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Abstract

Background—Sebaceous tumors of the skin occurring in association with an internal malignancy
characterize Muir-Torré syndrome (MTS), a variant of hereditary nonpolyposis colon cancer (Lynch
syndrome). Limited information exists on incidence patterns of sebaceous carcinoma (SC) and no
prior study has quantified risks of associated cancers.

Methods—We calculated cutaneous SC incidence rates (IRs) and IR ratios in nine U.S.
Surveillance, Epidemiology and End Results Program registries (1973-2003). Indirectly
standardized incidence ratios and 95% confidence intervals (CI) were calculated for subsequent
cancers among two-month survivors of SC and for subsequent SC following other primary cancers.

Results—Among 664 cases of cutaneous SC, nearly 90% were diagnosed among Whites
(IR=0.11/100,000 person-years), with significantly lower IR among Blacks (IR=0.04). Whereas
eyelid SC IRs showed no gender differences and stabilized in recent years, IRs of non-eyelid SC
predominated in males and rose steadily over time. Survivors of SC had a 43% (95%CI=15%—76%)
increased risk of subsequent cancer, while risk of SC was elevated by 52% (95%C1=24%-84%)
among survivors of other cancers. Whether prior to or following SC, the significant excesses of other
primary cancers were limited to non-eyelid SC. Patterns suggestive of genetic predisposition included
>20-fold risks for early-onset (<50 years) SC associated with colon, pancreatic, ovarian, or uterine
corpus cancers, while late-onset SC (50+ years) predisposed to ureter cancer.

Conclusion—This population-based study of cutaneous SC revealed an association with a
spectrum of early-onset cancers consistent with MTS. Etiologic heterogeneity was suggested by
differences between eyelid and non-eyelid SC in incidence patterns and associated cancer risks.
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Sebaceous carcinoma (SC) is a rare adnexal tumor with sebocytic differentiation that usually
involves the skin.! Although SC primarily affects the elderly, a broad age range has been
reported.zl 3 The clinical and pathologic recognition of SC is often delayed because it can
mimic benign entities.® © While SC is frequently reported to arise in the ocular region,
particglaﬂy the eyelid, it also occurs at other cutaneous sites and occasionally elsewhere in the
body.~~
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Muir-Torré syndrome (MTS) is an autosomal dominant condition characterized by the
association of sebaceous tumors (adenoma, eglthelioma, or carcinoma) and occasionally
keratoacanthomas with a visceral neoplasm Nearly half of individuals with MTS have been
estimated to develop two or more malignancies prior to, concurrent with, or following a
sebaceous tumor.13 The spectrum of cancers and the germline mutations characteristic of MTS
have suggested it represents a pheno g/plc variant of hereditary nonpolyposis colorectal cancer
(HNPCC) or Lynch syndrome

Whlle many hospital and clinic-based surveys of MTS have been reported (reviewed inl3,

) no study has quantified risks of cancers associated with SC. Furthermore, population-
based studies of SC have been mfreciuent usually involving the eyelid or ocular adnexa, with
fewer than 100 cases in each study. Reports of extraocular SC have been mainly clinical
surveys of fewer than 20 cases, 8-10 with other descriptions based on case studies and literature
reviews.® 7+ 11 19 identify the epidemiologic patterns of SC, including the risks of visceral
cancers, we examined data from the population-based cancer registries of the National Cancer
Institute’s Surveillance, Epidemiology, and End Results (SEER) Program.

We included data from nine population-based cancer registries of the SEER Program (SEER-9)
that represent approximately 10% of the U.S. population. 25 The SEER Program classifies
histology and topography accordm to the International Classification of Diseases for
Oncology, 3 edition (ICD-O- 3) We considered all cases of invasive SC (M8410/3) of the
skin (C440-449) diagnosed in SEER-9 (November 2005 submission) during 1973-2003.
Information on cancer incidence in Asians and Pacific Islanders (APIs) in SEER registries
became publically available in 1992. To enable evaluation of incidence of SC among APIs and
to maximize the number of cases during this time period, analyses were limited to cases
diagnosed between 1992 and 2003 and were undertaken using SEER-11, when the cancer
registries in Los Angeles and San Jose-Monterey, CA were added to the SEER Program.25

