The .
ncologist

Gastrointestinal Cancer

Prevalence of Skin Lesions in Familial Adenomatous Polyposis:
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ABSTRACT

Background and Aims. Benign skin tumors such as lipomas,
fibromas, and epidermal cysts are among the extracolonic
manifestations of familial adenomatous polyposis (FAP).
Readily detectable by inspection, they could serve as pre-
symptomatic diagnostic markers to identify FAP patients.
We therefore prospectively determined the prevalence of
cutaneous lesions in genetically confirmed adenomatous
polyposis coli (APC) mutation carriers and assessed their
potential usefulness in the identification of FAP patients.

Methods. Whole-skin examination was performed in 56
adult APC mutation carriers, compared with a control
group (n = 116). In addition, FAP patients were investi-
gated for the presence of congenital hypertrophy of the ret-
inal pigment epithelium (CHRPE), an established clinical
marker for FAP, and a detailed review of medical records
was performed.

Results. Nearly half of all FAP patients (48.2%) had at
least one FAP-associated skin lesion, compared with one
third (34.5%) of controls. Only multiple lipomas and
combined skin lesions were significantly more prevalent
in APC mutation carriers. CHRPE was observed in 22
(43.1%) of 51 FAP patients, including 14 (37.8%) of 37
individuals with APC mutations outside the CHRPE-
associated region between codons 311 and 1465.

Conclusions. Despite a significantly higher prevalence of
multiple lipomas, occurring at younger age, and combined
skin lesions in APC mutation carriers, the low diagnostic
sensitivity of FAP-associated skin lesions precludes their
use as markers for FAP in clinical practice. Based on our
findings, the common CHRPE-associated region should be
extended to APC codons 148-2043. The Oncologist 2011;16:
16981705

INTRODUCTION

Familial adenomatous polyposis (FAP) (Online Mendelian In-
heritance in Man identifier, OMIM #175100) is an autosomal
dominant colorectal cancer predisposition syndrome caused
by germline mutations in the adenomatous polyposis coli
(APC) gene, which is located on chromosome 521 and acts as
a tumor suppressor [1-3]. Typically, the disease is character-

ized by the development of hundreds to thousands of colorectal
adenomatous polyps that, if not surgically removed, inevitably
progress to colorectal cancer, usually before the age of 40 years
[4, 5]. Early medical surveillance of APC mutation carriers
coupled with individual surgical interventions has been shown
to successfully prevent colorectal cancer [6].

The APC gene has an 8,538-bp open reading frame, with

Correspondence: Bettina Burger, Ph.D., Research Group of Dermatology, Department of Biomedicine, University Hospital Basel, He-
belstrasse 20, 4031 Basel, Switzerland. Telephone: +41613286903; Fax: +41612652350; e-mail: burgerb@uhbs.ch or Karl Heinimann,
M.D., Ph.D. Research Group Human Genetics, Department of Biomedicine and Division of Medical Genetics, University Children’s
Hospital, Basel Switzerland, Mattenstrasse 28, 4058 Basel, Switzerland. Telephone: +41612670773; Fax: +41612670778; e-mail:
Heinimann@ukbb.ch  Received July 18, 2011; accepted for publication September 6, 2011; first published online in The Oncologist
Express on December 1, 2011. ©AlphaMed Press 1083-7159/2011/$40.00/0 http://dx.doi.org/10.1634/theoncologist.2011-0244

The Oncologist 2011;16:1698—-1705 www.TheOncologist.com



Burger, Cattani, Trueb et al.

the most common variant spanning 15 exons and encoding a
multifunctional protein consisting of 2,843 amino acids.
The APC protein is part of the Wnt signaling pathway. The
tumor suppressor function of APC relies on its capacity to
downregulate intracellular B-catenin levels. Mutant APC
lacking this ability leads to B-catenin accumulation that
translocates into the nucleus and interacts with members of
the T-cell factor/lymphoid enhancement factors family of
transcriptional activators involved in cell proliferation and
differentiation. In addition, APC participates in several
other cellular processes, including cell adhesion, cell cycle
regulation, migration, apoptosis, signal transduction, spin-
dle assembly, chromosome segregation, and neuronal dif-
ferentiation [7].

