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Abstract

Background Glioma is a challenging malignant tumor with a low survival rate and no effective treatment. Recently, ganci-
clovir, an antiviral drug, combined with gene therapy and its own antiviral ability, has been proposed as a potential treatment
for glioma. However, there are differences in the results of various clinical trials. In this study, we conducted a systematic
review and meta-analysis to evaluate the efficacy of ganciclovir in treating glioma.

Methods We searched databases such as PubMed, EMBASE, and Cochrane Library before March 30, 2023. The search
terms included glioma, ganciclovir, valganciclovir and treatment. Calculated 1, 2 and 4-year survival rate by risk difference
(RD), and overall survival (OS) by odds ratio (OR).

Results Five randomized controlled trials (RCTs) with a total of 606 high-grade glioma patients were included. The
results showed that ganciclovir can improve 2-yeaer (RD=0.179, 95% CI 0.012-0.346, P =0.036) and 4-year survival rate
(RD=0.185,95% CI 0.069-0.3, P=0.002) and OS (OR 2.393,95% CI 1.212-4.728, P=0.012) compared with the control
group.

Conclusions This meta-analysis showed that ganciclovir significantly improved the prognosis of glioma patients. Therefore,
we suggest that more cases of ganciclovir as a glioma treatment can be conducted, or a large clinical trial can be designed.
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Introduction

Glioma is one of the most aggressive and difficult-to-treat
malignant tumors worldwide [1]. This disease originates
from neuroglial cells and is classified into grades 1-4 based
on the degree of malignancy [2]. Glioblastoma is the most
common subtype of high-grade gliomas, which also includes
astrocytoma and oligodendroglioma [1, 2]. Currently,
there is still a lack of comprehensive understanding of the
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etiology, diagnosis, and treatment of gliomas, which belongs
to the cancer with high recurrence rate and low survival
rate [3]. Statistics showed that the median survival time for
glioblastoma patients is only 14.4-20.5 months [1], and the
2-year survival rate is even lower than 20% [4]. Moreover,
data from the United States between 2000 and 2014 shows
that the 5-year survival rate for glioblastoma patients is only
5.8% [3].

The common treatment methods for gliomas are surgery,
radiotherapy, and chemotherapy [5], and the first-line chem-
otherapy drug for gliomas is temozolomide [6]. However,
most glioma patients do not have a O6-methylguanine—DNA
methyltransferase promoter which makes the efficacy of
temozolomide is not significant [7, 8]. In addition, Scherm
et al. conducted a systematic review and meta-analysis on
12 RCTs of targeted drugs in patients with glioma [9], and
finally concluded that none of the included targeted drugs
provides the improvement of OS. What’s more, because of
problems such as drug resistance and safety, cancer patients
are not suitable for repeated use of the same prescription
[10], which lead to a lack of safe and effective treatment.
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Although various institutions have been developing new
treatments such as Immunotherapy or Oncolytic virus [11,
12], the price of new drugs is relatively high, and their effi-
cacy is still in the research stage, which means it may cause
financial toxicity for socioeconomically vulnerable individu-
als [13]. Currently, drug repurposing in cancer has become
more popular [14]. Drugs that have been approved by the
Food and Drug Administration (FDA) for other indications
are retested to understand if they can be a cancer treatment.
Drug repurposing has three major advantages [14], includ-
ing reducing R&D costs, reducing the financial burden on
patients, and discovering new therapeutic targets. Therefore,
it allows patients to have other treatment options that are
less financially stressful and effective at the same time [14].

