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Abstract

Lynch Syndrome (LS) is an inherited form of colorectal cancer caused by germline mutations in
the Mismatch Repair (MMR) genes. It accounts for approximately 5% of all colorectal cancers.
The prevalence of Lynch Syndrome among US Hispanics is unknown. The objective of this study
was to describe the germline mutations of Lynch Syndrome in Caribbean Hispanics from Puerto
Rico and Dominican Republic. A total of 89 subjects were recruited through the Puerto Rico
Familial Colorectal Cancer Registry and were classified according to Amsterdam and Bethesda
clinical guidelines. For those tumors with lack of expression of MMR protein, gene sequencing
was ordered. A total of 35 individuals with deficient MMR system were identified: 22 had MMR
mutations and 13 had tumors with absent MMR protein expression. Our results show that the
mutation spectrum of Caribbean Hispanic LS patients was composed mostly of MSH2 (66.7 %)
mutations, followed by MLH1 (25.0 %). One mutation was identified in MSH6 (8.3 %). A
previously unidentified mutation in MLH1 gene ¢.2044 2045del was found in one Caribbean
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Hispanic family. MMR mutation-positive individuals were found to be more likely to have a
prominent family history of CRC and tumors located at the proximal colon. Compared to MSH2
mutation carriers, MLH1 mutation-positive individuals were more likely to have a strong family
history of CRC and LS associated cancers. Furthermore, insurance coverage for genetic testing
was found to be limited in the study population with 65.1% of the individuals recruited were
denied coverage. This report presents the first description of the mutation spectrum and
clinicopathologic characteristics of LS Caribbean Hispanics patients.
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INTRODUCTION

Colorectal cancer (CRC) is a common malignancy among US Hispanics [1]. During the last
decade, the mortality rate of CRC in Puerto Rico (PR) has remained high despite advances
in medical technology [2]. During the period of 2006—-2010, CRC accounted for 13.1% of
cancer deaths in males and 13.6% of cancer deaths in females[3]. Thus, efforts dedicated
towards identifying individuals with high-risk of developing CRC should be guided towards
early screening and/or surveillance in order to reduce the morbidity and mortality associated
to CRC. Genetic testing for highly penetrant germline mutations is an excellent option for
individuals who belong to high-risk families, helping to establish pre-symptomatic,
molecular diagnosis that could affect a patient’s prognosis and treatment options [4].

Lynch Syndrome (LS), also known as hereditary non-polyposis colorectal cancer (HNPCC),
is a subset of hereditary CRC that accounts for 2-4% of all CRC cases [5]. LS is inherited in
an autosomal dominant pattern, has high penetrance and is characterized by an increased
risk of CRC and endometrial cancers [5,6]. Moreover, it accounts for a smaller risk of
several other associated malignancies including ovarian, skin, gastric, small bowel, and
pancreatic cancer [6]. Previous studies have shown that as many as 1 in every 35 patients
newly diagnosed with CRC may have LS [7,8]. Carriers of these mutations have
approximately 70% lifetime risk for developing CRC [9,7]. However, regular surveillance
can reduce this high cancer risk in LS patients and their relatives [10,11]. Thus, identifying
patients with LS provides an opportunity to prevent cancer through intensified screening,
surveillance and/or prophylactic surgery for these patients.

LS is associated with germline mutations in the DNA mismatch repair (MMR) pathway
genes [12]. The MMR pathway genes, MLH1, MSH2, MSH6 or PMS2, produce fundamental
proteins that are responsible for maintaining DNA integrity, correcting nucleotide
mismatches that have been overlooked by the usual editing function of DNA polymerase
[13]. Loss of MMR function results in an increased mutation rate through the accumulation
of polymerase errors, thus increasing genomic microsatellite instability [14]. Strategies for
identifying MMR gene mutation carriers include the evaluation of personal and family
cancer history using family pedigrees, molecular diagnostic testing of tumors, clinical
prediction models, and germline DNA mutational analysis. In this study, we describe the
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characteristics of a high-risk cancer Caribbean Hispanic population identified through the
population-based Puerto Rico Central Cancer Registry (http://www.salud.gov.pr/PRCancer/
Pages/default.aspx) and recruited in the Puerto Rico Familial Colorectal Cancer Registry
(PURIFICAR).

