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I will be discussing unlabeled/investigational use of 
drugs in my presentation.
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Learning Objectives

1. Highlight changing paradigms in checkpoint 
inhibitor combinations

2. Explore three frontiers for improving responses 
to immunotherapies for more patients
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Active Learning Questions

1. All of the following are examples of adoptive cellular therapies except:
a: CD19+ CAR T cells for large B cell lymphoma
b: Engineered T cells for MAGE-A4+ solid tumors
c: Soluble T cell receptor bispecific antibodies
d: Autologous TIL therapy with lymphodepletion chemotherapy

2. Which of the following is a TRUE statement about biomarkers that predict tumor responses 
to PD-1 directed checkpoint inhibitors?

a: PD-L1 tumor expression predicts response to PD-L1 antibodies but not other 
checkpoint inhibitors including PD-1 or CTLA-4 antibodies
b: Increased diversity of gut microbiota has been associated with favorable outcomes 
in melanoma patients treated with checkpoint inhibitors
c: High tumor mutational burden is required for response to checkpoint inhibitors.
d: High levels of T regulatory lymphocytes are associated with better response to 
checkpoint inhibitors
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Active Learning Questions (Answers)

1.   C is the correct answer.  Adoptive cellular therapy refers to the collection or engineering of 
human lymphocytes, expansion in a laboratory setting, and then return to the patient along 
with chemotherapy to deplete the patient’s other immune cells.  Bispecific antibodies are a 
type of drug that can bind to immune cells, but do not change the makeup or specificity of the 
cells.
Reference:  Rohaan et al, Adoptive cellular therapies: the current landscape. Virchows Arch. 
2019, 474(4):449-461. 

2.    B is the correct answer.  PD-L1 expression has been shown to correlate with responses to 
both PD-L1 and PD-1 directed antibodies in many types of solid tumors. High mutational 
burden tends to predict responses to checkpoint inhibitors, however responses can still be 
seen even in low mutation cancers including those driven by fusion proteins. T regulatory cells 
are suppressive immune cells and the presence of Tregs in tumor usually suggests resistance to 
immune recognition and attack. 
Reference:  Sharma et al, Primary, Adaptive and Acquired Resistance to Cancer 
Immunotherapy. Cell 2017, 168(4):707-723.
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Harnessing the immune system to fight cancer
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https://www.ncbi.nlm.nih.gov/pubmed/30470934
https://www.ncbi.nlm.nih.gov/pubmed/28187290


Cancer cells avoid death by multiple mechanisms
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The revolution: Immune checkpoint inhibitors

Checkpoint inhibitors alone 
work well for cancers that:
• Have been recognized
• Have a tumor-specific T cell 

population
• That can get into the tumor

How do we make the immune 
system work for all patients?

W ilky, Immunol Rev 2019
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The three frontiers in immune therapy…

1. Better biomarkers – identify patients will response to 
checkpoints alone, and who needs treatment directed at 
other points in the resistance pathway

2. New targets, treatments, and combinations for patients 
who are resistant.

3. Bench to bedside approach to avoid “shotgun” clinical 
trials and learn from every patient – why did it work? Why 
did it fail?  How do we make it work better next time?
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Biomarkers: Hot and Cold Tumors

• HOT (inflamed) – active 
immune response but 
suppressed.

• COLD – (excluded). Immune 
response is limited by 
microenvironmental factors

• COLD – (ignored or desert). 
No recognition of the tumor 
as foreign by immune 
system.

Van der W oode et al, Trends Cancer 2017
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Biomarkers: Hot and Cold Tumors

Van der W oode et al, Trends Cancer 2017

Response

High tumor mutational burden

Checkpoint protein expression 
(PD-L1)
High quantities of infiltrating 
CD8+ T cells
Low circulating 
neutrophil:lymphocyte ratio
Higher diversity of gut 
microbiomes
High expression of immune-
related genes (Tumor 
Inflammation immunosignature)

Resistance

Lack of T cell infiltration

High quantities of T-regs, TAMs, 
MDSCs
Expression of alternative 
checkpoint proteins
High stromal burden (cancer-
associated fibroblasts)
High suppressive cytokines 
(VEGF, cofactors, IL-6, TGF-b)
Genetic mutations (JAK 1/2, 
PTEN loss, b-catenin/Wnt
signaling)
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Biomarkers: Hot and Cold Tumors

Blank et al, Science 2016
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Biomarkers: Tailoring treatment

Cesano and Warren, Biomedicines 2018

Metabolic 
therapies

Chemotherapy
Cellular 
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New targets and combinations
Target Therapeutic Strategies
Improving tumor antigenicity Vaccines, Chemotherapy/Radiation, Oncolytic Viruses, 

Epigenetic Agents, Microbiome

Optimizing antigen presentation/recognition Macrophage/DC Polarizing Agents, Oncolytic Viruses, 
Innate Immunity Enhancers

Tumor-specific T cell population Adoptive T Cell Therapy, Autologous TIL engineering, 
selection and expansion

