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Abstract

patients who received this therapy.

overall survival from diagnosis was 10.3 years.

treatments for SFTs.

Background: Patients with advanced solitary fibrous tumors (SFTs) have a poor prognosis; treatment options for
recurrent disease are particularly limited. Several novel targeted agents have recently shown promise against
advanced SFTs, but the relative efficacy of new agents is difficult to assess because data on the efficacy of
conventional chemotherapy for SFTs are limited. We thus sought to estimate the efficacy of conventional
chemotherapy for SFTs by reviewing data on tumor response to therapy and progression-free survival from SFT

Methods: We retrospectively analyzed the clinical outcomes of 21 patients with grossly measurable, advanced SFTs
(unresectable metastatic disease or potentially resectable primary tumors) who received conventional
chemotherapy and follow-up at The University of Texas MD Anderson Cancer Center between January 1994 and
June 2007. Best tumor response to therapy was assessed using the Response Evaluation Criteria In Solid Tumors 1.1.
The Kaplan-Meier method was used to estimate median progression-free survival (PFS) duration.

Results: Of 21 patients, 4 received more than 1 regimen of chemotherapy, for a total of 25 treatments.
Doxorubicin-based chemotherapy was given in 15 cases (60%), gemcitabine-based therapy in 5 cases (20%), and
paclitaxel in 5 cases (20%). First-line chemotherapy was delivered in 18 cases (72%). No patients had a complete or
partial response, 16 (89%) had stable disease, and 2 (11%) had disease progression. Five patients (28%) maintained
stable disease for at least 6 months after first-line treatment. The median PFS duration was 4.6 months. The median

Conclusion: Conventional chemotherapy is effective in controlling or stabilizing locally advanced and metastatic
SFTs. Our findings can serve as a reference for tumor response and clinical outcomes in the assessment of novel
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Introduction

Solitary fibrous tumors (SFTs) are rare sarcomas considered
to be of fibroblastic origin [1,2]. Hemangiopericytomas
(HPC) are now considered to be a cellular variant of SFTs.
SFTs commonly involve the lower extremities, lungs/pleura,
abdominopelvic cavity and meninges but can be found
anywhere [3-5]. The majority of SFTs behave in a relatively
indolent fashion and are usually treated by surgical re-
section. The reported median 10-year overall survival (OS)
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rates for patients with SFTs range from 54% to 89% after
complete surgical resection of localized disease [6-9]. How-
ever, for the approximately 20%—-30% of patients with SFTs
in whom local recurrences and/or distant metastases even-
tually develop, options for effective treatment are limited.
SFTs are generally regarded as relatively chemoresistant tu-
mors, but to date, the efficacy of systemic chemotherapy
for SFTs has not been established in the literature [10].
Recently, several novel targeted agents have shown
promising results in the treatment of advanced SFTs.
Temozolomide-bevacizumab combination therapy [11]
as well as sunitinib regimens [12] have produced tumor
response and durable periods of disease stabilization in
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several patients with advanced SFTs. Sorafenib [13,14],
pazopanib [15], and anti-insulin-like growth factor I
agents [12,16] also have produced favorable results in
some patients. However, it is difficult to assess the rela-
tive efficacy of these novel agents against SFTs without
more definitive data on the efficacy of conventional cyto-
toxic chemotherapy regimens.

To estimate the efficacy of conventional cytotoxic
chemotherapy for advanced SFTs, we evaluated tumor
response and progression-free survival (PFS) duration in
advanced SFT patients who received this therapy at a
single institution during a 13-year period.

Materials and methods

Patient selection

This study was approved by the Institutional Review
Board of The University of Texas MD Anderson Cancer
Center, and informed consent was waived for the pro-
posed patient record review.

