8.8%) 17 (6.0%) 15 (18.5%) 

pT3 211 (57.8%) 162 (57.0%) 49 (60.5%) 

pT4 65 (17.8%) 57 (20.1%) 8 (9.9%) 

pTx 49 (13.4%) 42 (14.8%) 7 (8.6%) 

pN 

c 0.167 e 

pN0 147 (40.3%) 107 (37.7%) 40 (49.4%) 

pN1 108 (29.6%) 84 (29.6%) 24 (29.6%) 

pN2 62 (17.0%) 51 (18.0%) 11 (13.6%) 

pNx 48 (13.2%) 42 (14.8%) 6 (7.4%) 

pM 

c 0.389 f 

pM0 287 (78.6%) 224 (78.9%) 63 (77.8%) 

pM1 51 (14.0%) 37 (13.0%) 14 (17.3%) 

pMx 27 (7.4%) 23 (8.1%) 4 (4.9%) 

Source of the sample < 0.001 

IEO 344 (71.4%) 212 (66.3%) 132 (81.5%) 

Another Institution 138 (28.6%) 108 (33.8%) 30 (18.5%) 

Neoadjuvant therapy < 0.001 b 

Yes 39 (8.1%) 7 (2.2%) 32 (19.8%) 

No 414 (85.9%) 290 (90.6%) 124 (76.5%) 

NA 29 (6.0%) 23 (7.2%) 6 (3.7%) 

Precedent tumors 0.006 b 

Yes 83 (17.2%) 65 (20.3%) 18 (11.1%) 

No 367 (76.1%) 229 (71.6%) 138 (85.2%) 

NA 32 (6.6%) 26 (8.1%) 6 (3.7%) 

IEO = European Institute of Oncology, NA = not available, NOS = no otherwise specified. 
a Adenocarcinoma vs. all other histotypes; 
b calculated without NA missing values; 
c for pTNM, numbers and percentages are referred only to surgical specimens, not biopsies; 
d calculated comparing pT1 or 2 vs. pT3 vs. pT4, without pTx cases; 
e calculated comparing pN0 vs. pN1 or 2, without pNx cases; 
f calculated without pMx cases. 

Table 2 

IHC and MSI status in 482 colorectal tumors. 

IHC-MMR status MSI status N. of samples N. of CC samples N. of RC samples 

proficient MSS 410 258 152 

proficient MSI-L 10 9 1 

proficient MSI-H 2 2 0 

borderline MSS 1 1 0 

borderline MSI-H 3 3 0 

deficient MSI-H 48 43 5 

not performed a MSS 7 3 4 

not performed a MSI-H 1 1 0 

482 320 162 

a In these cases IHC analysis was not performed due to the quantity of the available material. 

Please cite this article as: M. Marabelli, S. Gandini and P.R. Rafaniello et al., Is tumor testing efficiency for Lynch syndrome different in 
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Table 3 

Clinico-pathological features by MMR deficiency, univariate analysis. 

No ( n = 431) Yes ( n = 51) Total ( n = 482) P-value a 

Age ≤63 222 (51.5%) 26 (51.0%) 248 (51.4%) 0.943 

> 63 209 (48.5%) 25 (49.0%) 234 (48.6%) 

Gender F 183 (42.5%) 28 (54.9%) 211 (43.8%) 0.090 

M 248 (57.5%) 23 (45.1%) 271 (56.2%) 

Organ Colon 274 (63.6%) 46 (90.2%) 320 (66.4%) 0.0001 

Rectum 157 (36.4%) 5 (9.8%) 162 (33.6%) 

pT 1–2 38 (8.8%) 2 (3.9%) 40 (8.3%) 0.337 

3 184 (42.7%) 28 (54.9%) 212 (44.0%) 

4 59 (13.7%) 6 (11.8%) 65 (13.5%) 

pTx 150 (34.8%) 15 (29.4%) 165 (34.2%) 

Lymph-node involvement Yes 158 (36.7%) 13 (25.5%) 171 (35.5%) 0.115 

No 273 (63.3%) 38 (74.5%) 311 (64.5%) 

pM pM0 248 (57.5%) 40 (78.4%) 288 (59.8%) 0.009 

pM1 51 (11.8%) 1 (2.0%) 52 (10.8%) 

pMx 132 (30.6%) 10 (19.6%) 142 (29.5%) 

