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Simple Summary

Glioblastoma is an aggressive brain tumor that almost always returns after standard
treatment. Once it recurs, the options are few, and an important goal is to control the disease
while preserving neurological function and avoiding severe side effects. Regorafenib is
a promising treatment for recurrent glioblastoma, but its side effects can limit its use at
the standard dose. In this single-center retrospective study, we gave a reduced dose of
regorafenib to selected patients with recurrent IDH-wildtype glioblastoma. The treatment
was well tolerated, and no severe treatment-related side effects occurred. These findings
cannot show that the reduced dose works as well as the standard dose, but they suggest
that tailoring the dose to each patient may improve tolerability. Larger prospective studies
are needed to confirm this.

Abstract

Background/Objectives: Recurrent glioblastoma has a poor prognosis and no universally
accepted standard of care. Regorafenib has been investigated in this setting, but its use may
be limited by treatment-related toxicity. This study evaluated the feasibility, safety, and clini-
cal outcomes of reduced-dose regorafenib in patients with recurrent IDH-wildtype glioblas-
toma. Methods: We retrospectively analyzed 21 patients with recurrent IDH-wildtype
glioblastoma (WHO 2021) treated at a single center after progression according to the Stupp
protocol. Regorafenib was started at 80 mg/day on the standard 3-weeks-on/1-week-off
schedule. We assessed overall survival from diagnosis (OS1) and from first progression
(0OS2), progression-free survival from diagnosis (PFS1) and from first progression (PFS2),
treatment exposure, dose modifications, and treatment-related adverse events (CTCAE
v5.0). Results: Median PFS2 was 5 months (95% CI, 3-8), median OS2 was 6 months (95%
CI, 5-10), and median OS1 was 21 months (95% CI, 15-27). No grade > 3 adverse events
occurred, and no patient discontinued treatment permanently because of toxicity. Con-
clusions: In this retrospective single-center cohort, reduced-dose regorafenib was feasible
and well tolerated in selected patients. These descriptive, hypothesis-generating findings
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warrant prospective studies to define the role of individualized regorafenib dosing in
recurrent glioblastoma.

Keywords: recurrent glioblastoma; regorafenib; reduced dose; treatment tolerability

1. Introduction

Glioblastoma (GBM) is the most common primary malignant brain tumor [1], with
an estimated incidence of approximately 3 cases per 100,000 individuals per year in most
countries of North America and Europe [2]. It carries one of the poorest prognoses of
any malignancy, with a median survival of approximately 15 months [3]. Despite recent
progress in targeted therapies and immunotherapy [4,5], the Stupp protocol remains the
standard associated with the most favorable survival outcomes. This regimen combines a
6-week course of concomitant radiotherapy and temozolomide (TMZ) after gross total or
subtotal resection with 6 cycles of high-dose adjuvant TMZ [6]; extension beyond 6 cycles
is common in selected patients. No approach has yet proven superior to the Stupp protocol,
and GBM eventually recurs in approximately 90% of patients [7]. Only 20-30% of those
with recurrent disease are candidates for repeat resection [8], and overall survival (OS) after
recurrence rarely exceeds 9 months [9].

In 2010, the Response Assessment in Neuro-Oncology (RANO) Working Group intro-
duced standardized response criteria for high-grade gliomas (RANO-HGG), updated in
2023 [10]. Alongside definitions of complete and partial response and stable disease, these
criteria delineate disease progression using combined radiological and clinical parameters.
Only a few prognostic factors influence survival in recurrent GBM; among them, age,
Karnofsky Performance Status (KPS), molecular profile, and extent of initial resection carry
both prognostic and predictive value [11]. No first-line therapy has emerged as a univer-
sally accepted standard, few randomized trials have addressed the optimal strategy, and
most evidence derives from retrospective or non-randomized studies. Tumor recurrence
management must therefore be individualized, balancing risks, benefits, and quality of life
in this non-curative setting [8].

Lomustine has historically been one of the most frequently used and evaluated op-
tions for recurrent glioblastoma, both as monotherapy and as a comparator in clinical
trials [12], but it causes substantial myelotoxicity and achieves limited progression-free sur-
vival [12,13]. In 2018, the REGOMA trial, a multicenter, open-label, randomized, controlled
phase II study, compared regorafenib with lomustine in 119 patients with recurrent GBM
(60 lomustine, 59 regorafenib) [14]. Regorafenib showed a statistically significant survival
advantage, with a median OS of 7.4 versus 5.6 months, although median PFS was similar
(2.0 versus 1.9 months) [14]. More recently, however, the phase II/IIl GBM AGILE platform
trial did not confirm a survival advantage for regorafenib over control treatment [15].

Regorafenib is an oral multikinase inhibitor with antiangiogenic, stromal, and onco-
genic targets, providing a biological rationale for its use in glioblastoma [16-19]. Although
a targeted rather than a conventional chemotherapeutic agent, it carries clinically rele-
vant toxicity, particularly hepatotoxicity, and is often poorly tolerated: in REGOMA, 56%
of regorafenib-treated patients experienced grade > 3 adverse events according to the
Common Terminology Criteria for Adverse Events (CTCAE) [14,20], frequently requiring
hospitalization and impairing quality of life. In 2024, the REGOMA-OSS study, a large mul-
ticenter real-world analysis, confirmed the REGOMA results in 192 patients with recurrent
GBM, reporting grade > 3 adverse events in 22.6% of cases [21].
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In the present study, we retrospectively evaluated the feasibility, safety, treatment
exposure, and clinical outcomes of reduced-dose regorafenib in patients with recurrent
IDH-wildtype glioblastoma treated at our institution.

