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Background: Non-small-cell lung cancer (NSCLC) is the leading cause of cancer-related mortality worldwide. Because
current treatment regimens show limited success rates, alternative therapeutic approaches are needed. We recently
showed that treatment-naïve, stage I/II primary NSCLC tumors contain a high percentage of tumor-reactive T cells,
and that these tumor-reactive T cells can be effectively expanded and used for the generation of autologous tumor-
infiltrating T cell (TIL) therapy. Whether these promising findings also hold true for metastatic lesions is unknown
yet critical for translation into the clinic.
Materials and methods: We studied the lymphocyte composition using flow cytometry from 27 metastatic NSCLC
lesions obtained from different locations and from patients with different histories of treatment regimens. We
determined the expansion capacity of TILs with the clinically approved protocol, and measured their capacity to
produce the key pro-inflammatory cytokines interferon-g, tumor necrosis factor and interleukin 2 and to express
CD137 upon co-culture of expanded TILs with the autologous tumor digest.
Results: The overall number and composition of lymphocyte infiltrates from the various metastatic lesions was by and
large comparable to that of early-stage primary NSCLC tumors. We effectively expanded TILs from all metastatic NSCLC
lesions to numbers that were compatible with TIL transfusion, irrespective of the location of the metastasis and of the
previous treatment. Importantly, 16 of 21 (76%) tested TIL products displayed antitumoral activity, and several
contained polyfunctional T cells.
Conclusions: Metastatic NSCLC lesions constitute a viable source for the generation of tumor-reactive TIL products for
therapeutic purposes irrespective of their location and the pre-treatment regimens.
Key words: non-small-cell lung cancer, T cells, tumor-infiltrating lymphocytes, metastatic lesions, TIL therapy
INTRODUCTION

Lung cancer is the most common cause of cancer-related
mortality worldwide.1 Non-small-cell lung cancer (NSCLC) ac-
counts for 85% of patients diagnosed with lung cancer.2 New
treatment strategies such as targeted therapy,3,4 immuno-
therapy5-7 or combined chemo- and immunotherapy have
been developed.8-11 Nevertheless, the 5-year survival rate
for NSCLC patients is still dismal.12 Therefore, alternative
treatment options for late-stage NSCLC patients are required.
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The high somatic mutational rate of NSCLC tumors makes
them immunogenic,13 and a high percentage of tumor-
infiltrating T cells (TILs) in treatment-naïve patients,14-16

with tumor specificity and cytotoxic activity,17,18 was
shown by us and others. Adoptive TIL therapy for NSCLC
patients could thus represent a viable alternative to current
therapies. TIL therapy relies on a 4-6 week in vitro expan-
sion of autologous TILs that are then re-infused into pre-
conditioned patients.19 In stage III/IV melanoma patients,
adoptive TIL therapy achieved an astounding overall
response rate of >50% and a complete response rate of
20%.20-23 The similarly high immunogenicity of NSCLC im-
plies that also NSCLC patients could benefit from TIL
therapy.

We previously reported that tumor-reactive TIL products
can be efficiently generated from treatment-naïve, early-
stage primary NSCLC tumor lesions.14 Importantly, >70%
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of expanded TILs displayed tumor reactivity when exposed
to autologous tumor digest, i.e. they produced at least one
of the key pro-inflammatory cytokines interferon-g (IFN-g),
tumor necrosis factor (TNF) and interleukin 2 (IL-2), and
expressed the costimulatory receptor CD137, indicative of
T cell receptor (TCR) triggering.14,24 Intriguingly, 25% of
expanded TILs were polyfunctional and produced more than
one cytokine,14 which correlates with highly functional
effector T cells.25,26 Our study thus demonstrates that
tumor-reactive TIL products can be readily generated from
treatment-naïve primary NSCLC tumors.

Importantly, a recent phase I clinical trial for TIL therapy
in late-stage anti-programmed death-1 (PD-1)-refractory
NSCLC patients showed striking therapeutic effects.27 In 11
out of 16 patients (68.8%), tumors regressed within 1 month
after treatment.27 Two patients (12.5%) had a complete
response that was ongoing for at least 1.5 years.27 These
exciting results thus highlight the potential of TIL therapy for
NSCLC patients. However, to effectively implement TIL
therapy for NSCLC patients, it is paramount to define which
patient groups are likely to benefit from this treatment.
Historic cohorts demonstrated the feasibility of TIL expan-
sion, but this was based on long expansion protocols, and
included lung metastases only.28 Furthermore, patients
receive different treatments (pre-treatment regimen), such
as (immuno)chemotherapy, immune checkpoint inhibitors or
small molecule inhibitors. An update that defines the
compatibility of TIL expansion with currently administered
treatment regimens is thus needed. Also the location of
metastatic tumor lesions29 may influence TIL expansion and
tumor reactivity. Collecting such data is thus critical to
implement TIL therapy for NSCLC patients in the clinic.

