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ARTICLE INFO ABSTRACT

Keywords: Background: Sorafenib and pazopanib, two tyrosine kinase inhibitors (TKI), are widely used in patients with
Desmoid tumor progressive symptomatic desmoid tumors (DT). Limited real-word data is available on long-term outcomes of
Sorafenib

patients who progressed on, stopped, or continued TKIs.

Methods: Patients diagnosed with DTs and treated with sorafenib or pazopanib between 2011 and 2022 at 11
institutions were reviewed. Patient history, response to therapy and toxicity were recorded. Statistical analyses
utilized Kaplan-Meier and log-rank tests.

Results: 142 patients with DT treated with sorafenib (n = 126, 88.7 %) or pazopanib (n = 16, 11.3 %) were
analyzed. The median treatment duration was 10.8 months (range: 0.07- 73.9). The overall response rate and the
disease control rate were 26.0 % and 95.1 %, respectively. The median tumor shrinkage was — 8.5 % (range
—100.0 %- +72.5 %). Among responders, the median time to an objective response was 15.2 months (range: 1.1
to 33.1). The 1-year and 2-year progression-free survival rates were 82 % and 80 %. Dose reductions were
necessary in 34 (23.9 %) patients. Grade 3 or higher adverse events were reported in 36 (25.4 %) patients. On the
last follow-up, 55 (38.7 %) patients continued treatment. Treatment discontinuation (n = 85, 59.9 %) was mainly
for toxicity (n = 35, 45.9 %) or radiological or clinical progression (n = 30, 35.3 %). For the entire cohort, 36
(25.4 %) patients required subsequent treatment. In the 32 responders, only 1 (3.1 %) patient required a sub-
sequent treatment. In patients who discontinued TKI, 25 (44.6 %) with stable disease received subsequent
treatment compared to 0 (0.0 %) of responders.

Conclusion: This retrospective study represents the largest cohort of DT patients treated with sorafenib or
pazopanib to date. Discontinuation of treatment in responders is safe. The optimal treatment duration in patients
with stable disease remains to be defined.

Pazopanib
Targeted therapy
Treatment discontinuation

1. Background soft-tissue tumors [1]. They are also called aggressive or deep fibro-
matosis because of their characteristic infiltrative growth and tendency

Desmoid tumors (DT) are rare soft-tissue tumors characterized by to recur locally despite the absence of any metastatic potential. These
monoclonal fibroblastic proliferation, accounting for less than 3 % of all tumors are usually diagnosed between 15 and 60 years, with a peak
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around 30 years of age, without a gender predilection [2]. They can arise
anywhere in the body, with most cases found in the abdominal wall, the
neurovascular bundle of the limb and shoulder, the root of the mesen-
tery, and the head and neck. The exact etiology is unknown; some
physical factors (surgical or accidental trauma), hormonal factors
(pregnancy), and genetic factors (Gardner’s syndrome) have been
associated with the development of DTs [3,4]. Symptomatology varies
depending on tumor location and biology. It ranges from a slow-growing
asymptomatic mass to a fast-growing infiltrative mass, leading to severe
pain and functional impairment. Occasionally, it can even be
life-threatening due to bowel obstruction or invasion of vital organs.

The natural evolution of DTs is unpredictable. Close to two-thirds of
tumors may be associated with an indolent behavior and periods of
prolonged growth arrest or spontaneous regression over time [5].
Presently, there is little insight into clinical and molecular determinants
that govern the clinical course of disease. Owing to its high local
recurrence rates and unpredictable clinical behavior, the management
of DTs has distanced itself from initial wide resection [6]. Because a
significant proportion of cases may stabilize or spontaneously regress
during a period of observation, the current consensus is to adopt a
wait-and-see approach and intervene only in patients with truly pro-
gressive or symptomatic disease [7]. Current management options range
from surgery in select cases to systemic therapy. In routine practice,
standard options to treat DTs are chemotherapy like weekly
methotrexate-vinblastine, liposomal doxorubicin or doxorubicin, and
targeted agents like imatinib [8-11]. However, no convincing high-level
data was ever produced with these agents through randomized clinical
trials.

