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� Apatinib combined with TMZ is effective for recurrent GB.
� Apatinib combined with TMZ can reduce the levels of sPD-1 and sPD-L1.
A R T I C L E I N F O
Abbreviations: TMZ, Temozolomide; sPD-1, Soluble PD
Tumors; CR, Complete Relief; PR, Partial Relief; PD,
Survival

*Corresponding author.
E-mail address: tangxiaoping1032@outlook.com (

https://doi.org/10.1016/j.clinsp.2024.100376
Received 20 November 2023; Revised 15 March 202

1807-5932/© 2024 HCFMUSP. Published by Elsevie
4.0/)
A B S T R A C T

Objective: This study aimed to explore the effects of Apatinib combined with Temozolomide (TMZ) on the levels of
Soluble PD-1 (sPD-1) and Soluble Programmed Death-1 Ligand (sPD-L1) in patients with drug-resistant recurrent
Glioblastoma (GB).
Study design: A total of 69 patients with recurrent GB from September 2020 to March 2022 were recruited and
assigned to the control group (n = 34) and observation group (n = 35) according to different treatment options
after tumor recurrence. The control group was treated with TMZ, and the observation group was treated with Apa-
tinib combined with TMZ. Levels of sPD-1 and spd-l1, clinical efficacy, survival time and adverse reactions were
observed and compared between the two groups.
Results: General data including gender, age, body mass index, and combined diseases indicated no statistical sig-
nificance between groups (p > 0.05). Before the intervention, sPD-1 and sPD-L1 levels were not significantly dif-
ferent in the two groups (p > 0.05). After interventions, levels of PD-1 and sPD-L1 levels decreased significantly
(p < 0.05). The objective remission rate and clinical benefit rate of the observation group were higher and overall
survival and progression-free survival were longer than those of the control group (p < 0.05). No significant dif-
ference was observed in major adverse reactions among patients (p > 0.05).
Conclusions: Apatinib combined with TMZ is safe and effective in the treatment of recurrent GB. The combined
application of the two can reduce the levels of sPD-1 and sPD-L1, which has important clinical application value.
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Introduction

Glioblastoma (GB) is the most common malignant tumor of the
central nervous system, showing invasive growth, rapid progression,
short survival, and a high recurrence rate.1 In previous prospective
clinical trials, patients with recurrent GB had a poor prognosis, with
a median Overall Survival (OS) of only 30‒39 weeks.2 Recommenda-
tions for GB include surgical resection where possible, followed
by concurrent intensive chemotherapy with Temozolomide (TMZ)
or chemotherapy with cisplatin, carboplatin, cyclophosphamide, and
irinotecan.3,4 However, the effect of such treatment is not ideal,
tumor tolerance to chemoradiotherapy is poor, and conventional
chemotherapy drugs are not easily pass the blood-brain barrier.5

Therefore, there is no standard and effective treatment strategy for
relapsed and advanced GB patients once first-line treatment fails.
Apatinib is of antitumor efficacy in tumors.6 At present, Apatinib has
been gradually applied in the treatment of recurrent glioma, mostly
in scattered reports. In this study, patients with recurrent GB were
selected and divided into two groups according to different treatment
regimens to compare the clinical efficacy and adverse reactions of
Apatinib combined with TMZ, as well as its influence on sPD-1 and
sPD-L1 levels in patients.
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General information and methods

General information

This prospective cohort study was performed following the Strength-
ening the Reporting of Observational Studies in Epidemiology (STROBE)
Statement. A total of 69 patients with recurrent GB who were admitted
to the Affiliated Hospital of North Sichuan Medical College from Sep-
tember 2020 to March 2022 were recruited, aged 25 to 71 years old,
with an average age of (48.67 ± 12.54) years old. They were assigned to
the control group (n = 34) and the observation group (n = 35) accord-
ing to different treatment options after tumor recurrence. The control
group was treated with TMZ, and the observation group was treated
with Apatinib combined with TMZ. All patients were informed of the
treatment plan and possible complications in detail before treatment
and signed chemotherapy treatment consent. This study has been
approved by the ethics committee of the Affiliated Hospital of North
Sichuan Medical College (nº 20206SC32).

