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Purpose: Apatinib has shown effectiveness in treating sarcoma. This study aimed to assess

the safety and efficacy of apatinib and doxorubicin combination therapy in metastatic soft

tissue sarcomas (STS) and to compare the therapeutic effects of two treatments (apatinib

after doxorubicin vs apatinib plus doxorubicin) on STS.

Patients and methods: A total of 76 patients with metastatic STS who received apatinib and

doxorubicin between May 2016 and June 2017 were retrospectively reviewed. Patients were

divided into either the apatinib after doxorubicin group (in which apatinib was used after six

cycles of doxorubicin chemotherapy) or the apatinib plus doxorubicin group (in which apatinib

was used in combination with doxorubicin chemotherapy).

Results: There were 55 patients in the apatinib after doxorubicin group and 21 patients in

the apatinib plus doxorubicin group. There were significant differences between the apatinib

plus doxorubicin group and the apatinib after doxorubicin group in the objective response

rate (57.14% vs 25.45%, respectively, p=0.016) and average change from baseline in the

target lesion size (−41.71±43.75% vs −1.89±51.61%, respectively, p=0.03). There were no

significant differences in disease control rate (85.71% vs 63.64%, p=0.093) and median

progression-free survival (8.8 months vs 10.3 months, p=1). Grade 3–4 adverse events were

more common with apatinib plus doxorubicin than with apatinib after doxorubicin, and these

included leukopenia (5.45% vs 38.1%, respectively, p=0.001), anemia (7.27% vs 28.57%,

respectively, p=0.023), oral mucositis (3.64% vs 19.05%, respectively, p=0.046), transami-

nase increases (0% vs 14.29%, respectively, p=0.011).

Conclusion: Our results do not support the use of apatinib plus doxorubicin for metastatic

STS unless the specific objective is tumor shrinkage.
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Introduction
Soft tissue sarcoma (STS) is a rare mesenchymal malignancy with more than 50

subtypes.1 The incidence of STS is very low, with just over 10,000 new cases

per year in the United States,2 and only 20,000–30,000 new cases annually in

People’s Republic of China.3 The most common subtypes of STS include undiffer-

entiated pleomorphic sarcoma (UPS), gastrointestinal stromal tumor, synovial sar-

coma, liposarcoma, and leiomyosarcoma. The most common primary sites are the

extremities (43%), trunk (10%), viscera (19%), retroperitoneum (15%), or head and
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neck (9%).3,4 Surgery and adjuvant radiotherapy were the

main treatments for non-metastatic STS.4,5 Retroperitoneal

and gastrointestinal sarcomas most often metastasize to the

liver.6 Extremities and head and neck sarcomas most com-

monly metastasize to the lungs.7 Most of these metastases

are multiple and cannot be completely resected, and che-

motherapy is therefore preferred for the treatment of meta-

static STS.4,7,8 The most commonly used chemotherapy

drug is doxorubicin, with response rates of approximately

20%.4,7,9,10 Second-line chemotherapy drugs include ifos-

famide, gemcitabine, and docetaxel, with response rates of

approximately 18%.4,9,11 The median overall survival (OS)

of patients with metastatic STS is approximately 12

months.7,12

For decades, patients with metastatic STS have had no

more effective treatment than chemotherapy, until the emer-

gence of molecular targeted drugs has made a breakthrough

in the treatment of such patients. One of the molecular

targeted drugs is Pazopanib. As a broad-spectrum vascular

endothelial growth factor receptor tyrosine kinase inhibitor

(VEGFR TKI),13 pazopanib was approved by the Food and

Drug Administration (FDA) in 2012 to treat metastatic STS.

