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Abstract

Importance—Sebaceous neoplasms (SN) define the Muir-Torre syndrome (MTS) variant of
Lynch syndrome (LS), which is associated with increased risk for colon and other cancers
necessitating earlier and more frequent screening to reduce morbidity and mortality.
Immunohistochemical (IHC) staining for mismatch repair (MMR) proteins in SN can be used to
screen for LS, but data on subsequent germline genetic testing to confirm LS diagnosis is limited.

Objective—To characterize the utility of IHC screening of SN in identification of germline
MMR mutations confirming LS

Design—Retrospective study

Setting—Two academic cancer centers
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Participants—86 adult patients referred for clinical genetics evaluation after diagnosis of SN

Main Outcomes and Measures—Results of tumor IHC testing and germline genetic testing
were reviewed to determine positive predictive value and sensitivity of IHC in diagnosis of LS.
Clinical variables, including age at diagnosis of SN, clinical diagnostic criteria for LS and MTS,
and family history characteristics were compared between mutation carriers and non-carriers.

Results—25 (29.1%) of 86 patients with SN had germline MMR mutations confirming LS.
Among 77 patients with IHC testing on SN, 38 (49.4%) had loss of staining of one or more MMR
proteins, and 14 had germline MMR mutations. IHC correctly identified 13/16 MMR mutation
carriers, corresponding to 81.3% sensitivity. Ten of 12 (83.3%) patients with > 1 SN had MMR
mutations. 52% of MMR mutation carriers did not meet clinical diagnostic criteria for LS, and
44% did not meet the clinical definition of MTS.

Conclusions and Relevance—IHC screening of SN is effective in identifying patients with
germline MMR mutations and can be used as a first line test when LS is suspected. Abnormal
IHC, including absence of MSH2, is not diagnostic of LS and should be interpreted cautiously in
conjunction with family history and germline genetic testing. Use of family history to select
patients for IHC screening has significant limitations, suggesting that universal IHC screening of
SN merits further study. Clinical genetics evaluation is warranted for patients with any of the
following: abnormal IHC, normal IHC with personal or family history of other LS-associated
neoplasms, or multiple SN.

Introduction

Lynch syndrome (LS) is caused by germline mutations in genes involved in the DNA
mismatch repair (MMR) pathway (MLH1, MSHZ2, MSH6, PMS2 and TACSTD1/EPCAM),
and is associated with increased risk for several cancers including colorectal (CRC),
endometrial, ovarian, gastric, biliary tract, pancreatic, urinary tract, and central nervous
system tumors (2). The association of sebaceous neoplasms of the skin (SN), including
sebaceous carcinomas (SC) and sebaceous adenomas (SA), with internal malignancy was
first described in the dermatology literature in 1967 and referred to as Muir-Torre syndrome
(MTS)(3, 4). In 1981, Lynch et alreported SN in three LS kindreds with pathogenic
germline mutations in MMR genes, further defining MTS as a clinical variant of LS (5).

Identification of patients with LS is clinically valuable given availability of risk reducing
strategies, including earlier and more frequent colonoscopy and prophylactic hysterectomy
and bilateral salpingo-oophorectomy, to reduce cancer related morbidity and mortality (6, 7).
Routine screening of CRC and endometrial cancers for evidence of MMR deficiency,
including presence of microsatellite instability (MSI) and/or absent expression of the MMR
proteins by immunohistochemistry (IHC), has shown that 2-4% of CRC and 1-5% of
endometrial cancers are associated with LS (8, 9). This universal tumor screening approach
has better sensitivity than clinical criteria for identifying patients with LS and has the
potential to be cost effective if individuals and their at risk relatives can be identified and
screened to reduce morbidity and mortality (10). Given the experience with CRC and
endometrial cancers, routine screening of SN for MMR deficiency to identify LS has been
proposed (11-13). Several studies have examined the use of MSI and IHC to screen
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unselected SNs and have shown prevalence of MMR deficiency ranging from 25-60% (12—
17). However, most of these studies had limited or no information on germline genetic test
results; thus data regarding the prevalence of germline MMR mutations confirming LS
among individuals with SN, as well as sensitivity and specificity of SN tumor testing, are
limited.

Our objective was to characterize the utility of MSI and IHC screening of SN in
identification of germline MMR mutations confirming LS. We analyzed data on all patients
with SN evaluated at two large clinical cancer genetics programs to examine outcomes of
tumor screening and germline genetic testing.

