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ABSTRACT
Background Adoptive cell therapy (ACT) with tumor-
infiltrating lymphocytes (TILs) has shown remarkable
results in malignant melanoma (MM), while studies on the
potential in other cancer diagnoses are sparse. Further, the
prospect of using checkpoint inhibitors (CPIs) to support
TIL production and therapy remains to be explored.
Study design TIL-based ACT with CPIs was evaluated in a
clinical phase I/II trial. Ipilimumab (3 mg/kg) was administered
prior to tumor resection and nivolumab (3 mg/kg, every
2 weeks ×4) in relation to TIL infusion. Preconditioning
chemotherapy was given before TIL infusion and followed by
low-dose (2 10e6 international units (UI) ×1 subcutaneous for
14 days) interleukin-2 stimulation.
Results Twenty-five patients covering 10 different
cancer diagnoses were treated with in vitro expanded
TILs. Expansion of TILs was successful in 97% of
recruited patients. Five patients had sizeable tumor
regressions of 30%–63%, including two confirmed
partial responses in patients with head-and-neck cancer
and cholangiocarcinoma. Safety and feasibility were
comparable to MM trials of ACT with the addition of
expected CPI toxicity. In an exploratory analysis, tumor
mutational burden and expression of the alpha-integrin
CD103 (p=0.025) were associated with increased disease
control. In vitro tumor reactivity was seen in both patients
with an objective response and was associated with
regressions in tumor size (p=0.028).
Conclusion High success rates of TIL expansion were
demonstrated across multiple solid cancers. TIL ACTs
were found feasible, independent of previous therapy.
Tumor regressions after ACT combined with CPIs were
demonstrated in several cancer types supported by in vitro
antitumor reactivity of the TILs.
Trial registration numbers NCT03296137, and EudraCT
No. 2017-002323-25.

INTRODUCTION
Immune therapy has advanced from malignant melanoma (MM) into many cancer
diagnoses. Adoptive cell therapy (ACT) with

in vitro expanded tumor-infiltrating lymphocytes (TILs) is an immune therapy pioneered
within MM that has shown remarkable
results.1 2 ACT is currently experiencing a
renewed interest in its potential use in other
solid cancers due to the successful application
of immune therapies such as anti-Programmed
cell death protein 1 (PD-1) and anti-cytotoxic
T-lymphocyte-associated protein 4 (CTLA-4)
checkpoint inhibitors (CPIs), also pioneered
in melanoma, in several solid cancers.3–5 The
interest in TIL-based ACT is further fueled
by case reports of tumor regression after TIL
therapy in patients without melanoma6–10 and
recent breakthroughs with genetically modified chimeric antigen receptor-based ACT in
several hematological cancers.11
The feasibility of in vitro TIL expansion has
been repeatedly demonstrated in many solid
cancers, including bladder, breast, ovarian,
renal cell, head-
and-
neck, non-
small cell
lung cancers, prostate cancer, sarcoma, and
pancreatic carcinomas.12–19 Less is known
about the clinical efficacy and safety, as very
few ACT clinical trials in patients without
MM have been published. Response rates
outside MM have generally been lower, and
durable complete responses (CRs) have so
far been observed only in two patients with
cervix cancer and one patient with breast
cancer—the latter in combination with anti-
PD-1 blockade.6–9 20 Many non-
MM clinical
trials are currently in progress, including
colorectal, pancreatic, breast, head-and-neck,
and lung cancers, but most are based on
expanded TILs selected for tumor-
antigen
reactivity (NCT01174121, NCT03215810,
NCT03610490,
NCT03801083,
and
NCT03645928).
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METHODS AND MATERIALS
Patients
Eligible patients were recruited and treated at the Department of Oncology, Copenhagen University Hospital,
Herlev, Denmark. Main inclusion criteria were progressive metastatic cancer disease without available standard
therapy options, >1 cm3 tumor lesion available for safe
resection, age of 18–70 years, acceptable performance

status, and organ function. Exclusion criteria were brain
metastases, chronic infections with hepatitis, HIV or
treponema pallidum, and ≥10 mg/day corticosteroids
(excluding adrenal substitution therapy with hydrocortisone). The trial is registered with c linicaltrial.gov and c lin
icaltrialsregister.eu.
Study design
CPIs were added to the course of ACT at specific time
CTLA antibody ipilimumab (3 mg/kg×1)
points: anti-
was administered >2–6 weeks before tumor removal to
optimize in vitro expansion. The anti-
PD-
1 antibody
nivolumab (3 mg/kg, q2w×4) was administered 2 days
before and in the weeks after TIL infusion to improve
in vivo efficacy. At days −7 to −1 relative to the TIL
infusion, patients were treated with non-myeloablative
conditioning chemotherapy with cyclophosphamide
(60 mg/kg×2) and fludarabine phosphate (25 mg/
m12×5). At day 0, the entire TIL product was infused
and followed by bone marrow stimulation with pegfilgrastim (6 mg×1) and subcutaneous IL-2 injections (2
MIE per day for 14 days). The therapy regimen is illustrated in figure 1. Primary endpoints were tolerability
and feasibility of ACT combined with CPI in metastatic
solid cancers, secondary endpoints clinical efficacy and
immune parameters.
Assessment of safety, feasibility and clinical efficacy
Patients were continuously monitored for adverse events
and graded according to Common Terminology Criteria
for Adverse Events (CTCAE) V.4.0. Study drugs and
supporting therapy were individually adjusted according
to toxicity and management thereof. Feasibility was
assessed as successful TIL expansion in vitro, successful
TIL infusion and administration of other study drugs.
Clinical efficacy was assessed as objective response
according to Response evaluation criteria in solid
tumors (RECIST) V.1.1. As an exploratory endpoint.
In an exploratory analysis, the patients were grouped
according to disease control. Disease control was defined
as a confirmed partial response (PR) or stable disease
(SD) >4.5 months.

Figure 1 Therapy regimen. Overview of the scheduled adoptive cell therapy in combination with conditioning chemotherapy,
low-dose interleukin-2 and checkpoint inhibition. Created with BioRender.com. TIL, tumor-infiltrating lymphocyte.
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The TIL-
based ACT regime traditionally consists of
three steps: lymphodepleting preconditioning, infusion
of in vitro expanded cells, and adjuvant stimulation with
interleukin (IL)-2.21 Chemotherapy preconditioning and
IL-2 therapy both induce transient but substantial toxicities that in almost all cases require hospitalization and
prophylactic therapy.22–24 Furthermore, TIL-based ACT
requires tumor tissue available for safe resection and
adequate in vitro expansion within a relatively short time
period, so the patient is still fit for intensive therapy with
lymphodepletion and IL-
2. These limitations are well
described in MM but not in other solid cancers.
Many recent efforts in experimental immune therapy
combine non-
redundant therapies to improve the
resulting clinical efficacy—most prominently illustrated
by anti-PD-1 and anti-CTLA-4 combination therapy.25 The
possibility to combine CPI with ACT is an appealing therapeutic approach that remains to be explored. Preclinical
models demonstrate that CPIs can benefit the phenotype
of TILs,26 27 and clinical trials have suggested a positive
association between anti-CTLA-4 therapy and in vitro TIL
expansion.28–31 Furthermore, several studies have shown
overexpression of PD-1 on in vitro expanded TILs, indicating that PD-1 blockade could be a relevant combination strategy to prevent PD-L1-mediated inactivation in
vivo.32–35
The addition of CPIs to the ACT schedule may
also reduce the need for high-
dose IL-
2 dose while
still supporting optimal in vitro TIL expansion, thus
increasing the overall safety and feasibility of ACT. In this
clinical trial, we address the potential of TIL-based ACT
supported by CPIs in solid cancers in a wide range of solid
cancer types.
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Immune phenotyping the cell product
The TIL infusion product (REP TILs), young TILs and
unstimulated TILs were phenotypically characterized by
flow cytometry. REP and Young TILs were thawed 1 day
prior to flow cytometry and rested overnight in medium
containing RPMI-
1640, 1% penicillin/streptomycin
(Gibco) and 10% human serum (Sigma-Aldrich), while
unstimulated TILs were staining on the day of thawing.
After washing, approximately 1×10e6 cells were incubated
5 min at room temperature with near infrared (NIR)
live–dead marker (Thermo Fisher, Waltham, Massachusetts, USA) and Fc block, and then incubated in the
dark for 20 min at 4°C with the antibody mixes shown in
online supplemental table 1. The cells were then washed
and acquired on a NovoCyte Quanteon Flow Cytometer
(Agilent Technologies, Santa Clara, California, USA).
In vitro antitumor reactivity
In vitro expanded REP TILs were tested for reactivity against
autologous tumor. Autologous tumor cells were either
derived from an in vitro cultured tumor cells (TC) or from
digested tumor material (TD) as described previously. TILs
were thawed and rested the day before reactivity testing as
mentioned previously, while TD was thawed on the day of
testing. For the reactivity assay, TILs and tumor cells (either
TD or TC) were cocultured (3:1 ratio) for 6 hours together