Here, we provide an in-depth analysis of the lymphocyte
composition of metastatic lesions from 27 late-stage NSCLC
patients originating from different metastatic locations, and
who received various (or no) pre-treatment regimens. We
show that TILs effectively expand from all metastatic tumor
lesions. Importantly, most TIL products contained tumor-
reactive T cells, as defined by cytokine production in
response to autologous tumor digests. Our study thus
demonstrates that tumor-reactive TIL products can be
generated for therapeutic purposes from late-stage NSCLC
lesions, irrespective of the pre-treatment regimen and the
location of the metastatic tumor lesion.

MATERIALS AND METHODS

Patient cohort and study design

Between October 2017 and April 2020, 27 late-stage NSCLC
patients were included. The study protocol was designed to
determine the TIL phenotype (n ¼ 25), the capacity to
expand TILs (n ¼ 27) and the presence of tumor-reactive T
cells in TIL products (n ¼ 22). Patients’ characteristics, origin
of metastasis, pre-treatment regimens and time between the
last treatment and surgery are depicted in Table 1. When
tumor lesions were too small (n ¼ 5), ex vivo TIL phenotype
(n ¼ 2) and the tumor reactivity to tumor digest (n ¼ 5)
could not be tested. The study was carried out according to
2 https://doi.org/10.1016/j.iotech.2022.100090
the Declaration of Helsinki (seventh revision, 2013), with
consent of the Institutional Review Board of the Netherlands
Cancer Institute-Antoni van Leeuwenhoek Hospital (NKI-AvL),
Amsterdam, The Netherlands. Tumor tissue was obtained
directly after surgery, transported at 20�C in RPMI-1640
medium (Gibco, ThermoFisher Scientific, Landsmeer, the
Netherlands) containing 50 mg/ml gentamycin (Sigma-Aldrich,
Merck, Schiphol-Rijk, the Netherlands), 12.5 mg/ml fungizone
(Amphotericin B, Gibco, Landsmeer, the Netherlands) and
20% fetal bovine serum (FBS, Bodego, Bodinco BV, Alkmaar,
the Netherlands), weighed and processed within 4 hours.
Tumor stage and differentiation, weight of obtained tissue
and total tumor size are reported in Table 2. Surgery was not
always carried out for diagnostic purposes; therefore, tumor
characteristics were not determined for each patient.

Tissue digestion

Tissue digestion and red blood cell lysis were carried out as
we previously reported.14 Live and dead cells were manu-
ally counted (hemocytometer) with trypan blue solution
(Sigma, Schiphol-Rijk, the Netherlands). A total of 1-2 � 106

live cells were used for flow cytometry analysis, and 1-3 �
106 live cells were cultured. The remaining digest was cryo-
preserved until further use.

T cell expansion

Two to three wells containing 0.5-1 � 106 live cells from the
tissue digest were cultured for 10-13 days in 24-well plates in
20/80 T-cell mixed media (Miltenyi, Leiden, the Netherlands)
containing 5% human serum (Sanquin, Amsterdam, the
Netherlands), 5% FBS, 50 mg/ml gentamycin, 1.25 mg/ml
fungizone and 6000 IU human recombinant (hr) IL-2
(Proleukin, Novartis, Amsterdam, the Netherlands) [pre-
rapid expansion phase (pre-REP)] at 37�C and 5% CO2.
Medium was refreshed on day 7, 9 and 11 in pre-REP.When a
monolayer of cells was observed in the entire well, cells were
split into two wells. When >30% cells stopped dividing
(determined as cell rounding), cells were harvested, counted
and prepared for an additional REP culture period of 10-13
days. A total of 2 � 105 live cells/well (1-3 wells/patient)
were co-cultured with 5-10 � 106 irradiated peripheral blood
mononuclear cells (PBMCs) pooled from 15 healthy blood
donors in a 24-well plate, 30 ng/ml anti-CD3 antibody (OKT-3)
(Miltenyi Biotec, Leiden, the Netherlands) and 3000 IU/ml
hrIL-2. Typically, cells were passaged when a monolayer of
cells was observed in the wells during the REP (generally
every other day) and harvested, washed and counted on day
10-13 after REP, based on visual assessment of T cell prolif-
eration state as described previously. Cells were used
immediately, or cryo-preserved in RPMI-1640 medium con-
taining 10% dimethyl sulfoxide (Corning, Amsterdam, the
Netherlands) and 40% FBS until further use.

T cell activation

Fresh or defrosted REP TILs were counted and pre-stained in
fluorescence-activated cell sorter (FACS) buffer with anti-
CD4 BUV496 and anti-CD8 BUV805 (BD, Vianen, the
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Table 1. Patient characteristics

Patient Gender
(M/F)

Age at
surgery
(years)

Smoking history
(cigarettes per
day)

Clinical
stage
(TNM7a)

Tumor lesion site Pre-treatment regimen Last treatment (days/
months before
surgery)

