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A B S T R AC T
The gut microbiota—the community of microorganisms in the gut—has been implicated in many physical and mental 
disorders in addition to intestinal diseases. Diets are the most studied and promising factors for altering it. Indeed, certain 
dietary interventions that increase fiber intake rapidly change levels of certain nutrients that can modify the composition of 
the microbiota, promoting richness and diversity. Recent intriguing evidence from several human clinical trials suggested that 
the composition and diversity of patients’ gut microbiotas at baseline can influence their responses to cancer immunotherapy. 
If the factors that influence the gut microbiota were fully understood, it is conceivable that manipulating them could boost 
therapeutic responses in cancer patients. In this review, we investigate the possibility of using fruits, vegetables, or whole grains to 
enhance response to cancer therapies in humans, as current evidence suggests that these dietary components can manipulate and 
enhance diversity of the gut microbiota. Accordingly, dietary interventions with locally available fruits, vegetables, and whole 
grains might be an affordable and safe approach to enhancing the diversity of the gut microbiota before immunotherapy, in turn 
improving patients’ responses to their treatments.
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1. INTRODUCTION

Alterations in the gut microbiota—the community of microorgan-
isms in the gut—associate with functional gastrointestinal disor-
ders, such as inflammatory bowel disease, gastroenteric infections, 
irritable bowel syndrome, and colorectal cancer [1]. However, they 
are also linked to genitourinary malignancies, including bladder, 
kidney, and prostate cancers [2], and their involvement in other 
cancers is being investigated. For example, Breast Cancer and Its 
Relationship With the Microbiota (MICROMA, NCT03885648) 
is an ongoing clincial trial to evaluate contributions to the risk of 
breast cancer of bacteria, archaea, viruses, fungi, and alterations in 
those communities by environmental contaminants [3]. In addi-
tion, gut microbes have been linked to responses to HIV vaccina-
tion [4], Helicobacter pylori eradication success rate [5], metabolic 
syndrome and obesity, liver diseases, allergic diseases, and neuro-
logical diseases such as autism [1], etc.

Recent intriguing evidence from several human clinical trials has 
suggested that the composition and diversity of the gut microbi-
ota at baseline influences response to cancer immunotherapy [6]. 
Accordingly, once the factors that influence the gut microbiota are 
fully understood, it is highly likely that manipulating them could 
boost therapeutic responses in cancer patients. Diets are the most 
studied and promising factors that can alter the gut microbiota. 
Indeed, certain dietary interventions (such as increasing fiber intake) 
that induce rapid changes in levels of certain nutrients can modify 
the microbiota’s composition, promoting richness and diversity [7]. 
Whereas Western diets are high in fat, refined carbohydrates, and 
animal protein, Eastern diets are based on carbohydrates derived 
from plants, vegetables, rice, and fruits [8,9]. These two diets lead 
to different gut microbiota: Eastern populations have a higher prev-
alence of Prevotella spp. rather than Bacteriodes spp. than Western 
populations. Furthermore, animal sources of protein and fat asso-
ciate with a greater number of Bacteriodes spp., while simple carbo-
hydrates and fiber associate mostly with more Prevotella spp. These 
findings may provide a fundamental explanation for why popula-
tions that consume Western diets are at higher risk for cancers such 
as colon cancer than those that consume Eastern diets.

For the current systematic review, we used the terms fruits, veg-
etables, whole grains, gut microbiota, human clinical trials, and 

cancer therapy to search PubMed, Web of science, Sciencedirect 
and Scopus, because we wanted to explore the possibility that 
those diets could enhance patients’ response to cancer therapy 
by manipulating the gut microbiota. In addition to using animal 
models to investigate the effects of foods on gut microbiota that 
has been summarized elsewhere [10–12], the approach of in vitro 
gastrointestinal digestion of food components was also widely used 
[13,14]. Focusing on humans, the current findings suggest that the 
gut microbiota’s composition and diversity at baseline can predict 
response to cancer immunotherapy and that its diversity can be 
enhanced by fruits and vegetables. Accordingly, these dietary inter-
ventions could be used before chemotherapy to enhance response.

