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ABSTRACT

Background. Antiangiogenesis tyrosine kinase inhibitors
(TKIs) have been shown to prolong progression-free survival
(PFS) in advanced osteosarcoma. Methylsulfonic apatinib is
a TKI that specifically inhibits vascular endothelial growth
factor receptor-2. We aim to assess apatinib in patients
with advanced high-grade osteosarcoma progressing upon
chemotherapy.
Materials and Methods. This phase II trial was conducted
at Peking University People’s Hospital. We enrolled partici-
pants (≥16 years of age) with progressive relapsed or
unresectable osteosarcoma. Participants received 750 mg
or 500 mg of apatinib according to body surface area once
daily until disease progression or unacceptable toxicity. The
primary endpoint was objective response rate and PFS at
4 months.
Results. A total of 37 participants were finally included into
the analysis. Until final follow-up, the objective response

rate (complete response + partial response) was 43.24%
(16/37). The 4-month PFS rate was 56.76% (95% confidence
interval [CI], 39.43%–70.84%). Median PFS and overall
survival were 4.50 (95% CI, 3.47–6.27) and 9.87 (95% CI
7.97–18.93) months, respectively. Toxic effects led to dose
reductions or interruptions in a total of 25 of 37 (67.57%)
patients. The most common grade 3–4 adverse events were
pneumothorax in six (16.22%) patients, wound dehiscence
in four (10.81%), proteinuria in three (8.11%), diarrhea
in three (8.11%), and palmar-plantar erythrodysesthesia
syndrome in three (8.11%). No other serious adverse events
were reported during the trial. There were no treatment-
related deaths.
Conclusion. Apatinib is a sensitive drug for advanced
osteosarcoma with a high response rate after failure of
chemotherapy, with similar duration of response compared
to other TKIs. The Oncologist 2019;24:e542–e550

Implications for Practice: For advanced osteosarcoma progressing upon chemotherapy, antiangiogenesis tyrosine kinase
inhibitors (TKIs) have been proved to be effective in prolonging the progression-free survival in previous multicenter trials
and have been included into new National Comprehensive Cancer Network guidelines as second-line therapy. Apatinib is a
TKI that specifically inhibits vascular endothelial growth factor receptor-2, which is domestically made in China. This phase
II trial supports the use of apatinib in patients with advanced osteosarcoma progressing after chemotherapy.

INTRODUCTION

The prognosis of advanced osteosarcoma after failure of
standard multimodal therapy has been dismal for decades
[1, 2], with median progression-free survival (PFS) and over-
all survival (OS) of only 4 (95% confidence interval [CI],
3.0–5.7) weeks and 5.9 (95% CI, 1.4–16.4) months, respec-
tively [3]. Multiple agents that have been reported to be
effective in preclinical tests have failed to prolong survival
in patients with refractory osteosarcomas in the past
20 years [4–7]. Recently, small molecule antiangiogenesis
tyrosine kinase inhibitors (TKIs) have shown more promising

prospects compared with other target therapies [3, 8–10],
with median PFS and OS improved to 4–5 months and
7–11.3 months, respectively [3, 8–10]. However, progress
has apparently come to a halt since Grignani et al. [9, 10]
reported a phase II cohort trial of sorafenib and sorafenib
plus everolimus for advanced osteosarcoma, whose data
had been very promising in the second-line therapy for
osteosarcoma. At the 2018 American Society of Clinical
Oncology meeting, regorafenib was demonstrated as
prolonging median PFS to 13.7 (95% CI, 8.0–27.3) weeks,
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with acceptable toxicity with randomized trial [3], which
gave more confidence in investigating these TKIs in
advanced osteosarcoma. However, short duration of those
TKIs and secondary drug resistance have become a growing
concern, prompting researchers to attempt to combine TKIs
with chemotherapy or even immunotherapy [11–13].

