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Abstract
Purpose of Review  The advent of checkpoint immunotherapy has dramatically changed the outcomes for patients with 
cancer. However, a considerable number of patients have little or no response to therapy. We review recent findings on the 
connection between the gut microbiota and the immune system, exploring whether this link could enhance the effectiveness 
of immunotherapy.
Recent Findings  Clinical studies have reported specific types of bacteria in larger quantities at baseline in responders than in 
non-responders, especially Akkermansia mucinifila, Ruminococcaceae, Faecalibacterium, and Lachnospiraceae. Following 
the consumption of a high-fiber diet, bacteria in the gut ferment dietary fiber to short-chain fatty acids (SCFAs), like acetate, 
propionate, and butyrate. Some of the SCFAs nurture intestinal epithelial cells, and some enter the bloodstream. Here SCFAs 
can activate DC8 + cytotoxic T-cells to induce cancer cell death. High fiber intake in the diet was associated with a reduced 
risk of progression or death during checkpoint immunotherapy. Recent findings demonstrate that high-fiber plant-based diets 
such as the Mediterranean Diet positively influence the gut microbiota whereas antibiotics and proton pump inhibitors can 
negatively influence outcomes of cancer immunotherapy by changing the gut microbiota.
Summary   This narrative review provides evidence of an association between types of bacteria and their metabolites and 
favorable responses to checkpoint immunotherapy. Prospective clinical trials are needed to determine if diet interventions 
can improve treatment outcomes.
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Introduction

A new paradigm has appeared. Instead of viewing bacteria 
and other microorganisms solely as infectious agents to 
be eradicated, the microbiota and the human host are now 
viewed as a super-organism or holobiont [1]. This shared 
community of microorganisms coexists with the host and 

contributes to the overall functioning of the organism [2]. 
The human microbiota comprises 38 trillion (38 × 1012) 
symbiotic microbial cells, primarily bacteria in the gut 
[3]. These cells contain genes that make up the human 
microbiome [4].

Helicobacter pylori, identified in 1982, was the only bac-
terial species linked to cancer until recently [5]. However, 
the 2022 update of Hallmarks of Cancer [6] introduced the 
polymorphic microbiome as a new enabling characteristic. 
The microbiome influences four other hallmarks: tumor 
growth, tumor-promoting inflammation, immune evasion, 
and genomic instability. Additionally, it affects therapy 
resistance. The implication is that the microbiome plays a 
crucial role in cancer development, progression, and treat-
ment response.

E. coli can potentially induce colon cancer if carrying a 
pathogenic island encoding enzymes to synthesize colibac-
tin, which can cause mutations in colonic epithelial cells 
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[7]. Additionally, bacteria have been detected within solid 
tumors [8], but how they are associated with the gut micro-
biome and their impact on human survival is still unclear [6].

Since the first approval of a programmed death-1 (PD-
1) inhibitor checkpoint immunotherapy in 2014, the use 
of PD-1 or programmed death-ligand 1 (PD-L1) check-
point immunotherapy has rapidly increased. This therapy 
has now been established as the standard treatment for 
various cancers, including melanoma, non-small cell 
lung cancer, kidney, bladder, and triple-negative breast 
cancer. Despite significant improvements in overall sur-
vival, clinicians and researchers are puzzled by the vary-
ing responses among patients. Some patients experience 
a complete response (CR) lasting for years, while others 
obtain progressive disease (PD) as best response, often 
regardless of PD-L1 expression in tumor tissue samples.

Antibiotic treatments reduce the effectiveness of immu-
notherapy in cancer patients [9], indicating the importance 
of the microbiome for response to immunotherapy. Many 
studies have searched for specific bacteria that could pre-
dict responses to immunotherapy, and efforts are ongoing to 
improve the microbiome of cancer patients undergoing such 
treatments. Some studies explore fecal microbiome trans-
plantation (FMT) [10]. Other untargeted methods include 
exercise, diet, or supplements with prebiotics, probiotics, 
synbiotics, and postbiotics. Targeted therapies include bio-
engineered commensals, targeted antibiotics, phage ther-
apy, or Clustered Regularly Interspaced Short Palindromic 
Repeats (CRISPR) [11].

This review examines the scientific literature on clini-
cal trials involving cancer patients treated with checkpoint 
immunotherapy. It will specifically focus on the role of the 
microbiome and diet in influencing the response.

Patients and Methods

This review of clinical trials has been conducted using the 
terms “gut microbiome” and “cancer immunotherapy”, 
and”PD-1”or “PD-L1” or CTLA-4”. A PubMed search 
up to August 24, 2024, yielded 66,495 results for “gut 
microbiome”, 1,108 results for “cancer immunotherapy”, 
and 246 results for “PD-1” or “PD-L1” or “CTLA-4”. The 
246 articles were filtered to exclude reviews, animal stud-
ies, and those focusing solely on side effects. Reference 
lists from the selected articles were manually reviewed for 
additional relevant studies. The final number of original 
articles identified was 31, all having at least a baseline 
measurement of the gut microbiota in cancer patients on 
treatment with immunotherapy and having reported on 
treatment outcome.

Results

Bacteria Associated with Positive Response to PD‑1 
Immunotherapy

Since discovering a possible link between the microbi-
ome and response to immunotherapy, researchers have 
sought to identify specific bacteria species or families 
that enhance immunotherapy response. These studies 
are highly diverse, covering various cancer types, dis-
ease stages, and immunotherapy approaches, whether 
as monotherapy or in combinations, in different regions 
around the world, and often as single-center studies, mak-
ing it challenging to draw definitive conclusions. However, 
several studies indicate that baseline bacterial diversity 
can predict treatment response [12–20]; specific bacteria, 
such as Akkermansia mucinifila, Ruminococcaceae, Fae-
calibacterium, and Lachnospiraceae, are often found in 
greater quantities at baseline in responders compared to 
non-responders (Table 1).

