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ABSTRACT
◥

Purpose: This phase Ib study defined the safety, MTD, and
recommended phase II dose (RP2D) of regorafenib combined with
vincristine and irinotecan (VI). Secondary objectives were evalua-
tion of antitumor activity and pharmacokinetics (PK) of regorafenib
and irinotecan.

Patients andMethods: Patients aged 6months to <18 years with
relapsed/refractory solid malignancies [≥50% with rhabdomyosar-
coma (RMS)] received regorafenib (starting dose 72 mg/m2/day)
concomitantly or sequentially with vincristine 1.5 mg/m2 on days
1 and 8, and irinotecan 50 mg/m2 on days 1–5 (21-day cycle).
Adverse events (AE) and tumor response were assessed. PK
(regorafenib and irinotecan) were evaluated using a population
PK model.

Results:We enrolled 21 patients [median age, 10 years; 12, RMS;
5, Ewing sarcoma (EWS)]. The MTD/RP2D of regorafenib in
the sequential schedule was 82 mg/m2. The concomitant dosing

schedule was discontinued because of dose-limiting toxicities in 2
of 2 patients treated. Most common grade 3/4 (>30% of patients)
AEs were neutropenia, anemia, thrombocytopenia, and leuko-
penia. The overall response rate was 48% and disease control
rate [complete response (CR)/partial response/stable disease/
non-CR/non-progressive disease] was 86%. Median progres-
sion-free survival was 7.0 months [95% confidence interval
(CI), 2.9–14.8] and median overall survival was 8.7 months
(95% CI, 5.5–16.3). When combined with VI, regorafenib PK
was similar to single-agent PK in children and adults (treated
with regorafenib 160 mg/day).

Conclusions: Regorafenib can be combined sequentially with
standard dose VI in pediatric patients with relapsed/refractory
solid tumors with appropriate dose modifications. Clinical activity
was observed in patients with RMS and EWS (ClinicalTrials.gov
NCT02085148).

Introduction
Regorafenib is an oral, multi-targeted tyrosine kinase inhibitor

(TKI) that targets a broad range of angiogenic, stromal, and oncogenic
kinases. Regorafenib is approved for the treatment of adults with
metastatic colorectal cancer, advanced gastrointestinal stromal
tumors, and hepatocellular carcinoma (1, 2). Kinases inhibited by
regorafenib, includingVEGFR, platelet-derived growth factor receptor
(PDGFR), FGFRs, c-KIT, and RAF-1 (3, 4), are involved in the etiology
of multiple pediatric solid tumors (5–12). Antitumor activity of
regorafenib alone or in combination with standard treatments has
been demonstrated in preclinical models of Ewing sarcoma (EWS),
neuroblastoma, medulloblastoma, osteosarcoma, and rhabdomyosar-
coma (RMS; ref. 13). Regorafenib moderately inhibited RMS cell lines
in vitro and significantly delayed tumor growth in vivo, particularly
when combined with DNA-damaging agents or radiotherapy in
PDGFRA-amplified tumors (13).

RMS is the most common pediatric soft tissue sarcoma (14).
Long-term survival of patients with RMS has improved with the use
of multimodal therapy (15); however, patients who do not respond
to initial therapy and those who relapse have a poor prognosis (16).
New systemic regimens, including targeted therapies with a biologic
rationale, are urgently needed. In addition to potent inhibition of
VEGFR (3, 4), regorafenib’s inhibitory activity against several other
biologic targets relevant in RMS, including the key targets, FGFR and
PDGFR (17–21), offers an advantage over other TKIs. In addition,
its non-myelosuppressive safety profile makes it a potential candidate
for combination with chemotherapy (22, 23).

In the dose-escalation part of this phase I study, the MTD and
recommended phase II dose (RP2D) of regorafenib monotherapy in
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childrenwith recurrent or refractory solidmalignancieswas 82mg/m2,
with a safety profile and mean exposure similar to the recommended
dose in adults (24). Preliminary evidence of antitumor activity was
observed, including one patient with an unconfirmed partial response
(PR) and one with prolonged stable disease (SD) among three patients
with RMS. Based on these results, we undertook a phase Ib dose-
expansion study to evaluate regorafenib in combination with vincris-
tine and irinotecan (VI) in pediatric patients with recurrent/refractory
RMS and other solid tumors.

Patients and Methods
Study design and patients

This open-label, phase Ib, dose-expansion study explored the new
combinationby incorporating its owndose-escalation component, and
was conducted in patients aged 6 months to <18 years with relapsed/
refractory solid tumors for which treatment with VI was considered
appropriate. The study was approved by ethics committees and
medical authorities and/or institutional review boards and conducted
in accordance with the principles of the Declaration of Helsinki and
GoodClinical Practice. All patients and their parents or legal guardians
provided written informed consent and age-appropriate assent.

Eligible patients had evaluable or measurable disease, performance
status ≥70% (Karnofsky/Lansky), life expectancy ≥12 weeks, and
adequate hematologic, renal, and hepatic function. Patients who had
received prior vincristine and/or irinotecan were eligible even if they
had progressed on these agents. In accordance with the European
Medicines Agency–approved regorafenib Pediatric Investigation Plan,
≥50% of patients were required to have RMS.

