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Abstract
Cancer immunotherapy has revolutionized the treatment of many malignant tumors. Although immune checkpoint inhibitors 
(ICIs) can reactivate the anti-tumor activity of immune cells, sensitivity to immune checkpoint inhibitor therapy depends 
on the complex tumor immune processes. In recent years, numerous researches have demonstrated the role of intestinal 
microbiota in immunity and metabolism of the tumor microenvironment, as well as the efficacy of immunotherapy. Epide-
miological studies have further demonstrated the efficacy of antibiotic therapy on the probability of patients’ response to 
ICIs and predictability of the short-term survival of cancer patients. Disturbance to the intestinal microbiota significantly 
affects ICIs-mediated immune reconstitution and is considered a possible mechanism underlying the development of adverse 
effects during antibiotic-based ICIs treatment. Intestinal microbiota, antibiotics, and ICIs have gradually become important 
considerations for the titer of immunotherapy. In the case of immunotherapy, the rational use of antibiotics and intestinal 
microbiota is expected to yield a better prognosis for patients with malignant tumors.
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Abbreviations
APCs  Antigen-presenting cells
CTLA-4  Cytotoxic T lymphocyte antigen 4
FMT  Fecal Microbiota Transplant
ICIs  Immune checkpoint inhibitors
ITSM  Immunoreceptor tyrosine-based switch 

motif
ITIM  Immunoreceptor tyrosine-based inhibitory 

motif
NSCLC  Non-small cell lung cancer
OS  Overall survival
PD-1/PD-L1  Programmed death receptor 1/programmed 

death-ligand 1

PFS  Progression-free survival
RR  Response rate
TPS  Tumor proportional score

Introduction

Cancer immunotherapy has been significant in the manage-
ment of various malignant tumors. One of the key therapies 
involves the use of immune checkpoint inhibitors (ICIs), 
which enhance the anti-tumor activity of immune cells by 
blocking specific immune checkpoints, such as programmed 
death receptor 1/programmed death-ligand 1(PD-1/PD-L1), 
and cytotoxic T lymphocyte antigen 4 (CTLA-4), among 
others. Recent reports show that the tumor microenviron-
ment is a simple sterile but complex environment rich in the 
microbiota [1]. A study revealed that differences in human 
lifestyles and physiological variables exert varying effects 
on intestinal microbiota, hence provide potentially impor-
tant clues to human health [2]. Also, numerous studies have 
found an association of microbiota with human immunity 
and metabolism, particularly in the regulation of response to 
cancer immunotherapy [3, 4]. For example, Bifidobacteria 
was found to induce activation of dendritic cells and pro-
mote proliferation of tumor-specific  CD8+ T cells, thereby 
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exerting anti-tumor immune effects [5]. These pieces of evi-
dence affirm that intestinal microbiota plays a critical role in 
the immunotherapy of cancer patients. However, immune-
related adverse events caused by immunotherapy have been 
associated with the amplification of existing symptoms 
of infection due to malignant tumors or treatment-related 
immunosuppression [6]. Overall, the status of antibiot-
ics in the treatment of tumors is beyond doubt. Although 
intestinal microbiota can optimize the efficacy of ICIs in 
tumor management [7], information regarding the impact 
of broad-spectrum antibiotics on the intestinal commensal 
microbiota is scanty. Herein, we reviewed the correlation 
between intestinal microbiota, antibiotics, and immunother-
apy. For effective immunotherapy, clinicians should recom-
mend the rational use of antibiotics and intestinal microbiota 
to improve the efficacy of ICIs. These insights will guide 
immunotherapeutic strategies and improve patient prognosis.

Immune checkpoint mechanisms of PD‑1/
PD‑L1 and CTLA‑4 in cancer immunotherapy

PD‑1/PD‑L1

In the tumor microenvironment, activation of the PD-1/
PD-L1 pathway plays a crucial role in the immune escape 
process of tumors. PD-1, a protein in the CD28 family, 
contains an immunoreceptor tyrosine-based switch motif 
(ITSM) and an immunoreceptor tyrosine-based inhibitory 
motif (ITIM) which primarily exists on the surface of acti-
vated immune cells, such as T/B and dendritic cells, among 
others [8]. On the other hand, PD-L1 is a protein in the B7 
family that is expressed in antigen-presenting cells (APCs) 
and tumor-infiltrating cells. At the molecular level, T lym-
phocytes undergo full activation by two independent and 
simultaneous signals. First, the naive T cells must success-
fully recognize tumor antigens presented by APCs, and 
present tumor peptides associated with major histocompat-
ibility complex (MHC) I on their surface [9, 10]. Second, a 
signal transduction molecule, B7, on APCs binds to CD28 
and induces a second signal that is crucial in T cell activa-
tion [11]. When PD-L1 in tumor cells recognizes PD-1 on 
the surface of immune cells, ITSM phosphorylates and acti-
vates tyrosine phosphatase SHP-1/SHP-2 [12, 13]. This pro-
cess inactivates the TCR adapter molecule, ZAP70, thereby 
blocking the CD28-mediated PI3K pathway and inhibiting 
T cell activation [14, 15]. Besides, ZAP70 is phosphorylated 
by LCK, which further blocks the signaling pathway [16, 17] 
(Fig. 1). Another mechanism through which PD-1 inhibits 
TCR signaling entails inhibition of CK2-mediated phospho-
rylation of phosphatase and tensin homolog (PTEN), which 
protects its phosphatase activity [18, 19]. Particularly, PTEN 
acts as a serine-threonine phosphatase in contrast to PI3K, 