Akkermansia Mucinifila

The bacteria Akkermansia mucinifila resides in the mucus 
layer of the intestine, where it breaks down mucin, typically 
making up 1–4% of the commensal bacteria in a healthy 
gut [41]. Akkermansia also metabolizes inulin, a dietary 
fiber found in plants such as the allium family and Jeru-
salem artichoke, as well as ellagitannins, phytochemicals 
found in pomegranate and walnuts. The end products of 
this metabolism are short-chain fatty acids (SCFAs) [42].

Several studies found Akkermansia significantly 
increased in responders to immunotherapy (Table 1) [15, 
18, 20–26]. Routy et al. discovered in their study of patients 
with metastatic renal cell carcinoma (mRCC) and metastatic 
non-small cell lung cancer (NSCLC) that Akkermansia 
was the commensal bacterium most significantly related to 
tumor response according to RECIST criteria (p = 0.004). 
Akkermansia was also overrepresented in patients with pro-
gression-free survival (PFS) longer than 3 months compared 
to those with PFS shorter than 3 months [20].

In Grenda et  al.s study involving 47 patients with 
NSCLC, Akkermansia was significantly enriched in 
patients with partial response (PR) compared to patients 
with progressive disease [25]. They also observed a sig-
nificant association between Akkermansia levels in the gut 
microbiome and histologic subsets; patients with squa-
mous cell carcinoma had above-average levels of Akker-
mansia, while patients with adenocarcinoma had lower 
levels. Age was also a significant factor; patients younger 
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Table 1   Bacteria and archaea detected at baseline in systematically reviewed clinical studies with a significant difference in responders vs. non-
responders. Studies differ in cancer type, size, immunotherapeutic agent, and how response is defined

Gut bacteria Subtype Patient group N Medical 
cancer treatment

Clinical end-point 
with positive outcome 
measure

Investigator Publication 
year

 Akkermansia 
Mucinifila

NSCLC/RCC​ 78 ICI RR/PFS Routy, B[20] 2018

HCC 8 Anti-PD-1 PFS Zheng, Y[21] 2019
RCC​ 69 Nivolumab RR Derosa, L[22] 2020
RCC​ 31 Nivolumab or 

nivolumab + 
ipilimumab

RR, increase during 
Tx

Salgia, N[15] 2020

NSCLC 16 Anti-PD-1 RR He, D[23] 2021
Thoracic 42 anti-PD-1 RR Yin, H[24] 2021
NSCLC 1 L/2L 47 anti-PD-1/PD-L1 RR (SD/PRvs. PD) Grenda, A[25] 2022
NSCLC 73 anti-PD-1 RR Fang, C[26] 2022
NSCLC 65 ICI or ICI-chemo RR Newsome, R[18] 2022

 Rumino-coccaceae Faecalibacterium Melanoma 39 ipi-nivo RR Frankel, A[27] 2017
Faecalibacterium Melanoma 112 anti-PD-1 RR and PFS Gopalakrishnan, 

V[12]
2018

Faecalibacterium Melanoma 132 anti-PD-1 RR Spencer, C[28] 2021
Faecalibacterium NSCLC 65 ICI or ICI-chemo RR Newsome, R[18] 2021
Faecalibacterium NSCLC 41 ICI RR Ren, S[16] 2024
Faecalibacterium 

prausnitzii
Melanoma 39 ipi-nivo RR Frankel, A[27] 2017

Faecalibacterium 
prausnitzii

Melanoma 111 anti-PD-1 RR Spencer, C[28] 2022

Ruminococcaceae HCC 8 Anti-PD-1 PFS Zheng, Y[21] 2019
Ruminococcaceae GI-cancers 74 anti-PD-1/PD-L1 RR Peng, Z[29] 2020
Ruminococcaceae NSCLC 70 anti-PD-1/PD-L1 RR and PFS Hakozaki, T[14] 2020
Ruminococcaceae Melanoma 132 anti-PD-1 RR Spencer, C[28] 2021
Ruminococcus NSCLC/RCC​ 78 ICI RR/PFS Routy, B[20] 2018
Ruminococcus NSCLC 65 ICI or ICI-chemo RR Newsome, R[18] 2022
Ruminococcus Gastric HER2-neg. 58 ICI RR Han, Z[30] 2023
Ruminococcus NSCLC 41 ICI RR Ren, S[16] 2024
Ruminococcus 

calidus
Hepatobiliary c. 65 ICI PFS Mao, J[31] 2021

 Eubacterium/
 Lachnospiraceae

Agathobacter NSCLC 70 anti-PD-1/PD-L1 RR and PFS Hakozaki, T[14] 2020

Blautia NSCLC 65 ICI or ICI-chemo RR Newsome, R[18] 2022
Dorea formicogen-

erans
Melanoma 13 Pembrolizumab RR Frankel, A[27] 2017

Eubacterium NSCLC/RCC​ 78 ICI RR/PFS Routy, B[20] 2018
Eubacterium Gastric HER2-neg. 58 ICI RR Han, Z[30] 2023
Eubacterium rectale Gastric HER2-neg. 58 ICI PFS Han, Z[30] 2023
Flavonifractor Gastric HER2-neg. 32 ICI + chemo RR and PFS Han, Z[30] 2023
Flavonifractor plautii Gastric HER2-neg. 32 ICI + chemo PFS Han, Z[30] 2023
Lachnospiraceae Melanoma 94 anti-PD-1 RR McCulloch, J[32] 2022
Lachnospiraceae GI-cancers 74 anti-PD-1/PD-L1 RR Peng, Z[29] 2020
Lachnospiraceae 

