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QUESTION ASKED: Can implementation of universal
colorectal cancer screening for Lynch syndrome in
a minority-majority Hispanic uninsured population pro-
vide meaningful impact on screening, clinician aware-
ness, and detection of Lynch syndrome?

SUMMARY ANSWER: We observed substantial im-
provement in screening incidence, clinician aware-
ness via adequate family history–taking, and detection
of Lynch syndrome after implementation of our uni-
versal tumor screening protocol. We observed a higher
than expected rate of Lynch syndrome in our pre-
dominantly Hispanic uninsured population.

WHATWE DID:We performed a retrospective analysis
examining the effects of implementing a universal
tumor screening protocol for all new colorectal cancer
diagnoses, specifically focusing on the screening
incidence, rate of Lynch syndrome diagnosis, and
other secondary endpoints in 3 sequential cohorts
(before, during, and after universal tumor screening
implementation).

WHAT WE FOUND: We observed a statistically signifi-
cant improvement in proportion of patients screened
for Lynch syndrome postimplementation of our uni-
versal tumor screening protocol. We observed statis-
tically significant improvements in adequate family
history–taking after education of clinicians on new
laboratory testing guidelines and after implementation
of our universal tumor screening protocol.

BIAS, CONFOUNDING FACTORS: The main limitations
of our study are small cohort size and unequal size
and time distribution of sequential cohorts. The main
confounding factor was human error because the

pathologists were unable to follow the algorithm with
100% compliance as would be expected in a universal
tumor screening protocol, which skewed the results
of our peri-implementation cohort. Our predominantly
medically uninsured patient population somewhat
limited a compliance with the completion of appro-
priate genetic testing to detect Lynch syndrome. De-
spite these limitations and bias, we were still able to
detect statistically significant improvements in screening
of Lynch syndrome after implementation of our uni-
versal tumor screening protocol.

REAL-LIFE IMPLICATIONS: To our knowledge, this is
the first known analysis of universal tumor screen-
ing implementation for Lynch syndrome in a pre-
dominantly Hispanic uninsured patient population.
Lynch syndrome is underdiagnosed in practices
using traditional clinical criteria for screening,
especially in patients $ 50 years of age. The re-
sults of our retrospective study demonstrate that
screening, awareness, and detection of Lynch syn-
drome by clinicians is improved with universal
tumor screening practice, which is underutilized,
especially in community programs. In the future,
we hope to overcome barriers to completion of
universal tumor screening and completion of ge-
netic testing with automated electronic medical
record–based reflex laboratory test screening and
ordering algorithms. Additionally, given our find-
ings of higher rates of Lynch syndrome in a pre-
dominantly Hispanic population, Lynch syndrome
detection and outcomes in Hispanics should be
explored in the future.
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abstract

INTRODUCTION In 2014, a reflexive screening protocol for Lynch syndrome (LS) via an immunohistochemistry
(IHC) assay was shown to be cost-effective; however, the screening rates at a predominant Hispanic-rich
institution are unclear. We hypothesized that implementation of a universal tumor screening (UTS) protocol
requiring screening for LS via IHC in patients with newly diagnosed colorectal cancer (CRC) at our Hispanic-rich
institution would improve detection of LS by increasing screening rates.

METHODS AND MATERIALS This is a retrospective analysis of screening rates of 3 sequential cohorts of newly
diagnosed patients with CRC between January 2012 and April 2016 at the University Health System and with
follow-up at National Cancer Institute–designated Mays Cancer Center at University of Texas Health San
Antonio. Cohort 1 consisted of patients screened using old screening guidelines (PRE). Cohort 2 consisted of
patients screened when treating clinicians were receiving education on the new protocol (PERI). Cohort 3
consisted of patients screened after implementation of the UTS protocol (POST).

