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a  b  s  t  r  a  c  t

Background  and  aims:  Lynch  syndrome  (LS)  is  associated  with  an  increased  risk  of  small  bowel  tumors
but  routine  screening  is  not  recommended  in  international  guidelines.  The  aim  of  our study  was  to
determinate  the  prevalence  of duodenal  tumors  in  a French  cohort  of LS  patients.
Methods: Patients  carrying  a germline  pathogenic  variant  in  a MMR  gene,  supported  by our  local  network,
in  which  at  least one  upper  endoscopy  had  been  performed,  were  included.  We  registered  the occurrence
of  duodenal  lesions  in those  patients.
Results:  154  LS  patients  were  identified  including  respectively  85 MSH2  and  41 MLH1  mutated  patients
respectively.  Seven  out of 154 (4.5%)  had  at least  one  duodenal  lesion.  Median  age  at  diagnosis  was  58
years  (range:  49–73).  The  twelve  lesions  locations  were:  descending  duodenum  (n  =  7),  genu  inferius
(n  =  2),  duodenal  bulb  (n = 1),  ampulla  (n =  1), fourth  duodenum  (n =  1). Three  lesions  were  invasive  ade-
creening endoscopy nocarcinomas.  The  incidence  rate  of  duodenal  lesions  in patients  with  MSH2  or  MLH1  pathogenic  variants
was  respectively  7.1%  (6 out  of 85) and  2.4%  (1 out  of  41)  emphasizing  a  trend  toward  increased  risk  of
developing  duodenal  lesion  in  MSH2  mutated  patients:  OR:  5.17,  IC95%  (0.8–60.07),  p  =  0.1307.
Conclusion:  Regarding  this  high  prevalence  rate, especially  in  MSH2  patients,  regular  duodenal  screening
during  upper  endoscopy  should  be  considered  in  routine  in LS patients.

© 2018  Editrice  Gastroenterologica  Italiana  S.r.l.  Published  by Elsevier  Ltd.  All  rights  reserved.
. Introduction

Lynch syndrome (LS), is an autosomal dominant condition first
escribed in 1966 [1]. It is caused by germline pathogenic variants

n one of the four DNA mismatch-repair (MMR)  genes: MLH1, MSH2,
MS2 or MSH6 or by deletions in the EPCAM gene (MSH2 promoter)
2]. Nearly 90% are located in MLH1 and MSH2 and approximately
0% in MSH6 and PMS2 [3].

LS is associated with an increased risk of developing gastroin-
estinal, gynecological and other types of cancers [4,5]. Among
hese, colorectal cancer is the one with the highest risk of occur-
ence. LS is accounting for about 3% of newly diagnosed cases of

olorectal malignancy [6–8].

Small bowel adenocarcinomas (SBA) are rare tumors [9]. An
ncreased risk of SBA has been reported in patients with MMR

∗ Corresponding author at: 27, Rue du Faubourg Saint-Jacques, 75014 Paris, France.
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pathogenic variants. The lifetime risk for this cancer varies a lot
depending on the studies ranging from 0.6% to 12.0% [10–12] which
corresponds to a more than 100 fold incidence increased compared
to sporadic ones [13].

In SBA, the duodenum is the most frequently involved seg-
ment with 50–80% of cases followed by the jejunum (10–25%)
and finally ileum (5–15%) [14,15]. In LS-associated SBA, these loca-
tion data appear to be similar [16]. Therefore, based on these
epidemiologic data, the majority of SBA can be diagnosed during
conventional endoscopic examination such as esophagogastroduo-
denoscopy (EGD) and colonoscopy with ileal intubation.

However, based on several publications suggesting that routine
surveillance of the small bowel in LS was not cost-efficient [17,18],
both American and European recommendations, which agree on
the realization of an initial EGD with Helicobacter pylori biopsies at
age 30–35, do not include systematic screening surveillance of the

small bowel in their guidelines. Some recent publications suggest
that endoscopic investigations such as small bowel capsule (VCE)
might have an interest in this indication [19,20] leading Giardello
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https://doi.org/10.1016/j.dld.2018.10.005
http://www.sciencedirect.com/science/journal/15908658
http://www.elsevier.com/locate/dld
http://crossmark.crossref.org/dialog/?doi=10.1016/j.dld.2018.10.005&domain=pdf
mailto:marion.dhooge@aphp.fr
https://doi.org/10.1016/j.dld.2018.10.005


300 N. Hammoudi et al. / Digestive and Liver Disease 51 (2019) 299–303

Table 1
General characteristics of patients with duodenal lesions.

