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teams and PRIME-TR, MD Anderson Cancer Center leadership, supporters and 

collaborators worldwide



Targeting the Tissue and Tumor Microenvironment and 
Microbiome to Promote Health and End Cancer

I. Insights from studies of the tumor microenvironment (TME) and gut microbiome 

in cancer

“The tissue is the issue, the scoop is in the poop, and sex matters”

II. Understanding factors that influence the TME and gut microbes in health and 

disease

“You are what you eat”

III. Targeting tissue, tumor, and gut-based microbes to intercept / prevent cancer 

and to promote overall health

“An ounce of prevention is worth a pound of cure”



There is a still a critical need to improve responses to cancer therapy (and limit toxicity) 

in patients with established cancer, and opportunities to prevent cancer altogether

From AACR Cancer Progress Report

We have made major advances in cancer treatment with the use of immunotherapy 
and other approaches, with an overall decline in cancer-related mortality



Treatment 1

Treatment 2

Translational research in patients with analysis of 

longitudinal tissue and blood samples

Control

Treatment 1

Treatment 2

Treatment 1 + Treatment 2

Mechanistic studies and 

therapeutic optimization 

in murine modelsMurine models

(GEMM, PDX, etc)

A powerful way to better understand response (and toxicity) to cancer treatment is via 
“reverse translation” – where findings go from bedside to bench, and back again 



Through these types of approaches, we have identified a number of factors that impact 
tumor growth and response to cancer treatment that may be targeted

Morad et al, Cell 2021



I. Insights from studies of the tumor microenvironment (TME) and gut 

microbiome in cancer

“The tissue is the issue, the scoop is in the poop, and sex matters”



Tissue-based analyses have helped us understand how oncogenic mutations impact 
anti-tumor immunity, as well as biomarkers of response to immune checkpoint blockade

Targeting oncogenic BRAF impacts anti-tumor 

immunity, providing the rationale for combined 

treatment with molecularly-targeted therapy and 

immunotherapy in melanoma (and in other cancers)
M
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Frederick et al, CCR 2013, Ascierto et al, Ribas et al, Sullivan et al Nature Med 2019

In addition to this, we and others have identified 

tissue-based biomarkers of response to immune 

checkpoint blockade, with opportunities to target 

these therapeutically to improve responses

18

LN	or	TLS

Helmink et al, Cabrita et al, Petiprez et al, Bruno T. Nature 2020

Helmink, Reddy  et al, Cabrita et al, Petiprez et al, Bruno T. Nature 2020

Sangeetha Reddy MD MS to discuss “Targeting the interaction of oncogenic 

signaling with immunity in breast cancer” Session IV: 4:40 pm on 4/21

Abigail Overacre-Delgoffe PhD to discuss “Microbiota-specific T follicular helper 

cells support tertiary lymphoid structure formation and anti-tumor immunity in 

colorectal cancer”



Importantly, treatment with immunotherapy and other strategies are being used in 

patients with earlier stage disease, and tissue +/- blood-based analyses are critical

Upfront surgery is currently the 

standard of care for these 

patients, 

but up to 70% of patients 

treated in this manner will 

relapse (at least before the use 

of adjuvant targeted therapy 

and immune checkpoint 

blockade)
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 Group 

Events,  
n (%) 

Median  
(95% CI), mo 

HR  
(95% CI) 

 Dabrafenib plus    
 trametinib 166 (38) 

NR  
(44.5-NR) 0.47 

(0.39-0.58); 
P < .001  Placebo 248 (57) 

16.6 
(12.7-22.1) 

P = .0000000000000153 

Checkmate 238 COMBI-ADEORTC 1871 Keynote 054

In addition, there is a strong rationale to use these in the neoadjuvant (pre-surgical) setting

Liu, et al., Cancer Discovery 2016



We first studied the use of neoadjuvant targeted therapy vs. standard-of-care 

upfront surgery for patients with high-risk resectable metastatic melanoma

Amaria, Prieto  et al, 
Lancet Oncology 2018

Roda Amaria MD

Michael Tetzlaff MD PhD

Patients with resectable

stage IIIB/IIIC melanoma, 

+ BRAF mutation

Arm A
SOC -Upfront 

surgery

Surgical 
resection SOC adjuvant 

therapy

Clinical and 
radiographic 

follow up
Pathologic 

assessment (pCR
rate)