RESULTS The majority of 312 patients were Hispanic (62.5%), 18.1% were , 50 years, and 81.9% were $ 50
years of age (median age, 57 years). Of patients with CRC screened for LS via IHC, the PRE, PERI, and POST
cohorts had screening rates of 31%, 64%, and 58%, respectively. We found significant differences when
comparing the PRE with POST sequential cohorts (P , .01).

CONCLUSION The quality of Lynch syndrome–related family histories and screening rates were significantly
improved after implementation in our Hispanic-rich population. Future studies are warranted to provide insight
into clinical effects of increased screening, provider and patient surveillance, and screening-related systemic
barriers.

JCO Oncol Pract 16:e948-e957. © 2020 by American Society of Clinical Oncology

INTRODUCTION

Epidemiology

Lynch syndrome (LS; ie, hereditary nonpolyposis co-
lorectal cancer), the most common hereditary cause of
colorectal cancer (CRC), accounts for 3%-5% of all
patients with CRC.1,2 It has been estimated that the
prevalence of LS in the United States is 1 in 370 or
0.3%, with an estimated . 98% of patients with LS
going undiagnosed, which is concerning, given the
abundant evidence that early detection of LS with
subsequent cancer surveillance and/or risk-reducing
surgeries can lower cancer-related morbidity and
mortality.3 With LS, the estimated cumulative risks of
CRC by 50 and 80 years of age are 13% and 42%,
respectively.1,4 Furthermore, the estimated cumulative

risk of endometrial cancer, the second most common
LS-related cancer, by 80 years of age is 35%.1,4 Other
LS-related cancers include primary cancers of the
ovary, stomach, small bowel, hepatobiliary tract, CNS,
genitourinary tract, and integumentary system.5,6

Diagnosis and Screening

The historical clinical criteria to screen for LS (ie,
Amsterdam II and revised Bethesda guidelines) use
personal and family history of malignancies to identify
high-risk individuals in need of LS screening via lab-
oratory testing, resulting in 1 in 4 patients with LS going
undiagnosed.3,7,8 Additionally, approximately 90% of
those meeting the historical clinical criteria did not
undergo LS screening at all.9 Given the low sensitivity
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of these criteria, the universal tumor screening (UTS)
protocol has been recommended.9

The definitive diagnosis of LS is determined by the pres-
ence of one or more germline mutations in 4 DNA mis-
match repair (MMR) genes: MLH1, MSH2, MSH6, and
PMS2. Mutation in one or more of these genes causes loss
of MMR protein function, which subsequently leads to DNA
replication errors in repetitive sequences known as
microsatellite DNA.4,10 The 2 most common laboratory
methods used to screen for LS are polymerase chain re-
action (PCR) to detect the presence of microsatellite in-
stability (MSI) and loss of immunohistochemistry (IHC)
staining on the tumor specimen. Because the sensitivity
and specificity of MSI PCR and IHC testing are virtually
equivalent (85%-90% v 83%-90%, respectively), IHC has
become the preferred method for LS screening because of
accessibility, gene specificity, and cost effectiveness (72%-
86% cheaper thanMSI PCR).3,11-13 To detect sporadic CRC
and prevent unnecessary germline mutation testing, data
suggest inclusion of reflex testing for BRAF mutation
(V600E being the most common) and/or MLH1 promoter
methylation analysis in cases of MLH1 expression loss.14

Because the incidence of BRAFmutation is high (. 40% in
MLH1 expression loss), implementation of a reflex testing
protocol can assist in rapid and consistent differentiation
between germline and somatic etiology.14

Universal Tumor Screening

For any universal screening protocol to be effective, it must
satisfy 4 prerequisites: feasibility, desirability, cost efficacy,
and compliance with the principle of nonmaleficence.3 Per
a previous analysis, large-scale screening for LS using IHC
has been found to meet these criteria and has been con-
sidered an “attractive and even compelling option [for UTS].”3