2. Materials and Methods
2.1. Patient Selection

Patients were identified from the institutional neuro-oncology database over the period
2018-2025. During this period, 29 patients with recurrent IDH-wildtype glioblastoma
treated with regorafenib at our institution were screened. Eight patients received standard-
dose regorafenib at 160 mg/day and were excluded from the present reduced-dose analysis.
The final study cohort included 21 patients who underwent surgical treatment at our
institution, experienced disease progression after completion of the Stupp protocol, as
defined by RANO criteria, and started regorafenib at a reduced dose of 80 mg/day.

Selection for the reduced-dose strategy was based on the presence of at least one
baseline risk factor for toxicity, including ALT > 50 U/L, AST > 40 U/L, GGT > 60 U/L, total
bilirubin > 1.2 mg/dL, ALP > 150 U/L, albumin > 5 g/dL, platelet count < 150,000/ mm?3,
leukocyte count < 4000/mm3, hemoglobin < 10 g/dL, previous hepatobiliary comorbidities,
including liver failure, hepatitis, or hepatic steatosis, or a history of gastric or duodenal
ulcers. The patient-selection process is summarized in Figure 1.

Patients who were not eligible for radical tumor resection and whose diagnosis was
obtained exclusively by biopsy were excluded. This criterion was applied to obtain a
more homogeneous surgical cohort and to limit confounding from the unresectable disease
burden and poorer prognosis typical of biopsy-only management.

All included cases had a histopathological diagnosis of glioblastoma or CNS WHO
grade 4, and were IDH-wildtype according to the WHO 2021 classification. IDH status was
assessed by IDH1 R132H immunohistochemistry and, when required, by molecular analysis
of IDH1/2. From a molecular standpoint, the absence of IDH1/2 gene mutations was
considered the sole mandatory criterion for inclusion. MGMT promoter methylation was
assessed by pyrosequencing and tumors were considered methylated when the methylation
level was >9%, according to the institutional molecular pathology cut-off and the previous
pyrosequencing-based literature. All patients with recurrent glioblastoma were included
regardless of MGMT promoter methylation status. No stratification or comparative analyses
were performed for genetic alterations other than IDH1/2.

2.2. Outcomes

Clinical outcomes included overall survival from diagnosis (OS1) and from first pro-
gression (OS2), as well as progression-free survival from diagnosis (PFS1) and from first
progression (PFS2). Treatment exposure was assessed by recording the number of com-
pleted cycles, dose modifications, treatment interruptions, and reasons for discontinuation.
The severity of regorafenib-related adverse events was assessed using CTCAE version 5.0.
Clinical status was longitudinally monitored using the Karnofsky Performance Status (KPS)
scale. Because regorafenib was generally initiated shortly after radiological confirmation
of progression, an exploratory sensitivity analysis was also performed using regorafenib
initiation as time zero.

2.3. Postoperative Management

Approximately one month after surgery, patients received radiotherapy (60 Gy de-
livered in 30 fractions of 2 Gy) with concomitant low-dose temozolomide (75 mg/m?)
for 6 weeks. This was followed by adjuvant high-dose temozolomide (150 mg/m?) ad-
ministered for 5 consecutive days every month. Follow-up brain MRI was performed
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every 3 months. Progression was assessed by contrast-enhanced brain MRI according to
RANO criteria and confirmed through multidisciplinary neuro-oncology review integrating

radiological findings, corticosteroid use, neurological status, and clinical course. When

radiological progression was suspected within the early post-radiotherapy period or when

pseudoprogression was considered possible, progression was confirmed by FET-PET and

advanced MRI sequences, including perfusion, diffusion and spectroscopy, before initiation

of regorafenib.

Patient-selection flow diagram

Patients with recurrent IDH-wildtype glioblastoma treated
with regorafenib at our institution between 2018 and 2025

n=29

.

'

Y

Patients treated with

Excluded from the
reduced-dose cohort

standard-dose regorafenib, reduced-dose regorafenib,
160 mg/day 80 mg/day
n=8 n=21

Patients selected for

Included in the
present analysis

A 4

Selection for reduced-dose treatment was based on the
presence of at least one baseline risk factor for toxicity, including:

o ALT > 50 U/L

e AST > 40 U/L

e GGT > 60 U/L

« Total bilirubin > 1.2 mg/dL

e ALP > 150 U/L

e Albumin > 5 g/dL

* Platelet count < 150,000/mm®

¢ Leukocyte count < 4000/mm?

e Hemoglobin < 10 g/dL

* Previous hepatobiliary comorbidities, including liver
insufficiency, hepatitis, or hepatic steatosis

* History of gastric or duodenal ulcers

y

Dose course within the reduced-dose cohort
Initial dose: 80 mg/day in all patients, n = 21

Dose escalation to 120 mg/day, n = 2
Dose reduction to 40 mg/day, n = 1

Figure 1. Flow diagram showing the selection of patients with recurrent IDH-wildtype glioblastoma

treated with regorafenib at our institution.

At confirmed progression, patients were started on regorafenib following the RE-
GOMA schedule (3 weeks on, 1 week off), with an initial dose of 80 mg/day. Blood tests,
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including liver and renal function panels and complete blood counts, were performed every
two weeks. Dose escalation to 120 mg/day was considered in selected patients showing
good clinical tolerance, clinical stability, absence of treatment-related adverse events, and
stable liver function parameters during the first treatment cycles. Dose reduction was per-
formed in case of persistent laboratory abnormalities or clinically relevant toxicity. Patients
who underwent repeat surgery and/or re-irradiation at recurrence were also included in
the analysis.

