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ABSTRACT
Development of T cell-directed immune checkpoint inhibitors (ICI) has revolutionized metastatic mela
noma (MM) therapy, but <50% of treated patients experience durable responses. This phase I trial 
(NCT01946373) investigates the safety/feasibility of tumor-infiltrating lymphocyte (TIL) adoptive cell 
therapy (ACT) combined with dendritic cell (DC) vaccination in MM patients progressing on ICI.

An initial cohort (5 patients) received TIL therapy alone to evaluate safety and allow for optimization of 
TIL expansion protocols. A second cohort (first-in-man, 5 patients) received TIL combined with autologous 
tumor lysate-loaded DC vaccination.

All patients received cyclophosphamide/fludarabine preconditioning prior to, and intravenous (i.v.) IL-2 
after, TIL transfer. The DC vaccine was given as five intradermal injections after TIL and IL-2 administration. 
[18F]-FDG PET/CT radiology was performed to evaluate clinical response, according to RECIST 1.1 (on the 
CT part). Immunological monitoring was performed by flow cytometry and T-cell receptor (TCR) 
sequencing.

In the safety/optimization cohort, all patients had a mixed response or stable disease, but none durable. 
In the combination cohort, two patients experienced complete responses (CR) that are still ongoing (>36 
and >18 months, respectively). In addition, two patients had partial responses (PR), one still ongoing 
(>42 months) with only a small bone-lesion remaining, and one of short duration (<4 months). One 
patient died early during treatment and did not receive DC. Long-lasting persistency of the injected TILs 
was demonstrated in blood.

In summary, we report clinical responses by TIL therapy combined with DC vaccination in 4 out of 4 
treated MM patients who previously failed ICI.
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Introduction

Treatment of metastatic melanoma (MM) has been revolutio
nized by the development of immune checkpoint inhibitors 
(ICI) and, for the ~50% of patients that have BRAF-mutated 
tumors, targeted therapy with BRAF/MEK inhibitors. 
However, less than half of ICI-treated MM patients experience 
durable responses and most BRAF/MEK inhibitor-treated 
patients progress because of acquired resistance. Since there 
is no standard treatment for MM patients who have progressed 
on or are not eligible for these new therapies, there is a need for 
other therapies.1

Adoptive cell therapy (ACT) with the transfer of ex vivo 
-expanded tumor-infiltrating lymphocytes (TILs) to lympho
depleted MM patients, together with high-dose IL-2 to support 
TIL persistence, has resulted in high rates of clinical 
responses.2 However, there are currently no approved TIL 
ACT regimens and, in addition, the procedure to produce 
clinical-grade TIL is technically demanding and co- 
administration of IL-2 is associated with considerable toxicity 
requiring supervision and management by highly trained per
sonnel. Thus, TIL ACT is practiced in clinical trials, in few 
medical centers, as last-line therapy.
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The underlying mechanism for primary resistance to ICI or 
secondary resistance after initial response remains elusive. 
Failure to re-activate sufficient numbers of tumor-specific 
T cells by ICI, due to the presence of MDSCs, lack of an IFN- 
γ gene signature or insufficient number of neoantigens can 
contribute to resistance.3 However, ACT with autologous 
TILs from patients who have failed on ICI can mediate tumor 
regressions in a low but significant proportion of treated 
patients, 4–6 arguing against inherent functional defects in 
TILs from ICI resistant patients.

Dendritic cells (DC) are professional antigen-presenting 
cells that can be used as potent inducers of tumor-specific 
immune responses in a vaccine setting. Dendritic cells can be 
generated in vitro from monocytes and pulsed with proteins, 
peptides or whole-tumor lysates or transfected with RNA cod
ing for tumor-specific epitopes.7 Dendritic cell vaccine trials 
have generally not resulted in strong clinical responses, but 
induction of T cell and delayed-type hypersensitivity (DTH) 
responses are often observed.7 To enhance their therapeutic 
potential, DC vaccine-combinations with other cancer regi
mens including other immunotherapeutic therapies have 
been tested. For example, combining a whole-tumor lysate- 
loaded DC vaccine with anti-VEGF mAb in patients with 
ovarian cancer resulted in significantly prolonged survival 
compared to the single agents.8 Similarly, combining DC vac
cination with CTLA4 blockade in melanoma showed encoura
ging results with response rates higher than expected with each 
therapy alone.9 There are also several ongoing trials combining 
DC vaccination and PD-1 blockade, 10 and results from mouse 
models indicate enhanced therapeutic efficacy with this com
binatorial approach.7

There is a rationale for combining DC vaccines with ACT. 
In a pilot phase I clinical trial combining whole-tumor lysate 
DC vaccine with TILs in eight enrolled MM patients, we 
demonstrated the feasibility and safety of this therapeutic 
approach.11 Patients received low-dose conditioning of orally 
administered cyclophosphamide that had no apparent lympho
depleting effect. Although the small study size precluded ana
lysis of clinical responses, one patient had complete remission 
and two had stable disease. We also observed long-term, 
although low frequency, persistency of dominant T cell clones 
derived from the infusion product in the blood of treated 
patients.

