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Abstract
Adoptive cell therapy (ACT) of tumor infiltration lymphocytes (TIL) yields promising clinical results in metastatic mela-
noma patients, who failed standard treatments. Due to the fact that metastatic lung cancer has proven to be susceptible to 
immunotherapy and possesses a high mutation burden, which makes it responsive to T cell attack, we explored the feasibility 
of TIL ACT in non-small cell lung cancer (NSCLC) patients. Multiple TIL cultures were isolated from tumor specimens of 
five NSCLC patients undergoing thoracic surgery. We were able to successfully establish TIL cultures by various methods 
from all patients within an average of 14 days. Fifteen lung TIL cultures were further expanded to treatment levels under 
good manufacturing practice conditions and functionally and phenotypically characterized. Lung TIL expanded equally 
well as 103 melanoma TIL obtained from melanoma patients previously treated at our center, and had a similar phenotype 
regarding PD1, CD28, and 4-1BB expressions, but contained a higher percent of CD4 T cells. Lung carcinoma cell lines 
were established from three patients of which two possessed TIL cultures with specific in vitro anti-tumor reactivity. Here, 
we report the successful pre-clinical production of TIL for immunotherapy in the lung cancer setting, which may provide a 
new treatment modality for patients with metastatic NSCLC. The initiation of a clinical trial is planned for the near future.
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Abbreviations
ACT   Adoptive cell therapy
CM  Complete medium
REP  Rapid expansion procedure
TIL  Tumor infiltrating lymphocytes
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Introduction

Lung cancer is the leading cause of cancer death worldwide. 
Age and smoking are the primary risk factors of lung can-
cer. For NSCLC, treatment based on surgical removal in the 
early stages of the disease results in better survival. Yet the 
overall 5-year survival rate is only 15% [1]. Patients with 
advanced disease that are less prone to benefit from surgical 
intervention or systemic treatments such as platinum-based 
chemotherapy and novel biological treatments [2] continue 
to challenge physicians in daily clinical practice.

Lately, a number of monoclonal antibodies specific to the 
PD-1 (nivolumab and pembrolizumab) or its ligand PD-L1 
(atezolizumab) were approved for immunotherapy-based 
treatments for lung cancer [3, 4]. Nivolumab, a human IgG4 
PD-1 receptor blocking antibody with no ADCC activity, 
was FDA approved in 2015 for second-line chemotherapy 
treatment of resistant squamous NSCLC. A single-arm, 
phase II trial evaluating the activity and safety of nivolumab 
in advanced, refractory NSCLC demonstrated a 14.5% 
objective response rate (17 of 117 patients), as measured by 
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radiographic response, as well as a 26% rate of stable disease 
in 20 patients [5].

There is more evidence that anti-PD-1/PD-L1 blocking 
antibodies have substantial clinical activity in lung cancer 
patients and that NSCLC is responsive to immunotherapy, 
especially if the tumor is infiltrated by  CD8+ T lymphocytes 
[6].

Furthermore, high levels of intra-tumoral TIL were asso-
ciated with improved recurrence-free survival in stage 1a 
NSCLC patients, as well as a reduced likelihood of systemic 
recurrence [7]. It was also shown that a higher frequency 
of TIL within large node-negative NSCLC correlates with 
decreased risk of disease recurrence and improved disease-
free survival [8].

Following melanoma, lung cancer possesses the highest 
mutation burden and thus expresses mutated neo-antigentic 
peptides, which can trigger T cell responses and can be tar-
geted effectively by T cells [9–11].

The facts that lung cancer is susceptible to immunother-
apy such as anti-PD-1/PDL-1 antibodies, the overall survival 
positively correlates with TIL infiltration and its high muta-
tion burden, makes it an ideal candidate for adoptive therapy 
with tumor infiltrating T lymphocytes.

