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abstract

PURPOSE SARC024 is a phase II clinical trial of the multikinase inhibitor regorafenib in specific sarcoma
subtypes, including advanced osteosarcoma. We hypothesized that regorafenib would improve progression-free
survival (PFS) in patients with sarcoma and report the results of the osteosarcoma cohort.

PATIENTS AND METHODS This trial enrolled patients with progressive metastatic osteosarcoma with measurable
disease by RECIST who had received at least one prior line of therapy. Patients were randomly assigned at a ratio
of one to one to regorafenib or placebo. Crossover was allowed at time of disease progression. PFS was the
primary end point of the study, which was powered to detect a difference of at least 3 months in median PFS.

RESULTS Forty-two patients from 12 centers were enrolled between September 2014 and May 2018. Median
age was 37 years (range, 18 to 76 years). Patients had received an average of 2.3 prior therapy regimens. Ten
patients receiving placebo crossed over to active drug at time of progression. Study enrollment was stopped
early, after a data safety monitoring committee review. Median PFS was significantly improved with regorafenib
versus placebo: 3.6 months (95% CI, 2.0 to 7.6 months) versus 1.7 months (95% CI, 1.2 to 1.8 months),
respectively (hazard ratio, 0.42; 95%CI, 0.21 to 0.85; P = .017). In the context of the crossover design, there was
no statistically significant difference in overall survival. Fourteen (64%) of 22 patients initially randomly assigned
to regorafenib experienced grade 3 to 4 events attributed to treatment, including one grade 4 colonic perforation.

CONCLUSION The study met its primary end point, demonstrating activity of regorafenib in patients with pro-
gressive metastatic osteosarcoma. No new safety signals were observed. Regorafenib should be considered
a treatment option for patients with relapsed metastatic osteosarcoma.

J Clin Oncol 37:1424-1431. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Despite substantial efforts made over the past
30 years, outcomes for osteosarcoma have not
changed significantly.1,2 Primary therapy typically
consists of surgery and neoadjuvant and adjuvant
chemotherapy with doxorubicin, cisplatin, and meth-
otrexate, yielding cure rates of 65% to 70%.3 Patients
who experience relapse with metastatic disease have
limited options, often receiving additional cytotoxic
therapy, such as ifosfamide or gemcitabine plus
docetaxel, with expected 4-month progression-free
survival (PFS) of only 12%.4-6

Activity of multikinase inhibitors in refractory osteo-
sarcoma has been observed in recent trials.7-12 A small
phase II trial of sorafenib suggested an improvement in
PFS.7 Regorafenib, a multikinase inhibitor of vascular
endothelial growth factor receptors 1, 2, and 3, RET,
KIT, platelet-derived growth factor receptor b and
others, is a small-molecule inhibitor with a biochemical
profile similar to that of sorafenib but is pharmacologically
more potent.8 One patient with osteosarcoma who was

treated in the phase I trial of regorafenib achieved
a durable partial response (PR).8

The Sarcoma Alliance for Research Through Collabo-
ration (SARC) conducted a trial of regorafenib in spe-
cific histologic subtypes of sarcoma. Patients eligible for
SARC024 were enrolled in one of four histology-specific
trial arms: Ewing sarcoma, alveolar or embryonal
rhabdomyosarcoma, liposarcoma, and osteosarcoma.
We have previously reported that regorafenib has ac-
tivity in Ewing sarcoma and that no clear benefit was
seen over placebo in liposarcoma; enrollment in the
rhabdomyosarcoma cohort is ongoing.13,14 We now
report the results of the randomized phase II cohort for
patients with advanced or metastatic osteosarcoma.

PATIENTS AND METHODS

Patients

Eligible patients had a diagnosis of advanced or
metastatic bone or extraskeletal osteosarcoma. Re-
quirements at baseline included age 10 years or older,
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body surface area of 0.65 m2 or greater, WHO performance
status of 0 to 2 (with prespecified maximum of 16 patients
with WHO performance status of 2), at least one prior line of
systemic therapy in the neoadjuvant, adjuvant, or meta-
static setting, adequate organ function, ability to swallow
oral medication, and measurable disease by RECIST
(version 1.1),15 with evidence of progressive disease within
6 months of enrollment.

Patients previously treated with a small-molecule oral ki-
nase inhibitor were excluded, as were patients with un-
controlled hypertension, clinically significant cardiac
disease, nonhealing wound, Common Terminology Criteria
for Adverse Events (CTCAE) grade 3 or worse bleeding
within 4 weeks, thromboembolic event within 6 months,
ongoing CTCAE grade 2 or worse infection, or any mal-
absorption condition.

