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Background A solitary fibrous tumour is a rare soft-tissue tumour with three clinicopathological variants: typical,
malignant, and dedifferentiated. Preclinical experiments and retrospective studies have shown different sensitivities
of solitary fibrous tumour to chemotherapy and antiangiogenics. We therefore designed a trial to assess the activity of
pazopanib in a cohort of patients with malignant or dedifferentiated solitary fibrous tumour. The clinical and
translational results are presented here.
Methods In this single-arm, phase 2 trial, adult patients (aged ≥ 18 years) with histologically confirmed metastatic or
unresectable malignant or dedifferentiated solitary fibrous tumour at any location, who had progressed (by RECIST and
Choi criteria) in the previous 6 months and had an ECOG performance status of 0–2, were enrolled at 16 third-level
hospitals with expertise in sarcoma care in Spain, Italy, and France. Patients received pazopanib 800 mg once daily, taken
orally without food, at least 1 h before or 2 h after a meal, until progression or intolerance. The primary endpoint of the
study was overall response measured by Choi criteria in the subset of the intention-to-treat population (patients who
received at least 1 month of treatment with at least one radiological assessment). All patients who received at least one
dose of the study drug were included in the safety analyses. This study is registered with ClinicalTrials.gov, number
NCT02066285, and with the European Clinical Trials Database, EudraCT number 2013-005456-15.
Findings From June 26, 2014, to Nov 24, 2016, of 40 patients assessed, 36 were enrolled (34 with malignant solitary
fibrous tumour and two with dedifferentiated solitary fibrous tumour). Median follow-up was 27 months (IQR 16–31).
Based on central radiology review, 18 (51%) of 35 evaluable patients had partial responses, nine (26%) had stable
disease, and eight (23%) had progressive disease according to Choi criteria. Further enrolment of patients with
dedifferentiated solitary fibrous tumour was stopped after detection of early and fast progressions in a planned
interim analysis. 51% (95% CI 34–69) of 35 patients achieved an overall response according to Choi criteria. Ten (29%)
of 35 patients died. There were no deaths related to adverse events and the most frequent grade 3 or higher adverse
events were hypertension (11 [31%] of 36 patients), neutropenia (four [11%]), increased concentrations of alanine
aminotransferase (four [11%]), and increased concentrations of bilirubin (three [8%]).
Interpretation To our knowledge, this is the first trial of pazopanib for treatment of malignant solitary fibrous tumour
showing activity in this patient group. The manageable toxicity profile and the activity shown by pazopanib suggests
that this drug could be an option for systemic treatment of advanced malignant solitary fibrous tumour, and provides
a benchmark for future trials.
Funding Spanish Group for Research on Sarcomas (GEIS), Italian Sarcoma Group (ISG), French Sarcoma Group
(FSG), GlaxoSmithKline, and Novartis.
Copyright © 2018 Elsevier Ltd. All rights reserved.

Introduction
A solitary fibrous tumour is a ubiquitous soft-tissue
tumour with a pronounced haemangiopericytoma-like
vascular pattern and thick collagen bands exhibiting
immunoreactivity for CD34.1 Pathologists distinguish
between typical and malignant solitary fibrous tumour
mainly on the basis of mitotic count (≤4 or >4 mitoses
per 10 high power fields [hpf ]), necrosis, and nuclear
pleomorphism. The latest WHO classification still

preserves these terms.1 However, the clinical behaviour
of these tumours is difficult to anticipate, and both
subtypes can develop metastases. Additionally, solitary
fibrous tumour with an abrupt transition to high-grade
sarcoma, the so-called dedifferentiated solitary fibrous
tumour, represents the most aggressive subtype within
the spectrum of solitary fibrous tumours.2 Three different
research groups identified NAB2-STAT6 gene fusion in
chromosome 12 as characteristic of solitary fibrous
www.thelancet.com/oncology Vol 20 January 2019
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Research in context
Evidence before this study
We searched PubMed for all case series or trials that involved
systemic treatment of advanced solitary fibrous tumours,
published in English or Spanish between Jan 1, 1980, and
Jan 31, 2018. Terms used for the search were “solitary fibrous
tumor”, “hemangiopericytoma”, “advanced”, “metastatic”,
“systemic treatment”, “doxorubicin”, “anthracycline”,
“antiangiogenic”, “sunitinib”, “pazopanib”, “series”, and “trial”.
Five retrospective and monocentric case series focusing on
systemic treatment for solitary fibrous tumour were identified,
and no clinical trial was found. There were two case series with
chemotherapy, two with molecular targeted therapy, and one
with a combination of chemotherapy and antiangiogenic
agents. The series collected a heterogeneous population of
patients with solitary fibrous tumour, who had received a range
of radiological assessments.
Added value of this study
This trial provides a benchmark for pazopanib efficacy in terms
of overall response, progression-free survival, and overall

tumours. This fusion replaces a repressor domain
(NAB2) with a transactivation domain (STAT6), resulting
in a transcriptional activator through the early growth
response pathways.3–5 Nuclear expression of STAT6 has
consequently emerged as a highly sensitive and specific
immunomarker for solitary fibrous tumours.6
Most solitary fibrous tumours are localised at diagnosis,
most frequently in abdominal and thoracic cavities,
followed by limbs. The risk of metastases ranges between
35% and 45% in series with a long follow-up.7,8 Several
research groups propose a risk classification on the basis
of some clinicopathological factors common to all solitary
fibrous tumour subtypes as a more rational approach,
instead of distinguishing between typical and malignant
solitary fibrous tumour subtypes.9,10 Still, the absence of
prospective trials in solitary fibrous tumour is a
hindrance to understanding whether clinical behaviour
of typical or malignant solitary fibrous tumour is
different even in advanced disease.
Systemic therapeutic options in advanced solitary
fibrous tumour have consisted of chemotherapy and
antiangiogenic drugs, the results of which have been
published in several retrospective analyses.11–16 For most
cases, the best responses obtained following RECIST
criteria were stabilisation of disease.11,12,17 In studies that
included patients with dedifferentiated solitary fibrous
tumours who were treated with chemotherapy, partial
responses were seen in up to 20% of cases.13 It is
noteworthy that patients treated with antiangiogenics had
a higher overall response (measured by Choi criteria) and
longer progression-free survival and overall survival than
patients treated with chemotherapy. However, data from
chemotherapy and antiangiogenics are not fully com
parable; series on chemotherapy usually report results of
www.thelancet.com/oncology Vol 20 January 2019