Immunotherapy based on adoptive cell therapy (ACT) 
of TIL has proven to be highly effective in metastatic mela-
noma patients. TIL immunotherapy involves several labora-
tory and clinical steps, which start with surgical resection of 
tumor tissue from the patients and continues with tumor pro-
cessing to establish T cell cultures, which are then expanded 
in IL-2 containing medium for 2–4 weeks. In the follow-
ing step, TIL are expanded for 2 weeks to large amounts 
using a rapid expansion procedure (REP) with anti-CD3 
antibody, IL-2, and irradiated feeder cells. During the REP, 
TILs undergo massive numerical expansion that can yield 
0.5 × 1010 cells for infusion. TIL are then administered to the 
patient, who undergoes lympho-depleting preconditioning, 
which was shown to improve the persistence of the infused 
cells, followed by high-dose IL-2 administration to support 
the survival of TIL in the patient [12, 13].

Others and we could show that TIL therapy yields 
response rates of around 40% in highly advanced metastatic 
melanoma patients, who failed IL-2 based therapy or therapy 
with the anti-CTLA-4 antibody ipilimumab, and signifi-
cantly improves the overall survival in responding patients 
[14–19]. Moreover, 10–20% of the metastatic patients expe-
rience durable complete regression of all lesions and are 
disease-free many years after treatment, suggesting even the 
possibility of cure.

In a report from 1995, Ratto et al. assessed the efficacy 
of TIL therapy in combination with subcutaneous IL-2 
administration in the postoperative treatment of stages II, 
IIIa, and IIIb NSCLC [20]. TIL were then grown in IL-2 
containing media, but not rapidly expanded with anti-CD3 

antibody and irradiated feeder cells, as it is the standard 
today. Nevertheless, the 3-year survival was significantly 
better for patients who underwent TIL ACT than for non-
treated patients, which further supports the idea of using TIL 
ACT as a treatment modality for NSCLC.

Here, we report the pre-clinical production and evalua-
tion of TIL for adoptive cell therapy in lung cancer patients, 
based on our vast clinical experience with melanoma-
derived TIL. The establishment of TIL cultures and autolo-
gous cancer cell lines, as well as the execution of complete 
large scale TIL expansions to treatment levels was tested. 
Cell production was performed with clinically compatible 
reagents under good manufacturing practice (GMP) condi-
tions. Immune phenotyping and functional characterization 
of the established TILs were performed to support the imple-
mentation of TIL ACT for lung cancer patients. Results of 
the pre-clinical evaluation of this technology in the lung 
cancer setting are report here.

Materials and methods

Patients

Patients with non-small cell lung cancer indented for sur-
gery, which did not have neo adjuvant chemotherapy or 
radiotherapy prior to the surgery, were included. Surgically 
resected tumor tissue was transported within a few hours to 
the GMP facility to generate TIL cultures.

Generation of TIL cultures

Tumor tissue was subjected to various processing methods 
including fragmentation (Frag.), tissue remnant culture 
(TRC), and enzymatic digestion (Digest) as previously 
described for melanoma specimens [13]. The tumor was 
sliced with a scalpel into small pieces, about 1–3 mm3 of 
size. Enzymatic digestion of the pieces, with collagenase 
(Sigma-Aldrich, Israel) and dornase alfa (Pulmozyme, 
Genentech, South San Francisco, CA) containing medium, 
was usually performed within 2–4 h after surgery for 2 h at 
37 °C to obtain a single-cell suspension. Small tumor frag-
ments (1–2 mm3 in size) or 1 × 10 E6 live nucleated cells, 
obtained by Digest or TRC, were plated per well in 24-well 
plates in 2 ml complete medium (CM) comprised RPMI 
1640 medium (Gibco, Thermo Fisher Scientific, Waltham, 
MA) containing 10% heat-inactivated human serum (Val-
ley Biomedical, Winchester, VA or Gemini Bio, West 
Sacramento, CA) supplemented with 3000 IU/ml recombi-
nant human IL-2 (Proleukin, Novartis Pharma, Germany), 
25 mmol/l HEPES pH 7.2 (Gibco), 50 µg/ml gentamycin 
(Gentamicin IKA, Teva, Israel), 100 U/ml penicillin, and 
100 mg/ml streptomycin (Gibco). TIL cultures were split 
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whenever required to maintain a cell density between 0.5 and 
2 × 10E6 per ml. A TIL culture was considered established 
after clearance of adherent tumor cells and reaching a total 
cell number of at least 45 × 10E6 cells per patient (typically 
on days 18–21). Next, a large-scale rapid expansion proce-
dure (REP) was initiated by stimulating TIL with 30 ng/ml 
anti-CD3 antibody MACS GMP CD3 pure (clone OKT-3; 
Miltenyi Biotech, Germany), 3000 IU/ml IL-2, and irradi-
ated peripheral blood mononuclear cells from non-related 
donors as feeder cells (5000 rad, 100:1 ratio between feeder 
cells and TIL) in 50% CM, 50% AIM-V medium (Invitrogen, 
Thermo Fisher Scientific, Waltham, MA) in GRex flasks 
(Wilson Wolf, St Paul, MN) as described earlier [15, 21]. 
After 14 days, cultures expanded by about 1000-fold. The 
cells were harvested and functionally evaluated.

