Xu etal. BMC Cancer ~ (2025) 25:1623 BMC Cancer
https://doi.org/10.1186/s12885-025-15123-7

Check for
updates

A retrospective study of 30 cases evaluating
the efficacy and safety of anlotinib plus
Temozolomide for recurrent/residual glioma
from a single center

Liping Xu'", Dandan Yu'", Fei Li'", Xiaofeng Ding'" and Yuandong Cao'"

Abstract

Objective To evaluate the efficacy and safety of anlotinib plus temozolomide (TMZ) as a first-line treatment for
recurrent/Residual glioma.

Methods Thirty eligible patients who either relapsed after the standard chemoradiotherapy regimen (TMZ plus
radiotherapy) or had macroscopic residual tumors due to involvement of eloquent brain areas were enrolled between
March 2018 and January 2021. Patients received anlotinib (12 mg once daily, 14 days on/7 days off) in combination
with TMZ (200 mg/m?, 5 days on/23 days off) until disease progression or unacceptable toxicity. The efficacy was
evaluated using the Response Assessment in Neuro-Oncology(RANO) criteria for high-grade gliomas. Safety was
assessed using the NCI-CTCAE 4.0. Survival outcomes were estimated with the Kaplan-Meier method and compared
using the log-rank test.

Results By April 2023, the median follow-up time was 28.1 +5.07 months(95% Cl:18.20-38.06). The median overall
survival (OS, measured from recurrence to death or last follow-up) was 17.87 +4.29 months (95% Cl: 9.46-26.28).
1-year, 1.5 year, 2-year OS rates were 60.0%, 46.7%, and 36.7%, respectively. The median progression-free survival

(PFS, measured from initiation of Anlotinib plus TMZ) was 7.83 +0.82 months(95% Cl, 6.22-9.44). The 6-month, 1-year
PFS rates were 63.3% and 36.7%, respectively. Univariate analysis showed that patients with WHO grade 2 gliomas

had significantly longer median OS and PFS compared with those with grade 3 or 4 gliomas (grade 2: 30.45+4.32,
grade 3:15.07+5.72, grade 4: 9.21+ 1.90, P=0.035). Patients aged < 55 years had significantly longer median PFS than
those > 55 years (12.97+1.71 vs. 7.33+1.95. p=0.010), although the difference in OS did not reach statistical difference
(19904629 mvs. 10.53+ 1.68 m, p=0.106). Additionally, sex, 1p/19q and IDH mutations were not significant negative
predictors of OS or PFS. Multivariate analysis further indicated that age, pathological grade, and IDH mutation were
not independent predictors of PFS or OS in recurrent glioma.
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Conclusion Anlotinib combined with TMZ demonstrated potential efficacy for recurrent glioma, as reflected in
observed OS and PFS outcomes, and demonstrated an acceptable tolerability profile in this patient cohort. Larger
randomized controlled trials are warranted to confirm these findings and further define the role of anlotinib plus TMZ

for the management of recurrent glioma.
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Introduction

Gliomas represent the most common type of primary
brain tumor. The current standard treatment for glio-
mas consists of surgical resection, followed by postop-
erative radiotherapy (RT) and chemotherapy. Prognosis is
closely correlated with the pathological classification and
World Health Organization (WHO) grade of the tumor.
Patients with glioblastoma have a median OS of only
13-16 months, with a 2-year survival rate is only 26.9%
[1]. Unfortunately, intracerebral relapse is almost inevi-
table [2]. At recurrence, gliomas may acquire new genetic
mutations, leading to more aggressive behavior and com-
plicating treatment [3]. Survival after relapse and retreat-
ment of glioma is typically 6-8 months, and the median
time to a second progression is 14 weeks [4, 5].

Tumor growth is known to be angiogenesis-depen-
dent. Vascular endothelial growth factor (VEGF) has
been shown to be overexpressed in many malignant
solid tumors. Gliomas are rich in neovascularization and
highly express VEGF [6-8]. This provides an important
theoretical basis for the development of antiangiogenic
drugs and targeted therapies. The current treatment
options are limited [2, 9, 10]. Given that glioma growth is
dependent on the formation of new blood vessels, inhibi-
tors targeting the tumor vasculature are promising thera-
peutic agents for recurrent glioma [11].

