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Abstract

Context: One of the most common aggressive and primary brain tumors is glioma. The majority of diagnoses are referred to high-
grade malignant glioblastoma, which carries the worst prognosis. Still, treatment of brain tumors remains a big challenge for clin-
icians. This study was designed to investigate the efficacy of gene therapy in the treatment of brain cancer.

Methods: Studies use genes as a therapeutic agent in brain cancer treatment even alone or in combination with other treatment
methods. Full-text papers, which met the inclusion criteria, were independently assessed by two reviewers. Disagreements were
resolved by consultation with a third reviewer.

Results: Statistical analysis showed that 50% of the papers used a virus, 36% used polymers, and 14% used cells as carriers to transfect
the genes as a therapeutic agent in brain tumor models. Data showed that the estimated size of the brain tumor was reduced by
using co-treatment of the gene with one of the conventional therapies.

Conclusions: According to the results, co-treatment of the gene with conventional therapies could be more effective than the

monotherapy methods.
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1. Context

One of the most common aggressive and primary
brain tumors is glioma as a result of its tendency to pen-
etrate the brain tissue and fast proliferation (1). Gliomas
can be divided into two types, namely low grade (Il and III)
and high grade (IV) based upon histopathology diagnosis
according to the classification of the World Health Orga-
nization (WHO) (2). Between these grades, the majority of
diagnoses referred to high-grade malignant glioblastoma,
which carries the worst prognosis. Factors that are impor-
tant in the prognosis of Glioma depend on the histological
grade of the tumor, the patient’s age, and Karnofsky’s Per-
formance Score (KPS) (2). These tumors possess the ability
to invade surrounding tissue extensively; so, curative re-
section may become impossible (3). Some of the general
treatments for gliomas are a combination of surgery, radi-
ation therapy, and systemic chemotherapy (4). Malignant
glioblastoma has very poor outcomes with just less than
5% of patients surviving in 5 years post-diagnosis even with

the best current treatments (2). In light of these poor re-
sults, and to increase the extent of novel therapies, there is
significant room for improvement and innovation in the
area of managing the treatment. An application of nan-
otechnology which holds great promise for revolutioniz-
ing medical treatments, faster diagnosis, drug delivery, tis-
sue regeneration, and imaging is nanomedicine (5). Nan-
otechnology helps deliver the drug to the targeted tissue
across the blood-brain barrier (BBB), control releasing the
drug, and avoid degradation processes (6). The other per-
formance of this system is toxicity reduction of peripheral
organs and biodegradability. Using nucleic acids as drugs
are called gene therapy (7). Delivery or vector systems are
needed to deliver the therapeutic gene (s) to the tumor
mass (8). Viral and non-viral vectors are two subdivisions
of delivery systems (9). The efficiency of the vector that can
selectively deliver a gene to target cells with minimal toxic-
ity isasuccess in gene therapy. An efficient method in gene
transfection is using viral carriers although there would be
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arisk of not being biologically safe. Therefore, using non-
viral delivery systems became an attractive alternative for
humans, which received increasing attention in gene ther-
apy. These vectors can overcome major issues of viral deliv-
ery toxicity. The non-viral carriers are easy to prepare and
exhibit low cytotoxicity and they can also carry large DNA
fragments. However, finding a carrier will (1) load genetic
materials, (2) pass the material through cellular barriers
withoutan immune response, (3) release it into the cell nu-
cleus, and (4) allow the visualization of this entire process
withoutdegrading the materialsremains a great challenge
(7). The short-lived nature of the therapeutic DNA and the
multifactorial nature of many disorders are also affecting
the effectiveness of gene therapy (10). Nanoparticles were
first developed in about 1970 and initially designed as car-
riers for vaccines and anticancer drugs (11). The first im-
portant step in the strategy of drug targeting was to re-
duce the uptake of the nanoparticles by the reticuloen-
dothelial system (RES) to enhance tumor uptake (12). In
thisregard, coating nanoparticles (NPs)and nano-capsules
with hydrophilic substances such as polypropylene block
copolymers (poloxamers), chitosan, polyvinyl alcohol, and
PEG have a clear benefit with minimal non-specific interac-
tion with other proteins (12). While surface charges, molec-
ular weight, amphiphilicity, shape, and the structure of
NPs are very important in gene transfection efficiency of
polymer-based NPs (10). Several cationic polymers such
as poly L-lysine (PLL), polyethyleneimine (PEI), poly (ami-
doamine) (PAMAM), and chitosan are used as important
vectors for gene delivery (10). For these reasons, a system-
atic review of the literature was carried out to evaluate the
conventional cancer therapy methods compared to novel
ones (e.g., gene therapy), especially on brain tumors.