Criteria

Inclusion criteria
(1) Age > 18 years old; (2) All patients received conventional radio-

therapy and synchronous TMZ 4 weeks after surgery; (3) Recurrence of
grade Ⅲ orⅣ GB was confirmed by postoperative pathological and imag-
ing data; (4) Postoperative MRI indicated total resection or subtotal
resection of the tumor, and at least all T1 enhanced signals were
removed in patients located in functional areas. (5) Karnofsky score
≥70 and expected survival ≥ 3 months.

Exclusion criteria
(1) Recent participation in other clinical trials or use of interfering

drugs; (2) Intolerance to the drugs used in this study; (3) Patients with
dysphagia, chronic diarrhea or intestinal obstruction that significantly
affect oral drug absorption; (4) Only partial excision or biopsy was per-
formed; (5) Patients with severe hepatic and renal insufficiency; (6)
Patients with allergic constitution, autoimmune disease, blood system
disease, malignant tumor; (7) Patients with incomplete laboratory exam-
ination; (8) Other situations that may affect clinical research and the
judgment of research results.

Methods

The control group was given oral TMZ (Jiangsu Tasly DIYI Pharma-
ceutical Co., Ltd., batch nº 20160083), 150 mg/(m2/d), every other
week for 7 days (Days 1‒7, 15‒21), a cycle of 28 days.

The observation group was also given oral Apatinib Mesylate Tablets
(Jiangsu Hengrui Pharmaceuticals Co., Ltd., batch number: H20140103)
on the basis of TMZ, 500 mg each time, once a day. Drug therapy was
continued until disease progression or the follow-up deadline, or drug
therapy was discontinued due to intolerance.

Granisetron or metoclopramide was given accordingly to reduce
digestive tract reactions. Mannitol, methylprednisolone sodium succi-
nate, or dexamethasone were given to reduce edema around the tumor
as shown in the imaging data. Symptomatic treatments were given to
treat epilepsy and headache. Blood pressure, liver and kidney function,
and blood and urine routine were monitored during treatment.

Laboratory indicators

All patients were instructed to draw 5 mL of peripheral venous
blood in the morning fasting state. Then the blood sample was
placed in the anticoagulant tube, centrifuged at 3000 r/min for
10 min, and then the upper serum was absorbed and stored at
-80°C. sPD-1 and sPD-L1 were detected by enzyme-linked immuno-
sorbent assay. The standard product was prepared, and the sample
2

was diluted (1:2). Serum to be tested and standard substance were
added at 100 μL/well successively, and the enzyme label plate was
coated with film and incubated at 37°C for 2h. The reaction plate
was cleaned 3 times, added with a biotinized human ANG antibody
working solution at 100 μL/ well, and incubated at 37°C for
30 min. The reaction plate was cleaned for 4 times, and ABC work-
ing solution was added into the reaction well at 100 μL/well and
wet-incubated at 37°C for 45 min. After color development, the
plate was incubated for 20 min away from light and added with a
termination solution at 100 μL/well. Absorbance values were mea-
sured at 450 nm, and the color response depth was proportional to
the level of relevant indicators, which was calculated by drawing a
standard curve.

Adverse events

(1) Hand and foot syndrome: Oral drug treatment could be continued in
patients with grade 1 hand and foot syndrome, drug dose could be
appropriately reduced for patients with grade 2 hand and foot syn-
drome, and drug treatment should be suspended for grade 3. Urea
ointment or magnesium sulfate treatment may be given.

(2) Albuminuria: Grade 1 (albuminuria+ or 24h urinary protein < 1.0g)
and Grade 2 (albuminuria++ or 24h urinary protein 1.0‒3.4g) can
continue to use drugs, without reduction. Grade 3 (urinary protein+
++ or 24h urinary protein > 3.5g) should be stopped drug treat-
ment; If parallel treatment can restore albuminuria to below grade 2,
drug treatment can be continued after dose adjustment; Treatment
should be terminated if grade 3 albuminuria still occurs after 2 dose
reductions.