Grading 3 97 (22.5%) 20 (39.2%) 117 (24.3%) 0.031 

1–2 178 (41.3%) 16 (31.4%) 194 (40.2%) 

Missing 156 (36.2%) 15 (29.4%) 171 (35.5%) 

Source of the sample Other institution 118 (27.4%) 20 (39.2%) 138 (28.6%) 0.100 

IEO 313 (72.6%) 31 (60.8%) 344 (71.4%) 

Neoadjuvant therapy No 367 (85.2%) 47 (92.2%) 414 (85.9%) 0.024 

Yes 39 (9.0%) 0 (0.0%) 39 (8.1%) 

Tumor specimen Biopsy 112 (26.0%) 5 (9.8%) 117 (24.3%) 0.011 

Surgery 319 (74.0%) 46 (90.2%) 365 (75.7%) 

Histological subtype Adenocarcinoma 400 (92.8%) 36 (70.6%) 436 (90.5%) < 0.0001 

Other 31 (7.2%) 15 (29.4%) 46 (9.5%) 

Position Rectum 157 (36.4%) 5 (9.8%) 162 (33.6%) < 0.0001 

Left colon 168 (39.0%) 9 (17.6%) 177 (36.7%) 

Right colon 105 (24.4%) 37 (72.5%) 142 (29.5%) 

Personal history of other cancer No 332 (77.0%) 35 (68.6%) 367 (76.1%) 0.491 

Yes 73 (16.9%) 10 (19.6%) 83 (17.2%) 

a P-value from Chi-square or Fisher exact test. 
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origin of the sample (more CC than RC samples coming from other

institutions, p < 0.001); neoadjuvant therapy (more in RC than in CC

patients, p < 0.001); personal history of a previous tumor (more fre-

quent in CCs than in RCs, p = 0.006). 

3.2. Tumor testing results 

Table 2 summarizes tumor testing results in 482 CRCs. MSI was

performed on 482 samples and IHC-MMR on 474 samples. MSI and

IHC results were highly concordant ( ∼99%). The only two samples

with discordant results were MSI-H, proficient-IHC colon cancers:

MLH1 -Hy was detected in both cases, therefore genetic workup

was not recommended. 

None of the cases in which IHC was not performed were ad-

dressed to genetic counseling, since 7 were MSS and 1 MSI-H CC

case had MLH1 -Hy. The remaining IHC results were the follow-

ing: 87.5% ( n = 422) proficient-IHC; 10.0% ( n = 48) deficient-IHC;

0.8% ( n = 4) borderline-IHC. Three out of four borderline-IHC tu-

mors proved to be MSI-H and were considered as likely deficient-

MMR. On the whole, 51 samples (10.6%) were considered as having

deficient-MMR (gray color in Table 2 ). 

As reported in Table 3 , univariate analysis showed a significant

correlation between MMR deficiency and the following clinico-

pathological features: tumor location (rectum vs. left colon vs.

right colon), pM, grading, neoadjuvant therapy, tumor specimen,

histotype. In particular, an MMR defect was observed in 37/142

(26.1%) right CCs, in 9/177 (5.1%) left CCs and in 5/162 (3.1%) RCs

( p < 0.0 0 01). However, multivariable logistic analysis demonstrated

that cancer site, histotype and lymph-node status were the only in-

dependent factors influencing tumor testing results ( Table 4 ): CCs

were significantly more associated with MMR-deficiency than RCs

( P < 0.001) adjusting for lymph-node involvement (pN + were less

associated with MMR-deficiency than pN0 or pNx) and histotype

(adenocarcinoma NOS was less associated with MMR-deficiency
Please cite this article as: M. Marabelli, S. Gandini and P.R. Rafaniello 
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ompared with other histotypes, i.e. , in our series, mainly muci-

ous or signet-ring cell carcinomas). 

