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• Compliance with Lynch syndrome screening guidelines can be dramatically improved with straightforward interventions.
• Universal screening for Lynch syndrome in uterine cancer patients is feasible.
• Universal screening for Lynch syndrome identifies substantially more patients eligible for targeted treatments.
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Objective. To determine the feasibility and effectiveness of a quality improvement initiative (QI) to adopt uni-
versal screening for Lynch syndrome in uterine cancer patients at an institution that previously employed age-
based screening.

Methods. Prior to the initiative, tumors of patients with uterine cancer diagnosed at age ≤ 60 years were
screened for mismatch repair deficiency (MMR) and microsatellite instability (MSI). The QI process change
model adopted universal testing of all uterine cancer specimens and implemented provider training, standard-
ized documentation, and enhanced use of the electronic medical record (EMR). We compared screening rates,
results of screening, follow up of abnormal results, and final diagnoses from the pre- and post-implementation
periods.

Results. Pre- and post-implementation screening rates forwomen age ≤ 60 years at the time of diagnosiswere
45/78 (57.7%) and 64/68 (94.5%), respectively. The screening rate for all patients with uterine cancer increased
from 73/190 (38.4%) to 172/182 (94.5%). The rate of abnormal screening results increased from 15/190 (7.9%)
to 44/182 (24.0%) cases. Genetics referral rates among screen positives increased from 3/15 (20.0%) to 16/44
(36.4%). Germline diagnoses increased from 2/190 (1.1%) with two Lynch syndrome diagnoses to 4/182 (2.2%)
including three Lynch syndrome diagnoses and one BRCA1 germline diagnosis. The number of patients errantly
not screened decreased from at least 32 patients to 3 patients after the intervention.

Conclusions. Adherence to screening guidelines significantly improved after interventions involving provider
education, optimal use of the EMR, and simplification of screening indications. These interventions are feasible at
other institutions and translatable to other screening indications.

© 2020 Elsevier Inc. All rights reserved.
1. Introduction

Lynch syndrome is an autosomal dominant inherited cancer suscep-
tibility syndrome caused by defects in the DNAmismatch repair system
m, NC 27713, United States of

.

[1–4]. Lynch syndrome predisposes patients to cancers throughout the
body, most commonly colorectal and uterine cancer [1,5]. The Society
for Gynecology Oncology (SGO) recommends systematic clinical
screening for Lynch Syndrome for all women diagnosed with uterine
cancer through a review of personal and family history, tumor testing
on all uterine tumors diagnosed before age 60 years, or universal
tumor testing regardless of age [6]. Tumor testing uses immunohisto-
chemistry (IHC) to detect for the presence or absence of protein
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Fig. 1. Process change model to implement universal screening for Lynch syndrome in
patients with uterine cancer. EMR, electronic health record; IHC, immunohistochemistry;
MSI microsatellite instability.
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expression for the mismatch repair genes MLH1, MSH2, PMS2, and
MSH6 [4,7,8]. Microsatellite instability (MSI) is a cellular phenotype
resulting from a mismatch repair (MMR) mutation. MSI is present in
the majority of tumors from patients with Lynch syndrome but can
also occur in sporadic uterine cancers [1,9]. Our institution's experience
is that selectively testing patients based on age and family history cre-
ated ample room for error in ordering the initial testing, requesting
MLH1 promoter testing in patients with absent expression of MLH1
and/or PMS2, communicating the results to patients, and then placing
a genetics referral when indicated [10]. The goal of our project was to
determine the feasibility and effectiveness of adopting universal screen-
ing for Lynch syndrome in women with uterine cancer at a single aca-
demic institution. We hypothesized that universal testing of all uterine
cancer patientswould improve adherence to Lynch syndrome screening
guidelines and minimize opportunities for human error in following up
the screening.We secondarily sought to assesswhether or not detection
and genetic referral rates were different under a universal screening
paradigm as compared to an age-based screening paradigm.

2. Materials and methods

This quality improvement initiative was implemented at a single,
high volume, tertiary care, academic medical center in the United
States. The institution sees approximately 200 new uterine cancer
cases annually between eight gynecologic oncology faculty across four
hospitals. The pathology department has four dedicated gynecologic pa-
thologists and in-house capability to performMSI testing andMMR im-
munohistochemistry (MMR/MSI). The institution employs oncologic
genetic counselors who coordinate patient counseling as well as send-
out testing. All of the above parties were involved in the design and im-
plementation of the quality improvement initiative. The institution uses
Epic as its Electronic Medical Record (EMR). The process change and re-
lated data gathering were approved under exempt status by the Duke
Institutional Review Board given the quality improvement nature of
this project (Protocol 00100854).