Permission for research was approved by the Institutional Review Boards of the University
of Michigan Comprehensive Cancer Center (UMCCC) and the Dana Farber Cancer Institute
(DFCI). Patients consented to participate in DNA banking registries granting access to de-
identified medical and family history and use of this information for publication. Subjects
were identified through review of patients enrolled in research registries of the cancer
genetics clinics at UMCCC and DFCI from January 2000 through September 2012.
Individuals with diagnoses of SC, SA, sebaceoma and sebaceous epithelioma were included
in the analysis; sebaceous hyperplasia was excluded. Clinical demographic information
including age, SN location and subtype, and other cancer diagnoses were recorded for each
subject. Results from clinically-performed tumor testing, including MSI and IHC for DNA
MMR proteins, and germline genetic testing for mutations in MLH1, MSHZ, MSH6, PMS2,
and/or TACSTD1/EPCAM genes were reviewed. All clinical testing was completed over the
12 year study period in laboratories with College of American Pathologists (CAP)
accreditation and Clinical Laboratory Improvement Amendments (CLIA) licensure, in
accordance with accepted standards. Four generation family histories were evaluated for
cancer diagnoses among relatives and categorized according to Amsterdam I/11 clinical
diagnostic criteria for LS (18, 19). For patients not meeting Amsterdam criteria, PREMM
(1,2,6) risk scores (20) were calculated to estimate risk for MMR mutation based on
personal and family history of LS related cancers. Colon adenomas were not incorporated.
Cancers in relatives were confirmed where records were available.

To evaluate differences in demographic, clinical, and familial characteristics between groups
we conducted t-tests and Wilcoxon-Mann-Whitney tests for continuous variables and Chi-
Square and Fisher’s Exact tests for categorical variables. Bonferroni corrections were
applied to p-values to adjust for multiple comparisons.

Eighty-six patients with SN from 86 independent families presented for genetic evaluation
during the study period (66 UMCCC, 20 DFCI). A total of 107 SNs were diagnosed among
the 86 patients, including 52 SA, 45 SC, 5 sebaceomas, 3 sebaceous epitheliomas, and 2 SN
without further information. Twelve patients had more than one sebaceous lesion.
Pathogenic or suspected pathogenic germline MMR mutations confirming LS were
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identified in 25 (29.1%) of 86 patients with SN referred for genetic evaluation. Mutations
identified included 18 MSHZ, 5 MLH1, 1 MSH6, and 1 PMSZ2. Two variants of uncertain
significance (VUS) were identified (1 MSHZ, 1 MSH6).

Nine patients presenting on the basis of SN diagnosis were found to carry MMR mutations
without any testing of their SN tumors. Reasons testing of SN was not completed included:
known MMR mutation in the family (3/9); tumor testing performed on a different LS related
tumor (4/9); and family history meeting Amsterdam 1/11 clinical diagnostic criteria
warranting direct germline genetic testing (2/9).

The remaining 77 patients underwent tumor analysis for MMR deficiency on a single SN.
MSI testing could not be completed in 37 (40.5%) SN tumors due to insufficient sample
(individual MSI results reported in Tables 1 and 2); IHC analysis was completed on all 77
SN tumors. IHC analysis found 38 (49.4%) of 77 SN had absent expression of one or more
MMR proteins. Twenty-seven had absent expression of MSH2 or MSH2/MSHS; 9 (33.3%)
of these were found to carry germline MSH2 mutations. Nine had absent expression of
MLH1 or MLH1/PMS2; 4 (44.4%) of these had germline MLH1 mutations. Two patients
had equivocal IHC staining for MSH6 only; one had a pathogenic MSH6 mutation and one
had a VUS in MSH6. None of the samples demonstrated isolated absence of PMS2
expression. In total, 14/38 patients with abnormal IHC on SN were confirmed to carry
pathogenic germline MMR mutations, for a positive predictive value of 36.8% for IHC
(Figure 1, Table 1, Table 2).

