
Abstract. Background/Aim: Pazopanib is approved for
advanced soft tissue sarcoma (STS) patients. The aim of 
the study was to examine the usefulness of (18F)-
Fluorodeoxyglucose-positron emission tomography/ computed
tomography (FDG-PET/CT) imaging for early evaluation of
the response of STS patients to pazopanib, as well as the
association between pazopanib pharmacokinetics and early
metabolic response. Patients and Methods: Twenty STS
patients underwent FDG-PET scans at baseline, two- and
eight-weeks following treatment with pazopanib. The FDG-
PET scans were evaluated by quantitative PERCIST analysis
and visually by an independent nuclear medicine physician
and related to RECIST1.1 outcome at eight weeks. Results:
After eight weeks of therapy, 14 out of 20 patients had
discontinued pazopanib due to tumor progression identified
radiologically (‘non-responders’ n=12) or toxicity (n=2).
Quantitative FDG-PET scoring at two weeks, according to
PERCIST guidelines, identified 25% (3 of 12) of the patients
radiologically as non-responders versus 42% (5 of 12)
identified by visual response analysis. Conclusion: In this
heterogeneous STS patients’ cohort, early FDG-PET/CT
identified a substantial part of pazopanib non-responders.

Soft tissue sarcomas (STS) represent a group of rare
mesenchymal cancers that encompasses more than 70
histological subtypes (1). Based on the outcome of the
PALETTE trial, the Food and Drug Administration (FDA) and
European Medicines Agency (EMA) approved pazopanib as
the first oral targeted therapy for non-gastrointestinal stromal
tumors (GIST), non-adipocytic STS patients in second line and
beyond (2). Patients treated with pazopanib showed a
progression-free survival (PFS) benefit of 3 months compared
to placebo-treated patients. Unfortunately, 23% of patients had
progressive disease and were considered as de novo resistant
to pazopanib therapy (non-responders), and about 10-30% of
the STS patients treated with pazopanib developed grade 3-4
toxicity (2, 3). It is, therefore, evident that easily assessable
biomarkers to predict response shortly after the start of
treatment with pazopanib are required to identify patients who
will ultimately not benefit from therapy. This is particularly
important to avoid treatment of patients with an ineffective,
potentially toxic, and expensive drug over a prolonged period
of time. Molecular imaging with (18F)-Fluorodeoxyglucose-
Positron Emission Tomography/Computed Tomography (FDG-
PET/CT) has shown clinical relevance for grading and staging
sarcoma patients (4); reflecting outcome after (neoadjuvant)
chemotherapy (5, 6); and for predicting the anti-tumor effect
of imatinib in GIST patients (7, 8) at an earlier stage than is
currently possible with conventional radiological imaging that
solely depicts tumor morphology (CT/MRI). In addition, FDG-
PET/CT has been successful in predicting the effects of
angiogenesis inhibitors in metastatic renal cell carcinoma
(mRCC) (9). 

Until now, the metabolic response depicted by FDG-PET/CT
has not been related to drug pharmacokinetics (PK), while drug
concentration/exposure is recognized to be important for
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optimization of anti-tumor activity of several targeted therapies
(10). Studies providing further insight into pharmacodynamic
and pharmacokinetic biomarkers are essential to optimize
pazopanib treatment for individual patients with STS and select
those who are de novo resistant or sub-optimally treated.
Although exposure to pazopanib might affect treatment
outcome, as has been demonstrated for mRCC (11), this
association is less clear for STS patients (12, 13). 

The current study was designed to analyze the value of
FDG-PET/CT imaging for early evaluation of the response
of STS patients to pazopanib. In addition to early response
monitoring with FDG-PET/CT, this study explored the
association between pazopanib pharmacokinetics and early
metabolic response.

Patients and Methods
Patients. Histologically diagnosed STS patients starting with
pazopanib treatment were included in this study. Inclusion and
exclusion criteria were similar to those used in the PALETTE trial
(2). In addition, patients were required to have a positive baseline
FDG-PET scan for continuation in the study and diabetic patients
were only eligible if well controlled. The trial was approved by the
regional medical ethics committee. All patients gave written
informed consent. The study was registered at ClinicalTrials.gov
(NCT01995981).