Since then, a growing number of reports have shown that

other broad-spectrum TKIs, similar to pazopanib, are effec-

tive in treating STS. These include regorafenib, sorafenib,

sunitinib, anlotinib, imatinib, and apatinib.14–20 Apatinib

(known as AiTanTM in People’s Republic of China and

Rivoceranib worldwide) is a broad-spectrum VEGFR TKI

that was approved in People’s Republic of China in 2014 for

the treatment of advanced or metastatic gastric cancer. It has

been reported to be effective in the treatment of osteosar-

coma and soft tissue sarcoma.14,21,22 Patients in People’s

Republic of China with metastatic STS have been pre-

scribed apatinib off-label for more than 3 years, and we

began using apatinib in such patients in May 2016. Most of

these patients began using apatinib treatment after doxor-

ubicin chemotherapy failure, and some chose to take apati-

nib orally in parallel with doxorubicin chemotherapy. We

retrospectively analyzed the clinical data of these patients,

and evaluated the efficacy and safety of apatinib in combi-

nation with doxorubicin in patients with STS.

Material and methods
Patients
This is a multicenter retrospective study that was per-

formed at three hospitals: The Affiliated Cancer Hospital

of Zhengzhou University, The Affiliated People’s Hospital

of Zhengzhou University, and The First Affiliated Hospital

of Zhengzhou University. Enrollment began in May 2016

and finished in June 2017. Inclusion criteria were as fol-

lows: 1) patients aged between 16 and 65 years, 2) histo-

logically confirmed STS, 3) presence of multiple

metastases, 4) absence of treatment with other targeted

drugs, 5) acceptable hepatic, hematologic, and renal func-

tion, 6) Eastern Cooperative Oncology Group performance

status (ECOG) score of 0 or 1,23 and 7) measurable lesions

according to the Response Evaluation Criteria in Solid

Tumors (RECIST).

This study was approved by the Institutional Review

Board of the Ethics Committee for Clinical Investigation

of The Affiliated Cancer Hospital of Zhengzhou

University. All patients or children’s legal parent had

signed informed consent for data collection and research

purposes. The study protocol followed all appropriate

guidelines according to the Declaration of Helsinki.

Treatment
According to the treatment sequence of doxorubicin and

apatinib, patients were divided into the apatinib after dox-

orubicin group (in which apatinib was used after six cycles

of doxorubicin chemotherapy) and the apatinib plus dox-

orubicin group (in which apatinib was used in parallel with

doxorubicin chemotherapy).

In the apatinib after doxorubicin group, patients were

administered 37.5 mg/m2 doxorubicin per day via intrave-

nous bolus on days 1 and 2. Treatment was repeated every

3 weeks until disease progression or the development of

unacceptable adverse events (AEs) occurred, up to

a maximum of six cycles. Patients then received 500 mg

oral apatinib (Jiangsu Hengrui Medicine, Lianyungang,

People’s Republic of China) once daily. The dose of apa-

tinib administered was reduced to 250 mg per day for

patients who could not tolerate AEs. Apatinib was contin-

ued until disease progression or unacceptable toxicity.

In the apatinib plus doxorubicin group, patients were

administered 37.5 mg/m2 doxorubicin per day via intrave-

nous bolus on days 1 and 2. Cycles were scheduled every

21 days until disease progression or the development of

unacceptable AEs, up to a maximum of six cycles. Patients

in parallel received 500 mg apatinib (oral dose) once daily

continuously, starting on day 1. The dose of apatinib

administered was reduced to 250 mg per day for patients

who could not tolerate AEs. Apatinib was continued until

disease progression or unacceptable toxicity.
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Patients were assessed for toxicity, according to the

National Cancer Institute (NCI)’s Common Terminology

Criteria for Adverse Events (CTCAE) version 4.0. If

severe toxicity occurred, apatinib and doxorubicin treat-

ment was delayed until patient recovery, for a maximum of

two weeks.

Evaluation
Tumor response was assessed every 1 or 2 months via

magnetic resonance imagingor computed tomography, and

was categorized as complete response (CR), partial

response, stable disease (SD), and progressive disease

(PD) according to RECIST criteria. Differences in the

objective response rate (ORR), disease control rate

(DCR), and median progression-free survival (m-PFS)

between the two groups (apatinib after doxorubicin vs

apatinib plus doxorubicin) were also assessed.

PFS was defined as the time from the initiation of

apatinib to the occurrence of PD or death, whichever

occurred first. AEs were classified and graded based on

the NCI-CTCAE version 4.0.