Generation of primary lung cancer cell cultures

Autologous lung cancer cell lines were cultured in tissue 
culture flasks using Keratinocyte-SFM Medium Kit (Gibco) 
supplemented with l-glutamine, pituitary bovine pituitary 
extract, and human epithelial growth factor as part of the kit.

Microbiological tests

The culturing process was monitored by validated micro-
biological tests, to guarantee the sterility of the process and 
allow the smooth adaptation to a clinical protocol.

Microbiological tests were performed during the rapid 
expansion procedure by membrane filtration technology and 
on the potential infusion product by direct inoculation and 
gram stain. Nested PCR for the detection of the mycoplasma 
genome and a chromogenic endotoxin assay, which utilizes 
a modified limulus amoebocyte lysate and a synthetic color-
producing substrate, were also conducted.

IFNγ release assay

The anti-tumor reactivity of TIL was determined by IFNγ 
release assay. TIL were co-cultured with autologous lung 
cancer cells at an E:T ratio of 1:1 (1 × 10E5 each) in a 
96-well plate for overnight. Cells were centrifuged, superna-
tant was collected, and the secreted IFNγ levels were deter-
mined by ELISA according to the manufacturer’s instruc-
tions (BioLegend, San Diego, CA). Measurements were 
performed in triplicates.

To determine functionality, 1 × 10E5 TIL were stimulated 
with 10 ng/ml MACS GMP CD3 pure antibody overnight 
and IFNγ levels were determined by ELISA as described 
before. To determine intracellular IFNγ levels, 2 × 10E5 TIL 
were stimulated with 10 µl/ml MACS GMP CD3 pure anti-
body for 2 h and Brefeldin A (part of kit eBioscience Intra-
cellular Fixation & Permeabilization Buffer plus Brefeldin 

A; Invitrogen, Thermo Fisher Scientific, Watham, MA) was 
added for an additional 2 h according to the manufacturer’s 
instructions. Flow cytometry was performed by the addition 
of CD8 antibody (PE-Cy7 conjugated; Biolegend) followed 
by fixation and permeabilization (part of kit eBioscience 
Intracellular Fixation & Permeabilization Buffer plus Bre-
feldin A; Invitrogen) and addition of IFNγ antibody (APC 
conjugated; clone 4S.B3; Invitrogen). Samples were ana-
lyzed using FlowJo software. Measurements were performed 
in triplicates.

Cell‑mediated cytotoxicity assay

TIL were co-cultured with autologous carcinoma cells over-
night at 37 °C, at an E:T ratio of 1:5 (10 × 10E4 TIL and 
2 × 10E4 carcinoma) and 1:10 (20 × 10E4 TIL and 2 × 10E4 
carcinoma) in 200 µl CM. Cells were centrifuged, superna-
tant was collected, and the level of lactate dehydrogenase 
(LDH), a stable cytosolic enzyme that is released upon cell 
lysis, was determined by LDH-Cytotoxicity Colorimetric 
Assay Kit II according to the manufacturer’s instructions 
(BioVision, Milpitas, CA). Measurements were performed 
in triplicates.

