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Learning Objectives

• Describe the gut microbiome and how changes in composition 
influence health and disease.
• Understand how the gut microbiome interacts with the immune 

system to affect response to cancer therapy, especially 
immunotherapy.
• Identify strategies to manipulate the gut microbiome to improve 

clinical outcomes in cancer patients.
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Terminology

• Microbiota / microflora: the microorganisms of a particular site or habitat such as 
the colon.
• Microbiome: the collective genomes of the microorganisms within a given host or 

environment.
• Dysbiosis: pathological imbalance in microbial community structure.
• Diversity: takes into account species richness and evenness.
• Richness: count of number of species/phylotypes.
• Evenness: distribution of the different types of bacteria within the community.
• Germ-free: free from living organisms other than the host species.
• Bacterial co-metabolites: Bioactive substances produced by bacterial metabolism 

within the gut.

The Human Microbiome

• Humans are out numbered on the order 
of 10 to 1 which means we have more 
microbial cells that human cells.

• Second genome which makes us 
superorganisms composite of human 
and microbial cells.

• 10-100 trillion microbial cells reside in 
the gut.
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Composition of the human microbiome
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How does the gut microbiota benefit us?

Functions

Gut Microbiome

Metabolism
Digestion

Nutrient absorption

Vitamins
Vitamin K, Folate, 
Biotin, Mg2+, Ca2+, SCFA

Protection
Homeostasis
Protection against 
Pathogens 

Immunity
Development of the 
immune system

Gut Microbiota play a role in various diseases

Human Gut 
Microbiota

IBD

Obesity

Diabetes

Cancer

AutismAsthma

Infectious  
diarrhea

IBD-Inflammatory bowel diseases

Gut Bacteria: Who is there?
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The Gut microbiota is influenced by a range of factors 

Adapted from Ahmed et al. 
Microorganisms 2016, 4:20

Environment
al Factors

Host 
Genetic

s

Gut 
Microbiota 
Dysbiosis
Immune 

Response

Disease

Cancers associated with gut microbiota

GI Cancers/Bacteria 
Implicated

Other Cancers

Stomach Cancer /Helicobacter pylori Head and Neck Cancer
Gallbladder / Salmonella enterica typhi Melanoma

Colorectal Cancer /Escherichia coli Lung cancer
Fusobacterium spp Breast cancer
Enterotoxigenic Bacteroides fragilis Prostate
Pancreatic cancer Sarcoma
Liver cancer Ovarian

Lymphoma

Microbiota Dysbiosis and Cancer

Dulal & Keku, The Cancer J. 2014;20:225
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Links between the gut microbiota and hallmarks of cancer

Fulbright et al. PLoS Pathog. 2017;13:1371

High Fusobacterium nucleatum abundance is associated with shorter 
colorectal cancer survival. 

Mima et al. Gut 2015
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Gut microbial composition differs in prostate cancer patients  
treated with androgen axis-targeted therapies (ATT)

Stanos et al. Prostate Can. Prost. Dis. 2018

The gut microbiome interacts with the mucosal immune 
system

Gopalakrishnan et al. Cancer Cell Imm. 2018; 33:570

Immunotherapies

• Cancer cells express certain proteins that help them evade recognition by immune 
cells.
• Cytotoxic T-lymphocyte antigen 4 (CTLA-4)
• Programmed cell death protein (PD-1,  PD-L1)

• Check point inhibitors block these proteins and enhance the immune system to 
fight cancer.
• Ipilimumab, Pembrolizumab, Nivolumab
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Specific commensal bacteria enhance the efficacy of immune 
checkpoint inhibitors

Conejo-Garcia Immunity 2015, 43:1037

Vetizou et al. Science 2015;350:1079-1083

Gut microbiota modulates effects of anti CTLA-4 Ab

Vetizou et al. Science 2015;350:1079-1083
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Increased abundance of immune cells in response to anti 
CTLA-4 treatment is abrogated my antibiotic treatment

