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Types of Cancer Immunotherapy in clinic stage



What is a cancer vaccines ?



Hu et al Nature Rev Immunol 2017

CANCER VACCINES

Components of cancer vaccines
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Lin et al Nature Cancer 2022

CANCER VACCINES

Classification of cancer vaccine types
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Coulie et al., Nat Rev Cancer 2013

CANCER VACCINES

Different ways for tumor antigens to emerge
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CANCER VACCINES

Tumor antigens in lung cancer

Inge Marie Svane Tang et al. Journal of Hematology & Oncology  2026



CANCER VACCINES

Cancer antigen presentation

Inge Marie Svane
Yang et al Nature rev Clin Oncol 2023
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The cancer immunity cycle 

Inge Marie Svane Adapted from Chen and Mellmann, Immunity 2013

Created with biorender.com



Clifford et al BJS Open 2026

CANCER VACCINES

Components of cancer vaccines
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Tang et al. Journal of Hematology & Oncology  2026

CANCER VACCINES

Vaccine adjuvants and combinations

Inge Marie Svane



Multiple published phase I-II studies and some phase III studies.

ÅSeveral non-randomized phase II studies indicating potential benefit

ÅPhase III studies are either negative og terminated prematurely

Clinicaltrial.gov 

ÅLung cancer AND vaccine therapy: 298 trials.

Å141 completed

Å61 terminated/withdrawn

Å28 recruiting

ÅRecruiting clinical trials (28)

Å19 phase I-I/II

Å5phase II

Å1 phase III

Inge Marie Svane
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Lung cancer vaccine studies

Inge Marie Svane
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Personalized neoantigen targeting vaccines



NEOANTIGEN TARGETING VACCINES

Mutational load in different cancers

Mutations-derived neoantigens constitute important targets for immune attacks.

Adapted from

Schumacher et al. Sience 2017

Alexandrov et al, Nature 2013
Inge Marie Svane
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PERSONALIZED NEO-ANTIGEN VACCINES ïPREDICTION AND MODE OF 

ACTION

Hu et al Nature Rev Immunol 2017

Predictionof neo-antigens

Lorentzen & Svane, Lancet Oncol 2022

mRNA vaccines MOA

Inge Marie Svane
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PERSONALIZED NEOANTIGEN MRNA VACCINE
V940/MRNA-4157/INTISMERAN AUTOGENE

Inge Marie Svane

Intismeran autogene (formerly V940, mRNA-4157) 

Å mRNA-based individualized neoantigen therapy

Å encodingÒ34 neoantigens specific to eachpatientôstumor
Å promotes a T cell mediatedresponse against the neoantigens.

Mc Niel Cancers (2025)
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PERSONALIZED NEOANTIGEN MRNA VACCINE PLUS ANTI-PD-1 IN 

ADJUVANT SETTING FOR MELANOMA. 
RANDOMIZED PHASE II STUDY KEYNOTE-942

Inge Marie Svane

Distant Metastasis-FreeSurvivalRecurrence-FreeSurvival

157 ptsenrolled: Due to Covid pandemic45 ptswerenot randomized(the last 37 ptsall allocatedto vaccarm) 

Weber et al, Lancet (2024)
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PERSONALIZED NEOANTIGEN MRNA VACCINE 

Inge Marie Svane

Weber et al, Lancet (2024)
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PERSONALIZED VACCINES ïONGOING ADJUVANT STUDIES IN NSCLC
INTISMERAN

Inge Marie Svane

INTerpath-002: phase 3 study evaluating adjuvant intismeran autogene plus pembrolizumab for completely resected, stage 

II IIIB (N2) NSCLC following adjuvant platinum-based chemotherapy
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PERSONALIZED VACCINES ïONGOING ADJUVANT STUDIES IN NSCLC
INTISMERAN

Inge Marie Svane

INTerpath-009: phase 3 study evaluating adjuvant intismeran autogene plus pembrolizumab in participants with R0ïR1 

resectedstage II IIIB (N2) NSCLC who did not achieve pathologic complete response following neoadjuvant pembrolizumab

plus chemotherapy
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PEPTIDE VACCINES ïMODE OF ACTION

Antigen presentationand T cellactivation

Inge Marie Svane

Bandaet al, Vaccines (2025)