Prior to the intervention, the policy at our facility was to perform
Lynch syndrome screening with MMR/MSI for women who were 60
or younger at the time of uterine cancer diagnosis or who had a family
history suspicious for an undiagnosed hereditary cancer syndrome.
Testing could either be requested by the gynecologic oncologist based
on family history or by the reading pathologist if the patient was
under 60 years old. The QI initiative began with consensus agreement
among leaders at our institution's gynecologic oncology division that
the current system of age and family history-based testing was not op-
timal based on providers' subjective experience of the workflow and
known screening heterogeneity among providers. Universal screening
was an acceptable alternative to both gynecologic oncology and pathol-
ogy providers to achieve a standardized process, and as above is one of
the screening paradigms recommended by SGO.

The goal of the interventionwas to achieve universal MMR/MSI test-
ing on all patients with uterine cancer, regardless of age or family his-
tory, and to follow up abnormal results via additional tumor testing
and genetics referrals as indicated. The intervention consisted of pro-
vider training, standardized pathology documentation, and optimiza-
tion of EMR workflows.

2.1. Provider training

Provider training involved in-person and electronic communications
with gynecologic oncology providers, pathologists, and clinical labora-
tories. Lynch syndrome epidemiology, pathophysiology, and prognosis
were reviewed, as were SGO recommendations for screening. Discus-
sion of current practice patterns again revealed significant heterogene-
ity in screening practices and many opportunities for human error. The
insights reiterated were not part of the formal curriculum but served to
increase enthusiasm for standardization.
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2.2. Pathology documentation

To standardize pathology documentation, a non-optional field was
added to the pathologists' uterine cancer pathology report template
that prompted identification of a best block for subsequent molecular
testing and staining. The pathology report for uterine cancer specimens
could not be signed until thisfieldwas populated. Identification of a best
block not only reminds the pathologist to submit the tumor for testing,
but it also may increase the likelihood that the specimen to be tested
contains characterizable-tumor.

2.3. Provider documentation

The note templates used in gynecologic oncology clinics were
amended to include a mandatory section for “molecular testing and
tumor genetics.” This section prompts the provider to manually review
and document all testing that has been ordered, the results of those
tests, whether or not a genetic counseling referral has been made, and
the outcome of the genetic consultation (Fig. 1). Notes cannot be signed
without completion of this field, unless it is deleted in its entirety.

The quality improvement initiative was launched on July 1, 2018.
We retrospectively reviewed charts for all newly diagnosed uterine can-
cers during calendar year 2017. For all patients with a confirmed diag-
nosis of uterine cancer, data obtained included age, date of surgery,
whether MMR/MSI testing was performed, results of MMR/MSI testing,
whether MLH1 promoter hypermethylation testing was ordered (if in-
dicated), date the provider communicated test results to the patient,
date a genetic consult was placed, completion of a genetic counseling
appointment, and results of genetic testing.

We prospectively collected the same data between July 1, 2018 and
June 30, 2019. Data between January 1, 2018 and June 30, 2018 (“wash-
out period”) was collected but not included in analysis as meetings had
already been initiated about the upcoming interventions and practice
patterns neither reflected the historical baseline or the post-
intervention baseline. Patients were identified for inclusion based on
automated review of billing and diagnostic codes in the EMR. Investiga-
tors then manually reviewed all patient records, excluded patients who
did not have a new uterine cancer diagnosis, and collected the above
data into a secure database.

To assess progress towards the goal of universal MMR/MSI testing
for all uterine cancer patients, our primary outcomes were the percent-
age of newly diagnosed uterine cancer patients who had molecular
Lynch syndrome screening, and the percentage of newly diagnosed
uterine cancer patients under the age of 60 who had molecular Lynch
syndrome screening. Additional metrics included the rates of positive
screening results, referral rates to genetic counseling, and results of
germline genetic testing.

The rates of MMR IHC andMSI testingwere compiled for all patients
with uterine cancerwho underwent hysterectomy in the pre- and post-
implementation periods. A non-parametric two-sided Fisher's exact test
was used for the categorical variables. TheMann-Whitney testwas used
to compare continuous variables. All continuous variables are summa-
rized with the median and range. Unadjusted p-values less than 0.05
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were considered significant. GraphPad Prism 7 (Version 7.04) was used
for data analysis.

