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Abstract

Objective Colorectal cancer is the leading cause of cancer death in Puerto Rico and third among Hispanics in the USA. Up to 2—
4% of colorectal cancer cases are a result of Lynch syndrome (LS), a hereditary cancer syndrome caused by a germline mutation
in at least one of the DNA mismatch repair genes. The objective of this study was to determine the prevalence of LS in colorectal
tumors during the first 15-months after the implementation of universal tumor-based screening for LS in Puerto Rico.
Methods A total of 317 colorectal tumors were evaluated in a large private pathology laboratory from September 2014 to
December 2015. Clinical characteristics were obtained from the pathology reports. Unadjusted and adjusted logistic regression
models were used to estimate the magnitude of association (odds ratio [OR] with 95% confidence intervals [CI]) between absent
MMR protein expression and patient characteristics.

Results Most cases (93.4%) were analyzed by immunohistochemistry; 11.8% (35 of 296) had deficient mismatch repair protein
expression. While 29 of the 317 cases were subjected to PCR-based microsatellite instability analysis of which 10.3% (3 of 317)
had microsatellite instability. In total, 11.0% of the tumors were reported MMR deficient. These tumors were more likely from
females and more likely localized in the proximal colon compared to those with proficient MMR expression.

Conclusions Our data is consistent with the results from other studies including US Hispanics, where approximately 10% of
Hispanic individuals with colorectal cancer have microsatellite instability. Our results support universal tumor-based screening
for LS among Hispanics in accordance with National Comprehensive Cancer Network guidelines.
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In 2020, colorectal cancer (CRC) is estimated to account for
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LS may present with family history of CRC and other cancers
(e.g., endometrial, stomach, among others) [8], CRC diagno-
sis at a younger age, predominance of proximal location of
tumors in the colon, and multiple primary tumors [9-11].
Patients with LS have up to 70% risk of developing CRC
(depending on the gene mutated) in their lifetime, with a mean
age of diagnosis from 44 to 61 years [3, 10-13].
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LS is caused by loss in proficiency in at least one of the four
DNA mismatch repair (MMR) proteins due to a germline
mutation in the MMR genes (MLH1, MSH2, MSH6, and/or
PMS2) or EpCAm [4]. The MMR pathway repairs DNA base
mismatches as well as insertion/deletions loops that occur
during DNA replication [14]. Tumors from LS patients exhibit
an increase in the frequency of small insertions or deletions in
microsatellites [15], tracts of intergenic repetitive DNA re-
gions. This increased frequency of microsatellite insertions
or deletions is called microsatellite instability (MSI), and is a
hallmark of CRC tumors associated with LS [15]. Tumors
with MSI have distinct features that include being more likely
to arise at the proximal colon, be mucinous, have signet-ring
type cell morphology, be poorly differentiated, and being
more likely to be diagnosed at earlier stages when compared
with microsatellite stable (MSS) tumors [16, 17].

Screening and diagnosis of LS have been driven by a set of
clinical and pathological guidelines: the Amsterdam Criteria
[5] and the Bethesda Guidelines [18]. These guidelines are
informed by clinicopathological characteristics and family
history of the patient, and primarily recommend germline ge-
netic testing for the MMR genes. However, sensitivity for LS
diagnosis using these clinical guidelines remains low, detect-
ing 50-60% of all LS patients [18]. An alternative to this
clinical-based approach was developed using tumor-based
screening methods for all patients with CRC, regardless if
LS guidelines were met. Universal tumor-based screening
for LS for all newly diagnosed CRC patients was recommend-
ed in 2014 by the National Comprehensive Cancer Network
(NCCN) and US Multi-Society Task Force on Colorectal
Cancer using tumor immunohistochemistry (IHC) and/or mi-
crosatellite instability (MSI) testing [12, 19]. This approach
would identify most LS cases and help identify patients at
high-risk of secondary LS-associated cancers [20-22]. Once
a LS patient has been diagnosed, cascade testing of family
members may be completed allowing for early diagnosis of
mutation carriers and establishment of personalized cancer
surveillance and prevention algorithms. However, there have
been conflicting reports regarding adherence to the universal
tumor-based screening for LS guidelines. In a study evaluat-
ing the utilization of MMR deficiency testing in adults with
CRC using a large, contemporary, national data set during a
period of increasing endorsement of universal testing (2016—
2017), only 28% of patients had tumor testing and African
Americans were tested less frequently [23]. In a statewide
population-based study, MSI and/or IHC was only performed
in 23% of colorectal tumors [24]. However, in another study
that evaluated universal tumor testing in four academic cen-
ters, 92% of colorectal tumors were analyzed for mismatch
repair deficiency without significant differences among
races/ethnicities, but minority patients were significantly less
likely to be referred for genetic evaluation compared to non-
Hispanic Whites [25].
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Even though CRC is one of the leading causes of cancer
deaths among Hispanics, mortality rates due to Lynch syn-
drome remain unknown. No significant differences in MSI
and mismatch repair deficiency have been reported according
to ethnicity or race, approximately 12—-13% of CRC tumors
among Hispanics are mismatch repair deficient [26—28].
Ricker et al. reports that 5.7% of Hispanics harbored muta-
tions in the MMR genes [28]. The objective of this study was
to determine the prevalence of positive LS-screening tests in
CRC tumors from Puerto Rican Hispanics (PRH), determined
by IHC and/or MSI testing in CRC tumors, since the imple-
mentation of the universal tumor-based LS screening guide-
lines [12].

