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Purpose: To identify prognostic factors influencing progression-free survival (PFS) of aggressive fibromatosis (AF) after
postoperative radiotherapy (PORT) and assess correlations between immunohistochemistry (IHC) features of B-catenin/smooth
muscle actin (SMA) and PFS.

Materials and Methods: Records of 37 patients with AF treated by PORT from 1984 to 2015 were retrospectively reviewed.
Fifteen patients underwent wide excision for AF and 22 patients received debulking operation. The median total dose of PORT was
59.4 Gy. IHC staining results of B-catenin and SMA were available for 11 and 12 patients, respectively.

Results: The median follow-up duration was 105.9 months. Five-year PFS rate was 70.9%. Tumor size or margin status was not
related to PFS in univariate analysis (p = 0.197 and p = 0.716, respectively). Multivariate analysis showed that increased interval from
surgery to PORT (>5.7 weeks) was a marginal risk factor for PFS (p = 0.054). Administration of PORT at the initial diagnosis resulted
in significantly improved PFS compared to deferring PORT after recurrence (p = 0.045). Patient with both risk factors of deferring
PORT after recurrence and interval from surgery to PORT >5.7 weeks had significantly lower 5-year PFS than patients without risk
factor (34.1% vs. 100.0%; p = 0.012). Nuclear -catenin intensity tended to inversely correlate with 5-year PFS, although it did not
reach statistical significance (62.5% at low vs. 100.0% at high; p = 0.260). SMA intensity was not related to PFS (p = 0.700).
Conclusion: PORT should be performed immediately after surgery irrespective of margin status or tumor size especially in
recurrent case. Nuclear B-catenin staining intensity of IHC might correlate with local recurrence.
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Introduction monoclonal myofibroblastic neoplasm [1-3]. However, it is
markedly locally infiltrative with high local recurrence rate
Aggressive fibromatosis (AF) or desmoid tumor is a rare benign ~ [1]. Recently updated recommendations of the European
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Desmoid Working Group suggest a watch and wait strategy
as front-line approach until as long as 2 years after diagnosis.
Surgery is considered if the tumor progresses according to its
anatomical location [2]. Postoperative radiotherapy (PORT) is
not strongly recommended unless surgery is performed for
AF in head, neck, and intrathoracic site [2]. PORT has been
suggested when there are high risk features of local recurrence
such as recurrent disease and positive resection margin [4,5].
However, treatments were not uniform among patients in
previous studies. In addition, prognostic factors varied from
study to study.

[-catenin is a transcriptional activator [6]. S45F mutation
of B-catenin is significantly associated with an increased
risk of recurrence [3,7]. Lazar et al. [3] have reported that
immunohistochemistry (IHC) staining intensity of nuclear
[-catenin is inversely correlated with recurrence. In their
study, IHC staining was evaluated only in primary AF patients
for whom whether PORT was performed was unknown.

Activated myofibroblasts with smooth muscle actin (SMA)
are main cellular components in the tumor stroma [8]. It
has been proposed that these activated myofibroblasts are
associated with tumor progression [9]. Gebert et al. [10] have
revealed weak positive IHC staining for SMA in less than 109%
of AF cells. However, they did not analyze the relationship
between SMA and survival of patients with AF.

The objective of this study was to evaluate progression-free
survival (PFS) and prognostic factors of patients with primary
or recurrent AF treated with PORT. In addition, correlations of
IHC markers and PFS were determined.

Materials and Methods

1. Patients

We retrospectively recruited 41 patients with pathologically-
proven AF who underwent PORT from 1984 to 2015 at our
institution. We excluded 4 patients who received radical
radiotherapy (RT). Finally, a total of 37 patients were analyzed
in this study. The Institutional Review Board of Seoul National
University Hospital approved this study protocol (No. H-1803-
036-926). Medical records of patients were retrieved from the
hospital database. The informed consent was waived because
of the retrospective design.

