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Summary
Background No standard maintenance treatment has been obtained to prolong the response duration of soft tissue
sarcoma (STS) after first-line chemotherapy. In this study, we aimed to evaluate the efficacy and safety of anlotinib as
a maintenance treatment after chemotherapy in STS.

Methods In this multicentre, open-label, single-arm phase 2 trial, patients with advanced STS who achieved partial
response or stable disease after first-line anthracycline-based chemotherapy were enrolled between April 2019 and
January 2022. All patients received anlotinib as a maintenance treatment. The primary endpoint was progression-
free survival (PFS) of anlotinib maintenance treatment. Other endpoints included overall survival (OS), objective
response rate (ORR), disease control rate (DCR) and safety. This study is registered with ClinicalTrials.gov,
NCT03890068.

Findings At the data cut-off date (August 8, 2022), 49 patients were enrolled, including 17 with liposarcoma (35%) and
15 with leiomyosarcoma (31%). After a median follow-up of 17.1 months (IQR 9.0–27.2), the median PFS from the
beginning of maintenance treatment was 9.1 months (95% CI 5.7–12.5), and the median OS was not reached, and the
1-year OS rate for anlotinib maintenance treatment was 98.0%. The best ORR and DCR were 16% (8/49, 95% CI
7–30) and 94% (46/49, 95% CI 83–99), respectively. Most of the treatment-related adverse events were grade 1–2.
Of the grade 3–4 adverse events, the most common were hypertension (10%) and hand-foot syndrome reaction (6%).

Interpretation Postchemotherapy maintenance treatment with anlotinib exhibits promising efficacy and tolerable
toxicity in patients with advanced STS.
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Research in context

Evidence before this study
Till now, there is no recommended first-line post-
chemotherapy maintenance treatment in advanced soft
tissue sarcoma. In terms of the temporary response duration
of first-line anthracycline-based chemotherapy, and that
patients often lose their opportunities of prolonged
survivals for the intolerance of long-term chemotherapy,
appropriate regimens for efficacy maintenance require more
attention. To explore, we searched PubMed for articles
published from inception until April 28, 2023, on
maintenance treatment after first-line standard
chemotherapy in patients with soft tissue sarcoma, using
the terms: “sarcoma”, “maintenance” and “first-line”.
Reviews were excluded. We found one phase 2 trial discussed
about anlotinib combining with chemotherapy followed by
anlotinib continuous maintenance treatment. For switch
maintenance, however, we found only one single-centre
retrospective study, which mentioned the anlotinib therapy.
We did not find any clinical trial regarding anlotinib as
maintenance treatment after first-line chemotherapy in
patients with soft tissue sarcoma.

Added value of this study
The standard maintenance treatments for advanced soft tissue
sarcoma patients after first-line anthracycline-based
chemotherapy are still lacking. Post-chemotherapy
maintenance treatment with anlotinib shows significant
efficacy and tolerable toxicity in patients with advanced soft
tissue sarcoma. To our knowledge, this is the first prospective
clinical trial assessing the value of switch maintenance strategy
which could effectively prolong the progression-free survival
after first-line standard chemotherapy in soft tissue sarcoma.

Implications of all the available evidence
This study demonstrated that anlotinib, as the first effective
maintenance strategy after first-line standard chemotherapy,
showing promising activity and remarkable progression-free
survival with tolerable toxicities in patients with advanced
soft tissue sarcoma. Our work lays the basis for subsequent
larger randomized controlled studies. Once the conclusions
confirmed, anlotinib could be recommended as one of the
most optimal maintenance treatments after standard first-
line chemotherapy, contributing to prolonging survivals and
improving the life quality for advanced sarcoma patients.
Introduction
Soft tissue sarcoma (STS) encompasses a group of rare
tumours; STS accounts for fewer than 1% of adult ma-
lignancies but is associated with a high mortality rate.1,2

It has been reported that 14.5%–26.5% of STS patients
present with metastases at the initial diagnosis,3 while
40%–50% of patients who underwent localized resection
developed distant metastases and showed a 5-year sur-
vival of less than 10%.4 Anthracycline-based chemo-
therapy is recommended as the standard first-line
treatment for advanced STS5; this approach yields a
median progression-free survival (PFS) of only approx-
imately 6 months and a median overall survival (OS) of
12–16 months.6–8 However, the benefits of continuous
chemotherapy have not been proven to be greater than
those of surveillance once the maximal benefit has been
obtained, and there have been concerns with
anthracycline-mediated toxicities, such as cumulative
cardiotoxicity.9–12 Therefore, it is necessary to explore
appropriate strategies of postchemotherapy mainte-
nance treatment to prolong the duration of response and
delay disease progression in patients with partial
response (PR) or stable disease (SD) after a defined cycle
of chemotherapy in advanced STS.13 Moreover, standard
maintenance treatments for advanced or inoperable STS
patients who benefit from first-line chemotherapy are
still lacking.
Although one study demonstrated that maintenance
treatment with a less intensive chemotherapy after
standard chemotherapy could improve survival for pa-
tients with high-risk rhabdomyosarcoma,14 the benefit of
maintenance treatment remains uncertain when used in
advanced STS with non-specific pathological subtypes.
The results of one of the largest international phase 3
trials to date showed that maintenance therapy with oral
ridaforolimus in metastatic sarcoma patients (n = 711)
after prior chemotherapy provided only a 3.1-week sig-
nificant increase in median PFS.15 Currently, there is
still no recommended standard maintenance treatment.
Given the inherent toxicity associated with chemo-
therapy and the fact that agents used in maintenance
therapy should be convenient and well tolerated, main-
tenance treatment with oral targeted drugs in advanced
STS may be a preferred option and requires further
exploration.