Statistical analysis
All statistical analyses were performed using SPSS 21.0

software for Windows (IBM, Armonk, NY, USA). PFS

was estimated using the Kaplan–Meier method, with

95% CI. Group-wise comparison was conducted using

Fisher’s exact test and Wilcoxon rank sum test with con-

tinuity correction. Quantitative variables are presented as

medians (range) or number of patients (percentage). All

statistical analyses were two-sided, and p<0.05 was con-

sidered statistically significant. The database was locked

for statistical analysis in January 2019, and this is

a descriptive analysis.

Results
Patients’ characteristics
A total of 82 patients with metastatic STS underwent

doxorubicin and apatinib treatment from May 2016 to

June 2017. Six patients were lost to follow-up and 76

patients completed the study. The median follow-up period

was 25 months (range, 19–32 months) for the apatinib

after doxorubicin group versus 22 months (range, 19–30

months) for the apatinib plus doxorubicin group.

The main characteristics of the patients are presented in

Table 1. There were 55 patients in the apatinib after

doxorubicin group, and 21 in the apatinib plus doxorubicin

group. The average age of the patients was 40.25±14.44

years (apatinib after doxorubicin) and 41.43±13.34 years

(apatinib plus doxorubicin). Most patients showed good

performance status (ECOG 0 or 1) and had undergone

surgery. The most common metastatic location was the

lungs, and the distribution of histological subtypes was

as follows: leiomyosarcoma, fourteen patients; UPS,

twelve; synovial sarcoma, ten; angiosarcoma, eight; rhab-

domyosarcoma, eight; malignant peripheral nerve sheath

tumor (MPNST), five; liposarcoma, five; fibrosarcoma,

four; clear cell sarcoma, three; epithelioid sarcoma, three;

alveolar soft part sarcoma, two; malignant granular cell

tumor, one; and epithelioid hemangioendothelioma, one.

Comparison of various patient characteristics revealed that

there were no statistically significant differences between

the two groups (Table 1).

Efficacy of therapy
None of the 55 patients in the apatinib after doxorubicin

group achieved CR, although 14 patients showed PR and

21 patients showed SD (Tables 2 and 3). The ORR was

25.45% and the DCR was 63.64%. M-PFS was 10.3

months (95% CI, 3.8–13.5 months). In the apatinib plus

doxorubicin group, ORR was 57.14%, DCR was 85.71%,

and m-PFS was 8.8 months (95% CI, 6.5–12.0 months;

Table 3). There were significant differences between the

apatinib plus doxorubicin group and the apatinib after

doxorubicin group with regard to ORR (57.14% vs

25.45%, respectively, p=0.016), and average change from

baseline in target lesion size (−41.71±43.75% vs −1.89
±51.61%, p=0.03; Figure 1). There was no significant

difference in DCR (63.64% vs 85.71%; p=0.093)

and m-PFS (10.3 months vs 8.8 months, p=1; Table 3).

Toxicity and safety
The occurrence of AEs differed between treatment groups.

Patients receiving apatinib plus doxorubicin were more

likely to require doxorubicin dose reduction than those

receiving apatinib after doxorubicin (8 of 21 patients vs

13 of 55 patients, respectively). There was no significant

difference in toxicity-related apatinib dose reduction

between the groups (5 of 21 patients in the apatinib plus

doxorubicin group vs 12 of 55 patients in the apatinib after

doxorubicin group).

AEs were significantly more prevalent in patients treated

with apatinib plus doxorubicin than in those treated with

apatinib after doxorubicin (Table 4). Most patients experi-

enced grade-1 or 2 AEs, a few patients experienced grade-3
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or 4 AEs, and no drug-related deaths occurred. Grade-3/4

AEs were significantly more common in the apatinib plus

doxorubicin group than in the apatinib after doxorubicin

group, and these included leukopenia (5.45% of vs 38.1%,

respectively, p=0.001), anemia (7.27% vs 28.57%, respec-

tively, p=0.023), oral mucositis (3.64% vs 19.05%, respec-

tively, p=0.046), and transaminase increases (0% vs 14.29%,

respectively, p=0.011; Table 4).

