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Background: Adoptive cell therapy (ACT) with tumor-infiltrating lymphocytes (TIL) is a personalized immunotherapy.
The efficacy of TIL-ACT has been demonstrated prospectively in patients with advanced melanoma but is not limited
to melanoma patients. Many patients are refractory to TIL-ACT, however, or their cancer becomes resistant.
Combining anti-programmed cell death protein 1 (anti-PD-1) with TIL-ACT to antagonize the immunosuppressive
tumor microenvironment may synergize to enhance the antitumor potential.
Material and methods:We set up the BaseTIL trial (NCT04165967), a single-center investigator-initiated phase I trial, to
test feasibility and safety of TIL-ACT followed by PD-1 blockade in patients with advanced cutaneous melanoma with
disease progression after at least one line of anti-PD-1. TIL-ACT included tumor collection, ex vivo TIL expansion,
lymphodepletion with cyclophosphamide and fludarabine, TIL transfer, and in vivo TIL stimulation with interleukin 2
(125 000 IU/kg, 10 days). TIL-ACT was followed by nivolumab treatment for a maximum of 2 years. Nine patients
were planned for inclusion.
Results: Between 2020 and 2022, we enrolled 11 patients and 9 underwent a TIL transfer (median transfused cell
number: 66.25 � 109). Two patients did not start lymphodepletion. Nine patients received at least 1 dose of
interleukin 2 (median number: 10; range, 1-10), seven started nivolumab (median number: 5; range, 2-23). All
patients had hematologic adverse events (AEs). Most common non-hematologic AEs were fever and cytokine
release syndrome. No nivolumab-associated AEs of � grade 2 occurred. The objective response rate to TIL-ACT was
22% (2/9, 2 partial remission).
Conclusions: TIL-ACT with nivolumab is feasible and safe. Larger trials are needed to further determine the efficacy of
this combination.
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INTRODUCTION

Adoptive cell therapy (ACT) with tumor-infiltrating lym-
phocytes (TIL) is a personalized immunotherapy that has
been pioneered by Steven A. Rosenberg and colleagues at
the National Cancer Institute (NCI).1-3 TIL-ACT is based on
the infusion of autologous CD4þ and CD8þ T lymphocytes
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that have been collected from tumor material and
expanded ex vivo in the presence of interleukin 2 (IL-2).
Preconditioning with lymphodepletion, most often with
non-myeloablative chemotherapy, is an integral part of
current TIL-ACT protocols, as well as in vivo TIL activation
with IL-2 following TIL transfer. Different clinical trials have
shown significant response rates in patients with advanced
melanoma depending on the stage and patient selection,
even after progression on immune checkpoint inhibitors
(ICI).4,5 Recently, a randomized phase III trial has demon-
strated superior efficacy of TIL-ACT compared with ipili-
mumab treatment.6 In this trial, TIL therapy achieved a 50%
reduction in the risk of progression or death compared with
https://doi.org/10.1016/j.iotech.2024.100728 1
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Figure 1. Study design. The BaseTIL trial a single-center investigator-initiated phase I trial to test feasibility and safety of TIL-ACT followed by PD-1 blockade in patients
with advanced cutaneous melanoma. ACT, adoptive cell therapy; ECOG, Eastern Cooperative Oncology Group; IL-2, interleukin 2; TIL, tumor-infiltrating lymphocytes.

Immuno-Oncology and Technology D. König et al.
ipilimumab in patients with treatment-refractory mela-
noma. The overall response rate (ORR) was 49% with the TIL
therapy compared with 21% for ipilimumab. Activity of TIL-
ACT has also been shown in other tumor entities.7-9

Many patients are still refractory to TIL-ACT, however, or
their cancer becomes resistant over time. Long-term re-
sponses to TIL-ACT seem to be restricted to patients with
complete remissions.5,10 Combining anti-programmed cell
death protein 1 (anti-PD-1) inhibitors with TIL-ACT to
antagonize the immunosuppressive tumor microenviron-
ment may be a promising strategy to enhance the anti-
tumor potential. The rationale for incorporating a PD-1
inhibitor after TIL-ACT is substantiated by increased PD-L1
expression among tumor-reactive T cells following TIL
therapy.11

