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ORIGINAL ARTICLE

A phase II study on the neo-adjuvant combination of pazopanib and
radiotherapy in patients with high-risk, localized soft tissue sarcoma

Milan van Meekerena , Judith V. M. G. Boveeb , Frits van Coevordenc, Winan van Houdtc, Yvonne Schragec,
Anne Miek Koenend, Aisha B. Miahe, Shane Zaidie, Andrew J. Hayesf, Khin Thwayg, Stijn Krolh, Marta Fioccoi,
Hans Gelderbloma , Neeltje Steeghsd� and Rick L. Haash,j�
aDepartment of Medical Oncology, Leiden University Medical Center, Leiden, the Netherlands; bDepartment of Pathology, Leiden University
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dDepartment of Medical Oncology, The Netherlands Cancer Institute, Amsterdam, the Netherlands; eDepartment of Clinical Oncology, The
Royal Marsden Hospital and The Institute of Cancer Research, London, United Kingdom; fDepartment of Surgery, The Royal Marsden
Hospital and The Institute of Cancer Research, London, United Kingdom; gDepartment of Pathology, The Royal Marsden Hospital and The
Institute of Cancer Research, London, United Kingdom; hDepartment of Radiotherapy, Leiden University Medical Center, Leiden, the
Netherlands; iDepartment of Medical Statistics and Bioinformatics, Leiden University Medical Center, Leiden, the Netherlands; jDepartment
of Radiotherapy, The Netherlands Cancer Institute, Amsterdam, The Netherlands

ABSTRACT
Purpose: A prior phase I study showed that the neo-adjuvant combination of pazopanib and radio-
therapy was well tolerated, and induced promising pathological responses in soft-tissue sarcoma
patients. Results of the subsequent prospective, multicenter phase II, PASART-2 trial are presented
here, further investigating the efficacy and safety of this combination.
Patients and methods: Patients with high-risk, localized soft-tissue sarcoma received neo-adjuvant
radiotherapy, 50Gy in 25 fractions (PASART-2A) or with a subsequent dose de-escalation to 36Gy in
18 fractions (PASART-2B). This was combined with 800mg once daily pazopanib, which started one
week before radiotherapy and finished simultaneously. After an interval of 4–8weeks, surgical resec-
tion was performed. The primary endpoint was the rate of pathological complete responses (pCR),
defined as �5% viable cells.
Results: 25 patients were registered in the study, 21 in PASART-2A and 4 in PASART-2B. After central
pathology review, the combination treatment led to a pCR in 5 patients (20%). 17 patients (68%) expe-
rienced grade 3þ toxicities during neo-adjuvant treatment, of which the most common were alanine
aminotransferase (ALT) elevation, aspartate aminotransferase (AST) elevation, and hypertension, all
asymptomatic. Grade 3þ acute post-operative toxicities occurred in 5 patients (20%), of which the
most common was wound infection. All patients completed the full radiotherapy regimen and under-
went surgery. Pazopanib was discontinued before completion in 9 patients (36%), due to elevated ALT
and/or AST, and shortly interrupted in 2 patients (8%), due to hypertension.
Conclusion: Apart from asymptomatic hepatotoxicity, the study regimen was well tolerated. Although
the pre-specified efficacy endpoint (30% pCR) was not met, a more than doubling of historical pCR
rates after neo-adjuvant radiotherapy alone was observed, which warrants further investigation.

ARTICLE HISTORY
Received 2 July 2021
Accepted 13 August 2021

KEYWORDS
Sarcoma; soft tissue;
radiotherapy; molecular
targeted therapy;
pazopanib; combined
modality treatment

Background

Soft tissue sarcomas are rare malignant tumors of mesenchy-
mal origin, that can arise anywhere in the body. The latest
World health organization (WHO) classification describes
more than 40 subtypes, which are distinguished by patholo-
gists primarily based on their histological appearance [1],
supplemented with immunohistochemistry and molecular
analysis where appropriate.

The standard treatment for localized high-risk soft tissue
sarcoma is surgery combined with radiotherapy [2]. Pre-

operative radiation has a more favorable late toxicity profile
compared to postoperative radiotherapy [3–5], albeit at the
cost of a higher rate of wound complications (35% vs. 17%).
This combined treatment approach has resulted in high local
control rates, but has limited, if any, effect on the prevention
of distant metastases and survival parameters [6], hence the
importance of examining other (combinations of) treat-
ment modalities.