Methods
Study Design and Population

A cross-sectional study aimed to estimate the prevalence of
LS-positive screening tests (IHC and/or MSI analysis) using
pathology reports from all CRC cases analyzed at Hafo Rey
Pathology Laboratories, Inc. (HRP), a high-volume private
pathology laboratory in Puerto Rico, between September
2014 and December 2015. HRP serves 11 private community
hospitals in PR and handles approximately 120,000 biopsies/
year. The hospitals currently being serviced by HRP represent
community-based practices along the San Juan Metropolitan
Area, and the Southern, Northwestern, and Southeastern
coasts of the island (Fig. 1). The study period selected coin-
ciding with the first 15-month period after the NCCN and US
Multi-Society Task Force on Colorectal Cancer guidelines
recommended tumor universal screening for LS in all colorec-
tal tumors, regardless of age at diagnosis [12, 19]. The pathol-
ogy obtained from HRP did not have personal identifiers other
than age, gender, date reported, and tumor characteristics, in-
cluding tumor location and stage.

Colorectal tumors diagnosed between September 2014 and
December 2015 with either DNA-based MSI testing and/or
MMR protein IHC analysis in the pathology report were in-
cluded in this study. A total of 317 cases were included in the
study (n =296 had IHC testing, n =21 had MSI analysis, and
n =38 had both tests performed). Tumors were classified as
MMR deficient if they had absence of any of the MMR pro-
teins in the IHC. Tumors were classified as MSI-high if they
had the presence of two or more markers or microsatellite
stable (MSS) if none of the markers showed instability [29]
when comparing tumor DNA with that of normal mucosa.
Other tumor information, such as BRAF and KRAS oncogene
mutational status, was not available from the pathology re-
ports collected.
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Data Analysis

The clinical characteristics obtained from the pathology re-
ports were gender, age at diagnosis, and tumor location; var-
iables were described using frequency distribution.
Unadjusted and adjusted logistic regression models were used
to estimate the magnitude of association (odds ratio [OR] with
95% confidence intervals [CI]) between absent MMR protein
expression and patient characteristics. Statistical analyses
were performed using STATA 14 (Stata Corp 2011, STATA
Statistical Software: Release 12; College Station, TX: Stata
Corp LP). No significant interaction terms were found in the
multivariable logistic regression models evaluated (p > 0.05).

Results

Immunohistochemistry (IHC) and Microsatellite
Instability (MSI) Tests

The main goal of our study was to examine the results of the
implementation of universal tumor-based screening for LS in
a community practice setting from September 2014 through
December 2015. A total of 317 CRC cases were evaluated.
The median age of the reported cases was 65.8 £12.1 years
and the majority of tumors were localized in the distal colon/
rectum (51.7%). Out of the 317 cases, 296 (93.4%) had IHC
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testing and 29 (9.1%) had MSI testing performed. Eight indi-
viduals had both tests performed and the results were concor-
dant. Of the 296 cases with IHC testing, 35 (11.8%) were
MMR deficient with the absence of at least one MMR protein.
The majority of MMR deficient tumors (77.1%) lacked
MLH1/PMS2 expression, followed by loss of both MSH2
and MSH6 proteins (14.3%). Of the 29 samples with MSI
testing, 3 (10.3%) were reported to be microsatellite unstable
(MSTI-high). In all the tumors tested (with [HC and/or MSI),
11.0% of the tumors were reported MMR deficient (Table 1).

A comparison between MMR proficient and MMR defi-
cient tumors is shown in Table 2. Women were more likely to
have MMR deficient tumors in both the adjusted and unad-
justed models (Table 2). MMR deficient tumors were also
more likely to be located in the proximal colon (OR =6.16;
95% CI12.56-14.81) compared with MMR proficient colorec-
tal tumors. Tumor differentiation and staging were also ana-
lyzed, but limited tumor stage information precluded comple-
tion of this analysis (data not shown).