GAM-79
Hepatobiliary c. 65 ICI OS and PFS Mao, J[31] 2021

Lachnospiraceae 
(NK4A136)

NSCLC 41 ICI RR Ren, S[16] 2024

Eubacterium ven-
triosum

Mesothelioma 26 Atezoli-
zumab + bevaci-
zumab

RR Zhang, M[33] 2024
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Table 1   (continued)

Gut bacteria Subtype Patient group N Medical 
cancer treatment

Clinical end-point 
with positive outcome 
measure

Investigator Publication 
year

Butyricioccus Mesothelioma 26 Atezoli-
zumab + bevaci-
zumab

RR Zhang, M[33] 2024

 Actinobacteria Actinobacteria Melanoma 94 anti-PD-1 RR McCulloch, J[32] 2022
Bifidobacterium NSCLC 21 ICI + chemo RR Zhao, H[34] 2023
Bifidobacterium 

adolescentis
RCC​ 31 Nivolumab or 

nivolumab + 
ipilimumab

RR Salgia, N[15] 2020

Bifidobacterium 
breve

NSCLC 21 ICI + chemo RR and PFS Zhao, H[34] 2023

Bifidobacterium 
longum

Melanoma 42 anti-PD-1/anti-
CTLA-4

RR Matson, V[35] 2018

Collinsella aerofa-
ciens

Melanoma 42 anti-PD-1/anti-
CTLA-4

RR Matson, V[35] 2018

Olsenella NSCLC 16 Anti-PD-1 RR He, D[23] 2021
 Firmicutes/
 Bacillota

Clostridia NSCLC 73 anti-PD-1 RR Fang, C[26] 2022

Clostridia NSCLC 41 ICI RR Ren, S[16] 2024
Clostridialis Incer-

tae Sedis XIII
Gastric HER2-neg. 32 ICI + chemo RR Han, Z[30] 2023

Enterococcus 
faecium

Melanoma 42 anti-PD-1/anti-
CTLA-4

RR Matson, V[35] 2018

Erysipelotichaceae Gastric HER2-neg. 58 ICI RR and PFS Han, Z[30] 2023
Erysipelotichaceae 

GAM147
Hepatobiliary c. 65 ICI PFS Mao, J[31] 2021

Lactobacillus Gastric HER2-neg. 58 ICI RR Han, Z[30] 2023
Lactobacillus Gastric HER2-neg. 32 ICI + chemo PFS Han, Z[30] 2023
Lactobacillus 

mucosae
Gastric HER2-neg. 58 ICI PFS Han, Z[30] 2023

Lactobacillus sali-
varius

Gastric HER2-neg. 58 ICI PFS Han, Z[30] 2023

Holdemania fili-
formis

Melanoma 39 Ipilimumab-
nivolumab

RR Frankel, A[27] 2017

Streptococcus para-
sanguinis

Melanoma 25 anti-PD-1/anti-
CTLA-4

OS Wind, T[36] 2020

Streptococcus 
salivarius

Prostate mCRP 23 pembrolizumab RR Peiffer, L[37] 2022

 Bacteriodales Alistipes Billiary 88 anti-PD-1/PD-L1 PFS, OS Zhu, C[19] 2024
Alistibes obesi NSCLC 73 anti-PD-1 RR Fang, C[26] 2022
Alistipes onder-

donkii
Gastric HER2-neg. 58 ICI PFS Han, Z[30] 2023

Alistipes putredinis NSCLC 25 Nivolumab RR Jin, Y[13] 2019
Alistipes sp 

Marseille-P5997
Hepatobiliary c. 65 ICI OS and PFS Mao, J[31] 2021

Bacteroides egg-
erthii

RCC​ 31 Nivolumab or 
nivolumab + 

ipilimumab

RR Salgia, N[15] 2020

Barnesiella Esophagus 46 PD-1 + chemo RR Xu, L[38] 2022
Barnesiella intes-

tinihominis
RCC​ 31 Nivolumab or 

nivolumab + 
ipilimumab

RR Salgia, N[15] 2020

Butyricimonas Esophagus 46 PD-1 + chemo RR Xu, L[38] 2022
Escherichia NSCLC 21 ICI + chemo RR Zhao, H[34] 2023
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than 66 had significantly lower levels of Akkermansia 
compared to older patients [25].

Fang et al. investigated the microbiome in Han Chinese 
patients with NSCLC. They found Akkermansia was more 
abundant in responders compared to non-responders, with 
PFS of more than 3 months [26]. However, compared to 
a French cohort [20], the Chinese patients had a different 
strain of Akkermansia. The French cohort was enriched in 
MGS.igc0118, while the Chinese cohort had MGS.igc0776 
[26]. Conversely, in a study of patients with prostate cancer 
treated with pembrolizumab, higher levels of Akkermansia 
were correlated with worse outcomes, however these were 
not statistically significant (p = 0.201) [37].

Ruminococcus Family

Ruminococcus is a family of bacteria that metabolizes resist-
ant starch in humans [43]. In clinical trials, an increase in 
the Ruminococcus family in responders has been reported, 

while other trials show an increase in specific Ruminococcus 
subsets in responders (Table 1).