Corticosteroid use at regorafenib initiation was recorded, including a daily dexametha
sone-equivalent dose when available. During treatment, steroid dose was adjusted accord-
ing to neurological symptoms, edema-related radiological findings, and clinical judgment.

2.4. Statistical Analyses

This study was designed as a retrospective analysis of an institutional database in
which clinical data, particularly treatment tolerance and adverse events, were prospectively
recorded during patient follow-up. Continuous variables were summarized using median
values and 95% confidence intervals or interquartile ranges, as appropriate. Categorical
variables were reported as frequencies and percentages. Survival outcomes were estimated
using the Kaplan-Meier method, and median OS and PFS were reported with 95% confi-
dence intervals. Exploratory sensitivity analyses were performed according to associated
treatments, including re-resection, re-irradiation, and extended temozolomide exposure.
Given the small sample size, these analyses were descriptive and not powered for formal
subgroup comparisons.

No formal statistical comparison with REGOMA, REGOMA-OSS, or other external
cohorts was performed. This choice was made because of the retrospective single-center
design, differences in sample size and patient selection, baseline characteristics, surgical
management, and treatment setting between our cohort and previously published multi-
center studies. Published regorafenib studies were therefore used only as external clinical
context in the Discussion. All statistical analyses and Kaplan-Meier survival curve genera-
tion were performed using SPSS software (version 27.0; IBM Corp., Armonk, NY, USA).

2.5. Ethics Statement

The study was conducted in accordance with the Declaration of Helsinki and was
approved by the local Ethics Committee (IRB#1670/2015). Given the retrospective nature
of the study, the requirement for written informed consent was waived.

3. Results
3.1. Demographic and Clinical Characteristics

The study cohort consisted of 21 patients, including 5 women and 16 men (24% female,
76% male). The median age at diagnosis was 59 years. All patients had a preoperative
Karnofsky Performance Status (KPS) greater than 70. This was not an inclusion crite-
rion, but rather a baseline characteristic observed in the final study cohort. All analyzed
glioblastomas were located in the supratentorial compartment.

Two of the 21 patients (9.5%) presented with multifocal disease at diagnosis; in these
cases, surgical treatment included resection of all tumor foci accessible through the same
surgical approach. Tumor localization was frontal in 48% of cases, temporal in 29%, and
parietal in the remaining 23%.

All patients were receiving corticosteroid therapy at the time of disease progression
and before regorafenib initiation. The median dexamethasone-equivalent dose at rego-
rafenib initiation was 16 mg/day. During treatment with regorafenib, corticosteroids were
gradually tapered in all patients when clinically feasible, according to neurological status
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and radiological findings. Corticosteroid therapy was subsequently reintroduced or in-
creased at further disease progression, as all patients eventually experienced progression
and/or death during follow-up.

According to the WHO 2021 classification, none of the tumors harbored IDH1 or IDH2
mutations. Methylation of the MGMT promoter greater than 9% was observed in 15 of
21 patients (71%). Among methylated tumors, the mean MGMT methylation level was
27%. Throughout the postoperative course, during the Stupp protocol, and at the time of
progression, no patient experienced a decline in KPS below 70 (Table 1).

Table 1. Baseline demographic, clinical, and molecular characteristics of the study cohort. Abbrevia-
tions: KPS, Karnofsky Performance Status; SD, standard deviation; WHO, World Health Organization;
IDH, isocitrate dehydrogenase; MGMT, O6-methylguanine-DNA methyltransferase.

Characteristics Patients (n = 21)
Sex, n (%)
Male 16 (76)
Female 5 (24)
Age at diagnosis, years
Median (IQR) 59 (55-62)
Preoperative KPS > 70, n (%) 21 (100)
Tumor location, # (%)
Supratentorial 21 (100)
Dominant hemisphere involvement 11 (52)
Multifocal disease at diagnosis, 1 (%) 2(9.5)
Lobar location, n (%)
Frontal 10 (48)
Temporal 6 (29)
Parietal 5 (23)
Corticosteroid therapy at progression, 1 (%) 21 (100)
Molecular characteristics (WHO 2021)
IDH1/IDH2 mutation, n (%) 0(0)
MGMT promoter methylation > 9%, n (%) 15 (71)
Mean MGMT methylation level (%), mean (SD) 27 (17)

3.2. Survival

Seventy-one percent of patients completed the 6 cycles of temozolomide planned in the
Stupp protocol. Among these, 47% completed 12 cycles, and in two patients continuation
beyond 12 cycles was deemed clinically appropriate. Overall, patients completed a mean
of 8 cycles of temozolomide before disease progression.

The median progression-free survival from diagnosis (PFS1) was 11 months (95% CI,
9-13). Four of 21 patients (19%) underwent repeat gross total tumor resection at recurrence,
while 48% received re-irradiation; two of the four reoperated patients also underwent
adjuvant radiotherapy. In patients undergoing re-resection, regorafenib was started ap-
proximately two weeks after surgery. In patients receiving re-irradiation, regorafenib
was administered concomitantly with radiotherapy. Patients undergoing re-resection, re-
irradiation, or extended temozolomide exposure were included in the analysis in order not
to further reduce the sample size.
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Median progression-free survival after first progression (PFS2) was 5 months (95%
CI, 3-8), with a median overall survival after first progression (OS2) of 6 months (95%
CI, 5-10). Median overall survival from diagnosis (OS1) was 21 months (95% CI, 15-27).
Kaplan—-Meier curves for OS2 and PFS2 in the study cohort are shown in Figures 2 and 3. A
summary of the results obtained in our patient cohort is shown in Table 2.