converting PIP3 to inactive PIP2 via its phosphatase activity, 
consequently inhibiting the conduction of TCR [20]. PTEN 
deficiency activates PI3K and promotes the secretion of 
immunosuppressive CCL2 and VEGF [21, 22]. Moreover, 
PIP3 potentially induces AKT phosphorylation and relays 
signals to the nucleus [23], which subsequently inhibits 
activation of the PI3K/AKT/mTOR and Ras/MEK/ERK 
signaling pathways [24, 25]. Previous studies have shown 
that PI3K/AKT/mTOR and Ras/MEK/ERK pathways play 
an important role in anti-tumor immunity [26]. Functionally, 
PD-1 inhibits the immune pathway for tumors by blocking 
the downstream pathways through PI3K and Ras [27]. Nota-
bly, several types of tumor cells have been found to express 
PD-L1, especially in non-small cell lung cancer (NSCLC), 
melanoma, renal cell carcinoma, and leukemia tumors [28, 
29].

CTLA‑4

Like PD-1, CTLA-4 is a co-suppressor molecule that 
belongs to the CD28 family. However, unlike PD-1, the 
expression of CTLA-4 is initiated in regulatory T cells fol-
lowing their early activation [30, 31]. This feature also deter-
mines the sequential clinical use of ICIs. The underlying 
mechanism through which CTLA-4 inhibits T cell activa-
tion primarily depends on the competitive acquisition of B7 
ligand with CD28 [32]. When CD28 has sufficiently bound 
to B7, T cells proliferate and produce IL-2, thereby increas-
ing energy metabolism and cell survival [33]. CTLA-4 has 
a higher affinity for B7, compared to CD28, while CTLA-4/
B7’s crystal structure also affirms the close relationship 
between them [32]. Therefore, the relative amount of bind-
ing of CTLA-4 to B7 determines whether or not T cells will 
be activated. Some previous evidence had suggested that the 
binding of CTLA-4 to B7 potentially produces inhibitory 
signals, including inhibition of TCR immune synapses and 
increased T cell mobility, thereby evading interaction with 
APCs [34] (Fig. 1). Apart from competing for B7 ligands, 
CTLA-4 also inhibits T cell activation through an intracel-
lular signaling cascade. Previous studies show that CTLA-
4-mediated recruitment of serine/threonine phosphatase 
PP2A inhibits AKT and further inhibits IL-2 production 
[35]. Simultaneously, CTLA-4 may directly induce PI3K 
activation, and promote the production of anti-apoptotic fac-
tor Bcl-xL, thereby enhancing the survival of T cells [36].

Numerous studies have demonstrated that Tregs 
expressing CTLA-4 exert extracellular inhibitory effects 
on traditional T cells. Conversely, Tregs lacking CTLA-4 
were found to cause a fatal autoimmune disease with simi-
lar characteristics to mice lacking CTLA-4, albeit with 
some degree of delayed kinetics [37]. Notably, this pheno-
type is not related to specific deletion of Tregs, but rather 
a result of upregulation of CD80 and CD86 on APCs [38]. 
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Thus, Tregs-expressed CTLA-4 limits the availability of 
CD80 and CD86 on APCs, a phenomenon that inhibits 
traditional T cell activation in an extracellular manner. 
Another mechanism through which Tregs control effector 
T cells entails downregulation of the B7 ligand on APCs, 
which reduces CD28 co-stimulation. Therefore, CTLA-4 
helps tumors escape immune surveillance, primarily via 
competitive binding to B7 ligands and inhibition of the 
function of Tregs.

Immune checkpoint inhibitors (ICIs) have 
considerable therapeutic effects

Numerous researches on ICIs have made significant 
progress against the checkpoints. The current ICIs con-
tain anti-PD-1(nivolumab, and pembrolizumab, etc.), 
anti-PD-L1 (durvalumab, atezolizumab, etc.), and 
anti-CTLA-4 (ipilimumab). Topalian et  al. found that 
nivolumab exerted excellent anti-tumor effects against 
solid tumors, including advanced melanoma, and this 

