
ORIGINAL RESEARCH

Screening for Muir-Torre Syndrome Using Mismatch Repair
Protein Immunohistochemistry of Sebaceous Neoplasms

Maegan E. Roberts & Douglas L. Riegert-Johnson &

Brittany C. Thomas & Colleen S. Thomas &

Michael G Heckman & Murli Krishna &

David J. DiCaudo & Alina G Bridges &

Katherine S. Hunt & Kandelaria M. Rumilla &

Mark A Cappel

Received: 21 August 2012 /Accepted: 31 October 2012 /Published online: 6 December 2012
# National Society of Genetic Counselors, Inc. 2012

Abstract Screening for the Muir-Torre variant of Lynch
Syndrome (LS) using Mismatch Repair (MMR) gene im-
munohistochemistry (IHC) on sebaceous neoplasms (SNs)
is technically feasible. To date, research into the clinical
utility of MMR IHC for this indication is limited. We con-
ducted a retrospective chart review of 90 patients with
MMR IHC completed on at least one SN from January
2005 to May 2010. SNs included were adenomas, epithe-
liomas, carcinomas and basal and squamous cell carcinomas
with sebaceous differentiation. Of the 90 patients, 13 (14 %)

had genetically confirmed or fulfilled clinical criteria for a
diagnosis of MTS and 51 patients (57 %) presented with an
abnormal MMR IHC result (loss of one or more MMR
proteins) on at least one SN. Abnormal IHC had a sensitivity
of 85 %, specificity of 48 %, positive predictive value (PPV)
of 22 % and negative predictive value (NPV) of 95 % when
evaluating for MTS. When personal or family history of
colorectal cancer (≥2 family members with a history of
colorectal cancer) was taken into consideration, ignoring
IHC results, sensitivity was 92 %, specificity was 99 %,
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PPV was 92 % and NPV was 99 %. MMR IHC on SNs
when used to screen for MTS has poor diagnostic utility. We
recommend that MMR IHC not be performed routinely on
SNs when the patient does not have either personal or
family history of colorectal cancer.
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Introduction

Muir-Torre syndrome (MTS), a variant of Lynch syndrome
(LS), is characterized by the occurrence of sebaceous neoplasms
(SNs), including adenomas, carcinomas, epitheliomas
(sebaceomas), and keratoacanthomas in association with colon
cancer and other cancers seen in Lynch syndrome (colon, endo-
metrial, duodenal, ovarian, urinary tract, hepatobiliary tract,
small bowel and brain) (Lazar et al. 2007; Lynch et al. 1985).
The termMuir-Torre syndromewas derived in honor of Dr. E.G.
Muir and Dr. Douglas Torre who independently described two
patients with both sebaceous neoplasms and visceral malignan-
cies in 1967 and 1968 (Muir et al. 1967; Torre 1968). It was in
1980 and 1981 when Dr. Ramon Fusaro and Dr. Henry Lynch
suggested that Torre’s syndrome may be a result of the same
underlying genetic predisposition responsible for the “cancer
family syndrome” which is now referred to as Lynch syndrome
(Fusaro et al. 1980; Lynch et al. 1981). MTS and LS are caused
by deleterious germline mutations in the DNA mismatch repair
(MMR) genes hMLH1, hMSH2, hMSH6, and PMS2. In one
study, 9.2 % of identified patients with Lynch syndrome were
diagnosedwithMuir-Torre syndrome based on the presence of a
sebaceous neoplasm (SN) (South et al. 2008). Some studies
have shown that patients with Muir-Torre syndrome are more
likely to have germline mutations in hMSH2 than in the other
MMR genes (South et al. 2008).

Almost all Lynch syndrome-related cancers demonstrate
microsatellite instability (MSI) and absence of MMR pro-
tein expression that can be identified using immunohisto-
chemistry (IHC) (South et al. 2008). In the past, MSI was
used more commonly when screening colorectal cancer for
Lynch syndrome. Sensitivity and specificity for MSI is
reported as 77-91 % (depending on the location of the
germline mutation) and 90.2 % respectively, when complet-
ed on colorectal tumors (de la Chapelle and Hampel 2010).
The sensitivity of MMR IHC for LS in colorectal cancers
has been reported as 92-94 % while specificity is reported as
88-100 % (Hampel et al. 2008; Hampel et al. 2005; Lindor
et al. 2002). More recently IHC is replacing MSI as sensi-
tivity and specificity is similar between the two tests, and
IHC in general is more convenient and cost-effective (de la
Chapelle and Hampel 2010). Additionally, MMR IHC is

helpful in identifying the specific gene/s involved when
ordering germline testing. Screening protocols for LS using
MSI and IHC have been established for colon cancer, and
screening of all colon cancers using MMR IHC is emerging
and practiced in many medical centers across the United
States (Mvundura et al. 2010).

The utility of MMR IHC on colon carcinomas as a test to
identify LS is well-established. In this study our aim was to
investigate whether MMR IHC could be used similarly to
identify MTS patients by testing SNs, which are characteristic
of the MTS variant. There have been several reports of MMR
IHC on SNs, which have been limited by small sample size
and lack of clinical data, including a detailed family history
and genetic test results (Abbas and Mahalingam 2009;
Morales-Burgos et al. 2008; Popnikolov et al. 2003). The
focus of these reports was on the MMR IHC staining pattern,
and the clinical utility of this testing for diagnosing MTS has
not been previously described. Other studies focus on MMR
IHC on SNs in knownMTS patients and do not compare their
findings to MMR IHC on sporadic SNs (Machin et al. 2002;
Mathiak et al. 2002; Ponti et al. 2005). Interpretation of MMR
IHC is considered to be straightforward; the tumor cells are
histopathologically evaluated for retention or loss of MLH1,
MSH2, MSH6 and PMS2 proteins. Impeding clinical utility is
the lack of complete understanding of the underlying molec-
ular mechanisms for each observed staining pattern in SNs.
The SN MMR IHC staining patterns observed in this study,
high rate of abnormal MMR IHC (57 %) and predominant
staining pattern being loss of MSH2 and MSH6, appear to be
unique compared to our previous understanding based on
colon and endometrial cancer research (de la Chapelle and
Hampel 2010). During our chart review an abundance of solid
organ transplant recipients was noted. A subsequent literature
review showed that sebaceous neoplasms were significantly
overrepresented in a group of renal transplants recipients
compared to immunocompetent patients (30 % vs. 6 %).
This study only looked at renal transplant patients who were
all receiving immunosuppressive therapy with azathioprine,
prednisolone, and cyclosporine or azathioprine and preniso-
lone only. The time between tumor presentation and trans-
plantation was 9.8 years (1–28 years). Two patients on this
study were noted as having MTS; both presented with “mul-
tiple sebaceous adenomas” (Harwood et al. 2003). Based on
this previously completed research an emphasis on solid organ
transplant recipients was made.

