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Pe3iome. HecMoTpst Ha 3HAUMTEIbHBIE YCTIEXU JICUCHUST 3JIOKAUeCTBEHHBIX HOBOOOPA30BaHWI TPaIUIIM -
OHHBIMU METOIAMU, TAKUMU KaK XMMHUOTEpAITs, JIydeBasi Teparnusi ¥ UMMyHOTEparusi, pak OCTaeTCsT OMHOMN
W3 BEAYIIUX MPUINH 3a00JIeBAEMOCTH U CMEPTHOCTHU BO BceM Mupe. OTHaKO 3TU TTOAXOIbI YaCTO COTIPOBO-
JKIIAIOTCSI CEPbEe3HBIMU TTOOOYHBIMU dhheKTaMU, PE3UCTEHTHOCTHIO K JICUYEHUIO U OTpaHUYeHHOU 3 deK-
TUBHOCTBIO TIPU OTIPEICJICHHBIX TUTIAX OITyXOJIeii, YTO TTOAYEPKUBAET OCTPYIO HEOOXOAMMOCTD B ajlbTepHa-
TUBHBIX TePaTNIeBTUUECKUX CTpaTeTusix. JJaHHbII MeTaaHaIU3 IMPOBECH C 1eIbI0 OIIEHKN TepareBTUIECKOTO
MoTeHInana 1 mpoduis 0e30MacHOCTA 0aKTepUaTbHBIX METOIOB JICUCHUsI paka Ha OCHOBE CUCTEMaThde-
CKOTO 0030pa, OCHOBAaHHOTO KaK Ha JOKJIMHUYECKMNX, TaK W Ha pe3yJibTaTax KIMHUYECKNX MCCIIeTOBAaHUIA.
Bo3znelicTByst Ha yHUKaJTbHbBIE CBOMCTBA MUKPOOKPYKEHUST OTTyXOJIU, OTIpeIeJIEHHbIC BUABI OaKTepUil TIpoJIe-
MOHCTPUPOBAIN CITIOCOOHOCTh N30MPaTETbHO KOJIOHU3MPOBATh PAKOBbIE TKAaH!, MOIYJTUPOBATh UMMYHHBIE
peaKkiuy 1 CIIYXXUTh B KAUYECTBE HOCUTEJICH TepalleBTUUEeCKNX areHTOB. B TOKIIMHUUECKUX MOJIEsIX OaKTe-
puangbHOE JICUeHUE IMPOJIEMOHCTPUPOBAJIO 3HAYMTEIILHOE TTOIaBJIEHUE POCTA OITyXOJIW U YJIydllleHre TToKa3a-
TeJiell BBDKMBAEMOCTH TIPU MUHUMAILHOM CUCTEMHOUN TOKCUYHOCTHU. B KIIMHUUECKUX UCTIBITAHUSIX OTIEHU-
BaJICS pSII BUIOB OaKTepHii, BKIIIOUas TeHHO-MoOudUIImpoBaHHEBIe hopMbl Salmonella, Listeria, Clostridium
u Bifidobacterium. Pe3ynbTaThl MoKa3aiu pa3TudHyio 9((OEKTUBHOCTD TPU OIIEHKE MO KPUTEPUSIM YaCTOTHI
OTBETa OMYXOJIX Ha JIeYeHNE, BBKMBAEMOCTHU O€3 IPOTpecCUpOBaHMs U 00IIeil BBDKMBAEMOCTH TTAIIUEHTOB B
Pa3TUIHBIX KIIMHUYECKUX TpyTinax. B To BpeMsi Kak HEKOTOpbIe OaKTepUaTbHBIE METOIBI JICUSHUST ObLITA CBSI-
3aHbI C 3aMETHBIMU TePATIeBTUUYECKUMU TTPENMYIIIECTBAMM, OCOOCHHO B TTPOJICHUN BBIKMBAEMOCTH U YCU-
JICHUU aKTUBAIlMM UMMYHHOW CUCTEMBI, IPyTHUE MOKa3add OrpaHUIeHHYI0 3(h(PeKTUBHOCTH WJIM COTIPOBO-
JKIAJTUCh BBICOKOU YaCTOTOM MOOOUYHBIX 3(h(HEeKTOB, OCOOEHHO TIPH JICYSHUH C MCITOJIb30BaHUEM ITPETIapaToB
Ha ocHOBe Listeria. HaripoTtuB, MeTOOBI JIeUeHUSI Ha OCHOBE Bifidobacterium, T10-BUINMOMY, 00JIagatoT 0oJiee
OnaronpusITHBIM TIporiieM 6e301acHOCTU. [eTepOoreHHOCTh Pe3yIbTaTOB MOAUYePKUBAET BIUSHUE BUIA U
mramMMa 6aKTepuil, TUTIA OITYXOJIU, TO3UPOBKUA M KOMOWHAIINI METOIOB JIeUeHUS. DTOT aHAIU3 TIPUXOIUT K
BBIBOJLY, UTO OAKTEpHUAIbHBIE METOIBI JICUSHUST TIPEJICTABIISIIOT CO00I MHOTOOOETIIaloIee HAllpaBJIeHUE B OH-
KOJIOTUH, TIpeAIioJiarasi YHUKaJIbHbBI MeXaHU3M JCHUCTBUS U TTOTEHIIMAbHYIO CUHEPTHUIO C CYIIECTBYIOIIN -
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MU METOJIaMM JieueHHs. TeM He MeHee HeOOXOIMMBI TaTbHENIIIMe KPYITHOMACIITAOHbIe 1 KOHTPOIUPYEeMbIS
KJIIMHAYECKUE MCCIACAOBAaHUS IJIsI ONTUMM3AU BEIOOpa OaKTepuil, YIydIIeHUST MEXaHNU3MOB JOCTaBKU U
CHIMKEHHSI PUCKOB TOKCUYHOCTHU. Pa3BUTHE 3TOro TepalleBTUMYECKOIO ITOIX0Ia MOXKET BHECTU 3HAUYUTEIh-
HBII1 BKJIaJ B pa3pabOTKy 0oJiee TIepCOHAIM3UPOBAHHBIX, IIeJIeHATPAaBICHHBIX U 3((OEKTUBHBIX METOIOB Jie-
YeHUs paka B OyayllIeM.