with GolgiPlug (BD Biosciences, San Jose, California, USA),
GolgiStop (BD Biosciences), and anti-CD107a-BV421 (BD
Biosciences, cat 555801). After coculture, the cells were
washed twice with phosphate-
buffered-
saline (PBS) and
stained in the dark for 20 min at 4°C with the NIR live–dead
marker and the extracellular antibodies listed in online
supplemental table 1. Cells were then washed and processed
with the Foxp3 Transcription Factor Staining Buffer Set
according to the manufacturer’s instructions (eBioscience,
San Diego, California, USA), before being stained with the
intracellular antibodies listed in online supplemental table
1 in the dark for 30 min at 4°C. After an additional wash
with PBS, the cells were acquired on a NovoCyte Quanteon Flow Cytometer (Agilent Technologies). The method
is further elaborated elsewhere.37 Antitumor reactivity was
defined as simultaneous expression of at least two of the
following markers after tumor coculture: tumor necrosis
factor alpha (TNF-α), interferon gamma (IFN-γ), CD107a
or CD137 (4-1BB). The lower limit for antitumor reactivity
in REP TILs was 0.5% of all live CD3 + cells after subtraction
of unstimulated background expression of REP TILs.
Tumor mutational burden (TMB)
To assess the TMB of the tumor resection used for in vitro
TIL expansion, tumor DNA was sequenced with the pan-
cancer genomic assay TruSight Oncology 500 (TSO500;
Illumina, San Diego, CA). The tumor material used for
TMB analysis was incubated in RNAlater (Life Technologies, Carlsbad CA) during processing, stored overnight
and then frozen at −80⁰C until analysis. Tumor DNA was
purified using AllPrep DNA/RNA/protein extraction
kit (Qiagen, Hilden, Germany). Targeted sequencing
was performed using TSO500 HT Library preparation
kit according to manufacturer’s instructions (Illumina).
Sequencing was done on a NovaSeq6000 (2×100 bp
paired-end reads) and sequencing data were processed
using the TSO500 assigned software (Local app V.2.2)
provided by Illumina.
Data analysis and statistics
Clinical data were collected and stored in a data repository hosted by REDcap (Vanderbilt University, Nashville,
Tennessee, USA). Statistical analyses were performed
in GraphPad Prism V.9 (GraphPad Software, La Jolla,
CA, USA). A log-rank test was used to compare overall
survival (OS) between disease control and non-disease
control groups. Data correlations were tested for significance with the non-parametric Spearman correlations
and grouped data were compared with a non-parametric
Mann-Whitney U test. The significance correlations of in
vitro reactivity and tumor size regressions were tested with
Fisher’s exact test.
Flow cytometry data were analyzed in NovoExpress
V.1.4 (Agilent Technologies) and FlowJo V.10.6 (BD
Biosciences). Cell subset sizes were compared with a non-
parametric Mann-Whitney U test or a Wilcoxon matched
pairs test for paired comparisons.
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Tumor handling and in vitro TIL production
Participants underwent surgical removal of an accessible
tumor lesion and the tissue was directly transported in
tumor medium containing RPMI-
1640 with Glutamax/
Hepes (Gibco, Waltham, Massachusetts, USA), 10% Fetal
bovine serum (FBS;Gibco), 1% penicillin/streptomycin
(Gibco) and 0.5% Fungizone (Bristol-Myers Squibb, New
York, New York, USA) to an in-house Good Manufacturing
Practice (GMP) facility at the hospital for processing and in
vitro TIL expansion. A section of the tumor was sent to the
local pathology department for verification of malignancy.
For initial expansion, the tumor was manually dissected
into >48 fragments and cultured in 24-well plates (Nunc,
Roskilde, Denmark) with 6000 U/mL IL-2 (Clinigen, Staffordshire, Great Britain). When approximately 50×10e6
cells were reached, 20×10e6 cells (young TILs) were set
up with irradiated allogenic feeder cells, anti-CD3 antibody (clone: OKT3; Milteny Biotec, Bergisch Gladbach,
Germany) and IL-2 (6000 U/mL) in a rapid expansion
protocol (REP) for 2 weeks. The production of young
and REP TILs has previously been described in detail.9 36
Surplus tumor tissue was frozen in situ or enzymatically digested over 24 hours with collagenase IV (Sigma-
Aldrich, St. Louis, Missouri, USA) into a single cell
suspension of tumor cells) and TILs (unstimulated TILs).
Autologous tumor cell lines were cultured from the transport medium using RPMI-
1640 with Glutamax/Hepes
(Gibco), 10% FBS (Gibco), 1% penicillin/streptomycin
(Gibco) and 0.5% Fungizone (Bristol-Myers Squibb). The
tumor cell lines were sent for analysis and diagnosis verification at the Department of Pathology at Herlev Hospital.
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ID

Diagnosis

Histology details

Age

Sex

Years with
cancer

Previous lines of
therapy

1
2

Colon cancer
Colon cancer

Mucusal AC, KRASmut
AC, KRASmut, MSI-low,

65
63

F
M

6.3
2.9

2
3

3

Colon cancer

AC, KRASmut, MSI-low

55

F

5.1

2

4

Colon cancer

AC, MSS

57

F

12.3

4

5

Colon cancer

AC, BRAFmut

44

M

1.2

2

6

Rectal cancer

AC, KRASmut, MSS

53

F

3.3

2

7

Rectal cancer

AC, MSS

45

M

2.4

4

8

CC

Chronic inflammation

66

F

3.9

2

9

CC

FGFR fusion

54

F

13.1

10*

10

CC

Klatskin

50

M

3

2*

11

Melanoma (skin)

PD-L1neg, BRAFwt

46

M

2.9

1†

12

Melanoma (skin)

PD-L1neg, BRAFmut

51

F

8.4

3†

13

Melanoma (choridea)

BRAFwt

47

F

4.9

2*

14

Melanoma (choridea)

BRAFwt

39

M

12.9

4*

15

Melanoma (choridea)

63

F

3.9

1*

16

Melanoma (choridea)

BRAFwt

55

M

1.2

2†

17

Leiomyosarcoma

Uterus-derived

48

F

2.9

3

18

Leiomyosarcoma

Liver-derived, grade 3

51

M

5.1

1

19

Oropharyngeal cancer (HNSCC) SCC, P16+

57

M

5.3

2*

20

Cervix cancer

SCC, P16+, P40+

40

F

9.5

5*

21

Myoepithelial carcinoma

PD-L1neg

65

M

2.7

1

22

Adrenocorticocarcinoma

Weiss score 9

64

F

0.9

1

23

Non-small cell lung cancer

AC, PD-L1neg

45

F

6

4

24

Rhinopharyngeal cancer

Low diff.