Anlotinib is a multitarget tyrosine kinase inhibitor that
was originally designed to inhibit VEGFR2/3, FGFR1-4,
PDGFR «/f, c-Kit, and Ret. Anlotinib inhibits tumor
angiogenesis and tumor cell growth. Anlotinib has been
reported to have acceptable adverse effects in the treat-
ment of non-small cell lung cancer, metastatic renal cell
carcinoma, and sarcoma [12, 13]. Anlotinib has been
approved by the National Medical Products Administra-
tion for the treatment of advanced lung cancers. Preclini-
cal results revealed that anlotinib significantly inhibits
FGFR1-4, especially FGFR2 [14]. However, to the best of
our knowledge, only a few studies have reported the use
of anlotinib in the treatment of patients with glioma [15,
16]. Therefore, this study reports the efficacy and safety
of anlotinib in patients with recurrent glioma.

Materials and methods

Patient selection

This retrospective study was approved by the Institutional
Research Ethics Committee of the First Affiliated Hospi-
tal of Nanjing Medical University(NO:2021-SR-193). The

study population consisted of patients with recurrent gli-
oma who did not respond well to a standard surgery plus
chemoradiotherapy regimen (TMZ and radiotherapy) at
the First Affiliated Hospital of Nanjing Medical Univer-
sity between March 2018 and January 2021. The inclusion
criteria were as follows: (1) age of 18—70 years; Karnofsky
performance scale (KPS) of >60; (2) histologically con-
firmed diagnosis of gliomas, World Health Organization
Grade 2(patients with high risk factors underwent adju-
vant radiotherapy and chemotherapy), 3 or 4; (3) measur-
able or evaluable disease by magnetic resonance imaging
(MRI) confirmation and a minimum life expectancy of 8
weeks; (4) progressive disease (relapse) on MRI defined
by Response Assessment in Neuro-Oncology (RANO)
criteria after the standard Stupp protocol or with persis-
tent macroscopic residual tumor after surgery because of
tumor located in the eloquent brain areas; (5) adequate
bone marrow function (leukocyte count>4000/pL, neu-
trophil count>1500/uL, platelet count=100,000/uL,
hemoglobin>8.0 g/dL), liver function (total bilirubin < 34
umol/L and aspartate and alanine aminotransferase <120
U/L), and renal function (serum creatinine <150 umol/L,
24 h urine protein<3.4 g).

The exclusion criteria were as follows: (1) extracranial
metastatic disease; (2) Gliadel wafer treatment; (3) severe
cardiopulmonary insufficiency; (4) status epilepticus; (5)
pregnancy; (6) gastrointestinal bleeding; (7) uncontrolled
blood pressure with medication (>140/90 mmHg);
(8) swallowing difficulties; and (9) HIV positivity and
treatment.

Drug administration

Anlotinib was provided by Chiatai Tian Qing Pharma
Co. Ltd. The starting dose of anlotinib was adminis-
tered at 12 mg p.o. once daily (14 days on, with 7 days
off) on a 21-day cycle. Drug doses were withheld and/or
reduced for intolerance to grade 2 or grade 3—4 toxicities.
A maximum of three dose level reductions was permit-
ted (12, 10, and 8 mg). The dose was modified to 10 mg
and then to 8 mg if patients experienced grade 2 hemato-
logical adverse events, hand and foot syndrome, protein-
uria, grade 3/4 hypertension, or other grade 3/4 adverse
events. Anlotinib was administered until disease progres-
sion, unacceptable toxicity, or death. TMZ was adminis-
tered to patients at a dose of 200 mg/m? (5 days on with
23 days off) on a 28-day cycle.



Xu et al. BMC Cancer (2025) 25:1623

Efficacy and adverse events

All the lesions were measured. The baseline evaluation
included MRI, questionnaires on health-related quality of
life, neurocognitive testing, routine blood tests, renal and
liver function, urinalysis, and electrocardiography. Effi-
cacy was measured using the RANO criteria, and brain
MR examinations were conducted every 1-3 months.
The primary endpoints were PFS and OS. OS; was
defined as the time from surgery to death or the end of
follow-up. OS, was defined as the time from recurrence
to death or the end of follow-up in all patients, while OS;
was defined as the time from the beginning of the inter-
vention treatment to death or the end of follow-up. PES
was defined as the time from the beginning of the inter-
vention treatment to progressive disease (PD) or the end
of follow-up.

