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Purpose: To identify high-risk patients with desmoid tumors who could benefit from postoperative radiotherapy
(RT) and to determine the efficacy of postoperative and definitive RT.

Materials and Methods: Retrospective analysis of clinical data for all patients with desmoid tumors who under-
went definitive local therapy at the University of Michigan from 1984 through 2008. Estimates for local control
were calculated using the product-limit method of Kaplan and Meier, and associations with patient, tumor, and
RT characteristics were explored using Cox proportional hazard regression.

Results: Treatment for 95 patients who qualified for the study included surgery, RT, or both in 54, 13, and 28 cases,
respectively. With a median follow-up of 38 months, the actuarial 3-year local control (95% confidence interval
[CI]) was not significantly different (p = 0.3) among the three treatment groups: 84.6% (70.2-92.4), 92.3%
(56.6-98.9), and 69.0 % (43.1-84.9), respectively. Tumor site in the head/neck (p = 0.03) and history of previous sur-
gical therapy (p = 0.01) were associated with increased recurrence risk (HR = 2.8, 95% CI 1.1-7.4, and HR = 3.2,
95% CI = 1.3-7.8), whereas gender, age, use of RT, and positive margins were not (p > 0.2).

Conclusions: Our findings suggest equivalent local control rates after surgery, RT, or a combination of both. Al-
though history of previous surgical therapy or site of origin in the head/neck region were found to be associated
with increased risk of recurrence after local therapy, there was no clear association between surgical margin status
and local control. © 2010 Elsevier Inc.

Desmoid tumors, radiotherapy, surgery, local control, surgical margins.

INTRODUCTION factors has been a major thrust of clinical research. Many
such factors have been suggested, including tumor size,
site, number of prior treatments, age, association with famil-
ial adenomatous polyposis (FAP), and margins of resection
(2). On this topic, also, there is little agreement between var-
ious publications.

One of the key questions that remain unsettled is the prog-
nostic significance of microscopic positive margins and the
need for RT in this setting. Whereas Nuyttens et al. (1), Spear
etal. (3),Ballo et al. (4), and Stoeckle et al. (5) reported a sig-
nificant increase in the risk of local relapse associated with
positive resection margins, Gronchi et al. (6), Merchant
et al. (7), and Lev et al. (8) demonstrated no such effect.

RT alone has been used in patients with unresectable tu-
mors or in patients in whom resection would result in high
morbidity and major loss of function. In general, most re-
views suggest a high rate of local control, equivalent or at
times superior to that achieved with surgery (2). This high
rate of control is achieved despite a frequent selection bias

Desmoid tumors are rare, slow-growing mesenchymal tu-
mors with a high predilection for local recurrence. The
management of desmoid tumors is controversial. Although
surgery remains the mainstay of therapy, options include
observation, radiotherapy (RT), chemotherapy, hormonal
and anti-inflammatory therapy, or a combination thereof.
Because of their rarity, high-level evidence (such as
from prospective randomized trials) of efficacy does not
exist, and treatment recommendations are based on retro-
spective reviews and expert opinions; consequently, con-
troversy is common. Decision making is further
complicated by the seemingly variable natural history of
this disease.

In patients treated with resection alone, local relapse is
common. In a review of 22 series including 780 patients,
Nuyttens et al. (1) reported a relapse rate of 39%. Since re-
lapse and the consequent salvage therapy is associated with
reduction or loss of function, identification of predisposing
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in favor of surgery, as RT is typically used for large ag-
gressive tumors, often after failure of other therapies.

To identify risk factors for relapse after resection, and to
determine the usefulness of RT as an adjunct to surgery
and as the sole treatment for unresectable tumors, we have
undertaken a retrospective review of our institutional experi-
ence.

METHODS AND MATERIALS

Patient population

With the approval of the Institutional Review Board, we retro-
spectively examined the medical records of all patients treated at
the University of Michigan for desmoid tumors between 1984 and
2008. All patients were evaluated by the University of Michigan
Cancer Center multidisciplinary connective tissue oncology group,
who also rendered treatment recommendations. Of 104 patients
identified, 95 received curative-intent local therapy with surgery,
RT, or both and were the focus of this analysis. The remaining 9
patients received primary medical therapy. Patients with FAP
were not included in the study. We collected data regarding the fol-
lowing: patient age and sex; tumor site, size, and presentation (i.e.,
primary vs. recurrence); treatment detail including surgical resection
margins, RT technique, dose and schedule, types and duration of
medical therapy; and outcome (local and distant failure and death).
Table 1 summarizes the main patient and tumor characteristics by
treatment group.