(3) Hypertension: Adverse hypertensive reactions were treated with
antihypertensive drugs orally. If grade 3 hypertension occurs, the
drugs should be stopped, and after blood pressure control, drug treat-
ment can be continued. If grade 4 hypertension (malignant hyperten-
sion, hypertensive crisis) occurs, the treatment should be terminated.

(4) Bleeding: If massive gastrointestinal bleeding occurs, treatment
should be terminated immediately.

Curative effect criteria

MRI was performed after 1 month of treatment to measure the maxi-
mum tumor diameter, transverse diameter, and coronial height in an
enhanced axial image. According to the Flair image, the maximum diam-
eter of peritumor edema before and after 1 month of treatment was
observed to calculate tumor size (cm3) and edema degree. According to
image data within 1 month, Response Evaluation Criteria in Solid
Tumors (RECIST) were applied to evaluate the tumors. Complete Relief
(CR): all tumor lesions disappeared and remained for more than 4
weeks; Partial Relief (PR): the total diameter of all tumor lesions was
≥30% lower than baseline; Progression Disease (PD): Tumor lesions
increased in diameter and relative by at least 20%, or one or more new
lesions appeared; Stable Disease (SD): The reduction degree of tumor
lesions did not reach PR, and the increase degree did not reach PD level.
Objective Response Rate (ORR) = (CR + PR)/(CR + PR + SD + PD)
×100%; Disease Control Rate (DCR) = (CR + PR + SD)/(CR + PR +
SD+ PD) ×100%.

Survival time

All patients were followed up until death or expiration date. Overall
Survival (OS) and Progression-Free Survival (PFS) were calculated from
the start of treatment to the date of death or to disease progression.
Kaplan-Meier method calculated the percentage of 6-month PFS (the
percentage of patients without disease progression or death within 6
months).
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Termination of treatment and withdrawal from study

Medical imaging (RANO standard) findings of disease progression or
recurrence, severe adverse reactions to Apatinib, and inability to tolerate
treatment despite dose reduction are not required to give a reason and
can be withdrawn from the study at any time.

Statistical analysis

SPSS 24.0 statistical software was used to analyze the data. Measure-
ment data conforming to normal distribution were expressed as mean ±
standard deviation (x̄±s), and a t-test was used for comparison between
groups. Enumeration data were expressed by the number of cases (n) or
percentage (%) and compared by the Chi-Square test. Kaplan-Meier
method calculated the survival rate, and the Log-Rank test was used for
survival analysis and comparison; p < 0.05 represented a significant dif-
ference.

Results

General information

Table 1 shows no statistically significant difference in general data
including gender, age, body mass index, and combined diseases in the
two groups (p > 0.05).

sPD-1 and sPD-L1 levels

Neither sPD-1 nor sPD-L1 indicated significance between the 2
groups before intervention (p > 0.05). Combined treatment lowered
sPD-1 and sPD-L1 in a more effective manner (p < 0.05) (Table 2).

Clinical efficacy

Combined treatment increased ORR and CBR in patients compared
with single TMZ treatment (p < 0.05) (Table 3).

Survival

OS and PFS were longer in patients after combined treatment com-
pared with TMZ treatment (p < 0.05) (Table 4).

Adverse reactions

Major adverse reactions among patients suggested no statistically
significant difference (p > 0.05) (Table 5).

Discussion

GB takes on characteristics of rapid progression, low survival rate,
and extremely poor prognosis.7 At present, although with standard treat-
ments, the clinical efficacy is poor. For recurrent GB cases, there is still
no standard treatment for patients who refuse to undergo re-surgery or
are not candidates for re-surgery. Postoperative chemoradiotherapy or
Table 1
Comparison of general data between the two groups (x ± s,

Groups Control group (n = 34)

Gender Male 24
Female 10

Age (years) 48.66 ± 12.01
Mean recurrence time (months) 8.12 ± 3.17
Tumor site Solitary 26

