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Abstract

Background Desmoid tumors of the extremities often
present with pain and functional limitation, but treatment
can lead to morbidity and recurrence is common. The im-
pact of treatment with respect to traditional “oncologic”
metrics (such as recurrence rate) has been studied exten-
sively, with a shift in recent years away from local therapies
as first-line management; however, little is known about
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the association between treatment modality and long-term
functional outcomes for patients with this benign disease.
Questions/purposes In a retrospective review of consec-
utive patients treated at two institutions, we asked: (1) Is
event-free survival (EFS) different between patients who
undergo local treatment and those who do not for primary
as well as for recurrent desmoid tumors? (2) What
treatment-related factors are associated with worse Patient-
reported Outcomes Measurement Information System
(PROMIS) function scores at a minimum of 1 year after
treatment?

Methods Between 1991 and 2017, 102 patients with des-
moid tumors of the extremities (excluding those of the
hands and feet) were treated at two institutions; of those, 85
patients with 90 tumors were followed clinically for at least
1 year (median [range] 59 months follow-up [12 to 293])
and were included in the present analysis. We attempted to
contact all patients for administration of PROMIS function
(Physical Function Short Form [SF] 10a and Upper Ex-
tremity SF v2.0 7a) and Pain Interference (SF 8a) ques-
tionnaires. Complete survey data (minimum 1 year follow-
up) were available for 46% (39 of 102) of patients with 40
tumors at a median of 125 months follow-up; only these
patients were included in PROMIS data analyses. Though
there was no formal institutional treatment algorithm in
place during the study period, surgical resection typically
was the preferred modality for primary tumors; radiation
therapy and systemic treatments (including cytotoxic or
hormonal agents earlier in the study period, and tyrosine
kinase inhibitors later) were often added for recurrent or
very symptomatic disease. We coded treatment for each
patient into discrete episodes, each defined by a particular
treatment strategy: local treatment only (surgery and/or
radiation), systemic treatment only, local plus systemic
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treatment, or observation; treatment episodes rendered at
other institutions (that is, before referral) were not included
in the analyses. Treatment failure was defined as recurrence
after surgical resection, or clinically significant radiologic
and/or symptomatic progression after systemic treatment,
and EFS was defined as time from treatment initiation to
treatment failure or final follow-up. Episodes of treatment
for recurrent tumors were analyzed in a pooled fashion,
wherein discrete treatment episodes for patients with
multiple recurrences were included separately as in-
dependent events. We analyzed 56 primary tumors (54
patients), and 101 discrete treatment episodes for recurrent
tumors (88 patients). Kaplan-Meier survival curves were
constructed separately for the primary and recurrence
cohorts, both comparing EFS among patients who received
any local treatment (local treatment and local plus systemic
treatment groups) versus those who did not (systemic
treatment and observation groups). PROMIS function data
were analyzed on the bases of patient- and treatment-
specific variables, including the PROMIS Pain Interference
score as a potential explanatory variable.

Results Within both the primary and recurrence cohorts,
there were no differences between the local treatment,
systemic treatment, and local plus systemic treatment
groups with respect to gender, age, axillary/hip girdle lo-
cation, or tumor volume. Among primary tumors, 5-year
EFS was 44% (95% CI 24 to 80) for the systemic-only
group versus 15% (95% CI 5 to 44) for the local treatment
group (p = 0.087). Within the pooled recurrence treatment
episode cohort, 5-year EFS after systemic-only treatment
was 70% (95% CI 52 to 94) versus 56% among patients
receiving any local treatment (95% CI 44 to 70; p = 0.46).
PROMIIS function scores were lowest among patients who
underwent two or more resections (39 versus 51 versus 47
for =2, 1, and 0 resections, respectively; p=0.025); among
those who received both surgery and radiation at any point,
either concurrently or in separate treatment episodes, as
compared with those who did not (39 versus 46; p=0.047);
and among those with higher levels of pain interference (38
versus 47 for pain interference scores > 50 versus < 50; p =
0.006).

Conclusions Patients treated with local modalities (sur-
gery and/or radiation, with or without additional systemic
therapy) did not experience improved EFS as compared
with those treated without local modalities; this was the
case for both the primary and the recurrent tumor cohorts.
However, PROMIS function scores were lowest among
patients who underwent two or more surgical interventions
and among those treated with surgery and radiation at any
time, suggesting that more aggressive local treatment may
be associated with poorer long-term functional outcomes.
Prospective collection of patient-reported outcomes data at
multiple time points will allow for more direct correlations
between treatment modality and impact on function and
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will help to elucidate the ideal management strategy for
these benign but often-symptomatic tumors.
Level of Evidence Level 111, therapeutic study.

Introduction

Desmoid tumors of the extremities often present with pain
and functional limitation, but treatment can lead to mor-
bidity and recurrence is common. The array of potential
therapeutic options is wide, and substantial variability
exists across health care providers and specialties, com-
plicating comparisons of treatment strategies. Historically,
management has consisted of aggressive surgical treatment
to achieve a cure. Many authors [ 1, 16, 17, 24, 26]—though
notall [8, 21]—have emphasized the need for wide surgical
resection with disease-free margins, if possible. Adjuvant
radiation therapy was also previously touted as beneficial
with respect to local control [1, 7, 9, 17, 22, 24]. More
recent reports [3, 5, 19, 21], however, including consensus
guidelines from European sarcoma working groups [10,
11], have advocated for a “wait-and-see” observational
approach as the first-line desmoid tumor management or
for initiation of systemic therapy before surgery or radia-
tion [23].

