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Active Immunotherapy
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Expanded blood derived T cells



Cassian Yee Curr Opin Immunol 2018

Adoptive cell therapy platforms



Treatment with tumor-infiltrating lymphocytes

Rosenberg Nat Rev Clin Oncol., 2014



Dudley et al., Science 2002



Rosenberg and Dudley. Curr Opin Immunol 2009



• Isolate tumor mass and mincing of tumor 

Generation of TIL for melanoma patients at the NKI-BTU: 
tumor preparation

• Generate single cell suspension by enzymatic digestion of tumor

• Set-up of max 2x24 well plates with tumor digest in 6000 IU/ml IL-2



Day 0

T175 x 20

Expansion phase of TIL:

start expansion in T175 flasks

TIL expansion :     - non-specific stimulation (CD3) 

- 200-fold excess of allogenic irradiated PBMC

- high concentrations of IL-2

Starting number of TIL: 20x106

- logistically challenging

- success rate 90%



• Culture in closed system (up to 10L)

• Automated heating, rocking and O2/CO2 inflation

• Possibility for perfusion to increase cell density to ~10x106 cells/ml

Expansion phase of TIL:
transfer to the WAVE Bioreactor (d6)



• Washing and preparing 200 ml infusion fluid with TIL

Harvest and infusion of TIL

1.2x1011 cells

Quality Controls (QC) Specification

QC(1) Microbiological contamination negative (day -2 before infusion)

QC(3) Total cell number >5x109 TIL and < 2x1011

QC(4) Viability >70% living cells



TIL Trial - NCT02278887

• International, multicenter, open-label, randomized controlled phase III study

• NKI + Herlev Hospital, Denmark

• CHUV, Lausanne, Val d’Hebron, Barcelona, DKFZ, Heidelberg will be opened

• Patients with irresectable stage IIIc/IV melanoma

• 168 patients need to be randomized. Currently 80 patients have been included

• 1:1 randomization

• Ipilimumab vs. CTx + TIL + HD IL-2 

• Endpoint: 50% improvement in PFS rate at 6 months

• TIL treatment is fully reimbursed from Dutch health insurance (temporarily)



24 mm

14 mm

8 mm
8 mm

13 mm

7 mm

15 mm

16-9-15

11-11-15

28-12-15



Rosenberg and Dudley. Curr Opin Immunol 2009

Is increasing lymphodepletion resulting in improved ORR



Goff et al., J Clin Oncol 2016



Goff et al., J Clin Oncol 2016

Patient characteristics



Overall Survival

Goff et al., J Clin Oncol 2016

Progression Free Survival

Survival of patients receiving TIL treatment 



Response to TIL treatment

24% of patients developed a CR, only 1 of these progressed. 

Median FU 40.9 months

NMA TIL NMA + 1200cGy TIL

Goff et al., J Clin Oncol 2016
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Safety and Clinical Activity of Adoptive Cell Transfer 

Using Tumor Infiltrating Lymphocytes (TIL) Combined 

with Nivolumab in Metastatic Non-small Cell Lung 

Cancer

Presenting Author(s): Ben C Creelan  

Author(s): Jamie K Teer, Eric M Toloza, John E Mullinax, Ana M Landin, Jhanelle E Gray, 

Tawee T Tanvetyanon, Matthew C Taddeo, David R Noyes, Linda L Kelley, Bin Fang, John M 

Koomen, Amod A Sarnaik, Sungjune Kim, Eric B Haura, Scott J Antonia

Presented at WCLC 2018; Courtesy of S Peters
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NSCLC TIL Study Design

Key Eligibility

• Stage 4 NSCLC

• Safety resectable 

confirmed metastasis

• RECIST measurable 

disease

• Up to 5 prior therapies

• No corticosteroids



22

Disposition of Patients [CONSORT diagram]

Updated results in this ongoing study are presented (median follow-up range, 0.2+ to 35+ weeks)

Evidence of progression: Formal PD, Non-target enlargement, Increase in tumor markers 

CONSORT; Consolidated Standards of Reporting Trials. IV, intravenous; ORR, objective response rate; PD, pharmacodynamics; Q2W, every 2 weeks;. Seven patients 

were response evaluable with measurable disease and CT scans at Day 28 evaluation.