Discussion

The identification of Lynch syndrome (LS) patients using on-
ly clinical criteria guidelines (Amsterdam I and II, and
Bethesda) is suboptimal and misses a significant number of
LS cases who do not fulfill those criteria [20, 21]. Thus, the
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Table 1 Description of
THC and MSI results of
the cases included in our
study (n=317)

Table 2 Distribution of study
population characteristics and
association of the absence of
MMR protein expression and
patients’ characteristics
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Characteristics n %
Gender
Male 172 543
Female 145 457
Age at cancer diagnosis
<50 30 9.5
50-64 103 325
>65 184  58.0
Min-Max (25-92)
Location of CRC tumor
Distal/rectum 164 517
Proximal 116  36.6
Colon, unspecified 37 11.7
THC analysis (n =296)*
MMR Proficient 261 882
MMR Deficient 35 11.8
Absent proteins
MLHI + PMS2 27 77.1
MSH2 + MSH6 5 143
MLHI1 + MSH6 + PMS2 1 2.9
MLH1 1 2.9
MSH2 1 2.9
MSI analysis (n = 29)**
MSI 3 10.3
MSS 26 89.7
All tumors tested (n=317)
MMR deficient 35 11.0
MMR Proficient 282 89.0

*317 cases were included in the study (n =
296 had THC testing, n =21 had MSI anal-
ysis, and n =8 had both tests performed)

NCCN, Evaluation of Genomic Applications in Practice and
Prevention (EGAPP) working group, US Multi-Society Task
Force (USMSTF), and the American Gastroenterology
Association (AGA) have recommended that CRC cases be
universally screened for LS [19, 30-32]. The current study
reports the prevalence of LS-positive screening tests (deter-
mined by IHC and/or MSI testing in CRC tumors) since the
implementation of universal tumor-based screening for LS in
the largest Hispanic community-based pathology laboratory
in Puerto Rico.

The prevalence of MMR deficient tumors in our Hispanic
cohort was 11.0% (95% CI=8.02-15.02%), using the com-
bination of IHC and/or MSI testing. Previous studies have
investigated the prevalence of LS-positive screening tests in
a variety of populations, using IHC and/or MSI analysis [4, 5,
20, 21, 33-35]. In two studies by Hampel et al. evaluating 500
population-based CRC cases, the prevalence of MSI in the
two cohorts studied was 19.5% and 12.8%, respectively [4,
5]. In a study comparing the LS-positive screening tests when
using Bethesda Guidelines vs. universal screening (8.5% vs.
20.6%), IHC and MSI testing was shown to be a better strat-
egy to detect possible LS cases [20]. In France, in 9.8% of 214
CRC cases, the prevalence of LS-positive screening tests
using MSI analysis in a cohort of 214 CRC cases [33]. In three
additional studies examining the prevalence of LS-positive
universal screening tests in larger study populations, the prev-
alence of LS-positive screening tests ranged from 8.6 to 17%
[21, 34, 35]. All of the aforementioned studies were per-
formed in populations that are predominantly non-Hispanic
Whites. Recent studies have shown that the prevalence of
LS-positive screening tests in Hispanic populations is similar
to non-Hispanic White populations, ranging from 12.0-13.0%
[27, 28, 36]. Although not all of the abovementioned studies

the Characteristics Absence MMR Normal MMR Unadjusted Adjusted OR*
protein expression  protein expression R (95% CI)
n (%) n (%) (95% CI)
Gender
Male 11 (31.4) 161 (57.1) 1.0 1.0
Female 24 (68.6) 121 (42.9) 2.90 (1.37-6.16) 2.38 (1.09-5.17)
Age at cancer diagnosis
<50 3 (8.6) 27 (9.6) 1.0 1.0
50-64 9(25.7) 94 (33.3) 0.86 (0.22-3.41) 0.71 (0.17-2.99)
>65 23 (65.7) 161 (57.1) 1.29 (0.36-4.58) 0.96 (0.25-3.68)
Location of CRC tumor
Distal/rectum 25(71.4) 91 (32.3) 1.0 1.0
Proximal 7 (20.0) 157 (55.6) 6.16 (2.56-14.81) 543 (2.22-13.27)
Colon, unspecified 3 (8.6) 34 (12.1) 1.97 (0.49-8.04) 1.77 (0.43-7.30)

*Adjusted by all variables in the model; no significant interaction terms were detected in the model (p = 0.266)
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identify possible Lynch syndrome using both THC and MSI,
all of them support that universal tumor-based screening for
LS can identify more at-risk individuals than the current clin-
ical guidelines of Amsterdam (I and II) and Bethesda Criteria.
Moreover, 11.0% of CRC cases in our study population had a
positive LS screening test, which is comparable with previous
studies evaluating non-hereditary CRC cohorts for LS. Thus,
our data supports that the utilization of universal tumor-based
screening for LS among a Hispanic population is feasible in a
community-based setting, and will be helpful in the identifi-
cation of patients and their at-risk family members who could
benefit from genetic counseling and/or testing.

