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Abstract 

Glioblastoma (GBM), a prevalent and malignant brain tumor, poses a challenge in surgical resection due to its invasive 
nature within the brain parenchyma. CDKN1A (p21, Waf‑1), a cyclin‑dependent kinase inhibitor, plays a pivotal role 
in regulating cell growth arrest, terminal differentiation, and apoptosis. The existence of natural variants of CDKN1A 
has been associated with specific cancer types. In this retrospective study, our objective was to identify polymorphic 
variants of CDKN1A, specifically c.93C > A (codon 31 Ser31Arg), and investigate its potential impact within the scope 
of bevacizumab therapy for glioblastoma multiforme. This study involved a cohort of 139 unrelated adult Chinese 
GBM patients in Taiwan. Genomic DNA extracted from tumor samples was utilized for genotyping using the polymer‑
ase chain reaction (PCR) restriction fragment length polymorphism method (PCR–RFLP analysis). Through uncondi‑
tional logistic regression analysis, odds ratios (ORs) with corresponding 95% confidence intervals (CIs) were calculated. 
Our findings unveiled that among these GBM patients, the distribution of codon 31 polymorphisms was as follows: 
23.02% were Serine homozygotes (Ser/Ser), 27.34% were Arginine homozygotes (Arg/Arg), and 49.64% were Ser‑
ine/Arginine heterozygotes (Ser/Arg). While CDKN1A c.93C > A polymorphisms did not exhibit a direct association 
with overall survival in GBM patients, noteworthy survival benefits emerged among individuals with Arg/Arg and Arg/
Ser genotypes who received combined concurrent chemoradiotherapy (CCRT) and bevacizumab treatment com‑
pared to those who underwent CCRT alone. Our findings indicate a significant involvement of the CDKN1A c.93C > A 
polymorphism in the development and onset of GBM, offering potential implications for the early prognostication 
of bevacizumab therapy outcomes.
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Introduction
Glioblastoma multiforme (GBM) is an aggressive brain 
tumor known for its high resistance to treatment. Despite 
multiple attempts using various immunotherapeutic 
approaches and combinations [1], GBM remains incur-
able. Patients with glioblastoma have a poor prognosis, 
with a median survival of 14.6 months and a 2-year sur-
vival rate of less than 26.5% [2]. In a recent study con-
ducted on the Taiwanese population, it was found that 
the 1-year survival rate of GBM was only 50.3%, which 
was significantly lower (24.0%) compared to the 2-years 
survival rate [3]. There are two major contributing fac-
tors to this outcome. Firstly, GBM frequently recurs and 
metastasizes due to the rapid proliferation of infiltra-
tive residual tumor cells. Secondly, tumor cells that are 
resistant to current chemotherapy contribute to tumor 
regrowth and recurrence, which is often inevitable. 
Therefore, there is an urgent need to explore approaches 
that can improve the outcomes of GBM patients.

In 2009, the Food and Drug Administration (FDA) 
granted accelerated approval for bevacizumab (BEV), also 
known as Avastin, a humanized anti-VEGF monoclonal 
immunoglobulin 1 (IgG1) antibody. BEV inhibits angio-
genesis by disrupting the VEGF/VEGF-receptor signal-
ing pathway, thereby exerting indirect antitumor activity 
[4]. Currently, BEV is used for the treatment of recurrent 
glioblastoma multiforme (rGBM) [5]. Subsequent clinical 
studies also have demonstrated the effectiveness of beva-
cizumab in increasing the objective response rate and 
median progression-free survival in patients with rGBM 
[6]. However, its contribution to extending patient sur-
vival in newly diagnosed GBM or progressive GBM has 
not been established in several clinical trials [7–9]. None-
theless, prolonged progression-free survival (PFS) and 
overall survival (OS) have been reported in the recur-
rence setting with bevacizumab alone or in combination 
with other chemotherapy [10]. These results highlight the 
controversial findings regarding the impact of bevaci-
zumab on PFS and OS.

Due to the complex pathogenesis and multiple genetic 
heterogeneities, tumor suppressor gene p53, and its 
downstream effecter p21 are believed to play signifi-
cant roles in cancer development. The  p21waf1/cip1 gene 
(CDKN1A, Cyclin-Dependent Kinase Inhibitor 1A; 
OMIM:116,899; hereafter referred to as CDKN1A) 
encodes an essential cell cycle regulatory protein that 
inhibits cell cycle progression from G1 to S phase, 
thereby regulating cell proliferation, growth arrest, and 
apoptosis. As the primary downstream regulator of the 
tumor suppressor p53, CDKN1A serves as a crucial link 
between p53 to cell-cycle arrest and DNA repair [11, 
12]. Consequently, it has been suggested that CDKN1A 
may exert an influence on tumor genesis [13]. While 

CDKN1A gene mutations are rare in carcinoma [14], a 
decrease in CDKN1A expression is often associated with 
a poor prognosis [15–17]. This suggests that genetic poly-
morphisms in CDKN1A are likely to modulate its expres-
sion, thereby influencing the pathogenesis and initiation 
of carcinoma.

