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Relapsed or refractory osteosarcoma carries a poor prognosis after standard
chemotherapy. We conducted a multicenter, randomized, phase Il trial
(NCT05277480) to compare apatinib plus ifosfamide/etoposide (IE) with IE
alone in patients who had progressed following at least one prior line of
chemotherapy. Patients were randomized 2:1 to receive apatinib (500 mg
orally once daily) plus IE (ifosfamide 1.8 g/m?/day and etoposide 100 mg/m?/
day, days 1-3 every 3 weeks) or IE alone (same doses, days 1-5 every 3 weeks).
The primary endpoint was progression-free survival (PFS). Between April 14,
2022, and August 22, 2023, 81 patients were enrolled (53 in apatinib plus IE
group and 28 in [E group). After a median follow-up of 19.9 months, the median
PFS was 5.5 months (95% confidence interval [CI]: 3.9, 6.4) with apatinib plus IE
compared with 3.4 months (95% Cl: 1.4, 4.6) with IE (hazard ratio, 0.60; 95% CI:
0.37,0.98; P=0.0402). The trial met its pre-specified primary endpoint. These
results suggest that apatinib plus I[E may improve PFS in relapsed or refractory
osteosarcoma, but as a randomized phase Il study, the findings are exploratory
and require confirmation in phase Ill trials.

The prognosis for patients with inoperable, metastatic osteosarcoma
that is resistant to first-line chemotherapy remains poor. Previous
studies have demonstrated that multi-targeted tyrosine kinase inhi-
bitor (TKIs) can induce varying degrees of objective responses and
prolong progression-free survival (PFS)'™. However, the efficacy of
TKIs is often compromised by factors such as large tumor volumes,
poor performance status, and the axial location of lesions*’. Addi-
tionally, clinical trials involving TKIs alone are typically with median

PFS ranging from 4 to 6 months accompanied with inevitable devel-
opment of secondary drug resistance'™. Specifically, TKIs often exhibit
limited and short-lived efficacy in controlling musculoskeletal lesions
besides other metastasis outside the lung*, the underlying mechan-
ism of which remains poorly understood. Osteosarcoma is character-
ized by significant genomic instability and genetic heterogeneity’,
necessitating treatments that have traditionally focused on cytotoxic
and cytostatic drugs. These treatments often require combination
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strategy to address the intra- and inter-tumoral heterogeneity effec-
tively. In this context, classic second-line chemotherapy regimen, such
as ifosfamide and etoposide (IE), might complement the activity of
TKIs. It might be possible to achieve better overall disease control by
combining IE with TKiIs, especially for those with multiple metastatic
lesions in different organs.

Apatinib, a multi-targeted TKI utilized in the treatment of gastric,
non-small cell lung, and esophageal cancers®, has demonstrated effi-
cacy in inhibiting the proliferation, migration, and invasion of osteo-
sarcoma in both preclinical and clinical trials*® (Supplementary
Table 1). IE are chemotherapeutic agents that induce DNA damage:
ifosfamide acts as an alkylating agent, whereas etoposide inhibits
topoisomerase 1. Since the 1990s, the combination of IE has been
employed in multiple pediatric clinical settings, with a phase Il trial
reporting a response rate of 48% and acceptable toxicity in relapsed or
refractory pediatric osteogenic sarcomas'®. The rationale for combin-
ing TKIs with IE, including lenvatinib plus IE, was initially proposed by
Gaspar et al." with the idea of inhibition of angiogenesis may
increase uptake of IE into tumor tissue through vascular normalization.
Based on our prior clinical observations, TKI monotherapy appeared
insufficient to control extra-pulmonary lesions". Furthermore, in
heavily pretreated patients with inoperable lesions, managing adverse
events (AEs) to a tolerable level is crucial since the therapy may need to
be administered over a life-long period. By utilizing off-label doses for
these combinations, we developed a suitable chemotherapy regimen
in combination with apatinib in our previous study, allowing for a
longer duration of chemotherapy compared to the OLIE/ITCC-
082 study'".

Here, we show in a randomized phase II trial that apatinib com-
bined with IE improves PFS compared with IE alone in patients with
unresectable, recurrent, or refractory osteosarcoma, with an accep-
table safety profile. These exploratory findings provide hypothesis-
generating evidence that warrants confirmation in larger phase Il
studies.

