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Learning Objectives Describe the frequency of CTNNB1 mutations in sporadic desmoid tumors.

Summarize findings regarding CTNNB1 mutation status and disease outcome.

KABSTRACT

Background. Mutations in the gene-encoding [-catenin,
CTNNB1, are highly prevalentin sporadic desmoid tumors and
may predict the risk for recurrence. We sought to determine
the prevalence of CTNNB1 mutations in a large cohort of spo-
radic desmoid tumorsand to determine whether CTNNB1 mu-
tation status correlates with disease outcome.

Methods. Single-base extension genotyping of the CTNNB1
gene was performed on 145 sporadic, paraffin-embedded
desmoid tumor specimens. Correlation of mutation status
with outcome was performed on a subset of 115 patients
who underwent macroscopically complete surgical resec-
tion.

Results. CTNNB1 mutations were detected in 106 of 145 (73%)
tumor specimens and in 86 of 115 (75%) specimens from pa-
tients who underwent curative-intent surgical resection, in-
cluding discrete mutations in the following codons of CTNNB1

exon 3: T41A (46%), SA5F (25%), S45P (1.7%), and S45C (0.9%).
Desmoid tumors of the superficial trunk were significantly less
likely to harbor CTNNB1 mutations than tumors located else-
where, but none of the other examined clinicopathologic fac-
tors were found to be associated with CTNNB1 mutation
status. At a median follow-up of 31 months, 5-year recur-
rence-free survival was slightly, although not statistically sig-
nificantly, worse for patients with 3-catenin-mutated tumors
than for those with wild-type tumors (58% vs. 74%, respec-
tively). The specific CTNNB1 codon mutation did not correlate
with the risk for recurrence.

Conclusion. CTNNB1 mutations are indeed common in spo-
radic desmoid tumors. However, our study did not detect a
statistically significant difference in recurrence risk according
to either the CTNNB1 mutation status or the specific CTNNB1
mutation. The Oncologist 2013;18:1043-1049

Implications for Practice: Mutations in the gene-encoding [3-catenin, CTNNB1, are highly prevalent in sporadic desmoid tumors,
yet whether mutation status and/or type predict outcome is not certain. In contrast to recently published studies from other
groups, we did not detect a significant difference in recurrence risk according to either the CTNNB1 mutation status or the specific
mutation. Accordingly, the impact of CTNNB1 mutation status in the treatment algorithm of these enigmatic tumors is uncertain
at present. However, with the acquisition of further data, and as the efforts to target 3-catenin as a therapy mature, knowledge of
the CTNNB1 mutation status may eventually permit a much more rational, individualized treatment approach to desmoid
tumors.

INTRODUCTION

Desmoid tumor, also known as aggressive fibromatosis, is a
mesenchymal tumor that arises from fascial or deep muscu-
loaponeurotic structures [1, 2]. Although desmoid tumors do
not metastasize, they can be locally invasive and exhibit a pro-
pensity to recur despite aggressive surgical resection. Des-
moid tumors may arise sporadically or in association with

familial adenomatous polyposis (FAP), caused by a germ-line
mutation in the adenomatous polyposis coli (APC) gene.
Treatment consists of surgery, radiation therapy, and sys-
temic therapies in various combinations. However, a consen-
sus understanding of optimal treatment approaches and their
outcomes is confounded by the rarity of desmoid tumors as
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well as by their unpredictable natural history, including the
spontaneous regression of some desmoid tumors in the ab-
sence of treatment [3, 4].