43

F

4.5

2

Low diff.

57
53

M
11:14

4.3
4.3

3
2

25
Thyroid cancer
Median/ratio

Overview of all patients treated with adoptive cell therapy in the clinical trial.
*Included anti-PD-1/PD-L1.
†Included anti-PD-1 and anti-CTLA-4.
AC, adenocarcinoma; CC, cholangiocarcinoma; F, female; FGFR, fibroblast growth factor receptor; HNSCC, head-and-neck squamous cell
carcinoma; M, male; MSI, microsatelite instability; MSS, microsatelite stability; SCC, squamous cell carcinoma.

RESULTS
Patient characteristics
A total of 25 patients across 10 different metastatic cancer
types were enrolled and treated with an in vitro expanded
TIL product between 2017 and 2019. An additional six
patients were included but discontinued prior to TIL infusion. The most common diagnoses were colorectal cancer
(CRC, n=7) and choroidea-derived MM (MM choroidea,
n=4). Many patients had a long cancer history with several
lines of therapy prior to enrolment. The baseline characteristics of all treated patients are listed in table 1.
Feasibility and safety
In total, in vitro TIL expansion to therapeutic levels was
successful in 30 out of 31 patients (97%). Three patients
required a second tumor resection, making the success
rate 30 TIL products out of 34 total tumor resections
4

(88%). Six patients were treated with ipilimumab and
had surgical removal of tumor tissue but were discontinued due to clinical deterioration (n=5) or failure to
produce a TIL product (n=1). All patients received ipilimumab prior to tumor removal with a median interval of
16 days. One patient with MM (patient 11) had previously
received ipilimumab as standard therapy 4 months earlier
and was not retreated prior to surgical tumor resection
for ACT.
Median young TIL expansion time was 23 days (min–
max: 15–44 days), and the median number of infused
cells was 61×10e9 cells (min–max: 5–114×10e9 cells). All
patients received nivolumab on day −2 relative to cell infusion, and 16 patients received all four scheduled doses of
nivolumab. Ten of the 25 patients received all 14 doses of
IL-2, while 2 patients did not receive any IL-2 after TIL
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Table 1 Baseline patient characteristics

Open access

Treatment overview

All

Non-disease control

Disease control

TIL succes rates, n
 TIL products/tumor resections

30/34

 TIL products/enrolled patients

30/31

 TIL-treated patients

P value

25

17

8

23 (15–44)

26 (18–44)

20 (15–28)

n.s.

 Resection to TIL infusion (days)

44 (34–197)

49 (34–197)

43 (36–62)

n.s.

 Cells in infusion product (10e9)

61.2 (5–126)

57 (5–126)

67 (53–109)

n.s.

 REP fold exp.

2840 (265–6300)

2605 (265–6300)

3340 (2660–4748)

n.s.

 CD3 + of live cells (%)

97.4 (91.1–98.8)

97.3 (91.1-98-8)

97.5 (94.2–98.8)

n.s.

 CD4 + of CD3+ (%)

56.5 (2.2–95.4)

56.5 (2.2–95.4)

55.6 (4.7–87.0)

n.s.

 CD8 + of CD3+ (%)

31.9 (1.5–79.3)

31.9 (1.5–71.7)

37.2 (7.2–79.3)

n.s.

 0

18

12

6

 1

4

2

2

 2

3

3

0

 0

2

2

0

 1–9

8

7

1

 10–14

15

7

6

 1–2

5

5

0

 3–4

20

11

9

 PR

2

0

2

 SD
 PD

19
4

13
4

6
0

TIL production, median (min–max)
 Young TIL expansion (days)

TIL product (REP TILs), median (min–max)

Performance status at day −8

IL-2 doses, n
0.025

Nivolumab doses, n
0.001

Objective response

Summary of the TIL expansions and 25 treated patients. Patients were divided in disease control (PR or stable disease >4.5 months) and
non-disease control groups depending on their objective response and its duration. Objective responses were assessed according to RECIST
V.1.1.
n.s., not significant; PR, partial response; REP, rapid expansion protocol; SD, stable disease; TIL, tumor-infiltrating lymphocyte.

infusion due to fragile clinical condition. In 13 patients,
IL-2 was prematurely discontinued due to fragile clinical state (n=6), unacceptable toxicity (n=8) or logistical
considerations (n=1). Five of the treated patients also
worsened in performance status from trial inclusion to
hospital admittance. An overview of TIL expansion and
treatment is provided in table 2.
The most severe toxicity was due to the conditioning
chemotherapy and IL-2. Grade 3 and 4 adverse events
are listed in table 3. Non-ablative myelosuppression with
grade 4 neutropenia was seen in all patients, but the
duration and the degree of anemia and thrombocytopenia varied greatly. Data on myelosuppression during
and after conditioning chemotherapy are further elaborated in a separate publication.38 Two patients suffered
from grade 4 dyspnea after TIL infusion and one was

transferred to the intensive care unit for temporary
assisted ventilation.
Clinical efficacy
Five patients had sizeable tumor regressions of 30%–63%
(figure 2A) including two patients (16%) with confirmed
PRs. The PRs consisted of one patient (patient 8) with
cholangiocarcinoma (CC) that demonstrated total regression of a smaller lung metastasis and another patient
(patient 19) with head-and-neck squamous cell carcinoma
(HNSCC) who experienced total regression of several
sizeable lung metastases (figure 3). Both patients eventually suffered from progressive disease. Two patients
had unconfirmed PR. The disease control rate was 32%
with eight patients experiencing either PR or SD of >4.5
months.
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Table 2 Treatment and response overview
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Intervention

Adverse reaction

n

%

Surgery (grades 3 and 4)

Chylos

1

4

25

100

Chemotherapy (grades 3 Neutropenia
and 4)

TIL infusion (grades 3
and 4)

IL-2 (grades 3 and 4)

IrAEs (grades 3 and 4)

IrAEs (grades 1 and 2)

 

Trombocytopenia

22

88

Anemia

22

88

Infection

6

24

Nausea

2

8

Hyponatremia

2

8

Hemorrhagic cystitis

1

4

Fatigue

1

4

Vertigo

1

4

PS drop

1

4

Thrombosis in CVC

1

4

Fever

4

16

Dyspnea

2

8

PS drop

3

12

Transaminase elevation

1

4

Fever

16

64

Fatigue

5

20

PS drop

4

16

Dyspnea

4

16

Transaminase elevation

2

8

Vomiting

2

8

Elevated creatinine

1

4

Hallucinations

1

4

Fever

2

8

Hepatitis

2

8

Colitis

2

8

Thyroiditis

3

12

Parotidis

1

4

Hepatitis

1

4

Adrenilitis

1

4

Dermatitis

1

4

Myalgia

1

4

Grades 3 and 4 (CTCAE V.4.1) treatment related adverse events. IrAEs
of all grades after checkpoint inhibitors are shown.
CVC, Central venous catheter; IL, interleukin; IrAE, immune-related
adverse event; PS, performance status; TIL, tumor-infiltrating
lymphocyte.