The results from the previous trial have spurred 
a continuation trial. In the new and revised protocol, one 
important change is the temporal order of TIL versus DC 
vaccine, starting with TIL therapy followed by DC tumor 
vaccination instead of the reverse. The intention is to re- 
stimulate injected TILs with the DC vaccine, which is loaded 
with antigens derived from the tumor from which TILs were 
expanded, thereby extending their lifespan. The TILs were 
expanded from tumors using an optimized protocol allowing 
treatment with much higher doses of TIL than in the previous 
trial. In addition, the DC vaccine was produced by an 
improved protocol resulting in stronger IL-12 production 
and T cell activation.12 Stronger preconditioning chemother
apy consisting of intravenous (i.v.) cyclophosphamide and 
fludarabine, as well as low doses of i.v. IL-2 after TIL ACT 
was also added. Stronger preconditioning has been shown to 

increase response rates in adoptive T cell trials, 2 likely by 
creating a niche for the infused cells via the removal of both 
competing T cells and suppressive immune cells. The in vivo 
TIL expansion and persistence would thereafter be supported 
by the IL-2 treatment, which is broadly employed in adoptive 
T cell trials. We chose a lower dose to avoid the well know 
toxicity of IL-2 and to thereby possibly avoid having to halt this 
supportive treatment prematurely. The trial was divided into 
two cohorts, a first cohort that received TIL ACT alone to 
evaluate safety and optimize TIL production before commen
cing the second cohort that received TIL ACT combined with 
DC vaccination. We report promising results with clinical 
responses in 4/4 patients subjected to the combined treatment, 
and observed long-lasting persistency of T cell clones derived 
from infused TILs in the blood of treated patients 
(NCT01946373).

Materials and methods

Patients

The trial (NCT01946373) protocol was approved by the 
Regional Ethical Review Board (2013/516-31/1), the 
Institutional Review Board and the Swedish Medical Products 
Agency (EudraCT number 2012–000450-63). It was conducted 
in accordance with the Helsinki declaration ethical principles 
and the International Conference on Harmonization Good 
Clinical Practice (ICH GCP) guidelines, and was monitored 
by the Center for Clinical Cancer Studies, Theme Cancer, 
Karolinska University Hospital Solna, Stockholm, Sweden. 
Upon enrollment, all patients were informed about the study, 
including the routines for the handling of patient material and 
the full anonymization of published data, and signed an 
informed consent to be included. During preconditioning, 
TIL infusion and IL-2 supportive therapy, patients were hospi
talized and treated at CAST (Center for Allogeneic Stem-cell 
Transplantation), Karolinska University Hospital.

Eligible patients (Table 1) were 18–74 years old, had pro
gressive inoperable stage III or stage IV (according to AJCC) 
malignant melanoma, measurable disease (according to 
RECIST 1.1), were ambulatory in performance status 0–2 
(according to ECOG) with a life expectancy of at least 3 months 
and with a tumor lesion available for surgery or for core biopsy. 
Main exclusion criteria were active CNS metastases, severe 
comorbidity or active autoimmune disease.

Study design

The trial was a single-center, open-label, phase I trial to eval
uate the safety, feasibility and immunologic response of adop
tive T cell transfer with or without dendritic cell (DC) 
vaccination in patients with metastatic melanoma (Figure 1). 
Primary endpoints were safety and feasibility and secondary 
were immunologic response and objective response according 
to RECIST 1.1, although irRC was also evaluated.

All patients received lymphodepleting chemotherapy with 
cyclophosphamide 60 mg/kg/day for 2 days followed by fludar
abine 25 mg/m2/day for 5 days. The next day, TIL-infusion was 
administered and after 24 hours 100 000 IU/kg IL-2 was 
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administered intravenously every 8 hours for up to 14 doses if 
tolerated. During lymphodepleting treatment, TIL-infusion 
and IL-2 treatment, patients were hospitalized at the CAST 
unit at Karolinska university hospital and monitored daily.

As per recommendation by the Swedish MPA, treatment of 
patients in a first cohort with lymphodepletion, TIL therapy 
and IL-2 supportive was completed first to determine safety 
and feasibility before commencing treating patients in 
the second cohort that were given the same treatment and, if 
clinically stable and with neutrophil count >0.5E9, 5 weekly 
doses of intradermal DC-vaccination.

Toxicity was assessed using National Cancer Institute 
Common Terminology Criteria for Adverse Events (CTCAE 
version 4.0). Clinical efficacy was evaluated using [18 F]- 
2-fluoro-2-deoxy-d-glucose (FDG) PET/CT, according to 
RECIST 1.1 (evaluated on the CT scans) before the start of 
treatment, approximately 10 weeks after TIL treatment for 
patients in the safety/optimization cohort and approximately 
4 weeks after the last DC-vaccination for patients in the combi
natorial treatment cohort. Responding patients were monitored 

with [18F]-FDG PET/CT approximately every 3–6 months 
according to local clinical routine to follow response duration.

The DC vaccine efficacy was tested clinically by DTH- 
testing prior to treatment and after the last DC vaccine using 
tumor lysate (10 µg) and NY-ESO-1 peptide (10 µg) injections 
or tetanus toxoid tuberculin and saline injections as controls.