Discussion
In this observational study, 55 patients received apatinib

after six cycles of doxorubicin chemotherapy (apatinib

after doxorubicin group), and 21 patients received oral

apatinib in parallel with doxorubicin chemotherapy (apa-

tinib plus doxorubicin group). Compared with those

receiving apatinib after doxorubicin, patients treated

with apatinib plus doxorubicin showed significantly

increased ORR and AEs (Tables 3 and 4), but no signifi-

cant prolongation of PFS (Figure 2). Both of these treat-

ments achieved better results than treatment with

doxorubicin chemotherapy alone.10,11,24 The results of

this study also indicate that different histological types

of STS respond differently to apatinib and chemotherapy

(Figure 1).

Doxorubicin monotherapy is the first-line chemother-

apy regimen recommended by the National

Comprehensive Cancer Network,4 and treatment of

metastatic STS with this drug achieved an ORR of

14–20% and a m-PFS of 4.6–6 months.11,24 In the past

decades, no regimen superior to doxorubicin monother-

apy has been developed.10,11 With the emergence of

small molecule-targeted drugs,25 pazopanib became the

first broad-spectrum TKI approved by FDA for the

treatment of metastatic STS, and achieved an ORR of

6–17% and a m-PFS of 4.6–6 months.26–28 As a broad-

spectrum TKI similar to pazopanib, apatinib has been

used off-label for the treatment of STS in People’s

Republic of China since its launch. At present, many

reports have confirmed the efficacy of apatinib in the

treatment of metastatic STS.21,22,29 And others have

shown the synergistic effects of TKIs combined with

chemotherapy.19,30 In order to determine whether apati-

nib shows synergistic effects with chemotherapy, we

combined apatinib with doxorubicin in the treatment of

metastatic STS. Most of the patients in this study

received other treatments after PD, consequently we

could not calculate the exact OS of the cases in this

study. ORR, DCR, and PFS were instead selected for

statistical analysis.

Our study is the first to combine apatinib with dox-

orubicin. The results of this study showed that compared

with apatinib after doxorubicin, the ORR of apatinib

plus doxorubicin treatment was significantly higher

(Table 3), and the diameter of the target lesion was

significantly lower (Figure 1). This suggests that apatinib

can synergistically interact with doxorubicin. However,

the combination of the two drugs did not result in sig-

nificant prolongation of PFS, which was even lower than

that of the treatment with apatinib after doxorubicin

(Figure 2). We considered that this may be related to

drug resistance to apatinib. The reported m-PFS of STS

treated with apatinib is approximately 4 months.21,22

Patients in apatinib plus doxorubicin group were

Table 1 Patient demographics and clinical characteristics

Characteristics Apatinib

after che-

motherapy

(n=55)

Apatinib plus

chemother-

apy (n=21)

p-value

Gender 1

Men 31 (56.36) 12 (57.14)

Women 24 (43.64) 9 (42.86)

Age (years) 40.25±14.44 41.43±13.34 0.676

ECOG PS 0.448

0 28 (50.91) 13 (61.90)

1 27 (49.09) 8 (38.10)

Histological type 0.271

Leiomyosarcoma 11 (20.00) 3 (14.29)

UPS 7 (12.73) 5 (23.81)

Synovial sarcoma 6 (10.91) 4 (19.05)

Angiosarcoma 5 (9.09) 3 (14.29)

Rhabdomyosarcoma 4 (7.27) 4 (19.05)

MPNST 5 (9.09) 0 (0.00)

Liposarcoma 5 (9.09) 0 (0.00)

Fibrosarcoma 2 (3.64) 2 (9.52)

Clear cell sarcoma 3 (5.45) 0 (0.00)

Epithelioid sarcoma 3 (5.45) 0 (0.00)

Others 4 (7.27) 0 (0.00)

Previous surgery 0.745

Yes 46 (83.64) 17 (80.95)

No 9 (16.36) 4 (19.05)

Metastatic sites 0.701

Lung 49 (89.09) 18 (85.71)

Other 6 (10.91) 3 (14.29)

Notes: Data are presented as numbers (percentages) or mean ± SD.