The occurrence of desmoid tumors in patients with FAP,
along with cytogenetic studies of aggressive fiboromatoses
from patients without FAP that showed the frequent loss of a
portion of the long arm of chromosome 5, suggested the po-
tential role of APC mutations and (3-catenin dysregulation in
sporadic desmoid tumorigenesis [5]. APC controls the cytoso-
lic levels of B-catenin, a cadherin-binding protein involved in
cell-celladhesion and a transcriptional activator of genes such
as c-MYC that promote cellular proliferation and survival [6].
The APC protein complex marks -catenin for degradation by
the proteosome by sequential phosphorylation of four critical
amino acids (serines 45, 37, and 33 and threonine 41), all en-
coded by exon 3 of the B-catenin gene [7, 8]. Most CTNNB1
mutations occur within this exon of the gene in the region en-
coding for the -catenin protein sequence that contains the
serine and threonine residues listed above. These mutations
lead to stabilization of the B-catenin protein, translocation
from the cytoplasm to the nucleus, and transcriptional activa-
tion of target genes [9]. Indeed, several recent studies have
demonstrated that the vast majority of sporadic desmoid tu-
mors harbor mutationsinthe CTNNB1 geneand notinthe APC
gene, and only three specific mutations in the CTNNBI gene
have been identified, one at threonine 41 (T41A) and two at
serine 45 (S45F and S45P) [5, 10—14]. Furthermore, two re-
cent studies have shown that CTNNBI-mutated desmoid tu-
mors have a significantly worse recurrence-free survival (RFS)
than wild-type tumors [15, 16]. However, Lazar et al. [16]
found that the S45F mutation in particular predicts a higher
risk for recurrence; whereas, Domont et al. [15] found that no
specificmutant genotype predicts outcome. These discrepant
results may be the result of differences in the patient cohorts
studied, as Domont et al. only considered extra-abdominal tu-
mors and included a high percentage of recurrent tumors,
whereas Lazar et al. included intra-abdominal desmoid tu-
mors and a higher percentage of primary tumors.

In this study, we sought to determine the prevalence of
CTNNB1 mutations in a large cohort of sporadic desmoid tu-
mors, including both primary and recurrent tumors and both
intra-abdominal and extra-abdominal sites, and to determine
whether CTNNB1 mutation status correlates with disease out-
come.

PATIENTS AND METHODS

Patients and Tumor Samples

Atotal of 160 formalin-fixed, paraffin-embedded desmoid tu-
mor specimens collected between 1984 and 2009 were re-
trieved from the pathology archives of the Massachusetts
General Hospital. All specimens were evaluated by an experi-
enced soft tissue pathologist (G.P.N.), and a histologic diagno-
sisof desmoid tumor was confirmedin each case. Clinical data,
including demographic, treatment, tumor, and outcome vari-
ables were collected and tabulated. To investigate the corre-
lation between B-catenin mutation status and outcome, we
included only those patients undergoing macroscopically
complete surgical resection (ROand R1resections), and we ex-
cluded those patients lost to follow-up and for whom com-
plete clinicopathologic data were lacking. This study was
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approved by the institutional review board of the Massachu-
setts General Hospital.

Patientage wasdefined asthe age atinitial presentationto
Massachusetts General Hospital. This definition was used for
patients with both primary and recurrent tumors, because the
date of initial diagnosis was not always available for patients
who presented with recurrent tumors. Tumor size was deter-
mined by pathology reports. Tumor site was categorized asin-
tra-abdominal or extra-abdominal, with the latter further
categorized as extremities, girdles (shoulder/axilla and hip/
buttock/groin), head and neck, or superficial trunk. Micro-
scopic margin status was retrieved from the final pathology
reports and was considered positive if the tumor was identi-
fied atthe inked margin of the pathologic specimen. Radiation
therapy was delivered in an adjuvant fashion at the discretion
of the surgeon and radiation oncologist when a higher risk for
recurrence was predicted on clinical grounds. In general, pa-
tients were seen for follow-up after definitive treatment every
three months for the first two years, then every 6 months until
year five, and thereafter patients were either seen on a yearly
basis or were considered cured, depending on the anticipated
risk for recurrence (e.g., higher risk for extremity tumors and
lower risk for abdominal wall tumors). Imaging studies were
typically obtained with each visit or with every other visit and
included an abdominopelvic computed tomography scan for
intra-abdominal tumors and a magnetic resonance imaging
scan for extremity and body wall desmoid tumors.