Reflexive IHC screening for LS was recommended by several
organizations, including the United States Multi-Society Task
Force (USMSTF) and National Comprehensive Cancer Net-
work (NCCN). In the largest published population-based
analysis of UTS for LS, . 10,000 patients with CRC were
screened for LS.4 Positive screening results were found in
approximately 15% of patients, and . 3% of the patient
population was diagnosed with LS by germline mutational
testing.4 The application of historical clinical screening criteria
(revised Bethesda guidelines) presumed that 12% of pa-
tients with LS would have remained undiagnosed.4

Purpose

Although UTS implementation has been studied at nu-
merous institutions with large patient populations, there are
no known prior studies examining implementation of UTS
for LS in a minority-majority Hispanic population such as
ours. Compared with non-Hispanics, it has been observed
that the Hispanic population has a lower socioeconomic
status leading to less access to high-quality care and un-
insured status, which are potential barriers to UTS.15-17 To
improve LS detection at our institution, we implemented

a UTS protocol that reflexes to IHC testing to detect MMR
mutations in all newly diagnosed patients with CRC. In this
study, we evaluated the effectiveness of a UTS program for
LS at our majority Hispanic county hospital, serving the
largest minority ethnicity in the United States.18 We hy-
pothesized that the implementation of this protocol would
result in higher screening numbers compared with the
historical clinical screening criteria. Additional questions
included whether higher screening rates would be ob-
served in patients , 50 years of age or in patients $ 50
years of age, as well as whether the UTS protocol would
result in more complete taking of family histories.

METHODS AND MATERIALS

We present a single-center retrospective chart review
analysis of all new diagnoses of CRC at University Health
System’s Hospital (San Antonio, TX), with follow-up at
National Cancer Institute–designated Mays Cancer Center
at University of Texas Health San Antonio, from January 1,
2012, through April 30, 2016. Retrospective analysis was
performed bymanual chart review of the electronic medical
record (EMR) by 2 physicians who validated the abstrac-
tion. The EMR and local tumor registry data were used to
define the specified patient population. Patients with other
cancers in the colorectum, including neuroendocrine tu-
mor, GI stromal tumor, and cancers metastatic to the colon
or rectum, were excluded from this analysis.

The intervention of focus was creation and implementation of
a reflexive testing algorithm for MMR IHC of all new CRC
diagnoses (Fig 1). Implementation of the UTS algorithm oc-
curred by education (both verbally and via printed material) of
all responsible providers, including gastroenterologists, med-
ical oncologists, surgeons, and pathologists. The pathologists
were solely responsible for verbally requesting and confirming
the order for “reflexive testing” as well as MMR IHC, BRAF,
and/or MLH1 hypermethylation testing, after having received
appropriate education (Fig 1). The UTS algorithm was not
incorporated into the EMR. IHC test results were reported to
the ordering physician (either gastroenterologist who per-
formed colonoscopy or provider who ordered the biopsy to
diagnose CRC) via telephone or secure messaging. IHC
results showing staining loss of MSH2, MSH6, PMS2, and
nonsporadic MLH1 were referred to genetics counseling by
the treating oncologist. If BRAF mutation alone or BRAF
mutation and MLH1 hypermethylation together were
found on reflexive testing, then referral to genetics coun-
seling was not indicated (unless the patient met the criteria
for genetic testing because of family history).

Patients were distributed into 3 sequential cohorts: (1) the
pre-intervention (PRE) cohort consisted of newly diagnosed
patients with CRC screened for LS using the historical
clinical screening criteria (between January 1, 2012, and
September 30, 2014); (2) the peri-intervention (PERI)
cohort consisted of newly diagnosed patients with CRC
screened for LS after education of providers on UTS
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(between October 1, 2014, and February 28, 2015). During
this PERI period, IHC testing was ordered by individual
treating physicians; (3) the postintervention (POST) cohort
consisted of patients screened for LS after implementation
of a reflexive UTS protocol, which included MMR IHC,
BRAF, and/or MLH1 hypermethylation ordered by the
pathologist (between March 1, 2015, and April 30, 2016;
Fig 1). As part of the UTS algorithm, the treating physicians

were responsible for referral to genetics counseling, when
appropriate.

