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Abstract: Purpose: This study evaluated the efficacy and adverse effects of Imatinib therapy to advanced Dermato-
fibrosarcoma protuberan (DFSP) and Sunitinib therapy to advanced Dermatofibrosarcoma protuberan (DFSP) after
Imatinib resistance. Methods: We analyzed the efficacy, adverse effects and survival of 95 patients with locally
advanced or metastatic DFSP treated by Imatinib between January 2003 and December 2009, and also analyzed
the efficacy and adverse effects of 30 patients after Imatinib failure between January 2008 and December 2011.
Results: In all 95 patients treated by Imatinib, 16 had complete response (CR, 16.8%), 44 had partial response (PR,
46.3%), 23 had stable disease (SD, 24.2%) and 12 had progressive disease (PD, 12.6%). The DCR (CR+PR+SD) was
87.4%. The median PFS was 23 months and the OS was 40 months. For 30 patients had Sunitinib treatment after
Imatinib failure, 2 had CR (6.7%), 10 had PR (33.3%), 12 had SD (40%) and 6 had PD (20%). The disease control
rate (DCR=CR+PR+SD) was 73.3%. The progression free survival (PFS) of CR and PR patients were 22 months and
20 months respectively. The PFS of 12 SD was 18 months, and overall survival (OS) was 28 months. And the median
PFS and OS of all 30 patients were 19 and 27 months respectively after Sunitinib treatment. Most of the Imatinib-
induced adverse effects are of grade 1-2, including nausea, water retention/edema, fatigue, etc. Conclusion: Ima-
tinib has been proven to be effective and well-tolerated in the treatment of locally advanced or inoperable patients
with DFSP. After Imatinib failure, Sunitinib therapy showed good clinical efficacy and tolerated adverse effects as a
new treatment option for such patients.
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Introduction with a specific inhibition function of BCR/ABL,
KIT, PDGFR-a and PDGFR-B, it can inhibit abnor-
mal signal transduction pathways and tumor
growth [12, 13]. In 2002, Maki et al [14] report-
ed a benefit from Imatinib therapy for locally
advanced, unresectable and distantly meta-
static DFSP for the first time and the results of
small sample studies in recent years have
shown that Imatinib has become the first choice
of targeted therapy. However, Imatinib resis-
tance invariably develops in its widespread use,
the further treatment after resistance becomes

Dermatofibrosarcoma protuberans (DFSP) is a
soft tissue malignancy that arises most often
on the head, neck and proximal extremities
[1-2]. Wide excision is preferred, but with a high
rate (about 1%-4%) of recurrences and a ten-
dency of metastasis [3-5] to organs such as the
lung and liver, and it becomes more difficult for
treatment if there is any metastasis and recur-
rences. DFSP responds poorly from chemother-
apy and radiotherapy. Studies have demon-

strated that more than 90% DFSP features the
translocation between chromosomes 17g22
and 22913, which causes the fusion between
COL1A1 and PDGFB, the activation of PDGFB
activates the signal pathway of PDGFR tyrosine
kinase and leads DFSP growth as a result
[6-11]. Imatinib is a tyrosine-kinase inhibitor,

a big challenge and there are no identified ther-
apeutic options. We treated 95 locally advanced
or metastatic DFSP patients with Imatinib from
January 2003 and December 2009 and tried
Sunitinib for 30 patients after Imatinib failure,
most patients experienced objective response
as reported below.
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Table 1. Patients characteristics in Imatinib
treatment group

Total (n=95)

Age (Median/range), yr) 50.0 (18-72)
Gender (male:female) 55:40
Tumor location (n, %)

Trunk 57 (60)

Limbs 38 (40)
Tumor recurrence (n, %)

Lung 45 (47.3)

Liver 10 (10.5)

Local recurrence 40 (42.1)

Materials and methods
Materials

Enroliment: We collected data of 95 patients
with pathologically defined stage IV DFSP treat-
ed with imatinib between January 2003 and
December 2009. Other enrollment criteria
include stage IV classified by UICC TNM system,
locally advanced and distantly metastatic dis-
ease, at least one measurable or estimable
tumor lesion, KPS>60, expected survival more
than 3 months, no vital organ dysfunction, and
normal function of heart, liver, kidney and blood
routine.