Previously studied broad-spectrum TKIs mainly affect
osteosarcoma via vascular endothelial growth factor recep-
tor (VEGFR)-1 (Flt-1) and VEGFR-2 (kinase insert domain
receptor) [14–16]. Apatinib is an orally active multikinase
inhibitor that is domestically made in China; the median
inhibition concentration (IC50) values of VEGFR-2, VEGFR-1,
c-kit, and platelet-derived growth factor receptor-β are
2 nM, 70 nM, 420 nM, and 537 nM, respectively [17]. Fur-
thermore, our research group has shown that patients with
osteosarcoma with high levels of VEGFR-2 have poorer
prognosis, and deactivation of VEGFR-2/STAT3/BCL-2 signal
pathway would lead to apatinib-induced growth inhibition
of osteosarcoma [18]. Previously, this drug was approved by
regulatory authorities for the treatment of adenocarcinoma
of the stomach or gastroesophageal junction [19, 20].
Besides, this agent has been used off-label in the treatment
of patients with advanced sarcoma throughout the country
in the past 3 years, most of which have been proven to be
effective, although with diverse response rates [21–23]. To
objectively assess its effectiveness and toxicity, we designed
and conducted this prospective nonrandomized phase II
trial to investigate the activity of apatinib in inoperable
high-grade osteosarcoma progressing upon chemotherapy.

MATERIALS AND METHODS

Patients and Study Design
This open-label, phase II trial was conducted prospectively
and exclusively at Peking University People’s Hospital. Eligi-
bility criteria included (a) age ≥ 16 years; (b) histologically
documented high-grade osteosarcoma that was either
unresectable or locally advanced or metastatic; (c) having
measurable lesions according to Response Evaluation
Criteria In Solid Tumors (RECIST 1.1) [24]; (d) progressing
upon prior treatment (completed >4 weeks before trial
entry) that consisted of standard high-grade osteosarcoma
chemotherapy agents, including high-dose methotrexate,
doxorubicin, cisplatin, and ifosfamide; (e) an Eastern Coop-
erative Oncology Group [25] performance status of 0–1,
with a life expectancy >3 months; (f ) adequate renal,
hepatic, and hematopoietic function; (g) normal or con-
trolled blood pressure; and (h) surgery completion at least
3 weeks before enrollment. Patients were excluded when
they had been previously exposed to other TKIs; had cen-
tral nervous system metastasis; had other kinds of malig-
nant tumors at the same time; had cardiac insufficiency or
arrhythmia; had uncontrolled complications such as diabe-
tes mellitus, coagulation disorders, urine protein ≥ ++, and
so on; had pleural or peritoneal effusion that needed to be
handled by surgical treatment; and had other infections or
wounds; or were pregnant or breastfeeding.

The trial was approved by the institutional review board
and ethics committee of Peking University People’s Hospital

and complied with good clinical practice guidelines and the
Declaration of Helsinki. Written informed consents about the
purpose, the expected risks, and the investigational nature of
the study were obtained from each patient. The protocol is
available online (supplemental online Appendix 1).

Procedures
Patients were treated with a dose of apatinib 750 mg once
daily for body surface area (BSA) ≥ 1.5 and 500 mg daily
for BSA < 1.5. Apatinib was taken orally approximately half
an hour after a meal, the timing of which, whenever it
was, should be at the same time each day. Researchers
and participants were not masked to drug assignments,
and the study ran until disease progression, unacceptable
toxic effects, or participants’ refusal. Other predefined rea-
sons for patient removal from the trial were the following:
investigator’s decision, substantial noncompliance with
study requirements, pregnancy, using simultaneously illicit
drugs or other prohibited substances, development of con-
current illness that could jeopardize the patient’s clinical
status and trial endpoints, or interruption of study drugs
for more than 30 days. The dose was reduced or temporar-
ily suspended according to predefined rules and after con-
sidering any observed severe toxicity, which was assessed
according to the Common Terminology Criteria for Adverse
Events (CTCAE) version 4.03 [26].