The study of these tumors is further hampered by the
limitations of conventional oncologic outcome assess-
ments. Evaluations of survival and recurrence rates alone
do not capture long-term functional outcomes; this is a
critical “blind spot” in our assessment of treatment for this
benign disease. To our knowledge, no prior large study has
explicitly examined the associations between treatment and
patient-reported function metrics.

Therefore, we asked: (1) Is event-free survival (EFS)
different between patients who undergo local treatment and
those who do not for primary and for recurrent desmoid
tumors? (2) What treatment-related factors are associated
with worse PROMIS function scores at a minimum of 1
year after treatment?

Patients and Methods
Study Design and Setting

With the approval of our institutional review board, we
retrospectively evaluated data on patients treated for des-
moid fibromatosis of the upper and lower extremities be-
tween 1991 and 2017 at two affiliated quaternary-care
cancer centers. We identified these patients using a registry
search tool based on International Classification of Dis-
eases, 9th and 10th Edition codes, as well as free text from
pathology reports. Patients with tumors of the axilla and
buttock/hip girdle were included and those with tumors of
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the hand and foot were excluded. Patients with intraperi-
toneal, chest wall, and abdominal wall tumors were also
excluded because tumors in these locations may have a less
direct impact on physical function. Additionally, we ex-
cluded patients who did not have at least 12 months of
oncologic-specific clinical follow-up from the time of ini-
tial presentation to our institutions.

Clinical data, including demographics, radiologic vari-
ables, treatment details, and outcomes data, were collected
via record review. We calculated tumor volumes as the
product of tumor dimensions measured with available
imaging, or as specified in pathologic and/or radiologic
reports. The tumor depth (superficial versus deep to fascia)
and direct tumor involvement of major peripheral nerves at
the time of presentation to our institution were noted based
on operative reports, radiology reports, and direct review of
imaging, where appropriate. In patients who underwent
surgical resection, microscopically negative margins were
considered negative, while all other margins were consid-
ered positive.

Definition of Treatment Groups and Episodes

Though there was no formal treatment algorithm in place at
our institutions during the study period, surgical resection
was typically the preferred modality for primary tumors.
Radiation therapy was often added for recurrent disease,
particularly in the early portion of the study period. Use of
systemic therapy, most often for recurrent or very symp-
tomatic disease, was more likely to include cytotoxic
chemotherapy or hormonal agents earlier in the study pe-
riod, and more likely to include tyrosine kinase inhibitors
later.

To answer our first question, we coded treatment and
outcomes data for each patient into discrete treatment
episodes, each defined by a treatment strategy: local
treatment only (surgery and/or radiation), systemic treat-
ment only, or local plus systemic treatment. Patients who
were only observed were included in the systemic treat-
ment group for survival analyses.

Treatment success was defined as absence of disease
after gross total surgical resection, or radiologically and
clinically stable disease after systemic treatment or after
radiation as definitive local treatment. Treatment failure
was defined as recurrence after gross total surgical re-
section, or radiologic and/or symptomatic progression after
systemic treatment (or definitive radiation), requiring a
change in treatment strategy. Retrospective determination
of tumor recurrence was based on radiologic findings and
the associated documentation of treating physicians; de-
termination of clinically significant radiologic and/or
symptomatic progression requiring a change in treatment
strategy, for the purpose of assessment of “treatment

failure,” relied on review of the contemporaneous assess-
ments of treating physicians, as documented in the record.
EFS was defined as the time from treatment initiation to
treatment failure, as defined above, with censorship at the
final follow-up examination if no failure occurred. For
treatment episodes involving systemic therapy, changes in
drug selection, drug holidays, or interruptions to drug ad-
ministration were not considered treatment failure or new
treatment episodes, as long as medical therapy was sub-
sequently continued without local treatment. Systemic
therapies included prolonged and/or high-dose regimens of
NSAIDs (such as sulindac), hormonal agents (including
tamoxifen), targeted chemotherapeutics (such as imatinib),
and cytotoxic chemotherapeutics. Radiation therapy con-
sisted of preoperative, intraoperative, postoperative, and/or
definitive treatments. Surgical biopsies were not consid-
ered discrete treatment episodes.

We assessed the outcomes of treatment of recurrent
tumors by pooling all such treatment episodes. Treatment
episodes for patients who had recurrent tumors at the initial
presentation at our institutions were included, as were
treatment episodes for recurrence after failure of primary
tumor treatment at our institutions. Individual patients with
multiple treatment episodes for recurrence, therefore,
might be included multiple times.