Methods

All patients were assigned to take Imatinib
mesylate from Novartis (400 mg) orally once
daily in the morning until disease progression
or unacceptable toxicity.

Evaluation

We completed baseline factors assessment
within one week before the treatment, includ-
ing clinical evaluation, chest CT and enhanced
MRI of vital organs such as the liver, bone and
head. And we evaluated the efficacy after 3
months according to the Response Evaluation
Criteria in Solid Tumors(RECIST)of the World
Health Organization (WHO), by complete
response (CR), partial response (PR), stable
disease (SD), progressive disease (PD), and dis-
ease control rate (CR+PR+SD). PD was conse-
quently discontinued and all lesions were eval-
uated every 6 months. The survival was calcu-
lated from the beginning of treatment to dis-
ease progression, any death or the end of fol-
low-up. The primary endpoint was progression-
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free survival (PFS) as the major index for long-
term efficacy and the second endpoint was
overall survival (OS). PFS was defined as the
duration between the beginning of Imatinib or
Sunitinib therapy and the time of progression.
OS was related to the survival and death after
Imatinib or Sunitinib therapy. Adverse effects
were observed and recorded from grade O to
grade IV according to the Common Terminology
Criteria for Adverse Events (CTCAE) by the
National Cancer Institute (NCI).

Statistical analysis

SPSS15.0 software was used for statistical
analysis and the Kaplan-Meier method was
used to estimate the survival.

Results

Patients characteristics in Imatinib treatment
group

95 patients with pathologically defined stage IV
DFSP were treated with Imatinib between
January 2003 and December 2009, aged from
18 years to 72 years, with a median age of 52,
50 men and 45 women, and the metastasis
mostly involved the lung, local soft tissue and
the liver (Table 1).

Efficacy of Imatinib treatment

During a median follow-up of 4.4 years (3-10.5
years), All 95 patients were evaluable for the
efficacy evaluation: 16 had CR (16.8%), 44 had
PR (46.3%), 23 had SD (24.2%) and 12 had PD
(12.6%). The one-year DCR (CR+PR+SD) was
87.4%. The median PFS was 23 months and the
OS was 40 months (Figures 1 and 2).

Adverse effects of Imatinib treatment

Adverse events which occurred most often with
Imatinib therapy were generally moderate
(grade 1-2), including nausea (49%), water
retention/edema (30%), fatigue (30%), neutro-
penia (28%), low platelet count (20%), diarrhea
(22%) and skin rash (10%), the majority of
adverse effects could be managed well by
symptomatic treatment and supportive care.

Efficacy of Sunitinib treatment after Imatinib
resistance

From January 2008 to December 2011, we
selected 30 Imatinib-resistant patients to
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Progression free survival

Cumulative survival rate

the end of follow-up, the medi-
an follow-up time was 2.5
years (2-5.6 years) , including
2 CR (6.7%), 10 PR (33.3%),
12 SD (40%), and 6 PD (20%).
The DCR (CR+PR+SD) was
80%. The PFS of CR and PR
was 22 and 20 months
respectively, no O0OS was
achieved. The PFS of 12 SD
was 18 months and OS was
28 months. The median PFS
and OS of all 30 patients were
19 months and 27 mon-
ths after Sunitinib treatment
(Figures 3 and 4, Table 2).

Adverse effects of Sunitinib

30 36
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2

Figure 1. Progression-free survival of DFSP patients treated with Imatinib.

Overall sunival

Cumulative survival rate

2

treatment

The main adverse effects
were hand-foot syndrome
(63.3%), fatigue (46.7%), Th-
rombocytopenia (36.7%), Ane-
mia (30%) and hypertension
(30%) (Table 3). Adverse ev-
ents were generally moderate
(grade 1-2) and could be
managed well by symptoma-
tic treatment and supportive
care.