Sorafenib, a tyrosine kinase inhibitor with activity against many
protein kinases, including VEGFR, PDGFR and RAF kinases is the first
drug to have shown activity in a phase III trial in DTs [12]. At a starting
dose of 400 mg once a day, the reported objective response rate (ORR)
was 33 % (95 % 95 % confidence interval [CI], 20 to 48) and the 2-year
progression-free survival (PFS) rate was 81 % (95 % CI, 69 to 96).
Sorafenib was well tolerated, with most reported adverse effects being
rash (73 %), fatigue (67 %), hypertension (55 %), and diarrhea (51 %).
Treatment was only discontinued upon disease progression or unac-
ceptable toxicity. Patients responding to treatment with acceptable
tolerance were to continue treatment indefinitely until study with-
drawal. Pazopanib, another tyrosine kinase inhibitor targeting VEGF
receptors 1, 2, and 3, platelet-derived growth factor receptor-like pro-
tein (PDGFR) a and B, and c-KIT tyrosine was also shown to be active in
DTs [9]. In a randomized phase II trial, patients were treated with a
starting dose of pazopanib at 800 mg once a day for a year compared to
weekly methotrexate-vinblastine. The 6-month PFS rate was 83.7 0 %
(95 % CI 23.1-68.5) and the objective response was 37 %. The most
common adverse effects were hypertension (21 %) and diarrhea (15 %).

Although these agents now represent new standards of care for DTs,
there remains many unknowns. The activity and tolerance of sorafenib
and pazopanib outside a clinical trial in a general population with DTs is
unknown. Duration of treatment is still ill defined. Outcomes of patients
who failed, stopped or progressed on TKIs are not well documented. For
patients responding to treatment, the timing and safety of treatment
discontinuation is currently unknown. Predicting which patients may
respond to therapy is still a challenge. Therefore, the main purpose of
this multicenter retrospective study is to collect real-world data to better
guide physicians in managing these rare tumors.

2. Methods

The prospectively maintained databases of Canadian Sarcoma Cen-
ters participating in the Canadian Sarcoma Clinical and Research
Collaboration (CanSaRCC) registry and two American sarcoma centers
were searched to identify patients diagnosed with a desmoid tumor who
were treated with either sorafenib or pazopanib between 2011 and
2022. All diagnoses of desmoid tumor were confirmed by soft-tissue
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pathologists. Prior to data collection, approval from the Ethics Com-
mittee of each hospital was obtained under the CanSaRCC Consortium
agreement.

Baseline characteristics included age, sex, tumor location, underly-
ing genetic predisposition, previous surgery, radiation therapy and lines
of systemic therapy in addition to the reason for treatment initiation
were collected. Treatment characteristics regarding choice of TKI,
starting dose, dose reductions, dose interruptions and total treatment
duration were analyzed. Adverse events according to CTCAE 5.0 criteria
were extracted from medical charts. Patients were imaged using
computed tomography or magnetic resonance after three or four months
according to local hospital guidelines. Response to TKI treatment was
assessed via retrospective viewing of radiology reports using Response
Evaluation Criteria In Solid Tumours (RECIST) criteria 1.1 by local in-
vestigators. Outcomes of patients discontinuing TKI therapy were also
recorded in addition to response to subsequent therapies. Final out-
comes were recorded as of July 2023.

2.1. Statistical analysis

Kaplan-Meier and log-rank tests were used to estimate progression-
free survival (PFS), defined as the time from start of TKI to progres-
sive disease per radiological or clinical assessment in addition to the
time to next treatment defined as the time from the end of TKI to the
start of a new treatment. Data on objective response rates (ORR), defined
as partial or complete response as well as disease control rate (DCR),
defined as ORR + stable disease were also collected. Exploratory ana-
lyses using univariate and multivariate linear and logistic regression
were respectively performed on the degree of tumor shrinkage on TKI
therapy in addition to tumor response according to RECIST 1.1 criteria.