With regard to the colonic phenotype, a classical and an at-
tenuated variant of FAP have been described. In contrast to the
classical form, whereby patients develop =100 colorectal pol-
yps, attenuated FAP (AFAP) is characterized by the occur-
rence of <100 adenomas and, consequently, later onset of
polyposis as well as colorectal cancer [8, 9]. An association be-
tween AFAP and germline mutations at the 5" (codons 1-157,
312-412) and 3’ (codons 1596-2843) ends of the APC gene
has been described [10].

Extracolonic manifestations of FAP include potentially
life-threatening manifestations, such as desmoid tumors, small
intestinal adenomas, and carcinomas as well as other, more be-
nign disease symptoms such as osteomas, dental anomalies,
various skin lesions, and congenital hypertrophy of the retinal
pigment epithelium (CHRPE). CHRPEs constitute pigmented
fundus lesions with sharply demarcated borders, which are
present at birth. They are more frequent in FAP patients than in
the general population and typically occur multiply and/or bi-
laterally [11-13]. Thus far, FAP-associated CHRPE lesions
have only been described in patients with APC germline mu-
tations between codons 311 and 1465 [14].

The triad of polyposis, osteomas, and soft tissue tumors
(epithelial cysts, fibromas, desmoid tumors) was initially de-
scribed as Gardner syndrome [15]. Since the identification of
APC gene mutations, Gardner syndrome is commonly consid-
ered a clinical variant of FAP [16, 17].

Skin manifestations observed in FAP patients include lipo-
mas, fibromas, epithelial cysts, desmoid tumors, and, more
rarely, leiomyomas, neurofibromas, and pilomatricomas [18,
19]. Because they are readily detectable by inspection, skin le-
sions could serve as diagnostic markers and help to identify, in
particular, those FAP patients with de novo APC mutations (up
to 25% of all patients). The aim of this study was to systemat-
ically and prospectively assess the prevalence of FAP-associ-
ated cutaneous lesions and their usefulness as marker lesions in
the diagnosis of FAP.

METHODS

Patients

From 18 unrelated families, 56 adult FAP patients with confirmed
pathogenic germline mutations in the APC gene were enrolled in
this study, which was performed from September 2008 to August
2010. Twenty-eight patients were members of the same family
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(family 1981) with an APC germline mutation in exon 15n
(c.5942delA, p.Asn1981fsX62). The remaining patients (n = 28)
from 17 unrelated families had germline mutations within exon 4
to 15u (Table 1). The control group consisted of 116 healthy pro-
bands who had neither anamnestic evidence for FAP nor a per-
sonal history of colorectal cancer. The study was approved by the
Ethics Committee of Basel, Switzerland (Basler Studie iiber
familidre Tumorkrankheiten EK258/05 and EK15/08).

Clinical Assessment

A whole-body skin examination was performed with particular
attention to FAP-associated cutaneous lesions like lipomas, fi-
bromas, epithelial cysts, and trichilemmal cysts. With regard to
lipomas, only superficial (s.c.) lesions were included, because
detection of deep lipomas requires further diagnostic proce-
dures like computed tomography, magnetic resonance imag-
ing, and/or biopsy and these only account for a minor fraction
(~1%) of all lipomas [20]. All patients were examined by a
dermatologist as well as an ophthalmologist. In addition, a per-
sonal medical history was taken and clinicopathological re-
ports were reviewed.

CHREPE status could be assessed by indirect ophthalmos-
copy (20 diopter lens) without pupil dilation in 51 of 56 FAP
patients. Five patients could not be investigated because of cat-
aract (n = 3) or refusal (n = 2). The Berk classification divides
CHREPE lesions into four groups [12, 21-24]. Type A lesions
are oval, pigmented, and surrounded by a depigmented halo.
They are specific for FAP, whereas type B lesions also occur in
the general population. Type B lesions are small, round, and
pigmented, and in FAP patients typically occur bilaterally
and/or multiply (three or more) (Fig. 1). Type C lesions are
round, large, and pigmented, and type D lesions are round,
large, atrophic lesions with or without depigmented halo. A le-
sion is classified as large if it is greater than half a disc diam-
eter.