Anlotinib, a newly developed, orally multitargeted
tyrosine kinase inhibitor (TKI), suppresses tumour
growth and angiogenesis by mainly blocking the
vascular endothelial growth factor receptor (VEGFR),
fibroblast growth factor receptor (FGFR) and platelet-
derived growth factor receptor (PDGFR) pathways.16–23

Exhibiting promising efficacy and manageable toxicity
in various cancers,24–30 anlotinib was recommended as a
third-line treatment for advanced NSCLC in 2018.24,25
www.thelancet.com Vol 64 October, 2023
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Moreover, in 2019, based on the encouraging results of
a phase 2 study (ALTER-0203) in patients with advanced
STS,31 anlotinib was approved as the first second-line
therapeutic agent by the China Food and Drug
Administration (CFDA) for advanced STS. Although a
retrospective study demonstrated that anlotinib may be
an option for switch maintenance treatment after
chemotherapy for advanced STS,32 whether anlotinib
could be used as a maintenance treatment paradigm for
patients with advanced STS after achieving disease
control with first-line chemotherapy should be tested in
a prospective study.

In this multicentre, open-label, single-arm, prospec-
tive phase 2 clinical trial, we aim to evaluate the efficacy
and safety of anlotinib as a switch maintenance therapy
after first-line chemotherapy in advanced STS to
demonstrate whether anlotinib maintenance treatment
after chemotherapy could improve survival of patients
with advanced STS.
Methods
Study design and participants
This multicentre, single-arm, open-label, phase 2 clin-
ical trial evaluating the antitumour activity and safety of
anlotinib as a maintenance treatment in advanced STS
patients who achieved partial response or stable disease
with at least four cycles of first-line anthracycline-based
chemotherapy was conducted at seven hospitals in
China.

Eligible patients were 18–70 years old and had a
histologically confirmed diagnosis of advanced STS,
mainly leiomyosarcoma, synovial sarcoma, liposarcoma
or angiosarcoma. Other inclusion criteria were an
Eastern Cooperative Oncology Group (ECOG) perfor-
mance status score of 0–2; expected survival time of over
three months; at least one evaluable disease that can be
accurately measured according to Response Evaluation
Criteria in Solid Tumours (RECIST) version 1.1;
remained PR or SD after 6 cycles of anthracycline-based
chemotherapy, or had disease controlled but intolerable
to at least 4 cycles of chemotherapy; no more than 8
weeks from the last cycle of anthracycline administra-
tion to enrolment and with no prior anlotinib treatment
or any systemic antitumour treatments within 4 weeks
before enrolment. Patients who had used anlotinib were
excluded. The full eligibility criteria are provided in the
Clinical Trial Protocol.

Procedures
Anlotinib was given orally once daily at 12 mg on day
1–14, followed by one week off, every three weeks per
cycle. The doses were chosen based on a previous study
in advanced refractory solid tumours.16 The treatment
continued until progressive disease (PD) or intolerable
toxicity. Dose reduction to 10 mg per day or 8 mg per
day of anlotinib was allowed due to grade 3
www.thelancet.com Vol 64 October, 2023
nonhaematologic or grade 4 haematologic toxicities,
according to the protocol-defined dose modification
criteria. Briefly, if the patient could not tolerate 12 mg
per day, then the dose could be reduced to 10 mg per
day or 8 mg per day. If the dose of 8 mg per day was not
tolerated, then treatment was terminated. Once the
anlotinib dose was reduced, it could no longer be
increased.

In accordance with RECIST version 1.1, responses
were assessed by an independent experienced radiolo-
gist at each site. Tumour assessment was performed
using computed tomography (CT) or magnetic reso-
nance imaging (MRI) within four weeks before treat-
ment started at baseline, 3 weeks after treatment
initiation, and every 2 cycles (6 weeks) thereafter.
Tumour responses had to be confirmed at least 4 weeks
later with a repeat scan. Adverse events were recorded
throughout the treatment period and 21 days after the
last dose and graded according to the Common Termi-
nology Criteria for Adverse Events (CTCAE) version
4.03. The follow-up evaluations were conducted every 8
weeks after treatment was discontinued until the date of
death or the data cut-off.