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance

status; UPS, undifferentiated pleomorphic sarcoma; MPNST, malignant peripheral

nerve sheath tumor.
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Table 3 Clinical efficacy

Characteristics Apatinib after chemotherapy (n=55) Apatinib plus chemotherapy (n=21) p-value

ORR 14 (25.45) 12 (57.14) 0.014

DCR 35 (63.64) 18 (85.71) 0.093

m-PFS (months) 10.3 (95 CI, 3.8–13.5) 8.8 (95 CI, 6.5–12.0) 1

Notes: Data are presented as numbers (percentages) or medians (95% confidence interval, CI).

Abbreviations: ORR, objective response rate; DCR, disease control rate; m-PFS, median progression-free survival.

Figure 1 Waterfall plots show the maximum percentage change in target lesion size during active treatment with apatinib after doxorubicin (A), or apatinib plus doxorubicin (B).
Horizontal dashed lines represent the criteria for progressive disease (20% increase in target lesion size) and partial response (30% decrease in target lesion size), as per Response

Evaluation Criteria in Solid Tumors (RECIST) version 1.1. There was a significant difference in mean reduction of target lesion size (−1.89±51.61% vs −41.71±43.75%, p=0.003).
Abbreviations: UPS, undifferentiated pleomorphic sarcoma; MPNST, malignant peripheral nerve sheath tumor.

Table 2 Responses of various histological subtypes to treatment

Histological subtypes Apatinib after chemotherapy (n=55) Apatinib plus chemotherapy (n=21)

CR PR SD PD CR PR SD PD

Leiomyosarcoma 0 2 4 5 0 1 1 1

UPS 0 3 3 1 0 3 1 1

Synovial sarcoma 0 3 2 1 0 3 1 0

Angiosarcoma 0 3 1 1 0 2 1 0

Rhabdomyosarcoma 0 2 1 1 0 2 2 0

MPNST 0 1 2 2

Liposarcoma 0 0 3 2

Fibrosarcoma 0 0 1 1 0 1 0 1

Clear cell sarcoma 0 0 1 2

Epithelioid sarcoma 0 0 1 2

Others 0 0 2 2

Total 0 14 21 20 0 12 6 3

Abbreviations: CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; UPS, undifferentiated pleomorphic sarcoma; MPNST, malignant

peripheral nerve sheath tumor.
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administered apatinib at the start of the treatment, which

led to the early onset of drug resistance. In the apatinib

after doxorubicin group, apatinib was used late and drug

resistance therefore appeared late, resulting in a -

longer m-PFS. As a broad spectrum TKI similar to

apatinib, sorafenib showed the same effect. Compared

with the efficacy of treating STS with ifosfamide alone

(ORR, 11%; m-PFS, 6.9 months) reported by Noujaim

et al,31 Garcia et al reported that sorafenib plus ifosfa-

mide showed increased ORRs (17%) and

decreased m-PFS (4.8 months).19 This also occurred

when combining two chemotherapy drugs in the treat-

ment of STS, as Judson et al showed that compared to

treatment with doxorubicin alone, treatment with doxor-

ubicin plus ifosfamide showed a significant increase in

ORR (26% in the doxorubicin and ifosfamide group vs

14% in the doxorubicin group). However, OS was not

significantly prolonged (median OS, 14.3 months in the

doxorubicin and ifosfamide group vs 12.8 months in the

doxorubicin group).24 Based on the above, we can con-

clude that the in parallel use TKI and chemotherapy

drugs will not necessarily increase PFS and OS.

The results of this study showed that treatment with

apatinib plus doxorubicin increased AEs compared

with apatinib after doxorubicin treatment (Table 4). In

these AEs, there were statistically significant differ-

ences associated with leukopenia, anemia, oral muco-

sitis, and transaminase increases. Increased AEs

resulted in more patients requiring reduced doxorubicin

doses in the apatinib plus doxorubicin group, which

also increased risks for these patients, especially

those who are frail or older than 60 years of age. The

treatment of those AEs increased costs obviously.

Therefore, in patients with metastatic STS, treatment

with apatinib after doxorubicin resulted in fewer com-

plications and was significantly superior to the apatinib

plus doxorubicin regimen.