Results
Baseline characteristics of patients
Between April 14,2022, and August 22, 2023, 89 patients were assessed
for eligibility, of whom 81 were enrolled. Of these, 53 were randomized
to the apatinib plus IE (Apa+IE) group and 28 to the IE group. All
enrolled patients received treatment and were included in both the full
analysis set (FAS) and the safety analysis set (SS) (Fig. 1).

As shown in Table 1, baseline characteristics were generally
balanced between the two groups. The proportion of participants

younger than 18 was comparable, accounting for 54.7% in the Apa+IE
group and 53.6% in the IE group. The median time since initial diag-
nosis was slightly shorter in the Apa+IE group at 12.1 months (inter-
quartile range [IQR] 5.4-18.8) compared to 15.1 months (IQR 8.6-22.7) in
the IE group. Approximately 30% of patients had an Eastern Coop-
erative Oncology Group performance status (ECOG PS) of 0. Lung-only
metastasis was observed in 66.0% of patients in the Apa+IE group and
71.4% in the IE group. All patients had received prior anthracyclines,
while 88.7% of the Apa+IE group and 92.9% of the IE group had
received prior ifosfamide treatment in combination with other chemo-
agents. 71.7% of patients in the Apa+IE group had undergone prior one
surgery, compared to 64.3% in the IE group, while 22.6% and 32.1%
respectively had two or more surgeries. Seven patients in the Apa+IE
group and four in the IE group received local therapy during the study
period. Details of these interventions, including their timing, intent
(curative vs. palliative), and associated responses, are summarized in
Supplementary Table 2 and visually represented in the swimmer plot
(Fig. 2), which also indicates each patient’s baseline resectability status
and treatment timeline. Among these, five patients received curative
local therapy following tumor shrinkage, while six patients underwent
palliative local therapy for pain relief or the prevention of
complications.

Efficacy

By the cut-off date of October 8, 2024, median follow-up was 19.9
months (95% confidence interval [CI]: 19.1, 21.8). Treatment was
ongoing for three patients in the Apa+IE group and one patient in the IE
group with last follow-up.

The primary outcome, PFS, was 5.5 months (95% CI, 3.9-6.4) in the
Apa+IE group compared with 3.4 months (95% Cl, 1.4-4.6) in the IE
group (hazard ratio [HR], 0.60; 95% CI, 0.37-0.98; P=0.0402)
(Fig. 3A). The 4-month and 6-month PFS rates were 65.8% (95% CI: 50.3,
77.5) and 36.7% (95% CI: 22.5, 50.9) in the Apa+IE group, versus 41.6%
(95% CI: 22.4, 59.8) and 15.9% (95% Cl: 4.2, 34.3) in the IE group,
respectively. When local therapy was counted as an event rather than
censored, the median event-free survival (EFS) was 5.5 months (95% Cl:
3.9, 5.9) for the Apa+IE group, compared to 3.4 months (95% Cl: 1.4,
4.6) for the IE group (HR, 0.64; 95% CI: 0.40, 1.02, nominal P = 0.0598)
(Supplementary Fig. 1). The median overall survival (0S) was
18.1 months (95% CI: 13.7, 25.2) for the Apa+IE group, compared to
22.9 months (95% CI: 19.3, not estimated [NE]) for the IE group (HR,
1.48; 95% CI: 0.76, 2.89; nominal P=0.2493) (Fig. 3B).

The objective response rate (ORR) was 32.1% in the Apa+IE group
and 25.0% in the IE group. The disease control rate (DCR) was observed
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Fig. 1| Patient flowchart. FAS, full analysis set, SS, safety analysis set. Source data are provided as a Source Data file.

