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Abstract

Importance: Dermatofibrosarcoma protuberans (DFSP) has the potential for local destruction,
recurrence, and also carries a low risk of metastasis. Complete surgical resection with negative
margins is considered the gold standard for treatment; however, there are cases that are
unresectable due to tumor extension/size, or due to risk of cosmetic and/or functional impairment.
Imatinib has been used for locally advanced or metastatic DFSP.

Obijective: The objective of this systematic review was to evaluate the usefulness of imatinib for
DFSP.

Evidence review: We conducted a systematic review on PubMed and Embase databases
for articles published from September 2002 through October 2017, using the key words:
“dermatofibrosarcoma” or “dermatofibrosarcoma protuberans” AND “therapy” AND “imatinib”.
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References within retrieved articles were also reviewed to identify additional studies. Studies on
adults with histologically proven DFSP treated with imatinib as monotherapy or as an adjuvant

or neoadjuvant therapy to surgery were included. Extracted data was analyzed using descriptive
statistics. PRISMA guidelines were followed.

Findings: Nine studies met inclusion criteria; 152 patients were included. The calculated mean
age was 49.3 years (range 20 — 73 years). Calculated mean tumor diameter was 9.9 cm (range
1.2 - 49 cm). The COL1A1-PDGF translocation was present in 90.9% of patients. Complete
response was seen in 5.2% of patients (8/152), partial response in 55.2% (84/152), stable disease
in 27.6% (42/152), and progression in 9.2% (14/152). Four patients (4/152; 2.6%) were excluded
from the analysis. There were no differences in response rate using 400 mg or 800 mg per day
(p=1.0). Adverse events were present in at least 73.5% of cases; severe adverse events were
present in 16.6% of cases.

Conclusions and relevance: Imatinib is a useful directed therapy in patients with DFSP
that are not surgical candidates due to disease extension or significant cosmetic or functional
impairment. There seems to be no difference between 400 or 800 mg daily dose.

Keywords

dermatofibrosarcoma protuberans; sarcoma; treatment; imatinib; metastasis; advanced;
dermatofibroma

Introduction:

Dermatofibrosarcoma protuberans (DFSP) is an uncommon soft tissue tumor, representing
approximately 0.1% of all malignancies.! It is the most common dermal sarcoma and has
an initial indolent growth pattern.2 However, DFSP has the potential for local destruction
and is associated with a 5-year 25% risk of recurrence.? It also carries a low 2 — 5%

risk of metastasis,*® with a 10-year disease-specific survival of 99.1%.8 Occasionally,
fibrosarcomatous changes are seen, which are associated with a higher rate of local
recurrence, distant metastasis and worse survival.2:3.7-9 It mainly affects middle-aged adults
(30 — 50 years),319 and is slightly more common in females (1.14 times) and blacks (almost
2 times than whites).1® The most frequent location is the trunk (42 — 49%), followed by the
extremities (37%), and the head and neck (13 — 16%).1:8

Complete surgical resection with negative margins is considered the gold standard for
treatment of DFSP, as inadequate initial resection may result in local recurrence or disease
progression.3:10 Resection may be achieved by either wide local excision (2 — 3 cm
margins) or Mohs micrographic surgery (MMS).11:12 Despite surgery being the cornerstone
of treatment, there are cases which are deemed unresectable due to tumor extension/size,

or risk of cosmetic or functional impairment, such as tumors located on the head and neck,
genitalia, or hands and feet. Similarly, some patients may be inoperable due to medical
comorbidities.

