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Abstract

Aim: The UK National Institute for Health and Care Excellence guideline DG27 recom-
mends universal testing for Lynch syndrome (LS) in all newly diagnosed colorectal cancer
(CRC) patients. However, DG27 guideline implementation varies significantly by geogra-
phy. This quality improvement project (QIP) was developed to measure variation and de-
liver an effective diagnostic pathway from diagnosis of CRC to diagnosis of LS within the
RM Partners (RMP) West London cancer alliance.

Method: RM Partners includes a population of 4 million people and incorporates nine CRC
multidisciplinary teams (MDTs), overseen by a Pathway Group, and three regional genetic
services, managing approximately 1500 new CRC cases annually. A responsible LS cham-
pion was nominated within each MDT. A regional project manager and nurse practitioner
were appointed to support the LS champions, to develop online training packages and
patient consultation workshops. MDTs were supported to develop an ‘in-house’ main-
streaming service to offer genetic testing in their routine oncology clinics. Baseline data
were collected through completion of the LS pathway audit of the testing pathway in 30
consecutive CRC patients from each CRC MDT, with measurement of each step of the
testing pathway. Areas for improvement in each MDT were identified, delivered by the
local champion and supported by the project team.

Results: Overall, QIP measurables improved following the intervention. The Wilcoxon
signed rank test revealed significant differences with strong effect sizes on the percentile
of CRC cases undergoing mismatch repair (MMR) testing in endoscopic biopsies (p=0.008),
further testing with either methylation or BRAF V600E (p=0/03) and in effective refer-
ral for genetic testing (from 10% to 74%; p=0.02). During the QIP new mainstreaming
services were developed, alongside the implementation of systematic and robust testing
pathways. These pathways were tailored to the needs of each CRC team to ensure that pa-
tients with a diagnosis of CRC had access to testing for LS. Online training packages were
produced which remain freely accessible for CRC teams across the UK.

Conclusion: The LS project was completed by April 2022. We have implemented a system-

atic approach with workforce transformation to facilitate identification and ‘mainstreamed’
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INTRODUCTION

Up to 35% of all cases of colorectal cancer (CRC) in the UK arise
due to heritable risk factors and, of these, about 3% are caused by
Lynch syndrome (LS). Thus, LS is thought to account for approxi-
mately 1200 cases of CRC annually in the UK together with a similar
number of extracolonic cancers, especially endometrial cancer in
women. In addition, a further 15% of CRCs manifest LS-like tumour
features [somatic mismatch repair (MMR)-deficient tumours] due to
noninherited causes [1, 2].

Lynch syndrome is the most common cancer predisposition syn-
drome and the most common form of hereditary CRC. An estimated
200000 people have LS in the UK, but only 11000-12000 affected
individuals have been diagnosed [3]. For this reason, in February 2017
the National Institute for Health and Care Excellence (NICE) recom-
mended universal testing for LS for all patients newly diagnosed with
CRC (NICE guideline DG27) [4] in the UK. It is thought that 300 lives
may be saved annually with full implementation of this guideline, as
diagnosis in CRC patients and their relatives provides many oppor-
tunities for personalized care and prevention strategies, including
surveillance colonoscopy, aspirin as prophylaxis, risk-reducing gynae-
cological surgery and adaptive oncological therapies. In addition, a
diagnosis of deficient MMR (dMMR) can affect cancer treatment op-
tions, with certain tumours being more responsive to immune check-
point inhibitor immunotherapy [5]. It is therefore important that the
initial tumour test for MMR status is performed promptly to inform
treatment options [2].

A multidisciplinary expert letter published in the BMJ in 2017 [6]
recommended a national and regional strategy for the management of

these patients with the following specific goals:

1. the development of a national LS registry
2. aquality-assured surveillance programme for LS patients
3. a dedicated clinical champion for hereditary CRC within every

colorectal multidisciplinary team (MDT).