Patients were excluded if they had previously received regorafenib,
chemotherapy within 4 weeks or five elimination half-lives, active
infection or uncontrolled hypertension, major surgery or radiotherapy
within 28 days, clinically significant bleeding within 30 days, or an
arterial or venous thrombotic event within 6 months.

Patients were randomly assigned to one of two cohorts, in which
regorafenib was administered concomitantly on days 1–14 (cohort 1a)
or sequentially on days 8–21 (cohort 1b) with VI (intravenous
irinotecan 50 mg/m2 on days 1–5 and vincristine 1.5 mg/m2 on days
1 and 8) in a 21-day cycle (Supplementary Fig. S1). Prophylactic oral
cefixime was recommended. Treatment was continued for up to 12
cycles (treatment beyond 12 cycles was possible after discussion with
the sponsor). Patientswere enrolled using a “rolling 6”design, inwhich

cohorts of up to six evaluable patients received oral regorafenib 72
or 82 mg/m2/day (60 or 65 mg/m2/day if aged 6 months to <2 years)
once daily. These doses were selected based on the results of the
dose-escalation (monotherapy) phase of the study, in which escalation
was stopped at 93 and 82 mg/m2, established as the MTD in patients
aged 3–17 years (24). The starting dose was 72 mg/m2 as regorafenib
was being administered in combination with chemotherapy, and
the safety of TKI combinations in children had not yet been estab-
lished. In addition, this dose provided similar exposure to 82 mg/m2,
with high interpatient variability. Regorafenib was available as 20-mg
tablets or 5- and 20-mg granules.

Study objectives
The primary objective of the dose-expansion part of the studywas to

define the safety profile, MTD, and RP2D of regorafenib in combi-
nation with VI. Secondary objectives were to evaluate antitumor
activity and the pharmacokinetics (PK) of regorafenib (in combination
with VI) and irinotecan.

Assessments
Adverse events (AE) were summarized using MedDRA v22.1

(severity graded by National Cancer Institute Common Terminology
Criteria for Adverse Events v4.0 criteria). Attributions of AE causality
were assessed by the investigator, with specific guidance for known
regorafenib-related AEs of hand–foot skin reaction (HFSR), hyper-
tension, and transaminase increases. Dose-limiting toxicities (DLT)
were defined as treatment-related hematologic toxicity with prespe-
cified severity and/or duration, or non-hematologic grade 3/4 toxicity
during cycle 1 (Supplementary Data S1: Definition of DLT; ref. 24).

Tumor assessments were carried out at screening and every 6 weeks
until tumor progression or discontinuation due to unacceptable
toxicity, withdrawal of consent, or death. After 12 cycles of study
treatment, tumor assessment could be carried out every 3 months
(�14 days) for one additional year, and thereafter as clinically indi-
cated until disease progression. Best response was evaluated using
Response Evaluation Criteria in Solid Tumors v1.1 (25) or Interna-
tional Neuroblastoma Response Criteria for patients with neuroblas-
toma (26, 27), per investigator’s assessment (confirmation of responses
was not required for this secondary endpoint). An overall response of
SD required a duration of 42 days.

PK
PK of regorafenib administered in combination with VI was

evaluated using a population PK model based on adult data (28). To
investigate whether regorafenib alters irinotecan clearance through a
drug–drug interaction, the PKprofile of irinotecanwas evaluated using
a population PK model for irinotecan and its metabolites in pediatric
patients (29). This was modified to include only compartments for
irinotecan andmetabolite SN-38 (29). A comprehensive description of
PK methods is provided in Supplementary Data S1.

Statistical analysis
In this exploratory study, it was anticipated that ≥15 patients would

be needed to define the MTD; approximately 8 patients with RMS
had to be evaluable for tumor response (≥1 regorafenib dose and either
≥1 post-baseline evaluation or prior progression) and ≥6 patients
with RMS were to receive the RP2D. The MTD analysis set included
all patients who completed cycle 1 or discontinued treatment due to
an AE or DLT. Median time from first treatment to progression or
death [progression-free survival (PFS) and overall survival (OS)] was
summarized using descriptive statistics only.

Translational Relevance

Preclinical and translational studies have shown that regor-
afenib exhibits potent inhibitory activity against several kinases
involved in the etiology of pediatric solid tumors and antitumor
activity as a single agent or in combination with standard
treatments in preclinical models of these tumors. Regorafenib
inhibits key targets relevant in rhabdomyosarcoma (RMS) treat-
ment and has shown preliminary antitumor activity in a phase I
monotherapy study. Regorafenib’s largely non-myelosuppressive
safety profile also makes it a potential candidate for combination
with chemotherapy. Our results show that the combination of
regorafenib with standard doses of vincristine and irinotecan
exhibits clinical activity in pediatric patients with RMS and Ewing
sarcoma. The sequential dosing schedule was tolerable with appro-
priate dosing modifications.
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Data availability
The availability of the data underlying this publication will be