Acquisition of Patient-reported Functional Data

To answer our second question, we attempted to contact all
included patients via direct clinic contact or via postal mail
and a minimum of two telephone calls to administer the
Patient-reported Outcomes Measurement Information
System (PROMIS) Physical Function Short Form 10a, the
PROMIS Upper Extremity Short Form version 2.0 7a (for
patients with upper extremity tumors), and the PROMIS
Pain Interference Short Form 8a. PROMIS instruments are
calibrated such that a score of 50 corresponds to the nor-
mative mean for the general population, with a SD of 10;
higher Upper Extremity and Physical Function scores
correlate with better function; higher Pain Interference
scores correlate with more severe pain.

Participants

The registry search, as described above, identified 1062
potential desmoid tumor cases in our institutional medical
record system; these were subsequently evaluated via a
manual record review. We excluded the following: those
for which final pathologic analysis was not consistent
with a desmoid tumor (91); those for patients treated
clinically at another institution: for example, one-time
“second opinion” or pathology review-only at our
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institutions (346); tumors located in the chest wall, ab-
dominal wall, back, or head/neck regions (276); in-
trathoracic or intraabdominal tumors (224); palmar or
plantar tumors (18); and those for patients with insufficient
clinical follow-up (17).

We therefore included 85 patients with 90 tumors, with
59-month median (range) clinical follow-up (12 to 293).
Among 56 primary tumors in 54 unique patients, 64% (36
patients) were treated with local treatment only: surgery
plus radiation in one patient and surgery alone in the re-
mainder. Twenty-five percent of tumors (14) were treated
with systemic treatment alone and 9% (five) were treated
with local plus systemic treatment; only one tumor was
managed with observation alone (Table 1).

The medications administered to patients in the sys-
temic treatment and local plus systemic treatment groups
varied widely, and included traditional cytotoxic chemo-
therapeutics for six tumors in the systemic treatment group
and three tumors in the local plus systemic treatment group;
tyrosine-kinase inhibitors (six in the systemic treatment
and one in the local plus systemic treatment); aromatase
inhibitors (five in the systemic treatment and none in the
local plus systemic treatment); and high-dose NSAIDs
(three in the systemic treatment and two in the local plus
systemic treatment). Many patients were treated with
multiple classes of systemic agents (Table 2). The mean
numbers of total lifetime desmoid tumor-related surgeries
(including resections and surgeries for complications) were
2.7 in the local treatment, 1.2 in the local plus systemic
treatment, and 0.8 in the systemic group.

There were 101 discrete treatment episodes for recurrent
tumors, including 60 episodes of local treatment, 24 epi-
sodes of systemic treatment, 15 episodes of local plus
systemic, and two observation episodes (Fig. 1). Concur-
rent radiation and surgery were used far more frequently in
the recurrent tumor local treatment group than in the pri-
mary tumor local treatment group: 43% versus 3%
(Table 3). As was the case for primary tumors, drug regi-
mens in the systemic treatment and local plus systemic
treatment groups were diverse, including traditional cyto-
toxic chemotherapeutics (nine tumors in the systemic
treatment group and five tumors in the local plus systemic
treatment groups); tyrosine-kinase inhibitors (seven in the
systemic treatment group and two in the local plus systemic
group); aromatase inhibitors (eight in the systemic treat-
ment and four in the local plus systemic treatment); and
high-dose NSAIDs (14 in the systemic treatment and five in
the local plus systemic treatment) (Table 4). All but 29
episodes of treatment for recurrence were initiated within 5
years of the initial diagnosis of desmoid tumor, and all but
11 were initiated within 10 years of diagnosis (Fig. 2).

Within both the primary and recurrent cohorts, there
were no differences between local treatment, systemic
treatment, and local plus systemic treatment, respectively,
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in terms of male gender (primary: 33%, 71%, and 40%; p =
0.05; recurrence: 38%, 38%, and 47%; p = 0.84), age at
diagnosis (primary: 36, 27, and 37 years; p = 0.10; re-
currence: 35, 32, and 22 years; p = 0.68), axillary/hip girdle
tumor location (primary: 39%, 14%, and 0%; p = 0.11;
recurrence: 42%, 46%, and 20%; p = 0.24), or tumor vol-
ume at treatment (primary: 83, 145, and 238 cm3, p=0.73;
recurrence: 82, 141, and 129 cm3; p = 0.68).

Complete survey data were available for 48% (41 of
85) patients whose records were reviewed; of the 44
patients without complete survey data, three lived outside
the United States, one was deceased, one declined to
participate, one did not speak English, and the remainder
could not be contacted. Survey data for two patients were
excluded for survey follow-up less than 12 months,
leaving data for 40 tumors in 46% (39) of patients
(Table 5). Surveys were completed at a median of
125 months (range 14 to 304) after treatment was initiated
at our institutions.

Within the survey-respondent cohort, 93% (37 of 40)
underwent at least one surgery, including 55% (22) who
also received radiation at some point in their treatment;
mean numbers of surgical resections and total desmoid-
related surgeries (including those for complications) at any
institution were 2.1 and 3.1, respectively. In comparison,
among those not included in the survey cohort, 88% (42 of
48) were treated with surgery, including 29% (14) who
received radiation as well; mean numbers of surgical
resections and total desmoid-related surgeries were 1.6 and
2.0, respectively.

