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Abstract

Background—Desmoid tumors (deep fibromatoses) are clonal connective tissue malignancies
that do not metastasize, but have a significant risk of local recurrence, and are associated with
morbidity and occasionally mortality. Responses of desmoid patients to sorafenib on an expanded
access program led us to review our experience.

Methods—After IRB approval, we reviewed data for 26 patients with desmoid tumors treated
with sorafenib. Sorafenib was administered at 400 mg oral daily and adjusted for toxicity.

Findings—Sorafenib was first line therapy in 11/26 patients and the remaining 15/26 had
received a median of 2 prior lines of therapy. Twenty-three of 26 patients had demonstrated
evidence of progressive disease by imaging, while 3 patients had achieved maximum benefit or
toxicity with chemotherapy. Sixteen of 22 (~70%) patients reported significant improvement of
symptoms. At a median of 6 months (2-29) of treatment, the best RECIST 1.1 response included
6/24 (25%) patients with partial response (PR), 17/24 (70%) with stable disease and 1 with
progression and death. Twelve of 13 (92%) patients evaluated by MRI had >30% decrease in T2
signal intensity, an indirect metric for increased fibrosis and loss of cellularity. Eighty percent of
patients with radiological benefit had extra-abdominal desmoids.
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Interpretation—Sorafenib is active against desmoid tumors. A prospective, randomized clinical
trial of sorafenib against other active agents is warranted. Loss of MRI T2 signal may be a useful
surrogate for defining responses, but requires validation by examination of tumor pathology.

BACKGROUND

Desmoid tumors, also known as deep fibromatoses (DT/DF), are fibroblastic neoplasms that
arise from musculoaponeurotic stromal elements(1), containing small bundles of spindle
cells with rare mitoses in an abundant stroma. DT/DF arises most commonly in the
extremity, abdominal cavity (root of the mesentery), retroperitoneum and abdominal wall(2).
DT/DF are often considered benign due to their lack of metastatic potential. However, DT/
DF cause significant morbidity by infiltrating or exerting mass effects on vital structures (3,
4). Mortality from DT/DF is occasionally observed owing to the local aggressiveness of
some tumors, typically in the mesentery(4).

If DT/DF remain indolent, they may be observed (3, 4). For patients with symptoms or
progressive disease, primary treatment is surgical resection with wide margins. Radiation
therapy (RT) is used in some patients with high risk features, or in recurrent or surgically
unresectable disease (5, 6). Morbidity from multi-modal treatments remains high. Based on
case reports and small series, non-steroidal anti-inflammatory agents and anti-estrogens are
employed when surgery and radiation are unable to achieve local control. DT/DF have
variable expression of estrogen receptor alpha (ER) and uniform expression of ER-f3,
however, receptor status does not correlate with clinical outcome(7).

Cytotoxic chemotherapy is usually reserved for symptomatic or progressive disease not
amenable to surgery or radiation(8, 9). Anthracyclines are active when used as single agents
or in combinations(10-12). Other active systemic regimens include vinca alkaloid-
methotrexate combinations(13), single agent dacarbazine or temozolomide or combinations
employing more than one of these agents. In our previously published series, hormonal
therapy and anthracyclines (typically pegylated liposomal doxorubicin) were the most
effective regimens, while other agents were less effective(8, 9).

Kinase directed therapy has also been employed against desmoids tumors. In a Phase |1
study with imatinib, 3 PR in 51 patients (6%) were observed after 18 or more months of
treatment(4). The response rate was lower than that from smaller multicenter studies(15,
16). Sorafenib (BAY-43-9006) is a multi-targeted oral tyrosine kinase inhibitor. After we
observed DT/DF patients who received sorafenib through an expanded access program who
attained clinical and radiological benefit (RECIST PR and loss of MRI T2 signal intensity),
we retrospectively assessed our experience with sorafenib in DT/DF patients.

