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Abstract
Desmoids are rare, benign fibromatous
lesions, which can arise in patients with
familial adenomatous polyposis (FAP), a dis-
order caused by germline adenomatous poly-
posis coli (APC) gene mutation. This study
investigated the risk of desmoids in FAP, the
relation between specific APC gene mutations
and desmoid formation, and the clinical
characteristics ofFAP patients with desmoids.
Eighty three of 825 FAP patients (10%) from 49
of 161 kindreds (30%) had desmoids. The
absolute risk of desmoids in FAP patients was
2-56/1000 person years; comparative risk was
852 times the general population. APC gene
mutations were similar in families with and
without desmoids. The female/male ratio was
1*4 (p=NS). Previous abdominal surgery
was noted in 68% of patients with abdominal
desmoids (55% developed within five years
postoperatively). Desmoid risk in FAP family
members of a desmoid patient was 25% in first
degree relatives v 8% in third degree relatives.
Desmoids are a comparatively common
complication of FAP associated with surgical
trauma and familial aggregation. Desmoid
development was not linked to specific APC
gene mutations and was not found predomi-
nantly in women. Studies of chemopreventive
therapy, given within five years after abdomi-
nal surgery, should be considered in FAP
patients with a family history of desmoid
disease.
(Gut 1994; 35: 377-381)

Desmoids are benign fibromatous lesions that
arise most often in the abdominal wall and
mesentery but also occasionally in the extremi-
ties and trunk. Desmoids occur rarely, constitut-
ing less than 0-1% of all tumours'2 with an
incidence of 2-4 cases/million/year,23 and
develop mainly in women. Patients with familial
adenomatous polyposis (FAP) are predisposed to
desmoid disease. FAP is an autosomal dominant
disease caused by germline abnormality of the
adenomatous polyposis coli (APC) gene on the
long arm of chromosome 5.7 FAP patients
develop hundreds to thousands of colorectal
adenomas, and if prophylactic colectomy is not
performed, colorectal cancer will develop
usually by the fifth decade of life. Complications
from desmoids have been reported to be second
only to metastatic cancer as a cause of death
in FAP patients.8 Between 3 5% to 32% of
FAP patients are estimated to be affected by
desmoids,9-'4 but a comprehensive risk analysis
in FAP has not been reported.
The cause of desmoids is unclear. Surgical and

physiological trauma have been implicated as
precipitating factors. '5 In FAP patients, desmoid

development has been associated with abdomi-
nal surgery,"" pregnancy," 17 19 and exposure to
oral contraceptives.'" 2" Also, family history of
desmoids may be an important risk factor in the
development of desmoids, but this predisposi-
tion remains controversial.82' The possible rela-
tions of specific APC gene mutations to the
development of desmoids has not been explored
in detail.
The identification of risk factors for desmoids

could have implications on strategies for preven-
tion. Therefore, we used data from our large
FAP registry to: (a) estimate the absolute and
comparative risk of desmoid formation in FAP
patients, (b) analyse the relation between specific
codon mutations of the APC gene and desmoid
formation, and (c) analyse the clinical character-
istics of FAP patients with desmoids to evaluate
the influence of sex, surgery, and family history
of desmoid on desmoid formation.

Methods and materials
Data on the clinical characteristics and occur-
rence of desmoid disease were collected by
retrospective review of medical records and
questionnaire data in The Johns Hopkins
Polyposis Registry, which contains 825 FAP
patients from 161 pedigrees. The period of
analysis was 1 January 1969 to 31 December
1990. Eighty three FAP patients (10%) had a
clinically evident desmoid during this period.
The presence of a desmoid was verified by histo-
pathological review in 45 cases, by physician and
surgical reports in 36 cases, and by patient report
in two cases.
The risk of desmoid in FAP patients was

calculated by person year analysis. For this risk
analysis, patients with FAP were considered to
be at risk for desmoid from birth until death.
Observation time was from birth until date of last
contact, date of death, date of diagnosis of
desmoid, or closing date of the study.
The specific type and location of APC gene

mutation was characterised in 28 unrelated FAP
patients from the Polyposis Registry who were
evaluated consecutively at The Johns Hopkins
Hospital. The families of these 28 FAP patients
included 13 with a member who had desmoid
disease and 15 families without desmoids. APC
gene mutation was reported previously.22 In
brief, genomic DNA was prepared from peri-
pheral blood leucocytes. The coding region of
the APC gene was amplified by polymerase chain
reaction (PCR) in 31 segments. The PCR
products showing abnormalities in RNase pro-
tection analysis were cloned and then sequenced.
Sequencing of both strands of genomic DNA
was performed to confirm a mutation.
The effect of family history of desmoid on

development of desmoid disease in FAP patients

The Departments of
Medicine, Pathology, and
Oncology Center, The
Johns Hopkins University
School of Medicine and
Department of
Epidemiology, The Johns
Hopkins University
School of Hygiene and
Public Health, Baltimore,
Maryland
FM Giardiello
G M Petersen
A J Krush
S V Booker
M C Kerr
S R Hamilton

