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Microbiome: 
Collection of microorganisms that live within and on all living things 

There are 1:1 microbial cells to human cells in our 
bodies, the majority of which reside in the gut 

Gut microbes are essential for: 
•  Producing essential vitamins and metabolites  

•  Breakdown and processing of drugs 

•  Protecting against disease-causing pathogens 

•  Educating and regulating the gut and systemic immune system 

Individual’s microbial communities are shaped by: 
•  Lifestyle, Diet 

•  Immune system 

•  History of previous infections 

•  Medications (antibiotics and chemotherapy) 

Immune cells

Drug

Food

Pathogen
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Extensive impact of non-antibiotic drugs on human gut bacteria  

•  Screened more than 1,000 marketed drugs against 
40 representative gut bacterial strains 

•  24% of drugs with human targets inhibited the 
growth of at least one strain in vitro 

•  These effects are concordant with existing human 
cohort studies that have shown affects of 
•  antidiabetics (metformin) 

•  proton pump inhibitors (PPIs) 

•  nonsteroidal anti-inflammatory drugs 

•  atypical antipsychotics 

•  Species with higher relative abundance across 
healthy individuals were significantly more 
susceptible to human-targeted drugs (P = 0.0012) 
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Maier et al. Nature 2018 
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Human gut microbes metabolize xenobiotics, including 
pharmaceuticals 
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•  Gut microorganisms can directly alter the chemical 
structure of compounds, thus modifying their 

o  Pharmaokinetic properties 

o  Prodrug activation 

o  Side effects 

o  Loss of efficacy 

•  Microbes utilize hydrolytic and reductive reactions 
to metabolize xenobiotics, while host enzymes use 
oxidative and conjugative chemistry.  

•  There is still a knowledge gap in the association of 
microbial modifications with specific organisms and 
genes.  

 

Koppel et al., Science 356, 1246 (2017) 

Pharmaceuticals transformed by microbiome: 
•  Sulfasalazine: IBD 
•  Sulindac: anti-inflammatory 
•  Loperamide: anti-diarrheal 
•  Levodopa: Parkinsons  
•  Digoxin: blood pressure and antiarrhythmic  
•  Tenofovoir: HIV  
•  Irinotecan: Chemotherapy agent 
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In steady state, gut microbiome composition is also mostly 
stable over time while microbial expression is more dynamic 

•  Gut microbiota 
dynamics in two 
subjects over 1 year  

•  Time series show 
overall microbial 
communities to be 
stable for months.  

•  Rare events (travel, 
infection) can rapidly 
and dynamically impact 
microbiota dynamics 

•  David et al Genome 
Biology 2014 
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•  308 individuals’ 
microbial community 
structure (species) and 
metagenomic 
functional potential 
were more self-similar 
(red boxes) over time 
than between subjects 
(blue boxes) 

 
•  Short: 24-72 hours 
•  Long: 6 months 
 
•  Mehta et al Nature 

Microbiology 2018 

In
cr

ea
si

ng
 d

is
si

m
ila

rit
y 

                       Confidential - do not copy, distribute or use without prior written consent. 



Across geographies, gut bacterial communities are strongly 
shaped by lifestyle 
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•  PC1, delineates the gut 
of westernized 
populations (right) from 
less westernized ones 

•  PC2 is based on age. 
Babies have distinct 
microbial communities 
from those of adults. 

 
Smits et al. Science 2017 



Gut microorganisms are at the intersection of several diseases 

7 Cani Nat. Rev. Gastroenterol. Hepatol 2017 

• C. difficile 
• IBD 
• Ulcerative colitis 
• Cancer 
 



The microbiome is a rapidly growing area of interest in biotech 

 
•  Venture capitalists have invested 

millions of dollars in companies 
investigating the microbiome as a 
drug target  

 
•  Many companies initially prioritized C. 

difficile infection and IBD but are 
rapidly moving into the CI space 

•  1,000s of people have donated stool 
samples to promote citizen science 
efforts.  
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An individual’s response to cancer immunotherapy may be impacted by the 
gut microbiome 

•  While immunotherapy has transformed 
cancer care, it remains partially effective 
with only a subset of patients responding to 
treatment 

•  Variability in the genetics, tumor 
microenvironment, stage of disease, and 
other host related factors may determine 
response to immunotherapy 

•  The gut microbiome is a newly appreciated 
determinant of treatment outcome and 
important component of personalized 
healthcare 
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Last year: 
Gut microbes are associated with response to αPD-L1 in preclinical models 

•  Baseline growth of subcutaneous tumors 
was variable between genetically identical 
mice with different microbiomes. 

