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Identification of somatic APC mutations in recurrent desmoid
tumors in a patient with familial adenomatous polyposis to
determine actual recurrence of the original tumor or de novo
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Abstract A 25-year-old female with familial adenoma-
tous polyposis (FAP) presented with an abdominal tumor
just below the scar due to a colectomy performed
15 months previously. This tumor (tumor A) measured
7 cm in diameter, was diagnosed as a desmoid tumor of the
abdominal wall, and was excised. Despite the subsequent
administration of sulindac (300 mg daily for 1 year), a
desmoid tumor recurred at the same site. Excision was
performed again when the tumor was 8 c¢m in diameter, and
examination revealed it to consist of a large tumor (B) and
a small tumor (C) that bulged out from tumor B. Germ-line
APC analysis showed a C deletion at codon 1460 resulting
in a stop codon. Two somatic mutations were observed in
tumor A: a TCAA deletion at codon 1068 and a deletion of
a codon at bp 1192-2097. In tumor B, a somatic mutation
was found at codon 1041 changing CAA to TAA. We
could not detect any somatic mutations in tumor C. We
conclude that somatic mutation analysis of the APC gene
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can be used to identify whether a recurrent desmoid tumor
in a patient with FAP is a new primary tumor or a recur-
rence from microscopic remnants of the original tumor.
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tumor - Recurrence - Somatic mutation

Introduction

Desmoid tumors occur at a frequency of about 7% (3.5—
17.5%) in patients with familial adenomatous polyposis
(FAP) who have had abdominal surgery [1, 2]. Surgical
resection may be the chosen approach for treating a symp-
tomatic desmoid tumor if it does not regress spontaneously
and repeated pharmacological treatments fail to control the
tumor. Surgical treatment is associated with the considerable
recurrence rate of 20-80% [3]. When a desmoid tumor
appears near the excised tumor, it is usually difficult to
conclusively determine whether the recurrent tumor is a new
occurrence or an actual recurrence from the microscopic
remnants of the original tumor. However, the identification
of the origin of recurrent tumors is useful in determining the
treatment of the tumors. Several studies have reported that
desmoid tumors frequently show somatic mutations coex-
istent with germ-line mutations of the APC gene [4-6].
Consequently, an analysis of somatic mutations in these
tumors may elucidate the origin of the recurred tumors.

Case report
A 25-year-old female with FAP presented with an

abdominal tumor at the scar due to a total colectomy per-
formed 12 months previously by a laparoscopic procedure.
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Fig. 1 Monoclonal phase of the recurred abdominal desmoid tumor
composed of a large tumor (B) and a small tumor (C)

Her father and grandmother died of colon cancer associated
with FAP at 43 and 50 years of age, respectively. Her
younger sister died at the age of 21 due to a desmoid tumor
in the mesentery that caused intestinal obstruction follow-
ing gynecological surgery performed at another hospital;
she had also been diagnosed with FAP.

The patient had gastric polyposis, dental abnormality,
and osteomas in the jaw. The abdominal tumor measured
3 cm in maximal diameter and grew to 7 cm during the
following 3 months. At this stage the tumor was excised
and diagnosed as a desmoid tumor infiltrating the rectus
muscle (tumor A). Although the patients was subsequently
treated with sulindac (300 mg/day), a tumor recurred in the
following 12 months at a site adjacent to tumor A. The
recurrent tumor measured 8 cm in maximal diameter and
was excised. It was found to consist of a large tumor (7 cm;
tumor B) and a small tumor (3 cm; C) that bulged out from
the large one (Fig. 1).

Table 1 Tumor-specific APC mutations

After providing genetic counseling specific to her con-
dition and receiving her written consent, we examined the
tumors for APC mutations. DNA and RNA were extracted
from peripheral blood leukocytes by a standard procedure,
and DNA was extracted from the frozen tissue samples of
the desmoid tumors. A germ-line mutation was identified
from the peripheral blood samples by the protein truncation
test (PTT) on reverse-transcription (RT)-PCR products
corresponding to exons 1-14 and on genomic fragments of
exon 15 (PT4-PT7); this was followed by direct DNA
sequencing of the PCR-amplified segments using standard
methods with minor modifications [7-9]. For the tumor
tissue samples, the PTT was applied to exon 15 only
because high-quality RNA samples covering exons 1-14
were not available by RT-PCR. However, direct sequenc-
ing of PCR-amplified genomic fragments of exons 1-14
was carried out on all tissue samples.