The Department of
Pathology, Academic
University Amsterdam,
The Netherlands
G J A Offerhaus

Division of
Gastroenterology,
Gulhane Military
Medical Academy,
Ankara, Turkey
A K Gurbuz
Correspondence to:
Dr F M Giardiello, Division of
Gastroenterology, Blalock
935, The Johns Hopkins
Hospital, 600 North Wolfe
Street, Baltimore, Maryland
21287, USA.
Accepted for publication
13 July 1993

377



Gurbuz, Giardiello, Petersen, Krush, Offerhaus, Booker, Kerr, Hamilton

TABLE I Clinical characteristics ofFAP patients with
desmoids in The Johns Hopkins Polyposis Registry

No and prevalence of desmoid patients 83/825 (10%)
No and prevalence of desmoid kindreds 49/161 (30%)
Sites of desmoid tumours (%)
Abdominal 60 (72)
Extra-abdominal 11(12)
Abdominal and extra-abdominal 3 (5)
Site unknown 9 (11)

Mean age of desmoid diagnosis, years (SD) (range) 31(15) (1-72)
Timing of desmoid diagnosis (%)

Before FAP diagnosis 11(13)
Years before (SD) 10 (8)

Concurrent with FAP diagnosis 16 (19)
After FAP diagnosis 56 (68)

Years after (SD) 9 (9)
Sex: female/male (ratio] 47/36 (1-4)

FAP=familial adenomatous polyposis.

was evaluated in two ways. Firstly, the distribu-
tion of desmoid cases among FAP kindreds was

characterised, and the risk ofdesmoid in families
was calculated after adjusting for kindred size.
Secondly, an application of the proband method
to correct for ascertainment23 was used to deter-
mine the empiric risk of desmoid formation in
first, second, and third degree relatives with
FAP. This method was selected because of the
high ascertainment probability of desmoid cases

in this longterm polyposis registry. With this
correction, a pedigree was replicated as many

times as there were desmoid cases, and in each
replicate a different proband (desmoid case) was
designated. The empirical risk to first, second,
and third degree relatives was thus differently
enumerated in each replicate.
Where appropriate, continuous variables were

analysed for statistical significance by two tailed t
tests. Discontinuous variables were compared by
x2 or Fisher's exact tests. Statistical significance
was defined as p<0 05. Survival was assessed by
lifetable analysis (True Epistat, Richardson,
Texas).
Our findings were also compared with pub-

lished reports obtained through MEDLINE and
obtained by the BRS Colleague Search Service.
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Figure 1: Distribution ofadenomatous polyposis coli mutations in familial adenomatous
polyposis pedigrees with and without a member having desmoid disease. This diagram shows the
position ofthe germnline mutations in the proband of13 pedigrees with desmoid members and 15
pedigrees without desmoid members comparative with theAPC geneproduct and exon structure.
Mutations occurring in families with multiple desmoid members are also shown by an asterisk.
The boxes correspond to the exons (1, 3, 5, 7, 11, 14, and 15 are numberedfor reference) and the
numbers below represent amino acid residues (1, 1000, 2000, and 2843). The location and type
ofAPC gene mutations were similar in thefamilies with and without desmoids and in the
families with single and multiple members with desmoids.

Results
Eighty three of 825 FAP patients (10%) from 49
of 161 kindreds (30%) in The Johns Hopkins
Registry had desmoids (Table I). From our
person year analysis, the absolute risk of
desmoid development in FAP patients was 2 56/
1000 person years (0*00256/person year), which
was 852 times the risk of the general population.
The location and type of APC gene mutation

in the families with a member who had desmoid
disease were compared with families who had
no desmoids (Fig 1). In both desmoid and
non-desmoid pedigrees, mutations occurred
throughout the length of the APC gene, and the
types of mutation (frameshift v point mutation)
were sinilar.
The sites of desmoids included 60 abdominal

desmoids, 11 extra-abdominal, three both
abdominal and extra-abdominal, and nine
unspecified. Other extraintestinal manifesta-
tions of FAP (osteomas, epidermoid cysts,
sebaceous cysts, pigmented ocular fundus
lesions, or clinically occult osteosclerotic jaw
lesions) were found in 49 of 83 (59%) desmoid
patients. The mean (SD) age of desmoid diagno-
sis in the study population was 31 (15) years
(range 1-72). The occurrence of desmoids
increased with age until the fifth decade of life
(Fig 2). There was no difference by sex in mean
age at diagnosis or age distribution of desmoids.