•  Both groups demonstrate αPD-L1 effect, 
but overall response is a reflection of 
different immunological set point 

•  Differences disappeared when JAX 
microbes where given to TAC mice 
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Correlation between gut microbiome composition and adverse effects of α-
CTLA4 therapy 
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•  The family Bacteroidaceae is enriched in stool 
from colitis-free patients compared to those who 
progressed to colitis 

Dubin et al. Nature Communications 2016 

Colitis-free Colitis 

(Fig. 5a). Samples with 41% relative abundance of the polyamine
transport system were binned as C-F (Supplementary Fig. 4). Of
the PtC patients, 7 samples were appropriately identified, whereas
3 samples were misclassified as C-F, resulting in a sensitivity of
70% and specificity of 100% (Fig. 5a). Performing a leave-one-out
cross-validation of the probit regression analysis based on 4 of the
modules associated with C-F patients, we correctly predicted the
colitis status for 10 out of 12 C-F patients and 7 out of 10 PtC
patients, at a probability threshold of 50% (Fig. 5b). This model
results in a sensitivity of 70% and specificity of 83%. For this
regression analysis, we selected the four modules associated with
resistance to colitis that were identified in the Spearman and
LEfSe analyses, which include the polyamine transport system
module and modules involved in the biosynthesis of vitamins
riboflavin (B2), pantothenate (B5) and thiamine (B1). These
modules performed better in combination than any individual
module (Fig. 5c). Taken together, our four-module analysis
predicts colitis risk with good accuracy as demonstrated by
receiver operating characteristic curve, for which there are no
other known biomarkers presented in the literature to use for
comparison (Fig. 5d)12,15. In all, these analytical models identify
bacterial pathways that may confer resistance to colitis and serve
as biomarkers for patients at high risk of developing CTLA-4
blockade-induced colitis.

Discussion
Our study is the first to characterize the intestinal microbiota of
patients before the development of intestinal inflammation and
has identified microbiota-associated biomarkers that correlate
with protection against CTLA-4 blockade-associated colitis.