The aims of this study were to describe the MMR genes mutation spectrum in Caribbean
Hispanic families (Puerto Rico and Dominican Republic) with LS and to characterize
MMR-deficient and proficient CRC patients with regards to clinicopathologic criteria.
Furthermore, we examined the health insurance approval rate for genetic testing in Puerto
Rico. Since the MMR mutation spectrum of LS has not been sufficiently studied in any
Caribbean Hispanic population, our study will fill this knowledge gap. Studying and
describing the results found among Caribbean Hispanics enables the comparison of LS
characteristics and mutations across ethnicities and countries. Moreover, due to genetic
ancestry background differences among Caribbean Hispanics, compared to other Hispanics
groups [15], there is potential for identifying novel MMR mutations associated with LS.

RESEARCH METHODS

Probands for the study were Caribbean Hispanics from Puerto Rico and the Dominican
Republic with suspected history of hereditary CRC identified. Caribbean Hispanic was
defined as an individual born in Puerto Rico or Dominican Republic. Patients were recruited
through the population-based Puerto Rico Central Cancer Registry and recruited in the
Puerto Rico Familial Colorectal Cancer Registry (PURIFICAR http://purificar.rcm.upr.edu/
index_eng.html). PURIFICAR is located at the University of Puerto Rico Medical Sciences
Campus and receives direct or in-kind support by the National Institutes of Health (NCI R03
CA130034), the University of Puerto Rico Comprehensive Cancer Center, the Puerto Rico
Colorectal Cancer Coalition (www.coloncancerpr.org), and the Puerto Rico
Gastroenterology Association (www.gastropr.org). Recruitment was approved by the
Institutional Review Board of the University of Puerto Rico Medical Sciences Campus.

Individuals recruited through PURIFICAR are Caribbean Hispanics with a genetic diagnosis
of LS and a genetic and/or clinical diagnosis of Familial adenomatous polyposis (FAP),

MY H-associated polyposis (MAP), attenuated FAP, and hamartomatous polyposis
syndrome. Recruited probands sign an informed consent and complete a standard
questionnaire that includes medical, environmental and detailed family history of cancer.
After completion of the questionnaire, probands are referred to the University of Puerto Rico
Cancer Genetics Clinic, (led by M.C.C.). Patients attending the clinic receive a variety of
services including: genetic counseling and testing, endoscopic surveillance and diagnosis,
radiological and surgical procedures, referral to specialists, in addition to direct
communication with their medical insurance companies to assist in the approval of services.
Blood samples for each participant are obtained and DNA isolated from each sample. For
each proband, a family pedigree was completed using PROGENY software (http://
www.progenygenetics.com). To confirm the cancer diagnosis of the proband, pathology
reports were obtained, in addition to medical and surgical notes from the medical records.
Affected family members living in the US, Dominican Republic and/or PR were likewise
invited to enroll in PURIFICAR.
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The analysis of this study was based on individuals who met Amsterdam Criteria (I or 1) or
Bethesda clinical guidelines for suspected LS. Amsterdam | criteria are: 3 relatives with
CRC, one 1t degree of the other two, at least two consecutive generations affected one
relative diagnosed before 50 years of age and FAP is excluded[16]. The Amsterdam |1
criteria are: 3 relatives affected with LS associated cancers (CRC, endometrial, small
bowel), one 15t degree relative of the other two, 2 consecutive generations affected, one LS
cancer diagnosed before age 50 years, and FAP excluded in CRC cases [16]. Bethesda
guidelines include (only one has to be met): CRC diagnosed before 50 years of age;
presence of synchronous, metachronous CRC or other LS associated cancers; CRC with
high microsatellite instability (MSI) in a patient 60 years of age or younger; CRC diagnosed
in a first degree relative before 50 years of age and CRC diagnosed at any age in two first
degree family members [17]. Individuals that did not met Amsterdam 1/11 or Bethesda
clinical guidelines were excluded from the study.