Fig. 1  The signaling pathway of immune checkpoint PD-1/PD-L1 
and CTLA-4 in cancer immunotherapy. When PD-L1 of tumor cells 
recognizes PD-1 on the surface of immune cells, ITSM phosphoryl-
ates and activates SHP-1/SHP-2. This process inactivates the TCR 
adaptor molecule ZAP70 and blocks the CD28-mediated PI3K path-
way, thereby inhibiting T cell activation. ZAP70 is also phospho-
rylated by LCK, and further inhibits the expression of the signaling 
pathway. Another mechanism through which PD-1 inhibits TCR 
signaling is through blockade of CK2-mediated phosphorylation of 
phosphatase and PTEN. PIP3 can cause phosphorylation of AKT 
and send a signal to the nucleus. Activation of the PI3K/AKT/mTOR 

and Ras/MEK/ERK signaling pathways is also inhibited in the pro-
cess. Therefore, PD-1 can inhibit downstream immune pathways of 
tumors through PI3K and Ras. A combination of CTLA-4 and B7 
may produce inhibitory signals, including inhibition of TCR immune 
synapses and increasing T cell fluidity, thereby avoiding mutual rec-
ognition with APCs. Moreover, CTLA-4 mediated PP2A can inhibit 
AKT and suppress IL-2 production, while Tregs expressing CTLA-4 
have extracellular inhibitory effects on common T cells. Therefore, 
CTLA-4 mainly helps tumors to evade immune surveillance by com-
petitively binding to B7 ligands and inhibiting the function of Tregs
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effect was accompanied by high drug safety [39]. Results 
from another randomized, double-blind, phase III trial 
revealed that nivolumab significantly improved the overall 
survival rate of patients with advanced melanoma with-
out BRAF mutations, relative to dacarbazine [40]. The 
use of ICIs, such as nivolumab, has also been associated 
with some adverse events, including fatigue, itching, and 
nausea. Among them, 11.7 and 17.6% of nivolumab and 
dacarbazine users, respectively experienced grade 3 or 4 
adverse events [40]. In addition, first-line pembrolizumab 
monotherapy has been shown to significantly improve 
overall survival (OS) and progression-free survival (PFS) 
of patients with untreated metastatic non-small cell lung 
cancer, as evidenced by PD-L1 tumor proportional scores 
(TPS) of 50% or higher [41]. For instance, a randomized 
controlled phase 3 trial that compared Pembrolizumab to 
chemotherapy for locally advanced or metastatic NSCLC 
(KEYNOTE-042) found that subjects in the pembroli-
zumab group had significantly longer overall survival rates 
relative to those in the chemotherapy group (p = 0.0018) 
[41]. These KEYNOTE-042 results, which represent the 
primary endpoint of overall survival, affirmed the efficacy 
of pembrolizumab as standard first-line therapy for the 
management of NSCLC patients with high PD-L1 expres-
sion. In another study, Bellmunt et al. found that use of 
platinum double-chemotherapy in Phase 3 CheckMate 
026 of nivolumab in patients with metastatic or recurrent 
PD-L1-positive NSCLC did not effectively improve their 
OS, relative to pembrolizumab [42]. The primary analy-
sis of CheckMate 026, involving patients with a PD-L1 
expression level of 5% or greater based on 28–8 anti-
body, revealed median OS of 14.4 and 13.2 months using 
nivolumab and chemotherapy, respectively, with HR of 
1.02 (95% CI 0.80–1.30) [43–45]. When combined with 
the above-mentioned multiple clinical trials, it is evident 
that immunotherapy can enhance OS and PFS of NSCLC 
patients and improve their prognosis.

Despite the unparalleled success of PD-1 ICIs in their 
class of drugs, some patients still cannot be treated using this 
monotherapy. The original intention for attempting combi-
nation therapies is to assist cancer patients who benefit less 
from monotherapy. The guiding principle is to enhance the 
efficacy of ICIs by improving tumor antigen expression or 
saving immune-effect dysfunctional cells [46]. Hodi et al. 
reported a 2-year randomized controlled trial (Phase 2) 
in which they evaluated the efficacy of first-line untreated 
advanced melanoma using nivolumab in combination with 
ipilimumab alongside ipilimumab alone. Their results 
showed that nivolumab combined with ipilimumab was 
more superior to the use of ipilimumab alone [47]. Notably, 
Hodi et al. updated these results and revealed that first-line 
nivolumab combined with ipilimumab or nivolumab alone 
exerted long-lasting, sustained clinical benefits in patients 

with advanced melanoma, regardless of BRAF mutation 
status, while combined treatment with nivolumab was more 
likely to improve survival outcomes relative to nivolumab 
alone [48].

Generally, cancer patients are manifest many complica-
tions, which may compromise the safety of ICIs. Previously, 
de Malet et al. revealed that ICIs could influence gastrointes-
tinal function, causing diarrhea and colitis [49]. Notably, the 
resultant symptoms were either acute or subacute. Similarly, 
a meta-analysis of ICIs found that combined use of ipili-
mumab with nivolumab may cause risk of immune-related 
endocrine diseases [50], while Gu et al. also acknowledged 
that the incidence of adverse reactions is high following the 
use of combination therapy, and may impair treatment [51]. 
However, when compared to treatment-related mortality, a 
suitable combination regimen is still recommended. Pre-
vious evidence shows that immunotherapy has numerous 
advantages over traditional surgical treatment and chemo-
radiotherapy with regards to prolonging overall survival and 
improving recurrence-free survival [52, 53], affirming the 
prospect of using ICIs in cancer treatment [54, 55].