survival in the specific cohort of patients with malignant
solitary fibrous tumour. To our knowledge, this first trial of
pazopanib for treatment of malignant solitary fibrous tumour
confirmed our prespecified assumptions about pazopanib
activity and informed aspects of central pathology review,
central radiology review, and translational research which
contribute to increasing knowledge about antiangiogenic
activity in solitary fibrous tumour.
Implications of all the available evidence
The antiangiogenic drug pazopanib is active in advanced
malignant solitary fibrous tumour. Choi criteria resulted in
better detection of pazopanib activity compared with RECIST.
Pazopanib should be included as first option of systemic
treatment for advanced malignant solitary fibrous tumour, in
the next European Society for Medical Oncology clinical
guidelines in soft-tissue sarcoma. Ongoing clinical trials already
incorporate antiangiogenic agents in this entity, in
combination with other compounds, such as anti-PD-1
inhibitors.

first-line therapy, so reports include pretreated patients.
This has an effect on overall survival as the expected
survival for first-line therapy is longer than for furtherline therapy.14–16
Preclinical evidence has shown different efficacy of
different antiangiogenic drugs in the treatment of solitary
fibrous tumours, at least in studies that included models
of dedifferentiated solitary fibrous tumour.18 Taking into
account the lower activity of chemotherapy compared with
antiangiogenic drugs, the relevance of response criteria to
measure the effect of systemic treatment, the sensitivity of
solitary fibrous tumours to different antiangiogenic
agents, and the absence of prospective trials that include
solitary fibrous tumours, we designed a single-arm,
phase 2 trial to investigate the activity of the antiangiogenic
pazopanib in solitary fibrous tumour. A multinational
effort was thus activated by Italian, French, and Spanish
sarcoma groups. The clinical and translational results of
the cohort of patients with malignant and dedifferentiated
solitary fibrous tumour are presented here. Other cohorts
of this trial, which are beyond the scope of this Article,
include patients with typical solitary fibrous tumour (still
in recruitment phase) and patients with extraskeletal
myxoid chondrosarcoma.
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Methods

Study design and participants
In this single-arm, phase 2 trial, adult patients (aged
≥18 years) with diagnosis of metastatic or unresectable
malignant or dedifferentiated solitary fibrous tumour at
any location, who had progressed (by RECIST and Choi
criteria) in the previous 6 months, were enrolled at
16 tertiary hospitals with expertise in sarcoma care in
Spain, Italy, and France. Other relevant inclusion criteria
135
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were histological confirmation by central pathology review
at national level, ECOG performance status of 0–2,
estimated life expectancy of eligible patients of 3 months
or longer, measurable disease according to Choi and
RECIST criteria, adequate bone marrow function
(haemoglobin >10 g/dL, absolute neutrophil count
≥1·5 × 10⁹ cells per L, platelet count ≥100 000 cells per mm³),
adequate hepatic function (alanine and aspartate
aminotransferases ≤2·5 times the upper limit of normal
[ULN] concentrations, total bilirubin ≤1·5 times the ULN
concentrations, creatine phosphokinase ≤2·5 times the
ULN concentrations, alkaline phosphatase ≤2·5 times the
ULN concen
trations), adequate renal function (serum
creatinine ≤1·5 mg/dL), and normal left ventricular
ejection fraction. Patients had to provide written, informed
consent before study-specific procedures or assessments
were made and had to be willing to comply with treatment
and follow-up. Informed consent was obtained before the
start of the screening process.
Some relevant exclusion criteria were previous treatment
with antiangiogenic drugs; pregnancy; breastfeeding;
previous radiotherapy in target lesions; history of another
malignancy (except for non-melanomatous skin carcinoma
or in-situ carcinoma, or unless the patient had been
disease-free for at least 10 years); clinically significant
gastrointestinal abnormalities that might increase the risk
for gastrointestinal bleeding; corrected QT interval greater
than 480 ms; poorly controlled hypertension; history of
cerebrovascular accident including transient ischemic
attack, pulmonary embolism, or untreated deep venous
thrombosis within the past 6 months (patients with recent
deep venous thrombosis who had been treated with
anticoagulant drugs for at least 6 weeks were eligible);
evidence of active bleeding; diagnosis of severe cardiac
disease; infections; any serious or unstable pre-existing
medical, psychiatric, or other condition that could interfere
with patient’s safety, provision of informed consent, or
compliance to study procedures; or participation in
another trial in the previous 14 days or five half-lives of a
drug before recruitment to the present study. The group of
patients with dedifferentiated solitary fibrous tumour was
terminated on the basis of a lack of efficacy discovered at a
planned interim analysis. Procedures were done in
accordance with guidelines established by the local ethics
committee from each hospital, and in accordance with the
Declaration of Helsinki. Approval from the ethics
committee of each participating centre was obtained
before study initiation. The study protocol is available
online.