In a study of 132 melanoma patients, Spencer et al. found 
a significantly higher abundance of Ruminococcaceae in 
responders to anti-PD-1 therapy compared to non-respond-
ers [28]. They also examined the gut microbiome composi-
tion in a larger pooled population of 293 melanoma patients, 
including the previously reported subsets. Most patients 
were treated with anti-PD-1 therapy, while some received 
other systemic treatments. Among patients who experienced 
clinical benefit, complete response (CR), partial response 
(PR), or stable disease (SD) for more than 6 months, com-
pared to those with no clinical benefit, a significantly higher 
abundance of Ruminococcus was observed, even after 
adjusting for age, sex, body mass index, prior treatment, 
and antibiotic use [28].

In a study by Peng et al. involving 74 patients with vari-
ous gastrointestinal (GI)-cancers (colorectal n = 19, esoph-
agus n = 14, gastric n = 34, and others n = 18), a higher 
abundance of Ruminococcaceae was found in the stools of 

Table 1   (continued)

Gut bacteria Subtype Patient group N Medical 
cancer treatment

Clinical end-point 
with positive outcome 
measure

Investigator Publication 
year

Escherichia-Shigella NSCLC 16 Anti-PD-1 RR He, D[23] 2021
Odoribacter 

splanchnicus
RCC​ 31 Nivolumab or 

nivolumab + 
ipilimumab

RR Salgia, N[15] 2020

Odoribacter 
splanchnicus

Esophagus 46 PD-1 + chemo RR Xu, L[38] 2022

Parabacteroides NSCLC 63 Anti-PD-1 PFS Song, P[17] 2020
Prevotella GI-cancers 74 anti-PD-1/PD-L1 RR Peng, Z[29] 2020
Prevotella Esophagus 46 PD-1 + chemo RR Xu, L[38] 2022
Prevotella copri Melanoma 64 Anti-PD-1 RR Pietrzak, B[39] 2022
Prevotella Mesotheliom 26 Atezoli-

zumab + bevaci-
zumab

RR Zhang, M[33] 2024

 Bacteriodetes Bacteroides massil-
iensis

Melanoma 25 anti-PD-1/
anti-CTLA-4

PFS Wind, T[36] 2020

Bacteroides massil-
iensis

NSCLC 73 anti-PD-1 RR Fang, C[26] 2022

Bacteriodes thetaio-
tamicron

Melanoma 39 Ipilimumab-
nivolumab

RR Frankel, A[27] 2017

Bacteroides uni-
formis

Melanoma 64 anti-PD-1 RR Pietrzak, B[39] 2022

 Gut microbiota  Subtype  Patient group  N  Medical
 cancer treatment

Clinical end-point 
with positive outcome 
measure

 Investigator  Publication 
year

 Archaea Cancer 72 Anti-PD-1 RR Cheng, X[40] 2022
Methano-brevibacter NSCLC 63 Anti-PD-1 PFS Song, P[17] 2020
Bilophila Gastric HER2-neg. 32 ICI + chemo RR Han, Z[30] 2023
Pyramidobacter Esophagus 46 PD-1 + chemo RR Xu, L[38] 2022
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responders to anti-PD-1 therapy compared to non-respond-
ers [29]. In the total cohort, Ruminococcaceae were the most 
overrepresented bacteria in the responders compared to non-
responders. Within the sub-groups, there were differences in 
the microbiomes, but different Operational Taxonomic Units 
(OTUs) of Ruminococcus were consistently overrepresented 
in responders across all sub-groups [29].

Newsome et al. found that baseline enrichment of Rumi-
nococcus in patients with NSCLC was the taxonomic group 
most strongly associated with response to PD-1 therapy. 
Additionally, Akkermansia, Blautia, and Faecalibacterium 
were enriched in responders [18].

Faecalibacterium Genus

The commensal Faecalibacterium is a genus of the Rumi-
nococcus family and plays a role in breaking down dietary 
fiber, producing SCFAs [44]. Gopalakrishnan et al. found 
significant enrichment of both the Faecalibacterium genus 
and Faecalibacterium prausnitizii in melanoma patients 
responding to immunotherapy (Table 1) [12] in addition to 
the previously mentioned Ruminococcaceae. Patients with 
high levels of Faecalibacterium had longer PFS (p = 0.03), 
and the abundance of Faecalibacterium, Ruminococ-
caceae, or Clostridialis was correlated with increased lev-
els of circulating effector CD4 + and CD8 + T cells [12].

In a study by Ren et  al. involving 41 patients with 
NSCLC, a significant increase in Faecalibacterium was 
observed in responders to immunotherapy treatment 
(p = 0.000969). SCFAs were elevated in responders com-
pared to non-responders (p = 0.0095) [16].

Eubacterium order/Lachnospiraceae Family

Lachnospiraceae are bacteria that ferment resistant starch 
and dietary fiber to produce SFCAs [43–45]. Some stud-
ies report on the Lachnospiraceae family, others focus 
on genera, or specific species of bacteria involved in 
responders. In some studies, the overarching Eubacte-
rium order is more frequently found in responders versus 
non-responders across several types of cancers (Table 1) 
[20, 30].

Frankel et al. found that the species Dorea formico-
generans was elevated in responders among melanoma 
patients treated with pembrolizumab (p = 0.045), but not 
in those treated with ipilimumab, nivolumab or their com-
bination [27].

Hakozaki et al. found that patients with NSCLC treated 
with antibiotics prior to immunotherapy had lower alpha-
diversity and an underrepresentation of Ruminococcaceae 
and Agathobacter, a bacteria in the Lachnospiraceae 

family. In patients not treated with antibiotics before 
immunotherapy there was a correlation between response 
rate and PFS more than 6 months and the presence of these 
two types of bacteria [14].