The algorithm used for the selection and molecular testing of the probands is shown in
Figure 1, as universal testing is not available in our institution during the study period. In
summary, patients with personal history of CRC who met the clinical criteria (Amsterdam |
and Il and Bethesda guidelines) for LS (probands) had clinical tumor molecular testing for
microsatellite instability (MSI) and immunohistochemistry (IHC) for the expression of the
MLH1, MSH2, MSH6 and PMS2 proteins when tumor block was available. Genetic testing
for the MMR genes was ordered through Myriad Genetics in patients who showed absence
of MMR protein expression or when tumor was not available for examination. Large
rearrangement testing was performed as part of genetic testing using Multiplex Ligation-
dependent Probe Amplification (MLPA) procedure. Furthermore, when genetic testing
results showed positive MMR gene mutations, genetic counseling was offered to at-risk
relatives.

Statistical Analysis

Sociodemographic and clinical characteristics in cases were described using frequency
distributions for categorical variables and summary measures for quantitative variables. To
assess comparability of study groups, chi-square test or Fisher’s exact test was used for
categorical variables and Student’s t test or Mann-Whitney to compare quantitative
variables. Statistical analyses were performed using SPSS version 17.0 (SPSS Inc. Released
2008. SPSS Statistics for Windows, Version 17.0. Chicago: SPSS Inc.) and STATA 12
(StataCorp. 2011. Stata Statistical Software: Release 12. College Station, TX: StataCorp
LP).

RESULTS

Between 2010 and 2014 there were 89 CRC Caribbean Hispanic patients, with suspected LS
recruited in PURIFICAR and referred to the University of Puerto Rico Clinical Cancer
Genetics Clinic. Pedigree information was obtained for each proband; family history of
cancer was self-reported. These 89 individuals represented a total of 78 families. Of the
recruited individuals, 19 (21.3%) met Amsterdam Criteria (1/I1) and 70 (78.7%) met
Bethesda guidelines. From the 89 patients recruited who received genetic counseling, 31 had
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direct MMR germline genetic testing performed at a commercial laboratory and 58
underwent MMR protein analysis by IHC. Among the 31 patients who underwent germline
mutation analysis, 22 (71.0%) had a germline mutation in one of the MMR genes (Table 1)
and 9 had negative MMR mutation analysis result (Table 2). Among the 58 patients who
underwent MMR protein analysis by IHC; 13 (22.4%) had absence of at least 1 MMR
protein; 8.6% and 13.7% had absence of MLH1 and MSH2 proteins, respectively (Table 1).
Tumor molecular testing for MSI was obtained for 30 out of the 89 suspect LS individuals.
Of the 30 individuals tested 73.4% were microsatellite stable and 26.6% were MSI high
(data not shown). In summary, a total of 35 individuals with deficient MMR system were
identified: 22 had MMR mutations and 13 had tumors with absent MMR protein expression.

Lynch Syndrome Cohort

MLH1 Germline Mutations—Mutations on MLH1 accounted for 25.0% of the MMR
mutations detected by germline sequence analysis (Table 1). A total of 3 mutations (c.
1024del16, c.2044_2045del, ¢.1855delG) were identified (Table 1). The first mutation, c.
1024del16, was previously identified by Pino et al., in the kindred of 3 individuals [18]. The
¢.1024del16 mutation, found in two unrelated individuals, is located in exon 11 of MLH1.
Even though this mutation does not cause a splice site change (same as WT), 16 base pairs
are deleted in exon 11 causing a premature truncation (creation of stop codon) of the MLH1
protein at amino acid 361. MLH1 mutation c¢.2044_2045del, present in exon 18 of the gene,
causes the deletion of two nucleotides (AT). The deletion of the AT nucleotides causes a
frameshift of the MLH1 protein (p.Met682ValfsX11), by producing a premature stop of the
protein 11 amino acids away from the frameshift site. This MLH1 c.2044_2045del mutation
was recently described by our group as a novel mutation, unique to Puerto Rico, since no
reports are available in international databases [19]. The ¢.1855delG mutation causes a
frameshift at codon 619 in the MLH1 protein (p.Ala619Leufs*18).