Flow cytometry

Different membrane molecules were analyzed using con-
jugated mouse anti-human antibodies against CD3 (PE 
conjugated; BD Bioscience, Switzerland), CD56 (APC 
conjugated; BD Bioscience), CD4 (FITC conjugated; BD 
Bioscience), CD8 (Per-CP conjugated; BD Bioscience), 
CD28 [APC conjugated (eBioscience, Thermo Fisher 
Scientific, Watham, MA), PD-1 (FITC conjugated; clone: 
EH12.2H7; BioLegend)], and 4-1BB (PE conjugated; clone: 
4B4-1; BioLegend). TIL were washed and re-suspended in 
cell staining buffer (BioLegend). Cells were incubated for 
30 min with the antibodies on ice, washed in buffer, and 
measured using FACS Calibur flow cytometer (BD Biosci-
ence). Samples were analyzed using FlowJo software.

Statistics

Significance of variation between groups was evaluated 
using a non-parametric two-tailed Student’s t test. Test for 
differences between proportions was performed using two-
sided Fisher’s exact test with p ≤ 0.05 considered significant.

Results

Five patients with non-small cell lung cancer intended for 
curative surgery, who did not have neo adjuvant chemo-
therapy or radiotherapy prior to the surgery, underwent 
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exploratory thoracotomy. Patients’ characteristics are pre-
sented in Table 1. Four patients were males, mean age was 
67.8 ± 3 years, four tumors were adenocarcinoma type (two 
with acinar adenocarcinoma and one with mucin acinar 
adenocarcinoma), and one was squamous cell type.

All patients underwent anatomical resection and a frac-
tion of the original primary tumor was delivered to the labo-
ratory after initial pathological examination. A mean volume 
of 1.5 ± 1.19 cm3 (range 0.63–3.48 cm3) tumor tissue was 
available for further processing (Suppl. Table 1).

Lung TIL establishment

TIL cultures derived from NSCLC specimens (lung TIL) 
were initiated from all five specimens by enzymatic diges-
tion, TRC, and fragmentation methods (6–8 individual 
fragments per patients). The average number of TIL estab-
lished within 18–21 days by enzymatic digestion, and TCR 
was 100 × 106 ± 55 × 106 TIL and 73 × 106 ± 79 × 106 TIL, 
respectively, and the sum of TIL generated from 6 to 8 indi-
vidual fragments was 65 × 106 ± 42 × 106 (Table 2). There 
was no significant difference between the isolation methods 
regarding TIL yield (p values ≥ 0.25).

The growth rates of 10 individual lung TIL cultures, iso-
lated by enzymatic digestion or TRC technique, were docu-
mented over a period of 19 days and compared with 55 TIL 
cultures derived from melanoma patients, who were previ-
ously treated with TIL ACT at our medical centre (Fig. 1a). 
Melanoma-derived TIL shown in Fig. 1a were also isolated 
by enzymatic digestion or TRC technique as described 
before [13]. TIL cultures established by fragmentation were 
not included in this analysis, as TIL detach from the tumor 
piece after a few days and thus can only be counted after 
about 1 week. The median cell count largely varied at culture 
initiation (lung TIL 1.9 × 10E6, range 0.45–4.3 × 10E6; mel-
anoma TIL 3.8 × 10E6, range 0.2–125 × 10E6). As expected, 
the expansion rate of different TIL cultures varied largely; 
however, Fig.  1 represents fairly well the proliferation 

potential of lung and melanoma TIL. When comparing the 
growth rates of lung TIL cultures with melanoma TIL cul-
tures there was no difference between the groups (p val-
ues ≥ 0.5), demonstrating that lung TIL expanded as well as 
melanoma TIL (Fig. 1a).