Knrouesvie cnosa: bakmepuu, KapuuHoma, onyxoab, mepanus, Ae4eHue paka, UMMYHOMEPanus, 00CMAagKka 1eKapcme, KAUHUHecKue
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EFFICACY AND SAFETY OF BACTERIAL-BASED CANCER
THERAPIES: A META-ANALYSIS OF PRECLINICAL

AND CLINICAL STUDIES
Vinod Kumar Singh, Ajay Kumar, Prithpal Singh Matreja,
Sudhir Singh

Teerthanker Mahaveer University, Moradabad, Uttar Pradesh, India

Abstract. Cancer remains one of the leading causes of morbidity and mortality worldwide, despite significant
advancements in conventional therapies such as chemotherapy, radiotherapy, and immunotherapy. However,
these approaches often come with severe side effects, treatment resistance, and limited efficacy in certain
tumor types, underscoring the urgent need for alternative therapeutic strategies. This meta-analysis explores
the therapeutic potential and safety profile of bacterial-based cancer therapies through a systematic review
of both preclinical and clinical studies. By targeting the unique properties of the tumor microenvironment,
specific bacterial species have shown an ability to preferentially colonize cancerous tissues, modulate immune
responses, and serve as delivery vehicles for therapeutic agents. In preclinical models, bacterial treatments
demonstrated significant tumor growth inhibition and improved survival outcomes, with minimal systemic
toxicity. Clinical trials evaluated a range of bacterial species including engineered forms of Salmonella, Listeria,
Clostridium, and Bifidobacterium. Findings indicated varied levels of efficacy in terms of tumor response rates,
progression-free survival, and overall survival across different patient cohorts. While some bacterial therapies
were associated with notable therapeutic benefits, particularly in prolonging survival and enhancing immune
activation, others showed limited efficacy or were accompanied by high rates of adverse events, especially in
treatments involving Listeria-based agents. Conversely, Bifidobacterium-based therapies appeared to offer a
more favorable safety profile. The heterogeneity in outcomes highlights the influence of bacterial strain, tumor
type, dosage, and treatment combinations. This analysis concludes that bacterial-based therapies represent
a promising frontier in oncology, offering a unique mechanism of action and potential synergy with existing
treatments. Nevertheless, further large-scale and controlled clinical studies are necessary to optimize bacterial
selection, enhance delivery mechanisms, and mitigate toxicity risks. Advancing this therapeutic modality could
significantly contribute to the development of more personalized, targeted and effective cancer treatments in
the future.

