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Objective: This study aims to assess the accuracy of Amsterdam Il criteria (AMIl) and Revised Bethesda Guidelines
(RBG) compared to molecular tests in Thai patients.

Material and Methods: One hundred eighty-one patients were enrolled. Demographic data and pathological features
and locations of tumors were recorded. Family history of the patients was reviewed by AMIlI and RBG. Tissue samples
were collected and molecular testing was tested by microsatellite instability (MSI) analysis and immunohistochemistry
(IHC). Statistical analysis was used to estimate the sensitivity and specificity of AMII and RBG compared to molecular
testing.

Results: Of the patients, 2.8% fulfilled the AMII criteria and 28.1% met the RBG criteria. Molecular testing showed 16.57%
and 13.8% of the samples lost at least 1 out of 4 mismatch repair (MMR) proteins in the IHC test. In addition, 10.5% of
patients had both microsatellite instability high (MSI-H) and loss of protein MMR expression. The sensitivity and
specificity of AMII were 6.7% and 98.0%, respectively, while for the RBG they were 70.0% and 82.1%, respectively.
Conclusion: The present study suggests that for patients who complete the AMII, doctors should be highly suspicious
of Lynch syndrome, due to its high specificity. The RBG is useful for screening for Lynch syndrome and the selection

of individuals for further molecular testing.
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Colorectal cancer (CRC) is one of the leading causes
of cancer-related death worldwide.' In Songklanagarind
Hospital, 326 patients were diagnosed with CRC in 2010,
out of a population of 195,287 new patients. The majority of
cases are sporadic with various factors including genetics,
environment and lifestyle. However, in approximately 5.0-
10.0% cases genetic factors play a dominant role in CRC
development. The most common inherited CRC is Lynch
syndrome, also known as hereditary non-polyposis colo-
rectal cancer (HNPCC), with a 3.0-8.0% incidence of all
CRC cases.” Lynch syndrome is characterized by an auto-
somal dominant gene, the early onset of CRC and an
increase in life-time risk of other cancers.® The evidence
supports that colonoscopic surveillance in individuals
with Lynch syndrome should reduce the morbidity and
mortality.* Lynch syndrome is caused by a germline muta-
tion in mismatch repair (MMR) genes. The most notable
are human mutL homolog 1 (MLH1), human mutS homolog 2
(MSH2), human mutS homolog 6 (MSH6) and postmeiotic
Segregation Increased, S. Cerevisiae, 2 (PMS2).>® Iden-
tification of a gene defect is often recommended in order
to confirm the diagnosis; however, it is not practical for
every CRC patient due to the high cost and the com-
plicated process. Currently, Amsterdam |l criteria (AMII)
and Revised Bethesda Guidelines (RBG) have been
recommended for screening individual suspected of
Lynch syndrome.*™ Previous studies indicated that both
the AMII and RBG have low a sensitivity of 40.0% and

10,13-15

90.0%, respectively. However, these two parameters
have not been evaluated in Thailand, which could lead
to the appropriate application of both guidelines to Thai
patients.

The present study was designed to assess the
effectiveness of the AMII and RBG related to the results

of molecular tests [microsatellite instability (MSI) analysis
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and immunohistochemistry (IHC)] and to investigate the
prevalence of Lynch syndrome at Songklanagarind Hospital,
with the aim of establishing suitable clinical practice
guidelines for screening for Lynch syndrome in Southern

Thailand.

Sample size and patients

The present study was approved by the Research
Ethics Committee of the Faculty of Medicine, Prince of
Songkla University. The sample size was calculated
based on the sensitivity and specificity of the previous

studies.'**®

A minimum 154 samples were used in this
study with an acceptable accuracy [95% confidence interval
(CI)]. CRC patients who were diagnosed between January
2012 and February 2013 and underwent operations at
Songklanagarind Hospital were included. Exclusion criteria
included patients with unclear family histories, with
evidence of familial adenomatous polyposis syndrome
and with preoperative chemoradiotherapy in which the
residual tissue was not sufficient for molecular testing. The
demographic data, family history and clinical features of
patients were reviewed and collected from the out-patient
department. The tumors in paraffin-bedded tissue were
collected and reviewed. The controlled samples were

taken from peripheral blood or normal mucosa tissue.