3. Results
3.1. Baseline characteristics

142 DT patients initially treated with sorafenib (n = 126, 88.7 %) or
pazopanib (n = 16, 11.3 %) were included in the study. Baseline patient
characteristics are summarized in Table 1. The median age at diagnosis
was 36 years (range 5-86). Patients were predominantly female (n = 88,
62.0 %) with lower extremity DTs (n = 32, 22.5 %). A history of familial
polyposis was documented in 8.5 % of patients. Negative immunohis-
tochemical expression of beta-catenin was observed in 17 (12,1 %) pa-
tients. Prior to TKI therapy, 62 (43.7 %) received systemic therapy
(median 1, range 1-5 lines) and 122 (85.9 %) were symptomatic. The
median largest tumor size diameter at TKI initiation was 8.8 cm (range
0.7-30.0). Radiological progression in the previous 6 months before TKI
initiation was objectified in 97 (68.3 %) patients (data not available in

Table 1
Demographic and clinical characteristics.

Median age (range)-yr 36 (5-86)
Sex— no.(%)
Male 54 (38.0)
Female 88 (62.0)
Primary Tumor site- no.(%)

Intraabdominal 22 (15.5)
Extraabdominal 120 (84.5)
Largest tumor size—cm 8.8 (0.7-30.0)
Symptomatic disease— no.(%) 122 (85.9 %)

Familial Polyposis— no.(%) 12 (8.5)
Previous surgical resection— no.(%) 33(23.2)
Previous cryoablation—no.(%) 3(2.6)
Previous radiation therapy- no.(%) 9(6.3)
Previous systemic therapy— no.(%) 62 (43.7)

Number of lines of therapy—Median(range) 1(1-5)
Choice of TKI

Sorafenib-no.(%) 126 (88.7)

Pazopanib-no.(%) 16(11.3)
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30 (21.1 %) patients). Overall, the most commonly reported baseline
symptoms were chronic pain in 110 (77.4 %) and functional impairment
in 12 (8.5 %) patients. The most frequent reasons for TKI treatment
initiation were combined symptomatology and radiological progression
(59, 41.5 %), radiological progression only (35, 24.6 %) or sympto-
mology progression only (45, 31.7 %).

3.2. Treatment characteristics

The median treatment duration was 10.8 months (range 0.07- 73.9).
The median starting dose for sorafenib and pazopanib were respectively
400 mg once daily and 800 mg once daily. Dose reductions were
necessary in 34 (23.9 %) patients (19.0 % of patients on sorafenib and
62.5 %, on pazopanib), and dose interruptions were observed in 42 (29.8
%) patients (27.0 % of patients on sorafenib and 50.0 %, on pazopanib).
Treatment interruptions lasting more than a month were documented in
10.6 % of patients. The median well-tolerated dose was 400 mg once a
day for sorafenib and 400 mg once a day for pazopanib.

3.3. Treatment efficacy

The best overall response as per RECIST 1.1 criteria is summarized in
Table 2. The overall response rate for the entire cohort was 23.2 %.
Response could not be assessed in 18 (12.7 %) patients because the
initial TKI was modified for a subsequent treatment prior to the first
imaging assessment. Patients who were previously exposed to prior
systemic therapy were less likely to experience an overall response
compared to patients who were never exposed to systemic therapy (16.1
% vs 26.3 %).

Figure 1 illustrates a waterfall plot of the percentage of change in
tumor size from baseline according to RECIST, version 1.1. Overall, 87
(61.3 %) of patients experienced some degree of tumor shrinkage on TKI
therapy. The mean best percentage in tumor size change was — 14.1 %
(range —100 to 72.5). In patients who reached a RECIST defined
response, the median time to an objectified response was 15.2 months
(range 1.1-33.1) (Fig. 2). Desmoid-related symptom improvement was
reported in 74 (52.1 %) patients (Data not available in 31 (21.8 %)
patients). Throughout the entire duration of follow-up, the median
progression-free survival was not reached. (Fig. 3) The estimated 1-year
and 2-year PFS rates were 82 % and 80 %, respectively.