Ganciclovir and its derivative valganciclovir [15] have
been used in clinical trials to be the treatment of glioma
since 2000 [10, 16-20]. Recently, because of the rapid devel-
opment in biotechnology and bioinformatics, this drug is
once again receiving attention in the field of cancer treat-
ment [21, 22]. Ganciclovir is an antiviral drug and therefore
has anti cytomegalovirus (CMV) properties [23]. Because
over 90% of cancer patients have been found to have CMV
nucleic acid and protein in their bodies [24], CMV is becom-
ing a new target in cancer treatment. Some studies have indi-
cated that glioma patients with low-level CMV infection
would have longer median survival than those with high-
level CMYV infection (33 vs. 13 months, P=0.036), as well
as higher two-year survival rates (63.6 vs. 17.2%, P=0.003)
[25, 26]. Furthermore, ganciclovir was also used to combine
with gene therapy to treat glioma. Gene therapy implants
target gene is into the body to achieve the goal of killing
cancer cells [27, 28]. The mechanism of ganciclovir com-
bined with gene therapy is clear, and there are many clinical
cases demonstrating its safety and efficacy as a treatment
method [29]. Its primary mechanism involves the introduc-
tion of a virus thymidine kinase gene (Vtk), also known as
a suicide gene, into the target cells via a viral vector. After
the gene is expressed and produces thymidine kinase, the
enzyme will phosphorylate ganciclovir into a toxic substance
that inhibits DNA synthesis and induces apoptosis in the
cells [30]. Moreover, phosphorylated ganciclovir can diffuse
through gap junctions to the neighboring cells that have not
been implanted with the Vtk gene, inducing death in the
surrounding cells. This bystander effect further strengthens
the therapeutic effect of the ganciclovir-Vzk system [29, 31].

Although multiple trials have been conducted to inves-
tigate the use of ganciclovir in the treatment of gliomas,
there are still some differences in treatment efficacy among
these studies. Since no one has integrated and discussed the
results of randomized controlled trials so far, we decided
to conduct a systematic review and meta-analysis to know
the improvement of prognosis of ganciclovir in glioma. The
focus will be on survival indicators, including OS and 1-,
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2-, and 4-year survival rates, and to objectively describe the
overall efficacy and evaluation of ganciclovir in the treat-
ment or adjuvant therapy of gliomas.

Methods

This systematic review and meta-analysis have been regis-
tered in the prospective registration protocol available online
(PROSPERO identifier CRD42023407070) [32], and the
reporting will follow the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines
[33]. (For the PRISMA checklist, see Supplementary Figs.
S1 and S2 online).

Study selection

In this meta-analysis, we systematically searched four data-
bases including PubMed (MEDLINE), Cochrane Library,
Embase, and ClinicalTrials.gov from the start of the studies
to March 30th, 2023. During the search process, we did not
consider the language or publication year of the articles and
used the following keywords: “Ganciclovir” or “Valganci-
clovir,” “Cancer” or “Tumor,” and “Glioma” or “Glioblas-
toma” or “Brain Cancer.” If needed, the articles would be
filtered by “Clinical Trial” and “Randomized Controlled
Trial”. Additionally, we manually searched the reference
lists of all included articles to ensure that all studies meet-
ing the criteria were included. Two reviewers (NWH and
HHC) independently reviewed and selected papers for study
inclusion. Any discrepancies or conflicts were adjudicated
by a third reviewer (CCT).

Eligibility criteria

This study will select the RCTs that meet all of the following
criteria: (1) the trial includes adult patients with a confirmed
diagnosis of high-grade glioma; (2) one of the groups in the
trial receives treatment with either ganciclovir or valgan-
ciclovir; (3) the study provides data on at least one of the
following: OS and 1-, 2-, or 4-year survival rates; (4) the
original report of the trial must be in English; (5) the full
text of the trial is obtainable and contains sufficient infor-
mation; (6) in cases where two trials include overlapping
patient populations, the most recent and complete report will
be used. This study excludes single-arm trials, case reports,
animal or in vitro experiments, non-English publications,
reports with insufficient information, and other studies that
do not involve treatment of glioma. All studies that meet
the inclusion criteria will be independently reviewed by two
other reviewers, and any screening disagreements will be
resolved through discussion.
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Data extraction

We extracted the following information from studies that met
the above criteria: author, publication year, country of study,
participant age, gender distribution, glioma type, follow-up
period, sample size, and treatment type. When the neces-
sary data was provided in figures or tables, we extracted the
required survival indicators, including overall survival data,
hazard ratio with its 95% confidence interval, and survival
rates (1-, 2-, and 4-year). All data will be independently
extracted by two reviewers (NWH and HHC) to ensure the
certainty of the values. The results of data extraction will be
available in Supplementary Table S1 online.

Quality appraisal

The quality of each article was scored by two of us (CTC
and HHC) using Oxford Centre for EBM Levels of Evidence
(OCEBM) and selected Version 2 of the Cochrane risk-of-
bias tool for randomized trials (RoB 2) to measure risk of
bias [34]. RoB 2 is a risk of bias measurement tool specific
to randomized controlled trials. After being assessed against
five different domains, the results will indicate that the risk
of bias of each included study is judged as “low risk of bias”,
“some concerns” or “high risk of bias” [34].