For this purpose, peri-operative chemotherapy for local-
ized STS has been examined in multiple trials. Although
some studies showed promising results in terms of survival
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and disease control, others have not shown an added benefit
of chemotherapy, which is why peri-operative chemotherapy
is not standard therapy for STS [2].

Angiogenesis is an important factor in the growth of
tumors, providing the tumor with new blood vessels that
deliver nutrients and oxygen needed for rapid expansion [7].
Multiple studies showed increased expression of angiogenic
factors like vascular endothelial growth factor (VEGF) and
platelet-derived growth factor (PDGFR) for soft tissue neo-
plasms, and their correlation to clinical features and progno-
sis [8], suggesting an important role of angiogenesis in the
soft tissue sarcoma disease course.

Pazopanib is an oral multitarget tyrosine kinase inhibitor
(TKI), and its mode of action is suggested to be an interfer-
ence with angiogenesis by blocking the VEGF-axis.
Additionally, it provides a direct anti-growth effect through
the blockade of various other receptor tyrosine kinases.
Pazopanib has demonstrated activity in metastatic soft tissue
sarcoma, after the phase III PALETTE trial [9], randomizing
pazopanib to placebo, showed a significant improvement in
progression-free survival. Furthermore, pazopanib has dem-
onstrated promising results when combined with radiother-
apy for several tumor types, with a potential synergistic,
radiosensitizing effect [10,11]. This has led to the investiga-
tion of the neo-adjuvant combination of pazopanib and
radiotherapy for localized, high-risk soft tissue sarcoma in
our phase I trial in 2015 [12] (NCT01985295, acronym
PASART-1). A 27% rate of grade 3þ hepatotoxicity (3 out of
11 patients) was observed, which was transient in all 3
patients after a maximum of 3weeks. Apart from hepatotox-
icity, the combination of 50Gy radiotherapy and 800mg
daily pazopanib appeared tolerable and showed promising
efficacy, with 4 out of 10 evaluable patients showing a com-
plete pathological response.

This paper reports the results of the subsequent phase II
trial (NCT02575066, acronym PASART-2), in which the effi-
cacy, feasibility, and safety of the neo-adjuvant combination
of radiotherapy and pazopanib for localized soft tissue sar-
coma were further investigated, exploring the recommended
pazopanib dose derived from PASART-1.

Patients and methods

Study design

PASART-2 was a phase II, multi-center, prospective clinical trial
investigating the efficacy of neo-adjuvant pazopanib and con-
current external beam radiotherapy for non-metastatic soft tis-
sue sarcoma patients. The use of peri-operative chemotherapy
was not allowed in this trial. Patients were enrolled from 2
hospitals in the Netherlands and 1 in the United Kingdom.
The study protocol and all amendments were approved by
the local institutional review boards and the study was con-
ducted in accordance with the declaration of Helsinki.

Inclusion- and exclusion criteria

Eligible patients were aged �18 years, WHO performance sta-
tus �1, with a histologically confirmed newly diagnosed soft

tissue sarcoma localized in the extremities, trunk and chest
wall or the head and neck area, for which the standard treat-
ment is a combination of radiotherapy and surgery (either
deep-seated and/or >5 cm and/or anticipated close resection
margin and/or F�ed�eration Nationale des Centers de Lutte
Contre Le Cancer (FNCLCC) grade II/III). Patients were eval-
uated for adequate organ function before study entry.

Exclusion criteria were treatment with chemotherapy or
radiotherapy within 2weeks before, or treatment with bio-
logicals within 28 days or five half-lives before the first pazo-
panib dose. Additionally, patients with prior malignancies
(except if the patient was disease-free for at least 5 years)
and females being pregnant or breastfeeding were excluded.
Effective methods of birth control were required for all
patients of reproductive potential. Written informed consent
was obtained from each patient.

Treatment plan

PASART-2A: external beam radiotherapy started at day 1 and
was administered in 25 fractions of once-daily 2 Gy for 5 days
a week, to a total dose of 50Gy. On day �7, one week
before the start of radiotherapy, pazopanib treatment com-
menced with a once-daily dose of 800mg. Pazopanib treat-
ment was continued until radiotherapy completion (day 33).

