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Reports from the Field

Screening for Lynch Syndrome Among Patients 
with Colorectal Cancer: Experiences from a 
Multihospital Health System
Andrew Salner, MD, Richard Sekerak, and Peter Paul Yu, MD

ABSTRACT

Objective: To explore the extent to which patients with 
newly diagnosed colorectal cancer (CRC) received 
standard of care screening for Lynch syndrome (LS), 
with testing of specimens for loss of expression of 
mismatch repair (MMR) genes and referral of patients 
with positive results to a genetic counselor. 

Methods: We conducted a retrospective study using 
cancer registry data from the Hartford HealthCare 
Cancer Institute, which is part of a 5-hospital urban 
health care system. Measures that were included in 
this study were patient age and gender, date of surgery, 
pathologic grade, pathologic stage, presence of MMR 
immunohistochemical test, and presence of genetic 
counseling and testing for MMR-positive patients 

Results: 432 patients diagnosed with CRC during calendar 
years 2014 and 2015 were identified. The average age 
of the patients was 68.2 years and overall 81.3% of 
patients were screened (range, 30.8%–94.5%). Of the 
patients with MMR-positive results, 15 (57.7%) received 
a genetic consult and 10 of these had a germline test. 
Seven patients (70%) tested positive for LS. Patients who 
were diagnosed with LS were younger, and the majority 
were male.

Conclusion: This study showed that improved 
implementation strategies for LS screening at HHC 
hospitals were needed, as MMR testing was not fully 
implemented across all of our sites. Strategies that led 
to improved compliance included consensus building, 
comprehensive communications, embedding the new 
standard in a series of steps, and subsequent audits 
with feedback. 

Keywords: Lynch syndrome; colorectal cancer; quality; 
screening; standard of care.

Colorectal cancer (CRC) is the third most common 
cancer in men and women, accounting for as 
many as 135,000 new cases and 50,000 can-

cer deaths per year in the United States.1 These cancers 
appear to be heterogeneous with multiple molecular sub-
types, including chromosomal instability and microsatellite 
instability (MSI) pathways.2,3 MSI tumors may result from 
sporadic mutations or constitutional mutations. Lynch 
syndrome (LS), formerly known as hereditary non-polyp-
osis colorectal cancer, is caused by a germline mutation 
in 1 of several DNA mismatch repair (MMR) genes or loss 
of expression of MSH2 due to deletions in the EPCAM 
gene.4 The MMR genes that have been identified in LS are 
MLH1, MSH2, MSH6, and PMS2.5-8 The protein products 
of these genes are essential to maintaining the integrity 
of the DNA sequence. Importantly for clinical practice, 
patients who carry gene mutations indicative of LS have 
a higher risk of certain cancers, namely CRC, pancreatic 
cancer, and endometrial cancer, among others.8,9 

While most occurrences of CRC are sporadic, ac-
counting for roughly 90% of all cases, approximately 5% 
to 10% of CRCs are caused by inherited genes.10 LS is 
the most common cause of inherited CRC, accounting 
for 1% to 3% of all CRC cases.8,10,11 Individuals with LS 
are likely to have onset of disease at an earlier age and 
also have a much higher risk for developing CRC, with 
a lifetime risk of CRC of approximately 70% for men 
and 45% for women.12,13 Thus, it is important to identify 
patients who have LS so that they can receive proper 
surveillance and care (ie, frequency of follow-up and 
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treatment options). It is additionally important for family 
members of patients with LS to receive proper genetic 
counseling and genetic testing to better understand their 
possible predisposition and risk for CRC. CRC screening 
for LS helps clinicians appropriately personalize patient 
care, as the adjuvant therapy selection may be influenced  
by MMR results.3 

The National Comprehensive Cancer Network guide-
lines recommend screening all patients with newly diag-
nosed CRC for Lynch syndrome. Hartford HealthCare 
(HHC), a large health care system located in Hartford, 
CT, has adopted these guidelines at the 5 hospitals within 
its cancer institute. According to the standard of care, a 
positive MMR pathology report should result in a referral 
to a genetic counselor for consultation, and the genetic 
counselor would recommend genetic testing for germline 
MMR genes. This quality improvement project sought to 
evaluate the performance of each of the 5 hospitals in 
implementing the standard of care for screening for LS 
in patients with CRC and to determine if the appropriate 
genetic referrals were made for patients with positive 
screening results. This study focused on LS screening in 
patients diagnosed only with CRC.

Data Collection and Analysis
We conducted a retrospective study examining all cases 
of patients diagnosed with invasive colon or rectal can-
cer at each of the 5 HHC Cancer Institute hospitals 
during calendar years 2014 and 2015. The study was 

developed as a quality improvement project for the HHC 
cancer centers. The database of patients diagnosed 
with colon and rectal cancer at HHC was obtained from 
our cancer registry. 