2. Research Question

Could gene therapy be effective in brain cancer therapy
according to clinical treatment and experimental studies?

3. Study Objectives

(1) Comparing the cancer therapy methods in the treat-
ment of Glioblastoma and introducing the best one.

(2) Conducting statistical analysis of primary studies,
if appropriate, to gain a more precise estimate of the effec-
tiveness of different strategies in managing Glioblastoma.

(3) Critically appraise existing evidence and identify
gapsin theliterature to provide future research directions.

4. Methods

This systematic review was proposed to compare the
conventional and gene therapy methods for brain cancer.

4.1. Protocol and Registration

This study was registered under Prospero registration
number: CRD42016052141. The development and report-
ing of this systematic review were under the guidance of
the Preferred Reporting Items for Systematic Review and
Meta-Analysis-Protocols (PRISMA-P) statement (13).

4.2. Eligibility Criteria

In this review, studies with different neural diseases
or additional treatments were excluded. Conference ab-
stracts, letters, and other studies without detailed data
were also excluded. Studies published between 2007 and
2018 in the English language that investigated therapies
for brain cancers including gene therapy and conventional
methods were eligible with no restriction on the brain can-
cer type or grade. Statistical analysis results were limited
to cancer therapy methods for brain tumors worked both
in vitro and in vivo. Reviews and clinical studies were also
excluded.

The interventions included in the study are

(1) Cancer therapy methods e.g., surgery, chemother-
apy, radiotherapy, and gene delivery methods on Glioblas-
toma.

(2) All kinds of studies e.g., in vitro, in vivo, and clinical.

(3) Comparing conventional therapies with gene ther-
apy methods.

4.3. Data Sources

Meeting abstracts and relevant full publications were
identified by electronic searching of 5 online databases, in-
cluding MEDLINE, EMBASE, Web of Science, ScienceDirect,
and the COCHRANE Library (from their inception to two
months before submission).

4.4. Search Strategy

Searches were conducted, using both text words and
exploded Medical Subject Heading (MeSH) terms: (can-
cers OR neoplasms) AND (therapy OR therapeutics) AND
(gene delivery OR gene transfer techniques OR biolistic)
AND (brain tumor OR brain neoplasms) AND (chemother-
apy)AND (surgery) AND (radiotherapy) AND (combination
therapy). The search strategy was specified for each dataset
based on its rules. For the PubMed dataset, it was Gene de-
livery AND Brain cancer AND Combination therapy, for EM-
BASE dataset, it was 'gene delivery’ in All fields AND 'brain
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cancer’ AND 'combination therapy’ as Emtree-exploded,
for COCHRANE Library, it was gene delivery AND brain can-
cer AND combination therapy in All text, for Web of Science
library, gene delivery AND brain cancer AND combination
therapy in title[keyword/abstract were used and for Sci-
enceDirect dataset, the following strategy was used in Ex-
pert search; “gene delivery” AND “brain cancer” AND “com-
bination therapy” in all sources. References were managed
in EndNote (version X7) and duplicates were removed and,
then, exported to Microsoft Excel (version 2010) spread-
sheet to complete the search process.

4.5. Study Selection and Data Collection

Two independent reviewers selected the included cita-
tions based on the title and abstract of the papers. Two
reviewers independently assessed the full-text papers with
the inclusion criteria and disagreements were resolved by
consulting with a third reviewer. The minimum follow-up
time for included studies was 18 months.