PASART-2B: After an interim analysis, which showed the
supposed high effectiveness of the treatment regimen of
PASART-2A, the study was amended, with the radiotherapy
dose reduced to 36Gy, in 18 fractions of once-daily 2 Gy for
5 days a week. The aim of this amendment was to reduce
the risk of acute post-operative wound complications, which
have been shown to correlate with the total RT dose admin-
istered [13]. Again, once-daily 800mg pazopanib intake
started one week before radiotherapy (day �7) and finished
simultaneously with radiotherapy completion (day 24).

Radiotherapy technique: the clinical target volume (CTV)
was obtained by expanding the gross target volume (GTV)
with a 4 cm margin craniocaudally and a 1,5 cm margin
transversally. EBRT was delivered with intensity-modulated
radiotherapy (IMRT) or 3-dimensional conformal radiotherapy
(3 D-CRT).

Surgery: surgery was performed after an interval of
4–8weeks post combined pazopanib and radiotherapy treat-
ment. An overview of study procedures is shown in Figure 1.

Translational assessments: multiparametric MRI was per-
formed at baseline, day 1, day 22 and pre-surgery. For phar-
macokinetic analyses, plasma samples were taken on day 1
and day 22 and a tumor tissue sample on day 22. The results
of these will be reported elsewhere.

Endpoints

The primary endpoint of this study was the proportion of
patients with a pathological complete response (pCR) on
central pathological examination of the resection specimen.
Pathological examination of the resection specimen was
first performed by pathologists from the local treatment
centers, following STS pathology guidelines described by
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Wardelmann et al. [14]. Subsequently, slides were centrally
assessed by a reference pathologist (JVMG.B.) in the
Slidescore software (www.slidescore.com) for the percentage
of viable cells, necrosis, and hyalinization/fibrosis. Patients
with the biggest discrepancies between local and central
pathology were reviewed a second time by the same central
pathologist. In line with PASART-1, a pathological complete
response was defined as �5% viable cells, as at the time of
trial design (2015), this was the most accepted surrogate for
survival parameters and studies indicated a good correlation
with survival outcomes [15–17]. The outcomes from the cen-
tral pathology review were designated as the definitive path-
ology outcomes for this trial.

Secondary endpoints included response rate as measured
by the Response Evaluation Criteria In Solid Tumors (RECIST)
version 1.1 at 4weeks after completing radiotherapy, the
incidence of acute and late toxicities measured by the
National Cancer Institute Common Terminology Criteria for
Adverse Events (NCI-CTCAE) v 4.0 and the proportion of
patients with a major (post-operative) wound complication,
for which we used the definition put forth by O’Sullivan in
2002 [3]. Other secondary endpoints included the proportion
of patients with R0 resections, assessed locally on patho-
logical examination of the resection specimen, and overall
survival (OS) at the time of data report.

Statistical analysis

To estimate the number of patients Simon’s optimal two-
stage design was used. A total of 35 patients will be
included in the study to test the null hypothesis that pCR
p� 0.10 versus the alternative that p� 0.50 with an alpha
level of 5% and power 90%. A pCR rate of 30% or higher
should be observed for the treatment regimen to be
declared effective. After 18 patients completed part 2 A of
the study, a preplanned interim analysis was performed, at

which the continuation of the trial would be decided by the
number of pCRs observed in these 18 patients by the local
pathologist. With 2 or less pCRs, the trial would be termi-
nated. With 3 to 6 pCRs, 17 additional patients would be
added. With 7 or more pCRs, the trial would proceed to part
2B. When the trial would proceed to part 2B, an additional 4
patients would be treated with the amended protocol. If
among these 4 patients, 0 pCRs would be observed, the trial
would be terminated, and if at least 1 pCR would be
observed, an additional 9 patients would be added to stage
II of the trial. An overview of the termination/continuation
rules of PASART-2A and PASART-2B can be found in
Supplementary Materials Figure 1.

All statistical analyses were performed with IBM SPSS
Statistics 25. Descriptive statistics were employed to report
the primary and secondary outcomes and Kaplan–Meier’s
methodology was used to estimate overall survival (OS) for
all patients from the time of study inclusion. p� 0.05 was
considered statistically significant.

Results

Baseline characteristics

Between March 2016 and November 2018, 25 patients were
registered in the study (21 in PASART-2A, 4 in PASART-2B).
The majority was male (60%). The median age was 57 years
(range 24–79) and the most common histological subtypes,
by the WHO 2013 classification [18], were undifferentiated
pleomorphic sarcoma (UPS) (36%) and myxofibrosarcoma
(32%). Most tumors were located in the lower extremity
(64%), followed by the trunk (24%). 84% of tumors were
located deep within myofascial compartments. FNCLCC histo-
logical grade II and III tumors were equally represented
(both 44%). The three grade I tumors were all located deep
and larger than 50mm. The median tumor size was 79mm
(range 28–211mm). Baseline patient and tumor characteris-
tics are described in Table 1.