Study design. The study was designed as a prospective observational
feasibility study. Since this was an exploratory feasibility study, the
sample size of 20 was chosen. In this study two hypotheses were
explored: 1. FDG-PET/CT can be used for early monitoring of
response to pazopanib treatment in STS patients, and 2. there is an
association between FDG-PET/CT response and pazopanib
concentration/exposure. The study outline is illustrated in Figure
1A. All patients were instructed to take pazopanib during this study
in a standardized manner: 800 mg pazopanib once daily (OD), at
8:00 AM with a glass of water, one hour before having a
standardized continental breakfast. Evaluation was performed at 2
weeks and 8 weeks after the start of treatment with pazopanib (the
latter is at the time of conventional RECIST response evaluation).
At both time points, blood samples were collected at 0, 1, 2, 3, 4,
6, 8, 10, and 24 h after ingestion of pazopanib and an FDG-PET/CT
scan was performed. At eight weeks, a standard contrast-enhanced
CT scan for tumor evaluation was incorporated in the FDG-PET/CT,
and PFS was scored according to RECIST 1.1 (14) which is
currently used as gold standard in clinical practice for pazopanib
response evaluation in STS patients. Patients showing stable disease
or response by RECIST were defined as responders to pazopanib,
whereas patients showing progressive disease were defined as non-
responders. Additionally, adverse events during the study were
graded by CTCAE v4.0 (15).

FDG-PET analysis. FDG-PET/CT-scans were acquired
approximately one hour after injection of 1.6 MBq/kg FDG and
patients that had been fasting for at least 6 h before injection
according to the European Association of Nuclear Medicine
(EANM) standardized guidelines (16). Whole body FDG-PET
images were acquired using a Biograph 40 mCT PET/CT scanner

(Radboud UMC: Siemens Healthcare, Knoxville, TN, USA; AVL-
NCI: Philips Medical Systems, GEMINI ToF Big Bore, Cleveland,
OH, USA). The PET scanner was accredited by the research 4 life
(EARL) initiative for quantitative multicenter PET/CT studies.
PERCIST requirements in patient preparation, FDG-PET
acquisition, evaluation and assessment were followed, which
include obtaining the baseline PET scan at 50-70 min after tracer
injection. To be able to compare FDG-PET scans of one patient, the
time between tracer injection and scanning in the follow-up PET
scans is not allowed to differ more than 15 min from the baseline
PET scan. All scans had to be performed with the same injected
dose ±20% of FDG (17). FDG accumulation was registered in
Bq/ml, which was then corrected for the injected dose, time elapsed
between the injection and scanning, and gender specific lean body
mass to obtain the standardized uptake value (SUL) (18). For the
purpose of response monitoring, the peak standardized uptake value
corrected for lean body mass (SULpeak) was determined in (a
maximum of) five of the most metabolically active tumor lesions,
with a maximum of two lesions per organ, on sequential FDG-
PET/CT images. The SULpeak was calculated using a customized
Matlab script (Matlab 2014b, Natick, MA, USA). This script
automatically searched for the metabolically most active part of the
tumor using a three-dimensional (3D) spherical volume of interest
(VOI) of 1 ml. Metabolic changes were defined as a fractional
change (ΔSULpeak), comparing the second or third scan with the
baseline scan (Figure 2). As STS patients frequently have metastatic
disease in the liver, uptake in the descending thoracic aorta was used
as a control instead of uptake in normal liver. At baseline, no
minimal uptake was required, as tumors were readily identifiable on
FDG-PET/CT, showing FDG-uptake clearly above adjacent
background levels. Adjacent lesions within a single organ (e.g.
lymph node or bone lesions) that could not be measured separately
were considered as one single target lesion. If necessary, adjacent
normal tissue uptake in the bladder or myocardium was manually
excluded from the VOI.

Quantitative metabolic partial response (qM-PR) was defined as
≥30% decrease in ΔSULpeak, quantitative metabolic progressive
disease (qM-PD) was defined as ≥20% increase in ΔSULpeak or new
lesions according to PERCIST definitions (17). The remainder was
defined as quantitative metabolically stable disease (qM-SD).
Furthermore, the FDG-PET/CT images were visually scored in a
blinded, independent central review by one experienced nuclear
medicine physician. The categories of visual response assessment
included metabolic partial response, stable disease, or progressive
disease (visual-PR, SD, and PD, respectively). Additionally,
quantitative metabolic response was analyzed per metastatic subtype
tissue: lymph nodes, bone, abdominal organs, lung and others
(consisting of subcutaneous tissue, muscle and perineum). If a
patient had multiple lesions at one site, the average response for that
metastatic site was calculated.