We designed the BaseTIL trial (CA209-7H9,
NCT04165967), a single-center investigator-initiated phase I
trial at the University Hospital Basel, Basel, Switzerland, to
investigate feasibility and safety of TIL-ACT followed by PD-1
blockade with nivolumab in patients with advanced
melanoma.
MATERIAL AND METHODS

Patient population

Patients were eligible if they were �18 years of age and
had histologically confirmed, unresectable stage III or IV
melanoma with disease progression after at least one anti-
PD-1-based treatment line and additionally: a BRAF in-
hibitor in patients with BRAF V600 mutation; an accessible
metastasis for tumor collection; measurable disease
2 https://doi.org/10.1016/j.iotech.2024.100728
according to Response Evaluation Criteria in Solid Tumors
(RECIST), version 1.1; and Eastern Cooperative Oncology
Group (ECOG) performance-status score of 0 or 1 (on a 5-
point scale, with higher scores indicating greater
disability). Key exclusion criteria were non-cutaneous
melanoma and active, untreated brain or leptomeningeal
metastases.
Trial design

In this investigator-initiated phase I trial, patients under-
went surgical excision of a metastasis for the generation of
the TIL product (Figure 1). Nine patients were planned for
TIL treatment in the BaseTIL trial. TIL production was carried
out at the GMP Facility for Advanced Therapies of the
University Hospital of Basel (Supplementary Figure S1 and
Supplementary Table S1, available at https://doi.org/10.1
016/j.iotech.2024.100728). If generation of the TIL prod-
uct proceeded as intended, patients started lymphode-
pleting chemotherapy (LD) intravenously (i.v.) with
cyclophosphamide at a dose of 60 mg/kg for day �7
and �6, and fludarabine daily at a dose of 25 mg/m2

(maximum of 50 mg) for days �5 to �1. Patients received
the TIL infusion on day 0, followed by daily subcutaneous
administration of IL-2 (aldesleukin) at a dose of 125 000 IU/
kg for 10 days, with a 2-day break after the fifth dose. On
day 14, patients started i.v. nivolumab at a dose of 240 mg
and were thereafter treated with the same dose every 2
weeks. Treatment with nivolumab continued until the
occurrence of disease progression or a maximum duration
of 2 years. Patients received support with granulocyte
colony-stimulating factor (G-CSF) after TIL infusion and
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Table 1. Patient and disease characteristics and treatment aspects

Patient and disease characteristics Full analysis seta

(N [ 9)

Median age at TIL transfer (range), years 61 (35-66)
Gender (female/male), n 4/5
BRAF mutationb, n (%) 3 (33)
Prior systemic therapies, n (%)
� Median number of therapies (range) 3 (1-5)
� Anti-PD-1 9 (100)
� Anti-CTLA-4 2 (22)
� Combined anti-PD-1/anti-CTLA-4 6 (67)
� BRAF þ MEK inhibitor 3 (33)
� Chemotherapy or interferon treatment 3 (33)
� Experimental treatment 2 (22)

Median target lesion sum of diameters (range), mm 48 (23-104)
Presence of brain metastasesc (yes/no), n 1/8
Median level of LDH (range), U/l 187 (145-265)

CTLA-4, cytotoxic T lymphocyte-associated antigen-4; LDH, lactate dehydrogenase;
PD-1, programmed cell death protein 1; TIL, tumor-infiltrating lymphocytes.
aThe full analysis set includes nine patients who underwent TIL transfer. Overall, two
patients did not start lymphodepleting chemotherapy: one patient due to rapid
disease progression; one patient due to bacterial contamination of the TIL
product due to non-adequate starting material.
bBRAF mutations: V600E, V600E/D, V600E.
cThe presence of uncontrolled brain metastases was an exclusion criterion in the
study protocol. One patient was diagnosed with brain metastases shortly after
study enrollment and underwent surgery of a hemorrhagic brain metastasis and
whole brain radiotherapy before the start of lymphodepleting chemotherapy.
Stability of brain metastases was documented before start of lymphodepleting
chemotherapy.
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further supportive treatment during TIL-ACT as needed.
Prophylaxis for herpes simplex virus and pneumocystis was
given after TIL-ACT for the duration of 3 and 6 months,
respectively.
Endpoints and assessments