1 M 64 Unknown IVA Lung Nivolumab þ ipilimumab (immunotherapy) 6 months
2 F 64 No (never) IVA Lung Cis/pem þ carbo/pem (chemotherapy) 12 days
3 M 45 Yes (unknown) IIIA Lung/lymph node Treatment naïve
4 M 55 Yes (16/day) IV Lymph node Treatment naïve
5 F 48 Yes (20/day) IV Lung Cis/pem (chemotherapy) Unknown
6 F 50 Yes (20/day) IV Lymph node Nivolumab (immunotherapy) 4 months
7 M 58 Yes (6/day) IV Lung Pembrolizumab (immunotherapy) 1 month
8 F 57 No (never) IV Lung Pembrolizumab (immunotherapy) 1 month
9 M 55 No (never) IV Lung Erlotinib/osimertinib (EGFR inhibitor) Continued
10 F 39 Yes (25/day) IV Adrenal gland Pembrolizumab (immunotherapy) 12 days
11 F 60 Yes (13/day) IV Subcutaneous

tissuedhip
Treatment naïve

12 F 69 No (never) IV Liver EGFR inhibitor 14 days
13 M 53 No (never) IV Adrenal gland Alectinib (ALK inhibitor) 15 months
14 F 70 Yes (20/day) IV Adrenal gland Carbo/pem (chemotherapy) 17 months
15 M 66 Yes (unknown) IV Subcutaneous

tissuedskin
Cis/gem þ nivolumab (chemo-immuno) 1 month (immuno)

16 M 87 Yes (8/day) IV Adrenal gland Crizotinib (ALK inhibitor) 14 days
17 F 73 No (never) IV Adrenal gland Osimertinib (EGFR inhibitor) Continued
18 M 60 Yes (30/day) IV Spleen CRT (chemo) þ nivolumab (immunotherapy) 20 days (immuno)
19 F 47 Yes (5/day) IV Adrenal gland Nivolumab þ anti-LAG3 (immunotherapy) 19 days
20 M 55 Yes (4/day) IV Lung Carbo/pem þ pembrolizumab (chemo-

immuno)
1 month (immuno)

21 F 40 Yes (25/day) IV Adrenal gland Cis/gem þ pembrolizumab (chemo-immuno) 4 days (immuno)
22 M 58 Yes (4/day) IV Lung Cis/eto/carbo þ nivolumab (chemo-immuno) 14 days (immuno)
23 F 66 Yes (19/day) IV Lung Pembrolizumab (immunotherapy) 1 month
24 M 77 Yes (10/day) IV Lung Treatment naïve
25 M 73 Yes (10/day) IV Adrenal gland Carbo/pem (chemotherapy) 14 months
26 F 65 Yes (25/day) IV Lung Pembrolizumab (immunotherapy) 1 month
27 F 72 Yes (5/day) IV Lung Cis/pem (chemotherapy) Unknown

ALK, anaplastic lymphoma kinase; carbo, carboplatin; cis, cisplatin; CRT, chemoradiotherapy; EGFR, epidermal growth factor receptor; eto, etoposide; F, female; LAG3, lymphocyte
activation gene-3; M, male; pem, pembrolizumab; TNM, tumor, nodes and metastasis.
aAmerican Joint committee on Cancer: Lung Cancer Staging, seventh edition, 2009.
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Netherlands) for 30 min at 4�C. Cells were washed once
with FACS buffer, and once with 20/80 T-cell mixed media. A
total of 1 � 105 live expanded TILs were co-cultured with
2 � 105 live tumor digest cells for 6 h at 37�C. Alternatively,
expanded TILs were stimulated with 10 ng/ml phorbol
myristate acetate (PMA) and 1 mg/ml ionomycin (Sigma-
Aldrich), or cultured with T cell mixed media alone. After 1 h
of co-culture, 1x Brefeldin A and 1x Monensin (Invitrogen,
Landsmeer, the Netherlands) were added.
Flow cytometry

For ex vivo analysis, tumor digests were washed twice with
FACS buffer and stained in FACS buffer for 30 min at 4�C
with anti-CD3 PerCp-Cy5.5, anti-CD279 FITC, anti-CD103
FITC, anti-CD56 BV605, anti-CD27 BV510, anti-CD127
BV421, anti-CD279 BV421, anti-CD39 PE-Cy7, anti-CD103
PE-Cy7 and anti-CD25 PE (Biolegend, Amsterdam, the
Netherlands), and with anti-CD8 BUV805, anti-CD45RA
BUV737, anti-CD4 BUV496 and anti-CD69 BUV395 (BD).
Live/dead fixable near-IR APC-Cy7 (Invitrogen) was included
for dead cell exclusion. Cells were washed twice with FACS
buffer and fixed for 30 min with Perm/Fix Foxp3 staining kit
(Invitrogen) according to manufacturer’s protocol. Cells
were stained with anti-Foxp3 Alexa647, anti-CD137
Volume 15 - Issue C - 2022
Alexa647 or anti-CD137 PE-Cy7 (Biolegend) for 30 min at
4�C. Cells were resuspended in FACS buffer and passed
through a 70-mm single-cell filter before flow cytometry
analysis (Symphony A5, BD Biosciences, San Jose, CA).
Expanded TILs were washed twice with FACS buffer and
pre-stained with anti-CD4 BUV496 and anti-CD8 BUV805 as
described previously. Anti-CD107 Alexa700 (BD) was added
to the co-culture. After T cell activation, cells were washed
twice with FACS buffer and stained with anti-CD3 PerCp-
Cy5.5 and anti-CD279 BV421 (Biolegend) and live/dead
fixable near-IR APC-Cy7 in FACS buffer for 30 min at 4�C.
After two washes with FACS buffer, cells were fixed with
Perm/Fix Foxp3 staining kit (Invitrogen) and then stained
with anti-CD137 Alexa647 (Invitrogen), anti-CD154 BV510,
anti-IFN-g PE, anti-TNF-a BV785 and anti-IL-2 FITC (Bio-
legend) in PermWash buffer according to manufacturer’s
protocol. Cells were washed with FACS buffer and passed
through a 70-mM single-cell filter before acquisition with
the Symphony A5 flow cytometer (BD Biosciences). Flow
cytometry settings were defined for each patient with single
antibody stainings. Furthermore, a standardized PBMC
sample pooled from four healthy donors that was cryo-
preserved before the start of the study was included for
each measurement. Data analysis was carried out with
FlowJo Star 10.7.1 (BD, Ashland, OR).
https://doi.org/10.1016/j.iotech.2022.100090 3
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Table 2. Tumor characteristics