Data were collected from full-text papers based on the
method mentioned in the Cochrane Consumers Hand-
book(14). The following information was recorded for each
study: Basic characteristics (author, title, year of publica-
tion, and study design), intervention data (method, dose,
and time of gene transduction), and outcome data (follow-
up time).

4.6. Data Extraction and Management

A data extraction form was developed and the rele-
vant data were extracted from the included studies. The
method of the treatment (in vitro studies, in vivo studies,
and statistical studies), the gold standard, and outcome
variables (safety and survival probability) were extracted
as detailed information in the results.

5. Results

5.1. Included Trials

The search was conducted in November 2018 and 80
records were obtained through PubMed, using Gene de-
livery AND Brain cancer AND Combination therapy, 58
records through EMBASE using 'gene delivery’ in All fields
AND ’brain cancer’ AND 'combination therapy’ as Emtree-
exploded, 29 records through COCHRANE Library using
gene delivery AND brain cancer AND combination therapy
in All text, 77 records through Web of Science library us-
ing gene delivery AND brain cancer AND combination ther-
apy in title/keyword/abstract and 27 records through Sci-
enceDirect using the following strategy in Expert search;
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“gene delivery” AND “brain cancer” AND “combination
therapy” in all sources (Figure 1).

5.2. Methodological Quality

First of all, studies were categorized according to
the subject, type, methodology, and result parameters
that were summarized in Appendix 1 in Supplementary
File. Subjects were grouped in virus, cell, and polymer-
mediated gene therapy, chemotherapy, and multiple-
delivery. Generally, there were 59 papers, 18 of which
were virus-mediated, 8 cell-mediated, and 22 in polymer-
mediated gene therapy. Eight of the papers used multiple-
delivery methods for brain tumor treatment and 3 papers
used chemotherapy techniques.

According to Appendix 1 in Supplementary File, from
59 full-text papers, 19 were review and 40 were original
(Appendix 2 in Supplementary File). Statistical analysis
showed that 50% of the papers used a virus, 36% used poly-
mers, and 14% used cells as carriers to transfect genes as a
therapeutic agent in the brain tumor model.

5.3. Included Trials

Review papers were omitted from quantitative synthe-
sis (excluded papers n =19) and only original papers (n =
40) were analyzed due to the methodology of the study.
One of these original studies was about the clinical envi-
ronment and 9 of them worked only in vitro (Appendix 3
in Supplementary File); so, they were excluded, and only
original papers (n = 30) that worked in both in vitro and
in vivo environments together were selected for statistical
analysis study.

The 30 selected papers were discussed according to
their main results (Table 1). These papers examined the ef-
fect of gene therapy combined with conventional methods
in brain cancer therapy. We just focused on in vivo part of
the results because the in vivo results are more extended to
clinical trials.

5.4. Analysis of the Total Gene Therapy Effectiveness

Results showed that 50% of the studies used viruses
and 36% of them used polymers and only 14% of them used
cells as the carrier. The statistical analysis showed statis-
tically significant differences between the treatment and
control groups in using viruses, cells, and polymers as car-
riers. The survivability in groups receiving co-treatment of
each carrier in gene therapy + chemotherapy was higher
than in the groups receiving only gene or chemotherapy as
monotherapy; 53% of virus-mediated studies reported that
the brain tumor was removed (100%), while 33% of them
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Figure 1. Literature search and inclusion on process

reported an 85 to 90% reduction in brain tumor size, and
only 14% of the included studies had 70 to 80% tumor size
reduction in the animals. Only 4 studies were included in
the statistical analysis that used cells as the carrier in the
gene therapy. The brain tumor was removed in 75% of these
studies and only 25% of them showed a 75% reduction in
brain tumor size. Polymers showed that they could actasa
better carrier for transfecting genes or drugs into cells. Ac-
cording to the included studies in this systematic review,
in 73% of the included studies, a brain tumor was removed;
27% of the included studies reported a 50% reduction in

brain tumor size.