Clinical guidelines

The well-known criteria of screening for Lynch
syndrome are the AMIl and RBG.'*"® The AMII consists of
the following: (1) At least three relatives with colorectal
cancer or Lynch syndrome-associated cancer, such as
cancer of the endometrium, small bowel, stomach, pancreas,
biliary tract, brain, ureters and renal pelvis. (2) One relative
should hold a first-degree relative of the other two. (3) At

least two successive generations should be affected.
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(4) At least one tumor should be diagnosed before the
age of 50 years. All criteria must be fulfilled. On the other
hand, one of the RBG suggests that the individual should
be selected for molecular testing for the diagnosis of Lynch
syndrome. The RBG criteria are composed of (1) a patient
younger than 50 years old diagnosed with colorectal
cancer. (2) Presence of synchronous, metachronous colo-
rectal or other Lynch-related tumors, regardless of age. (3)
Colorectal cancer with microsatellite instability high
(MSI-H) phenotype diagnosed in a patient younger than
60 years old. (4) A patient with colorectal cancer and a first-
degree relative with a Lynch syndrome-related tumor, with
one of the relatives being diagnosed with colorectal cancer
at an age younger than 50 years old. (5) A patient with
colorectal cancer with two or more first- or second-degree
relatives with Lynch syndrome-related tumor, regardless

of age.

Microsatellite instability analysis

The histologic features of tumors were reevaluated
for adequate tumor cells. All samples covered more than
a 50.0% proportional area of the tumor cells. The deoxy-
ribonucleic acid (DNA) from the tumor tissue and adjacent
normal tissue were purified using the QlAamp tissue kit
(QIAGEN, Germany). DNA was amplified using a poly-
merase chain reaction (PCR) (QIAGEN toptag DNA poly-
merase, Germany). Yields and purity were determined by
electrophoresis on agarose gel and spectrophotometric
absorbance at 260 nanometer. The results were analyzed
by Genescan analysis software. Five reference micro-
satellite markers: D5S345, D2S123, BAT25, BAT26, and
D17S250 were applied to determine MSL.™® The primer
sequences were obtained from GenBank. MSI analysis
was performed by comparing normal and tumor tissue. If
two or more of the markers shifted in size and location,

they were classified as having microsatellite instability.”'®
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Immunohistochemistry

The IHC for MLH1, MSH2, MSH6 and PMS2 was
performed using mouse monoclonal anti-MLH1, MSH2,
MSH6 and PMS2 antibodies (Abcam, USA). Negative
control slides were conducted without the primary antibody.
Absent staining refers to MMR mutation. The criteria for
loss of MMR protein expression consist of intensity score
and proportion score. The intensity score was classified as
negative (0), weak (+1), moderate (+2) and strong (+3);
weak positive was also counted as a positive sample.
The proportion score was based on area of staining. If
it was less than 10.0% of protein expression, this referred
to a loss of MMR protein expression. The results were

confirmed by two blinded certificated pathologists.

Data analysis

Patient demographic data and clinical features
were reported as mean or median. Categorical variables
were analyzed using a chi-square test, and Student’s
t-test was employed to compare quantitative variables
between groups. P-value<0.05 for a 2-tailed test was
considered significant. The accuracy of AMII and RBG
were demonstrated in sensitivity and specificity. Statistical

analysis was calculated based on program R version 2.15.1.

Four hundred twenty-two patients were recruited
from the Songklanagarind Hospital cancer registration
records between 1% January 2012 and 28" February 2013,
with 205 patients having undergone colorectal operations.
Twenty-four patients were excluded: three patients due
to their clinical history of familial adenomatous polyposis
(FAP), five patients due to post chemoradiation and inad-
equate tissue for molecular testing. The other 16 patients
were excluded because of the unavailability of both a

clinical history and tissue specimen. A total 181 patients
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were enrolled in the present study. Mean age was 61.8+
14.5 years (range, 19-89). There were 95 men (52.5%)
and 86 women (47.5%). There were 39 right-sided
tumors (21.5%) and 142 left-sided tumors (78.5%). The
mean length of a specimen was 21.5+13.1 centimeter.
Almost all the specimens were adenocarcinomas. The
patients were classified by tumor, nodes, and metastases
(TNM) staging: stage |, 16 (8.8%), stage Il, 63 (34.8%),
stage Ill, 56 (30.9%) and stage IV, 46 (25.4%) (Table S1).