MSH2 Germline Mutations—A total of 8 mutations in 8 different families (13
individuals) were found in MSH2 (Table 1).(66.7% of mutations detected). The c.905T>A
SNP of MSH2 exon 5, that was described in one individual, results in a premature stop
codon in the protein (p.Leu302X). This SNP was described previously by Tomita et al., and
was classified as pathogenic due to the changes that occur at the protein level [20]. Another
mutation, ¢.1705delGA, was found in a proband (9162) and 3 additional relatives of the
proband. The third mutation identified in MSH2, ¢.1457del4, was identified in one proband
and results in the truncation of the MSH2 protein. Two MSH2 mutations were identified in
coding intervening sequences (IVS), which were c.IVS11+1G>A and ¢.IVS5-1G>T. The
variant ¢.IVS11+1G>A causes a nucleotide substitution adjacent to exon 11 of MSH2, which
can affect mRNA processing. MSH2 variant ¢.IVS5-1G>T causes a hucleotide change at the
beginning of exon 6 of MSH2. The MSH2 mutation c. del exons 1-3, was previously
identified in a Japanese proband and was associated with anticipation effects in LS [21]. The
last two mutations identified were ¢.1308insT and ¢.876insC.

MSH6 germline mutations—Only one proband (8.3% of mutations detected) showed a
mutation on MSH6 (Table 1). The mutation, ¢.3119delTT, causes a deletion of two
nucleotides TT in exon 7 producing a frameshift of the MSH6 protein (p. Phe1040Terfs).
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Clinico-pathological characteristics of MMR-mutation positive LS individuals are described
in Table 1. Most MMR mutation-positive individuals were females (75%); there was a high
prevalence of family history of CRC (90.5%) and LS associated cancers (61.9%). MMR
mutation-positive individuals were diagnosed with CRC between the ages of 29 to 61 and
were more likely to meet Amsterdam criteria (54.5%) compared to Bethesda (45.5%). The
most significant family history of CRC was for individual 8343, with 8 relatives with CRC
including the father, 2 siblings, 3 paternal uncles, 1 paternal aunt, and 1 paternal grandfather
(Figure 2). Overall, the most common LS associated cancer was endometrial cancer
accounting for 29.2% of the affected relatives. Other LS associated tumors included: 5
patients with stomach cancers, 2 with ovarian cancers, and 1 with small intestine cancer.

Characteristics of MMR Mutation-Negative Caribbean Hispanic Patients

Normal germline MMR expression was identified in 9 individuals that underwent genetic
testing (Table 2). These individuals where evaluated for all MMR genes (MLH1, MSH2,
MSH6, PMS2) and in addition, 5 of the patients were tested for EPCAM mutations
demonstrating normal gene sequencing and/or rearrangements. Age at CRC diagnosis for
MMR mutation negative individuals ranged from 35 to 74 years of age. Furthermore,
mutation negative individuals had less relatives with CRC and LS associated cancers (Table
2). The two individuals (9285 and 9292) that had a family history of LS associated cancers
had relatives with pancreatic cancer history (data not shown). MMR mutation negative
probands were more likely to meet Bethesda guidelines (77.8%) for LS rather than
Amsterdam criteria (Table 2). The decision to undergo direct MMR genetic testing as a first-
step instead of tumor molecular screening with MMR IHC was based on patient’s preference
and/or lack of tumor availability.

Clinicopathological characterization according to MMR-status

Differences in clinicopathological characteristics according to MMR-status (proficient vs.
deficient) for patients who meet Amsterdam Criteria or Bethesda guidelines are described in
Table 3. Regardless of their MMR proficiency status, patients had similar ages at CRC
diagnosis and gender. Tumor location was identified as significantly predominant in the
proximal colon in MMR-deficient individuals, when compared to MMR-proficient that were
predominantly distal (57.1% vs. 25.6%; p=0.016). Moreover, presence of family history of
CRC was increased in MMR-deficient patients compared to patients with MMR proficient
tumors (74.3% vs. 36.5%; p=0.001). Family history of LS associated cancers was reported
more frequently among MMR-deficient patients (68.6%) compared to MMR-proficient
patients (49.0%), although this difference was not statistically significant (p=0.074) (Table
3).

Differences between LS patients according to affected MMR gene (MLH1 vs. MSH2)

MMR-deficient individuals were grouped according to MLH1 and MSH2 mutation/absent
protein status (Table 4). The clinicopathological characteristics evaluated were similar
between MLH1 and MSH2 mutation carriers. For MLH1 carriers, we observed that tumor
location was predominantly proximal (62.5%), most probands had family history of CRC
(92.3%) and LS associated cancers (76.9%) (Table 4). LS patients with deficient MSH2
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were mostly females (71.4%) and had less LS associated cancers in their families (58.3%).
Age at CRC diagnosis was similar between the two groups; the mean age at diagnosis was
39.7 + 11.2 and 52.0 + 12.8 for MLH1 and MSH2 affected individuals, respectively.