Provider experience and the perceived effectiveness of the interven-
tions was assessed qualitatively during regularly scheduled division
meetings. Thoughnot formally included in our analysis, feedback during
these sessions failed to identify confounding variables such as new
guidelines, new laboratory facilities, or new faculty that could explain
changes in practice pattern. The institution's ethics review board was
available throughout the study period, though there was no occasion
that necessitated a consultation.

3. Results

There was no statistical difference in patient age between the pre-
and post-implementation cohorts (years); 63 (31–84) versus 64.5
(25–89), p=0.57 (Table 1). In the pre-implementation cohort, 190 pa-
tients underwent a hysterectomy for a diagnosis of uterine cancer. In
the pre-implementation cohort a total of 73 (38.4%) of all patients re-
ceived screening, and 45 (57.7%) of the 78 patients 60 years or younger
received screening (Table 2). In the post-implementation cohort, 182
patients with uterine cancer underwent a hysterectomy and 172
(94.5%) of patients had MMR/MSI testing, including 64 (94.1%) of the
68 patients 60 years or younger.

During pre-implementation, 15 (7.9%) patients undergoing staging
surgery for uterine cancer had abnormal MMR testing, 12 (6.3%) of
whom had loss of MLH1 and PMS2 protein expression as a result of
MLH1 promoter hypermethylation. Three patients with absent MSH6
protein expression were referred for genetic counseling and all
underwent germline testing. Two diagnoses of Lynch syndrome were
confirmed (both pathogenic MSH6 mutations); the other patient had a
variant of uncertain significance (VUS) in MSH6 (Fig. 2A). In the post-
implementation cohort, 44 (24.2%) patients had abnormal MMR/MSI
testing, of whom 33 (18.1%) were deemed sporadic in nature due to
MLH1 promoter hypermethylation. Providers referred 16 (8.8%) pa-
tients to genetic counseling, which included 11 (6.0%) patients with ab-
normal MMR/MSI testing. One patient (0.5%) underwent commercially
available sequencing of her tumor and a BRCA2mutationwas identified.
She underwent germline testing and ultimately did not have a germline
BRCA2 mutation. Four (2.2%) other patients with a significant family
history or a history of multiple other cancers were referred. Twelve pa-
tients ultimately underwent germline testing. Of the four patients who
were referred to genetic counseling but did not receive germline genetic
testing, one declined referral, one declined testing after counseling, one
deferred referral and testing until they return from an extended trip
abroad, and one was lost to follow up despite multiple attempts at
Table 1
Baseline demographics of pre- and post-implementation cohorts.

Pre-implementation
(n = 190) January
2017–December 2017 n
(%)

Post-implementation
(n = 182) July
2018–June
2019 n (%)

Age NS
≤40 5 (2.6) 11 (6.0)
41–50 13 (6.8) 19 (10.4)
51–60 60 (31.6) 38 (20.9)
≥61 112 (58.9) 114 (62.6)

Race/Ethnicity NS
African American 46 (24.2) 46 (25.3)
Asian 3 (1.6) 2 (1.1)
Caucasian 120 (63.2) 121 (66.5)
Hispanic 2 (1.1) 2 (1.1)
Native American
or
Alaskan Native

5 (2.6) 2 (1.1)

Not reported 14 (7.4) 9 (4.9)

NS = not significant.
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re-contacting them. Two of the four patients who did not receive
germline genetic testing were referred because of abnormal MMR/MSI
screening. Of the 12 patients who received germline genetic testing, 3
patients (1.6%) were identified as having Lynch syndrome with patho-
genicMSH6mutations, one of whomwas over 60 years old a time of di-
agnosis. One patient was subsequently identified to have a germline
BRCA1 mutation (she had a high grade serous endometrial adenocarci-
noma and a personal history of breast cancer) (Fig. 2B). Five patients
had either a somatic mutation or germline VUS.

As with all process changes and quality improvement projects, a for-
malized review of the process must be undertaken to identify potential
obstacles and missed opportunities. Ten patients with uterine cancer
were not screened with MMR/MSI testing for Lynch syndrome in our
post-implementation cohort. Six of these patients had neoadjuvant che-
motherapy or pre-operative radiation therapy and had no residual
tumor on the final specimen, which precluded testing. One patient
had a knowndiagnosis of Lynch syndromeandwasdiagnosedwith con-
current uterine and ovarian cancers during her risk reducing surgery.
The three remaining patients represented true misses (Table 3). In the
pre-implementation period 33 patients under the age of 60 were not
screened, 32 of which were true misses by the screening paradigm in
place at that time and one of which may potentially have been due to
lack of residual tumor on her final pathology. It is possible that addi-
tional patients over 60 should have been screened based on their family
history, though family history is not documented consistently enough to
count true misses among those over 60 years of age in the pre-
implementation cohort.