Table S1 Pathological features of patients in this study

Number of

Characteristics .
patients (%)

Age

Mean (S.D.) 61.8 (14.5)
Gender

Male 95 (52.5)

Female 86 (47.5)
Tumor site

Right sided colon 39 (21.5)

Left sided colon 142 (78.5)
Specimen length

Mean (S.D.) 21.5 (13.1)
Histologic type

Adenocarcinoma 173 (95.6)

Mucinous carcinoma 5 (2.8)

Signet ring cell carcinoma 3(1.7)
Histologic grade

G1 well differentiated 123 (68)

G2 moderately differentiated 49 (27.1)

G3 poorly differentiated 9 (5.0
Tumor size

Mean (S.D.) 5.8 (4.2)
Tumor perforation (macroscopic)

No 142 (78.5)

Yes 39 (21.5)
Microscopic tumor extent

No 21 (11.6)

Yes 160 (88.4)
Lymphovascular invasion

No 95 (59.0)

Yes 66 (41.0)
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Characteristics

Number of

patients (%)

Resection margin
Free margin
Microscopic

Total node examined
Mean (S.D.)

Metastasis node
Mean (S.D.)

Metastasis site
No metastasis
Liver
Lung
Peritoneum
Non regional node
More than one

Primary tumor T staging
T
T2
T3
T4a
T4b

Node staging
NX
NO
N1a
N1b
Nic
N2a
N2b

Distant metastasis
No metastasis
Metastasis

TNM staging
|
I
1
v

175 (96.7)
6 (3.3)

22.4 (17.8)
2.7 (4.8)

134 (74)
16 (8.8)
4 (2.2)
3(17)
2 (1.1)
22 (12.2)

4 (2.2)
18 (9.9)
112 (61.9)
18 (9.9)
29 (16.0)

1(0.6)

82 (45.3)
23 (12.7)
30 (16.6)
1(0.6)

20 (11.0)
24 (13.3)

136 (75.1)
45 (24.9)

16 (8.8)
63 (34.8)
56 (30.9)
46 (25.4)

S.D.=standard deviation, G=grading, T=tumor, N=nodes,

TNM=tumor, nodes, and metastases staging
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Both MSI analysis and IHC were employed to deter-
mine tumor MMR testing in 181 patients. Of the 181 patients,
30 (16.57%) were classified as MSI-H and 14 (7.73%) as
microsatellite instability low (MSI-L). The most common
MSI markers were BAT25 and D2S132, which were found
in 23 out of 44 MSI tumors (52.3%). Meanwhile, through
the IHC analysis, there were 25 tumors (13.8%) that lost
MMR protein expression: MLH1, MSH2, MSH6 and PMS2
56.0%, 16.0%, 28.0% and 68.0% respectively. Also, there
were 19 tumors (10.5%) with MSI-H and loss of MMR
protein expression.

Five patients (2.8%) fulfilled the AMII. All of them
were classified as MSI-H and lost MMR protein expres-
sion based on the IHC method (Table S2, 1 and 2). The
sensitivity and specificity of AMIl compared to MSI
analysis were 6.7% and 98.0% respectively, while

compared to IHC, the sensitivity and specificity of AMII
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were 8.0% and 98.1% respectively (Table 1 and 2). Forty-
eight patients (28.1%) met one of the RBG. The sensitivity
and specificity of RBG compared to MSI analysis were
70.0% and 82.1% respectively, while compared to IHC,
the sensitivity and specificity of RBG were 52.0% and
77.6% respectively (Table 1, 2 and 3).

Table S2 Amsterdam |l criteria and Revised Bethesda

Guideline results

Number of

Types
P patients (%)

Amsterdam |l criteria

Negative 176 (97.2)

Positive 5 (2.8)
Revised Bethesda Guideline

Negative 133 (73.5)

Positive 48 (26.5)

Table 1 Sensitivity and specificity of microsatellite instability of Amsterdam Il criteria compared to the Revised Bethesda

Guidelines
MSI
Amsterdam I MSI-H MSI-L&MSS  Total Sensitivity ~ Specificity  ppv’ npv?
(%) (%) (%) (%)
Positive 2 3 5 6.7 98.0 40.0 84.1
Negative 28 148 176
Total 30 151 181
RBG MSI-H MSI-L&MSS Total Sensitivity Specificity ppvT npvt
(%) (%) (%) (%)
Positive 21 27 48 70.0 82.1 43.8 93.2
Negative 9 124 133
Total 30 151 181