Local pathology results and trial decision

While the interim analysis took place, after 18 patients were
treated in PASART-2A, 3 more patients were included in
PASART-2A. Local pathology results indicated 9 pCRs in the
first 18 patients, which meant continuation to PASART-2B,
and 1 additional pCR in the subsequent 3 patients of
PASART-2A, yielding a total of 10 pCRs out of 21 patients in
PASART-2A. Four patients were subsequently treated with
the amended protocol of PASART-2B. Local pathology indi-
cated no pCRs and the trial was terminated after 25 patients
were included. Local and central pathology results, sorted on
the chronological order of trial inclusion, are provided in
Supplementary Table 1.

Central pathological and radiological response

After central pathology review of all resection specimens, 5
out of the 25 patients (20%) with a pCR (�5% viable tumor

Figure 1. Overview of (A) study procedures of PASART-2A and (B) study proce-
dures of PASART-2B. Abbreviations: D: day; RT: radiotherapy; Gy: Gray; OD:
once daily.
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cells) remained. According to the European Organization for
Research and Treatment of Cancer STS pathological response
score [14], no patients showed score A (no stainable tumor
cells) or B (single stainable tumor cells, <1% of the whole

specimen), 5 patients score C (�1%-<10% stainable tumor
cells), 12 patients score D (�10%-<50% stainable tumor
cells) and 8 patients score E (�50% stainable tumor cells).
When subdivided into the two parts of this study, 5 out of
21 patients (23,8%) treated with 50Gy RT in PASART-2A
showed a pCR after central review, while in PASART-2B, no
pathological complete response was observed in the 4
patients treated with 36Gy RT. An overview of pathological
and radiological responses is provided in Table 2.

On radiological examination, 22/25 (88%) patients had stable
disease (SD) according to RECIST criteria, 2/25 (8%) had a par-
tial response (PR) and 1/25 (4%) had progressive disease (PD).

There were no delays in surgery. R0 resection margins
(microscopically negative) were obtained in 24 out of 25
patients (96%), 1 patient had a positive surgical margin (R1).

Toxicities

An overview of toxicities is presented in Table 3. Grade 3þ tox-
icities during neo-adjuvant treatment occurred in 17 out of 25
patients (68%). Only 2 grade 4 toxicities occurred, both of them
transient alanine aminotransferase (ALT) increases. Of the grade
3þ AE’s, the most common were increased ALT in 9 patients,
and increased aspartate aminotransferase (AST) and hyperten-
sion in 8 patients both. Nine patients (36%) discontinued pazo-
panib treatment before completion, due to ALT and/or AST
elevations, in the majority of cases after 4–5 full weeks (D22-
D29 of the study) of pazopanib treatment (8/9). Normalization
of measured liver enzyme levels occurred within 1–2weeks after
pazopanib discontinuation in all patients. Two patients (8%) had

Table 1. Baseline characteristics of the PASART study.

Characteristic

Total no. of patients 25
Sex

Male 15 (60%)
Female 10 (40%)

Median age (range) 57 (24–79)
Histological subtype

UPS 9 (36%)
Myxofibrosarcoma 8 (32%)
Spindle cell sarcoma, NOS 2 (8%)
Liposarcoma 2 (8%)
MPNST 1 (4%)
Synovial sarcoma 1 (4%)
Clear cell sarcoma 1 (4%)
Rhabdomyosarcoma, spindle cell 1 (4%)

Location
Lower extremity 16 (64%)
Trunk 6 (24%)
Upper extremity 2 (8%)
Chest wall 1 (4%)

Grade
I 3 (12%)
II 11 (44%)
III 11 (44%)

Depth
Superficial 4 (16%)
Deep 21 (84%)

Median size in mm (range) 79 (28–211)

Abbreviations: UPS: undifferentiated pleiomorphic sarcoma; NOS: not other-
wise specified; MPNST: malignant peripheral nerve sheath tumor;
mm: millimetre.

Table 2. Pathological and radiological response of patients with soft-tissue sarcoma treated with neo-adjuvant radiotherapy and pazopanib.