METHODS

Patient selection

Following institutional IRB approval (waiver WA0209-04), we identified and reviewed
medical records of 26 patients from February, 2008 to October, 2010 who received sorafenib
for DT/DF in our clinic. We collected the following data: age at the date of diagnosis,
presentation status (primary or recurrent), gender, presence of Gardner syndrome, primary
site, primary size, radiological appearance (diffuse versus nodular), number and type of
surgeries, use of radiation therapy, lines, duration and response on prior therapies
(hormonal, cytotoxic and tyrosine kinase inhibitors), reason for treatment discontinuation,
time to progression, documentation of progression before initiation of sorafenib, dose and
toxicities of sorafenib, overall survival and status.
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Imaging Techniques

Radiological measurements were made by a single board certified radiologist (R.A.L.) with
experience evaluating soft tissue tumors by MRI or CT. The radiologist was blinded to
patient treatment. Modalities employed in evaluating this heterogeneous group of patients
include: 1) MRI with gadolinium for tumors of the extremities, chest wall, or neck (13
patients, 52 scans), 2) CT with intravenous contrast (7 patients, 26 scans) or oral contrast
only (4 patients, 13 scans) for tumors involving mesentery, abdominal wall or thorax.

T2-weighted MRI values were assessed by two methods. In the first method, the radiologist
drew the largest electronic Region of Interest (ROI) staying within the boundaries of each
tumor at its greatest cross-sectional diameter and calculated a ratio between this value (C1)
and adjacent skeletal muscle (M1). These measurements were repeated at the same location
of the tumor and adjacent muscle on subsequent post-treatment examinations (C2 and M2,
respectively). A normalized decrease of T2 signal intensity of 30% (i.e. [C2/M2]/[C1/M1])
was arbitrarily defined as significant. In the second method, the same radiologist visually
estimated the percentage of the entire tumor on all sections that was darker than muscle on
T2 weighted images, in 10% increments (0—100%); this estimate was repeated for all
follow-up studies.

Role of the funding source

FINDINGS

Grant and philanthropic support was used to support the costs of the collection and analysis
of data in this retrospective analysis.

Patient Characteristics

The study population is summarized in Table 1. There were 17 females and 9 males in this
cohort. Median age at diagnosis and presentation was 29.5 years (range 17-57) and 31 years
(range 20-59), respectively. At initial diagnosis, 16 patients underwent surgical resection
and 10 patients had surgically unresectable disease, or disease only resectable by
amputation. At the time of presentation, all 26 patients had unresectable disease or disease
only removable by amputation (7 with multifocal disease). Seven patients had antecedent
surgery and developed DT/DF at the surgical site within a median of 36 months (range 12—
132); 4/7 had a history of FAP and underwent prophylactic colectomy. 3/7 (non-FAP)
patients had hemicolectomy for rectal adenocarcinoma, node dissection for invasive breast
cancer and breast implant for congenital breast hypoplasia. One patient had pregnancy-
associated DT/DF.

Tumor characteristics

The histological diagnosis was confirmed at our institution in 24/26 patients. Primary sites
included: abdomen/pelvis (12), extremity (6), trunk/chest wall (6) and head and neck (2).
Radiological appearance of the tumor was nodular (6) or diffuse/infiltrative (20). The
primary tumor size was <5 cm (4), 5-10 cm (11) and >10 cm (11).

Treatment characteristics

Local therapy—At initial diagnosis, sixteen patients underwent surgery for resectable
disease. Median time to recurrence after surgery was 24 months (range 1-120). Three
patients underwent a second surgery at recurrence and subsequently had unresectable
disease after 10, 24 and 36 months. Four of 26 patients received adjuvant radiation
following primary resection. One patient had adjuvant radiation and at recurrence had
neoadjuvant radiation to the same site followed by adjuvant brachytherapy. One patient
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received adjuvant breast radiation for breast cancer; the DT/DF was found in the axilla
following an axillary dissection.