Several significant differences were noted between those with pathogenic germline MMR
mutations (n=25) and those with abnormal IHC expression but without germline MMR
mutations (n=23) (Table 3). Mean age at diagnosis of SN among mutation carriers was
significantly younger than those without mutations (54.8 vs. 67.2, p=0.0002 t-test). Patients
with MMR mutations were significantly more likely to have more than one SN (40.0% vs.
0%, p=0.0007 Fisher’s exact test), and 10/12 patients (83.3%) with more than one SN had
pathogenic germline MMR mutations making this a strong predictor of mutation status. One
patient with more than one SN had a VUS in MSH6. Family history differences, as
measured by adherence to clinical diagnostic family history criteria and risk model scores,
were also noted. 48% of patients with MMR mutations met Amsterdam I/11 criteria
compared to 4.3% in the group without mutations (p=0.0008). Among individuals with
family histories not meeting Amsterdam I/11 criteria, the mean PREMM (1,2,6) risk score
was 31.2% for mutation carriers and 6.4% for the group with no mutations identified
(p=0.002).

Thirty-nine (50.6%) of 77 patients had normal expression of all four MMR proteins in their
SNs. Eleven (28.2%) went on to have germline genetic testing of all MMR genes due to
suspicious personal or family histories. Two patients were found to carry germline
mutations: 1 pathogenic mutation in MSHZ, 1 suspected pathogenic mutation in PMS2
(Table 1) (2/11; 18.2%). One patient had a VUS in MSHZ. Twenty-eight patients did not
have germline testing after normal IHC. Fourteen (50%) of these 28 had no personal or
family history of any other LS associated cancer. Mean age at diagnosis and strength of
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family history were not significantly different between the group untested for germline
mutations and the group having germline genetic testing with no mutation found (Table 3).

Among the 16 patients with MMR mutations found after tumor screening of SN and
germline testing, 9 (56.3%) had personal history of internal malignancy meeting clinical
criteria for MTS. Six (37.5%) had PREMM (1,2,6) risk scores of less than 5%. Two of these
mutation carriers had personal history of atypical LS cancers not accounted for in risk
models or diagnostic criteria (adrenocortical cancer, fibrous histiocytoma), and 1 had more
than one SN. Two carriers reported history of classic LS cancers in first cousins, not
captured by the PREMM (1,2,6) model which incorporates only diagnoses in first and
second degree relatives.

Discussion

In this clinical series of patients with SN selected based on referral for genetic evaluation,
IHC was concordant with the MMR gene mutation identified in 13/16 patients (81.3%
sensitivity) and had a positive predictive value of for identifying germline MMR mutations
of 36.8%. Our series is the first to have germline genetic test results available for all
individuals with abnormal IHC in SN. The largest two series to date reported germline data
on 5 of 40 patients (12) and 14 of 51 patients (17), with insufficient information to estimate
sensitivity and positive predictive value of IHC for diagnosing LS. Prospective study of
universal IHC screening in SN would be useful to determine how performance compares to
universal IHC screening in CRC, which is gaining acceptance and estimated to be cost
effective at a positive predictive value of 23.9% (21, 22). Our results confirm IHC of SN can
be used as a first line screening test in patients with suspected LS.

These findings also support previous recommendations for routine IHC screening of all SN
(11, 12), regardless of strength of the personal or family history. The majority of mutation
carriers identified after IHC of SN and germline testing did not meet Amsterdam I/11 clinical
diagnostic family history criteria for LS (13/16; 81.3%) and 43.7% (7/16) did not meet the
clinical definition of MTS. Presence of two or more relatives with CRC has been suggested
as a threshold for offering IHC testing (17) and would have identified 6 (37.5%) of 16
mutation carriers in this series. A PREMM (1,2,6) risk model threshold of >5% has been
suggested for consideration of germline testing (23), and would have identified 10 (62.5%)
carriers. While a detailed pedigree including third degree relatives and incorporating all
cancer diagnoses remains useful to help interpret IHC results, the low sensitivity of family
history alone limits its utility as a pre-screen to select patients for IHC.

The majority (60.5%) of patients with abnormal IHC in an SN had no germline mutation
identified indicating that MMR phenotype in SN is not diagnostic of LS. This is particularly
striking in the sub-group of patients with absent MSH2/MSH®6 expression in SN, where only
33.3% had germline MSHZ mutations and no TACSTDI1/ EPCAM mutations were identified
(Figure 1). In CRC and endometrial cancer, absent MSH2/MSH® staining is widely
considered to be diagnostic of LS with 85% of patients having identifiable germline MSH2
or TACSTD1/EPCAM mutations (24, 25). These results suggest that a significant number of
patients with abnormal IHC but without germline MMR mutations could have developed SN
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through somatic, non-heritable molecular events. Caution should be used in interpreting the
clinical implications of abnormal IHC in SN in the absence of germline genetic test results.