Muir-Torre LS subtype individuals

Muir-Torre (MT) is a rare CRC syndrome considered to be a subtype of LS [22]. In this
study, a total of 6 individuals representing 5 families were identified as MT patients, all of
which showed skin manifestations (sebaceous carcinoma). All the families had the MSH2
gene affected. A total of 4 families (5 individuals) had mutations in the MSH2 gene that
included the following mutations: ¢.1705delGA, ¢.IVS5-1G>T, ¢.1457del4 and c. del
exonsl-3 (Table 1). One patient (9423) was identified as having absent MSH2 protein as
determined by IHC (Table 1).

Genetic Testing Insurance Coverage

After screening, tumor molecular testing was performed (IHC). Genetic testing was
recommended for those individuals recruited through PURIFICAR who had CRC and
showed absence of MMR proteins through IHC (Figure 1). Of the 89 individuals who
qualified based on selection algorithm, insurance coverage for genetic testing was denied to
65.1% (58) individuals. The percentage of denial of insurance coverage was greater among
state insurance compared to private insurance (93.3% State insurance, 58.1% private
insurance, 13.5% Medicare did not covered genetic test). Health insurance companies did
not state reasons for genetic testing coverage denial other than the insurance policy for the
patient did not cover genetic testing. Genetic testing was performed through commercial
laboratories (including Myriad Genetics Laboratories (http://www.myriadpro.com), Quest
Laboratories and University of Puerto Rico Medical Sciences Campus).

DISCUSSION

LS is a hereditary colorectal cancer syndrome that affects approximately 5% of CRC cases
[23], with a penetrance of approximately 80% [24]. The characteristics of the LS Caribbean
Hispanic cancer patients were detailed in the current study. 35 individuals with deficient
MMR system were identified. Of these 35 individuals, 22 had MMR mutations and 13 had
tumors with absent MMR protein expression. Furthermore, 9 individuals who satisfied
clinical criteria for genetic testing were found to be negative for MMR mutations.
Furthermore, we showed that even though MMR-proficient and deficient individuals had
similar ages at diagnosis (p=0.782), MMR-deficient individuals present with stronger family
history of CRC than their MMR-proficient counterparts. Additionally, most MMR-deficient
individuals met Amsterdam criteria | and 11 as compared to MMR-proficient individuals,
which most met Bethesda criteria. As previously described in other non-Hispanic
populations, LS Caribbean Hispanic patients had proximal tumors [25], had more relatives
with CRC [25-27] and LS associated cancers [26,28,25]. Moreover, the most common
MMR gene affected in non-Hispanic populations was MLH1, while among our population of
Caribbean Hispanics MSH2 was the most commonly affected gene [21,29-31,25,26].
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Dominguez-Valentin et al. published a review pertaining to the mutation spectrum of LS
cases in South America [26]. A total of 267 families were included with 99 pathogenic or
disease-causing MMR mutations identified [26] The review included LS families from
Argentina, Brazil, Uruguay and Colombia, which we will discuss individually [26] Giraldo
et al 2005 described MLH1 and MSH2 mutations in a cohort 23 unrelated Colombian
families [32]. Similar to Caribbean Hispanics, LS suspect Colombian Hispanics met
Bethesda guidelines more frequently (78.7% and 52.2%, respectively) [32]. However,
mutations in Colombian families were present more frequently in MLH1 than MSH2 as
compared to our cohort [32]. Furthermore, the studies from Uruguay (461 patients) [33] and
Brazil (25 families) [34] showed similar results with MLH1 as the most frequently mutated
gene in their studies. A study of South American LS families from Brazil (101 families),
Argentina (16 families) and Uruguay (6 families), demonstrated that 56.3% of the MMR
mutations were found on the MLH1 gene [28]. In contrast, a different report of 43 unrelated
Argentinian families that fulfill Amsterdam criteria, for which 5 mutations were
encountered, most of these were found at the MSH2 gene, similar to our Caribbean
Hispanics [35]. Differences in the spectrum of MMR mutations between Hispanic
populations could be due to differences in the, sample size, selection bias, as well as, genetic
ancestry of the individual populations. For instance, Caribbean Hispanics have higher
percentage of African ancestry compared to Argentinians who have higher European
ancestry [36]. Further studies are needed to elucidate the ancestral origin of MMR genes in
the populations mentioned above, which can increase the knowledge on the inheritance of
LS among affected Hispanic individuals.