determined according to Bayer’s commitment to the EFPIA/PhRMA
“Principles for responsible clinical trial data sharing”. This pertains to
scope, time point, and process of data access. As such, Bayer commits
to sharing upon request fromqualified scientific andmedical research-
ers’ patient-level clinical trial data, study-level clinical trial data, and
protocols from clinical trials in patients for medicines and indications
approved in the USA and EU as necessary for conducting legitimate
research. This applies to data on new medicines and indications that
have been approved by the EU and US regulatory agencies on or after
January 1, 2014. Interested researchers can use www.vivli.org to
request access to anonymized patient-level data and supporting docu-
ments from clinical studies to conduct further research that can help
advance medical science or improve patient care. Information on the
Bayer criteria for listing studies and other relevant information is
provided in the member section of the portal. Data access will be

granted to anonymized patient-level data, protocols, and clinical study
reports after approval by an independent scientific review panel. Bayer
is not involved in the decisions made by the independent review panel.
Bayer will take all necessary measures to ensure that patient privacy is
safeguarded.

Results
Patients

The dose-expansion phase of the study was conducted at 10 centers
in France, Italy, Spain, and the United Kingdom. Between January
2018 and February 2019, 21 patients were enrolled and treated. The
median age was 10 years (range, 1.5–17.0 years; one patient was aged
<2 years), 13 patients (62%) were male, and 12 had RMS and 5 had
EWS (Table 1). All patients had received prior chemotherapy, includ-
ing vincristine, 10 (48%) had received prior irinotecan, 16 (76%) had
received >1 line of therapy, and 18 (86%) had prior radiotherapy

Table 1. Baseline demographics and disease characteristics.

Regorafenib
72 mg/m2

with VI
(CON; n ¼ 2)

Regorafenib
72 mg/m2

with VI
(SEQ; n ¼ 6)

Regorafenib
82 mg/m2

with VI
(SEQ; n ¼ 13)

Total
(N ¼ 21)

Male sex, n (%) 2 (100) 4 (67) 7 (54) 13 (62)
Median age, years (range) 14 (10–17) 12 (5–15) 10 (1.5–16) 10 (1.5–17)

Aged <2 years, n (%) 0 0 1 (8) 1 (5)
Median BSA, m2 (range) 1.3 (0.9–1.7) 1.3 (0.7–1.5) 1.1 (0.5–1.9) 1.1 (0.5–1.9)
Performance statusa, n (%)

100% 1 (50) 3 (50) 7 (54) 11 (52)
90% 0 3 (50) 4 (31) 7 (33)
70%–80% 1 (50) 0 2 (15) 3 (14)

Cancer type, n (%)
RMS 1 (50) 1 (17) 10 (77) 12 (57)

Alveolar RMS 0 0 8 (62) 8 (38)
Embryonal RMS 1 (50) 0 2 (15) 3 (14)
NOS 0 1 (17) 0 1 (5)

Ewing sarcoma 1 (50) 4 (67) 0 5 (24)
Neuroblastoma 0 1 (17) 2 (15) 3 (14)
Wilms tumor 0 0 1 (8) 1 (5)

Disease status, n (%)
Relapsing 1 (50) 2 (33) 10 (77) 13 (62)
Refractory 1 (50) 3 (50) 2 (15) 6 (29)
Relapsing and refractory 0 1 (17) 1 (8) 2 (10)

Tumor extent at study entry, n (%)
Localized disease 1 (50) 3 (50) 3 (23) 7 (33)
Locally advanced 0 1 (17) 2 (15) 3 (14)
Metastatic disease 2 (100) 5 (83) 9 (69) 16 (76)

Median time in weeks since initial diagnosis (range) 222 (n ¼ 1) 80 (42–214; n ¼ 6) 81 (22–349; n ¼ 12) 86 (22–349; n ¼ 19)
Median time in weeks since most recent progression (range) 11 (n ¼ 1) 6 (2–10; n ¼ 6) 2 (0–13; n ¼ 12) 3 (0–13; n ¼ 20)
Median number of lines of prior therapy 3.5 2.0 2.0 2.0
Prior anticancer therapies, n (%)

Any systemic therapy 2 (100) 6 (100) 13 (100) 21 (100)
Vincristine 2 (100) 6 (100) 13 (100) 21 (100)
Irinotecan 2 (100) 2 (33) 6 (46) 10 (48)
>1 line of systemic treatment 2 (100) 5 (83) 8 (62) 15 (71)
High-dose chemotherapy/ASCR 0 2 (33) 0 2 (10)
Any radiotherapy 2 (100) 5 (83) 11 (85) 18 (86)
Any surgical therapeutic procedure 2 (100) 4 (67) 8 (62) 14 (67)

Note: Percentages may not total 100% due to rounding.
Abbreviations: ASCR, autologous stem cell rescue; BSA, body surface area; CON, concomitant; NOS, not otherwise specified; RMS, rhabdomyosarcoma; SEQ,
sequential; VI, vincristine and irinotecan.
aKarnofsky if aged >12 years; Lansky if aged ≤12 years.
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Table 2. Treatment-emergent AEs with an incidence ≥20% (safety analysis set).