Patient
number

Gender Gene with
pathogenic

Smoker BMI  (kg/m2) Age at first
duodenal lesion
diagnosis (years)

Familial history of
duodenal lesion

Personal history of
digestive cancer related to
LS (age of diagnosis)

Personal history of other LS
or possible LS cancer (age
of diagnosis)

1 Male MSH2 No 26.9 71 Yes No No
2  Male MSH2 Yes 30.1 49 Yes No No
3  Male MSH2 No 24.9 51 No 2 synchronous colorectal

adenocarcinomas (56–56)
Prostatic adenocarcinoma
(58)

4  Female MSH2 No 23.3 53 No No No
5  Male MSH2 Former 27.6 71 No Gastric adenocarcinoma

(71)
Muir Torre syndrome; 3
Urothelial carcinomas
(60–72); prostatic
adenocarcinoma (63)

6  Male MLH1 No 24.6 58 No 2 synchronous colorectal Sarcomatoid carcinoma of
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7  Male MSH2 No 28.7 54 

t al., to consider the realization of capsule endoscopic screening at
–3 years intervals beginning at age 30–35.

Carriers of different MMR  genes pathological variants exhibit
istinct patterns of cancer risk [21]. In the ERISCAM study,
onadona et al. reported differences in tumor incidences depend-

ng on the DNA MMR  genes involved in the LS pathogeny: 69 small
owel tumors were reported with respectively 37 affecting patients
ith a MLH1 variant (n = 761, 4,86%), 29 for MSH2 (n = 759, 4,16%)

nd 3 for MSH6 (n = 113; 2,65%). Interestingly, Møller et al. [21]
eported a 3-fold increased cumulative incidence risk at 75 years
ld for MLH1 patients.

According to these data and in regard with the low morbid-
ty of upper endoscopy we aimed to determinate in this study the
revalence of duodenal lesions in a French cohort of patients with
S and to describe this condition, in order to precise surveillance
ecommendations in this population.

. Patients and methods

.1. Patient selection and eligibility

Since 2013, French national cancer institute (INCa) finances local
etwork to coordinate the management of patients genetically pre-
isposed to neoplastic lesions. The �Reseau PRED-IdF� is one of
his healthcare networks, coordinating the management of patients
redisposed to digestive cancers, including those with LS, in Paris
rea. Adult patients with an identified germline pathogenic variant
n an MMR  gene, supported by the local Cochin University Hospital
RED-IdF network, were eligible for data collection, if they had at
east one diagnostic EGD performed.

EGDs were performed every 3–4 years, in the occasion of a
olonoscopy, according to our PRED-IdF guidelines. We  used either
tandard gastroscopes or pediatric colonoscopes according to the
hoice of the gastroenterologist performing the exam.

Chromoendoscopy with indigo carmine or virtual chromoen-
oscopy as Narrow Band Imaging or Blue Laser Imaging was  not
ystematically performed.

The occurrence of a duodenal lesion might be diagnosed before
r after the LS genetic confirmation but had to be recorded in the
atient’s medical file.

A written informed consent was obtained from all patients for
articipation into this trial.

.2. Data collection
Data on patient’s characteristic (age, sex, smoking, body-mass-
ndex), MMR  gene involved, type of duodenal lesion (location, age at
iagnosis, histological features including immunohistochemistry,
adenocarcinomas (53–53) the adrenal gland (50)
No Colorectal adenocarcinoma

(43)
Muir Torre syndrome

therapeutic intervention), familial history of small bowel tumor
and follow-up were collected retrospectively.

All data sheets were reviewed by the same author (MD) in order
to make a uniform interpretation of retrospective data.