Genetically, DFSP is characterized by the presence of a translocation involving distinct
regions of chromosome 17 and 22 in more than 90% of cases, most commonly as a
supernumerary ring chromosome.13 This t(17:22) leads to a fusion in the collagen type |
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alpha (COL1A1I) and platelet-derived growth factor subunit B (PDGFB) genes and results

in the expression of a COL1A1-PDGF fusion protein.1314 PDGF is a potent mitogen

for mesenchymal cells with autocrine and paracrine activation of the PDGF receptor
(PDFGR) on tumor cells; PDGF activates the Ras MAPK and PI3K-AKT-mTOR pathway
leading to uncontrolled cell growth.513:14 The identification of the aberrant activation of
the PDGF pathway led to the hypothesis that inhibition of PDGFR may have clinical
efficacy in the treatment of DFSP. In 2002, the first case report showing the efficacy

of a PDGFR inhibitor imatinib mesylate, a small-molecule tyrosine kinase inhibitor,

in a 25-year-old patient with metastasic DFSP of the lower limb was published. The

patient was severely impaired but able to walk 2 weeks after initiating treatment; surgery
was performed one month later.1® Based on this initial efficacy, numerous case-series
subsequently evaluated the utility of imatinib, in the treatment of DFSP.15-17 Imatinib was
FDA approved for DFSP in 2006 and after the phase 11 study published in 2010,18 the
National Comprehensive Cancer Network (NCCN) incorporated imatinib into its treatment
algorithm. The NCCN guidelines recommend imatinib for metastasis/recurrences when
‘disease is unresectable, or unacceptable functional or cosmetic outcomes with resection are
predicted’.1® The European consensus-based interdisciplinary guidelines also recommend
imatinib for inoperable primary tumors, inoperable locally recurrent disease, and metastasic
DFSP.20

Despite both guidelines’ recommendation, limited and variable data exists regarding the
response rate, ideal starting dose and treatment schema of imatinib for the treatment of
DFSP. The objective of this systematic review is to evaluate the usefulness of imatinib for
DFSP.

Methods:

The results of this systematic review were obtained according to the guidelines for reporting
systematic reviews as published in the PRISMA Statement (available in www.prisma-
statement.org).

Eligibility criteria:
We included all studies published to date of adults (=18 years old) with histologically
proven DFSP treated with imatinib as monotherapy or as an adjuvant or neoadjuvant
therapy to surgery, irrespective of location. Articles were eligible if written in English or
Spanish. Outcomes of the studies were evaluated as complete response, partial response,
no response, or progression. Most studies used the Response Evaluation Criteria In Solid
Tumors (RECIST) 1.0 or 1.1 to evaluate response rate. We excluded literature reviews,
single case-reports, pediatric cases, conference abstracts, animal studies, and studies lacking
full-text.

Information sources and search:

We searched PubMed and Embase databases for articles published from September
2002 through October 2017, using the key words: “dermatofibrosarcoma” or
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“dermatofibrosarcoma protuberans” AND “therapy” AND “imatinib”. References within
retrieved articles were also reviewed to identify additional studies.

Study selection:

Two reviewers (C.N-D. and S.M.) independently screened all relevant titles and abstracts
for eligibility. If necessary, full-text articles were screened for eligibility. Differences in
judgment were resolved with a third reviewer (K.N.) until consensus was reached (Figure 1).

Data collection process:

Two reviewers (C.N-D. and S.M.) extracted data from the included studies independently.
Disagreements were resolved by consensus; if no agreement could be reach, a third author
(K.N.) was consulted.

Data extraction:

The following information was extracted from each study, when available: age, gender,
location, tumor diameter, COL1A1-PDFGB translocation status, imatinib dose and schedule,
treatment duration, response rate, length of followup and prognosis. Ethnicity was not
reported in the studies. Most studies used the RECIST 1.0 or 1.1 to evaluate response

rate. In all studies, response rate was defined by the imatinib response prior to surgery (if
performed). For statistical analysis, we combined “complete or partial response rate” and
“non-response or progression” as dichotomous variables in order to compare two different
doses (400 mg vs 800 mg). To avoid confusion with intermediate doses, studies that used
600 mg were excluded from this subanalysis. Surgical outcome and follow-up time were
extracted if available.

Adverse events reporting was less rigorous in most studies. Some used the Common
Terminology Criteria for Adverse Events (CTCAE) v4.0. For our systematic review purpose,
we grouped grade 3-5 and reports stating ‘severe’ into ‘severe adverse events’ when
available.