Systemic therapy—We do not report the use of non-steroidal anti-inflammatory agents
due to poor documentation, inability to evaluate compliance and the recognized low
response rate. Prior systemic therapy included hormonal manipulation, chemotherapy and
tyrosine kinase inhibitors. Fifteen of 26 patients received a median of 2 prior systemic
treatments (range 1-5) while 11/26 patients had sorafenib as first-line treatment. Of the 15
patients who received prior systemic therapy, 8 received hormonal therapy for a median of 8
months (range 1-35) with tamoxifen (6), leuprolide (1) and medroxyprogesterone (1) before
progression. Best response to hormonal treatment included stable disease and a minor
response in a single patient after 6 months of therapy. Eleven of 15 patients received a
median of 2 lines (range 1-3) of cytotoxic chemotherapy for a median of 7 months (range 3-
42), consisting of single agents or combinations involving doxorubicin (4), liposomal
pegylated doxorubicin (8), DTIC (4), methotrexate (2) and cyclophosphamide (2). Best
response to chemotherapy included 4 patients with minor response and 5 patients with SD.
Of these, four patients experienced long periods of observation (26, 42, 44, 84 months)
following doxorubicin or liposomal pegylated doxorubicin administered for a median of 20
cycles (~20 months). Toxicity with anthracyclines included congestive heart failure, alveolar
bone loss in the jaw, mucositis, alopecia and fatigue. Tyrosine kinase inhibitors other than
sorafenib had been employed in 6/14 patients for a median of 3 months (range 1-7) with 1
patient intolerant of the drug, 4 patients with PD and 1 patient with minor radiologic
response as best outcome.

Sorafenib administration—Sorafenib was initiated when progression was noted on
imaging in 23/26 patients; 3 patients had RECIST stable disease on chemotherapy, but
experienced worsening pain. Sorafenib was started in 15/26 patients after a median of 2 lines
of prior systemic therapy administered for a median of 5 months. Sorafenib was initiated as
first line therapy in 11/26 patients after a median of 13 months (range 2—42) from diagnosis.
At the time of this report, 15t and 2" line patients received sorafenib for a median of 4.6 (1-
31) and 12 (2-26) months, respectively. Sorafenib was 1%t line in 20% and 40% of patients
with abdominal and extra-abdominal tumors, respectively. Sorafenib was started at a
maximum dose of 400 mg daily and decreased for toxicity. No patient was treated at 400 mg
twice daily; the dose approved in renal cell or hepatocellular carcinoma. The median dose of
sorafenib was 200 mg daily. Some patients required further dose reductions to 200 mg every
other day while others tolerated alternating doses of 400 mg and 200 mg daily (300 mg/day).
Toxicities are described in Table 2 and include hand-foot syndrome, fatigue, skin rash,
trichodynia, hypertension, mild alopecia and diarrhea. Side effects were well controlled with
dose adjustments and inclusion of anti-diarrhea and anti-hypertensive drugs.

Clinical Outcome on Sorafenib

Clinical outcome of sorafenib therapy is detailed in Table 2 along with duration, type of
response and drug toxicities. Median follow up on sorafenib was 6 months (range: 2—29).
Sixteen of 22 (~70%) patients reported subjective decrease in pain and analgesic use after
initiation of sorafenib; these data were not quantitated with a validated pain scale. Some
examples of clinical benefit include: (1) A 21 year old male (Table 2, Pt 1, and Figure 1) had
tumor extending from axilla to brachial artery, median and ulnar nerve which resulted in
pain, swelling and loss of mobility. Forequarter amputation remained the only option to
render the patient disease-free. Within 2 months of sorafenib the patient experienced a
RECIST PR and complete resolution of symptoms; (2) a 24 year old female (Table 2, Pt 15)
had a large desmoid tumor displacing her mediastinum and impending cardiopulmonary
collapse despite other therapy. Within one week of sorafenib she had dramatic improvement

Clin Cancer Res. Author manuscript; available in PMC 2012 June 15.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Gounder et al.