Statistical analysis

The meta-analysis software used in this study was Com-
prehensive Meta-Analysis (CMA) version 2.0, developed
by Biostat. All survival indicators were integrated analyzed
based on sufficient data. OS data were extracted according
to the method of McGrath et al., where necessary data were
obtained from the figures in the articles and converted to
mean and standard deviation for analysis [35, 36]. Haz-
ard ratios (HR) and survival rates (1-, 2-, and 4-year) were
directly extracted from the articles or Kaplan—Meier plots.
The integration results of OS were presented as odds ratios
(OR), and the risk difference (RD) was used to present the
survival rates for each year [37]. If the heterogeneity among
studies was low, a fixed-effect model was used; if the het-
erogeneity was high, a random-effect model was used to
evaluate the effect size [38—40]. The heterogeneity evalua-
tion methods are I test and Cochran’s Q test, where I statis-
tic>50% and P <0.05 indicated high heterogeneity among
studies. Then, we used funnel plots and Egger’s test to detect
publication bias [41, 42]. The standard for statistical signifi-
cance in all statistical tests was set at P <0.05 (two tailed).

Other analysis

Other analysis was conducted by the methods we previ-
ously mentioned. We conducted subgroup analysis on OS

according to glioma were newly diagnosed or recurrent and
sensitivity analysis according to glioma subtype proportion.

Results
Study selection and included studies

The detailed process of the PRISMA standard flowchart was
illustrated in Fig. 1, According to our search strategy, a total
of 1842 articles were collected in the initial database search
and reference screening, and 52 duplicate articles were
removed. Finally, after assessment by reviewers, we identi-
fied five RCTs [10, 17-20] published from 2000 to 2016,
involving a total of 606 patients with glioma. 304 patients
who received ganciclovir or valganciclovir as the experimen-
tal group; in addition, 302 patients who received placebo or
first-line (standard) treatment regimens served as the control
group. Studies that might appear to meet the inclusion cri-
teria, but which did not contain the control group (one arm
study) were be excluded[43—-46]. Table 1 shows the basic
data of 5 RCTs. Three studies included patients with newly
diagnosed glioma [17, 19, 20], and two studies included
patients with recurrent glioma [10, 18]. In the subtypes of
glioma, almost 90% of patients are diagnosed with glioblas-
toma. Among the five studies included, one was conducted
in Asia (China), while the remaining four were conducted in
Europe (Germany, Sweden, Finland). In terms of drug use,
four studies employed ganciclovir [10, 17, 18, 20], while
one study employed valganciclovir [19]. Only two litera-
tures [17, 19] had experimental groups receiving standard
therapy in addition to ganciclovir or valganciclovir, while
the other three [10, 18, 20] did not have additional standard
therapy. Data on OS and 1-year survival rate were provided
in all five RCTs, 2-year survival rate was reported in four
RCTs [10, 18-20], 4-year survival rate was reported in three
RCTs [10, 18, 19]. The quality of each study is rated as the
high quality. For the risk of bias, only one study with “some
concerns” and other studies are all “low risks of bias”. (See
Supplement Fig. S3 online).

Survival rate

In the experimental group, the overall mean 1-year survival
rate was 59.2% (180/304) compared with 46.2% in the con-
trol group (140/302). The integrated results of RD using
a random-effect model (Fig. 2a and Table 2) were 0.112
(95% CI — 0.076 to 0.3, P=0.244), with an I* of 80.5%
(P=0.0004). The overall mean 2-year survival rate in the
experimental group was 30% (54/180), while in the con-
trol group it was 11.8% (21/178). The integrated results
of RD using a random-effect model (Fig. 2b and Table 2)
were 0.179 (95% CI 0.012-0.346, P=0.036), with an I* of
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Fig. 1 PRISMA literature screening standard flow chart

66.8% (P=0.029). When the observation time was extended
to 4-year (as there was a lack of literature tracking beyond
the 5th year, the 4th year was selected), the overall mean
4-year survival rate in the experimental group was 21.3%
(13/61), while in the control group it was 3.3% (2/61). The
integrated results of RD using a fixed-effect model (Fig. 2¢
and Table 2) were 0.185 (95% CI 0.069-0.3, P=0.002), with
an I of 0% (P=0.508). One study that tracked patients until
the 5th year also showed only patients in the experimental
group survived [19]. Therefore, it can be inferred that ganci-
clovir has a better effect on 2-year and 4-year survival rates.