Regorafenib
72 mg/m2 with
VI (CON; n ¼ 2)

Regorafenib
72 mg/m2 with
VI (SEQ; n ¼ 6)

Regorafenib
82 mg/m2 with
VI (SEQ; n ¼ 13)

Total
(N ¼ 21)

Event, n (%) All grades Grade ≥3 All grades Grade ≥3 All grades Grade ≥3 All grades Grade ≥3

Diarrhea 2 (100) 0 5 (83) 1 (17) 12 (92) 3 (23) 19 (90) 4 (19)
Anemia 2 (100) 0 4 (67) 1 (17) 9 (69) 6 (46) 15 (71) 7 (33)
Neutropeniaa 2 (100) 2 (100) 6 (100) 6 (100) 7 (54) 7 (54) 15 (71) 15 (71)
Abdominal pain 2 (100) 2 (100) 4 (67) 1 (17) 8 (62) 1 (8) 14 (67) 4 (19)
Pyrexia 1 (50) 0 4 (67) 0 8 (62) 1 (8) 13 (62) 1 (5)
Vomiting 2 (100) 2 (100) 3 (50) 0 8 (62) 2 (15) 13 (62) 4 (19)
Decreased appetite 2 (100) 1 (50) 5 (83) 0 5 (38) 1 (8) 12 (57) 2 (10)
Thrombocytopeniab 1 (50) 1 (50) 4 (67) 2 (33) 7 (54) 4 (31) 12 (57) 7 (33)
Nausea 1 (50) 1 (50) 3 (50) 1 (17) 6 (46) 0 10 (48) 2 (10)
ALT increased 2 (100) 2 (100) 3 (50) 2 (33) 4 (31) 1 (8) 9 (43) 5 (24)
AST increased 2 (100) 2 (100) 3 (50) 2 (33) 4 (31) 0 9 (43) 4 (19)
Dry skin 0 0 2 (33) 0 6 (46) 0 8 (38) 0
Hypokalemia 2 (100) 1 (50) 1 (17) 0 5 (38) 3 (23) 8 (38) 4 (19)
Leukopeniac 1 (50) 1 (50) 3 (50) 3 (50) 4 (31) 3 (23) 8 (38) 7 (33)
Rash 2 (100) 0 3 (50) 0 3 (23) 0 8 (38) 0
Weight decreased 1 (50) 1 (50) 2 (33) 0 5 (38) 0 8 (38) 1 (5)
GGT increased 2 (100) 1 (50) 2 (33) 1 (17) 3 (23) 0 7 (33) 2 (10)
Hypophosphatemia 2 (100) 1 (50) 2 (33) 1 (17) 3 (23) 1 (8) 7 (33) 3 (14)
Alopecia 0 0 2 (33) 0 4 (31) 0 6 (29) 0
Fatigue 2 (100) 0 2 (33) 0 2 (15) 0 6 (29) 0
Headache 1 (50) 0 2 (33) 0 2 (15) 0 5 (24) 0
Cough 1 (50) 0 2 (33) 0 2 (15) 0 5 (24) 0
Pain 0 0 1 (17) 0 4 (31) 1 (8) 5 (24) 1 (5)
Proteinuria 1 (50) 0 2 (33) 0 2 (15) 0 5 (24) 0
Constipation 1 (50) 0 1 (17) 0 2 (15) 0 4 (19) 0
TSH increased 0 0 2 (33) 0 2 (15) 0 4 (19) 0
Hypocalcemia 1 (50) 0 0 0 3 (23) 1 (8) 4 (19) 1 (5)
Epistaxis 0 0 1 (17) 0 3 (23) 0 4 (19) 0
Hypertension 0 0 2 (33) 0 2 (15) 0 4 (19) 0
Hyponatremia 1 (50) 0 1 (17) 1 (17) 2 (15) 0 4 (19) 1 (5)
Lethargy 0 0 2 (33) 0 2 (15) 0 4 (19) 0
Myalgia 0 0 2 (33) 0 2 (15) 0 4 (19) 0
Rash maculopapular 1 (50) 0 1 (17) 1 (17) 2 (15) 0 4 (19) 1 (5)
Abdominal distension 0 0 1 (17) 0 2 (15) 0 3 (14) 0
Asthenia 0 0 1 (17) 0 2 (15) 1 (8) 3 (14) 1 (5)
Blood bilirubin increased 1 (50) 0 1 (17) 0 1 (8) 0 3 (14) 0
Blood creatinine increased 0 0 0 0 3 (23) 1 (8) 3 (14) 1 (5)
Dyspepsia 1 (50) 0 1 (17) 0 1 (8) 0 3 (14) 0
Febrile neutropenia 1 (50) 1 (50) 1 (17) 1 (17) 1 (8) 1 (8) 3 (14) 3 (14)
Leukocyturia 0 0 2 (33) 0 1 (8) 0 3 (14) 0
Lymphopeniad 1 (50) 0 1 (17) 0 1 (8) 1 (8) 3 (14) 1 (5)
Pain in extremity 0 0 2 (33) 0 1 (8) 0 3 (14) 0
Pain in jaw 1 (50) 0 1 (17) 0 1 (8) 0 3 (14) 0
HFSR 0 0 3 (50) 1 (17) 0 0 3 (14) 1 (5)
Pruritus 1 (50) 0 1 (17) 0 1 (8) 0 3 (14) 0
Stomatitis 0 0 2 (33) 0 1 (8) 0 3 (14) 0
Tachycardia 0 0 0 0 3 (23) 0 3 (14) 0
Toothache 0 0 2 (33) 0 1 (8) 0 3 (14) 0
URT infection 1 (50) 0 1 (17) 0 1 (8) 0 3 (14) 0
Acute kidney injury 0 0 0 0 2 (15) 1 (8) 2 (10) 1 (5)
Bone pain 0 0 1 (17) 0 1 (8) 0 2 (10) 0
Clostridium difficile infection 0 0 2 (33) 1 (17) 0 0 2 (10) 1 (5)
Dermatitis diaper 0 0 0 0 2 (15) 0 2 (10) 0
Dizziness 0 0 2 (33) 0 0 0 2 (10) 0
Dysgeusia 1 (50) 0 0 0 1 (8) 0 2 (10) 0
Ear pain 1 (50) 0 0 0 1 (8) 0 2 (10) 0
Erythema 0 0 0 0 2 (15) 0 2 (10) 0
Glycosuria 1 (50) 0 0 0 1 (8) 0 2 (10) 0