The MLH1 mutations described in the study were present in exons 11 and 18, and most
caused frameshift mutations of the proteins (Table 1). Interestingly, deletion of exons 1-3 of
MSH2 was identified in a Muir-Torre patient (Table 1) and was previously identified in a
Japanese patient with LS [21]. One variant of uncertain significance (VUS) was identified in
MLHZ1 in one individual (data not shown). The VUS identified was a nucleotide change in
exon 8 of MLH1, which substituted Alanine for a Guanine at nucleotide 655 and causes an
amino acid change p.lle219Val (data not shown). This VUS have been previously described
in the literature, however, no clinical significance has been found [37-40]. Recently, our
group described a previously unidentified MLH1 mutation, ¢.2044-2045del, found only in a
Caribbean Hispanic family (Table 1) [19]. This novel mutation opens the possibility of
founder MMR mutations in Puerto Rico. The novel MLH1 mutation is believed to be
transmitted through the maternal line of the proband, however, confirmatory tests could not
be performed since most of the maternal family members are deceased [19]. Puerto Ricans
are an admixed population of three ancestral populations: European, Africans and Tainos.
As evidence by both the historical admixture occurring in the island and mitochondrial DNA
analysis, most of the maternal lineage of Puerto Ricans is of Taino ancestry [41]. Due to
genetic ancestry and geographical isolation of Puerto Rico, founder MMR mutations could
be present in the island. Additional studies with large sample sizes and improve access to
genetic testing will aid in identifying founder MMR mutations in Puerto Rico and
understand their role in the carcinogenesis of CRC in the island.
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Insurance coverage for genetic testing in hereditary cancer risk assessment has been
included in the Affordable Care Act (ACA) [42]. According to ACA, BRCA genetic testing
is mandatory for women with breast cancer that meet criteria (early age of onset and strong
family history). However, genetic testing for LS is not directly mandated by the Act [42]. In
contrast, Medicare covers LS genetic testing for individuals that meet Amsterdam or
Bethesda criteria per the National Comprehensive Cancer Network (NCCN) [43]. Recently,
the NCCN also published recommendations for universal LS screening for any individual
diagnosed with CRC at age 70 or younger using tumor-based molecular genetic testing (IHC
for MMR proteins or MSI analysis). In PR, two clinical laboratories are performing all
tumor-based molecular genetic testing for LS patients. Even though ACA and Medicare
recommend testing for individuals at high-risk, genetic testing in PR is still limited. Our
study showed that medical insurance companies did not approve 41.2% of individuals who
qualified for genetic testing based on NCCN guidelines. One of the most common reasons
for genetic testing denial was the lack of this benefit in the insurance purchased by the
companies for their employees. Legislation for information about genetic testing coverage
and inclusion of this benefit in accordance to the NCCN guidelines by major health
insurance carriers would increase insurance approval rates. Limitation on genetic testing
approval has a direct negative impact in the evaluation of patients at risk of hereditary
cancer and their relatives, and ultimately increases the burden of cancer for this minority
population. Furthermore, due to the high-risk of development for other non-colorectal
cancers, suspect LS patients not approved for genetic testing might not receive adequate
screening and preventive strategies. Additional studies are needed to understand the negative
impact of limited genetic testing on PR.