6. Discussion

Gene therapy is one of the novel treatments for many
diseases including cancer. However, the carriers and tar-
gets must be properly selected to optimize this method
(42). Studies included in this review have introduced
viruses, cells, and polymers to improve gene therapy. Us-
ing viruses as vectors could be a promising method in gene
therapy because of their safety and lacking major side ef-
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fects (43, 44). However, gene therapy for malignant glioma
with non-replicating viruses has been disappointing. A
method that was found to potentiate the anti-tumor ef-
fect of virus-mediated oncolysis is systemic chemotherapy,
which may be beneficial in glioma patients but has not
been explored yet (43). HV]-E was applied as a non-viral vec-
tor for drug delivery by using inactivated Sendai virus. HVJ-
E can deliver DNA, siRNA, anti-cancer drugs, and proteins
into cells both in vitro and in vivo. Thereafter, the combina-
tion of the HVJ-E and macromolecules showed more anti-
tumor effects (22).

Cells were applied in cancer therapy in the form of tar-
getsand vehicles. Studies showed the advantages of the im-
mortalized and genetically engineered stem cells in gene
therapy of brain tumors. These cells selectively migrate
into brain tumors and reduce tumor growth both in vitro
and in vivo. In an investigation, genetically engineered
neural stem cells were used as therapeutics (30).

Lipids, saccharides, and peptide-based polymers were
alsoused as the carrier in gene and drug delivery too much.
Among these polymers, lipophosphids (liposomes) could
transfer into the cell and also escape from endosomes as
well, because of the similarity to the cell membrane (36).
Nanoparticles also showed interesting results in drug and
gene delivery. For example, star-branched copolymer mi-
celles in combination with genes and chemotherapy had
maximal synergistic effects (37).

Overall, according to the statistical analysis results,
all of the studies propose that co-treatment of the gene
with one of the conventional therapies like radiotherapy
or chemotherapy could be more effective in brain can-
cers than monotherapy methods. In addition, all of the in
vitro results were under in vivo ones and confirmed the co-
treatment therapy benefits.

6.1. Conclusions

The present systematic review showed that there were
more studies on using gene therapy alone or in combina-
tion with other conventional methods that confirmed the
effects of the genes on the treatment of brain cancer in the
in vitro and in vivo environment. In addition, the results
suggested the best methods of drug delivery and com-
pared them with each other. However, there was not yet
fully explored literature available on using gene therapy as
mono or co-therapy in the clinical trial and most of these
approaches are purely investigational and will never be
tested in a large clinical trial. Generally, the only effective
treatment for glioblastoma is still chemo-radiation. These
findings bold the research gaps and offer many prospects
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for further clinical studies. Therefore, this study suggests
using gene therapy in the clinical trial as a co-treatment for
a variety of cancer therapies to a better understanding of
the advantages of gene therapy on the survival probability
and life quality of the patients.

Supplementary Material

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal web-
site and open PDF/HTML].
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Table 1. Summary of the Studies Included in Statistical Analysis

Studies Animal Model Treatment Group Control Group Main Results Course of
Treat-
ment