Patients were stratified by hospital and surgeon. 
The study analyzed multiple factors, including age and 
gender, date of surgery, pathologic grade, pathologic 
stage, presence of MMR immunohistochemical (IHC) 
test, and presence of genetic counseling and testing for 
MMR-positive patients. Data was extracted from patient 
charts, pathology reports, and genetic reports. Only 
patients with primary adenocarcinomas were included in 
the study. In total, the study comprised 423 cases among 
the 5 hospitals. Results were tabulated and simple de-
scriptive statistics were utilized to analyze the data.

Results
Of the 423 CRC patients treated at HHC during the study 
period, 45% were male and 55% were female, with an av-
erage age of 68.2 years (Table 1). The HHC Cancer Insti-
tute performed MMR IHC testing on 81.3% of all patients 
diagnosed in 2014 and 2015 (range, 30.8% to 94.5%). 
While the percentage of patients tested overall did not 
change from 2014 to 2015, it appreciably increased for 
the lower performing hospitals (Table 1). This improve-
ment resulted from enhanced communication and estab-
lishment of pathology protocols for handling the tissue of 
patients with a cancer diagnosis.

Twenty-six (7.6%) of the 344 specimens tested were 

Table 1. Testing in Colorectal Cancer Patients at Hartford Healthcare Cancer Institute, 2014/2015

Hospital
Patients with 

CRC, n Female, % 
Mean  
Age, y

Received MMR 
Testing, n (%)

Received  
MMR Testing 

 in 2014, %

Received  
MMR Testing  

in 2015, %
MMR- 

positive, %

a 217 57 68 205 (95) 96 92 5.9

b 13 46 74 4 (31) 17 43 25

c 65 48 68 27 (42) 21 60 7.4

d 67 54 68 62 (93) 97 88 8.1

e 61 59 69 46 (75) 72 78 13

Total 423 55 68 344 (81) 82 81 7.6

CRC, colorectal cancer; MMR, mismatch repair.
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IHC abnormal, revealing a loss of 1 or more MMR gene 
products (Table 2). Of the patients with MMR-positive 
results, 15 (57.7%) received a genetic consult and 10 of 
these had a germline test of their MMR genes. Of note, 1 
patient had been diagnosed with LS at an outside facility 
and therefore did not receive a genetic consult; 1 patient 
was unable to be reached for scheduling of a consult; 2 
patients declined genetic testing; and 1 patient did not 
have their genetic test ordered.

Of the patients who underwent germline testing, 7 
(70%) tested positive for LS (Table 2). Five LS patients 
tested positive for an MLH1 gene mutation, 1 tested pos-
itive for an MSH2 mutation, and 1 had a pathogenic vari-
ant of unknown significance (VUS) in their MLH1 gene.

The stage of cancer at diagnosis for MMR-negative, 
MMR-positive, and LS-positive groups was similar; near-
ly all patients were stage I, II, or III (Table 3). Compared 
to patients who were MMR-negative or MMR-positive, 

LS patients were younger (68.3, 60.9, and 47.6 years, 
respectively), and the majority were male (44.8%, 42.3%, 
and 57.1%, respectively). 

Discussion
The shifting paradigm of health care delivery in Ameri-
ca has led to increasing consolidation of hospitals into 
larger health care organizations. Consolidation creates  
a challenge when trying to implement a unified standard 
of care within distinct hospitals that comprise a health 
care system. In 2014, HHC integrated 2 additional hos-
pitals into its system, for a total of 5 hospitals. As part of 
our quality improvement process, we wanted to explore 
the effect this had on universal MMR tumor screening for 
CRC patients among the 5 separate pathology depart-
ments, recognizing that implementation might take some 
time as protocols change. Although our Cancer Institute 
and Pathology Council had approved the universal MMR 

Table 2. Testing Data for MMR-positive Patients

Hospital
Patients with MMR-

positive Result, n
Received Genetic 

Consultation, n (%)
Received Genetic  

Testing, n (%)
Tested  

Positive for LS, n

a 12 6 (50) 4 (67) 3

b 1 100 (1/1) 1 (100) 1

c 2 0 – –

d 5 3 (60) 3 (100) 2

e 6 5 (83) 2 (40) 1

Total 26 15 (58) 10 (67) 7

LS, Lynch syndrome; MMR, mismatch repair.