Risks of bias in individual studies:

Two reviewers (C.N-D. and S.M.) independently assessed the risk of bias with the Cochrane
tool.21 Due to high-risk of publication bias, single case-reports were excluded from the
analysis and only case-series were analyzed, despite also being associated to a moderate-to-
high risk of bias.

Summary measures:

Data extracted was analyzed using descriptive statistics. Data is reported as medians

with ranges. Response rates are reported as proportions. For summary measures and meta-
analytics, reported medians with ranges were transformed to means and standard deviation
with the formula published by Hozo et a/22 Data was analyzed using SPSS 23.0 (SPSS Inc.,
Armonk, NY, USA). For categorical variables, chi-square test was performed. A two-sided
p<0.05 was considered statistically significant.
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Results:

After excluding duplicates, the search yielded 141 articles that were manually reviewed,
and their references were also screened. Nine studies met the inclusion criteria and were
included in the analysis (Figure 1).9:1823-29

Demographics:

Most studies specified ‘locally unresectable’ or “‘locally advanced’ or ‘metastatic’ DFSP as
their inclusion criteria; however, inclusion criteria were heterogeneous and not specified

in most studies. Exclusion criteria were established only in 3 studies; in 2 studies the
absence of the COL1A1-PDGF translocation was an exclusion criterion and the absence of
metastasis was indicated in the other. The total number of patients included in the systematic
review was 152; age and gender information were available for 136 patients. The calculated
mean age for all the studies at diagnosis was 49.3 years (range 20 — 73 years), and the
male-to-female ratio was 0.91. Tumor diameter was available for 67 patients; calculated
mean tumor diameter was 9.9 cm (range 1.2 — 49 cm) and 46% (60/130) were primary
tumors. For individual details see Table 1.

Cytogenetics:

All included studies were designed to evaluate imatinib’s role as a neoadjuvant therapy or
as a systemic treatment for locally recurrent or metastasic disease. The COL1A1-PDGFf
translocation was present in 111 out of 122 patients (90.9%) analyzed; translocation status
was not reported in 2 studies (26 patients). One study evaluated the translocation with
immunohistochemistry; all other studies used fluorescence in situ hybridization (FISH) or
reverse transcriptase polymerase chain reaction (rtPCR), and some studies used both (Table
2).

Treatment dose, response rate, and duration:

All studies but one (Heinrich et al.26 study) were designed as neoadjuvant trials and
imatinib was started with the intention to make tumor amenable for definitive (R0) excision.
Some trials allowed for adjuvant therapy after resection and others maintained imatinib as
monotherapy (Table 2). Imatinib response rates were defined pre-surgery in all studies.

The dose used in these studies ranged from 400 mg per day (2 studies) to 800 mg per

day (4 studies); 2 studies used 600 mg per day. One study18 had 2 arms at different

study locations, one with 400 mg and the other with 800 mg. No differences were found
between these doses in that study (although no statistical tests were performed). Overall,
complete response was seen in 5.2% of patients (8/152), partial response in 55.2% (84/152),
stable disease in 27.6% (42/152), and progression in 9.2% (11/152) (Table 3). A complete
or partial response was observed in 92/152 (60.5%) of patients and any clinical benefit

in 134/152 (88.1%) of patients. We excluded 4 patients (2.6%) from the analysis due to
unknown response/not evaluable. We compared studies using 400 mg and those using 800
mg and found a similar complete or partial response rate when compared to hon-response
or progression as dichotomous variables (67.5% [27/40 patients] for 400 mg vs 67.1%
[49/73 patients] for 800 mg complete or partial response; p=1.0). Treatment duration was
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not clearly established; some studies used the drug for a variable period of time after surgery
while others did not withdraw the drug until the time of study publication. Calculated mean
treatment duration was 12 months (0.1 — 43 months).