Multifocal 8

3

molecular targeted therapy are the main therapeutic methods, both of
which aim to reduce and destroy tumor cells and inhibit tumor cell pro-
liferation. However, due to drug resistance, therapeutic efficacy has
been at a bottleneck, which is mainly related to ignoring the host
immune system in malignant tumors.8 TMZ intensive therapy is a com-
monly used therapy regimen. However, TMZ therapy is MGMT promoter
methylation-dependent with limited long-term efficacy. Apatinib is a
small-molecule tyrosine kinase inhibitor independently developed in
China, which can highly selectively compete with intracellular binding
sites, block downstream cell signals, and thus inhibit angiogenesis in
tumor tissues.9,10 Apatinib has ideal efficacy in gastric cancer, esoph-
ageal cancer, lung cancer, liver cancer, colorectal cancer, etc.11 sPD-1 is
mainly expressed on the surface of activated T-cells, B-cells, and macro-
phages, and its ligands include sPD-L1 and s PD-L2. As a transmembrane
transport glycoprotein, sPD-L1 is an immunosuppressive molecule in the
human body and widely exists in tumor cells such as lymphocytes.12

Changes in sPD-L1 levels can reflect neovascularization and apoptosis.
When the sPD-L1 level increases in the body, it can bind more to the
sPD-1 receptor, inhibit T-cell proliferation and differentiation and
induce apoptosis, suppressing the normal immune system, making
malignant proliferating tumor cells escape immune killing, resulting in
the obstruction of the apoptosis process of cancer. During carcinogene-
sis, driving carcinogenic events may lead to overexpression of PD-L1.
For example, Epidermal Growth Factor Receptor (EGFR) mutations are
positively correlated with the expression of PD-L1 in lung cancer, and
EGFR inhibitors can inhibit the transcription of PD-L1.13 Clinical studies
have found that radiotherapy can induce sPD-L1 in tumor cells, and sPD-
L1 promotes tumor immune escape.14-16 In recent years, tumor immuno-
therapy for PD-1 or PD-L1 has been proven to cause durable anti-tumor
immune response in many types of tumors with less toxicity. Although
there is still much to be learned about this signaling pathway, PD-1/PD-
L1 blocking therapy is still expected to become the main immunother-
apy for cancer in the next few years.17-18 This study observed that sPD-1
and sPD-L1 levels were effectively reduced after combined treatment.
Analysis suggested that Apatinib combined with TMZ specifically binds
to the competitive target cells of sPD-1 and sPD-L1 to activate the target
cell membrane, thus reducing and weakening the immune effect.19,20

As the second-generation alkylating agent, TMZ can directly pass the
blood-brain barrier, alkylating the 6th oxygen atom of guanine on DNA
molecules, and play a cytotoxic role through the misallocation repair of
methylated admixtures. It is currently a first-line chemotherapy drug for
glioma.21 Although TMZ has achieved certain clinical efficacy, glioma is
prone to develop resistance to TMZ. The dose density scheme is to regen-
erate the cytotoxic effects of TMZ in drug-resistant glioma by depleting
MGMT activity in blood monocytes at a continuous low dose.22 Apatinib
has shown significant improvement in cancer patients’ outcomes, as
well as in recurrent GB patients who did not respond to bevacizumab.23

This study showed that combined treatment reduced peritumoral edema
and shrunk tumor size, as well as increased clinical ORR, CBR, OS, and
PFS. These results indicated that the treatment effect of Apatinib com-
bined with TMZ intensive regimen was significantly better than that of
TMZ alone, and Apatinib could enhance the antitumor effect of TMZ or
partially reverse TMZ resistance in patients with recurrent GB. Analysis
suggested that Apatinib combined with TMZ could significantly reduce
%).

Observation group (n = 35) Statistical value p

27 2.541 0.057
8
48.63 ± 12.73 1.007 0.133
8.48 ± 3.22 1.276 0.091
29 0.765 0.298
6



Table 5
Comparison of adverse reactions between the two groups (%).