Our finding that members of the Bacteroidetes phylum
are enriched in colitis-resistant patients is consistent with a
proposed immunomodulatory role of these commensal bacteria.
Bacteroidetes represents one of the major phyla of the human
colonic microbiota and its members can limit inflammation by
stimulating T-regulatory cell differentiation16,17. In addition, we
show that the presence of microbiota-associated modules for
bacterial polyamine transport system and the biosynthesis of
thiamine, riboflavin and pantothenate can accurately assess a
patient’s risk of developing colitis following CTLA-4 blockade.
The microbiota plays an important role in the endogenous
synthesis of water-soluble B vitamins18–20. Thiamine and
riboflavin concentrations are significantly reduced in the blood
of patients with Crohn’s disease and the levels of bound
pantothenate in the colonic mucosa decrease with the
progression of inflammatory bowel disease21,22. An innate-like
T-cell population known as mucosal-associated invariant T cells
are activated in vitro by riboflavin metabolites23. These cells
accumulate in the inflamed mucosa of Crohn’s disease patients,
although it is not yet known whether their interleukin-17-skewed
cytokine expression exacerbates or limits inflammation24.
Polyamines, which are small cationic amines that can be
exported from bacteria cells through the spermidine and
putrescine transport system (potA, B, C and D), play an
anti-inflammatory role by promoting colonic epithelial cell
proliferation to maintain the epithelial barrier25. In patients
with active colitis, levels of orthinine decarboxylase, the enzyme
involved in polyamine synthesis, are lower than in control
patients, but it remains unclear whether reduced polyamine levels
contribute to colitis development or progression26,27. Additional
studies are required to further explore whether a reduced capacity
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Figure 2 | Composition of the intestinal microbiota between C-F and PtC patients. (a) OTUs with an average abundance 40.01% within either patient
group were classified at the family taxonomic level. Families with an average abundance of 2.5% across all samples or an abundance of greater than 5% in a
single sample are plotted. Each bar represents the faecal microbial composition of one patient. (b) The relative abundances of the 146 bacterial OTUs in C-F
and PtC patients represented in a heat map. OTUs plotted were present at a mean abundance of Z0.1%. Patients are ordered by CTCAE-based colitis
score. C-F patients, n¼ 24; PtC patients, n¼ 10. OTUs, operational taxonomic units; Actino, Actinobacteria; Bact, Bacteroidetes; Firm, Firmicutes; Proteo,
Proteobacteria; Verr, Verrucomicrobia.
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(Fig. 5a). Samples with 41% relative abundance of the polyamine
transport system were binned as C-F (Supplementary Fig. 4). Of
the PtC patients, 7 samples were appropriately identified, whereas
3 samples were misclassified as C-F, resulting in a sensitivity of
70% and specificity of 100% (Fig. 5a). Performing a leave-one-out
cross-validation of the probit regression analysis based on 4 of the
modules associated with C-F patients, we correctly predicted the
colitis status for 10 out of 12 C-F patients and 7 out of 10 PtC
patients, at a probability threshold of 50% (Fig. 5b). This model
results in a sensitivity of 70% and specificity of 83%. For this
regression analysis, we selected the four modules associated with
resistance to colitis that were identified in the Spearman and
LEfSe analyses, which include the polyamine transport system
module and modules involved in the biosynthesis of vitamins
riboflavin (B2), pantothenate (B5) and thiamine (B1). These
modules performed better in combination than any individual
module (Fig. 5c). Taken together, our four-module analysis
predicts colitis risk with good accuracy as demonstrated by
receiver operating characteristic curve, for which there are no
other known biomarkers presented in the literature to use for
comparison (Fig. 5d)12,15. In all, these analytical models identify
bacterial pathways that may confer resistance to colitis and serve
as biomarkers for patients at high risk of developing CTLA-4
blockade-induced colitis.

Discussion
Our study is the first to characterize the intestinal microbiota of
patients before the development of intestinal inflammation and
has identified microbiota-associated biomarkers that correlate
with protection against CTLA-4 blockade-associated colitis.

Our finding that members of the Bacteroidetes phylum
are enriched in colitis-resistant patients is consistent with a
proposed immunomodulatory role of these commensal bacteria.
Bacteroidetes represents one of the major phyla of the human
colonic microbiota and its members can limit inflammation by
stimulating T-regulatory cell differentiation16,17. In addition, we
show that the presence of microbiota-associated modules for
bacterial polyamine transport system and the biosynthesis of
thiamine, riboflavin and pantothenate can accurately assess a
patient’s risk of developing colitis following CTLA-4 blockade.
The microbiota plays an important role in the endogenous
synthesis of water-soluble B vitamins18–20. Thiamine and
riboflavin concentrations are significantly reduced in the blood
of patients with Crohn’s disease and the levels of bound
pantothenate in the colonic mucosa decrease with the
progression of inflammatory bowel disease21,22. An innate-like
T-cell population known as mucosal-associated invariant T cells
are activated in vitro by riboflavin metabolites23. These cells
accumulate in the inflamed mucosa of Crohn’s disease patients,
although it is not yet known whether their interleukin-17-skewed
cytokine expression exacerbates or limits inflammation24.
Polyamines, which are small cationic amines that can be
exported from bacteria cells through the spermidine and
putrescine transport system (potA, B, C and D), play an
anti-inflammatory role by promoting colonic epithelial cell
proliferation to maintain the epithelial barrier25. In patients
with active colitis, levels of orthinine decarboxylase, the enzyme
involved in polyamine synthesis, are lower than in control
patients, but it remains unclear whether reduced polyamine levels
contribute to colitis development or progression26,27. Additional
studies are required to further explore whether a reduced capacity
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Figure 2 | Composition of the intestinal microbiota between C-F and PtC patients. (a) OTUs with an average abundance 40.01% within either patient
group were classified at the family taxonomic level. Families with an average abundance of 2.5% across all samples or an abundance of greater than 5% in a
single sample are plotted. Each bar represents the faecal microbial composition of one patient. (b) The relative abundances of the 146 bacterial OTUs in C-F
and PtC patients represented in a heat map. OTUs plotted were present at a mean abundance of Z0.1%. Patients are ordered by CTCAE-based colitis
score. C-F patients, n¼ 24; PtC patients, n¼ 10. OTUs, operational taxonomic units; Actino, Actinobacteria; Bact, Bacteroidetes; Firm, Firmicutes; Proteo,
Proteobacteria; Verr, Verrucomicrobia.
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(Fig. 5a). Samples with 41% relative abundance of the polyamine
transport system were binned as C-F (Supplementary Fig. 4). Of
the PtC patients, 7 samples were appropriately identified, whereas
3 samples were misclassified as C-F, resulting in a sensitivity of
70% and specificity of 100% (Fig. 5a). Performing a leave-one-out
cross-validation of the probit regression analysis based on 4 of the
modules associated with C-F patients, we correctly predicted the
colitis status for 10 out of 12 C-F patients and 7 out of 10 PtC
patients, at a probability threshold of 50% (Fig. 5b). This model
results in a sensitivity of 70% and specificity of 83%. For this
regression analysis, we selected the four modules associated with
resistance to colitis that were identified in the Spearman and
LEfSe analyses, which include the polyamine transport system
module and modules involved in the biosynthesis of vitamins
riboflavin (B2), pantothenate (B5) and thiamine (B1). These
modules performed better in combination than any individual
module (Fig. 5c). Taken together, our four-module analysis
predicts colitis risk with good accuracy as demonstrated by
receiver operating characteristic curve, for which there are no
other known biomarkers presented in the literature to use for
comparison (Fig. 5d)12,15. In all, these analytical models identify
bacterial pathways that may confer resistance to colitis and serve
as biomarkers for patients at high risk of developing CTLA-4
blockade-induced colitis.