.3. Genetic testing results 

Following IHC/MSI tumor testing, BRAF and MLH1 -Hy analy-

es were performed to further select patients to be triaged for

ermline mutational analysis. As shown in Fig. 1 , all the 35 sam-

les with loss of MLH1 and PMS2 expression were CCs, while

o RCs were found to be IHC-deficient for these two proteins

35/46 = 76.1% vs. 0/5 = 0%, p < 0.01). Twenty-eight CC samples with

oss of MLH1/PMS2 expression had BRAF mutation or MLH1 -Hy

28/35 = 80%). PREMM5 model probability and age at diagnosis

ave been considered before definitely excluding these patients. In

5 out of 28 patients age at diagnosis was over 50 years. In the

emaining three, PREMM5 model was higher than 2.5%. In these

ases, MLH1 constitutional methylation analysis is recommended

17] . However since our laboratory does not perform this test, we

ddressed these patients to other centers. 

In summary, 23 patients were addressed to genetic counsel-

ng: 18/46 affected by colon cancer (39.1%) and 5/5 affected by

ectal cancer (100%). Eighteen of these patients agreed to un-

ergo germline testing (15 CCs and 3 RCs – 78% compliance). Ge-

etic variants were found in 12 patients (66.7%): 9 CC patients

4 in MLH1 , 4 in MSH6 , 1 in PMS2 , including two CC cases with

orderline-IHC and MSI-H); 3 RC patients (1 in MSH2 , 2 in MSH6 )

 Table 5 ). The detection rate in CCs was 60% (9/15) while in RCs

as 100% (3/3). 

A germline mutation was detected in 8 out of 12 patients

ho fulfilled Bethesda criteria (two of which with PREMM5 > 2.5%)

nd in 4 out 6 patients without Bethesda criteria (three of which

ith PREMM5 > 2.5%). All the variants identified were pathogenic

ith the exception of the c.207 + 5G > C in MLH1 gene detected in

atient 45 ( Table 5 ), currently unreported in the InSiGHT database.
et al., Is tumor testing efficiency for Lynch syndrome different in 
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Table 4 

Results from multivariable logistic model for MMR deficiency. 

OR a Low Up P-value 

Histological subtype Adenocarcinoma vs. other histotypes 0.18 0.09 0.38 < 0.0001 

Organ Colon vs. rectum 5.84 2.23 15.26 0.0003 

Lymph-node involvement Yes vs. no 0.43 0.21 0.85 0.0162 

a OR indicates the association with MMR deficiency. 

Fig. 1. Results of CC and RC screening for LS. 
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(  
osegregation of the VUS with the disease in the family (Supple-

entary Figure 1) and previous RNA studies [18] allowed us to

lassify this variant as likely pathogenic (Class 4) according to the

nSiGHT classification criteria. 

Median age at diagnosis was 46 (range: 29–66) and 43 (range:

8–46) years in CC and RC mutation carriers, respectively. Univari-

te analysis revealed that age at onset of cancer was significantly

ssociated with detection of MMR germline variants (79% were car-

iers among patients younger than 63 years of age vs. 25% among

he older group, p = 0.045). However, 33.3% of mutation carriers

ere > 50 years of age, confirming the crucial role of the univer-

al tumor screening for LS detection. 

As reported in Table 5 , in six patients with MMR-deficient CC

he analysis of LS genes corresponding to the MMR defect did not

eveal any germline mutation. 

Overall, excluding those who declined genetic testing, a

ermline mutation was identified in 12/477 samples showing

o differences between CCs and RCs patients (9/317 = 2.8% and

/160 = 1.9%, respectively; p = 0.53). 

. Discussion 

Here we describe our three years’ experience at the European

nstitute of Oncology, a specialistic third-level center, with system-

tic CRC tumor testing for LS, focusing the attention on the com-

arison between CCs and RCs. 

On the whole, we identified 51/482 (10.6%) MMR-defective

RCs, which is in line with the 10–15% rate reported in the lit-

rature for Western countries [19] . 