T cell migration and infiltration into tumors Microenvironment (TKI & Cytokine Inhibitors/Inducers, 
Chemotherapy, Radiation, Oncolytic Viruses), CTLA-4, Dual 
Checkpoint/TGF-b traps 

T cells are activated rather than suppressed Stimulatory Agonists, Engineered T cells, Metabolic 
Therapies, Microbiome, Bispecific Antibodies

Counteract immunosuppression Checkpoint inhibitors, anti-T-regulatory cells, Dual 
Immunomodulators
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Antigen prediction and customized vaccines

Sahin et al, Science 2018

• Alone and in combination with checkpoint blockade
• Trials exploring adjuvant and metastatic settings
• Affordability and time to manufacture
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5874671/pdf/biomedicines-06-00014.pdf


Adoptive cellular therapies: overview
Known antigen target 
that is recognized by 
T cells

Presumed tumor-
specific T cell 
population
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Adoptive cellular therapies: The race forward

• CAR-T – hematologic cancers
• Engineered TCR – solid cancers
• Autologous TIL – solid cancers
• Natural Killer cell therapies
• Other new technologies

344 cellular therapies in development in the 
US, 203 in China

Le Bourgeois et al, Front Oncol 2018

June et al Science 2018

Issues
• Targets, Cost, Toxicity, Persistence
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Checkpoint inhibitor combinations

Tang et al, Annals Oncol, 2018

• Combinations target more than 
one step in the immune evasion 
cascade with checkpoint inhibitors 
as the backbone

Increase Neoantigens + 
Improve Microenvironment +
T-cell activation (checkpoints)

• Some agents target multiple 
resistance pathways

VEGF-targeting inhibitors
Adenosine pathway
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Boost immune reactivity by targeting gut microbiome

• Induction of T cell responses 
against microbial antigens with ? 
cross-reactivity against tumor-
specific antigens

• Engage pattern recognition 
receptors that mediate pro-
immune or anti-inflammatory 
effects

• Generating small metabolites 
with systemic effects

Therapeutic strategies
• Fecal microbiota transplants?
• Avoiding antibiotic therapy during immune 

checkpoint blockade
• Selecting beneficial probiotics?

Zitvogel et al, Science 2018

Matson et al, Science 2018
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Designing dynamic duos

Dahlen et al, Ther Adv Vaccines Immunother 2018
Ravi et al, Nature Comm 2018
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The shotgun approach is expensive and inefficient
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Preclinical models for cancer drug development

Human cancer xenografts
Requires mice lacking T cells, B cells and NK cells
Because human tumors rejected as foreign by mouse 
immune systems
Can’t test immune therapies (no immune system)

Syngeneic/Transgenic mouse models
Mouse immune system and tumors – need mouse-specific 
antibodies

Buque et al, Trends Cancer 2018
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“Humanized” mouse models for immunotherapy

Limitations
• Varying degrees of human 

immune system reconstitution/ 
components (chimeras)

• Expense and time to create 
individualized models

Tratar et al, Front Oncol 2018

23

Organoids for immunotherapy

Dijkstra et al, Cell 2018

• Organoids from patient tumors co-
cultured with peripheral blood 
lymphocytes

• Can stimulate expansion of tumor-
specific T cells that kill tumor cells.  
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Bedside to bench and back again - sarcomas
CU Sarcoma Translational Research Program Tumor tissue and blood 

collected

Patients treated on immunotherapy clinical trials
Patients undergoing SOC surgery → sarcoma PDX protocol

• Immune Cell Profiling (tumor 
and circulating)

• Implantation into 
immunocompromised mice 
(PDX) → humanized models

• Tumor and matching TIL 
expansion (cell lines)

• Clinical information database
Immune profiling of treated mouse 
sarcomas to understand 
response/resistance mechanisms

Test immune therapies and 
combinations in 
immunocompetent mouse 
sarcoma models

Basis for new 
clinical trials
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Bedside to bench and back again – adrenal cancer
• Clinical Multidisciplinary Team

• Endocrinology, oncology, endocrine surgery, 
radiation oncology, pathology, radiology

• Comprehensive approach; working with long 
distant local teams

• Cutting Edge Research 

• Early clinical studies exploring modulators of 
immunotherapy

• Development of first in vitro and in vivo 
models of adrenal cancer

• Development of first in vivo humanized 
mouse model to test immunotherapy

Kiseljak-Vassiliades et al. Endocrine Related Cancer. 2018; 25(4): 437-451.

Lang J. et al. JCEM. Sept 12 2019 (e-pub ahead of print)

Coordinator: Angela Grant 303-724-4156
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Summary

1. Extensive ongoing efforts to improve activity of immunotherapy 
for more patients!

2. Novel drugs, therapies, and combinations are being explored at 
breakneck speed

3. How do we prioritize investigations due to expense of clinical 
trials – we need to learn from every patient

4. Important to improve and expand clinical testing in the 
laboratory using translational research approaches

27



Thank you and Questions!

Breelyn Wilky, MD
Email:  breelyn.wilky@CUAnschutz.edu
Twitter: @breelynwilkyMD
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