Nature Communications | (2025)16:10473


www.nature.com/naturecommunications

Article

https://doi.org/10.1038/s41467-025-65467-8

Table 1| Baseline characteristics of patients

Variables Apa+E group (n=53) IE group (n=28)
Age, years, median (range) 15.5 (12-46) 22.5(12-52)

<18 29 (54.7) 15 (53.6)

>18 24 (45.3) 13 (46.4)

Sex, n (%)

Male 34 (64.2) 21(75.0)
Female 19 (35.8) 7 (25.0)

Time since initial diagnosis, 12.1(5.4,18.8) 15.1(8.6, 22.7)

months, median (IQR)

ECOG PS? n (%)

0 14(26.4) 10 (35.7)

1 32 (60.4) 16 (57.1)

2 3(5.7) 0]

3 4(7.5) 2(7.0)
Location of primary tumor, n (%)

Limbs 37(69.8) 14 (50.0)

Non-extremities 16 (30.2) 14 (50.0)
Metastatic sites, n (%)

1 19 (35.8) 10(35.7)

2 9 (17.0) 6 (21.4)

>3 25 (47.2) 12 (42.9)
Sites of metastasis, n (%)

Only lung 35 (66.0) 20 (71.4)

Others 18 (34.0) 8(28.6)

Targeted tumor burden, mm, 33.2(10.0, 225.9) 36.5 (10.0, 138.7)

median (range)

Previous lines of therapy, n (%)

1 40 (75.5) 22 (78.6)

22 13 (24.5) 6 (21.4)
Previous chemotherapy, n (%)

Anthracyclines 53 (100.0) 28 (100.0)

Ifosfamide 47 (88.7) 26 (92.9)
Best overall response to previous ifosfamide, n (%)

Partial response 4 (7.5) 4 (14.3)

Stable disease 23 (43.4) 15 (53.6)

Progressive disease 20 (37.7) 7 (25.0)
Previous surgery, n (%)

1 38 (71.7) 18 (64.3)

>2 12 (22.6) 9(32.1)
Previous radiotherapy, n (%) 4 (7.5) 0

Source data are provided as a Source Data file.
IQR interquartile range, ECOG PS Eastern Cooperative Oncology Group performance status.
2Only patients with an ECOG PS of 2-3 for amputation surgery were included.

at 90.6% in the Apa+IE group, while the IE group had a DCR of 60.7%.
The median time to progression (TTP) was 5.1 months (95% CI: 3.7, 5.7)
in the Apa+IE group and 2.5 months (95% CI: 1.4, 4.1) in the IE group
(Table 2). However, the median time to response (TTR) was almost the
same, with 1.3 months (95% CI: 1.1, 2.6) in the Apa+IE group while
1.5 months (95% CI: 1.3, NE) in the IE group. The duration of response
(DoR) was also nearly the same between these two groups, with
3.9 months (95% CI: 1.9, 7.8) for the Apa+IE group and 4.1 months (95%
CI: 1.7, NE) for the IE group. The percentage changes from baseline in
target lesions for all patients are shown in Supplementary Fig. 2. One
patient with non-extremity primary osteosarcoma, ECOG PS of 1, and a
single metastatic site achieved a complete response (CR) following
Apa+IE treatment. The patient demonstrated a partial response (PR)
after 1 month of therapy, reached CR at 4 months, but subsequently
experienced disease progression at 5 months.

In the Apa+IE group, 30.2% had no further treatment (OS events)
compared to 18.9% in the IE group. The most common subsequent
therapies in the Apa+IE group were multiple other chemotherapy plus
TKiIs (18.9%), chemotherapy alone (17.0%), and other TKI monotherapy
(9.4%). In the IE group, chemotherapy alone (21.4%), chemotherapy
plus TKI (14.3%) and antibody-drug conjugates (14.3%) were primarily
used (Supplementary Table 3).

Safety profiles

Treatment-related adverse events (TRAEs) were reported in 98.1% of
patients in the Apa+IE group and 89.3% of patients in the IE group.
Grade 3 or higher TRAEs occurred in 69.8% of the Apa+IE group
compared to 64.3% in the IE group. Serious adverse events (SAEs) were
observed in 11.3% of patients receiving Apa+IE and 10.7% of those in the
IE group. For Apa+IE group, indeed more toxicities occurred, such as
pneumothorax. However, neutropenia and thrombocytopenia did not
seem to be more severe in the Apa+IE group because the dose of the
chemotherapy had been reduced in the combination group (Table 3).
In the Apa+IE group, there were no dose interruptions or reductions
with chemotherapy, whereas in the IE group, one patient (3.6%) dis-
continued treatment because of severe myelosuppression. For apati-
nib, dose interruptions occurred in seven patients (13.2%), dose
reductions in 16 patients (30.2%), and discontinuation in one patient
(1.9%) within the Apa+IE group (Supplementary Table 4).