4. Discussion

Most endometrial cancer patients in the pre-intervention period did
not undergo screening for Lynch syndrome, including a substantial por-
tion of patients under 60 years old at time of diagnosis. The post-
intervention period demonstrated increased Lynch syndrome screening
rates across all uterine cancer patients, but also among patients under
60 years old who should have received screening even under an age-
based screening paradigm. Adherence to SGO Lynch syndrome screen-
ing guidelines was improved in the post-intervention period, with the
rate of true misses decreasing at least 91%. Three patients were diag-
nosed with Lynch syndrome in the post-intervention period as com-
pared to two patients in the pre-intervention period.

Our results are epidemiologically consistent with what is known
about the incidence of Lynch syndrome among endometrial cancer pa-
tients. The incidence of Lynch Syndrome in our population was 1.1% in
the pre and 2.2% in the post implementation periods (in addition to
the three new Lynch Syndrome diagnoses, one patient in the post-
implementation period was known prior to her hysterectomy to have
Lynch Syndrome). The literature reports a Lynch Syndrome incidence
of approximately 2–3% among endometrial cancer patients [7,8,11,12].
It is possible that additional Lynch Syndrome diagnoses were missed
among the four patients who were referred to genetic counseling but
did not receive genetic testing, among the three patients identified as
“true-misses”who did not receive screening, or among the six patients
who had no residual tumor to screen after neoadjuvant treatment with
which to perform screening. There was one patient in both the pre and
post-implementation periods with a VUS in MSH6 who may be
reclassified as having Lynch Syndrome at a later date. In addition, we
identified a patient with a germline BRCA1 mutation in the post-
intervention period. She was diagnosed with a high grade serous endo-
metrial adenocarcinoma, which has a known association with germline
BRCA1mutations [13].

Our pre-implementation results are consistent with prior literature
that despite national recommendations for Lynch syndrome screening,
these guidelines are often not well followed [14,15]. It has previously
been demonstrated that in patients screened for hereditary cancer syn-
dromes, referrals to genetic counseling are inconsistent and in some



Table 2
Patients with uterine cancer eligible for screening for Lynch Syndrome.

Pre-implementation (N = 190) January
2017–December 2017

Post-implementation (N = 182) July
2018–June 2019

p-Value

Evaluable patients N (%) Evaluable patients N (%)

MMR/MSI testing (≤60 years old) 78 45 (57.7) 68 64 (94.1) <0.0001
MMR/MSI testing (all ages) 190 73 (38.4) 182 172 (94.5) <0.0001

MMR= mismatch repair; MSI = microsatellite instability.
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cases racially biased [16]. Our interventions addressed these shortcom-
ings, with much improved adherence to guidelines in our post-
intervention period. Near-perfect adherence to guidelines greatly re-
duces risk of racially or otherwise biased care. All patients received ap-
propriate referrals to genetic counseling post-intervention, and 9 of 11
received germline genetic testing as a result of the referral. Importantly,
6 of these 11 patients were over 60 years old and would have been
missed by age-based screening.

Our intervention resulted in a greater proportion of abnormalMMR/
MSI results, but consistent with the rate of abnormal MMR/MSI results
under other universal screening paradigms for endometrial cancer
[17,18]. The majority of these abnormal results were due to MLH1 pro-
moter methylation, a non-hereditary cause of cancer. The increase in
the rate of positive screens is a notable departure from the colorectal
Lynch syndrome literature, which suggests that universal screening in-
creases the total number of diagnoses, but not the proportion of patients
who screen positive [19].

Prior literature in both endometrial and colorectal cancer demon-
strates that age-based screening fails to identify a substantial number
of Lynch syndrome diagnoses, with strong data suggesting roughly 1
in 4 diagnoses missed [20–22]. In our post-intervention period, 1 of 3
new Lynch syndrome diagnoses would have been missed based on
age-based screening. We are unable to ascertain how many Lynch syn-
drome diagnosesmay have beenmissed in our pre-intervention period.

The primary implication of our study is that Lynch syndrome screen-
ing practices can be changed quickly and significantly using interven-
tions widely available to most hospital systems. Provider education
utilized freely available society guidelines, electronic communication,
and simple PowerPoint presentations. Any health system in which
note templates are used by pathologists and gynecologic oncologists,
and fields in those note templates can be made mandatory before
notes can be signed, would be able to replicate the documentation
Fig. 2. (A) Results of testing in the pre-implementation and (B) post implementation cohort
significance.
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changes described in this intervention. Pathologists identified a best
block for tumor profiling, but did not otherwise change specimen han-
dling workflows. Though MSI and MMR testing was done on site, that
is unlikely to explain the effectiveness of the intervention.