Single nucleotide polymorphisms (SNPs) in the 
human genome have been found to influence suscep-
tibility to various types of cancer. Several studies have 
indicated that CDKN1A polymorphisms can impact 
protein expression and activity, and play a role in can-
cer susceptibility [14, 17]. The two most extensively 
studied CDKN1A polymorphisms are situated at codon 
31, specifically CDKN1A c.93C > A (p.Ser31Arg), pre-
viously referenced as CDKN1A C98A, NM_000389.5 
(CDKN1A):c.93C > A, and documented as dbSNP 
rs1801270 C > A. This polymorphism involves a transver-
sion substitution, where the base changes from C to A, 
leading to a non-synonymous serine-to-arginine substi-
tution in the CDKN1A protein. This alteration results in 
the loss of the Blp I restriction site and impacts the DNA-
binding zinc finger motif. Another noteworthy polymor-
phism is detected in the CDKN1A 3’UTR c.*70C > T, 
previously known as CDKN1A 3’UTR (CDKN1A C70T, 
dbSNP rs1059234 C > T), involving a transition substi-
tution that modifies the nucleotide from C to T. These 
polymorphisms, whether in isolation or in combination, 
are believed to exert influence on carcinogenesis [18–20]. 
Typically, these polymorphic changes lead to a reduction 
in the transcriptional activity of CDKN1A [21], conse-
quently heightening susceptibility to cancer [22].

The impact of the Ser31Arg polymorphism on can-
cer risk has been extensively investigated in numerous 
molecular epidemiological studies. However, these stud-
ies have reported conflicting results, highlighting the 
need to further explore the underlying heterogeneity. 
To address this gap, we conducted a retrospective study 
focusing on the potential role of CDKN1A functional 
polymorphism as a predictive marker in patients with 
glioblastoma multiforme within the Taiwanese popula-
tion. Through genotyping analysis of CDKN1A, we made 
a novel finding, establishing a significant association 
between GBM patient survival and the presence of either 
arginine homozygotes (Arg/Arg) or serine/arginine hete-
rozygotes (Ser/Arg) at codon 31 of CDKN1A, particularly 
following bevacizumab therapy in a Chinese population.

Materials and methods
Subjects
The study protocols were approved by the Medical Eth-
ics Committee of Taichung Veterans General Hospital 
(Approval number: CF17263B-4). This retrospective 
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study included 139 GBM patients ranging in age from 
20 to 92 years. GBM diagnosis was confirmed through 
pathological examinations. Samples were obtained 
from the Department of Minimally Invasive Skull Base 
Neurosurgery, Neurological Institute, Taichung Vet-
erans General Hospital, from 2010 to 2022, compris-
ing the primary study cohort. Informed consent was 
obtained from all subjects or their legal guardians prior 
to surgery, and the collected samples were promptly 
frozen. The informed consent process involved provid-
ing detailed information about the study’s objectives, 
procedures, potential risks, and benefits to the par-
ticipants. They were given ample opportunity to ask 
questions and clarify any concerns before voluntarily 
providing their consent to participate. The study pro-
tocol and informed consent procedure were reviewed 
and approved by the relevant institutional ethics com-
mittee to ensure compliance with ethical guidelines and 
standards. All GBM patients underwent surgical resec-
tion and received concurrent chemoradiotherapy with 
temozolomide (Temozolomide (TMZ): 75  mg/m2/d) 
(CCRT), followed by adjuvant TMZ (150–200  mg/
m2/d). Bevacizumab (10  mg/kg intravenously every 
2  weeks until disease progression) was administered 
only to patients with recurrent GBM. The validation 
cohort consisted of 139 cases selected from the primary 
cohort based on the following criteria: (1) availability 
of follow-up data and samples, and (2) a post-operative 
survival time of more than one month. The obtained 
samples were immediately frozen after surgery. Over-
all survival (OS) time was defined as the time from the 
operation to the date of death or censored at the date 
of the last follow-up examination. The study end date 
was 31 March 2023. Commencing on May, 2012, the 
National Health Insurance Bureau of Taiwan broadened 
its coverage within the framework of health insurance 
benefits, encompassing the targeted drug bevacizumab’s 
application in the treatment of adult patients experi-
encing relapsed glioblastoma multiforme. The adminis-
tration of bevacizumab was typically synchronized with 
the emergence of disease progression, reflecting a com-
mitment to transparency. This clinical determination 
was rooted in a thorough assessment of each patient’s 
unique circumstances, alongside pertinent clinical vari-
ables. This systematic approach facilitated the precise 
deployment of bevacizumab, aligning its usage with the 
unmistakable signs of disease advancement. As a result, 
its focused deployment effectively managed the recur-
rence of glioblastoma. Nevertheless, it is imperative 
to acknowledge that certain individuals, prior to 2012, 
might not have received optimal counsel and treatment 

due to factors such as financial limitations or individual 
considerations.

Endpoint
The primary endpoint of this study focused on over-
all survival (OS), which was defined as the period in 
months starting from the initiation of the first surgery 
and extending until the time of death. In cases where 
patients were still alive at the point of data censoring, the 
OS was calculated up to the date of the last follow-up. 
The secondary endpoints encompassed progression-free 
survival (PFS) and the assessment of adverse events. PFS, 
specifically, was defined as the duration in months com-
mencing from the initiation of bevacizumab treatment 
and extending to the occurrence of disease progression 
or death. If patients were alive and had not encountered 
disease progression during data censoring, the calculated 
time interval was extended to the date of the last follow-
up. These endpoint definitions were selected to com-
prehensively evaluate treatment outcomes and patient 
experiences.