Treatment

Surgical resection was performed with the intent of achieving
wide margins (several centimeters), when possible. If it was judged
that such resection would result in significant loss of function, a mar-
ginal resection was performed. Adjuvant RT was offered only to pa-
tients who were thought to be at high risk for local relapse, mostly
because of positive margins. Patients with unresectable tumors
and those in whom surgery was judged to result in significant loss
of function were treated with definitive RT.

Full RT detail was available for 29 of 41 patients. Nine patients
received RT in other hospitals affiliated with the University of
Michigan, and RT records for another 3 patients were not available.
Megavoltage radiation of 6 to 15 MV was delivered in all cases. On
rare instances, this was combined with 9- to 12-MeV electron radi-
ation. The surgical bed (or primary tumor in unresectable cases)
was treated with wide margins, and a boost has been used in
46% of the cases. Special immobilization devices were used in
79% of patients, including a mask for tumors in the head and
neck region and a cradle for extremity tumors. The majority of pa-
tients were treated in the supine position, but patients with pelvic
tumors or tumors in the back were treated in the prone position.
CT scan for treatment planning was performed in 83% of cases,
and in two-thirds of cases it was used for three-dimensional plan-
ning. Median radiation dose was 55.8 Gy (range 50—68.4) delivered
in 1.8- to 2-Gy fractions.

Statistical methods

Freedom from local recurrence was the primary endpoint of this
study and was estimated using the product-limit method of Kaplan
and Meier. Time to local recurrence was calculated from the date
of treatment until documented local recurrence (event), or last clin-
ical visit (censor). The association between the primary endpoint
and patient, tumor, and treatment characteristics (including RT)
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were explored using Cox proportional hazard regression. Wald-
type p values were calculated per characteristics, with values
less than 5% considered meaningful evidence for significant asso-
ciation.

RESULTS

Table 1 provides a summary of patient and tumor charac-
teristics by treatment group. The median age of the patients
was 38 years (range, 8—87 years). Of the 95 patients who re-
ceived curative-intent therapy, 54 had surgery alone, 28 had
surgery and RT, and 13 had RT alone. As reflected in Table 1,
RT was used mostly as adjuvant therapy for patients with
positive surgical resection margins or other factors judged
to indicate high risk for relapse, or alone in patients with un-
resectable tumors.

With a median follow-up time of 38 months (range, 1
month to 23 years), the crude rate of recurrence for surgery
alone, RT alone, and surgery plus RT was 8 of 54 (14.8%),
2 of 13 (15.4%), and 9 of 28 (32.1%), respectively. The actu-
arial 3-year freedom from recurrence (95% CI) was 84.6%
(70.2-92.4), 92.3% (56.6-98.9), and 69.0% (43.1-84.9), re-
spectively. These differences were not statistically significant
(p = 0.300). Figure 1 depicts freedom from recurrence by
treatment group. For those with local recurrence, the median
time to recurrence was 21.9 months (range 7 months to 12
years), with only two recurrences diagnosed more than 5
years after therapy.

Time to recurrence was significantly associated with body
site and prior surgical treatment (Table 2). Seven of 19
(36.8%) head-and-neck cancer patients experienced recur-
rence during follow-up. The recurrence rate was much lower
for patients with tumors in the trunk, extremities, and pelvis/
mesentery/retroperitoneum: 9 of 54 (16.8%), 2 of 12
(16.8%), and 1 of 10 (10.0%), respectively (HR = 2.8, 95%

Table 1. Patient and tumor characteristics by treatment

Treatment: n (%)

Surgery
Surgery  Radiotherapy and
Characteristic alone alone radiotherapy
Frequency 54 13 28
Male sex 22 (40.7) 5(38.5) 9 (32.1)
Age >38 years 29 (53.7) 5(38.5) 16 (57.1)
Body site
Trunk 34 (63.0) 3(23.1) 17 (60.7)
Extremities 2@3.7) 5(38.5) 5(17.9)
Head and neck 11 (20.4) 3(23.1) 5(17.9)
Pelvis/mesenteric/ 7 (13.0) 2(15.4) 1(3.6)
retroperitoneal
Prior surgery 4(7.4) 5 (38.5) 14 (50.0)
Tumor size (median) 5.5 10.0 7.7
Surgical margin status
Positive 24 (44.4) 26 (92.9)
Negative 22 (40.7) 2(7.1)
Indeterminate/ 8 (14.8) 0
unknown
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Fig. 1. Freedom from recurrence estimates for surgical, radiother-
apy, and combination patients (N = 95).