The primary endpoint was safety of the study intervention
by assessment of adverse events (AEs). AEs were graded
according to the National Cancer Institute Common Ter-
minology Criteria for Adverse Events, version 4.0. A data
and safety monitoring committee (DSMB) met after TIL
transfer in three patients. Key secondary endpoints were
the assessment of the ORR, progression-free survival (PFS),
and overall survival (OS). Tumor response was assessed by
the investigators according to the RECIST version 1.1 at 1
month after TIL transfer and then every 3 months. Imaging
assessment included computed tomography (CT) scans,
[18F]2-fluoro-2-deoxy-D-glucose-positron emission tomog-
raphy (FDG-PET)/CT scans, and magnetic resonance imaging
(MRI) scans of the brain at baseline and during the follow-
up. PFS was defined as the time from the date of TIL
transfer to the date of objective tumor progression or death
due to any cause, whichever occurred first. OS was the in-
terval from TIL transfer until death from any cause.
Trial oversight

The protocol and amendments were reviewed and
approved by the local ethics committee (EKNZ, Basel,
Switzerland; EKNZ Nr. 2019-01908) and the Swiss Agency for
Volume 24 - Issue C - 2024
Therapeutic Products (Swissmedic, Bern, Switzerland). The
trial was conducted in accordance with the International
Council for Harmonization Good Clinical Practice guidelines
and the principles of the Declaration of Helsinki. All patients
provided written informed consent. The study was designed
by the authors. Drug supply of nivolumab was granted by
Bristol Myers Squibb, Steinhausen, Switzerland.
Statistical analyses

Patients’ characteristics were summarized by median and
range for continuous variables and by frequency and pro-
portion for categorical variables.
RESULTS

Patient population and treatment

Between 2020 and 2022, 11 patients were enrolled in the
BaseTIL trial and 9 underwent a TIL transfer. Two patients
did not start LD: one patient due to rapid disease pro-
gression and one patient due to bacterial contamination of
the TIL product due to non-adequate starting material.
Among the nine patients who had received the TIL infusion
(full analysis set), five patients were male and four female
(Table 1). The median age was 61 years (range, 35-66 years).
Three patients had a BRAF mutation. The median number of
prior systemic treatment lines, both in the adjuvant and the
metastatic settings, was three (range, one to five). Prior
systemic treatments included therapy with a PD-1 inhibitor
in all patients, and treatment with a BRAF and MEK inhib-
itor in all three patients with a BRAF mutation as required
by the study protocol. One patient underwent surgery of a
newly diagnosed hemorrhagic brain metastasis and whole
brain radiotherapy before the start of lymphodepletion. All
patients had poly-metastatic disease (�5 metastatic lesions)
after tumor collection and most patients (5/9) had visceral
organ involvement. The median sum of target lesion di-
ameters before TIL treatment was 4.8 cm (range, 2.3-10.4
cm). Median level of blood lactate dehydrogenase at the
start of lymphodepletion was 187 U/l (range, 145-265 U/l).

The median duration of the pre-rapid expansion protocol
was 12 days (range, 10-19 days), and for the rapid expan-
sion protocol the median duration was 16 days (range, 14-
16 days) (Supplementary Table S2, available at https://doi.
org/10.1016/j.iotech.2024.100728). All nine patients star-
ted LD as planned. Eight of nine patients received the
planned LD (Table 2). One patient had four of the five
intended doses of fludarabine. The median absolute num-
ber of transfused CD3þ cells was 66.25 � 109 (range, 50-
84 � 109). The composition of T cells in the final infusion
product and the number of infused cells of every patient are
summarized in Supplementary Table S3, available at https://
doi.org/10.1016/j.iotech.2024.100728. All patients received
at least one dose of IL-2 (N ¼ 5 with 10 doses, N ¼ 1 with 9
doses, N ¼ 2 with 8 doses). One patient was discontinued
from the trial after TIL transfer and one dose of IL-2 due to
grade 4 cytokine release syndrome (CRS). Seven patients
started nivolumab treatment. The median number of
https://doi.org/10.1016/j.iotech.2024.100728 3
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Table 2. Treatment data