Keywords: bacteria, carcinoma, tumor, therapy, cancer treatment, immunotherapy, drug delivery, clinical studies

based cancer therapies (BBCTs), are therefore be-
coming more and more popular [12, 17,23, 33].
The inherent characteristics of bacteria and the tu-
mor microenvironment justify their use in cancer
treatment [8]. Bacteria can use both passive and
aggressive methods to colonize tumors in a specific
way. While active targeting entails chemotaxis towards

Introduction

Cancer is still a leading cause of illness and death
worldwide, which emphasizes the necessity of constant
advancements in therapeutic approaches. Despite
having higher survival rates, conventional treatments
like chemotherapy, radiation, and immunotherapy

can have serious side effects and increase the risk of
resistance, which can reduce their long-term effi-
cacy. Alternative and complementary therapeutic
approaches, especially those incorporating bacterial-

chemicals produced by dying tumor tissue and the
hypoxic conditions common in malignancies, passive
targeting requires bacteria to enter the tumor through
the disordered tumor vasculature. The hypoxic co-
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res of tumors, which are frequently resistant to
chemotherapy, are ideal environments for anaerobic
bacteria. This makes it possible to target these pre-
viously unreachable places specifically. Within the
tumor microenvironment, bacteria can trigger anti-
tumor immune responses. It is possible to design
bacteria to directly transport medications, genes, or
therapeutic substances to cancer cells [30]. Because
of their special capacity to target tumor tissues
specifically, elicit immune responses, and transport
therapeutic chemicals directly to cancer cells, several
bacteria have been found to be potent anticancer
medicines [20, 22, 27, 35]. Numerous bacterial strains
have demonstrated promising anticancer benefits
in both laboratory and clinical settings, including
Salmonellaspp.|1], Clostridiumspp. [6, 10, 29], Listeria
monocytogenes 4,40, 43], Bifidobacterium spp. [26,41,
42], and Mycobacterium bovis (BCG) [3, 24], which
have exhibited encouraging anticancer effects in both
laboratory and clinical studies. It is also possible to
design microbes to create and transport anticancer
medicines through synthetic bioengineering and ge-
netic manipulation [46]. Attenuation by deleting key
virulence genes showed a preference for the tumor.
Bacteria can also be genetically modified to produce
and release particular substances or change their
metabolic pathways, and they can also function as
powerful anticancer agents. In order to improve the
therapeutic efficacy of treatment, BBCT may use
bacteria either by themselves or in conjunction with
more traditional techniques.

One of the most efficient ways is genetic engi-
neering, which involves deleting or inactivating
critical virulence genes. Researchers have successfully
created safer variants of Salmonella typhimurium
by altering it. One such variant, VNP20009, has
undertaken phase I clinical studies to evaluate its
safety and possible effectiveness in treating metastatic
melanoma [39]. Auxotrophy induction is another
populartactic, in which bacteria are genetically altered
to need particular nutrients that are only present in
the tumor microenvironment. By limiting bacterial
development to malignant tissues and ensuring
selective bacterial colonization, this strategy reduces
systemic toxicity [49]. Researchers have looked into
using naturally non-pathogenic microorganisms as
medicinal agents in addition to genetic modifications.
For instance, some species of Clostridium flourish in
hypoxic conditions, which are typical of solid tumors.
Healthy cells are unaffected by these bacteria’s se-
lective colonization and destruction of malignant
tissue. Scientists have preserved the tumor-targeting
capabilities of bacterial-based medicines while ma-
king them considerably safer for clinical use by
utilizing these diverse attenuation techniques.