2. Immunohistochemistry

We reviewed all available IHC slides for B-catenin (n = 5)
and SMA (n = 5). Additional IHC staining was performed if
surgical specimens were stored (B-catenin, n=6; SMA, n=7).
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Four-um-thick sections were stained using a BenchMark
autostainer (Ventana, Tucson, AZ, USA) according to the
manufacturer's instructions. Mouse monoclonal antibodies
against -catenin (CAT-5H10, dilution 1:800; Invitrogen,
Carlsbad, CA, USA) and SMA (1A4, dilution 1:500; Dako,
Glostrup, Denmark) were used. Intensity of IHC was graded
by two independent researchers. The grading system used in
the study of Lazar et al. [3] was modified to be applied for
nuclear B-catenin staining. If nucleus accumulation was not
observed or if it only could be confirmed by viewing at x400,
low intensity was considered. Otherwise, high intensity was
considered. For SMA grading, we used the method adapted by
Parikh et al. [11]. If staining intensity of tumor cell was equal to
or higher than that of vessels, it was defined as high intensity.
Otherwise, it was defined as low intensity.

3. Statistical analysis

PFS was defined from the date of RT completion to the date
of disease progression or recurrence. We defined RT timing
as the interval from surgery to beginning of RT. RT duration
was defined as the period between beginning and end of RT.
PFS rates were estimated using Kaplan-Meier method and
compared using log-rank test. To identify prognostic factors of
PFS, univariate and multivariate analyses were conducted using
Cox proportional hazard model. We conducted multivariate
analysis using variables with p < 0.100 in univariate analysis. A
p-value less than 0.05 was considered statistically significant.
All statistical analyses were conducted using R project version
3.4.2 (https://www.r-project.org/).

Results

1. Patient characteristics

Baseline characteristics of patients and treatment are shown
in Table 1. The median age of patients was 29 years (range,
3 to 80 years). Lower extremity was the most common site
of involvement (n = 14, 37.8%), followed by the abdomen
(n = 8, 21.6%). Fifteen patients received PORT at the time
of initial diagnosis and 22 patients were treated with PORT
after recurrence. Among the recurred 22 patients, the median
number of recurrences before the first PORT was 2 (range, 1 to
8). Fifteen patients underwent wide excision and 29 patients
had positive resection margin. PORT was delivered with two-
dimensional RT (n = 19), three-dimensional conformal RT (n =
16), or intensity-modulated RT technique (n = 2).

We applied the general RT principle to the sarcoma and
included the site of the primary tumor and a range of
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Table 1. Patients’ characteristics (n=37)

Characteristic No. (%)

Age (yr), median (range) 29 (3-80)
Sex

Male 16 (43.2)

Female 21 (56.8)
Location

Neck 5(13.5)

Thorax 3(8.1)

Abdomen 8 (21.6)

Back 2 (5.4)

Upper extremity 5(13.5)

Lower extremity 14 (37.8)
PORT at

Initial 15 (40.5)

Recurrence 22 (59.5)
Tumor size (cm)

<10 23 (62.2)

=10 14 (37.8)
Surgery

Wide excision 15 (40.5)

Debulking 22 (59.5)
Resection margin

egative 8(21.6)

Positive 29 (78.4)
PORT modality

2D-RT 19 (51.4)

3D-CRT 16 (43.2)

IMRT 2 (5.4)

PORT, postoperative radiotherapy; 2D-RT, two-dimensional ra-
diotherapy; 3D-CRT, three-dimensional conformal radiotherapy;
IMRT, intensity-modulated radiotherapy.

surrounding normal tissues and treated appropriately
considering the primary site of the tumor. In particular, in
patients treated with three-dimensional conformal and
intensity-modulated RT, clinical target volume was defined by
three-dimensional auto-expansion of 2-5 ¢m in the superior-
inferior direction and 1-3 c¢m in the radial direction to the
tumor bed. Planning target volume was defined by three-
dimensional auto-expansion of 0-0.5 ¢cm to the clinical target
volume. The median total dose was 59.4 Gy (range, 45 to 66
Gy in 1.7 to 2.15 Gy). The median of RT timing was 5.7 weeks
(range, 3.0 to 10.9 weeks). Three patients were treated with
systemic therapies: one patient received tamoxifen followed
by imatinib, one received imatinib following methotrexate
and vinblastine, and the other received vincristine and
actinomycin-D. Two patients (5.4%) were associated with
familial adenomatous polyposis.
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Fig. 1. Kaplan-Meier survival curve of progression-free survival.
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Fig. 2. Progression-free survival by the number of risk factors.
p-values were estimated using log-rank test and compared with
the number of risk factors = 0.