Incidence Patterns

Age-specific and age-adjusted incidence rates (IRs), incidence rate ratios (IRRs), and 95%
confidence intervals (Cls) were calculated using SEER*Stat (version 6.2.4). All IRs were age-
adjusted to the 2000 U.S. population, and expressed per 100,000 person-years (PY). Age-
adjusted rates are calculated to allow comparison of rates among populations that may differ
intheirage distribution and thus their crude rates (hnumber of cases divided by the corresponding
population during a defined time period); age-adjusted rates are a weighted average of the age-
specific rates, where the weights are the proportional distribution of a standard population,
which in this case is the age distribution of the U.S. population in 2000. Our analyses focused
on SC of the eyelid (C441) and all other cutaneous sites (C440, C442-449) referred to as “non-
eyelid.” Time trends and age-specific IRs were plotted using log-linear scales as previously
described.2”

Multiple Primary Cancers

We evaluated the risk of subsequent cancer among 500 two-month survivors of first primary
cutaneous SC as well as the risk of subsequent SC among more than two million 2-month
survivors of all cancers. Because heightened screening of cancer patients during the initial
medical work-up tends to identify many simultaneous cancers (detection bias), we excluded
from the calculations the flrst 2 months of follow-up and the new malignancies occurring within
this initial 2-month perlod 8 The risk of nonmelanoma skin cancer (“other epithelial skin
cancers”) occurring in association with SC was evaluated separately. Basal cell, papillary, and
squamous cell cancers of the skin are not reportable to the SEER Program and thus are not
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available for analysis. We calculated the standardized incidence ratio (SIR) (observed (Obs.)-
to-expected (E) number of subsequent cancers), exact 95%Cl, and excess absolute risk (EAR)
of second or higher order cancers among two-month survivors of a first primary neoplasm
diagnosed between January 1, 1973 and December 31, 2003 using SEER*Stat. The SIR was
calculated by compiling PY of observation according to age, gender, race, and calendar period
beginning two months after the diagnosis of first primary cancer to the study end date, date of
death, or date of last known follow-up, whichever occurred first. To estimate the expected
number of subsequent cancers, IRs were calculated according to gender, race, 5-year age
groups, and 5-year calendar intervals and multiplied by the PY at risk. The EAR was calculated
by subtracting the expected from the observed number of subsequent cancers and then dividing
the difference by the number of PY at risk. The EAR was expressed per 10,000 patients per
year. Tests of homogeneity of differences (Pgiff) between SIRs or EARs were conducted using
the methods of Breslow et al.29

Incidence Patterns

A total of 664 cases (IR=0.11/100,000 PY) of SC of the skin were diagnosed in SEER-9 during
1973-2003 (Table 1) with a median age of 73 years (range 21-102 years). Incidence was
significantly higher among males than females (IRR=1.55, 95%CI1=1.32-1.81). Nearly 90%
of cases occurred in Whites, with significantly lower rates among Blacks than Whites.

At initial diagnosis, 75% (n=499) of patients presented with localized disease, with similar
findings for eyelid (73%) and non-eyelid (77%) SC. Eighty-one percent of SC (n=536) were
diagnosed on the skin of the head/neck, of which more than half occurred on the eyelid (n=305).
Compared to SC of the eyelid, the IR of SC occurring at non-eyelid skin sites was nearly 20%
higher. Incidence of SC of the eyelid was similar among males and females, whereas incidence
of non-eyelid SC was significantly higher among males than females. Compared to Whites,
incidence of both eyelid (n=8; IRR=0.36, 95%CI=0.15-0.71) and non-eyelid cancers (n=10;
IRR=0.33, 95%CI1=0.15-0.62) was significantly lower among Blacks (data not shown).

In SEER-11 between 1992 and 2003, IRs of SC were 37% lower (95%CI=14%-54%) among
APIs (n=46, IR=0.12) than among Whites (n=618, IR=0.19) (API data not shown in tables).
Incidence of SC in APIs did not differ markedly between males and females (IRR=0.89, 95%
Cl1=0.46-1.67). For males, IRs of SC were significantly lower (IRR 0.44, 95%CI=0.26-0.70)
among APIs (n=19, IR=0.11) than Whites (n=344, IR=0.25), whereas for females, IRs were
similar (IRR=0.88, 95%CI 0.56-1.31) among APIs (n=27, IR=0.13) and Whites (n=274,
IR=0.14). Incidence of SC of the eyelid among APIs did not differ significantly from Whites
(IRR=1.08, 95%CI1=0.69-1.62), in contrast to non-eyelid SC which occurred less often among
APIs than Whites (IRR 0.37, 95%CI1=0.22-0.59).