Surgery after imatinib:

For those with available data, 70 patients out of 116 patients (60.3%) underwent surgery
after imatinib. In the most recent study with the largest follow-up time (63.5 months), 13
patients (47%) underwent surgery with >1 cm wide margins (after a median time of 4
months of neoadjuvant imatinib) and 9/13 (69%) patients were disease-free on follow-up
after discontinuation of imatinib.® In a previous study, there was only 1 relapse when
surgery was performed (in a total of 13 patients; mostly with 0.5 — 2 cm margins) after

a median treatment duration of 3.1 months on imatinib, with a mean follow-up of >76.7
months. In the same study, one patient was on 16.7 months of imatinib with complete
response; no definitive surgery was done due to patient refusal.2® In another study, 4/10
unresectable patients were able to receive complete surgical resection after imatinib; the
drug was maintained for 1 year after surgery, with no signs of recurrence after imatinib
withdrawal.2” On the other hand, another study showed that all DFSP patients relapsed
after surgery and imatinib withdrawal; the study included only metastatic cases, however.28
Although it was not assessed in all studies, DFSP with fibrosarcomatous transformation had
a similar initial response to imatinib but may have a shorter sustained response (Table 4).°

Adverse events:

Occurrence of any adverse event was present in at least 73.5% of cases (78/106). Severe
adverse events (grade 3 to 4, defined as those that may potentially cause severe damage or
death and/or lead to the suspension of the drug) were present in 16.6% of cases (20/120). Of
these 20 severe adverse events, 10 out of 20 (50%) led to the discontinuation of the drug.
The others were manageable either with dose reduction or other specific measures (Table
4). In one study, 35% of patients initially treated with 800 mg/d were reduced to 400 — 600
mg/d due to adverse events.®

Prognosis:

Regarding mortality, in this selected group of patients with locally advanced or metastatic
DFSP treated with imatinib, 20% died of the disease (21/105) (Table 4).

Risk of bias of individual studies:

Due to the methodology of the studies included (case-series), there is a moderate-to-high
risk of bias. No quantitative measurements are possible.

Discussion:

In this systematic review of DFSP treated with imatinib, we found complete/partial response
rates of 60.5%, a stable disease rate of 28.2%, and a progression rate of only 7.9%. In

other words, 85 — 90% of patients with advanced DFSP demonstrate some degree of clinical
benefit with imatinib; in addition, few patients show progression of disease on imatinib
(9.2%), at least in the follow-up period reported in most studies. Herein we corroborated
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what was hypothesized by Rutkowski et al. in their preliminary series, that there does not
seem to be a difference between starting treatment with 400 mg/d or 800 mg/d in terms of
efficacy.18 However, 400 mg/d may be favored as a starting dose due to its lower incidence
of adverse effects. The European consensus-based interdisciplinary guideline on DFSP also
recommends starting with lower doses (400 — 600 mg/d) as they are better tolerated.2°
However, if no response occurs at 400 mg/d, increasing the dose to 600 — 800 mg/d may be
considered on a case-by-case discussion. Despite these promising findings, we highlight the
low rate of complete responses (5.9%) found in this group of locally advanced or metastasic
DFSP patients; this is relevant given the fact that this neoplasm affects mainly young adults
with a long life expectancy.3 Risk of progression has been reported to be as high as 45.8%,
even after an initial favorable response.18 We believe that imatinib can achieve its role with
curative intent only when given as a neoadjuvant therapy and subsequent complete removal
with negative margins is accomplished.