In 56 of 83 patients (68%), the diagnosis of
desmoid disease occurred after the diagnosis
ofFAP (mean of 9 (9) years after the diagnosis of
FAP); in 11 patients (13%), desmoids developed
a mean of 10 (8) years before the diagnosis of
FAP; in 16 (19%) patients both diagnoses were
made concomitantly. In this cohort, the mean
follow up time after desmoid diagnosis was 14
years (range 0-5-44). In five patients, desmoids
occurred in the first three years of life. In all five
cases, the desmoids were extra-abdominal in
location, and three of these patients had multiple
desmoids.

There was only a slight female predominance
in this desmoid cohort with a female to male ratio
of 1-4 (p=NS). Thirty three of 47 women (70%)
developed desmoids in the childbearing period
of 15-45 years of age. Similarly, 25 of 36 male
patients (69%) developed desmoids in the same
age range. Twenty two of 33 female patients
(66%) of childbearing age had one or more
children before desmoid diagnosis.
A previous history of abdominal surgery was

present in 43 of 63 (68%) patients with abdomi-
nal desmoids. Twenty two patients had pro-
phylactic colectomy as the only abdominal
operation before abdominal desmoid formation.
In this subgroup, the mean (SD) age at time of
colectomy was 29 (13) years, which was not
statistically significantly different from the age of
colectomy of256 FAP patients without desmoids
(25 (9) years). In the 22 colectomy patients with
desmoids, the onset of desmoids occurred a
mean of 9 (10) years after surgery, but in most
patients, desmoids occurred within the first five
years postoperatively (12/22 patients; 55%).
Also, the data suggest a relation between
younger age at surgery and shorter time to
desmoid diagnosis: desmoids occurred in the
first five years postoperatively in 10 of 14 patients

I
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Figure 2: Age ofdiagnosis ofdesmoid tumours in men and women with familial adenomatous
polyposis. The occurrence ofdesmoids increased with age until thefifth decade oflife.

with a prophylactic colectomy before age 30
years compared with two of eight patients with a

prophylactic colectomy after age 30 years (p=
0 048).

Forty nine of 83 (59%) desmoid patients,
representing 15 kindreds, had a family history of
desmoids. Within kindreds, the percentage of
FAP patients affected with desmoids ranged
from 10% (1/10) to 87% (6/7) and 100% (2/2).
The prevalence of desmoids in kindreds with at
least one desmoid case was 83/389, or 22% (Table
II). When kindreds with more than one desmoid
case were evaluated, the prevalence was similar
(49/216; 23%). When the risk by degree of
relation to a desmoid case was examined, how-
ever, first degree relatives of a desmoid patient
were at greater risk of desmoids than more

distant relations. As shown in Table III, the
empiric risk to first degree relatives was 25%,
which was more than twice that of second and
third degree relatives. By contrast, the risk to
second and third degree relatives approached the
overall 10% risk of desmoids in FAP patients in
general. As Figure 1 shows, the location and type
of APC gene mutation did not differ among
families with single or multiple members with
desmoid disease.

Complications from desmoid were the cause
of death in eight of 83 cohort patients (10%).
By lifetable analysis, the survival rate from
desmoids was 93% at five years and 79% at 20

TABLE II Distribution ofdesmoid cases amongFAP
kindreds

No ofdesmoid Observed No of Total No of
caseslkindred kindreds FAP cases

0 112 446
1 34 163
2 7 52
3 3 52
4 1 12
5 2 65
6 2 35
Total 161 825

TABLE III Empiric risk to FAP relatives ofhaving an FAP
family member with desmoid disease

Degree ofrelation to No ofdesmoid casesl Risk of
desmoid case No ofFAP cases* desmoid

First degree 59/238 25%
Second degree 27/251 11%
Third degree 17/218 8%

*Using application of Weinberg proband correction, in which a
pedigree is replicated for each desmoid case.

years. The mean (SD) time from diagnosis of
desmoid to death from desmoid was 6 (6) years,
and the mean age of death in these patients was
40 years. Eighteen additional cohort patients
(22%) died from colorectal cancer a mean of 13
years after desmoid diagnosis.

