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Abstract

Lynch Syndrome (LS) markedly increases risks of colorectal (CRC) and endometrial (EC)
cancers. Early detection biomarkers for LS cancers could reduce the needs for invasive screening
and surgical prophylaxis.

To validate a panel of methylated DNA markers (MDMs) previously identified in sporadic CRC
and EC for discrimination of these cancers in LS.

In a case-control design, previously identified MDMs for the detection of CRC and EC were
assayed by gMSP on tissue-extracted DNA. Results were normalized to ACTB values within each
sample. LASSO models to classify CRC and EC were trained on sporadic cases and controls and
then applied to classify CRC and EC, in those with LS, and cross-validated.
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We identified CRC cases (23 with LS, 48 sporadic), colorectal controls (32 LS, 48 sporadic),

EC cases (30 LS, 48 sporadic), and endometrial controls (29 LS, 37 sporadic). A 3-MDM panel
(LASS4, LRRC4, and PPP2R5C) classified LS-CRC from LS controls with an AUC of 0.92
(0.84-0.99); results were similar for sporadic CRC. A 6-MDM panel (SFMBT2, MPZ, CYTH2,
DIDQ1, chr10.4479, and EMX20S) discriminated LS-EC from LS controls with an AUC of 0.92
(0.83-1.0); the AUC for sporadic EC vs sporadic controls was nominally higher, 0.99 (0.96-1.0).

MDMs previously identified in sporadic EC and CRC discriminate between EC and benign
endometrium and CRC and benign colorectum in LS. This supports the inclusion of patients with
LS within future prospective clinical trials evaluating EC and CRC MDMs and may provide a new
avenue for cancer screening or surveillance in this high-risk population.

INTRODUCTION:

Lynch Syndrome (LS), is an autosomal dominant hereditary cancer syndrome affecting 1

in 600 to 1 in 3,000 individuals and is due to a mutation in one of five mismatch repair
genes, including MLH1, MSHZ2, MSH6, PMSZ2 or EPCAM.(1,2) LS poses the greatest risk
for endometrial (EC) and colorectal cancers (CRC), and also elevates risk for development
of small bowel, ureteral, gastric, hepatobiliary, and ovarian cancers. Those with LS have a
markedly increased lifetime risk of developing CRC and EC, estimated to reach 80% and
60%, respectively. In the United States population, LS is identified in about 3% of CRC and
2% of EC case (3).

Among other tests, cancer prevention surveillance in LS patients involves annual
colonoscopy and endometrial biopsy. Once childbearing is completed, risk-reducing
hysterectomy and bilateral salpingo-oophorectomy upon completion of childbearing is
recommended by several expert consensus guidelines (3—7). Cancer screening and risk-
reducing surgery as part of the above protocols have several limitations including,
observational/expert consensus evidence base, inaccuracy, invasiveness, and surgical
morbidity. Thus, highly accurate and less invasive approaches for screening and early
detection are clearly needed.

In persons at average risk for CRC, the multitarget stool DNA test (mt-sDNA), which assays
methylated DNA markers (MDMs) BAMP3and NDRG4, in addition to fecal hemoglobin, has
been FDA-approved and is an option for colorectal cancer screening (8-10). We and others
have shown that MDMs and other biomarkers exfoliated by EC into vaginal fluid can be
detected in self-collected tampon samples (11-13). These approaches to early detection of
CRC and EC have not been widely studied in the LS patient population.

To begin to address the applicability of MDMs as biomarkers of disease in LS, we initially
verified that BMP3 and NDRG4 are insufficiently representative in CRC and advanced
precursors in patients with LS(14,15), further discouraging use of the current generation
mt-sDNA test in this population. However, in the interim, our group has conducted extensive
MDM biomarker discovery in both CRC and EC, using next-generation DNA sequencing.
These novel MDMs have not only been shown to have higher discrimination than older
candidates in sporadic tissues but have been successfully piloted by assay of DNA extracted
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from archival, average-risk, case-control stool and tampon specimens, respectively (13).
These MDM s are currently undergoing phase 2—4 validation in multi-center clinical studies
in average risk populations for CRC and EC (ClinicalTrials.gov Identifiers: NCT04144738
and NCT05051722, respectively).