Materials & Methods

Data Collection

All patients with SNs that underwent MMR IHC analyses at
Mayo Clinic in Rochester, Minnesota, Scottsdale, Arizona,
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and Jacksonville, Florida between January 2005 and May
2010 were included. SNs included in this study were seba-
ceous adenomas, sebaceous epitheliomas, sebaceous carci-
nomas, and basal or squamous cell carcinomas with
sebaceous differentiation. Patients with only sebaceous hy-
perplasia were excluded. While keratoacanthomas are asso-
ciated with MTS, they were not included in our data.

An abnormal IHC test result was considered a loss of
expression of one or more of the MMR gene protein prod-
ucts (MLH1, MSH2, MSH6, or PMS2). A patient was
considered to have a confirmed diagnosis of MTS if genetic
testing found a deleterious germline mutation in one or more
of the MMR genes. Patients who did not have germline
genetic testing were suspected of having MTS if they had
all of the following: a visceral malignancy known to be
associated with LS, a personal history of at least one SN,
at least one relative with a Lynch-related cancer, and no
history of another hereditary gastrointestinal cancer syn-
drome, i.e. MUTYH Associated Polyposis (MAP) or
Familial Adenomatous Polyposis (FAP). This definition is
based on the classic definition of MTS (the presence of a
sebaceous neoplasm plus visceral malignancy) and Revised
Bethesda Guidelines, which are used to identify individuals
at risk for Lynch syndrome and appropriate candidates for
microsatellite instability (MSI) tumor testing (Umar et al.
2004). This study was submitted to the Mayo Clinic IRB
and was subsequently deemed minimal risk on August 17,
2010.

Statistical Analysis

Patient and lesion characteristics were summarized using
sample median, minimum, and maximum for numerical
variables and number and percent for categorical varia-
bles. In examining the diagnostic utility of IHC for
known or suspected MTS, sensitivity, specificity, posi-
tive predictive value (PPV), and negative predictive
value (NPV) were estimated along with exact binomial
95 % confidence intervals (CIs). Associations of indi-
vidual patient characteristics with known or suspected
MTS were explored using Fisher’s exact test for cate-
gorical variables and a Wilcoxon rank sum test for
numerical variables. Patient characteristics significantly
associated with MTS with a p‐value of 0.05 or less
were evaluated further for their diagnostic utility. In
examining the diagnostic utility of patient characteristics
(individually and in combination) for MTS, ssensitivity,
specificity, PPV, and NPV were estimated along with
95 % CIs. P-values≤0.05 were considered statistically
significant and no adjustment for multiple testing was
made due to the exploratory nature of the study. All
analyses were performed using SAS (version 9.2; SAS
Institute Inc.; Cary, NC).

Results

Patient characteristics are summarized in Table 1 (n090) by
comparing known and suspected MTS patients to non-MTS
patients. Germline genetic testing of the MMR genes to
evaluate for MTS was performed in 14 patients, of which
8 patients tested positive for a germline MMR gene muta-
tion giving them the diagnosis of MTS. None of the 6
patients with negative germline test results met our “sus-
pected MTS” criteria; only 1 had a family history of CRC (1
paternal 2nd degree relative and 1 maternal second degree
relative both diagnosed with CRC >60) and 0 had a personal
history of CRC. All 6 patients had abnormal MMR IHC on a
SN that led to germline testing. Of the 76 patients that did
not have genetic testing, 5 patients were suspected of having
MTS based on established criteria discussed in the methods
section. A summary of known MTS, non-MTS (MMR
mutation negative) and suspected MTS patients personal
and family history is provided in supplemental table 1. All
but one patient with a proven deleterious MMR gene muta-
tion would have met our “suspected MTS” criteria. The
patient who did not meet the criteria had no personal or
family history consistent with Lynch syndrome, but pre-
sented at the age of 71 with a sebaceous adenoma on the
left lateral aspect of the neck; he was found to have a
germline hMSH6 mutation after MMR IHC showed loss of
MSH6 only on his SN. Of note that this patient had a total of
3 sebaceous adenomas; MMR IHC was only completed on
one. In total, 13 (14 %) patients were diagnosed with either
known or suspected MTS.

MMR IHC, when performed on the patient’s primary SN,
resulted in an abnormal IHC test result in 51/90 (57 %) of
patients. As shown in Table 2, 11 of the 13 (85 %) patients
with known or suspected MTS had abnormal IHC on a SN.
However, MMR IHC resulted in a likely false-positive
finding (loss of one or more MMR proteins) for 40 of the
77 (52 %) patients without known or suspected MTS.
Location of each patient’s primary SN was noted as location
(head and neck vs. non-head and neck) has previously been
suggested to be a possible differentiator between MTS and
non-MTS (Singh et al. 2008). After further review it was
determined that non-head and neck SNs have a slightly
higher rate of abnormal MMR IHC (8/11, 73 %) than head
and neck SNs (47/79, 59 %) but this was not statistically
significant (p00.518). It is also important to note that only 1
(13 %) of our known MTS patients initially presented with a
non-head SN, while the other 7 (88 %) presented with a
head and neck SN.