Histopathology response to imatinib-treated DFSP samples most frequently shows cellular
depleted areas replaced by hyalinized fibrotic stroma; early signs of response include
variable inflammatory component with scattered viable tumoral cells. Tumor density is
decreased, and no necrosis is evident after treatment.23:25.28.29 pre-imatinib tumor cellular
and nuclear pleomorphism, Ki67 positivity, and mitotic rate are not associated with

clinical response.2® Recently, Tazzari et al. demonstrated that imatinib-treated samples of
fibrosarcomatous transformed DFSP up-regulated pro-inflammatory genes, which in turn
increased cytokines, IFN-y and HLA antigens, together with dense CD4+ and CD8+ T-cell
infiltrates (all negative before treatment), suggesting a dual role of imatinib inhibiting
molecular pathways (PDGFR) and modulating immune response.30 PD-L1 expression was
evident after imatinib treatment, opening a potential window of opportunity for PD-1/PD-1L
blocking agents.30:31

As reported in most of the studies reviewed herein and as stated in the NCCN guidelines,®
we recommend cytogenetics evaluation of t(17:22) by either FISH or rt-PCR as part of the
DFSP diagnosis workup. However, imatinib may still be considered in cases without the
specific translocation as there have been reports of response to imatinib.2>29 More studies
are needed to evaluate the utility of testing for the COL1A1-PDGFB translocation prior

to imatinib initiation and its role in DFSP response to imatinib. In one study including 25
patients, 2 patients without the translocation were non-responders, however, this difference
was not statistically significant (p=0.53).29 Another study including 10 patients showed no
response in 1 patient with metastatic DFSP lacking the t(17:22) translocation; however,
follow-up was short (32 days) due to the patient’s early death.23 Since data is limited, we do
not know how patients will respond in the absence of the mutation. We previously published
a case that showed good response to 400 mg/d imatinib despite yielding a completely
different mutation.32

Imatinib adverse events in this systematic review were common but usually mild and
tolerable. The overall adverse event rate of imatinib for DFSP treatment was more than
73.5%. Severe adverse events were present in 16.6% in this systematic review with
50% of these leading to drug withdrawal. However, reporting of adverse events was not
homogeneous and few studies used standard systems such as the CTCAE v4.0.
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For a more comprehensive understanding of imatinib adverse events, we can extrapolate
from imatinib used in thousands of patients with other tumors such as gastrointestinal
stromal tumors (GIST) and Chronic myeloid leukemia.33:34 Most adverse events occur in
the first 8 weeks of treatment.3* The most common adverse events are mucocutaneous

(7 — 88.9%) and include edema (11 — 86%), maculo-papular rash (40%), pruritus

(7 — 26%), alopecia (7 — 15%), xeroderma (<7%), lichenoid reactions, pigmentary
disorders of skin (hypopigmentation most commonly), nails (hyperpigmentation) and
mucosa (hyperpigmentation, 4%), psoriasiform reactions, pityriasis rosea-like rash,

acute generalized exanthematous pustulosis, Stevens-Johnson syndrome/Toxic epidermal
necrolysis, neutrophilic dermatosis, and photosensitivity, among others.32:36 Other relevant
systemic adverse events include fever (6 — 41%), muscle cramps (49%), abdominal pain
(37%) and diarrhea (45%), nausea and vomiting (50%), fatigue (39%), headache (37%),
musculoskeletal pain, anemia (4%), neutropenia (17%), hyperglycemia (10%), electrolyte
disturbance (1 — 10%), thrombocytopenia (9%), and liver enzyme elevation (5%).37-38

One of the most relevant predictors of severe adverse events and severity is the imatinib
dose;33:34 in a randomized trial using 400 mg/day or 400 mg twice daily in GIST patients,
7% of treatment interruptions were due to toxic effects, similar to our results (5.4%). Despite
41% having at least one grade 3—4 event, about two-thirds did not need a dose reduction.34
In summary, compared to other systemic anti-cancer therapies such as chemotherapy,
imatinib is remarkably well tolerated and most side effects are manageable with supportive
care and dose adjustment, enabling patients with imatinib-sensitive diseases (GIST, DFSP,
chronic myeloid leukemia) to be treated for years with good outcomes.