Quality of life

Throughout the treatment course, patients in the Apa+lE group
reported a statistically significant improvement in global health status,
with the mean score increasing from 47.12 at baseline to 56.67 by cycle
9 (nominal P=0.042). Conversely, the IE group did not exhibit a sta-
tistically significant change in Quality of Life (QoL) over the course of
treatment (Supplementary Table 5).

Discussion
This randomized, multicenter phase II trial met its primary endpoint,
demonstrating a longer median PFS for Apa+lE compared with IE
alone. However, unlike our previous retrospective study in which local
therapy was permitted", the current trial did not achieve the antici-
pated median PFS of approximately 11 months; instead, the observed
median PFS was 5.5 months in the Apa+IE group and 3.4 months in the
IE group. For patients with unresectable or refractory osteosarcoma
following first-line chemotherapy, prognosis remains poor, with 5-year
post-relapse survival rates below 20%'*". Although multi-targeted TKIs
can induce measurable responses, durable disease control continues
to be amajor challenge'**">'*!8, In the present trial, the combination of
apatinib with IE improved PFS relative to IE alone, particularly among
patients with multiple metastatic sites and high tumor burden (Sup-
plementary Fig. 3). Nevertheless, controlling extrapulmonary lesions
remains difficult, which may be partly attributable to the lower daily
dose of IE used. In real-world settings, we have explored higher IE
doses, similar to those used in the OLIE/ITCC-082 trial; however, most
patients (who were heavily pretreated with first-line chemotherapy for
one year or longer) could not tolerate more than five cycles. Conse-
quently, although the addition of apatinib to IE provided a modest
benefit in PFS, it did not fully overcome rapid secondary resistance,
and the extent of improvement was less than initially anticipated.
The rationale for combining apatinib with IE in this study is
grounded by the hypothesis that integrating traditional, effective
second-line chemotherapy can enhance the overall disease control for
both pulmonary and extrapulmonary lesions, which, especially the
later, are often poorly controlled by apatinib alone'”. Nathalie Gaspar
et al. previously explored the combination of lenvatinib with IE in
patients with refractory or relapsed osteosarcoma, achieving a median
PFS of 8.7 months (95% CI 4.5-12.0) in the phase I/II study of ITCC-
050", Their approach was predicated on the synergistic mechanism of
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Fig. 2 | Swimming plot for both groups. Treatment exposure and duration of response in the (A) Apa+lE group and (B) IE group. CR, complete response; PR, partial
response; SD, stable disease; PD, progressive disease; NE, not estimable. Source data are provided as a Source Data file.

cytotoxic agents and VEGF pathway inhibition, which can slow tumor
growth through angiogenesis suppression and indue more cytotoxic
reactions'. However, results from the phase Il randomized controlled
study of OLIE/ITCC-082 did not demonstrate statistical superior sur-
vival benefit, even for PFS only (6.5 months vs. 5.5 months,

respectively)”®. Our study, by contrast, has shown that the combination
of apatinib with IE prolongs PFS in patients progressed upon che-
motherapy, which might mostly be due to a higher percentage of
participants in our study had progressed following ifosfamide-
containing combination chemo-protocol (90.1% compared to 46.9%
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Fig. 3 | The Kaplan-Meier curves for survival in both groups at investigators’
evaluation. Kaplan-Meier curves of (A) progression-free survival and (B) overall
survival. Survival outcomes were estimated using the Kaplan-Meier method and

compared between groups with the two-sided log-rank test. Hazard ratios (HRs)
and 95% confidence intervals (Cls) were calculated using the Cox proportional
hazards model. NE, not estimable. Source data are provided as a Source Data file.

in the OLIE/ITCC-082 study)®, which likely weakened the efficacy of
the control group. Although single IE intensified the intensity and
density of ifosfamide than first-line high-dose methotrexate, doxor-
ubicin, cisplatin and ifosfamide (MAP+I), which could induce some
responses or control disease for some time in our study, it was less
effective in the ifosfamide-pretreated population other than in the
ifosfamide-naive population. Thus, unlike the OLIE/ITCC-082 trial, our
control arm was less effective, which may have contributed to the
improved outcomes observed in our Apa+IE group. This factor may
account for the numerically shorter median PFS observed in both
groups of our study compared to OLIE/ITCC-082.