Adverse events (AEs) were estimated using the
National Cancer Institute-Common Terminology Cri-
teria Adverse Events (version 4.0 (NCI-CTCAE 4.0) at
regular intervals during each cycle. Physical examination,
hematology, biochemistry tests, and electrocardiography
were used in order to monitor AEs. The authors con-
ducted medical and clinical monitoring of the study and
data management. Clinical laboratory assessments were
performed in local laboratories.

Table 1 Patient demographics and baseline characteristics

Characteristic NO.(%) %
Age, median(range), y 53.53+11.038
Gender
Male 16 533
Female 14 46.7
Histopathologic diagnosis
WHO 2 4 133
WHO 3 6 20.0
WHO 4 20 66.7
Age
<50 12 40%
250 18 60%
Time from the initial diagnosis to recurrence
<6m 16 52.8%
6-12m 10 33%
>12m 4 13.2%
IDH1 Mutant
Negative 17 56.7%
Positive 23.3%
Unknown 6 20%
1p/19g Mutant
Negative 13 43.3%
Positive 6 20.0
Unknown 11 36.7%
Dead
Yes 21 70%
No 9 30%
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Statistical analysis

OS and PFS were analyzed with Kaplan-Meier analysis
and log-rank test. Survival differences were compared
using a log-rank test. Multivariable analyses were con-
ducted using the Cox proportional hazards regression
model to investigate the effects of different survival fac-
tors. A 2-sided P value of less than 0.05 indicated a sta-
tistically significant finding for all analyses. Statistical
analyses were carried out with SPSS 20.0 version. Patient
characteristics and AEs were described with counts and
percentages in frequency tables, respectively.

Results

Patient characteristics

The baseline characteristics of patients are summarized
in Table 1. Thirty patients with recurrent glioma who
received anlotinib plus temozolomide (TMZ) between
September 2017 and December 2020 were included,
and all were evaluable for analysis. Of these, 46.7%
(n=14) were female and 53.3% (n=16) were male. The
median age was 53.5 years (range, 34—69). Most patients
had WHO grade 4 gliomas (66.7%, n=20), followed by
grade 3 (20.0%, n=6) and grade 2 (13.3%, n=4). Sixteen
patients (52.8%) relapsed within 6 months of prior ther-
apy, 10 (33.3%) within 6—12 months, and 4 (13.3%) after
more than 12 months. By the last follow-up on April 26,
2023, 21 patients (70.0%) had died and 9 patients (30.0%)
remained alive, with a median follow-up duration of
28.1+5.07 months (95% CI: 18.20-38.06.20.06).

Case examples

Three patients with glioblastoma (GBM) had residual
lesions following surgery or biopsy and subsequently
received anlotinib plus TMZ. The first was a 58-year-old
man who initiated treatment 3 months after complet-
ing the Stupp regimen; his PFS and OS were 8.5 and 11.1
months, respectively. The second was a 61-year-old man
who began therapy 1 month after biopsy, achieving a
PFES of 4.3 months and OS of 7.1 months. The third was
a 66-year-old woman treated 1 month after biopsy, with
PFES and OS of 1.6 and 3.3 months, respectively.

As an illustrative case, Fig. 1 shows MRI findings of a
54-year-old man with GBM. He underwent gross total
resection in January 2018 and received the Stupp regi-
men postoperatively. Recurrence in the left temporal lobe
was detected in September 2020. Following initiation of
anlotinib plus TMZ, MRI demonstrated tumor shrink-
age, and subsequent follow-up scans confirmed stable
disease until the last visit.