Assess relapse-free 
survival, overall 
survival, toxicity

Arm B
Neoadjuvant

BRAFi/MEKi x 8 
weeks Adjuvant 

BRAF/MEK x 44 
weeks

Clinical and 
radiographic 

follow up

CT scans 
with RECIST, 

Surgical 
resection

NCT02231775

Molecular & immune profiling in longitudinal tissue and blood samples

Biopsy & 

blood 

draw

Biopsy & blood draw on-

treatment (wk 3, 5)

Biopsy & 

blood draw at 

surgery

Biopsy & 

blood draw on 

relapse

Blood draws q 3 months 

with restaging

n=28

n=56

Peter Prieto MD MPH

Demonstrating improved survival over SOC upfront surgery, with pathologic 

complete response (pCR) and other markers predictive of long-term benefit

(RECIST response rate 85%,  pCR rate 58%)

Notably, other groups have observed similar findings, though 

relapse rates were higher than observed in our trial

N = 35

RFS for all patients

RFS for pCR RFS for < pCR

Long, et al Lancet Oncology 2019 Georgina Long MD



We next studied the use of neoadjuvant immune checkpoint blockade in 

patients with high-risk resectable metastatic melanoma

Amaria, Reddy et al

Nature Medicine 2018

Roda Amaria MD

Michael Tetzlaff MD PhD
Sangeetha Reddy MD

Huang. Et. Al Nature Med 2018

Rozemann, et al Lancet Oncology 2019
Christian Blank MD

Ipi 3mg/kg + 
Nivo 1 mg/kg 

q 3 wks x 3 doses
(n=20)

Nivo 3mg/kg 
q 2 wks x 4 

doses

(n=20)

Nivo 3 
mg/kg 
q 2 wks

x 6 
months

Stratify by 

Stage and 

PDL1 

Status

Primary 
Endpoint:

Path response

Secondary 
endpdoints:

-RECIST
-RFS

-DMFS

-OS
-Toxicity

- correlatives

RECIST 

restaging and 

surgery

(if no PD)

Patients with resectable

stage IIIB/IIIC melanoma, 

no brain mets or prior ICB

Molecular & immune profiling in longitudinal tissue and blood samples 

    Baseline         On-treatment       Surgery                   Adjuvant  

Demonstrating improved RECIST response and pCR rates in patients 

receiving combined immune checkpoint blockade (aCTLA-4 + aPD-1)

BUT with much higher rates of toxicity (Ipi 3 / Nivo 1)
Tara Mitchell MD, E. John Wherry MD PhD, 

Giorgios Karakousis MD

Importantly we have been working with others on neoadjuvant 

strategies, helping to define optimal strategies 

Select Treatment Related Adverse Events During Neoadjuvant Treatment

Nivolumab (n=12) Ipilimumab + Nivolumab (n=11)

Any Grade, % Grade 3-4, % Any Grade, % Grade 3-4, %

Any Treatment Related Adverse 
Events

92 8 91 73

Fatigue 67 0 55 0

Rash 17 0 73 0

Fevers/chills/flu like 8 0 64 0

Weight loss/anorexia 17 0 27 0

Transaminitis 17 0 55 27

Colitis/diarrhea 17 0 64 18

Hyperthyroidism 8 0 27 9

Hypothyroidism 0 0 36 0

Myositis/myalgias 8 0 18 9

Pain 25 8 27 0



We are working with the MRA, FDA, industry, investigators and other key stakeholders to 

build on findings and improve patient outcomes (including with tissue-based analyses)