Genotyping assay
We adhered to SNP names in accordance with the 
guidelines set forth by the Human Gene Nomencla-
ture Committee (HGNC). Genomic DNA was extracted 
from frozen tumor tissues for the genotyping assay. The 
CDKN1A c.93C > A (codon 31) polymorphisms were 
analyzed using a polymerase chain reaction (PCR)—
restriction fragment length polymorphism (RFLP) assay. 
PCR–RFLP analysis is a rapid and straightforward tech-
nique employed as an additional method to detect genetic 
polymorphisms in GBM. However, this method has 
certain limitations. The sequences of partial CDKN1A 
c.93C > A patients were determined using a DNA autose-
quencer (GeneAmp PCR System 2700 Thermal cycler; 
Applied Biosystems) (Fig. 1b). The primer sequence and 
PCR conditions for CDKN1A c.93C > A are described in 
Table 1 and Fig. 1a. For each sample, the amplified PCR 
product was digested with the Blp I restriction enzyme 
(New England Biolabs, Beverly, Massachusetts, USA). 
The digested reactions were incubated for 16  h at 37℃ 
[23]. Subsequently, the genotyping assay was conducted 
on a 2% agarose gel using molecular weight markers and 
visualized after staining with ethidium bromide (Fig. 2a). 
The Ser allele harbors a single Blp I restriction site (GCT-
NAGC), resulting in two fragments of 89 bp and 183 bp, 
while the Arg allele remains undigested, yielding a single 
band of 272 bp (Fig. 2b). Each genotyping assay included 
positive and negative controls, and 10% of the samples 
were randomly selected and run in duplicates, show-
ing 100% concordance. The results were reproducible 
with no discrepancies in genotyping. The Supplementary 



Page 4 of 17Cheng et al. BMC Cancer          (2023) 23:886 

Materials contain the provided DNA sequencing data. 
Moreover, the heterozygote C/A genotyping of CDKN1A 
c.93C > A exhibited two signal peaks in the DNA 
sequencing data (Fig.  1b), consistent with expecta-
tions. Additionally, we analyzed two other genotypes of 
CDKN1A polymorphisms (CDKN1A c.168 + 16G > C, 
rs3176352G > C, IV2 + 16; CDKN1A 3’UTR c.*70C > T, 
rs1059234C > T, C70T) and found them to be highly 
linked with S31R (CDKN1A c.93C > A; C98A, rs1801270) 
(Fig. 1c). Unprocessed images of the DNA electric gel are 
provided in the Supplementary Materials. Additionally, 
the Supplementary Materials provide detailed experi-
mental procedures for Methylation-specific PCR and the 
identification of the IDH1 gene.

Statistical analysis
Demographic data were presented as patient counts 
(percentages) for categorical variables and were com-
pared using either the chi-squared test or Fisher’s exact 
test. The overall survival (OS) outcomes were estimated 
using the Kaplan–Meier method, and differences in sur-
vival were assessed using the log-rank test. To investigate 
the association between CDKN1A and the 2-year over-
all survival (OS) of GBM patients, as well as the cumula-
tive impact of CDKN1A SNP on the 2-year OS of GBM, 
adjusted hazard ratios (aHRs) with 95% confidence 
intervals (CIs) were employed. These aHRs were calcu-
lated using Cox proportional-hazards analyses and were 
adjusted for all the previously mentioned patient-level 
factors. Statistical analysis was conducted employing the 
Statistical Package for the Social Sciences (IBM SPSS ver-
sion 22.0). All statistical analyses adhered to a two-sided 
approach, and significance levels of p < 0.05 and p < 0.01 
were considered statistically significant.

Results
Demographic and clinicopathological characteristics 
of the participants
This retrospective study included 139 glioblastoma 
patients, consisting of 58 males and 81 females. The aver-
age age of the participants was 56 years (range: 20–92). 

There were no statistically significant differences in 
gender distribution among the different genotypes of 
CDKN1A c.93C > A (codon 31) (p = 0.888). At the end 
of the study, 80.6% of the patients had passed away, 
while 19.4% were still alive, with a median survival of 
16.8  months. The clinical characteristics of the patients 
and the associations between the utilization of bevaci-
zumab and various patient characteristics are outlined in 
Table 2. It is worth noting that patients over the age of 70 
generally exhibited a poorer prognosis after surgery. The 
different variants of CDKN1A c.93C > A polymorphisms 
did not show any significant correlations with patient age, 
gender, tumor number, tumor size, tumor occurrence, or 
response to bevacizumab treatment.

Genotyping
Association between CDKN1A c.93C > A Polymorphism 
and Glioblastoma Risk.

Tables  2 and 3 present the frequencies of genotypes 
and alleles within the CDKN1A gene. In our glioblas-
toma cases, we observed frequencies of 23.02% (32/139) 
for Ser/Ser, 27.34% (38/139) for Arg/Arg, and 49.64% 
(69/139) for Ser/Arg genotypes. Notably, all observed 
results were found to conform to the principles of the 
Hardy–Weinberg equilibrium. Furthermore, an assess-
ment of the relationship between the CDKN1A c.93C > A 
genotype and demographic as well as clinicopatho-
logical characteristics of GBM patients was conducted, 
encompassing factors such as IDH1 gene status and 
MGMT promoter methylation status (as demonstrated 
in Table 3). Tables 2 and 3 provide additional insight by 
demonstrating that specific potential risk factors asso-
ciated with GBM, including age, gender, tumor count, 
tumor resection size, IDH1 gene status, and MGMT gene 
methylation status, did not exhibit significant associa-
tions with the CDKN1A genotype. We investigated the 
link between individual CDKN1A c.93C > A genotypes 
and their correlation with the 2-year overall survival (OS) 
among GBM patients. This evaluation was conducted 
using Cox proportional-hazards models, which were 
adjusted for variables such as age, gender, stage, and the 