Page 5

in orthopnea, dyspnea and lower extremity edema; (3) a 21 year old woman (Table 2, Pt 9)
with inoperable cervical spine mass presented with pain and compromised mobility.
Therapy did not result in change in tumor size; however there was loss of T2 signal and pain
relief. Notably, no symptomatic benefit was reported by patients with intra-abdominal
desmoids. Three patients stopped sorafenib within 2 months due to abdominal pain,
uncontrolled hypertension or visual disturbances. Neither cardiac toxicity nor bleeding was
observed.

Reinstitution of therapy

A patient was treated for 18 months and experienced a RECIST PR and clinical benefit.
Following 6 months of observation she experienced local progression. Restarting sorafenib
resulted in pain relief and tumor shrinking. Similar findings have been noted in two other
patients, raising the question of response durability after treatment discontinuation.

Another patient attained SD with sorafenib after progressing on several lines of
chemotherapy. Sorafenib was switched to sunitinib due to toxicity, resulting in disease
progression. Re-initiation of sorafenib resulted in pain relief and disease stabilization.

Radiological response assessment

RECIST 1.1—Twenty four of 26 patients were evaluable for response. CT or MRI was
obtained at a median interval of 4 months. Responses by RECIST 1.1 were: 0/14 complete
responses, 6/24 partial responses (25%), 17/24 (70%) with stable disease and 1 patient with
progressive disease. Seven patients experienced minor response (defined as 10-29%
decrease). Figure 2 depicts RECIST responses in 24 evaluable patients. Bi-dimensional
WHO size measurements were highly correlated (R=0.92) with RECIST (figure not
shown). RECIST PR was achieved at a median of 10 months and a minor response (i.e.
reduction > 10% by RECIST) was noted at a median of 4 months of starting therapy. PR and
SD were mostly seen in extra-abdominal tumors (p=0.03, t-test) and there was no difference
in between those who received sorafenib as first-line or second-line (p = 0.9, t-test).

MRI Signal Changes—13 patients were evaluable by MRI (Figure 3). T2 signal changes
were quantitatively and qualitatively described (see Methods). We defined a 30% loss of T2
signal relative to muscle as a response. We anecdotally noted that patients with changes in
T2 signal had described symptomatic improvement; however, this was not correlated with a
formal quality of life scale. T2 changes were seen in 12/13 (~90%) patients who had an
MRI. T2 signal change was seen in 100% of patients with a RECIST PR. Median time to T2
signal loss (>30%) was 5 months for those who obtained a PR (median 47% decrease) and
3.6 months for those achieving SD as best result. In this small data set, the sensitivity and
specificity of T2 signal loss as a predictor of RECIST PR was 100% and 12%, respectively.
T2 signal loss has a positive predictive value and negative predictive value of 42% and
100%, respectively.

Survival—The 26 patients were followed for a median of 50 months (3—209 months) from
initial diagnosis. Median follow-up from the start of sorafenib was 6 months (1-29). Median
time to progression was not reached. Five patients progressed despite sorafenib, defined as
increasing tumor size (2), symptoms (1) or drug intolerance (2). Twenty-five of 26 patients
are alive with disease.

INTERPRETATION

DT/DF have a highly variable clinical presentation and natural history. There are no
standard first-line systemic therapies in DT/DF as only few agents have been examined
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prospectively and there are no randomized studies. In this cohort, median PFS rates were not
reached. Only one patient (with Gardner syndrome) had progressive disease and died. Since
desmoid tumors may have a relatively indolent course, we submit that overt radiological
response rate and symptomatic improvement may be better primary endpoints for outcome
than PFS for clinical trials. Any response must also take into account the occasional patient
with spontaneous regressions or delayed regressions from prior therapy.