PFS2
100%

75% A

50% -

Progression-free survival (%)

25% A

0%

0 3 6 9 12 15 18 21 24
Time from first progression (months)

Number at risk
RDR 21 11 6 4 3 2 1 0 0
Figure 2. Kaplan-Meier curves depicting progression-free survival (PFS2) of our patients. Me-

dian times are indicated by dashed lines. Shaded regions represent the 95% confidence interval.
Abbreviations: RDR, reduced-dose regorafenib.

0S2
100%

75% A

50% -

Overall survival (%)

25% A

0%

9 12 15 18 21 24
Time from first progression (months)

O e

Number at risk

RDR 21 18 10 6 5 2 2 2 2

Figure 3. Kaplan-Meier curves depicting overall survival (OS2) of our patients. Median times are
indicated by dashed lines. Shaded regions represent the 95% confidence interval. Abbreviations:
RDR, reduced-dose regorafenib.

Regorafenib was started approximately two weeks after the MRI documenting disease
progression in all patients. To assess whether this interval influenced survival estimates, an
exploratory sensitivity analysis was performed using regorafenib initiation as time zero
instead of radiological progression. In this analysis, median PFS2 and median OS2 showed

no substantial change compared with the estimates calculated from first progression. An
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exploratory sensitivity analysis according to associated treatments is reported in Table 3.
Median PFS2 remained broadly within the same range across subgroups. Median OS2 was
numerically longer in patients who underwent re-resection or re-irradiation, or received
more than 6 cycles of adjuvant temozolomide; however, confidence intervals were wide,
and these analyses were underpowered because of the small number of patients in each
subgroup. Therefore, these findings were considered descriptive and did not change the
overall interpretation of the study.

Table 2. Summary of the results obtained in our patient cohort. Abbreviations: OS1, overall survival
from diagnosis; OS2, overall survival from first progression; PFS1, progression-free survival from
diagnosis; PFS2, progression-free survival from first progression; CI, confidence interval.

Parameter Median
OSs1 21 months (95% CI, 15-27)
0S2 6 months (95% CI, 5-10)
PFS1 11 months (95% CI, 9-13)
PFS2 5 months (95% CI, 3-8)

Table 3. Exploratory sensitivity analysis according to associated treatments. Abbreviations: CI,
confidence interval; PFS2, progression-free survival from first progression; TMZ, temozolomide.

Subgroup " Median P(I’JSZ, Median PESZ,
Months (95% CI) Months (95% CI)
Overall Cohort 21 5 (3-8) 6 (5-10)
Re-resection 4 5.5 (3-14) 8.5 (3-14)
No re-resection 17 5 (3-8) 6 (5-10)
Re-irradiation 10 5(2.5-11) 8 (3.5-14)
No re-irradiation 11 6 (5-10) 6 (5-10)
TMZ exposure > 6 cycles 12 6.5 (3-11.5) 9.5 (4.5-12.5)
TMZ exposure < 6 cycles 9 4 (3-7) 6 (3-7)
Re-resection and /or 12 5(35-8) 8 (4-12.5)
re-irradiation
No re-resection and/or 9 5 (3-8) 6 (5-10)

re-irradiation

All patients included in the study died during the observation period. After second
progression, two patients maintained a KPS greater than 50, allowing continuation of
treatment: one patient received an additional course of hypofractionated radiotherapy,
while the other was treated with lomustine.

3.3. Treatment Exposure

All patients started regorafenib after radiologically confirmed first progression. The
planned schedule was 3 weeks on treatment followed by 1 week off treatment, with a
starting dose of 80 mg/day. The median number of completed cycles was 4 (IQR 3-7.5).

Dose escalation to 120 mg/day was performed in two patients. In one patient, the
dose was increased after two months of treatment, while in the other patient after one
month. In both cases, escalation was based on good clinical tolerance, clinical stability,
absence of treatment-related adverse events, and stable liver function parameters. Both
patients remained on the increased 120 mg/day dose until disease progression.

Dose reduction to 40 mg/day was required in one patient after the second cycle
because of persistent CTCAE grade 2 transaminase elevation. The alteration persisted for
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one cycle and improved after dose reduction. No patient required permanent treatment
discontinuation because of liver toxicity. Discontinuation was instead driven by disease
progression. A detailed summary of treatment exposure is reported in Table 4. Median
treatment duration was 4 months (IQR, 3-7), and median cumulative dose was 6720 mg
(IQR, 5040-11,760). Median relative dose intensity was 100% (range, 83.3-143.8). No
treatment interruptions occurred, and adherence was 100% according to institutional
treatment records.

Table 4. Treatment exposure and dose modifications during reduced-dose regorafenib. Abbrevia-
tions: CTCAE, Common Terminology Criteria for Adverse Events; IQR, interquartile range.

Variable Median
Treatment duration, months 4 (IQR, 3-7)
Cumulative dose, mg 6720 (IQR, 5040-11,760)
Relative dose intensity, % 100 (range, 83.3-143.8)
Treatment interruptions 0 (0%)
Treatment adherence 100%
Dose escalation to 120 mg/day 2/21 (9.5%)
Dose reduction to 40 mg/day 1/21 (4.8%)
Reason for dose escalation Favorable clinical and biochemical profile

Persistent CTCAE grade 2

Reason for dose reduction . .
transaminase elevation

3.4. Adverse Events

Grade 1 and grade 2 adverse events according to the CTCAE scale were observed in
9% and 29% of patients, respectively. The most frequently reported symptoms were fatigue
(37%), abdominal pain (12%), petechiae (12%), and paresthesias (12%).