Who We Are
• >240 International Members

• Pharma engagement

• Multidisciplinary 

• Pooled analyses

• White papers & guidelines

Our Goals
1. Consistent trial design across 

international sites

2. Align translational plans and efforts to 
understand biology of response and 
resistance

3. Develop a platform for rapid drug 
development

4. Determine if neoadjuvant therapy is 
superior to adjuvant therapy

Tetzlaff et al Ann Onc 2018, Amaria et al, Lancet Oncology 2019; Mueller et al CCR 2021 Menzies et al,  Rozeman et al, Nature Medicine 2021



Importantly, treatment with neoadjuvant immune checkpoint blockade 

is being used in other cancer types with success

Tina Cascone MD

Boris Sepesi MD

Cascone et al, Nature 
Medicine 2021

Crisy Roland MD (ASCO 2020)
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Forde et al, 
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MELANOMA palpable lymph nodes

• Nivolumab 3 + ipilimumab 1: 70% pathologic CR!!

• No more TLND in >50% of patients with palpable nodes in 5 years

BLADDER CANCER

• 50% pCR for T3 bladder cancers: wait and see

• Reduction cystectomies 

MSI COLORECTAL CANCER

• 19/20 pCR for MSI CRC! (Haanen et al. Nature Medicine. 2020)

• In future in case of pCR: NO surgery, but endoscopy + MRI

LUNG, HEAD and NECK, ESOPHAGEAL and GASTRIC, BREAST, GBM

THE #1 NEOADJUVANT IMMUNOTHERAPY TOPIC IN THE NEXT 5 YEARS: 

More Cures—Less Surgery!

Alexander Eggermont MD PhD From PeerView presentation SSO 2021



What about the role of gender / sex hormones on cancer & therapy response?

= ?

Ozdemir et al, JCO 2018

sex matters!



In one of our neoadjuvant studies, we noted a strong sexual dimorphism in 
response to therapy (which was confirmed in additional cohorts)

Chris Vellano PhD

Joe Marszalek PhD

Tim Heffernan PhD

Patients who achieved a complete resposne to 

neoadjuvant targeted therapy had long-term benefit

(and the majority of these patients were female)

We validated these findings in a murine model
(and showed that by blocking AR we can improve response to 

BRAF/MEKi in both males and females)

Sex-specific differences are also noted in immunity and may 

impact response to immunotherapy, and AR blockade enhances 

response to immunotherapy (and enhances T cell function)

Vellano et al, accepted 
for publication

Amy Moran 
PhDGuan et al, Nature 2022



Considering that humans / organisms represent a complex 
ecosystem, what is the role of microbes that co-exist with us 

on cancer and therapy response?

(the scoop is in the poop)



3.5 billion years ago, 

microbes helped to shape the earth for future forms of life… 



3.5 billion years later, 
it is now clear that microbes are pervasive in our environment 

(and within living organisms)

Advances in next-generation sequencing have facilitated 
our understanding of the role of host and tumor genetics in 

cancer, and are now allowing us to better understand the 
role of the microbiome

20,000 human 

genes in an 

individual

2-20 million 

microbial genes in 

an individual

1%
99%

inherently 

modifiable

Advances in next-generation sequencing have allowed us to better understand these microbes



Morad et al, Cell 2021Golnaz Morad PhD
Hanahan, Cancer Discovery 2022

The microbiome has now been recognized as 
one of the emerging Hallmarks and Enabling 
Characteristics in the Hallmarks of Cancer

Microbes (along with other factors) can profoundly influence our physiology, cancer, 
and other disease states 



With strategies to monitor and modulate the microbiome to treat, intercept, 

and perhaps even prevent cancer altogether?

From AACR Cancer Progress Report Sepich-Poore et al, Science 2021

Could microbiome targeting become the next “pillar” of cancer care?