However, apatinib plus doxorubicin presents certain

advantages. Currently, it has been reported that preopera-

tive chemotherapy can reduce the difficulty of surgery and

prolong OS after tumor volume reduction.32 Therefore,

apatinib plus preoperative chemotherapy may be consid-

ered in the selected non-metastatic STS, as the probability

and degree of tumor shrinkage are greater. For patients

Table 4 Adverse events

Characteristics Apatinib after chemotherapy (n=55) Apatinib plus chemotherapy (n=21) p-value

All grades Grade >2 All grades Grade >2 All grades Grade >2

Alopecia 49 (89.09) 0 (0) 19 (90.48) 0 (0) 1.000 1.000

Fatigue 43 (78.18) 2 (3.64) 18 (85.71) 3 (14.29) 0.538 0.126

Leukopenia 39 (70.91) 3 (5.45) 20 (95.24) 8 (38.1) 0.030 0.001

Anemia 38 (69.09) 4 (7.27) 19 (90.48) 6 (28.57) 0.076 0.023

Nausea 38 (69.09) 1 (1.82) 17 (80.95) 1 (4.76) 0.395 0.479

Pain 28 (50.91) 2 (3.64) 12 (57.14) 2 (9.52) 0.798 0.305

Vomiting 28 (50.91) 5 (9.09) 14 (66.67) 4 (19.05) 0.303 0.251

Oral mucositis 26 (47.27) 2 (3.64) 17 (80.95) 4 (19.05) 0.010 0.046

Diarrhea 23 (41.82) 1 (1.82) 13 (61.9) 2 (9.52) 0.132 0.183

Anorexia 21 (38.18) 1 (1.82) 16 (76.19) 2 (9.52) 0.004 0.183

Transaminase increase 21 (38.18) 0 (0) 15 (71.43) 3 (14.29) 0.011 0.019

Constipation 18 (32.73) 0 (0) 3 (14.29) 0 (0) 0.153 1.000

Weight loss 17 (30.91) 0 (0) 8 (38.1) 0 (0) 0.592 1.000

Hypertension 13 (23.64) 2 (3.64) 6 (28.57) 1 (4.76) 0.768 1.000

Pneumothorax 12 (21.82) 3 (5.45) 5 (23.81) 1 (4.76) 1.000 1.000

Hand-foot syndrome 10 (18.18) 2 (3.64) 5 (23.81) 2 (9.52) 0.748 0.305

Hypothyroidism 9 (16.36) 0 (0) 4 (19.05) 0 (0) 0.745 1.000

Dysgeusia 8 (14.55) 0 (0) 3 (14.29) 0 (0) 1.000 1.000

Cough 8 (14.55) 0 (0) 2 (9.52) 0 (0) 0.717 1.000

Limb edema 8 (14.55) 1 (1.82) 10 (47.62) 1 (4.76) 0.005 0.479

Fever 5 (9.09) 0 (0) 4 (19.05) 0 (0) 0.251 1.000

Proteinuria 5 (9.09) 0 (0) 3 (14.29) 0 (0) 0.677 1.000

Notes: Data are presented as numbers (percentages).
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with metastatic STS, the primary objective of treatment is

to maximize survival and improve quality of life. Apatinib

plus doxorubicin did not extend survival (and even shor-

tened it) and resulted in a significant increase in AEs.

Therefore, apatinib after doxorubicin is preferable for use

in patients with metastatic STS.

The main limitation of this study is that it was

a retrospective study without a control group, and the

sample size was small, thus decreasing the level of evi-

dence. In addition, because of the rarity of some types of

sarcoma, we had insufficient numbers to permit subset

analyses, which may have reduced the statistical power.

Conclusion
Compared with apatinib after doxorubicin, patients treated

with apatinib plus doxorubicin showed significantly

increased ORR and AEs, but no significant prolongation

of PFS. Apatinib plus doxorubicin as preoperative treat-

ment may benefit patients with resectable high-grade STS

if the specific objective is tumor shrinkage.

Ethical statement
All procedures performed in studies involving human par-

ticipants were in accordance with the ethical standards of

the institutional and/or national research committee and

with the 1964 Helsinki declaration and its later amend-
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