(Continued on the following page)
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(Table 1). As of the cutoff date for this analysis (February 1, 2021), 18
patients had discontinued treatment, 1 had completed the originally
prescribed 12 cycles of treatment, and treatment was ongoing in 2
patients (both RMS). Of the 19 patients who terminated treatment,
5 were still alive at the data cutoff date.

Treatment
Among the 21 treated patients, two received concomitant reg-

orafenib 72 mg/m2, and 19 received sequential regorafenib at
72 mg/m2 (n ¼ 6) or 82 mg/m2 (n ¼ 13). The median number
of cycles administered was 4 (range, 1–37þ); median duration of
treatment, including time off drug or interruptions, was 98 days
(range, 12–837þ days). Actual median daily dose was 86% (range,
70%–107%) of the median planned dose for regorafenib, 95%
(range, 70%–107%) for irinotecan, and 89% (range, 41%–109%)
for vincristine. Dose reductions were required in 7 (33%), 14 (67%),
and 1 (5%) patient for regorafenib, irinotecan, and vincristine,
respectively.

AEs
All patients experienced ≥1 treatment-emergent AE and ≥1

treatment-related AE (Supplementary Table S1). The most com-
mon (>60% of patients) AEs were diarrhea, neutropenia, anemia,
abdominal pain, vomiting, and pyrexia (Table 2). The most common
(>20% of patients) grade 3/4 AEs were neutropenia, anemia, leuko-
penia, thrombocytopenia, and increased alanine aminotransferase
(ALT; Table 2). Treatment-related AEs led to dose modification of
≥1 of the three study drugs in 18 (86%) patients, and permanent
discontinuation of ≥1 study drug was required for 3 (14%) patients
(Supplementary Table S1). Eight (38%) patients experienced
serious AEs. No treatment-related grade 5 AEs occurred (Sup-
plementary Table S1). Neutropenia (52%), anemia (43%), and

increased aspartate aminotransferase (AST; 43%) were the most
common AEs considered potentially related to regorafenib (Supple-
mentary Table S2). Grade 2 hypothyroidism was reported in 2
(10%) patients who received sequential regorafenib at 82 mg/m2,
and grade 1 increased thyroid stimulating hormone was reported
in 4 patients. Regorafenib-related HFSR (MedDRA term—palmar–
plantar erythrodysesthesia) was reported in 3 patients (grade 1/2 in
two; grade 3 in one). AEs considered potentially related to VI are
reported in Supplementary Table S3.

DLTs
Four patients experienced DLTs during cycle 1 (Supplementary

Table S4). Both patients in cohort 1a experienced grade 3 DLTs at
regorafenib 72 mg/m2. One patient experienced peripheral sensory
neuropathy, ALT/AST increases, hepatic pain, and drug-induced liver
injury (all grade 3), and one patient experienced vomiting, abdominal
pain, and febrile bone marrow aplasia (all grade 3); consequently,
the concomitant schedule was discontinued. Two patients in cohort
1b experienced DLTs (Supplementary Table S4); one had grade 3
maculopapular rash and increased AST (at 72 mg/m2) and the other
experienced grade 3 thrombocytopenia (at 82 mg/m2). The regor-
afenib 82 mg/m2 group was expanded and 6 additional patients
experienced no DLTs. The MTD and RP2D of regorafenib in the
sequential combination regimen were determined to be 82 mg/m2

once daily.