Environment
Internal / External Factors

We first studied the role of the microbiome in 

cancer, but did it serendipitously



We used a model to study stromal-mediated resistance in melanoma

Straussman et al, Nature 2012

Certain stromal cells were capable of mediating resistance to targeted therapy



The same strategy was employed to study resistance to 
chemotherapy in colorectal cancer and pancreatic cancer

CRC+
Pancreatic
Cell lines

In these studies, one cell line rescued cancer cells from gemictabine

On routine testing, the cell line mediating 
resistance was found to be positive for 

mycoplasma 

Mycoplasma is responsible for rescue from Gemcitabine:

• Eradication of mycoplamsa  no rescue

• Infection of another cell line  rescue

• WGS of HDF-pre-conditioned media  mycoplasma

• Bacteria were breaking down gemcitabine into inactive form

We used the model to study stromal resistance in other cancers (with a twist)



We validated findings in human samples and mouse models, suggesting that 
intra-tumoral bacteria may mediate resistance to chemotherapy

With Ravid Straussman Todd Golub, Matt Katz, Anirban Maitra, Mike Kim, and others… Science 2017



Yardena Samuels PhD

Microbes are identified in 

melanoma tumors, and 

microbial neoantigens are 

processed and presented 

(and recognized by T cells)

Kalaora, Nagler et al, Nature 2021

Bacteria are also found in human tumors

Normal pancreas PDAC

Pushulkar et al,  Cancer 

Discovery 2018

Bacteria are found in patient tumors and in 

GEMM of pancreatic cancer, and are 

associated with a more immunosuppressive 

tumor microenvironment in some cases

However in other cohorts, a 

more diverse tumor microbiome 

is associated with improved 

survival,  and an enhanced 

immune infiltrate

Riquelme et al, Cell  2019

Intra-tumoral microbes may also impact anti-tumor immunity, with some intra-tumoral 

microbes negatively impacting it, while others promote immunity (even via neoantigens)



Ravid Straussman MD PhD

Intra-tumoral bacteria were identified in all 

tumor types, though composition differed 

depending on histology 

Rob Knight PhDNejman et al Science 2020, Poore et al, Nature 2020

Mining of TCGA data also reveals 

microbial signatures in tumors (and in 

blood) of patients with cancer

Trinchieri Nat Rev Clin Oncology 2020

These intra-tumoral microbes 

may serve as important 

biomarkers, and maybe even as 

therapeutic targets

Microbial signatures are now being identified across all tumor types, with 

opportunities to target them to improve outcomes (and even prevent cancer)



Microbiome Data Mining

WGS

WXS/WES

VirMAP
• DNA and RNA 

eukaryotic viruses, 
endogenous 
retroviruses, and 
bacteriophages

BacMAP
• Decontamination 

engine 

• Primer/Probe 
Design

• Feature Selection

PRIME-TR Microbiome-dedicated bioinformatic resources

Bulk RNASeq

OUTPUTINPUT METHOD

• Feature tables
• Genomic reconstructions
• Genomic annotation

fastq files
bam files

• Oligos for targeted 
identification and 
imaging

• Discovery analysis

glioblastoma Breast Cancer

CR CancerOvarian Cancer

Cervical Cancer Leukemia

Germline
Tumor 
DNA

Tumor 
RNA

• CMV and HHV6 
• Alpha & betapapillomavirus 
• Anellovirus
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Taxonomic distribution  in 
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Differences between 

Young and Late Onset 

Rectal Cancer

Viral burden in GBM 

tumors
Bacterial Recovery in 

Breast Cancer

Ralstonia

Mesorhizobium

Sphingomonas

Mycobacterium

Mycolicibacterium

Methylorubrum

Rhodopseudomonas

Proteobacteria

Actinobacteria

TISSUE MICROBIOME PROFILING

Normal/ NAT TUMOR
Frozen,

FFPE/OCT Tissue

Microbial Markers

DNA/RNA 

Extraction for

microbiota 

quantification

16S/Targeted qPCR

Microbiome/Virome 

Sequencing 

Workflow

Quantification of 

bacterial signal in tumor 

and normal tissue

Evidence of presence of 

intact/live bacteria 

(bacterial components) 