Outcomes
The primary end point was PFS for anlotinib mainte-
nance treatment. Secondary endpoints included OS,
objective response rate (ORR), the disease control rate
(DCR), and safety. PFS was defined as the period from
the start of anlotinib maintenance treatment until
the date of disease progression or death due to any cause
(which ever occur first). If the subject did not experience
disease progression or death, PFS is defined as
the period from initiation of treatment to the date of the
last confirmed progression-free status. If no postbase-
line tumour assessment is available, PFS was censored
at the date of enrolment plus one day. The OS was
defined as the period from the start of anlotinib main-
tenance treatment until death due to any cause. Ac-
cording to RECIST version 1.1, the ORR was defined as
the proportion of patients with a confirmed complete
response (CR) or PR prior to progression or any further
therapy, and the DCR was defined as the proportion of
patients with a confirmed CR, PR, and SD.

Statistical analysis
Based on a previous study,15 the median maintenance
time after first-line chemotherapy in STS was 3.3
months as the null hypothesis. We expected that the
PFS for anlotinib maintenance was 5.0 months. To
detect this increase in PFS, a power of 80% was
assumed at a one-sided 5% significance level, with a 12-
month enrolment period and a 12-month follow-up
period. Considering a 10% drop-out rate, 48 patients
were required to be enrolled in this study.

The baseline data were collected and analysed ac-
cording to the full analysis set, who took at least one oral
3
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dose of anlotinib, as shown by descriptive data. Cate-
gorical data are summarized as frequencies (percent-
ages), while continuous data are summarized as
medians (interquartile ranges, IQRs). The Kaplan–
Meier method was used to present survival curves,
with the estimated median time and 95% confidence
intervals (CIs). The PFS for subgroups were calculated
as a post hoc analysis. The 95% CIs for the overall ORR
and DCR were calculated using the Clopper-Pearson
method. Cox regression was used to analyse the asso-
ciations between baseline characteristics and subgroups.
A p value < 0.05 was considered statistically significant.
All statistical analyses were performed using IBM SPSS
software version 26.0. This study is registered with
ClinicalTrials.gov, NCT03890068.

Ethics statement
The study protocol was reviewed and approved by the
Ethics Committees of all participating hospitals,
following the principles of the Declaration of Helsinki
and Good Clinical Practice guidelines. Written
informed consent was obtained from all patients prior to
study enrolment.

Role of the funding source
Chia Tai Tianqing Pharmaceutical Group Co., Ltd.,
provided the study drug for research. The funders had
no role in the study design, data collection, data analysis,
data interpretation, or writing of the report. BSX, QZP,
HP, HML, XAL, JC, DMP, BQZ, DSW, MYF, and XZ
had full access to the dataset of the study. The corre-
sponding authors (XZ and MYF) are responsible for the
decision to submit for publication.
Results
Between 15 April 2019 and 5 January 2022, we screened
55 patients. A total of 49 patients met the inclusion
criteria and were enrolled (Fig. 1). One patient (2%) was
excluded from the analysis of treatment response due to
being lost to follow-up before the first scheduled post-
baseline assessment. Thirty-seven patients (76%) dis-
continued treatment because of disease progression (29,
59%), protocol violation (2, 4%), adverse events (3, 6%),
patient decision (2, 4%) or missing data (1, 2%). Eleven
patients (22%) were still under treatment as of the cut-
off date and had at least one postbaseline tumour
assessment. Therefore, 48 patients were eligible for the
analysis of treatment response, while all 49 patients
were eligible for the analysis of survival and safety.
Anlotinib was administered orally once daily at 12 mg
for two weeks, followed by one week off, every three
weeks per cycle, with a median number of cycles of 9
(IQR 3–20). During the anlotinib treatment, 10 patients
(20%) had their dose adjusted to 10 mg per day, among
which the dose of 2 patients (4%) was reduced to 8 mg
per day.
The patients’ baseline characteristics are listed in
Table 1. The data cut-off date was August 8, 2022. Of the
49 patients enrolled, 32 (65%) were female and 17 (35%)
were male, with a median age of 49 years (IQR 39–60).
All of them had an acceptable ECOG performance status
score (≤2). The main histologic subtypes included lip-
osarcoma (17, 35%), leiomyosarcoma (15, 31%), syno-
vial sarcoma (4, 8%), fibrosarcoma (3, 6%), and
unclassified sarcoma (3, 6%). Seven patients had other
histologic subtypes, including one (2%) patient each
with angiosarcoma, undifferentiated pleomorphic sar-
coma, low-grade myofibroblastic sarcoma, sclerosing
epithelioid fibrosarcoma, epithelioid sarcoma, epithe-
lioid haemangioendothelioma or extraskeletal myxoid
chondrosarcoma. Among the 17 patients with lip-
osarcoma, 4 were confirmed to have well-differentiated
liposarcoma (WDLS, 8%), 11 were confirmed to have
dedifferentiated liposarcoma (DDLS, 22%) and 2 were
confirmed to have myxoid liposarcoma (4%). The pri-
mary tumour sites of these patients included the
retroperitoneum/intra-abdomen (22, 45%), trunk (9,
18%), viscera (8, 16%), extremities (7, 14%) and head
and neck (3, 6%). At baseline, 43 (88%) patients had at
least one distant metastasis, and the other 6 (12%) had
confirmed locally advanced disease. The number of
metastatic sites was one in 25 (51%) patients, two in 9
(18%) patients, and at least three simultaneously in 9
(18%) patients, respectively. Lung (25, 51%) and liver
(10, 20%) were the most common sites of metastases.
Eighteen percent (9/49) of patients had reached PR after
first-line chemotherapy, while 82% (40/49) had reached
SD.