2.3. Molecular data

All LS patients had a class 4 or 5 pathogenic variant in one of the
four MMR  genes or EPCAM, identified by gene sequencing in index
case or targeted analysis in the previously identified LS families

2.4. Pathological examination

All patients with duodenal tumor underwent immunohisto-
chemistry of the MMR  proteins in at least one of the lesion
using respectively: MLH1 (G168-728, Pharmingen

®
), MSH2 (FE11,

Zymed
®

), MSH6 (44, Clinisciences
®

), PMS2 (A16-4, Pharmingen
®

).

2.5. Stastistics

Number of duodenal lesions in patients with either MSH2  or
other DNA mismatch repair gene pathogenic variant was assessed.
Comparison between the two incidence rates was  tested using a
two-tailed Fisher’s exact test. Statistical significance was  reached
if p ≤ 0,05.

3. Results

3.1. Study population characteristics

One hundred and fifty-four patients with LS were included in
our study. 85 patients had a MSH2 pathogenic variant (55.2%),
41 a MLH1 pathogenic variant (26.6%), 26 a MSH6  pathogenic
variant (16.9%), 1 an EPCAM pathogenic variant (0,6%) and 1 a dou-
ble pathogenic variant in both MLH1 and MSH2 genes (0.6%). No
patients diagnosed with a PMS2 pathogenic variant were included
in Cochin’s PRED-IdF network at the time of this study.

3.2. General characteristics of patients with duodenal lesions

Twelve duodenal lesions were diagnosed in 7 of our patients
(Overall incidence: 4.5%). General characteristics of these 7 patients
are reported in Table 1. The median age at diagnosis was 58 years

(range: 49–73). Six out 7 patients were male (85.7%). Three patients
were overweighed (42.9%) and one presented with obesity (14.3%).
The calculated mean BMI  was  26.6 (range: 23.3–30.1). One patient
of our cohort was a smoker (14.3%).
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Table  2
Characteristics of duodenal lesions.

Patient
number

Gene
mutated

Number of
duodenal lesions
diagnosed

Location Histology of
duodenal lesions
(n◦1/n◦2/N◦3)

Lesion size
(mm)

Paris
classification

Immuno
histochemistrya

1 MSH2 2 Second duodenum LGD/HGD 10/8 IIa/IIa Loss of MSH2/MSH6
2  MSH2 3 Second duodenum HGD/HGD/invasive ADK 20/50/50 IIa/IIa/IIa + c Loss of MSH2/MSH6
3  MSH2 1 Vater ampulla Invasive ADK 70 III Loss of MSH2/MSH6
4  MSH2 1 Duodenal bulb HGD 70 IIa Loss of MSH2/MSH6
5  MSH2 2 Genu inferius Intramucosal ADK/HGD 25/20 Is/IIa Loss of MSH2/MSH6
6  MLH1 2 Fourth duodenum HGD/LGD 25/12 IIa/IIa Loss of MLH1/PMS2
7  MSH2 1 Second duodenum Invasive ADK 55 III Loss of MSH2/MSH6
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Fig. 1. Patient 1: Adenoma in high-grade dysplasia of the second duodenum (1a)
bbreviations: LGD = low-grade dysplasia; HGD = high-grade dysplasia; ADK = adeno
a Performed in at least one lesion per patient.

Three patients (42.9%) had a personal past history of colon can-
er and 1 of gastric adenocarcinoma. This patient had also been
reated for 3 successive urothelial carcinomas. Two  patients had a

uir–Torre syndrome with a personal history of keratoacanthomas
nd sebaceous cutaneous lesions

Three patients developed cancers not originally considered of LS
pectrum: two prostatic adenocarcinomas and one a sarcomatoid
arcinoma of the adrenal gland.

Two patients from this cohort were first degree related, carrying
he same MSH2 pathogenic variant. None of the five other patients
ad a family history of duodenal lesion.

Six out of our 7 patients (85.7%) with duodenal lesions had a
SH2 pathogenic variant. Only one patient had a MLH1 (14.3%)

athogenic variant. No patient with MSH6 or EPCAM pathogenic
ariant displayed any duodenal lesion.