Treatment Full analysis seta

(N [ 9)

Lymphodepleting chemotherapy, n
� Median number of cyclophosphamide doses

(range)
2 (2-2)

� Median number of fludarabine doses (range) 5 (4-5)
Median number of TILs infused (range), n (�109) 66.25 (50-84)
Median number of IL-2 doses (range), n 10 (1-10)
Median single dose of IL-2 (range), n (�106 IU) 10.25 (8.13-12.5)
Median number of nivolumab doses (range), n 4 (0-23)

IL-1, interleukin 2; TIL, tumor-infiltrating lymphocytes.
aThe full analysis set includes 9 patients who underwent TIL transfer.
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nivolumab cycles was 7 (range, 2-23). Two patients were
unable to start nivolumab due to logistical reasons (place of
residence outside Switzerland, no possibility of local
sourcing of nivolumab within the trial).
Safety

Median duration of hospitalization for TIL-ACT was 25 days
(range, 20-44 days). All patients experienced AEs in the
period from start of LD (day �7) until 30 days after TIL
Table 3. Adverse events of grade 2 or higher. Shown are all adverse
events (‡grade 2) (n, %) of the highest grade recorded for all TIL-treated
patients (N [ 9) from start of lymphodepletion (day L7) until 30 days
after TIL transfer (day D30)

CTCAE preferred term, n (%) Any grade Grade 2 Grade 3 Grade 4

Non-hematologic adverse events
Fever/chills 7 (78) 7 (78) 0 (0) 0 (0)
Cytokine release syndrome
(CRS)

5 (56) 4 (44) 0 (0) 1 (11)a

Hypertension 4 (44) 2 (22) 2 (22) 0 (0)
Painb 3 (33) 2 (22) 1 (11) 0 (0)
Liver enzyme elevationc 2 (22) 1 (11) 1 (11) 0 (0)
Skin alterationsd 2 (22) 1 (11) 1 (11) 0 (0)
Hypotension 2 (22) 2 (22) 0 (0) 0 (0)
Nausea/vomiting 2 (22) 2 (22) 0 (0) 0 (0)
Pre-syncope/syncope 2 (22) 2 (22) 0 (0) 0 (0)
Creatinine increased 1 (11) 0 (0) 1 (11) 0 (0)
Wound infection 1 (11) 0 (0) 1 (11) 0 (0)
Atrial fibrillation 1 (11) 1 (11) 0 (0) 0 (0)
Cystitis noninfective 1 (11) 1 (11) 0 (0) 0 (0)
Fatigue 1 (11) 1 (11) 0 (0) 0 (0)
Headache 1 (11) 1 (11) 0 (0) 0 (0)
Mucositis oral 1 (11) 1 (11) 0 (0) 0 (0)
Peripheral sensory
neuropathy

1 (11) 1 (11) 0 (0) 0 (0)

Pleural effusion 1 (11) 1 (11) 0 (0) 0 (0)
Hematologic adverse events
White blood cell decreased 9 (100) 0 (0) 0 (0) 9 (100)
Lymphocyte count decreased 9 (100) 0 (0) 0 (0) 9 (100)
Neutrophil count decreased 9 (100) 0 (0) 0 (0) 9 (100)
Anemia 9 (100) 2 (22) 7 (78) 0 (0)
Platelet count decreased 9 (100) 0 (0) 2 (22) 7 (78)
Hemolysis 1 (11) 0 (0) 1 (11) 0 (0)