Statistical Analysis

Within both the primary and recurrence cohorts, we used
Kruskal-Wallis and Fisher’s exact tests, as appropriate, to
compare the local treatment, systemic treatment, and local
plus systemic treatment groups based on gender, age,
axillary/hip girdle location, and tumor volume. We con-
structed Kaplan-Meier survival curves demonstrating EFS
on the bases of broad treatment categories (any local
therapy [including local treatment and local plus systemic
treatment groups] versus no local therapy [systemic treat-
ment and observation groups]), for both the primary and
pooled recurrence cohorts.

We analyzed response data collected through patient-
reported outcome instruments with nonparametric tests, as
appropriate. We assessed functional outcomes metric data
by merging the results of the PROMIS Physical Function
and PROMIS Upper Extremity questionnaires. The former
were used for patients with lower extremity tumors, while
the latter were used for patients with upper extremity
tumors. PROMIS Pain Interference data, which have been
shown to reflect coping ability and, in turn, impact physical
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Table 1. Demographic, tumor-specific and treatment variables for primary tumors

Local only Systemic only Local plus systemic Observation
Variable (n =36) (n=14) (n=5) (n=1)
Number of unique patients 36 12 5 1
Male (n, %) 12 (33%) 10 (71%) 2 (40%) 0
Age (years), mean (range) 36 (8 to 60) 27 (9 to 49) 37 (22 to 47) 58
Location (n, %)
Forearm 1 (3%) 0 (0%) 0 (0%) 1
Upper arm 7 (19%) 5 (36%) 2 (40%) 0
Axilla 4 (11%) 1 (7%) 0 (0%) 0
Buttock/hip girdle 10 (28%) 1 (7%) 0 (0%) 0
Thigh 6 (17%) 6 (43%) 2 (40%) 0
Lower leg 8 (22%) 1 (7%) 1 (20%) 0
Multifocal (n, %) 2 (6%) 5 (36%) 1 (20%) 0
Associated conditions (n, %)
Gardner’s syndrome 0 (0%) 3 (21%) 0 (0%) 0
Peripartum 0 (0%) 0 (0%) 0 (0%) 0
Deep to fascia (n, %) 27 (75%) 10 (71%) 4 (80%) 0
Direct nerve involvement (%)® 11 (31%) 7 (50%) 2 (40%) 0
Tumor volume (cm?), median (range)? 83 (1 to 2040) 145 (7 to 978) 238 (23 to 1015) 1
Radiation (n, %)° 1(3%) 0 (0%) 0 (0%) 0
Dose (Gy), mean 50
Surgery (n, %) 36 (100%) 0 (0%) 5 (100%) 0
RO resection? 14 (40%) 2 (40%)
Systemic treatment (n, %) 0 (0%) 14 (100%) 5 (100%) 0
Duration (months), median (range)® 15 (7 to 104) 15 (7 to 36)
Outcome of primary treatment
episode (n, %)
No evidence of disease 8 (22%) 0 (0%) 4 (80%) 0
Disease stability 0 (0%) 5 (36%) 0 (0%) 1
Recurrence/disease progression 28 (78%) 9 (64%) 1 (20%) 0
Time to treatment failure (months), 11 (3 to 41) 21 (4 to 109) 53
median (range)
Final follow-up duration (months), 65 (12 to 277) 54 (20 to 186) 48 (15to 112) 41
median (range)
Outcome at final follow-up (n, %)
No evidence of disease 25 (69%) 4 (29%) 3 (60%) 0
Disease stability 9 (25%) 10 (71%) 2 (40%) 1
Recurrence/disease progression 2 (6%) 0 (0%) 0 (0%) 0
Total number of treatment episodes, 2.1 (1to4) 1.9 (1 to 3) 1.2 (1to2) 1
mean (range)
Total number of surgical resections, 1.8 (1to 4) 0.6 (0to 2) 1.0 0
mean (range)
Total number of desmoid-related 2.7 (110 13) 0.8 (0 to 3) 1.2(1t02) 0

surgeries, mean (range)

@Missing data in local only group: nerve involvement (1), tumor volume (1), margin status (1). Missing data in systemic only group:

duration of medical therapy (1).

PRadiation therapy in local treatment group: neoadjuvant (1).
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Table 2. Details of systemic therapy for treatment of primary tumors by treatment group

Systemic only®

Systemic plus local®

Doxorubicin (7
Doxorubicin (7) -> sorafenib (12)
Hydroxyurea (7) -> sorafenib (13)
Imatinib (96) -> sorafenib (8)
Imatinib (10)

Imatinib (4) -> doxorubicin (5)
Sorafenib (4) -> gamma-secretase
inhibitor (16)

Sulindac plus tamoxifen (3)
Sulindac plus tamoxifen (3)
Sulindac plus tamoxifen (3)
Tamoxifen (9) -> doxorubicin (6)

Vinblastine plus methotrexate (7) ->
vinorelbine (10) -> tamoxifen (17) ->
doxorubicin (4)

Vinblastine plus methotrexate (12)
Not reported

— —

Doxorubicin (3) -> vinorelbine (4)

Imatinib (4) -> doxorubicin (5) -> sorafenib (27)
Vinorelbine plus methotrexate (24)

Sulindac (15)

Sulindac (14)

®Drug name (duration of treatment in months). Changes in drug regimen are denoted by “->".

function [4, 13], were analyzed as a potential explanatory
variable with respect to function data.