Our study shows that tumor location is strictly associated with

umor testing results. In particular, we found that RC has a sig-

ificantly lower MMR deficiency rate than CC (respectively 3%

s 14.6%; p < 0.0 0 01). All MMR-defective RCs showed absence of

SH2/MSH6 proteins, while the majority of CCs (76.1%) displayed

oss of MLH1/PMS2 expression. This might be explained by an en-

ichment of CCs with sporadic tumors showing epigenetic silenc-

ng of MLH1 gene or BRAF mutation (28/35 = 80% of CCs with loss
Please cite this article as: M. Marabelli, S. Gandini and P.R. Rafaniello 

rectal and colon cancer? Digestive and Liver Disease, https://doi.org/10
f MLH1/PMS2). Indeed, CCs and RCs have been reported to be dif-

erent in their molecular profiles and carcinogenic alterations, with

Cs showing more frequently BRAF mutations [13] . 

Five MMR-defective RC patients (5/5 = 100%) and 18 out of 46

C patients (39.1%) were addressed to genetic counseling. Eighteen

ut of 23 patients (78.3%) addressed to genetic counseling, under-

ent genetic test. A germline MMR mutation has been found in 12

ut of 18 patients (66.7%). 

Interestingly, all RC patients who underwent genetic test proved

o carry a germline MMR mutation (3/3 = 100%) compared with

nly 9/15 (60%) CC patients. However, despite the initial difference

n the MMR deficiency rate, the overall prevalence of germline

MR mutations was similar in CC and RC (2.8% and 1.9%, respec-

ively; p = 0.56). 

An interesting finding we observed in our LS patients is the

igh prevalence (50%) of MSH6 germline mutations, which were

he most frequent ones in both cancers (4/9 CC and 2/3 RC

atients). This is apparently in contrast with what has been

eported in the literature, where MLH1 and MSH2 comprised

0–80% of LS cases [20] . One possible explanation for this dis-

repancy could be the different criteria for LS screening. When

ynch syndrome is ascertained from individuals with early-onset

RC/EC or with a personal/family history of LS-associated tumors,

tudies have found a vast majority of MLH1 and MSH2 germline

utations, with MSH6 , PMS2 , and EPCAM mutations being signifi-

antly less frequent. On the contrary, the universal tumor testing

s a first screening approach, without any selection for age at di-

gnosis and personal/family history, is likely to allow the identifi-

ation of more LS patients carrying moderate/low-penetrant muta-

ions in MSH6/MSH2/EPCAM genes. Moreover, De Rosa et al. [21] ,

n a large cohort of MMR defective RCs, reported that MLH1 and

MS2 were defective in only 24% of cases. A pathogenic variant in

ne of MMR genes was detected in 73% RC patients who under-

ent germline genetic test. Unfortunately, De Rosa and colleagues

id not specify the detection rate for each single gene. Cercek et

l. [22] have recently shown similar data: 42 out of 50 patients

84%) with defective MMR and/or MSI rectal adenocarcinoma had
et al., Is tumor testing efficiency for Lynch syndrome different in 
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Table 5 

Phenotypes and genotypes of patients who underwent germline MMR testing 

Patient 

id 

Sex Age at first 

diagnosis 

Personal 

history 

Family history Amsterdam/ 

revised 

Bethesda 

criteria 

PREMM5 

value 

MSI 

status 

IHC status BRAF/ MLH1 - 

Hy 

results 

Germline 

testing 

(analyzed 

genes) 

Mutated 

gene 

Nucleotide 

change d 
Protein change 

3 F 37y CC 37y a ; BcC 

40y; OC 

43y a ; BcC 

43y 

EC 47y(R) (sister), EC 51y(R) (mother), 

CRC 52y(R) (maternal aunt 1), CRC 

56y(R) (maternal aunt 2), GC 80y(R) 

(maternal aunt 3), LC 64y(R) 

(maternal grandmother), PrC 53y(R) 

(maternal grandfather), PC 94y(R) 

(paternal grandmother), GC 72y(R) 

(paternal grandfather) 

No/Yes > 50% MSI-H MLH1 - PMS2 

borderline 

BRAF - 

no_ MLH1 _Hy 

MLH1 b MLH1 c.1890dupT p.Asp631Ter 

7 F 42y CC 42y a CRC 46y(R) and CC 65y(C) and CAs(C) 

(father), CC 45y(C) and CAs(C) and EC 

46y(R) (paternal aunt), EC 46y(R) and 

CRC 48y(R) (paternal grandmother), 

LuC 78y(R) (grandfather), HNC 57y(R) 