The median progression-free survival was 89 days and
median OS was 227 days. The patients in the disease
control group had a significantly longer OS (p=0.041)
than the non-disease control group (figure 2B), with a
median survival of 465 days vs 142 days, respectively.
Treatment feasibility regarding in vitro TIL expansion
was not significantly altered between the two groups,
but the benefit group received significantly more of the
scheduled IL-2 and nivolumab doses (table 2).
6

Antitumor reactivity in vitro
Reactivity against autologous tumor cells was demonstrated in REP TILs from eight patients and in up to
12.4% of infused T cells (figure 5). Three of the reactive REP TILs were derived from colon cancer. Reactivity
was seen in both CD4 + and CD8+ T cells, but primarily in
the subset that dominated the REP TILs of the individual
patient. Two of the REP TILs (patients 2 and 11) were
reactive against TC, while six were reactive against TD
(patients 1, 3, 8, 17, 19 and 20). Of note, we also observed
very high expression of all reactivity markers in the CD4−
CD8− gd T cells of patient 14. Although it increased
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TIL phenotype of infusion product
The TILs were phenotyped at different stages of expansion using flow cytometry. The REP TILs used for therapy
were almost exclusively CD3 + T cells with a median of
98.5% (min–max: 92.1%–99.6%) as shown in table 2.
In 10 patients, the predominant T-cell subset was CD8+
(>50%), whereas the CD4 + subset dominated in 14
patients. There was no significant correlation to clinical
efficacy, although there was a trend of higher proportion
of CD8 + cells in the disease control group (table 2). One
patient (#14) with choroidal melanoma had almost exclusively CD4−CD8− T cells, and further analysis revealed
that they were gd T cells, which were not seen in the other
patients (data not shown).
As shown in figure 4A, the REP TILs were largely
CCR7−, indicating T cells with effector function (median
of CCR7 + was 0.6%, min–max: 0.1–3.5). The dominating
subset was CD45RA− effector memory T cells (median:
94.3%, min–max: 47.5%–98.9%), with a low fraction of
CD45RA+CCR7− (Terminally differentiated effector
memory, EMRA) T cells (median: 5.3%, min–max: 0.7%–
52.4%). The REP TILs were high in CD39, CD28, and the
3, BTLA, TIM-
3,
immune regulatory checkpoints LAG-
and TIGIT, and low in CD27, CD57, CD103, and PD-1.
In all patients, a marked increase in CD39 expression
and other immune regulatory checkpoints was seen
throughout the in vitro expansion with the notable
exception of PD-1, which decreased significantly during
the REP. The differentiation marker CD27 that has been
linked to better in vivo efficacy of TILs also decreased
during the REP.
A phenotype comparison of REP TILs from patients
in the disease control group to the non-control group
revealed significantly increased expression of an alpha-
integrin CD103 associated with tissue migration and residency (figure 4B, p=0.025). The higher expression of
CD103 was also seen in CD8 T cells (figure 4C, p=0.040).
As also shown in figure 4B,C, the overall expression of
CD103 generally decreased during the in vitro expansion
especially after the initial young TIL expansion with IL-2
but to a lesser extent in the disease control group. CD103
was present (>1% of CD3) in all but one patient in the
disease control group, including the two patients with an
objective response (3.9% and 5.7%), and in less than half
of the patients in the non-disease control group.

Table 3 Toxicity of study drugs and interventions
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when incubated with TCs, the background expression of
TNF-α, IFN-γ, CD107a, and CD137 (6.8%, 5.2%, 7.16%,
and 28.4% of CD3, respectively) was so high that specific
tumor reactivity could not be determined. The reactivity
data from all patients are shown in online supplemental
figure 1.
In vitro antitumor reactivity of REP TILs was only seen
in 3 (out of 8) in the disease control group but in 6
out of 10 patients with tumor size regressions (figure 2,
p=0.028), including the two patients with confirmed PR.

Figure 3 Computerized tomography (CT) scan images from
patients with an objective response to therapy. Two patients
had a partial response according to RECIST V.1.1. Images
from baseline and 6 weeks after cell infusion in patient 8 with
cholangiocarcinoma and patient 19 with HNSCC are shown.
HNSCC, head-and-neck squamous cell carcinoma.

Tumor mutational burden
The TMB analysis (figure 6) showed that four patients
were TMB-high defined as >10 mutations per megabase.39 Two TMB-high patients, both patients with CRC,
were in the disease control group. The human papilloma
virus (HPV)-associated cancers (patients 19 and 20) also
presented with a high TMB. There was a trend towards
greater TMB in patients with disease control, but the
difference did not reach statistical significance. There
was no significant correlation between high TMB and in
vitro TIL expansion feasibility or in vitro antitumor reactivity. Four patients had TMB <1, indicating either a high
proportion of non-tumor tissue or low-frequency mutations. In one patient, the TMB could not be determined
due to a low-frequency variant (detection limit of 5%).

DISCUSSION
The results from this clinical trial demonstrate the safety
and feasibility of TIL-
based ACT in a wide range of
solid cancer types. Despite many patients being heavily
pretreated with chemotherapy and/or immune therapy,
TIL expansion and therapy could be completed for the
great majority. Furthermore, we show that the addition of
CPIs both before and during TIL infusion with low-dose
IL-2 only adds manageable and expected toxicity comparable to CPI monotherapy.
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Figure 2 Clinical efficacy and OS. (A) Best change in target lesion sum of all patients. The patients with disease control (PR
and/or SD >4.5 months) are marked with light gray and listed with cancer diagnoses. (B) Swimmer’s plot showing the duration
of response in the individual patients and indicating start of tumor regressions >30% of target lesions. (C) Kaplan-Meier plot
of the OS in the benefit and non-benefit groups. The survival curves are compared with a log-rank test. *The patients with
antitumor reactive cells in vitro. BOR, best overall response; CC, cholangiocarcinoma; CRC, colorectal cancer; HNSCC, head-
and-neck squamous cell carcinoma; MM, malignant melanoma; OS, overall survival; PD, progressive disease; PR, partial
response; SD, stable disease.
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In many patients, the number and degree of adverse
events from low dose IL-2 were more pronounced than
what has been reported with low-dose IL-2 in MM.40 41
Retrospectively, it was evident that IL-2 was not well tolerated in the non-benefit group and was often prematurely
discontinued. These patients generally had a very poor
survival (median OS of 159 days) indicative of a fragile
clinical state.
Objective responses were limited to a subset of patients
but do provide additional evidence of the clinical potential of ACT in patients outside MM, specifically CC
and HNSCC. In CC, an earlier case report of ACT with
selected TILs demonstrated clinical efficacy.6 Clinical
efficacy of CPI monotherapy is modest in CC, and it is
possible that combinational regime with, for example,
ACT is needed to achieve clinical efficacy in this cancer
type.42 In HNSCC, preclinical data from our center and
others have already suggested a potential for TIL therapy,
8

and a recent trial has also demonstrated clinical efficacy
of HPV-reactive TILs in HPV-associated HNSCC.10 15 43 44
The overall potential of immune therapy in HNSCC is
also evident by the recent approval of CPIs as first-line
therapy in these patients.45
With multiple drugs included in the study design, it is
difficult to distinguish whether the TILs, chemotherapy,
CPIs, IL-2, or a combination was the main driver of clinical response. However, in vitro antitumor reactivity and
clinical efficacy in chemotherapy—and CPI-
resistant
patients, as seen in the patient with HNSCC, is suggestive
of a beneficial role of the TILs. We also observed more
pronounced tumor regressions in patients treated with
REP TILs that also showed antitumor reactivity in vitro.
Nivolumab was given together with the TIL infusion,
and with a proportion of the TILs expressing PD-
1
(median 11.9%, min–max: 4.5%–45.1%), an impact on
these cells is possible. Recently, a case report of a complete
and durable response was demonstrated with the TIL and
anti-PD-1 combination in a patient with breast cancer.8
The success rate of the in vitro TIL expansion was indeed
comparable to MM but with a slightly longer median
young TIL expansion time of 23 days as compared to
17–21 days for MM; also the median total number of cells
produced was considerably lower.22 23 41 We noted a trend
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Figure 4 Phenotype analysis of TILs throughout expansion.
(A) Single marker expression analysis of the unstimulated
TILs before (unstimulated TILs), after initial in vitro expansion
(young TILs) and after the REP TILs. Expression is shown
as the fraction of CD3 + cells. (B) Comparison of CD103 +
and CD8+CD103+TILs during the in vitro expansion
according to disease control (partial response and/or
stable disease >4.5 months). The difference was tested
for significance with a non-parametric Mann-Whitney U
test. CD4 expression is low in unstimulated TILs as the
dissociation agent (collagenase IV) is known to cleave CD4.
CM, central memory; EM, effector memory; EMRA, terminally
differentiated effector memory; ns, not significant; REP, rapid
expansion protocol; TIL, tumor-infiltrating lymphocyte.