With a median follow-up of 17.1 months (IQR
9.0–27.2), for anlotinib maintenance treatment, the
median PFS was 9.1 months (95% CI 5.7–12.5; Fig. 2A).
Since the lower bound of the 95% CI exceeded the null
hypothesis PFS of 3.3 months, the study met its primary
objective. The median PFS for liposarcoma (n = 17),
leiomyosarcoma (n = 15), synovial sarcoma (n = 4),
fibrosarcoma (n = 3) and other subtypes (n = 7) was 12.5
months (95% CI 7.1–18.0), 7.7 months (95% CI
5.7–9.6), 19.1 months (95% CI 0–48.8), 3.6 months
(95% CI 3.5–3.6) and 7.8 months (95% CI 0–18.5),
respectively (Table 2). Among patients with lip-
osarcoma, the median PFS for WDLS (n = 4) and DDLS
(n = 11) was 19.1 months (95% CI 3.0–35.2) and 9.0
months (95% CI 4.9–13.2), respectively, while which
was not reached in patients with myxoid liposarcoma
(n = 2). Moreover, we also assessed the favourably
biased median PFS for chemotherapy plus anlotinib
maintenance treatment, which was 14.0 months (95%
CI 10.1–17.8; Appendix Fig. 1). At the time of data cut-
off, 6 of 49 patients (12%) had died, and the median OS
was not reached (Fig. 2B). For anlotinib maintenance
treatment, the 1-year OS rate was 98.0%. Through Cox
regression analysis, patients over 40 years old benefited
from both anlotinib maintenance treatment (≤40
www.thelancet.com Vol 64 October, 2023
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Fig. 1: Study profile. The data cut-off date was August 8, 2022.

Articles
vs. >40 years old, HR 2.632 [95% CI 1.165–5.945],
p = 0.020). In addition, no other significant correlations
between patient characteristics and PFS were found
(Appendix Table 1).

Forty-eight patients were assessable for response to
anlotinib maintenance treatment. As shown in Fig. 3A,
seven (14%) patients who had a maximum tumour
regression of over 30% were confirmed to have PR.
Thirty-eight (78%) patients had reached SD, while two
(4%) patients had PD at the first assessment. One (2%)
patient (female, 53 years old), who had a primary sy-
novial sarcoma arising in the stomach with metastases
in the liver reached CR after receiving 23 cycles of
anlotinib maintenance treatment (Fig. 3B). Therefore,
the overall ORR and DCR for anlotinib maintenance
treatment after first-line chemotherapy were 16% (8/49,
95% CI 7–30) and 94% (46/49, 95% CI 83–99), respec-
tively. As shown in Fig. 3C, the median time to achieve
the best responses was 11.9 months (IQR 4.8–18.4) for
www.thelancet.com Vol 64 October, 2023
the eight patients who had confirmed objective re-
sponses. Treatments for three (38%) of eight patients
with responses were ongoing.

For each histologic subtype, the best ORRs and
DCRs were 12% (2/17) and 100% (17/17) for lip-
osarcoma, 13% (2/15) and 93% (14/15) for leiomyo-
sarcoma, 25% (1/4) and 50% (2/4) for synovial sarcoma
(one reached CR), 33% (1/3) and 100% (3/3) for fibro-
sarcoma, 33% (1/3) and 100% (3/3) for unclassified
sarcoma, and 14% (1/7) and 100% (7/7) for other his-
tologic subtypes (Table 2). Additionally, the ORRs for
WDLS and DDLS were 25% (1/4) and 9% (1/11),
respectively, while the DCRs for both reached 100%. No
CR or PR but 2 SD was observed in patients with
myxoid liposarcoma, with a DCR of 100%.