2.  EVIDENCE FROM CLINICAL TRIALS 
THAT FRUITS, VEGETABLES, OR WHOLE 
GRAINS ALTER THE GUT MICROGIOTA

Fruit, vegetables, whole grains, and other edible plants that are 
sources of carbohydrates that stimulate the growth of various 
indigenous gut bacteria in humans are called prebiotics [15,16]. 
Some artificially produced prebiotics, such as inulin, have similar 
effects [15,16].

The incidence of obesity, Type 2 Diabetes Mellitus (T2DM), and 
many cancers is rapidly increasing globally [17]. It has been sug-
gested that obesity increases the risks of both T2DM and certain 
cancers, and cancer patients with obesity and/or T2DM are com-
monly seen in clinics [17]. Accordingly, several human clincial 
trials have targeted overweight/obese populations to investigate if 
dietary interventions modulate the gut microbiota and alter clinical 
parameters in such patients.

3. HEALTHY INDIVIDUALS

The ability of diets to modulate the gut microbiota in healthy indi-
viduals has been investigated (Table 1). Dietary patterns play a major 
role in shaping the composition of the gut microbiota and its metab-
olites [18]. Adherence to a Mediterranean diet—high consumption 
of cereals, fruits, vegetables, and legumes—was investigated for its 

Table 1 | Effects of consuming fruits and vegetables and whole grains on the gut microbiota in healthy individuals

Human populations Fruits/vegetables/whole 
grains comsumed Gut microbiota altered Other effects measured Trial 

registration References

153 healthy individuals Omnivore, vegetarian,  
or vegan diets

Vegetable-based diets 
↑ SCFAs, ↑ Prevotella, 
↑ Fiber-degrading Firmicutes

– ClinicalTrials.gov 
NCT02118857

[18]

81 healthy men and  
healthy post-menopausal 
women

Whole grains for  
6 weeks

↑ Lachnospira ↑ Stool frequency ClinicalTrials.gov 
NCT01902394

[19]
↓ Enterobacteriaceae ↑ Acetate

↑ Total SCFAs
28 healthy subjects Whole grains, brown rice or 

whole grains + brown rice 
for 4 weeks

All diets Whole grains + brown  
rice group

– [20]

↑ Microbial diversity, 
↑ Firmicutes to  

Bacteroidetes ratio

↓ IL-6, 
↓ Peak postprandial glucose

↑ Abundance of the  
genus Blautia

46 healthy adults,  
habitual avoiders of 
whole grains

Whole grains for 6 weeks No difference ↑ Bowel movements ClinicalTrials.gov 
NCT01403857

[21]
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impact on the gut microbiota and associated metabolome [18]. That 
trial, which included 153 individuals habitually following omnivore, 
vegetarian, or vegan diets showed that vegetable-based diets (the 
Mediterranean diet) increased levels of fecal short chain fatty acid 
(SCFAs), Prevotella, and some fiber-degrading Firmicutes.

Also, a randomized trial investigated the consumption of whole 
grains for 6 weeks by 49 healthy men and 32 healthy postmeno-
pausal women, looking at changes in the gut microbiota and 
inflammatory markers [19]. It showed that the whole-grain, but 
not refined-grain, group had increased levels of plasma alkyre-
sorcinols (showing that they had complied with the diet) and also 
had increased stool weight and frequency and higher levels of 
stool acetate and SCFAs. These changes associated with increased 
levels of Lachnospira, which produces SCFAs, and decreased levels 
of Enterobacteriaceae, which are pro-inflammatory. Like whole 
grains, brown rice might beneficially modulate the gut microbi-
ota [20]. For 4 weeks, 28 healthy humans consumed whole grains, 
brown rice, or the two combined in a randomized crossover trial 
that determined impacts on the fecal microbiota and blood mark-
ers of inflammation and glucose and lipid metabolism [20]. All 
the dietary groups showed increases in fecal microbial diversity, 
the Firmicutes/Bacteroidetes ratio, and the abundance of the genus 
Blautia. Furthermore, the whole grain group had higher levels of 
the genera Roseburia, Bifidobacterium, and Dialister and the spe-
cies Eubacterium rectale, Roseburia faecis, and Roseburia intestina-
lis. Whole grains plus brown rice decreased IL-6 levels in the blood 
and lowered peak postprandial glucose. This study revealed that 
even short-term intake of whole grains and/or brown rice induced 

changes in the composition of the gut microbiota that coincided 
with improvements in the hosts’ physiological measures. In con-
trast, the composition of the fecal microbiota did not change in 46 
healthy adults who had habitually eschewed whole grains and then 
consumed them for 6 weeks, though bowel movements became 
more frequent [21].