We queried the soft-tissue tumor pathology database at
MD Anderson Cancer Center to identify all patients
whose tumor specimens had been evaluated by a sarcoma
pathologist at our institution from January 1994 to June
2007 and who were diagnosed with SFTs. The clinical re-
cords of the patients identified by our database search
were then reviewed using MD Anderson’s institutional
electronic medical records database. These records in-
cluded those of all clinical encounters at MD Anderson
and all available outside records that had been scanned
into the system. To be included in our retrospective ana-
lysis, patients had to have advanced SFTs with grossly
measurable disease treated with systemic chemotherapy
under the direction of an MD Anderson sarcoma medical
oncologist, and patients’ available clinical records and
radiologic scans were reviewed. Patients were considered
to have advanced SFTs if they had unresectable metastatic
disease or if they had primary tumors for which chemo-
therapy could improve local resectability. Excluded from
our analysis were patients who had received adjuvant
chemotherapy and who had no grossly measurable dis-
ease, patients who had been seen only at their initial visit
without subsequent follow-up visits, and patients younger
than 18 years of age at diagnosis.

Clinicopathologic variables

We collected data on patient characteristics, including age
at diagnosis, sex, ethnicity, and vital status as of April 1,
2010, and on primary tumor characteristics, including
histologic diagnosis (SFT), site, size, and presence of me-
tastases. Tumor site and size were determined from
patients’ pathology reports, operative reports, and radio-
logic scans or reports.
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We recorded the chemotherapy schedule and the regi-
men used for each patient. For patients with unresectable
disease who had received chemotherapy only, we recorded
the chemotherapy regimen, the number of cycles, the best
tumor response reached, and the date of disease progres-
sion. For patients for whom radiologic scans were avail-
able, information on the best tumor response achieved
and disease progression was ascertained from direct meas-
urement of the image on the radiologic scan; otherwise,
the information was collected from radiologic or clinical
reports.

The medical records showed that all patients who re-
ceived chemotherapy were evaluated with radiologic
scans at baseline, during treatment, and after treatment.
We assessed radiologic response to treatment on avail-
able images following the Response Evaluation Criteria
In Solid Tumors (RECIST) v.1.1 [17]. For our analysis,
we classified radiologic response as complete response,
partial response, stable disease, or progressive disease
according to RECIST.

Statistical analysis

Patient characteristics were summarized using medians
and ranges for continuous variables and frequencies and
percentages for categorical variables. We used the Kaplan-
Meier method and SPSS software to estimate median PFS
duration and median OS duration. PFS duration was de-
fined as the time interval from the beginning of chemo-
therapy until radiologic evidence of disease progression as
defined by RECIST or death from any cause. OS duration
was defined as the time interval from initial diagnosis or
initiation of chemotherapy until death from any cause.
Survival data were updated on April 1, 2010, and data for
patients who were still alive were censored from survival
analysis at that point.

Results

Patient and disease characteristics

Our initial database search identified 128 patients diag-
nosed with SFTs, treated, and followed at MD Anderson
from January 1994 to June 2007. Of these patients, 21 met
our study inclusion criteria (had advanced SFTs with
grossly measurable disease and were treated with systemic
chemotherapy) and were included in our analysis.

The clinical characteristics of the patients (12 men and
9 women) are summarized in Table 1. The majority of the
patients (81%) were white, and the median age was
56 years (range, 19-74 years). The most common primary
tumor site was the abdomen/pelvis region. Seventeen
(81%) of the 21 patients had unresectable metastatic dis-
ease. Four patients had locally advanced disease that was
potentially surgically resectable and received neoadjuvant
chemotherapy.
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Table 1 Patient and disease characteristics for 21 patients
with solitary fibrous tumors treated with conventional
chemotherapy

Patient characteristics

Age at start of treatment (years) Median Range
56 19-74
n %
Sex
Men 12 57
Women 9 43
Ethnicity
White 17 81
Hispanic 3 14
Asian 1 5
Primary tumor site
Abdomen/pelvis 9 43
Lung/pleura 4 19
Central nervous system/meninges 3 14
Extremities 2 9
Head or neck 1 5
Gluteal region 1 5
Posterior trunk 1 5
Stage of disease
Primary locally advanced 3 14
Locally recurrent 1 5
Metastatic 17 81
Prior regimens of chemotherapy
0 18 86
1 3 14

Chemotherapy regimens and tumor responses

The chemotherapy regimens used for patients in our
retrospective analysis are listed in Table 2. Four patients
received 2 different regimens of chemotherapy, and
treatment history and tumor response were recorded
separately for each regimen of chemotherapy, bringing
the total number of chemotherapy treatments to 25.
Chemotherapy was administered as a first-line treatment
in the majority (18/25 [72%]) of cases. Six (24%) patients
received second-line chemotherapy, and 1 patient re-
ceived third-line chemotherapy.