Discussion
Our study is the first to characterize the intestinal microbiota of
patients before the development of intestinal inflammation and
has identified microbiota-associated biomarkers that correlate
with protection against CTLA-4 blockade-associated colitis.

Our finding that members of the Bacteroidetes phylum
are enriched in colitis-resistant patients is consistent with a
proposed immunomodulatory role of these commensal bacteria.
Bacteroidetes represents one of the major phyla of the human
colonic microbiota and its members can limit inflammation by
stimulating T-regulatory cell differentiation16,17. In addition, we
show that the presence of microbiota-associated modules for
bacterial polyamine transport system and the biosynthesis of
thiamine, riboflavin and pantothenate can accurately assess a
patient’s risk of developing colitis following CTLA-4 blockade.
The microbiota plays an important role in the endogenous
synthesis of water-soluble B vitamins18–20. Thiamine and
riboflavin concentrations are significantly reduced in the blood
of patients with Crohn’s disease and the levels of bound
pantothenate in the colonic mucosa decrease with the
progression of inflammatory bowel disease21,22. An innate-like
T-cell population known as mucosal-associated invariant T cells
are activated in vitro by riboflavin metabolites23. These cells
accumulate in the inflamed mucosa of Crohn’s disease patients,
although it is not yet known whether their interleukin-17-skewed
cytokine expression exacerbates or limits inflammation24.
Polyamines, which are small cationic amines that can be
exported from bacteria cells through the spermidine and
putrescine transport system (potA, B, C and D), play an
anti-inflammatory role by promoting colonic epithelial cell
proliferation to maintain the epithelial barrier25. In patients
with active colitis, levels of orthinine decarboxylase, the enzyme
involved in polyamine synthesis, are lower than in control
patients, but it remains unclear whether reduced polyamine levels
contribute to colitis development or progression26,27. Additional
studies are required to further explore whether a reduced capacity
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Figure 2 | Composition of the intestinal microbiota between C-F and PtC patients. (a) OTUs with an average abundance 40.01% within either patient
group were classified at the family taxonomic level. Families with an average abundance of 2.5% across all samples or an abundance of greater than 5% in a
single sample are plotted. Each bar represents the faecal microbial composition of one patient. (b) The relative abundances of the 146 bacterial OTUs in C-F
and PtC patients represented in a heat map. OTUs plotted were present at a mean abundance of Z0.1%. Patients are ordered by CTCAE-based colitis
score. C-F patients, n¼ 24; PtC patients, n¼ 10. OTUs, operational taxonomic units; Actino, Actinobacteria; Bact, Bacteroidetes; Firm, Firmicutes; Proteo,
Proteobacteria; Verr, Verrucomicrobia.
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(Fig. 5a). Samples with 41% relative abundance of the polyamine
transport system were binned as C-F (Supplementary Fig. 4). Of
the PtC patients, 7 samples were appropriately identified, whereas
3 samples were misclassified as C-F, resulting in a sensitivity of
70% and specificity of 100% (Fig. 5a). Performing a leave-one-out
cross-validation of the probit regression analysis based on 4 of the
modules associated with C-F patients, we correctly predicted the
colitis status for 10 out of 12 C-F patients and 7 out of 10 PtC
patients, at a probability threshold of 50% (Fig. 5b). This model
results in a sensitivity of 70% and specificity of 83%. For this
regression analysis, we selected the four modules associated with
resistance to colitis that were identified in the Spearman and
LEfSe analyses, which include the polyamine transport system
module and modules involved in the biosynthesis of vitamins
riboflavin (B2), pantothenate (B5) and thiamine (B1). These
modules performed better in combination than any individual
module (Fig. 5c). Taken together, our four-module analysis
predicts colitis risk with good accuracy as demonstrated by
receiver operating characteristic curve, for which there are no
other known biomarkers presented in the literature to use for
comparison (Fig. 5d)12,15. In all, these analytical models identify
bacterial pathways that may confer resistance to colitis and serve
as biomarkers for patients at high risk of developing CTLA-4
blockade-induced colitis.