In the meanwhile, there are some other differences between the
OLIE/ITCC-082 and present study®. Most notably, local therapy, which
could be performed after 18 weeks of treatment in the lenvatinib plus
IE, was not permitted in this study, which might partly explain why the
median PFS seems to be longer in the OLIE/ITCC-082 than in our trial.
For patients with advanced osteosarcoma, even when lesions are not
fully resectable at baseline, local therapies such as radiotherapy for
large tumor burdens can significantly delay secondary drug resistance
and prolong EFS. This is exemplified in our retrospective study™, where

despite patients being in more advanced stages of their disease, the
median EFS could reach 11 months. The restriction on localized treat-
ment in the current study created a complex scenario. Although the
trial targeted patients with initially inoperable osteosarcomas, treat-
ment led to sufficient tumor downstaging in five patients after 3-4
cycles, enabling them to receive curative-intent local therapy based on
investigator assessment. However, eligibility for local interventions
was not confirmed by centralized imaging review. Thus, when we cal-
culated all those censoring data to compare the median EFS between
the two groups, it was interesting to notice that the P value seemed not
to be so significant by 0.0598, which might also be deemed as a con-
founding factor in OLIE/ITCC-082. While not recommended within the
study protocol, this real-world adjustment highlights the ethical
dilemmas faced in balancing trial guidelines with patient best interests.
As a result, the tumor burden in this study was expectedly higher
compared to other trials where local therapies allowed, as we included
a larger proportion of patients with late-stage disease, further com-
plicating analysis and comparability of these trials.

Furthermore, the two trials employed different TKIs, making it
challenging to directly compare the efficacy of lenvatinib and apatinib
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Table 2 | Efficacy endpoints

Outcomes Apa+E group (n=53) IE group (n=28) P value
Best overall response, n (%)

Complete response 1(1.9) (0]

Partial response 16 (30.2) 7 (25.0)

Stable disease 31(58.5) 10 (35.7)

Progressive disease 3(5.7) 10 (35.7)

Not evaluable 2(3.8) 1(3.6)
Objective response rate, n (%) 17 (32.1) 7 (25.0) 0.6126
95% CI (19.9, 46.3) (10.7, 44.9)
Disease control rate, n (%) 48 (90.6) 17 (60.7) 0.0026
95% ClI (79.3, 96.9) (40.6, 78.5)
Time to response, months, median (95% CI) 1.3(1.1, 2.6) 1.5 (1.3, NE) 0.4987
Duration of response, months, median (95% CI) 3.9(1.9, 7.8) 4.1 (1.7, NE) 0.5395
Time to progress, months, median (95% CI) 5.1(3.7,5.7) 2.50.4,4.) 0.0024
Event-free survival, median (95% CI) 5.5(3.9,5.9) 3.4(1.4, 4.6) 0.0598
Progression-free survival, median (95% Cl) 5.5(3.9, 6.4) 3.4(1.4, 4.6) 0.0402

4 months, % (95% CI) 65.8 (50.3, 77.5) 41.6 (22.4, 59.8)

6 months, % (95% ClI) 36.7(22.5, 50.9) 15.9 (4.2, 34.3)
Overall survival, median (95% CI) 18.1(13.7, 25.2) 22.9 (19.3, NE) 0.2493

6 months, % (95% Cl) 96.2 (85.6, 99.0)

92.7 (73.9, 98.1)

12 months, % (95% CI) 70.3 (54.1, 81.7)

82.2 (58.3, 93.1)

18 months, % (95% Cl) 57.9 (35.6, 74.9)

58.1(28.8, 78.9)

The objective response rate and disease control rate were compared using the chi-squared test. Time-to-event outcomes, including progression-free survival, event-free survival, time to progression,
duration of response, and overall survival, were estimated using the Kaplan-Meier method and compared between groups with the log-rank test. All tests were two-sided, and no adjustments were

made for multiple comparisons. Source data are provided as a Source Data file.
ClI confidence interval, NE not estimable.