Central pathology review
Local pathology RECIST

responseRT dose Subtype pCR %VC %N %H/F SA %VC

50 Gy Myxoid liposarcoma� Yes 5 0 50 All (11) 15 PR
50 Gy UPS Yes 5 90 5 5�� 2 SD
50 Gy Spindle cell sarcoma, NOS Yes 5 70 25 All (16) 1 SD
50 Gy UPS Yes 5 95 0 All (12) 1 PD
50 Gy Clear cell sarcoma Yes 5 85 10 5�� 0 SD
50 Gy UPS No 10 60 30 All (20) 5 SD
50 Gy UPS No 15 80 5 All (20) 5 SD
50 Gy Myxofibrosarcoma No 15 50 35 All (9) 5 SD
50 Gy UPS No 15 70 15 All (12) 2 SD
50 Gy Myxofibrosarcoma No 15 10 75 5�� 20 SD
50 Gy UPS No 20 20 60 All (23) 60 SD
50 Gy UPS No 25 65 10 5�� 1 SD
50 Gy Synovial sarcoma No 30 60 10 All (12) 10 SD
50 Gy Myxofibrosarcoma No 30 30 40 5�� 5 PR
50 Gy UPS No 35 60 5 All (19) 30 SD
50 Gy UPS No 35 45 20 All (13) 45 SD
36 Gy Myxofibrosarcoma No 45 20 35 All (8) 45 SD
50 Gy Spindle cell sarcoma, NOS No 50 25 25 All (12) 50 SD
36 Gy Myxofibrosarcoma No 50 25 25 All (14) 60 SD
50 Gy Spindle cell rhabdomyosarcoma No 50 50 0 5�� 35 SD
50 Gy Myxofibrosarcoma No 60 35 5 All (8) 51 SD
36 Gy Myxofibrosarcoma No 85 10 5 All (6) 90 SD
50 Gy Myxofibrosarcoma No 90 5 5 5�� 55 SD
50 Gy Pleomorphic liposarcoma No 90 10 0 All (8) 95 SD
36 Gy MPNST No 100 0 0 All (13) 80 SD

Sorted on the percentage of viable cells on central pathology review.�The resection specimen of this myxoid liposarcoma also showed 45% fatty maturation.��For these London patients, 5 blocks representative of the whole tumor were selected by the local pathology team.
Abbreviations: RT: radiotherapy; Gy: Gray; UPS: undifferentiated pleiomorphic sarcoma; NOS: not otherwise specified; MPNST: malignant peripheral nerve sheath
tumor; %VC: percentage viable tumor cells; pCR: pathological complete response; %N: percentage necrosis; %H/F: percentage hyalinization/fibrosis; SA: amount
of slides analyzed; PR: partial response; SD: stable disease; PD: progressive disease.
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an interruption (of 10days and 4days, respectively) of pazopa-
nib treatment due to grade 3 hypertension. One of those
patients was also in the group of 9 patients that discontinued
pazopanib treatment, so a total of 10/25 (40%) patients did not
fully complete the pazopanib schedule.

Grade 3 acute post-operative toxicities occurred in 5
patients (20%). The most common was wound infection,
which was registered in 5 patients. As of late toxicities, fibro-
sis, localized edema, and decreased joint range of motion
were recorded, of which only fibrosis was grade 3, in one
patient (4%). In 6 patients (24%), a major wound complica-
tion according to the O’Sullivan definition occurred.

Follow-up

At the time of the data report, after a median follow-up of
39months (range 19–57months), 6 patients have deceased.

For 4 patients cause of death was metastatic disease in the
lungs (þpelvis for one patient). For 1 patient cause of death
was an untreated pneumothorax, this patient had developed
metastatic disease in the lungs as well. For the 1 remaining
patient that passed away, the cause of death was unknown.
However, a local recurrence was recorded for this patient
15.5months after surgery.

Of the 19 patients that are currently alive, 3 have devel-
oped metastatic disease (2 in the lungs, 1 in the bones) and
1 had a local recurrence 4months after surgery (this was the
patient with R1 resection) that was excised, this patient is
currently alive without any evidence of disease. The remain-
ing 15 patients are alive without any evidence of disease.
Overall survival at 1-year, 2-year and 3-year was 100.0%,
88.0% (95%CI 75.3–100.0) and 79.1% (95%CI 62.6–95.6),
respectively (Figure 2).