Within 18–21 days, an average of 239 × 10E6 lung TIL 
(range 86–481 × 10E6 TIL) was established per patient 
(Table 1). Despite the very small size of the tumor biopsies 
(average 1.5 ± 1.19 cm3; in three patients even less than 
1 cm3, Suppl. Table 1), 45 × 10E6 and more TIL were gen-
erated after only 14 ± 4 days for all patients. 45 × 10E6 is 
the cell number typically required to initiate the large-scale 
rapid expansion procedure.

Large cell expansion of lung TIL for adoptive cell 
transfer

Following successful TIL establishment from all five 
patients, we tested whether lung TIL can be expanded to 
clinical scale, using a standard 14-day rapid expansion pro-
cedure (REP) with irradiated PBMC feeders, soluble anti-
CD3 antibody, and IL-2. Fifteen TIL cultures, three from 
each patient, were expanded in a full-scale REP or partial 
REP (Fig. 1b). An overall fold expansion of 1121 ± 349 
was achieved after 14  days, providing an average of 
5.04 × 10E10 ± 1.57 × 10E10 TILs for potential infusion 
into patients (Table 2; Fig. 1b). The fold expansion and 
consequently the final cell number were similar to the ones 
of 103 melanoma TIL, derived from patients treated with 
TIL ACT (1081 ± 493-fold expansion; 4.86 ± 2.22 × 10E10 
TIL; p = 0.76) (Table 3). There was no significant correla-
tion between the fold expansion during REP and the method 
of initial TIL isolation (Digest, TRC or fragmentation, p 
values ≥ 0.5).

Functionality of all 15 post-REP TIL was evaluated, 
by activating TIL with an anti-CD3 antibody (10  ng/
ml; clone OKT-3) followed by IFNγ level measurements 
(Table  2; Fig.  2a). The average secretion of IFNγ was 
10,685 ± 9748 pg/ml (range 561–30,445 pg/ml), demon-
strating that all TIL were functional. TIL isolated by enzy-
matic digestion showed increased IFNγ (21,309 ± 7856 pg/
ml) over TRC (6754 ± 5444 pg/ml; p ≤ 0.01) and fragment-
derived TIL (3993 ± 4988 pg/ml; p ≤ 0.01). Intracellular 
IFNγ flow cytometry staining was performed after OKT-3 
stimulation of TIL from patients #1, #2, and #4, and could 
demonstrate in all three patients that the differences in IFNγ 
secretion levels can be explained by the secretion of IFNγ 
by more cells (higher percentage of IFNγ positive cells), 
as well as higher production of IFNγ by the positive cells 
(higher mean fluoresce intensity) (Fig. 2b). FACS results of 
one representative patient (#4) are shown in Fig. 2b.

Full-scale rapid expansions, including microbiology 
testing, were performed for three lung TIL cultures from 

Table 1  Lung TIL establishment

a Sum of TIL generated from 6 to 8 fragments
b Total cell count after 18–21 days

Pt. Fragmentsa Digest TRC Totalb Successful 
(≥ 45 × 106)

1 10 × 106 56 × 106 20 × 106 86 × 106 Yes
2 100 × 106 172 × 106 209 × 106 481 × 106 Yes
3 52 × 106 150 × 106 12 × 106 214 × 106 Yes
4 113 × 106 64 × 106 69 × 106 246 × 106 Yes
5 51 × 106 60 × 106 55 × 106 166 × 106 Yes
Av. 65 × 106 100 × 106 73 × 106 239 × 106 5 of 5
± SD 42 × 106 56 × 106 80 × 106 148 × 106
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different patients. Sterility, mycoplasma, endotoxin, and 
gram stain were tested during the expansion process and on 
the final products in accordance with European Medicines 
Agency (EMA) regulations. All tests passed, which guaran-
tees the sterility of the products.

