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Background: Alveolar soft part sarcoma (ASPS) is a translocation-associated soft-tissue tumor resistant
to conventional cytotoxic agents. This report aims to compare the efficacy of anlotinib versus pazopanib as
targeted monotherapy in metastatic ASPS and to determine the impact of drug dosage reduction on disease
control.

Methods: Sixteen and 31 patients with metastatic ASPS were respectively treated with anlotinib and
pazopanib monotherapy at a single institution. Objective response rate (ORR), progression-free survival
(PFS), and overall survival (OS) were retrieved and compared between both therapeutic arms. Adverse events
(AEs) within each group were recorded. Kaplan-Meier survivorship curves computed the impact of drug
dosage reduction on PFS.

Results: The anlotinib group showed an ORR of 31.2%, compared to 35.5% in the pazopanib arm
(P=0.772). Median PFS was 23.6 months [95% confidence interval (CI), 16.2-31.0 months] in patients
treated with anlotinib, but dropped to 13.7 months (95% CI, 10.8-16.7 months) in those managed with
pazopanib (P=0.023). One (6.3 %) patient on anlotinib and 11 (35.5%) on pazopanib developed AEs requiring
drug dosage reduction (P=0.029), which significantly reduced patients’ PFS in the latter setting (10.5 vs.
15.8 months, P=0.012). In patients without dosage reduction, anlotinib showed a bordering advantage than
pazopanib on median PFS (24.5 vs. 15.8 months, P=0.112).

Conclusions: Compared to pazopanib, anlotinib yielded longer PFS and lower incidence of AEs in ASPS
patients. Drug dosage reduction was more frequently encountered with the former agent and affected the

disease control.
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Introduction occurs in the deep soft tissues in lower limbs, head and

Alveolar soft part sarcoma (ASPS) is a rare, distinctive, neck regions such as tongue and orbit (1). Despite being

and highly vascular neoplasm, which accounts for less than characterized by a relatively indolent clinical behavior, this
1% of all soft-tissue sarcomas. It predominantly affects disease carries an inferior prognosis, with up to 40% and

adolescents and young adults, and most commonly primarily 65% of patients presenting with distant metastasis at the
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time of diagnosis and during follow-up, respectively. The
prognosis was influenced by the age of patients, the size of
primary tumors and the metastatic status at diagnosis, with
a median overall survival of around 11 years in patients
without metastasis at diagnosis and 3 years in patients with
metastatic disease (2-5).

Alveolar soft part sarcoma has a distinctive pseudoalveolar
histological appearance and is highly vascularized with
small vascular spaces separating nests of cells. The
pseudoalveolar pattern appears to be due to necrosis of the
centrally located cells in the nests. Cytogenetically, ASPS
contains a characteristic T (X;17) (p11;q25) translocation
to form the ASPSCRI-TFE3 fusion gene, which can be
detected by polymerase chain reaction or fluorescence
in situ hybridization (6,7). The transcriptional fusion
protein acts as an abnormal transcription factor that can
drive MET signaling and up-regulate transcripts related
to angiogenesis, cell proliferation and metastasis (3). The
expression of ASPSCR1-TFE3 gene can also induce
upregulation of pro-inflammatory cytokines IL-1, IL-6
and IL-8, so as to promote the formation of pro-tumor
microenvironment, including induction of proliferation,
epithelial to mesenchymal transformation, tumor invasion
and angiogenesis (8).