Intestinal microbiota participates in immune 
regulation in immunotherapy

In recent years, the use of intestinal microbiota has increas-
ingly become a focus of cancer immunotherapy [7]. These 
communities of microorganisms not only participate in the 
immune regulation of different periods but can also regulate 
the tumor microenvironment and affect the efficacy of ICIs. 
However, their underlying mechanism of action in cancer 
immunotherapy remains unclear, necessitating in-depth 
investigation. Clinical researches unraveling the mechanism 
of microbiota action in cancer immunotherapy can guide the 
development of effective individualized clinical treatment 
approaches. Here, we have summarized the role of intestinal 
microbiota in clinical trials related to cancer immunother-
apy (Table 1) and generated a schematic representation of 
the degree of correlation between intestinal microbiota and 
immune checkpoints (PD-1/PD-L1 and CTLA-4) (Fig. 2).

Gopalakrishnan et  al. has found that Bifidobacteria 
could enhance anti-tumor immunity and improve the effi-
cacy of anti-PD-L1 immunotherapy against melanoma in 
mouse models [58]. However, the researchers were not sure 
whether the symbiotic microbiota interfered with the thera-
peutic activity of ICIs on the host’s immune response. Con-
sequently, Sivan et al. tested this association by assessing the 
growth rate of melanoma from two different sources (JAX/
TAC) harboring carrying different intestinal microbiota, 
and genetically similar mice. Their results showed that JAX 
and TAC mice exhibited different anti-tumor effects, among 
which JAX mice manifested a stronger tumor-specific T cell 
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response and more  CD8+ T cells in the tumor [63]. How-
ever, these differences disappeared after the application of 
fecal bacteria transplantation technology or co-raising, sug-
gesting that the intestinal microbiota significantly impacted 
the host’s anti-tumor response [63]. Meanwhile, PD-L1 
inhibitors are more effective in JAX mice. In TAC mice, the 
inhibitory effect on tumor growth was comparable to that of 
PD-L1 inhibitors, although this was only after transplanta-
tion of fecal microbiota from JAX mice [63]. In a parallel 
experiment, in the context of PD-1 blockade, researchers 
compared the growth of genetically similar mice with sub-
cutaneous melanoma to those containing different symbiotic 
microbiota and found significantly different tumor growth 
rates between the groups [64]. In addition, analysis of the 
intestinal microbiome showed that Bifidobacteria could 
induce activation of dendritic cells [65], improve the effect 
of tumor-specific  CD8+ T cells, enhance anti-tumor immu-
nity and inhibition of PD-L1 [66]. Overall, these findings 
affirmed the important role played by intestinal microbiota in 
cancer immunotherapy. Moreover, intestinal microbiota has 
been demonstrated to play a key role in human health and 
disease, particularly in the local and systemic regulation of 
host immunity. Conversely, the immune microenvironment 
influences the function of intestinal microbiota to varying 
degrees. These changes are attributed to a variety of factors, 
including diet, sleep cycle, exercise, and drugs that have 
a direct or indirect interference with the composition and 
metabolic functions of the intestinal microbiota. Therefore, 
these parameters may also exert effects on the properties and 
efficacy of the intestinal microbiota and ICIs in the same or 
heterogeneous tumors.

Coincidentally, recent studies have focused on the impact 
of intestinal microbiota on immunotherapy, and found that 
through regulation of intestinal microbiota, they significantly 
improve immunotherapeutic response. Different microbiota 
responds differently to ICIs treatment. We have summarized 
the regulatory effect of intestinal microbiota in immuno-
therapy in Table 2.

Researchers have also performed quantitative metagen-
omics using shotgun sequencing on stool samples obtained 
from NSCLC and RCC patients and found that the com-
position of the intestinal microbiota of responders (R) to 
anti-PD-1 treatment differs significantly from that of non-
responders (NR) [61]. Specifically, intestinal microbiota 
from responders predominantly comprises Firmicutes, as 
well as different other bacterial genera, such as Akkerman-
sia muciniphila and Alitipes [60]. Further analysis of the 
progression-free survival (PFS) in 53 patients in a validation 
cohort revealed that Akkermansia muciniphila was enriched 
in patients with PFS over 3 months, while the microbiota 
was lacking in patients with PFS less than 3 months [60, 61]. 
Furthermore, the researchers found that Akkermansia mucin-
iphila accounted for the majority of the detected bacteria Ta
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in the stool of patients with positive therapeutic effects, 
after PD-1 blockade treatment [61]. In a prospective study 
involving 39 patients with metastatic melanoma treated with 
ICIs, patients with significant responses had a large num-
ber of Bacteroides caccae [57]. In addition, the researchers 
compared the gut microbiome composition of R and NR to 
anti-PD-1 treatment and found that the former group had sig-
nificantly higher diversity and abundance of Clostridiaceae, 
Rumenococcus, and Faecalis relative to the former [59]. 
Notably, improvements in systemic and anti-tumor immu-
nity were also observed in R with good intestinal microbiota 
[70]. Another group of patients with metastatic melanoma 
also exhibited a significant association between response to 
ICIs and the intestinal microbiota. Specifically, responders 
manifested a large number of Bifidobacterium longum, Col-
linsella aerofaciens, and Enterococcus faecalis than non-
responders [59]. Collectively, these findings demonstrate 
that homeostasis of the intestinal microbiota potentially 
promotes the blocking effect of PD-1/PD-L1 and CTLA-4, 
improves response to ICIs, and promotes tumor control.