Procedures
Patients received pazopanib 800 mg once daily, taken
orally without food, at least 1 h before or 2 h after a meal.
Dose reductions were planned according to the drug
brochure. If dose reduction of pazopanib was necessary
because of toxicity, the dose would be reduced stepwise by
200 mg at each step. If the toxicity was abated with

reduction of the dose and dose re-escalation was considered
safe by the investigator, the pazopanib dose would then be
increased stepwise back to the pre-event dose, by 200 mg
increments at each step, after monitoring for 10–14 days at
each dose level to ensure that toxicity did not recur or
worsen. Treatment with pazopanib was continued until
any of the following events occurred: disease progression
according to Choi criteria, unacceptable toxicity, withdrawal
of consent, the patient was considered by the investigator
or the sponsor to be non-compliant with the requirements
of the protocol, or a delay in pazopanib administration was
longer than 3 weeks.
Central pathology review at national level was mandatory
before accrual. The pathology criteria applied for malignant
solitary fibrous tumour classification included a mitotic
count greater than 4 mitoses per 10 high power fields (hpf),
and tumour necrosis, nuclear pleomorphism, or both.
histochemistry results for STAT6, and
Positive immuno
positive RT-PCR or fluorescence in situ hybridisation
results for NAB2-STAT6 fusion were also recommended
for central pathology review (appendix). The same criteria
were applied for classification of dedifferentiated solitary
fibrous tumours. Areas of high-grade sarcoma with an
abrupt transition to areas of solitary fibrous tumour
defined the dedifferentiated subtype. Immunohisto
chemistry was done on representative formalin-fixed
paraffin-embedded tissue sections with anti-STAT6
polyclonal antibody (Santa Cruz Biotechnology, Santa Cruz,
CA, USA). Strong STAT6 expression in more than
50% of nuclei was considered a positive result (appendix
national pathology review occurred after
pp 1–2). Supra
accrual and included a comprehensive review of fusions—
including NAB2-STAT6 fusions—by next generation
sequencing (appendix pp 1–2). Radiological assessments
of the target and non-target lesions were done every
8 weeks by CT scan. Tumour density was determined by
measuring CT attenuation coefficient in Hounsfield units
(HU); a region of interest was drawn around the margin of
the entire tumour using the arterial and portal phases.19
Central radiology review was compulsory and performed
at least at the time of interim analysis and at the time of the
end of the study. All centres had to upload the CT scans
anonymously to a web-based imaging platform. Laboratory
assess
ments (liver, kidneys and other metabolic tests,
haematology, coagulation tests, urinalysis for proteinuria,
thyroid function tests, and pregnancy tests) were done at
baseline and at least on a monthly basis. Hepatic function
was monitored more closely, at baseline and in weeks 3, 5,
7, 9, 12, and 16 of treatment. For translational research,
biomarker analyses were done on formalin-fixed paraffinembedded tumour tissue before treatment. Gene
expression analyses (appendix pp 1–2) were done with the
Immuno-Oncology assay (HTG Molecular Diagnostics,
Tucson, AZ, USA). This assay was selected on the basis of
the hypothesis that immunomodulation could have a
crucial role in pazopanib activity. Samples were grouped
according to patients’ median progression-free survival.
www.thelancet.com/oncology Vol 20 January 2019
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The low-risk group (better prognosis) was made up of
patients with a progression-free survival higher than the
median (5·6 months); the high-risk group (worse
prognosis) comprised those patients with progression-free
survival lower than the median.
Adverse events were graded according to CTCAE v4.0
and were monitored on a weekly basis for the first month,
and then at least once every 4 weeks.

Outcomes
The primary endpoint was the proportion of patients who
achieved an overall response (complete or partial)
measured using Choi criteria. Secondary endpoints were
progression-free survival, overall survival, clinical benefit,
overall response according to RECIST version 1.1, and
toxicity profile according to Common Terminology Criteria
for Adverse Events version 4.0 (CTCAE v4.0). Progressionfree survival was assessed by median time and measured
from treatment start date until progression or death and
overall survival was measured from treatment start date
until death. Patients who had reached complete response,
partial response, or stable disease during 6 months or
more and were presenting clinical improvement of
symptoms were considered as having experienced clinical
benefit. Central pathological review and correlation of
response with biomarkers analysed in the accompanying
translational study were protocol-prespecified exploratory
endpoints.

Statistical analysis
Sample size was estimated with Simon’s optimal
two-stage design. For an α value of 0·1 and power of
0·80, we estimated an overall response of 40% as H0 and
60% as H1. In the first stage of the trial, 23 patients were
to be enrolled, from which at least 12 patients were to
have at least partial responses according to Choi criteria.
If this occurred, a maximum of 31 evaluable patients
would be treated in a second stage of the trial. To reject
the null hypothesis, at least 16 responses according to
Choi criteria out of 31 patients were needed. Patients who
had provided written informed consent and had a
centrally confirmed diagnosis of malignant solitary
fibrous tumour formed the intention-to-treat population.
Overall survival and progression-free survival was
measured with the intention-to-treat population. The
per-protocol population was defined as the subset of the
intention-to-treat population with measurable disease at
study entry (as per Choi and RECIST criteria). Patients in
this population also received at least one month (one
cycle) of treatment and had at least one radiological
assessment. Otherwise the patient was not considered
assessable (the exception was early progression or death,
for which patients were included). The primary endpoint
(overall response according to Choi criteria) was
measured in the per-protocol population. Safety analyses
were done in patients who received at least one dose of
the study drug.
www.thelancet.com/oncology Vol 20 January 2019

40 patients assessed for eligibility

4 ineligible
2 did not meet inclusion criteria
1 withdrew consent
1 was unable to enrol because of temporary
closure of the study

36 patients assigned to treatment and
received pazopanib

1 lost to follow-up before end of treatment

2 treatment ongoing
34 discontinued treatment
32 progression
1 toxicity
1 insufficient social support