Overall, the incidence rate of duodenal lesions in LS patients
ith MSH2 or MLH1 was  respectively 7.1% (6 out of 85) and 2.4% (1

ut of 41). These data emphasized a trend toward an increased risk
f developing duodenal lesion when carrying a MSH2 pathogenic
ariant compared to other LS genetic instabilities without reaching
tatistical significance: OR: 5.17, IC 95% [0.8–60.07], p = 0.1307.

.3. Duodenal lesions characteristics

Twelve duodenal tumors were diagnosed in our 7 patients. Char-
cteristics of these lesions are reported in Table 2.

In these 12 tumors there were 3 invasive adenocarcinomas
25%), 1 intra-mucosal adenocarcinoma (8.3%), 6 adenomas in high-
rade dysplasia (50%) and 2 adenomas in low-grade dysplasia
16.7%). No patient had metastatic disease (Fig. 1).

The 4 adenocarcinomas were found in patients carrying an MSH2
athogenic variant. These findings underlined a trend toward an

ncreased risk of developing duodenal adenocarcinomas in this
ubgroup of patients although without reaching statistical signifi-
ance: OR 7.68, IC 95% [0.4–145.2], p = 0.1282.

Lesions were located as follow: 7 (58.3%) in the second duode-
um, 2 in the genu inferius (16.7%), 1 next to the Vater ampulla, 1

n the duodenal bulb and 1 in the fourth duodenum (8.3%).
All lesions were resected in a curative intention. The 3 invasive

denocarcinomas were treated surgically with lymph node dissec-
ion, 2 by cephalic duodenopancreatectomy and 1 by resection of
he 3rd and 4th duodenum, with no major postoperative compli-
ations. Adjuvant chemotherapy (FOLFOX regimen) was  prescribed
o these three patients due to lymph node invasion or a T4 tumoral
tage according to the TNM classification in the pathological exam-
nation.
The 8 other lesions were treated endoscopically with endoscopic
ucosal resection (EMR), 2 of which were piecemeal resection due

o the size of the tumor. No post procedure complications were
ecorded including hemorrhage or perforation.
white light; (1b) with magnification by BLI FUJIFILM®).

Immunohistochemistry of the MMR  proteins was  available for
8 among 12 lesions. At least one duodenal lesion in each patient
underwent somatic screening. Immunohistochemistry showed loss
of MSH2 and MSH6 proteins signal in the duodenal lesions of the
6 patients with a germline MSH2 pathogenic variant. There was
a loss of MLH1 and PMS2 proteins signal in the duodenal ade-

noma in high-grade dysplasia of the patient with a germline MLH1
pathogenic variant (Fig. 2).
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ig. 2. Patient 4: Loss of expression of MSH2 protein in immunohistochemistry.

.4. Follow-up

Mean follow-up time from diagnosis of the first duodenal lesion
o the last multidisciplinary meeting for each patient was 4.2 years
range: 0.6–12.8).

Four patients underwent a complete small bowel examination
uring the follow-up period: 3 by videocapsule and 1 by Magnetic
esonance Enterography. Among them, 1 had a jejunal adenoma

n high-grade dysplasia. This lesion was treated surgically because
f its non-accessibility by endoscopic route. The 3 other patients
resented no other small bowel lesion.

No patient was lost to follow-up during the study period and
one of our 7 with duodenal lesion died of any cause.

. Discussion

We  there report, to the best of our knowledge, the first study
valuating the incidence of duodenal lesions by systematic EGD in
atients with LS. Our data suggest a non-negligible risk of duode-
al tumors, especially in patients with MSH2 pathogenic variants,
nd highlights the need to redefine our management strategy in LS
atients concerning small bowel lesions risk in order to diagnose
nd treat such lesions.

As reported in previous studies, 50–80% of small bowel lesions
re found in the duodenum in sporadic neoplasias as in LS patients.
he recent study published by Haanstra et al. has even found
esions only in the duodenum. Their study evaluated prospectively
he prevalence of small-bowel neoplasia in asymptomatic patients

ith LS by VCE and found a 1.5% rate in a cohort of 200 patients [22].
ll neoplastic lesions were located in the duodenum. The relative

ow prevalence rate found in this study is to be compared to the
igher (albeit highly variable) rate in other epidemiological studies
Fig. 3. Repartition of all duodenal lesions diagnosed in the 7 patients.

described above (0.6–12%). VCE, although being a minimally inva-
sive procedure, might miss duodenal lesions [23,24] and a 100 fold
increased incidence of small bowel neoplastic lesions has already
been reported in LS patients.