Baseline assessment included chest computed tomogra-
phy (CT; with each layer ≤5 mm), bone scan or [18F]
2-fluoro-2-deoxy-D-glucose-positron emission tomography
(FDG-PET), and local CT and magnetic resonance imaging
for musculoskeletal lesions if participants had lesions
located at musculoskeletal sites. There is generally hardly
any visceral metastasis in osteosarcoma, thus abdominal CT
was not routinely conducted in all patients. However, an
abdominal ultrasound was performed for each evaluation.
If there was any suspicious lesion, then an abdominal con-
trast CT would be performed. Laboratory tests included full
blood count, serum chemistry, electrocardiogram, thyroid
and cortisol hormone levels, and urinalysis, in which ele-
vated levels of protein in urine protein would be checked
quantitatively for 24 hours. Physical examination was per-
formed at each follow-up. For this study design, the first
time point for evaluation was set at 1 month (almost
4 weeks). If a patient showed a partial response
(PR) according to RECIST 1.1, the next evaluation would be
conducted 1 month later to confirm this PR, and then the
evaluation would be repeated every 2 months thereafter. If
a patient exhibited stable disease (SD), then the next evalu-
ation would be performed 2 months later to confirm the
SD and then repeated every 2 months thereafter. We
strictly followed PR or progressive disease as described in
RECIST 1.1 [23] and did not set a minor response as per-
formed by Grignani et al. [9, 10].

Adverse events were assessed and graded according to
CTCAE version 4.03 [26]. In case of grade 3 or 4 toxicity,
apatinib was reduced by one dose level (from 750 mg to
500 mg daily or from 500 mg to 250 mg) or by two dose
levels (750 mg once daily to 250 mg). Whenever feasible,
patients would be returned to a higher dose. If the adverse
event did not resolve by suspending treatment, the patient
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was removed from the trial. In the case of creatinine
increase, febrile neutropenia, or any other clinically rele-
vant unexpected toxic effects, apatinib would be stopped
until resolution.

European Organization for Research and Treatment of
Cancer (EORTC) 30-item core Qol questionnaire (QLQ-C30)
was adopted to evaluate the quality of life in our study
[27–29]. The QLQ-C30 was administered at baseline, on day
1 of each assessment, and follow-up. Baseline question-
naires were completed prior to the first prescription of
apatinib. Subsequent questionnaires were completed before
any study-related procedures for that visit and before tumor
assessment results were communicated to the patient.

Outcomes
The primary outcome measure was objective response rate
(ORR) and 4-month PFS. We defined ORR as CR + PR rate
according to the best of response. PFS was calculated from
the date of trial entry until the time of disease progression
or death, whichever came first. Patients alive and free from
progression were censored. The secondary endpoints
included six-month PFS; overall survival; clinical benefit
rate (CBR), which was the proportion of patients who
achieved disease control (CR + PR + SD for at least six
months); duration of response; pain improvement; life
quality score; and safety. OS was calculated from trial entry
until death. We calculated duration of response from day
of first response assessment until either progression/death

(event) or last day of follow-up (censored). In the absence
of an event or loss to follow-up, all survival endpoints were
censored on the last date the patient was known to be
event free.

We assessed any sign of tumor-related pain improve-
ment by the numeric rating scale score (NRS) [29, 31] and
evaluated patients’ life quality by QLQ C-30 [27–29]. To
understand the real effect of the study drug on symptoms,
we deemed assessable only those patients who had com-
pleted at least three forms (assessment at baseline, at least
one during treatment, and at the off-treatment visit).

Statistical Analysis
This was a single center, open-label trial. For advanced
osteosarcoma refractory to chemotherapy, we mainly
based our data on the reports of Grignani et al. [9, 10]
and Schuetze et al. [30]. We calculated the number of
needed patients under a hypothesis of interest, in which
apatinib PFS at 4 months was ≥30% (H1 = 30%) and a null
hypothesis in which apatinib reached a PFS at 4 months
≤10% (H0 = 10%) as described by Grignani et al. [9, 10].
Thus, this trial consisted of two phases; stage I demanded
at least 17 participants with at least six successful cases
(PFS more than 4 months) and then this trial could move
on to stage II, enrolling at least another 20 participants for
further analysis.

