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Abstract
Purpose  Antiangiogenic treatment approaches have failed to improve outcome in randomized trials of high-grade astrocy-
toma. One key mechanism of resistance to antiangiogenic treatment may concern the upregulation of alternative pro-angi-
ogenic pathways. Regorafenib is a potent multikinase inhibitor that may alter some of those pathways. In this retrospective 
study, we investigated efficacy and radiographic tumor growth patterns of regorafenib in recurrent high-grade astrocytoma.
Methods  We screened for patients with high-grade astrocytoma in whom regorafenib was administered for at least 4 weeks. 
We assessed treatment efficacy in terms of progression-free survival (PFS), overall survival, and adverse events defined 
by Common Toxicity Criteria (CTC). In addition, radiographic tumor growth patterns were determined at baseline and 
recurrence.
Results  A total of 6 patients met eligibility criteria. The number of recurrences prior to regorafenib varied between 2 and 6. 
Patients were on regorafenib treatment for at least 4 weeks and maximally 14 weeks. Median PFS was 3.5 months and ranged 
from 2.0 to 4.0 months. Radiographic response was progressive disease in all patients with an objective response rate of 0%. 
CTC°3 adverse events were observed in all but one patient. The most common radiographic growth pattern was local with 
no change in growth pattern at recurrence. An infiltrative tumor growth was not induced in any patient.
Conclusions  This retrospective study indicates a very poor performance of regorafenib in recurrent high-grade astrocytoma 
with a fairly high number of CTC°3 adverse events. In addition, regorafenib does not seem to bear a potential for infiltrative 
tumor growth promotion.
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Introduction

Despite state-of-the-art treatment of high-grade astrocy-
toma consisting of maximum safe resection, radiotherapy, 
and alkylating chemotherapy, median progression-free sur-
vival (PFS) is in the order of 6.2–42.8 months (Chinot et al. 
2014; van den Bent et al. 2017) with lower PFS pertaining 
to the most malignant astrocytoma, i.e., glioblastoma. When 
tumor has recurred, the standard treatment regime is less 
clearly defined (Weller et al. 2017) with median PFS being 
even lower and ranging from 1.5 to 6.3 months (Wick et al. 
2017; van den Bent et al. 2018). High-grade astrocytoma are 
known for their marked vascularization with high expression 
of VEGF, a growth factor known to promote endothelial 
proliferation (Das and Marsden 2013). Among treatment 
options investigated in controlled phase 2 and 3 trials in 
first-line and second-line settings, bevacizumab, an anti-
body to VEGF-A ligand, has been shown to increase PFS as 
compared to standard treatment (Gilbert et al. 2014; Wick 
et al. 2017). However, the PFS benefit did not translate into 
an increase of overall survival (OS). In addition, there are 
conflicting reports as to whether antiangiogenic treatment 
in glioblastoma might elicit diffuse and infiltrative tumor 
growth (Schaub et al. 2018).

Acquired resistance by upregulation of alternative pro-
angiogenic signaling pathways is one of the discussed 
explanations for the lack of OS benefit following treat-
ment with antiangiogenic agents (Hundsberger et al. 2017). 
Regorafenib is a multikinase inhibitor known to direct a 
multitude of signaling pathways, among which several are 
associated with angiogenesis (Uschner et al. 2018). Among 
treatments considered at tumor progression, alkylating nitro-
surea compounds, such as carmustine (BCNU) or lomus-
tine (CCNU), are widely established as standard treatment. 
CCNU tends to yield better results in patients with methyl-
ated MGMT promoter with a median overall survival rate of 
10.4 months in those methylated and 7.2 in those unmeth-
ylated (Wick et al. 2017). In a recently published phase II 
trial of patients with first glioblastoma recurrence, in fact, 
one of very few positive trials in glioblastoma recurrence, 
regorafenib was superior to lomustine with overall survival 
of 7.4 months in regorafenib-treated patients as compared 
to 5.6 months in lomustine-treated patients (Lombardi et al. 
2019). Notably, the effect size with regorafenib was inde-
pendent of MGMT promotor status.

In our single-center study, we retrospectively evaluated 
our experience with regorafenib in patients with high-grade 
astrocytoma recurrence. Results for efficacy, toxicity, and 
radiographic tumor growth patterns are reported.