The primary endpoint of this project was to detect the in-
creased proportion of patients screened for LS via IHC
testing. The secondary endpoints included the quality of
reported family history obtained by the clinician, incidence of
positive family history for LS-related cancers, and proportion
of patients who received genetics counseling. Quality or

01/01/12

2013 2014 20152012 2016

03/01/15

09/30/14 

04/30/16  

PRE

Pre-implementation of universal tumor screening protocol
(Amsterdam I & II and revised Bethesda guidelines)

POST  
Postimplementation of universal 

tumor screening protocol

PERI  
Verbal requests for

Lynch screening

10/01/14 02/28/15

Reflex to tumor testing for
immunohistochemistry:

MLH1, MSH2, MSH6, PMS2

All proteins with normal
staining (no loss)

Loss of MLH1 staining
Loss of MSH2, MSH6,
and/or PMS2 staining

Reflex to tumor BRAF
V600E mutation

BRAF V600E
mutation detected

BRAF V600E
mutation not detected

Refer to genetics
counseling for germline

genetic testing

Follow-up with medical oncology

FIG 1. Timeline and defined cohort interventions representing the different patient populations who underwent the program’s algorithm for universal
tumor screening via immunohistochemistry testing. PRE, intervention cohort comprising patients screened for Lynch syndrome (LS) per old guidelines
(Amsterdam I, Amsterdam II, and revised Bethesda) from January 1, 2012, to September 9, 2014. PERI, intervention cohort comprising patients
screened for LS after clinician education on new guidelines from October 1, 2014, to February 28, 2015. POST, intervention cohort comprising
patients screened for LS after implementation of US from March 1, 2015, to April 30, 2016. MLH1, MSH2, MSH6, PMS2, DNA mismatch repair
(MMR) genes. BRAF V600E mutation, somatic mutation not consistent with germline mutation of LS.
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adequacy of taking the family history was assessed based on
the presence of 2 criteria: cancer type and age at diagnosis.
If both criteria were not documented, family history was
considered inadequate. As a post hoc analysis, we evaluated
for statistical differences in baseline patient characteristics
that may have affected the successful implementation of
UTS. The baseline characteristics included ethnicity, sex,
mean age at diagnosis, presence or absence of CRC risk
factors (smoking, alcohol abuse, obesity with a body mass
index . 30 kg/m2, diabetes, and history of cholecystec-
tomy), presence or absence of cancer family history, stage
at diagnosis, and insurance status at diagnosis.

Statistical analysis was performed using R version 3.6.1
(2019-07-05). Patients were separated into 3 cohorts: PRE,
PERI, and POST. Patient records missing relevant data
points for analysis were excluded from the study population.
Patients in each cohort were identified as, 50 years of age
or$ 50 years of age for the analysis of LS screening rates via
IHC. Pearson’s x2 test was performed comparing PRE, PERI,
and POST cohorts for race/ethnicity, sex, insured status,
presence of risk factors, family history, IHC testing, KRAS
testing, germline testing, and genetics counseling. P values
, .05 were found for insurance status, presence of risk
factors, family history, IHC testing KRAS testing, germline
testing, and genetic counseling. Post hoc tests comparing
PRE versus POST cohorts were performed for each of these
variables by Welch two-sample t test with a 95% confidence
level. P values for comparisons of cohorts, which were
screened for LS via IHC and subsequently received genetic
counseling, were unable to be performed due to low sample
size and zero variance in the POST population.