In summary, the majority of human intervention studies in healthy 
individuals using fruits, vegetables, and/or whole grains have found 
improvements in the diversity of the gut microbiota, gut health, 
and physiological measures. These results suggest that including 
such foods in the daily lives of healthy individuals might help 
manage multiple clinical conditions besides cancer because of the 
gut microbiota’s role in maintaining physical and mental health.

4. OVERWEIGHT OR OBESE SUBJECTS

The effects of fruits, vegetables, and whole grains on the gut micro-
biotas of overweight or obese subjects are controversial, as some 
trials have reported increased diversity in the gut microbiota 
whereas others have seen no changes (Table 2). One study investi-
gated diet-induced weight loss and weight stabilization in 38 obese 
and 11 overweight individuals [22]. Individuals with low-grade 
inflammation and abnormal metabolism had a 40% reduction in 
gut microbial gene richness after dietary intervention. Six weeks 
after those subjects increased their consumption of fruits and veg-
etables, gene richness improved and blood levels of triglycerides 
decreased, as did those of C-reactive protein, a highly sensitive 

Table 2 | Effects of consuming fruits and vegetables and whole grains on the gut microbiota in overweight and obese subjects

Human populations Fruits/vegetables/whole 
grains comsumed Gut microbiota altered Other effects measured Trial  

registration References

38 obese and 11  
overweight adults

Diet with increased fruits 
and vegetables for  
6 weeks

Improved fecal bacterial  
gene richnesses

↓ Triglycerides, 
↓ Highly sensitive C-reactive  

protein

ClinicalTrials.gov 
NCT01314690

[22]

50 subjects (overweight 
men and post- 
menopausal women)

Whole grains for  
12 weeks

↑ Microbial diversity by 
whole grain diet

↑ Post-prandial triglycerides ClinicalTrials.gov 
NCT02385149

[23]

123 overweight or 
obese subjects

Whole grains for  
9 weeks

↓ Enterobacteriaceae and 
Desulfovibrionaceae,  
↑ Bifidobacteriaceae

↓ Lipopolysaccharide-binding 
protein, 

↓ TNF-α, IL-6, 
↑ Adiponectin

– [24]

20 normal weight 
subjects

Whole grains for  
10 weeks

↑ Microbial diversity by 
whole grain diet

↓ Obesity parameters (Body mass 
index, body fat mass, and body 
weight)

ClinicalTrials.gov 
NCT01449383

[25]

60 adults at risk of 
developing metabolic 
syndrome

Whole grains for  
8 weeks

No change in fecal  
microbiota

↓ Bodyweight, 
↓ IL-6, 
↓ C-reactive protein

ClinicalTrials.gov 
NCT01731366

[26]

70 overweight adults, 
habitual avoiders of 
whole grains

Whole grains for  
6 weeks

No difference ↑ Flatulence, 
↑ Bowl movements, 
↓ Bloating

ClinicalTrials.gov 
NCT02358122

[27]

49 overweight or obese 
subjects with low 
intake of fruits and 
vegetables and whole 
grains

– Fruits and vegetables  
(3 servings/day for  
6 weeks)

– No differences in fecal 
microbiota composition 
between groups of fruits and 
vegetables and whole grains

↓ Lipopolysaccharide-binding  
protein in both the fruits and  
vegetables and whole grain groups, 

↓ IL-6 in fruits and vegetables group

ClinicalTrials.gov 
NCT02602496

[28]

– Whole grains (3 servings/ 
day for 6 weeks)

– ↑ α-diversity in whole-
grain group

↓TNF-α in whole-grain group

125 obese men and 
women (62 treated, 
63 placebo)