Table 1 also shows comparisons of those variables that
were not involved directly in the diagnosis of MTS, between
patients with and without known or suspected MTS.
Compared to patients without MTS, those patients with
known or suspected MTS were more likely to have an
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abnormal MMR IHC result on a SN (p00.037), or a per-
sonal history of colon cancer (p0<0.001), colon cancer
before age 60 (p0<0.001), a Lynch-related cancer other than
colon or endometrial cancer (p0<0.001), pathology findings

with features of keratoacanthoma (p00.019), 2 or more SNs
(p0<0.001). Similarly, known or suspected MTS patients
were more likely to have a family history of colon cancer
(p0<0.001), colon cancer before age 60 (p0<0.001), two or

Table 1 Comparisons of patient
characteristics and medical his-
tory between patients with
known or suspected Muir-Torre
syndrome and patients without
Muir-Torre syndrome

Sample median (minimum,
maximum) is given for numeri-
cal variables, while n(%) is giv-
en for categorical variables. P-
values result from Wilcoxon
rank sum test for numerical var-
iables and Fisher’s exact test for
categorical variables. aKeratoa-
canthoma includes squamous
cell carcinoma with features of
keratoacanthoma

Variable Known/suspected MTS P-value

No (N077) Yes (N013)

Demographic information

Age at SN presentation (years) 72 (32–93) 69 (42–83) 0.078

Gender (male) 59 (77 %) 12 (92 %) 0.29

Personal history

Colon cancer 5 (6 %) 8 (62 %) <0.001

Colon cancer before age 60 1 (1 %) 5 (38 %) <0.001

Other Lynch-related cancer 3 (4 %) 6 (46 %) <0.001

Colon polyps 44 (56 %) 10 (77 %) 0.23

Family history

Colon cancer 11 (14 %) 12 (92 %) <0.001

Colon cancer before age 60 1 (1 %) 7 (54 %) <0.001

Two or more relatives with colon cancer 1 (1 %) 7 (54 %) <0.001

Endometrial cancer 1 (1 %) 5 (38 %) <0.001

Other Lynch-related cancer 16 (21 %) 6 (46 %) 0.077

Any Lynch-related cancer 21 (27 %) 12 (92 %) <0.001

Personal or family history

Colon cancer 16 (21 %) 12 (92 %) <0.001

Colon cancer before age 60 2 (3 %) 10 (77 %) <0.001

Two or more relatives with colon cancer 1 (1 %) 12 (92 %) <0.001

Other Lynch-related cancer 18 (23 %) 9 (69 %) 0.002

Significant pathological findings

Keratoacanthomaa 8 (10 %) 5 (38 %) 0.019

Two or more SNs 9 (12 %) 10 (77 %) <0.001

Three or more SNs 3 (4 %) 8 (62 %) <0.001

Abnormal MMR IHC results of primary SN 40 (52 %) 11 (85 %) 0.037

Table 2 Comparison of mismatch repair immunohistochemistry staining patterns between the total study participants, known/suspected Muir-
Torre syndrome and non Muir-Torre syndrome patients

IHC staining pattern Patient type

Summary (N090) Known/ Suspected MTS (N013) Non-MTS Patients (N077)

No loss of expression of MMR proteins 39 (43 %) 2 (15 %)a 37 (48 %)

Loss of expression of one or more MMR proteins 51 (57 %) 11 (85 %) 40 (52 %)

MSH2 and MSH6 24/51 (47 %) 5/11(45 %) 19/40 (48 %)

MSH6 alone 15/51 (29 %) 3/11 (27 %) 12/40 (30 %)

MLH1 and PMS2 6/51 (12 %) 1/11 (9 %) 5/40 (13 %)

MSH2 alone 3/51 (6 %) 2/11 (18 %) 1/40 (3 %)

PMS2 alone 1/51 (2 %) 0/11 (0 %) 1/40 (3 %)

MLH1, MSH6, and PMS2 2/51 (4 %) 0/11 (0 %) 2/40 (5 %)

a Two patients who are classified as known or suspected MTS presented with retention of all four MMR gene protein products. One is a known
MTS patient who tested positive for a known familial MSH2 mutation. The other is classified as suspected-MTS based on a personal history of
colon cancer (dx age 58) and pancreatic cancer (dx 85) as well as his father’s history of colon cancer (dx 63)
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more relatives with colon cancer (p0<0.001), endometrial
cancer (p0<0.001), or any Lynch-related cancer (p00.084)
compared to patients without MTS.

Table 3 demonstrates the ability of these individual sta-
tistically significant variables to classify patients as MTS or
non-MTS, without consideration of the MMR IHC results.
Here, estimates of sensitivity, specificity, positive predictive
value, and negative predictive value are given. The variable
that was best able to differentiate between MTS and non-
MTS patients was having two or more relatives, which
could include the patient, with a history of colon cancer.
Of the 13 patients with known or suspected MTS, 12 (92 %)
had two or more relatives with a history of colon cancer
(sensitivity 95 % CI: 64 %-100 %). Of the 77 patients
without known or suspected MTS, 76 (99 %) had fewer
than two relatives with a history of colon cancer (specificity
95 % CI: 93 %-100 %). Likewise, when there is a personal
or family history of two or more relatives with a history of
colon cancer, the positive predictive value is 92 % (CI: 64-
100 %) and the negative predictive value is 99 % (CI: 93-
100 %).

In an exploratory analysis, we examined the utility of
these individual variables in combination with SN MMR
IHC results in diagnosing MTS; these results are shown in
Table 4. When considering the utility of abnormal MMR
IHC test results in the diagnosis of MTS, sensitivity was
85 % (11/13, 95 % CI: 54 %-98 %), while specificity was
only 48 % (37/77, 95 % CI: 37 %-60 %). When abnormal
IHC results are combined with selected individual variables,
specificity ranges from 83 % to 100 %; however, sensitivity
drops to values between 31 % and 77 %. This indicates that
abnormal IHC results independently or in combination with
other variables, are not as useful as personal and family
history in the diagnosis of MTS when a patient presents
with a SN.

Sebaceous Neoplasm IHC Staining Patterns

In both the known and suspected MTS group and the non-
MTS group, loss of MSH2 and MSH6 was the most com-
mon IHC staining pattern (5/11 [45 %] vs. 19/40 [48 %]).
Table 2 shows the similarity in staining patterns between the
known and suspected MTS patients (n013) in comparison
to the non-MTS patients (n077). When IHC was completed
on the patients’ primary SN, loss of expression of at least
one MMR gene protein product was seen in 11/13 (85 %) of
our known and suspected MTS patients and 40/77 (52 %) of
our non-MTS patients. Four out of our 8 (50 %) known
MTS patients had MMR IHC completed on more than
one SN. A summary of their MMR IHC staining pat-
terns, SN locations and genetic test results can be found
in supplemental table 2.