Pharmacokinetics. Blood samples were centrifuged at 3,000 ×g for
5 min at room temperature; plasma was collected and split into two
aliquots and stored at –40˚C until the day of analysis. Pazopanib
plasma concentrations were determined using a validated ultra-
performance liquid chromatography–tandem mass spectrometric
method (LC-MS/MS) comparable to the earlier described
bioanalytical method (19). The Area Under the Concentration Time
Curve (AUC0-24h) for pazopanib was calculated using a
noncompartmental trapezoidal approach (Phoenix WinNonlin v6.3®). 
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Results 

Patient characteristics. Patients that were treated at two sites
in the Netherlands (the Radboud University Medical Center
in Nijmegen and the Antoni van Leeuwenhoek – Netherlands
Cancer Institute in Amsterdam) between 2013-2017 were
included in the study. The baseline patient characteristics are
shown in Table I. A total of 23 patients were included in the
study, of whom three dropped out before its start (Figure
1B). The remaining twenty patients had paired FDG-PET/CT
scans at baseline and after two weeks of pazopanib
treatment. Seven patients discontinued the study prematurely
(before eight weeks of therapy) due to serious pazopanib
toxicity (n=3) or rapid tumor progression (n=4), and
therefore had no FDG-PET/CT and PK assessment after 8
weeks of treatment. Of the three patients that experienced
serious toxicity, two discontinued pazopanib due to gastric
bleeding (n=1) or hepatotoxicity (n=1). The third patient also
developed hepatotoxicity but could continue pazopanib at a

lower dosage (600 mg) and was therefore included in the
survival analyses of this study. After eight weeks of therapy
(the time of first clinical evaluation) eight additional patients
showed progressive disease on CT. Thus, a total of 12
patients (60%) (excluding the two patients who stopped due
to toxicity and therefore response remains unknown)
discontinued pazopanib due to tumor progression, and were
defined as ‘non-responders’. The six patients (30%) who
experienced clinical benefit (all scored as stable disease by
RECIST 1.1) continued pazopanib for 5-18 months until
disease progression occurred. Patients who responded to
pazopanib had a synovial sarcoma (n=2), myxofibrosarcoma
(n=1), unclassified spindle cell sarcoma (n=1), pleiomorphic
undifferentiated high-grade sarcoma (n=1) and epithelioid
hemangioendothelioma (n=1).  

FDG-PET assessment. In total, 53 FDG-PET/CT scans were
performed in 20 patients. Four scans (7.5%) showed a
variation of >0.3 SUL difference in the descending aorta,
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Figure 1. Study design. A: Study protocol timeline; a baseline FDG-PET/CT was performed 0-2 weeks before start of pazopanib therapy. B: study
profile.



which is considered undesirable when comparing two FDG-
PET/CT scans quantitatively (17). As this reflects clinical
practice, all FDG-PET/CT were included in the analysis of
the study. At two weeks, based on the PERCIST guidelines,
four of the 18 patients showed a quantitative metabolic
(qM)-PR, and three patients showed qM-PD (two due to
metabolic increase ≥20%, and one based on new lesions (in
calculations scored as +20%)). The remaining 11 patients
had qM-SD (Figure 3). In addition to the FDG-PET/CT at
two weeks, an FDG-PET/CT was also performed at 8 weeks
in combination with the CT for clinical evaluation
(RECIST). Overall, 13 patients completed this FDG-PET/CT
at eight weeks, of whom three (23%) showed qM-PR and
three (23%) qM-PD. In these six patients, contrast-enhanced
CT evaluation according to RECIST 1.1 corresponded with
the FDG-PET/CT scan results and therefore, the patients
continued and discontinued pazopanib accordingly. Of the
seven patients with metabolically stable disease (–13% to
+15% versus baseline) after eight weeks of therapy, five had
radiological progressive disease and discontinued pazopanib
while two had a clinical response and continued pazopanib.