The analysis included all patients who received therapy.
The population assessable for treatment activity comprised

Figure 1. Best of overall response (according to Response Evaluation Criteria In Solid Tumors version 1.1). Best change from
baseline in target lesion size.
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all patients for whom at least one disease assessment
(either clinical or radiological) was conducted. The primary
endpoint was analyzed in the intention-to-treat population,
which included all patients who received at least one dose
of the drug. PFS and OS were estimated by the Kaplan-
Meier method. RECIST overall responses and disease con-
trol were calculated and reported with 95% CIs. Safety
evaluation was based on the frequency and severity of
toxicities was graded according to CTCAE version 4.03 [26].
Some potential predictor variables were evaluated among
groups based on PFS using Cox regression analysis. All sta-
tistical analyses were two-sided, significance level was set
at .05, and 95% CIs were generated [10]. This trial is regis-
tered with ClinicalTrials.gov, with identifier NCT02711007.

Role of the Funding Source
The study was supported by the sponsor, Jiangsu HengRui
Medicine (Lianyungang, China). However, pharmaceutical
companies had no role in data collection and interpretation
or writing of the report. The entire study was designed
and conducted by physicians and oncologists from the
Musculoskeletal Tumor Center of Peking University People’s
Hospital. Data were collected and entered into the study
database by an independent data monitoring committee
(Beijing Duheng for Drug Evaluation and Research Co., Ltd.,
Beijing, China), which was also responsible for data interpre-
tation and analysis. The corresponding author had full access
to all data in the study, and all authors listed had final
responsibility for the decision to submit for publication.

RESULTS

From March 17, 2016, to June 9, 2017, a total of 41 patients
with continuous advanced osteosarcoma with locally
advanced or inoperable metastatic lesions were registered
and signed informed consent for this study. However,
during the screening stage, one patient did not meet the
inclusion criteria, two patients changed their mind and
instead opted to use pazopanib, and one patient underwent
radiation of lesions, and were thus all excluded from this
trial. A total of 37 patients were finally enrolled into the
study (supplemental online Fig. 1). Table 1 describes the
patients’ characteristics at baseline. Twenty-eight patients
developed progression during MAP/I chemotherapy, seven
relapsed with pulmonary metastasis after stopping chemo-
therapy within 3 months, and two developed unresectable
lesions after chemo-suspension longer than 6 months and
refused to continue chemotherapy. All patients were trea-
ted according to the protocol and were included in the
safety and activity analyses. The analysis was conducted
6 months after the last patient started therapy.

After completion of the initial phase, 10 of the
17 patients (58.82%) were progression-free at 4 months.
Therefore, we enrolled another 21 patients for phase II,
and 21 of the 37 patients (56.76%) were free from progres-
sion at four months (Figs. 1, 2). The date of database
cut-off for the primary analysis was December 30, 2017.
The median follow-up for efficacy was 4.50 months (inter-
quartile range [IQR], 3.13–6.63). Until last follow-up, no CR
had been observed. However, 16 of 37 (43.24%) patients

demonstrated best overall response of PR according to our
study design (Fig. 1). Approximately 13 of 37 (35.14%) had
progressed, of whom four progressed through initial

Table 1. Baseline characteristics

Patients (n = 37), n (%) p valuea

Median age (min, max), yr 23.4 (16, 62)

Gender .180

Male 26 (70.27)

Female 11 (29.73)

Nationality

The Han nationality 35 (94.59)

Others 2 (5.41)

ECOG performance
status at enrollment

.814

0 27 (72.97)

1 10 (27.03)

High-grade osteosarcoma
histosubtypes

.974

Common (osteoblastic,
chondroblastic, fibroblastic)

35 (94.59)

Telangiectatic 1 (2.70)

Small cell 1 (2.70)

Extent of disease enrolled

Locally advanced 1 (2.70)

Metastatic disease 36 (97.30)

Primary tumor location .198

Distal femur 21 (56.76)

Proximal tibia and fibula 5 (13.51)

Proximal humerus 4 (10.81)

Axial skeleton 5 (13.51)

Othersb 2 (5.41)

Sites of target lesions .001

Lung only 27 (72.97)

Bone only 4 (10.81)

Combined with lung and bone 6 (16.22)

Lines of previous
chemotherapy including MAP/Ic

1 31 (83.78)

2 5 (13.52)

3 1 (2.70)

Previous radiotherapy

No 28 (75.68)

Yes 9 (24.32)

Combined with
other diseasesd

No 35 (94.59)