Discordant MMR IHC Results

Of 90 patients, 8 (9 %) had MMR IHC completed on two or
more SNs. In 6 of these 8 (75 %) patients, there were
discordant MMR IHC results among their different SNs.
(Supplemental Table 3) In 5 of the 6 (83 %) cases, the
germline genetic testing algorithm would have been affected
by the discordant MMR IHC results.

Patients that Underwent Germline Genetic Testing
(Genotype-Phenotype Correlation)

A total of 14 patients completed germline testing after an
abnormal MMR IHC result on a SN. Eight of these 14
(57 %) patients tested positive for a germline MMR gene
mutation. Six of these 8 (75 %) were found to harbor a
deleterious hMSH2 mutation, while the other 2 (25 %) were
found to harbor a deleterious hMSH6 mutation; there were
no hMLH1 or PMS2 mutations identified. All hMSH2 muta-
tions in the 6 carriers tested involved exons 5 and 6; this is
summarized in supplemental table 4.

MTS Diagnosis Given to One Patient and Previously
Incorrectly Given to Two Patients

One patient was identified as most likely having MTS due to
the presence of abnormal MMR IHC on a sebaceous ade-
noma 5 years prior. No formal workup was completed prior
to identifying him through this study (Fig. 1). Identification
of this patient and subsequently diagnosing him with MTS
resulted in clinically significant findings, including the dis-
covery of a large ampullary adenoma that required
ampullectomy.

We found two patients with a history of one SN that
were given the diagnosis of MTS based on the cutaneous
pathological findings alone by an outside physician prior
to consultation with Medical Genetics; both of these
diagnoses were removed after subsequent review of each
case being there was not enough evidence to support
giving a clinical diagnosis. To have a clinical diagnosis
of Lynch syndrome one must meet either Amsterdam I or
II criteria. Neither of these patients met these criteria.
One patient was a 51 year old man, with no personal or
family history of CRC, who presented with loss of
MSH2 and MSH6 on a sebaceous adenoma. He under-
went germline testing which included sequencing of
hMSH2, deletion/duplication analysis of hMSH2 and the
3’ region of EPCAM. All genetic testing was negative.
While this patient does not appear to have MTS based on
personal and family history the possibility of Lynch
syndrome can not be completely excluded (germline
hMSH6 genetic testing was not completed). Our other
patient was a 72 year old female, only with a single
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second degree relative with CRC at 85, who presented
with normal MMR IHC staining (retention of all four
proteins) on a sebaceous epithelioma. Genetic testing
was not pursued since this patient did not meet insurance
criteria for germline testing and the previously given
diagnosis of MTS was removed based on the normal

MMR IHC and lack of supporting family history. Both
patients were previously undergoing annual colonoscopy
based on the presence of a sebaceous neoplasm assuming
that this was a clear indication for MTS; we advised both
patients that colorectal cancer screening should be based
on personal and family history.

65

30s

72
right sided 
colon ca      

dx 65

_

d. 86
d. cardiac failure       
hx of endometrial 

ca  dx 60s

d. 60s d. 70s
d. cardiac, 

NOS
d. cancer site 

unknown

d. 40s
d. cirrhosis of 

liver

d. 30s
d. accident

d. 70s
d. comp DM

d. 94
d. old 
age

d. 79
d. colon ca  

dx 77        
hx of “skin 

lesions”

86d. 60
d. aneurysm

d. 70
d. unknown

d. 80s
d. unknown

d. 80s
d. unknown

d. 12
d. unknown

d. 50s
d. cancer 

site 
unknown

d. 50s
d. aneurysm

d. 20s
d. unknown d. infant

d. unknown

+

51 50 47

= colorectal cancer 

= sebaceous neoplams

= endometrial cancer

= cancer site unknown

Tissue

Sebaceous
adenoma of the left

chest; 67 yrs
(retention of all

proteins)

Sebaceous
adenoma of the
upper lip; 69 yrs
(loss of MSH6)

Colon cancer
(hepatic flexure);

65 yrs
(loss of MSH6)

Tubulovillous
adenoma of the
ampulla; 73 yrs
(loss of MSH6)

MSH6

Pedigree and Mismatch Repair Immunohistochemistry for Muir-Torre Patient with Known 
MSH6 Mutation

3 2

+
= positive MSH6 = negative MSH6

_

Fig. 1 The patient is designated by the arrow. This is the pedigree of a
72 year old man that was diagnosed with MTS as a result of this study.
This past medical history consisted of a right sided colon cancer at the
age of 65, a sebaceous adenoma of the left chest at 67 that showed
retention of all four (MLH1, MSH2, MSH6 and PMS2) proteins via
MMR IHC and a sebaceous adenoma of the upper lip at 69 that showed
loss of MSH6 only on MMR IHC. Due to the questions regarding
utility of MMR IHC on sebaceous neoplasms and the discordant MMR
IHC results between his two sebaceous adenomas it was recommended
that this patient have MMR IHC completed on his colon tumor; his
colon tumor subsequently showed loss of MSH6. From this point
germline line hMSH6 genetic testing was initiated. He was found to

harbor a deleterious hMSH6 mutation designated as 718 C>T
(R240X). Colonoscopy and upper endoscopy were recommended at
this point. Colonoscopy showed 8 polyps (both adenomatous and
hyperplastic) while upper endoscopy revealed two duodenal polyps;
one on the ampulla and 1.5 cm in size and the other distal to the
ampulla and 0.5 cm in size. The ampullary polyp was later proven to be
a tubulovillous adenoma and required ampullectomy. His sebaceous
adenoma of the left chest was discordant with retention of all four
MMR proteins suggesting that the patient does not have Lynch syn-
drome. If the only MMR IHC available would have been from this
sebaceous adenoma of the left chest we would have most likely not
offered germline testing
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Staining Patterns in Solid Organ Transplant Patients

The MMR IHC staining patterns in transplant patients were
similar to staining patterns of the remaining cohort of
patients. These 16 transplant patients comprised 18 % (16/
90) of all patients, and 12 (75 %) had abnormal IHC result.
Of all patients with abnormal IHC results, the transplant
patients comprised 24 % (12/51). None of the 16 transplant
patients had a documented MMR gene mutation in their
chart and none met our “suspected MTS” criteria. Due to
the high percentage of abnormal MMR IHC in the transplant
group we removed them from the data to see if it would
greatly impact the sensitivity and specificity of MMR IHC.
Sensitivity remained the same at 85 % while specificity did
rise, it was only from 48 % to 54 %.