This study has several limitations. First, although most individuals recruited through
PURIFICAR are population-based, the Registry also receives direct referral by physicians
and surgeons from the community, which may not adequately represent the general
population. Thus, the mutation spectrum of MMR genes in Caribbean Hispanics may be
wider and more varied than the one presented in this publication. Second, selection of
individuals that meet Amsterdam I/11 or Bethesda guidelines versus universal testing can
introduce selection bias. NCCN guidelines rely on detailed cancer family history in order for
a patient to be classified as Amsterdam I/11 or Bethesda. This detailed information on family
history is not always available, since clinicians depend on the patient’s memory in order to
obtain it. Thus, a portion of LS individuals that do not meet criteria are not identifiable
through these guidelines [44]. Studies have indicated that a universal testing approach for
LS in newly diagnosed CRC patients is sensitive [44], feasible [8] and cost effective [45,46].
Currently, there are no universal testing protocols being implemented in Puerto Rico and
clinicians use the NCCN guidelines to refer patients for IHC/MSI and/or genetic testing.
Studies for the adequate implementation of universal testing in Puerto Rico are needed to
increase early detection of LS patients in the island. Lastly, genetic testing for LS in PR is
inadequate, with significant denials of insurance coverage for individuals meeting NCCN
guidelines. Lack of approval not only affects the mutation spectrum seen in PR, but also the
patient’s clinical management.
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Implementation of protocols for the approval of genetic testing and/or IHC, or protocols for
universal testing for LS is necessary to capture the majority of LS cases in PR. In
conclusion, we report the mutation spectrum of LS in Caribbean Hispanics, with MSH2
being the most commonly mutated gene in our study population. Moreover, we observed
that MMR-deficient individuals had significant family history of CRC, when compared to
MMR-proficient patients. Furthermore, we did not observe phenotype differences between
MLH1-deficient and MSH2-deficient individuals. Future studies should be directed towards
understanding the differences in the mutation spectrum of Caribbean Hispanic LS patients
and implementation of widespread clinical guidelines for LS diagnosis in PR, including
NCCN guidelines, IHC and genetic testing.
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Figure 1.
Protocol for genetic testing of patients with suspected Lynch syndrome
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Pedigree with information of family history of cancer for proband 8343.
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Table 3

Comparison of MMR-deficient versus MMR-proficient Caribbean Hispanic patients.

MMR Status

Clinical Characteristics
Deficient N=35 Proficient N=54 p-value

Age at CRC Diagnosis (Mean + SD) 46.3+ 134 446+12.1 0.782@

Gender (n(%))

Male 14 (40.0) 23 (42.6)
0.808P
Female 21 (60.0) 31(57.4)
Tumor Location (n(%))
Proximal/Right Colon 12 (57.1) 10 (25.6)
) 0.016b
Distal/Rectum 9 (42.9) 29 (74.4)
Family History of CRC (n(%))
Yes 26 (74.3) 19 (36.5)
0.001b
No 9(25.7) 33(63.5)
Family History LS Associated Cancers (n(%))
Yes 24 (68.6) 24 (49.0)
0.074P
No 11 (31.4) 25 (51.0)
Amsterdam/ Bethesda Criteria (n(%))
Amsterdam | 4(11.4) 3(5.6)
Amsterdam 11 11 (31.4) 1(1.9) <0.001¢
Bethesda 20 (57.1) 50 (92.6)

aMann-Whitney U test;
k)Pearsons Chi-Square Test;

cFisher’s Exact Test
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Table 4

Clinicopathologic characterization of Lynch Syndrome patients according to specific MMR-deficient gene.

MMR

Clinical Characteristics
MLH1IN =13 MSH2N=21 p-value

Age at CRC Diagnosis (Mean + SD) 39.7 £11.2 52.0+12.8 0.172

Gender (n(%))

Male 8(61.5) 6 (28.6)
0.058P
Female 5(38.5) 15 (71.4)
Tumor Location (n(%))
Proximal/Right Colon 5 (62.5) 6 (50.0)
) 05820
Distal/Rectum 3(37.5) 6 (50.0)
Family History of CRC (n(%))
Yes 12 (92.3) 13 (61.9)
0.051P
No 1(7.7) 8(38.1)
Family History LS Associated Cancers (n(%))
Yes 10 (76.9) 13 (61.9)
0.074P
No 3(23.1) 8(38.1)
Amsterdam/ Bethesda Criteria (n(%))
Amsterdam | 2 (15.4) 2(9.5)
Amsterdam I1 5(38.5) 6 (28.6) 0.690¢
Bethesda 6 (46.2) 13 (61.9)

aMann—Whitney U test;
bPearson's Chi Square Test;

C_.
Fisher’s Exact Test
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