Lactobacillus rhamnosus 
CGMCC1.3724 +  
oligofructose + inulin 
for 24 weeks

↑ Fecal Lachnospiraceae 
family

↓ Body weight only in women, 
↓ Fat mass in women, 
↓ Circulating leptin

ClinicalTrials.gov 
NCT01106924

[31]
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indicator of inflammation. In another study, 50 overweight men 
and postmenopausal women were randomly assigned to a 12-week 
intervention with either whole grain wheat or refined wheat [23]. 
Whole grain wheat increased gut bacterial diversity and post-
prandial triglyceride levels, which may protect against hepatic fat.  
A larger study supported this finding, as a whole grain-based diet 
consumed by 123 overweight/obese subjects for 9 weeks signifi cantly 
reduced fecal levels of Enterobacteriaceae and Desulfovibrionaceae, 
which are endotoxin-producing pathogens. In contrast, levels of 
Bifidobacteriaceae, which protect the gut barrier, increased [24]. 
Levels of lipopolysaccharide-binding protein, TNF-α, and IL-6 
decreased, and levels of adiponectin increased, suggesting that 
whole grain intake may ameliorate inflammatory and metabolic 
phenotypes. In a randomized crossover study of 20 normal weight 
individuals consuming whole grains for 10 weeks increased diver-
sity in the gut microbiota and lowered obesity parameters such as 
body mass index, body fat mass, and body weight [25].

In contrast, several trials found that consuming fruits, vegetables, 
and whole grains failed to alter the gut microbiota. For example, an 
8-week randomized crossover trial investigated if a whole-grain-
rich diet reduced body weight and inflammation in 60 adults who 
were at risk of developing metabolic syndrome [26]. The whole-
grain group had higher alkylresorcinol levels in plasma than the 
refined-grain group, confirming compliance. Although whole-
grain diet did not induce major changes in the gut microbiota, it 
decreased body weight and levels of IL-6 (particularly with rye 
intake) and C-reactive protein in the circulating blood. Similarly, in 
a randomized parallel trial, 70 healthy overweight adults consumed 
whole-grain rye, whole-grain wheat, or refined wheat for 6 weeks. 
None of the diets affected the gut microbiota’s composition, but the 
whole-grain groups had more flatulence and bowel movements 
and less bloating, suggesting that whole grains may be included in 
the diet to maintain gut health [27].

A head-to-head comparison of fruits and vegetables with whole 
grains on the impact of inflammatory markers and the gut microbi-
ota’s composition was carried out in a randomized controlled trial 
with 49 overweight or obese subjects who habitually consumed few 
fruits, vegetables, or whole grains [28]. Individualized changes in 
microbiotic composition were observed, but differences among 
the groups were not identified except that α-diversity increased 
in the fruits and vegetables group. Lipopolysaccharide-binding 
protein was decreased in both groups. In addition, levels of IL-6 
decreased in the fruits and vegetables group, whereas levels of 
TNF-α decreased in the whole-grain group. These data suggest 
that fruits and vegetables and whole grains exert anti- inflammatory 
effects through different mechanisms. Interestingly, their anti- 
inflammatory effects did not relate to changes in the gut micro-
biota’s composition; instead, they correlated with the microbiota’s 
composition at baseline.

Synbiotics—combinations of prebiotics and probiotics—are used 
to not only improve the survival of beneficial microorganisms 
added to the diet but also to stimulate the proliferation of specific 
native bacterial strains that inhabit the gastrointestinal tract [29]. 
However, the effects of synbiotics on metabolic health remain 
unclear, and they probably depend on the particular combination 
of probiotic and prebiotic [30]. Considering the huge number of 
possible combinations, application of synbiotics to modulate the 
intestinal microbiota in humans seems promising [30]. A study of 

125 obese men and women investigated the effects of supplementa-
tion with Lactobacillus rhamnosus CGMCC1.3724 plus oligofruc-
tose and inulin on weight loss and maintenance [31]. This synbiotic 
intervention associated with weight loss only in the women, where 
it was accompanied by a significant reduction in fat mass and cir-
culating leptin concentrations and increased abundance of bacteria 
in the Lachnospiraceae family in feces.

Despite some confusing results from human studies, the ability of 
fruits and vegetables and whole grains to modulate the gut micro-
biota in obese or overweight subjects and to have anti-inflammatory 
and other beneficial effects on gut health are consistent across studies. 
These results suggest that responses of the gut microbiotas of over-
weight or obese subjects to fruits and vegetables and whole grains 
are heterogeneous. Accordingly, it is reasonable to speculate that 
components of fruits, vegetables, and whole grains or their metabo-
lites in the gut can suppress inflammation and improve gut health by 
modulating the immune system before changes in the gut microbiota 
become obvious. Also, the use of synbiotics for losing weight in over-
weight and obese subjects warrants further investigation.

