Introduction

Desmoid tumor, also known as aggressive fibromatosis, is a rare, deep-seated, mesenchymal
fibroblastic tumor. Such tumors do not metastasize, but are locally highly invasive, and exhibit a
propensity to recur even after aggressive surgery with free operative margin [1]. Surgical treatment
has been the mainstay for desmoid tumors. However, there has been controversy about the
association between the microscopic margin status and recurrence rate, [2-9] and so no definitive
conclusion has been reached regarding the significance of the histological margin status.

Recently, a few studies have investigated the predictive value of catenin -1 (CTNNB1) mutation,
which is harbored by most sporadic desmoid tumors, for the outcome of surgical treatment. The
results of these studies, however, have been controversial possibly because they focused on
retrospective cohorts with inhomogeneous treatment modality (i.e., with or without radiotherapy)
and mixture of different margin status of surgery (R0 and R1). [10-12]. We have prospectively, and
consecutively treated patients with extra-peritoneal desmoid tumors with meloxicam, a COX-2
inhibitor [13,14], and a significant predictive value of CTNNBI1 for this conservative treatment was
demonstrated [15].

We hypothesized that simple resections with positive surgical margins could be applicable to patients
with truncal desmoid tumors, and the outcomes of surgical treatment would be correlated with
mutational status of CTNNBI1. In this study, we analyzed the outcome of surgical treatment in
patients with extra-peritoneal desmoid tumors, who were mainly treated with meloxicam followed

by planned simple resection, and clarify the mutational status of these tumors.

Patients and Methods

Treatment modality for patients with extra-peritoneal desmoid tumors

Until 2003, our patients with extra-peritoneal desmoid tumors were surgically treated with wide
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surgical margins. However, an unsatisfactory recurrence rate even with microscopically negative
margins [9] prompted us to change the treatment modalilty from 2003 to meloxicam, a COX-2
inhibitor, based on a study using genetically modified mice [16]. Meloxicam treatment for patients
with extra-peritoneal desmoid tumors was approved by the Institutional Review Board of the Center
for Advanced Medicine and Clinical Research, Nagoya University. Favorable short-term results were
reported initially [14,17]; however, not a few patients exhibited resistance to meloxicam treatment
subsequently [18]. We have formally organized the treatment modality with low dose chemotherapy
(methotrexate and vinblastine) or planned simple surgery for patients with desmoid tumors
refractory to or stable to meloxicam treatment since 2009. Selection criteria for planned simple
resection surgery were as follows. Functional impairment was not anticipated after surgical treatment,
which exhibited a tendency to include truncal desmoid tumors, and exclude extremity desmoid ones.
Since 2010, mutational status has been considered as one of the selection criteria. Informed consent
for simple resection and anonymized use of the samples for research was obtained from all patients
in this cohort. The study protocol including analyzing mutational status of CTNNB1 was approved

by the institutional review board of our institution.

Moutation analyses for CTNNB1 gene

In all patients enrolled in this study, desmoid tumors were histologically diagnosed using
specimens obtained by incisional biopsy at the time of referral to our institution. Part of the obtained
specimen was snap-frozen, and stored at -80 °C for mutation analyses as described previously [15].
Briefly, DNA was extracted from frozen tissue or 5-um-thick formalin-fixed, paraffin-embedded
tissue using the High Pure PCR Template Preparation Kit (Roche Molecular Diagnostics, Mannheim,
Germany), according to the manufacturer's instructions. The extracted DNA was subjected to

polymerase chain reaction (PCR) analyses to determine the existence of point mutations in codons
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41 or 45 of CTNNBI1 exon 3 using 2 pairs of primers spanning these mutation sites, as previously
reported [15]. Amplified PCR products were subjected to direct sequencing. All sequencing results
were compared with B-catenin sequences in the databases of NCBI-BLAST to evaluate the
mutational status. This protocol of DNA analyses was approved by the Institutional Review Board of

the Center for Advanced Medicine and Clinical Research, Nagoya University.