Nineteen percent of patients experienced elevations in liver function parameters,
including alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase,
gamma-glutamyltransferase, and bilirubin levels. Among these patients, 50% remained
asymptomatic.

No patient in our cohort developed grade > 3 adverse events, and no toxicity-related
hospitalization was required. No patient required permanent treatment discontinuation
due to treatment-related toxicity. A detailed summary of adverse events, including CTCAE
grade, frequency, management, and outcome, is reported in Table 5.

Table 5. Treatment-related adverse events with reduced-dose regorafenib. Patients could experi-
ence more than one adverse event; therefore, percentages for individual events are not mutually
exclusive. Abbreviations: CTCAE, Common Terminology Criteria for Adverse Events; GGT, Gamma-
Glutamyl Transferase.

Adverse Event CTCAE Grade Patients, n (%) Outcome Management
Fatigue 12 8 (37) No discontinuation Observation
Abdominal pain 1-2 3(12) No discontinuation Observation
Petechiae 1-2 3(12) No discontinuation Observation
Limb paresthesias 12 3(12) No discontinuation Observation
Transaminase elevation 1-2 2 (9.6) No discontinuation Observation, Dose reduction
Bilirubin elevation 1-2 1(4.8) No discontinuation Observation
GGT elevation 1 1(4.8) No discontinuation Observation
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4. Discussion

The main finding of this single-center study was the favorable tolerability of reduced-
dose regorafenib, started at 80 mg/day, in patients with recurrent IDH-wildtype glioblas-
toma: no grade > 3 adverse events occurred, and no patient discontinued treatment
permanently because of toxicity.

Regorafenib has an established role in several solid tumors, including metastatic col-
orectal cancer [22], gastrointestinal stromal tumors [23], and hepatocellular carcinoma [24],
but its role in recurrent glioblastoma remains controversial. In Italy, it has been reimbursed
for recurrent glioblastoma since 2020, following the REGOMA trial.

The survival benefit shown for regorafenib over lomustine in REGOMA [14] was sup-
ported by real-world data such as REGOMA-OSS [21], but was not confirmed by the phase
II/111 GBM AGILE platform trial [15]. Its role in recurrent glioblastoma therefore remains
debated, and further studies are needed to identify the patients most likely to benefit.

In our cohort, median PFS2 and OS2 were 5 and 6 months, respectively. These
results should be interpreted within the generally poor prognosis of recurrent glioblastoma,
where survival after recurrence is usually limited and rarely exceeds 9 months. Our
findings therefore provide descriptive clinical context rather than evidence of comparative
efficacy. No formal comparison with REGOMA or REGOMA-OSS was performed given
the methodological differences between cohorts.

Tolerability is central to the management of recurrent glioblastoma. Regorafenib
causes clinically relevant adverse events, including hand—foot skin reaction, rash or desqua-
mation, stomatitis, diarrhea, hypertension, liver dysfunction, and fatigue [25,26]. The high
rates of grade > 3 events reported in REGOMA and REGOMA-OSS [14,21] underline
the importance of dosing strategies that reduce toxicity, particularly in a non-curative
setting. In our cohort, adverse events were mild to moderate and were managed in the
outpatient setting or through routine laboratory monitoring. Dose reduction was required
in only one case because of persistent elevation of liver function parameters. No patient
required hospitalization for treatment-related toxicity. The absence of severe toxicity and
of toxicity-related discontinuation may be clinically meaningful in recurrent glioblastoma,
where preserving neurological function and minimizing treatment burden are key goals.

Many commonly used drugs alter hepatic cytochrome P450 3A4 metabolism and
can reduce the efficacy or increase the toxicity of tyrosine kinase inhibitors [27,28]; this is
particularly relevant in glioblastoma, where patients frequently receive antiepileptic drugs,
corticosteroids, anticoagulants, and other supportive therapies. In our cohort, no patient
was taking medications with clinically relevant regorafenib interactions.

Alternative dosing strategies have been explored to improve regorafenib tolerability.
In neuro-oncology, escalation from 80 mg/day to 120 mg/day and 160 mg/day in the
absence of significant toxicity has been reported, including by Ruda et al. [29], on the
rationale that early tolerability identifies patients able to sustain higher cumulative exposure
while sparing more vulnerable ones. In metastatic colorectal cancer, the RETRITA study
found that escalation from 80 mg/day only in patients with good tolerability prolonged
progression-free survival and reduced severe adverse events compared with fixed dosing,
with comparable overall survival [30]. Although derived from a different tumor type,
these findings support the concept that individualized regorafenib dosing may improve
tolerability without compromising clinical activity. Our approach differed from formal
escalation, as most patients were maintained at the reduced starting dose according to
baseline clinical and hepatic risk.

Several limitations should be acknowledged. First, this was a retrospective, single-
center analysis including only 21 patients. Second, no contemporaneous internal cohort of
standard-dose regorafenib patients was available, so the study was designed as descriptive,
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with REGOMA and REGOMA-OSS serving only as external clinical context. Third, our
cohort was highly selective, as all patients had preserved KPS, although this was not a
formal inclusion criterion; all had undergone surgical resection at diagnosis; biopsy-only
patients were excluded; MGMT promoter methylation was frequent; and a substantial
proportion received re-resection and/or re-irradiation at recurrence. In addition, the
relatively low median age of the cohort and the use of corticosteroids at regorafenib
initiation may have further influenced outcome interpretation. These factors may have
affected survival independently of regorafenib and limit the generalizability of our findings
to less selected recurrent glioblastoma populations. For this reason, our findings may be
more applicable to patients with recurrent IDH-wildtype glioblastoma who share similar
baseline characteristics, including preserved functional status, prior surgical resection, and
clinical suitability for reduced-dose regorafenib, rather than to an unselected recurrent
glioblastoma population. Although exploratory sensitivity analyses according to associated
treatments were performed, these analyses were underpowered because of the small
sample size and should therefore be interpreted with caution. Fourth, adverse events were
retrospectively collected from clinical records, outpatient visits, treatment reports, and
laboratory tests performed at our institution. Therefore, mild or patient-reported toxicities
may have been underestimated. The absence of grade > 3 adverse events should not
be interpreted as evidence of superior safety compared with standard-dose regorafenib.
Finally, no formal quality-of-life or patient-reported outcome measures were available.