Methods

Study design

In this study, we retrospectively investigated patients’ 
medical records from our neuro-oncology center recorded 
between January and December 2018 for the following 
criteria:

1.	 Patients diagnosed with recurrent high-grade astrocy-
toma in accordance with 2016 WHO guidelines (Louis 
et al. 2016).

2.	 Patients underwent treatment with regorafenib for at 
least 4 weeks.

3.	 Baseline prior to and follow-up MRI upon regorafenib 
treatment is available to assess treatment response.

Treatment response was established in each patient by 
virtue of Response Assessment in Neuro-oncology Cri-
teria (Wen et al. 2010). MRI scans to evaluate treatment 
responses were obtained at the investigator’s discretion 
every 2–4 months. Regorafenib was given according to the 
summary of product characteristics at a dose of 160 mg 
in a 21 days on/7 days off schedule. Adverse events were 
assessed according to Common Terminology Criteria 
for Adverse Events (CTCAE) version 4.3. Approval for 
publication of this report was obtained from the patients 
involved and the institutional review board.

Definition of tumor growth patterns

At baseline, before onset of regorafenib treatment, and 
at the time of recurrence, MRI-based tumor growth pat-
terns were determined as previously published (Schaub 
et al. 2018) based on T1-weighted MRI scans before and 
after injection of a gadolinium-based contrast agent and 
T2-weighted-fluid-attenuated inversion recovery scans. In 
brief, the following growth patterns were considered.

•	 Local: one contiguous contrast-enhancing (CE) lesion 
site.

•	 Multifocal: at least 2 non-contiguous CE lesion sites 
with intervening areas of normal brain signals.

•	 Distant (assessment held only at recurrence): one single 
new CE or non-CE lesion, occurring beyond a 3 cm 
radius from the primary tumor margin and being non-
contiguous to it.

•	 Diffuse: when the signal on FLAIR images extended 
diffusely at least 2 cm beyond the CE area. In the event 
of multiple lesions, any lesion meeting the definition of 



1039Journal of Cancer Research and Clinical Oncology (2019) 145:1037–1042	

1 3

diffuse was sufficient for the pattern to be categorized 
as diffuse.

•	 Non-diffuse: lesions not meeting the definition of diffuse 
were classified as non-diffuse.

Statistics

To estimate the survival function from lifetime data, we used 
the Kaplan–Meier estimator. For PFS, the event of inter-
est was the time from latest MRI-defined recurrence before 
regorafenib onset until the next MRI, indicating repeat recur-
rence, while under regorafenib treatment. For OS evaluation, 
the event of interest was the time from regorafenib treatment 
onset until death from any cause. If the patient had not died 
at the time of analysis (December 30, 2018), the patient was 
considered censored. For data visualization, Stata (release 
14.0; StataCorp LP) and R (version 3.3.1; The R Foundation 
for Statistical Computing) were employed.

Results

Patients’ characteristics

A total of 6 patients met the selection criteria. Clinical char-
acteristics are given in Table 1. Two of the six patients had 
anaplastic astrocytoma, whereas the remainder was diag-
nosed with glioblastoma. All six patients were in a good 
clinical performance status with Karnofsky Performance 
Status Indices ranging from 70 through 90%. Regorafenib 
treatment was initiated in half of the patients as third-line 
treatment; in the other half at a much later stage (Table 1). 
Patients were on regorafenib treatment for at least 4 weeks 
and maximally 14 weeks. It should be noted that half of the 
patients had additional tumor-directed treatment modalities 
during the same line of treatment as regorafenib, including 
tumor treating fields, d,l-methadone, and resection followed 
by radiotherapy. Intriguingly, as shown in Table 1, adverse 
events of CTCAE°3 occurred in all but one patient. The most 
vexing and debilitating adverse event was a treatment resist-
ant hand–foot syndrome (Palmar-Plantar Erythrodysesthesia 
Syndrome CTCAE°3) in one patient that accounted for a 
severe reduction in quality of life until continuous treatment 
with opioid analgetics relieved the painful symptoms.