To embed robust LS diagnostic pathways delivered by CRC MDTs
the following LS quality improvement project (QIP) was proposed:

The LS QIP [7] was developed to ensure an effective and fast di-
agnostic pathway from diagnosis of CRC to diagnosis of LS. The QIP
proposed a two-phase solution to ensuring an effective LS diagnostic
pathway, which would create a sense of responsibility locally and re-

gionally amongst clinicians. The aims were:

genetic diagnosis of LS. This work has contributed to the development of a National LS
Transformation Project in England which recommends local leadership within cancer teams

to ensure delivery of diagnosis of LS and integration of genomics into clinical practice.

diagnosis, Lynch syndrome, mainstreaming, MMR IHC, quality improvement project

Primary aim: to increase the identification and diagnosis of LS
within the RMP cancer alliance geography through successful imple-
mentation of the UK NICE DG27 [4] guidelines.

Secondary aims:

e To identify a ‘LS champion’ within each CRC MDT to coordinate
the local diagnostic pathway.

e To develop online and workshop-related training resources to
support diagnostic delivery and improve awareness of LS by all
CRC MDT clinicians.

e To identify and ensure roles for specific members of each
CRC MDT, for example ‘reflex’ somatic (tumour) testing by
histopathologists.

e To ensure effective identification of eligible patients and referral
pathways for genetic testing by patient-facing clinicians.

e To offer training in ‘mainstreaming’ of genetic testing by local CRC
MDT clinicians.

e To perform measurement of and reduction in geographical varia-
tion in the diagnostic pathway.

e To develop improvements ‘tailored’ for each CRC MDT.

With this strategy we can maximize opportunities to save the lives
of LS patients and those with sporadic dMMR tumours who have a
diagnosis of CRC as well as the lives of the asymptomatic LS relatives.
This can ensure minimal variability in patient care and appropriate sur-
veillance and implementation of other broader prevention and treat-
ment strategies.

METHOD
Population and project initiation

The RMP West London cancer alliance is one of the 21 cancer alli-
ances established by NHS England to lead on the delivery of cancer
care for the population of West London. RMP brings together clini-
cal and managerial leaders within their partner NHS Trusts, primary
care partners and other social and health organizations to bring
about earlier and faster diagnosis and improve treatment and care
for cancer patients within their region. The RMP geography includes
a population of 4million people and incorporates nine CRC MDTs
overseen by a Pathway Group (PWG) and three regional genetic ser-

vices, managing approximately 1500 new CRC cases annually [7].

85U801 SUOLULLOD @A 81D 3|dedl|dde Uy Aq peusanoh ae sajolie YO ‘SN JO'S3|NJ 10} ARiq1T8UIIUO AB|IAA UO (SUO 1 IPLIOD-PUR-SLUIBIALID" AB | IMAJe1q||BU 1 [UO//SaRY) SUORIPUOD PUe SW | 8Y) 885 *[£202/80/60] U0 ARiqIT8UIIUO AB|IM ‘188 L Aq 20/9T " IPOO/TTTT OT/I0P/W0D" A8 | ARe.d 1 fpuluo//Sdny oy pepeojumoq ‘0 ‘8TETEIVT



MONJE-GARCIA ET AL.

The QIP was conceived and led by the senior author (KM) from the
St Mark's Centre for Familial Intestinal Cancer. The clinical experience
and research generated by the department have allowed the team to
lead the evidence-based guidelines for the management of patients
with inherited CRCs [8]. The centre has international recognition and
is one of the national expert centres, providing education and lead-
ership within the field [9]. The LS service provides lifelong care with
regular follow-up for patients living with LS and supports other clinical
institutions in the UK.

The project was funded by the RMP Cancer Alliance Transformation
Fund. The QIP was agreed by the RMP CRC PWG prior to project
initiation. The PWG included membership from each CRC MDT, the
clinical director and other leadership from the RMP cancer alliance
in November 2018. This included an agreement to participate in the
index survey, identify LS champions in each MDT, participate in an
audit and work with the QIP team to facilitate quality improvement
and sustainability. Collaborative working through this forum ensures
that each of the organizations has an opportunity to input and agree
the outcomes, resulting in improved engagement and support to en-
sure the project achieves its potential and realizes its benefits.