35 included in per-protocol analysis

36 included in safety and intention-to-treat
analyses

Figure 1: Trial profile

For variables with binomial distributions, frequencies
and percentages were calculated with their corresponding
95% CIs. To compare categorical variables, Fisher’s exact
or χ² tests were used where applicable. The following
clinicopathological factors were analysed as categorical
variables in univariate analysis: age (categorised according
to the median value), primary tumour size at diagnostic
time, tumour burden (sum of the maximum diameter of
all the target lesions at the baseline), ECOG performance
status, mitotic number, tumour site (visceral or somatic),
nuclear plemorphism, presence of necrosis, and occur
rence of grade 3–4 hypertension. Time-to-event variables
(overall survival and progression-free survival) were
measured from the date of therapy onset and were
estimated according to Kaplan-Meier survival analysis.
Comparisons between the variables of interest were done
with the log-rank test. Multivariate analyses with the
variables that appeared to be significant in the univariate
analyses were done according to the Cox proportional
hazard regression model. The validity of proportional
hazard assumption was verified by adding a timedependent variable to each model to confirm that the
hazard ratio for each covariate did not increase or decrease
over time. All p values reported were two-sided, and signifi
cance was defined as a p value lower than 0·05. The
software package used for statistical analysis was SPSS
Statistics (version 20).
Best response (partial and complete responses),
according to Choi and RECIST criteria, measured from
the time of obtaining the best response were analysed
137
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All patients (n=36)
Age (years)

62 (44–74)

Sex
Female

21 (58%)

Male

15 (42%)

Eastern Cooperative Oncology Group performance status
0

58%

1

36%

2

6%

Location of primary tumour
Thorax

11 (31%)

Abdomen

11 (31%)

Extremities

6 (16%)

Meninges

5 (14%)

Other

3 (8%)

Median time from diagnostic time to metastasis appearance (months)

18 (3–68)

Histology
Malignant

34 (94%)

Dedifferentiated

2 (6%)

Nuclear pleomorphism

17 (47%)

Primary tumour size at diagnosis (mm)

80 (35–114)

Median mitotic count (per 10 high power fields)

7 (4–11)

Mitoses (per 10 high power fields)
<6

10 (29%)

6–10

16 (45%)

>10

9 (26%)

Median of the sum of all target lesions per patient (mm)

83 (48–130)

Type of advance disease
Metastatic

94%

Locally advanced

6%

Previous systemic therapies

12 (33%)

Two lines of chemotherapy

3 (8%)

Doxorubicin and dacarbazine followed by dacarbazine
VAC/IE followed by cisplatin and pemetrexed
One line of chemotherapy

2 (5%)
1 (3%)
8 (22%)

Doxorubicin

5 (14%)

Dacarbazine

1 (3%)

Doxorubicin and dacarbazine

1 (3%)

Vincristine, adriamycin, and cyclophosphamide

1 (3%)

Sunitinib

2 (6%)

Imatinib

1 (3%)

Data are n (%) or median (IQR). VAC/IE=combination chemotherapy using vincristine, adriamycin, cyclophosphamide
alternating with ifosfamide and etoposide.

Table 1: Baseline characteristics

univariantly, with respect to progression-free survival
and overall survival.
To measure performance at baseline, negative control
probes were used as quality control, as described
previously.20 Median progression-free survival was taken as
grouping criteria for bioinformatics translational analyses
(appendix p 2). If significantly different expressed genes
had been found by HTG Molecular Immuno-oncology
assay, then they were included in a univariate and
multivariate analysis, along with other clinical-pathological
138

factors. As ISG15 and BLC2 were the genes with significant
differences in expression, they were included in the
univariate and multivariate analysis. The optimal cut-point
value to discriminate between high expression and low
expression was calculated with reference to the overall
survival receiver operating characteristics (ROC) curve. For
ISG15 expression the area under curve (AUC) was 0·62,
and for BCL2 the AUC was 0·66.
This study is registered with ClinicalTrials.gov, number
NCT02066285, and with the European Clinical Trials
Database, EudraCT number 2013-005456-15.

Role of the funding source
This trial has been sponsored and designed by GEIS along
with the collaboration of ISG and FSG. GlaxoSmithKline
and Novartis partially supported expenses for organi
sational management of the trial’s clinical research, as well
as for drug supply and shipping. The funders had no role
in data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access to all the data in the study and had final responsibility
for the decision to submit for publication.

Results
From June 26, 2014, to Nov 24, 2016, 40 patients with
advanced and progressing solitary fibrous tumour were
assessed for eligibility (figure 1). 36 patients were enrolled
in the study (34 with malignant tumour and two with
dedifferentiated tumour). The clinical cutoff for the final
data analyses was March 1, 2018. At that time, two (6%) of
36 patients were still receiving treatment and 34 (94%) of
36 patients had discontinued pazopanib: 32 (89%)
because of progression, one (3%) because of toxicity
(grade 3 hypertension), and one (3%) because of insuffi
cient social support (figure 1). One patient was lost to
follow-up before the end of treatment.
35 patients were included in the per protocol population
and 36 patients were included in the intention-to-treat and
safety populations. A total of 293 1-month cycles of
treatment were given to the 36 enrolled patients, with a
median of 5·5 cycles per patient (IQR 3–12·5). The median
dose intensity for pazopanib was 98% (IQR 81–100).
21 (58%) of 36 patients had dose interruptions and ten
(28%) had dose reductions. At baseline, 12 (33%) of
36 patients had received previous systemic therapy;
11 (31%) had received at least one line of chemotherapy,
and three (8%) had been treated with previous targeted
therapies (table 1).
Based on central radiology review (interim analysis and
at the time of clinical cutoff for the final data analysis),
18 (51%) of 35 patients had partial responses, nine (26%)
had stable disease, and eight (23%) had progressive
disease according to Choi criteria; whereas two (6%) of
35 patients had partial responses, 21 (60%) had stable
disease, and 12 (34%) had progressive disease according to
RECIST. Thus, the overall response of 35 patients was
51% (95% CI 34–69) according to Choi criteria and 6%
www.thelancet.com/oncology Vol 20 January 2019
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100
80