Tppv:positive predictive value, inpv:nega’rive predictive value, MSl=microsatellite instability, MSI-H=microsatellite instability high,

MSI-L=microsatellite instability low, MSS=microsatellite stable, RBG=Revised Bethesda Guidelines
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Table 2 Sensitivity and specificity of immunohistochemistry of Amsterdam Il criteria compared to the Revised Bethesda

Guidelines
IHC
Amsterdam I Loss Protein expression  Total Sensitivity ~ Specificity  ppv' npv*
(%) (%) (%) (%)
Positive 2 3 5 8.0 98.1 40.0 86.9
Negative 23 153 176
Total 25 156 181
RBG Loss Protein expression  Total Sensitivity ~ Specificity  ppv' npv*
(%) (%) (%) (%)
Positive 13 35 48 52.0 77.6 271 91.0
Negative 12 121 133
Total 25 156 181

Tppv:positive predictive value, 1[npv=negative predictive value, IHC=immunohistochemistry, RBG=Revised Bethesda Guidelines

Table 3 Correlation between Revised Bethesda Guideline and microsatellite instability analysis

MSI analysis
Revised Bethesda Guideline OR (95% ClI)
MSI-H MSI-L&MSS
Positive 21 (70.0) 27 (17.9) Ref.
Negative 9 (30.0) 124 (82.1) 10.72 (4.42, 25.96)*

*p-value<0.001 for logistic regression

MSI=microsatellite instability, MSI-H=microsatellite instability high, MSI-L=microsatellite instability low, MSS=microsatellite stable,

OR=0dds ratio, Cl=confidence interval, Ref=reference

Lynch syndrome is the most common hereditary
colorectal cancer. The MMR gene mutation test ideally
confirms the diagnosis. The defect of MMR protein results
in frequent errors in microsatellite DNA, which are the
short segments of DNA containing tandem repeats of
mono-, di-, or trinucleotides, and these neoplasms are
reported to cause MSL.'® Besides HNPCC patients MSI

profile may be found in sporadic CRC, caused by
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methylation-induced silencing of MLH1.%"® Thus The MSI
analysis and the IHC were used to detect the abnormal
protein results from the MMR mutation.

Although MSI is characteristic of LS tumors, it may
be found in about 15.0% of unselected groups of CRC.
Of this subset of MSI tumors, 20.0-25.0% represent LS,
and the other 75.0-80.0% are sporadic MSI, caused by

methylation-induced silencing of MLH1.
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Indeed, the study shows that the AMII have a
high specificity. Accordingly, it can be implied that the
patients who have fulfilled the AMII are likely to have a
MMR gene mutation. However, the AMII with a very low
sensitivity may sometimes lead to misdiagnosis. Mean-
while, the sensitivity of the RBG is much better than that
of the AMIl. The odds ratio of positive RBG is 10.72
(95.0% Cl=4.42, 25.96), p-value<0.001. Consequently, in
order to improve the quality of screening programs for the
selection of patients for molecular testing, RBG is highly
recommended.

However, this diagnostic method has just been
launched at the Songklanagarind Hospital, and it is still in
the development stage for the MMR mutation analysis,
which is considered the gold standard for diagnosing
Lynch syndrome. MSI is used as the best modality to
detect such an abnormality. Although approximately
10.0-15.0% of cases are sporadic with microsatellite
instability due to hypermethylation of the MLH1 promotor,'
the clinical guidelines could be useful for excluding such
cases. In the study, the prevalence of Lynch syndrome
depended on the results of both MSI analysis and IHC,
which should be double positive. It can be concluded
that the number of double positive samples was about
10.5%. Moreover, the application of gene mutation
analysis to determine accurately the prevalence of Lynch

syndrome should be further investigated thoroughly.

The AMII had a very low sensitivity and are thus
not appropriate for screening for Lynch syndrome in
Southern Thai patients; nevertheless, Lynch syndrome is
likely to be determined if the criteria are fulfilled. Indeed,
the RBG are more practical for screening for individuals
suspected of Lynch syndrome, who should then be given

molecular testing. It is highly recommended that the
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molecular testing of both MSI analysis and IHC should

be used with patients who meet one of the RBG criteria.
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