Antitumor activity
All 21 patients were evaluable for tumor response; 2 had complete

responses (CR), 8 had PRs, 7 had SD, and 1 (with non-measurable
disease) had non-CR/non-progressive disease (PD), that is, persistence
of ≥1 non-target lesion. The overall response rate (ORR; CRþPR) was
48% (10/21) and disease control rate (DCR; CRþPRþ SDþnon-CR/

Table 2. Treatment-emergent AEs with an incidence ≥20% (safety analysis set). (Cont'd )

Regorafenib
72 mg/m2 with
VI (CON; n ¼ 2)

Regorafenib
72 mg/m2 with
VI (SEQ; n ¼ 6)

Regorafenib
82 mg/m2 with
VI (SEQ; n ¼ 13)

Total
(N ¼ 21)

Event, n (%) All grades Grade ≥3 All grades Grade ≥3 All grades Grade ≥3 All grades Grade ≥3

Hyperglycemia 1 (50) 0 1 (17) 0 0 0 2 (10) 0
Hypoalbuminemia 0 0 1 (17) 0 1 (8) 0 2 (10) 0
Hypomagnesemia 0 0 0 0 2 (15) 0 2 (10) 0
Hypotension 0 0 0 0 2 (15) 2 (15) 2 (10) 2 (10)
Hypothyroidism 0 0 0 0 2 (15) 0 2 (10) 0
Insomnia 1 (50) 0 1 (17) 0 0 0 2 (10) 0
Leukocytosis 1 (50) 0 0 0 1 (8) 0 2 (10) 0
Lipase increased 0 0 1 (17) 1 (17) 1 (8) 1 (8) 2 (10) 2 (10)
Muscle spasms 0 0 0 0 2 (15) 0 2 (10) 0
Nasopharyngitis 0 0 1 (17) 0 1 (8) 0 2 (10) 0
Neck pain 0 0 2 (33) 1 (17) 0 0 2 (10) 1 (5)
Oral pain 0 0 1 (17) 0 1 (8) 0 2 (10) 0
Pain of skin 0 0 1 (17) 1 (17) 1 (8) 0 2 (10) 1 (5)
Peripheral sensory neuropathy 1 (50) 1 (50) 1 (17) 0 0 0 2 (10) 1 (5)
Prothrombin time ratio increased 0 0 2 (33) 0 0 0 2 (10) 0
Rhinorrhea 0 0 0 0 2 (15) 0 2 (10) 0
Skin hyperpigmentation 0 0 2 (33) 0 0 0 2 (10) 0
Vascular access complication 1 (50) 0 1 (17) 0 0 0 2 (10) 0

Abbreviations: AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; HFSR, hand–foot skin
reaction; TSH, thyroid stimulating hormone; URT, upper respiratory tract; VI, vincristine and irinotecan; WBC, white blood cell.
aIncluding neutrophil count decreased.
bIncluding platelet count decreased.
cIncluding WBC count decreased.
dIncluding lymphocyte count decreased.
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non-PD) was 86% (18/21; Table 3). A total of 7 of 12 patients
with RMS achieved a CR (n ¼ 2) or PR (n ¼ 5; Figs. 1 and 2);
responses were seen in 5 of 8 patients with alveolar histology and 2 of 3
with embryonal histology (one patient had RMS not otherwise spec-
ified), in 3 of 4 patients with refractory disease and 4 of 7 with relapsing
disease (status unknown in one patient), and in 3 of 6 patients who
received prior irinotecan and 4 of 6 who did not. A total of 2 of 5
patients with EWS achieved a PR (Figs. 1 and 2). In 10 patients with
RMS treated with regorafenib 82 mg/m2 and VI sequentially, the ORR
was 60% [95% confidence interval (CI), 26.2–87.8] and DCR was 90%
(95%CI, 55.5–99.7;Table 3). Twopatients achieved PRs after 14 cycles
of treatment (Fig. 1). In addition to the 2 CRs reported, an additional
patient with metastatic RMS refractory to frontline therapy achieved
and sustained aCR after the data cutoff date. Among the 10 responding
patients, median duration of response (DOR; time from initial con-
firmed response to progression or death) was 13.5months [95%CI, 1.3
to not estimable (NE)] and median time to response was 6.3 weeks
(95% CI, 5.3–15.4). In patients (n ¼ 6) treated with sequential
regorafenib 82 mg/m2 plus VI, median DOR was 13.5 months
(95% CI, 9.3–NE). Median PFS was 7.0 months (95% CI, 2.9–14.8)
and median OS was 8.7 months (95% CI, 5.5–16.3).

Despite the discontinuation of the concomitant regorafenib
schedule, the 2 patients in cohort 1a eventually achieved PRs on
regorafenib: one patient (with EWS) after prolonged SD with dose
reduction, and the second (with RMS) after study treatment
discontinuation (due to investigator decision), who continued
off-study treatment with vincristine, irinotecan, and regorafenib
(off-study data not shown).

Case vignettes of 2 patients who achieved CR are provided in
Supplementary Data S2 and Supplementary Fig. S2.