in tissue - localization

Taxonomic profiling of 

microbial signals

Metabolomics 

Workflow

16S, Metagenomic, 
Virome Sequencing

Mass Spectrometry

Metabolomic profiling of 

microbial signals

BUILD.INNOVATE.CURE.
PROGRAM FOR INNOVATIVE MICROBIOME & TRANSLATIONAL RESEARCH

PRIME-TR

INTEGRATED 
GENERATION, 

ANALYSIS, AND 
TRANSLATION OF 

MICROBIOM E 
SCIENCE

EXPLORATORY AND 
HYPOTHESIS-

DRIVEN 
MICROBIOME 

STUDIES

CROSS-VALIDATION 
WITH EXISTING 
DATA TO REFINE 

OBJECTIVES

GENOMIC AND 
FUNCTIONAL DATA 

GENERATION, 
ANALYSIS. AND 

INTERPRETATION 
WITH VETTED 

METHODS

DATA INTEGRATION, 
BIOSTATISTICS, AND 

VISUALIZATION & 
BROAD META-

ANALYSIS

PUBLICATION 
STRATEGY & 

INTELLECTUAL 
PROPERTY 

PROTECTION

SHARED RESOURCES 
SAMPLE 

REPOSITORY, 
ANALYTIC 
PIPELINES, 
DATABASES

We now have a program at MD Anderson with infrastructure to translate and innovate

Confidential unpublished data * DO NOT POST *

We have some very interesting findings across cancer types, including data that will be presented at this meeting by Dr. Golnaz Morad and others, 

who are interrogating the tumor (and gut / oral) microbiome in patients (and in pre-clinical models) of brain tumors
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Sherise Ferguson MD

Fred Lang MD
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Differential signatures observed in the gut and 
oral microbiome of patients with brain 

metastases (BM) versus GBM

Investigators are now interrogating the tumor (& gut) microbiome across cancer types, 
with promising results



In addition to microbes within tumors, we know that microbes within the gut profoundly 
impact our physiology

Though our immune system originally evolved to 
fight invading pathogens,  there is a complex and 
dynamic interplay between microbes and immune 

cells  (particularly in the gut)

Gopalakrishnanet al, Cancer Cell 2018



FecalBuccal

Start of 
therapy

Clinical 
assessment & 

restaging

n = 233 
patients

Initial                  
oral & gut 

microbiome 
sampling

Repeat oral & gut 
microbiome 

sampling

Tumor 
biopsy

Gopalakrishnan et al, Science 2018

Microbiome sequencing & immune profiling was performed

** P<0.01

Responders to anti-PD-1 had a higher diversity of gut bacteria associated with prolonged PFS 

(along with additional compositional differences)

Deepak Gopalakrishnan PhD Christine Spencer PhD

We studied oral and gut (fecal) microbiome in a large cohort of patients with 
metastatic melanoma going onto systemic therapy
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Gopalakrishnan et al, Science 2018

Mechanistic insights suggest that this is mediated both at the level of the gut and mesenteric lymph node,

and also potentially via metabolites produced by gut microbes potentially mediating distant effects

Luigi Nezi PhD Alex Cogdill PhD

Importantly, “favorable” signatures in the gut microbiome were associated with 
enhanced immune responses in the tumor microenvironment



Matson et al, Routy et al, Science 2018

Studies in patients with melanoma, RCC, and NSCLC 

demonstrate differential ”signatures” in R vs NR to ICB

Gut microbes are also strongly associated with response and toxicity to 

CAR-T therapy, with patients receiving antibiotics demonstrating shorter 

survival and higher toxicity, and specific taxa in the gut microbiome 

associated with prolonged survival and lower toxicity 

Smith et al, Nature Medicine 2022

However, complexities exist - as taxa associated with response and 

lower toxicity are not congruent across all cohorts (though some 

unifying functional aspects exist)

McCulloch et al, Nature Medicine 
2022

Lee et al, Nature Medicine 2022

Numerous studies in human cohorts now support a link between the 
microbiome and response (and toxicity) to cancer therapy



Can we modulate the gut microbiome to enhance 

responses to immunotherapy?