Firmicutes/Bacillota

The bacteria phylum formerly known as Firmicutes was 
renamed Bacillota in 2021 [46]. Several bacteria within 
this phylum are correlated with response to immunother-
apy in various cancers (Table 1).

In a study by Han et al. involving patients with HER2-
negative gastric cancer, significant enrichment of Lactoba-
cillus and two species, L. mucosae, and L. salivarius, was 
found in responders to immunotherapy or chemo-immu-
notherapy, not only at baseline but also during treatment 
[30].

Fang et al. observed in patients with NSCLC that of 
32 species enriched in patients achieving a PR as the best 
response compared to those with SD or PD, 23 belonged to 
the Clostridium class. Many of these metagenomic species 
were barely detectable in patients with SD or PD [26].

Actinobacteria

Within the Actinobacteria phylum, certain bacterial fami-
lies and species have been correlated to response to immu-
notherapy (Table 1). Zhao et al. found that the Bifido-
bacterium genus (p < 0.05) and the species B. breve were 
significantly correlated with response and PFS (p < 0.001). 
For patients undergoing chemo-immunotherapy for 
NSCLC, B. breve has been identified as an independent 
prognostic factor for PFS (p < 0.05) and could potentially 
serve as a biomarker to predict the efficacy of immuno-
chemotherapy in NSCLC patients [47].

Other Bacteria Related to Response 
to Immunotherapy

There are additionally numerous families, genera, and spe-
cies of bacteria that have been associated with positive 
outcomes in cancer patients undergoing checkpoint immu-
notherapy (Table 1). The bacterium, Prevotella, associated 
with a high-fiber diet [48], has been reported to correlate 
with treatment response in some studies [13, 29, 33, 38, 
39]. Jin et al. found that in patients with NSCLC, respond-
ers to nivolumab treatment had higher baseline levels of 
Prevotella copri, Alistipes putredinis, and Bifidobacte-
rium longum. During treatment, Prevotella copri remained 
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enriched among responders [13]. Similarly, Pietrzak et al. 
observed that Prevotella copri was enriched in melanoma 
patients responding to anti-PD-1, along with Bacteroides 
uniformis. However, contrary to several other studies [27, 
28], they found Faecalibacterium prausnitzii enriched in 
non-responders [39].

Alistipes is a recently discovered genus of bacteria 
consisting of 13 species, some of which produce small 
amounts of SCFAs, including A. putredinis, A. onder-
donkii, and A. inops [49]. In a study by Zhu et al. includ-
ing biliary cancer patients, the genus Alistipes was the 
most abundant among 20 taxonomic groups signifi-
cantly associated with better survival in patients treated 
with anti-PD-1/anti-PD-L1 (OS: 19.3 vs. 10.2 months, 
P = 0.032; PFS: 8.13 vs. 5.23 months, P = 0.049) [19].

Other Types of Microbiota

Bacteria are the most studied residents of the gut. How-
ever, the gut also hosts other microorganisms such as 
viruses, fungi, archaea, and single-cell eukaryotes. Recent 

studies have found that certain species of archaea are more 
abundant in patients who respond well to immunotherapy 
or chemo-immunotherapy (Table 1) [17, 30, 40]. This 
diverse group of organisms needs further investigation to 
understand their role in cancer treatment response.

Bacterial Diversity

Several clinical trials have found a link between gut bacte-
rial diversity and better outcomes in cancer immunotherapy, 
such as a correlation between gut bacterial diversity and 
improved patient outcomes like overall survival (OS), PFS, 
and response rate (RR) (Table 2).

In a study of 70 patients with NSCLC, Hakozaki et al. 
found a higher alpha-diversity in patients who had not 
received prior antibiotic treatment. Among these, those with 
OS greater than 12 months had a more diverse microbiome 
than those with OS less than 12 months (p < 0.05) [14]. Ren 
et al. found that in patients with NSCLC, alpha diversity 
was higher in the group of responders (CR or PR) compared 
to non-responders (SD or PD) (p ˂ 0.05) [16]. In a study 
of patients with NSCLC treated with nivolumab, Jin et al. 

Table 2   Bacterial diversity, bacterial ratios, and combinations of bac-
teria/metabolites or SCFAs in reviewed studies showing a significant 
difference at baseline between responders and non-responders. Stud-

ies differ in cancer type, size, immunotherapeutic agent, and how 
response is defined

Gut bacteria Subtype Patient group N Medical cancer 
treatment

Clinical end-point 
with positive out-
come measure

Investigator Publication year

 Bacterial diversity alpha-diversity Melanoma 112 anti-PD-1 RR and PFS Gopalakrishnan, 
V[12]