Figure 5 In vitro antitumor reactivity of infusion product.
Expression of reactivity markers in REP TILs from eight
patients where antitumor in vitro reactivity was seen in
more than 0.5% of CD3 + cells. The REP TILs are divided
according to the dominant T-cell subset: either CD4 or CD8.
Reactivity was assessed with intracellular flow cytometry
after coculture with unstimulated autologous tumor material.
REP TILs with expression of at least two markers (TNF-α,
IFN-γ, CD107a or CD137) in more than 0.5% of all CD3 +
cells were considered reactive. *Patients in the disease
control group. **Patients in the disease control group with
an objective response. CC, cholangiocarcinoma; CRC,
colorectal cancer; HNSCC, head-and-neck squamous cell
cancer; IFN-γ, interferon gamma; MM, malignant melanoma;
REP, rapid expansion protocol; TIL, tumor-infiltrating
lymphocyte; TNF-α, tumor necrosis factor-alpha.
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towards shorter expansion time and larger REP TIL products in responding patients, similar to what was described
in MM, but this difference did not reach statistical significance.46 The specific effect of adding ipilimumab before
tumor resection is difficult to dissect. However, based on
earlier data, including clinical evidence in patients with
MM,28 29 it could be argued that the ipilimumab dosing
prior to tumor harvest contributed to the high success
rate of the in vitro TIL expansion across tumor types.
The phenotype analysis of the REP TILs suggested
an importance of maintaining CD103 + CD8 T cells
throughout the in vitro expansion. These cells have been
associated with antitumor specificity and reactivity in
several cancers, and their presence has been associated
with improved survival in several cancers.47–51 Further,
the TILs showed high expression of CD39—a marker
associated with tumor reactivity but also activation and
exhaustion.49 52–54 CD39 expression increased during the
in vitro expansion and was highly expressed on the REP
TILs. Our data indicated that the high CD39 expression
in REP TILs was more likely a result of in vitro stimulation
than being directly linked to antitumor reactivity. Similarly, many other immune regulatory checkpoints such as
LAG-3, BTLA, TIM-3, and TIGIT also increased during
the expansion.
Recently, the size of a CD39−CD69− stem-like subset
within the REP TILs was retrospectively linked to durable
responses to TIL-based ACT in MM, while high CD27
expression associated to a ‘young’ phenotype has been
linked to better in vivo TIL efficacy.2 54 We observed no
correlation to CD27 + or CD39− cells to clinical efficacy.
The high expression of several immune regulatory
checkpoints on REP TILs besides PD-
1 indicates that
other targets may be suited for combinational therapy,
including anti-CD39 drugs or anti-LAG-3, which is already
in clinical development.55 56 To this end, we are currently

undertaking a clinical trial with TIL-based ACT in combination with the anti-LAG-3 antibody relatlimab based on
prior observations of high LAG-3 expression in REP TILs
of patients with ovarian cancer.9
TMB has been established as an independent prognostic factor of response to CPI therapy, and we therefore
wanted to investigate TMB as a common denominator
of various cancer types in the setting of TIL-
based
ACT.57 58 We observed a trend towards higher TMB in
the benefit group including the two patients with an
objective response; however, this was not statistically
significant, which indicates that other mechanisms are
involved. Interestingly, there was no significant correlation between TMB and TIL expansion feasibility despite
high TMB being a driver of immunogenicity and immune
infiltration.59 60 The patient with the highest TMB was a
patient with adrenocorticocarcinoma (ACC) who did
not respond or benefit from therapy. ACC has generally
not been responsive to immune therapy, but a recent
subgroup analysis linked clinical efficacy of CPIs to high
TMB in this diagnosis.61 62
Another interesting finding was the clear feasibility of
TIL production in two HPV-associated cancers (patients
19 and 20). TILs from both patients showed remarkably
high fold expansions in the REP (4748 and 4960), had a
high percentage of CD103 + cells (4.9% and 8.0%) and
demonstrated antitumor reactivity in vitro. The patient
with HNSCC (patient 19) who achieved a PR was also
HPV-associated, and the clinical potential of TIL expansion in HPV-associated epithelial cancer is supported by
clinical results with HPV-reactive TILs from the National
Cancer Institute.7 10
Our results are limited by the complex therapy
regimen, the heterogenous and advanced cancer disease
that affected all patients, and the small sample size. The
number of objective responses in this phase I/II clinical
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Figure 6 TMB versus disease control of ACT. The resected tumor sample used for in vitro TIL expansion was examined
for TMB. The TMB of 24/25 of the patients treated with ACT is shown together with the best overall response and the
patients are divided according to disease control rate (PR and/or SD >4.5 months). Non-PR indicates SD or PD. ACC,
adrenocorticocarcinoma; ACT, adoptive cell therapy; CC, cholangiocarcinoma; CRC, colorectal cancer; HNSCC, head-and-neck
squamous cell carcinoma; MM, malignant melanoma; NCSLC, non-small cell lung cancer; PD, progressive disease; PR, partial
response; SD, stable disease; TIL, tumor-infiltrating lymphocyte; TMB, tumor mutational burden.
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CONCLUSION
We demonstrate that TIL-
based ACT with in vitro
expanded REP TILs in combination with CPIs is feasible
in multiple solid cancers besides MM. Clinical efficacy
and tumor regressions are demonstrated in a subset of
patients and supported by in vitro antitumor reactivity of
the REP TILs. Our data suggest that the phenotype of the
REP TILs, specifically CD103 expression and possibly also
TMB, is linked to clinical efficacy.
Author affiliations
1
Department of Oncology, Copenhagen University Hospital - Herlev and Gentofte,
Herlev, Denmark
2
National Center for Cancer Immune Therapy (CCIT-DK), Department of Oncology,
Copenhagen University Hospital - Herlev and Gentofte, Herlev, Denmark
3
Department of Pathology, Copenhagen University Hospital - Herlev and Gentofte,
Herlev, Denmark
4
Department of Clinical Genetics, Kennedy Center, Copenhagen University Hospital Rigshospitalet, Copenhagen, Glostrup, Denmark
Acknowledgements We are deeply grateful for the patients’ willingness to
participate and the support of their families. A special thanks to the technicians
responsible for tumor-infiltrating lymphocyte expansion at the GMP facility at
Herlev Hospital and to the Department of Oncology, including attending physicians
and nurses. Thanks to Morten Hansen at the National Center for Cancer Immune
Therapy for support and assistance regarding the flow cytometry. This research was
funded by the Danish Cancer Society and Herlev Hospital. The funders played no
role in study design, data collection, analysis, or preparation of this manuscript.
Contributors Study design: AHK, ÖM, IMS, MD, and THB. Patient therapy and
clinical data collection: AHK, THB, MN, SKM, JWK, and CLL. Translational analysis:
AHK, CAC, LPJ, LBR, and CWY. Data analysis: AHK. Manuscript writing: AHK and IMS.
Manuscript proofs: AHK, CAC, THB, MN, JWK, CLL, LPJ, LBR, CWY, ÖM, MD, and IMS.
Competing interests No, there are no competing interests.
Patient consent for publication Consent obtained directly from patient(s).
Ethics approval The clinical trial was approved by the National Ethics Committee
and the Danish Medicines Agency. Oral and written informed consent were obtained
prior to recruitment in accordance with the Helsinki Declaration.
Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request. Flow
cytometry data and genetic data from the tumor material is avaliable to share upon
reasonable request within the national legal framework of data sharing and GDPR.
Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,