Overall survival

Only two studies provided HR data, and the integrated
results (See Supplementary Fig. S4 online) for forest plot)
showed that the HR was 0.513 (95% CI 0.093-2.818,
P =0.442), calculated using a random-effect model
(I*=94.1%, P=0.00004). Due to high heterogeneity and
insufficient number of studies, we instead adopted the
approach used by McGrath et al. [35] to extract survival
data from each study and calculate the mean and standard
deviation [35]. The OS results (Fig. 3a and Table 3) was
OR 2.393 (95% CI 1.212-4.728, P=0.012), calculated using
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a random-effect model (I>=74.9%, P=0.003). The results
showed that the use of ganciclovir has a positive effect on
the treatment of glioma. For the subgroup analysis, we found
that the patients belonged to newly diagnosed glioma with
lower OS, so we took out 2 studies[10, 18] which contain
the patients belonged to recurrent glioma to test the effect
of meta-analysis (Fig. 3b, ¢ and Table 3). The subgroup
analysis result for newly diagnosed group was OR 1.481
(95% CI11.084-2.023, P=0.014), calculated by fixed-effect
model (=59.1%, P=0.087). It can be seen that the result
of ganciclovir in newly diagnosed glioma is slightly worse
than that in recurrent glioma, but the positive result still
exists. For the recurrence group, the result calculated by
the fixed effect model was OR 6.51 (95% CI 2.786-15.215,
P=0.000015, >=0%, P= 0.376), which represented a very
strong positive correlation between ganciclovir and the OS
of recurrent glioma.

Sensitivity analysis

Although the proportion of patients with glioblastoma
(GBM) in this meta-analysis exceeded 90%, we found that
two studies in the original text did not allocate the propor-
tion of GBM patients well in the experimental and control
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(@)

Model  Study name QOutcome Time point Statistics for each study Risk difference and 95% ClI
Risk  Standard Lower Upper
difference  error  Variance limit  limit Z-Value p-Value
Ji, 2016 survival rate 1y 0.450 0.108 0.012 0238 0.662 4.161 0.000
Westphal, 2013 survival rate 1y -0.060 0.063 0.004 -0.184 0.064 -0.951 0.341
Immonen, 2004 survival rate 1y 0.240 0.162  0.026 -0.077 0.557 1.485 0.137
Rainov, 2000  survival rate 1y -0.050 0.063  0.004 -0.174 0.074 -0.789 0.430
Stragliotto, 2013 survival rate 1y 0.070 0.136  0.019 -0.197 0.337 0514 0.607
Random 0.112 0.09% 0.009 -0.076 0.300 1.165 0.244
-1.00 -0.50 0.00 0.50 1.00
Favours control Favours treatment
(b)
Model  Study name QOutcome Time point Statistics for each study Risk difference and 95% Cl
Risk Standard Lower Upper
difference  error  Variance limit limit Z-Value p-Value
Ji, 2016 survival rate 2y 0.360 0.105 0.011 0.154 0566 3.430 0.001
Westphal, 2013 survival rate 2y 0.060 0.056 0.003 -0.050 0.170 1.067 0.286
Immonen, 2004 survival rate 2y 0.294 0.114 0.013 0.070 0.518 2578 0.010
Stragliotto, 2013 survival rate 2y 0.020 0.135 0.018 -0.245 0285 0.148 0.883
Random 0.179 0.085 0.007 0.012 0346 2.098 0.036 ‘
-1.00 -0.50 0.00 0.50 1.00
Favours control Favours treatment
(c)
Model Study name Qutcome Time point Statistics for each study Risk difference and 95% CI
Risk  Standard Lower  Upper
difference  error  Variance limit  limit Z-Value p-Value
Ji, 2016 survival rate dy 0227 0094 0009 0.043 0411 2416 0016 —
Immonen, 2004 survival rate 4y 0.235 0108 0.012 0.024 0446 2179 0.029 +
Stragliotto, 2013 survival rate 4y 0.082 0106  0.011 0126 0290 0773 0.440
Fixed 0.185 0.059 0.003 0069 0300 3135 0.002 ‘
-1.00 -0.50 0.00 0.50 1.00
Favours control Favours treatment