Personalized Neoantigen Peptide Vaccine Plus Anti-PD-1 in Patients with 

Advanced Melanoma, Non-small Cell Lung Cancer, or Bladder Cancer
Clinical efficacy

Ott et al, Cell 2020



Personalized Neoantigen Peptide Vaccine Plus Anti-PD-1 in Patients with 

Advanced Melanoma, Non-small Cell Lung Cancer, or Bladder Cancer
Vaccine induced immunity

Ott et al, Cell 2020



interim analysis reports the results from 
the first dose-level
Å Short vaccine manufacturing time of 

48ς55 days which enabled the initiation 
of vaccine treatment within 60 days 
from baseline biopsy. 

Å No severe adverse events were 
observed. 

Å EVX-01 elicited long-lasting vaccine 
specific T-cell responses in all patients. 



Personalized Neoantigen Peptide Vaccine Plus Anti-PD-1 in Patients with 

Advanced Melanoma
Clinical efficacy and vaccine response

Mørk et al manuscript in resub JITC  2024

Clinical efficacy Vaccine response

8 out of the 12 patients had objective 
clinical responses (6 PR and 2 CR) including 
all patients at the highest dose level

Å Vaccine specific responses in all treated patients, with CD4+ T 
cells as the dominating responses. 

Å The magnitude of immune responses measured by IFN-ʴ 
ELISpot assay correlated with individual peptide doses. 



Personalized Neoantigen Peptide Vaccine Plus Anti-PD-1 in Patients with 

Advanced Melanoma
Prediction of response

Mørk et al manuscript in resub JITC  2024

Vaccine responseand OR Neo-Ag qualityscore and OR Neo-Ag qualityscore and PFS
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Shared antigen targeting vaccines



Melanoma FixVac (BNT111) - an intravenously administered liposomal mRNA (RNA-

LPX) vaccine
Targeting four non-mutated, tumour-associated antigens prevalent in melanoma

Sahin et al Nature 2020 



Melanoma FixVac (BNT111) - an intravenously administered liposomal RNA (RNA-LPX) 

vaccine
Clinical efficacy with and without anti-PD1

Sahin et al Nature 2020 
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SHARED ANTIGEN VACCINE ïLUNG CANCER

BNT116

Inge Marie Svane

BNT116, an intravenously administered, unmodified

RNA-based lipoplex cancer vaccine 

Composed of six mRNAs (CLDN6, KK-LC-1, MAGE-

A3, MAGE-A4, MAGE-C1, PRAME)

Each encoding a tumor-associated antigen (TAA) 

frequently expressed in NSCLC
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SHARED ANTIGEN VACCINE ïLUNG CANCER

BNT116

Inge Marie Svane
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Phase I LuCa-MERIT-1 clinical trial aims to determine the safety and clinical activity of BNT116, 

alone or in combinations. 

This cohort evaluate BNT116 in combination with cemiplimab (anti-PD1) in frail pts (ECOG PS 0-2) 

who are not candidates for first-line chemotherapy and had a PD-L1 tumor proportion score (TPS) 

Ó1% on tumor cells. 

The best overall response was a partial response (PR) in 9 of 20 pts (45%), and stable disease in 7 

of 20 pts (35%). Of the 9 PR pts, 2 had a PD-L1 TPS <50%. 

The confirmed objective response rate was 45%, the disease control rate was 80%, and median 

progression-free survival was 9.9 months (95% CI: 2.4, not estimable). 

SHARED ANTIGEN VACCINE ïLUNG CANCER

BNT116



Inge Marie Svane 33

Inge Marie Svane 33

Tumor MicroenvironmentAntigens as vaccine targets
Suppressive immune cells and tumor cells in the TME express Tumor Microenvironment 
Antigens (TMAs)

TMAs include:
ÅMetabolic enzymes
ÅCheckpoint molecules
ÅCytokines

Arginase-1+2
IDO, TDO
PDL1, PDL2
TGF-beta
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Inge Marie Svane, MD, PhD

CLINICAL EXAMPLES 
IDO VACCINE IN LUNG CANCER (NSCLC)

First-in-man phaseI trial
15 patients included June 2010 ςMay 2012 

(Before CPI)

Inclusioncriteria
o Stage III/IV metastatic NSCLC

o > 18 years

o Stable disease after standard therapy

o PS 0-1

o HLA-A2 positive

Treatmentplan
Patients were vaccinated q2w x 6 and thereafter monthly with the 
HLA-A2 restricted IDO peptide vaccine (maintenance therapy)

PR: 1/15  and SD (>8.5 mo.): 6/15

Clinical benefit rate: 47%

Iversen et al, ClinCancer 
Res, 2013
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Lorentzen et al, Front. Immunol., 2018

CLINICAL EXAMPLES 
IDO VACCINE IN LUNG CANCER (NSCLC)

Iversen et al, ClinCancer Res, 2013

2 pts without disease progression beyond 6 years.