Discussion
Our study is the first to characterize the intestinal microbiota of
patients before the development of intestinal inflammation and
has identified microbiota-associated biomarkers that correlate
with protection against CTLA-4 blockade-associated colitis.

Our finding that members of the Bacteroidetes phylum
are enriched in colitis-resistant patients is consistent with a
proposed immunomodulatory role of these commensal bacteria.
Bacteroidetes represents one of the major phyla of the human
colonic microbiota and its members can limit inflammation by
stimulating T-regulatory cell differentiation16,17. In addition, we
show that the presence of microbiota-associated modules for
bacterial polyamine transport system and the biosynthesis of
thiamine, riboflavin and pantothenate can accurately assess a
patient’s risk of developing colitis following CTLA-4 blockade.
The microbiota plays an important role in the endogenous
synthesis of water-soluble B vitamins18–20. Thiamine and
riboflavin concentrations are significantly reduced in the blood
of patients with Crohn’s disease and the levels of bound
pantothenate in the colonic mucosa decrease with the
progression of inflammatory bowel disease21,22. An innate-like
T-cell population known as mucosal-associated invariant T cells
are activated in vitro by riboflavin metabolites23. These cells
accumulate in the inflamed mucosa of Crohn’s disease patients,
although it is not yet known whether their interleukin-17-skewed
cytokine expression exacerbates or limits inflammation24.
Polyamines, which are small cationic amines that can be
exported from bacteria cells through the spermidine and
putrescine transport system (potA, B, C and D), play an
anti-inflammatory role by promoting colonic epithelial cell
proliferation to maintain the epithelial barrier25. In patients
with active colitis, levels of orthinine decarboxylase, the enzyme
involved in polyamine synthesis, are lower than in control
patients, but it remains unclear whether reduced polyamine levels
contribute to colitis development or progression26,27. Additional
studies are required to further explore whether a reduced capacity
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• Microbial modules for polyamine transport and 
Vitamin B synthesis are negatively associated with 
colitis score 

QIAmp Mini Spin Columns (Qiagen). After eluting the sample in 100 ml of distilled
water, double-stranded DNA was quantified.