CI = 1.1-7.4, p = 0.03). Nine of 23 (39.1%) patients with
a prior definitive surgery experienced recurrence, whereas
only 10 of 72 (13.9%) patients without such a preceding ther-
apeutic attempt recurred (HR = 3.2, 95% CI =1.3-7.8,
p = 0.01). Figures 2 and 3 present estimates for freedom
from recurrence for patients with desmoid tumor originating
in the head-and-neck region vs. other body sites and for pa-
tients with prior surgery vs. others, respectively.

Margin status was not significantly associated with time
to recurrence in this population. However, when considering
only surgical cases for which surgical margin status was
known (N = 74), the point estimate for the hazard ratio
was 2.67, with 95% confidence interval 0.60 to 11.85, sug-

Table 2. Univariate associations between patient and tumor
characteristics and time to recurrence.

Characteristic p Value
All cases (N =95)
Radiotherapy (yes vs. no) 0.2252
Sex 0.7534
Age (continuous) 0.5399
Age >38 years (median) 0.3003
Body site 0.0357
(head and neck vs. all others)
Earlier definitive 0.0123
surgical treatment (yes vs. no)
Surgical cases only (n = 82)
Surgical margin 0.2329
status (+ vs. —, indeterminate)
Surgical cases with defined margins (N = 74)
Tumor size (median) 0.5897
Surgical margin 0.1969

status (+ vs. —)

gesting that the effect of surgical margins was large but not
large enough to be discerned with high power, given the
sample size. We hypothesized that the effect of surgical
margins might have been blunted by the administration of
RT in patients with positive margins. Therefore we per-
formed univariate analysis to assess the effect of post oper-
ative RT on local control separately in patients with positive
margins (50 patients, of whom 26 received RT), which did
not reveal an association between RT delivery and local
control (p = 0.989). Multivariate modeling to simulta-
neously account for surgical margin status and RT use
was not attempted because only 2 patients with surgery
and RT had negative margins. Therefore the effect of RT
is almost entirely confounded by the presence of positive
surgical margins.

Next we have examined the relationship between radia-
tion dose and risk of local relapse. Patients who had RT
only received a mean dose of 50 Gy. Within this group, there
have been only two failures (at doses of 50 Gy and 54 Gy).
For patients treated with surgery and RT, the mean RT dose
in those experiencing recurrence locally was 56.1 Gy (min-
imum = 50.0, maximum = 59.4), and patients not experienc-
ing recurrence locally had a mean RT dose of 53.4 Gy
(minimum = 48.6, maximum = 68.4). The data do not sug-
gest a meaningful relationship between dose and local recur-
rence. A ¢ test for the comparison of the means yielded a p
value of 0.2062.

RT had to be discontinued because of acute toxicity in only
a single case, in which RT was delivered to the foot. Long-
term toxicity was mostly observed in patients who underwent
both surgery and RT at various stages of their disease. This
included Horner’s syndrome, dysphagia and frozen shoulder
(1 patient), osteonecrosis (1 patient), large muscular defect (1
patient), nonhealing tissue defect requiring surgical interven-
tions (2 patients), limb contracture (2 patients), lower limb
weakness and edema (1 patient), chronic pain (4 patients),
limitation of motion (3 patients), and pain combined with
limitation of motion (2 patients). There were two patients
with equines deformity requiring surgery after RT alone,
and 1 patient with chronic pain after surgery alone and one
amputation. There was one death from secondary malig-
nancy (gastric cancer) in a patient who received RT to the ret-
roperitoneum. This patient also experienced chronic
malabsorption, but had a history of systemic lupus erythema-
tosus as a risk factor.

Patients who had disease recurrence after local therapy
were able to undergo salvage therapy in the majority of cases;
of 7 patients who had relapsed after surgical therapy, 3 pa-
tients underwent reoperation, 1 patient received medical ther-
apy, and another 3 were lost to follow-up. Two patients who
had relapse after RT subsequently received medical therapy.
Of 8 patients who had relapsed after surgery and RT, 2 under-
went reoperation, 3 received medical therapy, 1 was lost to
follow-up, and 2 received no further treatment. At the time
of their last follow-up, 87 patients were alive and free of dis-
ease, 1 patient had died of secondary malignancy, and six pa-
tients continued to have active disease.
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Fig. 2. Freedom from recurrence estimates by body site location
(N =95).