Groups Control group (n = 34) Observation group (n = 35) X2 p

Elevated blood blood pressure (grade 1) 2 (5.88) 3 (8.57) 0.593 0.294
Nausea and vomiting (grade 1) 3 (8.82) 2 (5.71)
Albuminuria (grade 1) 0 (0.00) 1 (2.85)
Myelosuppression (grade 1) 1 (2.94) 0 (0.00)
Hand-foot syndrome (grade 1) 1 (2.94) 1 (2.85)

Table 2
Comparison of laboratory indexes between the two groups (x ± s).

Groups Control group (n = 34) Observation group (n = 35) t p

sPD-1 Before intervention 17.34 ± 2.43 17.35 ± 2.41 1.063 0.712
After intervention 14.71 ± 1.24 6.37 ± 0.93 8.137 0.002

sPD-L1 Before intervention 19.04 ± 3.46 19.05 ± 3.41 0.927 1.82
After intervention 16.71 ± 2.43 11.37 ± 1.35 8.575 0.002

Table 3
Comparison of clinical efficacy between the two groups (x ± s).

Groups Control group (n = 34) Observation group (n = 35) t p

CR 0 (0.00) 3 (8.5) ‒ ‒
PR 8 (23.53) 16 (45.71)
SD 12 (35.29) 11 (37.14)
PD 14 (41.18) 5 (14.28)
ORR 8 (23.53) 19 (54.28) 8.421 0.002
CBR 20 (58.82) 30 (85.71) 10.217 0

Table 4
Comparison of blood lipid difference before and after treatment between the two groups (x ± s).

Groups Control group (n = 34) Observation group (n = 35) t p

Overall survival (months) 8.73 ± 5.57 14.27 ± 4.77 10.596 0
Progression-free survival (months) 5.27 ± 3.79 11.87 ± 4.78 10.849 0
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sPD-L1 in patients, reduce its binding to sPD-1 receptor, promote T cell
activation, and avoid cancer cells from escaping the anti-tumor immu-
nity of the body.24 Apatinib can promote glioma cell apoptosis and
inhibit cell proliferation, and the combination with TMZ further reduces
cell proliferation and improves antitumor activity.25,26 In terms of
adverse reactions, patients mainly suffered from elevated blood pres-
sure, digestive tract reaction, myelosuppression, hand and foot rash,
pruritus, desquamate, rhagades, and transient proteinuria during medi-
cation. The reactions were mild, mainly grade 1‒2, and were quickly
controlled and improved after symptomatic treatment, indicating that
Apatinib combined with TMZ had higher safety.

In conclusion, Apatinib combined with TMZ improved the symptoms
of patients with recurrent GB in the short term, alleviated clinical symp-
toms, and reduced sPD-1 and sPD-L1 in peripheral blood. However, the
results may be biased because of the small case size and short follow-up
time, and larger samples and multi-center studies are needed to further
observe the long-term efficacy of this program.

Ethical statement

All procedures performed in this study involving human participants
were in accordance with the ethical standards of the institutional and/or
national research committee and with the 1964 Helsinki Declaration
and its later amendments or comparable ethical standards. All subjects
were approved by the Affiliated Hospital of North Sichuan Medical Col-
lege (nº 20206SC32).
4

Author’s contribution

R. Kuang designed the research study. J. Wang and Y. Wang per-
formed the research. X. Tang and Y. Wang provided help and advice. R.
Kuang and J. Wang analyzed the data. R. Kuang wrote the manuscript.
X. Tang reviewed and edited the manuscript. All authors contributed to
editorial changes in the manuscript. All authors read and approved the
final manuscript.

Funding

Nanchong City 2022 City School Science and Technology Strategic
Cooperation Special Fund (Fund number: 22SXQT0039).

Conflicts of interest

The authors declare no conflicts of interest.

Acknowledgments

Not applicable.

Availability of data and materials

Data is available from the corresponding author on request.



R.Z. Kuang et al. Clinics 79 (2024) 100376
References

1. Du XG, Zhu MJ. Clinical relevance of lysyl oxidase-like 2 and functional mechanisms
in glioma. Onco Targets Ther 2018;11:2699–708.