Yes 2 (5.41)

Data are from the intention-to-treat population.
aCox univariate analysis for progression-free survival.
bOthers include metacarpus and distal tibia and fibula.
cMAP/I, including high-dose methotrexate, doxorubicin, cisplatin, and
ifosfamide. We defined those four agents as first-line chemotherapy.
dOther diseases, including hypertension or diabetes but without
tumors.
Abbreviation: ECOG, Eastern Cooperative Oncology Group.
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Figure 2. Tumor volume change over time (according to Response Evaluation Criteria In Solid Tumors version 1.1). Change from
baseline in target lesion.
Abbreviations: PD, progressive disease; PR, partial response; SD, stable disease.

Figure 3. Kaplan-Meyer survival curve for progression-free survival.
Abbreviation: PFS, progression-free survival.
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evaluation at 1 month, four progressed 4 weeks later after
initial assessed as PR, and five failed to confirm stable
disease 8 weeks later after initial assessed as SD (Fig. 2).
The ORR was 43.24% (16/37; 95% CI, 27.10–60.0%), and
CBR was 35.14% (13/37; 95% CI, 20.21–52.54%). The
4-month PFS and 6-month PFS were 56.76% (95% CI,
39.43%–70.84%) and 36.77% (95% CI, 21.48%–52.16%),

respectively (Fig. 3). The median PFS and OS were 4.50
(95% CI, 3.47–6.27) and 9.87 (95% CI, 7.97–18.93) months,
respectively (Fig. 4 and supplemental online Fig. 2).

We did notice dramatic tumor shrinkage, although
with a short duration of response (Figs. 1, 2). All PR
patients (16/37, 43.24%) showed at least 30% target
lesion shrinkage from baseline. The median duration of

Table 2. Adverse events that arose in at least one participant

Adverse event All, n (%) Grade 1, n (%) Grade 2, n (%) Grade 3, n (%) Grade 4, n (%)

Sum of all 33 (89.19) 27 (72.97) 28 (75.68) 9 (51.35) 10 (27.03)

Myalgia/arthralgia 5 (13.51) 0 (0.0) 5 (13.51) 0 (0.0) 0 (0.0)

Bladder perforation 1 (2.7) 0 (0.0) 0 (0.0) 0 (0.0) 1 (2.7)

Bilirubin increase 7 (18.92) 3 (16.22) 2 (5.41) 0 (0.0) 0 (0.0)

Cholecystitis 1 (2.7) 0 (0.0) 0 (0.0) 1 (2.7) 0 (0.0)

Gallbladder obstruction 1 (2.7) 1 (2.7) 0 (0.0) 0 (0.0) 0 (0.0)

Proteinuria 4 (10.81) 1 (2.7) 0 (0.0) 1 (2.7) 2 (5.4)

Hyponatremia 1 (2.7) 0 (0.0) 1 (2.70) 0 (0.0) 0 (0.0)

Hypochloridemia 1 (2.7) 0 (0.0) 1 (2.70) 0 (0.0) 0 (0.0)

Skin hypopigmentation 1 (2.7) 0 (0.0) 1 (2.70) 0 (0.0) 0 (0.0)

Hypokalemia 3 (8.11) 2 (5.41) 0 (0.0) 1 (2.7) 0 (0.0)

Hypoalbuminemia 1 (2.7) 1 (2.7) 0 (0.0) 0 (0.0) 0 (0.0)

Abdominal cramps 4 (10.81) 0 (0.0) 2 (5.41) 2 (5.41) 0 (0.0)

Diarrhea 7 (18.92) 1 (2.70) 4 (10.81) 2 (5.41) 1 (2.7)

Hypertriglyceridemia 10 (27.03) 8 (21.62) 1 (2.7) 1 (2.7) 0 (0.0)

Anal fistula 1 (2.7) 0 (0.0) 0 (0.0) 1 (2.7) 0 (0.0)

Hypertension 7 (18.92) 3 (8.11) 4 (10.81) 0 (0.0) 0 (0.0)

Hypercholesterolemia 6 (16.22) 5 (13.51) 1 (2.70) 0 (0.0) 0 (0.0)