Study Design and Conduct

This study was performed after approval by institutional
review boards at all sites in accordance with an assurance
filed with and approved by the US Department of Health
and Human Services. All patients provided written informed
consent to participate in this study.

The osteosarcoma cohort of SARC024 was a multicenter
randomized placebo-controlled double-blind phase II study
with a primary end point of PFS. Patients were randomly
assigned at a one-to-one ratio to receive either active drug
(regorafenib) or placebo (Fig 1). Crossover to active drug was
permitted at time of progression for patients receiving placebo.

Treatment

Patients received either placebo or regorafenib provided by
Bayer at an initial dose of 160mg (four 40-mg tablets) taken
orally in the morning with a low-fat meal on days 1 to 21 of
each 28-day cycle. Patients continued to receive study
treatment until either RECIST (version 1.1) progression,
more than 28 days elapsed since last dose of study drug, or
patient- or physician-initiated discontinuation.

Dose Modification for Toxicities

Toxicities were evaluated and graded with CTCAE (version
4.03) on a weekly basis for the first 3 weeks, every other
week for the following 12 weeks, and then every 4 weeks.
Dose reductions were permitted for clinically significant
grade 2 toxicities related to regorafenib at the discretion of

the investigator and were required for clinically significant
toxicities Grade 3 or worse. Two dose reductions, each by
increments of 40 mg per day (to 120 and then to 80 mg),
were permitted from the starting dose of regorafenib on the
same schedule.

Response Assessment

Tumor assessments were performed by the investigators
using RECIST (version 1.1). Baseline study scan was re-
quired within 28 days of cycle 1 day 1. Thereafter, tumor
assessments were performed every 8 weeks for the first
32 weeks and then every 12 weeks, with a6 7-day window
of the anticipated scan date.

Statistical Analyses

The study was powered to detect a difference of at least
3 months in median PFS, which was considered a clinically
meaningful improvement in outcome. As initially designed,
42 events were needed to detect a difference with 90%
power and 5% one-sided significance level, with an ex-
pectation of 48 patients randomly assigned.

Secondary end points included incidence of CTCAE (ver-
sion 4.03) adverse events (AEs), overall response rate per
RECIST (version 1.1), time to tumor progression (TTP), PFS
at 8 and 16 weeks, overall survival (OS), and PFS, OS,
overall response rate, and TTP after crossover.

After the release of the REGOBONE (Regorafenib in Pa-
tients With Metastatic Bone Sarcomas) trial results,16

a study of similar design that showed a significant bene-
fit of regorafenib in patients with osteosarcoma, an in-
dependent data safety and monitoring committee (DSMC)
was convened because of concern regarding continuing
enrollment in a placebo-controlled study. The DSMC rec-
ommended closing the study after enrollment of 42 of 48
planned participants and 31 of the required 42 PFS events.

All analyses were determined in the intention-to-treat pop-
ulation. Survival was estimated by the Kaplan-Meier method,
and treatment groups were compared with a one-sided
stratified log-rank test. A PFS prognostic factor analysis
used a univariable Cox model, and significant factors were
subsequently included in a multivariable Cox regression
model (cutoff P, .05). For a predictive analysis of PFS, Cox
models were generated with the investigated factor, treat-
ment, and their interaction, with a significance value of
P, .05.P valueswere not adjusted formultiple comparisons.
Patients were stratified by WHO performance status (0 to
1 v 2) and by number of prior lines of therapy (one v two or
more).

RESULTS

Patient Characteristics

A total of 42 patients from 12 centers in the United States
were enrolled between September 2014 and May 2018
(Fig 2). Baseline characteristics were balanced (Table 1),
although patients randomly assigned to placebo were older

Eligibility

Advanced osteosarcoma
Age  10 years
Measurable, progressive disease
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FIG 1. SARC024 study schema. Imaging occurred every 8 weeks for
the first 32 weeks and then every 12 weeks.
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and more commonly men. Median age was 37 years
(range, 18 to 76 years). Patients had received an average of
2.3 prior therapy regimens (range, one to 16 regimens).
Although history of radiotherapy was not part of required
data, review of submitted pathology reports identified os-
teosarcoma arising within prior irradiation fields in five
patients (breast cancer, n = 3; head and neck cancer,
n = 1; soft tissue sarcoma, n = 1).