Overall, our findings suggest that reduced-dose regorafenib may represent a feasible
strategy in patients with recurrent IDH-wildtype glioblastoma who are considered at
increased risk of toxicity. These results should be regarded as hypothesis-generating.
Future prospective studies should clarify whether individualized dosing can improve
tolerability while maintaining clinically meaningful activity. In patients undergoing re-
resection, exploratory translational analyses could also help assess tissue drug exposure
and on-target effects at reduced doses. Such data may be useful for designing more rational
and tolerable combination strategies.

5. Conclusions

In this single-center retrospective real-world experience, reduced-dose regorafenib
was feasible and showed a favorable tolerability profile in selected patients with recurrent
IDH-wildtype glioblastoma. No grade >3 adverse events were observed, and no patient
discontinued treatment because of toxicity.

These survival outcomes should be interpreted descriptively and cannot establish
equivalence with standard-dose regorafenib or with previously published cohorts. Prospec-
tive studies are needed to better define the role of individualized regorafenib dosing in
recurrent glioblastoma.
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GBM Glioblastoma

OS Overall Survival

PFS Progression-Free Survival

RANO Response assessment in neuro-oncology
MGMT 06—methy1guanine-DNA methyltransferase
KPS Karnofsky Performance Status

IDH Isocitrate Dehydrogenase

REGOMA  Regorafenib in Relapsed Glioma

CI Confidence Interval

T™Z Temozolomide

RDR Reduced-Dose Regorafenib

CTCAE Common Terminology Criteria for Adverse Events
GGT Gamma-Glutamyl Transferase

ALT Alanine-Aminotransferase

AST Aspartate-Aminotransferase

IQR Interquartile Range

References

1.

10.

Tamimi, A.F; Juweid, M.; Tamimi, A.F.; Juweid, M. Epidemiology and Outcome of Glioblastoma. In Glioblastoma; De Vleeschouwer,
S., Ed.; Exon Publications: Brisbane, QLD, Australia, 2017.

Grech, N,; Dalli, T.; Mizzi, S.; Meilak, L.; Calleja, N.; Zrinzo, A. Rising Incidence of Glioblastoma Multiforme in a Well-Defined
Population. Cureus 2020, 12, e8195. [CrossRef] [PubMed]

Thakkar, ].P.; Dolecek, T.A.; Horbinski, C.; Ostrom, Q.T.; Lightner, D.D.; Barnholtz-Sloan, J.S.; Villano, J.L. Epidemiologic and
Molecular Prognostic Review of Glioblastoma. Cancer Epidemiol. Biomark. Prev. 2014, 23, 1985-1996. [CrossRef] [PubMed]

Jain, K.K. A Critical Overview of Targeted Therapies for Glioblastoma. Front. Oncol. 2018, 8, 419. [CrossRef] [PubMed]

Sarfraz, Z.; Maharaj, A.; Venur, V.A ; Lathia, ].D.; Odia, Y.; Ahluwalia, M.S. Inmmunotherapy in Glioblastoma: An Overview of
Current Status. Clin. Pharmacol. Adv. Appl. 2025, 17, 185-209. [CrossRef] [PubMed]

Stupp, R.; Mason, W.P;; van den Bent, M.].; Weller, M.; Fisher, B.; Taphoorn, M.].B.; Belanger, K.; Brandes, A.A.; Marosi, C.;
Bogdahn, U.; et al. Radiotherapy plus Concomitant and Adjuvant Temozolomide for Glioblastoma. N. Engl. ]. Med. 2005, 352,
987-996. [CrossRef] [PubMed]

Navarria, P.; Ascolese, A.M.; Tomatis, S.; Reggiori, G.; Clerici, E.; Villa, E.; Maggi, G.; Bello, L.; Pessina, F.; Cozzi, L.; et al.
Hypofractionated Stereotactic Radiation Therapy in Recurrent High-Grade Glioma: A New Challenge. Cancer Res. Treat. 2016, 48,
37-44. [CrossRef] [PubMed]

Vaz-Salgado, M.A; Villamayor, M.; Albarran, V.; Alia, V.; Sotoca, P.; Chamorro, J.; Rosero, D.; Barrill, A.M.; Martin, M.; Fernandez,
E.; et al. Recurrent Glioblastoma: A Review of the Treatment Options. Cancers 2023, 15, 4279. [CrossRef] [PubMed]

Chang, C.; Chavarro, V.S,; Gerstl, ].V.E.; Blitz, S.E.; Spanehl, L.; Dubinski, D.; Valdes, P.A.; Tran, L.N.; Gupta, S.; Esposito, L.;
et al. Recurrent Glioblastoma—Molecular Underpinnings and Evolving Treatment Paradigms. Int. J. Mol. Sci. 2024, 25, 6733.
[CrossRef] [PubMed]