10

terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.
Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See http://creativecommons.org/licenses/by-nc/4.0/.
ORCID iDs
Anders Handrup Kverneland http://orcid.org/0000-0002-9883-936X
Christopher Aled Chamberlain http://orcid.org/0000-0002-9574-2466
Troels Holz Borch http://orcid.org/0000-0002-4402-9281
Morten Nielsen http://orcid.org/0000-0002-1250-4885
Marco Donia http://orcid.org/0000-0003-4966-9752

REFERENCES

1 Dafni U, Michielin O, Lluesma SM, et al. Efficacy of adoptive therapy
with tumor-infiltrating lymphocytes and recombinant interleukin-2 in
advanced cutaneous melanoma: a systematic review and meta-
analysis. Ann Oncol 2019;30:1902–13.
2 Rosenberg SA, Yang JC, Sherry RM, et al. Durable complete
responses in heavily pretreated patients with metastatic
melanoma using T-cell transfer immunotherapy. Clin Cancer Res
2011;17:4550–7.
3 Robert C, Schachter J, Long GV, et al. Pembrolizumab versus
ipilimumab in advanced melanoma. N Engl J Med 2015;372:2521–32.
4 Larkin J, Chiarion-Sileni V, Gonzalez R, et al. Combined nivolumab
and ipilimumab or monotherapy in untreated melanoma. N Engl J
Med 2015;373:23–34.
5 Hodi FS, O'Day SJ, McDermott DF, et al. Improved survival with
ipilimumab in patients with metastatic melanoma. N Engl J Med
2010;363:711–23.
6 Tran E, Turcotte S, Gros A. Cancer immunotherapy based on
mutation-specific CD4+ T cells in a patient with epithelial cancer.
Science 2014;344:641–5.
7 Stevanović S, Draper LM, Langhan MM, et al. Complete regression
of metastatic cervical cancer after treatment with human
papillomavirus-targeted tumor-infiltrating T cells. J Clin Oncol
2015;33:1543–50.
8 Zacharakis N, Chinnasamy H, Black M, et al. Immune recognition
of somatic mutations leading to complete durable regression in
metastatic breast cancer. Nat Med 2018;24:724–30.
9 Kverneland AH, Pedersen M, Westergaard MCW, et al. Adoptive cell
therapy in combination with checkpoint inhibitors in ovarian cancer.
Oncotarget 2020;11:2092–105.
10 Stevanović S, Helman SR, Wunderlich JR, et al. A phase II study
of tumor-infiltrating lymphocyte therapy for human papillomavirus-
associated epithelial cancers. Clin Cancer Res 2019;25:1486–93.
11 Maude SL, Laetsch TW, Buechner J, et al. Tisagenlecleucel in
children and young adults with B-cell lymphoblastic leukemia. N Engl
J Med 2018;378:439–48.
12 Yunger S, Bar El A, Zeltzer L-A, et al. Tumor-infiltrating lymphocytes
from human prostate tumors reveal anti-tumor reactivity and potential
for adoptive cell therapy. Oncoimmunology 2019;8:e1672494.
13 Nielsen M, Krarup-Hansen A, Hovgaard D, et al. In vitro 4-
1BB stimulation promotes expansion of CD8+ tumor-infiltrating
lymphocytes from various sarcoma subtypes. Cancer Immunol
Immunother 2020;69:2179–91.
14 Ben-Avi R, Farhi R, Ben-Nun A, et al. Establishment of adoptive cell
therapy with tumor infiltrating lymphocytes for non-small cell lung
cancer patients. Cancer Immunol Immunother 2018;67:1221–30.
15 Junker N, Andersen MH, Wenandy L, et al. Bimodal ex vivo
expansion of T cells from patients with head and neck squamous
cell carcinoma: a prerequisite for adoptive cell transfer. Cytotherapy
2011;13:822–34.
16 Andersen R, Donia M, Westergaard MCW, et al. Tumor infiltrating
lymphocyte therapy for ovarian cancer and renal cell carcinoma.
Hum Vaccin Immunother 2015;11:2790–5.
17 Harao M, Forget M-A, Roszik J, et al. 4-1BB-enhanced expansion of
CD8+ TIL from triple-negative breast cancer unveils mutation-specific
CD8+ T cells. Cancer Immunol Res 2017;5:439–45.
18 Poch M, Hall M, Joerger A, et al. Expansion of tumor infiltrating
lymphocytes (TIL) from bladder cancer. Oncoimmunology
2018;7:1–7.
19 Hall M, Liu H, Malafa M, et al. Expansion of tumor-infiltrating
lymphocytes (TIL) from human pancreatic tumors. J Immunother
Cancer 2016;4:61.

Kverneland AH, et al. J Immunother Cancer 2021;9:e003499. doi:10.1136/jitc-2021-003499

J Immunother Cancer: first published as 10.1136/jitc-2021-003499 on 4 October 2021. Downloaded from http://jitc.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

trial is low but still difficult to compare to the success
of TIL-based ACT in MM. MM is highly susceptible to
immune therapy, and TIL-based ACT is usually tested
after fewer lines of therapy. Up to now TIL-based ACT has
almost exclusively been tested in patients with MM and
the few patients outside MM have primarily been treated
with selected TILs. Our results show that the TIL-based
ACT platform can be combined with CPIs and applied
to a much broader spectrum of cancer indications than
solely MM but also indicate that more work is needed to
optimize the clinical efficacy before it can be considered
a viable therapeutic option.