Most of the anlotinib maintenance treatment-related
adverse events were mild or modest. Table 3 summa-
rizes the adverse events that occurred in more than 10%
of the patients in our study. Of all the grade 1–2 adverse
5
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Characteristic Patients

Age, years 49 (39–60)

Sex

Female 32 (65)

Male 17 (35)

ECOG performance status

0 15 (31)

1 33 (67)

2 1 (2)

Histologic subtype

Liposarcoma 17 (35)

WDLS 4 (8)

DDLS 11 (22)

Myxoid liposarcoma 2 (4)

Leiomyosarcoma 15 (31)

Synovial sarcoma 4 (8)

Fibrosarcoma 3 (6)

Unclassified sarcoma 3 (6)

Angiosarcoma 1 (2)

Undifferentiated pleomorphic sarcoma 1 (2)

Low-grade myofibroblastic sarcoma 1 (2)

Sclerosing epithelioid fibrosarcoma 1 (2)

Epithelioid sarcoma 1 (2)

Epithelioid haemangioendothelioma 1 (2)

Extraskeletal myxoid chondrosarcoma 1 (2)

Primary site

Head and neck 3 (6)

Trunk 9 (18)

Extremities 7 (14)

Retroperitoneum/Intra-abdominal 22 (45)

Viscera 8 (16)

Metastatic site

Lung 25 (51)

Liver 10 (20)

Bone 5 (10)

Lymph node 2 (4)

Othersa 18 (37)

Number of metastatic sites

0 6 (12)

1 25 (51)

2 9 (18)

≥3 9 (18)

First-line chemotherapy regimen

MAIDb 21 (43)

AIc 24 (49)

CAV/IEd 1 (2)

Otherse 3 (6)

Cycles of first-line chemotherapy 5 (4–6)

4 24 (49)

5 5 (10)

6 15 (31)

7 1 (2)

8 4 (8)

(Table 1 continued on next column)

Characteristic Patients

(Continued from previous column)

Best response to first-line chemotherapy

PR 9 (18)

SD 40 (82)

Previous radiotherapy

Yes 3 (6)

No 46 (94)

Data are median (IQR) or n (%). ECOG = Eastern Cooperative Oncology Group.
WDLS = well-differentiated liposarcoma. DDLS = dedifferentiated liposarcoma.
PR = partial response. SD = stable disease. aOthers refer to metastasis on
peritoneum, abdomen or pelvic cavity, pancreas, spleen, kidney, gall bladder,
inferior vena cava, extremities and muscles. bMAID refers to combined
chemotherapy regimen of mesna, doxorubicin, ifosfamide, dacarbazine. cAI
refers to combined chemotherapy regimen of doxorubicin and ifosfamide.
dCAV/IE refers to an alternating regimen of cyclophosphamide, doxorubicin and
vincristine (CAV), and ifosfamide and etoposide (IE). eOthers refer to
chemotherapy containing doxorubicin followed by AI, pegylated liposomal
doxorubicin plus albumin-bound paclitaxel, doxorubicin plus dacarbazine.

Table 1: Baseline characteristics (N = 49).
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events, the most common were hand-foot skin (HFS)
reaction (57%), cholesterol elevation (47%), proteinuria
(43%), triglyceride elevation (41%), hypertension (39%),
thyroid stimulating hormone (TSH) elevation (35%),
diarrhoea (33%), urine occult blood (31%), faecal occult
blood (29%), hypothyroidism (27%), arthralgia (27%)
and pharyngalgia (20%). Of the grade 3–4 adverse
events, the most common were hypertension (10%) and
HFS reaction (6%). The major reasons for dose reduc-
tion were proteinuria, neutropenia and HFS reaction.
No anlotinib treatment-related deaths were reported.
Discussion
To our knowledge, this is the first prospective study to
evaluate the efficacy of anlotinib switch maintenance
therapy in patients with advanced STS after benefiting
from first-line anthracycline-based chemotherapy. This
phase 2 study demonstrated the efficacy of anlotinib as
maintenance treatment for patients with advanced STS
after achieving partial or stable response to first-line
anthracycline-based regimens. With a median PFS of
9.1 months, the study met its primary objective.

After first-line chemotherapy, the tumour lesions
remain stable for a relatively brief period of time.15 Pa-
tients who achieved the maximal benefits after adequate
doses of anthracycline-based chemotherapy were
scheduled to stop chemotherapy due to concern with
anthracycline-associated cumulative cardiotoxicity or
treatment-related toxicity in previous clinical trials.5,33,34