Fig.2 Forest plot of meta-analysis of survival rate with 1-year (a), 2-year (b) and 4-year (c)

Table 2 Results of heterogeneity test of survival rate

Heterogeneity test Cochran’s Q (Xz) P value P
(risk difference)

1-year 20.472 0.0004 80.5%
2-year 9.028 0.029 66.8%
4-year 1.356 0.508 0%

@ Springer

groups [10, 18]. Compared with the control group, the pro-
portion of GBM patients in the experimental group was
63.6% vs. 81.8% and 76.4% vs. 94.7%, respectively. Fortu-
nately, Immonen et al.[18] provided additional comparisons
of GBM patients in which the treatment effect in the exper-
imental group was still better and there was a significant
difference (median survival of 55.3 weeks vs. 37.0 weeks,
P=0.02).
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(a)
Model Studyname Qutcome Statistics for each study QOdds ratio and 95% CI
Odds Lower Upper
ratio limit  limit Z-Value p-Value
Ji, 2016 Overall sunival 9.358 2.907 30.130 3.748 0.000
Westphal, 2013 Overall sunival 2.128 1.333 3397 3163 0.002 E B
Immonen, 2004 Owerall sunival 4.345 1.264 14930 2332 0.020
Rainov, 2000 Owerall sunival 1.028 0655 1615 0.122 0.903
Stragliotto, 2013 Overall sunvival 1.745 0578 5268 0.988 0.323
Random 2393 1212 4728 2513 0012 <P
0.01 0.1 1 10 100
Favours control Favours treatment
(b)
Model Study name Subgroup within study Outcome Statistics for each study QOdds ratio and 95% Cl
Qdds Lower Upper
ratio limit  limt Z-Value p-Value
Westphal, 2013 Newly diagnosed Overall suvival 2128 1.333 3.397 3163 0.002 e B
Rainov, 2000  Newly diagnosed Overall survival 1.028 0.655 1.615 012 0.903
Stragliotto, 2013 Newly diagnosed Overall survival 1745 0578 5268 0988 0.323
Fixed 1481 1.084 2023 2470 0014 <
0.01 0.1 1 10 100
Favours control Favours treatment
(©
Model Study name  Subgroup within study Qutcome Statistics for each study Qdds ratio and 95% Cl
QOdds Lower Upper
ratio limt limt Z-Vaue p-Vaue
Ji, 2016 recurrent Overal survival 9.358 2907 30.130 3748 0.000
Immonen, 2004 recurent Overall survival 4.345 1.264 14930 2332 0.020
Fixed 6.510 2786 15215 4.325 0.000
0.01 0.1 1 10 100

Favours control Favours treatment

Fig.3 Forest plot of meta-analysis of overall survival with all patients (a), subgroup analysis with newly diagnosed group (b), and subgroup

analysis with recurrent group (c)

Safety

Among the five selected articles, three of them reported
that there were no severe adverse events (grade 3 or higher
according to Common Terminology Criteria for Adverse
Events; CTCAE) observed in either the experimental or
control groups, but there were occasional mild to moderate

common adverse reactions such as fever, vomiting, leuko-
penia, and rash [10, 19, 20]. On the other hand, the other
two phase III clinical trials mentioned more information on
severe adverse events [17, 20]. Westphal et al. [20] reported
that the experimental group had more cases of two severe
adverse events compared to the control group, which were
cerebral hemorrhage (8 cases vs.1 case) and thrombosis (16

@ Springer
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Table 3 Results of heterogeneity test of overall survival

Heterogeneity test (OS) Cochran’s Q (Xz) P value P

All patients 15.976 0.003 74.9%
Subgroup analysis of over-  4.895 0.087 59.1%
all survival for newly
diagnosed group
Subgroup analysis of over-  0.782 0.376 0%

all survival for recurrent
group

cases vs.13 cases). Rainov et al. [17], on the other hand,
indicated that severe adverse events were more common in
the experimental group than in the control group, with 81
patients (65%) and 66 patients (52%), respectively. However,
both of these phase III clinical trials explained that these
severe adverse events rarely led to death and were difficult to
confirm a direct relationship with either ganciclovir.