The project was also agreed with the relevant genomics ser-
vices in both southwest and northwest London to ensure its ob-
jectives align with both services. This allowed consideration to
be given to the impact of the project upon these services from
the outset, allowing for early risk identification and mitigation.
The project commenced in August 2020 with the recruitment of a
nurse practitioner (LMG).

All CRC patients are eligible for DG27 diagnostic testing [4] at di-
agnosis. Universal MMR immunohistochemistry (IHC) testing would
identify approximately 15%-20% of those with LS or other MMR-
deficient CRCs, either by IHC or microsatellite instability (MSI) testing.
For those with high MSI or loss of MLH1 staining on IHC, subsequent
tumour (somatic) MLH1 promotor hypermethylation and/or BRAF
V600E testing, can further define those who should proceed to germ-
line testing. If the results show that the tumour sample does not con-
tain MLH1 promoter hypermethylation or no mutation is identified
in BRAF (also called BRAF wild-type), the patient may have LS and
should be offered germline genetic testing. On average, germline ge-
netic testing should be performed on approximately 6%-8% of newly
diagnosed CRC patients [10].

Evidence from a national survey produced by Bowel Cancer UK
[3] presented to the RMP colorectal PWG demonstrated that imple-
mentation of testing for patients with CRC is patchy both nationally
and within the RMP network.

Implementation of the QIP in two phases

The QIP proposed a two-phase solution to ensuring an effective
pathway from diagnosis of CRC to diagnosis of LS, which would
create a sense of responsibility locally and regionally amongst cli-
nicians. Phase 1 was essential and included solutions to embed ro-
bust and effective LS diagnostic pathways within each MDT.

: o 3
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Phase 1 (essential): implementation of universal
testing of CRC following DG27 guidelines

This phase comprises the following components:

e Colorectal MDTs nominate a ‘champion’ for this pathway.

e Audit of 30 consecutive patients to assess each LS diagnostic
pathway at baseline and 1year later to assess the implementation
of the QIP.

e Routine reflex MMR tumour testing for LS, performed preferen-
tially on colonoscopic biopsies.

e Subsequent reflex testing by a pathologist for further somatic
tests before germline testing, if required.

o MDTs to identify and refer patients for genetic testing, either to
their local clinical genetics service or their trained MDT patient-
facing qualified professional.

e Development of a systematic approach for MDTs to refer patients
and seek advice from regional genetics services.

e Online training modules for MDT members with relevant continu-
ing profesional development (CPD) and certification for appraisal
purposes [7].

e Development of a standard operating procedure for the RMP re-
gion approved by the CRC PWG and genomic services [11].

e Making available easily accessible supporting documents (e.g. stan-
dard operating procedure, guidelines, quick referral, request forms,

consent form, patient information leaflets and website, etc.) [11].

Phase 2 (optional): mainstreaming of germline
genetic testing

Phase 2 is optional and includes solutions to streamline germline
genetic testing within each MDT so that germline testing can be of-
fered quickly and effectively in routine oncology clinics. It comprises
the following components:

o Additional bespoke workshop training and support for MDT
members who wish to offer germline genetic testing to their pa-
tients in routine oncology clinics.

e Germline testing algorithms to ensure that: (1) carriers of patho-
genic MMR variants are referred to specialist clinics, that is, clini-
cal genetics; (2) those patients with negative gene tests or variant
of unknown significance results are managed appropriately.

e A system with a forum to safely manage results and offer patients

further appointments in specialized genetic services when applicable

Measurables

It was expected to observe an improved LS diagnostic pathway for
CRC patients following the intervention in a 1-year period. The key
performance indicators (KPIs) for this QIP were collected as part
of the QIP audit of 30 consecutive patients to assess each MDT LS
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FIGURE 1 Quality improvement project (QIP) intervention model (MDTs, multidisciplinary teams).

diagnostic pathway. The audit was performed at baseline to assess
the pathway for each MDT. The audit was repeated 1year later,
postintervention, to assess the success of the intervention.

KPIs and gold standard targets

1. Total MMR IHC performed: it was expected that, by the end
of the QIP, MMR IHC testing would be performed automat-
ically in at least 97% of all newly diagnosed CRC cases. The
3% gap accounts for the cases for which a tumour sample
will not be available (i.e. emergency bowel obstruction).