Wen, PY.; Bent, M.v.D.; Youssef, G.; Cloughesy, T.F; Ellingson, B.M.; Weller, M.; Galanis, E.; Barboriak, D.P,; de Groot, J.; Gilbert,
M.R.; et al. RANO 2.0: Update to the Response Assessment in Neuro-Oncology Criteria for High- and Low-Grade Gliomas in
Adults. |. Clin. Oncol. 2023, 41, 5187-5199. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/cancers18152522


https://doi.org/10.7759/cureus.8195
https://www.ncbi.nlm.nih.gov/pubmed/32572354
https://doi.org/10.1158/1055-9965.epi-14-0275
https://www.ncbi.nlm.nih.gov/pubmed/25053711
https://doi.org/10.3389/fonc.2018.00419
https://www.ncbi.nlm.nih.gov/pubmed/30374421
https://doi.org/10.2147/cpaa.s497903
https://www.ncbi.nlm.nih.gov/pubmed/40735070
https://doi.org/10.1056/nejmoa043330
https://www.ncbi.nlm.nih.gov/pubmed/15758009
https://doi.org/10.4143/crt.2014.259
https://www.ncbi.nlm.nih.gov/pubmed/25761491
https://doi.org/10.3390/cancers15174279
https://www.ncbi.nlm.nih.gov/pubmed/37686553
https://doi.org/10.3390/ijms25126733
https://www.ncbi.nlm.nih.gov/pubmed/38928445
https://doi.org/10.1200/jco.23.01059
https://www.ncbi.nlm.nih.gov/pubmed/37774317
https://doi.org/10.3390/cancers18152522

Cancers 2026, 18, 2522 13 of 13

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Aman, R; Desbassarie, F; Lubis, A.R.; Ardiansyah, I.R. Prognostic factors and survival of recurrent glioblastoma: A systematic
review. Folia Medica 2025, 67, €142227. [CrossRef] [PubMed]

Wick, W.; Gorlia, T.; Bendszus, M.; Taphoorn, M.; Sahm, E; Harting, I.; Brandes, A.A.; Taal, W.; Domont, J.; Idbaih, A.; et al.
Lomustine and Bevacizumab in Progressive Glioblastoma. N. Engl. J. Med. 2017, 377, 1954-1963. [CrossRef] [PubMed]

Fanizzi, C.; Bintintan-Socaciu, P; Pirola, E.; Fiore, G.; Carnicelli, I; Tariciotti, L.; Parlangeli, A.; Scagliotti, E.; Tabano, S.M.; Lopez,
G.; et al. Optimal MGMT promoter methylation cut-off to predict better survival in glioblastoma patients undergoing gross-total
resection. J. Neurosurg. Sci. 2026, 70, 12-18. [CrossRef] [PubMed]

Lombardi, G.; De Salvo, G.L.; Brandes, A.A.; Eoli, M.; Ruda, R.; Faedi, M.; Lolli, I; Pace, A.; Daniele, B.; Pasqualetti, F.; et al.
Regorafenib compared with lomustine in patients with relapsed glioblastoma (REGOMA): A multicentre, open-label, randomised,
controlled, phase 2 trial. Lancet Oncol. 2019, 20, 110-119. [CrossRef] [PubMed]

Wen, P.Y.; Berry, D.A.; Buxton, M.B.; Colman, H.; de Groot, ].; Lim, M.; Mellinghoff, I; Perry, ].R.; Weller, M.; Blondin, N.A.; et al.
Evaluation of Regorafenib in Newly Diagnosed and Recurrent Glioblastoma: GBM AGILE Phase II/III Bayesian Randomized
Platform Trial. J. Clin. Oncol. 2026, 44, 1676-1686. [CrossRef] [PubMed]

Mongiardi, M.P; Pallini, R.; D’ALessandris, Q.G.; Levi, A.; Falchetti, M.L. Regorafenib and glioblastoma: A literature review of
preclinical studies, molecular mechanisms and clinical effectiveness. Expert Rev. Mol. Med. 2024, 26, e5. [CrossRef] [PubMed]
Ettrich, T.].; Seufferlein, T. Regorafenib. Recent Res. Cancer Res. 2018, 211, 45-56. [CrossRef] [PubMed]

Wilhelm, S.M.; Dumas, J.; Adnane, L.; Lynch, M.; Carter, C.A.; Schiitz, G.; Thierauch, K.; Zopf, D. Regorafenib (BAY 73-4506): A
new oral multikinase inhibitor of angiogenic, stromal and oncogenic receptor tyrosine kinases with potent preclinical antitumor
activity. Int. J. Cancer 2010, 129, 245-255. [CrossRef] [PubMed]

Abou-Elkacem, L.; Arns, S.; Brix, G.; Gremse, F; Zopf, D.; Kiessling, F.; Lederle, W. Regorafenib Inhibits Growth, Angiogenesis,
and Metastasis in a Highly Aggressive, Orthotopic Colon Cancer Model. Mol. Cancer Ther. 2013, 12, 1322-1331. [CrossRef]
[PubMed]

Freites-Martinez, A.; Santana, N.; Arias-Santiago, S.; Viera, A. CTCAE versién 5.0. Evaluacién de la gravedad de los eventos
adversos dermatoldgicos de las terapias antineopldasicas. Actas Dermo-Sifiliogr. 2021, 112, 90-92. [CrossRef] [PubMed]

Caccese, M.; Desideri, I; Villani, V.; Simonelli, M.; Buglione, M.; Chiesa, S.; Franceschi, E.; Gaviani, P.; Stasi, I.; Caserta, C.; et al.
REGOMA-OSS: A large, Italian, multicenter, prospective, observational study evaluating the efficacy and safety of regorafenib in
patients with recurrent glioblastoma. ESMO Open 2024, 9, 102943. [CrossRef] [PubMed]