Fig. 1 illustrates the schematic diagram of various CDKN1A polymorphisms. a Detailed sequences and location of CDKN1A c.93C > A (codon 
31) in PCR production are presented. The NCBI association number is NC_000006.11. Red‑colored words indicate the primers and green words 
represent the restriction enzyme Blp I cut site. The asterisk denotes the nucleotide of the CDKN1A c.93C > A polymorphism. b The PCR products 
of CDKN1A c.93C > A were analyzed by DNA sequencing, revealing three types of polymorphisms: Ser/Ser, Arg/Arg, and Ser/Arg, respectively. The 
asterisk represents the variant nucleotide of CDKN1A c.93C > A polymorphism. The heterozygote C/A genotyping of CDKN1A c.93C > A showed 
two signal peaks. c Schematic diagram of various CDKN1A polymorphisms, including S31R (rs 1801270C > A), IVS2 + 16 (rs 3176352G > C), and C70T 
(rs 1059234C > T). Red numbers indicate the number of nucleotides for each of these polymorphisms. After analyzing several samples using PCR–
RFLP analysis, these three polymorphisms exhibit a high degree of linkage disequilibrium. For example, when S31R showed CC types (n = 15), IVS 
also exhibited CC types (93.3%, n = 14). Similarly, when S31R showed CC types (n = 26), C70T also displayed CC types (88.4%, n = 23). The pattern 
continues accordingly

(See figure on next page.)
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Fig. 1 (See legend on previous page.)
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usage of bevacizumab, as illustrated in Table 4. However, 
in both univariate and multivariate analyses, none of the 
computed hazard ratios achieved statistical significance.

Genotype effects on overall survival after bevacizumab 
treatment
The study encompassed the enrollment of 139 GBM 
patients, with a median follow-up duration spanning 
18.7  months (as visually represented in Fig.  3a). Our 

investigation ventured further into a meticulous assess-
ment of the implications associated with the amalgama-
tion of bevacizumab and chemotherapy concerning the 
outcomes of progression-free survival (PFS) and overall 
survival (OS) within the cohort of GBM patients. Within 
our study, we operationalized "PFS" as the timeframe 
commencing from the commencement of bevacizumab 
treatment and extending to the occurrence of disease 
progression or mortality. This particular definition was 

Fig. 2 illustrates the Blp I PCR–RFLP analysis schematic diagram for the CDKN1A c.93C > A polymorphism. a The PCR products (272 bps) 
representing three types of CDKN1A c.93C > A polymorphism variants are shown: CC (homozygote), GG (homozygote), and CG (heterozygote). 
After digestion with the restriction enzyme Blp I, the CC genotype (Ser/Ser) is divided into two fragments (89 and 183 bps). The GG genotype (Arg/
Arg) remains a single fragment of 272 bps due to the ineffectiveness of Blp I digestion. The CG genotype (Ser/Arg) results in three fragments (89, 
183, and 272 bps) after Blp I digestion. b The Blp I PCR–RFLP analysis for the CDKN1A c.93C > A polymorphism is presented. M represents the DNA 
ladder. Lanes 1, 2, 5, and 9 show the Arg/Arg homozygotes, which are not cleaved by Blp I and display a 272‑bp band. Lanes 3, 6, 10, and 15 
represent the Ser/Ser homozygotes, which are cleaved by Blp I resulting in 183‑ and 89‑bp bands. Lanes 4, 7, 8, 11, 12, 13, and 14 display the Ser/Arg 
heterozygotes with all three bands (272, 183, and 89 bp) after restriction digestion
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meticulously selected to exclusively probe the influence 
of bevacizumab treatment on the twin facets of disease 
progression and survival outcomes, with an explicit 
focus on the temporal period post-administration of the 
treatment. Although the median PFS duration within 
the subset of patients subjected to CCRT plus bevaci-
zumab treatment did not manifest a statistically signifi-
cant expansion (as visually indicated in Fig. 3b) (median 
of 14.5  months), our scrutiny of OS outcomes divulged 
a notably constructive impact. This was evident in the 
comparative evaluation between individuals who exclu-
sively underwent chemotherapy (N = 69) and those who 
underwent a combined therapeutic regimen encompass-
ing bevacizumab (N = 70), as vividly depicted in Fig. 3c.

Statistical analysis demonstrated a significant improve-
ment (log-rank p < 0.001) in median OS from 9.7 to 
28.2  months for the CCRT plus bevacizumab group 
compared to the CCRT group (Fig.  3c). These findings 
from the retrospective study strongly suggest that beva-
cizumab can extend the OS of patients with recurrent 
GBM [24].

To further explore the relationship between the 
CDKN1A c.93C > A polymorphism and GBM, we ana-
lyzed the overall survival data and genotyping informa-
tion of all GBM patients. Using the log-rank test and 

Kaplan–Meier survival curve analysis, we found that 
the OS analysis comparing the CDKN1A c.93C > A var-
iants did not yield significant results (Fig. 4a). However, 
a slightly better survival rate was observed in patients 
with the AA (Arg/Arg) variant.

We also investigated the impact of combining beva-
cizumab with chemotherapy on the overall survival 
(OS) of GBM patients with different CDKN1A geno-
types. As shown in Fig. 4b, patients with the CC (Ser/
Ser) genotype who received CCRT plus bevacizumab 
had a median survival of 17.3 months, similar to those 
with CCRT alone (p = 0.833). Interestingly, in contrast, 
patients with the AA (Arg/Arg) and CA (Ser/Arg) gen-
otypes exhibited significantly longer median survival 
when treated with CCRT plus bevacizumab (34.3 and 
24.9  months, respectively) compared to CCRT alone 
(13.1 and 8.5  months, respectively) (p = 0.001 and 
p < 0.001, respectively, Fig.  4c and d). Furthermore, 
patients with the CC genotype who received CCRT 
alone exhibited a higher median survival compared to 
the other two genotypes. Overall, GBM patients with 
the AA (Arg/Arg) and CA (Ser/Arg) genotypes dem-
onstrated significantly prolonged survival in the CCRT 
plus bevacizumab treatment group compared to those 
with the CC (Ser/Ser) genotype (Fig. 4).

