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Key Concept #1

Chemotherapy Has Pleiotropic Effects on
Tumor Immunity



Pleiotropic Effects of Chemotherapy on Immunity

Chemotherapy Drug

Immunologic Process

Mechanism

Doxorubicin, Daunorubicin,
Mitoxantrone

Antigen uptake/processing

Calreticulin, HMGB1/TLR4

High dose chemotherapy
(cyclophoshamide/fludarabine)

Homeostatic proliferation

IL-7, IL-15, IL-21, inhibition Treg

Cyclophosphamide, Cisplatin,
Paclitaxel, Temozolamide,
Fludarabine

Regulatory cell function

Inhibition of Treg

Gemcitabine, 5-Fluorouracil

Regulatory cell function

Inhibition of MDSC

Cyclophosphamide, Paclitaxel,
Bleomycin, Melphalan

Reversal of immunologic skew

Promotes T helper type 1 immunity

Cyclophosphamide, Vincristine,
Vinblastine, Paclitaxel, Methotrexate,
Mitomycin-C, Doxorubicin, 5-Aza-2'-
deoxycytidine

Antigen presentation

Augment DC function
--Cyclophosphamide: decr CD8* DC
--Paclitaxel: thru TLR-4/Myd-88

5-Aza-2’-deoxycytidine

Antigen processing

Increased MHC Class | and/or tumor
antigen expression

Melphalan, Mitomycin-C, Cytosine
arabinoside

Co-stimulation

Upregulates B7-1, B7-2 expression

Cytosine arabinoside

Counter-stimulation

Downregulates B7-H1 expression

Cyclophosphamide, Dacarbazine

T cell repertoire

Increases diversity, avidity

Cyclophosphamide, Paclitaxel,
Cisplatin, Doxorubicin

Target cell lysis

Upregulation of lytic sensitivity to
TRAIL, fas, granzyme B




Chemotherapy and Regulatory T Cells

Preclinical Models

e Low dose cyclophosphamide

e Cisplatinum

e Paclitaxel

e Metronomic cyclophosphamide, paclitaxel, temozolamide
Clinical Setting

e Low dose and metronomic cyclophosphamide

e Standard dose fludarabine

e Standard dose dacarbazine

e Standard Gemcitabine/FOLFOX4 + sq GM-CSF + IL-2



Chemotherapy and Myeloid-Derived
Suppressor Cells

Preclinical Models

 Gemcitabine

e 5-fluorouracil

e Docetaxel

e Low dose paclitaxel

e Cyclophosphamide (expansion)

e Doxorubicin (reduction and expansion)

e Melphalan (expansion)

Clinical Setting

e Standard cyclophosphamide/doxorubicin (expansion)



Key Concept #2

Chemotherapy is a Double-Edged Sword
for Tumor Immunity



Chemotherapy and Tumor Immunity:
The Bad

Chemotherapy is immunosuppressive, causing
lymphopenia and neutropenia

Co-administration of glucocorticoids
compounds treatment-related immune
suppression

Chemotherapy is frequently used to suppress
autoimmune disease: cyclophosphamide and
methotrexate

Chemotherapy can induce immune tolerance

Chemotherapy sometimes induces non-
Immunogenic cell death



Chemotherapy and Tumor Immunity:
The Good

gherﬂotherapy sometimes induces immunogenic cell
eat

Chemotherapy can make space, allowing homeostatic T
cell proliferation

Chemotherapy can abrogate mechanisms of immune
tolerance

* Tregs
e MDSCs

Chemotherapy can modulate the tumor
microenvironment to favor immunity

e Upregulates tumor antigens

* Upregulates molecules involved in antigen
processing/presentation

* Modulates accessory molecules of T cell
activation/inhibition



The NRLP3 Inflammasome Mediates
Immunogenic Cell Death
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HMGB1-TLR4 Axis: Impact on Efficacy of

Chemotherapy for Breast and Colon Cancer

Adjuvant Anthracyline Therapy
for Breast Cancer
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Neoadjuvant Paclitaxel Therapy for Breast

Cancer Results in TIL Accumulation
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Neoadjuvant pCR is Associated with Increased CD8*
T Cell Activation in Early Breast Cancer
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CD8*/FoxP3* T cell Ratio after Neoadjuvant
Chemotherapy for Breast Cancer Predicts Survival
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Key Concept #3

The impact of chemotherapy on tumor immunity
depends on the drug, its dose, and the timing of

drug exposure relative to tumor antigen delivery or
release/T cell priming.



Chemotherapy-Induced Immunomodulation is
Drug, Dose, and Schedule Dependent
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Low Dose Cyclophosphamide Enhances
HER-2-targeted Vaccination in Neu Transgenic Mice

E Cyclophosphamide one day before vaccine F Cyclophosphamide one week after vaccine
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Low Dose Doxorubicin Enhances
HER-2-targeted Vaccination in Neu Transgenic Mice
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What About Cancer Vaccines in
Patients?



Chemotherapy-Modulated Vaccination Enhances
Vaccine-Induced Immunity in Metastatic Breast
Cancer Patients
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Dacarbazine Pre-Treatment Enhances gp100 Peptide
Vaccination in Metastatic Melanoma Patients
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What About Immune Checkpoint
Blockade in Patients?



First Line Dacarbazine + Ipilimumab for
Metastatic Melanoma
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First Line Ipilimumab with
Carboplatinum/Paclitaxel for Stage Il1IB/IV
NSC I—C N=204, randomized 1:1:1
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Could Immunotherapy Without
Chemotherapy Be Enough?



Concurrent Ipilimumab and Nivolumab Induces
Rapid, Deep, and Durable Responses in
Melanoma Patients
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Single Agent Nivolumab Induces Durable
Responses in Melanoma Patients
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Take Home Message

The ultimate goal is to support T cells in controlling
tumor growth, promoting tumor rejection and cure.

For successful chemoimmunotherapy, it is critical to

understand how to harness the immune activities of

chemotherapy and immunotherapy so that they are

additive--preferably synergistic--and not inhibitory
to tumor immunity.



Summary

e Chemotherapy has pleiotropic effects on the immune system,
impacting multiple pathways and cellular regulators of the
Immune response.

e Chemotherapy can impact the immune response in both
positive and negative ways depending on the active context
during exposure.

 The positive or negative impact of chemotherapy on tumor
immunity depends on the drug, its dose, and the timing of drug
exposure relative to tumor antigen delivery or release/T cell
priming.

Bottom Line: Combining chemotherapy and immunotherapy may
result in greater clinical activity if the scientific rationale
underlying the dose and schedule is sound. Combination

therapy may be necessary for some tumors, but not for others.