16S rRNA gene amplification and multiparallel sequencing. The V4–V5 region
of the 16S rRNA gene was amplified and sequenced on an Illumina MiSeq
platform. For each faecal sample, replicate PCR reactions were performed using
modified universal bacterial primers designed to amplify the V4-V5 16S rRNA
region: 563F (59-nnnnnnnn-NNNNNNNNNNNN-AYTGGGYDTAAAGN G-39)
and 926R (59-nnnnnnnn-NNNNNNNNNNNN-CCGTCAATTYHTTTR
AGT-39). Each reaction contained 50 ng of purified DNA, 0.2 mM dNTPs, 1.5 mM
MgCl2, 1.25 U Platinum TaqDNA poly-merase, 2.5 ml of 10! PCR buffer and
0.2 mM of each primer. A unique 12-base Golay barcode (Ns) preceded the primers
for sample identification after pooling amplicons. One to eight additional
nucleotides were added before the barcode to offset the sequencing of the primers.
Cycling conditions were the following: 94 !C for 3 min, followed by 27 cycles of
94 !C for 50 s, 51 !C for 30 s and 72 !C for 1 min, where the final elongation step

was performed at 72 !C for 5 min. Replicate PCRs were combined and were
subsequently purified using the Qiaquick PCR Purification Kit (Qiagen) and
Qiagen MinElute PCR Purification Kit. Using the Illumina TruSeq Sample
Preparation procedure, PCR products were quantified and pooled at equimolar
amounts before Illumina barcodes and adaptors were ligated on. The completed
library was sequenced on an Ilumina Miseq platform according to the Illumina
recommended protocol.

Sequence analysis. Sequences were analysed using mothur version 1.31.1
(ref. 33). Sequences were aligned using the Silva reference alignment as a template
and potentially chimeric sequences were eliminated using the UChime algorithm34.
Five thousand sequences per patient were selected (mean 4,974, s.d. 150) and
sequences with a distance-based similarity of Z97% were grouped into OTUs
using the furthest-neighbour algorithm. OTUs were classified using the Greengenes
16S rRNA reference database. OTU-based microbial diversity was estimated by
calculating two diversity indices, Shannon and Inverse Simpson. OTU-based
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Figure 4 | Bacterial modules involved in polyamine transport and vitamin B synthesis are associated with resistance to colitis. (a) Relative abundance
of 102 microbial KEGG modules in C-F and PtC patients. (b) Association of genetic modules with colitis status by LEfSe analysis. Modules with a linear
discriminant analysis (LDA) score 43 are plotted. (c) Correlation of genetic modules to colitis score by Spearman analysis. Modules with P-values o0.05
are plotted. (d) Relative abundances of modules associated with C-F patients. P-values were determined by Mann–Whitney test. Height of bar represents
mean, error bars represent s.d. C-F patients, n¼ 12; PtC patients, n¼ 10.
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•  28% were prescribed ATB 
o  β-lactam+/- inhibitors, fluoroquinolones or macrolides 
o  Within 2 months before or 1 month after first aPD-1/PD-L1 

treatment  
•  ATB taken orally for common indications (dental, urinary, and pulmonary 

infections) 
•  No major statistical differences in baseline clinical characteristics 

between ATB-treated and untreated patients 
•  Routy et al. Science 2017 

•  Same is true for chemotherapy 
•  Retrospective analysis: CLL and lymphoma patients 

receiving antibiotics had lower OS and PFS to chemo 
•  Pflug et al., Oncoimmunology 2016.  
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Gut microbes are associated with response to αPD-1 in 3 patient cohorts 

Ø  Responders have more diverse bacterial 
communities than non-responders. 

Ø  Responders and non-responders to αPD-1 
have differential gut microbial communities. 

•  Taxonomic signatures were variable 
across studies 

•  Variability could be due to  
A) technical differences in collection, 
sequencing, and analytical methods  
B) geographical differences  

13 Routy et al. Science 2017, Gopalakrishnan et al. Science 2017, Matson et al. Science 2018 
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Stool from responder patients but not non-responders is sufficient to 
restore αPD-1 efficacy in germ-free mice 

•  Germ free and ATB treated mice do not respond 
to αPD-1 

 
•  In 3 unique tumor models, response to αPD-1/

PD-L1 was restored when mice were given FMT 
from responder patients, but not non-
responders. 

 
•   All studies demonstrated altered intra-tumoral 

immune profiles following FMT. 
 
•  The mechanism underlying gut microbes 

effecting anti-tumor immunity remain largely 
unknown.  
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Microbiome-immunotherapy clinical trials are scheduled to begin this year 

15 

FMT = Fecal Microbiota Transplant 
Mullard Nature Reviews Drug Discovery 2018  

Sponsors and 
collaborators 

Checkpoint inhibitor Microbiome 
intervention 

Indication Status 

University of Pittsburg 
and Merck&Co. 

