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Timeline for Development of Immunotherapy

202019901970 1980 200019601950 2010

1891

First cancer ”vaccine” 

demonstrated (Coley 

bacterial toxin)

1909

Cancer occurs 

spontaneously: 

immune system   

recognizes and 

protects 

(Paul Erlich)

Late 1950s

Immunosurveillance

theory introduced

(Thomas Burnet)

1960s

Adjuvants (eg. 

BCG) shown to 

eradicate some 

tumors

1985

Adoptive 

immunotherapy 

for patients with 

cancer

1986

IFNα approved 

as cancer 

immunotherapy

1990

BCG approved 

for bladder 

cancer

1992

IL-2 approved for 

RCC

2010

Sipuleucel-T 

approved as first 

autologous cellular 

immunotherapy

2011

Ipilimumab

approved for 

metastatic

melanoma

2015

Nivolumab and 

Pembrolizumab approved 

for metastatic melanoma, 

lung cancer & RCC

2015

T-VEC

approved as first 

oncolytic

immunotherapy

2018

CD19 CART

approved as 

first genetically

modified T cell

Unspecific agents

Precision agents



Tumor microenvironment



Immunostimulatory and –suppressive forces in the 
tumor micro-environment



Immunotherapy approaches in cancer



Immune check point inhibition 

Brahmer et al. Safety and Activity of Anti-PD-L1 Antibody in Patients with Advanced Cancer. N Engl J Med 2012.

Topalian SL et al. Safety, Activity, and Immune Correlates of Anti-PD-1 Antibody in Cancer. N Engl J Med 2012.



Immune check point inhibition in 
metastatic melanoma

Larkin, AARC 2017



Impressive clinical response to 
ipilimumab + nivolumab



Clincal response rate to PD1/ PDL1 antibody
therapy

Single agent:
 Melanoma ~35%

 Lung cancer ~30%

 Renal cancer ~25%

 Gastric cancer ~15%

 Bladder cancer ~20%

 Head and Neck cancer ~20%

 Colorectal cancer <10%

 Prostate cancer <10%

Combination:
 Melanoma >60%



Check point inhibitor (PD1/PDL1)
status

Michot, EJC 2016 Tang, Annals of Oncol 2017



Tumor removed 
by surgeon

Tumor cut into 
small fragments

Optional cryopreservation 

> 50x10⁶ TILS

Anti-CD3
Feeders
IL-2IL-2

Patient hospitalized

TIL rapidly expanded in static or 
dynamic conditions 

Rapid expansion 
of TIL (”REP”)

(14 days) of 

Initial TIL 
expansion

(2-4 weeks)

Fragments or 
digest put into 
culture plates
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TIL infusion

50-200x109 TILS

Personalized immunotherapy
Adoptive T-cell therapy using autologous tumor-infiltrating
lymphocytes

30-45 days for TIL production



Clinical Cancer Res 2016

ORR: 42% 

mOS: 21.8 months

Adoptive T-cell Therapy for metastatic melanoma patients –

CCIT, Denmark



Science Direct 

Resistance to immunotherapy



The cancer immunogram

Blank et al. Science 2016

Which patients are likely to respond to immunotherapy? 



Immuno-Cold versus Hot tumor

Dana-Faber institute



PD-L1 expression and efficacy of anti-PD1 
(pembrolizumab) in NSCLC





Correlation between tumor mutational burden
and objective response to anti-PD1/PDL1



Cristescu et al., Science 362, 197 (2018)

Combined TMB and Tcell–inflamed signatures are predictive of 
PFS after anti–PD-1 treatment across multiple tumor types

Cristescu et al., Science 362, eaar3593 (2018)



Mismatch repair deficiency predicts response of 
solid tumors to PD-1 blockade

Le Science 2017







Tekst starter uden 

dato og ”Enhedens 

An evolving immunogram

Adapted from Blank Science 2016 



Zacharakis, Nature 2018

Patient specific neo-antigen
targeting T-cell therapy



Day 0-14 Tumor & healthy tissue will 
be collected and sequenced

Day 14-15 Next generation sequensing
data will be analyzed using 
the Pioneer bioinformatics 
platform

Day 15-30 Synthetis of Neo-epitopes 
selected from bioinformatics

Day 30-35 Formulation as ”bed-side 
mixing and vaccination.

NGS
data PIONEER

12 hours

Tumor tissue
sample

Healthy tissue
sample

Sequencing 2 wks

Neo-epitopes

Synthesis
2-3 wks

Peptide
antigens

Formulation
1 hour

Vaccine + CI

Patient specific neo-antigen
targeting vaccination therapy



Tekst starter uden 

dato og ”Enhedens 

Nature 2017

Nature 2017

peptide



Tekst starter uden 

dato og ”Enhedens 

TIL therapy



Tekst starter uden 

dato og ”Enhedens 

Immunotherapy a revolution in cancer care
>3000 immunotherapy agents in development

3,394 agents were identified in six main classes 

NATURE REVIEWS | DRUG DISCOVERY 2018 



Adapted from Walter J Urba, ASCO 2013

Overall survival for advanced melanoma patients

Personalized immunotherapy of cancer
Today, Tomorrow and The Future

Personalized