Donor Tumor
differentiation

Pathology stage (TNM7a) PD-L1 status
(determined at PA)

Biopsy weight (mg) Tumor size (cm3)

1 AC ypT2bN0PL0/cT4N3M1a ND 2140 4.7
2 AC ypT2aN2PL0/dT4N2M1a 80% 670 3.2
3 AC pT1bN2PL0 100% 1500 1.5
4 AC ND 70% 1408 2.0
5 NOS cT3N1M1c/ypT0N0 ND 320 1.5
6 AC cT3N3M1b 1% 1000 3.5
7 AC ND 90% 230 2.4
8 AC ypT1aN0PL0 5% 800 1.0
9 AC ypT1cN0M1aPL0 <1% 500 2.5
10 AC cT3N2M1 <1% 600 2.6
11 AC ND <1% 1200 1.2
12 AC ND <1% 4000 4.6
13 AC ND 100% 250 3.0
14 NOS cT1cN2M1c 70% 1810 7.5
15 SSC cTxN3M1b <1% 8810 4.5
16 AC ND 30% Unknown 7.5
17 AC pT2N2PL1M0 1% Unknown 2.8
18 AC ND 80% 8590 7.1
19 AC ND 2% 580 3.5
20 AC ypT0N1 70% 590 Unknown
21 AC cT3N2M1 <1% Unknown 1.7
22 SSC pT2bN0PL1 50% Unknown 4.2
23 AC pT1bPL0 90% 150 1.9
24 AC pT4N2PL1 ND 600 3.2
25 AC cT1cN0M2 <1% 750 3.7
26 AC ND <1% 120 1.4
27 AC ypT3PL1 <1% 420 1.2

AC, adenocarcinoma; NOS, NSCLC not otherwise specified; ND, not determined; PA, pathology; PD-L1, programmed death-ligand 1; SCC, squamous carcinoma; TNM, tumor, nodes
and metastasis.
aAmerican Joint committee on Cancer: Lung Cancer Staging, seventh edition, 2009.
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Statistical analysis

Statistical analysis was carried out with GraphPad Prism
8.0.2 (Dotmatics, San Diego, CA). Data are shown as paired
data points for each patient, or as single data points with
box and whiskers showing maximum, 75th percentile, me-
dian, 25th percentile and minimum, unless otherwise
stated. Overall significance was calculated with unpaired
parametric t-test with a two-tailed P value, with ordinary
two-way analysis of variance test or with paired parametric
t-test with a two-tailed P value, and variance was calculated
as standard deviation. The P value cut-offs were set on * ¼
P < 0.05, ** ¼ P < 0.01, *** ¼ P < 0.001, **** ¼ P <
0.0001.

RESULTS

Metastatic NSCLC tumor lesions contain a high number of
T cell infiltrates

Twenty-seven late-stage NSCLC patients (13 male, 14 fe-
male) were included in this study. Patients were between
39 and 87 years of age (average 60.2 years), with clinical
stage III (n ¼ 1) and stage IV (n ¼ 26) according to TNM
(tumor, nodes and metastasis) seventh edition staging sys-
tem for NSCLC. Twenty patients (74%) had a history of
smoking. Tumor size ranged from T1a to T4, and was
specified as adenocarcinoma (n ¼ 23), squamous carcinoma
(n ¼ 2) and NSCLC not otherwise specified (n ¼ 2) (Table 1).
On average, 1610 mg tumor tissue was obtained, ranging
4 https://doi.org/10.1016/j.iotech.2022.100090
from 120 to 8810 mg. Single-cell suspensions were gener-
ated with the clinically approved digestion protocol, and the
number of viable cells and of T cell infiltrates was deter-
mined. On average, we collected 41.2 � 106 (range 1.5-
206 � 106) viable cells per gram tissue, which is comparable
to numbers we obtained from early-stage primary tumor
lesions (note that tumor lesions were identically pro-
cessed)14 (Figure 1A). Lymphocytes reached on average
17.0 � 106 cells per gram tissue (range 0.6-82.1 � 106 cells)
(Supplementary Figures S1 and S2, available at https://doi.
org/10.1016/j.iotech.2022.100090), of which most (71.4%
� 21.4%) were CD3þ T cells, with on average 15.5 � 106

cells (range 0.2-70 � 106) per gram tissue (Figure 1A). Thus,
the absolute number and percentage of CD3þ T cell in-
filtrates resembled those of early-stage tumor lesions14