Statistical Analysis

Only clinical findings present at the time of examination were
used for statistical analysis. Anamnestically reported, previ-
ously removed lesions were not considered. Statistical com-
parison of patients’ features, encompassing phenotypic
characteristics (gender, age at diagnosis, etc.) and mutational
status, was done using the x* and Fisher’s exact tests for cate-
gorical variables or Student’s r-test for continuous variables,
with all probabilities reported as two-tailed p-values, consid-
ering p < .05 to be statistically significant. A putative age de-
pendency of cutaneous lesions was analyzed using a simple
linear regression model (StatView, version 4.57; Abacus Con-
cepts Inc., Berkeley, CA).

RESULTS
A complete skin examination was performed on 56 genetically
confirmed FAP patients (male:female, 29:27; median age, 42.0
years; interquartile range [IQR], 28.0 years) including 28 pa-
tients from one large kindred (ID 1981; male:female, 10:18;
median age, 45.5 years; IQR, 28.0 years).

Twenty-seven (48.2%) FAP patients presented with FAP-
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Table 1. Overview of APC germline mutations present in 56 FAP patients from 18 unrelated families
n of De novo
Nucleotide change AA change patients mutation® Patient ID Study
IVS4+3insT Splice donor site p.Argl41SerX7 2 Possible 47-2008, 55-2010
¢.423?_7297del p.Ser142_Glu243 2 No 105-2010, 106-2010
c.646C>T p.Arg216X 3 Yes® 116-2010, 117-2010,
118-2010
c.1240delC p-Argd14AlafsX40 1 Yes® 119-2010
c.834_1409del p.Ser306X 1 Yes® 115-2010
¢.1353_1354delTG p.Cys451£sX39 1 No 130-2010
¢.1370C>G p-Ser457X 2 Unknown  37-2008, 46-2008
c.1682_1683insA p-Lys561fsX19 2 No 28-2008, 29-2008
¢.2240C>G p-Ser747X 1 Yes® 114-2010
¢.2787_2788delTA p.His929fsX9 2 No 44-2008, 45-2008
€.2925_2926delAA p-Lys975fsX9 1 No 41-2008
c.3183_3187delACAAA  p.Lys1061fsX1 1 Yes® 17-2009
c.3183_3187delACAAA  p.Lysl1061fsX1 1 No 95-2010
¢.4239delG p-Met1413fsX1 1 No 35-2008
c.4773delA p.Lys593fsX18 2 No 32-2008, 36-2008
c.5942delA p.Asn1981fsX62 28 No 30-2008, 31-2008, 33-2008,  Scott et al.
38-2008, 39-2008, 42-2008,  (1995) [44],
43-2008, 18-2009, 19-2009,  Plasilova et
20-2009, 21-2009, 22-2009,  al. (2004)
23-2009, 24-2009, 25-2009,  [43]
26-2009, 27-2009, 28-2009,
30-2009, 31-2009, 33-2009,
35-2009, 40-2009, 5-2010,
120-2010, 121-2010,
122-2010, 123-2010
€.7932_7935delTTAT p.lle2644fsX7 No 38-2009, 39-2009
ex10_15del Large submicroscopic deletion 3 Yes® 02-2009, 15-2009, 16-2009 Sieber et al.
(2002) [45]
“Based on the oldest patient examined.
Parents with normal colonoscopy or died at old age, mutational status unknown.
“Confirmed de novo mutation.
Abbreviations: APC, adenomatous polyposis coli; FAP, familial adenomatous polyposis.