Expansion of TILs from autologous tumors

Autologous young TILs were expanded from one or several 
excised melanoma tumors or, when no resectable tumor was 
available, from 6 to 8 16 G core-needle tumor biopsies (Table 2), 
as described previously11,13(Supplemental material and meth
ods). TILs could be expanded from all patients, but for three 
patients in the first cohort, REP expansion was less successful. 
Patient #3 TILs expanded slowly and the patient received fewer 
TILs while patient #6 had a completely failed REP and received 
pre-REP TILs. For patient #7, the REP in the bioreactor failed 
and the patient received two backup REP cultures, a GRex- 
100 M flask and a VueLife cell culture bag.

Table 1. Patient characteristics at treatment initiation.

Cohort
Pat 
no Sex

Sub- 
type BRAF

Prior systemic treatment, in order 
administered Age PS

AJCC 
Stage

Target lesion 
sum (mm)

CNS 
met

LDH 
level Metastatic sites

Safety/ 
optimization

01 F Skin WT DTIC, ipi 64 1 IV,M1 c 241 Yes* Elevated SC, LN, IM, lung, liver, 
pleura, IA, CNS

03 M Skin WT DTIC, ipi x2 (Reind) 55 1 IV,M1 c 223 No Elevated LN, IA, IM
06 F Uveal WT tmz,ipi 63 0 IV,M1 c 136 No Elevated Skin, SC, IM, lung, liver, PC
07 F Uveal WT tmz 68 0 IV,M1 c 90 No Normal IM, IA, SC, liver, bone
08 F Uveal WT tmz, peg+pac, ipi, pem 40 1 IV,M1 c 232 No Elevated SC, LN, IA, liver

Combinatorial 
treatment

09 F Skin WT pem, ipi 64 1 IV,M1 c 133 No Elevated SC, IM, LN, bone
10 M Skin WT pem 50 1 IV,M1b 90 No Elevated LN, lung, IM, SC, Skin
11 M Skin WT pem 61 1 IV,M1 c 270 No Elevated LN, IM, SC, spleen, IA, 

bone, liver
13 M ND WT ipi, pem 59 1 IV,M1a 38 No Elevated Skin, SC, LN, IM
14 M Skin WT ipi, pem, tmz 68 1–2 IV, M1 c 220 No Elevated Skin, SC, LN, liver, adrenal 

glands

Pat = Patient, F = Female, M = Male, ND = Unknown, WT = wild type, DTIC = dacarbazine, ipi = ipilimumab, Reind = reinduction, tmz = temozolomide, peg 
+pac = pegintrone+paclitaxel, pem = pembrolizumab, PS = performance status, AJCC = American Joint Committee on Cancer, CNS = Central nervous system, 
LDH = Lactate dehydrogenase, SC = subcutaneous, LN = lymph node, IM = intramuscular, IA = intraabdominal, PC = peritoneal carcinosis, *Treated by gamma knife 
surgery

Figure 1. Protocol time line. A schematic view of the treatment protocol for the safety/optimization cohort (top) and for the combinatorial treatment cohort (bottom). 
ACT, adoptive cell transfer. DCV, dendritic cell vaccine.
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Production of DC vaccine

Dendritic cells were generated from monocytes enriched from 
a leukapheresis product and tumor lysate was generated by 
freeze thawing of tumor fragments from the same tumor that 
was used for TIL generation, as described previously11 

(Supplemental material and methods). Mature DCs (mDCs) 
were generated as described12 and after harvest 1/10 of the cells 
were incubated with 20 µg/ml of the NY-ESO-1157–165 (C165 V) 
peptide (SLLMWITQV; GMP-grade, GIN-laboratories, 
Uppsala University) for 30 min at 37°C before mixing with 
the rest of the mDCs. The mDCs were frozen in 17.5E6 aliquots 
using a computerized gradient freezer (PLANER®). On the day 
of DC-vaccination, one vial of frozen DCs was thawed, washed 
and resuspended in 2 × 0.2 ml 0.15 M NaCl for intradermal 
injection at two sites (upper arms) using insulin syringes 
(Micro-Fine, BD Medical, San Diego).

Immunomonitoring

Blood samples were collected before and at several time-points 
after TIL therapy. Isolation of PBMCs was performed by den
sity gradient centrifugation over Ficoll-Hypaque (GE, Uppsala, 
Sweden) and samples were frozen. PBMCs and TILs were 
analyzed for T cell maturation and exhaustion by flow cyto
metry (Supplemental material and methods). In addition, TIL 
samples were analyzed for T cell-specificity using MHC- 
multimers for known shared melanoma tumor-associated anti
gens (TAA); NY-ESO-1, MART-1, MAGE-A1 and -A3, gp100 
and tyrosinase (Melanoma collection 1 dextramers, 
Immunodex; Copenhagen, Denmark), accordingly to 

manufacturer’s recommendations. For PBMC samples, only 
NY-ESO-1 was analyzed.

Analysis of TCR repertoire

Deep sequencing of the TCRB gene complementarity- 
determining region 3 (CDR3) was performed on the final TIL 
product as well as on PBMC samples collected before and after 
therapy to identify high-frequency T cell clones. Frequencies of 
clones were analyzed and exported (Survey level ImmunoSeq; 
Adaptive Biotechnologies).