(Figure 1A), albeit with a broader range. We therefore
assessed whether pre-treatment regimens or the metastatic
location influenced the T cell content. The cohort contained
metastatic lesions from treatment-naïve (n ¼ 4) patients
and from patients pre-treated with immunotherapy (n ¼ 8),
chemotherapy (n ¼ 5), a combination thereof (n ¼ 5) or
small molecule inhibitors anaplastic lymphoma kinase in-
hibitors (n ¼ 2) and epidermal growth factor receptor in-
hibitors (n ¼ 3) (Table 1). Metastatic tumor lesions
originated from the lung (n ¼ 12), lymph nodes (n ¼ 3),
adrenal gland (n ¼ 8), liver (n ¼ 1), spleen (n ¼ 1) and
subcutaneous tissue (n ¼ 2) (Table 1). Neither metastatic
location nor pre-treatment regimen showed clear
Volume 15 - Issue C - 2022
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Figure 1. Effective isolation of lymphocytes from late-stage non-small-cell lung cancer (NSCLC) lesions, with similar lymphocyte distribution compared to early-
stage NSCLC lesions. Single-cell suspensions were obtained by enzymatic digestion of metastatic lesions from late-stage NSCLC patients. Life cell count was assessed
with trypan blue staining, and lymphocyte and CD3þ percentage was determined by flow cytometry. (A-C) Left: Count of live and of CD3þ T cells per gram tissue.
Right: Percentage of CD3þ T cells within the lymphocyte population. (A) Composition of the yield of live and CD3þ T cells in tumor lesions from the late-stage NSCLC
patients (n ¼ 27, black) compared to treatment-naïve primary tumor lesions as reported previously (n ¼ 17, gray).14 (B) Comparison of the yield of live and of CD3þ T
cells from different tumor lesion sites, indicated as lung (n ¼ 12), lymph node (n ¼ 3), adrenal gland (n ¼ 8), subcutaneous tissue (n ¼ 2), liver (n ¼ 1) and spleen (n ¼
1). (C) Comparison of different pre-treatment regimens, indicated as treatment naïve (n ¼ 4), immunotherapy (n ¼ 8), chemotherapy (n ¼ 5), chemo-immunotherapy
(n ¼ 5), epidermal growth factor receptor (EGFR) inhibitors and anaplastic lymphoma kinase (ALK) inhibitors (n ¼ 2). (D) Gating strategy for defining different
lymphocyte populations (patient 13) as reported in E-G, indicated as CD8þ T cells, CD4þ T cells, regulatory T cells (Tregs), conventional CD4þ T cells, B cells, natural
killer (NK) cells and natural killer T (NKT) cells. (E) Lymphocyte composition from late-stage metastatic lesions (black, n ¼ 25) compared to early-stage primary tumor
lesions (gray, n ¼ 17).14 (F) Percentage of indicated lymphocyte populations between patients with different tumor lesion site (top) and different pre-treatment
regimens (bottom). (G) Ratio of CD8þ T cells over conventional CD4þ T cells (left) and regulatory CD4þ T cells (middle), and of conventional CD4þ T cells over
Tregs (right) in late-stage NSCLC lesions (black, n ¼ 25) and early-stage primary NSCLC tumors (gray, n ¼ 17).14 Each dot represents one patient. All graphs show
median with 25th and 75th percentile interval, except for B and C left panel where only median is shown. Significance was calculated with unpaired Student’s t-test.
*P < 0.05, **P < 0.01. Not significant (ns): P � 0.05.

S. M. Castenmiller et al. Immuno-Oncology and Technology
differences in the overall yield of viable or CD3þ T cells
(Figure 1B and C). Thus, CD3þ T cells can be readily obtained
from late-stage NSCLC tumor lesions independently of
treatment regimens and the metastatic location.
Conserved lymphocyte infiltration profile in late-stage
metastatic NSCLC lesions

