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Abstract
Background Lynch syndrome (LS) increases the risk of many types of cancer, mainly colorectal cancer (CRC). The purpose of
this study was to assess the prevalence of mismatch repair (MMR) deficiency in patients under the age of 50 with advanced
adenomatous polyps, aiming at an early diagnosis of LS.
Methods This retrospective, cross-sectional study included eligible patients with advanced adenomas diagnosed ≤ 50 years of
age registered between April 2014 and February 2017 at three pathology centers in Mashhad. Pathological records were
reviewed, and colon tissue specimens were analyzed by immunohistochemistry (IHC) staining to identify proteins which serve
as markers for LS as they are related to loss of MMR gene (MLH1, MSH2, MSH6, and PMS2) expression.
Results Of 862 consecutive patients, a total of 50 adenomas (54% males, 46% females of mean age 41.24 ± 6.5) met the
eligibility criteria. Of the adenomas examined, 20 (40%) had a tubulovillous component, 34 (68%) had high-grade dysplasia,
and 30 (60%) had were larger than 10 mm protrusions. None of the patients had loss of MMR protein expression.
Conclusion No individual with MMR genetic disorder was identified by IHC screening of early-onset advanced colorectal
adenomas. This strategy is therefore not an effective strategy for detecting MMR mutation carriers.
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Introduction

Lynch syndrome (LS), which accounts for about 3–5% of all
colorectal cancers (CRCs), is an autosomal dominant disorder

caused by germline mutations in one or more DNA mismatch
repair (MMR) genes (MLH1, MSH2, MSH6, PMS2) or with-
in the EpCAM gene [1–5]. It is characterized by early-age
onset of CRC, and patients with LS are at increased risk of
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malignancies, predominantly LS-associated tumors [6, 7].
One of the most common precancerous lesions of CRC is
colorectal adenoma [8], which in LS mutation carriers may
precede invasive malignancy at increased rates and/or in
younger ages compared with that seen in sporadic cases [3].

Immunohistochemistry (IHC) and tests for microsatellite
instability (MSI) are used in screenings to identify individuals
at high risk of LS [9]. Adenomas in carriers of mismatch repair
(MMR) gene mutations have rates of MMR deficiencies from
50 to 84% [10–12]. There are little data on loss of MMR
expression among sporadic adenomas. According to the cur-
rent guidelines, routine screening for LS by IHC and/or MSI
analysis is recommended in CRC patients up to 70 years old.
Therefore, adenoma patients are not routinely screened for LS.
However, screening for LS in patients with adenomatous
polyps by IHC and/or MSI analysis, as a tailored-made sur-
veillance strategy, could prevent future malignancy develop-
ment and would be of clinical value.

There is some controversy about the role of loss of MMR
expression with respect to progression of adenoma to cancer
in various studies. Although only about 1–2% of early-onset
colorectal adenomatous polyps have MMR deficiency [5, 6,
13], evaluating the role of MMR screening in the diagnosis of
early-onset adenomatous polyps might still be relevant.

Lynch-associated CRCs almost evolve from adenomas.
The adenomas of the carriers tend to be larger and more likely
have high-grade dysplasia and/or villous component for early-
onset adenomas compared to the sporadic ones [14, 15].
Likewise, the early-onset adenomas with high-grade dysplasia
or villous component are most likely to show MMR deficien-
cy [10, 11]. Since adenomas with MMR deficiency progress
to adenocarcinoma more rapidly than sporadic ones
(35 months versus 10–15 years), an early screening strategy
to identify them would be useful [1, 3].

Iranian hereditary colorectal cancer registry is a registry
program to detect, register, and follow LS patients and their
families in Iran. It was started from Mashhad in 2012 and is
spreading throughout the country. Previously, we recommend-
ed the identification of CRC cases at high risk of LS [16, 17].
However, no clear strategy is present for LS screening among
colorectal adenomas. The current study was conducted to ex-
amine the performance of a strategy evaluating loss of MMR
expression in the early-onset advanced colorectal adenomas in
Iran, aimed to improve the identification of LS.