To be applied to early detection testing in LS, we hypothesized that these novel candidate
biomarkers would have to be strongly represented in LS-associated primary tumors but not
otherwise in normal carrier tissues. The aim of this study was to validate a panel of MDMs
previously identified in sporadic CRC and EC that could also discriminate cancer from
benign epithelium using DNA extracted from primary tissues exclusively from patients with
LS.

METHODS:

Overview:

In two parallel case-control studies, panels of previously identified, highly discriminant
MDM s for the detection of CRC and EC were assayed on tissue-extracted DNA to measure
discrimination between benign and malignant lesions in individuals with LS (LS-CRC study
and LS-EC study, respectively). In both studies, the MDMs were also assayed in DNA
extracted from tissues of CRC and EC case and control patients without a known hereditary
predisposition to cancer. The study schema is shown in Figure 1. This study was approved
by the Mayo Clinic Institutional Review Board and performed in accordance with the ethical
guidelines set for by the U.S. Common Rule.

Study population and sample sources:

For this single center multi-site study, we used archival tissue samples obtained from the
Mayo Clinic Tissue Registry, an archive of surplus clinical tissue specimens maintained for
reserach by the Mayo Clinic Department of Anatomic Pathology. All frozen and Formalin-
Fixed Paraffin-Embeded (FFPE) tissues underwent research histopathology review by one
expert pathologist (LC) before macrodissection and DNA extraction.

LS-CRC study: LS patients were identified from institutional clinical databases and
registries of patients undergoing hereditary cancer germline testing. LS case patients with
CRC (LS-CRC-CASE) and LS carrier control (LS-CRC-CTRL) patients were all required
to have a germline pathogenic variant in the MMR genes (MLH1, MSHZ2, MSH6, PMS2)
or the gene EPCAM. Comparison sporadic CRC cases (SPOR-CRC-CASE) and non-LS
controls (SPOR-CRC-CTRL) were identified using an institutional tissue registry. Colorectal
tumor tissue was sampled at the time of surgical resection from both patients with and
without LS, prior to exposure to local/regional therapy or systemic chemotherapy. LS-CRC-
CRTL tissues were colorectal tissue from LS patients without CRC, frequency matched,
based on age and sex to SPOR-CRC-CTRL tissues (benign colorectal mucosae samples
without LS); an additional comparison was made to sporadic CRC cases (SPOR-CRC-
CASE tissues from individuals without LS, balanced on age and sex to LS-CRC-CASEs).
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LS-EC study: For inclusion, subjects had to have a history of a hysterectomy with
histopathologically confirmed EC or benign endometrium. Females with LS, confirmed

by germline testing, were identified using a combination of any of the following: a LS
clinical registry, an institutional surgical database, and the electronic medical record utilizing
International Classification of Diseases codes. This generated the LS EC case and control
groups (LS-EC-CASE and LS-EC-CRTL, respectively). EC with only absent expression of
MLH1 and normal germline MLH1 sequencing were excluded. Comparison sporadic EC
cases (SPOR-EC-CASE) and non-LS controls (SPOR-EC-CTRL) were identified using an
institutional tissue registry. Each SPOR-EC-CASE had either proficient mismatch repair
(MMR) enzyme expression alone or were both MMR proficient and microsatellite stable.
All SPOR-EC-CASE and SPOR-EC-CTRL subjects had negative hereditary germline
genetic testing or a pedigree that did not meet Amsterdam criteria based on review of their
medical records. Exclusion criteria for all groups included a history of pelvic radiation prior
to hysterectomy. Demographic and clinical data was abstracted from the medical record.