PK
PK data were available for 20 patients (Fig. 3). Median exposure to

regorafenib 82 mg/m2 plus VI in cohort 1b (sequential; n ¼ 12), as
indicated by the area under the concentration–time curve (AUC), was
similar to that achieved in adults treated with regorafenib 160 mg/day
in phase III studies (Fig. 3), and to that achieved in pediatric patients
treated with single-agent regorafenib 82 mg/m2. The effective half-life
in the expansion phase ranged from 17.7 to 69.2 hours (median, 38.9
hours; Fig. 3), suggesting that steady-state exposure would be achieved
after 3.0–11.5 days (median, 6.5 days). The results indicated that all
patients achieved steady-state exposure in cycle 1 following nominal
dosing. Body surface area-normalized clearance of regorafenib was
consistent in pediatric patients receiving sequential regorafenib 72 or
82 mg/m2 plus VI (Fig. 3). The distribution of individual clearance
values for irinotecan and its active metabolite do not suggest that the
PK of irinotecan was altered by concomitant or sequential adminis-
tration of regorafenib, and the estimated clearances in this study are
similar to literature values (ref. 29; Supplementary Figs. S3 and S4;
see Supplementary Fig. S4 for methodology of comparing median
clearances with published data).

Discussion
Regorafenib monotherapy prolonged PFS in adult patients with

advanced non-adipocytic soft tissue sarcomas (30), and showed
preliminary antitumor activity in the dose-escalation part of this phase
I study (24). These results, along with preclinical antitumor activity
when combined with irinotecan (13), prompted us to further explore
regorafenib in combination with VI in the present study. The main
goal was to define the RP2D to take the combination forward to phaseTa
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II studies in patients in relapse in the FaR-RMS study [NCT04625907
(ref. 31); EudraCT number 2018–000515–24], a European pediatric
Soft Tissue Sarcoma Study Group (EpSSG; ref. 32) trial for patients
with newly diagnosed and relapsed RMS.

Regorafenib was tolerable at 72 and 82 mg/m2 with appropriate
dosing modifications where required, and when given sequentially
with VI in pediatric patients. Enrollment in the concomitant
group was stopped early after the first 2 patients experienced DLTs
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Figure 1.

Time on treatment and overall response. Five partial responses and one complete response were confirmed in the study treatment period; duration of 42 days was
required for overall response of stable disease. aPatient received radiotherapy in the follow-up period after treatment discontinuation (days 136 to 175). bPatient
received radiotherapy on study days 526 to 537. cPatient received radiotherapy after recording of first partial response. dPatient received radiotherapy in
the follow-up period after treatment discontinuation. ePatient continued treatmentwith regorafenib plus VI off study. REG, regorafenib; VI, vincristine and irinotecan.

Subject (best overall response)

M
in

im
um

 g
ro

w
th

 o
f t

um
or

 s
iz

e 
(%

)

40

20

0

–20

–40

–60

–80

–100

Regorafenib (72 mg/m2) Conc +VI
Regorafenib (72 mg/m2) Seq +VI
Regorafenib (82 mg/m2) Seq +VI

RRRRRRRNBRWEEENBERE R

Figure 2.

Best overall response depicted by the percentage of change in target lesion size relative to baseline andby dose level in 18 patientswithmeasurable disease. Of the 21
patients treated, one patient was not evaluated for radiologic response due to early clinical progression, one patient had non-measurable but evaluable disease, and
one patient had a different imaging modality post-baseline for determining progression. Conc, concomitant; E, Ewing sarcoma; N, neuroblastoma; R, rhabdo-
myosarcoma; Seq, sequential; VI, vincristine and irinotecan; W, Wilms tumor.

Regorafenib, Vincristine, and Irinotecan in Pediatric Cancer

AACRJournals.org Clin Cancer Res; 29(21) November 1, 2023 4347



at 72 mg/m2, although both patients eventually achieved PRs. In
contrast, only 1 of 6 patients experienced a DLT in the sequential
schedule. The 4 DLTs encountered during the present study were all
different. One incident of thrombocytopenia and one of rash were
also reported as DLTs in the single-agent dose-escalation phase of
the study (24). A lack of a consistent pattern of DLTs across the two
phases suggests that the overall pattern of AEs may provide a more
reliable indicator of the safety profile. Nonetheless, elevated amino-
transferase levels occurred in 2 patients with DLTs, and approximately
20%–25% of patients had grade 3 transaminitis. Similarly, grade 3
thrombocytopenia was observed in 14% of patients, and was a DLT
in one. This information will be useful in managing AEs in patients
on treatment with regorafenib in combination with VI, and suggests
the importance of monitoring liver function and for potential hema-
tologic toxicity that could help decision-making when considering
dose modifications of regorafenib or VI, respectively. Decisions about
which drug to dose modify were made based on expected toxicities
that were in turn based on known safety profiles of individual drugs.
For example, dose modification of irinotecan occurred first for
myelosuppression, whereas dose modification of regorafenib occurred
first for skin toxicities, hypertension, and elevated transaminases.

Peripheral neuropathy led to vincristine dose modifications, and
gastrointestinal toxicities led to modifications of both regorafenib and
irinotecan. Other non-hematologic toxicities generally led to dose
modification of regorafenib first, unless the investigator could clearly
relate it to another drug.