We next measured the lymphocyte composition in meta-
static NSCLC tumors (gating strategy: Figure 1D).14 Overall,
the percentage of T cells, B cells, natural killer (NK) cells and
natural killer T (NKT) cells in late-stage metastatic tumors
resembled that of primary early-stage tumors (Figure 1E).
CD3þ T cells were most prevalent, with 31.8% � 16.6%
CD8þ T cells, 25.1% � 8.1% conventional CD4þ T cells and
7.6% � 5.0% regulatory T cells (Tregs) (Figure 1E). We
observed a broader distribution in CD8þ T cell and Treg
percentages in metastatic lesions compared to primary tu-
mors, yet without significant differences (Figure 1E).
Conversely, the percentage of conventional CD4þ T cell
Volume 15 - Issue C - 2022
infiltrates was significantly lower in metastatic NSCLC le-
sions compared to early-stage tumors (Figure 1E; P ¼
0.008). Overall, albeit displaying trends, pre-treatment
regimens and metastatic locations failed to show overt
differences in lymphocyte infiltration (Figure 1F). Similarly,
the ratio between CD8þ T cells and Tregs, and between
conventional CD4þ T cells and Tregs was similar between
metastatic and early-stage primary tumors (Figure 1G).
However, the ratio between CD8þ and conventional CD4þ T
cells shifted in late-stage tumors, with an average ratio of
1.54 (late-stage) to 0.8 (early-stage) (Figure 1G; P¼ 0.02). In
conclusion, lymphocyte infiltrates are comparable between
early-stage and late-stage tumors, except for a reduced ratio
of conventional CD4þ infiltrates in late-stage NSCLC tumors.
Metastatic lesions contain T cells with a memory and
tissue residency profile

The T cell memory profile is an important indicator for T cell
function. We therefore investigated the T cell profile in
https://doi.org/10.1016/j.iotech.2022.100090 5
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metastatic lesions by measuring the expression of CD27 and
CD45RA to distinguish CD27þCD45RAþ naïve (Tnaive),
CD27þCD45RA� central memory (Tcm), CD27�CD45RA�

effector memory (Tem) and CD27�CD45RAþ terminally
differentiated effector memory (Temra) cells (Figure 2A and
B). The percentages of CD8þ Tem cells were substantially
reduced in late-stage TILs when compared to early-stage
NSCLC TILs (P ¼ 0.0003), concomitant with a slight but
non-significant increase in CD8þ Tcm cells (Figure 2A). A
similar yet non-significant shift toward Tcm away from Tem
was found for CD4þ T cells (Figure 2B; P ¼ 0.09). The per-
centages of Tnaive and Temra cells in the CD8þ and CD4þ

T cell compartment remained stable (Figure 2A and B).
Tissue residency markers can be used as clinical param-

eters for patients with lung tumor lesions.30 We found high
percentages of CD69þCD103þ (49.9% � 23.9%) and
CD69þCD103� (25.1% � 17.3%) CD8þ T cells and low
numbers of CD69�CD103þ (4.3% � 5.3%) CD8þ T cells
(Figure 2C). In line with literature,14,31 most tissue-resident
CD4þ T cells lack CD103 expression but express CD69
(55.3% � 20.3%), which was also apparent in metastatic
tumors (Figure 2D). Only 6.0% � 5.2% and 1.7% � 2.7%
CD4þ T cells were CD69þCD103þ or CD69�CD103þ,
respectively (Figure 2D). Intriguingly, the expression of tis-
sue residency markers increased for both CD8þ and CD4þ

T cells in late-stage tumors compared to that of early-stage
tumors (Figure 2C and D). Thus, late-stage TILs decrease the
Tem compartment and increase tissue residency traits.
Tissue-resident T cells from metastatic lesions express high
levels of activation markers

To further define the fitness of the T cell infiltrates from
late-stage NSCLC tumor lesions, we measured several
exhaustion and activation markers. This included PD-1, a
marker that correlates with the dysfunctional state of
TILs.32,33 In late-stage TILs, PD-1 levels reached 10.2% �
14.4% for CD8þ T cells (Figure 2E) and 8.8% � 9.4% for
conventional CD4þ T cells (Figure 2F). These percentages
did not significantly differ from those of early-stage tumors
(Figure 2E and F).

Also the ectonucleoside triphosphate diphosphohydrolase-
1 CD39 marks activated and exhausted T cells.34-36 When
combined with tissue residency markers CD69 and CD103,
CD39 identifies T cells that can infiltrate human solid tu-
mors.36-39 Indeed, in metastatic tumors, CD39 was most
prominently expressed in CD103þ CD8þ T cells, with an
average expression of 41.5% � 24.0% for CD39þCD103þ

CD8þ T cells compared to 11.1% � 14.9% for CD39þCD103�

(P < 0.0001) and 8.5% � 8.3% for CD39�CD103þ (P <
0.0001) (Figure 2G). In conventional CD4þ T cells, CD39
expression was more evenly distributed between
CD39þCD69þ (26.7% � 16.3%), CD39þCD69� (12.7% �
7.0%) and CD39�CD69þ (30.4% � 21.3%) CD4þ T cells
(Figure 2H).