Although BBCT has demonstrated potential as
an independent treatment, when paired with other

therapeutic modalities, its efficacy can be greatly
increased. Bacteria and traditional cancer treatments
can work together to better eradicate tumors, get
beyond resistance mechanisms, and lessen the side
effects. The combination of BBCT and chemotherapy
is one of the most thoroughly studied. Within the
tumor microenvironment, bacteria can be genetically
modified to create enzymes that specifically transform
prodrugs into active chemotherapeutic medicines.
This technique lowers systemic toxicity while in-
creasing medication concentration at the tumor
location. Bifidobacterium longum, for instance, has
been employed as a gene therapy delivery method; it
specifically localizes within hypoxic tumors to increase
the therapeutic effect [48]. Hypoxic areas form in
many solid tumors, which renders them resistant to
radiation therapy. Nevertheless, bacterial colonization
can aid in reoxygenating these regions, increasing the
radiation susceptibility of tumor cells [28]. BBCT
can increase tumor destruction and the effectiveness
of radiation-based treatments by altering the tumor
microenvironment. Additionally, treatments based
on microorganisms may boost immunotherapy. The
host immune system is stimulated by some bacterial
species, which results in an antitumor response.
BBCT can enhance the immune system’s capacity
to identify and combat tumor cells when paired
with immune checkpoint inhibitors. Research has
demonstrated that bacterial treatments based on
Listeria can overcome immunological resistance
specific to tumors, enhancing the immune system’s
overall ability to fight cancer.

Despite the increasing interest in bacterial-based
cancer therapies, their overall efficacy and safety
profile remain unclear. Whether bacterial treatments
considerably increase anticancer efficacy and in-
vestigate their safety is still an essential concern. In
order to compare these characteristics across different
research, we conducted a meta-analysis of preclinical
and clinical trials. Preclinical studies often report
promising outcomes, but their translation into clinical
success has been inconsistent. Additionally, concerns
regarding potential toxicity, infection risks, and
immunerelated adverse effects necessitate a thorough
evaluation of their safety profile. Several individual
clinical trials and animal studies have explored the
therapeutic potential of bacterial therapies, but
a comprehensive meta-analysis comparing their
efficacy and safety has not yet been conducted. By
synthesizing data from both preclinical and clinical
studies, this review aims to provide a quantitative
assessment of the effectiveness and risks associated
with bacterial-based cancer treatments.

By systematically analyzing the available evidence,
this meta-analysis will help clinicians, researchers,
and policymakers understand the therapeutic
potential and limitations of bacterialbased cancer
therapies. The findings may also guide future clinical
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trials and the development of safer and more effective
bacterial-based treatment strategies. Specifically, this
study will assess treatment efficacy, including tumor
growth inhibition (TGI), progression-free survival
(PFS), overall survival (OS), and optimal response
rate (ORR). It will also evaluate any safety outcomes,
including treatment-related adverse events, toxicity,
and infection risks. Compare findings between
preclinical and clinical studies to determine the
translational potential of bacterial-based therapies.

Materials and methods

Literature search

We carefully followed the Preferred Reporting
Items for Systematic Reviews and Metaanalyses
PRISMA guidelines’ requirements and protocol for
this review. A wide range of observational studies
and randomized controlled trials (RCTs) that looked
at different bacterialbased treatments for different
types of cancer were included in the compilation.
Using MeSH terms and phrases associated with
cancer, bacterial therapy, and tumors, the literature
was thoroughly searched from a range of academic
sources, including PubMed and Google Scholar. Only
clinical trials were included in the article type filter
while searching in PubMed. The terms “bacterial
therapy” “tumor,” “murine” and “animal” were
used in the databases to discover preclinical research
using the Boolean search operator. To find any
relevant literature, a comprehensive manual search
of references from certain scholarly journals was also
carried out. Any potentially pertinent publications
discovered in reference lists were examined and
considered for inclusion, much like in the clinical
literature search.