TIL, tumor-infiltrating lymphocytes.
aOne patient with a CRS (grade 4) with multi-organ failure (classified as serious
adverse event).
bOne patient with back pain (grade 3), one patient with bone pain (grade 2), one
patient with non-cardiac chest pain (grade 2).
cElevation of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and/
or GGT.
dOne patient with maculopapular rash (grade 2), one patient with purpura (grade 3).
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transfer (Table 3). Hematologic AEs occurred as expected in
all patients and were attributed to LD. Highest-grade events
were grade 4 white blood count decrease (9/9 patients),
grade 4 neutropenia (9/9 patients), grade 4 lymphopenia
(9/9 patients), grade 4 platelet count decrease (7/9 pa-
tients), and grade 3 anemia (7/9 patients). The most com-
mon non-hematological AEs of grade 2 or higher in the
above-mentioned period were fever (7/9) and CRS (5/9).
One patient experienced a grade 4 CRS, classified as serious
AE, which led to trial discontinuation. This patient experi-
enced progressive signs of an acute respiratory distress
syndrome (ARDS) resulting in respiratory failure and need of
invasive respiratory support shortly after TIL infusion and
the first IL-2 dose. Multi-organ failure occurred with cardiac,
gastrointestinal, and neurological involvement. The patient
received anti-IL-6 targeted treatment (tocilizumab, siltux-
imab) and high-dose steroid treatment. She fully recovered
from the episode but required prolonged hospitalization.
The patient did not proceed with any study treatment and
did not receive nivolumab. Among the other four patients
with grade 2 CRS, three patients received tocilizumab. All
patients received antibiotic treatment during TIL-ACT.

No nivolumab-associated AEs of � grade 2 occurred.
Hyperthyroidism (grade 1) and adrenal insufficiency (grade
1) was documented in one patient, skin hypopigmentation
(vitiligo, grade 1) in another patient.
Efficacy

Of all nine patients, seven patients had a radiographic
shrinkage of target lesions of any magnitude at the first
imaging scan carried outw1 month after TIL-ACT (Figure 2).
Three out of these seven patients, however, developed new
tumor lesions at their first imaging scan while regression in
tumor size was observed in target lesions. Best radiographic
response according to RECIST v1.1 was partial remission in
two patients, resulting in an ORR of 22%. Stable disease was
Figure 2. Best response to the study intervention (waterfall plot). Shown is the
best % change in target lesion sum of diameters from the baseline assessment
according to RECIST v1.1 in all nine patients. Censoring occurred at time of
progressive disease (PD). The best overall response was partial remission (PR,
blue bars) in two patients, stable disease (SD, yellow bars) in three patients, and
PD (red bars) in four patients. Shrinkage of target lesions of any magnitude was
observed in seven patients. Among the four patients with PD at their first im-
aging scan, three patients had a shrinkage of target lesions while new lesions
were discovered at the same time.
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observed in three patients, while four patients had pro-
gressive disease at the first imaging assessment after TIL-
ACT. At study end, all patients had experienced disease
progression (Figure 3). Median PFS from TIL transfer was 2.2
months. Five patients received subsequent systemic thera-
pies, including the use of combined PD-1/cytotoxic T
lymphocyte-associated antigen-4 (CTLA-4) inhibitors in
three patients. Median OS from TIL transfer was 7.2
months, with five and three patients alive at 6 and 12
months after TIL transfer, respectively.
DISCUSSION

The BaseTIL trial was one of the first clinical studies that
investigated TIL-ACT followed by a PD-1 blocking agent in
melanoma patients who experienced disease progression
on a previous line of PD-1-based treatment. Because
upfront treatment with ICI, most often combined PD-1/
CTLA-4 blockade, is standard in patients with advanced
melanoma, the question arises as to the optimal therapy
for those patients who do not respond to ICI or experi-
ence disease progression. TIL therapy has been shown to
be an effective treatment option in this disease setting.6