The incidence of all SC combined increased significantly at a rate of 5.2% per year (95%
Cl=4.1%-6.3%) from 0.04 during 1973 to 0.18 in 2003. However, IRs of eyelid tumors began
to stabilize in recent years, earlier among females than males, while IRs of non-eyelid sites
increased steadily with time (Figure 1). The male-to-female IRRs for eyelid SC remained close
to 1.0 (range 0.7-1.7) over time. In contrast, the incidence of non-eyelid SC was consistently
higher for males than females, with IRRs ranging from 2.1-3.0.

The incidence of eyelid and non-eyelid SC rose exponentially with advancing age among males
and females (Figure 2). Across all age groups, IRs for eyelid SC did not differ significantly by
gender, while the male predominance of non-eyelid SC persisted across all age groups, with
significant differences at ages 55-64 years and older (data not shown).
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Multiple Primary Cancers

Among 500 two-month survivors of cutaneous SC, 91 subsequent primary cancers, including
12 third or higher order cancers, were diagnosed among 79 individuals during 1973-2003.
Among those with two or more cancers, median age at SC was 68 years (range 35-87 years).
The overall risk of developing a new malignancy following SC was 43% higher than expected
based on SEER general population incidence (SIR=1.43, 95%CI=1.15-1.76) (Table 2). The
subsequent cancer risk did not differ significantly between males (Obs.=54; SIR=1.52, 95%
Cl=1.14-1.99) and females (Obs.=37; SIR=1.32, 95%CI1=0.93-1.81) (P4i=0.49), while the
numbers of cases were too small to analyze by race. Over time, the SIR of developing a new
cancer was relatively constant: 1.21 (Obs.=9; 95%CI=0.55-2.30), 1.51 (Obs.=39; 95%
Cl=1.07-2.06), 1.43 (Obs.=25; 95%CI1=0.93-2.11), and 1.41 (Obs.=18; 95%CI1=0.83-2.22) at
<1, 1-4, 5-9, and 10+ years, respectively. Although based on small numbers, the subsequent
risks for cancers of the salivary gland, nasal cavities/middle ear, ureter, and eye/orbit were
more than 20-fold greater than expected.

Individuals diagnosed with SC before 50 years of age (early-onset) had significantly higher
relative (Pgjf<0.001) and absolute risks (Pgi<0.05) for all subsequent cancers combined
(SIR=4.59, 95%CI=2.44-7.84, EAR=206) compared to individuals diagnosed with SC at age
50 years and older (late-onset) (SIR=1.28, 95%CI=1.02-1.60, EAR=62) (Table 2). Although
based on small numbers, the SIRs and EARSs were significantly greater in the younger than the
older age group for cancers of the colon (<50 years: SIR=22.16, EAR=77.5; 50+ years:
SIR=1.01, EAR=0.2), pancreas (<50 years: SIR=36.17, EAR=39.4; 50+ years: SIR=0.55,
EAR=-2.9), and uterine corpus (<50 years: SIR=20.95, EAR=94.4; 50+ years: SIR=1.45,
EAR=4.0). Following SC, individuals in both age groups had a significantly elevated risk of
developing salivary gland cancer, while only those 50 years and older had excess risks of
cancers of the ureter, nasal cavities/middle ear, and eye/orbit. The risk of lymphohematopoietic
malignancies was not significantly increased following SC, and no cancer occurred
significantly below expectation.

The risks of developing SC of the skin following another primary cancer are presented in Table
3. Among 2,322,728 two-month survivors of all primary cancers, the SIR of subsequent SC
was 1.52 (Obs.=102). In 99 patients with subsequent SC, the median age at first cancer
diagnosis was 65 years (range 30-99 years); 36% had two or more invasive cancers in addition
to SC. Significantly increased risks of SC were observed following cancers of the colon, ovary,
pharynx, nasal cavities/middle ear, and unspecified male genital sites, as well as NHL and
CLL. The risk of SC was significantly higher following early-onset (SIR=5.64) compared with
late-onset malignancy (SIR=1.32; P4;i#<0.001). Most notable were the 60-fold relative risks of
developing a subsequent SC among individuals with early-onset cancers of the colon and ovary.