Phenotypic characterization of lung TIL cultures

TIL cultures were analyzed for CD3, CD4, CD8, and CD56 
expressions at REP initiation (REP day 0, pre-REP) and 
on day 14 of REP, the potential day of infusion (Table 2). 
The average frequency of  CD8+CD3+ cytotoxic T cells 
was 32 ± 20% pre-REP and increased to 44 ± 30% post-
REP (p = 0.18). Sixty ± 19% of the pre-REP TIL cultures 
contained  CD4+CD3+ T helper cells and 56 ± 30% in post-
REP cultures.  CD56+CD3− NK cells were only present in 
pre-REP TIL cultures (10 ± 7%). The frequency of  CD8+ 

or  CD4+ T cells pre-REP did not affect the fold expansion 
during REP (p = 0.92 and p = 0.57, respectively).

In comparison, the average frequency of  CD8+CD3+ in 
melanoma TIL infusion products of 103 treated patients was 
with 59 ± 25% significantly higher than in post-REP lung 
TIL (44 ± 30%, p < 0.001) (Table 3).

The expression of the co-stimulatory molecules, CD28 
and 4-1BB (CD137), and the co-inhibitory molecule PD-1 
were further examined in post-REP TIL.

The frequency of  CD28+CD3+ T cells (CD4 and CD8) 
in lung TIL was 37 ± 19% (compared with 58 ± 25% in 
melanoma TIL; p = 0.008), of 4-1BB+CD3+ 6.5 ± 3.8% 
(compared with 12 ± 15% in melanoma TIL; p = 0.14), and 
of  PD1+CD3+ 57 ± 21% (compared with 42 ± 25% in mela-
noma TIL; p = 0.096) (Table 3). The frequencies of CD28, 
4-1BB, and PD-1 within the  CD4+ helper and  CD8+ cyto-
toxic T cell subpopulations of post-REP lung TIL are shown 
in Table 2.

Establishment of carcinoma lines and evaluation 
of anti‑tumor reactivity

To evaluate specific anti-tumor reactivity of lung TIL, 
autologous carcinoma cell lines were established. We 
were able to separate tumor cell lines by the various iso-
lation methods from three (patients #2, #3, and #4) out 
of five NSCLC patients (Suppl. Table 2). Special culture 
medium was required for the generation (see “Materi-
als and methods”). Cytology and immunohistochem-
istry were performed by a certified pathologist on the 

Fig. 1  Growth rate of lung TIL and their functionality. a Growth 
rate of lung carcinoma-derived (lung TIL) and melanoma-derived 
(Mel TIL) TIL cultures from the day of surgery (day 1) to establish-
ment (pre-REP). b Growth rate during the rapid expansion procedure 

(REP). Average fold expansion of 15 lung TIL. Total viable cell num-
bers was determined by microscopic cell count and trypan blue exclu-
sion (triplicates)

Table 3  Comparison of post-REP TIL derived from lung carcinoma 
and melanoma patients

Lung TIL Mel TIL p values

Fold expansion during REP 1121 ± 349 1081 ± 493 0.76
Final cell number (× 10E10) 5.04 ± 1.57 4.86 ± 2.22 0.76
CD8+CD3+ 44 ± 30% 59 ± 25% < 0.001
CD4+CD3+ 56 ± 30% 41 ± 25% < 0.001
CD28+CD3+ 37 ± 19% 58 ± 25% 0.008
4-1BB+CD3+ 6.5 ± 3.8% 12 ± 15% 0.140
PD1+CD3+ 57 ± 21% 42 ± 25% 0.096
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established tumor cell cultures and cytokeratin 7; napsin 
and TTF1 stains were applied to confirm the nature of the 
carcinoma. The tumor cells of patients #2 and #3 could 
only be passaged once and of patient #4 six times. Cell 
morphology of lung carcinoma in culture is display in 
Suppl. Figure 1a and a mixture of TIL and tumor cells in 
Suppl. Figure 1b. Anti-tumor reactivity was determined 
after co-culture of post-REP TIL from patients #2, #3, 
and #4 with their corresponding autologous carcinoma 
line and measuring of IFNγ secretion. Most clinical pro-
tocols define TIL secreting IFNγ above 200 pg/ml upon 
co-incubation with autologous tumor lines as anti-tumor 
reactive. Three out of nine TIL cultures (two of patient #2 