Whether the addition of an ICI after TIL therapy is a
valid strategy for overcoming resistance to immuno-
therapy and whether the combination is possibly more
effective than TIL therapy alone is currently unclear. The
design of the phase I BaseTIL trial was aimed at testing
feasibility and safety of this combination. With the current
study with nine patients including seven patients with the
combination of TIL-ACT and nivolumab (two patients did
not receive nivolumab for logistical reasons as outlined),
Figure 3. Time response to the study intervention (swimmer plot). The bars indicat
end-of-study. Radiographic response according to RECIST v1.1 at the first imaging asse
the first imaging assessment. Disease progression is described for every patient, inclu
disease in four patients. The arrow bars indicate the time from the end-of-study unt
arrow bars).
ACT, adoptive cell therapy; PR, partial remission; SD, stable disease; TIL, tumor-infilt
*End-of-study for patient UPN-03 was on the day of TIL transfer. Data cut-off for su
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we were able to show that feasibility is given. The safety
profile of TIL-ACT was in line with that of other clinical
trials,4 including a pivotal phase III trial.6 Toxicities were
related mostly to LD and to a lesser extent to IL-2.
Importantly, patients in the BaseTIL trial received low-
dose IL-2 and most patients did not experience dose-
limiting toxicities due to IL-2. The rationale for the use
of low-dose IL-2 in our trial is based on the assumption of
lower toxicity compared with high-dose IL-2, although
the results are not clear in this respect.4 Importantly, the
present study was designed before publication of the
results of Rohaan and colleagues,6 which established the
use of high-dose IL-2 as the standard after TIL transfer.
One grade 4 CRS was attributed to the TIL product as has
been described in the literature.12 Due to the initially
predominant pulmonary symptoms (ARDS) and the origin
of the expanded TIL product from a pulmonary metastasis,
recognition of ‘self-antigen’ expressed by normal lung
tissue may be an alternative explanation of the event.
Importantly, no higher-grade immune-related AEs
occurred during nivolumab treatment. Only seven out of
nine patients started nivolumab, however, and the drug
exposure was rather short in most patients due to disease
progression. In summary, the safety profile of TIL-ACT
followed by nivolumab was consistent with the estab-
lished profiles of the individual treatments, and no new
safety signals emerged.

Parameters of efficacy were secondary endpoints in this
trial. Interestingly, most patients had some degree of tumor
response in the first imaging assessment following TIL-ACT.
Apart from one patient who had a long-lasting response
of more than 12 months, we did, however, not observe
e the time on the study for every patient from the time of TIL transfer until the
ssment (first response) is described for every patient, including the timepoint of
ding the time point of disease progression. Best overall response was progressive
il death. Two patients deceased more than 15 months after TIL transfer (dashed

rating lymphocytes.
rvival: 15 November 2023.
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durable responses in our study population. Secondary
resistance in our patient with long response was due to
selection of a preexisting tumor cell clone due to a mixed
histology of epithelioid/desmoplastic melanoma.13 The
response rate in our study is identical to the ORR of 22% (2/
9 patients) in a phase II study of 12 patients with advanced
melanoma who received TIL-ACT with a low-dose IL-2
regimen (125 000 IU/kg over 12 days).14 Consistent with our
results, partial remissions were also not durable in this trial,
and no patient achieved a complete remission. Conversely,
in the phase I study by Ellebaek and colleagues15 at the
Center for Cancer Immune Therapy, Denmark, investigating
a low-dose IL-2 regimen (2 000 000 IU over 14 days), a
sustained complete response to TIL-ACT was seen in two of
six patients, indicating that complete remissions can also be
achieved with low-dose IL-2. In recent years, however,
various studies have increasingly advocated the use of high-
dose IL-2. While a meta-analysis of eight TIL studies had
already indicated that a higher ORR can be achieved with
high-dose (�720 000 IU/kg) compared with low-dose (<720
000 IU/kg) IL-2 (43% versus 35%), the results of the pivotal
phase III study of TIL-ACT versus ipilimumab by Rohaan and
colleagues6 shifted the standard of care of in vivo IL-2
administration towards a high-dose regimen.4,6 From the
seven patients in our study who received nivolumab
following TIL-ACT, no conclusions can be drawn about the
efficacy of this combination. Differences in response rate
and duration of response might also be related to the pa-
tient selection. Our trial included a population of heavily
pre-treated patients with high tumor burden.