1. Ad. Egr. TNF
2.1R
3.TMZ
Yamini Animal survivalists increased when Ad.
etal. (15) N=70 Ad. Egr-TNF+TMZ+IR 4. Ad. Egr. TNF+IR Egr-TNF+TMZ+IR as a triple treatment 31days
) was used.
5. IR+FTMZ
6. Ad.Egr. TNF+TMZ
7. PBS
1. Ad5. D24RGD
2. Total body irradiation (TBI) These selected tumor models underscore
Lamfers effectiveness and significance in
- : + S o
etal. (16) N=42 Ad5-D24RGD+ WBI 3. Whole brain irradiation (WBI) assessing the effects of combination 31days
4. Ad5. D24RGD+TBI therapies.
5. PBS
1. Irradiated control
2.iv. BPA+BNCT
Wuetal. N=66 CED of BD-C225 +i.v. ] The combination group showed the best 30 days
(1) - BPA + BNCT 3. 1t of BD. €225 + BNCT results. Y
4. CED of BD. C225 + BNCT
5.PBS
Maguire N=12 AAV-hIFN-33 AAV. empty vector (AAV. ev) Treatment with AAV-hIFN-/3 prevented 23 days
etal. (18) aggressive glioma growth.
1. Ad. Fc Combination treatment of
Szentirmai Ad-VEGFR2+Ad-ES revealed the smallest
N=2 Ad-VEGFR2+Ad-ES 14d
etal. (19) 8 2. Ad. VEGFR2 microvessel density and decreased ays
3. Ad.ES tumor growth.
A combination of the clinically relevant
Hingtgen B Neural stem 1. AAV. S. TRAIL+TMZ )
etal. (20) N=21 cellS_TRAILFTMZ TMZ and S-TRAIL 1}1creased potency for 12 days
2.PBS glioblastoma patients.
1. Murine plasmid encoding IL. 12 (pmlIL.
12)/ polyethyleneimine covalently
modified with methoxy polyethylene )
sonabend glycol and cholesterol (PPC) BCNU chemotherapy and the antitumor
etal. (21) N=21 pmIL-12/PPC+BCNU properties of pmIL-12/PPC have 40 days
: 2.PBS synergistic effects.
Matsuda ) 1. Eg5 SiRNA HVJ+Eg5 siRNA trezjlted gr(l)up showed
etal. (22) N=21 HVJ+Eg5 siRNA abundant apoptotic cells in the tumor 80 days
: 2.PBS tissues.
1. Ad. stTRAIL i .
Jeong et N=21 Ad-SETRAIL+BCNU Coml?mzftl'on therapy was more effective 45 days
al. (23) than individual therapy.
2.PBS
1. Dead virus (oncolytic)
Lunetal. N=35 vvDD-EGFP+ The combination group showed more 40 davs
(24) B cyclophosphamide 2.wDD. EGFP proportion surviving time. Y
3. Cyclophosphamide
Khan et N=21 Thymidine kinase 1 1. Prodrug zidovudine (AZT) Combination therapy of the TKi/AZT 20 days
al. (25) (toTK1)/AZT suicide gene showed a better effect. ¥
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2.PBS

1. Rapamycin

Lunetal. N=28 JX- JX-594m+Rapamycin combination 21davs
(26) - 594m+Rapamycin 2.JX.594m showed the best results. Y
3.PBS
L™z Combination th f
ombination therapy o
H 1. -FasL+ -FA
(2(7))“ 2 N=28 pGs ai.ml;[gs DD 2. pG8. FasL+pG8. FADD pG8-FasL+pG8-FADD +TMZ showed more 19 days
survival percentage.
3.PBS
1. TMZ
Kato et T™Z| Combination of TMZ and siRNA was
al. (28) N=28 LipoTrust/MGMT- 2. LipoTrust/MGMT. siRNA (DNA repair found to decrease tumor growth 9 days
’ SiRNA protein O . methylguanine. DNA significantly.
methyltransferase)
3.PBS
1. MYXV
2. MYXV+anti. IFN3
Thomas T cell +MYXV+ 3. Tcells The gljoup that received tbe triple
N=70 . combination treatment lived 15 days
etal. (29) anti-IFN . -
4. Tcells+anti. IENS significantly longer.
5. T cell +tMYXV
6. PBS
1. F3.C3 cells
Seol et al. F3.CE/CPT-11 group showed significantly
N=28 F3.CE/CPT-11 25d
(30) 3.CEf 2. CPT.11 prodrug prolonged survival periods. 5 days
3.PBS
1. MK886
Kim et al Combination therapy of the
©) . N=28 MK886+MSC-TRAIL 2. MSC. TRAIL MK886+MSC-TRAIL group had a better 28 days
effect.
3.PBS
Candolfi N=14 Ad.TK+Ad.FIt3L PBS Ad.TK+Ad.FIt3L intracranial 28 days
etal. (10) administration in the brain was safe.
1. Intraperitoneal injection of VPA
Rvuetal The apoptotic cell death in intracranial
(3331 : N=28 MSCs-TK+VPA 2. MSCs infected with AD. HSV. TK (MSCs. gliomas was enhanced in the 38 days
TK) combination therapy of MSCs-TK+VPA.
3.PBS
1. PLANPs
Hanetal. N=35 BCNU/PLA wafer + 2. BCNU/PLA wafer The combination group showed 15 days
(32) - Tf-PLA-BCNU NPs significant results in the survival ratio. 4
3. Tf. PLA.BCNU NPs
4.PBS
1. DOX
2.T7. modified co. delivery nanoparticles
Liu etal. Nem2 DGPT/ pORF-hTRAIL (DGDPT/pORF. hTRAIL) NPs DGDPT/pORF-hTRAIL NPs treatment 22 davs
(33) - NPs group showed the best results. ¥
3. DGDP/pORE. hTRAIL NPs
4. DGDPT/pGL. 3
5.PBS
1-alloreactive CTL ) )
Hickey et (alloCTL) (2) Av1ab%e strategy in the tree%tment of o
al. (34) N=42 PBS(2) established breast tumors in the brain is 75 days
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2-peripheral blood