In transplant patients, the most common MMR IHC
staining pattern was loss of MSH2 and MSH6 (7/12,
58 %). Loss of MSH2 and MSH6 was also the most com-
mon pattern seen in the known and suspected MTS and in
the non-MTS groups, supplemental table 5 compares stain-
ing patterns between known and suspected MTS, non-MTS,
and transplant patients.

The median time between transplant and SN diagnosis
was 8 years (range: 0.6-18 years). The patients had a variety
of solid organ transplants (kidney, liver, lung and heart) and
were treated with different immunosuppressive regimens.

SNs in Patients with MUTYH Associated Polyposis (MAP)

We identified two patients with history of at least one SN
and the diagnosis of MAP, another hereditary predisposition
to colorectal cancer. Both patients were found to harbor two
copies (homozygous) of the common MUTYH mutation
Y165C. Nine other patients with MAP and a history of
SNs were identified as result of a literature search.
(Supplemental Figure 1 and Supplemental Table 6). Two
MUTYH mutations, Y165C and G382D, account for ap-
proximately 70 % of all identified germline mutations in
the MUTYH gene (Molatore et al. 2010). Of the total 11
patients identified to have MAP and a history of SNs, 7
(64 %) were found to be either homozygotes or compound
heterozygotes for the two common MUTYH mutations.

Discussion

Strengths of the study include the large number of samples
tested; this is the largest study to date that investigated the
utility of MMR IHC of SNs for the diagnosis of MTS. This
study is limited by its retrospective design and by the
relatively small percentage of patients (16 %) that had germ-
line genetic testing for germline MMR gene mutations.
Germline genetic testing is the standard for diagnosing

MTS. Many patients elected not to proceed with germline
testing due to insurance restrictions and associated costs.
Due to these limitations, additional studies would be helpful
to validate findings. We acknowledge that there could be
factors that are not currently understood, such as lower
penetrance genes, modifiers, or somatic events responsible
for some patients’ phenotypes. Additional molecular studies
are still needed to understand the molecular mechanisms
behind the loss of expression of MMR gene protein products
in sebaceous neoplasms. Based on previously completed
MMR IHC studies in CRC, one could postulate that the
same MLH1 hypermethylation phenomenon may also be
present in sebaceous lesions with loss of MLH1 and
PMS2. If this is the case, reflexing to hypermethylation
may be necessary when loss of MLH1 and PMS2 is ob-
served. If hypermethylation was present, no further testing
would be needed, eliminating unnecessary subsequent ge-
netic testing. However, MLH1 hypermethylation would po-
tentially only explain a small proportion of abnormal MMR
IHC, as loss of MLH1 and PMS2 were seen in only 12 % of
our cohort.

The loss of expression of one or more MMR gene protein
product as detected by IHC analysis had reasonable sensi-
tivity, but poor PPV in the diagnosis of MTS, when personal
and family history is not taken into consideration. The poor
PPV contrasts with the findings of a previous study, which
reported PPVs of 55 % to 100 %, associated with various
MMR IHC staining patterns (Chhibber et al. 2008). This
previous study did identify a high rate of abnormal MMR
IHC similar to what was found in our study (24/41, 59 % vs.
51/90, 57 %). However, we would argue that the previously
reported PPVs are incorrectly high due to less stringent
clinical criteria used to diagnose MTS, which was defined
as the presence of a SN plus of any one of the following:
keratoacanthoma, non-cutacneous malignancy (not limited
to Lynch related cancers) or the presence of an adenomatous
polyp. In contrast to the above study, our data includes
confirmatory germline testing for 9 % (8/90) of our patients.
Our study also utilizes more stringent diagnostic criteria
based upon the classic MTS definition in combination with
the revised Bethesda criteria.

In the largest and most recent study of SN MMR IHC,
other than this review, 79 SNs were evaluated in 70 different
patients using MMR IHC (Cesinaro et al. 2007). This study
showed a predominant loss of MSH2 on MMR IHC, similar
to our findings. However, this study’s overall rate of abnor-
mal MMR IHC was lower than our findings. Of the 70
patients reported in this study, 18 (25.7 %) showed loss of
at least one MMR protein via IHC on at least one SN. There
are several differences in methodology between this report
and ours. The previous study evaluated MMR IHC for only
MSH2 and MLH1; MSH6 and PMS2 were not evaluated as
they were in our study. The previous study also included
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sebaceous hyperplasia, which our review did not include.
Previous publications have noted that sebaceous hyperplasia
does not appear to be a clinical indicator of MTS (Lazar et
al. 2007). These differences in methodology may explain, at
least partly, the differences in the rate of abnormal MMR
IHC.

Without a clinical phenotype that meets criteria for MTS,
MMR IHC has a low predictive value for the identification
of germline mutations based on current methods. To im-
prove the positive predictive value of MMR IHC for detec-
tion of a germline mutation and to avoid unnecessary
subsequent genetic testing, we suggest a thorough review
of the patient’s personal and family history prior to request-
ing MMR IHC. In our study we found that the most predic-
tive clinical indicator for MTS was the presence of two or
more family members with a history of colorectal cancer.

The abnormal MMR IHC pattern observed most fre-
quently in this study, loss of MSH2 and MSH6, traditionally
has been consistent with a diagnosis of Lynch syndrome
when observed in colon or endometrial cancers. The abun-
dance of this staining pattern, in addition to the low positive
predictive value, suggests that we cannot rely on previously
completed MMR IHC results when trying to diagnosis MTS
in patients who present with SNs. Our findings further
challenge clinical interpretation and suggest that more re-
search on this topic is needed.

Discordance of SN MMR IHC Between Multiple Sebaceous
Neoplasms

The discordance of MMR IHC results between different
SNs in the same patient as seen in our study is important
with respect to further recommendations for germline ge-
netic testing. In 5 of the 6 cases with discordant SN MMR
IHC results, the germline genetic testing algorithm would
have been different depending on which SN was being
referenced. This finding suggests the possibility of missed
diagnoses due to both false-negative and false-positive SN
MMR IHC results (supplemental table 3). The presence of
discordant SN MMR IHC within multiple individuals is
indicative of a sporadic mechanism that has yet to be iden-
tified and further suggests that clinicians should not heavily
rely on MMR IHC when evaluating patients for MTS who
present with a SN.