Figure 1. Fundoscopic image of the right eye of patient 44—
2008 displaying multiple type B congenital hypertrophy of the ret-
inal pigment epithelium lesions (arrows). A scar is marked by an
asterisk.

associated cutaneous lesions at the time of the examination (Table
2). Lipomas accounted for the majority of skin lesions (n = 15,
55.5%), followed by fibromas (n = 13, 48.1%), and epidermal
cysts (n = 7,25.9%). No pilomatricomas or leiomyomas were ob-
served. Lipomas were predominantly located on the extremities
(59.1%), fibromas were primarily located on the neck (41.7%),
and epidermal cysts were primarily located on the upper back
(44.4%). Additional, non—-FAP-associated skin lesions included
two fibrolipomatous hamartomas [25] as well as seven ganglion
cysts, with six of these occurring in FAP kindred 1981. Consid-
ering members of this family only, a similar prevalence of FAP-
associated cutaneous lesions was observed (16 of 28, 57.1%),
with lipomas being the most common finding (n = 9, 56.3%), fol-
lowed by fibromas (n = 7, 43.8%) and epidermal cysts (n = 5,
31.3%) (Fig. 2). The sites of the lesions were similar to those of
the overall FAP group (data not shown).

In parallel, a consecutive series of 116 individuals, all without
anamnestic evidence for FAP and without a personal history of
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Table 2. Prevalence of FAP-specific skin lesions in FAP patients and control group
n of patients (%)
FAP group, Control group, Sensitivity Specificity
Lesion type n =56 n =116 p-value  (95% CI) 95% CI)
At least one FAP-specific
skin lesion
Overall 27 (48.2) 40 (34.5) NS
Lipoma 15 (26.8) 12 (10.3) .008 26.8 (16.2-40.5)  89.7 (82.3-94.3)
Fibroma 13 (23.2) 20 (17.2) NS
Epidermal cyst 7 (12.5) 11 (9.5) NS
Multiple (two or more)
FAP-specific skin lesions
Multiple/combined overall 14 (25.0) 9(7.8) .003 25.0 (14.8-38.6)  92.2(85.4-96.2)
Multiple lipomas 8 (14.3) 4(3.4) .020 14.3 (6.8-26.8) 96.6 (90.8-98.9)
Multiple fibromas 2(3.6) 2(1.7) NS
Multiple epidermal cysts 2(3.6) 2(1.7) NS
Combined lipoma-fibroma 4(7.1) 1(0.8) 0.039 7.1 (2.3-18.1) 99.1 (94.6-99.9)
Combined fibroma-epidermal cyst 3 (5.4) 1(0.8) NS
Combined lipoma-epidermal cyst 2 (3.6) 1(0.8) NS
Abbreviations: CI, confidence interval; FAP, familial adenomatous polyposis; NS, not significant.

colorectal cancer, had a complete skin examination (male:female,
36:80; median age, 49.0 years; IQR, 25.0 years). Compared with
FAP patients, the control group was significantly older (on aver-
age, 5.7 years; p = .037) and consisted of more female probands
(69.0% versus 48.2%; p = .009). In general, FAP-associated skin
lesions were less frequent among controls (34.5% versus 48.2%;
p = .965). Lesion-specific comparison demonstrated that only li-
pomas, in contrast to fibromas (17.2% versus 23.2%; p = .41) and
epidermal cysts (9.5% versus 12.5%; p = .598), were statistically
significantly less prevalent in the control group (10.3% versus
26.8%; p = .008) (Table 2).

When subdivided according to the number of lesions, the
difference observed between FAP patients and controls only
remained significant for those with two or more (multiple) le-
sions at the time of the examination (n = 14, 25.0% versus n =
9,7.8%; p = .003) (Table 2).

Among these, the occurrence of multiple lipomas alone as
well as the lipoma-fibroma combination were significantly
more frequently observed in FAP patients (p = .020 and p =
.039, respectively).

Lipomas, fibromas, and epidermal cysts occurred regard-
less of type and site of the APC germline mutation and were
equally frequent in men and women (data not shown). Further-
more, no association with type of colon polyposis was ob-
served (classical, 64.7%; attenuated, 62.5%; p = .9).