Publication bias

Funnel charts showed no significant publication bias in all
outcomes (Fig. 4). Egger’s test also indicated no significant
publication bias in all outcomes. (See Supplement Table S2)
This finding suggested that no serious publication bias
affected the results of this meta-analysis.

Discussion
Main findings and interpretation of the evidence

Ganciclovir and its derivative valganciclovir are considered
to have two approaches for the treatment of glioma: one is
based on the ability to resist viruses [16], and the other one
is to combine with gene therapy [30]. Many studies have
indicated that cancer patients infected with cytomegalovirus
generally have a poorer prognosis [25, 26]. Therefore, cyto-
megalovirus may be an important target in the treatment of
cancer, and valganciclovir is usually chosen in the treatment
of antiviral ability, because valganciclovir is relatively con-
venient, and patients can take it orally medication [15, 47].
In contrast, ganciclovir is currently used in combination with
gene therapy and administered intravenously due to its poor
oral availability [15, 47]. The purpose of gene therapy is to
use a viral vector to deliver the thymidine kinase gene into
the body, which activates ganciclovir, allowing it to inhibit
DNA synthesis and suppress rapidly proliferating cancer
cells [48]. Nowadays, ganciclovir has received more atten-
tion in the treatment of glioma, and some researchers have
published updated clinical trials or retrospective studies [8,
49], but there are differences in survival outcomes, so it is

@ Springer

necessary to conduct a detailed systematic review and meta-
analysis on this topic.

In this meta-analysis, we identified five eligible RCTs
with a total of 606 patients included for the analysis. The
integrated results showed that ganciclovir had a positive
effect on survival outcomes of glioma patients, including
2-year survival rate, 4-year survival rates and OS. How-
ever, the statistical difference in 1-year was not significant.
In terms of OS, due to only two studies that provided HR
and the high heterogeneity (I*=94.1%), we calculated odds
ratio (OR) by survival time data. After integrating the results
of the five RCTs, we confirmed that ganciclovir provided
benefits to the OS of glioma patients, with an OR of 2.393
(P=0.012).

In order to clarify the differences in treatment effects
among the five RCTs, we conducted a more in-depth dis-
cussion on the survival data. Among them, three studies
conducted by Westphal et al. [20], Rainov et al. [17], and
Stragliotto et al. [19], in the original records, the median
survival of patients in the experimental group and control
group were 497 vs. 452 days [20], 365 vs. 354 days [17], and
17.9 vs. 17.4 months [19], respectively. From the perspective
of a single original study, there was no significant survival
benefit in the experimental group. However, Ji et al. [10] and
Immonen et al. [18] reported significant survival benefits
with a median survival of 29.6 vs. 8.4 weeks [10] and 62.4
vs. 37.7 weeks [18], respectively.

In our sensitivity analysis, we considered whether the
subtype of glioma, specifically glioblastoma, could lead to
differences in treatment effect. This is because the two stud-
ies with significant survival benefits had a lower proportion
of patients with glioblastoma in the treatment group. How-
ever, in the original study by Immonen et al. [18], a compari-
son was made only among patients with glioblastoma, and
a significant difference was found (median survival of 55.3
vs. 37.0 weeks, P=0.0214). Therefore, we speculate that
the true reason for the difference in treatment efficacy may
lie in the type of glioma, whether it is a “newly diagnosed”
or “recurrent”. Immonen et al. [18] also pointed out that the
efficacy of ganciclovir in newly diagnosed glioblastoma only
tended to be significant (54.4 vs. 42.8 weeks).