Survival outcomes

Kaplan-Meier survival curves are presented in Fig. 2. OS1
(from surgery): The median OS was 28.1+5.07 months
(95% CI: 18.20-38.06.20.06), with 1-, 2-, and 3-year OS
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Fig. 1 Longitudinal MRI changes of a WHO grade 4 glioma patient before and after treatment with anlotinib plus temozolomide (TMZ). Each time point
shows paired T1- and T2-weighted images (A)Postoperative MRI: no obvious enhancement at the surgical site (B)Recurrence: a new flocculent enhance-
ment lesion is visible at the surgical margin, and a deep enhancement lesion appears in the left temporal lobe (red arrows), indicating tumor recurrence
(C-H) Follow-up after three cycles of anlotinib plus TMZ: the deep enhancement lesion in the left temporal lobe shows progressive reduction compared

with (B) (red arrows). No new lesions are observed, and disease control is maintained up to the last follow-up

rates of 80.0%, 56.7%, and 40.0%, respectively. OS2 (from
recurrence): The median OS was 19.6+1.51 months
(95% CI: 16.62-22.52), with 6-, 12-, 18-, and 24-month
OS rates of 88.0%, 66.7%, 60.0%, and 36.7%. OS3 (from
initiation of anlotinib plus TMZ): The median OS was
17.9+4.29 months (95% CI: 9.46-26.28), with 1-, 1.5,
and 2-year OS rates of 60.0%, 46.7%, and 36.7%. PES: The
median PFS was 7.8 +0.82 months (95% CI: 6.22-9.44),
with 6-month and 1-year PFS rates of 63.3% and 36.7%.

Univariate analysis

When we analyzed female and male patients, there
was no significant difference in median overall survival
(OS) (female vs. male: 18.70+1.59 m vs. 12.43+2.17
m, p=0501) and median progression-free survival
(PES) (female vs. male: 7.33+5.68 m vs. 7.83+0.67 m,
p=0.539). (Fig. 3A, B).

We used a median age 55-year as the cut-off age.
It seemed that patients<55 had a longer median OS
than those>55 years 0ld(19.90£6.29 m vs. 10.53 £1.68
m), althouth this difference did not reach statisti-
cal difference(p=0.106). In contrast, median PFS was
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Fig. 2 Kaplan-Meier curves for overall survival (OS) and progression-free survival (PFS). A OS1: Time from initial surgery to death from any cause (censored
at last follow-up for surviving patients). B OS2: Time from the date of first documented recurrence to death from any cause (censored at last follow-up).
C 0S3: Time from the start of combination therapy with anlotinib and temozolomide (TMZ) to death from any cause (censored at last follow-up). D PFS:
Time from the start of combination therapy with anlotinib and TMZ to first documented disease progression or death from any cause (whichever oc-
curred first, censored at last follow-up)

1.0 = Female <10 g0
- == Male = = =1
R 08 S o8 E. 208
= s = 2
[J = 3
2 06 P=0.501 3 s 2 @ o6
> o Y o
3 g a2 o
d w w
= 0.4 T 0.4 = £ 0.4
: g 5
3 @ Fd 2
3 02 %o.z ) g 0.2
o
W+ & t+—— T 00t—T—7— T T T T T 1 g 0.0+——Frt+——+—7—"7
0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48

Time (months) Time (months) Time (months)

B C

Fig. 3 Univariate analysis of overall survival (OS) and progression-free survival (PFS) stratified by patient characteristics. A-B OS and PFS according to
gender. C-D OS and PFS according to age (<55 vs. >55 years)

Time (months)



Xu et al. BMC Cancer (2025) 25:1623

Page 6 of 9

. 1.0
1.0 1.0+ —— 1p/19q Negative = |DH Negative
=T 08 —— WHO I T o0sd —— 1p/19q Positive g 0.8- —— |DH Positive
~_‘; — WHO IlI ; = Unknown = == Unknown
2 0.6 — WHO IV 2 06 2 0.6
5 5 7
2 0.4 2 0.4 = 0.4
© o g
[ o
> 0.2 = > 0.2- = > 0.2
3 P=0.036 é P=0.478 6 P=0.175
o-c T T T T T T T 1 o-c T T T T T T T 1 O'O 1 1 1 1 1 1 1 1
0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48
Time (months) Time (months) Time (months)
== \WHO II
= 1.0 = 1.0+ 3 1.07 .
§ == WHO IlI §, —— 1p/19q Negative < = |DH Negative
S o8- == WHO IV S 034 —— 1p/19q Positive S 08 —— |DH Positive
; ; == Unknown g == Unknown
@ 064 ? 0.6 @ 06
o » o -P=0.514 o =
4 0.4 P=0.035 % 04 £ o4l |_ P=0.175
S S . § ] ]
7]
8 021 8 02 % 02 ! -
g L] g o
g g g
a 0.0 T T T T T T T 1 o 0.0 T T T T T T T 1 & 0.0 . . . : : . . .
0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48