We considered p values below 0.05 to be significant,
and performed all statistical analyses using RStudio (ver-
sion 1.0.153; R Foundation for Statistical Computing,
Vienna, Austria).

Results

Event-Free Survival Among Patients Who Undergo
Local Treatment and Those Who Do Not, for Primary
and for Recurrent Tumors

Five-year EFS did not differ between patients who un-
derwent local treatment (surgery and/or radiation) as
compared with those who did not. Within the primary tu-
mor cohort, 5-year EFS was 44% (95% CI 24 to 80) for the
systemic-only group versus 15% (95% CI 5 to 44) for the
local treatment group (p = 0.087; Fig. 3). Within the pooled
recurrence treatment episode cohort, 5-year EFS after
systemic-only treatment was 70% (95% CI 52 to 94), while
S-year EFS after treatment involving local modalities was
56% (95% CI 44 to 70; p = 0.46; Fig. 4).

Treatment-Related Factors Associated with Worse
PROMIS Function Scores

Mean PROMIS function scores were lowest for patients
who underwent two or more surgical resections (39 for =2
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resections versus 51 for 1 resection versus 47 for 0 resec-
tions; p = 0.025) and for those who received both surgery
and radiation at any point, either concurrently or in separate
treatment episodes, as compared with patients who did not
(39 versus 46; p=0.047; Fig. 5A-I). Additionally, patients
with PROMIS pain interference scores below normative
population-based means (that is, lower pain levels) had
better function scores than those with higher levels of pain
interference (47 versus 38, respectively; p = 0.006). There
were no differences in PROMIS function scores based on
age, location, tumor volume, tumor depth, nerve in-
volvement, or disease status at final oncologic follow-up.
Scores for patients whose disease was cured (no evidence
of disease at the final follow-up examination) were nearly
identical to those of patients with residual but stable
disease.

Discussion

The unpredictable nature of desmoid tumors, high rates of
local recurrence, and general dissatisfaction among both
providers and patients has historically resulted in a hodge-
podge of treatment options. Though these tumors are
treated by orthopaedic, radiation, and medical oncologists,
there has been increasing recognition in recent years that
management of these very locally aggressive but ultimately
benign tumors perhaps ought to be guided by a different set
of principles than those governing management of soft
tissue sarcomas. In the past, many authors advocated for
surgical resection with wide margins [1, 15-17, 24, 26].
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Fig. 1 This flowchart demonstrates treatment “pathways” for patients included in the
study. OSH = outside hospital. °Two additional patients referred from OSH for evaluation of
reported recurrence were deemed at our institutions not to have recurrent tumors,
and therefore were not included in the pooled recurrence treatment episode analysis.
PIncluded one patient treated with observation alone. “Included two patients treated with

observation alone.

More recently, however, management strategies involving
less locally aggressive up-front treatments have been ad-
vocated, supported by the results from several retrospective
series [2, 3, 5, 21], prospective cohorts of adults [18, 20]
and children [23], and emphasized by European consensus
guidelines [10, 11]. Even so, there exist little or no data
reflecting patient-reported functional or symptomatic out-
comes to support treatment recommendations. We found
that patients treated with local modalities (surgery and/or
radiation, with or without additional systemic therapy) did
not experience improved EFS as compared with those
treated without local modalities; this was the case for both
the primary and the recurrent tumor cohorts. However,
PROMIIS function scores were lowest among patients who
underwent two or more surgeries and among those treated
with surgery and radiation at any time, suggesting that
more aggressive local treatment may have a negative im-
pact on long-term functional outcomes.

Copyright © 2019 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.

Limitations

This study had several limitations. Perhaps most impor-
tantly, the definition of treatment failure was broad, and
based primarily on the impressions of treating providers as
documented in the medical record, as well as on radiologic
findings. This is, however, pragmatic and reflective of
clinical practice, in which the identification of disease
progression and need for alteration in treatment is largely
dependent on physician and patient perception. This point
also underscores the ways in which the assessment of
outcomes of desmoid tumor treatment differs from that of
true malignancies, in which more concrete, traditional
“oncologic” metrics such as local recurrence and mortality
are more relevant. The definition of systemic failure may
have been particularly problematic because specific med-
ication changes (such as transition from doxorubicin to
imatinib or brief medication holidays) were not considered
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Table 3. Demographic, tumor-specific, and treatment variables for recurrent tumors (pooled treatment episodes)