Standard cytotoxic chemotherapy, commonly used for
soft-tissue sarcoma (STS), has a limited therapeutic value
in ASPS (9-11). Multi-receptor tyrosine kinase inhibitors,
including sunitinib (12,13), pazopanib (14-16), and cediranib
(17,18), showed objective responses in clinical trials involving
ASPS patients with advanced or metastatic diseases.
However, due to the low incidence of ASPS and the small
number of cases in clinical studies, the factors associated
with the effectiveness of targeted therapy remain unclear.
Although most multi-receptor TKIs have a high response
rate to ASPS, there are some differences in the effects and
adverse events between different agents. For example,
pazopanib which has been widely used since its approval
in 2012 by the FDA to treat STS, albeit associated with
several potentially lethal adverse events (AEs) (19-21). Not
all patients can tolerate the standard dosage of 800 mg/day
and need dose reductions during treatment. In an integral
analysis of prospective clinical trials, the median dose
intensity of pazopanib was estimated as 591 mg/day (15),
or approx. 75% of the standard dose. Anlotinib, another
multi-receptor TKI, has been well tolerated in a phase II
clinical trials for STS and shown to be highly effective in
ASPS, with an objective response rate (ORR) of 46.2% and
a median progression-free survival (PFS) of 21 months (22).
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Because of their excellent response to TKIs, patients
with ASPS often required prolonged time of medication.
Therefore, it is important to choose an appropriate dosage
of the target agents in order to ensure the continuity of
treatment as well as to maintain the therapeutic effect.
There is also a clinical report proposing that a reduced dose
of pazopanib could be more beneficial for STS patients (23).
However, there is still a lack of research on the appropriate
dose of pazopanib, especially in Asian populations. And
whether other TKIs, such as anlotinib, have comparable
effect as pazopanib is not clear. We thus conducted the
present study to analyse the effect and safety in metastatic
ASPS patients receiving either anlotinib or pazopanib
monotherapy in a single institution. We also investigated
the proportion of dosage reduction required in the two
therapeutic groups and the impact of a dosage reduction on
disease control.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-6377).

Methods

This retrospective study was undertaken at a single
institution and was approved by the Ethics Committee
of Peking University Cancer Hospital (Clinical trial
registration number: 2013042210). The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). We obtained written, informed consent
from all patients.

Between December 2012 and March 2017, 47 patients
with metastatic ASPS treated with either anlotinib
(group A) or pazopanib (group B) were identified from
our institutional database and assessed for eligibility.
Experienced pathologists set up histological diagnosis. All
patients had received no prior anti-angiogenic treatment
and had an Eastern Cooperative Oncology Group (ECOQG)
performance status score of <1 at the time of presentation,
with no evidence of uncontrolled hypertension (blood
pressure >150/90 mmHg despite adequate therapy), bone
marrow depression, coagulation disorder, or liver/renal
dysfunction. We excluded patients with brain metastasis or
tumors amenable to surgery at diagnosis.

"Twenty-two patients with ASPS were enrolled in a series
of clinical trials on the treatment of soft tissue sarcoma with
anlotinib (NCT01878448 and NCT02449343). Six patients
who received a placebo were excluded. We assigned the
remaining 16 individuals to group A and treated with 12 mg
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Table 1 Patient characteristics

Characteristics Anlotinib (n=16) Pazopanib (n=31) P value

Sex, n (%) 0.53
Male 7 (43.8) 10 (32.3)
Female 9 (56.2) 21 (67.7)
Age (year), median 31 26 0.29
Weight (kg), median 63 61 0.72
ECOG status, n (%) 0.61
0 11 (68.8) 19 (61.3)
1 5(31.2) 12 (38.7)

Organs involved'

Lung 16 29 0.54

Bone 4 9 1

Liver 2 7 0.69

Others 6 10 0.75
Prior chemotherapy, n (%) 0.77

Yes 8 (50.0) 14 (45.2)

No 8 (50.0) 17 (54.8)

', numbers do not add up along this row due to some patients
having more than one metastatic site. ECOG, Eastern
Cooperative Oncology Group.