The importance of early diagnosis of duodenal lesions, which
can occur very early in these patients [25], in order to treat them
and prevent its spread is a major challenge.

Conventional upper digestive tract endoscopy is a minimally
invasive procedure that can be performed during the same general
anesthesia that the screening colonoscopy regularly accomplished
in these patients. The cost and the duration of the procedure per-
formed are in these cases only slightly increased.

Despite not being part of the international recommendations,
the regular realization of an upper digestive tract endoscopy con-
comitantly with a screening colonoscopy is already part of the
“Reseau PRED-IdF” guidelines regarding the minimally invasive
nature of the procedure.

In our cohort, 4 out of the 12 (33%) duodenal lesions were located
in the genu inferius or in the fourth duodenum out of access of a
conventional upper endoscopy (Fig. 3).

The use of a pediatric colonoscope frequently allows the visu-
alization of the entire duodenal frame without increasing the
morbidity of the procedure. Using a pediatric colonoscope to per-
form the upper digestive tract exploration might be useful in LS
patients.

Furthermore, flat adenomas were found in patients of the
cohort. Chromoendoscopy, using intravital staining of the duode-
nal mucosa with indigo carmine, could increase the detection rate
of such lesions [26] and might also be helpful in this indication.

Differences in the tumor incidence rates considering the pat-
tern of MMR  gene pathogenic variant in patients with LS are
reported. These differences are also described concerning small
bowel lesions. In our cohort, the incidence of neoplastic duodenal
lesions was higher in MSH2 patients (7.1%) when compared with
MLH1 (2.4%) or other LS patients (0%). Moreover, these differences
were also found in small bowel adenocarcinomas incidence rates
in our cohort and those invasive lesions were exclusively found in
patients with a MSH2 pathogenic variant. Conflicting epidemiologi-
cal data have been recently published in the literature [11,12,21]. If
MSH6 seems to be the pathogenic variant associated with the less
incident tumors overall in all the studies including ours, the dif-
ference in terms of small bowel lesions incidence (higher in MSH2

patients) was  also found in the Bonadona et al. epidemiological
work. In contrast to data recently published on the subject, we
decided to consider all small bowel lesions and not only adeno-
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arcinomas, which may  have led to the distinct results with the
øller et al. study.
Interestingly, we found that two of the patients diagnosed with

 small bowel adenocarcinomas had been treated in their past med-
cal history for prostatic cancer. Recent publications showed that
atients with hypermutated prostate cancers often have mismatch
epair gene mutations frequently affecting MSH2 [27,28]. Ques-
ion may  arise whether additional genetic factors could explain
his occurrence in these two patients with MSH2 pathogenic vari-
nts, and larger epidemiological studies are needed to answer this
uestion.

Our study however presents limitations. First of all the small
umber of patients in our cohort, the monocentric and retrospec-
ive characters of the study does not permit us to generalize our
ata.

Moreover, the fact that the Cochin University Hospital is a ter-
iary endoscopic and digestive oncology center could have caused

 selection bias with the recruitment of patients referred to our
nstitution because of this specialization. However, because of the
carcity of the pathology discussed, this bias could difficultly be
voided.

Despite these potential bias, considering our data and experi-
nce on the topic, the relatively high incidence of duodenal lesions
n LS patients (especially in MSH2),  their frequently asymptomatic
eatures, and the minimally invasive nature of an upper diges-
ive tract endoscopy, performed during a general anesthesia for
creening colonoscopy, we truly believe that adding this examina-
ion (potentially using a pediatric colonoscope to reach the fourth
uodenum) to our practice could benefit to our patients, espe-
ially in the high risk patients such as those with MSH2 and MLH1
athogenic variants.

These features and the time between two  screening upper
ndoscopies cannot result in immediate large international recom-
endations. However, our findings underline the crucial need for

uture larger collaborative nationwide studies involving healthcare
etworks specialized in Lynch Syndrome management to precise
his issue.
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