Materials and Methods

Setting and Participants

This retrospective cross-sectional study of a local population-
based cohort of consecutive patients was conducted between
April 2014 and February 2017 inMashhad, north-eastern Iran.

Initially, 862 patients with colorectal adenoma/polyps regis-
tered in the databases of three referral centers were included to
review their pathology and colonoscopy reports. Of these, 68
cases were unavailable due to changes in address/phone num-
ber, and 56 refused to be interviewed. Of the remaining 738
cases, 688 were excluded due to the following exclusion
criteria: < 18 years and > 50 years of age, previous history of
CRC, hereditary polyposis syndrome, inflammatory bowel
disease (IBD), incomplete colonoscopy, incomplete
polypectomy, incomplete records, and non-advanced adeno-
mas. The latter symptom was defined by the presence of one
or more of the following histological and endoscopic findings:
10 mm or more in size, exhibited high-grade dysplasia, or
consisting of ≥ 25% villous components. The most advanced
lesion was evaluated for all cases. Finally, 50 early-onset ad-
vanced cases underwent IHC screening for theMMRproteins.
The work followed the flowchart outlined in Fig. 1.

Family History of Cancer

The following data were collected for all patients: age at di-
agnosis, sex, family history for CRC in first- and second-
degree relatives, colonoscopy including histological findings
such as the number of adenomas, size and type of polyp and
dysplasia grade through archive data, and pathology reports
and interviews. Nonetheless, due to lacking CRC registry in
the setting, several variables remained missing. Informed con-
sent was obtained from all participants before interviewing
and/or testing.

IHC Investigation of Adenomas

To confirm an adenoma diagnosis, all polyps were histologi-
cally assessed by two pathologists. IHC staining was per-
formed for four proteins related to loss of expression of
MMR genes (MLH1, MSH2, MSH6, and PMS2) and consid-
ered abnormal if IHC staining was absent for any of them. In
the case of MHL1/PMS2 paired loss, BRAF testing [17, 18]
for the V600E mutation would be performed to exclude spo-
radic adenomas; however, there were no cases with this char-
acteristic in the IHC screening. Thus, the germline mutations
of the MMR genes were not assessed in these cases.

Statistical Analysis

Chi-square and Fisher’s exact tests were used to perform in-
tergroup and categorical comparisons. The Lilliefors and
Shapiro–Wilk tests were used to examine normality of data
[19]. Two-tailed Student’s t and Mann–Whitney U tests were
used to compare grouped continuous variable data where ap-
propriate. Reported p values of less than 0.05 were considered
statistically significant. SPSS software version 16 (SPSS Inc.,
Chicago, IL, USA) was used to analyze the data.
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Results

Of 862 eligible patients with colorectal adenoma/polyps, 738
cases with a mean age of 54.61 ± 14.53 were included in the
study to describe their polyp’s characteristics. A total of 234
out of the 738 cases (31.70%) had an advanced adenoma, of
which 50 met all selection criteria and were therefore included
in the IHC staining for MMR proteins. The analysis showed
no dMMR for any adenomas (see Fig. 1 for details).

Early-onset advanced adenoma characteristics. Of 50
early-onset advanced adenomas with a mean age of 41.24 ±
6.5 years included in the IHC analysis, 27 (54%) were from
male patients (Table 1). The pathological features of these 50
cases are summarized in Table 2. The site of the early-onset
advanced adenomas was distributed as follows: 44 cases
(88%) were from the distal colon and 6 (12%) from the

Table 1 Association between age and gender of the patients with
colorectal adenomas

Mean (SD) p value

*Age (adenomas)

Female (n = 333) 53.86 (13.87) 0.2

Male (n = 404) 55.22 (15.04)

Age (advanced adenomas)

Female (n = 117) 54.51 (13.92) 0.08

Male (n = 117) 57.64 (13.70)