Univariate and multivariate linear regression on the degree of tumor
shrinkage were done as exploratory analyses to determine predictive
factors of TKI response. Previous radiation and previous systemic
treatment were associated with less tumor shrinkage in univariate
analysis, and previous radiation remained significantly associated with
less tumor shrinkage in multivariate analysis (adjusted beta: 36
[6.8-65.4] p =0.01) (Appendix Table Al and A2). Univariate and
multivariate logistic regression according to RECIST response were also
performed. Patients with a history of previous surgery or Beta-catenin
negative expression were almost 5 times and 8 times more likely to
achieve a RECIST response on multivariate analysis. (OR = 4.8, 95 % CI:
1.4 to 17.1) and (OR = 7.8, 95 % CL: 1.4 to 41.1). However, patients
undergoing previous systemic treatment were 69 % less likely to achieve

Table 2
Overall response rates per RECIST 1.1.
Response No previous systemic Previous systemic Overall n
treatment n (%) treatment n (%) (%)
Complete 2(1.6) 0 (0.0) 2(1.6)
response
Partial 21 (26.3) 10 (16.1) 31(21.8)
response
Stable disease 42 (52.5) 43 (69.4) 85 (59.9)
Progressive 3(3.8) 3(4.8) 6 (4.2)
disease
Not available 12 (15) 6 (9.7) 18 (12.7)
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Table 3
Toxicity grade according to CTCAE.

Grade 1-2 (%) Grade 3-4 (%)

Bleeding 1 (0.7 %) 2 (1.4 %)
Diarrhea 30 (21.1 %) 6 (4.2 %)
Elevated Bilirubin 0 (0.0 %) 1 (0.7 %)
Elevated Liver Enzymes 0 (0.0 %) 2 (1.4 %)
Hand-Foot Syndrome 32 (22.5 %) 5 (3.5 %)
Hypertension 8 (5.6 %) 7 (4.9 %)
Fatigue 18 (12.7 %) 2 (1.4 %)
Oral Mucositis 5 (3.5 %) 1 (0.7 %)
Skin Rash 22 (15.5 %) 8 (5.6 %)
Other 29 (20.4 %) 11 (7.7 %)

Any adverse event 101 (71.1 %) 38 (26.8 %)

a complete or partial remission (OR = 0.31, 95 % CI:0.11 to 0.88).
(Appendix Table B1 and B2).

3.4. Toxicity

Toxicity graded according to CTCAE is summarized in Table 2.
Overall, 101 (71.1 %) patients experienced low grade (g1-2) toxicity
and 38 (26.8 %) patients, high grade (g3-4) toxicity. For low grade
toxicity, hand-foot syndrome (32, 22.5 %), diarrhea (30, 21.1 %) and
skin rash (22, 15.5 %) were the most common reported side effects. For
high grade toxicity, skin rash (8, 5.6 %), hypertension (7, 4.9 %) and
diarrhea (6, 4.2 %) were the most prevalent. Treatment discontinuation
because of toxicity was reported in 39 (27.4 %) patients.

3.5. Treatment discontinuation

On the last follow-up, 55 (38.7 %) patients were still on TKI treat-
ment. The median duration of follow-up was 23.0 months (range
0.5-111.7). Among patients who discontinued treatment (85, 59.9 %),
the main reasons for treatment discontinuation were toxicity (39, 45.9
%) or radiological or clinical progression (30, 35.3 %). In 12 (14.1 %)
patients, there was a shared patient-physician decision to discontinue
treatment following a good response. Among patients who achieved an
overall response per RECIST, only 1 out of 33 (3.0 %) patients required a
subsequent treatment. Furthermore, none of the 16 responding patients
who discontinued treatment required subsequent therapy. In addition,
despite TKI discontinuation, 9 patients experienced further tumor
regression to the point of reaching a RECIST response on follow-up. In
the subgroup of patients who achieved stable disease as their best
RECIST response, 56 (65.0 %) patients discontinued treatment. Among
them, 25 (44.6 %) required a subsequent treatment.