Discussion

Overall, neo-adjuvant combined oral once-daily 800mg pazo-
panib and 18–25� 2Gy external beam radiotherapy resulted
in a pathological complete response (pCR) in 20% of
patients. Hereby, the study did not meet its primary end-
point set at a rate of 30% pCR.

In this PASART-2 study design, the definition of pCR was
set at �5% viable cells. However, defining pCR on the basis
of the amount of viable cells is currently also subject of
debate, as recent studies have shown a better correlation of
other histopathological features to oncologic outcomes, such
as hyalinization/fibrosis [19]. These results need validation in
larger cohorts to become new surrogate endpoints.

After pre-operative radiotherapy alone, pCR rates of
8–10% are observed [16,17]. The recent NCT02379845 study
[20] randomized 25� 2Gy external beam radiotherapy to the
same radiotherapy dose plus intratumoral nanoparticles. This
randomized phase III trial used the same pCR definition as
our study and was blinded and centrally reviewed; the path-
ology review panel included the same pathologist as in our
study (JVMG.B.). They reported a pCR rate of 7.9% in patients
treated with neo-adjuvant 50Gy radiotherapy alone.
Although our study did not meet the predefined efficacy cri-
teria, still a more than doubling of the pCR rate by the add-
ition of pazopanib to RT alone was observed.

The investigated treatment regimen was generally well-
tolerated, as the majority of grade 3þ acute toxicities were
asymptomatic, transient ALT or AST increases or hyperten-
sion, and the rate of wound complications (24%) was rela-
tively low compared to other studies investigating neo-
adjuvant RT for STS [6]. The high proportion of patients
experiencing grade 3þ ALT or AST elevations (10/25, 40%),
which was also reported in the previous PASART-1 phase I
study [12] is a remarkable finding, as pazopanib monother-
apy causes substantially lower incidences of grade 3þ ALT
and AST elevations [21] (11% and 8%, respectively).
Strikingly, when the combination of pazopanib and radio-
therapy was used in other malignancies [22,23], or in con-
junction with chemotherapy as neo-adjuvant treatment for
STS [24], no increased grade 3þ liver toxicity was reported. A

Table 3. Toxicities of patients with soft-tissue sarcoma treated with neo-adju-
vant radiotherapy and pazopanib.

Patient N¼ 25

All grades Grade 3þ
N % N %

Toxicities during neo-adjuvant treatment
ALT increased 13 52 9 36
AST increased 13 52 8 32
Hypertension 13 52 8 32
Tumor pain 9 36 1 4
Lymphocytopenia 4 16 1 4
Proteinuria 4 16 1 4
Fatigue 14 56 – –
Nausea 7 28 – –
AP increased 4 16 – –
Diarrhea 4 16 – –
Hypocalcemia 4 16 – –
Anorexia 3 12 – –
Dermatitis radiation 3 12 – –
Dysgeusia 3 12 – –
Erythema 3 12 – –
Myalgia 3 12 – –
Thrombocytopenia 3 12 – –
Weight loss 3 12 – –
Bilirubin increased 2 8 – –
Dizziness 2 8 – –
Dyspepsia 2 8 – –
Dry mouth 2 8 – –
Fever 2 8 – –
Flu-like symptoms 2 8 – –
Hair depigmentation 2 8 – –
Headache 2 8 – –
Hypoalbuminemia 2 8 – –
Leukopenia 2 8 – –
Localized edema 2 8 – –
Nightly sweating 2 8 – –
Oral pain 2 8 – –
Palmar-plantar erythrodysesthesia syndrome 2 8 – –
Pruritus 2 8 – –

Acute post-operative toxicities
Wound-infection 9 36 5 20
Wound dehiscence 3 12 1 4
Deep vein thrombosis 2 8 1 4
Seroma 5 20 – –

Late toxicities
Fibrosis 5 20 1 4
Joint range of motion decreased 2 8 – –
Localized edema 2 8 – –