Based on a consensus among the above-mentioned stud-
ies, it is evident that patients with good intestinal microbiota 
will have improved T cell function in the tumor microen-
vironment through the intestinal microbiota, which subse-
quently enhances the efficacy of ICIs. Conversely, patients 
with poor gut microbiota exhibit a weakened anti-tumor 
immunity by limiting antigen presentation. Based on this, 
it is clear that intestinal microbiota guides the direction of 
individualized immunotherapy for tumor patients, hence 
it is a promising approach for reducing resistance to ICIs 
through alteration of the intestinal micro-ecosystem. In the 
future, we hypothesize that Fecal Microbiota Transplant 
(FMT) may become a new method for interfering with 

the intestinal microbiota. Table 1 shows multiple clinical 
trials (NCT04636775, NCT04130763, NCT04038619, 
NCT03772899), and the safety and feasibility researches 
of FMT combined with cancer immunotherapy (pembroli-
zumab/nivolumab) are also under clinical trials. Although 
FMT is only a prototype in the exploration of cancer immu-
notherapy, it is undeniable that it is a milestone. These clini-
cal trials are expected to further promote research targeting 
the application of FMT in cancer immunotherapy and guide 
the development of effective clinical anticancer therapies.

Antibiotic therapy negatively regulates ICIs 
during cancer immunotherapy

Epidemiological researches have revealed the harmful 
effects of antibiotics on immunotherapy. For example, 
chronic antibiotic therapy can cause disturbances in intesti-
nal microbiota, potentially reducing the associated ICI ben-
efits [71]. A study found that strong dependence on antibi-
otic exposure time doubled the risk of immunotherapy and 
shortened patient survival by 20 months [72]. However, this 
had nothing to do with established prognostic factors and the 
use of glucocorticoids [73]. Moreover, previous pre-clinical 
evidence has revealed reduced response to ICIs in tumor-
bearing mice following antibiotic pretreatment [74], but the 
underlying mechanisms of antibiotics and immunotherapy 
remain unclear. Currently, results from clinical trials and 
conventional treatment therapies have associated antibiotic 
exposure with low overall survival and response rates of 
patients undergoing immunotherapy [75, 76]. Several studies 
have demonstrated a negative correlation between antibi-
otic exposure with outcomes in patients and advanced solid 

Fig. 2  Differences in the enrichment of intestinal microbiota across 
different immune checkpoints. Various affinity effects of different 
microbial groups on ICIs are outlined. Intestinal microbiota associ-
ated with a positive response is marked in red and include enriched 
in responders such as Bifidobacterium species, Akkermansia mucini-
ophila, and Faecalibacterium prausnitzii, among others. Conversely, 

those associated with negative responses are marked with blue, 
including those enriched in non-responders such as Collinsella ster-
coris, Bacteriodales, and Roseburia intestinalis among others. This 
evidence is expected to guide the development of novel cancer immu-
notherapies. Numbers in brackets denote sources of the references. 
(1) [56]; (2) [57]; (3) [58]; (4) [59]; (5) [60]; (6) [61]; (7) [62]
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Table 2  Regulation of intestinal microbiota in cancer immunotherapy

Microbiota (or products) 
involved

Immune regulations Effects on response/toxicity Impact on cancer immuno-
therapy

Cancers References

Alistipes putredinis Increasing unique memory 
 CD8+ T cells and NK cells 
in periphery

Improving immunotherapy 
response

Enhancing PD-1 blockade 
effect

NSCLC
RCC 

[60]

Akkermansia muciniphila Increasing 
 CXCR3+CCR9+CD4+ T 
cells

Enhancing the expression 
of IL-12 and the function 
of DCs

Improving immunotherapy 
response

Enhancing PD-1 blockade 
effect

NSCLC
RCC 

[60]

Bacteroides spp. Up-regulating the system’s 
MDSC and Tregs

Causing systemic inflam-
matory response through 
the TLR-NF inflammatory 
pathway

Reducing the secretion of 
IL-12 and the production 
of DCs

Diminishing the risk of 
ICIs-induced colitis

Impeding PD-1 blockade 
effect

Impeding CTLA-4 blockade 
effect

MM [56]

Bacteriodes fragilis Activating Th1 cells
Promoting  Foxp3+ Tregs 

proliferation
Promoting maturation of 

DCs

Promoting tumor control 
Preserving intestinal 
integrity

Enhancing CTLA-4 block-
ade effect

MM
NSCLC

[67]