3.6. Subsequent therapy

Overall, 36 (25.4 %) patients required a subsequent treatment for
their DT. The median time to next treatment was 1.5 months (range
0.2-57.7). Subsequent treatments varied and included surgery (3, 8.3
%), radiation therapy (4, 11.1 %), local cryo-ablation (6, 16.7 %) or
further systemic therapy (23, 63.9 %). Systemic therapies included
methotrexate-based regimens (7, 30.4 %), anthracycline-based thera-
pies (9, 39.1 %), another TKI (4, 17.4 %) or other therapies (3, 13.0 %).
The combined ORR of any subsequent therapy was 26.1 %. Of note,
there were no observed responses in the 4 patients receiving a subse-
quent TKI.

4. Discussion

This multi-center retrospective study is the largest reported inter-
national cohort of DT patients treated with either sorafenib or pazopanib
to our knowledge. The characteristics of our cohort are comparable to
those reported in the current literature being predominantly young
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Fig. 1. Percentage change in tumor size from baseline. Fig. 1 shows waterfall plots of percentage changes from baseline in tumor size as according to RECIST,
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Fig. 2. Duration of response. A swimmer plots of the duration of response and clinical outcomes among patients having a response to sorafenib or pazopanib. *

Patient 19 was on pazopanib.

females with extremity DTs [13]. In contrast to the published phase III
trial comparing sorafenib to placebo, our cohort was less likely to un-
dergo previous surgery in keeping with the current Desmoid Tumor
Working Group (DTWG) guidelines favoring active surveillance as an
initial approach for newly diagnosed DTs and systemic therapy
compared to surgery for patients experiencing disease progression [14].

In a real-world setting, the effectiveness of sorafenib and pazopanib
are comparable to the activity reported in the published randomized
phase II and phase III trials [9,11]. Our study may suggest that patients
derive more clinical benefit in being exposed to TKI therapy earlier than
later in their disease management, as reflected by the higher response
rate observed in patients who were not previously exposed to systemic
therapy (26,3 % vs 16.1 %). However, it is also possible that another
explanation for the lower level of TKI activity in previously more heavily
treated patients may be that this subgroup represents a more biologi-
cally aggressive selected form of DT. Current guidelines from the DTWG

do not propose a definitive sequence of existing systemic treatment
options [14]. It is suggested to employ a less toxic therapy initially
followed by more toxic treatments in a stepwise fashion. Since the
publication of the DTWG guidelines, a novel class of drug, the
gamma-secretase inhibitor nirogacestat had demonstrable activity in
DTs with a reported ORR of 41 % and a 2-yr PFS of 76 % [15]. The lack of
comparative studies makes it impossible to assess whether one drug
class is superior to another. However, key differences in tolerance be-
tween TKIs and gamme-secretase inhibitors can be highlighted. In the
nirogacestat study, 75 % of female patients experienced some form of
ovarian dysfunction which may be concerning for a predominantly
young female patient cohort similar to our study. Therefore, a careful
balance between toxicity and effectiveness must be considered in
treatment selection. In subsequent updates, careful attention should
focus on the ideal sequencing of systemic treatments including the novel
class of gamma-secretase inhibitors.
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Fig. 3. A Kaplan-Meier estimates of the duration of progression-free survival at the time of the last assessment.

In our cohort, the starting dose of 400 mg OD for sorafenib was better
tolerated compared to the 800 mg OD starting dose of pazopanib. This is
comparable to the findings of the randomized studies that documented
31 % dose reduction for sorafenib and 73 % for pazopanib, but in
contrast to a real-world retrospective Indian study that documented a
challenge to maintain 400 mg of sorafenib for Indian patients [16].
Reported toxicity in our study was comparable to the published litera-
ture. The rate of treatment discontinuation due to toxicity was high
(45.9 %). This observation can be partly explained by the protracted
course of treatment (median 10.8 months) thereby emphasizing the
need to consider treatment discontinuation as early as possible in this
patient population. Owing to the retrospective nature of this study,
patient related quality of life outcomes could not be assessed.