Results

Administered treatments and patient characteristics

Of 14 patients with progressive MM enrolled in the study 
between October 2013 and March 2018, 10 were treated 
(Table 1). All enrolled patients except one (#7) had pro
gressed on ICI therapy (given for stage IV disease). The 
patients had either primary resistance or developed acquired 
resistance to ICI, with varying ICI-treatment periods, span
ning from 3 to 12 months. Progression on ICI had been 
verified with radiology before the patient was assessed for 
suitability for enrollment into the trial. Upon enrollment, we 
conducted a baseline PET-CT on all patients, which again 
verified the progression. At least 3 months had passed from 
the last ICI administration before TIL ACT treatment was 
given. Patients were consecutively enrolled into the first and 
the second cohort, with an intention to treat the first cohort 
with TIL therapy alone, and the second cohort with 

Table 2. TIL characteristics and objective response.

Pat 
no

Site for 
Op/ 

Biopsy

TIL– 
Exp 

plate 
[d]

TIL- 
REP 
flask 
[d]

TIL 
Xuri 
bag 
[d]

Tot no of 
cells 

infused 
[109]

CD4+ of 
CD3+ 

(%)

CD8+ of 
CD3+ 

(%)

No of 
IL-2 

doses

No 
of 
DC 

vacc.
Severe adverse events 

(gr 3–5, CTCAE)

Auto- 
immune 
reactions 
(any gr, 
CTCAE)

Response 
recist 1.1

PFS 
Mo

OS 
Mo

01 Op, SC 20 6 9 14 44.3 52.0 14 - Febrile neutropenia PD 4
03 Biopsy, 

IA
20 6 8 0.152 29.0 79.3 14 - Hyponatremia, Febrile neutropenia, 

Thrombocytopenia, Neutropenia
SD 7

06 Op, SC 17 - - 0.026* 2.36 79.0 14 - Neutropenia, Thrombocytopenia SD 6
07 Biopsy, 

IA
21 14# - 2.2# 14.6 83.4 14 - Neutropenia, Thrombocytopenia, 

Vasovagal reaction
PD 18

08 Biopsy, 
Liver

23 7 7 35 72.2 25.6 9 - Nausea, Vomiting, Fever, 
Thrombocytopenia, Neutropenia, 
Capillary leak syndrome

SD 8

09 Op, SC 26 7 7 29 6.55 88.4 9 5 Fever, Trombocytopenia Erytema/ 
rash 
Vitiligo

PR >42 >42

10 Op LN 19 7 7 30 23.6 71.1 7 5 Erytema/ 
rash 
Vitiligo

CR >36 >36

11 Op, LN 21 7 7 33 6.07 91.7 8 5 Febrile neutropenia Erythema/ 
rash

PR 3 3.5

13 Op, SC 13 8 7 48 53.8 41.5 0 5 Febrile neutropenia, Capillary leak 
syndrome

Erythema/ 
rash 
Vitiligo

CR >18 >18

14 Op, LN 23 7 7 65.5 87.2 11.7 10 0 Febrile neutropenia, Hypoalbuminemia, 
Respiratory failure (gr 5)

0.2

Pat = Patient, OP = operation, SC = Sub cutaneous, IA = Intraabdominal, LN = Lymph node, Exp = expansion, (d) = days, Vacc = vaccinations, gr = Grade, 
CTCAE = Common Terminology Criteria for Adverse Events, PD = progressive disease, SD = stable disease, PR = partial response, CR = complete response, 
PFS = Progression-free survival, Mo = Months, OS = Overall survival,* REP failure: the patient received a pre-REP TIL pool cell product. # Xuri REP failure: the patient 
received a backup TIL REP product combined by cells produced in a GRex® 100 M flask and in a static culture bag.
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a combination of TILs and an autologous tumor lysate- 
loaded DC vaccine (Figure 1). This was achieved with the 
exception of one patient (#14) in the second cohort, who died 
rapidly after TIL therapy before DC vaccination could be 
started.

Characteristics of TILs and DC vaccine

Production of TILs was possible for all patients. However, one 
patient (#2) had to be excluded due to both bacterial contam
ination in TILs pre-REP cultures and too few CD34+ cells in 
the second leukapheresis, making lymphodepleting che
motherapy impossible. Three more patients had to be excluded 
due to rapid disease progression (#4, #5 and #12).

Median production time for TILs was 35 days (range 28–40, 
Table 2) including both expansion in cell culture plates and 
REP (static flasks plus bioreactor). The average yield given back 
to patients was 10.2E9 for the safety/optimization cohort 
(range 26E6-35E9) and 41.1E9 for the combinatorial therapy 
cohort (range 29E9-65.5E9). The difference in yields between 
the two cohorts is a result of the optimization of the REP 
protocol during the treatment of patients in the first cohort. 
It is notable that TILs could be expanded from all patients, even 
though a majority of patients were progressing on ICI and that 
in some cases only core biopsies from liver- and lymph node 
metastases were available. Production was, however, less suc
cessful for three patients in the first cohort (#3, #6 and #7), in 
all three cases due to failed REP.

The viability of the T cell product at final harvest was high 
(mean 97%, range 87–100%), and cultures contained predomi
nantly T cells (mean 98%, range 93–100%), for most patients 
with strong skewing toward the CD8+ subpopulation (mean 
62.7%, range 12–92%). The TIL product from two patients (#13 
and #14) did however contain a large proportion of CD4 + T 
cells, 54 and 87%, respectively.