Local only Systemic only Local plus systemic Observation
Variable (n =60) (n=24) (n=15) (n=2)
Number of unique patients 50 23 13 2
Male (n, %) 23 (38%) 9 (38%) 7 (47%) 1
Age at diagnosis (years), mean (range) 35 (8 to 62) 32 (8to 53) 22 (7 to 52) 22 (7 to 38)
Time between diagnosis and episode 24 44 28 128
(months), median
Location (n, %)
Forearm 3 (5%) 1 (4%) 2 (13%) 0
Upper arm 18 (30%) 5(21%) 3 (20%) 0
Axilla 10 (17%) 2 (8%) 1 (7%) 0
Buttock/hip girdle 15 (25%) 9 (38%) 2 (13%) 0
Thigh 10 (17%) 2 (8%) 4 (27%) 2
Lower leg 4 (7%) 5(21%) 3 (20%) 0
Multifocal (n, %) 8 (13%) 2 (8%) 5 (33%) 0
Associated conditions (n, %)
Gardner’s syndrome 2 (3%) 0 (0%) 0 (0%) 0
Peripartum 0 (0%) 0 (0%) 0 (0%) 0
Deep to fascia (n, %)* 51 (86%) 21 (88%) 14 (93%) 1
Tumor volume (cm®), median (range) ® 82 (3 to 3884) 141 (3 to 1252) 129 (12 to 4073) 2
Initial treatment at OSH (n, %) 25 (42%) 9 (38%) 9 (60%) 2
Local treatment strategy (n, %)
Surgery alone 29 (48%) 0 (0%) 9 (60%) 0
Radiation alone 5 (8%) 0 (0%) 1 (7%) 0
Surgery plus radiation 26 (43%) 0 (0%) 5(33%) 0
Radiation (n, %) 31 (52%) 0 (0%) 6 (40%) 0
Dose (Gy), mean ® 54 54
Surgery (n, %) 55 (92%) 0 (0%) 14 (93%) 0
RO resection® 18 (33%) 4 (29%)
Systemic treatment (n, %) 0 (0%) 24 (100%) 15 (100%) 0
Duration (months), median (range) ® 29 (2 to 96) 26 (4 to 85)
Outcome of treatment episode (n, %)
No evidence of disease 32 (53%) 3 (13%) 7 (47%) 0
Disease stability 6 (10%) 13 (54%) 3 (20%) 2
Recurrence/disease progression 22 (37%) 8 (33%) 5 (33%) 0
Time to treatment 14 33 39
Failure (months), median (range) (4 to 85) (3t097) (11 to 49)

Episode follow-up duration (months),
median (range)

46 (0 to 293)

68 (1 to 211)

102 (36 to 268)

58 (21 to 96)

@Missing data in local only group: tumor volume (3), depth (1), margin status (1). Missing data in local + systemic group: radiation
dose (4), duration of medical therapy (3). Missing data in observation group: tumor volume (1).

PRadiation therapy in LT group: neoadjuvant, 13; adjuvant, 8; neo- and adjuvant, 2; brachytherapy, 2; neoadjuvant + brachytherapy,
1; definitive, 5. Radiation therapy in L+ST group: neoadjuvant, 2; adjuvant, 3; definitive, 1.

new treatment episodes as long as systemic therapy was not
interrupted by new decisions for surgery or radiation. This
certainly biased the analyses of time-to-failure in favor of
systemic management because many patients were
administered a series of different drugs. Again, however,
we feel that this analysis was pragmatic. Especially with

the introduction of relatively well-tolerated, orally admin-
istered, targeted chemotherapeutics, prolonged episodes of
medical management with intermittent regimen mod-
ifications are quite reasonable.

The heterogeneity of treatments included in our cohort
is substantial; certain modalities—in particular, cytotoxic
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Table 4. Details of systemic therapy for treatment of recurrent tumors (pooled treatment episodes) by treatment group

Systemic only®

Systemic plus local®

Colchicine (1) -> doxorubicin (4) -> vinorelbine
(9) -> gamma secretase inhibitor (18)
Doxorubicin (6) -> imatinib (22) -> doxorubicin
(7) -> beta-catenin inhibitor (1)

Doxorubicin plus vinorelbine (4)

Doxorubicin (12)

Imatinib (10) -> tamoxifen + sulindac (9)
Gamma secretase inhibitor (12)

Sorafenib (12) -> doxorubicin (5) -> tamoxifen
plus sulindac (30) -> doxorubicin (3)

Sorafenib (33) -> doxorubicin (10)
Sulindac (3)

Sulindac (3)
Sulindac (24
Sulindac (27
Sulindac (32
Sulindac (66
Sulindac (91)

Sulindac plus colchicine (27)

Sulindac plus tamoxifen (2)

Sulindac plus tamoxifen (5)

Sulindac plus tamoxifen (20) -> hydroxyurea
(50)

Sulindac (17) -> raloxifene (24)

Tamoxifen (96)

Tamoxifen (NA) -> doxorubicin (NA)

Vinorelbine (3) -> vinblastine plus
methotrexate (8) -> sorafenib (17) ->
hydroxyurea (42)

Vinorelbine (4)

)
)
)
)

Colchicine, tamoxifen, sulindac, celecoxib (72 total)
Doxorubicin (12)

Doxorubicin (4) -> vinorelbine (24)

(
Doxorubicin (9) -> gamma secretase inhibitor (6) ->
doxorubicin (9)

Sorafenib (27)
Sulindac (85)
Sulindac (9)

Sulindac (NA)

Sulindac + tamoxifen (20) -> hydroxyurea (50)
Tamoxifen (36)

Tamoxifen (4)

Vinblastine plus methotrexate (11)
Vinblastine plus methotrexate (4)

Not reported

Not reported

“Drug name (duration of treatment in months). Changes in drug regimen are denoted by “->". Instances in which precise duration
(in months) of medical treatment were unavailable/not recorded are denotated by “NA”.