Single-Base Extension Mutational Analysis of CTNNB1
Codons41and 45

The histologic diagnosis of desmoid tumor was confirmed by a
soft tissue pathologist (G.P.N.), and tumor-rich formalin-fixed
paraffin-embedded blocks were identified for DNA extrac-
tion, as described previously [17]. Genotyping with a slightly
modified protocol was then performed. Briefly, tumor DNA
samples were analyzed for recurrent point mutations in
CTNNB1 codons T41 and S45 using the single-base extension
SNaPshot assay. CTNNB1 exon 3, which contains both target
codons41and45, wasamplifiedin asingle PCRreaction. After
thermocycling 38 cycles, PCR were cleaned up by adding 2 uL
of an exonuclease | (Exo) and shrimp alkaline phosphatase
(SAP) mixture. The extension primer pool mixed with RR mix (2
L) was added directly to the cleaned up PCR amplification
product for single-base extension. The extension primers
were designed to interrogate four bases corresponding to the
two target codons, all in the reverse direction: CTNNB1
¢.121A, c.122C, ¢.133T, and c.134C. The extension products
were treated with SAP using the same procedure used in the
Exo-SAP step and then analyzed with the ABI 3500xL Genetic
Analyzer (Applied Biosystems, Foster City, CA http://www.
appliedbiosystems.com). Detailed primerinformationis avail-
able upon request to the authors.

Statistical Methods

Binary and categoric comparisons were made using the chi-
squared test. Medians were compared using the Kruskal-Wal-
lis test. Time to local failure and RFS were calculated from the
time of surgery at our institution to first local recurrence. Pa-
tients who did not have a local recurrence at or before their
date of last contact or death were censored at this date. Local
recurrence was defined as clinical or radiologic evidence of tu-
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Table 1. Patient and disease characteristics (n = 115)

Overall (n = 115) n (%)

Primary (n = 95) n (%)

Recurrent (n = 20) n (%)

Variable or median (range) or median (range) or median (range)
Median follow-up (months) 31 28.6 36.9
Gender: female 85 (74%) 69 (73%) 16 (80%)
Age at diagnosis (years); median (range) 36.0 (3-76) 35.0 (3-76) 40.0 (21-76)
Age at diagnosis =30 years 73 (63%) 58 (61%) 15 (75%)
Disease presentation: primary 95 (83%) 95 (100%) 0 (0%)
Tumor size (cm); median (range) 7.0 (0.8-29.0) 7.0 (0.8-26.6) 6.5 (2.8-29.0)
Tumor size =5cm 86 (75%) 70 (74%) 16 (80%)
Tumor site: girdle 18 (16%) 12 (13%) 6 (30%)
Tumor site: head and neck 4 (3.5%) 2 (2.1%) 2 (10%)
Tumor site: extremity 36 (31%) 29 (31%) 7 (35%)
Tumor site: trunk—intra-abdominal 14 (12%) 13 (14%) 1 (5.0%)
Tumor site: trunk—superficial 43 (37%) 39 (41%) 4 (20%)
Resection type: RO 52 (45%) 41 (43%) 11 (55%)
Resection type: R1 63 (55%) 54 (57%) 9 (45%)
Radiation therapy: yes 10 (8.7%) 4 (4.2%) 6 (30%)
S45C mutation 1 (0.9%) 1(1.1%) 0 (0.0%)
S45F mutation 29 (25%) 23 (24%) 6 (30%)
S45P mutation 2 (1.7%) 2 (2.1%) 0 (0.0%)
T41A mutation 53 (46%) 43 (45%) 10 (50%)
T41A / S45P double mutation 1(0.9%) 1(1.1%) 0 (0.0%)
Wild type 29 (25%) 25 (26%) 4 (20%)

mor regrowth at the primary site. RFS curves were estimated
using Kaplan-Meier methodology, and comparisons were
made using the log-rank test. Univariate and multivariate Cox
proportional hazards modeling was used to estimate hazard
ratios for RFS. Logistic regression modeling was used to deter-
mine factors associated with CTNBB1 mutations. Two-sided p
values are provided. All statistical analyses were performed
using SAS version 9.2 (SAS Institute, Inc., Cary, NC, http://
WWW.sas.com).