Discussion

Dermatofibrosarcoma protu-
berans (DFSP) is a very rare
type of soft tissue sarcoma
which presents in all ages,
most often in adults in their
thirties, with a slight male pre-

30 2
times months

Figure 2. Overall survival of DFSP patients treated with Imatinib.

switch over to Sunitinib therapy, prior to
Sunitinib, patients could undertake other che-
motherapy (4 weeks before Sunitinib), radio-
therapy and local operation. 30 patients either
took daily oral Sunitinib (50 mg) by Pfizer for
continuous 4 weeks, discontinued 2 weeks for
observation and then underwent the second
cycle, or took continuous daily oral Sunitinib
(37.5 mg) , with food or not, until disease pro-
gression or unacceptable toxicity. 30 patients
were all evaluable for the efficacy evaluation at

8290

dominance and is usually
found on the dermis and sub-
cutaneous tissue of the trunk,
inguen, rarely of head and
neck. Wide surgical resection
is generally accepted as the optimal treatment
for DFSP and a complete surgical resection
with margins of 3 cm (recommended) of normal
tissue, deep fascial and muscle involved is pre-
ferred [8-10]. The curative effect of radiothera-
py to the disease is affirmed gradually. Hass et
al. [25, 26] compared the result of 21 patients
treated with surgical resection and 33 patients
treated with surgery plus radiotherapy and
found that 67% and 82% DCR were achieved
respectively. Therefore, radiotherapy plus sur-
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Progression free survival
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some [r (17; 22)] or transposi-
tion chromosome [r (17; 22)],
and fuses the collagen type |
alphal (COL1A1) gene with
the platelet-derived growth
factor B-chain (PDGF-B) gene.
And the chromosomal rear-
rangement causes unregulat-
ed expression of PDGF-3, gen-
erates functional platelet-
derived growth factor, com-
bines and activates platelet
derived growth factor recep-
tor in tumor cells, produces
autocrine and/or paracrine
factor stimulating cell grow-
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Figure 3. Progression free survival of metastatic DFSP patients treated with

Sunitinib after Imatinib resistance.
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th and differentiation, caus-
es malignant transformation,
and finally result in DFSP
tumorigenesis and metasta-
sis. As a potent inhibitor of
several protein tyrosine kinas-
es, Imatinib selectively inhib-
its the expression of PDGFR-j3,
ABC and KIT kinase. And clini-
cal evidences suggest that
Imatinib has revolutionized
the treatment of advanced
gastrointestinal stromal tumor
(GIST) and chronic myeloge-
nous leukemia (CML). Good
results were achieved in the
treatment of DFSP in 2002,
other small sample studies
and case reports also demon-
strated that Imatinib was an
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Figure 4. Overall survival of metastatic DFSP patients treated with Sunitinib

after Imatinib resistance.

gery was proved to reduce the risk of local
recurrence. However, DFSP is characterized by
a high recurrence rate, about 24% to 90%
DFSPs recur locally and about 1% to 4% dis-
tantly metastasize.

Studies in recent year have discovered that the
incidence of DFSP is related with a reciprocal
chromosomal translocation, t (17; 22) and con-
stitutive activation of the platelet-derived
growth factor 3-chain (PDGF-B). This rearrange-
ment produces superovulation ring chromo-
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effective treatment for DFSP
as a tyrosine kinase inhibitor,
especially for those who have
abnormal expression of PDGF
-B and its receptor. McArthur
et al. [27] reported Imatinib
treatment for 10 DFSP patients in 2005 at a
dose of 800 mg/d with a result of 4 complete
responses in 8 locally advanced DFSP patients.
Rutkowskiet et al. [28] analyzed pooled data of
two phase |l trials (SWOG-S0345 and EORTC
62027) and revealed 46% response, 58% one-
year PFS, and 1.7 year TTP with Imatinib treat-
ment. Jianhua Zhu et al. [29] analyzed 24
advanced DFSP patients treated with Imatinib
and found 83.3% DCR and 30 months median
overall survival. Therefore, Imatinib was recom-
mended by the Food and Drug Administration
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Table 2. Antitumor response of advanced DFSP
patients after Sunitinib treatment