Bifidobacterium spp. Promoting maturation of 
DCs

Increasing the activity of 
lymphocytes

Up-regulating the expression 
of IFN-γ

Increasing pro-inflammatory 
cytokine

Priming tumor-specific 
 CD8+ T cells

Enhancing the activity of 
 CD8+ T cells in TME

Inhibiting the growth of 
melanoma

Enhancing PD-1 blockade 
effect

MM [59]
[63]

Enterococcus faecium Augmenting T cell responses Improving immunotherapy 
response

Enhancing PD-1 blockade 
effect

MM [58]

Escherichia
Clostridium

Promoting differentiation of 
Tregs

Suppressing the invasion of 
inflammation

Enhancing systemic tumor 
immunity

Enhancing CTLA-4 block-
ade effect

MM [68]

Faecalibacterium. spp. Inducing the proliferation of 
 CD4+ or  CD8+ T cells

Enhancing the production 
and differentiation of Tregs

Up-regulating ICOS expres-
sion of T cells

Diminishing the risk of 
ICIs-induced colitis and 
improving immunotherapy 
response

Enhancing PD-1 blockade 
effect

Enhancing CTLA-4 block-
ade effect

MM [56]

Ruminococcaceae spp. Increasing antigen presenta-
tion

Improving effector T cell 
function in TME

Inducing IFN-γ  CD8+ T 
cells

Enhancing response to 
resistant patients

Impeding PD-1 blockade 
effect

MM [59]

Microbial-derived SCFAs
(butyrate, propionate)

Promoting the differentiation 
of Tregs

Increasing the acetylation 
level of histone H3 in the 
Foxp3 promoter region

Enhancing CTLA-4 block-
ade effect

CRC [69]
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cancer who received ICIs [77–81]. In another study, Tinsley 
et al. performed a retrospective study of antibiotic expo-
sures in patients treated with ICIs during the first two and 
six weeks of treatment, of which 92 patients (32%) received 
antibiotic treatment, and found that cumulative antibiotic 
exposure also limited efficacy of ICIs. Univariate analysis 
showed that progression-free survival (PFS) was associated 
with antibiotic exposure, production status, and comorbidi-
ties. Similarly, overall survival (OS) was correlated with 
the above three factors, clinical trial enrollment, and more 
than three metastatic sites [77]. In the experiment, where 
patients were divided into three groups, namely no antibiotic 
treatment, a single course of antibiotic treatment (not more 
than 7 days), and cumulative antibiotic treatment (more than 
7 days), the authors found that patients receiving cumulative 
antibiotic treatment exhibited significantly shorter PFS and 
OS. However, the single-course antibiotic treatment group 
had an inferior effect on ICIs, and it was not significantly 
related to the trend of PFS and OS reduction [77]. Among 
them, patients in the antibiotic-free treatment group exhib-
ited a longer median survival time than those in the single 
course/cumulative antibiotic treatment group [77]. These 
findings indicate that antibiotic exposure in advanced tumor 
patients with ICIs is associated with poor patient prognosis.

Similarly, Ahmed et al. also conducted a retrospective 
cohort study involving 60 patients who received ICIs and 
found significantly lower response rates (RR) as well as PFS 
and OS in patients who received antibiotic therapy 2 weeks 
before and after the first immunotherapy [82]. Interestingly, 
a phase I clinical trial revealed that the use of antibiotics, 
1 month before immunotherapy could reduce OS, but a simi-
lar therapy within 1–2 months after the start did not affect 
PFS and OS [80]. However, two small retrospective stud-
ies failed to reach a consensus regarding the link between 
antibiotic therapy and the efficacy of ICIs, although their 
study populations were limited to NSCLC patients who 
received nivolumab treatment [77, 83]. In the first prospec-
tive study in this field, Pinato et al. found that the use of 
antibiotic therapy before ICI treatment was associated with 
poor OS (P < 0.001), and was strongly correlated with the 
initial refractory of ICIs (P < 0.001). In contrast, the above 
phenomenon was not observed in patients treated with anti-
biotics after ICIs treatment (P = 0.76). Multivariate analysis 
showed that in all types of tumors, the negative effects of 
previous antibiotic treatments were independent of tumor 
location and functional status [72]. Furthermore, current 
evidence suggests the existence of a surprise interaction 
between antibiotic exposure and prognosis in patients with 
ICIs. In the context of immunotherapy, [77] found that the 
use of multiple or long-term antibiotics seems to be more 
disadvantageous than single or short-term treatments. How-
ever, their study was limited by its retrospective design, as 
well as recruitment of patients from a single-center, which 

may have led to biases in patient selection and analysis. In 
addition, their study did not evaluate the effect of antibiotic 
exposure time on ICI-based treatment.