Table 2 The Associations Between Bevacizumab Utilization and Diverse Patient Characteristics

Chi-square test. *p < 0.05, **p < 0.01. Statistical significance

Patients (n = 139) Bevacizumab p value

No used (n = 69) Used (n = 70)

n % n % n %

Age 0.149

 ≦60 79 56.83% 35 50.72% 44 62.86%

 >60 60 43.17% 34 49.28% 26 37.14%

Gender 0.943

 Female 58 41.7% 29 42.03% 29 41.43%

 Male 81 58.3% 40 57.97% 41 58.57%

Tumor number 0.849

 Solitary 116 83.45% 58 84.06% 58 82.86%

 Multiple 23 16.55% 11 15.94% 12 17.14%

Tumor resection size 0.604

 ≦3 cm 20 14.39% 11 15.94% 9 12.86%

  > 3 cm 119 85.61% 58 84.06% 61 87.14%

Tumor occurrence 0.969

 Primary 115 82.73% 57 82.61% 58 82.86%

 Recurrence 24 17.27% 12 17.39% 12 17.14%

Codon 31 (CDKN1A) 0.888

 CC 32 23.02% 17 24.64% 15 21.43%

 AA 38 27.34% 18 26.09% 20 28.57%

 CA 69 49.64% 34 49.28% 35 50.00%
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These findings suggest that GBM patients with the 
AA (Arg/Arg) and CA (Ser/Arg) genotypes of CDKN1A 
c.93C > A have significantly longer overall survival inter-
vals when treated with CCRT plus bevacizumab com-
pared to those with the CC (Ser/Ser) genotype in the 
same treatment group.

We broadened our inquiry to delve into the relation-
ship between CDKN1A c.93C > A and the 2-year overall 
survival, stratifying the data according to the methyla-
tion status of the MGMT promoter and the IDH1 gene 
status (as illustrated in Table  5). Despite conducting 

both univariate and multivariate analyses, none of the 
calculated hazard ratios achieved statistical significance. 
Finally, we conducted a comprehensive risk assessment 
to determine the potential survival benefits associated 
with the utilization of BEV. Drawing from our research 
results, we employed the CDKN1A SNP, IDH1 gene 
status, and MGMT promoter methylation level to cat-
egorize risks. A summary of these findings is presented 
in Table  6. Among GBM patients with the CDKN1A 
c.93C > A genotype polymorphism, both univariate and 
multivariate analyses unveiled a substantial escalation in 

Table 3 Clinical characteristics of GBM patients and CDKN1A genotype (c.93C > A)

Chi-square test. *p < 0.05, **p < 0.01. Statistical significance

codon 31 (c.93C > A)

CC (n = 32) AA (n = 38) CA (n = 69) p value AA + CA (n = 107) p value

n % n % n % n %

Age 0.104 0.253

 ≦60 21 65.63% 25 65.79% 33 47.83% 58 54.21%

 >60 11 34.38% 13 34.21% 36 52.17% 49 45.79%

Gender 0.114 0.136

 Female 17 53.13% 11 28.95% 30 43.48% 41 38.32%

 Male 15 46.88% 27 71.05% 39 56.52% 66 61.68%

Tumor number 0.194 0.074

 Solitary 30 93.75% 30 78.95% 56 81.16% 86 80.37%

 Multiple 2 6.25% 8 21.05% 13 18.84% 21 19.63%

Tumor resection size 0.346 0.566

 ≦3 cm 3 9.38% 8 21.05% 9 13.04% 17 15.89%

  > 3 cm 29 90.63% 30 78.95% 60 86.96% 90 84.11%

Tumor occurrence 0.888 0.780

 Primary 27 84.38% 32 84.21% 56 81.16% 88 82.24%

 Recurrence 5 15.63% 6 15.79% 13 18.84% 19 17.76%

IDH1 gene status 0.741 0.582

 Wild type 26 81.25% 28 73.68% 54 78.26% 82 76.64%

 Mutation 6 18.75% 10 26.32% 15 21.74% 25 23.36%

MGMT promoter status 0.789 0.986

 Uumethylation 18 56.25% 23 60.53% 37 53.62% 60 56.07%

 Methylation 14 43.75% 15 39.47% 32 46.38% 47 43.93%

Table 4 Relationship between CDKN1A codon 31 SNP and 2‑year overall survival of GBM patients

Cox proportional hazard regression. *p < 0.05, **p < 0.01
a Adjusted for age, gender and bevacizumab. HR Hazard ratio

No. of subjects No. of cases (%) Univariate Multivariablea

HR 95%CI p HR 95%CI p

Codon 31

 CC 32 18 (22.5%) Reference Reference

 AA 38 18 (22.5%) 0.78 (0.41‑ 1.51) 0.467 0.77 (0.40‑ 1.51) 0.453

 CA 69 44 (55.0%) 1.22 (0.70‑ 2.11) 0.480 1.26 (0.72‑ 2.22) 0.425
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Fig. 3 Kaplan–Meier curves depicting overall survival (OS) and Progression‑Free Survival (PFS) in patients receiving CCRT and CCRT 
plus bevacizumab. a Overall survival duration for the entire patient cohort. b PFS in patients with glioblastoma treated with bevacizumab. c Kaplan–
Meier curves illustrating overall survival in patients receiving standard CCRT treatment and CCRT plus bevacizumab treatment. ** indicates p < 0.001