Of these 1 pt with liver metastases in PR 

IDO response baseline and during 
vaccination with IDO-targeting vaccine

Sustained IDO responses over years.

Inge Marie Svane, MD, PhD
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36CLINICAL EXAMPLES 
IDO + PDL1 VACCINE IN COMBINATION WITH ANTI-PD1 IN NSCLC and SCCHN

Inge Marie Svane, MD, PhD

Riesset al. 1038P 
ESMO 2023

Preliminary efficacy data



IDO & PDL1 VACCINE IN MELANOMA
A VACCINE TARGETING IMMUNE REGULATION

Kjeldsen & Svane Nature Med 2021

Inge Marie Svane
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IDO & PDL1 VACCINE + anti-PD1 IN MELANOMA
CLINICAL EFFICACY

Waterfall plot: Deep tumor responses

Kjeldsen & Svane Nature Med 2021Inge Marie Svane 38



IO102-IO103 cancer vaccine plus pembrolizumab for 

first line advanced melanoma: primary results from a 

randomized phase 3 trial (IOB-013/KN-D18)
JC Hassel1, A Arance2, MS Carlino3, P Ascierto4, S Sandhu5, I Puzanov6, A Eggermont7, O Hamid8, L Mortier9, P Rutkowski10, C Coetzee11, 

SB Karaca12, S Grabbe13, A Poklepovic14, A Vedel15, B Wang15, Q Ahmad15, F. Ringeisen15, C Robert16, IM Svane17

1Heidelberg University, Department of Dermatology and National Centre for Tumour Diseases (NCT), NCT Heidelberg, a partnershipbetween DKFZ and University Hospital Heidelberg, 

Germany; 2Department of Medical Oncology, Hospital Clínic of Barcelona, University of Barcelona, Spain; 3Westmead and Blacktown Hospitals,Melanoma Institute Australia and the University 

of Sydney, Australia;4Istituto Nazionale Tumori IRCCS Fondazione Pascale, Naples, Italy; 5Peter MacCallum Cancer Centre, Sir Peter MacCallum Department of Oncology, The University of 

Melbourne, Australia; 6Roswell Park Comprehensive Cancer Center, Buffalo, New York, United States; 7University Medical Center Utrecht, Netherlands and the Comprehensive Cancer Center 

Munich of the Technical University Munich and the Ludwig Maximilians University, Germany; 8The Angeles Clinic and Research Institute, a Cedars Sinai Affiliate, Los Angeles, USA; 9INSERM U 

1189, Lille University, CHU Lille, Hôpital Huriez, Lille, France; 10Department of Soft Tissue/Bone Sarcoma and Melanoma, Maria Sklodowska-Curie National Research Institute of Oncology, 

Warsaw, Poland; 11Cape Town Oncology Trials, Cape Gate Oncology Centre, Kraaifontein, South Africa; 12Ege University Faculty of Medicine, T. Aktas Oncology Hospital, Bornova Ķzmir Turkey; 
13Department of Dermatology, University Medical Center of the Johannes Gutenberg-University Mainz, Germany; 14Department of Internal Medicine, Division of Oncology, Massey 

Comprehensive Cancer Center, Virginia Commonwealth University, Richmond, USA; 15IO Biotech, Copenhagen, Denmark; 16Gustave Roussy Cancer Center, Villejuif, France; 17National Center 

for Cancer Immune Therapy, CCIT-DK, Department of Oncology, Copenhagen University Hospital, Herlev, Denmark.