Surgery remains the main curative treatment for DFSP. In locally advanced or metastatic
cases that were initially not amenable to surgery, 60% were able to undergo surgery after
imatinib treatment; of these patients, only 5 studies (32/70 [45.7%] patients who underwent
surgery) reported follow-up. In 2 studies, patients who had surgery (6/10 and 4/4 patients
had surgery) are all disease-free after the procedure.23:24 In the most recent study, 9 out

of 13 patients who underwent surgery with >1 cm margins were disease-free at the time

of resection.? In another study, there was a single relapse (n=13) after discontinuation of
imatinib (neoadjuvant, surgery, adjuvant) with a mean follow-up of >76.7 months.2°

Finally, in a study of 10 unresectable locally advanced tumors (>10 cm and adjacent to
vital organs or surgery causing unacceptable aesthetic results), after neoadjuvant imatinib,
4 patients were amenable to surgical resection and imatinib was maintained for 1 year
after surgery with no relapses after discontinuation (median follow-up 36 months; range 6
— 81 months).2” In a case series including 22 patients, 4 previously unresectable patients
underwent surgery with “complete resection” and received imatinib for a year after with

no signs of recurrence or metastasis. However, follow-up is still short (median 36 months)
so definitive treatment response duration is not currently evaluable.2” Future studies should
assess the duration of DFSP response to imatinib and timing of discontinuation.
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Limitations:

Most studies had less than 30 patients and a wide heterogeneity in study design. There were
different treatment doses and schemas (even within the same study). Treatment intent was
not clear in most studies (i.e. neoadjuvant, adjuvant, monotherapy). Some studies used the
drug 12 weeks before surgery and completely suspended the drug after the procedure, while
others used it as a neoadjuvant therapy and then continued its use as adjuvant for up to 12
months.17:27

The use of neoadjuvant drugs in solid tumors may theoretically create ‘pockets’ of non-
contiguous tumor that may be falsely read as negative margins in surgical excisions. The
only way of proving this principle and clinical relevance of this potential risk is with long-
term follow-up. Limited follow-up time for most of the studies included (mean follow-up

in this systematic review was 39.8 months [3.3 years]) precludes definitive conclusions
since DFSP is a slow-growing neoplasm that may recur years later. The optimal duration of
therapy remains uncertain. Clinicians and patients should consider the cost of the drug that
may need to be continued for a long period of time. Also, the role of the COL1A1-PDGFB
translocation and its determination by cytogenetics or FISH to select imatinib candidates and
predict the clinical response of DFSP is lacking.

Finally, there was considerable risk of bias according to GRADE guidelines, as case-series
have the possibility of publication bias. The current information is insufficient to perform an
evidence-based recommendation on treatment duration; however, in the authors’ experience,
we use the drug as monotherapy only for unresectable disease (for an undefined duration,
until maximum response) or as neoadjuvant therapy until the tumor is surgically resectable,
and then at least 3 months post-operatively. Role of imatinib in the setting of narrow or
positive margins has not been studied.

Conclusions and future directions:

Imatinib is a useful neoadjuvant directed therapy in select patients with DFSP that are not
direct candidates for surgery due to its local extension or due to possible secondary cosmetic
or functional impairment. Imatinib may improve quality of life and functionality in patients
with advanced disease.® However, as the criteria for an ‘unresectable DFSP’ can vary
considerably, use of imatinib therapy should be carefully guided through a multidisciplinary
approach. Review of available studies suggest that starting doses of 400 or 800 mg per day
are equally effective for the treatment of locally advanced or metastatic DFSP, but with
fewer adverse effects at the lower dose. Prospective randomized trials are needed to define
the most appropriate treatment schema for these patients.
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Key points:

. Question: What is the efficacy of imatinib in the treatment of metastatic or
locally advanced dermatofibrosarcoma protuberans (DFSP)?

. Findings. In this systematic review we found that imatinib is associated with
a complete or partial response of 60.5% in advanced cases, irrespective of 400
mg or 800 mg daily dose.

. Meaning: Imatinib is a safe and effective therapy for advanced DFSP with
400 mg/day starting dose.
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MEDLINE (PubMed) — 141
Embase - 449

590 of records identified through database searching
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* Case reports

v

9 studies included in
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PRISMA flow diagram.
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