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Development of TIL therapy

• Based on preclinical work in the late 80-ies showing that tumors consist not only of tumor cells but also of 
immune infiltrates by the Rosenberg lab at NCI

• Data showing that in melanoma, T cells residing in the tumor often have anti-melanoma reactivity

• Discovery that tumor antigens, belonging to melanocyte differentiation antigens, cancer/testis antigens and 
mutated antigens can be recognized by T cells coming from TIL

• Observation that lymphodepletion either by non-myeloablative chemotherapy (NMA), total body irradiation 
(TBI) or the combination, improved outcome (both in preclinical models and melanoma patients)

• Data showing that the inhibited exhausted T cell state of TIL can be overcome by ex vivo exposure to IL-2

• Discovery that T cells specific for neoantigens appear to be the main drivers of the clinical responses of TIL 
therapy
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ACT: Treatment with tumor-infiltrating lymphocytes

Rosenberg Nat Rev Clin Oncol., 2014



Dudley et al., Science 2002



• 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-2Van den Berg et al. JiTC 2020



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%

Van den Berg et al. JiTC 2020



• 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

Van den Berg et al. JiTC 2020



Tumor infiltrating lymphocytes: TIL therapy

From: Restifo et al., Nat Rev Immunol 2012



Rosenberg & Restifo Science 2015

Lymphodepletion prior to T cell transfer is followed by immune reconstitution



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 

24% of patients developed a CR, only 1 of these progressed. Median FU 40.9 
months
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TIL Trial - NCT02278887
• International, multicenter, open-label, randomized controlled phase III study

• NKI + Herlev Hospital, Denmark

• DKFZ, Heidelberg will be opened

• Patients with irresectable stage IIIc/IV melanoma

• 168 patients need to be randomized. 

• 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 and Danish health insurance (temporarily)



Screening 3 W 3 W 3 W
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Study Design
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• M, 55yr, stage IV melanoma 
• Progression upon prior anti-PD1 treatment (7 months pembrolizumab)

Pre TIL Radiologic near 
complete response 
9 months after TIL

Preliminary Responses



Preliminary Responses
• Irresectable stage IIIc melanoma 

• Progression upon prior anti-PD1 treatment
Pre TIL 20 weeks post TIL

Ongoing CR > 18 months

Rohaan et al. unpublished

Rohaan et al. unpublished
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Stevanovic et al. Clin Cancer Res 2019
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Chandran et al., Lancet Oncol 2017
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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 by S Antonia at AACR 2019; Courtesy of S Peters



Resection of lesion 
for TIL manufacture; 
nivolumab 240 mg 

q2w, 4 doses

Key inclusion criteria

• Stage IV NSCLC 
• Safely resectable 

confirmed 
metastases

• RECIST measurable
• Up to 5 prior therapy
(n=13)

Cyclophosphamide 
D–7, –6 then fludarabine

D–5 to –1;
D0 TIL infusion; 
IL-2 IV until D6;

nivolumab 480 mg q4w 
from D29 up to 1 year

PD/SD

PR/ clinical 
benefit Nivolumab q4w for 1 year

Trial Schema

Presented by S Antonia at AACR 2019; Courtesy of S Peters



Waterfall Plot: Best Overall Change in Target Lesions
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TIL, IL2

Most patients had rapid progression on nivolumab, 
then some tumor decrease after Cy/Flu/TIL/IL2

Presented by S Antonia at AACR 2019; Courtesy of S Peters



Pre-TIL  Post-TIL

Depth and Duration of Response 

*

• Many patients had rapid progression on nivolumab

• Decreases in tumor size were observed after Cy/Flu+TIL+IL2



Overall Survival after Cy/Flu/TIL/IL2

0 50 100 150 200 250 300 350
0

25

50

75

100

Time (Days)

O
S

 f
ro

m
 C

y
/F

lu
/T

IL
  

(%
)

Presented by S Antonia at AACR 2019; Courtesy of S Peters



TIL therapy

Black box: On bulk level anti-tumor reactivity, 
but how much does the infusion product 
resemble the original TIL composition?
Which tumor antigens are recognized? 