Hypothyroidism 8 (21.62) 5 (13.51) 3 (8.11) 0 (0.0) 0 (0.0)

Oral mucositis 4 (10.81) 1 (2.7) 3 (8.11) 0 (0.0) 0 (0.0)

Bleeding 2 (5.41) 1 (2.7) 1 (2.7) 0 (0.0) 0 (0.0)

Fatigue 12 (32.43) 2 (5.41) 9 (24.32) 1 (2.7) 0 (0.0)

Weight loss 12 (32.43) 6 (16.22) 5 (13.51) 1 (2.7) 0 (0.0)

Anorexia 13 (35.14) 6 (16.22) 5 (13.51) 1 (2.7) 1 (2.7)

Urinary frequency 1 (2.7) 0 (0.0) 1 (2.7) 0 (0.0) 0 (0.0)

Pancreatitis 1 (2.7) 0 (0.0) 1 (2.7) 0 (0.0) 0 (0.0)

Pneumothorax 12 (32.43) 3 (8.11) 5 (13.51) 3 (8.11) 3 (8.11)

Rash acneiform 6 (16.22) 1 (2.7) 3 (8.11) 2 (5.41) 0 (0.0)

Anemia 1 (2.71) 0 (0.0) 0 (0.0) 1 (2.71) 0 (0.0)

Wound dehiscence 4 (10.81) 0 (0.0) 1 (2.7) 2 (5.41) 2 (5.41)

Palmar-plantar erythrodysesthesia
syndrome

8 (21.62) 0 (0.0) 5 (13.51) 3 (8.11) 0 (0.0)

Pleuritic pain 5 (13.51) 2 (5.41) 3 (8.11) 0 (0.0) 0 (0.0)

Thrombocytopenia 1 (2.7) 1 (2.7) 0 (0.0) 0 (0.0) 0 (0.0)

Back pain 4 (10.81) 1 (2.7) 3 (8.11) 1 (2.7) 0 (0.0)

Anal ulcer 2 (5.41) 0 (0.0) 2 (5.41) 0 (0.0) 0 (0.0)

Palpitations 3 (8.11) 2 (5.41) 0 (0.0) 1 (2.7) 0 (0.0)

Tinnitus 1 (2.7) 0 (0.0) 1 (2.7) 0 (0.0) 0 (0.0)

Anorectal infection 1 (2.7) 0 (0.0) 1 (2.7) 0 (0.0) 0 (0.0)

Pleural infection 1 (2.7) 0 (0.0) 0 (0.0) 0 (0.0) 1 (2.7)

Aminotransferase increase 1 (2.7) 1 (2.70) 0 (0.0) 0 (0.0) 0 (0.0)

Insomnia 2 (5.41) 2 (5.41) 0 (0.0) 0 (0.0) 0 (0.0)
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response was 5.07 (95% CI, 2.70–6.53) months. From a
total of 24 patients who have been observed with PR or
SD at initial assessment, 13 of 37 (35.14%; 95% CI,
20.21%–52.54%) stayed no progression at 6 months.

At the same time, in our study, 27 of 37 (72.97%)
patients had pulmonary lesions only, 4 of 37 (10.81%) had
bone lesions (with measurable lesions according to RECIST
1.1) only, and 6 of 37 (16.22%) had both pulmonary and
bone lesions as target lesions. Cox univariate analysis of PFS
for different target lesions indicated different responses to
apatinib (p = .001). Because it was the only obvious factor
that influenced PFS, we did not subsequently inspect it in a
multivariable Cox model. Besides, it is quite common to
notice oligoprogression during observation. Although some
patients dropped out of this trial during the follow-up
period, lesion progression in these patients may have been
disrupted by this drug in combination with radiotherapy.