5.  FUNCTIONAL DISEASES OF THE  
GASTROINTESTINAL SYSTEM

It is not surprising that alterations in the gut microbiota have 
been associated with functional gastrointestinal diseases such as 
inflammatory bowel disease, gastroenteric infections, irritable 
bowel syndrome, and colorectal cancer [1]. In one study, 88 sub-
jects at risk of developing colorectal cancer were recruited to a 
randomized dietary intervention trial of either a Mediterranean 
diet or healthy eating for 6 months [32] (Table 3). Both the diets, 
which doubled fruit and vegetable intake, failed to change the 
bacterial community in the colonic mucosa. Our group conducted 
an intervention trial using black raspberries where 20 colorectal 
cancer patients consumed freeze-dried black raspberry powder 
(60 g/day) for 1–9 weeks in a pre-surgical model [33]. Black rasp-
berries significantly increased benzoate metabolites produced 
from the metabolism of polyphenols and anthocyanins by gut 
microbiota and were absorbed in the large intestine [34].

In patients with ileal pouch-anal anastomosis, inflammation in the 
ileal reservoir is a constant finding [35]. In healthy subjects, inulin, 
a dietary fiber, is fermented to SCFAs, which lower pH and change 
fecal flora [35]. The effects of dietary supplementation with inulin 
for 3 weeks on inflammation of the ileal reservoir was investigated 
in 20 patients with ileal pouch-anal anastomosis in a randomized, 
double-blind, crossover trial [35]. Inulin increased levels of butyr-
ate, lowered pH, decreased numbers of Bacteroides fragilis, and 
decreased levels of secondary bile acids in feces. Endoscopic and 
histological findings showed reduced mucosal inflammation of the 
ileal reservoir. In another study, fructo-oligosaccharides increased 
fecal and mucosal Bifidobacteria in healthy volunteers: 10 patients 
with active ileocolonic Crohn’s disease who received fructo-oligo-
saccharides for 3 weeks showed a decrease in the Harvey Bradshaw 
index and increased fecal Bifidobacteria concentrations [36]. Also, 
numbers of IL-10-, TLR2- (toll-like receptor), and TLR4-positive 
dendritic cells were increased by fructo- oligosaccharides, suggesting 
immunoregulatory effects. A 12-week randomized, double-blind, 
placebo-controlled trial determined the effects of a synbiotic 
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Table 3 | Effects of consuming fruits and vegetables and whole grains on gut microbiotas of subjects with functional gastrointestinal diseases

Human populations Fruits/vegetables/whole  
grains comsumed Gut microbiota altered Other effects measured Trial 

registration References

88 healthy  
individuals at 
increased risk of colon 
cancer

Doubled fruit and vegetable 
intake with either a Mediterra-
nean diet or Healthy Eating diet

No change in bacterial  
community

– ClinicalTrials.gov 
NCT00475722

[32]

20 patients with  
colorectal cancer

Freeze-dried black raspberries  
for 1–9 weeks

↑ Benzoate metabolites  
produced by gut  
microbiota metabolisms

– – [34]

20 patients with an ileal 
pouch-anal  
anastomosis

Inulin for 3 weeks ↓ Bacteroides fragilis ↑ Fecal butyrate, 
↓ Fecal pH, 
↓ Fecal secondary bile 

acids

– [35]

10 patients with active 
ileocolonic Crohn’s

Fructo-oligosaccharides  
for 3 weeks

↑ Fecal Bifidobacteria ↓ Harvey Bradshaw 
index, 

↑ IL-10-, TLR2-, or  
TLR4-expressing  
dendritic cells

– [36]

37 colon cancer patients 
and 43 polypectomized 
patients

Oligofructose-enriched inulin + 
Lactobacillus rhamnosus GG + 
Bifidobacterium lactis Bb12  
for 12 weeks