RESULTS

Baseline patient characteristics were similar across all
sequential cohorts (Table 1). Of the 381 patients included
in this analysis, there were 230 male patients (60.4%) and
151 female patients (39.6%). There were 69 patients
(18.1%) , 50 years of age and 312 patients (81.9%) $
50 years of age. The median age was 57 years (interquartile
range, 51-63 years). Hispanics accounted for 62.5% of
patients (n 5 238), and non-Hispanics accounted for
37.5% of patients (n 5 143). There were also 117 insured
patients (30.7%) and 264 uninsured patients (69.3%). Of
the patients with evaluable stage at diagnosis, 10.8% were
stage I, 31.4% were stage II, 36.1% were stage III, and
21.7% were stage IV. For a subset of patients, baseline
patient characteristic analyses were not performed be-
cause of the absence of sufficient EMR documentation.

The proportions of patients screened for LS via IHC testing
out of all patients diagnosed with CRCwere 31% (n5 83) in
the PRE cohort, 64% (n 5 16) in the PERI cohort, and
58% (n 5 49) in the POST cohort (Table 2). When com-
paring the PRE and POST cohorts, we found statistically
significant differences between the proportions of patients
with CRC screened for LS via IHC (P , .01). Among

patients , 50 years of age at diagnosis, we found no
significant difference in the proportion of patients screened
for LS via IHC between the PRE (58%) and POST (81%)
groups (Table 2). There was a significant difference in
incidence of UTS in patients diagnosed at$ 50 years of age
when we compared PRE versus POST cohorts (24.6% v
52.9%; P , .001, respectively; Table 2).

Of all patients screened for LS, 12.1%, 18.8%, and
4.1% screened positive with IHC in the PRE, PERI, and
POST cohorts, respectively, with 58.8% and 41.2% being
MLH1/PMS2 and MSH2/MSH6 deficient, respectively. Any
MLH1 staining loss detected by IHC was observed in 2.6%,
8.0%, and 1.2% for the PRE, PERI, and POST cohorts,
respectively. Of this specified subgroup, BRAF mutation
and/or MLH1 hypermethylation testing was appropriately
performed in 14.3%, 12.5%, and 100.0% for the PRE,
PERI, and POST cohorts, respectively. Zero patients with a
BRAFmutation in any cohort were subsequently referred to
genetics counseling. Among those patients with IHC
staining loss for MSH2, MSH6, or PMS2 or nonsporadic
loss of MLH1, 30.0%, 66.7%, and 100.0% were referred to
genetic counseling in the PRE, PERI, and POST cohorts,
respectively. Of those patients referred to genetics coun-
seling, 46.7% in the PRE cohort, 75.0% in the PERI cohort,
and 80.0% in the POST cohort completed the process,
including counseling and testing. Of those patients who
completed germline testing, 13.3% were diagnosed with
LS (50% MLH1, 50% PMS2, 0% MSH2, and 0% MSH6).
Of those patients who did not complete the process,
66.7% were medically uninsured. Additional post hoc
analysis of patient data between 2015 and 2018 showed
that of 236 patients referred to the GI genetics clinic,
6.4% (n 5 15) were diagnosed with LS based on germline
testing results (Appendix Fig A1, online only).

Among patients with a positive family history of cancer, we
observed that , 25% in each sequential cohort had an
adequate family history recorded in the EMR (PRE, 8.8%;
POST, 20.2%). Adequacy of family history–taking of patients
with a positive family history of cancer improved significantly
(P , .05) after clinicians were educated on new laboratory
testing guidelines and implementation of UTS. Adequate
family history–taking after intervention also improved be-
cause we observed an increase in the detection of positive
family history (PRE, 47.4% v POST, 65.5%; P , .01).

DISCUSSION

In this retrospective analysis, we examined the efficacy of UTS
implementation in detecting LS in all patients with new di-
agnoses of CRC within a predominantly Hispanic and un-
insured patient population at a county metropolitan hospital in
Texas. Three sequential cohorts consisted of a predominance
of male uninsured Hispanic patients . 50 years of age and
were not significantly different in regard to baseline patient
characteristics. This is not surprising, given that the risk of CRC
in patients with LS is greatest amongmen. 50 years of age.1,4
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Despite patient population size limitations, the project’s
primary endpoint, a significant improvement in incidence of
LS screening, was achieved. The observed statistically
significant improvements in LS screening occurred after
clinician education on the new screening guidelines and
after implementation of the UTS protocol.

