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What is a Cancer Vaccine?

A preparation of a tumor antigen (usually protein) that upon 

administration stimulates tumor-specific antibodies and/or T cells



When could cancer vaccines be useful?

• Cancer Prevention

• Cancer therapy
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Clinical Trials of Cancer Vaccines

402 open studies (USA only) using cancer vaccines (www.clinicaltrial.gov)

1. Study of Peptide Vaccination With Tumor Associated Antigens Mixed With Montanide in Patients With CNS Tumors

2. CpG 7909/IFA With or Without Cyclophosphamide in Combination Either With NY-ESO-1-derived Peptides or the NY-

ESO-1 Protein for NY-ESO-1-expressing Tumors 

3. Vaccine Therapy in Treating Patients With Non-Small Cell Lung Cancer (NSCLC) Stages IIIB/IV 

4. Randomized Study of Adjuvant WT-1 Analog Peptide Vaccine in Patients With Malignant Pleural Mesothelioma (MPM) 

After Completion of Combined Modality Therapy

5. Immunotherapy of Stage III/IV Melanoma Patients

6. A Clinical Trial of Autologous Oxidized Tumor Cell Lysate Vaccine For Recurrent Ovarian, Fallopian Tube or Primary 

Peritoneal Cancer

7. Vaccine Therapy and Monoclonal Antibody Therapy in Treating Patients With Stage III or Stage IV Melanoma That 

Cannot Be Removed by Surgery

8. Safety Study of Multiple-Vaccine to Treat Metastatic Breast Cancer

9. IDO Peptide Vaccination for Stage III-IV Non Small-cell Lung Cancer Patients.

10.Survivin Vaccine Therapy for Patients With Malignant Gliomas

11.Phase I Poly IC:LC and NY-ESO-1/gp100/MART (Melanoma)

12.A Phase I Study of WT1 Peptides to Induce Anti-Leukemia Immune Responses Following Autologous or Allogeneic

Transplantation for AML, CML, ALL, MDS, and B Cell Malignancies

13.Vaccination of High Risk Breast Cancer Patients

14.MAGE-A3/HPV 16 Vaccine for Squamous Cell Carcinoma of the Head and Neck

15.Novel Adjuvants for Peptide-Based Melanoma Vaccines
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Mechanism of Action: Antigens



Anti-CTLA-4 in cutaneous melanoma



Mechanism of Action: Antigens



Mutated Peptides as Cancer Antigens



From Mutation to Vaccine

adapted from Overwijk et al., JITC, 2013



What is a Cancer Vaccine?

A preparation of a tumor antigen (usually protein) that upon 

administration stimulates tumor-specific antibodies and/or T cells

vaccine adjuvant



Vaccine Adjuvants

• mechanisms of action:

o antigen depot for prolonged release

o protects antigen from degradation

o increases antigen uptake by APCs

o pro-inflammatory/pro-immunogenic milieu





IL-2+gp100/IFA IL-2 p-value

Overall response rate 22.1% 9.7% 0.022

Progression free survival 2.9 months 1.6 months 0.010

Median overall survival 17.6 months 12.8 months 0.096

Schwartzentruber et al., NEJM 2011

gp100 peptide vaccine has activity in 
metastatic melanoma

Stage IV and locally advanced stage III melanoma patients

High-dose IL-2 +/- gp100 peptide in IFA (= water-in-oil emulsion)



Peptide-based Cancer Vaccines

79% clinical response
47% CR (>24 months)



Immune response can correlate with 
clinical outcome



Antigen: Lymphoma Idiotype (antibody)

conjugates to KLH

Adjuvant: GM-CSF



Question

Why do many vaccinated cancer patients not

experience tumor regression despite increased

levels of cancer-specific T cells?



Question

Why do many vaccinated cancer patients not

experience tumor regression despite increased

levels of cancer-specific T cells?

• immunosuppressive tumor microenvironment

• too few T cells induced

• poor T cell effector function/wrong phenotype

• poor T cell trafficking to tumor



Combination Adjuvants are Key

Hiep Khong

(DC activation)2 + T cell support



Where are the T cells?

Rabinovich  et al., Proc. Natl. Acad. Sci., 2009

gp100/IFA s.c. + eLuc-transduced pmel-1 T cells i.v.
Rabinovich et al., PNAS 2008
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Oil-based vaccines sequester
T cells at the vaccination site

Hailemichael et al., Nat. Med. 13, 2013



Water-based vaccines permit
T cell accumulation in tumor

Hailemichael et al., Nat. Med. 13, 2013
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Tumor therapy with long-lived vs. 
short-lived vaccine       : self antigen

Hailemichael et al., Nat. Med. 13, 2013
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Hailemichael et al., Nat. Med. 13, 2013
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Checkpoint Blockade + Vaccines 

Vaccination and anti-CTLA-4/PD-1 both 

activate T cells, through different pathways, 

and could synergize.

However, this was not observed.
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ipi
ipi + gp100/IFA ?!

gp100/IFA



IFA-based vaccination does not 
synergize with anti-CTLA-4 therapy

Yared Hailemichael

pmel-1 mouse model



Virus-based vaccination
synergizes with anti-CTLA-4 therapy

Yared Hailemichael



Conclusions

• Cancer vaccines can have clinical impact

• T cell responses tend to be (too) low or dysfunctional

To induce better T cell / clinical responses:

• Identify potent antigens: mutations/overexpressed

• Formulation matters: possible T cell sequestration

• Add immunomodulators (cytokines, TLR agonists)

• Combination Vaccines: Multiple Immunostimulatory Molecules

• Combine with CTLA-4/PD-1 checkpoint blockade