↑ Fecal Bifidobacterium and  
Lactobacillus, ↓ Fecal  
Clostridium perfringens

↓ Colorectal prolifera-
tion, 

↑ Epithelial barrier 
function, 

↓ IL-2 secretion, 
↑ IFN-γ secretion

– [37]

15 colorectal  
cancer patients

Bifidobacterium lactis Bl-04 + 
Lactobacillus acidophilus NCFM 
+ inulin for 8–78 days

↑ Microbiota diversity,  
Fusobacterium, Selenomonas 
and Peptostreptococcus in 
tumor, 

↑ Butyrate-producing bacteria, 
especially Faecalibacterium 
and Clostridiales spp. in the 
tumor, non-tumor mucosa 
and fecal microbiota

– ClinicalTrials.gov 
NCT03072641

[38]

120 ulcerative  
colitis patients

– Probiotic (Bifidobacterium 
longum)

– UC patients on synbiotic 
therapy experienced 
greater quality of life 
than those on probiotic 
or prebiotic treatment.

– [39]

– Prebiotic (Psyllium)
– Synbiotic (Bifidobacterium 

longum + Psyllium)

preparation of oligofructose-enriched inulin plus L. rhamnosus GG 
and Bifidobacterium lactis Bb12 in 37 colon cancer patients and 
43 polypectomized patients [37]. The synbiotic intervention sig-
nificantly changed the fecal flora: abundances of Bifidobacterium 
and Lactobacillus increased, while those of Clostridium perfrin-
gens decreased. Synbiotic consumption also decreased colorectal 
proliferation, increased epithelial barrier function, and decreased 
IL-2 in the polypectomized patients and increased interferon 
(IFN)-γ in the colon cancer patients. These results suggest that 
synbiotic intervention can be beneficial to colon cancer patients 
and polypectomized patients. In another trial, 15 patients with 
colorectal cancer were treated with inulin and probiotics contain-
ing strains of Lactobacillus acidophilus and B. lactis for 8–78 days, 
depending on the time to surgery [38]. This synbiotic intervention 
increased the abundance of butyrate-producing bacteria (particu-
larly Faecalibacterium and other Clostridiales) within the tumor, its 
associated non-tumor colonic mucosa, and stool [38].

Although most studies have focused on the use of probiotics or 
prebiotics for treating ulcerative colitis patients, a randomized 
controlled head-to-head comparison investigated whether synbi-
otic, probiotic, or prebiotic supplements could improve quality of 

life for such patients [39]. One hundred twenty ulcerative colitis 
patients were randomly assigned to three groups of 40 for probi-
otic (Bifidobacterium longum), prebiotic (psyllium), or synbiotic  
(B. longum + psyllium) therapy for 4 weeks. Intriguingly, better qual-
ity of life was reported by the ulcerative colitis patients who received 
the synbiotic therapy than those on either the probiotic or prebiotic 
intervention. These data suggest that adding synbiotic therapy to 
standard therapy might be a promising approach to improving the 
quality of life in ulcerative colitis patients.

The current findings suggest that prebiotics such as inulin and 
fructo-oligosaccharides and probiotics such as L. rhamnosus 
GG, B. lactis Bb12, and B. longum can improve gut health in 
functional diseases of the gastrointestinal tract. We argue that 
the combination of prebiotics and probiotics that constitutes 
synbiotics likely will produce even better protective effects 
because they provide the appropriate food source for the bacte-
ria. This concept was supported by the ulcerative colitis trial in 
which synbiotics improved quality of life better than prebiotics 
or probiotics alone [39]. Therefore, synbiotic approaches warrant 
further investigation in patients with functional and other gastro-
intestinal diseases.
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6.  THE GUT MICROBIOTA AT BASELINE 
AFFECTS RESPONSES TO CANCER  
IMMUNOTHERAPY

Studies of radiation-induced gastrointestinal mucositis have sug-
gested that the gut microbiota plays a major role in maintain-
ing intestinal homoeostasis and integrity during chemotherapy 
[40]. Patients receiving cytotoxic and radiation therapy exhibit 
marked changes in the intestinal microbiota, most frequently with  
decreases in Bifidobacterium, Clostridium cluster XIVa, and 
Faecalibacterium prausnitzii and increases in Enterobacteriaceae 
and Bacteroides. These modifications may contribute to the devel-
opment of features of mucositis, particularly diarrhea and bactere-
mia [40]. Whether the gut microbiota affects patients’ responses to 
chemotherapy or radiation therapy warrants investigation.