Time (months)

B

Time (months)

Time (months)

D

Fig. 4 Univariate analysis of overall survival (OS) and progression-free survival (PFS) according to molecular and pathological features. A, B OS and PFS by
WHO pathological grade. C, D OS and PFS by chromosome 1p/19q status. E, F OS and PFS by IDH mutation status

significantly longer in the <55-year group (12.97+1.71 m
vs. 7.33+1.95 m; p=0.010) (Fig. 3C, D).

We found that patients with different WHO grade
glioma had different median OS(WHO 3 vs. WHO
4: 2847+8.13 m vs. 1580+7.73 m, P=0.036). Fur-
ther pairwise analysis revealed that patients of WHO 2
group had a longer median OS compared with those of
WHO 3 and 4 group(2 vs. 3: x2=5.539, p=0.019; 2 vs. 4,
X2=6.112, p=0.013). There was no significant difference
between WHO 3 and 4 group(x2=0.0303, p=0.582). The
median PFS showed significant difference between the
3 WHO grade groups(2 vs. 3 vs. 4: --m vs. 11.17+5.23
m vs. 7.20+£0.59 m, P=0.035). Further pairwise analy-
sis revealed that patients of WHO 2 group had a lon-
ger mPES than that of WHO 3 and 4(2 vs. 3: x2=4.16,
p=0.041; 2 vs. 4: x2=6.15, p=0.013). When we analyzed
patients with WHO grade 3 and grade 4 gliomas, no sig-
nificant difference was found(x2=0.623, p=0.430).(Fig.
4A, B).

In 1p/19q mutant related groups analysis, no signifi-
cant differences were observed in median OS(17.8 + 3.24
m vs. 2847+7.14 m vs. 12.4+6.26 m, p=0.478) and
median PFS(7.3+1.88 mvs. 12.9+6.37 m vs. 8.4+0.82 m,
P=0.514 m) among 1p/19q negative, positive, unknown
groups.(Fig. 4C, D).

Similarly, in IDH mutant related groups analy-
sis, although patients of IDH positive seemed to have
longer median OS than that of IDH negative or IDH

Table 2 Multivariate analysis of predictors for overall and
progression-free survival in 30 glioblastoma

oS OSHR(95%Cl) P PFS HR(95% P
value Cl) value
Age(>55vs.<55)  2.15(067-691) 0.199 253(0.75-847) 0.133
Grade (2 vs. 4) / 0970 / 0.967
Grade (3 vs. 4) 2.16(048-9.66) 0316 1.20(0.21-6.68) 0.839
IDH(Positive vs. 0.34(0.08-146) 0.147 1.02(0.17-6.18)  0.986
negative)
IDH(Unknownvs.  0.87(0.30-2.58) 0.805 0.71(0.23-2.21)  0.554

negative)

Cl Confidence interval, IDH Isocitrate dehydrogenase, OS Overall survival, PFS
Progression-free survival

unknown, no significant differences were observed
among the three groups(IDH negative vs. IDH negative
vs. IDH unknown: 13.30+3.70 m vs. -m vs. 12.43+5.37
m, p=0.175). Furthermore, there were no significant dif-
ference among patients with IDH negative, positive or
unknown(7.33+1.87 m vs. 12.97+11.18 m vs. 8.40+0.49
m, p =0.804.) (Fig. 3E, F).

Multivariate analysis

Multivariate Cox regression analysis was performed with
age, WHO grade, and IDH mutation status as covari-
ates for OS and PFS (Table 2). None of these factors
reached statistical significance, which may reflect the
limited sample size of our cohort. Nevertheless, the haz-
ard ratios and 95% confidence intervals are reported to
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illustrate the direction and magnitude of the associations.
For example, older age (>55 years) was associated with
an increased risk of death (HR=2.15, 95% CI: 0.67-6.91)
and progression (HR=2.53, 95% CI: 0.75-8.47), while
IDH mutation showed a trend toward reduced risk of
death (HR =0.34, 95% CI: 0.08—1.46).