Discussion
Patients with familial adenomatous polyposis are
at risk for a wide variety of extracolonic mani-
festations including desmoids. By person year
analysis, our cohort of FAP patients had an 852-
fold increased risk above the general population
for the development of these tumours. The risk
of desmoid development did not seem to be
associated with a specific location or type of
mutation of the APC gene. The location of the
mutations seen in FAP pedigrees with desmoids
spanned the APC gene. Also, there were no
apparent differences in mutation location or type
between pedigrees with and without desmoid
members. The mutations seen in our 28 pedi-
grees are representative of the location and type
of mutations in 88 other pedigrees reported in
published works.i7 2131 Thus, genetic testing for
APC gene mutation will not identify a subset of
FAP patients at higher risk for desmoid forma-
tion.
The occurrence of desmoid formation

increased with age until the fifth decade of life.
Interestingly, we found that all five patients with
desmoids at very young age (under the age of 3)
had extra-abdominal desmoids and three of these
had multiple desmoids. This young subset of
patients accounted for 45% ofFAP patients with
extra-abdominal desmoids and may represent a
comparatively unique clinical group.
Desmoids occurred in 10% of our large

registry of FAP patients, a frequency consistent
with other reported series.9"' 183233 Moreover,
almost 10% of those with desmoids died from
this complication at a young age (mean 40 years)
comparatively shortly (mean six years) after
diagnosis, although by lifetable analysis the
survival at 20 years was 79%. Colorectal cancer
contributed substantially to death as 18 addi-
tional desmoid patients (22%) died from
colorectal cancer with a mean duration of 13
years after desmoid diagnosis.
The pathogenic factors in desmoid disease are

not well understood. Desmoids have been
reported to predominate in women with FAP on
birth control pills," 20 and in female FAP patients
of childbearing age'7 19 most often after parturi-
tion (Table IV). Desmoids have been seen to
enlarge during pregnancy." These findings have
been made in a small number of FAP patients,
some of whom had previous abdominal surgery.

379



380 Gurbuz, Giardiello, Petersen, Krush, Offerhaus, Booker, Kerr, Hamilton

TABLE IV Summary ofdesmoid tumour features in FAP

No of No of Mean age
FAP desmoid ofdesmoid Female/male

Institution patients patients diagnosis ratio Reference

Cleveland Clinic 325 29 (9%) 30 3 0 1 1
Memorial Sloan Kettering 496 40 (8%) 29 1-8 21
University Central Hospital 168 19 (11%) 29 1-3 32
(Helsinki)

University of Tokyo 1050 71(7%) 32 1-8 33
The Johns Hopkins Hospital 825 83 (10%) 31 1-4 Current

study

In contrast, the effect of female sex was not
evident in our FAP study population: there was
only slight female predominance in our cohort
(1 4:1), and the same percentage of men and
women developed desmoids in childbearing
years. These findings are supported by McAdam
et al'8 who found female predominance in
desmoid patients without FAP but not desmoid
patients with FAP.
Some investigators have identified surgical

trauma as a precipitating factor for desmoid
formation in FAP patients.3"2"6'7 Our findings
support this concept, as 68% of our patients with
an abdominal desmoid had had abdominal
surgery. In smaller published series, the mean
time from colectomy to desmoid formation was
2-3 years." 32 In our cohort, most patients
developed desmoids by five years postopera-
tively, but the mean time to desmoid formation
was nine years. The difference in these temporal
findings probably relates to the much longer
follow up in our patient population (almost 14
years v 4 years).
A similar mean age of prophylactic colectomy

in FAP patients with and without abdominal
desmoids in our cohort suggests that age at
colectomy is not an important factor in desmoid
formation. There was a slight suggestion, how-
ever, from our data that patients having pro-
phylactic colectomy at a younger age developed
desmoids sooner than patients who were older at
colectomy. This finding needs further investiga-
tion because of the implications for timing of
prophylactic colectomy.

Finally, the significance of family history of
desmoids as a risk factor for the development of
desmoids in other pedigree members has been
unclear, as only a few families had been studied.
Fifty nine per cent of our study patients from 15
families, however, had a family history of
desmoids, and this frequency agrees with a
previous review of published works'8 that
reported 56%. In our pedigrees, the percentage
of FAP patients affected with desmoids was as
high as 86% (6/7) and 100% (2/2). Familial risk of
desmoids was also shown by empiric risk analysis
and the Weinberg proband method. These
analyses showed that family history of desmoids
is important and that first degree relatives of
desmoid patients have a greater risk of desmoids
than more distant relatives. Interestingly,
familial aggregation of desmoids did not seem to
be related to the location or type of APC gene
mutations. Consequently, other factors must
play a part, such as additional genetic loci or
shared environmental effects.

Regardless of the mechanism, FAP patients
who are first degree relatives of an FAP patient
with a desmoid are at nearly 2 5 times the risk of

developing a desmoid as FAP patients in general.
Recognition of this higher risk group may justify
a change in clinical management. For example,
clinical trials ofdrugs such as sulindac or tamoxi-
fen given in the first few years after abdominal
surgery should be considered in FAP patients
with a family history of desmoids to attempt to
prevent desmoid development postoperatively.
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