chemotherapeutics, high-dose radiation, and wide/radical
surgical resection—were employed at our institutions far
more commonly in the early years of the study period
than they are now. Midway through the study period, for
instance, the use of conventional cytotoxic chemo-
therapeutics (such as doxorubicin and vinorelbine) gradu-
ally gave way to greater use of targeted agents such as
imatinib [12, 20] and gamma secretase inhibitors [14];
sorafenib, another tyrosine kinase inhibitor, has recently
been shown to prolong progression-free survival in a ran-
domized controlled trial of advanced and refractory tumors
[6]. Additionally, the broad treatment philosophy employed
at our institutions (as outlined in the Patients and Methods
section) shifted somewhat throughout the study period, and
continues to do so into the present. The data presented here are
therefore insufficient to support specific treatment regimens.

Copyright © 2019 by the Association of Bone and Joint Surgeons. Unauthorized reproduction

In acknowledging this, we have avoided more granular sur-
vival analyses (such as with respect to type of local or sys-
temic treatment).

In our “pooled” recurrence treatment episode cohort,
patients with multiply-recurrent tumors (a minority) were
included multiple times in the analyses, with each re-
currence episode treated as an independent event. Although
this may have resulted in the inappropriate statistical “over-
representation” of certain individual patients, we feel that this
allowed for a more granular (and therefore accurate) analysis
of their complex clinical courses. In the absence of a clear, a
priori understanding of the ways in which one earlier treat-
ment modality may impact a subsequent one, we feel this
analytic framework is the best one.

Our cohort, although sizeable compared with other
cohorts of patients with extremity desmoid tumors, was
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Fig. 2 This histogram shows time from initial desmoid diagnosis to initiation of recurrence

treatment episode.

relatively small, restricting the granularity with which
specific treatment analyses could be performed. We
chose to limit our study only to patients with extremity
tumors, excluding those of the hands and feet, as we feel
that this cohort represented patients at particular risk of
functional deficit after treatment. Patient self-reported
data were available for just under half of the studied
patients, and therefore were potentially subject to
transfer bias. The majority of surveyed patients were
initially treated at outside institutions, and there-
fore had experienced, at minimum, one recurrence.
Additionally, a greater proportion of surveyed versus
non-surveyed patients were treated with both radiation
and surgery, and had higher mean numbers of lifetime
surgical resections and total desmoid-related surgeries.
The PROMIS functional outcomes data, therefore, re-
flect outcomes of a subset of the overall cohort that re-
ceived more aggressive treatment, either because of
more challenging tumors or related to patient- and
physician-decision making, or both. In light of the
PROMIS results, it is possible that surveyed patients
experienced worse functional outcomes as compared
with non-surveyed patients. We feel this is unlikely to
nullify the finding that more aggressive local treatment,
especially involving both surgery and radiation, is as-
sociated with long-term functional deficits; what we are
incompletely able to answer with these data, however, is
the extent to which systemic treatment (or even obser-
vation) alone impacts function. This will require pro-
spective collection of function data in a larger cohort of
patients treated without local therapies.

{
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Event-Free Survival among Patients who Undergo
Local Treatment and those who Do Not, for Primary
and for Recurrent Tumors

The results of this study suggest that treatment involving
local modalities (surgery and/or radiation) was not asso-
ciated with improved EFS; this was the case in separate
analyses of primary and recurrent tumors. As noted in the
limitations section above, the heterogeneity of treatment
modalities represented in the current study is such that
we are limited in our ability to make granular treatment
recommendations. However, we feel that the results of
the survival analyses at least support the feasibility of
systemic-only treatment (or treatment involving less
aggressive local approaches), and help to contextualize
the results of the patient-reported functional outcome
results.

These results are in line with those from other recent
reports. A retrospective study published in 2008 of 112
adults with desmoid tumors found equivalent event-free
survivals for patients treated with microscopically-
complete surgery and those whose tumors were managed
medically or with observation alone (roughly 65%) [2].
Likewise, in a 2017 nationwide, prospective cohort of
771 patients with intra- or extra-abdominal desmoid
tumors, no difference in 2-year EFS was observed be-
tween surgical resection and “wait-and-see” as initial
treatment strategies (53% versus 58%, respectively)
[19]. Interestingly, however, 2-year EFS was worse
(25%) in patients treated with initial surgical resection
for tumors in “unfavorable” locations, including the
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Table 5. Demographic, tumor-specific, and treatment variables
for patients included in the PROMIS questionnaire cohort

Variable n %
Number 40
Male 14 35%
Age at presentation to our institution 40
(years), mean
Location
Upper extremity 20 50%
Buttock/hip girdle/lower extremity 20 50%
Multifocal 6 15%
Deep to fascia 35 88%
Direct nerve involvement? 13 28%
Tumor volume at initial presentation 129
(cm?), median?
Initial treatment at OSH 22 55%
Any radiation 22 55%
Any surgery 37 93%
Surgery and XRT at any point 22 55%
Any systemic treatment 21 53%
Clinical follow-up (months), median 90 (20 to 293)
(range)
Survey follow-up (months), median 125 (14 to 304)
(range)
Outcome at final follow-up
No evidence of disease 24 60%
Disease stability 12 30%
Recurrence/disease progression 4 10%
Total number of treatment episodes 1.9 (1 to 4)
(our institutions), mean (range)
Total number of surgical resections 1.5(0to4)
(our institutions), mean (range)
Total number of surgical resections 2.1 (0to 5)
(any institution), mean (range)
Total number of desmoid-related 24 (0to 13)
surgeries (our institution), mean
(range)
Total number of desmoid-related 3.1 (0to 13)

surgeries (any institution), mean
(range)