Significance of Germline hMSH6 Mutations

Patients with germline hMSH6 mutations will generally not
have classic personal and family histories of young-onset
colorectal cancer (CRC) that is commonly reported with
Lynch syndrome and deleterious hMLH1 and hMSH2 muta-
tions (Bonadona et al. 2011). Patients with deleterious
hMSH6 mutations have lower incidences of CRC and tend

to present with disease at later ages compared to patients
with germline hMLH1 and hMSH2 mutations (Cederquist et
al. 2004). Patients with germline hMSH6 mutations have
higher incidences of endometrial cancer with later age of
onset of the disease (Plaschke et al. 2004). We identified two
patients with germline hMSH6 mutations; one patient with
no personal or family history of colon or endometrial cancer,
and one patient with a family history of colon and endome-
trial cancer in family members over 60 years of age (Fig. 1).
Therefore, family history may not aid in the identification of
potential MTS patients who present with loss of MSH6 only
on MMR IHC.

A Possible Genotype Phenotype Correlation

We postulate that mutations involving exons 5 and 6 in the
MSH2 gene may have a higher risk for the Muir-Torre
variant of Lynch syndrome, and thus confer an increased
risk for the development of SNs. Peltomaki et al. reported
that exons in 3 and 12 in the hMSH2 gene have been found
to harbor mutations more frequently than others. hMSH2 has
16 exons; mutations in exons 5 and 6 make up approximate-
ly 13 % of total mutations in the hMSH2 gene. This study
also reports a higher frequency of a splice site mutation,
IVS5+3A>T, in exon 5 which is a known founder mutation
in Newfoundland and Canada and was identified in 2 of our
MTS patients.

Sebaceous Neoplasms in Solid Organ Transplant Patients

Harwood et al. evaluated the presence of sebaceous carci-
noma in 9 patients and found that 5 (56 %) were renal
transplant recipients. Similar to our findings, they reported
that 3/5 (60 %) transplant patients had loss of at least one
MMR gene protein on IHC; our study showed 12/16 (75 %)
transplant patients had loss of at least one MMR gene
protein on IHC (Harwood et al. 2001). A summary of
their findings compared to our findings can be found in
supplemental table 7.

Many publications, including the study by Harwood et
al., have shown that renal transplant patients are at an
elevated risk for sebaceous hyperplasia and carcinoma
(Harwood et al. 2003; Pang and Chau 2005). In addition, a
few reports describe SNs in non-renal solid organ transplant
recipients. Our data strongly suggest that transplant patients
have an increased incidence of not only sebaceous hyper-
plasia and sebaceous carcinoma, but also sebaceous adeno-
ma and epithelioma with loss of MMR protein expression.
The predominant abnormal staining pattern of loss of MSH2
and MSH6 in both the non-MTS and transplant patients
suggests that sporadic SNs have a propensity to this staining
pattern which is very different than the published MMR
IHC data on colon or endometrial cancer.
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Sebaceous Neoplasms in Patients with MUTYH Associated
Polyposis (MAP)

MAP is an autosomal recessive colorectal cancer syndrome
unrelated to Lynch Syndrome. Like Lynch Syndrome
patients, MAP patients may present with SNs. Two MAP
patients in this study presented with a MTS phenotype.
MAP should be considered as a differential diagnosis when
a patient presents with a SN and a personal and/or family
history of CRC, if MTS has been ruled out. Clues to the
diagnosis of MAP are multiple adenomatous colon polyps
(generally 10–100); a family history that is negative for
colon cancer or a family history of colon cancer only in
siblings, but not in prior or subsequent generations (autoso-
mal recessive inheritance pattern); and retention of all MMR
protein products via MMR IHC (microsatellite stability) on
the patient’s colon tumor (Goodenberger and Lindor 2011).
Vogt et al. reported a total of 276 cases of MAP from 181
unrelated families and found that 5 patients (5/276, 1.8 %)
had a history of one or more SNs. They also reported that 4
out of 5 patients had a genotype known to be associated with
MAP and had no family history suggestive of Lynch syn-
drome (Vogt et al. 2009).

Conclusion and Clinical Reporting Recommendations

We conclude that MMR IHC is less reliable when completed
on SNs than on colon or endometrial tumors in regards to
accurately diagnosing MTS and Lynch syndrome, respec-
tively. Although germline testing is the standard for con-
firming the diagnosis of MTS, at this time personal and
family history is the most valuable tool to evaluate patients
who present with SNs for MTS albeit the inability of per-
sonal and family history to identify some cases of MTS,
especially carriers of hMSH6mutations. Until more research
is completed on this topic and the underlying sporadic
mechanisms responsible for the abundance of abnormal
MMR IHC is better understood, the utility of MMR IHC
of SNs in diagnosing MTS is not clear. However, MMR
IHC on selected SN samples may be useful and could be
considered for those with a personal and/or family history of
colon cancer. If a patient presents with a SN with concerns
of MTS and colon or endometrial tumor exists we recom-
mend that MMR IHC be completed on these tissue types
before it is completed on a SN.

There are no accepted colon cancer screening recommen-
dations for the large group of patients who present with a
sebaceous neoplasm, abnormal MMR IHC and subsequent
negative germline genetic testing. At this time we believe that
there is a sporadic mechanism most likely responsible for
many of these patients’ abnormal MMR IHC. We would
reiterate the importance of the personal and family history.

In one scenario, the patient that would be considered high-risk
and in needed of more frequent colonoscopies (high-risk
screening) despite negative germline MMR gene testing,
might present with a personal history of one or more seba-
ceous neoplasms and either a personal and/or family history of
a Lynch syndrome related cancers (≥ 2 relatives). On the other
hand, the patient who presents with a single sebaceous neo-
plasm later in life (>60 years of age) or has a history of solid
organ transplantation with no personal or family history of a
Lynch syndrome cancer and negative germline MMR gene
testing would be considered low-risk, with general population
colon cancer screening recommended. .