Tumour density
Tumour diameter

60
Change from baseline (%)

(95% CI 0–14) according to RECIST criteria. The median
decrease in tumour density from baseline was 28%
(IQR 4 to 45; figure 2). Discrepancies between central and
local radiological assessment according to Choi were
found in seven patients; five patients considered to have
partial responses by central assessment were assessed as
having stable disease by local assessment and two were
considered to have partial responses or stable disease by
central assessment, but progressive disease by local
assessment. None of the cases that had been considered
partial responses or stable disease by local assessment
were changed to progressive disease when centrally
assessed.
At a median follow-up period of 27 months (13–31),
32 (91%) of 35 patients had events of progression according
to Choi, 25 (71%) had events of progression according to
RECIST in central review, and there were ten (29%) deaths.
Median progression-free survival of all 36 patients was
5·57 months (95% CI 4·51–6·62) based on Choi criteria by
central review, and 5·57 months (4·29–6·84) based on
RECIST by central review (figure 3). Median overall
survival was not reached, and overall survival at 24 months
was 73% (95% CI 58–88; figure 3). Median progressionfree survival was 8·47 months (3·34–13·60) for responding
patients and 3·53 months (95% CI 0·75–6·31) for nonresponding patients according to Choi criteria (p=0·001).
Likewise, those patients obtaining partial response,
according to Choi criteria had a significantly better
24-month overall survival than did progressing patients
(figure 3, appendix p 2). The accrual of dedifferentiated
solitary fibrous tumour was not allowed after early and fast
progression was observed at 0·57 and 1·73 months in two
patients. The two patients who had previously been treated
with sunitinib were sensitive to pazopanib, showing a
progression-free survival according to Choi of 10·80 and
4·47 months. The patient with 4·47 months of progressionfree survival was lost to follow-up before end of treatment.
Prespecified univariate analyses of clinicopathological
factors showed that lower mitotic count significantly
correlated with better progression-free survival (p<0·0001)
and overall survival (p<0·0001), and tumour size
significantly correlated with progression-free survival
(p=0·038; table 2). Age was not a prognostic factor in
progression-free survival and overall survival. Best
response according to Choi and RECIST, measured from
the time of best response, significantly correlated with
progression-free survival and overall survival (appendix
p 2). Nevertheless, Choi criteria were better than RECIST
criteria for differentiating patients in progressive disease
with worse overall survival; median overall survival of
patients with progressive disease according to Choi was
4·5 months (95% CI 0–10·5) and 2-year overall survival
was 25% (0–55; p<0·0001), while median overall survival
of patients with progressive disease according to RECIST
was 6·5 months (0–27·4) and 2-year overall survival was
31% (0–62; p=0·007; appendix p 2). Median overall survival
of patients who had progressive disease according to

40
20
0
–20
–40
–60
–80
–100
Patient

Figure 2: Response to treatment by patient according to Choi criteria
All patients in the per-protocol population shown (n=35). Tumour diameter was measured in mm and tumour
density was measured in Hounsfield units. The dashed lines represent +10% of diameter increase, –10% of
diameter decrease, –15% density decrease (CHOI criteria cutoffs). Purple bars are overlaps.

RECIST but partial responses according to Choi was
24·3 months (0–53·2).
There were no deaths related to adverse events. The
most frequent secondary adverse events related to treat
ment of any grade observed in the 36 patients were
hypertension (24 [67%]), increased alanine amino
trans
ferase concentrations (20 [56%]), increased aspartate
aminotransferase concentrations (17 [47%), fatigue
(17 [47%]), diarrhoea (17 [47·2%]), weight loss (14 [39%]),
nausea (ten [28%]), and increased bilirubin concentrations
(ten [28%]; table 3). The most frequent type of
haematological toxicity was neutropenia (13 [36%]). No
febrile neutropenia was observed. The most frequent
grade 3 or higher adverse events were hypertension
(11 [31%] of 36 patients), neutropenia (four [11%]), increased
concentrations of alanine aminotransferase (four [11%]),
and increased concentrations of bilirubin (three [8%]).
Four (11%) patients had pazopanib-related serious adverse
events: two (6%) patients had grade 3 elevations in
aminotransferases, one (3%) patient had ileitis, and
one (3%) had tonsil abscesses. All patients completely
recovered from their side-effects without intervention.
Clinical benefit will be reported in a separate paper.
Confirmation of diagnosis by central pathology review
at national level resulted in 13 (36%) patients with more
than 4 mitoses per 10 hpf; 11 (31%) of 36 patients with
more than 4 mitoses per 10 hpf and nuclear pleo
morphism; six (17%) patients with more than 4 mitoses
per 10 hpf and necrosis; three (8%) patients with more
than 4 mitoses per 10 hpf, nuclear pleomorphism, and
necrosis; one (3%) patient with nuclear pleomorphism
and necrosis; and two (6%) patients with pleomorphism
only. Cellularity was not always reported in central patho
logy review at national level, but in central pathology
review at supranational review 25 (78%) of 32 patients
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had hypercellularity. Central pathology review at
supranational level confirmed malignant solitary fibrous
tumour on the basis of mitotic count in 27 (78%) of
32 patients with enough available formalin-fixed paraffinembedded tissue sections. The remaining five (14%)
patients had a mitotic count lower than 4 per 10 hpf, and
in three patients (8%) pleomorphism was present. The
low mitotic count in these five patients could have been
caused by insufficient quantity of tumour sample in these
five cases. Nuclear immuno
staining for STAT6 was
positive in 34 (94%) of 36 patients. Additionally, a fusion
was detected by next generation sequencing in 29 (94%)
of 31 patients who had given a tumour sample (tissue
from five patients was not available for fusion analysis
after supranational patho
logical review). The most
frequent fusion breakpoints were NAB2 exon 4–STAT6
exon 2 in nine (29%) of 31 patients and NAB2 exon
6–STAT6 exon 16/17 in 12 (39%) of 31 patients (appendix
pp 2–3). The two (6%) patients with fusion-negative
samples had their samples examined by the study
reviewer pathologists (EdA, PC, and DR-V) and an external
expert pathologist (APDT). Based on morphology,
one patient was eventually diagnosed with malignant
solitary fibrous tumour, but for the other patient there
was no consensus for dedifferentiated solitary fibrous
tumour. Both fusion-negative samples were positive for
STAT6 by fluorescence in situ hybridisation.21
For the translational analyses, gene expression analyses
quantitatively measured the expression of 549 genes
involved in the innate and adaptive immune response to
cancer. Based on bioinformatics analyses of the RNA
transcripts, 30 genes with the most significant difference
in expression between patients with worse and better
progression-free survival were recorded (appendix p 3).
Among these, only ISG15 and BCL2 showed significant
prognostic relevance for both progression-free survival
and overall survival in the univariate analyses. High
expression of ISG15 had a worse median progression-free
survival (1·7 months [95% CI 0–3·9] vs 7·1 months
[4·5–9·8], p<0·0001) and worse 2-year overall survival
(20% [95% CI 0–55] vs 86% [71–100], p<0·0001; table 2;
figure 3). However, high expression of BCL2 was
associated with better median progression-free survival
(7·1 months [4·8–9·4] vs 3·7 months [0–8·6]; p=0·012)
and a better 2-year overall survival (85% [CI 69–100]
vs 34% [0–72]; p=0·001; table 2; figure 3). In the multi