Three APC mutations were detected in tumor A
(Table 1): a germ-line mutation detected in a blood sample
in which C was deleted at codon 1460, producing the stop
signal ATT at codon 1472 in the mutated APC, and two
somatic mutations. The same germ-line mutation was
confirmed in tumors B and C. In tumor B, we also found a
somatic mutation distinct from those of tumor A (Table 1).
No somatic mutations were detected in tumor C. A mes-
enteric desmoid tumor was diagnosed 28 months after the
last surgery. The patient was treated with doxorubicin at
24 mg/day per body weight (days 1-4) and dacarbazine at
300 mg/day per body weight (days 1-4), every 4 weeks for
five cycles. This therapy resulted in a 30% decrease in the
diameter of the tumor [10]. Follow-up has been uneventful,
and the tumor has been stable for 3 years from the last
operation until the time of this report.

Discussion

Postoperative desmoid tumors are a nuisance to patients
with FAP [11]. To date, only a small quantity of epide-
miological data is available on desmoid tumors in large

Tumor Detected APC mutations®
Tumor A Codon 1460: GCT to GT © deletion)” Deletion of TCAA at codon 1066 producing TAA
at codon 1124 in the mutated gene
Deletion of codon at bp 1192-2097 producing TAA
at codon 1194 in the mutated gene
Tumor B Codon 1460: GCT to GT © deletion)b Codon 1041: CAA to TAA
Tumor C Codon 1460: GCT to GT © deletion)” -

% Sequencing of exons 1-14 revealed no mutations in these tumors

" Detected germ-line APC mutation producing the stop signal TAA at codon 1472 in the mutated APC
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populations of patients with FAP. The reasons for this lack
of information are: (1) desmoid tumors may occur spon-
taneously and/or following surgical intervention; (2) they
frequently exist at a subclinical level; (3) they may dis-
appear or shrink without specific treatment. Although
desmoid tumors have no propensity to metastasize, the
mortality rate among patients varies. Iwama et al. [1]
reported 71 cases (45 women, 26 men) of desmoid tumor
among 1050 FAP cases in their registry; eight of the 71
patients (11%) had died of desmoid tumor. Church et al.
[12] applied a staging system to 101 patients with intra-
abdominal desmoid tumors associated with FAP. Their
mortality rate was 0% in Stage I, 0% in Stage II, 15% in
Stage III, 44% in Stage IV, and 12% (12/101) overall. The
polyposis registry of St. Mark’s Hospital identified 32
desmoid tumors that had been removed from 20 patients
with FAP during the preceding 10 years [13]; there was no
mortality among these patients resulting from desmoid
disease. According to a Danish national registry compiled
by Biilow [14], desmoid tumor was the fifth (3%) most
common cause of death among 175 deceased FAP patients.
In contrast, Arvanitis [15] reported that, among his FAP
patients, desmoid disease was the second most common
(10.9%) cause of death following colorectal cancer
(58.2%).

Surgical treatment of a desmoid tumor in patients with
FAP is associated with a high recurrence rate of up to 45%
(20-80%) following excision of a tumor [3, 16]. Recur-
rence near the site of the original tumor has been ascribed
to the presence of microscopic remnants of the excised
tumor, although to date there has been no conclusive evi-
dence for this. Because desmoid tumors are monoclonal
fibroblastic proliferations arising from fibrotic or aponeu-
rotic structures [17, 18], we may be able to distinguish
actual recurrence of the original tumor from de novo
occurrence due to surgical stimulation based on the
detection of somatic APC mutation in the recurrent tumors.
In this study, the sample from tumor A may have been a
mixture of at least two different tumors, although there is
also the possibility that tumor A carried a double somatic
mutation in a single clone. The recurrent tumors B and C,
which developed following the excision of tumor A, could
be diagnosed as multiple primary tumors by their mutation
signatures, which were distinct from those of tumor A.
Tumor C probably carries a different somatic mutation
from tumor A and B; if this were not the case, the same
somatic mutation in A or B would have been detected from
the high-quality DNA.

During their treatment of fibromatosis in patients without
FAP, Gronchi et al. [19] observed that the chance that a
recurred tumor would occur again was higher than that of the
original tumor recurring when they are surgically treated.
Sturt et al. [20] observed that there was a genetic or familial

predisposition to desmoid tumors in patients with FAP
despite the fact that no specific hot spots have been found in
the APC gene. These observations are compatible with our
results if recurrence of a desmoid tumor at the wound site is
more dependent on the genetic traits of the patients than on
surgical quality. Desmoid tumors tend to occur at a younger
age than does colorectal cancer, and the former are more
frequent in females than males [1, 21]. Given these findings
and the fact that the sister of our patient died of a desmoid
tumor, we should have refrained from performing a colec-
tomy and have followed the patient with close endoscopic
surveillance and polypectomy for as long as possible.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
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