Age (early-onset advanced adenomas)

Female (n = 23) 38.26 (6.72) 0.003

Male (n = 27) 43.78 (5.32)

* Of 738 adenomas included in the study, age of one case was not
available

Assessed for eligibility (n = 862)

All colorectal adenomas referred to three following centers between April 2014 and February 2017:

Moayed pathobiology laboratory (n =166)

Mashhad pathobiology laboratory (n =319)

Imam Reza hospital laboratory center (n = 377)

Excluded (n= 134):

Not available due to change of 

address/ phone number (n= 68)

Refused to be interviewed (n= 56)

Colorectal adenomas included in the study (n = 738)

Histological features: adenomatous (552; 74.8%), serrated 

(18; 2.4%), hyperplastic (93; 12.6%), malignant (6; 0.8%), 

retention (41; 5.6%), mucosal (23; 3.1%), unknown (5; 0.7%)

Diagnosed as a pMMR (n =50) 

included for onset advanced adenomas -Early
)=50n(MMR protein immunohistochemistry

Diagnosed as dMMR (n =0)

Excluded (n = 184):

Age > 50 or < 18 years (n= 158)

Previous history of CRC (n= 9)

Hereditary polyposis syndromes (n= 1)

Inflammatory bowel disease (n= 8)

Incomplete colonoscopy, polypectomy, 

or records (n= 8)

Excluded due to be not advanced 

adenomas (n = 534)

Advanced adenomas included in the study (n= 234)

Fig. 1 Flowchart for the detecting of early-onset advanced colorectal adenomas with mismatch repair protein deficiency (dMMR); pMMR= proficient-
mismatch repair
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proximal colon. Of the 23 early-onset advanced adenomas
that had sufficient information for evaluation of the family
history of CRC, mostly had low-grade dysplasia (n = 15;
65.22%) and the mean age of these cases with family history
of CRC was significantly higher than of that without a family
history (46.86 ± 5.43 years vs. 40.94 ± 4.61, p value = 0.01).

Polyp characteristics. The location of adenomas in both
males and females was mostly in the distal part of the colon
(Table 3). The age of the patients with adenomas was mostly
> 50, and there was no statistically significant difference be-
tween mean ages of the patients with advanced and non-
advanced adenomas (Table 3). Statistically, there was a signif-
icant association between location of adenomas and their his-
tological features, and the adenomas with each histological
feature were mostly located at the distal site (Table 4).

Discussion

The results of IHC staining of MMR protein expression in an
Iranian setting revealed MMR deficiency in none of the early-
onset advanced adenomas. Our findings, in consistent with
other literature [5, 13, 20, 21], suggest that screening early-

onset advanced adenomas for early diagnosis of LS is likely
not an effective strategy.

As early detection of LS patients could decrease the in-
cidence of CRC [22–24], screening for MMR deficiency for
all early-onset adenomas has been previously recommended
by clinical criteria [25]. Although a study detected 6 (1.6%)
of 378 adenomas by the MSI test and suggested MSI analy-
sis of colorectal adenomas as a prescreening method of LS
[26], another study, evaluating 40 early-onset adenomas
using MSI and IHC testing for loss of MSH2 or MLH1
expression, did not find any positive results [21]. Our study
confirmed the later study findings. However, there are dif-
ferences between two study designs.While the former study
included low-risk adenomas (< 5 mm in size with no dys-
plasia or villous histology), our research extended those
findings to high-risk early-onset adenomas and reinforced
their findings and conclusions. Furthermore, our study find-
ings are in line with those of Kushnir et al. [13] that previ-
ously assessed 64 early-onset advanced adenomas and de-
tected only one potential case of LS in a 19-year-old patient
with a family history of CRC. Although our study and that of
Kushnir et al. have the same study designs, they both eval-
uated small sample size of adenomas in limited centers that
decrease the generalizability of those findings. On the other
hand, our findings are consistent with those of Goverde et al.
[20] that previously assessed 456 late-onset (55 to 75 years)
advanced adenomas and reported no cases with this genetic
disorder. In 508 patients with colorectal adenomas, MMR
deficiency was detected in 6 samples, two of them with a
family history of cancer [27]. Moreover, our findings con-
firmed those studies that found LS was infrequent in young
patients with nonfamilial CRC [13, 28].