Figure 3: Malignant solitary fibrous tumour survival analysis
(A) Overall survival in the intention-to-treat population. (B) Progression-free
survival according to Choi criteria in the intention-to-treat population. Subgroup
analysis of overall survival according to Choi (C) or RECIST (D) criteria by response
outcome in the per-protocol population. (E) Progression-free survival according
to Choi criteria by ISG15 gene expression. (F) Progression-free survival according
to Choi criteria by BCL2 gene expression. The optimal cutoff value to discriminate
between high and low expression of ISG15 and BCL2 was calculated with
reference to the overall survival receiver operating characteristic curve. For ISG15
expression the area under curve was 0·62, and for BCL2 expression the area under
curve was 0·66. HR=hazard ratio.
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Median
progression-free
survival
(months; n=36)

24-month
overall
survival (%;
n=36)

p value

0·37

72% (51–93)

0·85

··

74% (52–96)

··

84% (68–100)

0·17

54% (27–81)

··

p value

Age (years)
0–62

7·6 (1·7–13·5)

>62

4·5 (2·9–6)

Primary tumour size at diagnosis (mm)
0–50

5·6 (2·2–9·1)

>50

3·5 (2·6–4·5)

0·038
··

Eastern Cooperative Oncology Group performance status
0

5·6 (3·8–7·4)

0·42

85% (70–100)

1

4·5 (0·9–8)

··

55% (26–84)

0·23
··

2

1·8

··

50% (0–100)

··

Mitoses (per 10 high power fields)
<6

5·6 (0–12·7)

6–10

5·6 (2·6–8·7)

<0·0001
··

94% (82–100)

90% (71–100)

<0·0001
··

>10

1·7 (1·6–1·8)

··

13% (0–37)

··

Tumour burden
Low

5·6 (5·5–5·8)

0·2

87% (69–100)

0·06

High

5·4 (3·1–7·6)

··

62% (39–84)

··

Visceral

5·6 (5·2–5·9)

0·19

79% (62–95)

0·39

Somatic

4·5 (0–10·5)

··

60% (30–90)

··

Tumour site

Pleomorphism
Yes

4·5 (2·9–6·2)

0·4

82% (64–100)

0·27

No

5·6 (5·4–5·8)

··

62% (36–89)

··
0·29

Necrosis
No

5·6 (3·2–8)

0·08

80% (63–98)

<10%

3·4 (0·7–6·1)

··

67% (29–100)

··

>10%

3·9 (0–12)

··

50% (1–99)

··

0·15

67% (36–97)

0·9

··

75% (58–92)

··

Hypertension grade 3–4
Yes

3·9 (0–9·9)

No

5·6 (5·2–5·9)

ISG15 expression*
Low

7·1 (4·5–9·8)

High

1·7 (0–3·9)

<0·0001
··

86% (71–100)
20% (0–55)

<0·0001
··

BCL2 expression*
Low

3·7 (0–8·6)

High

7·1 (4·8–9·4)

0·012
··

34% (0–72)
85% (69–100)

0·001
··

Data are n (95% CI) or n% (95% CI). *Tumour samples were available for 28 patients.

Table 2: Univariate analyses of clinicopathological factors according to
progression-free survival and overall survival

variate analysis, ISG15 expression was the only indepen
dent prognostic variable that was significant for both
progression-free survival and overall survival (table 4).