Fifteen patients received doxorubicin-based therapy,
with 14 patients receiving 75 mg/m? of doxorubicin and 1
patient receiving 60 mg/m” of doxorubicin. Doxorubicin
was most often administered with 10 g/m? of ifosfamide
(in 12 of 15 cases). In all 15 patients, doxorubicin-based
chemotherapy was the first-line treatment. Those patients
not receiving doxorubicin-based therapy were prescribed
gemcitabine-based chemotherapy (5 cases) and paclitaxel
(5 cases).
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Table 2 Conventional chemotherapy regimens used for
study patients with solitary fibrous tumors (n = 25)*

Chemotherapy regimen n %
Doxorubicin based 15 60
Doxorubicin + ifosfamide 12

Doxorubicin + dacarbazine 1
Doxorubicin + cisplatin 1
Doxorubicin 1
Gemcitabine based 5 20
Gemcitabine + docetaxel 1
Gemcitabine 4

Paclitaxel 5 20

*Four patients were treated with 2 different regimens of chemotherapy,
resulting in a total of 25 treatments.

The tumor responses to each type of regimen and to
each line of chemotherapy are summarized in Table 3.
No patient had a complete response or partial response
to chemotherapy, regardless of the regimen used. Over-
all, 16 (89%) of 18 patients treated with first-line chemo-
therapy had stable disease, and 5 (31%) of these 16
patients had stable disease for longer than 6 months.
Two patients (11%) exhibited disease progression dur-
ing first-line chemotherapy.

Of the 6 patients who were treated with second-line
chemotherapy, 4 (67%) had stable disease, with 1 main-
taining stable disease for longer than 6 months, and 2
(33%) exhibited disease progression. The patient treated
with third-line chemotherapy exhibited disease progres-
sion after 2 cycles of chemotherapy.

PFS duration and OS duration

Kaplan-Meier curves for PFS duration and OS duration
are shown in Figures 1, 2, 3 and 4. The median PFS dur-
ation for the 18 patients who underwent first-line
chemotherapy was 4.6 months (95% confidence interval
[CI] = 4.0-5.3 months; Figure 1). The median PFS dur-
ation for the entire group was also 4.6 months (95% CI =
3.7-5.6 months; Figure 2). The median OS duration for all
patients from diagnosis was 10.3 years (95% CI=5.7—
14.9 years; Figure 3), and the median OS duration from
the start of chemotherapy was 22.8 months (95% CI=
3.1-42.6 months; Figure 4).

Most patients in the group died from progression of
their disease. Two patients, however, were still alive at the
time of this analysis on April 1, 2010. The first of these
was a 28-year-old woman with an SFT in the right gluteal
region who presented with a solitary metastasis in
her right ilium. She underwent 4 cycles of neoadjuvant
chemotherapy with intra-arterial doxorubicin (75 mg/m?)
and cisplatin (120 mg/m?) for the metastatic tumor. Re-
staging studies after chemotherapy showed stable disease,
and the patient underwent surgical resection of the tumor,
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Table 3 Response evaluation criteria in solid tumors
responses to conventional chemotherapy in patients with
advanced solitary fibrous tumors (n = 25)*

Chemotherapy Response to chemotherapy n (%)
Stable disease Progressive disease
First-line therapy (n=18) 16 (89%) 2 (11%)

All doxorubicin-based therapies 14 1
Doxorubicin + ifosfamide 11 1
Doxorubicin + dacarbazine 1 0
Doxorubicin + cisplatin 1 0
Doxorubicin 1 0

All gemcitabine-based therapies 1 1
Gemcitabine + docetaxel 0 1
Gemcitabine 1 0

Paclitaxel 1 0

Second-line therapy (n=6) 4 (67%) 2 (33%)
Gemcitabine 1 1
Paclitaxel 3 1

Third-line therapy (n=1) 0 (0%) 1 (100%)
Gemcitabine 0 1

All lines of therapy (n=25) 20 (80%) 5 (20%)

*Four patients were treated with 2 different regimens of chemotherapy,
resulting in a total of 25 treatments.

which showed 50% necrosis. She received no further the-
rapy and remained alive with no further evidence of recur-
rent disease after 11 years.