Patients in the combination treatment cohort received 
a tumor lysate-loaded DC-vaccine. A proportion of the DC- 
vaccine was pulsed with a NY-ESO-1157–165 (C165 V) peptide 
with the aim to be able to follow the elicited T cell response 
against the vaccine. The enriched product contained 93% 
monocytes (range 92–94%). After DC differentiation and 
tumor lysate-loading, mDCs showed a mature phenotype 
(Average: 95% CD80+, 47% CD83+, 95% CD86+, 97% HLA- 
DR+, 79% CCR7). Four patients in the second cohort received 
five doses of intradermal (i.d.) DC vaccine of high viability 
(Average: 92%, range 87%-95%). One patient (#14) from 
the second cohort died early during treatment course and 
could not receive DC vaccinations.

Clinical efficacy

The number of administered TILs was lower, and more vari
able in the safety/optimization cohort than in the combinator
ial therapy cohort, as commented above. This, as well as the 
fact that in the first cohort, three patients (#6, #7, #8) had uveal 
melanomas, known to be more resistant to immune therapy, 14 

and one patient had had CNS metastases (#1, treated with 
gamma knife radiosurgery and stable at time of inclusion), 
while four patients in the second cohort (#9, #10, #11, #14) 

had cutaneous melanoma and one (#13) had melanoma of 
unknown origin, makes any comparison of clinical outcome 
between the two cohorts difficult.

In the safety/optimization cohort, all treated patients experi
enced mixed response or stable disease that were, however, not 
durable (Table 2, Figure 2a). In the combinatorial treatment 
cohort, five patients were enrolled and commenced therapy as 
per protocol. One patient (#14) died before receiving the DC 
vaccine and was not evaluable for response. Of the four patients 
receiving the complete combined treatment, all had objective 
response according to RECIST 1.1 (Figure 2a). These consisted 
of two durable complete responses (CR) (#10 and #13, duration of 
>36 months and >18 months, respectively, Figure 2b-e, Table 2), 
one durable high-quality partial response (PR) with only one small 
bone-lesion remaining (#9, duration >42 months, Figure 2a) and 
one short-term PR (#11, duration <4 months, Figure 2a). The 
short-term response in #11 was only considered a mixed response 
by irRC. Responses were also visualized by PET/CT (Figure 2b-e, 
at baseline and different time-points after TIL transfusion). These 
images clearly showed decreased isotope-labeled glucose [18F] 
uptake corresponding to the degree of response, demonstrating 
that shrinking tumors also had decreased metabolic activity.

Adverse events

All 10 patients received lymphodepleting chemotherapy, but 
two patients (#1 and #14) received the chemotherapy at 
reduced dose due to mildly impaired kidney function. All 
patients reacted with expected hematological toxicity, but one 
patient (#3) experienced prolonged toxicity and transfusion of 
autologous stem cells derived from the second leukapheresis 
had to be performed.

The majority of patients reacted to TIL transfusions with 
mild to moderate toxicity (Table 2), such as fever and chills. 
One patient (#13) had a more long-lasting reaction to TIL 
transfusion with fever, chills and peripheral edema, resembling 
capillary leakage syndrome and decision was taken not to 
administer IL-2.

The most severe adverse events in the trial occurred in 
response to IL-2. In general, IL-2 treatment was accompanied 
by well-known side effects such as fever, chills, hypotension, 
fluid retention and electrolyte derangement. All patients were 
administered paracetamol to manage fever and chills. To mas
ter more severe effects such as durable high temperature, 
elevated heart rate, decreasing blood pressure as signs of threa
tening CRS of IL-2 treatment, most patients after thorough 
consideration were administered low doses of corticosteroids 
(hydrocortisone 100 mg iv, which has short duration). In the 
safety/optimization cohort, four of five treated patients 
received all 14 doses of IL-2, whereas in the combinatorial 
treatment cohort, none of five patients received all doses. The 
main reason for stopping IL-2 infusions was capillary leakage, 
a known side effect of IL-2 therapy.

One patient (#14) died during treatment. Baseline [18F]- 
FDG PET/CT before the start of the lymphodepleting regimen 
revealed tumor-related hydronephrosis without a major influ
ence on creatinine value. A nephrostomy was placed and 
chemotherapy was reduced. Chemotherapy and TIL transfu
sion were administered without major toxicity. IL-2 support 
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was stopped after 10 doses, because of symptoms of capillary 
leakage and metabolic acidosis and the patient improved. 
However, 2 days after the last IL-2 injection, the patient sud
denly de-saturated. Pulmonary embolism, pulmonary edema 
or septic shock were suspected. The patient could not keep 
oxygen saturation, had to be intubated and moved to the 
intensive care unit where he died due to therapy refractory 
metabolic acidosis. Autopsy did not offer any macroscopic 
explanation to the fatal outcome.

None of the four patients receiving DC-vaccinations experi
enced any particular toxicity to these injections. Interestingly, 
both patients with CR (#10 and #13) and the high-quality 
partial responder (#9) developed autoimmune skin reactions, 
vitiligo, after the combined therapy.