(and/or to abrogate toxicity)



• 10 patients treated
• Had progressed on multiple 

therapies

• 2 donors (both CR)
• 3 patients responded

• Changes in microbiome and 
immune infiltrates noted

• 15 patients treated
• Had progressed on prior 

anti-PD-1

• 7 donors (4 CR,  3. PR)
• 6 patients with clinical 

benefit
• Changes in microbiome and 

immune infiltrates noted, 

and serum metabolites

Baruch et al Science 2020; Davar et al Science 2021

Clinical trials published in Science in 2021 demonstrate that 

treatment with fecal microbiota transplant (FMT) can 

overcome resistance to immunotherapy in patients with 

metastatic melanoma

A recent clinical trial published in Nature Medicine 

demonstrated that treatment with a live bacterial 

product (CBM588) in combination with CTLA-4 and 

PD-1 blockade was effective in treating patients with 

metastatic renal cell carcinoma 

Nazli Dizman MD

Sumanta Pal, MD

Erez Baruch MD PhD

Diwakar Davar MD

Dizman et al Nature Medicine 2022

Efforts to target gut microbes to improve response to cancer treatment are proving 
to be effective



There is “cross-talk” between the gut and tumor microbiome, substantiating the 
rationale for FMT and other microbiome modulation strategies in other cancers

Riquelme et al, Cell 2019Florencia McAllister MD PhD

Clinical trials are underway using gut microbiome modulation (in patients with 

pancreatic cancer and colorectal cancer (PIs – McAllister, Overman)



These approaches may also be helpful in treating immunotherapy toxicity

50 yo female with 

metastatic urothelial 

cancer was treated with 

aCTLA-4 + a PD-1 and 

developed colitis refractory 

to steroids and aTNF

She was treated with FMT from a healthy donor and 

had complete resolution of all symptoms

Wang et al, Nature Medicine 2018Mimi Wang MD PhD Rob Jenq MD



However, we still do not know who optimal donors 

might be to enhance responses to cancer 

immunotherapy, and there are known (and unknown) 

risks with FMT



Based on published data and on results from 

upcoming FMT trials, can we identify an optimal 

consortia of microbes that will enhance 

responses to immunotherapy?



Groups are working hard to identify optimal consortia to enhance 
immune responses, with promising work in pre-clinical models

Tanoue et al, Nature 2019

Matson et al, Science 2018

Clinical trials are now in progress based on insights gained from these & other studies…

Gopalakrishnan et al, Science 2018



Targeted microbial intervention in the gut (and/or tumor) may 
improve anti-tumor immunity through TLS / B cells

18

LN	or	TLS

Helmink et al, Cabrita et al, Petiprez et al, Bruno T. Nature 2020

B cells and tertiary lymphoid structures (TLS) are associated with 

improved anti-tumor immunity, ICB response 

Helmink et al, Cabrita et al, Petiprez et al, Bruno T. Nature 2020 Overacre-Delgoffe, et al. Immunity 2021

Unifying signatures in the gut microbiota are found in patients 

with TLS in the TME (IO responders)

Elise Nassif MD PhD

Manoj Chelvanambi PhD

Data to be presented 

at ASCO 2022

Thank you to the Mark Foundation for supporting studies of TLS / B cells 



Given the critical role of the gut microbiome, what is the role 
of diet (and other factors) in response to cancer treatment? 

II. Understanding factors that influence the TME and gut 
microbes in health and disease

You are what you eat!



Microbes in the gut are influenced by a number of features including diet, antibiotics, 
and environmental factors

Hughes Frontiers in Nutrition 2020

Numerous studies have shown that patients 

receiving antibiotics before treatment with 

immune checkpoint blockade (ICB) have worse 

outcomes (response and survival)

Pinato et al, JAMA Oncology 2019

However, some targeted antibiotic 

approaches may actually 

enhance response to ICB

Stephanie

Watowich PhD

Liz Park PhD 

Vivek Subbiah MD

Targeted antibiotic

Broad spectrum antibiotics

No antibiotics

These results have potential implications for patients with earlier stage disease, and implications far beyond cancer



Start of 
therapy

Clinical 
assessment & 

restaging

Initial                  
oral & gut 

microbiome 
sampling

Repeat oral & 
gut microbiome 

sampling

Tumor 
biopsy

In our cohort, we also studied the influence of diet and lifestyle factors on the 
microbiome and response to immune checkpoint blockade