Planned simple resection

Simple resection was planned to minimize the extent of resection for surrounding normal tissues
including muscles, fascia, and other connective tissues, which reduced the rate of soft tissue
reconstruction. Major nerve injury did not occur with this simple resection. Practically, desmoid
tumors were excised without the cuff of surrounding tissues. Muscles were partially excised with
tumors when difficult to detach. Excised specimens were all subjected to pathological evaluation.
Two-directional surfaces through the midline of excised specimens were examined for microscopic
margin status by our experienced pathologists. Patients with planned simple resection were routinely
evaluated for local recurrence with CT and/or MRI every 3 months until 1 year after surgery, and

every 6 months thereafter.

Statistical evaluation

Data were analyzed using the Fisher’s exact test for dichotomous variables to determine correlations
between the mutational status of CTNNB1 and clinicopathological characteristics. Continuous
variables of age and tumor size were compared between the two groups using student-T test. All

statistical analyses were performed using SPSS version 20. P<0.05 was considered significant.

Results
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Patient demographics

Since 2003, there were 60 consecutive cases with extra-abdominal or abdominal wall desmoid
tumors histologically diagnosed in our institution and affiliated hospitals. Patients treated with
meloxicam (10mg/body daily) have been followed with MRI and/or CT at the outpatient unit of our
department of orthopaedic surgery every 3-6 months. According to Response Evaluation Criteria in
Solid Tumors (RECIST), 9 patients with progressive disease (PD) with meloxicam treatment, and 4
who refused meloxicam treatment were subjected to planned simple resection since 2009. Two of
nine patients with PD were initially treated with methotrexate and vinblastine, and followed by
planned simple resection. Eleven were female, and two male. Mean age of .patients was 39 years
ranging from 19 to 70. Six tumors occurred in the abdominal wall, four in the chest wall, two in the
posterior neck, and one in the anterior neck region. Mean largest diameter of tumors was 9.9 cm
(ranging from 4.5 to 18). Mean follow up period after planned simple resection surgery was 30

months (median: 26, ranging from 6-63) (Table 1).

Mutational status of CTNNBI1 gene

Point mutations of CTNNB1 exon 3 were confirmed in 7 of 13 cases (54%), and 2 patterns of
mutations were identified. Replacement of threonine by alanine (T41A) in codon 41 and serine by
phenylalanine (S45F) in codon 45 was detected in 6 and 1 cases, respectively (Table 1). In 3 of 6
cases with desmoid tumor arising in the abdominal wall, mutation was not detected in exon 3 (wild
type), 2 had codon 41 mutation (T41A) and one had codon 45 mutation (S45F). There was no
significant difference (p=0.91) in tumor site between wild type and mutation group. There were no

significant differences either in gender (p=1), age (p=0.97), or tumor size (p=0.76) between the

groups.
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Outcome of surgical treatment and mutational status

All thirteen patients underwent simple excision of desmoid tumors. Soft tissue reconstruction after
resection was required in 2 of 10 cases. Both cases had abdominal wall desmoid tumors, and a small
portion of an iliotibial band was used to patch a rectus sheath defect. No patients had surgery-related
complications. Histological examination of excised specimens revealed the surgical margin to be
microscopic positive in all thirteen cases. Only one of thirteen cases (8%) experienced recurrence 16
months after surgery, and this case had S45F mutation (Figure 1). Twelve cases with no recurrence
had T41A mutation or wild type (Figure 2). There was a trend (p=0.077) of recurrence in patients

with S45F mutation.

Discussion

The present study demonstrated the feasibility of simple resection in a cohort of truncal desmoid
tumors prospectively treated with meloxicam. Intriguingly, although tumor sites of the present
cohort were limited in trunk region (abdominal wall, chest wall and neck), 12 tumors with wild type
and T41A mutation did not recur with microscopic positive margins. Several recent studies
investigated the relationship of CTNNB1 mutational status and clinical outcome of surgery
[19,10,20,21,11,12]. Lazar et al revealed with a single institution based study that desmoid tumors
with S45F mutation had worse recurrence-free survival after surgical treatment [11]. Subsequently,
Colombo et al reported their multicenter retrospective study [10] including Lazar’s study cohort.
Results of their study based on 179 cases with surgical treatment indicated that tumors with S45F
mutation had a significantly higher recurrence rate compared with those with other mutations or wild
type. However, of 166 patients with evaluable margin status, 98 (59%) had RO resection and 68
(41%) had R1 resection, indicating the margin status was not identical in their cohort, making it

difficult to draw any definitive conclusions regarding the relationship between recurrence and