Assay procedures:

As previously described (16), DNA was extracted from FFPE tissues using the QlAamp
FFPE DNA mini kits (Qiagen, Valencia, CA) and quantified by Quant-iT Picogreen
fluorescence (Thermo Fisher Scientific, Waltham MA). DNA was then bisulfate treated
(EZ DNA Methylation Kit; Zymo Research, Orange, CA) and eluted in buffer. Annealing
temperatures and designs of PCR primers for candidate MDMSs were tested and optimized
for quantitative methylation-specific PCR on universally methylated and unmethylated
genomic DNA controls. Each sample was tested by quantitative PCR to ensure sufficient
genomic equivalents of DNA prior to candidate marker assays. MDMs were assayed (10
ng/marker) with SYBR Green detection using the LightCycler 480 instrument and reagents
(Roche Diagnostics, IN, USA).

For the LS-CRC study, candidate MDMs included ADCY4, ADM, AKLBH5, ANTXR],
ARHGEF4, BMP3, CBLNZ2, CNTFR, ELMO1, LASS4, LRRC4, NDRG4, OPLAH, PITX1,
PPP2R5C, SFMBTZ, STK32B, USP44, and VAV3. Results were normalized by the products
of a CpG agnostic region in the control gene, ACTB, as previously described (17).

For the LS-EC study, candidate MDMs were ones identified in a prior study, c/hr8.3829,
chr10.4479, CYTHZ, DIDOI1, EMX20S, JSRP1, LRRC8D, MPZ, NBPFS, OBSCN,
SFMBTZ, ZNF506, and ZNF90. Results were normalized by the products of a CpG agnostic
region in the control gene, ACTB, from each sample.

Statistical methods:

Sample size considerations were based on minimizing the distance of the lower bound of a

95% confidence interval (CI) for an assumed specificity of 90% and sensitivity of 85%. With
a target sample size of 25 samples in the benign control groups and 36 samples in the cancer
case groups, the lower bound of the 95% CI should not be below 80% and 75% respectively.

Areas under the receiver operating characteristics curve (AUCs) and the corresponding 95%
CI’s were calculated for individual markers and were used to assess discrimination between
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cancer and benign tissues within LS and non-LS patients. AUCs were compared using a
Z-test. The distribution of marker levels between subgroups was summarized as a median
with corresponding 25t and 75t percentiles and depicted using boxplots. Wilcoxon rank-
sum tests were used to evaluate differences in clinical covariates. Marker intensity above

a specified cutoff determined using the benign CTRL groups, respectively, were used to
generate a colored scale yellow to red based on deciles above the threshold. Least absolute
shrinkage and selection operator (LASSO) regression was used to identify a reduced marker
set based on SPOR-CRC and SPOR-EC samples. Cross-validation was used to find the
optimal lambda value and markers with a non-zero coefficient were included in the reduced
marker set. These models were then used to calculate the predicted probability of being a
CASE within the LS-CRC and LS-EC samples.

To assess applicability of a prototype 2" generation mt-sDNA test (mt-sSDNA 2.0) a
sub-analysis of the LS-CRC study was performed using a multi-marker (LASS4, LRRC4,
PPP2R5C) logistic regression model, trained in the SPOR-CRC-CASEs and SPOR-CRC-
CTRLs and applied to the LS-CRC samples.

Data Availability:

RESULTS:

Data that support the findings of this study are available from the corresponding authors
upon reasonable request.

LS-CRC study

A total of 151 subjects met LS-CRC study inclusion criteria generating 23 LS-CRC-CASE,
48 SPOR-CRC-CASE, 32 LS-CRC-CTRL, and 48 SPOR-CRC-CTRL. To reach the final
LS-CRC cohort of 151, the following were excluded: 83 participants judged ineligible and
44 based on pathology review or unavailability of tissues. Of 153 tissue blocks requested,

2 were not available and 2 had low tissue-derived DNA quality and were excluded (Figure
1). Demographic characteristics of the study population are summarized in Table 1. The 19
candidate MDMs were tested by gMSP on DNA extracted from these colorectal tissues.