Adverse events

Treatment-related adverse events (AEs) are summarized
in Table 3. The most frequent AEs were hand—foot syn-
drome (43.3%), leukopenia (40.0%), elevated transami-
nases (40.0%), hypertension (30.0%), thrombocytopenia
(30.0%), proteinuria (26.7%), hyperbilirubinemia (26.7%),
anemia (23.3%), neutropenia (26.7%), and gastrointesti-
nal symptoms (30.0%). Grade 3 AEs included hand—foot
syndrome (6.7%), thrombocytopenia (6.7%), and hyper-
bilirubinemia (3.3%). Four patients required dose reduc-
tion (two reduced from 12 mg to 10 mg, and two reduced
sequentially from 12 mg to 10 mg to 8 mg). Toxicities
improved after adjustment, and no treatment-related
deaths occurred.

Discussion

The prognosis of patients with recurrent gliomas remains
poor. According to the NCCN guidelines, bevacizumab
is currently the preferred agent for the treatment of
recurrent gliomas. Bevacizumab, a monoclonal anti-
body targeting VEGEF, has been used as a later-line treat-
ment for glioblastoma since its approval for recurrent
disease in the United States in 2009, and it has since
become a standard option in the NCCN guidelines [17].
Another recommended regimen is bevacizumab com-
bined with chemotherapy (e.g., carmustine, lomustine,
TMZ, or carboplatin). A meta-analysis demonstrated
that bevacizumab combined with chemotherapy signifi-
cantly improved progression-free survival and objective
response rate but did not extend OS compared with bev-
acizumab monotherapy [18]. Thus, effective treatment
options for recurrent glioma remain lacking, and molec-
ularly targeted agents have therefore become the focus of
research [19].

This retrospective study investigated the safety and effi-
cacy of anlotinib combined with TMZ in patients with
recurrent/residual glioma. Our data demonstrated that
anlotinib combined with TMZ showed potential efficacy
in recurrent/residual glioma. It was also well-tolerated in
the evaluated patient population.

The present retrospective study evaluated the safety
and efficacy of anlotinib combined with TMZ in patients
with recurrent or residual glioma. Our findings indicate
that this regimen provides potential clinical benefit and
is generally well tolerated. Anlotinib is an oral multitarget
tyrosine kinase inhibitor originally developed to inhibit
VEGFR2/3, FGFR1-4, PDGFRa/p, and c-Kit, thereby
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Table 3 Adverse events in the combination therapy of anlotinib
and Temozolomide
Adverse Events

Grade Grade Grade Grade Total

I I il v (n,%)

(%) (n,%) (n,%) (n,%)
Hand-foot syndrome 9 2 2 0 43.3%
Transaminase Elevation 9 3 0 0 40.0%
Leukopenia 7 5 0 0 40.0%
Hypertension 7 2 0 0 30.0%
Thrombocytopenia 5 2 2 0 30.0%
Hyperbilirubin 5 2 1 0 26.7%
Abuminuria 8 0 0 0 26.7%
Anemia 5 2 0 0 23.3%
Neutropenia 5 3 0 0 26.7%
Gastrointestinal Reaction 6 3 0 0 30.0%

exerting broad inhibitory effects on angiogenesis and
tumor growth [14]. It has been reported as a promising
option for glioblastoma with FGFR3-TACC3 fusion after
bevacizumab failure [15], suggesting a potential thera-
peutic role in recurrent glioblastoma following TMZ or
bevacizumab.