RESULTS

CTNNB1 Mutations are Common in Sporadic Desmoid
Tumors

Of the 160 desmoid tumor samples (from 160 patients) that
had sufficient DNA extracted for CTNNB1 exon 3 gene se-
quencing, results were definitive in 149 (93%). After excluding
4 patients with a history of FAP (none with CTNNBI1 muta-
tions), 145 patients remained. A mutation in exon 3 of the
CTNNBI1 gene was identified in 106 (73%) of the 145 samples,
and all mutations were found at codons 41 and 45. These were
identified as c.121 A > G, or pThr-41-Ala (T41A), which was
identified in 65 samples (61%); c.134 C > T, or pSer45Phe
(S45F), identified in 35 tumor samples (33%); c.133T > C, or
pSer45Pro (S45P), foundin 3 samples (2.8%);and c.134C > G,
or pSer45Cys (S45C), identified in 1 tumor (0.9%) sample. Mu-
tations in both T41A and S45P were identified in the 2 (1.9%)
remaining samples.

Patient Characteristics According to CTNNB1 Genotype
After excluding 30 patients who did not undergo macroscopi-
cally complete surgical resection or who had incomplete clini-
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copathologic and/or follow-up data, 115 patients remained
and were included in the study (Table 1). Of these 115 pa-
tients, 85 (74%) were female and 30 (26%) were male. Median
age was 36 years. Primary desmoid tumors were presentin 95
patients (83%) at presentation, and 20 patients (17%) pre-
sented with recurrent tumors. Median tumor size was 7.0 cm
(range, 0.8—-29.0 cm). Surgical margins were microscopically
negative in 52 cases and positive in 63 cases. Adjuvant radia-
tion therapy was administered to 10 patients. The CTNNB1
mutation rate detected in this cohort (75%, or 86 of 115 cases)
was similar to that identified for the entire series, as was the
distribution of the specific mutations (T41A, 62%; S45F, 34%;
S45P, 2.3%; S45C, 1.2%; and T41A and S45P double mutant,
1.2%). CTNNB1 mutation status was negatively associated
with superficial trunk location (odds ratio = 0.31 [95% confi-
dence interval, 0.13—0.73], p = .008), but it was not signifi-
cantly associated with any other clinicopathologic factor
examined, including age, sex, tumor site, presentation status,
microscopic margin status, or receipt of radiation therapy. Tu-
mor size, considered to be either a continuous variable or a bi-
nary variable (<5 cm or =5 cm), was also not significantly
associated with CTNNB1 mutation status.

CTNNB1 Mutation Status Does Not Significantly
Correlate With Outcome

We sought to determine whether CTNNB1 mutation status
correlated with clinical outcome; namely, RFS. There were a
total of 31 local recurrences (27% of the cohort), 5 of which oc-
curred in patients with wild-type tumors and 26 of which oc-
curred in patients with CTNNB1-mutated tumors. Five-year
RFS was slightly, although not significantly, worse in the

©AlphaMed Press 2013


http://www.sas.com
http://www.sas.com

1046

3-Catenin Mutation Status in Desmoid Tumors

CTNNB1-mutated tumors (58.0%) than in the wild-type tu-
mors(73.6%) (p = .285) (Fig. 1). Five-year RFS did not differ sig-
nificantly among the different CTNNB1 genotypes (Fig. 2). The
estimated 5-year RFS rate was 59.8% (95% Cl, 35.4%, 77.5%)
for patients with the 45F mutation, 54.9% (35.6%, 70.5%) for
patients with the 41A mutation, and 73.6% (46.7%, 88.4%) for
patients with wild-type tumors. Because only four samples
harbored S45P, S45C, or double mutations, these tumors
were excluded from the analysis. In a multivariate Cox re-
gression model that included all patients, girdle/extremity
tumors were associated with a shorter time to local recur-
rence, whereas advanced age and RO resection status were
associated with longer RFS (Table 2). Given the small pro-
portion of patients treated with adjuvant radiation and sys-
temic therapies as well as the diversity and highly variable
startand stop dates of the systemic agents, we could not le-
gitimately analyze these data in a time-to-event statistical
analysis.

Because of the potential prognosticimpact of presenta-
tion status (primary vs. recurrent) on outcome, we ana-
lyzed the CTNNB1 genotype in patients with primary
tumors (n = 95) and found slightly higher 2-year rates of re-
currence in patients with mutated tumors (RFS, 64%) com-
pared with rates in patients with wild-type tumors (RFS,
77%); however, this failed to reach statistical significance
(p = .128) (Fig. 3). Similarly, CTNNB1 mutation status failed
to predict outcome for patients with recurrent desmoid tu-
mors. Because of the potential prognostic impact of surgi-
cal margin status on outcome, we also analyzed the
CTNNBI1 genotype in patients who underwent RO resection
(n =52), and we found the risk for recurrence to be similar
in patients with CTNNB1-mutated tumors andinthose with
wild-type tumors (Fig. 4).