Spencer et al, Science 2021

Diet & lifestyle survey

Christine Spencer PhD

Lorenzo Cohen PhD

Carrie Daniel MacDougall PhD

Jen McQuade MD

Patients reporting sufficient fiber intake 

(>20gm/day) have better outcomes on ICB

These findings were recapitulated in pre-clinical models, demonstrating 

that mice given a low fiber fail to respond, and fail to activate T cell 

signaling pathways in the TME on treatment with anti-PD-1

Giorgio Trinchieri PhD
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This data is galvanized by data from others that high dietary fiber intake promotes 
anti-tumor immunity

Lam et al, Cell 2021 Romina Goldszmid, PhD

Gut microbiota and dietary fiber shape the TME in part via 

monocyte reprogramming by STING-mediated IFN signaling

Mice treated with a high fiber diet have 

delayed tumor outgrowth and more DCs
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There is evidence that changes in diet can have an impact on gut 
microbes and associated physiology in a short time frame

Daniel et al, confidential unpublished data DO NOT POST

Pre 

(habitual)

Wk-2

(interv ramp-

up)

Wk-4

(interv)

Wk-8

(interv)

Wk-12

(control)

Patients
with 

metastatic 
melanoma 
with stable 
disease on 
anti-PD1

Baseline
Assessment:
Diet, BMI, body-

composition

Equilibration
:

Control Diet

Intervention 
Diet Restaging

Standard of care anti-PD1 x 12 weeks

Stool
Blood
Tumor biopsy

Week 1 Week 2 Week 3-12

Microbiome profiling
Immune profiling
Tumor profiling

We are now running dietary intervention trials in combination with 

checkpoint blockade (funded by Seerave and other foundations) 

Carrie Daniel, Jen McQuade, et al



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: 

DIET (Diet and Immune Effects Trial):
All calorie-containing food and beverages prepared and 
provided to patients

Carrie Daniel PhD MPH

and Jen McQuade MD



We are seeing encouraging results in this trial, and we are working with others 
to run similar dietary intervention studies

Jen McQuade MD

43 year old female with metastastic

melanoma (right arm in transit metastasis)

Received immune checkpoint blockade 

and high fiber diet on trial x 8 weeks

Confidential unpublished data * DO NOT POST *



We are also assessing the gut microbiome and dietary patterns in “healthy” individuals 
receiving vaccines for flu and SARS-CoV-2

ENDVR Trial – Environmental Determinants of Vaccine Response

Our goal is to have a dietary intervention trial open this year to improve vaccine response
with an eye on next-generation strategies to modulate gut microbes to improve immunity
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How do commercially-available probiotics influence the gut microbiome and 
therapeutic response?

Spencer et al, Science 2021

31% of our patients reported taking 

commercially-available probiotics, 

and had a numerically (but not

significantly) lower survival –

nonetheless this was intriguing

An unintended consequence of 

groups publishing this work is that 

patients now want to modulate 

their own microbiome (and will do 

so using strategies such as 

commercially-available probiotics)

Mice were given a CR donor FMT 

and were treated with sterile water 

(control) or commercially-available 

probiotics

Mice treated with probiotics had 

worse response to anti-PD-1, 

lower diversity of gut microbes, 

and impaired anti-tumor 

immunity



Strategies to alter gut microbiota to improve responses (and to reduce toxicity) are  
currently underway, but numerous considerations exist as we use these approaches

Wargo Science 2020; McQuade et al Lancet Oncology. 2019

Prior to treatment During therapy Assessing impact Long-term effects

What therapy should we 
combine with modulation of 

the gut microbiome?
- Immune checkpoint 

blockade (anti-PD-1)?

- Other forms of 
immunotherapy?

- Other therapy?

Patients
- What patient population to 

treat? Treatment naïve or 
refractory?

- Should the microbiome be 

profiled to stratify / select 
patients?

How should we optimally 
modulate the gut microbiota?

- FMT?
- How should FMT be 

administered?

- How do we select 
donors?

- Should patient fecal 
material be “banked” 
for later auto-FMT?

- Diet, Designer Consortia?
- Phage / antibiotics / other?