(mother), LuC 60y(R) (maternal 

grandmother) 

Yes/Yes 46.3 % MSI-H MLH1-PMS2- BRAF - 

no_ MLH1 _Hy 

MLH1 b 

PMS2 b 
MLH1 c.545 + 3A > G p.Glu153ValfsTer9 

9 F 26y CC 26y; 

CC 67y a ; 

CAs 66y and 

71y 

BC 54y(R) (half-sister), LuC 50y(R) 

(maternal uncle), CRC 50y(R) (paternal 

grandfather), CAs(R) (paternal aunt 1), 

CAs(R) and GAs(R) (paternal aunt 2), 

CRC 55y(R) (paternal cousin) 

No/Yes 3.2 % MSI-H MLH1-PMS2- BRAF - 

no_ MLH1 _Hy 

MLH1 

PMS2 

WT − −

12 M 60y CC 60y a Lym 63y(R) (sister), GC 63y(R) 

(father), CC 50y(C) (paternal cousin), 

Liver 74y(R) (maternal uncle) 

No/No 3.4 % MSI-H MSH6 

borderline 

MSH2 

borderline 

− MSH2 

MSH6 

MSH6 c.2931C > G p.Tyr977Ter 

13 M 66y BlC 61y; 

CC 66y a ; 

UC 66y; RC 

66y 

PrC 71y(C) (brother), CRC 67y(R) 

(mother), OC 63y(R) (maternal 

grandmother), GB 54y(R) (maternal 

cousin), BC 52y(R) (paternal 

grandmother), BC 60y(R) (paternal 

aunt 1), BC 46y(R) (paternal aunt 2), 

Sar 36y(R) (paternal uncle), TC 50y(R) 

(paternal aunt 3) 

No/Yes 7.4 % MSI-H MSH6 

borderline 

− MSH6 MSH6 c.3932_3948 

dupAAGTTAT 

TCAAAAGGGA 

p.His1317 

LysfsTer16 

15 F 38y CA 38y a ; 

CA 40y; 

BC 43y 

BC 47y(C) (sister), CRC 31y(R) (father), 

CRC 79y(R) (paternal grandfather), 

CRC 35y(R) (paternal grandfather’s 

brother), BC and OC 60y(R) (paternal 

grandmother) 

No/No 1.5 % MSI-H MLH1-PMS2- BRAF - 

no_ MLH1 _Hy 

BRCA1 BRCA2 

MLH1 b 

PMS2 b 

MLH1 c.1989G > T p.Glu633_663del 

34 M 72y CC 72y a CRC 60y(R) (maternal aunt 1), CRC 

60y(R) (maternal uncle), LC 70y(R) 

(maternal aunt 2) 

No/Yes 2.2 % MSI-H MLH1-PMS2- 

MSH6- 

BRAF - 

MLH1 _Hy 

MSH6 WT − −

45 F 29y CC 29y a LuC 28y(R) (brother), OC 43y(R) 

(mother), EC 42y(C) (maternal aunt), 

CC 51y(C) (maternal uncle), CC 42y(C) 

(maternal uncle), CRC 44y(R) 

(maternal grandmother) 

No/Yes 40.5 % MSI-H MLH1-PMS2- BRAF - 

no_ MLH1 _Hy 

MLH1 

PMS2 b 
MLH1 c.207 + 5G > C −

219 F 68y BC 62y; 

CC 68y a 
EC 61y(R) and KC 62y(R) (mother), PC 

60y(R) (maternal cousin), CRC 70y(R) 

(paternal aunt), BC 65y(R) (paternal 

grandmother) 

No/No 2.5 % MSI-H MSH6 

borderline 

− MSH6 WT − −

( continued on next page ) 