Patients PFS 0S
(n=30) (median, months) (median, months)
CR(n,%) 2(6.7) 22 NA
PR (n, %) 10 (33.3) 20 NA
SD (n, %) 12 (40.0) 18 28
PD (n, %) 6 (20.0) 3 11

Table 3. Adverse events of Sunitinib treatment

Sunitinib (n=30)

Adverse event

Grade 1 Grade 2 Grade 3 Grade 4

Hypertension 4 4 1
Hand-foot syndrome
Anorexia

Diarrhea
Constipation

Fatigue

Vomiting

Rash

Skin discoloration
Mucositis/stomatitis
Fever

Anemia

Leukopenia
Thrombocytopenia
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(FDA) for treating locally advanced, unresect-
able or distantly metastatic DFSP. 95 patients
were enrolled for Imatinib treatment in our
study, 16 had CR (16.8%), 44 had PR (46.3%),
23 had SD (24.2%) and 12 had PD (12.6%). The
disease control (CR+PR+SD) was 87.4%. The
median PFS was 23 months and OS was 40
months. The regimen showed a definite effect
and good tolerance since most toxicities were
grade 1 and 2, which was consistent with previ-
ous reports.

With the widespread use of Imatinib, the occur-
rence of resistance increases, especially in
CML and GIST. At present, the resistance can
be solved by dose increasing or regimen
change, for example, Dasatinib is used for CML
[30-32] and Sunitinib is used for GIST after
Imatinib resistance. But there is no clear guid-
ance on therapeutic option once DSFP patients
become resistant to Imatinib. Sunitinib is a
multi-targeted receptor tyrosine kinase inhibi-
tor, competitively inhibits PDGF-R and vascular
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endothelial growth factor receptors (VEGFR-
1, VEGFR-2, VEGFR-3), KIT gene (CD117),
RET, CSF-1R and flt3. And studies have prov-
en a clear efficacy of Sunitinib on other soft
tissue sarcoma [21-24]. We treated 30 DFSP
patients after Imatinib resistance from
2008, and found 2 complete responses
(6.7%), 10 partial responses (33.3%), 12
stable disease (40%) and 6 progressive dis-
ease (20%). The disease control rate was
73.3%, the progression-free survival of com-
plete and partial responses was 22 months
and 20 months respectively. The progres-
sion-free survival of 12 stable diseases was
18 months, the progression-free survival
and overall survival of all patients enrolled
was 19 and 27 months.

VEGF and PDGF are the most important reg-
ulatory factors that stimulates in both vas-
culogenesis and angiogenesis [34, 35].
VEGF binds to its receptor VEGFRs, espe-
cially trigger signaling network, cause the
survival, mitosis, migration and differentia-
tion of epithelial cells, and stimulates vascu-
lar permeability and tumor lymphangiogen-
esis. The collation with tumor angiogenesis
and pathogenesis has been clearly defined.
Sunitinib is an inhibitor of VEGF receptor,
which can inhibit the activity of VEGFR-1,
VEGFR-2 and VEGFR-3, block the action of
VEGF and its receptors, choke off tumor blood
supply by blocking growth signals, thus sup-
pressing cell proliferation and metastasis,
which may be one of the reasons for Sunitinib
clinical benefit. The mechanism of Imatinib
resistance is still unclear, in 2013, Jung Yong
Hong et al. [33] used gene sequencing method
to compare the gene mutation of 1 DSFP
patient before and after Imatinib resistance
and they found eight emerged non-synonymous
somatic mutations of genes (ACAP2 CARD10,
KIAAO556, PAAQR7, PPP1R39, SAFB2, STARD9
and ZFYVE9) in tumor tissues after Imatinib
resistance, which provided a direction for future
research. However, more efforts are needed for
the specific mechanism.

In summary, Imatinib mesylate is an effective
treatment for locally advanced, unresectable or
distantly metastatic DFSP. Sunitinib shows cer-
tain efficacy with tolerable toxicities, and offers
a new treatment option for Imatinib-resistant
DSFP.
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