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We have made tremendous advances in cancer treatment with the use of 
immunotherapy, but not all patients benefit and toxicity can be an issue

There is a critical need to better understand who will benefit from these agents, as 
well as proper timing, sequence, and combination regimens
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Responses are dependent on factors shaping tumor growth and immunity



Why should we study the microbiome?

There are more genes in the human microbiome than there are stars in the galaxy



There is an increasing appreciation of the role of the microbiome in health and disease



There is a significant microbial contribution to the total makeup of our cellular 
composition as well as our DNA that dramatically influences our physiology



Could the microbiome become the newest 

frontier in cancer treatment,

with diagnostic and therapeutic strategies 

targeting the microbiome? 



Microbes have been identified in human tumors for over a century, and more 
than 16% of human cancers are currently felt to be related to microbes

Bacteria within pancreatic tumors can negatively impact 
responses to chemotherapy and immunotherapy

Bacteria translocate from the gut to 
pancreatic tumors in KC mice

Ablation of bacteria with antibiotics was 
associated with enhanced immune function 

Geller et al, Science 2017 Pushulkar et al, Cancer Discovery 2018

Bacteria from patient tumors 
can break down chemotherapy

However not all microbes are bad, 
as the presence of some microbes 

within tumors is associated with 
better long-term outcomes

Riquelme et al, Cell 2019



Potentiation of acute IFNγ responses by 
bacterial vesicles 

Increased production of 
anti-inflammatory 
cytokines 

Increased production of 
pro-inflammatory cytokines 

Direct recognition of the virus by 
the TCR in adoptive T cell 
therapies and vaccines 

Molecular mimicry 

Confer resistance to and potentiate 
toxicity of  chemotherapeutic agents

Induction of alternative 
immune checkpoints (eg
TIGIT)

Decreased MHC Class I expression

Toxins limit clonal 
expansion of 
lymphocytes

Increased expression of 
checkpoint molecules

Direct engagement of 
innate immunity

This suggests a “yin and yang” of intra-tumoral microbes, with some 
contributing to cancer development / resistance, while others help responses

Adapted from Cogdill et al, Trends in Immunology 2018

Positive impact on therapy response Negative impact on therapy response

These intra-tumoral microbes may serve as important biomarkers 
(and potentially even as therapeutic targets)



In addition to the tumor microbiome, we know 

that the gut microbiome may impact 

responses to cancer therapy 



Though our immune systems originally 
evolved to fight invading pathogens, we 

now know that the microbes in our bodies 
can shape our immune responses 

(particularly those within the gut)
Gopalakrishnanet al, Cancer Cell 2018

However we knew from the elegant work of others that gut microbes can also 
modulate overall immunity (as well as anti-tumor immunity)



Landmark studies were performed several years ago demonstrating that gut microbes 
could influence response to cancer immunotherapy (and checkpoint blockade in mice)

Diversity of the gut microbiome is associated 
with differential outcomes in the setting of 
stem cell transplant in patients with AML
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Composition of the gut microbiome is associated 
with differential responses to checkpoint blockade in 

murine models

Taur…Pamer Blood 2014 Sivan…Gajewski Science 2015, Vetizou…Zitvogel Science 2015
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Gopalakrishnan et al, Science 2018

We studied oral and gut (fecal) microbiome in a large cohort of patients with 
metastatic melanoma going onto systemic therapy

Microbiome sequencing & immune profiling was performed

** P<0.01

Responders to anti-PD-1 had a higher diversity of gut bacteria along with additional compositional 
differences, which was associated with more favorable immune profiles in the tumor microenvironment

Deepak Gopalakrishnan PhD
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Abundance of bacterial taxa in the gut

Chris Spencer PhD



Can we modulate the gut microbiome to 

enhance responses to immunotherapy?

YES!



Numerous studies are now underway incorporating modulation of the gut microbiome in 
combination with response to immune checkpoint blockade

Angeles Clinic PI: HamidMDACC PIs: Tawbi & Glitza

Open for accrual!

Lead-in with microbiome 
modulation (versus placebo)

Concurrent treatment with anti-PD-1 therapy 
and microbiome modulation (versus placebo)

O
ngoing

In preparation

Promising data from 2 ongoing clinical trials was presented at 
AACR Annual Meeting (March 2019)



Finally, what are some factors that impact the 

microbiome that we should be monitoring            

(and potentially modulating)?

Slide adapted from Jen McQuade MD MDACC



Antibiotics have been shown to negative impact response to checkpoint blockade

Pinato et al, JAMA Oncology 2019
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ATB, n=52 (30%)
No ATB, n=123 (70%) **

Antibiotics (ATB) taken 2 months before and/or 1 month after
the 1st administration of aPD1 Ab or aPD-L1 Ab.

Median OS ATB: 12.1 months
Median OS No ATB: 20.8  months

n=175

Routy et al, Science 2018

Overall survival Progression free survival

Huang XZ et al., Oncoimmunology 2019 Sept
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In our cohort, we also studied the influence of diet and lifestyle factors 
(as well as OTC probiotic use) on the microbiome and response

Spencer et al, confidential unpublished data * PLEASE DO NOT POST*

Diet & lifestyle survey

Patients with a high fiber diet had higher 
diversity in the gut microbiome, higher 

abundance of response-associated bacteria, 
and higher response to PD-1 (~5x)

Christine Spencer PhD

Lorenzo Cohen PhD

Carrie Daniel MacDougall PhD Jen McQuade MD

When integrated with a “favorable” 
microbiome signature (type I), diet still 

matters (high fiber is better)

Having a good gut microbiome 
signature is not enough, you need to 

“feed it” the right things



Why should we continue to profile and study 

the impact of diet on microbiota & cancer?



Diet 
Fun wheel

FODMAP

Gluten 
free

Blood 
type

Paleo

Alkaline

Keto

• No secret formula or evidence-based 
dietary guidelines for cancer patients. 

• Lack of dietary data collection in many / 
most trials and clinical cohorts

• Lack of prospective / interventional 
dietary studies demonstrating change in 
response

• The best we can do is extrapolate from 
evidence-based cancer prevention
guidelines (AICR, ACS)

*Personal communication MD Anderson Clinical Nutrition

Slide courtesy of Carrie Daniel-MacDougall PhD MPH

Cancer patients are independently exploring different dietary strategies

These dietary interventions are likely impacting the gut 
microbiome (and possibly even tumor / other metabolic profiles)



Testing diet as a precision intervention in cancer: 

NED 
melanoma 
patients

Phase 
I

Biomarkers in 
the context of 

anti‐PD1 
therapy

Phase 
II

Behavioral 
intervention  
diet studies

Phase 
III

• Feasibility  • Changes in microbiome 
• Changes in immunity

• Disease 
outcomes 

In‐progress

A whole foods‐based, fiber‐rich diet will modulate the microbiome and 
enhance systemic and anti‐tumor immunity

Hypothesis: 

Controlled feeding study:
All calorie‐containing food and beverages prepared and 
provided to patients

Carrie Daniel PhD MPH
and Jen McQuade MD



Conclusions and potential implications of these findings:

• We have made significant progress in the treatment of cancer with the use of 
targeted therapy and immunotherapy, however not all patients respond and 
more therapeutic options are needed

• A deep understanding of the numerous factors that contribute to carcinogenesis 
and to therapeutic response are needed (including factors internal and external to 
the host)

• As we move forward, we need to embrace novel targets (such as diet and the 
microbiome) – and we also need to engage in a concerted and organized effort 
with novel clinical trial designs and a “Team Science” approach

• There is still a great deal to learn, and the strongest gains are made through 
collaboration (and we owe this to our patients)
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