Fig. 4 Genotypes of CDKN1A c.93C > A variants and Kaplan–Meier plots of overall survival (OS) for three groups of GBM patients. a Survival curves 
for GBM patients stratified by CDKN1A c.93C > A genotypes. b Comparison of estimated OS in patients with CDKN1A c.93C > A Ser/Ser genotypes 
between those treated with CCRT and those treated with CCRT plus bevacizumab. c Estimated OS in patients with CDKN1A c.93C > A Arg/Arg 
genotypes for CCRT and CCRT plus bevacizumab treatment. d Estimated OS in patients with CDKN1A c.93C > A heterozygous Ser/Arg genotypes 
for CCRT and CCRT plus bevacizumab treatment. ** indicates p < 0.001
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the risk of mortality for individuals with AA or CA geno-
types who did not use BEV. In contrast, patients with the 
CC genotype exhibited no notable association with BEV 
usage. A comparable scenario is also evident within the 
MGMT methylation and IDH1 gene mutation groups: 
irrespective of MGMT methylation or IDH1 mutation 
status, individuals who refrain from BEV usage face a 
notably elevated risk of mortality compared to patients 
who undergo BEV treatment (Table  6). The aforemen-
tioned findings collectively suggest that the utilization 
of BEV appears to confer survival advantages to GBM 
patients, with the exception of those with the CDKN1A 
c.93C > A CC (Se/Ser) genotype.

This study exclusively involved GBM patients in Tai-
wan, making it particularly relevant to individuals with 
Asian heritage and nationality. To comprehensively 
explore the diversity of CDKN1A c.93C > A polymor-
phisms across different ethnicities, we conducted an 

extensive review of pertinent literature within the Asian 
population (references [19, 25–28]) and the Caucasian 
population documented in the PubMed database (ref-
erences [17, 29–31]) (as illustrated in Fig. 5). While our 
study did not include a healthy control group, we meticu-
lously analyzed relevant studies that provided accessible 
CDKN1A c.93C > A data in Asians, even if derived from 
different sources. Notably, these analytical samples were 
drawn from a variety of studies, albeit without distin-
guishing among different disease types.

As depicted in Fig.  5a, the distribution range for the 
Ser/Ser genotype of CDKN1A c.93C > A in the Asian 
population ranged from 21% to 45.83% (blue color), while 
the Arg/Arg and Arg/Ser genotypes had ranges of 17.97% 
to 29.21% (orange) and 33.33% to 54.5% (gray), respec-
tively. Our data align with the expected distribution 
of CDKN1A c.93C > A genotypes in the Asian popula-
tion (Fig. 5a, lane 1). Interestingly, among the Caucasian 

Table 5 The stratified impact of MGMT gene promoter region methylation, IDH1 gene status, and CDKN1A c.93C > A genotype on the 
2‑year overall survival of GBM patients

Cox proportional hazard regression. *p < 0.05, **p < 0.01
a Adjusted for age, gender and bevacizumab. HR Hazard ratio

No. of 
subjects

No. of cases (%) Univariate Multivariablea

HR 95%CI p HR 95%CI p

CC vs CA + AA

 IDH1 gene status

  Wild type 26 15 (83.3%) 0.99 (0.55‑ 1.77) 0.968 1.04 (0.57‑ 1.91) 0.890

  Mutation 6 3 (16.7%) 1.30 (0.38‑ 4.50) 0.679 1.29 (0.33‑ 5.05) 0.714

 MGMT promoter status

  Unmethylation 18 8 (44.4%) 1.62 (0.75‑ 3.48) 0.218 1.85 (0.84‑ 4.06) 0.127

  Methylation 14 10 (55.6%) 0.66 (0.31‑ 1.37) 0.260 0.52 (0.24‑ 1.13) 0.098

Table 6 The stratified influence of CDKN1A c.93C > A genotype, MGMT gene promoter region methylation, IDH1 gene status, and the 
utilization of Bevacizumab on the 2‑year overall survival of GBM patients

Cox proportional hazard regression. *p < 0.05, **p < 0.01. Bold indicates a statiscally significant difference with a p-value less than 0.05
a Adjusted for age, sex, Tumor resection size and Tumor occurrence. Bev (-): bevacizumab used; Bev ( +): bevacizumab not used; HR Hazard ratio

No. of 
subjects

No. of cases (%) Univariate Multivariablea

HR 95%CI p HR 95%CI p

Bev (‑) vs Bev ( +)

Codon 31

 CC 17 10 (19.6%) 1.36 (0.54‑ 3.47) 0.516 2.08 (0.75‑ 5.74) 0.157

 AA 18 13 (25.5%) 5.12 (1.80‑ 14.53) 0.002** 5.87 (1.94‑ 17.80) 0.002**
 CA 34 28 (54.9%) 4.07 (2.17‑ 7.64)  < 0.001 4.57 (2.36‑ 8.82)  < 0.001
IDH1 gene status

 Wild type 53 39 (76.5%) 3.10 (1.84‑ 5.20)  < 0.001 4.19 (2.43‑ 7.22)  < 0.001
 Mutation 16 12 (23.5%) 3.84 (1.41‑ 10.40) 0.008** 3.97 (1.36‑ 11.62) 0.012*
 MGMT promoter status

  Unmethylation 40 29 (56.9%) 2.90 (1.57‑ 5.37) 0.001** 3.43 (1.83‑ 6.42)  < 0.001
  Methylation 29 22 (43.1%) 3.76 (1.87‑ 7.56)  < 0.001 4.24 (2.06‑ 8.72)  < 0.001
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population (Fig.  5b, blue color), the distribution range 
for the Ser/Ser genotype of CDKN1A c.93C > A extends 
from 79.71% to 90.8%. Additionally, the distribution of 
the Ser/Arg genotype (gray color) ranged from 8.59% to 
17.39%. The Arg/Arg genotype (orange color) was rarely 
found in the Caucasian population, with a distribution 
range of 0.1% to 1.26% (Fig. 5b). These findings highlight 
substantial differences in the distribution of CDKN1A 
c.93C > A genotypes between the Asian and Caucasian 
populations. However, it is important to note that these 
data alone do not establish CDKN1A c.93C > A as a risk 
factor for glioma.