Patients with FAP-associated skin lesions at the time of the
examination were significantly older (median age, 53.0 years;
IQR, 23.0 years) than those without lesions (median age, 35.5
years; IQR, 18.5 years; p = .0074), which was similar for the
control group (median age, 54.0 years; IQR, 20.0 years versus
median age, 46.0 years; IQR, 33.0 years; p = .032). Subdivid-
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ing according to type of skin lesion, the observed age differ-
ence remained only significant for lipomas in both the FAP and
control groups (FAP, 47.0 years versus 38.0 years; p = .01;
controls, 62.0 years versus 48.0 years; p = .04). Split accord-
ing to 10 year-age class, lipomas were, in general, more
prevalent among FAP patients, in particular in the age
20-49 years group (p = 0.02) (Fig. 3).

Anamnestically, 16 (28.6%) FAP patients reported cutane-
ous lesions (seven lipomas, two fibromas, 10 epidermal cysts)
that had been removed previously, in four (25.0%) of them be-
fore the age of 20 years.

To assess the usefulness of FAP-associated skin lesions in
the identification of FAP patients, we determined their diag-
nostic accuracy (Table 2). In our study, the occurrence of FAP-
related cutaneous lesions, overall, did not differ significantly
between FAP patients and controls. Lipomas alone had a diag-
nostic sensitivity of 26.8% (confidence interval [CI], 16.2%—
40.5%) and a specificity of 89.7% (CI, 82.8%-94.3%). If only
patients with multiple lesions were considered, the sensitivity
was lower, at 25.0% (CI, 14.8%-38.6%), with higher specific-
ity 0of 92.2% (85.4%-96.2%). The specificity further improved
when only multiple lipomas (96.6%; CI, 90.8%-98.9%) or a
combination of lipomas and fibromas (99.1%; CI, 94.6%—
99.9%) were taken into account, albeit with a concomitant
lower sensitivity (14.3% and 7.1%, respectively).

Indirect ophthalmoscopic assessment identified FAP-asso-
ciated CHRPE in 22 (43.1%) of 51 FAP patients examined
(Table 3). The most frequent lesions were Berk type B—most
were multiple (n = 19, 86.4%) and in one patient two lesions
were bilateral (4.5%)—followed by type C and type B/C le-
sions (n = 1 each, 4.5%). No type A or D lesions were ob-
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Figure 2. Extract from familial adenomatous polyposis kindred 1981 depicting intrafamilial variability with regard to the occurrence of
skin lesions and congenital hypertrophy of the retinal pigment epithelium (CHRPE). Symbol description: upper right quadrant, lipoma;
lower right quadrant, fibroma; lower left quadrant, epidermal cyst; upper left quadrant, FAP-associated CHRPE. Superscript +, adeno-
matous polyposis coli mutation carrier; superscript —, noncarrier. Polyposis status is not depicted.

served. Eight (57.1%) of 14 FAP patients harboring an APC
germline mutation within the CHRPE-associated region
(codons 311-1465) presented with CHRPE. In addition, these
lesions were also observed in 14 (37.8%) of 37 FAP patients
with an APC germline mutation either proximal to codon 311
or distal to codon 1465. Notably, CHRPE was present in 10
(35.7%) of 28 family members from kindred 1981, who all
carry a 1-bp deletion (c.5942delA, p.Asn19811lefsX62) in
APC that leads to a premature stop at codon 2043. No statisti-
cally significant correlations were found among the presence
of CHREPE, skin lesions, or the severity of polyposis. Overall,

35 (68.6%) FAP patients exhibited FAP-associated CHRPE
and/or skin lesions; the presence of CHRPE and/or lipoma was
observed in 30 (58.8%) patients.