Treatment response

Treatment with regorafenib was associated with a particu-
larly poor objective response with progressive disease evi-
dent on the first follow-up MRI while under regorafenib 
treatment in all patients. PFS was in the order of 2.0–4.0 
months (Fig. 1a). PFS-6 was 0%. In those patients, in whom 
death had occurred at the time of analysis, OS (measured 

from the time of regorafenib treatment onset) was less than 
6 months (5.2 and 5.6 months, Table 1). Notably, tumor size 
increased substantially on follow-up MRI as shown in the 
waterfall plot (Fig. 1b) with tumor sizes increasing up to 
fivefold in one patient. Exemplary images of a patient with 
a substantial tumor growth at recurrence on regorafenib are 
given in Fig. 2.

Tumor growth patterns

A local tumor growth was observed in almost all patients (5 
of 6). In 4 out of 6 patients, there was no change in tumor 
growth pattern compared to the situation before regorafenib 
initiation. A diffuse growth pattern was observed in all 
patients. A change in growth pattern from a local to distant 
growth was observed in one patient only (Fig. 1c). Another 
patient changed from a local to multifocal growth pattern.

Discussion

Our retrospective study reveals that regorafenib at late-
stage recurrence of high-grade astrocytoma shows a poor 
treatment response. Objective treatment response was not 
observed in any patient. In addition, a notable incidence of 
adverse events of CTCAE°3 was observed. The MRI growth 
patterns did not differ significantly from baseline to the time-
point of tumor progression, indicating that regorafenib does 
not seem to induce an infiltrative tumor growth.

As PFS was defined as the time interval between the 
MRI immediately prior to regorafenib onset and the next 
MRI showing tumor progression, the duration of PFS is 
built on the investigator-selected MRI schedule and thus 
highly variable even when there is no objective radiographic 
response among patients. This explains why median PFS 
in our study (3.5 months) was formally higher—although 
within 95% confidence interval—compared to 2.0 months in 
the REGOMA trial (Lombardi et al. 2019). When compar-
ing the objective response rates, however, there is a marked 
difference in our study as compared to the REGOMA trial, 
with disease control in 44% as compared to 0% in our 
study. This provocative finding might well be explained 
by the patients’ heterogeneity in terms of tumor diagnosis 
(glioblastoma and anaplastic astrocytoma) in our cohort. 
Moreover, in our retrospective analysis, regorafenib was 
administered at a much later stage during the course of 
disease (number of prior recurrences were 2–6 at the time 
of regorafenib administration) and additional treatment 
modalities were mixed with regorafenib in some patients. 
Yet, the marked difference in overall response rate between 
our study and the REGOMA trial raises more doubts as 
to whether regorafenib is efficacious in high-grade astro-
cytoma. This is particularly important, since the rate of 
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Table 1   Patients’ characteristics

B biopsy, BEV bevacizumab, CCNU lomustine, CTCAE Common Terminology Criteria for Adverse Events, CYX Cyber Knife, EBL eribulin, 
ETO etoposide, GTR​ gross total resection, IDH1 isocitrate dehydrogenase 1, KPS Karnofsky Performance Scale Index, MGMT O6-methylgua-
nin–DNA–methyltransferase, NTR near total resection, OS overall survival, PC procarbazine + CCNU, PD progressive disease, PFS progression-
free survival, RTX external beam radiotherapy, TMZ temozolomide, TRO trofosfamide, TTF tumor treating fields
*still alive

Patient-ID 1 2 3 4 5 6

Gender Male Male Female Male Female Female
Age at tumor 

diagnosis 
(years)

69 18 38 56 38 63

Tumor diagnosis Primary GBM 
IV°

Primary AA III° Primary AA III° Primary GBM 
IV°

Secondary GBM IV° Primary GBM 
IV°

MGMT pro-
moter

Not methylated Methylated Methylated Methylated Methylated Not methylated

IDH1 status Wild type Wild type Mutated Wild type Wild type Wild type
1p19q codele-

tion status
Not determined Wild type Wild type Not determined Not determined Not determined