2. Total MMR IHC performed in biopsies: it was expected that at a
minimum of 60% of the patients would have a colonoscopic bi-
opsy available for testing. Testing of biopsies provides superior
orientation for analysis, and ensures that results can be used for
treatment planning.

3. Further testing with either methylation or BRAF when indicated:
it was expected that 100% of eligible cases should have further
somatic testing.

4. MDT discussion: it was expected that 100% of MMR results
would be discussed during the MDT meeting.

5. Referral for germline genetic testing: it was expected that 100%
of eligible cases would be referred to their local genetics centre or

‘mainstreamed’ locally by a trained cancer MDT clinician.

Intervention

A regional project manager and nurse practitioner were appointed
to support the LS champions, to develop online training packages,
tutorials, easily accessible supporting documents, germline genetic
testing consultation workshops and a public and patient involvement

(PPI) group [7, 11]. A responsible LS champion was nominated within
each of the nine MDTs prior the commencement of the project. KM,
project lead, presented the project plan to the RMP PWG, which in-
cluded representation from each CRC MDT. This facilitated collec-
tion of the baseline QIP pathway audit. The baseline audit was key
to assessing the LS diagnostic pathway in each MDT, identify gaps
with the LS champion, problem-solving and finding solutions. These
discussions needed to be followed up by the QIP team with the LS
champion to assess if the changes were implemented and manage
any barriers encountered. Solutions were individualized and negoti-
ated locally and with the cancer alliance.

Delivery of the project incorporated individual CRC MDT negoti-
ations, agreement of action plans, education and regular performance
feedback. MDTs that wished to complete the LS diagnostic pathway
by setting up a clinic to offer germline genetic testing were supported
to develop an ‘in-house’ mainstreaming service [1].

Overall baseline audit results were later presented by KM in the
RMP PWG, and separately to each of the nine regional CRC MDTs
with a comprehensive explanation of general issues, discussion of
how barriers and ‘bottlenecks’ were assessed and provision of the op-
portunity to address any questions from the MDT members who were
not LS champions (Figure 1).

Re-auditing of the LS pathway and completion of this project
through the CRC RMP geography took place in April 2022.

MATERIALS
Phase 1 training: online training and resources
A series of QIP resources [1, 2] was developed which included dis-

crete and relevant online CPD-accredited online training modules
[7] to help members of the CRC MDTs understand LS, the diagnostic
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pathway, genetic counselling and LS management. An associated
supporting documents webpage [11] was created with flowcharts,
guidelines, consent and request forms necessary to support the LS
diagnostic pathway. A standard operating procedure was developed
in collaboration with the PWG and genomic services within the RMP
region. The team also developed patient resources, such as a pa-
tient information leaflet and a website with PPl review and support
(Figures 2 and 3).

Phase 2 training: mainstreaming germline genetic
testing bespoke workshops

For teams prepared to mainstream germline genetic testing for LS,
additional support was provided with educational workshops, sup-
port and advice on how to set up their service. These bespoke work-
shops or tutorials aimed to provide the training needed to support
the practical aspects of obtaining informed consent, and genetic
counselling and testing for LS. They addressed key challenges for
mainstreaming and examined practical examples of how these chal-
lenges can be overcome [12]. The training was delivered in 2-h ses-
sions every 2weeks. Generally, teams required between four and six
workshops to complete the mainstreaming training.

The bespoke mainstreaming workshops were developed and de-
livered by LMG. Training was aligned to the Health Education England
Genomic Education Programme's competency frameworks: (a) facil-
itating genomic testing; a competency framework [13]; (b) commu-
nicating germline genomics results: a competency framework [14].

Diagnosis of
CRC <40y

FIGURE 2 Flow diagram showing
tumour testing to identify patients eligible
for genetic testing for Lynch syndrome
(LS) (CRC, colorectal cancer; MDM,
multidisciplinary [team] meeting; MMR,
mismatch repair).

Loss of
MSH2 and/or MLH1

PMS2 alone

: J—y = N 5

Figure 4 illustrates some of the specific aspects of germline genetic
testing for LS.