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





Kvistborg et al., Oncoimmunol 2012
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TMB as Biomarkers for Response to TIL

Lauss et al. Nat Comm 2017
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Patient nr Gender Age Prior treatments Metastatic sites Location for tumor resection Performance status

1 M 67 DTIC, ipilimumab lung, adrenal, subcutaneous subcutaneous 0

2 M 68 DTIC, DC vaccination, ipilimumab lung, LN, spleen, subcutaneous LN 0

3 M 46 vemurafenib, ipilimumab LN, subcutaneous subcutaneous 0

4 F 44 DTIC, vemurafenib, ipilimumab LN, subcutaneous, soft tissue subcutaneous 0

5 F 40 DTIC, ipilimumab lung, subcutaneous, soft tissue subcutaneous 0

6 F 43 temozolamide, IFN-α, DC vaccination, LN, long, subcutaneous axillary LN 0
ipilimumab, vemurafenib

7 M 52 DTIC, ipilimumab LN, lung, subcutaneous LN 0

8 M 40 peptide vaccination, ipilimumab LN, small intestine Large intestine 0
mesoduodenum

9 F 60 vemurafenib, DTIC, ipilimumab LN, subcutaneous LN 1

10 M 55 DC vaccination, ipilimumab LN, subcutaneous, liver, lung jejunum 1

Patient baseline characteristics of phase Ib feasibility trial in metastatic melanoma

Van den Berg et al. JiTC 2020
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Objective responses observed in the N10TIL trial

Van den Berg et al. JiTC 2020



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
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480 1 2 3.5 5 6 7 8 9 10 11 12 13 14 15
0

50

100

Months post infusion of TIL

R
ed

u
ct

io
n

 in
 tu

m
o

r
 b

u
rd

en
Tu

m
or

 b
ur

de
n

Van den Berg et al. JiTC 2020



43

Gene mutation
WT peptide Mutant peptide

Frequency (% 
multimer+CD8+ T cells of 
total CD8+  T cells) Restriction element

Patient 3

RBM12 S>L SPHEAGFCV LPHEAGFCV 29.00 HLA-B*51:01

VARS T>M EVADEATGAL EVADEAMGAL 0.096 HLA-A*25:01

MYLK G>V EVFPEDTGTY EVFPEDTVTY 1.90 HLA-A*25:01

LRP3 T>S LTAARPSQTVL LTAARPSQSVL 0.039 HLA-A*25:01

WDR1 N>K DSFAGKGHTN DSFAGKGHTK 0.500 HLA-A*68:01

Patient 4 TTC37 A>V YLDGKAVDY YLDGKVVDY 1.14 HLA-A*01:01

ENTPD4 P>L ATDTNNPNVNY ATDTNNLNVNY 3.35 HLA-A*01:01

MAB21L1 V>M LRIRDRYVV LRIRDRYVM 0.007 HLA-B*08:01

Patient 8 RAD51AP1-002 S>F KVKSPVEKK KVKFPVEKK 0.195 HLA-A*03:01

Neoantigen-specific responses observed in 3 responding patients

Van den Berg et al. JiTC 2020



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 den Berg et al. JiTC 2020



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 den Berg et al. JiTC 2020
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TIL therapy: summary
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• Active treatment strategy in metastatic melanoma, even after anti-PD-1 failure
• Data coming from many phase II single center trials
• Awaiting data from multicenter phase II (Iovance) trial
• Awaiting data from RCT phase III academically run trial

• TIL treatment now feasible for other cancers than only melanoma (NSCLC, Cervical 
cancer, HNSCC, uveal melanoma and more)

• Neoantigen-specific T cells appear more important for the anti-tumor effect than shared 
tumor antigen-specific T cells

• ACT with selected TIL may increase the efficacy. 
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