We then turned to the costimulatory molecule CD137,
which enriches for naturally occurring tumor-reactive T
cells.40 In metastatic NSCLC lesions, 13.9% � 9.1% CD8þ T
Volume 15 - Issue C - 2022
cells and 6.1% � 4.0% conventional CD4þ T cells expressed
CD137 (Figure 2I and J). Intriguingly, CD39eCD103 double
expressing CD8þ T cells enriched for CD137-expressing cells
(28.7% � 14.3%; Figure 2I; P < 0.0001). This was also true
when CD69 was used as marker for tissue residency
(Supplementary Figure S3A, available at https://doi.org/
10.1016/j.iotech.2022.100090). For conventional CD4þ T
cells, similar trends of increased CD137 expression on
CD39þ T cells were detected (Figure 2J). Specifically, CD137
expression increased from 2.1% � 1.9% on CD69þ CD4þ T
cells to 9.9% � 2.7% on CD39þCD69þ CD4þ T cells, and to
8.8% � 5.2% on CD39þ single-positive cells (Figure 2J).
Overall, late-stage NSCLC tumors contained higher per-
centages of Tcm cells at the expense of Tem cells. Tissue
residency markers as well as the expression of CD39 and
CD37 were increased on TILs, suggesting that tumor-
responsive T cells are present in metastatic NSCLC lesions.
Effective TIL expansion from metastatic NSCLC tumors

Generating TIL products for the clinic requires effective TIL
expansion. We therefore determined the expansion rate of
TILs from metastatic lesions with the current gold standard,
the clinically approved REP protocol.22 During the first 10-
13 days of culture with hrIL-2 (pre-REP), TILs expanded on
average a 40-fold, which was slightly more than early-stage
TILs (Figure 3A). During the REP of 10-13 days with anti-CD3
and IL-2, TILs expanded an additional 100-fold (Figure 3A),
resulting in a total expansion rate of on average 3500-fold
(Figure 3A). The total expansion rate was comparable to
early-stage TILs (Figure 3A),14 and was achieved for TILs
originating from different metastatic locations (Figure 3B)
and was overall independent from different pre-treatments
(Figure 3C). Importantly, the amount of total viable cells per
gram tissue we obtained after expansion was comparable
with early-stage tumors (Figure 3D).14 Also, using the tumor
size (Table 2) to extrapolate tumor mass and to estimate
the expansion rate from the total tumor lesion, all 27 TIL
products would have resulted in >1 � 109 cells (Figure 3D),
a number that is compatible with TIL infusion into patients.
Thus, effective TIL expansion can be achieved from late-
stage metastatic NSCLC tumors independent of the meta-
static location and/or previous treatments given to the
patient.

We next measured the T cell content at the end of TIL
expansion. Similar to early-stage NSCLC tumor lesions,14

Foxp3-expressing T cells, were lost after expansion
(Supplementary Figure S4, available at https://doi.org/10.
1016/j.iotech.2022.100090). The percentage of CD8þ T cells
increased from 30% � 16.3% in the tumor digest ex vivo to
58% � 26.7% after REP (P ¼ 0.006) (Figure 3E; for gating
strategy, see Supplementary Figure S4, available at https://
doi.org/10.1016/j.iotech.2022.100090). Conversely, the
percentage of CD4þ T cells remained constant (Figure 3E).
The ratio of CD8þ T cells over CD4þ T cells increased from
1.3 ex vivo to 7.6 after REP (Figure 3F; P ¼ 0.04). Expanded
TILs thus primarily consist of CD4þ and CD8þ T cells.
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TIL products from metastatic lesions contain
tumor-responsive cells

To study the functionality of TILs expanded from metastatic
NSCLC lesions, we firstly measured their overall capacity to
produce TNF, IFN-g or IL-2 after 6 h of activation with PMA
and ionomycin. Intriguingly, some TIL products produced
high levels of one specific cytokine (Supplementary
Figure S5, available at https://doi.org/10.1016/j.iotech.
2022.100090), yet most produced two or more
(Supplementary Figure S5, available at https://doi.org/10.
1016/j.iotech.2022.100090), revealing their capacity to
amply produce cytokines.
8 https://doi.org/10.1016/j.iotech.2022.100090
To define their tumor reactivity, we exposed TIL products
for 6 h to the autologous tumor digest if available (n ¼ 21),
or with medium alone as control, and we measured
the TNF, IFN-g, IL-2 production and CD137 expression
(Figure 4A, Supplementary Figure S6, available at https://
doi.org/10.1016/j.iotech.2022.100090). To distinguish the
expanded TILs from T cell infiltrates of the tumor digest, we
pre-stained the expanded TILs with CD4 and CD8 antibodies
before the co-culture. TIL products contained CD8þ and
CD4þ T cells that produced TNF, IFN-g, IL-2 or that
expressed CD137 in response to tumor digest (Figure 4B).
The sum of CD8þ T cells producing at least one cytokine or
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CD137 (labeled as tumor-responsive) reached 10.0% � 8.9%
in response to tumor digest, compared to 6.6% � 7.2%
positive cells in the medium control (Figure 4C; P ¼ 0.0007).
With 13.0% � 8.8% of tumor-responsive cells compared to
4.5% � 4.3% in medium control, CD4þ TILs were more
tumor-responsive (Figure 4C; P < 0.0001). The level of
tumor-responsive TILs could not be attributed to metastatic
location or pre-treatment (Figure 4C).