We implemented UTS in the postintervention cohort but
unfortunately did not meet the goal of 100% compliance.

We can attribute this to human error, because the pa-
thologists were unable to follow the implemented algorithm
with complete compliance. There was initial resistance to
habit formation of behavioral change as expected by the
ordering pathologists. We believe the interventional time
period (PERI cohort) was not long enough to allow for
adaptation of behavioral change to occur. We did not
observe a significant improvement in LS screening

TABLE 1. Patient Demographics

Characteristic

All Patients
Total Population

Jan 2012-Dec 2015

PRE
Entire PRE Cohort
Jan 2012-Sep

2014

PERI
Entire PERI Cohort
Oct 2014-Feb

2015

POST
Entire POST

Cohort
Oct 2014-Feb

2015

P aNo. % No. % No. % No. %

Total population 381 100.0 272 71.4 25 6.6 84 22.0

Race/ethnicity .6

White 99 26.0 73 26.8 6 24.0 20 23.8

Hispanic 238 62.5 168 61.8 14 56.0 56 66.7

Other 44 11.5 31 11.4 5 20.0 8 9.5

Sex .2

Male 230 60.4 169 62.1 11 44.0 50 59.5

Female 151 39.6 103 37.9 14 56.0 34 40.5

Insured , .05

Yes 117 30.7 63 23.2 11 44.0 43 51.2

No 264 69.3 209 76.8 14 56.0 41 48.8

Risk factors present for CRCb , .05

Yes 299 78.5 206 78.6 21 100.0 71 85.5

No 68 17.8 56 21.4 0 0.0 12 14.5

Family history of cancer , .05

Yes 192 50.4 127 46.7 10 40.0 55 65.5

No 189 49.6 143 52.6 15 60.0 29 34.5

Mean age at diagnosis, years 57.3 N/A 57.2 N/A 58.1 N/A 57.4 N/A

Age at diagnosis, years

18-29 5 1.3 3 1.1 1 4.0 1 1.2

30-39 15 3.9 10 3.7 1 4.0 4 4.8

40-49 49 12.9 35 12.9 3 12.0 11 13.1

50-59 159 41.7 114 41.9 11 44.0 34 40.5

60-69 106 27.8 78 28.7 4 16.0 24 28.6

70-79 37 9.7 25 9.2 3 12.0 9 10.7

80-89 9 2.4 7 2.6 2 8.0 0 0.0

$ 90 1 0.3 0 0.0 0 0.0 1 1.2

Abbreviations: CRC, colorectal cancer; IHC, immunohistochemistry; LS, Lynch syndrome; N/A, not applicable; PERI, intervention cohort comprising
patients screened for LS after clinician education on new guidelines from October 1, 2014, to February 28, 2015; POST, intervention cohort comprising
patients screened for LS after implementation of US fromMarch 1, 2015, to April 30, 2016; PRE, intervention cohort comprising patients screened for LS per
old guidelines (Amsterdam I, Amsterdam II and revised Bethesda) from January 1, 2012, to September 30, 2014.

aPost hoc testing via Welch two-sample t test was performed for variables with P , .05 from initial chi-square analysis.
bRisk factors include smoking, alcohol abuse, obesity with body mass index . 30 kg/m2, diabetes, and prior cholecystectomy.
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incidence in patients, 50 years of age. We attribute this to
a substantially smaller patient population in this age group
(n5 69; 18.1%)1,4. More importantly, because the highest
risk of CRC and LS is seen in patients $ 50 years of age,
we focused more on the significant improvement in LS
screening in patients $ 50 years of age after clinician
education and implementation of UTS.