mononuclear cells
(PBMC) (2)
1. LPS (lipopolysaccharide) + Ra
Radiosurgery enhanced treatment with
2. TF (soluble tissue factor) + Ra i i
Tuetal. N=82 TF+LPS+Ra TF+LPS an'd selectlvely 1n4uce 18 days
(35) L X thrombosis of the capillaries and
3. Coadministration TF+LPS - . .
medium-sized vessels of glioblastoma.
4.PBS+Ra
1. DOX
DPC/DOX-Trail treatment group showed
i 2. DPC (DGL. PEG. 10)[Trail ; sval ti
Lietal. N=35 DPC/DOX-Trail mo're median survival time and also body 25 days
(1) 3. DP (DGL. PEG)/DOX. Trail weight showed a slow decrease after the
- DP (DGL. ) - ral 27th day.
4.PBS
1. Angiopep. 2[tLyP.1dual peptides.
modified liposomes (At. Lp)/ scrambled
siRNAs (siN.C.)
2. At. Lp[siRNA
3. At. Lp| Docetaxel (DTX) The most effective anti-tumor growth
Yang et . :
al. (36) N=20 At-Lp/siRNA/DTX effect was reported for the Co-delivery 10 days
: 4.PBS system (At-Lp/siRNA/DTX).
1. Star. branched copolymer micelles
(sCPM3)
2.DOX
DOX-loaded and 3.D.sCPM3 Co-delivery of drugs and genes via
Qian et N2 miR-21i-complexed polymer nanoparticles showed the 22 davs
al. (37) - sCPM3 4. miR. 21i. complexed sCPM3 maximal synergistic/combined effect of ¥
(D-sCPM3/miR-21i) (sCPM3/miR. 21i drug and gene therapies.
5.PBS
1. Ganciclovir (GCV)
The median survival of the
. 2. HSV. tk+GCV .GFP-HSV-
Mangraviti N=4s8 NP-GEP-HSV-tk+ GCV NP G'FP HSV-tk+GCV group was 15 days
etal. (38) significantly longer compared to the
3. NP. GFP+GCV
untreated group.
4.PBS
Park et 1. pEmpty/R7L10. Cur Curcumin in combination with the HSVtk
al. (39) N=21 PpHSVtk/R7L10-Cur gene increased the therapeutic effect on 21days
’ 2.PBS the suppression of tumor growth.
N=401 1 V-mTSG -
Chow et ,0 ateral AAV-mTSG (mouse 1. AAV. vector In the AAV-mTSG group tumors were
ventricle N=16 homolog tumor 120 days
al. (40) R developed.
hippocampus suppressor gene) 2.PBS
1. OV. ChaseM
Jaime- Combination therapy reduced glioma
Ramirez N=20 OV-ChaseM+TMZ 2.TMZ cell aggregation and increase apoptosis 22 days
etal. (41) cells.
3.PBS
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