Thus, we recommend that screening be based on personal
and family history and not the abnormal MMR IHC. Due to
the high rate of abnormal MMR IHC (57 % overall) and
predominant abnormal staining pattern being loss of MSH2
and MSH6 (47 % overall), we feel that we cannot base colon
cancer screening recommendations off of previously pub-
lished data, as both of the statistics are not what have
previously been observed in colon (MSI-H 15-20 %) and
endometrial (MSI-H in 21.7 %) cancer research (de la
Chapelle and Hampel 2010; Hampel et al. 2006).

Many pathologists indicate on their SN reports the pos-
sibility of MTS. At this time there is no standard reporting
recommendation for SNs by any professional organization.
Based on our results and conclusions, we recommend con-
sidering the following statement be addended to reports for
SNs:

“This neoplasm may be sporadic or associated with
Muir-Torre syndrome (MTS), a variant of Lynch syn-
drome (Hereditary Non-Polyposis Colorectal Cancer).
If this patient has a personal or family history of colon
cancer, Mismatch Repair (MMR) Immunohistochem-
istry (IHC) could be considered to further evaluate for
the presence of a defective MMR gene. However,
abnormal MMR IHC alone is not sufficient for making
the diagnosis of MTS. “

When abnormal MMR IHC is found on a SN we recom-
mend considering the following statement be addended to
pathology reports:

“This neoplasm was found to have absence of XXX
and retention of XXX Mismatch Repair (MMR) gene
protein products. This finding can be an indicator of
Muir-Torre syndrome (MTS) but is not diagnostic for
this syndrome. A referral to a genetic counselor is
recommended for additional workup as genetic testing
is the standard for diagnosing MTS.”

When normal MMR IHC is found on a SN we recom-
mend considering the following statement be addended to
pathology reports:
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“This neoplasm was found to retain expression of all
four Mismatch Repair (MMR) gene proteins (MLH1,
MSH2, MSH6 and PMS2). This finding does not
provide evidence for a diagnosis of Muir-Torre syn-
drome (MTS). However for patients who have a per-
sonal or family history of colorectal cancer (CRC) it is
recommended that they be referred to a genetic coun-
selor due to the possibility of another hereditary CRC
cancer syndrome.”

Funding A Mayo Clinic Clinical Translational Science Grant.

References

Abbas, O., & Mahalingam, M. (2009). Cutaneous sebaceous neo-
plasms as markers of Muir-Torre syndrome: a diagnostic algo-
rithm. Journal of Cutaneous Pathology, 36(6), 613–619.

Bonadona, V., Bonaiti, B., Olschwang, S., Grandjouan, S., Huiart, L.,
Longy, M., et al. (2011). Cancer risks associated with germline
mutations in MLH1, MSH2, and MSH6 genes in Lynch syn-
drome. JAMA: The Journal of the American Medical Association,
305(22), 2304–2310.

Cederquist, K., Emanuelsson, M., Goransson, I., Holinski-Feder, E.,
Muller-Koch, Y., Golovleva, I., et al. (2004). Mutation analysis of
the MLH1, MSH2 and MSH6 genes in patients with double
primary cancers of the colorectum and the endometrium: a
population-based study in northern Sweden. International Jour-
nal of Cancer, 109(3), 370–376.

Cesinaro, A. M., Ubiali, A., Sighinolfi, P., Trentini, G. P., Gentili, F., &
Facchetti, F. (2007). Mismatch repair proteins expression and
microsatellite instability in skin lesions with sebaceous differen-
tiation: a study in different clinical subgroups with and without
extracutaneous cancer. American Journal of Dermatopathology,
29(4), 351–358.

Chhibber, V., Dresser, K., & Mahalingam, M. (2008). MSH-6: extend-
ing the reliability of immunohistochemistry as a screening tool in
Muir-Torre syndrome. Modern Pathology, 21(2), 159–164.

de la Chapelle, A., & Hampel, H. (2010). Clinical relevance of micro-
satellite instability in colorectal cancer. Journal of Clinical On-
cology, 28(20), 3380–3387.

Fusaro, R. M., Lynch, H. T., Pester, J., & Lynch, P. M. (1980). Torre's
syndrome as phenotypic expression of cancer family syndrome.
Archives of Dermatology, 116(9), 986–987.

Goodenberger, M., & Lindor, N. M. (2011). Lynch syndrome and
MYH-associated polyposis: review and testing strategy. Journal
of Clinical Gastroenterology, 45(6), 488–500.

Hampel, H., Frankel, W. L., Martin, E., Arnold, M., Khanduja, K.,
Kuebler, P., et al. (2005). Screening for the Lynch syndrome
(hereditary nonpolyposis colorectal cancer). The New England
Journal of Medicine, 352(18), 1851–1860.

Hampel, H., Frankel, W., Panescu, J., Lockman, J., Sotamaa, K., Fix,
D., et al. (2006). Screening for Lynch syndrome (hereditary non-
polyposis colorectal cancer) among endometrial cancer patients.
Cancer Research, 66(15), 7810–7817.

Hampel, H., Frankel, W. L., Martin, E., Arnold, M., Khanduja, K.,
Kuebler, P., et al. (2008). Feasibility of screening for Lynch
syndrome among patients with colorectal cancer. Journal of Clin-
ical Oncology, 26(35), 5783–5788.

Harwood, C. A., Swale, V. J., Bataille, V. A., Quinn, A. G., Ghali, L.,
Patel, S. V., et al. (2001). An association between sebaceous

carcinoma and microsatellite instability in immunosuppressed
organ transplant recipients. The Journal of Investigative Derma-
tology, 116(2), 246–253.

Harwood, C. A., McGregor, J. M., Swale, V. J., Proby, C. M., Leigh, I.
M., Newton, R., et al. (2003). High frequency and diversity of
cutaneous appendageal tumors in organ transplant recipients.
Journal of the American Academy of Dermatology, 48(3), 401–
408.

Lazar, A. J., Lyle, S., & Calonje, E. (2007). Sebaceous neoplasia and
Torre-Muir syndrome. Current Diagnostic Pathology, 13(4), 301–
319.

Lindor, N. M., Burgart, L. J., Leontovich, O., Goldberg, R. M.,
Cunningham, J. M., Sargent, D. J., et al. (2002). Immunohis-
tochemistry versus microsatellite instability testing in pheno-
typing colorectal tumors. Journal of Clinical Oncology, 20(4),
1043–1048.