Positive LS tumor-based testing prompts further evaluation
with genetic testing, as the possibility of harboring a germline
mutation in one of the MMR genes is suspected. Previous
studies by our group reported the prevalence of MMR protein
expression loss among samples of Hispanic CRC patients in
the Caribbean [37], showing that MSH2 was the most com-
monly lost protein among Hispanics with CRC. However, in
the present study, most CRC tumors presented a combined
loss of MLH1/PMS2, protein suggesting a loss of MLH1 pro-
tein. For the study by De Jesus-Monge et al. [37], cases were
ascertained from a referral Academic Medical Center, while in
the current investigation, cases represent a community-based
cohort from an island-wide population. Thus, the observed
differences in the prevalence of MMR-proteins could be due
to differences in case ascertainment.

A strength in our study is that the universal tumor-based
screening for LS was implemented in a community-based pa-
thology laboratory that captures approximately 20% of all
CRC patients diagnosed in PR. This pathology laboratory re-
ceives CRC tumors from eleven hospitals across the island and
uses standardized pathology methods to determine MMR pro-
tein expression (IHC) and perform DNA-based MSI testing.
The findings from the present study confirm previous obser-
vations reported by other groups demonstrating that universal
screening for LS is feasible and that approximately 1 out of 10
CRC patients will have a positive screening test requiring re-
ferral for genetic counseling. A limitation to consider is that
covariates in our study, such as family history, use of medica-
tions, and germline genetic testing, were not available, thus
limiting additional analysis. In addition, cases without MMR
IHC and/or MSI results were not included in this study thereby
limiting comparisons with tumors that were not screened for
LS. There was also limited information regarding tumor char-
acteristics, such as tumor differentiation and staging. An im-
portant point to consider is that loss of MLH1/PMS2 protein
expression is the result of either germline mutations in the
MLH] gene or PMS?2 gene, or can be caused by methylation
ofthe MLH1 gene promoter [5, 38—40]. Testing for BRAF gene
mutations or MLH1 gene methylation should be used to con-
firm a possible LS diagnosis following IHC and/or MSI anal-
ysis. In our clinical setting, reflex testing for methylation or

BRAF gene mutation is not done by the laboratory, and re-
quires a medical order after clinical evaluation and counseling.
Thus, the percentage of patients who have mutation-confirmed
LS cannot be estimated in the present study. In addition, cau-
tion must be exercised in interpreting these results as general-
izable to the CRC population of Puerto Rico, given that our
study was limited to the CRC samples analyzed in one private
community-based pathology laboratory in Puerto Rico and the
reduced number of samples analyzed may contribute to a great-
er imprecision in the OR estimation.

There are conflicting reports regarding adherence to the
universal colorectal tumor screening guidelines. In a large,
contemporary, national data set during a period of increasing
endorsement of universal testing (2016-2017), only 28% of
patients had tumor testing and African Americans were tested
less frequently [23]. In a statewide population-based study,
MSI and/or IHC was only performed in 23% of colorectal
tumors [24]. However, in another study that evaluated univer-
sal tumor testing in four academic centers, 92% of colorectal
tumors were analyzed for mismatch repair deficiency without
significant differences among races/ethnicities [25]. Future
studies aimed at determining universal tumor-based LS
screening utilization rates in Puerto Rico are warranted in
order to evaluate if underutilization may be a factor that con-
tributes to the disparities in CRC mortality observed in this
Hispanic subpopulation.

Conclusions

In conclusion, our results showed that universal tumor-based
screening for LS is feasible in a community-based setting, and
may help identify individuals who may benefit from genetic
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Fig. 2 Algorithm for the classification of colorectal cancer patients after
universal screening for Lynch Syndrome [19]
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counseling and testing. Using the algorithm presented, we can
evaluate if a patient with CRC should undergo genetic counseling
and testing (Fig. 2) [19]. Cases with a normal THC test result
should be considered sporadic CRC, while those with abnormal
IHC or MSI results need to be tested for BRAF mutations and/or
MLH1 methylation. From these cases, those without a mutation
in BRAF, would then be tested for germline mutations in the
MMR genes. Expanding the implementation of universal
tumor-based LS testing to include additional pathology laborato-
ries and hospitals has the potential to improve identification of
LS-positive individuals in PR. However, studies examining the
utilization of genetic testing for LS in PR are limited [41]. An
improvement of genetic testing uptake in PR has been observed
recently, in part due to educational efforts made by our group and
others [42]. Universal tumor-based LS screening is a useful tool
for identification of LS in CRC cases and should be incorporated
as standard of care in the evaluation of all CRC patients, regard-
less of race/ethnicity, as recommended by national professional
groups [12, 30, 43]. Implementation of health policies including
coverage for universal LS screening for all CRC patients will
support efforts in decreasing disparities among Hispanic
minorities.
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