Table 3. Stage of Cancer at Lynch Syndrome Diagnosis

Average 
Age, y  Female, % Stage 0, % Stage I, % Stage II, % Stage III, % Stage IV, %

All cases 68 55 2.4 26 30 31 9

MMR-negative 68 55 1.3 22 31 34 10

MMR-positive 61 58 7.7 31 35 27 0

LS-positive 48 43 14 29 14 43 0

LS, Lynch syndrome; MMR, mismatch repair.
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testing standard for all CCR patients, it was not clear that 
the standard had been embedded into pathology depart-
ment standard practice.

The project reported here revealed substantial vari-
ance in MMR IHC testing among the 5 hospitals, sug-
gesting the difficulty of implementing a unified standard 
of care among hospitals with separate groups of pathol-
ogists. This variance could result from several issues: 
lack of embedding the new standard in a series of steps 
to assure universal compliance; lack of agreement by 
pathologists on submitting every case; lack of follow-up 
by pathology staff to forward slides/tissue to the central 
lab for processing; and concern about privacy issues 
associated with conducting an unconsented genetic test. 

There has been some debate as to whether CRC 
tumor screening requires consent from the patient.14 
Without a clear standard of care for CRC cases, MMR 
IHC testing might not be ordered if a pathologist deems 
it necessary for the surgeon to obtain patient consent 
to the test. When the discrepancy in MMR IHC testing 
among the hospitals was investigated, we learned that 
one pathologist performed MMR testing only if a signed 
patient consent was provided. This revealed a deviation 
from our CRC protocol and a deficiency of communica-
tion within the HHC network. In addition, only 3 of our 5 
hospitals routinely had genetic counselors present during 
the study period, requiring travel for patients at the other 
2 hospitals and thus creating a potential barrier to the 
genetic consultation.

Based on the results of this study and other studies 
in the literature, we estimated that approximately 7 to 
10 MMR-positive cases and 5 to 7 patients with LS may 
have been missed within the HHC network during the 2 
study years as a result of suboptimal MMR testing, genet-
ic counseling, and genetic testing.14-18 These potentially 
missed cases and diagnoses underscore the importance 
of implementing a unified standard of care across all large 
health care organizations. Individualized care, genetic 
testing, and counseling for patients and families affected 
by LS lead to more effective monitoring of these patients 
for disease.

However, our project showed that effective implemen-
tation of a standard of care for universal tumor screening 
for patients with CRC can modify institutional cancer 

care.15 Notably, hospitals that tested a lower percentage 
of patients overall improved their MMR testing drastically 
from 2014 to 2015. This significant increase in MMR test-
ing shows the impact of measuring and disseminating 
compliance performance information following the institu-
tion of a new quality standard within a health care system. 
Further audits have revealed universal acceptance and 
use of this testing. 

General patient perception of universal tumor screen-
ing is positive, and patients understand and endorse 
the benefits of screening for LS.16 In our study, patients 
with LS were on average 21 years younger at diagnosis 
compared to patients who were MMR-negative. Because 
LS patients are younger at diagnosis of CRC compared 
to patients who do not have MMR gene mutations and 
because colonoscopy typically is not initiated until age 
50 years, molecular screening and genetic testing of 
MMR-positive patients is important. Identifying the pres-
ence of LS is important for both the patient and their 
family. Specifically, patients with LS are recommended 
to receive a screening colonoscopy every 1 to 2 years 
beginning at age 20 to 25 years.13 Personalizing care and 
increasing surveillance for patients with LS can help to 
reduce the morbidity and mortality of CRC and potentially 
other cancers. 

Conclusion
As a result of this study, we recognized that inclusion of 
pathologists in the discussion is essential but not enough 
to ensure that all cases will be screened. Rather, a much 
more detailed series of steps is necessary to ensure com-
pliance, including:
•	Gain consensus among clinical leadership in CRC 

(including surgery, medical oncology, and pathology) 
that universal screening is necessary.

•	Bring the appropriate strategy to pathology depart-
ment operational managers to ensure that policy is 
transmitted to all appropriate staff.

•	Ensure that involved individuals at newer hospitals in 
the system have access to the details of cultural dis-
cussions that have occurred to develop consensus 
and the policies and procedures that followed.

•	Develop policies and procedures to assure that all 
appropriate patients are tested, including those who 
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present outside normal hours for emergency surgery 
(ie, bowel obstruction).

•	Develop an audit process to ensure that all patients 
have been screened and determine where any excep-
tions might be present.

•	Present audit data back to the pathology team and 
Cancer Institute leadership team, and consider any 
strategy or operational modifications if needed.
The results of this study also highlight the important 

role quality studies play in informing health care organi-
zations and improving clinical care. Quality studies assist 
in changing the culture and practice of institutions and 
guide the development and implementation of a unified 
standard of care. 
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