To define the pattern of relapse after RT, we examined the
location of the relapse in relation to the treatment fields. Of 10
patients who had recurrence of disease after RT, 8 were
treated at the University of Michigan and a complete radia-
tion record was available. In-field recurrence was docu-
mented in 5 cases and marginal recurrence in 3 cases.

DISCUSSION

The main finding of this study is that surgery, RT, or
a combination of surgery and RT result in similar rates of
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Fig. 3. Freedom from recurrence estimates by occurrence of prior
definitive treatment (N = 95).
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local control 3 years after therapy. Because combining sur-
gery and RT often increases the risk of serious long-term
toxicity, single-modality therapy would be preferred when
feasible. In our experience, reported herein, patients with
history of previous surgeries or those with primary tumor
in the head and neck are more likely to have disease recur-
rence after local therapy, whereas resection margins are not
clearly associated with recurrence after surgery. Thus we
have identified subsets of patients who should be consid-
ered strongly for adjuvant RT. Others can be safely moni-
tored. Salvage therapy for recurrent disease is often
successful, and ultimate local control was achieved in the
vast majority of patients.

Surgery is still the treatment of choice for the majority of
patients who present with desmoid tumors; however, across
all published series, at least 20% of the patients will experi-
ence disease recurrence. There is no unanimous agreement
today regarding the factors associated with an increased
risk of local relapse. Considering that, in most neoplasms,
the adequacy of the surgical resection margins is one of
the best predictors of recurrence, it is intriguing that the re-
sults for desmoid tumors are so inconsistent: Nuyttens et al.
(1) published a comparative review of 22 articles published
before 1999 that included 780 patients. They found local
control rates of 72% vs. 41% after surgery alone and 94%
vs. 75% after surgery and RT, for patients with negative
or positive margins, respectively. The validity of these re-
sults is limited by the age of, and the small numbers of, pa-
tients in the individual series. However similar results were
also reported in 1997 by Goy et al. (9) and updated, more
recently by Singh et al. (10) who found increased recurrence
rate in the presence of positive margins (31% vs. 11%, p =
0.004, respectively) for 137 patients who underwent surgery
(+ adjuvant RT in 21 cases) at the University of California—
Los Angeles. Stoeckle et al. (5) found local recurrence in
only 2 of 22 patients with negative margins and in 19 of
56 patients with positive margins. Outcomes of patients
treated at MD Anderson Cancer Center before 1994 were re-
ported by Ballo ef al. (4), who found, in 118 patients after
surgery, increased recurrence rate in the presence of positive
margins (10-year recurrence rate of 54% vs. 27%, p = 0.003,
for positive vs. negative margins, respectively); however, in
a more contemporary publication by Lev ef al. (8) summa-
rizing the outcomes of 189 patients treated between 1995
and 2005 (93 of whom were treated with surgery alone),
margin status did not emerge as a significant risk factor
for recurrence. Similarly, Merchant et al. (7) published in
1999 the results of therapy in 103 patients, with primary
desmoid tumors, who underwent gross total resection at Me-
morial Sloan-Kettering Cancer Center (31 also received RT)
and found in 45 patients with positive margins, a recurrence
rate (22% vs. 24%) similar to that in patients with negative
margins. Gronchi et al. (6) summarized the results of sur-
gery in 203 patients (40 received adjuvant RT) and found
that margin status had no effect on local control in 128 pa-
tients with primary disease and only borderline effect in 75
patients with recurrent disease. Lack of correlation between
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margin status and recurrence risk was reported by Phillips
et al. (11) in 109 patients treated at Royal Marsden, as
well. In our study, there was a suggestion of a negative im-
pact of positive margins on local control (HR = 2.67); how-
ever this could not be confirmed, probably because of the
small patient numbers.

We found that presentation with recurrent disease after
previous surgery was significantly associated with increased
risk of local recurrence. The data published so far regarding
this issue are equivocal as well; several series found that pre-
sentation is a significant risk factor for recurrence (3, 5, 6, 10,
12), whereas others have not (13—16). Moreover Nuyttens
etal. (1) and Goy et al. (9) suggested interaction between pre-
sentation and surgical margins in patients treated with sur-
gery alone, implicating a particularly poor prognosis if both
risk factors are present.