Our study offers some valuable clinical insight on treatment duration
and outcomes following treatment discontinuation. The randomized
sorafenib study was designed with the intent to carry on sorafenib until
disease progression or unacceptable toxicity. It was therefore unknown
whether sorafenib discontinuation may be safe and associated with long
term favorable outcomes. Our study suggests that patients experiencing
a documented radiological RECIST response may discontinue safely
their treatment with the vast majority not requiring any subsequent
treatment on long term follow-up. The same however cannot be applied
for patients achieving only RECIST defined stable disease. In the latter
subset of patients, nearly half required a subsequent treatment following
TKI discontinuation. How to select which patients with SD may safely
discontinue treatment remains an unanswered question. A phase II
prospective Indian evaluation sorafenib discontinuation after 1 year of
therapy that is ongoing may provide some answers [17].

Furthermore, we also observe that a subset of patients continues to
have objective tumor regression beyond the time of TKI discontinuation.
However, whether or not TKIs may be discontinued earlier then the
timepoint of a documented RECIST defined response remains unknown.
This study illustrates once more that RECIST may not be the most suit-
able radiological criteria to assess response and treatment effectiveness
in DTs [18]. Current research focused on T2-weighted signal intensity
assessment or radiomics correlates may help identify earlier true re-
sponders to TKI therapy [19].

As the number of effective systemic treatments increase, further
research should focus on predictive biomarkers to better select patients
that are more likely to respond to systemic treatment, including TKIs.
Exploratory analyses done in our study may suggest that Beta-Catenin
IHC negative DTs have a higher likelihood of responding to TKI ther-
apy. As the number Beta-Catenin IHC negative DTs is relatively small,

these findings will need to be reproduced in other studies before any
conclusions can be drawn. It has been recently suggested that there may
be other signaling pathways involved in DT progression beyond Beta-
Catenin signalling activation [20]. Therefore, there is a possibility that
the mechanism action of sorafenib in DT is beyond inhibition of PDGFR
signaling, which needs to be further explored in translational studies.

Another interesting observation from our study is that patients who
had surgical resection prior to TKI therapy seem to have a higher like-
lihood of response in our cohort. Again, these findings will require
further studies to validate. It is possible that patients who had prior
surgery were actively progressing and had less fibrotic tumors compared
to patients who were not previously operated who were less likely to
respond because of more predominant fibrotic tissue in the tumor bed.
MRI T2 evaluations could help in assessing these possible differences.
Indeed, differences between responders and non responders from TKI
may be better appreciated on the textural differences of DT and their
state of "activation/inflammation " rather than volumetric changes that
are probably a poorer surrogate of this biological state. At the time
being, one can only hypothesize that surgery may potentially modify the
desmoid micro-environment, leading to potential activation of inflam-
mation pathways within the desmoid tumor that makes them more
likely to respond to TKI therapy. It would have been of interest to study
whether the delay between surgery and TKI initiation may impact
response to treatment, however, available data in this study was
insufficient.

Finally, this study highlights the importance of national and inter-
national collaboration to gain meaningful clinical insight in rare tumors
like DTs. Although this study presents some limitations owing to its
retrospective design, it provides valuable information that can help
physicians managing DTs on TKI therapy.

5. Conclusion

This retrospective study represents the largest cohort of DT patients
treated with sorafenib or pazopanib to date. Sorafenib and pazopanib
are both effective therapies in treating patients with progressive or
symptomatic DTs. The real-world activity and tolerance of both agents
are comparable to the published randomized trials. Discontinuation of
treatment in responders is safe and associated with favorable long-term
outcomes. The optimal treatment duration in patients with stable dis-
ease remains to be defined.
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