In addition, the median PFS of first-line anthracycline-
based chemotherapy in advanced STS was approxi-
mately 6 months, which is far from fulfilling clinical
demand. Currently, with the exception of maintenance
chemotherapy (cyclophosphamide/vinorelbine) for
www.thelancet.com Vol 64 October, 2023
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Fig. 2: Survival after anlotinib maintenance treatment. (A) Kaplan–Meier curves of PFS. The median PFS for anlotinib maintenance treatment
was 9.1 months (95% CI 5.7–12.5). (B) Kaplan–Meier curves of OS. The median OS was not reached (NE, 95% CI NE) for the anlotinib
maintenance treatment. The crosses represent censored patients. PFS = progression-free survival. OS = overall survival. NE = not evaluable.
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patients with high-risk rhabdomyosarcoma,14 there is no
recommended maintenance treatment for patients with
advanced STS who achieve benefits from first-line
anthracycline-based chemotherapy. Therefore, it is
necessary to explore a safe, effective and convenient
strategy to consolidate the benefits achieved from first-
line chemotherapy for advanced STS patients. Demetri
www.thelancet.com Vol 64 October, 2023
et al. first reported and demonstrated the potential value
of postchemotherapy maintenance therapy with targeted
drugs in patients with advanced STS.15 However, the
improvement in median PFS of maintenance therapy
with the mTOR inhibitor ridaforolimus was clinically
small (3.1 weeks).15 In addition, second-line continuous
maintenance therapy with pazopanib alone following
7
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Histologic subtype Patients Best response Median PFSb (95% CI) 1-year OS Rate (%)

CR PR SD PD NAa ORR (%) DCR (%)

Liposarcoma 17 (35) 0 2 (12) 15 (88) 0 0 12 100 12.5 (7.1–18.0) 100.0

WDLS 4 (8) 0 1 (25) 3 (75) 0 0 25 100 19.1 (3.0–35.2) 100.0

DDLS 11 (22) 0 1 (9) 10 (91) 0 0 9 100 9.0 (4.9–13.2) 100.0

Myxoid liposarcoma 2 (4) 0 0 2 (100) 0 0 0 100 NE (NE) 100.0

Leiomyosarcoma 15 (31) 0 2 (13) 12 (80) 1 (7) 0 13 93 7.7 (5.7–9.6) 100.0

Synovial sarcoma 4 (8) 1 (25) 0 1 (25) 1 (25) 1 (25) 25 50 19.1 (0–48.8) 100.0

Fibrosarcoma 3 (6) 0 1 (33) 2 (67) 0 0 33 100 3.6 (3.5–3.6) 100.0

Unclassified sarcoma 3 (6) 0 1 (33) 2 (67) 0 0 33 100 NE (NE) 100.0

Other subtypesc 7 (14) 0 1 (14) 6 (86) 0 0 14 100 7.8 (0–18.5) 85.7

Overall 49 (100) 1 (2) 7 (14) 38 (78) 2 (4) 1 (2) 16 (95% CI 7–30) 94 (95% CI 83–99) 9.1 (5.7–12.5) 98.0

Data are n (%), n/N (%) and median survival (95% CI). Responses were assessed in accordance with Response Evaluation Criteria in Solid Tumours (RECIST, version 1.1). Only confirmed responses were
included. CR = complete response. PR = partial response. SD = stable disease. PD = progressive disease. NA = not assessed. ORR = objective response rate. DCR = disease control rate. PFS = progression-free
survival. CI = confidence interval. OS = overall survival. WDLS = well-differentiated liposarcoma. DDLS = dedifferentiated liposarcoma. NE = not evaluable. aThe patient who lost to follow-up before the first
scheduled post-baseline evaluation. bThe median PFS for anlotinib maintenance treatment. cOther subtypes: angiosarcoma, undifferentiated pleomorphic sarcoma, low-grade myofibroblastic sarcoma,
sclerosing epithelioid fibrosarcoma, epithelioid sarcoma, epithelioid haemangioendothelioma and extraskeletal myxoid chondrosarcoma.

Table 2: Responses and survival analysis according to different histological subtypes.

Articles

8

gemcitabine plus pazopanib treatment failed to improve
progression-free survival compared with chemo-
therapy.35 Therefore, it is urgent to explore other tar-
geted drugs that can significantly prolong the PFS of
maintenance therapy after chemotherapy.

Anlotinib, a novel multitargeted TKI,17–21 has been
proven to be effective in a variety of tumours,24,25,27–30,36

including advanced STS (Appendix Table 2). The re-
sults of a phase 2 study26 and a phase 2b study (ALTER-
0203)31 demonstrated that anlotinib exhibited a signifi-
cant efficacy and tolerable safety in advanced STS after
the failure of anthracycline-based chemotherapy, which
also contributed to the CFDA’s approval of anlotinib for
the treatment of advanced STS. A real-world retrospec-
tive study, which analysed the data of anlotinib in 209
patients with unresectable locally advanced or metastatic
STS, showed that the median PFS was 6.1 months (95%
CI 4.9–7.2) and the ORR was 13.4%.37 Thereafter, two
retrospective studies showed that anlotinib combined
with chemotherapy followed by anlotinib continuous
maintenance treatment was effective and tolerable in
STS.38,39 These results were further confirmed by a
recently reported prospective phase 2 clinical study.40

However, the evidence supporting anlotinib as a
switch maintenance treatment in patients with advanced
STS who have achieved disease control with first-line
chemotherapy is not sufficient. Only one single-centre,
retrospective, small-sample (n = 21) study reported the
efficacy of anlotinib maintenance treatment for patients
with unresectable or metastatic STS who benefited from
chemotherapy.32 A prospective, multicentre clinical
study to investigate the efficacy and safety of anlotinib as
a maintenance treatment after standard chemotherapy
is warranted.