and one of patient #4) demonstrated anti-tumor reactivity 
(Table 4, last column). Thus, two out of three NSCLC 
patients had at least one TIL culture with evidence of 
reactivity in response to autologous carcinoma lines. 
Those TIL cultures did not secrete IFNγ in response to 
HLA-mismatched carcinoma lines or TIL alone (data not 
shown). To determine the actual percentage of cells rec-
ognizing the autologous tumors, Fragment-derived TIL 
from patient #2 were co-cultured with its autologous car-
cinoma line and 4-1BB (CD137) expression was analyzed 
after 8 h by flow cytometry. 4-1BB is a co-stimulatory 
marker which is induced upon the specific interaction of 
T cells with their target cell [22]. As shown in Fig. 2c, 

Fig. 2  Functionality and anti-tumor reactivity of post-REP lung TIL. 
a Lung TIL functionality measured by IFNγ secretion. TIL cultures 
after REP were stimulated overnight with the anti-CD3 antibody 
OKT3 (10  ng/ml) and IFNγ secretion (pg/ml) was measured by 
ELISA. Error bars represents the standard deviation of triplicate repe-
titions. b Lung TIL functionality measured by intracellular IFNγ flow 
cytometry after OKT-3 stimulation of post-REP TIL from patient #4 

(MFI mean fluoresce intensity of IFNγ positive cells). c Frequency of 
TIL recognizing the autologous tumors. Fragment-derived TIL from 
patient #2 were co-cultured overnight with autologous tumor cells 
(E:T = 5:1) and 4-1BB expression was determined. d Cell-mediated 
cytotoxicity assay of Digest, Fragment, and TRC-derived post-REP 
TIL of patient #2. Error bars represents the standard deviation of trip-
licate repetitions
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8.5% of the TIL recognized the tumor. There was no sig-
nificant difference regarding the phenotype (CD4, CD8, 
4-1BB, PD-1, CD28) or fold expansion between the three 
reactive TIL cultures and the six non-reactive TIL cul-
tures (p values ≥ 0.1). The anti-tumor reactivity of Digest, 
Fragment, and TRC-TIL of patient #2 was confirmed by 
a cell-mediated cytotoxicity assay (Fig. 2d).

We tested, if evidence of anti-tumor reactivity may be 
detected at an early time point of TIL generation, by test-
ing the supernatants of early TIL cultures for IFNγ secre-
tion. For this purpose, supernatants from TIL cultures of 
patients #2 and #4 were collected 6 days after surgery. At 
this time point, TIL cultures are mostly heterogenic and 
still contain TIL as well as carcinoma cells. Although 
this “natural” co-culture is not quantitative, we measured 
IFNγ in the supernatant of TIL cultures from patients #2 
and #4.

Interestingly, in the supernatant of Digest-TIL and 
Fragment-TIL of patient #2, IFNγ was detectable in the 
supernatant (395 and 52 pg/ml, respectively) as well as 
in the co-culture post-REP (489 and 244 pg/ml, respec-
tively), whereas TCR-TIL was negative in both assays 
(Table 4). For patient #4, the supernatants of Digest-TIL, 
TRC-TIL, and Fragment-TIL showed evidence of IFNγ 
(1098, 900, and 521 pg/ml, respectively), but only TRC-
TIL secreted IFNγ following co-culture with the autolo-
gous carcinoma line post-REP (1246 pg/ml, Table 4). 
Post-REP, Fragment-TIL completely lost the capability 
to secrete IFNγ upon co-incubation and the levels of IFNγ 
in Digest-TIL dropped to 10 pg/ml. Interestingly, in all 
three post-REP reactive TIL cultures, IFNγ secretion 
was already detectable in the early TIL culture. Thus, the 
measurement of IFNγ levels in the supernatant of early 
TIL cultures is not quantitative, but may hint to the anti-
tumor reactivity of post-REP TIL product.