DiscussioN

In this study, we identified a high frequency (~75%) of
CTNNB1 mutations in a large cohort of sporadic desmoid tu-
mors, including both primary and recurrent tumors at both in-
tra-abdominal and extra-abdominal sites. This mutation rate
is considerably higher than the rate of 39% to 54% reportedin
some of the earliest studies [11, 12, 14], butis quite consistent
with that reported in three recent large series, all of which
identified CTNNB1 mutations in 85% of their respective series
of sporadic desmoid tumors [10, 15, 16]. Similarly, we also
found that all of the mutations are clustered in exon 3 of the
CTNNB1 gene at threonine 41 and serine 45, emphasizing the
crucial role that these residues play in the Wnt signaling path-
way. Although we identified a very limited CTNNB1 muta-
tional spectrum in our series of desmoid tumors, including
high percentages of T41A and S45F mutants, we also identi-
fied one patient with an S45C mutation and another patient
with a T41A/S45P double mutation. To our knowledge, these
two CTNNB1 mutations have not been described previously in
desmoid tumors.

We also sought to determine whether CTNNB1 muta-
tion status predicted disease outcomeinasubsetof 115 pa-
tients who underwent macroscopically complete surgical
resection. We found that 5-year RFS was slightly, although
notsignificantly, worse in mutated tumors (58%) compared
with wild-type tumors (74%). This conclusion is true even
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RFS for wild-type tumors vs CTNNB1-mutated tumors
for RO and R1 patients treated with surgery
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Figure 1. Recurrence-free survival for wild-type tumors versus
CTNNBI1-mutated tumors in all patients.
Abbreviation: RFS, recurrence-free survival.

RFS by CTNNB1 genotype
for RO and R1 patients treated with surgery
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Figure 2. Recurrence-free survival by CTNNB1 genotype.
Abbreviation: RFS, recurrence-free survival.

when considering only primary tumors (i.e., not including
recurrenttumors) and when considering only those tumors
resected with negative margins (RO resections). These re-
sults contrastthosereported by Domontetal., whofounda
statistically significant difference in 5-year RFS between
wild-type tumors and mutated tumors (75% vs. 43%; p =
.02) [15]. It should be noted, however, that these authors
included eight patients, all of whom had CTNNB1 muta-
tions, who underwent R2 resections, and we reasonably
suspect that all of them subsequently had recurrence, no
doubt influencing the conclusions of the study. Neverthe-
less, our finding that no specific CTNNB1 mutation geno-
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Table 2. Coxregression models for all patients (n = 115)

Model Variable Hazard ratio (95% confidence interval) p value

Univariate Age at diagnosis (years) 0.98 (0.96, 1.00) .074
Age at diagnosis = 30 years 0.51 (0.25, 1.03) .062
Male 1.25 (0.54, 2.91) .602
Tumor location: Girdle or extremities 2.66 (1.23, 5.79) .013
Tumor location: Trunk—intra-abdominal 0.58 (0.18, 1.91) .369
Tumor location: Trunk—superficial 0.38 (0.15, 1.00) .050
Tumor size =5cm 1.00 (0.45, 2.24) .999
Primary tumor 2.33 (0.70, 7.75) .166
Resection type: RO 0.33 (0.14, 0.77) .010
Mutation status: Wild-type 0.59 (0.23, 1.56) .290

Multivariate Age at diagnosis (years) 0.97 (0.95, 1.00) .034
Tumor location: Girdle or extremities 2.93 (1.32, 6.51) .008
Resection type: RO 0.38 (0.16, 0.88) .025

RFS for wild-type tumors vs CTNNB1-mutated tumors
for primary RO and R1 patients treated with surgery
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Figure 3. Recurrence-free survival for CTNNB1-mutated tumors
versus wild-type tumors in patients with primary tumors.
Abbreviation: RFS, recurrence-free survival.

type (e.g., T41A or S45F) predicts outcome is in agreement
with the findings reported by Domont et al., who found a
statistically nonsignificant trend toward a higher risk for re-
currence for S45F-mutated tumors. These data contradict
the results of Lazar et al., who reported that the risk for re-
currence in desmoid tumors was strongly associated with
the S45F mutation [16].