Sorted on the frequency of grade 3þ toxicities first and the frequency of all
grades subsequently. Only toxicities that occurred in two patients or more
are presented.
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reasonable explanation for the increased rate of ALT and AST
elevations in PASART-1 and 2 is lacking, further research into
this issue is needed. Whereas ALT is predominantly present
in liver tissue, AST is also found in substantial concentrations
in heart tissue, skeletal muscle, the kidneys, the brain, and
red blood cells [25]. AST elevations could potentially have
been caused by irradiation to skeletal muscle, however, in all
but one patient grade, 3 AST elevations occurred together
with grade 3þ ALT elevations, which are more liver-specific.
Elevations of other liver enzymes (gamma-glutamyl transfer-
ase, alkaline phosphatase, bilirubin) were relatively uncom-
mon and of low grade. Interestingly, the 5 patients with pCR
all fully completed the pazopanib regimen, while in the 9
patients that prematurely discontinued pazopanib due to
ALT or AST elevations no pCRs were observed. All grade 3þ
ALT or AST elevations were asymptomatic and the majority
occurred late in the treatment course, with 2weeks or less of
pazopanib treatment remaining. Future trials could consider
completing the 2 remaining weeks of pazopanib treatment
in patients with asymptomatic liver enzyme elevations, pos-
sibly with corticosteroid administration, as these are able to
decrease ALT levels with minimal risk of additional toxic-
ities [26,27].

Anti-angiogenic drugs like pazopanib were originally
developed to cause the destruction of tumor vasculature,
thereby blocking the delivery of nutrients and oxygen
needed for tumor expansion and growth. However, subse-
quent studies have shown an opposite effect: in certain,
lower doses anti-angiogenics cause tumor vessel normaliza-
tion, by normalizing the pro- and anti-angiogenic balance in

the tumor micro-environment, and thus lead to enhanced
tumor perfusion and oxygenation [28,29]. This effect is
thought to be transient and is therefore described by the
term ‘normalization window’ [30,31]. As the effect of radio-
therapy is improved in better-oxygenated tumors, anti-angio-
genic drugs might therefore serve as radiosensitizers if RT is
administered during this normalization window [11]. Other
combinations of neo-adjuvant anti-angiogenic therapy com-
bined with RT have also been investigated for STS, in a non-
randomized, prospective fashion, such as the study by Yoon
published in 2011 [32], investigating neo-adjuvant bevacizu-
mab plus 50.4 Gy RT. This study also reported a pCR rate of
20%. Other phases I studies suggested higher pCR rates with
the combination of anti-angiogenics and (chemo)RT for STS
[33–35], but these studies, as our own PASART-1 trial [12],
were mainly designed for dose-finding and performed in
smaller patient populations.

The transient tumor vasculature normalization seen after
anti-angiogenic treatment also provides opportunities for
synergy with systemic chemotherapy. The NCT02180867 trial
[24] combined neo-adjuvant pazopanib with chemotherapy
(doxorubicin and ifosfamide) and RT in children and adults
with soft-tissue sarcoma and found a pathological response
in 58% of the patients. Of note, pathological response in this
study was defined as 90% or more non-viable tumors.

We also reported response on the basis of RECIST in this
study, although the value of these criteria in sarcoma is
questionable [36], as histopathological changes in response
to therapy often precede tumor size changes. This is high-
lighted in our study, where the one patient with progressive

Figure 2. Overall survival of patients with soft-tissue sarcoma treated with neo-adjuvant radiotherapy and pazopanib. Abbreviations: cum.: cumulative;
no: number.
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disease on RECIST was identified as a pathological complete
responder on central pathology review.

Our study has some limitations. Central pathology review
was not foreseen at study initiation and was performed after
all patients completed the treatment and the study was
closed. If at the preplanned interim analysis after 18 patients,
the central pathology review would have already been per-
formed, then only 4/18 patients would have had a pCR and
the trial would not have continued to part 2B. Instead, an
additional 17 patients would have been treated with the ori-
ginal RT dose of 50Gy. This observation, together with a
mean difference of 13.1% between the viable cells identified
at local and central pathology examination, underlines the
importance of performing an early central pathology review
in clinical (sarcoma) trials [37].

Another limitation of this study is the inclusion of differ-
ent histological subtypes. In recent years, these STS subtypes
are increasingly viewed as distinct disease entities with their
own specific clinical behavior and underlying biology. While
ideal trials would study new therapies in separate subtypes,
this is not always feasible, due to the rarity of STS.

This trial showed that neo-adjuvant pazopanib and RT for
STS are well tolerated and is able to induce a pathological
complete response in 20% of the patients. Although the pri-
mary endpoint was not met, this pCR rate is still twice as
high as observed after 50Gy external beam radiotherapy
alone. As currently there are no drugs available for the neo-
adjuvant treatment of STS with the aim to increase the pCR
rate, this would justify further investigation in patients being
marginally resectable, while the long-term results of PASART-
2 are eagerly awaited.
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