Open access
40 Ellebaek E, Iversen TZ, Junker N. Adoptive cell therapy with
autologous tumor infiltrating lymphocytes and low-dose interleukin-2
in metastatic melanoma patients. J Transl Med 2012;10:1–12.
41 Nguyen LT, Saibil SD, Sotov V, et al. Phase II clinical trial of adoptive
cell therapy for patients with metastatic melanoma with autologous
tumor-infiltrating lymphocytes and low-dose interleukin-2. Cancer
Immunol Immunother 2019;68:773–85.
42 Jakubowski CD, Azad NS. Immune checkpoint inhibitor therapy in
biliary tract cancer (cholangiocarcinoma). Chin Clin Oncol 2020;9:2.
43 Ren L, Leisegang M, Deng B, et al. Identification of neoantigen-
specific T cells and their targets: implications for immunotherapy
of head and neck squamous cell carcinoma. Oncoimmunology
2019;8:1–10.
44 Hald J, Rasmussen N, Claesson MH. Tumour-infiltrating
lymphocytes mediate lysis of autologous squamous cell
carcinomas of the head and neck. Cancer Immunol Immunother
1995;41:243–50.
45 Ferris RL, Licitra L. Pd-1 immunotherapy for recurrent or metastatic
HNSCC. Lancet 2019;394:1882–4.
46 Besser MJ, Itzhaki O, Ben-Betzalel G, et al. Comprehensive single
institute experience with melanoma TIL: long term clinical results,
toxicity profile, and prognostic factors of response. Mol Carcinog
2020;59:736–44.
47 Duhen T, Duhen R, Montler R, et al. Co-expression of CD39 and
CD103 identifies tumor-reactive CD8 T cells in human solid tumors.
Nat Commun 2018;9:2724.
48 Van Den Bulk J, Verdegaal EME, Ruano D. Neoantigen-specific
immunity in low mutation burden colorectal cancers of the
consensus molecular subtype 4. Genome Med 2019;11:1–15.
49 Kortekaas KE, Santegoets SJ, Sturm G, et al. CD39 identifies the
CD4+ tumor-specific T-cell population in human cancer. Cancer
Immunol Res 2020;8:1311–21.
50 Djenidi F, Adam J, Goubar A, et al. CD8+CD103+ tumor-infiltrating
lymphocytes are tumor-specific tissue-resident memory T cells and
a prognostic factor for survival in lung cancer patients. J Immunol
2015;194:3475–86.
51 Webb JR, Milne K, Nelson BH. PD-1 and CD103 are widely
coexpressed on prognostically favorable intraepithelial CD8 T cells in
human ovarian cancer. Cancer Immunol Res 2015;3:926–35.
52 Gupta PK, Godec J, Wolski D, et al. CD39 expression identifies
terminally exhausted CD8+ T cells. PLoS Pathog 2015;11:e1005177.
53 Simoni Y, Becht E, Fehlings M, et al. Bystander CD8+ T cells are
abundant and phenotypically distinct in human tumour infiltrates.
Nature 2018;557:575–9.
54 Krishna S, Lowery FJ, Copeland AR, et al. Stem-like CD8 T cells
mediate response of adoptive cell immunotherapy against human
cancer. Science 2020;370:1328–34.
55 Allard D, Allard B, Stagg J. On the mechanism of anti-CD39 immune
checkpoint therapy. J Immunother Cancer 2020;8:1–11.
56 Yu X, Huang X, Chen X, et al. Characterization of a novel anti-
human lymphocyte activation gene 3 (LAG-3) antibody for cancer
immunotherapy. MAbs 2019;11:1139–48.
57 Rizvi NA, Hellmann MD, Snyder A, et al. Cancer immunology.
mutational landscape determines sensitivity to PD-1 blockade in
non-small cell lung cancer. Science 2015;348:124–8.
58 Yarchoan M, Hopkins A, Jaffee EM. Tumor mutational burden and
response rate to PD-1 inhibition. N Engl J Med 2017;377:2500–1.
59 Galon J, Bruni D. Approaches to treat immune hot, altered and cold
tumours with combination immunotherapies. Nat Rev Drug Discov
2019;18:197–218.
60 Wang X, Li M. Correlate tumor mutation burden with immune
signatures in human cancers. BMC Immunol 2019;20:1–13.
61 Carneiro BA, Konda B, Costa RB, et al. Nivolumab in metastatic
adrenocortical carcinoma: results of a phase 2 trial. J Clin Endocrinol
Metab 2019;104:6193–200.
62 Klein O, Senko C, Carlino MS, et al. Combination immunotherapy
with ipilimumab and nivolumab in patients with advanced
adrenocortical carcinoma: a subgroup analysis of CA209-538.
Oncoimmunology 2021;10:1908771.

Kverneland AH, et al. J Immunother Cancer 2021;9:e003499. doi:10.1136/jitc-2021-003499

11

J Immunother Cancer: first published as 10.1136/jitc-2021-003499 on 4 October 2021. Downloaded from http://jitc.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

20 Pedersen M, Westergaard MCW, Milne K, et al. Adoptive cell therapy
with tumor-infiltrating lymphocytes in patients with metastatic ovarian
cancer: a pilot study. Oncoimmunology 2018;7:e1502905.
21 Dudley ME, Wunderlich JR, Yang JC, et al. A phase I study of
nonmyeloablative chemotherapy and adoptive transfer of autologous
tumor antigen-specific T lymphocytes in patients with metastatic
melanoma. J Immunother 2002;25:243–51.
22 Andersen R, Donia M, Ellebaek E, et al. Long-Lasting complete
responses in patients with metastatic melanoma after adoptive cell
therapy with tumor-infiltrating lymphocytes and an attenuated IL2
regimen. Clin Cancer Res 2016;22:3734–45.
23 Besser MJ, Shapira-Frommer R, Itzhaki O, et al. Adoptive transfer
of tumor-infiltrating lymphocytes in patients with metastatic
melanoma: intent-to-treat analysis and efficacy after failure to prior
immunotherapies. Clin Cancer Res 2013;19:4792–800.
24 Dudley ME, Wunderlich JR, Robbins PF, et al. Cancer regression and
autoimmunity in patients after clonal repopulation with antitumor
lymphocytes. Science 2002;298:850–4.
25 Hodi FS, Chiarion-Sileni V, Gonzalez R, et al. Nivolumab plus
ipilimumab or nivolumab alone versus ipilimumab alone in advanced
melanoma (CheckMate 067): 4-year outcomes of a multicentre,
randomised, phase 3 trial. Lancet Oncol 2018;19:1480–92.
26 Curran MA, Montalvo W, Yagita H, et al. PD-1 and CTLA-4
combination blockade expands infiltrating T cells and reduces
regulatory T and myeloid cells within B16 melanoma tumors. Proc
Natl Acad Sci U S A 2010;107:4275–80.
27 Kodumudi KN, Siegel J, Weber AM, et al. Immune checkpoint
blockade to improve tumor infiltrating lymphocytes for adoptive cell
therapy. PLoS One 2016;11:1–13.
28 Bjoern J, Lyngaa R, Andersen R, et al. Influence of ipilimumab on
expanded tumour derived T cells from patients with metastatic
melanoma. Oncotarget 2017;8:27062–74.
29 Mullinax JE, Hall M, Prabhakaran S, et al. Combination of ipilimumab
and adoptive cell therapy with tumor-infiltrating lymphocytes for
patients with metastatic melanoma. Front Oncol 2018;8:44.
30 Zippel D, Friedman-Eldar O, Rayman S, et al. Tissue harvesting
for adoptive tumor infiltrating lymphocyte therapy in metastatic
melanoma. Anticancer Res 2019;39:4995–5001.
31 Friese C, Harbst K, Borch TH, et al. CTLA-4 blockade boosts the
expansion of tumor-reactive CD8+ tumor-infiltrating lymphocytes in
ovarian cancer. Sci Rep 2020;10:3914.
32 Donia M, Kjeldsen JW, Andersen R, et al. PD-1+polyfunctional T cells
dominate the periphery after tumor-infiltrating lymphocyte therapy for
cancer. Clin Cancer Res 2017;23:5779–88.
33 Forget M-A, Haymaker C, Hess KR, et al. Prospective analysis
of adoptive TIL therapy in patients with metastatic melanoma:
response, impact of anti-CTLA4, and biomarkers to predict clinical
outcome. Clin Cancer Res 2018;24:4416–28.
34 Radvanyi LG, Bernatchez C, Zhang M, et al. Specific lymphocyte
subsets predict response to adoptive cell therapy using expanded
autologous tumor-infiltrating lymphocytes in metastatic melanoma
patients. Clin Cancer Res 2012;18:6758–70.
35 van den Berg JH, Heemskerk B, van Rooij N, et al. Tumor infiltrating
lymphocytes (TIL) therapy in metastatic melanoma: boosting of
neoantigen-specific T cell reactivity and long-term follow-up.
J Immunother Cancer 2020;8:1–11.
36 Donia M, Larsen SM, Met O, et al. Simplified protocol for clinical-
grade tumor-infiltrating lymphocyte manufacturing with use of the
wave bioreactor. Cytotherapy 2014;16:1117–20.
37 Westergaard MCW, Andersen R, Chong C, et al. Tumour-reactive T
cell subsets in the microenvironment of ovarian cancer. Br J Cancer
2019;120:424–34.
38 Kverneland AH, Borch TH, Granhøj J, et al. Bone marrow toxicity and
immune reconstitution in melanoma and non-melanoma solid cancer
patients after non-myeloablative conditioning with chemotherapy
and checkpoint inhibition. Cytotherapy 2021;23:724–9.
39 Hellmann MD, Ciuleanu T-E, Pluzanski A, et al. Nivolumab plus
ipilimumab in lung cancer with a high tumor mutational burden.
N Engl J Med 2018;378:2093–104.