Pembro FMT from responders Melanoma March 2018 

Evelo Biosciences Undisclosed Single Bifido strain Melanoma, CRC, renal Q2 2018 

Parker Institute, Seres 
Therapeutics, MD 
Anderson 

αPD-1 FMT from responders, 
SER401 (spore based 
bacterial consortium) 

Melanoma 2018 

Vedanta Biosciences Undisclosed Bacterial consortium Undisclosed IND 2018 

In addition, stool collections have been implemented across many Cancer Immunotherapy trials.  
                       Confidential - do not copy, distribute or use without prior written consent. 



Additional stool samples with allow the community to validate published findings 
and discover greater mechanistic insight  

Microbiome

Therapy

Cancer

Biobanked stool specimens can be processed for:  

•  Metagenomic shotgun sequencing to characterize the 
microbes present 

•  Targeted metabolomic assays  

 

This will power discoveries in 
•  Efficacy: What baseline microbes/metabolites correlate 

with response to therapy?  

•  Safety: How does immunotherapy alter the microbiome? 
Do particular shifts contribute to the development of 
adverse side effects, i.e. colitis? 

•  New Targets/Therapeutic Approaches: Defining MOA 
of bacterial metabolites will reveal new targets, druggable 
via conventional means 
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Microbiome research provides broad-ranging opportunities for  
drug discovery and development 

•  Multiple companies developing bacterial strains or 
bacterial consortia as strategy for modifying microbiome 

 
17 

•  Variable microbiome signatures may determine response 
to therapy, risk of adverse effects, and other key 
phenotypes 

•  Defining MOA of bacterial metabolites will reveal new 
targets, druggable via conventional means (e.g., bile acid 
receptors) 

•  Unique source of small molecules (e.g., bile acid 
metabolites) that can be mimicked for drug development 
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Bacteria play local and systemic roles in tumor biology and treatment  

18 

Intra-tumoral bacteria can 
promote tumorigenesis and 
chemoresistance via biofilms, 
toxins, drug degrading 
enzymes, and miRNAs. 
 
 Dejea et al. PNAS 2014 
Kostic et al. Cell Host Microbe 2013 
Yu et al. Cell 2017 
Gellet et al. Science 2017 
Dejea et al. Science 2018 

Intestinal bacteria 
regulate barrier functions, 
whole-body metabolism, 
and systemic immunity via 
secretion of cytokines/
chemokines, metabolites, 
antimicrobial and 
neuropeptides. 
 
 
 
    

Zitvogel et al. Science 2018  
Routy et al. Science 2017  
Gopalakrishnan et al. Science 2017 
Matson et al. Science 2018 
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Intra-tumoral bacteria can mediate tumor resistance to the 
chemotheraputic drug gemcitabine 

19 

•  A, B. Of 113 human PDACs tested, 86 (76%) were positive for bacteria, mainly Gammaproteobactia.  

•  C.  Gammaproteobactia that express the long form of the enzyme cytidine deaminase (CDDL) can metabolize 
gemcitabine to an inactive form. 

•  Gemcitabine is commonly used to treat pancreatic ductal adenocarcinoma (PDAC).  

•  14/15 (93%) of bacteria cultured from PDAC tumors  rendered cell lines fully resistant to gemcitabine. 

Geller et al. Science 2017,  Jobin Science 2017 
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Executive summary 

© Allison Bruce 

•  The microbiome represents a cornerstone 
of personalized healthcare 

•  The gut microbiome has been shown to 
play important roles in cancer 
immunotherapy efficacy and safety 

•  Microbiome-immunotherapy clinical trials 
will begin this year 

•  Intra-tumoral bacteria may impact 
tumorigenesis and treatment efficacy 

                       Confidential - do not copy, distribute or use without prior written consent. 



Additional Microbiome Resources and Reviews 

•  The Invisible Universe Of The Human Microbiome by NPR 

•  Ed Young's The Ins and Outs of FMT 

•  The Human Gut Microbiome: From Association to Modulation  

•  Oncologists tap the microbiome in bid to improve immunotherapy outcomes 

•  The microbiome in cancer immunotherapy: Diagnostic tools and therapeutic strategies 
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Questions? 
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