Study selection

We set inclusion criteria that allowed for a wide
range of investigations to be conducted over the
allotted time. Randomized trials with single and
multicohort studies that assessed and discussed factors
such as PFS, ORR, OS, and adverse effects of the
treatment were required to be included in the meta-
analysis. Included were studies conducted on every
kind of cancer. Excluded were studies that did not
provide clear efficacy and safety data. The review was
restricted to full-text English-language publications
in order to ensure a comprehensive evaluation. Dup-
licate studies were identified and removed using
Zotero to ensure a refined and non-redundant dataset
for the analysis.

Extracting outcome data

Examining study titles and abstracts, determining
eligibility, and settling disputes were all part of the
screening process. The results of each intervention and
comparison were evaluated qualitatively. For clinical
studies, authors, year of publication, study design,

sample size, age of participants, study variables like
adverse effects, ORR, PFS, OS, and 95% confidence
intervals (CI) were among the criteria that were noted.
In the case of preclinical investigations first author,
publication year, and study characteristics such as
bacterial species, animal model, tumor type, number
of animals, TGI (%), and side effects were noted. The
meta-analysis used the corresponding 95% CI for
clinical data survival factors like OS and PFS, and the
findings were displayed as forest plots.

Results

Literature search and screening

The results of a thorough and methodical literature
search across several databases, including PubMed
(n = 8,856), Google Scholar (n = 2,530), and Coch-
rane (n = 118) with an outcome of a total 11,504 en-
tries. An additional 2,473 records were excluded after
being deemed ineligible based on predetermined
inclusion and exclusion criteria, and 8,258 records
were eliminated by automated filtering based on
relevancy prior to screening. Only possibly pertinent
studies advanced to the screening stage thanks to
this first filtering process. After that, 781 papers were
screened for titles and abstracts; 697 of them were
rejected because they were irrelevant, duplicated, or
lacked necessary information. The full-text retrieval
of the remaining 84 articles was attempted, but
35 were unavailable for various reasons, including
unavailability or limited access. Only the most
pertinent studies were kept after 49 publications were
evaluated for eligibility and 19 were rejected based on
predetermined standards.

Manual searches of reference lists and citations
from important articles yielded 116 more records than
database searches. Ofthese, 47 articles were attempted
to be retrieved; however, 77 records were inaccessible.
Nine of the eleven full-text articles that were evaluated
were disqualified for not being in English, twelve
because of access restrictions, and seven because they
were deemed irrelevant. A final set of 20 studies that
satisfied all inclusion criteria were added to the meta-
analysis following the stringent screening process.
The PRISMA criteria were followed in the systematic
approach used to identify studies, guaranteeing a clear
and repeatable process.

Study characteristics

The overall sample size for all the clinical inves-
tigations is 409 patients, with individual sample sizes
ranging from 30 to 93 participants. The age range of
participants ranges from 28 to 92 years, with median
ages differing between studies. In order to reflect both
short-term and longterm therapy efficacy evaluations,
study durations vary from three months to twenty-
four months. Both single- and multicohort designs
are used in the studies; however, for a more reliable
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comparison analysis, the majority of them use a
multicohort structure.

With a total sample size of 298 mice, 11 preclinical
research investigated the safety and effectiveness of
bacterial-based cancer treatments in murine models.
The studies used a variety of bacterial strains, such
as Salmonella typhimurium (VNP20009, attenuated,
AppGpp), Escherichia coli (MG1655, Nissle 1917,
25922), Bifidobacterium, Clostridium butyricum,
Magnetospirillum magneticum, and S. typhi porins, to
target glioblastoma and cancers of the colon, breast,
bladder, liver, and skin. Balb/c and C57BL/6 mice
were used in most of the research; in some, the age
range of the mice was reported to be 6 weeks. Several
research progressed until tumor volumes surpassed
predetermined ethical limitations, and study durations
ranged from 22 to 90 days.