Several MDM candidates from the selected panel showed excellent separation between
normal colorectal epithelium and CRC from subjects with and without LS. Boxplots
demonstrating higher methylation in CRC tissue compared to benign colorectal epithelium
are presented in Supplemental Figure 1. For these markers, tissue methylation levels of
MDMs were several- fold higher in LS-CRC-CASE and SPOR-CRC-CASE tissues versus
benign colorectal epithelium, which in some cases yielded low or negligible levels.

MDMs discriminated similarly between CRC and benign colorectal epithelium in both LS
and non-LS groups as demonstrated in the heat matrix in Figure 2, which shows individual
MDM signal intensity for each subject in case and control tissue. Overall, signal intensity
is highest for each candidate MDM in both LS-CRC-CASE and SPOR-CRC-CASE tissues.
Discrimination between benign colorectum and CRC as assessed by AUCs ranged from
0.5 to 0.98 for those with LS and did not differ significantly between those with and
without LS except for two candidate MDMs, ALKBH5 (AUC 0.49 non-LS vs. AUC 0.83
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LS, p=0.0004) and NDRG4 (AUC 0.84 non-LS vs. AUC 0.57, p = 0.0052) (Figure 2).

The candidate MDMs with the highest discrimination between CRC and benign colorectum
were OPLAH, SFMBTZ2, LRRC4, ARHGEF4, CBLNZ, all with AUCs >0.85, and not
significantly different between LS and non-LS groups.

A total of 144 subjects met LS-EC study inclusion criteria generating 30 LS-EC-CASE,

48 SPOR-EC-CASE, 29 LS-EC-CRTL, and 37 SPOR-EC-CRTL. To reach the final LS-EC
cohort of 144, the following were excluded: 9 did not meet clinical eligibility, 15 were
excluded after pathology review or tissue was not available, and 2 had low tissue-derived
DNA quality and were excluded (Figure 1). Patient demographics and tumor characteristics
of the 144 LS-EC study subjects included in the final analysis are shown in Table 2. Median
age was higher for SPOR-EC-CASEs at 61 (IQR 55, 64) compared to LS-EC-CASEs at 53
(IQR 51, 58) years (p= 0.01) and median BMI was also higher among SPOR-EC-CASEs at
33 (IQR 26-39) compared to LS-EC-CASESs at 28 [23-32] Kg/m? (p= 0.08).

Several EC MDM candidates demonstrated discrimination between benign endometrium
and EC in both LS groups (LS-EC-CASE and LS-EC-CRTL) and non-LS groups (SPOR-
EC-CASE and SPOR-EC-CRTL). Boxplots demonstrating higher relative methylation of
MDMs in EC tissue compared to benign endometrium are shown in Supplemental Figure 2.
Specifically, methylation was low or negligible in benign endometrium from both LS and
non-LS groups with several fold increases in methylation observed in both LS-EC-CASE
and SPOR-EC-CASE tissues.

EC MDMs discriminated similarly between EC and benign endometrium in both LS and
non-LS groups as demonstrated in the heat matrix in Figure 3, which shows individual
MDM signal intensity for each patient in case and control tissue. Overall, signal intensity
is higher for each candidate MDM in both LS-EC-CASE and SPOR-EC-CASE tissues
compared to LS-EC-CRTL and SPOR-EC-CRTL, respectively. Areas under the receiver
operator curve (AUCs) ranged from 0.71 to 0.91 in discriminating between EC and benign
endometrium in the LS groups. Per MDM, AUCs did not differ significantly between LS
groups’ comparisons and non-LS groups’ comparisons with the exception of OBSCN (LS
AUC 0.71, non-LS AUC 0.47; p=0.01) (Figure 3B). The candidate MDMs with the greatest
discrimination between EC and benign endometrium were SFMBT2, CYTHZ, NBPFS, and
EMXOS, all with AUCs = 0.90.