The patients with newly diagnosed glioma [17, 19, 20]
had no significant survival benefit in original studies, so we
removed two articles that included patients with recurrent
glioma and had significant survival benefit and conducted
subgroup analysis. The subgroup analysis result showed
a slight decrease in OR (from 2.393 to 1.481), but there
was still a statistically significant difference (P =0.014).
Notably, if we only conducted meta-analysis by two recur-
rent glioma studies, the result would be OR 6.51 (95% CI
2.786-15.215, P=0.000015). Therefore, we consider that
there is an extremely positive relationship between ganci-
clovir and recurrent glioma. This is important for recurrent
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Fig.4 (continued) (d)
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patients because they are often already treated with stand-
ard therapy and therefore are in great need of a different
treatment to suppress recurrent cancer cells [50, 51]. We
also recommend that ganciclovir should be used in combi-
nation with standard therapy in newly diagnosed glioma to
avoid ignoring the contribution of standard therapy. Based
on the above discussion, we have a clearer understanding
of the efficacy of ganciclovir in patients with glioma, and
also found the target patients who have the most chance to
benefit from it. In terms of safety, the common side effects
of ganciclovir are blood type side effects such as anemia,
neutropenia or thrombocytopenia [52]. In addition, because
the gene therapy will inject the viral vector into the human
body, it may also cause some patients to have a short-term
fever. However, in all the studies included in this article, it
was not mentioned that ganciclovir or valganciclovir directly
caused any serious and fatal side effects, which is also in line
with the previous studies mentioned that ganciclovir is a safe
and feasible treatment [46].

Study limitations

The main limitation of this article is the small number of
included literature, which will be reflected in all results [53].
The incidence of glioma is relatively low, so the total num-
ber of patients included in this study is limited, which also
leads to a slight gap between this meta-analysis and the most
real situation, and also reduces the statistical effect. Finally,
the results included in this study only include survival rate
and OS, and there is still a lack of other efficacy indicators
such as remission rate and progression-free survival (PFS).
Another potential issue is the limited discussion of ganci-
clovir and valganciclovir together in glioma treatment due
to uncertain mechanisms. Although these two drugs have
gradually been considered equivalent [54], we think that
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intravenous ganciclovir injection only contributes a little to
countering CMYV, particularly considering that ganciclovir
is typically administered in the short-term [10, 17, 18, 20].
In contrast, valganciclovir is often used for long-term treat-
ment [19], and one study also demonstrated that survival
is correlated with the duration of valganciclovir treatment
(r=0.815, P<0.0001) [19]. Patients receiving valganciclo-
vir for at least 6 months had a longer median survival com-
pared to those with short-term or no valganciclovir treatment
(24.1 vs. 13.1 months, P <0.0001) [19]. Notably, Hossain
et al. [55] found that long-term treatment with valganciclo-
vir could improve the effectiveness of gene therapy, con-
sequently leading to an improved survival in rats afflicted
with glioblastoma (gene therapy combined with 3-month
valganciclovir treatment has a significant survival benefit
compared with gene therapy only, P=0.008) [55]. This find-
ing suggests that combining these two distinct drug forms
could be a novel strategy for glioma treatment, as long-term
valganciclovir not only addresses CMV infection but also
extends the effects of gene therapy.

In summary, considering the current clinical results, it
seems that relying solely on a single therapeutic mechanism
may not maximize the efficacy of ganciclovir in glioma treat-
ment. Therefore, we hope that future clinical trials will con-
sider the combination of both mechanisms, specifically con-
tinuing long-term valganciclovir treatment for an extended
period following the completion of gene therapy in the initial
weeks.

Currently, the newer studies include two retrospective
studies on the adjuvant treatment of glioma with valgan-
ciclovir published by Stragliotto et al. in 2020 [8, 49], and
an ongoing clinical trial [56]. These two retrospective con-
trolled studies also suggested that patients with glioma
who received adjuvant valganciclovir had better survival
compared with the control group. In particular, one of the
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patients recruited belonged to secondary (metastatic) glioma
[49], and the outcome of valganciclovir treatment was still
better than the control group, which means that valgan-
ciclovir may be effective for both primary and secondary
glioma patient. This is a rare phenomenon [56]. The ongoing
clinical trial is VIGAS2 (NCT04116411), which is a multi-
center randomized double-blind controlled phase II study.
This phase II study recruits 220 people and is expected to
be completed in 2024. It mainly evaluates the efficacy of
long-term valganciclovir (2 years) as an adjuvant therapy in
glioblastoma patients.

Conclusion

The results of this meta-analysis confirmed that ganciclovir
can increase the 2-year survival rate, 4-year survival rate
and OS of glioma patients. However, the number of clinical
studies on this topic is still very small, so there are some
publication biases. Therefore, we expect further large-scale
clinical RCTs to verify the authenticity of this systematic
review and meta-analysis.
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