Table 3 | Treatment related adverse events (TRAEs) in at least
10% of patients in either group

Events, n (%) Apa+IE group (n=53) IE group (n=28)

Anygrade Grade>3 Anygrade Grade2>3
Any TRAE 52(98.1) 37 (69.8) 25(89.3) 18 (64.3)
Platelet count 39 (73.6) 21(39.6) 15 (53.6) 8(28.6)
decreased
White blood cell 37 (69.8) 27 (50.9) 19 (67.9) 17 (60.7)
decreased
Anemia 35 (66.0) 17 (32.1) 21(75.0) 15 (53.6)
Neutrophil count 32 (60.4) 26 (49.1) 19 (67.9) 15 (53.6)
decreased
Hypothyroidism 32 (60.4) 3(5.7) 4(14.3) 0
Proteinuria 18 (34.0) 2(3.8) 2(7.0) 0
Hypoproteinemia 10 (18.9) 0 3(10.7) 1(3.6)
Diarrhea 9 (17.0) 0 (0] 0]
Hypertension 8 (15.1) (0] 4 (14.3) 0
Hypocalcemia 8(15.1) 0 2(7.1) 0
Thyrotropin increased 7(13.2) 3(5.7) 0 0
Pneumothorax 6 (11.3) 3(5.7) 0 0
Hypokalemia 5(9.4) 0 3(10.7) 0
Lymphocyte count 3(5.7) 0 3(10.7) 2(7.0)

decreased

Source data are provided as a Source Data file.

given the varied patient populations. Additionally, there were dis-
crepancies in the daily dose and duration of the IE chemotherapy
between the trials. Our study utilized a lower daily dose of ifosfamide
(1.8 g/m?/day compared to 3 g/m?/day in ITCC-050 and OLIE/ITCC-
082) but extended the chemotherapy regimen to 10 cycles, compared
to five cycles in the ITCC-050 and OLIE/ITCC-082 studies'>”. This

approach was informed by our retrospective findings indicating that
Asian patients experienced significant myelosuppression after 3-4
cycles of the higher ifosfamide dose™, and almost all progressions in
the ITCC-050 study occurred after the cessation of IE chemotherapy'.
Therefore, to balance toxicity and efficacy, we reduced the daily dose
and prolonged the duration of chemotherapy. Further investigations
should be tried and conducted by managing the toxicities without
compromising the effectiveness of the chemotherapy in these kinds of
combinations. To facilitate interpretation of cross-trial comparisons,
the key characteristics and efficacy outcomes of our study and prior
trials investigating TKI plus IE regimens are summarized in Supple-
mentary Table 6.

In this phase II, hypothesis-generating trial, the primary endpoint
of PFS reached statistical significance; however, the observed median
PFS in both arms was lower than anticipated. This discrepancy likely
reflects design features (notably the exclusion of protocol-disallowed
local therapies) and the inclusion of a heavily pretreated population.
Crucially, PFS was analyzed with censoring at the time of local therapy,
whereas EFS counted initiation of subsequent anti-tumor therapy,
including local therapy, as an event; under this definition, the between-
group difference in EFS did not reach statistical significance (HR 0.64;
95% Cl 0.40-1.02; nominal P=0.0598). Moreover, no OS benefit was
observed, potentially influenced by post-progression treatments and
AEs related to local interventions. Taken together, these results should
be interpreted with appropriate caution: apatinib plus IE may offer
benefit for patients with relapsed or refractory osteosarcoma, but the
data are exploratory, and confirmation in larger, prospective phase I
studies is needed to establish comparative efficacy and optimize
patient selection.

In our previous retrospective study, the most prominent AE
associated with the combination therapy was ifosfamide-induced
encephalopathy, occurring more frequently and with greater severity
than typically reported”, partly due to apatinib-induced
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hypoalbuminemia and hypertension®. However, in the current trial,
with improved patient selection and proactive preconditioning mea-
sures, no cases of ifosfamide-induced encephalopathy were observed.
Another significant AE impacting patients’ QoL was pneumothorax,
likely due to necrosis within pulmonary lesions. All patients with
pneumothorax were managed by chemical or mechanical pleurodesis
in this trial. This procedure, though typically arduous and accom-
panied by chest pain and fevers, allowed for the continuation of
treatment without interruption®.