Discussion
This study focuses on the distribution of CDKN1A 
c.93C > A (codon 31) polymorphisms in GBM patients 
and explores the impact of CCRT plus bevacizumab 

treatment on specific ethnic groups. Our findings regard-
ing the distribution of CDKN1A codon genotypes in the 
Taiwanese population of GBM patients revealed the fol-
lowing frequencies: Ser/Ser (23.02%; 32/139), Arg/Arg 
(27.34%; 38/139), and Ser/Arg (49.64%; 69/139) geno-
types. However, none of these genotypes were directly 
associated with the overall survival of GBM patients. 
On the other hand, our evaluation of the effect of beva-
cizumab on the OS of GBM patients demonstrated that 
it prolongs the overall survival of patients with recurrent 
GBM.

Interestingly, when analyzing the different geno-
types of CDKN1A c.93C > A polymorphisms, we 
observed a significant association between the Arg/
Arg homozygous and Ser/Arg heterozygous genotypes 
and prolonged overall survival compared to the Ser/
Ser genotype group. While these results are promising, 

Fig. 5 illustrates the comparison of CDKN1A c.93C > A polymorphism distributions in normal control groups from various case/control studies. 
Panel a shows the distribution of cancer cases from across Asia population (ref. [19, 25–28]), while panel b presents the distribution in the Caucasian 
population (ref. [17, 29–31]). The analyzed cancer cases demonstrated a similar distribution to control groups in other studies involving Caucasians 
(from the USA, Spain, and Europe). Notably, studies conducted on the Chinese population revealed a distinct allele distribution, characterized 
by a higher frequency of the Arg allele and Ser/Arg heterozygotes compared to Caucasians. N represents the number of analyzed cases
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they should be further validated through well-designed 
prospective randomized control trials.

The rising incidence and mortality of GBM in Taiwan 
have prompted us to conduct this retrospective study, 
aiming to investigate the prevalence and association 
between these SNPs and GBM development in the Tai-
wanese population. Currently, treatment options for 
recurrent glioblastoma are limited, and their efficacy 
remains uncertain. Standard chemotherapy protocols 
for recurrent glioblastoma are yet to be established. 
Given the highly vascular nature of GBM, antiangio-
genic agents have been widely utilized in the treatment 
of recurrent glioblastoma. Bevacizumab (BEV), known 
for its inhibitory effect on upstream mediators of tumor 
angiogenesis, has been proposed as a therapeutic 
option for glioblastoma. Recent research has demon-
strated that combination treatment with BEV induces 
significant transcriptional changes that impact glio-
blastoma [32]. In Taiwan, bevacizumab has achieved 
certain success in the treatment of various cancers, 
including breast cancer [33], colorectal cancer [34–37], 
non-small cell lung cancer [38], and liver cancer [39]. 
According to clinical trials and case reports, bevaci-
zumab has been shown to prolong progression-free 
survival (PFS), reduce tumor size, improve quality of 
life, and extend overall survival (OS).

The presence of neo-angiogenesis in GBM indicates 
the potential effectiveness of anti-angiogenic therapies. 
Therefore, the use of bevacizumab therapy has shown 
promising outcomes in terms of progression-free sur-
vival in recurrent GBM [40–42]. Several clinical trials 
have been initiated to investigate the impact of combi-
nation therapy with BEV, and while such therapy sig-
nificantly improves PFS, there is sufficient evidence to 
support the prolongation of overall survival. However, 
our retrospective study demonstrated that recurrent 
GBM patients treated with BEV exhibited a significant 
benefit in terms of PFS and a trend towards improved 
OS (CCRT plus TMZ vs. CCRT plus TMZ + BEV median 
PFS: 14.5 months; median OS: 18.7 months) [24]. Intrigu-
ingly, various clinical data have confirmed that BEV dem-
onstrates clinically meaningful efficacy and an acceptable 
safety profile not only in Asian populations but also the 
global populations [43–45], which is consistent with our 
findings. We speculated the observed benefits of BEV 
treatment may be attributed to factors such as low-dose 
BEV (< 10 mg/kg) or extending the treatment period until 
recurrence occurs. In fact, a retrospective study has sug-
gested that lower doses of BEV (< 3 mg/kg/week) may be 
more effective and associated with fewer adverse events 
in GBM treatment [46]. Nevertheless, it is important to 
acknowledge that the small sample size in our study may 
limit the generalizability of the results.

There is growing evidence suggesting the involvement 
of CDKN1A expression in various malignancies, such as 
tonsillar [47], gastric [48], lung [49], and brain [50] can-
cers. However, the results from studies investigating the 
role of CDKN1A expression are inconsistent. Different 
studies have reported contradictory findings, suggesting 
that CDKN1A can either promote or inhibit apoptosis 
and differentiation [51–53]. For instance, high CDKN1A 
expression has been associated with a favorable response 
to chemotherapy in esophageal cancer [54], while Koop-
mann et al. found no involvement of CDKN1A mutation 
in brain tumor formation [55]. Despite the mixed results, 
several reports have explored the relationship between 
CDKN1A polymorphisms and cancer risks, although 
no definite conclusions have been reached. For exam-
ple, the CDKN1A 3’UTR c.*70C > T polymorphism is 
believed to cause a functional change in CDKN1A. This 
polymorphism affects messenger RNA stability in a cru-
cial region for cell differentiation and may increase can-
cer risk by altering proliferation [56, 57]. Likewise, the 
CDKN1A c.168 + 16G > C variant, formerly denoted as 
p21 rs3176352 G/C (IVS2 + 16 G.C), is situated within 
intron 2 of the CDKN1A gene, positioned 16 base pairs 
downstream from the splicing site. This C to G is pre-
dicted to impact CDKN1A mRNA splicing [27]. Fur-
thermore, a study that reported the CDKN1A Arg allele 
(rs1801270, S31R) is associated with lower expression of 
the downstream target gene of CDKN1A [58]. Interest-
ingly, our analysis revealed that two CDKN1A polymor-
phisms, c.168 + 16G > C and 3’UTR c.*70C > T, appeared 
to be in linkage disequilibrium with Ser31Arg (CDKN1A 
c.93C > A) in the Chinese population, which aligns with 
the finding of Choi et  al., in a Korean population [59]. 
Combined analysis of these three CDKN1A polymor-
phisms may offer better predictive value for tumorigen-
esis risk compared to analyzing a single polymorphism 
alone.