In this study, we recruited 49 patients with advanced
STS across different histologic subtypes, mainly
liposarcoma, leiomyosarcoma, synovial sarcoma and
fibrosarcoma. In terms of dose selection, we continued
the conventional clinical use of anlotinib (12 mg for 2
weeks on-treatment followed by 1 week off-treatment).16

We observed the striking efficacy of maintenance anlo-
tinib with respect to the median PFS, whereas patients
remained progression-free after discontinuing chemo-
therapy for a median of 9.1 months. Collectively, these
results suggest that anlotinib maintenance treatment
may improve the median PFS in patients with advanced
STS who benefited from prior chemotherapy when
compared with the previously reported median PFS of
placebo maintenance treatment.15 Generally, optimal
effects were achieved in STS after 6–8 cycles of first-line
chemotherapy, with a median PFS of approximately 6
months.6,41,42 It is unfortunate that intolerance to the
toxicities of chemotherapy makes patients who have
reached PR or SD lose the opportunity to sustain ben-
efits. In this regard, switching to oral targeted drugs as a
maintenance treatment may not only further consolidate
the therapeutic effects but also reduce injuries to
chemotherapy and improve quality of life. To explore the
efficacy of maintenance therapy in this population, pa-
tients who responded to 4 cycles of chemotherapy but
were unable to tolerate further chemotherapy were also
enrolled in this study. The median PFS of all patients
who underwent 4 cycles of first-line chemotherapy were
also promising (n = 24, 49%; median PFS: 9.1 months,
95% CI 5.3–12.8), indicating that 4 cycles of chemo-
therapy might be enough to achieve satisfactory thera-
peutic effects for patients who are scheduled to receive
anlotinib maintenance treatment after intolerance to
prior chemotherapy. However, further randomized
phase 3 study is required. Furthermore, subgroup
analysis was performed to identify which of the factors
were correlated with the patients’ survival. The results
www.thelancet.com Vol 64 October, 2023
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Fig. 3: Clinical efficacy of anlotinib maintenance treatment. (A) The best percentage change in target lesions by RECIST version 1.1 (n = 48). Bars
with different colours represent patients with different subtypes. Patients were defined as partial response (PR) with bars of over 30% reduction,
progressive disease (PD) with bars of over 20% increase, and as stable disease (SD) with bars between 30% reduction and 20% increase (cut-offs
represented by the dashed lines). Asterisks refer to patients with new lesions who were also assessed as PD. (B) Tumour regression of the
patient with gastric synovial sarcoma. Computed tomography (CT) scans showed that the patient, who had primary synovial sarcoma in
the stomach and metastasis in the liver, achieved SD after 6 cycles of first-line anthracycline-based chemotherapy and reached complete
response (CR) after receiving 23 cycles of anlotinib maintenance treatment. Red arrows indicate the lesions. (C) Swimmer plot represents the
duration of responses. The length of each bar represents each patient’s treatment duration. The red triangles, blue triangles and green circles
indicate the point in time when the best CR, PR and SD responses are first achieved. The purple triangles indicate the progression time. Other
subtypes included angiosarcoma (n = 1), undifferentiated pleomorphic sarcoma (n = 1), low-grade myofibroblastic sarcoma (n = 1), sclerosing
epithelioid fibrosarcoma (n = 1), epithelioid sarcoma (n = 1), epithelioid haemangioendothelioma (n = 1) and extraskeletal myxoid chon-
drosarcoma (n = 1). SD = stable disease. CR = complete response.

Articles
showed that with the exception of age, no other pre-
dictive factors, such as sex, ECOG performance status,
histologic subtype, site/number of primary lesion or
metastases, number of first-line chemotherapy cycles
and the best responses to first-line chemotherapy, were
found to be related to PFS.