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

J Immunother Cancer

SUPPLEMENTARY TABLES
Supplementary table 1: Antibody panels for phenotype and reactivity testing.
Antibodies used for phenotype and anti-tumor reactivity testing. *used for intracellular staining.
Panel

Antigen

Flourochrome

Clone

Company

Pheno1
Pheno1
Pheno1
Pheno1
Pheno1
Pheno1+2
Pheno1+2
Pheno1+2
Pheno1+2
Pheno1+2
Pheno1+2
Pheno1+2
Pheno2
Pheno2
Pheno2
Pheno2
Pheno2
Reactivity*
Reactivity
Reactivity
Reactivity
Reactivity
Reactivity*
Reactivity*
Reactivity

CD57
CD28
CD27
CCR7
CD45RA
CD103
CD39
CD56
CD8
CD4
CD3
PD-1
LAG3
CD137
BTLA
TIGIT
TIM3

FITC
APC
BV711
BV421
BV650
PE
PE-Cy7
BV605
APC-R700
BV510
BV786
PE-Dazzle594
FITC
APC
BV421
BV650
BV711

NK-1
CD28.2
L123
G043H7
HI100
Ber-ACT8
eBioA1(A1)
NCAM16.2
RPA-T8
SK3
OKT3
EH12.2H7
11C3C65
4B4-1
J168-540
741182
7D3

BD
BD
BD
Biolegend
BD
BD
Invitrogen
BD
BD
BD
BD
Biolegend
Biolegend
Biolegend
BD
BD
BD

CD137
CD56
CD4
CD3
CD8
IFNy
TNF
CD56

PE
BV510
BV711
PE-CF594
Qdot 605
PE-Cy7
APC
PE

4B4-1
NCAM16.2
SK3
UCHT1
3B5
B27
MAb11
NCAM16.2

BD
BD
BD
BD
Invitrogen
BD
BD
BD
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Supplementary table 2: Overview of all successful in vitro TIL expansions and clinical efficacy.
Patient and resected tumor characteristics of patients where a young TIL product could be
established. Duration of the initial in vitro expansion (Exp time) is shown in days. For patients were
treated with the REP TILs, the fold expansion (Fold exp) during the rapid expansion protocol (REP), the
total number of REP TILs, and the clinical response to therapy is also listed. TMB: Tumor mutational
burden; BOR: Best overall response; PRS: Progression-free survival.

1

Colon cancer

Peritoneum

44

265

5.3

92.3/5.4

TMB
(Mut./Mb)
7.1

SD

96

2

Colon cancer

Lung

18

6300

126.0

48.8/45.5

4.7

SD

31

63

3

Colon cancer

Lung

18

2780

55.6

74.8/26.3

11

SD

190

227

4

Colon cancer

Lung

19

3460

69.2

59.4/32.6

7.1

SD

48

110

5

Colon cancer

Pleura

27

1645

32.9

95.8/1.4

7.1

PD

50

83

6

Rectal cancer

Lung

20

4380

87.6

4.8/76.8

7.2

SD

168

517

7

Rectal cancer

Lung

26

3620

72.4

89.4/5.9

10.2

SD

201

787

8

Cholangiocarcinoma

Lung

15

4520

90.4

87.0/11.1

3.1

PR

199

870

9

Cholangiocarcinoma

1.6

ID Diagnosis

10 Cholangiocarcinoma
11 Melanoma (skin)

Metastasis

Exp.
time

Fold
exp.

REP TILs
(10e9)

CD4/CD8
(%)

BOR

PFS
(days)

OS
(days)
119

Lung

20

4420

88.4

92.0/6.1

SD

26

50

Subcutis (thorax)

23

2840

56.8

25.3/61.6

3.9

SD

134

512

Adrenal gland

29

2550

51.0

96.4/2.5

5.5

PD

47

179

12 Melanoma (skin)
13 Melanoma (choridea)

Subcutis (thorax)

20

2610

78.3

20.2/65.5

9.4

PD

12

77

Lung

28

3060

61.2

40.5/54.2

2.4

SD

172

412

14 Melanoma (choridea)
15 Melanoma (choridea)

Pleura

36

3280

65.6

2.0/4.1

1.6

SD

44

772

Liver

26

2660

53.2

82.4/25.2

n/a

SD

211

393

16 Melanoma (choridea)
17 Leiomyosarcoma

Liver

19

3860

77.2

59.4/40.8

0.8

SD

84

142

Lung

34

1740

34.8

45.7/43.8

2.4

SD/uPR

87

251

18 Leiomyosarcoma
Oropharyngeal cancer
19
(HNSCC)
20 Cervix cancer

Subcutis (thorax)

36

2320

46.4

62.3/20.2

0.8

SD

86

540

8.6

PR

90

370

89

218

21 Myoepithelial carcinoma
22 Adrenocorticocarcinoma
Non-small cell lung
23
cancer
24 Rhinopharyngeal cancer
25 Thyroid cancer

Lung

19

4748

109.2

22.9/65.6

Lung

19

4960

99.2

81.8/22.7

11.8

SD
SD

93

521

SD

104

122

SD

85

159

LN (neck)

29

2568

48.8

82.5/22.9

0.8

LN (neck)

23

3170

63.4

45.4/48.1

16.5
0.8

Lung

25

2600

52.0

53.6/28.8

Lung

19

2760

55.2

49.2/36.1

8.7

SD/uPR

155

448

64.8/48.6

5.50

PD

51

71

89

227

Liver

27

1990

39.8

26 Melanoma (mucosal)

Lung

19

-

-

27 Colon cancer

Liver

25

-

-

28 Breast cancer

Skin

24

-

-

29 Breast cancer

Skin (thorax)

23

-

-

30 Pancreatic cancer

Liver

31

-

-

24

2840

61.2

Median
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SUPPLEMENTARY FIGURES
Supplementary Figure 1: In vitro anti-tumor reactivity of all treated patients.
The expanded TILs (REP TILs) were tested for anti-tumor reactivity with flow cytometry after coculture with unstimulated autologous tumor cells. REP TILs with expression of at least two markers
(TNFa, IFNy CD107a or CD137) in than 0.5% of all CD3+ cells were considered anti-tumor reactive
(indicated by dotted line). Five patients had high background reactivity of REP TILs (#14) or the
tumor derived material (#4, #15, #16, #23) so that anti-tumor specific reactivity of the REP TILs
could not be determined. ACC: Adenocorticocarcinoma; CRC: Colorectal cancer; CC:
Cholangiocarcinoma; HNSCC: Head-and-neck squamous cell carcinoma; MM: Malignant
Melanoma; MEC: Myoepithelial carcinoma; NSCLC: Non-small cell lung cancer. *Patients in the
disease control group.
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