of anlotinib daily, 1 hour before breakfast, for the first
14 days in the 21-day cycle. Group B included 31 patients
given pazopanib in ordinary outpatient practice at an initial
dose of 600 or 800 mg (800 mg for patients with body
weight >80 kg) once daily, 1 hour before or 2 hours after
meals. Doses were reduced to 10 mg for anlotinib and 400
to 600 mg for pazopanib upon the emergence of AEs that
affected the patients’ usual daily activity. Treatment was
continued until disease progression, incapacitating AEs, or
death. Computer tomography (CT) and magnetic resonance
imaging (MRI) are performed at baseline, and every 6 or
8 weeks for the anlotinib or pazopanib groups, respectively.
History and physical examination, complete blood counts,
serum chemistry, and thyroid function tests are performed
at baseline in both therapeutic arms. Patients receiving
anlotinib also had the same tests conducted weekly for the
first cycle and every three weeks after that, while individuals
treated with pazopanib had these tests performed at 4-week
intervals. We asked all patients to monitor and record their
blood pressure at home twice a day.
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The primary endpoints of this study comprised the
ORR, PFS, OS, and AEs. Tumor response was evaluated
according to the Response Evaluation Criteria In Solid
Tumors (RECIST), version 1.1 (24). At the time of the
primary analysis, the best overall response was recorded.
ORR is defined as the combined proportion of complete
(CR) and partial responses (PR). The time interval between
study enrollment and first disease progression or death was
labeled PFS and was censored at the last time point at which
the patient was considered progression-free. The OS was
defined as the time from registration to death from any cause
and was completed at the last contact date for living patients.
AEs were graded according to a descriptive scale within
the National Cancer Institute’s Common Terminology
Criteria for Adverse Events (NCI-CTCAE) (25).
Patient data were extracted from electronic medical records
and imaging studies.

Statistics

Within each therapeutic arm, frequencies, means, and
standard deviations were used to describe the tendency and
distribution of the different parameters, including ORR
and AEs. Intergroup comparisons of ORR were performed
with the Pearson Chi-square (1) test. The effect of drug
dosage reduction on Kaplan-Meier survival curves was
determined using the log-rank test. A P value less than
0.05 was considered statistically significant. All analyses
were performed with SPSS® software version 24.0 (IBM,
Armonk, New York, USA).

Results
Patient characteristics

"This study sample comprised 47 patients with histologically
proven metastatic ASPS treated with either anlotinib
(16 patients) or pazopanib (31 individuals). There were
17 (36.2%) males and 30 (63.8%) females. The mean age
was 27.8 years (range, 15-49 years), and the mean weight
was 62.1 kg (range, 47-88 kg). In all cases, performance
status (ECOG) was <1. The lung was the most frequently
documented site of metastasis, with 45 (95.7%) patients
affected. Prior anthracycline-based chemotherapy was
administered to 22 (46.8%) individuals. No association was
found between patients of each therapeutic group (P>0.05,
Table 1).
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Table 2 Responses to anlotinib or pazopanib according to the RECIST criteria

Drug CR (%) PR (%) SD (%) PD (%) ORR (%) DCR (%)
Anlotinib (n=16) 0 5(31.2) 10 (62.5) 1(6.3) 5(31.2) 15 (93.7)
Pazopanib (n=31) 13.2) 10 (29.0) 17 (58.1) 3(9.7) 11 (35.5) 23 (90.3)
Total (n=47) 1@.1) 15 (31.9) 27 (57.4) 4 (8.5) 16 (34.0) 43 (91.2)

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response rate; DCR, disease

control rate.
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Figure 1 OS rates of patients in both therapeutic arms. OS, overall

survival.

Response

All patients in group A received at least four cycles
(12 weeks) of anlotinib. The best responses to anlotinib
included 5 PR (31.3%) and 10 SD (Table 2). In group
B, pazopanib was discontinued in 1 patient because of
pneumothorax after three weeks, when the CT scan
revealed a slight reduction in lung lesions (SD), 30 patients
(which received at least eight weeks of pazopanib, regardless
of their initial drug dosage (25 patients were administered
600 mg/day and five individuals started on an 800 mg/day
regimen). In one patient, the lesions in the lung completely
response (CR) after five months of pazopanib, and she
discontinued the drug for economic reasons. Although
pulmonary recurrence was found in 4 months after
discontinuation, she observed and then enrolled in a clinical
trial of PD1 monoclonal antibody. Of all 31 patients in
group B, they showed an ORR of 35.5%, the best responses
to pazopanib encompassed 1 CR, 10 PR, and 17 SD
(Table 2). ORR does not statistically differ between the two
therapeutic arms (P=0.77 and P=0.69, respectively).
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Figure 2 PFS rates of patients in both therapeutic groups. PFS,

progression-free survival.