Vetizou et al. Science 2015;350:1079-1083

Specific Bacteroides sp. boosts the effects of CTLA-4 blockade

Vetizou et al. Science 2015;350:1079-1083

Tumors in mice transplanted with feces from metastatic 
melanoma patients show marked response to CTLA-4 blockade

Marie Vetizou et al. Science 2015;350:1079-1083
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Gopalakrishnan et al. Science 2018;359:97-103

Gopalakrishnan et al. Science 2018;359:97-103

Gut microbiome diversity is linked with improved response to 
anti PD-1 treatment in patients with metastatic melanoma

High microbial diversity is associated with prolonged PFS in 
metastatic melanoma patients treated with anti PD-1 

immunotherapy

Gopalakrishnan et al. Science 2018;359:97-103
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Gopalakrishnan et al. Science 2018;359:97-103

Gut microbiota composition differs in response to anti PD-1 
immunotherapy and correlates with enhanced immunity

Gopalakrishnan et al. Science 2018;359:97-103

Fecal transplants from patients treated anti PD-L1 into avatar 
mouse models confirm the efficacy of immunotherapy

Vyara Matson et al. Science 2018;359:104-108
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Specific bacteria shown to enhance efficacy 
of immune check point inhibitors

• Akkermansia muciniphila
• Bifidobacterium spp.
• Fecalibacterium praustnitzii
• Bacteroides fragilis

Akkermansia muciniphila correlates with response to anti PD-
1 immunotherapy and enhanced immunity

Routy et al. Science 2018;359:91-97
(PR- partial response, SD- stable disease, PD- progressive 
disease)

Clinical studies provide evidence that the gut microbiota 
modulates the efficacy of immunotherapy 

Routy et al. 2018 
Nat Rev Clin Oncol.
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Summary: Efficacy of immune checkpoint inhibitors

Routy et al.  Nat. Rev. Clin. Onc. 2018:15: 382

Gut Microbiome and other chemotherapy

Alexander et al. 2017
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Antibiotics boost the anticancer activity of gemcitabine in a 
mouse model of colon cancer

Geller et al. Science, 2017; 357:1156-1160

Combination of Gemcitabine and antibiotics treatment is 
associated with increased apoptosis

Geller et al. Science, 2017; 357:1156-1160

Gut Microbiota and colorectal cancer treatment

• Irinotecan-metastatic colon 
cancer.
• 40% of patients develop life 

threatening diarrhea.
• Irinotecan- inactive drug.
• Activated in the liver to the toxic 

form that kills cancer cells.
• Converted back to inactive form 

in the liver prior to excretion to 
the bile and intestine.
• Intestinal bacteria reactivate to 

active form which damages the 
intestinal lining and cause 
diarrhea.

Patel et al. Science, 2010
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Irinotecan toxicity is reduced by inhibition of bacterial 
β-glucuronidase

Wallace et al. Science, 2010

Gut microbiota mediates response to chemotherapy 
Alexander et al. Nature Rev Gastro. 2017
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Future directions

• Manipulation of the gut microbiota to identify beneficial strains that could improve 
anticancer immunosurveillance and therapeutic outcomes.

• Enrich for favorable gut bacteria
• Prebiotics
• Probiotics
• Diet (Shift from Western to Mediteranian, low carbohydrate diet, ketogenic, caloric restriction )

• Fecal microbial Transplantation (FMT)
• Lyophilized and encapsulated feces from healthy donors without cancer 
• Administered orally or rectally. 

• Challenges: selection of optimal donors 
• Sufficient material for long-term use  and repeated treatment

• Identification of a defined probiotic mixture of several bacterial species could be better 
than use of any one species and may lead to improved therapeutic effects.

• Effective strategies to target microbial enzymes involved in drug metabolism to reduce  
toxic side effects from chemotherapy. 
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Goplakrushnan Cancer Cell 33, April 9, 2018