Risk of all subsequent cancers combined was significantly higher following SC of non-eyelid
sites (SIR=1.84) than for eyelid SC (SIR=1.08; P;i<0.05) (Table 4). Among individuals with
an initial SC of the eyelid, only the risk of subsequent salivary gland cancer (Obs.=4,
SIR=49.07) was significantly increased. Based on small numbers of cases, increased risks after
non-eyelid SC were seen for cancers of the uterine corpus, ureter, eye/orbit, and thyroid. In the
reverse direction, following all other primary cancers combined, the risk of SC was
significantly greater for non-eyelid sites (SIR=1.89) than the eyelid (SIR=1.07; Pgjs<0.01).
The risk of developing non-eyelid SC was significantly elevated following cancers of the colon,
rectum, ovary, and nasal cavities/middle ear, as well as NHL and CLL.

Discussion

To our knowledge, this is the largest population-based study of cutaneous SC reported to date,
enabling an evaluation of age-specific incidence patterns according to eyelid and non-eyelid
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sites. We found a predominance of cutaneous SC among males, Whites, and at non-eyelid sites.
Many,3v 5, 2124, 30-32 pt not all, 33, 34 studies of sebaceous tumors of the eyelid have
reported a female predominance, often based on relative frequencies (which may reflect the
generally longer lifespan in women). Surveys of extraocular SC have been limited by small
numbers of cases.8-10 Although we did not find significant gender differences for eyelid SC
in any age group, the incidence of non-eyelid SC was consistently higher among males,
particularly at older ages. Eyelid and non-eyelid SC are considered biologically similar,
however, the variation in incidence patterns by gender suggests etiologic heterogeneity.

We also observed a significantly lower incidence of both eyelid and non-eyelid SC among
Blacks compared to Whites, which resembles the racial differences reported for keratinocyte-
derived skin cancers as well as cutaneous melanoma.3%: 36 our findings suggest that the
protective effects of cutaneous pigmentation on various forms of skin cancer may extend to
sebaceous tumors of the eyelid and other sites.

Sebaceous carcinoma of the eyelid has been reported to occur more frequently30 and to
comprise a greater proportion of eyelid tumors among Asian than Western populations.21
However, there are limited data on actual incidence rates for eyelid SC in Asia,22 and no
information on incidence of non-eyelid SC. Our SEER population-based data revealed that,
similar to Blacks, the risks of SC were significantly lower among APIs than Whites, but the
deficit was limited to non-eyelid tumors. Taken together, the patterns in the U.S. point to racial
differences in susceptibility to SC according to anatomic site.

Although the incidence trend for eyelid SC rose after the SEER Program began in 1973, the
IRs seemed to plateau beginning in the mid-1980s, resembling the stable trend reported in
Taiwan between 1979 and 1999.22 In contrast, the incidence of non-eyelid SC in SEER has
continued to climb in both sexes. These findings may reflect site-specific differences in risk
factors for SC and/or differential detection by medical specialists.

Our study is the first to quantitatively assess the risk of other cancers occurring in patients with
SC. Several literature reviews of MTS have regorted cancers occurring prior to, concurrently
with, or subsequent to sebaceous tumors.13 16,19, 20 pjost frequently reported have been
colorectal and genitourinary cancers, accounting for 56% and 22% of cases, respectively.16
In our population-based study, patients with SC had a 43% significantly increased risk of
developing a new malignancy compared to the general population. In the opposite direction,
a significant 52% elevated risk of subsequent SC was seen among those diagnosed with other
forms of cancer. Over all ages combined, we observed excess risks for cancers of the ureter,
salivary gland, nasal cavities/middle ear, and eye/orbit following SC, while increased risks of
SC were found after cancers of the colon, ovary, pharynx, and nasal cavities/middle ear, as
well as NHL and CLL. In contrast to prior clinical surveys, colorectal cancer accounted for
only 12% of cancers following SC and 28% of cancers associated with subsequent SC. This
may reflect differences in the types of sebaceous tumors included in earlier studies (e.g., we
did not assess sebaceous adenomas or epitheliomas) and/or reporting bias in the clinical
literature. In addition, among gatients previously reported with multiple cancers, 40-50% of
SC have involved the eyelid,1 +19,20 slightly higher estimate than the 36% we observed in
the SEER data. In the SEER population, however, we found that the risk of other cancers was
significantly higher in association with non-eyelid than eyelid SC. Notably, individuals with
SC in our study did not differ from the general population in their risk for several common
cancers, such as breast, lung, and prostate.