2018

alpha-diversity NSCLC 25 Nivolumab RR Jin, Y[13] 2019
alpha-diversity NSCLC 70 anti-PD-1/PD-L1 OS Hakozaki, T[14] 2020
alpha-diversity RCC​ 31 Nivolumab or 

nivolumab + ipil-
imumab

RR Salgia, N[15] 2020

alpha-and beta 
diversity

NSCLC 41 ICI RR Ren, S[16] 2024

Beta-diversity NSCLC 63 anti-PD-1 PFS Song, P[17] 2020
Beta-diversity NSCLC 65 ICI or ICI-chemo RR Newsome, R[18] 2022
Beta-diversity Billiary 88 anti-PD-1/PD-L1 PFS, OS Zhu, C[19] 2024
diversity (gene-

count)
NSCLC/RCC​ 78 ICI RR/PFS Routy, B[20] 2018

 Bacterial ratios Bacteroidota/firmi-
cutes ratio

Melanoma 64 anti-PD-1 RR Pietrzak, B[39] 2022

Prevotella/bacte-
roides ratio

GI-cancers 74 anti-PD-1/PD-L1 RR Peng, Z[29] 2020

 Bacterial/Metabo-
lite or Bacterial-
metabolite 
combinations

Billiary 88 anti-PD-1/PD-L1 PFS, OS Zhu, C[19] 2024

 SCFA Butyrate NSCLC 22 anti-PD-1 + chemo RR Zhu, X[50] 2023
Butyrate producing 

bacteria
Lung cancer 29 ICI RR, decrease after 

initial response
Zeng, Y[51] 2023
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observed longer PFS in patients obtaining clinical benefit 
(PR or SD) compared to patients obtaining progressive dis-
ease (PD) as best response, measured at baseline (p = 0.008) 
and during treatment (p = 0.0301), according to the Shannon 
index [13]. Gopalakrishnan et al.. found significantly higher 
alpha diversity in melanoma patients responding to anti-PD-1 
therapy compared to non-responders (p ˂ 0.01) [12]. Patients 
with high diversity had significantly longer PFS compared to 
those with medium diversity (p ˂  0.05) or low diversity (p ˂ 
0.01) [12]. In patients with RCC, Salgia et al. observed greater 
microbiome diversity at baseline, at day 28, and day 79 of 
treatment in those responding to checkpoint immunotherapy 
compared to non-responders (p = 0.001) [15]. Zhu et al. found 
that in patients with biliary cancer on treatment with anti-
PD-1/anti-PD-L1, beta-diversity differed between those who 
derived durable benefits from the treatment and those who 
did not [19]. They identified three combinations of bacteria, 
metabolites, or a mix of both, which could predict treatment 
outcomes with high accuracy, respectively 89.69%, 86.25%, 
and 95.94% [19]. It is intriguing to consider why these studies 

show different bacteria among responders. Could it be due to 
the different cancer types, geographical differences, varying 
diets, combination cancer therapies, or different laboratory 
techniques? Or perhaps the specific type of bacteria is not 
as important as the metabolites [50] and/or the interactions 
between different bacteria strains [52].

Metabolome

The metabolome consists of the molecules produced by gut 
bacteria. Among these are short-chain fatty acids (SCFAs), 
which are small molecules produced by the gut commensal 
microbiome when fermenting dietary fiber and phytochemi-
cals. The most common SCFAs are acetate, propionate, and 
butyrate. SCFAs are important as an energy source for intes-
tinal epithelial cells, but some also enter the bloodstream and 
act as signaling molecules. They target G-protein-coupled 
receptors (GPCR) GPCR41, GPCR43, and GPCR109A 
[53] (Fig. 1). Recently, Zhu et al. demonstrated a positive 

Fig. 1   Following the consumption of a high-fiber diet, bacteria in the 
gut ferment dietary fiber to short-chain fatty acids (SCFAs). Some 
of the SCFAs nurture intestinal epithelial cells, and some enter the 
bloodstream. Here SCFAs can activate DC8 + cytotoxic T-cells to 

induce cancer cell death by binding to mammalian G protein-coupled 
receptors (GPCR) 41 and 43. This unique ligand specificity suggests 
that GPCR41 and GPCR43 may mediate the interaction between the 
gut microbiome and the human host
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correlation between serum butyrate levels and response to 
anti-PD-1 immunotherapy in patients with NSCLC [50].

Factors that may Positively Impact the Microbiome 
for Response to ICI Therapy

Understanding that the microbiome impacts the effective-
ness of cancer immunotherapy, how can we influence it to 
improve treatment outcomes? And what should we avoid to 
reduce its efficacy?

Dietary fiber and Probiotics

Dietary fiber is plant material that human gut enzymes can-
not digest [54] but can be fermented by gut bacteria. Spencer 
et al. studied whether dietary intake of prebiotic fiber and 
probiotics affect treatment response to checkpoint immu-
notherapy in melanoma patients. They found that patients 
consuming more than 20 g of dietary fiber daily before treat-
ment had significantly longer progression-free survival than 
those consuming less than 20 g. For every 5 g of fiber intake, 
there was a 30% decrease in the risk of progression or death 
[28]. Interestingly, the intake of probiotics did not alter PFS 
or the odds of response to checkpoint immunotherapy in 
patients with low fiber intake. In patients with high fiber 
intake, the addition of probiotics had a detrimental effect on 
the response to treatment, similar to patients with low fiber 
intake [28].

Even an intake of 20 g of dietary fiber daily, met by only 
one-third of patients [28], is low compared to recommen-
dations. US guidelines recommend 14 g per 1000 calories 
consumed, and Nordic guidelines recommend 25–35 g 
daily depending on calorie intake. These recommendations 
are based on amounts to prevent constipation or cardio-
vascular disease, not on current knowledge regarding the 
requirements of the gut microbiota. Increasing the recom-
mendation to 50 g daily should meet the requirements of 
the microbiota, but this is 2–3 times the amount consumed 
today by an average Western person. Achieving this will 
require extensive education of healthcare professionals and 
the public [54, 55].

Pietrzak et al. surveyed various factors, including food 
and medicine intake, in Polish melanoma patients [39]. Cer-
tain types of bacteria were related to response to anti-PD-1 
therapy and the patient’s diet was important. They exam-
ined 35 different factors and discovered that consumption of 
plant foods was positively correlated with a better response 
to anti-PD-1 treatment, while dairy consumption had the 
opposite effect.