The study selection process followed a systematic
approach and is illustrated in Figure 1, which outlines
the identification, screening, eligibility, and inclusion
of studies considered for the analysis. The general
characteristics of the selected studies, including study
design, sample size, type of carcinoma investigated,
and therapeutic strategies, are summarized in Table 1.
Furthermore, the clinical outcomes and therapeutic
responses reported in the included studies, along with
relevant treatment details, are presented in Table 2,
providing a comprehensive overview of the efficacy of
bacteria-based anticancer therapeutic approaches.

Meta-analysis

In clinical studies, Listeria monocytogenes is the
most researched bacterial strain, accounting for six of
the nine investigations, followed by Bifidobacterium
spp. in two and Clostridium butyricum in one.
Although reported side effects vary, several studies
report significant rates of grade 3 or 4 toxicities,
such as immune-related adverse events, tiredness,
gastrointestinal problems, and neutropenia. The most
common serious adverse effects were seen in Listeria
monocytogenes trials, with rates ranging from 52% to
100%. On the other hand, research on Bifidobacterium
species showed somewhat lower rates of serious
adverse events (40-52%), whilst Clostridium butyricum
showed very little documented toxicity.

Regarding efficacy, objective response rates (ORR)
ranged from 5% to 74%, indicating varying degrees
of tumor response across bacterial therapies. The
highest ORR (74%) was observed in Bifidobacterium
spp. therapy (Ebrahimi et al., 2024), while the lowest
(5%) was noted in Listeria monocytogenes treatment
(Stein et al., 2022). PFS was reported in five studies,
with median values ranging from 2.8 to 7.5 months.
Similarly, OS was available in six studies, with a median
range between 0.27 and 33.7 months, suggesting
considerable variability depending on the bacterial
strain, cancer type, and patient characteristics.
Notably, Listeria monocytogenes treatment in
Brockstedt et al. (2013) and Hassan et al. (2019)

yielded an OS of 14.7 months, whereas Tomita et al.
(2020) with Clostridium butyricum reported a mar-
kedly lower OS of 0.27 months, indicating potential
limitations in its efficacy.

The maximum suppression in preclinical studies
was seen in Salmonella typhimurium (~85%, Yi et
al., 2020) and Clostridium butyricum (91.7%, Shi et
al., 2022). The TGI rates varied from 50% to 91.7%.
Tumor-specific thrombosis, angiogenesis inhibi-
tion, immune system activation, and increased effec-
tiveness of checkpoint inhibitors like anti-PD-1
treatment were among the therapeutic mechanisms.
Furthermore, a number of research showed how
photothermal therapy (Xuetal., 2022; Sunetal., 2022)
and bacterialderived nanomagnets (Howard et al.,
2022) might enhance tumor targeting and treatment
response. Crucially, every study found only minor
adverse effects including localized inflammation and
no significant systemic toxicity (Moreo et al., 2022).

Survival outcomes showed significant impro-
vements, with Yi et al. (2020) reporting 80% survival
at 90 days, and Howard et al. (2022) demonstrating
a 50% increase in survival compared to control
groups. Most studies also reported enhanced immune
responses, including T cell infiltration, macrophage
polarization, and CDS8'T cell priming (Sivan et
al., 2015; Xu et al., 2022). These findings suggest
that bacterial-mediated therapies hold promise as
innovative and effective cancer treatments, with
potential for clinical translation. However, further
dose optimization, safety profiling, and mechanistic
studies are essential to ensure reproducibility and
therapeutic efficacy in human trials.

The studies that mentioned median PFS and OS
values were represented as a forest plot for a clear
comparison across different studies. In Figure 2, the
PFES plot (A) shows a range of median survival values,
with most studies clustering around 6-8 units, except
for one study (Stein et al., 2022) reporting a broader
CI. The overall average suggests a relatively consistent
PFS improvement across studies. The consistency
in the median values suggests that bacterial-based
therapies contribute to delayed tumor progression,
likely by modulating immune responses or directly
suppressing tumor growth.