-61 -



mutational status and/or margin status. Contrary to the results of these studies, Mullen et al reported
a slightly worse 5-year recurrence-free survival for patients with CTNNB1 mutated tumors (58%)
than for those with wild type tumors in 115 cases treated with curative-intent surgical resection [12].
In their study, radiation therapy was delivered in an adjuvant fashion at the decision of the surgeon
and radiation oncologist when a higher risk for recurrence was predicted on clinical grounds, which
may have masked the correlation of CTNNB1 mutational status with local recurrence. Domont et al
demonstrated a significant correlation (p=0.02) between higher risk of recurrence and CTNNBI
mutated tumors, but did not find any significant differences among mutation types. Interestingly,
focusing on patients with RO (microscopic negative margins) resection analyzed, the recurrence rate
was significantly higher (p=0.02) in patients with mutated tumors than wild type tumors [20].
Considering that RO resection seems to be more associated with functional impairment in patients
with desmoid tumors, the significance of a specific genotype including wild type in patients with R1
(microscopic positive margins) resection should be investigated. The present study could suggest the
possible favorable prognostic value of wild-type and T41A mutation in patients with R1 resection.
There are some limitations in this study. Although of prospectively treated patients with identical
cohort (microscopic positive margins and no radiotherapy), only a small number of cases could be
enrolled in this study. Desmoid tumors arising in the extremities were not included in the present
study. Given that a previous study indicated a significantly higher incidence of the S45F mutation of
desmoid tumors in the extremities (p=0.005) among extra-abdominal sites [22], simple microscopic
positive resection could not be applied for most patients with extremity desmoid tumors.

In conclusion, we reported a successful case series of simple resection, even with microscopic
positive margins, to reduce the functional impairment in patients with truncal desmoid tumors with
wild type or T41A mutated tumors. Accumulating larger numbers of patients will help to clarify the

significance of the results of the present study more precisely with prospectively treated cohorts.
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Figure legends

Figure 1. Nineteen year-old female with a desmoid tumor arising in abdominal wall. T2-weighted
axial image (a) of magnetic resonance indicated desmoid tumor (arrows). CTNNB1 genotyping
showed this tumor was to be S45F mutation of exon 3 (b). Sagittal surface (c) and axial surface of
resected tumor were subjected to histological examination. Surgical margin was microscopic
positive (R1). Sixteen months after R1 resection, Recurrence of desmoid tumor (arrow heads) was

confirmed with T2-weighted axial image (d).

Figure 2. Thirty year-old female with a desmoid tumor arising in the right abdominal wall.
T2-weighted axial image (a) of magnetic resonance indicated desmoid tumor (arrows). CTNNB1
genotyping showed this tumor was to be wild type of exon 3 (b). Tumor with simple resection (c)
and a sagittal surface (d) and axial surface of resected tumor were subjected to histological

examination. Surgical margin was microscopic positive (R1).
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Table 1. Demographic data of 13 patients prospectively treated with simple resection

Age Gen- Tumor Tumor F/U Antecedent Rec Mutation
der site size duration treatment

30 F Abd. 18 63 Mo. Meloxicam - WT
19 F Abd. 13 54 Meloxicam + S45F
25 F Back 5.0 48 No - T41A
45 M Back 5.0 38 No - T41A
29 F Neck 7.1 38 Meloxicam - WT
39 F Abd. 8.4 45 Meloxicam - WT
70 F Neck 8.7 26 Meloxicam, Chemo — T41A
36 F Neck 4.5 26 No - WT
39 F Back 17 14 Meloxicam, Chemo — T41A
35 F Abd. 14 13 Meloxicam — T41A
40 F Abd. 12 10 Meloxicam — WT
62 M C.W. 12 9 Meloxicam - WT
36 F Abd. 4.5 6 No — T41A

F; female, M; male, Abd; abdominal wall, C.W.; chest wall, F/U; follow up, Mo.;
months, Chemo; MTX (methotrexate) + VBL (vinblastine), Rec; recurrence, WT;
wild type
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