FDA approves regorafenib (Stivarga) for metastatic colorectal cancer. Oncology 2012, 26, 896. [PubMed]

FDA Approves Stivarga for Advanced GIST. Oncol. Times 2013, 35, 12. [CrossRef]

Regorafenib Approved for Liver Cancer. Cancer Discov. 2017, 7, 660. [CrossRef] [PubMed]

De Wit, M.; Boers-Doets, C.B.; Saettini, A.; Vermeersch, K.; de Juan, C.R.; Ouwerkerk, J.; Raynard, S.-S.; Bazin, A.; Cremolini,
C. Prevention and management of adverse events related to regorafenib. Support. Care Cancer 2013, 22, 837-846. [CrossRef]
[PubMed]

McLellan, B.; Ciardiello, F.; Lacouture, M.E.; Segaert, S.; Van Cutsem, E. Regorafenib-associated hand—foot skin reaction: Practical
advice on diagnosis, prevention, and management. Ann. Oncol. 2015, 26, 2017-2026. [CrossRef] [PubMed]

van Leeuwen, RW.E; van Gelder, T.; Mathijssen, R H.].; A Jansman, EG. Drug-drug interactions with tyrosine-kinase inhibitors:
A clinical perspective. Lancet Oncol. 2014, 15, e315-e326. [CrossRef] [PubMed]

Hussaarts, K.G.A.M.; Veerman, G.D.M.; Jansman, EG.A; van Gelder, T.; Mathijssen, R.H.].; van Leeuwen, R.W.E. Clinically
relevant drug interactions with multikinase inhibitors: A review. Ther. Adv. Med. Oncol. 2019, 11, 1-34. [CrossRef] [PubMed]
Ruda, R.; Bruno, F,; Pellerino, A.; Pronello, E.; Palmiero, R.; Bertero, L.; Crasto, S.; Polo, V.; Vitaliani, R.; Trincia, E.; et al.
Observational real-life study on regorafenib in recurrent glioblastoma: Does dose reduction reduce toxicity while maintaining the
efficacy? J. Neuro-Oncol. 2022, 160, 389—402. [CrossRef] [PubMed]

Signorelli, C.; Basso, M.; Calegari, M.A.; Anghelone, A.; Passardi, A.; Gallio, C.; Bittoni, A.; Lucchetti, ].; Angotti, L.; Di Giacomo,
E.; et al. Real-World Evidence of Regorafenib Dose Escalation Versus Fixed Dosing in Refractory Metastatic Colorectal Cancer:
Results from the ReTrITA Study. Cancers 2025, 17, 3316. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/cancers18152522


https://doi.org/10.3897/folmed.67.e142227
https://www.ncbi.nlm.nih.gov/pubmed/40524591
https://doi.org/10.1056/nejmoa1707358
https://www.ncbi.nlm.nih.gov/pubmed/29141164
https://doi.org/10.23736/s0390-5616.25.06421-5
https://www.ncbi.nlm.nih.gov/pubmed/40351039
https://doi.org/10.1016/s1470-2045(18)30675-2
https://www.ncbi.nlm.nih.gov/pubmed/30522967
https://doi.org/10.1200/jco-25-01137
https://www.ncbi.nlm.nih.gov/pubmed/41980234
https://doi.org/10.1017/erm.2024.8
https://www.ncbi.nlm.nih.gov/pubmed/38563164
https://doi.org/10.1007/978-3-319-91442-8_3
https://www.ncbi.nlm.nih.gov/pubmed/30069758
https://doi.org/10.1002/ijc.25864
https://www.ncbi.nlm.nih.gov/pubmed/21170960
https://doi.org/10.1158/1535-7163.mct-12-1162
https://www.ncbi.nlm.nih.gov/pubmed/23619301
https://doi.org/10.1016/j.ad.2019.05.009
https://www.ncbi.nlm.nih.gov/pubmed/32891586
https://doi.org/10.1016/j.esmoop.2024.102943
https://www.ncbi.nlm.nih.gov/pubmed/38492275
https://www.ncbi.nlm.nih.gov/pubmed/23175993
https://doi.org/10.1097/01.COT.0000428635.32713.a9
https://doi.org/10.1158/2159-8290.cd-nb2017-070
https://www.ncbi.nlm.nih.gov/pubmed/28522682
https://doi.org/10.1007/s00520-013-2085-z
https://www.ncbi.nlm.nih.gov/pubmed/24337717
https://doi.org/10.1093/annonc/mdv244
https://www.ncbi.nlm.nih.gov/pubmed/26034039
https://doi.org/10.1016/s1470-2045(13)70579-5
https://www.ncbi.nlm.nih.gov/pubmed/24988935
https://doi.org/10.1177/1758835918818347
https://www.ncbi.nlm.nih.gov/pubmed/30643582
https://doi.org/10.1007/s11060-022-04155-9
https://www.ncbi.nlm.nih.gov/pubmed/36309895
https://doi.org/10.3390/cancers17203316
https://www.ncbi.nlm.nih.gov/pubmed/41154373
https://doi.org/10.3390/cancers18152522

	Introduction 
	Materials and Methods 
	Patient Selection 
	Outcomes 
	Postoperative Management 
	Statistical Analyses 
	Ethics Statement 

	Results 
	Demographic and Clinical Characteristics 
	Survival 
	Treatment Exposure 
	Adverse Events 

	Discussion 
	Conclusions 
	References