DISCUSSION

Up to 25% of all APC mutations are thought to have occurred
de novo [5]. Because these FAP patients only come to medical
attention at late disease stages, with 67% of them already pre-
senting with colorectal cancer, they clearly would benefit from
early diagnosis. Cutaneous lesions, in particular epidermal
cysts, fibromas, and lipomas, have been frequently reported in
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Figure 3. Lipoma frequency split according to 10-year age class.
Abbreviation: FAP, familial adenomatous polyposis.
Table 3. Prevalence of FAP-associated CHRPE lesions split by colonic phenotype and FAP-specific skin lesions
Classical FAP Attenuated FAP
Total, Overall, CHRPE*, CHRPE~, Overall, CHRPE*, CHRPE™,
Skin lesion n=56(%) n=31"(%) n=15%) n=13(%) n=25° n=7(%) n=16(%)
Without 29 (51.8%) 17(54.8) 7 (46.7) 8 (61.5) 12 (48.0) 3 (42.9) 8 (50.0)
Overall Single 13 (23.2) 5(16.1) 4(26.7) 1(7.7) 8(32.0) 2(28.6) 6 (37.5)
Multiple 14 (25.0) 9 (29.0) 4(26.7) 4(30.8) 5(20.0) 2(28.6) 2 (12.5)
Lipoma Single 7 (12.5) 4(12.9) 2 (13.3) 2 (15.4) 3(12.0) 1(14.3) 2 (12.5)
Multiple 8 (14.3) 5(16.1) 2 (13.3) 2 (154) 3(12.0) 1(14.3) 1(6.3)
Fibroma Single 11 (19.6) 5(16.1) 3 (20.0) 1(7.7) 6(24.0) 3(429) 3(18.8)
Multiple 2 (3.6) 2 (6.5) 1(6.7) 1(7.7) 0 0 0
Epidermal cyst Single 5(8.9) 2 (6.5) 2 (13.3) 0 3(12.0) 0 2 (12.5)
Multiple 2 (3.6) 0 0 0 2 (8.0) 0 2 (12.5)
PCHRPE could not be examined in three® and two® patients.
Abbreviaions: CHRPE, congenital hypertrophy of the retinal pigment epithelium; FAP, familial adenomatous polyposis.

FAP patients. Because they are readily detectable by inspec-
tion without the need for expensive diagnostic tools, they could
serve as useful markers for an early diagnosis of FAP.

To date, to the best of our knowledge, no prospective der-
matological assessment of FAP-associated skin lesions in APC
mutation carriers has ever been carried out. Thus far, published
studies relied either on questionnaire-based surveys [26, 27],
hospital- or registry-based records [10, 28 —31], or both [32].
These methods of data collection, however, are susceptible to
introduce reporting and/or ascertainment bias. Here, we con-
ducted a systematic and prospective study performing whole-
skin examination in 56 adult genetically confirmed APC
mutation carriers and, in parallel, a control group of 116 indi-
viduals with neither anamnestic evidence for FAP nor a per-
sonal history of colorectal cancer.

Overall, FAP-associated skin lesions were more frequently
observed in FAP patients than in controls (48.2% versus
34.5%), although this difference was not statistically signifi-
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cant (Table 2). Our observation that the prevalence of FAP-
associated skin lesions increased with age in both the FAP and
control groups is in accordance with previously reported data
from the literature [33-35]. With regard to specific cutaneous
lesions, lipomas were statistically significantly more prevalent
in FAP patients (26.8% versus 10.3%). Lipomas are among the
most common soft tissue tumors in the general population, and
nearly one third of all benign tumors are lipomas [36]. Lipomas
are benign lesions composed of mature adipocytes with a
sharply demarcated border often defined by a capsule. Histo-
logically, they are similar to normal adipose tissue, but cyto-
genetic abnormalities have been found in approximately
50%—60% of cutaneous lipomas [37]. Because most of them
do not cause discomfort and thus do not come to medical at-
tention, they often remain undetected and no reliable epidemi-
ological data exist [38].

Subdivision into single and multiple lesions showed that
the significant difference in lipoma prevalence applied solely
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to multiple lipomas (14.3% versus 3.4%) and to the lipoma-
fibroma combination (7.1% versus 0.8%) (Table 2). Of all FAP
patients with lipomas, 53.3% presented with multiple lipomas,
compared with 33.3% of controls. Previous studies regarding
the general population recorded multiple lipomas in approxi-
mately 6.9%—18.0% of patients with lipomas [39, 40]. We as-
sume that the higher proportion of multiple lipomas in our
control group is mainly a result of methodological reasons,
such as patient recruitment and assessment (prospective versus
registry based).