Lynch, H. T., Lynch, P. M., Pester, J., & Fusaro, R. M. (1981). The
cancer family syndrome. Rare cutaneous phenotypic linkage of
Torre's syndrome. Archives of Internal Medicine, 141(5), 607–
611.

Lynch, H. T., Fusaro, R. M., Roberts, L., Voorhees, G. J., & Lynch, J.
F. (1985). Muir-Torre syndrome in several members of a family
with a variant of the Cancer Family Syndrome. British Journal of
Dermatology, 113(3), 295–301.

Machin, P., Catasus, L., Pons, C., Munoz, J., Conde-Zurita, J. M.,
Balmana, J., et al. (2002). Microsatellite instability and immunos-
taining for MSH-2 and MLH-1 in cutaneous and internal tumors
from patients with the Muir-Torre syndrome. Journal of Cutane-
ous Pathology, 29(7), 415–420.

Mathiak, M., Rutten, A., Mangold, E., Fischer, H. P., Ruzicka, T.,
Friedl, W., et al. (2002). Loss of DNA mismatch repair proteins
in skin tumors from patients with Muir-Torre syndrome and
MSH2 or MLH1 germline mutations: establishment of immuno-
histochemical analysis as a screening test. The American Journal
of Surgical Pathology, 26(3), 338–343.

Molatore, S., Russo, M. T., D'Agostino, V. G., Barone, F., Matsumoto,
Y., Albertini, A. M., et al. (2010). MUTYH mutations associated
with familial adenomatous polyposis: functional characterization
by a mammalian cell-based assay. Human Mutation, 31(2), 159–
166.

Morales-Burgos, A., Sanchez, J. L., Figueroa, L. D., De Jesus-Monge,
W. E., Cruz-Correa, M. R., Gonzalez-Keelan, C., et al. (2008).
MSH-2 and MLH-1 protein expression in Muir Torre syndrome-
related and sporadic sebaceous neoplasms. Puerto Rico Health
Sciences Journal, 27(4), 322–327.

Muir, E. G., Bell, A. J., & Barlow, K. A. (1967). Multiple primary
carcinomata of the colon, duodenum, and larynx associated with
kerato-acanthomata of the face. British Journal of Surgery, 54(3),
191–195.

Mvundura, M., Grosse, S. D., Hampel, H., & Palomaki, G. E. (2010).
The cost-effectiveness of genetic testing strategies for Lynch
syndrome among newly diagnosed patients with colorectal can-
cer. Genetics in Medicine, 12(2), 93–104.

Pang, S. M., & Chau, Y. P. (2005). Cyclosporin-induced sebaceous
hyperplasia in renal transplant patients. Annals of the Academy of
Medicine, Singapore, 34(5), 391–393.

Plaschke, J., Engel, C., Kruger, S., Holinski-Feder, E., Pagenstecher,
C., Mangold, E., et al. (2004). Lower incidence of colorectal
cancer and later age of disease onset in 27 families with patho-
genic MSH6 germline mutations compared with families with
MLH1 or MSH2 mutations: the German Hereditary Nonpolyposis
Colorectal Cancer Consortium. Journal of Clinical Oncology, 22
(22), 4486–4494.

Ponti, G., Losi, L., Di Gregorio, C., Roncucci, L., Pedroni, M., Scarselli,
A., et al. (2005). Identification of Muir-Torre syndrome among
patients with sebaceous tumors and keratoacanthomas: role of

404 Roberts et al.



clinical features, microsatellite instability, and immunohistochemis-
try. Cancer, 103(5), 1018–1025.

Popnikolov, N. K., Gatalica, Z., Colome-Grimmer, M. I., &
Sanchez, R. L. (2003). Loss of mismatch repair proteins in
sebaceous gland tumors. Journal of Cutaneous Pathology, 30
(3), 178–184.

Singh, R. S., Grayson, W., Redston, M., Diwan, A. H., Warneke,
C. L., McKee, P. H., et al. (2008). Site and tumor type
predicts DNA mismatch repair status in cutaneous sebaceous
neoplasia. The American Journal of Surgical Pathology, 32
(6), 936–942.

South, C. D., Hampel, H., Comeras, I., Westman, J. A., Frankel, W. L.,
& de la Chapelle, A. (2008). The frequency of Muir-Torre

syndrome among Lynch syndrome families. Journal of the Na-
tional Cancer Institute, 100(4), 277–281.

Torre, D. (1968). Multiple sebaceous tumors. Archives of Dermatology,
98(5), 549–551.

Umar, A., Boland, C. R., Terdiman, J. P., Syngal, S., de la Chapelle, A.,
Ruschoff, J., et al. (2004). Revised Bethesda Guidelines for he-
reditary nonpolyposis colorectal cancer (Lynch syndrome) and
microsatellite instability. Journal of the National Cancer Institute,
96(4), 261–268.

Vogt, S., Jones, N., Christian, D., Engel, C., Nielsen, M., Kaufmann,
A., et al. (2009). Expanded extracolonic tumor spectrum in
MUTYH-associated polyposis. Gastroenterology, 137(6), 1976–
1985 e1971-1910.

Muir-Torre Syndrome and Immunohistochemistry 405


	Screening for Muir-Torre Syndrome Using Mismatch Repair Protein Immunohistochemistry of Sebaceous Neoplasms
	Abstract
	Introduction
	Materials & Methods
	Data Collection
	Statistical Analysis

	Results
	Sebaceous Neoplasm IHC Staining Patterns
	Discordant MMR IHC Results
	Patients that Underwent Germline Genetic Testing (Genotype-Phenotype Correlation)
	MTS Diagnosis Given to One Patient and Previously Incorrectly Given to Two Patients
	Staining Patterns in Solid Organ Transplant Patients
	SNs in Patients with MUTYH Associated Polyposis (MAP)

	Discussion
	Discordance of SN MMR IHC Between Multiple Sebaceous Neoplasms
	Significance of Germline hMSH6 Mutations
	A Possible Genotype Phenotype Correlation
	Sebaceous Neoplasms in Solid Organ Transplant Patients
	Sebaceous Neoplasms in Patients with MUTYH Associated Polyposis (MAP)

	Conclusion and Clinical Reporting Recommendations
	References