2. Duerinck J, Schwarze JK, Awada G, Tijtgat J, Vaeyens F, Bertels C, et al. Intracerebral
administration of CTLA-4 and PD-1 immune checkpoint blocking monoclonal antibod-
ies in patients with recurrent glioblastoma: a phase I clinical trial. J Immunother Can-
cer 2021;9(6):e002296.

3. Xiong L, Wang F, XQi Xie. Advanced treatment in high-grade gliomas. J Buon 2019;24
(2):424–30.

4. Ho K-H, Cheng C-H, Chou C-M, Chen P-H, Liu A-J, Lin C-W, et al. miR-140 tar-
geting CTSB signaling suppresses the mesenchymal transition and enhances
temozolomide cytotoxicity in glioblastoma multiforme. Pharmacol Res 2019;
147:104390.

5. Prelaj A, Rebuzzi SE, Grassi M, Salvati M, D’Elia A, Buttarelli F, et al. Non-conven-
tional fotemustine schedule as second-line treatment in recurrent malignant gliomas:
Survival across disease and treatment subgroup analysis and review of the literature.
Mol Clin Oncol 2019;10(1):58–66.

6. Huang M, Huang B, Li G, Zeng S. Apatinib affect VEGF-mediated cell proliferation,
migration, invasion via blocking VEGFR2/RA/MEK/ERK and PI3K/AKT pathways in
cholangiocarcinoma cell. BMC Gastroenterol 2018;18(1):169.

7. Xue J-M, Ast�ere M, Zhong M-X, Lin H, Shen J, Zhu Y-X, et al. Efficacy and
safety of apatinib treatment for gastric cancer, hepatocellular carcinoma and
non-small cell lung cancer:a meta-analysis. Onco Targets Ther 2018;11:
6119–28.

8. Zheng B, Ren T, Huang Y, Guo W. Apatinib inhibits migration and invasion as well
asPD-L1 expression in osteosarcoma by targeting STAT3. Biochem Biophys Res Com-
mun 2018;495(2):1695–701.

9. Wang L, Liang L, Yang T, Qiao Y, Xia Y, Liu L, et al. A pilot clinical study of apatinib
plus irinotecan in patients with recurrent high-grade glioma. Medicine 2017;96(49):
e9053.

10. Wu HZ, Deng H, Wang Li X, Sun T, Tao Z, et al. MGMT autoantibodies as a potential
prediction of recurrence and treatment response biomarker for glioma patients. Can-
cer Med 2019;8(9):4359–69.

11. Kong Z, Yan C, Zhu R, Wang J, Wang Y, Wang Y, et al. Imaging biomarkers
guided anti-angiogenic therapy for malignant gliomas. Neuroimage Clin 2018;20:
51–60.

12. Arora S, Balasubramaniam S, Zhang H, Berman T, Narayan P, Suzman D, et al. FDA
approval summary: olaparib monotherapy or in combination with bevacizumab for
the maintenance treatment of patients with advanced ovarian cancer. Oncologist
2021;26(1):e164–72.
5

13. Gutic B, Bozanovic T, Mandic A, Dugalic S, Todorovic J, Stanisavljevic D, et al. Pro-
grammed cell death-1 and its ligands: Current knowledge and possibilities in immuno-
therapy. Clinics 2023;78:100177.

14. Chang B, Huang T, Wei H, Shen L, Zhu D, He W, et al. The correlation and prognostic
value of serum levels of soluble programmed death protein 1 (sPD-1) and soluble pro-
grammed death-ligand 1 (sPD-L1) in patients with hepatocellular carcinoma. Cancer
Immunol Immunother 2019;68(3):353–63.

15. Wang C, Jiang M, Hou H, Lin Q, Yan Z, Zhang X. Apatinib suppresses cell growth and
metastasis and promotes antitumor activity of temozolomide in glioma. Oncol Lett
2018;16(5):5607–14.

16. Tan D, Sheng L, Yi QH. Correlation of PD-1/PD-L1 polymorphisms and expressions
with clinicopathologic features and prognosis of ovarian cancer. Cancer Biomark
2018;21(2):287–97.