Discussion
In this phase 2 trial, we found that 18 (51%) of 35 patients
had partial responses to pazopanib according to Choi
criteria and central radiology review, which suggests that
pazopanib has activity in the treatment of malignant
solitary fibrous tumour. Moreover, the 28% decrease in
median tumour density, median progression-free survival
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Any grade
(n=36)

Grade 1–2
(n=36)

Grade 3
(n=36)

Grade 4
(n=36)

Haematological toxicity
Neutropenia

13 (36%)

9 (25%)

4 (11%)

0

Leucopenia

12 (33%)

11 (31%)

1 (3%)

0

Lymphocytopenia

11 (31%)

11 (31%)

0

0

Thrombocytopenia

10 (28%)

10 (28%)

0

0

Anaemia

7 (19%)

6 (17%)

1 (3%)

0

Leucocytosis

1 (3%)

1 (3%)

0

0

Non-haematological toxicity
Hypertension

24 (67%)

13 (36%)

11 (31%)

Increased alanine aminotransferase
concentration

20 (56%)

16 (44%)

3 (8%)

0
1 (3%)

Increased aspartate aminotransferase
concentration

17 (47%)

15 (42%)

2 (6%)

0

Fatigue

17 (47%)

15 (42%)

2 (6%)

0

Diarrhoea

17 (47%)

15 (42%)

2 (6%)

0

1 (3%)

Weight loss

14 (39%)

13 (36%)

Nausea

10 (28%)

10 (28%)

Increased bilirubin concentration

-

0
0

10 (28%)

7 (19%)

3 (8%)

0

Increased alkaline phosphatase
concentration

8 (22%)

7 (19%)

1 (3%)

0

Skin or hair hypopigmentation

8 (22%)

7 (19%)

1 (3%)

0

Increased gamma-glutamyltransferase
concentration

7 (19%)

5 (14%)

2 (6%)

0

Oral mucositis

7 (19%)

6 (17%)

1 (3%)

0

Anorexia

6 (17%)

6 (17%)

0

0

Vomiting

5 (14%)

5 (14%)

0

0

Headache

5 (14%)

5 (14%)

0

0

Abdominal pain

5 (14%)

5 (14%)

0

0

Hypothyroidism

5 (14%)

5 (14%)

0

0

Hyperkalaemia

5 (14%)

5 (14%)

0

0

Hyponatraemia

4 (11%)

4 (11%)

0

0

Decreased albumin concentration

4 (11%)

3 (8%)

1 (3%)

0

Palmar-plantar erythrodysaesthesia

4 (11%)

4 (11%)

0

0

Dysgeusia

4 (11%)

4 (11%)

0

0

Skin and subcutaneous tissue disorders

2 (6%)

2 (6%)

0

0

Sinus bradycardia

2 (6%)

2 (6%)

0

0

Alopecia

2 (6%)

2 (6%)

0

0

Dry mouth

2 (6%)

2 (6%)

0

0

Data are n (%). No grade 5 adverse events were reported. The table includes grade 1 or 2 adverse events occurring in at
least 5% of patients and grade 3 or 4 events in all patients.

Table 3: Adverse events

of 5·6 months, 6-month progression-free survival of 40%,
and 2-year overall survival of 73% in previously progressing
patients (albeit being secondary endpoints in this study),
suggest activity of pazopanib in patients who have
advanced, malignant disease. Previously published data on
treatment of advanced malignant solitary fibrous tumour
has only been from retrospective analyses. Park and
colleagues11 retrospectively analysed the clinical outcomes
of 18 patients with solitary fibrous tumour who received
conventional chemotherapy; 16 (89%) patients had
stabilisations and two (11%) had progressive disease
according to RECIST. Median progression-free survival was
142