2. Survival outcomes and prognostic factors

The median duration of follow-up was 105.9 months (range, 7.7
to 311.1 months). Five-year PFS rate was 70.9% (Fig. 1). Eight
patients experienced in-field failure and 3 patients developed
out-field failure. In univariate analysis (Table 2), administration
of PORT at the initial diagnosis resulted in marginally improved
PFS compared to deferring PORT after recurrence (hazard
ratio [HR], 7.544: 95% confidence interval [Cl], 0.966-58.950;
p = 0.054). In addition, RT timing >5.7 weeks was also a
marginally poor prognostic factor, with a HR of 3.373 (95% Cl,
0.892-12.760; p = 0.073). Tumor size, extent of surgery, margin
status, or RT dose was not significant prognostic factor. On
multivariate analysis (Table 2) involving administration of
PORT at the initial diagnosis and RT timing, these two variables
were all associated with PFS, with HR of 8.173 (95% Cl, 1.044-
63.990; p = 0.045) and 3.698 (95% Cl, 0.975-14.020; p = 0.054),
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Table 2. Univariate and multivariate analyses of progression-free survival using Cox proportional hazard model

) No. of Univariate Multivariate

Variable .
patients p-value HR (95% CI) p-value HR (95% CI)

Sex

Male 16 0.231 Ref

Female 21 2.255 (0.597-8.522)
Ageal 0.155 0.975 (0.940-1.010)
Location

Extra-abdomen 29 0.998 Ref

Abdomen 8 3.318e-09 (0-infinity)
Tumor size” 0.197 1.086 (0.958-1.231)
Surgery

Wide excision 15 0.446 Ref

Debulking 22 0.630 (0.192-2.068)
Margin

Negative 8 0.716 Ref

Positive 29 1.330 (0.287-6.166)
PORT

At initial 15 0.054 Ref 0.045 Ref

At recurrence 22 7.544 (0.966-58.950) 8.173 (1.044-63.990)
RT dose” 0.152 0.999 (0.998-1.000)
RT timing® (wk)

<5.7 18 0.073 Ref 0.054 Ref

>5.7 19 3.373 (0.892-12.760) 3.698 (0.975-14.020)
RT duration®” 0.399 0.768 (0.415-1.419)

HR, hazard ratio; Cl, confidence interval; PORT, postoperative radiotherapy; RT, radiotherapy.
“Incremental. Interval from operation to radiotherapy. “Period between beginning and end of radiotherapy.

respectively.

We considered RT timing longer than 5.7 weeks and
deferring PORT after recurrence as risk factors. PFS rates of
37 patients were then compared according to the number of
risk factors (Fig. 2). Five-year PFS rates of patients with no risk
factor and one risk factor were 100% and 82.2%, respectively,
showing no significant difference between the two (p = 0.203).
However, patients with 2 risk factors had significantly lower
5-year PFS rate than patients with no risk factor (34.1% vs.
100.0%; p = 0.012).

3. Immunohistochemistry of f-catenin and SMA

IHC staining intensities for B-catenin and SMA were available
for 11 and 12 patients, respectively. Based on IHC intensity
of nuclear B-catenin, 6 patients were included into the low
intensity group while 5 were assigned into the high intensity
group (Fig. 3A). The 5-year PFS rate was 100% in the high
intensity group and 62.5% in the low intensity group (Fig. 3B),
showing no significant difference between the two (p = 0.260).
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Seven patients had low staining intensity of SMA while five
patients had high intensity. The 5-year PFS rate was 66.7%
regardless of its intensity (p = 0.700).

Discussion and Conclusion

In this study, local control rate for AF was comparable to that
in other studies [1,12-14]. The longer the interval from surgery
to PORT, the poorer the survival rate. Administration of PORT
at initial diagnosis resulted in significantly improved PFS
compared to deferring PORT after recurrence. Patients with
higher nuclear 3-catenin intensity tended to have better PFS.