P
le

a
se

 cite
 th

is
 a

rticle
 a

s:
 M

.
 M

a
ra

b
e

lli,
 S

.
 G

a
n

d
in

i
 a

n
d
 P.R

.
 R

a
fa

n
ie

llo
 e

t
 a

l.,
 Is

 tu
m

o
r
 te

stin
g
 e

ffi
cie

n
cy

 fo
r
 Ly

n
ch

 sy
n

d
ro

m
e
 d

iffe
re

n
t
 in

 

re
cta

l
 a

n
d
 co

lo
n
 ca

n
ce

r?
 D

ig
e

stiv
e
 a

n
d
 Liv

e
r
 D

ise
a

se
,
 h

ttp
s://d

o
i.o

rg
/1

0
.1

0
1

6
/j.d

ld
.2

0
2

0
.0

6
.0

0
2
 

https://doi.org/10.1016/j.dld.2020.06.002


M
.
 M

a
ra

b
elli,

 S.
 G

a
n

d
in

i
 a

n
d
 P.R

.
 R

a
fa

n
iello

 et
 a

l.
 /
 D

ig
estive

 a
n

d
 Liver

 D
isea

se
 xxx

 (xxxx)
 xxx

 
7
 

A
R

T
IC

L
E

 IN
 P

R
E

S
S

 

JID
:
 Y

D
L
D
 

[m
5
G

;
 Ju

n
e
 3

0
,
 2

0
2
0
;1

9
:2

6
 ]
 

Table 5 ( continued ) 

Patient 

id 

Sex Age at first 

diagnosis 

Personal 

history 

Family history Amsterdam/ 

revised 

Bethesda 

criteria 

PREMM5 

value 

MSI 

status 

IHC status BRAF/ MLH1 - 

Hy 

results 

Germline 

testing 

(analyzed 

genes) 

Mutated 

gene 

Nucleotide 

change d 
Protein change 

223 F 55y CC 55y a GC 69y(R) (father), CNC 65y(R) 

(maternal aunt) 

No/Yes 2.9 % MSI-H MSH6- 

MSH2- 

− MSH6 MSH2 

EPCAM 

c 

WT − −

279 F 61y CC 61y a CRC 55y(R) (sister), GC 56y(R) 

(father), HNC 50y(R) (paternal uncle), 

Sar 46y(R) (niece – sister’s daughter) 

No/No 2.9 % MSI-H PMS2- − PMS2 PMS2 c.3G > A p.Met1Ile 

316 M 46y CC 46y; 

CA 50y a 
EC 54y(C) (sister), PC 39y(R) (father) No/Yes ≥ 14,9 % MSI-H MSH6- − MSH6 MSH6 c.3477C > G p.Tyr1159Ter 

348 M 38y RC 38y a ; 

CA 39y 

CRC 36y(R) and 48y(R) (father), CRC 

45y(R) and OC 53y(R) (paternal aunt 

1), OC 56y(R) (paternal aunt 2), BC 

38y(R) and OC 49y (R) (paternal aunt 

3), BoC 31y(R) (paternal uncle), EC 

54y(R) (paternal grandmother), Leu 

40y(R) (maternal aunt); 

consanguineous parents (first-degree 

cousins) 

No/Yes > 50% MSI-H MSH2- − MSH2 MSH2 c.1861C > T p.Arg621Ter 

495 M 43y RC 43y a ; 

CA 44y 

CRC 57y(R) and BC 59y(R) (mother), 

GC 73y(R) (maternal grandfather), CRC 

73y(R) (paternal uncle), CNC 52y(R) 

(paternal aunt 1) 

No/Yes 16 % MSI-H MSH6- − MSH6 MSH6 c.458- 

50_3646 + 61del 

−

534 F 63y CC 63y a CC 58y(C) and PrC 65y(C) (brother), 

CRC 82y(R) (maternal grandmother) 

No/Yes 1.3 % MSI-H MLH1-PMS2- BRAF - 

no_ MLH1 _Hy 

MLH1 

PMS2 

WT − −

537 M 60y CC 60y a ; 

CAs 61y 

EC 54y(C) (sister), PC 54y(R) (father) No/No 6.9 % MSI-H MSH6- − MSH6 MSH6 c.3261dupC 

p.Phe1088LeufsTer5 

543 F 73y CC 73y a TC 20y(C) (daughter), TC 20y(R) (son), 

BlC 50y(R) (brother), EC 60y(R) 

(sister), BlC 50y(R) (maternal 

grandfather) 