Discussion

Our cancer center has collected vast clinical and labora-
torial experience in the treatment of melanoma patients 
with TIL ACT. To date 103 melanoma patients received 
TIL infusion and objective response rates of 30% were 
achieved in highly advanced metastatic patients, who 
failed prior treatments, with IL-2-based therapy, targeted 
therapy, or checkpoint molecules. In the current report, we 
tested the feasibility to isolate and expand lung carcinoma-
derived TIL to treatment levels under GMP conditions.

Among other solid tumors, lung cancer was chosen 
for this study, as there still is a significant clinical need 
and this cancer type has been proven to be susceptible 
to immunotherapy with PD-1/PDL-1 antibodies [3, 4]. 
In addition, lung adeno and squamous cell carcinoma 
have after melanoma the highest mutation load [9]. Since 
mutated neo-antigenic peptides, which arise from tumor 
mutations, are ideal targets for TIL [23], lung cancer 
seems to be the optimal candidate for TIL ACT.

TIL generation was investigated in five patients with 
advanced stage NSCLC undergoing thoracic surgery with 
curative intention. Tumor tissues, with an average size of 
1.5 ± 1.19 cm3, were processed by various methods and 
TIL were cultured in IL-2 containing medium. The pro-
liferative potential of lung TIL was documented over a 
period of 3 weeks. We could show that lung TIL prolifer-
ate as well as TIL derived from melanoma patients. When 
comparing the results of lung TIL to melanoma TIL, one 
should keep in mind, that the lung tumors, described here 
were primary tumors, while melanomas were mostly of 
metastatic origin.

For all five patients, 45 × 10E6 TIL (the number of cells 
typically required to initiate a large-scale rapid expansion) 

Table 4  Anti-tumor reactivity

CC = overnight co-culture of 1 × 10E5 TIL with 1 × 10E5 autologous carcinoma (autol. ca.)
ND not determined

Pt. Isolation method IFNγ (pg/ml) in the supernatant of 
early TIL cultures

IFNγ (pg/ml) after CC of 
post-REP TIL and autol. 
ca.

2 Digest 393 489
TRC 0 0
Frag. 5 52 244

3 Digest ND 0
TRC ND 0
Frag. 3 ND 0

4 Digest 1098 10
TRC 900 1246
Frag. 4 521 0



1229Cancer Immunology, Immunotherapy (2018) 67:1221–1230 

1 3

were obtained after 2 weeks and an average of 239 × 10E6 
TIL after 3 weeks. Thus, TIL establishment was successful 
in five out of five NSLCL patients, despite the small size 
of the tumors.

Fifteen individual lung TIL cultures (three of each 
patient) were successfully expanded in a standard 14-day 
rapid expansion procedure, and the fold expansion, pheno-
type (CD3, CD4, CD8, 4-1BB, CD28, PD-1), and function-
ality of post-REP TIL were determined. Full microbiological 
testing, in accordance with EMA regulations were success-
fully performed to assure the sterility of the potential infu-
sion product. Autologous carcinoma lines were established 
from three patients and specific anti-tumor reactivity, meas-
ured as IFNγ secretion in response to co-incubation with the 
corresponding tumor line, was evident in TIL cultures from 
two of three patients. If IFNγ levels, measured in the super-
natant of early TIL cultures, consisting of a heterogeneous 
mixture of TIL and tumor cells, may hint to the reactivity of 
post-REP TIL, require further evaluation. This would be of 
importance, as the establishment of primary lung carcinoma 
cell lines, required to perform anti-tumor reactivity assays, 
is challenging and the success rate often low.

In summary, the well-established melanoma TIL protocol 
was demonstrated to be adoptable for the lung cancer setting.

This study provides the basis for the development of TIL 
ACT for patients with advanced NSCLC, which may offer 
an additional treatment option for those patients. Based on 
this report, we plan to initiate an adoptive TIL therapy trial 
for patients with respectable lung cancer in the near future.
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