These discrepancies may be because each of these stud-
ies included distinct populations of patients with desmoid
tumors, included variable percentages of patients with pri-
maryversusrecurrenttumors, included patients withintra-
abdominal versus extra-abdominal tumors, and included
patients with RO versus R1 versus R2 resections. Further-
more, the therapies rendered to patients in these studies,
including adjuvant radiation and medical therapies, are
highly variable. Moreover, the recurrence rates reported in

www.TheOncologist.com

RFS for wild-type tumors vs CTNNB1-mutated tumors
for RO resections treated with surgery
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Figure 4. Recurrence-free survival for wild-type tumors versus
CTNNBI1-mutated tumors in patients undergoing RO resection.
Abbreviation: RFS, recurrence-free survival.

each of these three studies vary quite markedly. These sig-
nificant differencesinrecurrence rates may be the result of
any of a number of factors, including differences in tumor
location, ROresection rates, and patient age, and may mask
the effect that CTNNB1 mutation status might have on risk
for recurrence. For instance, in this study we report 5-year
RFS rates of 58% and 73.6% for wild-type and mutated tu-
mors, respectively. Domont et al. reported 5-year RFS rates
of 43% and 75%, respectively, and Lazar et al. reported
5-year RFS rates of 23% for S45F-mutated tumors, 57% for
T41A-mutated tumors, and 65% for wild-type tumors. Fi-
nally, our study is underpowered to show a 15%—20% dif-
ference in RFS according to mutation status. Specifically,
this study has only 29% power to detect the 16% difference
in 5-year RFS (58% vs. 74%) that we identified ata two-sided
significance level of 5%. Thus, with greater patient num-
bers, perhaps by combining our population of patients with

©AlphaMed Press 2013



1048

3-Catenin Mutation Status in Desmoid Tumors

those from other centers, we may be able to demonstrate a
statistically significant difference in RFS according to CT-
NNB1 mutation status.

Given that there is significant controversy about the
true prognostic impact of CTNNB1 mutation status in des-
moid tumors, one might reasonably question what role, if
any, this factor plays in the treatment algorithm of these
complicated tumors. Certainly, genotyping of CTNNB1
exon 3isusefulasadiagnostictestto distinguish a desmoid
tumor from an otherwise pathologically confusing entity
such as postsurgical scar. However, it is not clear what im-
pact CTNNB1 mutation status might have on the current
“watch and wait” posture that many surgeons now take in
the treatment of desmoid tumors in light of at least two re-
cent studies supporting the safety of this more conserva-
tive approach [3, 18]. These studies confirm that up to 50%
of patients with extra-abdominal desmoid tumors will ex-
hibit spontaneous tumor growth arrest after initial pro-
gression, and that many if not most of these patients will
not require any treatment whatsoever. Clearly, because up
to 85% of sporadic desmoid tumors harbor a CTNNB1 exon
3 mutation, a large proportion of these tumors exhibiting
growth arrest are in fact mutated tumors. This finding sug-
gests that 3-catenin mutation status, rather than trumping
all other clinicopathologic factors, is just one of the many
clinical, pathologic, and molecular factorsto considerin the
managementofthesetumors.Inaddition, thereisnoshort-
age of controversy when it comes to the prognosticimpact
of margin status, adjuvantradiation therapy, and other fac-
tors on desmoid tumor outcome.

Our practice at Massachusetts General Hospital is to per-
form CTNNB1 exon 3 genotyping on every desmoid tumor we
biopsy, and we store these datain our clinical outcomes data-
base.Alarge proportion of these patients, especially those pa-
tients who are asymptomatic or who have tumors in
anatomically challenging locations, are simply followed ex-
pectantly on no therapy at all or on a medical therapy of low
toxicity, such as sulindac. Another subset undergo surgical re-
section and/or radiation therapy, but these decisions are cur-
rently made on clinical grounds alone (i.e., degree of
symptoms, tumor growth rate, estimated morbidity of the
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