No/No 2.1 % MSI-H MSH6- 

MSH2- 

− MSH6 MSH2 

EPCAM 

c 

WT − −

778 M 46y RC 46y a CRC 78y(R) (mother), PC 64y(R) 

(sister), MM 56y(R) (brother), CA 

32y(C) (son), PC 50y(R) (maternal 

uncle), CNC 60y(R) (paternal aunt) 

No/Yes 4.6 % MSI-H MSH6- − MSH6 MSH6 c.3951_3955 

dupTAGAA 

p.Lys1319IlefsTer10 

a sample analyzed with tumor testing 
b sequencing only 
c large rearrangements only 
d mutation nomenclature refers to the following RefSeq: MLH1 NM_0 0 0249.3; MSH2 NM_0 0 0251; MSH6 NM_0 0 0179; PMS2 NM_0 0 0535 

BC = breast cancer, BcC = basal cell carcinoma, BlC = bladder cancer, BoC = bone cancer, CAs = colon adenomas, CC = colon cancer, CNC = cerebral cancer, CRC = colorectal cancer, EC = endometrial cancer, GAs = gastric adenomas, 

GB = glioblastoma, GC = gastric cancer, HNC = head and neck cancer, KC = kidney cancer, LC = liver cancer, Leu = leukemia, LuC = lung cancer, Lym = Lymphoma, MM = multiple myeloma, OC = ovarian cancer, PC = pancreatic cancer, 

PrC = prostate cancer, RC = rectal cancer, Sar = sarcoma, TC = thyroid cancer, UC = ureteral cancer, (R) = reported, (C) = confirmed by records, no_ MLH1 _Hy = absence of MLH1 promoter hypermethylation, MLH1 _Hy = presence of MLH1 

promoter hypermethylation, WT = wild type 
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a LS-associated germline mutation in a MMR gene. In these pa-

tients, the prevalence of MLH1 germline mutation was lower than

CC patients (21% vs 48%) while MSH2 and MSH6 mutations were

significantly higher (RC vs CC: MSH2 : 57% vs 36%; MSH6 : 17% vs

9%; P-value < 0.003). Taken together with these results, our data

seem to confirm a greater involvement of MSH2 and MSH6 in RCs

differently from CCs. 

In our series many MMR mutation carriers did not meet the

Amsterdam criteria and only 12/18 fulfilled Bethesda guidelines

( Table 5 ). Notably, 4 out of 6 patients without Bethesda criteria

were carriers of a germline mutation. Moreover, 4 out of 12 (33.3%)

LS patients were > 50 years of age at diagnosis: all of them devel-

oped CC and were carriers of a germline mutation in MSH6 (three

patients) or in PMS2 (one patient). These findings reinforce the

idea that a great fraction of LS patients would be missed if screen-

ing was restricted only to those diagnosed < 50 years of age or

with a relevant family history of CRC, confirming the crucial role

of the universal tumor screening for LS detection [11 , 23] . At any

rate, the young age at cancer diagnosis remains a strong predictor

for the presence of a MMR germline mutation. 

Importantly, six patients with a MMR-defective CC (6/15 = 40.0%

of those undergoing genetic test) were not carriers of a germline

mutation in LS genes. Several hypotheses could be put forward to

explain these cases. One possibility is that they are sporadic CCs

harboring biallelic somatic mutations of MMR genes. Alternatively,

they could be due to unknown germline mutations in LS genes

undetected because of a limitation in the technology, or in other

cancer-related genes. Nevertheless, most of these other genes are

involved in different clinical pictures mainly represented by poly-

posis ( e.g. MUTYH , APC , PTEN …) and/or are still not considered clin-

ically actionable ( e.g. POLE , POLD1 ) [24] . Furthermore, we cannot

exclude the presence of a germline MLH1 promoter hypermethyla-

tion in those cases showing a somatic promoter hypermethylation

of the gene. However, age at diagnosis was > 50 years in ∼90% of

patients (25 out of 28) making this rare genetic defect less likely

in our cohort. 