Mainstreaming teams were also supported to set up their clinics
and speak to key stakeholders. Following set-up, the nurse practi-
tioner continued providing advice, coaching and creating a support
network for the mainstreaming teams. A crucial part of the support
network was providing access to the weekly St Mark's virtual hered-
itary cancer MDT. This provides a forum for discussing genetic re-
sults and complex cases and providing reassurance and a safety net.
Any genomic test directory updates, CPD, etc. were discussed in this
forum and reinforced by the nurse practitioner on an ad hoc basics.

RESULTS
Descriptive statistics

Percentiles are used for descriptive statistics and analysis. Inspection
of the overall percentile results in Table 1 indicates improvements
across all measurables. The table uses a traffic light system to illus-
trate three degrees of improvement. Green illustrates the ideal target
as defined in the KPIs and gold standard box. Orange illustrates in-
termediate improvement and red a lower level of performance. In the
baseline audit, MMR IHC was performed in under 90% of 292 CRC
cases. This improved to over 95% of patients at the 1-year follow-up.
IHC testing in colonoscopic biopsies improved from 54% to 77% of
cases. Only 37.5% of eligible patients underwent methylation/BRAF
E600 testing at baseline; this improved to 75% at follow-up. Lastly, the

Patient with a new diagnosis of CRC

Pathology team perform MMR IHC in the
CRC tumour sample (from endoscopic biopsies)

Loss of

MSH6 or or
MLH1 + PMS2

Normal MMR
or
BRAF mutant or MLH1

Methylation

Pathology
will send the
Tumour sample
for Methylation
or BRAF testing

Diagnosis of LS
unlikely
Refer to clinical genetics if :

1. Significant family history

Absent

Methylation or
BRAF mutation

Discuss at MDM = offer patient genetic testing
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FIGURE 3 Flow diagram showing steps
enetic counselli ng to follow to offer genetic counselling:
consenting patients for genetic testing for
Lynch syndrome (LS) and giving results
(EDTA, ethylenediaminetetraacetic acid;

Give information sheet to patient GLH, genomic laboratory hub; MDT,

Take family history and draw a family pedigree multidisciplinary team; MMR, mismatch
Discuss LS gene testing and 3 possible results repair).

Obtain consent for gene testing of MMR genes

Send EDTA sample and request form to your Genetic Lab Service (GLS)

All results received through the GLH lab Results portal

and emailed to MDT coordinator and designated Lynch pathway champion

Result discussed in MDT
&
given to patient by cancer team

Refer patient to their local clinical genetics department

for assessment. The Clinical Genetics department will give an appointment if appropriate

« D
Rationale / eligibility
Lynch Syndrome
Genetic counselling | Genes/DNA
conversation Inheritance Pattern
3 possibleresults
practical aspects— Results communication
A Yy

Pathogenic variant identified

1. Patient: targeted therapies & Surveillance
2. Family: genetictesting & surveillance
3. Geneticsreferral: cascade testing, family planning, etc.

\ /
N

No pathogenic variant detected
g 1. Patients: (LS not ruled out) Surveillance following
3 possible results ~ | Lynch-like syndrome guidelines
2. Family: Surveillance
3. Geneticsreferral: furthertumourtesting
\ 4

e

p
 Variant of Uncertain Significance (VUS) identified

1. Patients: (LS not ruled out) Surveillance following
Lynch-like syndrome guidelines

2. Family: Surveillance

3. Geneticsreferral: further tumour testing & VUS

management
h 4

FIGURE 4 The specific aspects of germline genetic testing for Lynch syndrome (LS) which complement the Higher Education England
Genomic Education Programme's competency frameworks.
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TABLE 1 Auditresults for the nine CRC MDTs in the RM Partners region at baseline and follow-up in percentiles. The table shows
degrees of improvement using a traffic light system. The ideal targets in green are defined in the key performance indicators and gold
standard targets box. Significant results with the Wilcoxon signed rank test are marked with an asterisk (*p <0.05).