Weeks on 
regorafenib 
treatment

8 4 14 10 9 8

Number of 
recurrences 
at first 
regorafenib 
treatment

4 6 3 2 2 2

KPS at onset of 
regorafenib 
treatment

70% 90% 70% 70% 80% 90%

Treatment prior 
to regorafenib

B, S, 
RTX + TMZ, 
TTF + TMZ; S, 
TTF + CCNU; 
EBL; S, BEV

S, RTX + TMZ, 
TMZ; S, 
TMZ; CYX, 
CCNU + TMZ

S, RTX + TMZ, 
TMZ; CCNU; 
S, TRO + ETO

S, RTX + TMZ, 
TMZ; CCNU; 
S, RTX

S, RTX + TMZ, TMZ; S, 
RTX + TMZ + CCNU + TTF

S, RTX + TMZ, 
TMZ; CCNU

Treatment 
concomitant to 
regorafenib

None d,l-Methadone None S, RTX TTF None

Number of 
regorafenib 
courses

2 1 3 3 2 2

Regorafenib dos-
ing schedule

160 mg, 21/28 
days

160 mg, 21/28 
days

160 mg, 21/28 
days

160 mg, 21/28 
days

160 mg, 21/28 days 160 mg, 21/28 
days

Response to 
regorafenib

PD PD PD PD PD PD

PFS (months) 
after 
regorafenib 
treatment

2.5 2.0 4.0 3.6 3.5 3.8

Toxicity 
while under 
regorafenib 
(≥ CTCAE°3)

Hypertension 
CTCAE°3

None Palmar-plantar 
erythro-
dysesthesia 
syndrome 
CTCAE°3, 
hypothyroidis-
mUTI

Hypophos-
phatemia 
CTCAE°3

Hyperbilirubinemia CTCAE°3 Lipase increased 
CTCAE°3, 
decrease lym-
phocyte count 
CTCAE°3

OS after 
regorafenib 
treatment 
(months)

5.4* 6.7* 5.6 5.2 2.4* 3*
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adverse events was high with adverse events of grade 3 
occurring in all but one patient, thereby calling into ques-
tion of whether the risk of severe adverse events is balanced 

with the possible benefit in outcome. To answer these 
remaining questions, more confidently results of the upcom-
ing phase 3 trial are needed.

Fig. 1   a Progression-free sur-
vival. b Waterfall plot showing 
the change in tumor size (as 
measured according to RANO 
criteria) at follow-up MRI (con-
trast-enhanced T1) compared 
to baseline prior to regorafenib 
onset. c Transition plot visual-
izing how tumor growth pattern 
changed from baseline (before 
regorafenib) to recurrence 
(while under regorafenib). Dis-
tant tumor growth was induced 
in one patient only. Other than 
that local growth pattern was 
the dominant with no change at 
recurrence. D diffuse

Fig. 2   Exemplary tumor recur-
rence on regorafenib treatment 
as evidenced on MRI (contrast-
enhanced T1 sequence) is 
shown for a patient, where 
tumor size increased 453% as 
compared to baseline
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As reported by some studies, antiangiogenic treatment 
might enhance diffuse and infiltrative tumor growth patterns 
(Norden et al. 2008), while other studies suggested other-
wise (Wick et al. 2016; Schaub et al. 2018). Here, we could 
not observe regorafenib to induce altered tumor growth pat-
terns. A distant tumor growth appeared in only 1 out of 6 
patients. It is noteworthy to recognize that the criteria based 
on which tumor growth patterns are usually determined are 
predominantly based on contrast-enhancing T1 scans. This 
might make for some amount of imprecision, for example, 
when defining a local as opposed to multifocal tumor growth 
pattern in the presence of multifocal non-enhancing tumor 
sites. This scenario is most certainly rarely encountered, but, 
nonetheless, should be kept in mind. Certainly, more exten-
sive research on a larger patient cohort is necessary to arrive 
at definite conclusions.

Shortcomings of this single-center experience are mainly 
the very small sample size and its retrospective nature that 
may account for some variability, particularly linked to the 
assessment of PFS. Due to a high rate of censoring, OS was 
not held informative enough to evaluate efficacy.

In conclusion, this retrospective study reflects a “real-life” 
single-center experience with the treatment of regorafenib as 
relapse chemotherapy in recurrent high-grade astrocytoma 
with multiple recurrences and reveals a complete lack in 
objective response to treatment, while adverse events were 
frequently encountered. In addition, regorafenib does not 
seem to promote infiltrative or distant tumor growth.
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