It is estimated that no more than 1.2% of all individuals with Lynch
Syndrome are aware of their diagnosis [23]. This lack of knowledge pro-
vides oncologists with an opportunity to screen, diagnose, and educate
patients with a new cancer diagnosis about a possible hereditary com-
ponent to their tumor. Detection of hereditary cancer syndromes pre-
sents an opportunity for cancer prevention efforts in our patients as
the lifetime risk of colorectal cancer in women with Lynch Syndrome
is 25–50%. Additionally, testing is subsequently offered to other family
members (“cascade testing”), which can identify other patients who
could benefit from screening, surveillance, possibly risk reducing sur-
gery, and targeted therapies should they develop cancer. Prior literature
has demonstrated that each Lynch syndrome proband identified leads
to an additional three diagnoses in family members, often occurring in
a young patient when screening and prevention can be initiated to
good effect [20]. Additionally, family members without the mutation
can forgo additional screening, thereby realizing some cost savings
and reduction in health-related anxiety.

In addition to identifyingmore patients and familieswith Lynch syn-
drome, our intervention increased both the absolute number and pro-
portion of patients with abnormal MMR/MSI testing on initial
screening. Pembrolizumab is approved as a treatment for patients
with MMR-deficient endometrial cancer, so knowing the molecular
phenotype has immediate treatment implications in the recurrent set-
ting. In addition, knowing the MMR status at time of initial diagnosis
can shorten the time to treatment in the recurrent setting, especially
for those patients eligible for pembrolizumab.

Despite performing an additional 99 screening tests over a one-year
period, all of which were within guidelines, only one additional case of
s. MMR= mismatch repair; MSI=microsatellite instability; VUS = variant of uncertain



Table 3
Missed opportunities for Lynch syndrome screening in patients with uterine cancer who
met screening criteria during their respective time period.

Reason Pre-implementation,
< 60 years old

Post-implementation,
any age

No residual tumor on final
pathology

1 6

Known diagnosis of Lynch
syndrome

0 1

True misses 32 3
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Lynch Syndrome was diagnosed in the post-intervention period. Many
benefits of hereditary cancer diagnoses are realized in the future, or
even in the lives of family members, which makes the cost-
effectiveness of universal screening unintuitive and therefore worthy
of further exploration. Cost-effectiveness of Lynch syndrome screening
strategies in endometrial cancer has not been extensively studied, but
there is some suggestion that age-based screening is more costly and
less effective than other strategies [24]. One analysis suggested that a
screening strategy for patients <70 years old at time of diagnosis was
more effective and cost-effective than a strategy for patients
<50 years old, but that study did not evaluate universal screening as a
method [25]. Prior literature in colorectal cancer is mixed about the
cost-effectiveness of universal screening, with some studies suggesting
cost effectiveness [26,27] while others suggest a substantially higher
cost-per-proband diagnosed under a universal screening paradigm
[19]. Whether universal screening is cost-effective appears to depend
on accuracy of screening tests, cancer risk without surveillance, the
number of relatives identified via cascade testing, and follow through
with genetic testing [28].

While our intervention was focused on hereditary cancer screening,
the tools we used, namely provider education and standardized EMR
documentation, are readily available to all medical specialties. We be-
lieve that the behavior change demonstrated in our study motivates
similar interventions in other medical fields where guidelines are im-
perfectly adhered to but standardization is possible.

Our study's greatest strength is its simplicity. None of our interven-
tions were technologically or logistically prohibitive. Additionally, our
outcomes of interest are easily ascertained and relatively unambiguous,
specifically patients' age, whether they were screened, what the result
of screeningwas, andwhether positive results were followed up appro-
priately. Patient characteristics were largely similar pre- and post-
intervention. No other confounding variables readily explain the degree
of behavior change demonstrated pre- and post-intervention.

A notable limitation of the study is that, because the intervention
was bundled, it is not possible to ascertain which of the components
were most significant. Despite the interventions being designed with
an eye towards generalizability, they were only trialed at a single
large, academic institution. Further, this study was not powered to as-
certain whether the increase in Lynch syndrome diagnoses from 1.1%
of those tested to 1.6% represents a true change in detection rate. Finally,
this study did not explore the cost effectiveness of the screening proto-
col pre- or post-intervention.

5. Conclusions

A bundled quality improvement intervention that targets provider
education and optimizes use of the EMR dramatically improved adher-
ence to Lynch syndrome screening guidelines.
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