Interestingly, among the disease-controlled patients
(n = 46), more than half of them (32/46, 70%) main-
tained disease control for at least 6 months, and 30%
(14/46) of them even sustained for over one year, which
www.thelancet.com Vol 64 October, 2023
indicated that the efficacy of anlotinib maintenance
treatment was long-lasting for some patients with
advanced STS. Because liposarcoma exhibited limited
efficacy to other TKIs,43–45 we enrolled 17 patients with
liposarcoma. Although the efficacy of first-line chemo-
therapy for liposarcoma was unsatisfactory (median
PFS: 4 months, 95% CI 3–6),46 patients with lip-
osarcoma exhibited prolonged median PFS in our study
(for anlotinib maintenance: 12.5 months, 95% CI
7.1–18.0; for chemotherapy plus anlotinib maintenance:
9
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Adverse events All patients Grade 1–2 Grade 3–4

HFS reaction 28 (57) 25 (51) 3 (6)

Cholesterol elevation 23 (47) 23 (47) 0

Proteinuria 21 (43) 21 (43) 0

Triglyceride elevation 20 (41) 19 (39) 1 (2)

Hypertension 19 (39) 14 (29) 5 (10)

TSH elevation 17 (35) 17 (35) 0

Diarrhoea 16 (33) 16 (33) 0

Urine occult blood 15 (31) 15 (31) 0

Faecal occult blood 14 (29) 14 (29) 0

Hypothyroidism 13 (27) 13 (27) 0

Arthralgia 13 (27) 13 (27) 0

Pharyngalgia 10 (20) 10 (20) 0

ALT elevation 9 (18) 9 (18) 0

AST elevation 9 (18) 9 (18) 0

Leukopenia 9 (18) 9 (18) 0

Hyperuricemia 8 (16) 8 (16) 0

Serum creatinine elevation 8 (16) 8 (16) 0

Neutropenia 7 (14) 6 (12) 1 (2)

Voice hoarse 7 (14) 7 (14) 0

Gingivitis 6 (12) 6 (12) 0

Abdominal pain 6 (12) 6 (12) 0

Headache 6 (12) 6 (12) 0

Hyperbilirubinemia 6 (12) 5 (10) 1 (2)

Fatigue 5 (10) 5 (10) 0

Hypokalemia 5 (10) 5 (10) 0

Oral mucositis 5 (10) 5 (10) 0

Dizziness 5 (10) 5 (10) 0

Nausea 5 (10) 5 (10) 0

Thrombocytopenia 5 (10) 5 (10) 0

Data presented as n (%). Each patient is counted once for a specific adverse
event. Only the highest grade of a given adverse event is reported for each
patient. Listed are events of any grade reported in at least 10% of patients.
HFS = hand-foot skin. TSH = thyroid stimulating hormone. ALT = alanine
aminotransferase. AST = aspartate aminotransferase.

Table 3: Treatment-related adverse events in all treated patients
(N = 49).
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16.0 months, 95% CI 8.8–23.2); more than a half of
them were with DDLS (65%, 11/17). Improved survival
was also observed in synovial sarcoma (PFS: 19.1
months, 95% CI 0–48.8) and leiomyosarcoma (PFS: 7.7
months, 95% CI 5.7–9.6). Primary synovial sarcoma
rarely presents in the stomach with poor survival and
limited therapeutic options, especially when metastasis
occurs.47,48 Inspiringly, we observed the dramatic effects
of anlotinib maintenance treatment after first-line
chemotherapy in a patient with metastatic gastric sy-
novial sarcoma, which may provide evidence for novel
therapeutic strategies for advanced gastric synovial sar-
coma. However, anlotinib maintenance treatment failed
to prolong the survival of patients with fibrosarcoma,
with a median PFS of 3.6 months. These results indi-
cated that liposarcoma, synovial sarcoma, and leiomyo-
sarcoma remained the dominant pathological subtypes
when treated with anlotinib maintenance treatment
after first-line chemotherapy and would be the candi-
dates of concern in future practice and clinical trials.

The common adverse events of anlotinib mainte-
nance treatment included HFS reaction, cholesterol
elevation, proteinuria, triglyceride elevation, hyperten-
sion, TSH elevation, diarrhoea, urine occult blood,
faecal occult blood, hypothyroidism, arthralgia and
pharyngalgia, most of which were mild or modest (grade
1–2), similar to those previously reported.16,24–28,30,36,49 The
most frequent grade 3–4 adverse events were hyper-
tension and HFS reaction, while HFS reaction was one
of the major reasons for dose reduction. No anlotinib
treatment related deaths were reported. Overall, anloti-
nib maintenance treatment was generally well tolerated.

The results in this study present great potential for
the strategy of first-line chemotherapy followed by
anlotinib maintenance treatment in STS. However, we
have realized that PFS from the beginning of chemo-
therapy is affected by the immortal bias due to the study
design that progressive patients were excluded before
the start of anlotinib treatment, which should be inter-
preted with caution in our study. Moreover, exploration
analysis with blood and tissue samples to conduct next-
generation sequencing and molecular biological experi-
ments will be performed on a larger cohort in the future
studies.

In conclusion, this multicentre, open-label, single-
arm, phase 2 trial showed the promising efficacy and
acceptable toxicity of anlotinib as maintenance treat-
ment after first-line anthracycline-based chemotherapy,
thus revealing the promising efficacy of anlotinib as
maintenance therapy in patients with advanced STS
who benefited from standard chemotherapy.
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