Interestingly, when we subdivided our study group accord-
ing to 10-year age class, lipomas were consistently up to three
times more frequent among FAP patients, with statistical sig-
nificance, for the age range 20—49 years (Fig. 3). Although we
found that lipomas occurred at a younger age and as multiple
lesions in FAP patients, as expected by “Schnyder’s rule,” they
appear unsuitable as screening markers for the identification of
an underlying FAP predisposition because of their low diag-
nostic sensitivity (7.1%-26.8%) [41].

Although this prospective study has its limitations with re-
spect to the number of patients investigated, it clearly has the
advantage that the data solely rely on thorough dermatological
examination, thus minimizing detection as well as reporting
bias. Obviously, prospective studies on larger cohorts of APC
mutation carriers are needed to verify these findings, in partic-
ular with regard to the lipoma prevalence in the 20—49 years
age group. In view of the fact that 25% of our FAP patients
reported previously removed FAP-associated skin lesions be-
fore the age of 20 years, future studies could benefit from in-
cluding adolescents in their assessment.

CHRPE is a well-known phenotypic marker of FAP, char-
acterized by the congenital, age-independent occurrence of
specific pigmented fundus lesions, with a reported prevalence
of 70%—-75% [42]. In our study, FAP-related CHRPE lesions
could only be identified in 43.1% of APC mutation carriers.
This may, in part, be a result of methodological reasons be-
cause fundoscopy was performed without pupil dilation, po-
tentially resulting in an underestimation. Nevertheless, 57.1%
of FAP patients with an APC germline mutation within the
CHRPE-associated region (codons 311-1465) presented with
such lesions, which is similar to previous reports [21]. Inter-
estingly, CHRPE was also observed in 14 (37.8%) of 37 FAP
patients harboring APC mutations outside the typical region.
Thus, our findings challenge the prevailing view that the oc-
currence of CHRPE is restricted to APC codons 311-1465 [42].
Furthermore, we observed pronounced intrafamilial variability
with, on average, 40%—-50% of family members presenting
with CHRPE, pointing to additional genetic modifiers (Fig. 2).

No significant correlations between the colonic phenotype
and single or multiple FAP-associated cutaneous lesions or
CHRPE were observed. In contrast to generally accepted geno-
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type—phenotype correlations [42], great variability in the colonic
phenotype was observed in kindred 1981, which harbors an APC
germline mutation in a region commonly associated with attenu-
ated FAP (p.Asn1981fsX62) [43]. As described before [30], the
pronounced inter- and intrafamilial variability in families with 3’
APC mutations makes it difficult to predict the extent of colonic
disease in the individual family member. With regard to skin man-
ifestations, affected members of family 1981 showed approxi-
mately the same rate of FAP-associated cutaneous lesions as the
remaining patients. In our set of FAP patients, we thus found no
evidence for an interdependence between the type or site of the
APC germline mutation and the occurrence of skin lesions.

CONCLUSION

To the best of our knowledge, this study is the first to system-
atically and prospectively assess the type and prevalence of
FAP-associated cutaneous lesions in a set of 56 adult APC mu-
tation carriers. Thorough dermatological examination could
identify these benign skin tumors in nearly half of all FAP pa-
tients. Despite a significantly higher prevalence of multiple li-
pomas and combined skin lesions in APC mutation carriers,
their diagnostic sensitivity was too low to serve as reliable
FAP-specific marker lesions in clinical practice. With regard
to the occurrence of CHRPE, an established clinical marker for
FAP, based on our inter- and intrafamilial observations, we
propose to extend the CHRPE-associated region to codons
148-2043. Clearly, additional prospective studies on larger
FAP collectives, preferably including adolescent APC muta-
tion carriers, are needed to validate our findings.
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