Immunomonitoring and functional ex vivo analysis

Monitoring of T cell differentiation stages in blood and TILs of 
patients in the combinatorial treatment cohort showed that 

pre-ACT blood contained a mix of all T cell differentiation 
stages, including a substantial proportion of naïve T cells 
(Supplementary Fig 1). TILs on the other hand contained 
mainly effector memory (EM) T cells and in some patients 
central memory (CM) T cells. Blood taken early after TIL 
ACT contained mostly EM T cells and the even more differ
entiated effector T cells (EMRA) while CM T cells were usually 
low. In later blood samples, T cell composition started to 
normalize with populations of all differentiation stages, includ
ing naïve T cells, present again.

The activation/exhaustion marker PD-1 (CD3+ CD8+: 
Figure 3a, CD3+ CD4+: Figure 3b) was absent in pre-ACT 
blood samples from all patients except one (#9) where PD-1 
was slightly elevated. Levels of PD-1 on TILs were variable, but 
for most patients, it was lower than on blood T cells post-ACT. 
For the two PR patients (#9 and #11), PD-1 was higher in blood 
than in TILs already at the first time point after TIL therapy and 
levels then increased until reaching a plateau. For one CR 
patient (#10), PD-1 was very low in TILs and remained low in 

Figure 2. Clinical responses. Swimmers plot (a, * Date of progressive disease unknown) and PET/CT scans for patients 9 (b), 10 (c), 11 (d) and 13 (e) are shown. Arrows 
indicating several FDG-avid lesions. Patient 11 had previously undergone amputation of the left leg because of progressing melanoma lesions.
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blood samples after ACT, but suddenly raised to very high levels 
after 78 weeks. For the second CR patient (#13), TILs had high 
PD-1 levels but the first sample after ACT showed virtually no 
PD-1 on T cells while subsequent samples had high PD-1 levels.

For the combinatorial treatment cohort, T cell-specificity in 
TILs was analyzed with a panel of dextramers for HLA-A*02:01 
restricted epitopes from common melanoma antigens (MART- 
1, NY-ESO-1, MAGE-A3, tyrosinase, gp100 and MAGE-A1) 
while PBMC samples were analyzed for NY-ESO-1 reactivity 
only. TILs from patient #9 were significantly stained with 
dextramer against MART-1 and patient #11 displayed reactiv
ity against MART-1, gp100, tyrosinase and NY-ESO-1 while 
patient #10 did not recognize any of the common antigens 
(supplementary fig 2 and data not shown). Only one respond
ing patient (#13, Figure 3c) demonstrated significant positivity 
to NY-ESO-1 dextramer in both blood and TILs, with 0.18% 
positive cells in PBMCs before treatment, 1.7% in TILs and 
2.5% in PBMC at the first time-point (week 3) after TIL ACT. 
At the second time-point (week 8) after TIL ACT, NY-ESO-1 
specific T cells had increased to 3.6%. The tumor-lysate pulsed 
DC vaccine was pulsed with the same NY-ESO-1157–165 (C165 V) 
peptide as the epitope detected by the NY-ESO-1 dextramer. It 
is, therefore, possible that the increase in NY-ESO-1 positive 

T cells in the blood at the second time-point was boosted by the 
DC vaccination, which was started on week 4.

The effect of DC vaccination was clinically assessed by 
DTH-testing for tumor cell lysate and NY-ESO-1 peptide. 
Although all patients responded with skin reactions to the 
tetanus toxoid positive control, none reacted to tumor cell 
lysate. Only one patient (#11) responded with skin reaction 
against the NY-ESO-1 peptide and this reaction was found only 
before but not after vaccination (results not shown).

Analysis of T cell clones in TILs and PBMCs

For the four responding patients in the combinatorial treat
ment cohort (#9, #10, #11 and #13), TIL products and PBMCs 
from before and at several time points after treatment were 
analyzed for clonality by deep-sequencing of the TCRB chain 
locus (Figure 4). The TIL product from all four patients con
tained dominant clones accounting for up to 10%, 7%, 13% and 
7% of T cells in each of the patients. For all four patients, there 
was very little overlap between TCR repertoires found in TIL 
products and in PBMCs before TIL therapy. In contrast, after 
therapy, patient PBMCs contained a substantial proportion of 
T cell clones originating from the TIL product. This proportion 

Figure 3. Monitoring of immune cells during treatment. T cell activation/exhaustion were monitored in the TIL product and in patient blood before or at different 
time points after TIL ACT by staining with antibodies for CD3, CD8, CD4 and PD-1 and analysis by FACS (CD8:A, CD4:B). Staining with dextramers to detect common 
tumor-associated antigen-specific T cells was performed in TIL and in blood samples before and after TIL ACT. Only one patient (#13) had NY-ESO-1 specific T cells both 
in TIL and in blood samples (c).
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decreased over time, but TIL-originating clones were found in 
patient PBMCs as late as 118 (#9) and 106 (#10) weeks after 
T cell therapy, which were the latest time points analyzed. 
Interestingly, for the two CR patients (#10 and #13), levels of 
TIL-originating T cell clones dropped quicker than for the 
long-term PR patient (#9) that after an initial decrease had 
stable levels of TIL-originating clones constituting around half 
of the T cells present in blood at 69, 93 and 118 weeks after TIL 
therapy. However, not all clones from TILs persisted. Some 
decreased quickly while others expanded in vivo. For the short- 
term PR patient (#11) the last sample was taken at 12 weeks 
and there was a stable level of around 50% TIL-originating 
T cell clones in all samples from this patient. These consisted 
mainly of one single clone (>35% of all T cells) that had 
expanded even further in vivo compared to levels found in 
TILs (13%).