Survival

The median follow-ups were 36.8 and 35.6 months for the
anlotinib and pazopanib groups, respectively. Although
the median OS was not reached in either therapeutic arm
at the time of the analysis, the estimated cumulative OS
did not significantly differ between patients on anlotinib
(57.3 months) or pazopanib (54.4 months) (P=0.45, Figure I).

The median PFS in group A (anlotinib) was 23.6 months
[95% confidence interval (CI), 16.2-31.0 months], with
1 (6.25%) patients still on medication at their last follow-
up. In group B (pazopanib), median PFS was reduced to
13.7 months (95% CI, 10.8-16.7 months), with 2 (6.45%)
patients still receiving therapy at last follow-up. Patients
receiving anlotinib exhibited a longer PFS compared to
those on pazopanib (P=0.02, Figure 2).

AEs

The most common AEs in patients treated with anlotinib
included hypothyroidism (15 patients, 93.4%), hand-foot
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Table 3 Dosage reduction characteristics
No. Drug Gender Age (year) Initial dose (mg) Adjusted dose (mg) Time to reduction (weeks) Associated AEs PFS (months)
1 A M 26 12 10 6 QT prolongation 10.4
2 P M 33 600 400 3 Hypertension 11.2
3 P M 23 600 400 10 Diarrhea 10.3
4 P M 26 800 600 3 Hypertension 12.4
5 P F 18 600 400 6 Hand-foot reaction 19.0
6 P F 16 600 400 5 Elevated ALT/AST 5.2
7 P F 25 600 400 6 Hand-foot reaction 12.8
8 P M 22 800 400 6 Hand-foot reaction, diarrhea 8.2
9 P M 33 600 400 4 Hypertension 121
10 P F 19 600 400 6 Hand-foot reaction 8.2
11 P F 16 600 400 3 Mucositis, diarrhea 8.9
12 P F 25 800 600 4 Hypertension 7.2

AEs, adverse events; PFS, progression-free survival; A, anlotinib; M, male; P, pazopanib; F, female.

syndrome (12 patients, 75%), diarrhea (10 patients, 62.5%),
hypertension, and oral mucositis (8 patients each, 50%).
They were all grades 1 or 2, except 3 (18.8%) patients
with grade 3 hypertension, 1 (6.3%) patient with grade 3
diarrhea, and 2 (12.5%) patients with grade 3 liver enzymes’
elevation (y-glutamyl transpeptidase, GGT). One (6.3%)
patient developed a grade 3 prolonged QT interval on
the electrocardiogram. During the therapeutic course, 7
(43.8%) individuals presented with grade 3 toxicities, but no
grade 4 AEs were documented.

In the pazopanib group, 25 and 6 patients received
an initial dose of 600 and 800 mg, respectively. Thirty
patients continued therapy for at least eight weeks. One
patient developed pneumothorax after three weeks of
medication and led to discontinuation. Most frequently
mild-to-moderate encountered toxicities encompassed
hypopigmentation (30 patients, 96.8%), hand-foot
syndrome (25 patients, 80.6%), hypertension (23 patients,
74.2%), diarrhea, and mucositis (19 patients each, 61.3%).
Seven (22.6%) patients showed a grade 3 hypertension,
while grade 3 hand-foot syndrome or diarrhea was
documented in 6 patients (19.4%). Less common AEs
included grade 3 elevated liver enzymes, mucositis, and
fatigue (3 patients each, 9.7%). Only 1 (3.2%) grade 4
hypertension was found. 18 (58.1%) patients complained of
grades 3 or 4 toxicities during their treatment.

© Annals of Translational Medicine. All rights reserved.