20 October 2025
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Primary endpoint: PFS 
Blinded independent central review 

Jessica C. Hassel BICR, blinded independent central review; CI, confidence interval; HR, hazard ratio;ITT, intention-to-treat 

population; NR, not reached; P, p-value; PD-L1, programmed cell death ligand 1; PFS, progression-free survival; 

RECIST, Response Evaluation Criteria in Solid Tumors.

IO102-IO103 plus 

pembrolizumab

N=203

Pembrolizumab

N=204

Events 99 119

PFS, months, median

(95% CI)

19.4

(9.7 to NR)

11.0

(6.0 to 14.8)

HR (95% CI) 0.77 (0.58 to 1.00)

Log-rank P 0.0558

*Statistical significance threshold for this study was p=0.045. 

Median follow-up of 23 months

KaplanðMeier estimate of PFS in ITT determined by BICR per RECISTv1.1 

and stratified by PD-L1 status and disease stage

203 134 116 106 97 93 79 68 39 18 3 1

204 124 107 94 86 75 59 44 22 8 1 0

IO102-IO103 plus

pembrolizumab

Pembrolizumab

Patients at risk
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Pre-specified analysis: PFS per PD-L1 status*

Jessica C. Hassel *PD-L1 expression in tumor tissuewas assessed at a central laboratory by IHC with clone 22C3; based on the MEL Score approach as 

per Duad et al. J Clin Oncol 2016 using a ratio of tumor and associated immune cells expressing membranousPD-L1 at any intensity 

(weak, moderate, or strong staining), relativeto all viable tumor cells. Positive PD-L1 reflects a MEL score of 2 or greater (e.g. of 

greater than or equal to 1%of PD-L1 cells as calculated above). 

CI, confidence interval; HR, hazard ratio, MEL, melanoma; ORR, objective response rate; PD-L1, programmed death ligand 1; PFS, 

progression-free survival.

PD-L1 positive tumors PD-L1 negative tumors 

ORR, 47.3% in IO102-IO13 plus pembrolizumab vs 48.8% in pembrolizumab ORR, 43.3% in IO102-IO13 plus pembrolizumab vs 25.4% in pembrolizumab

Median PFS, 22.1 versus 16.6 months 

HR, 0.93; 95% CI, 0.65 to 1.32

129 93 80 73 65 62 53 46 23 11 3 01

127 86 75 67 63 57 47 33 15 6 0 0 0

IO102-IO103 plus

pembrolizumab

Pembrolizumab
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HR, 0.54; 95% CI, 0.35 to 0.85 

IO102-IO103 plus

pembrolizumab

Pembrolizumab
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Post-hoc analysis: PFS for patients with no prior 

(neo-)adjuvant anti-PD-1 therapy

Jessica C. Hassel KaplanïMeier estimate of PFS determined by BICR per RECISTv1.1. CI, confidence interval; HR, hazard ratio, PD-1, 

programmed cell death protein 1; PD-L1, programmed death ligand 1; PFS, progression-free survival.

1. KjeldsenJ.W., et al. Nat Med2021;27:2212ï23. Erratum in:Nat Med2022;28:87. 2. Lorentzen C.L., et al. J 

Immunother Cancer2023;11:e006755

IO102-IO103 plus 

pembrolizumab 

HR, 0.74; 95% CI, 0.56 to 0.98

Pembrolizumab 

Excluding patients with prior anti-PD-1 therapy as 

neoadjuvant/adjuvant therapy, median PFS was 

24.8 months with IO102-IO103 plus pembrolizumab versus 

11.0 months with pembrolizumab alone

KaplanðMeier estimate of PFS for patients with no prior 

(neo-)adjuvant anti-PD-1 therapy
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IMMUNE MODULATORY VACCINES -mRNA 
TARGETING IDO AND PDL1

Powderlyet al. TPS2676 ASCO 2023

Phase 1/2 study of mRNA-4359 administered alone and in 
combination with immune checkpoint blockade in adult participants 
with advanced solid tumors

mRNA-4359 is a lipid 
nanoparticleencapsulated
mRNA-basedcancer vaccine 
encodingfor PD-L1 and IDO1 
antigens given as an 
intramuscularinjection.
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2. line mRNA vaccine + anti PD1

Inge Marie Svane

Phase II trial, mRNA immune modulatory vaccine targeting IDO and PD-L1

Objective responses in PDL1+ Durability of response in PDL1+

Pinato  et al, ESMO 2025