@Missing data: nerve involvement (3), tumor volume (1).

upper extremity; this may speak to the relatively low
EFS observed after treatment for primary tumors in our
cohort of extremity-only tumors. Among pediatric and
adolescent patients enrolled in prospective trials in
Germany, 5-year EFS was 59% versus 35%, re-
spectively, after initial treatment with surgery versus
systemic therapy; furthermore, significant functional
deficiencies were noted in 20% of patients managed
surgically, albeit without more detailed characteriza-
tion [23].

Treatment-Related Factors Associated with Worse
PROMIS Function Scores

Among patients who underwent more than one desmoid
resection, and among those treated with both surgery and
radiation at any point, PROMIS function scores were more
than one full SD below normative means. These results
were perhaps moderated, in part, by issues of ongoing pain,
as function scores were also lower in patients with pain
interference levels above normative means. Of course,
treatment decisions are made in response to tumor-specific
variables, and it is impossible to know whether these
findings were because of more aggressive disease, more
aggressive treatment modalities, or both. We note, how-
ever, that for many patients in our study, surgery was not
necessarily a “one-time event.” Among patients with pri-
mary tumors that were initially treated with local treatment,
the mean number of lifetime resections was 1.8 and the
mean number of total desmoid tumor-related surgeries,
including those for complications, was 2.7, perhaps
speaking to the long-term ramifications of the initial
treatment decision. It should be noted that we report the
PROMIS function scores of patients who received both
surgery and radiation at any point, not necessarily con-
currently within the same treatment “episode”; this allowed
us to capture the cumulative (and potentially additive)
effects of surgery and radiation on long-term functional
outcomes. These data suggest that treatment with both
surgery and radiation has a substantial effect on long-term
function.

A recent focus-group study identified significant psy-
chologic stressors and associated qualitative impact on
health-related quality of life among patients with desmoid
tumors [25], and 2017 consensus guidelines emphasized
the need for “physical, psychologic and social support” for
these patients [11]. There is, however, a paucity of data
quantifying the functional outcomes after extremity des-
moid treatment; to our knowledge, the present study is the
first to do so with PROMIS (or other validated patient-
reported outcomes) metrics.

Conclusions

Our results suggest that desmoid tumor treatment strategies
involving local modalities may not be associated with
improved EFS as compared with those involving systemic
treatment only, and that more aggressive local treatment
may be associated with greater long-term functional limi-
tations. Though we acknowledge that the data presented
here explicitly do not describe the natural history of des-
moid tumors, we suspect that desmoid tumors may tend to
“burn out,” regardless of treatment modality. Indeed, al-
though the natural history of desmoid tumors is
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incompletely understood, the wait-and-see approach has
been reported to result in disease regression or stability in
half (or more) of patients whose tumors were managed with
observation alone [1, 3, 5, 18]. Of the 101 treatment epi-
sodes for recurrent tumors presented here, nearly 75%
occurred within 5 years of the initial diagnosis and more
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than 90% occurred within 10 years of diagnosis. It should
also be noted that EFS rates were, perhaps counterintui-
tively, higher in the recurrence cohort as compared with the
primary cohort. While this may reflect more liberal use of
systemic modalities in multiply-recurrent patients, it may
also reflect the possibility that disease stability is the
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Fig. 5A-1 PROMIS function outcomes data according to patient- and treatment-specific variables are demonstrated here; by-group
mean scores are noted in each sub-plot. LE = lower extremity; UE = upper extremity; Vol = volume; Dx = diagnosis; # = number;
XRT = radiation therapy; F/U = final follow-up; NED = no evidence of disease.

standard, not the exception, once multiple years have elapsed.
To that end, current practice at our institutions involves
evaluation of all new desmoid tumor patients in a multidis-
ciplinary clinic, by a surgeon, a radiation oncologist, and a
medical oncologist. More so than was the case early in the
study period, we are most likely now to shy away from up-
front local therapy, favoring instead systemic options aimed at
curbing symptoms and tumor progression. We feel that this
practice is supported by the data presented here.

To our knowledge, this is the first study using PROMIS
metrics to assess functional outcomes after treatment for

desmoid tumors, and represents our attempt to introduce
the quantification of functional outcomes in the assessment
of desmoid treatment. Of critical importance in the future
will be the prospective, in-clinic collection of patient-
reported outcomes data at multiple time points throughout
the treatment process, ideally integrated into routine clin-
ical follow-up. This will allow clinicians and researchers to
evaluate the impact of treatment on function and dimen-
sions of health-related quality of life in a more granular and
time-dependent manner. The management of this benign
but symptomatic condition must be increasingly guided not
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by traditional oncologic metrics but by impact on patient
symptoms and function.
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