This study has several limitations. Firstly, we did not include any
biomarker analysis, which could have provided insights into the
mechanisms underlying the efficacy of the combination. Secondly
while our combination cohort demonstrated superior efficacy com-
pared to IE alone, we did not evaluate the benefits of Apa+IE against
apatinib monotherapy or apatinib combined with anti-PD-1 therapy.
This omission leaves an open question regarding which strategy might
provide the most benefit for heavily pretreated populations. Addi-
tionally, the open-label design and the apparent differences in che-
motherapy dose intensity between treatment groups may have
introduced bias into patient-reported QoL assessments, potentially
influencing the reliability of these results.

In summary, for patients with unresectable or refractory osteo-
sarcomas that have progressed following chemotherapy, the combina-
tion of apatinib and IE demonstrated superior PFS compared to IE alone,
with an acceptable toxicity profile. However, no OS benefit was observed,
and the discrepancy between assumed and observed PFS estimates,
together with the lack of statistical significance for EFS, underscore the
exploratory nature of these findings. Future phase Il trials are required to
confirm these findings and optimize patient selection.

Methods

Study design and patients

This multicenter, randomized phase Il trial (OAIE/PKUPH-sarcoma 11)
was conducted across four centers in China under the auspices of the
Chinese Sarcoma Study Group. The study protocol was approved by
the Ethics Committee of the Peking University People’s Hospital; Jinl-
ing Hospital, Medical School, Nanjing University; Shanghai General
Hospital, Shanghai Jiao Tong University School of Medicine; and
Shanghai Jiao Tong University Affiliated Sixth People’s Hospital. It was
conducted in accordance with the Declaration of Helsinki and applic-
able local regulatory requirements and laws. Written informed con-
sents were obtained from all participants, with minors providing
assent alongside consents from their legal guardians. The trial is
registered on ClinicalTrials.gov (NCT05277480). Patients were pro-
vided with the study treatment for free.

The study enrolled adolescents and adults aged 12-65 years, with
body surface areas exceeding 1.0 m2. Participants were required to
have histologically or pathologically confirmed locally advanced or
metastatic high-grade osteosarcoma that had either progressed fol-
lowing at least one line of prior chemotherapy (including neoadjuvant
or adjuvant chemotherapy). Enrollment criteria mandated that the
disease be measurable according to the Response Evaluation Criteria
in Solid Tumors (RECIST 1.1)“. Eligible patients needed to have an
ECOG PS of 0-1, an expected survival of more than three months, and
satisfactory organ function. Exclusion criteria included prior treatment
with any TKIs (e.g., apatinib, anlotinib, regorafenib, cabozantinib,
sorafenib) or those treated solely with IE chemotherapy. Additionally,
patients with symptomatic central nervous system metastasis or
uncontrolled comorbid conditions that could interfere with protocol
adherence were excluded. Detailed inclusion and exclusion criteria are
provided in the study protocol.

Procedure
Eligible patients were randomized in a 2:1 ratio to receive either the
combination of apatinib and IE (Apa+IE group) or IE alone (IE group).

Participants in the Apa+IE group received 500 mg of apatinib orally
once daily, combined with ifosfamide (1.8 g/m?/day d,.;) and etoposide
(100 mg/m?/day d,.3), administered every three weeks (Q3W). The IE
group received the same daily dose of ifosfamide and etoposide, albeit
on an extended schedule (d;.s Q3W)". Treatment continued until dis-
ease progression, unacceptable toxicity, withdrawal of consent,
initiation of non-protocol cancer therapies, or death. Additionally,
apatinib was administered for a maximum of one year, while IE was
administered for up to 10 cycles; patients who were judged by inves-
tigators to be deriving sustained clinical benefit from apatinib at one
year were permitted to continue treatment at the physician’s discre-
tion. Dose adjustments were permitted for toxicity management
according to protocol; however, if treatment was postponed for over
four weeks beyond a planned cycle, discontinuation was mandated.

Both groups underwent tumor evaluations using computed
tomography or magnetic resonance imaging at baseline and subse-
quently every two cycles according to RECIST 1.1 criteria. AEs were
recorded and graded using the National Cancer Institute Common
Terminology Criteria for Adverse Events (CTCAE), version 5.0. Fur-
thermore, all participants completed the European Organization for
Research and Treatment of Cancer (EORTC) 30-item core Quality of
Life (QoL) questionnaire (QLQ-C30)*° prior to initiating treatment,
with follow-up QoL assessments conducted every two cycles.