It is noteworthy that, following cutaneous SC, risk of all subsequent cancers combined was
markedly higher among those diagnosed with SC before rather than after age 50 years. In
particular, individuals with early-onset SC had significantly increased risks of colon, uterine
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corpus, and pancreatic cancers, whereas those with early-onset cancers of the colon and ovary
had significantly elevated risks of subsequent SC. In addition, individuals with late-onset SC
had significantly increased risk of ureter cancer, while those with late-onset colon cancer had
an excess of subsequent SC. Cancers of the colon, ureter, uterine corpus, ovary and, less
commonly, pancreas have been reported in previous series of sc,13, 16,19, 20 anq all are
considered HNPCC-related tumors.37 As with HNPCC, individuals with MTS often have
germline mutations in mismatch repair genes (e.g., MLH1, MSH2) with resulting microsatellite
instability (MSI) in all tumors, including SC.*» 8-42 | contrast, most sporadic sebaceous
tumors have not been associated with MS1.38, 41, 43 our study, the spectrum of early-onset
cancers associated with SC, the greatly elevated risk estimates, and the reciprocal increases in
the risks of colon cancer and SC, are consistent with the constellation of tumors reported in
MTS.

In addition to MTS, genetic predisposition may contribute to the excess risk of SC of the eyelid
reported in patients with retinoblastoma treated with radiotherapy.44 Furthermore, SC has been
reported in immunosuppressed populations, including organ transplant recipients and patients
infected with human immunodeficiency virus (HIV),45‘47 which suggests that immunologic
impairment may have contributed to the 3-fold or greater risks of SC that we observed following
NHL, CLL, and melanoma at age 50 or older. Since immune alterations predispose to infectious
a%ents, further consideration in SC should be given to the possible role of oncogenic viruses.
48, 49 Ultraviolet radiation may also play a role in the development of SC, as suggested by the
racial disparities in our study, and the predominance of tumors occurring on the head and neck,
although sebaceous glands are also more common in this area.2» 4°

Cancers of the salivargl gland, nasal cavities/middle ear, and eye/orbit have been reported rarely
in surveys of sC.7: 16,30 1t is uncertain whether the excess risks we observed for these cancer
sites reflect a true association or are due to misclassified metastases, 2> 4 multicentric tumors,
57 histologic transformation,50 or radiotherapy administered for the initial cancer. Although
none of the cancers associated with SC in our series were reported to have sebaceous histology,
the ability of SC to masquerade as other neoplasms must be considered.2: 4 5, 33

The population-based design and magnitude of our study allowed us to estimate with some
precision the incidence patterns and cancer risks associated with SC, while avoiding the biases
that may result from clinical series. Limitations included the lack of centralized pathology
review, particularly given diagnostic challenges associated with SC; however, the SEER
database has high reliability and 93% of patients with multiple primary cancers have
microscopic confirmation. 8 We included ICD-0-3 topography codes for other and
unspecified parts of the face (C443) and unspecified skin site (C449) within the non-eyelid
category, which may have resulted in eyelid lesions being included within the non-eyelid
category. Nevertheless, misclassification of tumor site would have yielded attenuated risk
differences between eyelid and non-eyelid SC. Our analysis also included multiple
comparisons, and small numbers were involved in several risk estimates, so that some of the
observed associations may represent chance findings.

In summary, this population-based study of SC revealed a higher incidence in Whites than
Blacks or APIs, consistent with the racial differences seen with other forms of skin cancer. In
contrast to the patterns for eyelid SC, the non-eyelid tumors predominated among males, rose
steadily over time, and were associated with significantly increased risk of other primary
cancers, either preceding or following a diagnosis of SC. The associations with SC were most
pronounced for early-onset cancers of the colon, uterine corpus, ovary, and pancreas, as well
as late-onset ureter cancer, all of which are components of MTS, a variant of HNPCC (Lynch
syndrome). In addition, a role for immunologic factors was suggested by the elevated risks of
SC following NHL, CLL, and cutaneous melanoma, consistent with previous reports of SC
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following organ transplantation and HIV infection. Further studies of SC by site of origin
should clarify the genetic, immunologic, and environmental determinants of this tumor and
help design screening programs aimed at the early detection of SC and visceral cancers
associated with MTS.
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Figure 1. Age-adjusted trends
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Age-adjusted trends across six calendar periods (1973-1978, 1979-1983, 1984-1988, 1989-
1993, 1994-1998, 1999-2003) of sebaceous carcinoma of the skin diagnosed in SEER-9

according to primary site and gender, 1973-2003.
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Figure 2. Age-specific rates

Age-specific incidence rates according to seven age groups (<25, 25-34, 35-44, 45-54, 55—
64, 65—74, 75+ years) of sebaceous carcinoma of the skin diagnosed in SEER-9 according to
primary site and gender, 1973-2003.
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