4·6 months, 6-month progression-free survival was 28%,
and 2-year overall survival was 48%. Likewise, Stacchiotti
and colleagues13 observed six (20%) partial responses and a
median progression-free survival of 4 months according to
RECIST, in 30 evaluable patients treated either with
anthracycline monotherapy or anthracycline and
ifosfamide. 6-month progression-free survival was 20%,
and median overall survival was 11 months. Our study
outcomes are comparable in terms of overall response and
progression-free survival to a retrospective analysis of
patients treated with sunitinib. Stacchiotti and colleagues14
observed 14 (48%) partial responses, five (17%) stabilisations,
and ten (35%) progressive disease according to Choi criteria
in 29 evaluable patients diagnosed with malignant or
dedifferentiated solitary fibrous tumour who were treated
with sunitinib. Median progression-free survival was
7 months and 6-month progression-free survival was 45%.
However, the median overall survival of 16 months was
shorter than in our study, possibly because of the higher
proportion of patients with dedifferentiated solitary fibrous
tumour in the study, as compared with our study. Maruzzo
and colleagues15 collected prospective data on the clinical
outcomes of 11 patients with advanced solitary fibrous
tumour treated with pazopanib and evaluable by Choi,
reporting five (46%) patients had partial responses,
four (36%) had stabilisations, and two (18%) had progressive
disease. Median progression-free survival was 4·7 months
and 6-month progression-free survival was 44·9%. The
results by Maruzzo and colleagues15 are also consistent with
those observed in the present study, except that the median
overall survival of 13·5 months was also shorter. Finally,
Park and colleagues16 published a retrospective analysis of
14 patients with solitary fibrous tumour treated with
temozolomide plus bevacizumab, showing seemingly
better outcomes than in our study. They observed 11 (79%)
patients had partial responses, two (14%) had stabilisations,
and one (7%) had progressive disease according to Choi
criteria. Median progression-free survival was 9·7 months,
6-month progression-free survival was 78·6%, and median
overall survival was 24 months. The patients did have more
favourable characteristics; seven patients had localised
tumours and at least three had typical solitary fibrous
tumours. Altogether, previously published data from
retrospective analyses support the use of pazopanib in
advanced malignant solitary fibrous tumour. Additionally,
our prospective trial, gives us a benchmark for overall
response, progression-free survival, and overall survival for
pazopanib in the treatment of advanced malignant solitary
fibrous tumour.
Because of the low incidence of advanced solitary fibrous
tumour (<1 case per million), clinical research is
challenging and is complicated by the fact that solitary
fibrous tumour presents as localised in more than 90% of
cases,8,12 so surgery is the cornerstone. The multinational
effort of this present study, with a careful selection of
specialised sarcoma centres in three countries, not only
met the accrual goal in a reasonable period (less than
www.thelancet.com/oncology Vol 20 January 2019
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2·5 years), but also enabled the recruitment of patients
with specific solitary fibrous tumour variants. Typical,
malignant, and dedifferentiated solitary fibrous tumour
are thought to be different subtypes within the spectrum
of solitary fibrous tumour, with different pathological
features and clinical behaviour.9,12,22 As this distinct
biological behaviour could also be translated into the
metastatic setting, we considered a more rational approach
and planned to explore pazopanib treatment of distinct
subtypes in different cohorts. Although we have not made
comparisons between cohorts (the advanced typical
solitary fibrous tumour cohort is still in recruitment
phase), tumour size of the primary tumour and mitotic
count at diagnosis have displayed potential prognostic
relevance in the cohort of patients with metastatic
malignant or dedifferentiated solitary fibrous tumour for
progression-free survival and overall survival. Both
variables have been recognised as prognostic factors in
localised disease for metastasis-free and disease-specific
survival rates,8 but interestingly, these variables also have a
prognostic role in the metastatic setting according to our
data (table 2).
Analysis of different variants of solitary fibrous tumour
separately was also convenient. The recruitment of patients
with dedifferentiated solitary fibrous tumour was stopped
after acknowledging an early and fast progression in two
patients. This finding is in alignment with observations in
preclinical and retrospective clinical studies, in which
dedifferentiated solitary fibrous tumour had a more
aggressive clinical course and was more sensitive to
chemotherapy than malignant solitary fibrous tumour and
hardly sensitive to pazopanib.13,18,23 On the other hand,
dedifferentiated solitary fibrous tumour was reported to be
less sensitive to sunitinib than malignant solitary fibrous
tumour, with 36% of partial responses and stabilisations
observed in patients with dedifferentiated solitary fibrous
tumour compared with 79% of partial responses and
stabilisations observed in patients with malignant solitary
fibrous tumour according to Choi criteria.14
Cellularity, nuclear pleomorphism, and especially
mitotic count were the pathological features most
extensively applied for classifying solitary fibrous tumours
as malignant in our series (in line with previous
publications).24,25 We detected fusions in 94% of patients,
the most frequent being NAB2 exon-6 STAT6 exon 16/17
in 39% of patients. Over-fixation might have caused the
negative fusion result in two (6%) cases. In the largest
published case series, the presence of fusions ranged
between 55% and 100%, and the most frequent breakpoint
varied by study.3–5
In our study, ISG15 overexpression significantly
correlated with worse progression-free survival and overall
survival; moreover, ISG15 expression was the only
independent prognostic factor for overall survival and
progression-free survival in our multivariate analyses.
This prognostic correlation has also been identified at the
mRNA or protein level.26,27 ISG15 is a ubiquitin-like protein
www.thelancet.com/oncology Vol 20 January 2019

Progression-free survival

Overall survival

Hazard ratio
(95% CI)

p value

Hazard ratio
(95% CI)

Mitosis (<10 vs ≥10 per
10 high power fields)

1·39 (0·39–4·92)

0·61

Primary tumour size at diagnosis
(<5 cm vs ≥5 cm)

1·95 (0·84–4·52)

0·12

BCL2 expression

0·73 (0·17–3·08)

0·67

ISG15 expression

6·61 (2·14–20·43) 0·001

p value

1·84 (0·25–15·60) 0·55
··

··

0·31 (0·03–3·34)

0·34

10·73 (2·22–51·82)

0·003

Table 4: Multivariate analyses of clinicopathological factors according to progression-free survival and
overall survival

that has been associated with cancer survival, response,
and stemness, and its overexpression has been observed
in different cancers. ISG15 overexpression has also been
related to increased drug resistance.26 ISG15 expression
should be measured at protein level, and the predominant
fraction of ISG15 (conjugated or free) in malignant solitary
fibrous tumour should be investigated. We found that
overexpression of BCL2 significantly correlated with
better progression-free survival and overall survival in our
study. Although it is true that a correlation between high
BCL2 expression and better prognosis has been described
in some tumours,28 the underlying mechanism remains
unclear. Whether it is related to autophagy inhibition by
BCL-2 preventing the resistance of antiangiogenic agents
such as pazopanib deserves further investigation.29 In fact,
loss of BCL-2 by immunohistochemistry has already
been described as a marker of solitary fibrous tumour
progression towards a dedifferentiated form.30
Although median progression-free survival was the
same with local or central assessment, there were some
discrepancies that led to results being worse than they
would have otherwise been. Two patients stopped early
because of local radiological assessment, but during
central assessment they were not considered as having
progressive disease; this might have been a limitation of
the study. For this trial, central rather than local
radiological assessment was used for analysis.
In summary, findings from this single-arm, phase 2
trial suggest that pazopanib has activity in advanced
malignant solitary fibrous tumour. In terms of overall
response, progression-free survival, and overall survival,
and acknowledging the biases of historical comparisons,
pazopanib seems to compare favourably to historical
controls with solitary fibrous tumour treated with
chemotherapy. To our knowledge, this is the first phase 2
trial of pazopanib for treatment of malignant solitary
fibrous tumour and provides a benchmark for future
trials. The data on post-protocol therapies are being pro
spectively collected and will offer valuable information
regarding the sequential use of antiangiogenic agents in
solitary fibrous tumour. The prognostic role of ISG15 and
BCL-2 will be functionally validated and comparatively
analysed with the typical solitary fibrous tumour cohort
once accrual has been completed.
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