In our study, we duly recognize the significance of 
accounting for the origin of SNP data when engaging in 
cross-population result comparisons. We have thought-
fully incorporated SNP data from diverse populations 
into our analysis and discussion, thus furnishing a com-
prehensive contextual framework for our findings. It is 
imperative to underscore that the data from other popu-
lations may have originated from blood samples, whereas 
our study harnessed tumor DNA for analysis. One per-
tinent aspect to consider while utilizing tumor DNA 
lies in the potential for mutations at polymorphic sites, 
a phenomenon often attributed to the genomic instabil-
ity inherent in cancer. Tumor DNA has the propensity 
to accumulate genetic alterations that could conceivably 
impact the precision of SNP genotyping. This occur-
rence could potentially introduce variances in allele 
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frequencies, thereby influencing the interpretation of 
results, particularly when compared against data origi-
nating from non-tumor DNA sources.

Genetic polymorphism frequencies frequently exhibit 
variations among ethnic groups, suggesting potential 
ethnic and tumor-specific disparities in the cancer sus-
ceptibility associated with CDKN1A c.93C > A polymor-
phisms. However, it’s important to note that differences 
in genotype distribution may not necessarily indicate 
fundamental disparities in the underlying mechanisms 
governing the pathogenesis and initiation of GBM across 
distinct populations. Our data regarding the distribu-
tion of genotypes in CDKN1A c.93C > A showed various 
shared and unshared GBM characteristics between Tai-
wanese and Caucasian patients. Our data showed that the 
total percentage number in groups of Arg/Arg and Ser/
Arg of CDKN1A c.93C > A is 75.69%, and this popula-
tion of genotyping obtained the benefit of overall survival 
after bevacizumab. Interestingly, the occurrence of the 
genotypes mentioned above in the Caucasian population 
is below 20%, with over 80% belonging to gene groups 
carrying the CC genotype (Ser/Ser). Consequently, the 
potential advantageous impact of bevacizumab may not 
hold significant significance within the Caucasian demo-
graphic. Furthermore, the overall survival (OS) benefit of 
bevacizumab in brain cancer treatment remains uncer-
tain, as certain studies have not demonstrated a signifi-
cant extension in OS. Although our data showed that 
these SNPs may not be potential markers for the predic-
tion of GBM, such polymorphisms may have an influence 
on GBM susceptibility in combination with certain other 
elements, then affect the survival of GBM patients. Fur-
thermore, many clinical trials have shown the efficacy of 
bevacizumab in treating malignancies and an acceptable 
safety profile in Asian populations, as well as in global 
populations [24, 44, 45], suggesting our results are con-
sistent with previous report data. However, it should be 
noted that the treatment effectiveness of bevacizumab 
may vary among individuals and can be influenced by 
various factors, including tumor characteristics, patient’s 
physical condition, and combination with other treat-
ment modalities. Therefore, before using bevacizumab or 
any other medication, patients should engage in detailed 
discussions and evaluations with their doctors to deter-
mine the optimal treatment plan.

The available data suggest that the S31R polymorphism 
in the p21 gene may serve as a predictive marker for 
improved overall survival in patients undergoing beva-
cizumab treatment. However, it is essential to acknowl-
edge that this conclusion remains speculative and lacks 
direct data support. When considering potential molec-
ular mechanisms for this observation, several points 
are worth considering. Firstly, the polymorphism could 

impact cell cycle regulation since p21 plays a vital nega-
tive regulatory role during the G1/S and G2/M transi-
tions of the cell cycle. Any functional or stability changes 
in the p21 protein due to the polymorphism might dis-
rupt cell cycle regulation, potentially influencing tumor 
cell growth and proliferation. Secondly, polymorphism 
may also influence DNA damage repair pathways, as p21 
is involved in cellular responses and DNA damage repair. 
The altered functionality of p21 due to the polymorphism 
could lead to changes in reactions to therapy-induced 
DNA damage, potentially affecting treatment effective-
ness and patient survival. Lastly, considering bevacizum-
ab’s mechanism of action as an anti-angiogenic drug that 
inhibits VEGF activity to obstruct tumor blood supply, 
the p21 protein could be associated with angiogenesis 
inhibition. The polymorphism might affect the regulation 
of the VEGF pathway, potentially impacting the efficacy 
of bevacizumab treatment. It is important to reiterate 
that these speculations are based on limited evidence, 
and further research and clinical validation are necessary 
to confirm the validity of this conclusion and unravel the 
underlying molecular mechanisms.

Conclusion
In conclusion, our data suggest that the CDKN1A 
c.93C > A, S31R polymorphism may serve as a predictive 
marker for improved overall survival in patients undergo-
ing bevacizumab treatment. Although our sample size is 
relatively small, these findings indicate a potential asso-
ciation between the Arg/Arg and Ser/Arg genotypes of 
the CDKN1A c.93C > A polymorphism and the beneficial 
effect of bevacizumab in glioblastoma treatment. How-
ever, further confirmation of these findings is warranted 
through additional larger studies and tissue-specific bio-
logical characterization.
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