Additionally, they observed that patients who defecated 
daily responded better than patients defecating every other 

day [39]. This could be related to higher plant fiber intake. 
An unexplained difference in response was found in patients 
with Rh+/- blood types, which will require further investi-
gation [39]. All other factors investigated did not show sig-
nificant differences between responders and non-responders 
[39].

The American Gut project investigated how diet influ-
ences gut bacteria diversity by collecting microbiome sam-
ples from over 10,000 people. Samples were correlated with 
lifestyle, health, and disease questionnaires. They compared 
the microbiomes of people consuming fewer than 10 differ-
ent plants weekly with those consuming more than 30 differ-
ent plants weekly. The results showed that the microbiomes 
of high plant consumers were significantly more diverse. 
This finding aligns with current knowledge that different 
strains of bacteria metabolize different types of plant materi-
als, so a more varied plant diet supports a wider variety of 
bacteria [56].

Mediterranean diet

The Mediterranean diet consists of ingredients native to the 
countries around the Mediterranean Sea. It includes a variety 
of plant foods such as vegetables, fruits, nuts, seeds, berries, 
legumes, herbs, and spices. It also features animal proteins 
like fish, meat, cheese, and other fermented dairy products 
from locally raised animals, along with fat from olive oil. 
This traditional diet also incorporates ancient grains, honey, 
and wine [57]. These foods provide a naturally high intake of 
dietary fibers with various molecular structures and differ-
ent phytochemicals from many types of plants, supporting a 
wide range of gut bacteria. Two trials in melanoma patients 
by Spencer et al. [28] and Pietrzak et al. [39]. indicated that 
a high intake of plant foods and dietary fiber was positively 
correlated with a better response to immunotherapy. These 
findings suggest that the Mediterranean diet could improve 
response rates to immunotherapy. However, more clinical 
trials are needed to confirm this, especially in patients with 
other types of cancer and those undergoing combination 
treatments.

Sun exposure/vitamin D

Vitamin D is unique because it is mostly supplied by sun-
light rather than diet. A recent study on cancer patients and 
mice explored the link between vitamin D, the microbi-
ome, and response to immunotherapy. The data suggested 
that lower vitamin D availability is associated with weaker 
immune-mediated control and worse cancer outcomes [58]. 
In a cohort of almost 1.5 million Danes who had at least 
one measurement of vitamin D status in 2008–2017, 1008 
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persons were recorded as having been treated with immu-
notherapy for various cancers. In this group, vitamin D/vita-
min D receptor levels were significantly lower (p < 0.0001) 
in patients who had no response to immunotherapy versus 
those with exceptional response to immunotherapy. When 
studying the rate of progression they also found that patients 
with low levels of vitamin D/ vitamin D receptor levels more 
often had a rapid progression versus those with standard dis-
ease progression (p = 0.02). This part of the study did unfor-
tunately not correlate outcomes to the microbiome [58].

In a study of melanoma patients, sufficient vitamin D lev-
els during immunotherapy treatment were correlated with 
better ORR and PFS. The response rate in the group with 
low vitamin D levels and not supplemented versus normal 
baseline levels or a normal level obtained with supplemen-
tation was 36.2%, versus 56.0% (p = 0.01); progression-free 
survival was 5.75 and 11.25 months, respectively (p = 0.03). 
Unfortunately, this trial did not investigate the effect on the 
microbiome [59].

In cancer patients, the direct impact of sun exposure on 
the microbiome has not been studied. However, a study 
involving healthy female volunteers from Vancouver, Can-
ada, found that exposure to artificial ultraviolet-B (UVB) 
light during winter increased serum vitamin D levels and 
altered the gut microbiome in participants not taking vita-
min D supplements. Bacteria like Lachnospiraceae and 
Ruminococcus, which positively impact immunotherapy 
response, were low in patients not taking vitamin D sup-
plements but increased after UVB exposure. Additionally, 
both alpha and beta diversity of the microbiome increased 
after UVB exposure [60].

Vitamin D levels are generally low in many parts of 
the world, especially during winter. Supplementing with 
vitamin D can help compensate for the lack of sun expo-
sure [60].

Factors that may Negatively Impact the Microbiome 
in Response to ICI Therapy

Pharmacomicrobiomics is the science of interactions 
between medicines and the microbiome. While these inter-
actions can be bidirectional, this review focuses on how 
medicines commonly prescribed to cancer patients, other 
than cancer drugs themselves, can affect the microbiome.

A single-center retrospective study involving 635 cancer 
patients treated with immunotherapy investigated whether 
different co-medications affected their response to treatment, 
either as single agents or in combination. They found that 
antibiotics, proton pump inhibitors (PPIs), and corticoster-
oids (at doses over 10 mg), taken one month before or after 
starting immunotherapy, had a detrimental effect on immu-
notherapy efficacy. This was also true for morphine and psy-
chotropic medicines. However, other commonly prescribed 
medicines such as metformin, other oral anti-diabetic medi-
cines, ACE inhibitors, angiotensin II antagonists, statins, 
and aspirin did not show the same negative effect. The data 
were not correlated with microbiome measurements, so it 
is unclear whether these effects are due to changes in the 
microbiome or other mechanisms [61].