The median follow up time for toxicity was 7.37 (IQR,
6.33–11.07) months. We tracked and recorded self-
perceived improvement in pain management. We did not
record a reduction of pain in terms of NRS score (mean
baseline 2.3, SD 1.5). We noticed that pain even became
more severe during the initial 1–3 months, with the main
complaint of back pain or myalgia/arthralgia, with mean
score on treatment as 4.6 (SD 1.7; p = .119), which gradually
returned to baseline afterwards. We did not record any
improvement in 37 patients who were fully assessable by
EORTC QLQ C-30 due to a decline in physical, role, emo-
tional, cognitive, and social functioning (p > .100). Constipa-
tion and diarrhea significantly increased (p = .024, .031)
after the use of apatinib. A trend of appetite loss was
observed but was not statistically significant (p = .137). The
mean global health status was 59 (IQR, 42–75), 51 (IQR,
33–67), and 42 (IQR, 33–50) at baseline, mean scores on-
treatment assessment, and the time of disease-progression,
respectively. A significant degrease of global health status
was found at the time of disease progression (p = .042).

The overall incidence of apatinib-related adverse events
was 89.19%. In general, drug-related adverse events were
limited to grade 1 or 2 (Table 2). With median follow-up
time of 7.37 months (95% CI, 6.80–9.33) for the safety
analysis, 22 of 37 (59.50%) had dose-reduced treatment,
and 11 of 37 (29.73%) patients had treatment temporarily
interrupted (Table 3). The frequency of apatinib administra-
tion was 40.5% of planned. The mean temporary interrup-
tion duration was eight days (95% CI, 4–10).

We noted the following grades 3 and 4 toxic effects that
impacted dose reductions: pneumothorax (6, 16.22%),
wound dehiscence (4, 10.81%), proteinuria (3, 8.11%),
diarrhea (3, 8.11%), palmar-plantar erythrodysesthesia syn-
drome (3, 8.11%), rash acneiform (2, 5.41%), abdominal
cramps (2, 5.41%), anorexia (2, 5.41%), pleural infection
(1, 2.7%), bladder perforation (1, 2.7%), hypertriglyceridae-
mia (1, 2.7%), weight loss (1, 2.7%), anemia (1, 2.7%), hypo-
kalemia (1, 2.7%), palpitations (1, 2.7%), back pain
(1, 2.7%), anorectal infection (1, 2.7%), cholecystitis
(1, 2.7%) and fatigue (1, 2.7%; Table 2). All of these adverse
events were causally related to the study drug. No deaths
were related to the experimental treatment; all deaths
were attributed to disease progression.

DISCUSSION

The results from this phase II, open-label trial show that
the administration of apatinib induced tumor shrinkage,
showed a high rate of objective response (43.24%), with
almost the same PFS rate at 4 months (56.76%) as sorafe-
nib plus everolimus [10] (55.2% at 4 months) and the same
PFS rate at 6 months (36.77%) as regorafenib [3] (35% at
24 weeks). Toxic effects were severe in our study but dura-
ble with high rates of dose reduction (59.50%). Approxi-
mately 35.14% (13/37) of the patients were free from
progression at 6 months, which indicated that the duration
of the response might be short, and the median duration
of response was 5.07 months. The median inhibition con-
centration of those common antiangiogenesis TKIs [8] are
listed in Table 4. Apatinib (YN968D1) is a novel and highly
selective inhibitor of the VEGFR-2 tyrosine kinase. Our pre-
clinical study [18] on osteosarcoma demonstrates that high
levels of VEGFR-2 are related to short overall survival time
(p = .021), and apatinib targets were expressed and effec-
tively inhibited by this drug in vitro and in vivo, thereby
providing a rationale to explore apatinib in patients with
progressing osteosarcoma.

Unlike Grignani et al. [9, 10], we chose objective
response together with PFS at 4 months as our primary
endpoint because during our off-label use of apatinib in
patients with osteosarcoma, we noticed that tumor shrink-
age, especially in pulmonary metastatic lesions of high-
grade osteosarcoma, was not so difficult to achieve during
the early stage of observation. We had sufficient confi-
dence to evaluate lesions using the RECIST criteria [24]
instead of minor response described as Grignani et al. [9,
10]. However, it seemed to us that the duration of the
response might be short as off-label use was conducted for
only 2–3 months [32], which might also coincide with the
characteristics of this agent (Table 4). To capture the best
changes in tumor volume, the first evaluation was

Table 3. Dose reductions

Dose n (%) or time

Treatment permanently interrupted 0 (0)

Treatment dose reduced 22 (59.50)