Efficacy

At the time of analysis, a statistically significant and clini-
cally meaningful difference in PFS was observed between
regorafenib and placebo. Median PFS was 3.6 months
(95% CI, 2.0 to 7.6 months) for regorafenib and 1.7 months
(95% CI, 1.2 to 1.8 months) for placebo (hazard ratio, 0.42;
95%CI, 0.21 to 0.85; P = .017; Fig 3A). PFS at 8 weeks and
16 weeks was 79.0% and 44.4% for patients receiving
regorafenib, respectively, compared with 25.0% (Fisher’s
exact text P = .001) and 10.0% (Fisher’s exact test
P = .027) for the placebo group.

At the time of data cutoff, 20 (48%) of 42 patients were
alive. Median follow-up among living patients was 7.4
months. Median OS was 11.1 months (95% CI, 4.7 to 26.7
months) for patients initially randomly assigned to regor-
afenib and 13.4 months (95% CI, 8.5 to 38.1 months) for
patients initially randomly assigned to placebo (hazard
ratio, 1.26; 95% CI, 0.51 to 3.13; P = .62; Fig 3B). Ten
patients receiving placebo crossed over to active drug at
time of progression (Fig 3C). Three patients were receiving
blinded treatment at the time of study closure; all three were
immediately unblinded and were shown to have been re-
ceiving active drug.

Three patients (13.6%) randomly assigned to regorafenib
achieved PRs per RECIST (version 1.1). These patients had
received one, three, and five lines of prior therapy, re-
spectively. There were no objective responses in the
placebo group.

No prognostic or predictive factors for PFS were identified.
Tumor location, histology, age, prior lines of therapy, and TTP
during prior line of therapy were not significantly associated
with PFS. Although male sex was associated with worse PFS
as a single variable, the association was no longer significant
after taking into account the effect of treatment, because
there were more men randomly assigned to placebo.

Toxicity

Treatment-emergent AEs were comparable to those re-
ported in prior studies of regorafenib. Table 2 lists all
treatment-emergent AEs deemed at least possibly related to
study drug occurring in three or more patients or occurring
at grade 3 or worse in two or more patients. AEs were more
frequent in the regorafenib arm than in the placebo arm.
Patients receiving regorafenib experienced hand-foot skin
reactions (grade 1 to 2 in seven patients [32%] and grade 3
in one patient [5%] compared with no patients receiving
placebo) and GI disorders (grade 1 to 2 in 11 patients
[50%] compared with grade 1 to 3 in five patients [25%]
receiving placebo). Grade 3 hypertension occurred in three
patients (14%) assigned to regorafenib, with an additional
four patients (18%) experiencing grade 2 hypertension;
three patients (15%) receiving placebo experienced grade
1 to 2 hypertension. There was one grade 3 pneumothorax
and one grade 4 colonic perforation attributed to study
drug; both of these events occurred in patients who

Randomly assigned
(N = 42)

Included in intention-to-treat
analysis
(n = 22)

Included in intention-to-treat
analysis
(n = 20)

Assigned to regorafenib
No. of cycles completed
6
   4-5
   < 4

(n = 22)

(n = 7)
(n = 2)

(n = 13)

Assigned to placebo
No. of cycles completed
6
   4-5
   < 4

(n = 20)

(n = 4)
(n = 5)

(n = 11)

Discontinued treatment
   Progressive disease
   Withdrew consent
   Intercurrent illness
   Other

(n = 11)
(n = 3)
(n = 2)

(n = 5)*

Discontinued treatment
   Progressive disease
   Withdrew consent
   Other

(n = 17)
(n = 1)

(n = 2)†

Crossover                      (n = 10)

FIG 2. CONSORT diagram.
(*) Physician decision (n =
1), second cancer (n = 1),
noncompliance (n = 1),
and alternate therapy (n =
2). (†) Physician decision
(n = 1) and financial reason
(n = 1).
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achieved PRs. These two patients only completed two
cycles at the 160-mg dose because of AEs but continued to
receive treatment at either the 120- or 80-mg dose level.
There were no grade 5 events.

During initial blinded treatment, 20 patients required dose
interruption (13 assigned to regorafenib, seven assigned to
placebo). Dose was reduced for twelve patients assigned to
regorafenib and one assigned to placebo. Median dose at
end of blinded treatment was 120 mg (range, 80 to 160 mg)
for regorafenib and 160 mg (range, 40 to 160 mg) for pla-
cebo. Median number of cycles of regorafenib completed at
full dose (160 mg) was two (range, zero to 12 cycles).