How can we facilitate stable 
engraftment?

- Should we recommend 
dietary changes?

- Any medications to avoid?

What are appropriate primary 
endpoints for such studies?

- Safety and tolerability
- Engraftment

- Others?

What are appropriate 
secondary endpoints?

- Response / Toxicity?
- Radiographic (RECIST 

and / or irRC)

- Rate of complete 
responses 

- Pathologic response 
(on biopsy or after 

neoadjuvant therapy)

- Novel markers (ctDNA, 
immunophenotyping)

Durability of engraftment
- How durable is engraftment?

- What microbes / functional 
phenotypes in gut microbiota 

are associated with 

responses? And can these be 
used to design consortia?

Overall responses
- What is impact on overall and 

disease-specific survival?

Other transplanted traits with 
FMT?

- Obesity?
- Depression?

- Any potentially favorable traits?

Toxicity
- Can we uncouple toxicity and 

response to immunotherapy?

How do we optimally monitor 
patients during therapy?

- Microbiome analyses to 
assess engrafment / function?

- Immune profiling?

- Peripheral blood
- Tumor

Pre-conditioning regimen
- Do we need to pre-treat 

the gut with antibiotics to 
facilitate engraftment?

Adapted from McQuade et al, Lancet Oncology 2019



With strategies to monitor and modulate the microbiome to treat, intercept, 

and perhaps even prevent cancer altogether?

From AACR Cancer Progress Report Sepich-Poore et al, Science 2021

Could microbiome targeting become the next “pillar” of cancer care?



III. Targeting tissue, tumor, and gut-based microbes to 

intercept / prevent cancer and to promote overall health

“An ounce of prevention is worth a pound of cure”



Cancer and other diseases are occurring in people at younger ages, with 
opportunities for interception & prevention

MDA Pre-Cancer Atlas: Structure & Expertise

Kaiser, Science 2022

Investigators are also using novel approaches (spatial transcriptomics) in the interception 
of endometrial cancer (thank you to Nanostring GeoMX, Pam Sharma, Jim Allison)

ROI

DNA
PanCK
CD45
CD10

Confidential unpublished data, DO NOT POST

pre on relapse

Cancer and 
immune cell 

deconvolution

Melinda Yates PhD

Anirban Maitra MBBS

Educardo Vilar
Sanchez MD PhD Karen Lu MD

Shannon Westin MD MPH

Congratulations to Dr. Karen Lu  for her 
award from the Victoria’s Secret Global 

Fund for Women’s Cancers 2022!



What is driving increased cancer and disease rates in younger individuals, and 
how can we prevent it?

Could exposure to antibiotics and other factors 

that disrupt the microbiome be contributing to 

higher rates of disease and cancer? And can we 

target the gut microbiome in cancer prevention?

Marty Blaser MD

Prof of Medicine & 

Microbiology, Rutgers 

University

Other factors contributing to cancer risk (and 

that impact the microbiome) include diet, 

geography (“Z”NA), and physical inactivity 

and stress – can we promote overall health 

and reduce cancer risk by addressing these 

factors, including disparities?

We know that microbes can contribute 

to cancer development (such as HPV 

and H. pylori). Can we study cancer 

and pre-malignant tissues to learn how 

to prevent cancer altogether?



These same factors are influencing other diseases, and we can work together to 
make changes to promote overall health

Bolte et al, Gut 2021

Can we monitor and modulate gut microbes, diet, and other 

variables in cancer treatment, and to promote overall health?



The choices that we make every day have a tremendous impact on our 

microbiome and on our physiology - and also on our planet

We can help address these issues on a global scale and also as individuals



• We have made significant progress in the treatment of melanoma and other cancers with the 

use of multi-modality therapy, 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)

• Multidisciplinary teams (involving patients, families, clinicians, basic & translational researchers, 

foundations / funding bodies, pharma) are all key in advancing the field, and we can learn a lot 

from each other to push the field forward faster

• There is still a great deal to learn, but the future is bright

Conclusions and potential implications of these findings:
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Any questions?

Thank you for all that you do in this world…