On the other hand, multiple human clinical trials have suggested that 
the composition of the gut microbiota at baseline might affect response 
to cancer immunotherapy (Table 4). Ipilimumab, an immune check-
point inhibitor that targets cytotoxic T-lymphocyte-associated protein 
4 (CTLA-4), prolonged survival in a subset of patients with metastatic 
melanoma [41]. However, it also induced immune-related adverse 
events, including enterocolitis. One trial of ipilimumab studied 26 
metastatic melanoma patients, comparing those whose guts were 
enriched with the Faecalibacterium genus and other Firmicutes at 
baseline with those who were enriched in Bacteroides. The former 
had longer progression-free survival and overall survival as well as 
more frequent colitis induced by ipilimumab. In a trial with 34 
metastatic melanoma patients treated with ipilimumab, the pres-
ence of fecal bacteria in the phylum Bacteroidetes correlated with 
resistance to ipilimumab-induced colitis and changes in metabo-
lomic pathways, such as polyamine transport and B vitamin bio-
synthesis, that is associate with increased risk of colitis [42]. Also, 
a trial with 39 metastatic melanoma patients studied the effects of 
pretreatment with gut microbiota and metabolites on responses 
to various immunotherapies: ipilimumab, nivolumab, ipilimumab 
plus nivolumab, or pembrolizumab. At baseline, the gut microbiota 
of all the responders was enriched in Bacteroides caccae and had 

higher anacardic acid levels [43]. Among the responders treated 
with ipilimumab plus nivolumab, it was enriched in F. prausnitzii, 
Bacteroides thetaiotamicron, and Holdemania filiformis. Among 
the responders treated with pembrolizumab, the microbiota was 
enriched for Dorea formicogenerans.

A few other studies have investigated relationships between the 
gut microbiota and responses to immunotherapy that suppresses 
Programmed Cell Death 1 Protein (PD1). One such trial included 
112 melanoma patients treated with anti-PD1 immunotherapy 
[44]. Responders had increased alpha diversity and abundant 
Ruminococcaceae family members in their gut microbiotas. Their 
anabolic pathways were upregulated, and their systemic and anti-
tumor immunity was enhanced [44]. Likewise, when 34 metastatic 
melanoma patients were treated with anti-PD1 immunotherapy, 
there was a significant association between commensal micro-
bial composition at baseline and clinical response: B. longum, 
Collinsella aerofaciens, and Enterococcus faecium were more abun-
dant in the responders at baseline [45]. Besides these studies with 
melanoma patients, the only trial that investigated the gut micro-
biota and efficacy of anti-PD1 immunotherapy against epithe-
lial tumors, non-small-cell-lung cancer, and renal cell carcinoma  
suggested that antibiotics inhibited the clinical benefits of anti- PD1 
therapy [46]. However, there was a positive correlation between the 
relative abundance of Akkermansia and clinical responses to such 
therapy in these patients [46].

7.  DIETS, GUT MICROBIOTAS, AND  
RESPONSES TO CANCER  
IMMUNOTHERAPY

Several ongoing clinical trials are manipulating the gut microbi-
ota through intensive lifestyle changes (diet, exercise, and psycho-
social factors) or by administering probiotics or synbiotics, or by 
fecal transplantation to improve responses to cancer therapy [44]. 
As stated above, human clinical trials suggest that fruits and veg-
etables, whole grains, probiotics, or synbiotics can affect several  

Table 4 | Baseline gut microbiota affect responses to cancer immunotherapies

Cancer patients Immunotherapy Gut microbiota Clinical trial 
registration References

26 patients with  
metastatic melanoma

Ipilimumab Baseline Faecalibacterium and other Firmicutes – [41]
–respond better to ipilimumab
–enterocolitis phenotype
–increased regulatory T cells

34 metastatic  
melanoma patients

Ipilimumab Baseline increased Bacteroidetes phylum → resistant to 
Ipilimumab-induced colitis

– [42]

39 metastatic  
melanoma patients

Ipilimumab, nivolumab, ipilimumab 
plus nivolumab, or pembrolizumab

Responders to all the therapies were enriched in fecal 
Bacteroides caccae at baseline.