Measurables Green Orange

Mismatch repair >97% >85% <85%
immunohistochemistry

Endoscopic biopsy >60% >50% <50%

MLH1 methylation/BRAF 100% >60% <60%

MDT discussion >97% >80% <80%

Referral for germline genetic 100% >70% <70%
testing

Total p-value (Wilcoxon
baseline Total follow-up  signed rank test)
89.72% 95.10% 0.16
54.45% 77.60% *0.008

75.68% *0.03

90% 0.94

74% *0.02

biggest improvement was seen in the number of successful referrals

for germline genetic testing which improved from 10% to 74%.

Analysis

The Wilcoxon signed rank test revealed improved measurables
postintervention. Significant differences with a strong effect size
[15] were demonstrated for the percentile of CRC cases having IHC
in endoscopic biopsies, further testing with either methylation or
BRAF and in referrals of eligible patients for genetic testing.

The percentile of CRC cases that had MMR IHC performed was
nonsignificantly higher postintervention (Median (Mdn)=100%,
n=29) compared with baseline (Mdn=87%, n=9; Table 1; p=0.16,
r=0.36). However, the percentile of CRC cases that had MMR test-
ing on diagnostic biopsies (as opposed to postsurgical resection
tissue) was significantly higher postintervention (Mdn=80%, n=8)
compared with baseline (Mdn=61.67%, n=9; p=0.008, with a
strong effect size r=0.61).

The percentile of CRC cases that had either methylation or BRAF
testing when there was loss of MLH1 protein in MMR IHC increased
from baseline (Mdn=20%, n=9) to 1-year follow-up (Mdn=100%,
n=9; p=0.03, with a strong effect size r=0.52).

The percentile of eligible CRC patients who were offered germ-
line genetic testing by either being referred to a specialized genomic
centre or offered testing in-house increased from baseline (Mdn=0%,
n=9) to 1-year follow up (Mdn=100%, n=9; Z=-2.41, p=0.02, with
a strong effect size r=0.57).

CONCLUSIONS

Overall, we have implemented a systematic approach with workforce
transformation to facilitate identification and ‘mainstreamed’ genetic
diagnosis of LS. The intervention showed improvements across all
stages of the LS diagnostic pathway, and this has led to a large increase
in the referral rate of eligible patients for germline genetic testing.

We learnt that to embed and maintain the LS diagnostic pathway
the role of the LS champion is essential and should be maintained. As
a result, this work contributed to the development of the new NICE

standard QS20 [16] in England, which recommends local leadership
within cancer teams to ensure delivery of diagnosis of LS.

Overall, there were improvements across all measurables, as
shown by the traffic light system used, which demonstrates one-
colour improvement in nearly all measurables. However, some opti-
mal targets were not met, reflecting that the pathway is complex and
further support and reinforcement is required.

During the QIP we developed new mainstreaming services and
demonstrated implementation of systematic and robust testing path-
ways across the RMP cancer alliance. Although each cancer MDT im-
proved performance, the biggest improvement was observed in one
MDT that established a mainstreaming service. LS champions within
this team were motivated and undertook extended mainstreaming
training and workshops. They also took advantage of the support of-
fered by the virtual hereditary cancer MDT,; this illustrates why main-
streaming is the optimal solution and the benefits that having a local
genomics clinic and skilled professionals can bring to the CRC MDT.

There are limitations of QIPs that depend in large part on good-
will amongst clinical colleagues who are overstretched and whether
or not there is not specific funding to support this activity. To move
to a ‘business-as-usual’ model, specific funding and long-term support
needs to be provided to ensure sustainability. However, by demon-
strating patient benefit using our structured approach we hope to
encourage reproduction within other geographies and health systems
in the UK and elsewhere. Testing by local cancer teams also requires
support from regional and national expert centres to ensure ongoing
support for testing as technology and pathways evolve and manage-
ment of complexity in subsequent lifelong care of people with LS.

This programme model has now evolved into the NHS England
LS genomics transformational project [17], integrating genomics into
clinical practice. The national project also includes the endometrial
cancer pathway and gynaecological cancer MDTs; we recommend
that work focuses on supporting the national project initiatives and
gynaecological cancer MDTs.
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