As reported in other studies [11 , 25 –27] , we observed a high

level of concordance between MSI and IHC results ( ≈99%), suggest-

ing an interchangeable use of these tests in CRC analysis. However,

a combined approach of the two techniques could be ideal espe-

cially for a proper management of discordant results [28] . Our ex-

perience suggests that using both IHC and MSI for tumor testing

can be helpful. MSI-H borderline-IHC CC cases were addressed to

genetic testing. Two of them ended up to be carriers of a MSH6

germline mutation. 

Our study revealed that tumor location is independently as-

sociated with tumor testing results. In particular, we found that

RC shows a significantly lower MMR deficiency rate than CC

( p < 0.0 0 01). Multivariable analysis, adjusted for histotype and

lymph node involvement, confirmed this result ( Table 4 ). Unfortu-

nately we cannot exclude that the association between histotype

and lymph-node involvement with MMR deficiency may be biased

by sample source (28.6% coming from other institutions). At any

rate, MMR results were not influenced by other variables, such as

tumor specimen and previous treatments. For RCs, biopsies were

used as the source material in 50% of cases because most patients

had pre-operative adjuvant treatments. Although the smaller size

of biopsy tissue may potentially increase the false-negative rate of

MMR testing, different studies have demonstrated the concordance

between results from colonoscopic biopsies and colorectal surgi-

cal resections [29 , 30] . Actually, tumor testing performed on biop-

sies has many potential advantages over testing on a tumor sur-

gical resection, including an easier and early sample preparation

procedure despite the very small quantity of tissue. A preopera-

tive diagnosis of LS provides the opportunity for appropriate in-

formed discussion with the patient about the surgical management
Please cite this article as: M. Marabelli, S. Gandini and P.R. Rafaniello 

rectal and colon cancer? Digestive and Liver Disease, https://doi.org/10
ptions [31] . In addition, neoadjuvant chemo-radiation on surgical

C specimens has been reported to alter IHC results, mainly caus-

ng a reduction in MSH6 staining due to induced somatic DNA al-

erations [32] . However, this is not the case in our study: as ex-

ected, more RC patients received neoadjuvant treatment than CC

atients (19.8% vs . 2.2%, p < 0.001), but therapy did not affect tumor

esting results. Indeed, all the RT cases with previous neoadjuvant

reatment had proficient-IHC. 

It is also noteworthy that for three patients colorectal adeno-

as were the only available tissues to perform tumor testing. Al-

hough the efficiency of IHC-MMR on colorectal polyps has been

eported to be low [33] , in our study 2 out of 3 adenomas showed

HC-deficiency and both patients proved to carry a germline MMR

utation. This suggests that adenomas could be carefully consid-

red when cancer tissue is not available. 

The strength of our study is in the large cohort of samples un-

ergoing an IHC/MSI tumor analysis, without any selection based

n age at diagnosis or personal/family history, which gives the op-

ortunity to evaluate the real impact of this kind of screening in

he diagnosis of a rare condition as LS. On the other hand, a possi-

le limitation is in its observational retrospective nature. We have

nalyzed clinical data and tumor testing results of a three-year pe-

iod, and possible bias could have influenced our analysis, such as

he changing of the MSI testing over time. 

In conclusion, our study remarks the efficiency of unselected

umor testing for LS detection both in CCs and in RCs, and supports

ts efficiency on both biopsies and surgical samples. Although the

wo tumors show a different MMR-deficiency rate, they seem to

e equally involved in LS (2.8% and 1.9%, respectively). Even if ad-

itional studies with an increased cohort size are required to con-

rm our findings, our results indicate that CCs and RCs are self-

tanding tumor entities, showing different carcinogenic processes

nd molecular profiles. In particular, when IHC/MSI analyses are

erformed on tumor tissues, a large proportion of sporadic CCs -

howing epigenetic silencing of MLH1 gene or BRAF mutation – can

e identified. On the contrary, RCs show less frequently a defect in

LH1/PMS2 expression, and subsequent BRAF/MLH1 -Hy analysis is

ess likely to be needed to exclude somatic etiology. Therefore, our

esults suggest IHC is more effective in RCs than in CCs both in

erms of cost-effectiveness and timing of LS diagnosis. These ob-

ervations may suggest more customized screening procedures re-

ated to CRC site. 
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