DISCUSSION

The SARC024 study demonstrates benefit of regorafenib
in patients with relapsed metastatic osteosarcoma, with

a doubling of median PFS compared with placebo.
Regorafenib represents one of the few agents tested in
a randomized setting showing a PFS advantage over
placebo. Data from a similarly designed study of regor-
afenib in osteosarcoma (REGOBONE) are consistent with
the findings from our study.16 Patients in the REGOBONE
study were treated with regorafenib (n = 26) or placebo
(n = 12), with an imbalance in patient sex but otherwise
well-matched groups. The 8-week nonprogression rate
was 65% for regorafenib and 0% for placebo, with two
PRs with regorafenib, for a response rate of 8%. Median
PFS was 3.8 months with regorafenib versus 1 month for
placebo.

The release of the REGOBONE data prompted the decision
to conduct an unplanned interim analysis of the SARC024
osteosarcoma cohort. An independent DSMC recom-
mended stopping our study early based on this interim
analysis, conducted after enrolling 42 of 48 planned par-
ticipants. Although only 31 of the planned 42 PFS events
were recorded before stopping enrollment, the superiority
of regorafenib over placebo has held up with further follow-
up.

A number of chemotherapeutic agents or combinations
have been tested in relapsed or refractory metastatic os-
teosarcoma, with mixed evidence of benefit. Gemcitabine-
based therapy seems to have some activity in metastatic
osteosarcoma,5 whereas trabectedin resulted in no re-
sponses in a phase II trial.17 A summary of seven negative
phase II trials from the Children’s Oncology Group (COG)
helped establish a natural history of unresectable osteo-
sarcoma with event-free survival of 12% at 4 months.4 The
placebo arms of this trial and the REGOBONE study
demonstrate similar rapid progression: 10% 16-week PFS
in SARC024 and 0% 12-week PFS in REGOBONE.16 The
COG publication suggests that an agent resulting in
4-month PFS greater than 30% demonstrates sufficient
efficacy to warrant additional study; SARC024 establishes
a 44% 16-week PFS with regorafenib.

SARC024 began enrolling before the publication of the
COG summary experience. The population in our trial was
substantially older than patients included in COG trials and
included a high proportion of patients with chondroblastic
subtype and several patients with radiation-associated
osteosarcoma, both characteristics known to be associ-
ated with worse outcome; it is unknown if COG survival
estimates are applicable to this older population.18,19 Un-
fortunately, despite eligibility permitting enrollment down to
age 10 years, no patients younger than age 18 years en-
rolled. The reason for this is likely multifactorial, but a re-
luctance to participate in a placebo-controlled trial on the
part of both pediatric providers and parents seems to have
been a barrier to adolescent enrollment. With close follow-
up as required in this trial, the placebo-controlled ran-
domized design did not negatively affect OS.

TABLE 1. Baseline Patient Demographic and Clinical Characteristics

Characteristic
All Patients
(N = 42)

Regorafenib
(n = 22)

Placebo
(n = 20)

Age, years

Median 37 33 47

Range 18-76 18-70 19-76

Sex, No.

Male 20 6 14

Female 22 16 6

Previous lines of therapy

1 21 (50) 11 (50) 10 (50)

. 1 21 (50) 11 (50) 10 (50)

WHO performance status

0-1 41 (98) 22 (100) 19 (95)

2 1 (2) 0 (0) 1 (5)

Primary tumor location

Extremity 27 (64) 13 (59.1) 14 (70)

Head/neck 7 (17) 3 (13.6) 4 (20)

Pelvis/spine 4 (9.5) 3 (13.6) 1 (5)

Other 4 (9.5) 3 (14.6) 1 (5)

Histology

Conventional osteosarcoma 33 (78.5) 17(77.2) 16 (80)

Conventional chondroblastic 15 (36) 7 (31.8) 8 (40)

Conventional NOS 9 (21) 5 (22.7) 4 (20)

Conventional osteoblastic 5 (12) 3 (13.6) 2 (10)

Conventional osteoblastic and
chondroblastic

3 (7) 1 (4.6) 2 (10)

Conventional fibroblastic 1 (2) 1 (4.6) 0 (0)

Other osteosarcoma* 4 (9.5) 1 (4.6) 3 (15)

Osteosarcoma NOS 5 (12) 4 (18.2) 1 (5)