The limitation of this trial is the small number of the
target population and the heterogeneity of the included
patients in terms of previous treatments and treatment
lines. Thus, our results contribute to the question of feasi-
bility and safety of the combination of TIL-ACT and PD-1-
based treatment, but conclusions about the effectiveness
of this intervention are only preliminary. Other clinical trials
have investigated TIL therapy in combination with PD-1
blockade.9,16 Both trials concluded in line with our find-
ings that the addition of ICI to TIL-ACT was safe and feasible.

In conclusion, we demonstrated feasibility and safety of
TIL-ACT with nivolumab. Larger trials are needed to further
determine the efficacy of TIL-ACT with ICI, and possibly
explore new combination approaches.

ACKNOWLEDGEMENTS

The patients and families who made this study possible. The
clinical teams at the University Hospital Basel who partici-
pated in the TIL program. Werner Krenger and Anke Wix-
merten for the support of the GMP productions. Julia
Manzetti, Dimitrios Tsakiris, and Astrid Tschan-Plessl for the
initial help during the setup phase of the TIL program.
Foundation ‘Fond’action contre le cancer’ for research
funding. Bristol Myers Squibb Switzerland for research
funding and drug supply of nivolumab. University Hospital
Basel for institutional funding within the Innovation Focus
Cell Therapy.
6 https://doi.org/10.1016/j.iotech.2024.100728
FUNDING

This work was supported by the Foundation “Fond’action
contre le cancer”, Lausanne, Switzerland (no grant number),
by Bristol Myers Squibb Switzerland, Steinhausen,
Switzerland (no grant number), and by the Innovation Focus
Cell Therapy of the University Hospital Basel, Basel,
Switzerland (institutional funding).
DISCLOSURE

DK: grants or contracts from Geistlich-Stucki-Stiftung.
Consulting fees: AstraZeneca, Merck Sharp and Dohme
(MSD), Novartis. Payment or honoraria for lectures, pre-
sentations, speakers bureaus, manuscript writing or
educational events: Amgen, Sanofi, Swiss Oncology in Mo-
tion, Mirati. Support for attending meetings and/or travel:
Amgen, Sanofi, Roche. Participation on a data safety
monitoring board or advisory board: AstraZeneca, Merck,
MSD, PharmaMar, Bristol Myers Squibb (BMS). HL: grants or
contracts from BMS, Novartis, GlycoEra, and Palleon Phar-
maceuticals. Consulting fees: BMS, MSD. Support for
attending meetings and/or travel: BMS, MSD. Other finan-
cial or non-financial interests: cofounder of Glycocalyx
Therapeutics. All other authors have declared no conflicts of
interest.

REFERENCES

1. Topalian SL, Muul LM, Solomon D, Rosenberg SA. Expansion of human
tumor infiltrating lymphocytes for use in immunotherapy trials.
J Immunol Methods. 1987;102(1):127-141.

2. Topalian SL, Solomon D, Avis FP, et al. Immunotherapy of patients with
advanced cancer using tumor-infiltrating lymphocytes and recombi-
nant interleukin-2: a pilot study. J Clin Oncol. 1988;6(5):839-853.

3. Rosenberg SA, Packard BS, Aebersold PM, et al. Use of tumor-
infiltrating lymphocytes and interleukin-2 in the immunotherapy of
patients with metastatic melanoma. A preliminary report. N Engl J
Med. 1988;319(25):1676-1680.

4. 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-anal-
ysis. Ann Oncol. 2019;30(12):1902-1913.

5. Forget MA, 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(18):4416-4428.

6. Rohaan MW, Borch TH, van den Berg JH, et al. Tumor-infiltrating
lymphocyte therapy or ipilimumab in advanced melanoma. N Engl J
Med. 2022;387(23):2113-2125.

7. Stevanovic 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(5):1486-1493.

8. Creelan BC, Wang C, Teer JK, et al. Tumor-infiltrating lymphocyte
treatment for anti-PD-1-resistant metastatic lung cancer: a phase 1
trial. Nat Med. 2021;27(8):1410-1418.