Dosage reduction

Twelve out of 47 (25.5%) patients had a dosage reduction
during their targeted therapy course (7zble 3). One
patient receiving anlotinib had a dose reduction from
12 to 10 mg per day from a prolonged QT interval on
an electrocardiogram despite the absence of relevant
clinical symptoms, and he remained at a stable disease for
10.4 months. In the pazopanib group, 11 patients had
their medication dose reduced. Three individuals with an
initial dose of 800 mg per day switched to either 600 mg
(2 patients) or 400 mg (1 patient). Eight added patients had
their pazopanib dose decreased from 600 to 400 mg per
day. These reductions resulted from a hand-foot syndrome
(4 cases), hypertension (4 cases), diarrhea (4 cases), mucositis
(3 cases), and elevated ALT/AST (1 case). The median time
from the first medication to dosage reduction was 5.5 weeks
(3-10 weeks). Dosage reduction occurred more frequently
in the pazopanib group (Pearson, P=0.03), and Kaplan-
Meier survival curves showed that in this group, the median
PES of patients with dosage reduction was significantly
shorter than that without dosage reduction (10.5 vs.
15.8 months, P=0.01, Figure 3). We also compared the
median PFS of patients without dosage reduction between
the two groups, and the results showed anlotinib had a
bordering advantage than pazopanib (24.5 vs. 15.8 months,
P=0.11, Figure 4).

Ann Transl Med 2020;8(22):1493 | http://dx.doi.org/10.21037/atm-20-6377



Page 6 of 9

P=0.01

Progression-free survival (%)

Non-dosage reduction

Dosage reduction =

0 12 24 36
Time (months)
Figure 3 Impact of dosage reduction on PFS. PFS, progression-

free survival.

Discussion

ASPS is a rare soft-tissue malignancy with indolent
biological behavior. Researchers have proved that although
conventional cytotoxic regimens ineffective for this disease,
studies assessing the efficacy of targeted therapy with multi-
receptor tyrosine kinase inhibitors were more promising
(12,17,26,27). Our retrospective study corroborates these
results by documenting an ORR higher than 30% and
a median PFS time over 13 months in both anlotinib
and pazopanib therapeutic arms. The findings might
be associated with the unique angiogenic signature of
ASPS and the expression of its characteristic unbalanced
ASPSCRI-TFE3 fusion (7,28).

Although ORR did not statistically differ between
anlotinib- and pazopanib-treated groups, the median PFS
achieved with the former was significantly longer than
the latter. After excluding the effect of dose reduction on
PFS, we found that the median PFS of the anlotinib group
was still bordering superior to the pazopanib group; this
suggests the two agents may differ in their mechanisms
of action. Even though preclinical studies have shown the
target spectrum of pazopanib and anlotinib are similar
(including VEGFR, PDGFR, FGFR, and c-Kit), there are
some differences in their efficacy on different targets (29-31).
The frequency and extend of AEs documented in this study
also support this idea. All (96.8%) patients on pazopanib
experienced hair hypopigmentation compared to none
of the anlotinib-treated patients. Hair hypopigmentation
is associated with an interruption of the c-kit signaling
pathway (32,33). Further, it was observed to be more
common in those with pazopanib than sunitinib. In this

© Annals of Translational Medicine. All rights reserved.
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Figure 4 PFS rates of patients without dosage reduction in both
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study, there was no hair hypopigmentation in patients with
anlotinib, indicating that it had little influence on the c-kit
pathway.

It has been shown that anlotinib can suppress growth
and metastasis vial blockade of the MET pathway
other than VEGFs in vitro and in vivo models of human
osteosarcoma (34). Gene expression profiling studies show
the ASPSCRI-TFE3 fusion protein acts as an aberrant
transcription factor that drives MET signaling and up-
regulation of the transcripts associated with angiogenesis,
cell proliferation, and metastasis (7,11). Further research is
called for to elucidate the exact mechanism of anlotinib in
the MET pathway in ASPS.