Antibiotics potentially are associated with invisible side 
effects on the intestinal microbiota, which consequently 
impact the development and function of immune cells. Fol-
lowing the inhibition of intestinal probiotics by antibiotics, 
the number and performance of naïve cells, Th1/Th2 cells, 
and Tregs change, and the cells become more susceptible to 
infection and sepsis [84]. Features associated with immune 
dysfunction, among them, low expression of antimicrobial 
peptides, decreased IgA secretion, and downregulation of 
IFN-γ, have been described in patients subjected to anti-
biotic treatment [84]. Because antibiotics influence the 
intestinal microbiota, they also interfere with the efficacy of 
ICIs. With regards to the impact on clinical outcomes, more 
convincing data is expected from the evaluation of patients 
who receive antibiotic intervention during immunotherapy. 
Unfortunately, studies that have evaluated the relationship 
between microbiota, antibiotics, and ICIs are mainly ret-
rospective, hence cannot accurately distinguish the effects 
of different antibiotic types. Given the limited number of 
clinical trials evaluating the efficacy of antibiotics in immu-
notherapy, any speculation regarding the association of anti-
biotics with ICIs can only be deduced from clinical evidence 
related to microbes or antibiotics and tumor immunotherapy. 
For instance, a recent study on the effects of antibiotics on 
ICIs showed progress, including MM (n = 201), NSCLC 
(n = 56), and RCC (n = 46) [77]. Among them, nearly one-
third of the patients (n = 94) received antibiotics (β-lactams 
and macrolides) before or during treatment with ICIs. Multi-
variate analysis revealed that this group of patients exhibited 
significantly lower PFS and OS relative to those who did not 
receive antibiotics. Moreover, patients treated with antibiot-
ics (before ICIs) exhibited significantly shorter PFS and OS 
than those who took antibiotics after ICIs. Similarly, Routy 
et al. analyzed 249 immunotherapy cases, including NSCLC 
(n = 140), RCC (n = 67) and urothelial carcinoma (n = 42), 
with 69 cases receiving antibiotic treatment (β-lactams, 
fluoroquinolones or macrolides) prior to ICIs administra-
tion [60]. Their results demonstrated that patients in the anti-
biotics group exhibited significantly shorter PFS and OS. 
Moreover, Huang et al. conducted a meta-analysis of the 
interaction between antibiotics with ICIs, and found a signif-
icant correlation between antibiotics with unfavorable PFS 
and OS [85]. This analysis is applicable to different types of 
tumors, and has nothing to do with the time of antibiotic use.

To evaluate the relationship between antibiotics and can-
cer response to ICIs, we compiled a summary of relevant 
researches over the recent years (Table 3). Summarily, both 
PFS and OS are expected to decrease within a few weeks 
of receiving ICIs for NSCLS and melanoma. Since these 
clinical reports are observational, it is easy to confuse their 
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outcomes with host factors associated with a high risk of 
infection and poor prognosis. However, results from multi-
variate analysis indicate that most of the outcomes remain 
statistically significant. In addition, these clinical observa-
tions are supported by data, indicating that the causal rela-
tionship between the use of antibiotics and the failure of ICIs 

treatment may be the destruction of the microbiota, hence 
play a key role in inhibiting a host’s immune response to 
tumor cells.

In some tumors, to eliminate the imbalance of the micro-
biota, antibiotics are used to regulate the immunosuppres-
sion of cancer patients. The intestinal microbiota in some 

Table 3  Retrospective studies on antibiotic exposure and clinical efficacy of patients receiving ICIs treatment

Malignancy ICIs (anti-) Antibiotics Duration PFS OS PD Notes References
Univariate 
analysis

NSCLC PD(L)-1 – − 3 m – NR – – [91]
NSCLC PD(L)-1 β-lactam

Sulfonamids
Quinolones

− 1 m ↓ ↓ NR On multivariate analysis, OS 
p = 0.19

[79]

NSCLC PD(L)-1 β-lactam
Fluoroquinolones
Carbapenems

− 1 ~ 1 m – – NR 73% patients in the antibiotic 
group received penicillin

[81]

NSCLC
RCC 

PD(L)-1 CTLA-4 β-lactam
Fluoroquinolones

− 1 ~ 2 m ↓ ↓ – On multivariate analysis, OS 
p < 0.05, PFS p = 0.17

p-value non-significant when 
time extended to − 2 m

[83]

↓ ↓ ↑ On multivariate analysis, PFS 
p < 0.05; OS p = 0.11

Melanoma PD(L)-1 CTLA-4 β-lactam − 1 m ↓ – ↑ On multivariate analysis, PFS 
p < 0.05

[92]

NSCLC
RCC 
UC

PD(L)-1 β-lactam
Fluoroquinolones
Macrolides

− 2 ~ 1 m – ↓ NR – [61]
↓ – NR
↓ ↓ NR On multivariate analysis, OS 

p = 0.098
Melanoma NSCLC RCC PD(L)-1 CTLA-4 β-lactam

Macrolides
− 2 ~ 6w ↓ ↓ NR On multivariate analysis, OS 

and PFS p < 0.05
Worse OS and PFS with > 1 

antibiotic courses

[77]

RCC 
Melanoma NSCLC

PD(L)-1
CTLA-4

Quinolones
β-lactam
Tetracyclines

− 1 ~ 2 m – ↓ – – [80]