The second surviving patient was a 50-year-old man
with a locally advanced SFT of the pleura. He received 4
cycles of neoadjuvant chemotherapy with doxorubicin
(75 mg/mz) and ifosfamide (10 g/mz). He demonstrated
stable disease after cycle 2 of chemotherapy, but the
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Figure 1 Kaplan-Meier curves for progression-free survival
duration (PFS) in patients with advanced solitary fibrous
tumors who were treated with first-line conventional
chemotherapy. Y-axis represents the proportion of living patients
without disease progression.

Median PFS = 4.6 mo
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Figure 2 Kaplan-Meier curves for progression-free survival
duration (PFS) in patients with advanced solitary fibrous
tumors who were treated with conventional chemotherapy
(all lines of chemotherapy combined). Y-axis represents the
proportion of living patients without disease progression.

disease progressed after cycle 4 and the tumor was
surgically resected. No significant necrosis was seen. The
patient received no further therapy and remained alive
with no evidence of recurrence after 6.3 years.

Discussion

In our patients with locally advanced, recurrent, or meta-
static SFTs treated with cytotoxic chemotherapy, the
tumor response to chemotherapy was poor. The objective
response rate was 0%, although 28% of patients had dis-
ease stabilization for longer than 6 months. The median
PES duration, measured from the start of chemotherapy,
was 4.6 months.

Our findings are similar to those of Constantinidou
et al., who found that only 1 (8%) of 13 patients with SFTs
treated with first-line doxorubicin- or ifosfamide-based
chemotherapy demonstrated a partial response and that
the median PFS duration was 4 months [18]. In our study,
only 2 patients survived and were disease-free at last
follow-up. Both patients had received neoadjuvant chemo-
therapy; in 1 patient the disease progressed, and in the
other, the tumor exhibited only 50% necrosis. It is thus
more likely that surgery, not chemotherapy, had a primary
role in the successful outcomes of these patients.

Stacchiotti et al. recently published the results of re-
sponse to chemotherapy in 31 patients with solitary fi-
brous tumor [19]. In this study all patients received an
anthracycline and 23/31 received an anthracycline plus
ifosfamide [19]. Both our study and Stacchiotti’s study
[19] used RECIST to measure response. In Stacchioti’s
study [19] there were more patients with either a partial
response 6 (20%) or progression 16 (53%) while in our
study the majority of patients (16 (72%) had stable dis-
ease. Median progression-free survival in both studies are
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Figure 3 Kaplan-Meier curves for overall survival duration (OS)
from the time of diagnosis in patients with advanced solitary
fibrous tumors who were treated with conventional
chemotherapy. Y-axis represents the proportion of living patients.

similar, 4 months in Stachhioti’s study [19] vs. 4.6 months
in ours. Overall the findings in the two studies indicate
that there is some clinical benefit of chemotherapy in soli-
tary fibrous tumors.

The findings of our retrospective analysis were limited
by our small sample size and thus by a lack of statistical
power. The heterogeneity of our patients’ disease charac-
teristics was another potential limitation. We also were
only able to use RECIST, not Choi criteria, to assess tumor
response to conventional chemotherapy [17,20,21]. Owing
to the limitations of the medical records, especially the in-
consistencies in how radiologic studies had been performed
and archived, a Choi response assessment was not feasible
for most of the patients. Among the 4 patients whose Choi
responses were measurable (all of whom had been treated
with first-line doxorubicin-based chemotherapy), only 1
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Figure 4 Kaplan-Meier curves for overall survival duration (OS)
from the initiation of chemotherapy in patients with advanced
solitary fibrous tumor. Y-axis represents the proportion of