Antibiotics

Several investigators have found that using antibiotics during 
or just before starting PD-1 immunotherapy leads to worse 
outcomes compared to patients not treated with antibiotics 
(Fig. 2). Routy et al. discovered that the composition of the 
gut microbiome was crucial and that antibiotics around the 
time of starting immune checkpoint inhibitors in patients 
with NSCLC or RCC reduced the response to therapy [20]. 
Spencer et al. found similar results in melanoma patients, 

Fig. 2   Right panel Summary of 
factors with strong evidence for 
positively or negatively affect-
ing immunotherapy treatment 
outcomes through the micro-
biome. Left panel Factors that 
help or hinder dietary changes 
during cancer treatment
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even those on a high-fiber diet [28]. In a study of 69 NSCLC 
patients Hamada et al. found that those who received anti-
biotics 21 days before or after starting anti-PD-1 treatment 
(N = 18) had significantly worse outcomes than those not 
treated with antibiotics (N = 51); overall response rate 
(p = 0.005), OS (p = 0.022) and PFS (p < 0.001) were all neg-
atively affected [62]. The study also showed that antibiotics 
given more than 21 days after starting anti-PD-1 treatment 
did not affect treatment efficacy [62].

Proton pump Inhibitors

Cantarelli et al. examined the impact of proton pump inhibi-
tors (PPI) on cancer patients undergoing immunotherapy. In 
a single-center retrospective cohort of 302 patients, more 
than 75% used PPIs either before or during cancer therapy. 
They found that PFS and OS were significantly lower in 
the PPI-treated group (Fig. 2) [63]. The study suggested a 
treatment window where starting PPIs four weeks after ini-
tiating immunotherapy might mitigate their negative effects 
[63]. Similar results were observed in a study of advanced 
NSCLC patients where PPI use was associated with lower 
PFS and OS. However, adding Clostridium butyricum to the 
treatment regimen reversed the negative effect of PPI usage 
[64]. Not all studies show the same results. For instance, a 
study by Peng et al. on 233 cancer patients found no dif-
ference between PPI users and non-PPI users [65], and 
the same was true for Hamada´s study on 69 patients with 
NSCLC [62]. To clarify the impact of PPIs, Lopes et al. 
conducted a meta-analysis of 41 studies including 20,042 
patients. They concluded that PPI use negatively affects both 
OS and PFS in patients receiving immunotherapy [66].

Discussion/Feasibility of Mediterranean diet 
in real‑world Patients

It can be challenging to make diet and lifestyle changes 
when a patient is stressed due to a new diagnosis or relapse. 
However, many patients want to improve their lifestyle. A 
systematic review by Hoedjes et al. of 30 studies on dietary 
changes in cancer patients, revealed that support from fam-
ily, friends, and healthcare professionals was a key factor in 
making changes. Barriers included not understanding the 
importance of dietary changes and not receiving information 
and advice from healthcare professionals (Fig. 2). Patients 
saw lifestyle changes as a positive way to gain control [67].

In a recent review of the implementation of Mediterra-
nean-style dietary intervention in cancer patients, McHugh 
et al.. investigated the methods, feasibility, and primary 
efficacy of such interventions [68]. The studies used dieti-
cians or other hospital personnel to educate patients in the 
intervention groups. In 11 of 13 studies, the completion 

rates were 80% or higher. In four of five clinical trials, with 
patients on active cancer treatment during the intervention 
the completion rate was 80% or higher. These results indi-
cate that dietary interventions are feasible for patients under-
going cancer treatment [68].

The Mediterranean diet includes a wide variety of foods, 
making it a flexible option for many patients. It is not restric-
tive, and primarily limit processed foods. This flexibility 
was a key reason why Harvey et al. chose this diet for a ran-
domized clinical trial involving cancer patients. The study 
measured fatigue during chemotherapy and included a quali-
tative sub-study, identifying facilitators and barriers [69]. 
Patients reported that the diet gave them a sense of control 
and empowerment. They enjoyed learning about nutrition, 
trying new foods, feeling in control, setting goals, doing 
something constructive to aid their treatment, and having 
a positive focus. Even patients in the control group started 
thinking more about their eating habits. Barriers included 
chemotherapy side effects and food preferences [69].

These findings indicate that patients are motivated to 
change their diet, and encouragement from their healthcare 
team can be a significant motivating factor.

Future Perspective

What can we expect from the future? It seems that the 
microbiome plays a role in cancer immunotherapy, and the 
mechanisms behind are being uncovered. It appears that the 
microbiome can be used as a predictive marker of response. 
To maximize the efficacy of immunotherapy and to possibly 
benefit more patients, it will be necessary to test whether 
manipulating the microbiome composition can increase 
response rates.

Conclusions

The microbiome and its metabolites seem to play a role in 
the response to cancer checkpoint immunotherapy. Certain 
bacteria and metabolites can predict treatment response, 
especially Akkermansia mucinifila, Ruminococcaceae, Fae-
calibacterium, and Lachnospiraceae; this knowledge may be 
used to improve outcomes for future patients. The Mediter-
ranean diet is a promising option for enhancing the effect 
of checkpoint immunotherapy, providing many of the com-
ponents needed for a diverse microbiome rich in butyrate-
producing bacteria. Additionally, the Mediterranean diet is 
non-restrictive, palatable, affordable, accessible, and patients 
are often willing to make the changes to their diet, if encour-
aged by health care professionals.

Factors suspected to decrease the response to therapy 
should be minimized, except as clinically indicated. This 
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includes co-medications like antibiotics and PPIs before and 
during initiation of therapy.

Prospective clinical trials in different cancer types, dis-
ease stages, and medical treatments, including combina-
tion treatments, are needed to determine if diet can be used 
as part of a treatment regimen and not just as a predictive 
marker of response, as current studies have shown.
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