In previous studies, the incidence of AF was so low that
the treatment strategy was not unified among patients.
Furthermore, some patients did not receive PORT while others
received PORT [12]. With such differences, prognostic factors
affecting survival may be different from study to study. Unlike
other studies, we confined patients with AF to those who
received PORT.

https://doi.org/10.3857/r0}.2018.00542
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Fig. 3. Intensity classification of 3-catenin immunohistochemistry
(A) and comparison of progression-free survival according to
[-catenin intensity using log-rank test (B). Low intensity group,
negative or view nuclei at x400 to confirm nuclear accumulation
(n = 6); high intensity group, view at x200 (n = 5).

Almost 60% of patients underwent PORT after recurrence.
The median number of relapses before receiving PORT was 2.
At the time of initial diagnosis of AF, PORT was delivered to
15 patients due to positive resection margin (n = 13), close
resection margin (n = 1), or large tumor size (n = 1; 13 cm in
size). These represent the current clinical practice of deferring
PORT unless there are risk factors for local recurrence.

To the best of our knowledge, this is the first study to
examine the relationship between the onset of PORT and
survival of patients with AF. Multivariate analysis showed
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that increased RT timing was associated with poorer PFS.
This result might be explained by repopulation of microscopic
residual disease after surgery. The reasons for delayed RT were
wound problem in 3 patients and re-evaluation after surgery
in 2 patients. One patient had delayed RT due to waiting for
full engraftment. The other one was due to a change in the
institution receiving RT. However, most of the patients who
received RT after 5.7 weeks postoperatively started RT late
for no apparent reason (n = 12; 63.2%). There should be a
need to prepare for RT immediately after diagnosis of surgical
specimens. Patients treated with PORT at initial diagnosis had
better PFS than those with PORT after recurrence.

The resection margin status has been considered to be the
most important prognostic factor for local control [15,16].
In particular, Ballo et al. [16] reported that because PORT for
positive margin improved the prognosis, function-preserving
surgery was appropriate. Contrary to expectations, our study
showed no significant difference in PFS between negative
and positive resection margins. Nine of 29 patients with
positive resection margin developed disease progression or
local recurrence. Among 8 patients with negative resection
margin, 2 patients experienced local recurrence. Although
the number of disease progression or recurrence in our study
might be too small to obtain statistical power, Salas et al. [17]
have also reported that resection margin does not consistently
correlate with recurrence. They explained that AF was markedly
infiltrative, making it difficult to assess resection margin [17].

Several studies have demonstrated that nuclear 3-catenin
expression evaluated by IHC is observed in more than 80%
of patients with AF [18,19]. Similarly, nuclear -catenin
accumulation was recognized in 83% of available cases in our
study. Gebert et al. [10] have proposed that nuclear B-catenin
expression is associated with an increase in local recurrence.
However, Lazar et al. [3] have reported that decreased rather
than increased intensity of nuclear B-catenin is associated
with more aggressive phenotype. Our results suggested a
tendency of an inverse correlation between PFS and nuclear
[-catenin expression as the result of Lazar et al. [3], although
the correlation was not statistically significant in the present
study. It was surprising that patients with high intensity
of PB-catenin did not experience any local failure. Possible
explanation for this might be that nuclear translocation
of B-catenin can promote cell proliferation and f3-catenin
protein levels are peak at G2/M phase of the cell cycle [20]
which is known as the radiosensitive phase. Considering only
9 of 37 patients received PORT in the study of Gebert et al.
[10], our results suggested that PORT might improve PFS in
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patients with AF expressing high nuclear B-catenin intensity.
Further basic research is needed to evaluate the underlying
mechanism.

Limitations of our study include its retrospective nature and
a small number of patients. The long study inclusion period
resulted in receiving PORT with heterogeneous techniques
and doses. About half of patients underwent two-dimensional
radiotherapy not used currently. Finally, external validation of
grading system of IHC is required. Future prospective trials are
needed. However, considering rare incidence of AF, such trials
are difficult to be conducted.

In conclusion, PORT should be performed immediately after
surgery irrespective of margin status or tumor size especially
in recurrent case. Nuclear f-catenin staining intensity
of IHC might be correlated with local recurrence. Further
investigations are needed to validate its prognostic value.
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