The incidence of AEs, grades 3 or 4 hypertension,
hand-foot syndrome, and diarrhea—was higher in patients
receiving pazopanib compared to those with anlotinib,
regardless of the initial dosage of the former. In the
PALETTE study, upon the results of which the FDA
approved pazopanib as a therapeutic option for soft-tissue
sarcomas, the mean daily dose of pazopanib was lower in
the Japanese subgroup compared to the general population
(624.4 vs. 700.4 mg, respectively) and the AEs leading
to dose reduction was more frequently identified in the
former (14). Our study corroborates these findings and
shows the standard recommended dose of 800 mg of
pazopanib may not be suitable for Asian patients to start
with it. Also, nine patients (29.0%) were able to tolerate a
dose of only 400 mg. The predominance might explain the
phenomena of female (67.7%) patients in the pazopanib
group, with a median weight of 61 kg, which may have
affected dose reduction in this setting.
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In the pazopanib group, the median PFS was shorter in
patients with dosage reduction than those without it. The
decrease in blood concentration caused by drug reduction
may be the reason for the shortening of PFS. Nakano
reported that among the patients who achieved disease
control with pazopanib, the PFS of those who received
>80% of standard dosage in the first 12 weeks was better
than those who received <80% standard dosage (35). Also,
it may be related to the evaluation method. Following
the RECIST standard, the criteria for determining PD
are all on the minimum tumor shrinkage as the baseline.
Patients with a high initial dose may obtain a relatively
high remission rate in a short period, resulting in relatively
apparent tumor shrinkage. However, the anti-tumor efficacy
is reduced after drug dosage reduction, and the optimal
remission status of the high-dose group as a reference is
likely to affect the duration of PFS.

This study did not detect a statistical difference in OS
between anlotinib and pazopanib groups, which were both
not reaching the median OS. These results may be related
to the short follow-up period despite both arms being
followed for a median of 36 months. Multiple reports have
documented favorable long-term survival even after the
development of metastasis in patients with ASPS, which
might be related to the indolent character of the disease
(2,11). In line with these results, most patients underwent
other therapies with other anti-angiogenic agents (sunitinib,
cediranib, or apatinib) or immune checkpoint inhibitors
(anti-PD-1 antibody) after failure on anlotinib/pazopanib.
These subsequent treatments have made the analysis of OS
more difficult. It has been shown that the use of second-line
TKIs still had a certain efficiency after resistance of first-
line TKIs, due to the different spectrum of targets for each
drug (28). For example, cediranib has been shown to affect
multiple intracellular pathways, such as ANGPT2, FLT'1,
and KDR, as well as MAPK (16). In addition, immune
checkpoint inhibitors (ICIs), such as pembrolizumab,
has represented a promising area of drug development in
ASPS (36). Furthermore, some investigators have explored
a more efficient response by combination of checkpoint
inhibitors with TKIs in ASPS. In a phase 2 study examining
axitinib combined with pembrolizumab in STS, among
11 patients with ASPS evaluable for response, 7 patients
achieved PR and 3 patients had SD (37).

This study is a retrospective analysis that reports the
experience of a single institute in the management of a
small cohort of metastatic ASPS patients. Limited by the
rarity of this disease, designing a prospective clinical trial
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to include a substantial number of patients is challenging
without involving multiple institutions with several
resulting therapeutic modalities and regimens. In order to
minimize the bias in this retrospective study, all subjects in
the present study were managed with identical therapeutic
regimens (anlotinib or pazopanib monotherapy) by the
same medical teams to ensure our results were relevant to
and applicable in current clinical practice. And because most
of the patients in this study were young and had a good
performance status, the treatment compliance was good
and follow-up and examinations were regularly completed
during treatment. Imaging evaluations were performed by
independent radiologists, and all imaging and survival data
were obtained

Conclusions

ASPS is sensitive to anlotinib and pazopanib monotherapy,
as shown by its high response rate to either agent.
Compared to pazopanib, anlotinib yields longer PFS and
lower incidence of grade 3 to 4 toxicities. Patients on
pazopanib were more prone to having their dosage reduced,
and this affected the control of their disease.
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