Multi-marker Panel

In a sub-analysis of the LS-CRC study performed using a multi-marker (LASS4, LRRCH4,
PPP2R5C) logistic regression model based on the 2"d generation mt-sDNA test, the AUC
was 0.92 (Figure 4A). For EC, AUCs constructed from a 6-MDM panel (SFMBTZ, MPZ,
CYTHZ, DIDO1, chr10.4479, and EMX20S) normalized to ACTB, in both LS and non-LS
groups exceeded 0.90 and had overlapping 95% CI values (Figure 4B).
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DISCUSSION:

In this case-control study using DNA from archival tissues, we demonstrate that previously-
identified candidate MDMs that discriminate between cancer (CRC or EC) and benign
control tissue in patients without LS perform similarly in discriminating between cancer and
benign in those with LS. Several candidate markers in both CRC and EC exhibited excellent
discrimination between cancer and benign tissue with high AUCs as well as several fold
increases in tissue levels in those with CRC or EC. This suggests that MDMs that could
identify the presence of CRC or EC in biospecimens from average risk people may also have
similar performances in people with LS.

Lynch syndrome is the prototypical example of a cancer predisposition syndrome where
early diagnosis through genetic testing and then implementation of rigorous cancer
screening of the colorectum and risk-reducing gynecologic surgery has led to significant
improvement in cancer free survival (18-20). However, the search for novel biomarkers
has not yet identified candidates that can either out-perform or supplement current
invasive screening for CRC, truly screen for EC, or provide an alternative to risk-reducing
gynecologic surgery.

Aberrant DNA methylation is an early event in carcinogenesis(21) and appears to be more
broadly informative than most protein and gene mutation biomarkers for early detection

of cancer (22,23). Furthermore, recent advances in technology have resulted in improved
analytic sensitivity for MDMs when assayed in stool and plasma(24-27). Overall, the role of
MDMs in LS is at a nhascent stage and continues to evolve.

While this technology is not new, this is the first report of leveraging uniqgue MDMs for

EC identification in the setting of LS and only the second report for CRC detection in

LS. The multitarget stool DNA test (mt-sDNA, Cologuard® Exact Sciences, W1, USA) is
a commercially available, FDA-approved, non-invasive screening test for the detection of
CRC and high risk precancers in the average risk screening setting. Since the development
of mt-sDNA, additional highly discriminant MDMs for the detection of sporadic CRC
have been described and validated, showing excellent performance in both tissues and stool
samples of patients with early-stage disease as well as advanced precursor lesions (15). As
such the 2"d generation mt-sDNA test is currently under study in a >20,000 patient cohort
trial, intended for FDA review [NCT04144738](13,15). In our prior work, we discovered
MDMs for the detection of CRC in those with LS and found that the MDMs in the current,
first-generation multi-target stool DNA test (Cologuard) perform better for sporadic CRC
than LS-associated CRC, which dampened enthusiasm for further study of these markers in
the LS population.(16) In the current analysis, a broader panel of novel MDMs discovered
and validated in sporadic CRC were applied to LS-associated CRC. The cross-validated
AUC of 0.92 for the classification of LS-CRC using MDMs under development for a
second-generation stool DNA test (28) portends the possible expanded the use of such a
product in patients with LS.

This study also demonstrated that EC-unique MDMs appear to discriminate between benign
endometrium and EC in females with LS similar to females without LS. We previously
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observed that three candidate MDMs, EMX20S, NBPF8, and SFMBTZ, included in this
study of females with LS were highly discriminant between sporadic EC and control tissues
exhibiting 97% specificity, 97% sensitivity, and an AUC of 0.98. MDMs exhibiting a

high signal strength in tissue-derived DNA are anticipated to be detectable in alternative
biospecimens, such as lower genital tract samples, lending to non-invasive or minimally
invasive means of collection. In fact, leveraging molecular markers within lower genital tract
biospecimens has been the focus of several approaches aiming to identify EC through less
invasive means. This has ranged from microscopic assessment of cytologic abnormalities in
both cervicovaginal scrapings (29) and direct endometrial brushings (30) to determining the
presence of EC-associated DNA mutations, methylation, and/or aneuploidy in liquid-based
Papanicolaou smears (31-34). Perhaps the least invasive is that of leveraging self-collected
vaginal fluid as a biospecimen. We and others have demonstrated that EC-associated
methylated DNA, mutations, and/or aneuploidy can be detected in tampon-collected vaginal
fluid. Given the high sensitivity and specificity of MDMs to detect EC in vaginal fluid from
people without known LS(35), the findings of this present study suggest the potential for
similar promise in people with LS.