The most striking aspect of this study is the rapid clinical benefit seen in 16/22 (~70%) of
symptomatic patients. Clinical improvement was typically noted within 2 weeks of starting
sorafenib; we had not observed such clinical benefit with imatinib. It is notable that
radiological benefit (RECIST CR+PR+SD) were most common in extremity DT/DF rather
than intra-abdominal tumors (p=0.03, t-test). There was no difference in radiological benefit
when sorafenib was first-line or second-line treatment (p=0.9). These findings suggest the
response of DT/DF to sorafenib is a function of their biology, i.e. APC mutation (Gardner
syndrome) for intra-abdominal desmoids(17, 18) versus B-catenin mutation commonly
observed in other DT/DF(19). Conversely, it is difficult to ascribe anti-angiogenic effects of
sorafenib as directly responsible for the observed benefit. To date, there are no biomarkers
that inform natural outcome or clinical benefit with therapies. Tumor or serum levels of
KIT, PDGFR, PDGF-AA, PDGF-BB, and CTNNB1 or APC mutation status have not
correlated with responses to TKI therapy(14-16). Research is underway to elucidate why
non-abdominal desmoids respond more frequently to sorafenib than mesenteric desmoids,
which may also point to the potential durability of response once treatment has been
interrupted.

The optimal imaging modality to evaluate DT/DF remains undefined. Six of 24 patients
experienced a RECIST PR and 7/24 had minor tumor shrinkage (10-29%) that represent a
response using the alternative response criteria developed by Choi for GIST(20). Focusing
more on the MRI characteristics of desmoids, studies that evaluated soft tissue tumors noted
that differences in MRI characteristics are related to the ratio of fibroblasts to collagen(21).
We observed that sorafenib leads to T2 signal loss in 12/13 (~90%) patients, which is
suggestive of a shift in fibroblast to collagen ratio. T2 signal loss was observed in all
patients with a RECIST PR. Whether T2 signal represents a biological effect is a question
for prospective trials with endpoints evaluating quality of life, pre- and post-treatment
pathology and time to relapse.

Quantitating MRI T2 signal intensity may be a novel radiographic metric in DT/DF.
Stacchiotti et al showed that T1 signal on contrast enhanced MRI may be a novel radiologic
marker of response in high grade sarcomas treated with neoadjuvant chemotherapy/
radiation(22). In contrast to computed tomography, in which Hounsfield units may be used
as a metric of tissue density, MRI T2 signal is a unitless number with no intrinsic meaning
except for comparative purposes. In attempting to develop a reproducible metric for clinical
improvement we normalized the signal intensity of lesions by using normal muscle as a
reference standard. In this analysis, MRI scans were not performed with identical
parameters, which are expected to cause variation in the measured T2 signal intensity, even
with a reference standard. In addition, we used a region of interest (ROI) on one
representative section which introduces sampling error. In these patients, the changes in
signal were homogenous when they did occur, and, thus, our measurements were arguably
representative of the entire lesion. The above limitations argue for a prospective study to
further evaluate this metric.

Despite our attempt to capture all treated patients, the retrospective nature of this study
exposes it to selection bias, as well as possible lead-time bias related to variable imaging
intervals. Nonetheless, the relative rapidity of the clinical and radiological responses was
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striking and appeared to be in excess of what has been reported with other systemic agents,
at least as pertains to desmoids not associated with Gardner syndrome. Our clinical
observations are supportive of a prospective, randomized trial comparing sorafenib to other
active agents, and hopefully provide an otherwise underappreciated means to manage
disease in difficult anatomic locations
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| Figure 1A. | Figure 1B.

Figure 1.
An MRI (with contrast, T2 weighted) of the upper arm depicting a desmoid tumor encasing
a neurovascular bundle before (1A) and after six months (1B) of sorafenib.
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Figure 2.
Waterfall plot of best radiological outcome by size (RECIST 1.1) for individual patients
along with duration of response (months) and type of imaging noted below each patient
column.
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Figure 3.
Waterfall plot of best radiological outcome by size (RECIST 1.1) of patients evaluated by
MRI, duration of response (months) and change in T2 signal intensity (gray columns).
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