17. Daassi D, Mahoney KM, Freeman GJ. The importance of exosomal PDL1 in tumour
immune evasion. Nat Rev Immunol 2020;20(4):209–15.

18. Lahiri A, Maji A, Potdar PD, Singh N, Parikh P, Bisht B, et al. Lung cancer immunother-
apy: progress, pitfalls, and promises. Mol Cancer 2023;22(1):40.

19. Omura Y, Toiyama Y, Okugawa Y, Yin C, Shigemori T, Kusunoki K, et al. Prognostic
impacts of tumoral expression and serum levels of PD-L1 and CTLA-4 in colorectal can-
cer patients. Cancer Immunol Immunother 2020;69(12):2533–46.

20. Heymach J, Krilov L, Alberg A, Baxter N, Chang SM, Corcoran RB, et al. Clinical cancer
advances 2018: Annual report on progress against cancer from the American Society
of Clinical Oncology. J Clin Oncol 2018;36(10):1020–44.

21. Santoso B, Saadi A, Dwiningsih SR, et al. Soluble immune checkpoints CTLA-4, HLA-G,
PD-1, and PD-L1 are associated with endometriosis-related infertility. Am J Reprod
Immunol 2020;84(4):e13296.

22. Grywalska E, Smarz-Widelska I, Mertowski S, Tunjungseto A, Widyanugraha MYA,
Mufid AF, et al. expression inversely correlates with kidney function and serum immu-
noglobulin concentration in patients with primary glomerulonephritides. Arch Immu-
nol Ther Exp 2019;67(5):335–49.

23. Liu J, Tian X, Wang Y, Kang X, Song W. Soluble cytotoxic T-lymphocyte-associated
antigen 4 as a potential biomarker for diagnosis and evaluation of the prognosis in Gli-
oma. BMC Immunol 2021;22(1):33.

24. Liang Q, Kong L, Du Y, Zhu X, Tian J. Antitumorigenic and antiangiogenic efficacy of
apatinib in liver cancer evaluated by multimodality molecular imaging. Exp Mol Med
2019;51(7):76.

25. Chen X, Qiu T, Zhu Y, Sun J, Li P, Wang B, et al. A Single-Arm, Phase II Study of Apati-
nib in Refractory Metastatic Colorectal Cancer. Oncologist 2019;5(7):1816.

26. Wang C, Jiang M, Hou H, Lin Q, Yan Z, Zhang X. Apatinib suppresses cell growth and
metastasis and promotes antitumor activity of temozolomide in glioma. Oncol Lett.
2018;16(5):5607-14.

http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0001
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0001
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0002
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0002
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0002
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0002
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0003
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0003
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0004
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0004
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0004
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0004
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0005
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0005
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0005
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0005
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0006
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0006
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0006
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0008
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0008
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0008
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0009
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0009
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0009
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0010
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0010
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0010
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0011
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0011
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0011
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0012
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0012
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0012
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0012
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0013
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0013
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0013
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0014
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0014
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0014
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0014
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0015
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0015
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0015
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0016
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0016
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0016
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0017
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0017
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0018
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0018
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0019
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0019
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0019
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0020
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0020
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0020
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0021
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0021
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0021
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0022
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0022
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0022
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0022
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0023
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0023
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0023
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0024
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0024
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0024
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0025
http://refhub.elsevier.com/S1807-5932(24)00053-X/sbref0025

	Effects of Apatinib combined with Temozolomide on levels of sPD-1 and sPD-L1 in patients with drug-resistant recurrent glioblastoma
	Introduction
	General information and methods
	General information
	Criteria
	Inclusion criteria
	Exclusion criteria


	Methods
	Laboratory indicators
	Adverse events
	Curative effect criteria
	Survival time
	Termination of treatment and withdrawal from study
	Statistical analysis

	Results
	General information
	sPD-1 and sPD-L1 levels
	Clinical efficacy
	Survival
	Adverse reactions

	Discussion
	Ethical statement
	Author's contribution

	Funding
	Conflicts of interest
	Acknowledgments
	Availability of data and materials

	References