Therefore, highly discriminant candidate MDMs noted in this study should be further
evaluated to confirm detection with minimally invasive sample collection methods and may
serve as a means of CRC and/or EC surveillance or early detection in people with LS.

One challenge is that the relatively low prevalence of LS has thwarted past efforts to
cost-effectively develop non-invasive screening from a single medium based on a rationale
that leverages their cumulative prevalence. Though it is possible to identify and validate
MDMs specific for the detection of CRC/EC in patients with LS, there are several

potential advantages to validating sporadic EC/CRC markers in patients with LS. First, it

is logistically difficult to enroll prospective clinical samples from LS case patients who may
undergo treatment for cancer before confirmation of the LS diagnosis. Second, those with
LS who might benefit from early detection of CRC or EC might not yet have a known LS
diagnosis. Third, the regulatory requirements for an CRC or EC detection test are anticipated
to be equally as stringent for LS patients as they are for non-LS populations.

Longitudinal surveillance efforts with colonoscopy and endometrial biopsy can detect

CRC and potentially EC at early stages and historical observational studies have reported
improvement in survival compared to no surveillance in CRC (19,20). However, endometrial
sampling as a screening test has not been shown to impact EC outcomes in LS

(36). Additionally, colonoscopy and endometrial biopsy come with several disadvantages
including: a) small risks of bleeding and organ perforation during the procedures; b) time
off work or school for bowel preparation and endoscopic procedure or the provider-collected
endometrial sampling. For females with LS, the current highest impact defense against

EC is that of risk-reducing hysterectomy which poses the additional risks of surgical
morbidity(36). A biomarker-based test that can detect early CRC or EC could transform

the screening paradigm in LS by refining case selection for those most likely to benefit from
invasive procedures or risk-reducing surgery and optimize the utilization of LS-associated
healthcare resources.
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There are several potential limitations to the current study. First, the retrospective design
required us to rely on data from the medical record and could have introduced selection
biases for identification of cases and controls. In the LS-EC study, age and menopausal
status imbalances likely reflect inherent clinical selection biases associated with a younger
average age of EC onset in women with LS compared to sporadic EC. Inclusion criteria for
LS-EC required hysterectomy to ensure adequate tissue for DNA extraction and we included
all LS subjects identified that met inclusion criteria. Women with LS tend to undergo
risk-reducing hysterectomy in their mid-to-late 40s and once risk-reducing hysterectomy
has been performed, all endometrium has been eliminated from that person (36). Archival
formalin fixed specimens may have been susceptible to DNA degradation; however, all
samples underwent DNA quantification and had adequate AC7B amplification prior to
methylation specific PCR. In addition, the discovery effort for the panel utilized in this
study was completed with frozen tissue and subsequently validated in FFPE tissue samples.
There was limited racial and ethnic diversity in the samples utilized in this study which
could impact the validity and performance of the MDM markers in more diverse populations
and should be investigated in future studies. Although colorectal case and control tissues
were balanced on age and LS control tissues came from a broad representation of colon
segments, we were not able to match the segmental locations of case primary tumors and
control mucosae. Further, the majority of non-LS control patients underwent resections for
diverticulitis. This limitation is mitigated, in part, by recent observations that the markers
we studied here also show very high specificity across a broad range of patient ages and
benign conditions, when assayed from stool samples, representative of whole colon mucosa,
in a recent study of over 20,000 patients(37). Our exclusion of microsatellite instability-high
sporadic CRC tumors could also be viewed as a limitation; these cancers are frequently
hypermethylated (38) and have been shown to arise from sessile serrated precursors (39),
which are readily detected by both 15t and 2nd generation mt-sDNA tests (15,23). A strength
of this study was the genetic confirmation of LS in patients with the disease, and inclusion
of mostly early-stage LS cancer tissues. Lastly, while we did not meet our pre-specified
sample size in all groups, this was mitigated in part by a larger than assumed effect size.