Treatment temporarily interrupted 11 (29.73)

Dose of apatinib

750 mg per day initially 31 (83.78)

500 mg per day initially 6 (16.22)

500 mg per day (–1 dose level) 19 (51.35)

250 mg per day (–2 dose level) 1 (2.70)

250 mg per day (–1 dose level) 0 (0)

Days apatinib held for one interruption

Mean (SD) 14 (12)

Median (IQR) 8 (4–10)

Days apatinib held throughout the trial

Mean (SD) 32 (28)

Median (IQR) 17 (13–46)

Abbreviation: IQR, interquartile range.
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conducted almost four weeks after initiation of treatment.
To confirm this change without violating the principle of
RECIST 1.1, if PR was observed, then we re-evaluated the
lesion four weeks later. However, if SD was the initial evalu-
ation, then we assessed the lesion eight weeks later. There-
after, evaluations were performed every two months,
similar to that of Grignani et al. [9, 10].

We were aware of the importance of the timing for sec-
ondary drug resistance; thus, similar to all the other investi-
gations, CBR was defined as no progression at 6 months,
and we had 13 of 37 (35.14%) patients surviving by then.
Using the Kaplan-Meier method, our PFS at 4 months and
6 months were 56.76% (95% CI, 39.43–70.84%) and 36.77%
(95% CI, 21.48–52.16%), respectively, which were almost
the same as that for sorafenib [5] as well as regorafenib [3]
and might be a little shorter than the combination of sora-
fenib and everolimus [6]. However, owing to the small study
population in all these trials, we considered that these were
not significantly different. For unresectable osteosarcoma
progression upon chemotherapy, we do not have accurate
overall survival data without those TKIs, the prospective
trials’ data for sorafenib [5] and sorafenib plus everolimus
[6] were both single arm, and the trial for regorafenib had
crossover from placebo to regorafenib [3]. However, accord-
ing to the data of this trial, we think our agent might also
improve the OS for these advanced osteosarcoma with
median OS time of 9.87 (95% CI, 7.97–18.93) months
compared with 5.9 (95% CI, 1.4–16.4) [3].

Our collected data of toxicity (Table 2) were differently
distributed from what had already been described in clinical
trials of apatinib [20, 23]. Our population was much younger
than the participants in previous trials [20, 23], which might
influence the distribution of the side effects. Hypertension
was not as severe in adolescents. However, the observed
toxicity was severe, with a dose reduction of 59.50% and a
rate of total apatinib-related adverse events of 89.19%.
Although the tumor burden was significantly reduced by this
agent, the quality of life did not improve or was even worse
with a decline in physical, role, emotional, cognitive and
social functioning (p > .100). The pain was either not signifi-
cantly relieved or became more severe during the initial
1–3 months, and gradually fell back to baseline afterwards.

The major limitations of our trial are the relatively small
study population and the absence of a control group. How-
ever, several other similar studies provide sufficient data
that could be used for comparison of the effectiveness and
toxicity of this drug. A randomized trial design would have
needed much more time to complete for such a rare
tumor. We have thus used similar comparative factors,
such as CBR and PFS, at ≥4 months to identify the thera-
peutic and toxic effects of this agent.

CONCLUSION

This trial shows that apatinib is an effective treatment
regimen for patients with advanced osteosarcoma with
high objective response rates. The duration of response to
this drug was almost the same as previous described [3, 8,
9]. The toxicity of apatinib was severe but tolerable in
adolescent patients.
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Table 4. Comparison of common antiangiogenic TKIs with different median inhibition concentrations (IC50)

Target

IC50

Apatinib Sorafenib Sunitinib Pazopanib Regorafenib

VEGFR-1 70 2 10 13

VEGFR-2 2 15 10 30 4.2

VEGFR-3 20 17 47 46

PDGFR-β 537 57 8 84 22

c-kit 420 68 74

FGFR-1 >10000 580 202

FLT-3 58

Abbreviations: FGFR, fibroblast growth factor receptor; IC50, median inhibition concentration: concentration that reduces the effect by 50%;
PDGFR, platelet-derived growth factor receptor; VEGFR, vascular endothelial growth factor receptor.
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