There is controversy regarding the importance of other risk
factors, such as age, tumor site, and tumor size. As recently
reviewed by Melis et al. (2), several studies suggested that or-
igin in the extremities is associated with increased risk of re-
currence. In our study, tumor site in the head and neck was
found to predict higher risk for recurrence. It is possible
that inferior outcome for tumors in these sites is related to
proximity to critical structures, which does not allow ade-
quate resection with negative surgical margins; however it
is also possible that there are biological differences among
desmoid tumors in various locations, as suggested by
Stoeckle et al. (5).

The role of RT in the treatment of desmoid tumors is con-
troversial, as well. Some series report clear benefit from the
addition of RT to surgery (1, 3, 17); others suggest that RT
abrogates the negative effect of positive margins (4, 9, 10),
whereas some authors report no improvement at all in
disease control after RT (5, 7, 13, 18). Our results suggest
that subsets of patients can be identified who are at high
risk for local failure. These include patients with site of
origin in the head and neck, recurrent disease after previous
surgery, and possibly those with positive resection margins.
Such patients stand to benefit most from adjuvant RT.
Careful analysis of the pattern of failure in our series
suggests that most failures are within-field. This is in agree-
ment with most previously published series reporting that
in-field recurrences are at least as common as marginal recur-
rences (16, 19) or even represent the dominant pattern of
failure after RT (1, 4, 9, 15, 20). Noted exceptions are
series by Leibel et al. (21) and Zlotecki et al. (12), who found
a very low rate of in-field recurrences. In our own series, we
did not find evidence for a meaningful relationship between
dose and local recurrence. In patients treated with RT only
to a mean dose of 50 Gy, we have observed only two local
failures (15%). Based on this finding and the published liter-
ature, we believe that a dose of 50 to 54 Gy is adequate in this
setting. In patients treated with surgery and RT, there was
a higher local failure rate despite the use of higher doses
(mean dose of 56.1 Gy in those who experienced failure vs.
53.4 Gy in those who did not). A reasonable interpretation

of these data is that patients who were thought to be at high
risk for local relapse were treated to higher doses. This obser-
vation suggests that increasing the radiation dose, in this set-
ting, to more than 56 Gy in selected patients who are at high
risk for local failure, might improve outcomes. Clearly, the
utmost attention should be paid to the conformality of dose
if such escalation is contemplated, so as to reduce the risk
of long-term complications.

All series that compared RT alone to postoperative RT
found at least equivalent results (1, 4, 8), or even an
advantage to the administration of RT as single therapy (3,
12, 15), suggesting that if surgery is likely to be incomplete
and to require adjuvant RT, it might as well be omitted from
the treatment scheme to avoid unnecessary side effects. In
our series, RT was delivered either postoperatively to
patients with positive margins or as a single therapy to
unresectable tumors; the RT yielded equivalent local
control rates in both groups, supporting the notion that there
is no advantage from the addition of surgery to RT in such
cases.

The strength of our study is in the rather consistent ap-
proach to the management of desmoid tumors at our institu-
tion during the study period. As stated before, surgical
resection was the preferred treatment when it was judged
that such resection would not result in significant loss of
function. Adjuvant RT was offered only to patients thought
to be at high risk for local relapse, mostly because of pos-
itive margins (only 2 of 28 patients who received adjuvant
RT had negative resection margins). Patients with unresect-
able tumors and those in whom surgery was judged to result
in significant loss of function were treated with definitive
RT. For each patient, the treatment strategy was discussed
and formulated by a multidisciplinary musculoskeletal tu-
mor board. Our study is subject to limitations common to
most publications regarding this rare disease. These include
the small number of patients and the retrospective nature of
the study. Although the length of follow-up in our patients
is adequate, as previous publications suggest that most re-
currences after surgery and/or RT occur within 3 years, lon-
ger follow-up is needed to assess the outcome after salvage
therapy.

CONCLUSIONS

In summary, our findings support surgery as the treatment
of choice for desmoid tumors that are likely to be removed
with negative surgical margins and no functional impairment.
Adjuvant RT should be considered for patients at high risk
for local failure, such as those with site of origin in the
head and neck, those with recurrent disease after previous
surgery, and possibly those with positive resection margins.
Patients with unresectable disease can be managed well
with RT alone. Although the use of RT is likely to improve
local control, it is also more likely to result in long-term com-
plications; therefore individual decision making and special
attention to organs at risk is warranted.



10.