Discussion

The 3-year overall survival (OS) of patients with stage IV 
melanoma can reach >50% as a result of ICI therapy.15,16 

However, for patients that fail to respond or progress on ICI 
therapy, there is a need for the development of alternative 
treatment strategies, and ACT with TILs is an attractive strat
egy. In a previous phase I study including eight patients with 
stage IV MM, we established that combination therapy with 
TILs and a tumor lysate-loaded DC vaccine is feasible and 
safe.11 One patient experienced CR that is ongoing more than 
100 months after treatment. In the current study, a safety/ 
optimization cohort with five patients receiving TIL ACT 
only, and a combinatorial treatment cohort, with 4/5 patients 
receiving the combination of TIL ACT and DC vaccination, 

were included. To support multiplication, engraftment and 
longevity of infused TILs, low-dose IL-2 was administered to 
both cohorts after TIL infusion. The DC vaccine administered 
to the second cohort was a whole-tumor lysate pulsed DC 
vaccine, matured with a cocktail of Toll receptor agonists and 
IFN-γ.12 All included patients had MM and all except one had 
progressed after ICI therapy. We report promising results with 
clinical responses (2 CR, 1 long-term PR and 1 short-term PR) 
in all four evaluable patients receiving combined treatment, 
while patients receiving only TILs experienced mixed response 
or stable disease that were not durable. One patient in 
the second cohort died soon after TIL transfer and could not 
be evaluated.

Although it would have been preferable to compare clinical 
outcomes of the two cohorts, they differed in the type of 
patients recruited, with three uveal melanoma patients (#6, 
#7, #8) and one patient (#1) with treated and stable CNS 
metastasis in the first cohort, and four cutaneous melanomas 
(#9, #10, #11, #14) plus one patient with unknown primary 
tumor (#13) in the second cohort. Cutaneous and uveal mela
nomas are both of neural crest origin, but are in many aspects 
different types of cancers. Uveal melanoma is, for example, 
known to have a lower mutational burden and to be more 
resistant to immune therapy.14,17 Furthermore, the two cohorts 
also differed in the amount of TILs that were administered due 
to the optimization of the expansion protocol during the treat
ment of patients in the first cohort. Taken together, this makes 
a direct comparison between the cohorts invalid.

Although the generation of two autologous cellular pro
ducts is challenging, there is an advantage of having two 
products in a protocol since it minimizes the risk of leaving 
included patients without treatment. In addition, mouse 

Figure 4. Monitoring of T cell clones during treatment. T cell clone frequencies were detected by deep sequencing of the TCRB locus in DNA from the TIL product 
and in patient blood before or at different time points after TIL ACT. Clones that constituted 3% or more of all T cells in at least one of the samples (TIL or blood) is 
depicted with a separate color. For the rest of the detected T cell clones, those that constituted 0.1%-1% in TIL are depicted as hashed bars and those that constituted 
less than 0.1% or were not at all detected in TILs are depicted as gray.
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models have demonstrated that a combination of ACT and DC 
vaccination is superior to single-agent treatments.18–22 We 
were able to generate TILs for all patients and DCs for all 
patients in the second cohort. For three patients that lacked 
metastases suitable for resection (#3, #7, #8), TILs could be 
expanded from core biopsies in sufficient numbers to start full- 
scale REP.

Blood of all four patients with clinical responses contained 
dominant T cell clones originating from TILs after ACT and 
there was little overlap with T cell repertoires in blood before 
therapy. Using a panel of dextramers specific for HLA-A2 
restricted tumor antigens, we could conclude that patients #9, 
#10 and #13 had T cell clones in their TIL product that could 
recognize one or several of the known shared tumor antigen. 
However, only in one patient (#13) NY-ESO-1 specific T cells 
were found already in pre-ACT blood, but in even higher levels 
in TILs and in post-ACT blood samples. The increase of NY 
-ESO-1 specific T cells may have been due to contact with 
tumor but also to boosting by the DC vaccine, which was 
loaded with NY-ESO-1 peptide. That only one responder had 
NY-ESO-1 reactivity in blood after DC vaccinations have made 
it difficult to demonstrate antigen-specific-boosting induced by 
our DC vaccination. It is important to note is that the anti- 
tumor effect of the TIL is likely not mainly due to the recogni
tion of shared TAA but to the recognition of neoepitopes 
generated by the high mutational load in melanomas. These 
neoepitopes would in most cases be unique for each patient. 
Thus, the lack of reactivity to most of the shared antigens is in 
no way surprising, and further studies on the detailed specifi
city of the TIL products are ongoing.