Study Endpoints 

• Primary: 

Safety/tolerability

• Other: Preliminary 

efficacy, PK, PD, Tumor 

proteomics , whole 

exome sequencing, 

transcriptomics

• Serial PBMC phenotyping

and TCR chain 

sequencing

Screened

n = 16

Enrolled

n = 13

Responding to 

nivolumab 

monotherapy

n = 2

Evidence of 

progression

n = 10

Remains on 

therapy

n = 4

Progression of 

disease

n = 5

Stopped due to 

toxicity

n = 1

Insufficien

t TIL 

growth 

n = 1

Nivolumab 240 mg

IV Q2W x 4

Ineligible 

Brain metastases (n = 3)

20-150+ billion 

CD3+ cells TIL

Insufficient TIL 

growth 

n = 1
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Depth and Duration of Response 

PR, unconfirmed or confirmed partial response; PD, progressive disease; TIL, tumor infiltrating lymphocytes. For “%Change in Tumor Size vs. pre-TIL”, the Day -8 CT 

scan serves as baseline for further comparison. For Pre-TIL, nivolumab is given every 2 weeks; for Post-TIL, maintenance nivolumab is given every 4 weeks starting 

approximately at Day +29;. 

Seven patients were response evaluable with measurable disease and CT scans at Day 28 evaluation. Final sample-set still accruing (goal n = 14).
23

• Many patients had rapid progression on nivolumab

• Decreases in tumor size were observed after Cy/Flu+TIL+IL2
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Chandran et al., Lancet Oncol 2017
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Zacharaklis et al., Nat Med 2018
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Stevanovic et al. Clin Cancer Res 2019







TIL therapy

Black box: On bulk level anti-tumor reactivity

How much does the infusion product 

resemble the original TIL composition?

Which tumor antigens are recognized? 

-  50% response rate in trials in multiple centers (US, Israel) 
-  Clinical effect at least partially mediated by CD8 T cells 

Patient pretreated with 
lymphodepleting 

chemotherapy 

TIL are grown 
from melanoma 

tumors 

Infusion of 
TIL + IL-2 

Rapid Expansion 

Value of mobilizing endogenous tumor-specific T cell responses
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Prevalence of somatic DNA mutations across human cancer types

Alexandrov et al., Nature 2013
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TMB as Biomarkers for Response to TIL

Lauss et al. Nat Comm 2017



TMB as Biomarkers for Response to TIL

Lauss et al. Nat Comm 2017



Robbins et al. Nat Med 2013; Rosenberg & Restifo, Science 2015



Isolate tumor 

cells

Patient NKI-003: complete response upon TIL therapy

Screen with 

MHC 

multimer 

technology

Resected tumor 

material

Identify tumor-

specific mutations

Predict potential 

epitopes

Isolate tumor-infiltrating

T cells
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TIL infusion product

Patient NKI-003: complete response upon TIL therapy

VARST>M MYLKG>V WDR1N>K LRP3T>S RBM12S>L

0.096 1.03 1.242 0.290 29

Van der Berg et al. to be submitted



TIL infusion product

Patient NKI-003: complete response upon TIL therapy

Peripheral blood
Pre therapy 2 months 6 months 12 months 34 months

4.4590.021 15.06 2.2038.786

VARST>M MYLKG>V WDR1N>K LRP3T>S RBM12S>L

0.096 1.03 1.242 0.290 29

>450 fold increase in neo-antigen specific T cell reactivity upon TIL therapy 

Van der Berg et al. to be submitted
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Knowledge about the importance of neoantigens in IO has 

sparked research in neoantigen directed clinical approaches 

Lee et al. Trends Immunol 2018



Cassian Yee Curr Opin Immunol 2018

Adoptive cell therapy platforms
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Courtesy of Neon



Objective

Courtesy of Neon



Cassian Yee Curr Opin Immunol 2018

Adoptive cell therapy platforms



Cohen et al., J Clin Invest 2015



Gros et al., J Clin Invest 2015

PD-1 identifies patient-specific tumor-reactive TIL





Mutation-specific TIL in GI cancers harboring a low mutational load



From universal to highly personalized gene-modified ACT

June, Riddell, Schumacher 2015 Science Trans Med



June, Riddell, Schumacher Science Trans Med 2015

Adoptive cell therapy platforms
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CAR-T currently in clinical trials

Townsend et al., J Exp Clin Cancer Res 2018
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Townsend et al., J Exp Clin Cancer Res 2018

Growing list of targets for solid cancers
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Exponential growth of CAR-T trials up to May 2018

Townsend et al., J Exp Clin Cancer Res 2018



Conclusions

51

• Cell therapy for solid cancer is coming of age
• New developments in:

• TIL therapy (expansion beyond melanoma)

• Induction/expansion of blood-derived T cells (focus on neoantigens)

• Use of gene modified T cells
• CAR-T

• TCR-T (focus on neoantigens)

• Novel developments in gene modification
• Transposon/transposase-based 

• CRISPR/Cas9-based 



Thank you for your attention!

Questions?