In conclusion, this study provides evidence that previously identified MDMs found

to discriminate between CRC and benign colorectal epithelium and EC and benign
endometrium in general population risk-based studies perform similarly well among people
with LS. While this study was done in tissue samples, several markers performed with AUCs
>0.85 and demonstrated several fold higher tissue-derived DNA methylation of candidate
MDMs in cancer compared to benign tissue. These findings support the feasibility of

cancer detection in stool and lower gynecologic genital tract samples in the setting of

LS and warrant further testing of the highest performing candidates. An attractive finding
was that a panel of markers included in the second-generation stool DNA test performed
extremely well in discriminating CRC in LS. This has now led to a prospective multi-center
clinical trial of patients with LS for evaluation of MDMs for CRC detection (CORAL,
NCT05410977) and would justify a similar trial for EC detection. This would provide a new
avenue for cancer surveillance and screening in this high-risk population.
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Prevention Relevance Statement

Lynch Syndrome (LS) markedly increases risks of colorectal (CRC) and endometrial
(EC) cancers. Early detection biomarkers for LS cancers could reduce the needs

for invasive screening and surgery. Methylated DNA markers previously identified in
sporadic EC and CRC discriminate between benign and cancer tissue in LS.
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OPLAH  1(0.99-1) 0.98(0.96-1)  0.314
SFMBT2  0.87(0.8-095) 0.89(0.78-1)  0.8055
LRRC4  0.99(0.96-1)  0.87(0.75-0.98) 0.0488
ARHGEF4 096(0.9-1)  0.86(0.76-0.97) 0.1245
CBLN2  0.73(0.62-0.85) 0.86(0.75-0.97) 0.1087
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Figure 2:

A.) Heat matrix showing methylation intensity of methylated DNA marker candidates for
each colorectal cancer case and control tissue sample. Each row is an MDM quantitative
PCR product, normalized to ACTB, and each row is an individual patient DNA sample.
Black boxes represent normalized MDM values below the 90%-ile cut off in control tissues
(LS-CRC-CTRL and SPOR-CRC-CTRL benign colorectal mucosa, combined); increasing
color intensity on the yellow-red spectrum corresponds to increasing deciles of MDM levels
exceeding the cut-off. LS-CRC-CTRL, Lynch-associated benign colorectal epithelium;
SPOR-CRC-CTRL, sporadic benign colorectal epithelium; SPOR-CRC-CASE, sporadic
colorectal cancer; LS-CRC-CASE, Lynch-associated colorectal cancer. B.) Corresponding
area under the receiver operating characteristics curve values with 95% confidence intervals
for each normalized MDM stratified by LS or sporadic status
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Figure 3:
A.) Heat matrix showing methylation intensity of methylated DNA marker candidates for

each endometrial cancer case and control tissue sample. Each row is an MDM quantitative
PCR product, normalized to ACT7B, and each row is an individual patient DNA sample.
Black boxes represent normalized MDM values below the 90%-ile cut off in control tissues
(LS-EC-CTRL and SPOR-EC-CTRL benign endometrium, combined); increasing color
intensity on the yellow-red spectrum corresponds to increasing deciles of MDM levels
exceeding the cut-off. LS-EC-CTRL, Lynch-associated benign endometrium; SPOR-EC-
CTRL, sporadic benign endometrium; SPOR-EC-CASE, sporadic endometrial cancer; LS-
EC-CASE, Lynch associated endometrial cancer. B.) Corresponding area under the receiver
operating characteristics curve values with 95% confidence intervals for each normalized
MDM stratified by LS or sporadic status
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SPOR LS p-value
EMX20S  0.91(0.84-0.97) 0.91(0.83-1) 0.9369
NBPF8 0.86(0.77-0.94) 0.91(0.81-1) 0.41
CYTH2 0.91(0.84-0.98) 0.9(0.81-0.99) 0.8746
SFMBT2 0.94(0.88-0.99) 0.9(0.81-0.99) 0.4931
chr10.4479 0.83(0.74-0.93) 0.83(0.72-0.95) 0.9874
ZNF90 0.7(0.58-0.81) 0.82(0.71-0.94) 0.1255
DIDO1 0.77(0.67-0.87) 0.79(0.67-0.91) 0.8341
ZNF506 0.8(0.71-0.9) 0.77(0.64-0.9) 0.7201
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LRRC8D 0.72(0.61-0.83) 0.72(0.58-0.85) 0.9533
OBSCN 0.47(0.35-0.6) 0.71(0.58-0.85) 0.0113
JSRP1 0.77(0.67-0.87) 0.71(0.57-0.84) 0.4801
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Receiver operating characteristics curves for A.) normalized MDM panel in LS-CRC and
SPOR-CRC, based on NDRG4, LRRC4, PPPZR5C, and OPLAH, as well as mt-sDNA
2.0 panel (LASS4, LRRC4, PPP2R5C); and B.) normalized MDM panel in LS-EC and
SPOR-EC, based on SFMBT2, MPZ, CYTHZ, DIDO1, chr10.4479, and EMX20S.
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Table 1:

Demographics and characteristics of cases and controls in the Lynch syndrome colorectal cancer study

Lynch Sporadic
Colorectal cancers  Benign colorectum mucosa  Colorectal cancers Benign colorectum
mucosa
N 23 32 48 48
Germline LS gene mutation, N 23 (100%) 32 (100%) - -
)"
MLH1 6 (25%) 7 (21%) - -
MSH2 9 (38%) 15 (44%) - -
MSH6 6 (25%) 8 (24%) - -
PMS2 2 (8%) 4 (12%) - -
EPCAM 1 (4%) 0 (0%) - -
Age, median [IQR] 48 [42-57] 47 [42-60] 49 [44-59] 48 [38-56]
Caucasian (%) 21 (91%) 28 (88%) 40 (83%) 47 (98%)
Females (%) 8 (35%) 20 (62%) 15 (31%) 22 (46%)
Tobacco use, current (%) 6 (26%) 3(9%) 7 (15%) 6 (12%)
Site, proximal (%) 13 (57%) - 17 (35%) -
Stage (%)
I 10 (43%) 7 (15%)
I 6 (26%) 8 (17%)
1 7 (30%) 21 (44%)
v 0 (0%) 12 (25%)

IQR, interquartile range; LS, Lynch Syndrome

*
Some patients had more than one mutation: One cancer and one benign had MSH2 and MSH6 and one benign had MLH1 and PMS2
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Table 2:

Demographics and characteristics of cases and controls in the Lynch syndrome endometrial cancer study

Lynch Sporadic

Endometrial Cancer  Benign Endometrium  Endometrial Cancer  Benign Endometrium

N 30 29 48 37
Germline LS gene mutation, N (%) * 30 (100%) 29 (100%) - -
MLH1 0 (0%) 5 (17%) - -
MSH2 10 (33.3%) 14 (46%) - -
MSH6 16 (53.3%) 3 (10%) - -
PMS2 3 (10%) 6 (20%) - -
EPCAM 1(3.3%) 2 (7%) . -
Age, median [IQR] 53 [51-58] 46 [41-53] 61 [55-64] 48 [44-53]
Caucasian (%) 29 (97%) 29 (100%) 42 (88%) 35 (95%)
Tobacco use, Current, N (%) 5 (17%) 2 (71%) 7 (15%) 0 (0%)
BMI, median [IQR] 28 [23-32] 25 [22-28] 33 [26-39] 29 [25-36]
Post-menopause, N (%) 15 (50%) 7 (24%) 32 (67%) 7 (19%)
Cancer Histology, N (%)
Endometrioid 28 (93%) - 39 (81%) -
Clear Cell 2 (7T%) - 3 (6%) -
Serous 0 (0%) - 6 (13%) -

IQR, interquartile range; LS, Lynch Syndrome

*
Some patients had more than one mutation: one benign had MSH2 and EPCAM
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