We acknowledge our study has certain limitations. Patients were evaluated through 2
different clinics over a 12 year period, with variability in referral practices, and in clinical
testing practices and standards. Germline genetic testing was completed in only 11/39 (28%)
patients with normal IHC. Without confirmation of normal germline results, specificity
cannot be accurately estimated and sensitivity may be overestimated as unidentified
mutation carriers could exist in the untested group with normal IHC. However, average age
at diagnosis of SN and strength of family history as measured by PREMM (1,2,6) scores
among patients with normal IHC who did not have germline testing did not differ
significantly from the characteristics of the tested group who did not carry germline
mutations (Table 3). It is also possible that some patients with abnormal IHC but no
germline mutations may have a germline mutation that could not be identified with currently
available testing. Mutation carriers had earlier onset of SN, higher prevalence of multiple
SN, and stronger family histories and risk model scores compared with patients with
abnormal IHC and no germline mutation found (Table 3). Finally, this series represents a
selected population of patients who were identified as having risk for MTS and referred for
clinical genetics evaluation at tertiary referral centers, sometimes solely based on SN and
sometimes due to additional suggestive personal or family history. There are institutional
differences in patient demographics and referral patterns, and this series does not represent a
universal screening approach. Defining the true prevalence of LS among all patients with SN
will require further prospective study. However, our finding of MMR gene mutations in
nearly one in 3 patients presenting based on SNs reinforces the importance of collaboration
between dermatology, pathology and clinical genetics to ensure genetic referral for these
individuals.

In conclusion, we propose a clinical practice algorithm for patients with SN (Figure 2)
beginning with consideration of IHC screening of SN to be ordered by pathologist or
clinician, excluding patients with sebaceous hyperplasia or known LS diagnosis. Family
history screening for LS-associated cancers in at least first and second degree relatives is
also warranted for all patients with SN. Genetics referral should be recommended for
patients with SN and any of the following: absent MMR protein expression (abnormal
result) on IHC screen; normal MMR protein expression and personal or family history of
any LS-associated cancer; more than one SN. Our findings suggest that a combination of
routine tumor testing and family history assessment would optimize identification of patients
with LS in the dermatology setting.
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Molecular Testing Outcomes — A flow chart showing results of clinical testing completed
(including IHC and germline genetic testing) for patients referred to genetics clinics after

diagnosis of sebaceous

neoplasm
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1. IHC screening of SN to be ordered by pathologist or clinician

2. Family history screen for LS-associated cancers** in first or
second degree relatives

3. Genetics clinic referral for patients with SN and any of the

following:

a. Absent MMR protein expression (abnormal result) on IHC

b. Normal MMR protein expression and personal or family
history of LS-associated cancer

c. More than one SN

**(Classic LS-associated cancers include: colorectal,
endometrial, stomach, small bowel, ovarian, pancreatic, urinary
tract cancers, and glioblastoma multiforme. Atypical LS-
associated cancers include: adrenocortical, hepatobiliary, and
sarcoma

Figure2.
Clinical Practice Algorithm for Sebaceous Neoplasm — Suggested work flow to optimize

identification of Lynch syndrome after diagnosis of sebaceous adenoma or carcinoma

JAMA Dermatol. Author manuscript; available in PMC 2016 August 09.
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Table 3

Page 15

Comparison of characteristics between carriers of MMR mutations, non-carriers, and patients with normal
IHC with no germline testing

MMR Mutation Carriers

Abnormal IHC no germline
mutation detected

Normal IHC no genetic
testing

(N=25) (N=23) (N=28)
. s 54.8 67.2 65
Age at diagnosis (in years) - _ .
(range in years) (28-76) p(:l(éf)é)f)Z (22-93)
More than 1 SN (%) 10 (40.0%) p=% %)307 0
Meets Amsterdam 1/11 criteria (%) 12 (48.0%) plz((;‘gggg 0
Not Meet Amsterdam 1/11 criteria (%) | 13 (52.0%) 22 (95.7%) 28 (100%)
PREMM <5 (%) | 6 (46.1%) 8 (36.4%) 13 (46.4%)
PREMM 25 (%) 7 (56.3%) 14 (63.6%) 15 (53.6%)
Mean PREMM score (all =5) 31.2 6.4 6.2
p=0.002
Median PREMM score(all =5) 31 55 51
p=0.002
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