Endpoints

In this study, the primary endpoint was PFS, as assessed by the inves-
tigators using RECIST 1.1 criteria. PFS was defined as the time from
randomization to disease progression or death from any cause,
whichever occurred first. Secondary endpoints included 4-month PFS
rate; 6-month PFS rate; OS, measured from randomization to death
from any cause; ORR, defined as the proportion of patients achieving a
CR or PR; DCR, which encompassed the percentage of patients with
either CR, PR, or stable disease (SD); DoR, calculated from the first
occurrence of CR or PR to progressive disease (PD) or death; TTR, the
interval from randomization to the first CR or PR; TTP, defined as the
time from randomization to disease progression; and safety assess-
ments throughout the study duration. The exploratory endpoints
included QolL, assessed using the EORTC QLQ-C30 questionnaire, and
EFS. During treatment, some patients received local therapies (e.g.,
surgery or radiotherapy) that were not permitted by protocol. For the
PFS analysis, patients were censored at the time of initiation of local
therapy. For the EFS analysis, defined as the time from randomization
to the first occurrence of disease progression, local or distant recur-
rence, initiation of subsequent anti-tumor therapy, or death, initiation
of local therapy was counted as an event.

Statistical analysis

Assuming a median PFS of 5.0 months in the IE group and 11.0 months
in the Apa+IE group™, detecting a HR of 0.45 with 80% power at a two-
sided significance level of 0.05 required 53 PFS events. Considering a
2:1 randomization ratio and anticipating an 18-month enrollment per-
iod followed by a 12-month follow-up, the study aimed to enroll 46
patients in the Apa+IE group and 23 patients in the IE group to observe
sufficient PFS events by the study’s conclusion. Factoring in a 10%
dropout rate, the total required sample size was adjusted to 52 patients
in the Apa+IE group and 26 patients in the IE group, culminating in a
total enrollment of 78 patients.

The FAS included all participants who received at least one dose
of the study treatment and served as the primary efficacy analysis
dataset. The SS encompassed all patients who received at least one
dose of the study treatment. The Kaplan-Meier method was utilized
to estimate the median PFS for each treatment group, and the 95%
Cls of median PFS were calculated using the Brookmeyer and
Crowley method. Differences in PFS between the Apa+IE group and
the IE group were evaluated using an unstratified log-rank test.
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Additionally, an unstratified Cox proportional hazards regression
model estimated the HR and its associated 95% Cl. Subgroup ana-
lyses were performed according to baseline factors. The median
values for OS, DoR, TTP, and TTR for each group were also estimated
using the Kaplan-Meier method, with 95% Cls calculated by the
Brookmeyer and Crowley method. The 95% Cls for the 4- and
6-month PFS rate, ORR and DCR were estimated using the Clopper-
Pearson method. QoL assessments, as measured by the subscales of
the EORTC QLQ-C30, were scored according to the EORTC scoring
manual. Each scale was transformed so that scores ranged from O to
100, with higher scores indicating better functioning and lower
scores indicating worse symptoms. Scale scores were summarized as
continuous variables for baseline and each scheduled post-baseline
visit by treatment group, with mean values and standard deviations
reported for each time point. The Friedman test was used to assess
significant changes in QoL scores over time. All statistical analyses
were performed using SAS version 9.3 or higher. A P value < 0.05 was
considered statistically significant. Data collection was performed
using Bioknow electronic data capture system.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

De-identified individual participant data underlying the results of this
study will be made available to qualified researchers for academic
purposes upon request. Requests should be directed to the corre-
sponding author (email: tangl5877@126.com) and will require
approval from the study sponsor. Data access will be granted following
submission of a methodologically sound proposal and completion of a
data use agreement. Applicants can expect a response within 4 weeks.
Data will become available 24 months after study completion and will
remain accessible for 5 years. The study protocol and statistical ana-
lysis plan are provided in the Supplementary Information (Supple-
mentary Notes 1 and 2). Processed data underlying the figures and
tables are provided in the accompanying Source Data file. Due to
patient privacy and data protection regulations, raw patient-level data
cannot be deposited in a public repository. Source data are provided
with this paper.
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