The OS plot (B) demonstrates a wider variation
in survival outcomes, with Stein et al. (2022) re-
porting a significantly longer survival (above 35
units), indicating a potentially superior effect of
the intervention in this study. Other studies report
median OS values ranging between 10 and 20 units,
suggesting variability in bacterial therapy efficacy,
possibly due to differences in bacterial strains, tumor
models, or experimental conditions. The average
median survival across studies suggests that bacterial-
based interventions contribute to an increase in OS,
although individual study outcomes vary. The wider
CI in some studies indicate greater heterogeneity,
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Figure 2. Forest plots of progression-free survival and overall survival
Note. The forest plots illustrate the impact of bacterial-based cancer therapies on progression-free survival (Plot A) and overall survival (OS)

(Plot B) across five preclinical studies.

necessitating further research to optimize bacterial
strains, dosing strategies, and combination therapies
for more consistent and reproducible survival benefits.

Discussion

The results of this meta-analysis highlight the
prospect of bacterial-based cancer treatments as a
cutting-edge therapeutic method that can augment
or supplement current therapeutic approaches.
The effectiveness findings imply that, especially in
preclinical models, BBCTs help reduce tumor growth
and prolong survival. The majority of clinical studies
show a median survival range of 6-8, indicating that
bacterial therapy significantly inhibits tumor growth,
according to PFS statistics. This implies that bacterial
interventions may be able to delay the course of the

disease, most likely by means of direct bacterial
oncolysis, immunological activation, and tumor
hypoxia targeting. Furthermore, bacteria’s ability to
colonize tumors and release therapeutic substances
emphasizes their potential as anticancer drug delivery
vehicles, which would increase the effectiveness of
these medications.

More variation can be seen in the OS data,
though, since some studies indicate noticeably
longer survival. This implies that although BBCTs
can improve long-term survival, the host immune
system, tumor microenvironment features, and
bacterial strain selection may all have a significant
impact on how effective they are. Numerous
studies have demonstrated the synergistic effects of
immunotherapy and bacterial-based treatments,
especially when combined with anti-PD-1 checkpoint
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drugs. According to these results, bacterial treatments
may operate as immunological modulators, increasing
antitumor immunity by improving T cell infiltration,
macrophage polarization, and CD8*T cell priming.
The necessity for standardized bacterial alterations
and combination tactics with current medications
to maximize therapeutic efficacy is reflected in the
variation in survival results. Furthermore, since
many potential bacterial medicines do not produce
comparable results in human studies, it is still difficult
to translate preclinical success to clinical efficacy.

The studies highlight Listeria monocytogenes as
the most extensively studied bacterial strain, though
it is associated with significant adverse events.
This bacterium has been utilized for its immune-
stimulating properties, which enhance the body’s
ability to recognize and attack tumors. Listeria-
based therapies primarily function as vaccine vectors,
delivering tumor-associated antigens to antigen-
presenting cells, thereby boosting the immune
response against cancer cells. However, studies
reported significant toxicity levels, with up to 100%
of patients experiencing grade 3 or 4 adverse effects,
including fever, nausea, and fatigue. Despite its
toxicity, Listeria monocytogenes therapies showed
varying ORR, ranging from 5% to 57%, and survival
benefits in some trials. Bifidobacterium spp., another
well-known bacterial strain that was studied, showed
less toxicity than Listeria monocytogenes. A probiotic
bacterium called Bifidobacterium can be used for
targeted therapy because it preferentially colonizes
hypoxic tumor areas. It is a desirable option for
bacterial cancer treatment because to its capacity
to both boost immune responses and act as a drug
delivery mechanism. An ORR of up to 74% was found
in clinical trials (Ebrahimi et al., 2024), indicating
notable efficacy, especially in combo therapies.
The capacity of another anaerobic bacterium,
Clostridium butyricum, to colonize necrotic tumor
regions and release toxins that cause tumor cell death
was investigated. Its OS was a pitiful 0.27 months,
despite its reported ORR of 49%, suggesting possible
limitations in efficacy. Nonetheless, Clostridium
showed a strong TGI (91.7%) in preclinical studies,
which makes it a viable option for additional research.
The non-pathogenic nature of the strain also might be
the contribution to these effective results.