We next divided tumor-reactive CD8þ and CD4þ T cells
into single cytokine producers, double producers (i.e. that
Volume 15 - Issue C - 2022
produce two of the three measured cytokines) and triple
producers (i.e. that produce all three measured cytokines)
(Figure 4D). Even though single cytokine producers
contributed most, almost all TIL products contained double
and triple cytokine-producing TILs above background (me-
dium control) (Figure 4D). Notably, polyfunctional T cells
were present in 16 out of 21 (76%) TIL products, including
those with a low percentage of cytokine-producing T cells
(Figure 4D). Thus, albeit at different levels, most TIL prod-
ucts contain cytokine-producing, CD137-expressing T cells.
https://doi.org/10.1016/j.iotech.2022.100090 9
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DISCUSSION

Here, we showed that tumor-reactive TILs can be efficiently
isolated and expanded from metastatic NSCLC tumors,
irrespective of their location and the pre-treatment
regimen. An important parameter to generate TIL prod-
ucts is the presence of T cells. Previous studies proposed
that the tissue origin from tumor shapes the metastatic
immune cell composition.41 Indeed, the frequency of CD8þ

TILs in metastatic renal cell carcinomas and colorectal tu-
mors was comparable to their primary tumors.42 With the
exception of brain metastasis,43,44 which was not included
in our cohort, the overall lymphocyte infiltration in meta-
static NSCLC lesions also closely resembled that of primary
tumors.14 Specifically, the distribution of CD8þ T cells,
conventional CD4þ T cells and Tregs was similar, just like the
percentages of B cells, NK cells and NKT cells. Our cohort
mainly consisted of adenocarcinoma tumors (Table 2),
prohibiting us from comparing different tumor subtypes.
Nonetheless, our data indicate that all metastatic lesion
sites tested allowed for generating TIL products for thera-
peutic purposes.

In line with their well-established antitumoral cytolytic
function,45-48 most TIL products generated from metastatic
lesions contained antitumoral CD8þ T cell responses, as
defined by cytokine production and/or CD137 expression
after co-culture with autologous tumor digest. Intriguingly,
CD4þ T cells responded more robustly to autologous tumor
digest, a feature not observed in early-stage NSCLC tu-
mors.14 Several recent studies identified antitumoral cyto-
lytic CD4þ T cell responses in solid tumors, including
NSCLC.49-53 Therefore, we hypothesize that CD4þ T cell re-
sponses could also substantially contribute to the antitu-
moral responses against NSCLCs. Importantly, 76% (n ¼ 16)
of TIL products contained polyfunctional T cells, considered
the most potent antitumoral T cells.25,26,54 Thus, the
generated TIL products should achieve antitumoral
responses.

Another important point is if tumor lesions with a high
likelihood of containing tumor-specific T cells can be iden-
tified before expansion. We and others showed a correla-
tion between high PD-1 expression on TILs and antitumor
responses in TIL products.14,55 Unfortunately, circulating
anti-PD-1/programmed death ligand-1 antibodies in nivo-
lumab and/or pembrolizumab-treated patients (anti-PD-1
immunotherapy) impede such expression analysis for many
patients in our cohort. However, other markers may help
identify tumor-responsive TILs in such a patient cohort. The
number of tissue-resident CD103þ and CD69 CD8þ T cells
and of CD69þ CD4þ T cells was increased in late-stage tu-
mors. Furthermore, these tissue-resident TILs showed
increased expression of CD39 and CD137, which is indica-
tive for TCR engagement and thus potentially for tumor-
specific TILs.38,40,56 CD137þ TILs express the highest levels
of IFN-g, TNF and IL-2,40,57,58 which may further point to
their tumor reactivity. It is therefore tempting to speculate
that CD103, CD69, CD39 and CD137 combined could iden-
tify and potentially even enrich for tumor-specific TILs.
10 https://doi.org/10.1016/j.iotech.2022.100090
TIL therapy demonstrated its potential in late-stage
melanoma,20,22,59 bladder cancer,60 breast cancer,61

ovarian cancer,62 head and neck cancer63 and recently
also for NSCLC.27 In anti-PD-1-refractory NSCLC patients, 11
out of 16 patients (76%) showed an objective response, and
2 a complete response, which highlights the potential of TIL
therapy for NSCLC patients.27 Importantly, as for melanoma
alike,64 this study revealed that TIL therapy is beneficial in
patients who failed immunotherapy. Our cohort is too small
to extract differences in TIL expansion and tumor reactivity
in patient subgroups based on different pre-treatment
regimens or metastatic lesion sites. Nonetheless, none of
the specific pre-treatment regimen or the tested locations
of metastatic lesions should exclude a patient from
receiving TIL therapy. However, because TIL therapy is less
effective when used as second- or third-line treatment,65 it
is key to identify the most suitable therapy early on, and to
consider TIL therapy as first-line treatment.

In conclusion, we showed that the generation of tumor-
reactive TIL products from late-stage NSCLC tumors is
feasible, irrespective of pre-treatment regimen or tumor
origin. TIL products reach sufficient cell numbers for clinical
application, and most display polyfunctional antitumor
effector functions. We are therefore confident that TIL
therapy will generate promising results for metastatic
NSCLC patients in upcoming clinical trials.
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