NSCLC
RCC UC
Melanoma

PD(L)-1 β-lactam
Quinolone
Vancomycin
Tetracyclines
Macrolides

− 2 ~ 2w ↓ ↓ ↑ On multivariate analysis, PFS 
p < 0.05

Narrow-spectrum (anti-Gram) 
antibiotics had no effect

[82]

NSCLC PD(L)-1 – − 1 ~ 3 m ↓ ↓ NR On multivariate analysis, PFS 
P < 0.05; OS p < 0.0001

[93]

NSCLC
Melanoma

PD(L)-1
CTLA-4

– − 4 ~ 4w ↓ ↓ NR On multivariate analysis, PFS 
P = 0.007; OS p = 0.02

[94]

NSCLC Melanoma PD(L)-1
CTLA-4

β-lactam − 1 m ~ cessation ↓ ↓ NR On multivariate analysis, PFS 
P = 0.049; OS P = 0.001

[72]

NSCLC
RCC 

PD(L)-1 Fluoroquinolones
Macrolides
Tetracyclines
Cephalosporins
Penicillins

− 4 ~ 6w ↓ ↓ NR – [76]
On multivariate analysis, OS 

P = 0.37

Melanoma PD(L)-1
CTLA-4

Cephalosporins
Penicillins
Fluoroquinolones

− 3 m ~ infusion – ↓ NR On multivariate analysis, 
penicillins, cephalosporins 
and fluoroquinolones were 
associated with worse OS

[95]
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patients with pancreatic cancer can promote immunosup-
pression and tumor immune escape by inducing the pro-
liferation of  Foxp3+ Tregs [86]. In this case, appropriate 
antibiotics may reduce the abundance of such microbiota, 
thereby improving tumor control. Pushalkar et al. found that 
microbial ablation can induce immunogenic reprogramming 
of the tumor microenvironment and increase the expression 
of PD-1 on T cells [87]. This suggests that the combination 
of antibiotics and ICIs may be an attractive cancer treat-
ment strategy. Unfortunately, there is still a lack of research 
on how antibiotics can eliminate or regulate immunosup-
pression in cancer patients. And it is necessary to conduct 
prospective studies to identify tumor-specific microbial char-
acteristics, which may be beneficial to early diagnosis and 
subsequent treatment.

We believe more large-scale researches are needed to pro-
vide detailed statistical stratification of cancer and immu-
notherapy types. Moreover, it is necessary to classify the 
duration of ICIs and the course of different antibiotics. Con-
sidering the potential for antibiotics to produce long-term 
adverse effects during ICI-based treatments, it is impera-
tive to design effective management interventions for can-
cer patients receiving ICIs treatment or considering the use 
of empirical antimicrobials for target populations taking 
antibiotics. Apart from analyzing the effect of antibiotics 
on ICIs, it is important to investigate their effect on micro-
biota. Most studies have emphasized the importance of a 
healthy intestinal microbiota for a good response to ICIs. 
Unfortunately, insufficient data or antibiotic exposure has 
made it difficult to detect the effects of intestinal microbiota 
after interference and clinically meaningful results [88]. A 
comprehensive understanding of the role of intestinal micro-
biota during immunotherapy will guide their effective use, 
including evaluation of their characteristics before treat-
ment, the possibility of predicting response to treatment, as 
well as informing meaningful making of therapeutic deci-
sions. This intervention has previously shown promise in 
pre-clinical mouse models of solid cancer where sterile or 
antibiotic-treated mice exhibited impaired ICIs response, 
relative to controls [89]. However, the efficacy of ICIs can 
be restored through interventions, such as cohabitation with 
mice with immune responses, microbial supplementation, 
or FMT [90]. Intestinal microbiota, ICIs and antibiotics are 
likely to become a new cancer biology triangle (Fig. 3). This 
will generate new insights to guide future improvement of 
immunotherapies.

Conclusion

Human intestinal microbiota participates in host immune 
response and regulates multiple steps of the tumor immune 
cycle, including antigen presentation, T cell initiation, and 

activation. Exploring the immune mechanism underlying 
intestinal microbiota action in the body is not only ben-
eficial to patient prognosis but also plays a key role in 
the future development of microbiota-based cancer immu-
notherapies. In addition, the use of antibiotics has now 
been shown to be a dynamic factor affecting the efficacy 
of ICIs. Based on the studies reviewed herein, it is evi-
dent that the use of antibiotics can shorten the PFS and 
OS of patients within 2–3 months before or after the start 
of immunotherapy. Recognizing changes in the microbi-
ota will facilitate diversification and individualization of 
clinical treatments, such as the use of selective antibiotics, 
intervention of prebiotics or probiotics, dietary interven-
tion, or FMT, among others. To date, researchers have 
focused on clinical induction of the body’s immune system 
through regulation of intestinal microbiota to improve the 
efficacy of immunotherapy, and overcome resistance and 
adverse reactions during the process. In the future, explor-
ing the feasibility of manipulating intestinal microbiota 
is expected to generate vital insights that will positively 
impact cancer immunotherapy.
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