9. Kverneland AH, Pedersen M, Westergaard MCW, et al. Adoptive cell
therapy in combination with checkpoint inhibitors in ovarian cancer.
Oncotarget. 2020;11(22):2092-2105.

10. Seitter SJ, Sherry RM, Yang JC, et al. Impact of prior treatment on the
efficacy of adoptive transfer of tumor-infiltrating lymphocytes in patients
with metastatic melanoma. Clin Cancer Res. 2021;27(19):5289-5298.

11. Donia M, Kjeldsen JW, Andersen R, et al. PD-1(þ) polyfunctional T cells
dominate the periphery after tumor-infiltrating lymphocyte therapy for
cancer. Clin Cancer Res. 2017;23(19):5779-5788.
Volume 24 - Issue C - 2024

http://refhub.elsevier.com/S2590-0188(24)00025-X/sref1
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref1
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref1
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref2
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref2
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref2
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref3
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref3
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref3
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref3
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref4
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref4
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref4
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref4
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref5
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref5
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref5
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref5
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref6
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref6
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref6
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref7
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref7
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref7
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref8
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref8
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref8
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref9
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref9
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref9
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref10
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref10
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref10
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref11
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref11
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref11
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref11
https://doi.org/10.1016/j.iotech.2024.100728
https://doi.org/10.1016/j.iotech.2024.100728
https://doi.org/10.1016/j.iotech.2024.100728
https://doi.org/10.1016/j.iotech.2024.100728
https://doi.org/10.1016/j.iotech.2024.100728
https://doi.org/10.1016/j.iotech.2024.100728
https://doi.org/10.1016/j.iotech.2024.100728
https://doi.org/10.1016/j.iotech.2024.100728
https://doi.org/10.1016/j.iotech.2024.100728


D. König et al. Immuno-Oncology and Technology
12. Wolf B, Zimmermann S, Arber C, Irving M, Trueb L, Coukos G. Safety
and tolerability of adoptive cell therapy in cancer. Drug Saf. 2019;42(2):
315-334.

13. Konig D, Sandholzer MT, Uzun S, et al. Melanoma clonal heteroge-
neity leads to secondary resistance after adoptive cell therapy with
tumor-infiltrating lymphocytes. Cancer Immunol Res. 2024;12(7):814-
821.

14. Nguyen LT, Saibil SD, Sotov V, et al. Phase II clinical trial of adoptive cell
therapy for patients with metastatic melanoma with autologous
Volume 24 - Issue C - 2024
tumor-infiltrating lymphocytes and low-dose interleukin-2. Cancer
Immunol Immunother. 2019;68(5):773-785.

15. Ellebaek E, Iversen TZ, Junker N, et al. Adoptive cell therapy with
autologous tumor infiltrating lymphocytes and low-dose Interleukin-2
in metastatic melanoma patients. J Transl Med. 2012;10:169.

16. Hall MS, Mullinax JE, Cox CA, et al. Combination nivolumab, CD137
agonism, and adoptive cell therapy with tumor-infiltrating lymphocytes
for patients with metastatic melanoma. Clin Cancer Res. 2022;28(24):
5317-5329.
https://doi.org/10.1016/j.iotech.2024.100728 7

http://refhub.elsevier.com/S2590-0188(24)00025-X/sref12
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref12
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref12
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref13
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref13
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref13
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref13
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref14
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref14
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref14
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref14
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref15
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref15
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref15
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref16
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref16
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref16
http://refhub.elsevier.com/S2590-0188(24)00025-X/sref16
https://doi.org/10.1016/j.iotech.2024.100728
https://doi.org/10.1016/j.iotech.2024.100728

	Adoptive cell therapy with tumor-infiltrating lymphocytes in combination with nivolumab in patients with advanced melanoma
	Introduction
	Material and methods
	Patient population
	Trial design
	Endpoints and assessments
	Trial oversight
	Statistical analyses

	Results
	Patient population and treatment
	Safety
	Efficacy

	Discussion
	Acknowledgements
	Funding
	Disclosure
	References