According to preclinical research, Salmonella
typhimurium treatment increased animal models’
longevity and inhibited tumor growth by up to
85% (Yi et al., 2020). Furthermore, research using
Salmonella in photothermal therapy revealed
improved tumor suppression outcomes. In addition
to these main bacterial strains, Mycobacterium bovis
(BCG), Escherichia coli, and Magnetospirillum
magneticum were investigated. Through mechanisms
including TGF-f blocking, E. coli Nissle 1917 has
been researched for its ability to enhance immune
responses and decrease tumors. The nanomagnetic
characteristics of Magnetospirillum magneticum were
studied because they enable the use of bacteria for

targeted tumor therapy by manipulating an external
magnetic field. Finally, immunotherapy based on
BCG, which is well-known for its use in bladder
cancer, demonstrated promise in enhancing immune
checkpoint inhibitor responses.

In brief, a variety of tumor-targeting mechanisms,
such as direct bacterial infection, immune system
activation, and drug transport, were demonstrated
by the bacterial-based therapies investigated in the
included trials. Our work does not fully address
a number of recent trends, such as the fact that
bacterial derivatives, like outer membrane vesicles
(OMVs), have created new opportunities for cancer
immunotherapy. By carrying tumor antigens, OMVs
can efficiently activate the host’s immune system to
identify and combat cancer cells. This tactic makes use
of the immunogenic qualities of bacterial components
to produce a strong anti-tumor reaction [16]. Apart
from these technological advancements, new research
has discovered naturally existing microorganisms that
have built-in anti-cancer capabilities in the genetic
traits. The application of bacterial nanotechnology
is another new strategy. Scientists can accomplish
targeted drug delivery by conjugating nanoparticles
with  bacterial vectors, guaranteeing greater
concentrations of chemotherapeutic drugs within
the tumor microenvironment. This approach reduces
systemic toxicity while simultaneously improving the
therapeutic index [11].

Although all the methods of administration
and dosage of treatment vary from study to study
the overall data suggests that there is definitely a
potential for bacteria as a cancer therapy. Using these
in combination with other therapies increases the
effectiveness of the treatment. The precise attenuation
helps in decreasing pathogenicity and avoid infections
due to administration. Future research should focus
on optimizing bacterial therapy regimens, mitigating
toxicity, and identifying patient subgroups that may
derive the greatest benefit. These findings underscore
the necessity for larger RCTs to further validate
bacterial immunotherapy as a viable treatment option
for cancer patients. They exhibit strong potential as
adjunctive treatments, particularly in enhancing tumor
suppression and survival outcomes. However, further
preclinical and clinical investigations are needed
to refine bacterial delivery mechanisms, identify
optimal patient populations, and assess long-term
safety and efficacy. Future research should also focus
on personalized approaches, leveraging microbiome
profiling and immune landscape analyses to maximize
therapeutic benefits while minimizing variability.

Conclusion

The outcomes of this meta-analysis demonstrate
the encouraging potential of bacterial-based cancer
treatments as a cutting-edge method of cancer
care. Bacterial species like Salmonella typhimurium,
Clostridium butyricum, Bifidobacterium spp., and
Listeria monocytogenes have shown notable advantages
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in tumor suppression, immune activation, and
survival in both clinical and preclinical investigations.
Depending on the bacterial strain, kind of cancer,
and treatment approach, the ORR in clinical trials
varied from 5% to 74%, while the TGI in preclinical
models varied from 50% to 91.7%. The therapeutic
capacity of bacterial treatments was further supported
by evidence that they improved OS and PFS, with
OS ranging from 0.27 to 33.7 months and PFS values
ranging from 2.8 to 7.5 months.

Safety is still a major worry despite their
effectiveness, especially with treatments based on
Listeria monocytogenes, which have significant rates
of grade 3 or 4 toxicities (52-100%). Bifidobacterium-
based therapies, on the other hand, showed a better
safety profile (40-52%), indicating that they would
be a safer substitute. Preclinical research also
showed that there was no systemic toxicity and that
the negative effects were mostly limited to localized
inflammation. These studies’ molecular findings
imply that bacterial treatments function by promoting
immune infiltration, preventing angiogenesis, and
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