living patients.
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demonstrated a Choi partial response (a size reduction of
13% and a computed tomography density reduction of
35%), and the other 3 showed Choi stable disease. Had we
been able to assess the entire group’s tumor responses
according to the Choi criteria, it is possible that those
response rates would have been higher than the RECIST re-
sponse rates. The reason for this is that in the Choi criteria
the definition of a PR is a decrease in tumor size of 10% or
more or a decrease in tumor density of 15% or more. This
is in contrast to RECIST where the definition of a PR is a
decrease of 30% or more in the sum of lesions. One of
the limitations of using RECIST is that we might be
overlooking a potentially beneficial treatment secondary to
where the cut off for response is placed, 30% in RECIST vs.
10% in the Choi criteria. However, the relative short PFS
seen in our group suggests that ultimately, conventional
chemotherapy is not particularly clinically effective re-
gardless of the best tumor response achieved. Our find-
ings are also in contrast to previously reported cases
that did show tumor responses to doxorubicin-based
therapy, and this discrepancy likely reflects our study’s
limited sample size [6,22].

Nevertheless, to our knowledge this retrospective ana-
lysis is one of the largest published series of patients
with SFTs treated with conventional chemotherapy
agents. The lack of objective tumor responses to chemo-
therapy observed in our patients suggests that treating
patients who have advanced SFTs with first-line conven-
tional doxorubicin- or gemcitabine-based chemotherapy
might not be very effective to achieve tumor shrinkage.
Thus, it may be useful to consider other therapies.

Recently, several novel agents have shown promise in
the treatment of advanced SFTs. We previously reported
our experience using the combination of temozolomide
plus bevacizumab, a monoclonal antibody directed against
the activity of vascular endothelial growth factor (VEGEF)
[11]. Fourteen patients with locally advanced, recurrent,
or metastatic SFTs were treated, with 79% demonstrating
a Choi partial response (i.e., tumor size reduction of >10%,
computed tomography density reduction of >15%, or
both) [20,21] and 14% demonstrating a RECIST partial re-
sponse. The median PFS duration using the Choi response
criteria was 9.7 months, and the median PFS duration
using RECIST was 10.8 months.

Several tyrosine kinase inhibitors have also shown prom-
ise in treating SFTs. Sunitinib, a multitargeted tyrosine kin-
ase inhibitor whose targets include VEGF receptors 1-3
and platelet-derived growth factor receptors A and B, has
shown therapeutic promise for SFTs. Stacchiotti et al. found
that 6 (60%) of 10 patients with advanced, chemotherapy-
refractory SFTs treated with sunitinib achieved a Choi par-
tial response, and 5 maintained their response for more
than 6 months. The tumor response rate to sunitinib when
assessed using RECIST was 0% [12]. Sorafenib, another anti-
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VEGF-receptor, multitargeted tyrosine kinase inhibitor,
has also produced tumor responses in patients with
SFTs [13,14]. Insulin-like growth factor I is over-
expressed in some SFTs, and treatment regimens using
figitumumab, an anti-insulin-like growth factor I recep-
tor monoclonal antibody, have also produced tumor re-
sponses in a few patients with advanced SFTs [12,16].
These and other treatments might be better alternatives for
the treatment of SFTs than conventional chemotherapy.

Conclusions

Our findings indicate that conventional chemotherapy is ef-
fective in controlling or stabilizing locally advanced and
metastatic SFTs. Our data on the clinical outcomes with
traditional chemotherapy can serve as a reference point
for comparing the efficacy of novel agents against SFTs.
Despite the small number of patients treated with the
temozolomide-bevacizumab combination and the sunitinib
regimen to date, these agents appear to have greater efficacy
than conventional chemotherapy for SFTs [11,12]. SFTs
may be regulated by several different molecular pathways
that could serve as potential targets for treatment,
including (but certainly not limited to) those involving
platelet-derived growth factor receptors, VEGF receptors,
and insulin-like growth factor receptors [12-16]. One rea-
sonable approach is to adopt targeted therapies/anti-
angiogenesis drugs initially and then include chemother-
apy later for disease stabilization. Additional molecular and
clinical studies are needed to better understand this rare
disease and to develop more effective treatments for it.
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