In the future, to attain 100% compliance, we plan to in-
corporate this algorithm into the electronic pathologic
reporting system. In a prior study conducted by pathologists
and gynecologic oncologists at the University of Washington,
a reflexive LS screening program was implemented. An
algorithm to conduct MMR IHC testing for all new diagnoses
of endometrial cancer in patients # 60 years of age was
incorporated into the electronic pathology reporting system.
The pathologists were required to follow the specified algo-
rithm to sign out each endometrial cancer pathology report.
Prior to implementation, approximately 15%of patients did not
receive appropriate MMR IHC testing. After implementation,
. 3% of patients still did not receive appropriate testing. This
improvement was statistically significant (P , .05) but does
emphasize that even with a stop-gap reflexive testing algo-
rithm, human error persists. It was hypothesized that human
error in this study was most likely due to miscommunication,
failure to follow through, and busy workload at an academic
medical center. It was suggested that the addition of an au-
tomated ordering system, when indicated by the reflex testing
algorithm, would hopefully lead to 100% compliance.19

As a secondary endpoint, we evaluated the incidence of
positive screening results and found a similar proportion
based on prior studies without significant differences be-
tween cohorts.4 More importantly, the majority of these
patients were appropriately referred to genetics counseling
after clinician education and UTS implementation, and zero
patients were inappropriately referred to genetics counseling
based on IHC results (ie, MLH1 expression loss with BRAF
mutation). This is noteworthy because before UTS imple-
mentation, appropriate referral rates were less than one
third. We also found that a previously defined significant

barrier to LS diagnosis, that is, patient noncompliance with
genetics counseling and testing, improved significantly
during and after UTS implementation.20,21 Of those patients
who were nonadherent, the majority were medically un-
insured, which is important, given that uninsured status is
a previously defined poor risk factor for CRC outcomes.15-17

Although UTS has been shown to identify more patients with
LS compared with historical screening protocols, imple-
mentation of UTS still faces many barriers and is vastly
underused despite being recommended by the USMSTF and
NCCN.3,9 In a prior survey ofmore than 100 cancer programs,
fewer than 75% of National Cancer Institute–designated
comprehensive cancer centers and only 15% of community
hospitals surveyed were performing UTS for LS among pa-
tients with CRC.22 The barriers to UTS identified in this study
were primarily attributed to lack of necessary resources and
education on criteria and implementation of UTS.22

Other studies have also evaluated barriers to UTS for LS. The
most significant barrier was identified as patient non-
compliance in the genetics counseling and testing process
due to perceived lack of benefit by the patient.20,21 In an
effort to address this barrier, a model that involves stream-
lined UTS testing (automatic reflex to BRAF testing and
genetics counseling referral), increased collaboration with
genetic counselors (including UTS result tracking, genetics
counseling referral facilitation, and disclosure of UTS results
to patients), and assistance in overcoming barriers to follow-
up, such as introducing genetic counseling at postoperative
appointments, has been proposed.20

The importance of family history in assessing LS risk is
evident in previous clinical guidelines for screening.9 In our
study, the incidence of positive family history for malig-
nancy (approximately 50%) was similar across all se-
quential cohorts. We also demonstrated that adequacy of
family history–taking improved after implementation of
UTS, which correlated with increased detection of positive
family history, which may allow for screening for other
hereditary cancer syndromes.

TABLE 2. Post Hoc Comparison of Proportions and Related P Values of Patients Screened for LS via IHC, Patients Age, 50 Years Screened for
LS via IHC, Patients Age$ 50 Years Screened for LS via IHC, and Patients With Positive Family History of Cancer Among PRE, PERI, and POST
Cohorts