In our cohort, the median OS was 17.87 months, with
1-, 1.5-, and 2-year survival rates of 60.0%, 46.7%, and
36.7%, respectively. The median PFS was 7.83 months,
with 6-month and 1-year PFS rates of 63.3% and 36.7%,
respectively. In the subgroup of patients with recur-
rent glioblastoma, median OS reached 15.8 months and
median PFS was 7.2 months. These outcomes compare
favorably with previously reported salvage regimens for
recurrent glioblastoma. For example, dose-dense TMZ
monotherapy achieved a median OS of 6.9 months and
PFS of 4.3 months [20], whereas bevacizumab mono-
therapy resulted in a median OS of 8 months and PFS of
3 months [21]. Combination regimens, such as apatinib
with dose-dense TMZ, showed modest improvements
(mOS 9 months, mPFS 6 months) in an uncontrolled
study [22]. Notably, Xu et al. [23] reported a median OS
of 16.9 months and PFS of 7.3 months with anlotinib plus
TMZ in 21 recurrent glioblastoma patients, findings con-
sistent with our results. By contrast, anlotinib monother-
apy demonstrated more limited efficacy, with a median
OS of 10 months and PFS of 7 months in recurrent grade
4 glioma [24]. Additional retrospective studies corrobo-
rate the limited survival benefit of anlotinib alone or in
combination, reporting median OS of 7.7-13.6 months
and PFS of 4.5-5.0 months [25-27]. In newly diagnosed
glioblastoma, anlotinib combined with the standard
Stupp regimen achieved a median OS of 17.4 months and
PES of 10.9 months [28], highlighting its potential role in
frontline therapy.

When compared with existing evidence, our study
shows that anlotinib combined with temozolomide
(TMZ) achieves superior survival outcomes in recur-
rent glioblastoma, outperforming TMZ monotherapy,



Xu et al. BMC Cancer (2025) 25:1623

bevacizumab, and other anti-angiogenic regimens, and
producing results comparable to or better than prior
small-cohort reports of anlotinib plus TMZ. Our cohort
reached a median OS of 15.8 months and a median PFS
of 7.2 months, with the benefit supported by the longest
follow-up period among comparable studies (median
28.1+5.07 months, 95% CIL: 18.20-38.06.20.06). These
findings highlight the potential of anlotinib plus TMZ as
a viable therapeutic strategy in a setting with few effective
options and underscore its prognostic value in prolong-
ing survival. By providing long-term, real-world evidence
of meaningful clinical benefit, our study adds important
context to the growing body of literature on anlotinib-
based therapy and supports the need for larger, prospec-
tive trials to validate its role in recurrent glioblastoma.
Given its oral administration, manageable toxicity profile,
and encouraging efficacy, this regimen may represent a
practical and accessible treatment option for appropri-
ately selected patients in clinical practice.

In our study, anlotinib-related adverse reactions during
the treatment of recurrent gliomas were favorably toler-
ated. Most patients experienced grade 1-2 side effects.
Treatment-related grade 3 adverse effects included hand-
foot syndrome (6.7%, 2/30), thrombocytopenia (6.7%,
2/30), and hyperbilirubinemia (3.3%, 1/30). Dose reduc-
tion occurred in four patients(two from 12 mg to 10 mg,
the other two from 12 mg to 10 mg and then to 8 mg).
The side effects were relieved after dose adjustment.
These results are similar to those of previous studies [26—
28], which demonstrated the favorable safety and toler-
ance profile of anlotinib combined with/without TMZ.

Although some basic and clinical progress has been
made in anti-angiogenic therapy for glioma, the clinical
effect in the real world is far from expected. Multitar-
get anti-angiogenic drugs, such as anlotinib, have some
prospects. This study has several limitations. First, it was
a retrospective analysis with a relatively small number
of patients from a single institution. Second, although
1p/19q and IDH status were recorded, missing genetic
and molecular data limited our ability to conduct a com-
prehensive evaluation and draw firm conclusions regard-
ing molecular stratification. This limitation highlights the
importance of incorporating complete molecular marker
analyses in future studies to better define subgroups that
may benefit from anlotinib treatment. Third, our cohort
included four WHO grade 2 glioma cases, which repre-
sents a potential confounding factor; however, stratifica-
tion analysis partially addressed this issue. Nevertheless,
this study adds to the evidence on the efficacy and safety
of anlotinib plus TMZ for recurrent/residual glioma, with
a relatively large sample size and the longest follow-up
period reported to date.
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Conclusions

Anlotinib combined with TMZ exhibited encouraging
efficacy for recurrent glioma, as reflected in observed
OS and PFS outcomes, and demonstrated an accept-
able tolerability profile in this patient cohort. Further
randomized controlled clinical studies and application
of molecular biomarkers are required to validate these
findings and more definitively assess the efficacy of anlo-
tinib combined with TMZ for the treatment of recurrent
glioma.
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