– [43]

112 melanoma patients Anti-PD1 immunotherapy –Responders had higher α diversity in fecal bacteria 
and Ruminococcaceae family at baseline.

– [44]

–Responders had enriched anabolic pathways at base-
line.

34 metastatic  
melanoma patients

Anti-PD1 immunotherapy Responders had more fecal Bifidobacterium longum, 
Collinsella aerofaciens, and Enterococcus faecium at 
baseline.

– [45]

60 non-small-cell lung 
cancer and 40 renal cell 
carcinoma patients

Anti-PD1 immunotherapy ↑ Akkermansia muciniphila in responders at baseline – [46]
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bacterial groups and their downstream metabolites. This has import-
ant implications for cancer therapy, particularly immunotherapy 
[44,47]. Therefore, understanding how diets and their nutrients 
and their metabolites affect bacterial composition and dynamic 
functions and how microbes interact with the innate and adaptive 
human immune systems is not only urgently needed research but 
also could provide the opportunity to enhance responses to cancer 
immunotherapy [48].

As stated above, several clinical trials, particularly in melanoma 
patients, have repeatedly shown that the composition and diver-
sity of the gut microbiota at baseline influences responses to cancer 
immunotherapy [41–46]. Supplementation with Akkermansia [43] 
or feeding certain foods that increase the abundance of Akkermansia, 
such as red pitaya (Hylocereus polyrhizus) betacyanins [49] or freeze-
dried black raspberries [50]. These approaches warrant testing in 
non-small-cell lung cancer and renal cell carcinoma patients.

The safety, affordability, and accessibility of dietary interventions 
make them attractive for manipulating the gut microbiota and 
downstream immune responses in cancer patients [6]. For exam-
ple, The Beans to Enrich the Gut Microbiome vs. Obesity’s Negative 
Effects trial (ClinicalTrials.gov: NCT02843425) was designed to 
investigate fiber supplementation in cancer patients. It is exam-
ining shifts in gut bacterial populations after cancer patients add 
half a cup of beans per day to their normal diets [6]. Another 
example is The Role of Lifestyle Factors in Breast Cancer-Related 
Outcomes (ClinicalTrials.gov: NCT02079662), a randomized trial 
that comprehensively overhauls the lifestyle of patients with stage 
III breast cancer who are starting radiation therapy. The subjects 
receive dietary counseling and meal delivery along with exercise 
programs and psychosocial services [6]. Another ongoing trial is 
investigating whether exercise impacts the composition of the gut 
microbiota in men undergoing androgen deprivation therapy for 
prostate cancer [51].

8. CONCLUSION

Dietary interventions that increase consumption of fruits and 
vegetables and whole grains to manipulate the gut microbiota in 
different human populations have reported discrepant findings. 
In general, these foods change the gut microbiota in healthy 
individuals and alter gut health and physiological measures. 
Conflicting data have been obtained from obese or overweight 
subjects, however, as these foods increased the diversity of gut 
microbes in some studies but failed to change it in others despite 
their consistently anti-inflammatory effects across all the stud-
ies. For functional gastrointestinal diseases, studies have focused 
on therapeutic approaches such as prebiotics (e.g., inulin and 
fructo-oligosaccharides) and probiotics (e.g., L. rhamnosus GG, 
B. lactis Bb12, and B. longum). These prebiotic and protbiotic 
approaches have improved gut health in patients with functional 
gastrointestinal diseases. Dietary approaches are yet to be stud-
ied in this population.

As evidence from several clinical trials suggests that baseline 
gut microbiota can predict responses to cancer immunotherapy, 
improving the composition of the gut microbiota before the onset 
of immunotherapy might favor patients’ responses. Dietary inter-
vention using locally available fruits and vegetables and whole 
grains could be an affordable and safe strategy (Figure 1).

Figure 1 | Hypothetical scheme of the effects of consumption of fruits and 
vegetables and whole grains on cancer immunity. Evidences suggest that 
those foods enhance the diversity of gut microbiotas and other parameters, 
and together they might impact cancer immunity. Dashed line indicates 
the possible impact of these other parameters on cancer immunity.
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