NOTE. Data are presented as No. (%) unless otherwise noted.
Abbreviation: NOS, not otherwise specified.
*Other osteosarcoma includes juxtacortical, parosteal, and telangiectatic.
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A growing body of evidence suggests multitarget tyrosine
kinase inhibitors have efficacy in osteosarcoma. A case
series of 15 patients treated with pazopanib reported one
PR (7%) andmedian PFS of 6months.9 A single-arm phase
II trial of sorafenib achieved 4-month PFS of 46%, median
PFS of 4 months, and 8% PR rate (three of 35 patients).7 A
similarly designed trial of apatinib achieved 4-month PFS of
57%, median PFS of 4.5 months, and an astounding 43%
PR rate (16 of 37 patients).10 An ongoing study of lenvatinib
in osteosarcoma reported initial results at ASCO 2018, with
4-month PFS of 33%, median PFS of 3.4 months, and 8%
PR rate (two of 26 patients).11 Most recently, an open-label
phase II trial of cabozantinib reported 6-month PFS of 33%,
median PFS of 6.2 months, and 12% PR rate (five of 42
patients).12

Combination strategies integrating kinase inhibitors such as
regorafenib are worthy of further study. Previous studies
incorporated mammalian target of rapamycin pathway
inhibition in an attempt to improve responses to early-
generation multikinase inhibitors. A two-stage single-arm

phase II trial of sorafenib and everolimus reported 6-month
PFS of 45%, median PFS of 5 months, and 5%PR rate (two
of 38 patients).20 Although this combination achieved
a commendable PFS rate, the low response rate and high
toxicity rate suggest alternative strategies should be
pursued.

Immune checkpoint inhibitors have shown little activity in
metastatic or recurrent osteosarcoma, with pem-
brolizumab showing only one responder of 22 patients
treated in the SARC028 trial and nivolumab plus ipili-
mumab showing one of nine patients with a radiologic
response in the Alliance cooperative group trial.21,22

Admittedly, to date, RECIST responses are rare, even
with agents considered active in advanced osteosarcoma,
and event-free survival or PFS is recommended as
a clinically relevant end point in osteosarcoma trials.4 Six
of 22 patients in SARC028 achieved stable disease,
resulting in 12-week PFS of 32%, suggesting activity
worth further evaluation of immune checkpoint inhibitors
in osteosarcoma.21
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FIG 3. Kaplan-Meier estimates for (A) progression free survival (PFS), (B) overall survival (OS), and (C) OS after crossover from placebo to regorafenib. HR,
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Recent reports have revealed significant synergy in multiple
cancer types when combining checkpoint inhibitors with
multikinase inhibitors, particularly inhibitors such as
regorafenib with significant affinity for vascular endothelial
growth factor receptors.23-25 A number of trials are begin-
ning to examine such combinations in bone and soft tissue
sarcomas. With the SARC024 results reported here and
those of SARC028 reported previously,21 we propose future
evaluation of the combination of regorafenib with

checkpoint inhibition. Although skin and GI toxicities may
be overlapping, the mechanisms for the toxicities differ
significantly between these drug classes. Reports thus far
have indicated that most treatment-related AEs are
manageable.23,25,26

No new safety concerns with regorafenib treatment were
identified during SARC024, and AEs were generally
manageable with dose reduction. During initial blinded
treatment, 13 (59%) of 22 patients assigned to regorafenib
required dose interruption, which is similar to reports in
other diseases (31% to 97%).27-30 Notably, median dose at
end of blinded treatment was 120 mg. Although it is
possible that initial dose-intensity of regorafenib contributes
to efficacy, pharmacokinetic and pharmacodynamic as-
sessments reported in the initial phase I study suggest
minimal differences between the 120- and 160-mg doses.8

Furthermore, the Regorafenib Dose Optimization Study in
metastatic colorectal cancer established that a dose-
escalation strategy starting at 80 mg is superior to one
starting at 160 mg.31 Given the efficacy of regorafenib seen
in SARC024 and REGOBONE despite the frequency of
dose reductions or interruptions, consideration should be
given to treatment at a starting dose of 80 or 120 mg in
future studies.

In conclusion, regorafenib is active in advanced osteo-
sarcoma, resulting in clinically meaningful improvement in
PFS with tolerable AEs. Future studies of combination
regimens that include regorafenib are a natural next step in
the development of novel therapeutics for patients with
osteosarcoma.
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