Patients with Colorectal Cancer

% P

PRE PERI POST PRE v POST

Patients screened for LS via IHC 30.5 64.0 58.3 .00001

Patients age , 50 years screened for LS via IHC 58.3 80.0 81.3 .07

Patients age $ 50 years screened for LS via IHC 24.6 60.0 52.9 .00006

Patients with positive family history of cancer 47.4 40.0 65.5 .003

NOTE. Post hoc testing via Welch two-sample t test was performed for variables with a P value , .05 from initial chi-square analysis.
Abbreviations: IHC, immunohistochemistry; LS, Lynch syndrome; PERI, intervention cohort comprising patients screened for LS after clinician

education on new guidelines from October 1, 2014, to February 28, 2015; POST, intervention cohort comprising patients screened for LS after
implementation of US from March 1, 2015, to April 30, 2016; PRE, intervention cohort comprising patients screened for LS per old guidelines
(Amsterdam I, Amsterdam II, and revised Bethesda) from January 1, 2012, to September 30, 2014.
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Because LS only accounts for approximately 3%-5% of all
CRC, the incidence of positive LS screening in our pop-
ulation was low, as expected. However, we believe suc-
cessful implementation of UTS for LS improved clinician
awareness of the importance for LS screening in CRC and
resulted in an increase in referrals to genetics counseling
for germline mutation testing to diagnose LS. Between
2015 and 2018, we were able to definitively diagnose 15
patients (6.4% of all patients referred to the GI genetics
clinic) with LS after the institution of UTS for LS, which is
above the expected rate of 3%-5%.1,2 The primary reason
for collecting data on genetics counseling and testing after
completion of cohort intervention periods was to allow
sufficient time for completion of the complex process,
which has known barriers to completion.20,21

Limitations and Future Studies

Limitations of this study include the absence of multivariate
analysis resulting in multiple independent t tests performed
when analyzing the outcome variables, the small patient
population of the study cohorts, and unequal distribution of
time periods among the 3 sequential cohorts, which limited
the power to determine statistically significant differences in
LS screening incidence and diagnosis between the cohorts.
This can be improved with future expansion of this study
to include more patients to adequately power the study.
Additionally, our pathologists manually ordered the reflex
testing once a CRC diagnosis was made and resulted in
human error. This contributed substantially to lower UTS
rates after implementation. This can be improved in future
studies by instituting an automated EMR-based reflex
laboratory test screening and ordering algorithm that would
prevent human error.19

The high rate of uninsured Hispanic patients proved to be
a major barrier to completion of genetics counseling and
subsequent detection of LS in our predominantly Hispanic
uninsured patient population. In 2 landmark population-
based analyses (one at a large single-center academic

institution and one being a multicenter international
analysis), the impact of ethnicity or race on UTS imple-
mentation and results was not analyzed.4,21 Prior studies
have noted disparities in the incidence, stage at diagnosis,
and cancer-related mortality of CRC diagnosis in the His-
panic population that could be attributed to lower socio-
economic status and higher uninsured rate.15-17,23,24 To our
knowledge, this is the first known analysis of UTS imple-
mentation for LS in a predominantly Hispanic uninsured
patient population. Since this analysis, our genetics pro-
gram has been working on grants and other programs to
help with the cost of germline testing. The clinical effects
of Hispanic ethnicity and uninsured status separately and
together on LS detection and outcomes should be explored
in future analysis.

Future prospective studies are warranted to provide insight
into clinical effects of increased screening, including sur-
veillance by provider and patient, and systemic barriers to
universal IHC. In the future, we aim to increase collabo-
ration with genetics counseling via automated referrals with
positive screening results and increase accessibility and
convenience of patient care. Currently, our institution is
addressing the barriers to improve long-term follow-up,
which is crucial in preventing and detecting early-stage LS-
related malignancies.

The primary endpoint was reached in terms of significant
improvement in incidence of LS screening after imple-
mentation of UTS. Adequacy of family history–taking (in
patients with a positive family history of cancer) also sig-
nificantly improved postintervention. With adequate family
history–taking, there was an increase in detection of LS-
related cancers as well as screening for other hereditary
cancer syndromes. We observed a higher than expected
rate of LS diagnosis in our unique Hispanic uninsured
patient population, which deserves special consideration in
future studies.
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APPENDIX
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FIG A1. Number of patients seen in the GI genetics clinic and diagnosed
with Lynch syndrome by germline testing, by year.
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