Important to note is that all but one of the enrolled patients 
were refractory to ICI. Efficacy of TIL ACT in patients progres
sing on ICI has previously been shown, 5,6,23 and the high 
proportion of responders that were noted in this trial shows 
that the TIL therapy/DC vaccine combination is strikingly 
successful in these patients. Why ICI does not activate TILs 
that efficiently target the tumor in these refractory/relapsing 
patients, even though the same TILs apparently are able to 
recognize and eliminate tumor cells after ex vivo expansion 
and, in our trial, DC vaccination, remains to be established. 
However, expansion ex vivo generates a huge amount of TILs, 
likely more massive than ICI can achieve in vivo and this 
expansion is, in our trial, also further boosted in vivo by DC 
vaccination. In addition, ICI will act on all T cells in the body 
while in TIL ACT therapy preconditioning removes other 
T cells as well as immunosuppressive cells and creates a niche 
where TILs will have increased possibilities to act on the tumor. 
TILs are thought to be enriched for tumor-specific T cells 
compared to blood and would thereby be more efficient at 
eliminating tumor cells. Still, response to TIL ACT may have 
been aided by previous ICI therapy, e.g., by recruiting more 
tumor-specific T cells to the tumor prior to excision and ex vivo 
TIL expansion, as well as by decreasing regulatory T cells and 
MDSCs in the tumor.24

Toxicity related to TIL infusion was seen in both cohorts, in 
most cases as expected25 mild or moderate, such as transient 
fever and chills directly after infusion. In contrast, considerable 
toxicity was observed even with the low-dose IL-2 regimen 
used, perhaps due to the advanced stage of disease of the 

patients. Mild toxicities were treated with paracetamol and 
more severe toxicities were treated with hydrocortisone, 
which could have a negative impact on T cells. However, 
both responders and non-responders did receive hydrocorti
sone showing that any inhibitory effect on TIL must have been 
limited. IL-2 related toxicity was resolved when infusions were 
discontinued. Only four patients (all in the safety/optimization 
cohort) tolerated all 14 doses of IL-2, possibly due to the low 
TIL doses given. One patient (#14) in the combinatorial treat
ment cohort developed metabolic acidosis, which was not 
resolved despite IL-2 was halted and resulted in a fatal 
outcome.

Interestingly, all patients reaching PR or CR did so despite 
IL-2 therapy being halted prematurely. One might speculate 
whether the DC vaccine aided TIL persistence in those patients 
where IL-2 therapy had to be halted. Persistence of infused TILs 
has been shown to correlate with improved clinical response.2 

In addition, one CR patient (#13) was not even started on IL-2 
due to strong reactions to TIL infusion alone. This patient had 
a high frequency of CD4 + T cells in infused TILs, which may 
have produced IL-2 themselves, increasing treatment efficacy 
and causing toxicity. In our previous TIL ACT and DC vaccine 
trial, 11 we argued that the combination with a DC vaccine 
would circumvent the need for IL-2 therapy and therefore did 
not treat patients with IL-2. There have been similar efforts to 
perform TIL ACT without or with low-dose IL-2, administered 
subcutaneously13 or intravenously in a decrescendo regime.23 

As in our previous trial, these trials have reported clinical 
responses but patient groups treated were too small to evaluate 
efficacy compared to trials using high-dose IL-2.

One important factor for achieving clinical responses with 
TIL ACT is the number of infused cells and their persistence. 
We performed both immunomonitoring and TCRB sequencing 
with the aim to follow infused TILs. TCRB sequencing clearly 
shows that infused TILs persisted for long time and persistence 
was most impressive in the long-term PR patient, possibly due 
to continuous proliferation in response to the small remaining 
tumor lesion. In the short-term PR patient, the blood samples 
consisted of a large proportion of one single clone that origi
nated from TILs. This patient had a large tumor mass, and after 
ACT, he had shrinkage of some tumor masses but the progres
sion of others. One may speculate that this mixed response 
occurred since TILs consisted of few tumor-specific clones 
and that the big tumor mass contained cells heterogeneous in 
their expression of TAA, resulting in antigen-escape.

Immunomonitoring data showed that TILs contained both 
CM and EM T cells. However, after infusion, they continued to 
differentiate with an increase of the EMRA population and 
a decrease of the CM population, probably due encounter 
with tumor cells and later the DC vaccine. In line with this, 
expression of the activation and exhaustion marker PD-1 
increased in blood T cells after ACT for most patients. 
Prolonged expression of PD-1 may be a sign of exhaustion, 
which could be negative for treatment. However, so far 3/4 
responding patients have no sign of progression, despite 
expressing high levels of PD-1 on their T cells.

Side effects related to DC vaccination were mild and con
sisted mainly of irritation at the vaccination site. An interesting 
observation is the widespread patchy vitiligo developed in all 
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three long-term responder patients (2 CR and 1 PR). In two 
patients (#9 and #13), this was noted after the first DC vaccina
tion, and for one patient (#10) 3 months after the last vaccina
tion. Thus, it is plausible that administered DCs attract TILs to 
enter into the dermis, destroying melanocytes that express 
differentiation antigens, such as gp100 and MART-1, that are 
also found in tumor cells. However, autoimmune-like mani
festations, such as vitiligo and uveitis, have also been observed 
after TIL monotherapy, 26 and more frequently following ACT 
with gp100 or MART-1-specific TCR-transduced T cells.27

In summary, we found that therapy of MM with 
a combination of TIL ACT and tumor lysate-loaded DC vacci
nation is feasible and safe and we observed impressive clinical 
responses in all patients treated with the combination. The 
promising clinical data in this limited number of patients 
support the continued evaluation of the TIL ACT/DC vaccine 
combination in a larger patient cohort to confirm therapeutic 
benefit. Thereby the exact contribution of each of the two 
cellular products could also be established.
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