Besides the quantitative PERCIST analysis, which is
currently considered to be too time consuming for general
clinical practice, an independent visual response analysis at
two weeks (non-quantitative) was performed. This evaluation
was executed by one experienced, independent nuclear

medicine physician who was blinded to all other clinical
data. FDG-PET/CT scans were scored as visual-PR (n=9),
visual-SD (n=4), or visual-PD (n=5). All patients with FDG-
PET/CT scans scored as visual-PD at two weeks showed
radiological progressive disease at eight weeks and
discontinued pazopanib. Therefore, at two weeks, visual
scoring identified more non-responders (42%) than the
quantitative scoring (25%). The calculated sensitivity and
specificity for disease progression by visual response was
42% and 100% respectively, in comparison to 25% and
100% by quantitative analysis. 

Of note, it is important to be aware of FDG response
differences between the various tissues. Although the group
size was small, bone lesions in general showed an early

ANTICANCER RESEARCH 39: 1309-1316 (2019)
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Figure 2. FDG-response monitoring.

Table I. Baseline patient characteristics.

Variable                                                                               Total n=20 (%)

Age (yrs)
  Range (yrs)                                                                              40-78
  Median (yrs)                                                                               60
Gender (male)                                                                            9 (45)
STS subtypes
  Leiomyosarcoma                                                                     7 (35)
  Synovial sarcoma                                                                    2 (10)
  Angiosarcoma                                                                         2 (10)
  Myxofibrosarcoma                                                                  2 (10)
  Pleiomorphic rhabdomyosarcoma                                           1 (5)
  Epithelioid hemangioendothelioma                                        1 (5)
  Solitary Fibrous tumor                                                             1 (5)
  Unclassified spindle cell sarcoma                                           1 (5)
  Epithelioid sarcoma                                                                 1 (5)
  Desmoplastic small blue round cell tumor                             1 (5)
  Pleiomorphic undifferentiated high grade sarcoma               1 (5)
ECOG
  0                                                                                               4 (20)
  1                                                                                              13 (65)
  2                                                                                               3 (15)
Duration of disease from diagnosis until pazopanib start
  Range (months)                                                                       1-248
Lines of chemotherapy before pazopaniba, range                      0-4
Progressive disease at 8 weeks
  Yes                                                                                          12 (60)
  No                                                                                            6 (30)
  Missing                                                                                    2 (10)
Progressive disease median (months)                                           2
Progressive disease range (months)                                           1-18
Overall survival median (months)b                                               8
Overall survival range (months)                                                1-24
Maximum uptake at baselinec (SULpeak)                             1.92-24.40

aThe majority of patients had received one line of chemotherapy prior
to pazopanib treatment (11 of 20 patients, 55%). Of these, six had
received doxorubicin and three the combination of doxorubicin and
ifosfamide; bThree patients still alive at study closure, and one patient’s
OS data are unknown; cThe large variation in maximum uptake at
baseline reflects the metabolic heterogeneity of the sarcoma subtypes.



increase in FDG uptake, whereas the other tissue sites
showed an early decrease in FDG uptake after two weeks of
therapy (Figure 4). A high or low maximum SULpeak at
baseline did not correlate to a difference in PFS and due to
the small size of the study group, differences in metabolic
responses between tumor histology could not be analyzed. 

Pharmacokinetics. All 20 patients completed the PK
assessment after two weeks of pazopanib therapy, and 13
patients completed the second PK assessment after eight
weeks (which are the same patients who completed the FDG-
PET/CT at eight weeks). Both the AUC0-24h and Ctrough
levels were considered in the analysis. A geometric mean
AUC0-24h (range) of 847 μg.h/ml (477-1,654) was found
after two weeks, and 732 μg.h/ml (206-1,264) after eight
weeks. The median Ctrough level was 26.4 μg/ml (range=16.6-
56.5 μg/ml) and 33.3 μg/ml (range=8.0-45.4 μg/ml) at two and
eight weeks, respectively. AUC0-24h data were significantly

correlated with Ctrough levels at both assessments (Spearman
rho 0.96 and 0.97, p<0.001). Early metabolic response at two
weeks was compared to pazopanib exposure at two weeks.
No correlation was seen between the quantitative FDG
response and AUC0-24h or Ctrough levels (data not shown) or
between exposure and treatment response (Figure 5). 