1. J. Radiation Oncology @ Biology @ Physics

Volume B, Number H, 2010

REFERENCES

. Nuyttens JJ, Rust PF, Thomas CR Jr., et al. Surgery versus ra-

diation therapy for patients with aggressive fibromatosis or des-
moid tumors: A comparative review of 22 articles. Cancer
2000;88:1517-1523.

. Melis M, Zager JS, Sondak VK. Multimodality management of

desmoid tumors: How important is a negative surgical margin? J
Surg Oncol 2008;98:594—-602.

. Spear MA, Jennings LC, Mankin HJ, et al. Individualizing man-

agement of aggressive fibromatoses. Int J Radiat Oncol Biol
Phys 1998;40:637-645.

. Ballo MT, Zagars GK, Pollack A, et al. Desmoid tumor: Prog-

nostic factors and outcome after surgery, radiation therapy, or
combined surgery and radiation therapy. J Clin Oncol 1999;
17:158-167.

. Stoeckle E, Coindre JM, Longy M, et al. A critical anal-

ysis of treatment strategies in desmoid tumours: A
review of a series of 106 cases. Eur J Surg Oncol 2009;
35:129-134.

. Gronchi A, Casali PG, Mariani L, ef al. Quality of surgery and

outcome in extra-abdominal aggressive fibromatosis: A series of
patients surgically treated at a single institution. J Clin Oncol
2003;21:1390-1397.

. Merchant NB, Lewis JJ, Woodruff JM, et al. Extremity and

trunk desmoid tumors: A multifactorial analysis of outcome.
Cancer 1999;86:2045-2052.

. Lev D, Kotilingam D, Wei C, et al. Optimizing treatment of des-

moid tumors. J Clin Oncol 2007;25:1785-1791.

. Goy BW, Lee SP, Eilber F, et al. The role of adjuvant radiother-

apy in the treatment of resectable desmoid tumors. Int J Radiat
Oncol Biol Phys 1997;39:659-665.

Singh G, Syed SP, Tome M, et al. Prognostic value of margin
status in the treatment of desmoid tumor [abstract]. Int J Radiat
Oncol Biol Phys 2008;72(Suppl 1):107-108.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Phillips SR, A’Hern R, Thomas JM. Aggressive fibromatosis of
the abdominal wall, limbs and limb girdles. Br J Surg 2004;91:
1624-1629.

Zlotecki RA, Scarborough MT, Morris CG, et al. External beam
radiotherapy for primary and adjuvant management of aggressive
fibromatosis. Int J Radiat Oncol Biol Phys 2002;54:177-181.
Chew C, Reid R, O’Dwyer PJ. Evaluation of the long term out-
come of patients with extremity desmoids. Eur J Surg Oncol
2004;30:428-432.

Fiore M, Rimareix F, Mariani L, et al. Desmoid-type fibroma-
tosis: A front-line conservative approach to select patients for
surgical treatment. Ann Surg Oncol 2009;16:2587-2593.
Guadagnolo BA, Zagars GK, Ballo MT. Long-term outcomes
for desmoid tumors treated with radiation therapy. Int J Radiat
Oncol Biol Phys 2008;71:441-447.

Schulz-Ertner D, Zierhut D, Mende U, et al. The role of radia-
tion therapy in the management of desmoid tumors. Strah-
lenther Onkol 2002;178:78-83.

Plukker JT, van Oort I, Vermey A, et al. Aggressive fibromato-
sis (non-familial desmoid tumour): Therapeutic problems and
the role of adjuvant radiotherapy. Br J Surg 1995;82:510-514.
Pignatti G, Barbanti-Brodano G, Ferrari D, ez al. Extraabdomi-
nal desmoid tumor. A study of 83 cases. Clin Orthop Relat Res
2000;207-213.

Kamath SS, Parsons JT, Marcus RB, et al. Radiotherapy for lo-
cal control of aggressive fibromatosis. Int J Radiat Oncol Biol
Phys 1996;36:325-328.

Catton CN, O’Sullivan B, Bell R, ef al. Aggressive fibromato-
sis: Optimisation of local management with a retrospective fail-
ure analysis. Radiother Oncol 1995;34:17-22.

Leibel SA, Wara WM, Hill DR, et al. Desmoid tumors: Local
control and patterns of relapse following radiation therapy. Int
J Radiat Oncol Biol Phys 1983;9:1167-1171.



	Role of Radiotherapy in the Management of Desmoid Tumors
	Introduction
	Methods and Materials
	Patient population
	Treatment
	Statistical methods

	Results
	Discussion
	Conclusions
	References