The safety profile of regorafenib-based regimens in pediatric pati-
ents (data were insufficient to evaluate the safety profile in infants,
with only one patient aged <2 years) was consistent with that in adults,
but with some differences in incidence and severity possibly attribut-
able to the extent of previous treatment and fewer comorbidities.
The most common AEs in adults were HFSR, fatigue, diarrhea, and
hypertension (30, 33–40). A similar overall safety profile was seen in
the dose-escalation part in pediatric patients treated at 82 mg/m2 but
with lower frequencies of some of the most common regorafenib-
related AEs following treatment with regorafenib plus VI, including
increased bilirubin (14% vs. 57%), increased AST (43% vs. 50%), and
HFSR (14% vs. 29%; ref. 24), and no new unexpected toxicities were
reported. Hypothyroidism, a known regorafenib-related AE, occurred
with a lower incidence in the phase I monotherapy study compared
with its reported incidence in adults (24); in this study, a similarly low
rate was seen, occurring in just 2 patients.
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Figure 3.

BSA-normalized exposure AUC (left) and clearance of regorafenib (right) and pharmacokinetics parameters of regorafenib administered with VI (bottom
right table). The closed green circles denote concomitant dosing—lower BSA-normalized clearance in one of the two patients in the concomitant dosing
cohort is not likely to be due to a drug–drug interaction, as irinotecan, SN-38, and vincristine do not inhibit CYP3A4. Boxplots show the median (solid
line at center of box) and its approximate 95% confidence interval (gray area), the interquartile range (box), 1.5� interquartile range (whiskers), and
outliers (closed circles). �An additional two patients received concomitant regorafenib 72 mg/m2 (AUC(0–24)md range, 62.8–114.0 mg*h/L and t1/2eff,md range,
50.3–64.3 hours). Box plots for different doses of regorafenib monotherapy (blue boxes) are shown for comparison. AUC(0–24)md, area under the plasma
concentration–time curve over a dosing interval of 24 hours after multiple dosing; BSA, body surface area; CV, coefficient of variation; t1/2eff,md, effective
half-life after multiple dosing; VI, vincristine and irinotecan.
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All patients in the regorafenib with VI combination group expe-
rienced ≥1 AE considered to be related to treatment. Most AEs were
toxicities known to be related to regorafenib or VI, most of which
were non-serious. Administration of regorafenib in combination with
VI results in a higher incidence of neutropenia; however, whether this
is caused by regorafenib, irinotecan, or a combined effect remains
unclear. Despite this observed increase, most toxicities observed in the
study were manageable with dose modifications. Although 86% of
patients required a dose reduction, toxicity was highly variable across
patients and variably related to each component of the combination.
This required an individualized approach to dose modifications.
Furthermore, high median percentages of planned doses given
(86%–95% for the three components) suggest that patients were
achieving substantial drug exposure over their full-treatment course.

The PK profile of regorafenib in children was similar to that
observed in adults, including high inter-subject variability. Exposure
to regorafenib was consistent after single-agent regorafenib in the
dose-escalation part of the study and after regorafenib with VI. The
geometric mean AUC after treatment with regorafenib 82 mg/m2 in
the dose-escalation phase was similar to that observed with sequential
regorafenib and VI in the dose-expansion phase, and with that
estimated after 160 mg/day dosing in a 70 kg patient according to a
population PK model based on data from 906 patients (28). Although
limited, these data suggest that there is no clinically significant PK
drug–drug interaction when regorafenib is administered with VI in
either schedule.Mechanistically, a drug–drug interaction would not be
expected because neither vincristine nor irinotecan are potent inhi-
bitors of CYP3A4 (41).

Clinical activity was observed in patients with EWS and RMS.
Two patients with RMS had CRs; both patients had presented with
relapsing disease at study entry, and one had received prior VI.
Responses were seen in patients with alveolar and embryonal RMS,
including patients who were refractory to prior treatment. Notably,
two patients achieved late PRs after 14 cycles of treatment. Despite
some limitations (not powered as a phase II trial and responsewas not a
primary endpoint), the ORR across all dose levels and regimens was
48% in the present study, indicating consistent activity in pediatric
patients, reaching 60% in patients with RMS treated with regorafenib
82 mg/m2 and VI sequentially. Durable responses were seen in some
patients; median DOR was 13.5 months.

The VI combination has provided response rates of 26%–37% in
patients with relapsed RMS (42, 43), and response rates of 25%–68%
when combined with temozolomide (VIT) in patients with RMS
or EWS (44–50). Although a randomized comparison of VI versus
regorafenib plus VI would be the ideal way to demonstrate the
contribution of regorafenib, such a study would not be considered
ethical in RMS now that VIT has been recently defined as the standard
of care at relapse for RMS in Europe (43). Therefore, the EpSSG
decided that VI combined with regorafenib would be compared with
VIT in the FaR-RMS trial (31) in patients with RMS at relapse.

In conclusion, the regorafenib RP2D was 82 mg/m2/day to be
administered sequentially, which provides exposure similar to the
recommended dose in adults (160 mg/day). The results demonstrate

that regorafenib can be combined with standard dose VI in pediatric
patients with relapsed/refractory RMS, EWS, and other solid tumors,
with manageable safety, and the combination exhibits antitumor
activity in this patient population.
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