Table 3 Colorectal
adenomas\polyps’ characteristics Advanced adenomas\polyps

Yes No p value

*Location of adenoma (n = 216) (n = 449)

Proximal (n = 143) 38 (17.6%) 105 (23.4%) 0.09
Distal (n = 522) 178 (82.4%) 344 (76.6%)

Location of adenomas in females (n = 111) (n = 189)

Proximal (n = 56) 18 (16.22%) 38 (79.89%) 0.4

Distal (n = 244) 93 (83.78%) 151 (20.11%)

Location of adenomas in males (n = 105) (n = 260)

Proximal (n = 87) 20 (19.05%) 67 (25.77%) 0.17

Distal (n = 278) 85 (80.95%) 193 (74.23%)
**Age of adenomas (categorical) (n = 234) (n = 503) 0.1

≤ 50 years (n = 273) 77 (32.91%) 196 (38.97%)

> 50 years (n = 464) 157 (67.09%) 307 (61.03%)

Age of adenomas (continuous) Mean (SD) 56.08 (13.87) Mean (SD) 53.92 (14.79) 0.06

*Of 738 adenomas included in the study, only 665 cases had sufficient information of location of adenoma; ** of
738 adenomas included in the study, age of one case was not available

Table 2 Pathological
characteristics of early-
onset advanced colorec-
tal adenomas (n = 50)

Histologic classification Number (%)

Tubular adenoma 27 (54)

Tubulovillous adenoma 20 (40)

High-grade dysplasia 34 (68)

Low-grade dysplasia 16 (32)

Size ≥ 10 mm 30 (60)
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Nevertheless, to our knowledge, there is only one study on
MMR deficiency among Iranian patients, i.e., Molaie et al.
who investigated sporadic colorectal polyps in 400 patients
without age restriction and irrespective of family history of
CRC [6]. They detected loss of expression of MLH1 and
PMS2 in serrated polyps more than in other adenomatous
polyps and suggested MMR deficiency may cause sporadic
colorectal polyps in younger age patients. The differences in
results may be attributed to differences in sample size, the
eligibility criteria, and the participants’ mean age. The
strength of our study was inclusion of early-onset advanced
adenomas, which are the highest risk of MMR deficiency [29,
30]. However, our results revealed no MMR deficiency when
addressing early-onset advanced adenomas by IHC screening.

The findings of the large sample size screening of polyps in
Iran are in line with the study by Conway et al. [31], and both
the adenoma and advanced adenoma did not differ significant-
ly between age and location groups, although both were less
frequent in the younger and proximal site groups. Conway
et al. suggested CRC screening should begin at age 40 years
in their setting, while our MMR deficiency evaluation follow-
ing this polyp screening did not confirm this strategy for Iran.

To the best of our knowledge, this is the first study evalu-
ating MMR deficiency in early-onset advanced adenomas in
Iranian patients. However, our study has some limitations;
firstly, although all consecutive adenomas were screened,
however, a small sample size and single center experience
may fail to detect MMR deficiencies, and the results need to
be confirmed in more extensive studies. Secondly, our screen-
ing for LS in tumor tissue may indeed havemissed a few cases
due to the lack of investigation on MMR deficiency non-
polypous, which is another important precursor in LS.
Finally, IHC screening strategy for the patient with LS may
also miss a few cases.

Accordingly, routine universal IHC screening of early-
onset (≤ 50 years) advanced colorectal adenomas for LS is
not an effective strategy to identifying mutation carriers, and
screening of newly diagnosed CRC cases should be more
effective.
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