Discussion

Metastatic STS is a rare group of tumors for which there are
few therapeutic options. Unfortunately, a large proportion of
STS patients treated with pazopanib, the first available oral
targeted drug for this patient group, will not respond to
therapy, but may experience serious toxicity (2, 3). This
underpins the need for a biomarker to identify non-
responders in an early stage. This study evaluated the value
of metabolic response assessment by FDG-PET/CT for
determining pazopanib treatment efficacy in STS patients
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Figure 3. FDG-PET response compared to clinical outcome. All patients who showed any degree of increase in metabolic activity (n=10, 0.25% -
46.47%) at two weeks, excluding the two who stopped prematurely due to toxicity, were radiologically confirmed as non-responders after eight
weeks of therapy.



and showed promising results. The two weeks’ time point for
evaluation was chosen, as pazopanib reached a steady state
by then and thereby hypothetically represents the optimal
metabolic response. Early metabolic progression at two
weeks was only seen in RECIST non-responders at eight
weeks, and is therefore a potential indication for early
discontinuation of pazopanib treatment. As FDG-PET/CT
scanning is widely accessible, non-invasive, and the costs
could be compensated by the reduction in pazopanib
administration for several weeks, this diagnostic method has
potentially clinical value.  

Overall, metabolic progressive disease at two weeks was
a good predictor of non-response to pazopanib according to
RECIST criteria at eight weeks. When using the criterion for
metabolic progressive disease at two weeks to identify non-
responders, it would reduce treatment beyond the two weeks
in 25% of the patients (3 of 12) as assessed by quantitative
PERCIST analysis and in 42% (5 of 12) as evaluated by
visual analysis, without false discontinuation. As visual
analysis of FDG-PET/CT identified more non-responders
than the laborious quantitative analysis and is much easier to
perform in a routine clinical practice, visual analysis is
preferable (20).

Importantly, in this study population, bone lesions had the
largest increase in FDG uptake two weeks after the initiation
of treatment compared to baseline. A possible explanation
could be the flare response phenomenon, which may be
explained by e.g. activation of inflammatory cells or an
increase in osteoblastic activity at the site of metastatic bone
lesions due to the rapid repair, and thus represents response
to treatment rather than disease progression. The flare
response is a well-known phenomenon and has been
described in the literature for various treatments, including
anti-angiogenic therapy for bone metastases in, among

others, NSCLC (21). However, the hypothesis of limited
pazopanib exposure due to an impaired blood circulation in
bone lesions could suggest the exact opposite. When
analyzing bone lesions, it is important to be aware of this
unexplained phenomenon, especially as radiological response
in bone lesions without a clear soft tissue component is
difficult by RECIST (22). 

In addition to the studies with FDG-PET/CT, the
association between FDG uptake and pazopanib exposure
was studied. FDG uptake seems to be an independent
biomarker of pazopanib treatment response, as variability of
the pharmacokinetics of pazopanib did not influence FDG
response.  

As this is an exploratory study, some limitations need to
be addressed. Firstly, our study population had a relatively
high number of non-responders (60%, 12 of 20), when
compared to the 23% non-responders in a phase 3 study (2).
As we used similar inclusion and exclusion criteria, this is
most likely explained by variations due to our small sample
size. Secondly, as metastases can be relatively small and
some STS subtypes are known for their indolent growth and
relatively low metabolism, FDG-PET/CT evaluation may be
less suitable in those STS patients. 

In conclusion, this study successfully evaluated the
clinically relevant hypothesis of using FDG-PET/CT as an
early biomarker of pazopanib treatment in STS patients. We
demonstrated that metabolic progression on FDG-PET/CT
two weeks after the start of pazopanib can predict
progression of disease according to RECIST, assessed 6
weeks later. In this small heterogeneous sarcoma cohort there
was no relation between pazopanib exposure and FDG
response, suggesting that FDG could be an independent early
biomarker of pazopanib failure. Based on our results, a larger
study can be set up to validate implementation of FDG-
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Figure 4. Geometric mean of the ∆SUL per metastatic site at FDG-PET at two weeks versus baseline. Of the eight patients with bone lesions five
were non-responders, one patient responded to pazopanib treatment, and two patients discontinued pazopanib prematurely due to toxicity.  



PET/CT in the early evaluation of the response in STS
patients to pazopanib.
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