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of Oncology, Herlev and Gentofte Hospital, Herlev, Denmark; eDepartment of Health Technology, Technical University of Denmark, Lyngby, Denmark; 
fNEC Oncoimmunity AS, Oslo, Norway

ABSTRACT
LTX-315 is an oncolytic peptide that elicits both local and systemic immune responses upon intratumoral 
injection. In the present pilot trial, we treated patients with metastatic soft tissue sarcoma with the combination 
of LTX-315 and adoptive T-cell therapy using in vitro expanded tumor-infiltrating lymphocytes. Six heavily 
pretreated patients were included in the trial and treated with LTX-315 of which four patients proceeded to 
adoptive T-cell therapy. Overall, the treatment was considered safe with only expected and manageable 
toxicity. The best overall clinical response was stable disease for 208 days, and in this patient, we detected 
tumor-reactive T cells in the blood that lasted until disease progression. In three patients T-cell reactivity against 
in silico predicted neoantigens was demonstrated. Additionally, de novo T-cell clones were generated and 
expanded in the blood following LTX-315 injections. In conclusion, this pilot study provides proof that it is 
feasible to combine LTX-315 and adoptive T-cell therapy, and that this treatment can induce systemic immune 
responses that resulted in stabilization of the disease in sarcoma patients with otherwise progressive disease. 
Further optimization of the treatment protocol is warranted to increase clinical activity. ClinicalTrials.gov 
Identifier: NCT03725605
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Introduction

Soft tissue sarcomas (STSs) are a heterogeneous group of rare 
malignancies that arise from connective tissue. The prognosis 
for patients with advanced disease is poor and effective sys-
temic treatments options are limited. Standard treatment for 
advanced STS is chemotherapy, but even with treatment the 
median overall survival is approximately 14–17 months.1 Thus, 
improved treatment options are desperately needed.

Cancer immunotherapy, including immune checkpoint block-
ade and T-cell therapy, has advanced exponentially during the last 
decade, and proven to be successful across a range of different 
malignancies. Unfortunately, the percentage of STS patients that 
show benefit from immunotherapy is still rather low,2,3 most 
probably due to high heterogeneity, immune quiescence, and 
immune suppression in the tumor microenvironment.4

Adoptive cell therapy (ACT) using tumor-infiltrating lympho-
cytes (TILs) is an advanced therapy medicinal product (ATMP) 
established by isolation of TILs from the patient’s tumor. TILs are 
subsequently expanded in a GMP laboratory, and reinfused back 
into the patient. 5 TIL-based ACT has shown impressive clinical 
results in patients with metastatic melanoma (MM) with response 
rates around 40% to 50% including complete tumor regression 
and long-term survival in up to 20% of patients.6,7 A recent phase 3 

trial comparing ACT with ipilimumab for patients with MM 
reported significantly superior PFS in the ACT group.8 TIL- 
based ACT for non-melanoma patients has yet to show convincing 
results. However, a limited number of small trials and case-reports 
have reported encouraging results from patients with 
cholangiocarcinoma,9 breast cancer,10 and cervical cancer.11 In 
larger trials, however, clinical benefit is less frequent compared 
to melanoma.12,13

LTX-315 is an oncolytic 9-mer peptide of non-viral origin 
that is in clinical development for the treatment of solid tumors 
and is currently being evaluated in two separate Phase II 
clinical trials for skin cancer in the US (NCT04796194) and 
EU (NCT01986426). The peptide has demonstrated the ability 
to kill human cancer of diverse origin. 14 LTX-315 exerts its 
activity through a membranolytic effect and is equally active 
against both drug-resistant and drug-sensitive cancer cells.14,15 

Both preclinical and clinical studies have documented that 
intratumorally administered LTX-315 induces necrosis and 
significant T-cell infiltration into the tumor 
microenvironment.16–20 In a recent Phase I/II study, significant 
expansion of the T-cell clone repertoire in blood was observed 
following LTX-315 treatment. Analysis of tumor tissue biopsies 
showed that 50% of the T-cell clones expanded in blood were 
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also identified in the tumor tissue following treatment, indicat-
ing that they were tumor-associated.20

In this pilot study, ATLAS-IT-04, we treated heavily pretreated 
patients with unresectable or metastatic STS with the combination 
of LTX-315 and ACT using in vitro expanded TILs. The objective 
was to evaluate the safety and potential for LTX-315 to induce TILs 
prior to isolation and expansion. Tumor-antigen specificity of 
expanded TILs and peripheral blood mononuclear cells 
(PBMCs) were assessed to reveal whether tumor specific T cells 
were generated in vivo following treatment.

Materials and methods

Patients

Eligible patients were between 18 and 75 years of age; had con-
firmed advanced or metastatic STS with stable disease or had 
progressed after a minimum of one line of systemic treatment 
for advanced/metastatic disease. All patients had one lesion acces-
sible for injection that could be surgically removed, and at least one 
other target lesion that was measurable by CT (as per RECIST 1.1). 
All patients were required to have Eastern Cooperative Oncology 
Group (ECOG) performance status of 0 or 1, normal cardiac 
function, and baseline blood laboratory parameters indicating 
adequate bone marrow, kidney, and liver function. Patients with 
a history of systemic autoimmune disease requiring anti- 
inflammatory therapy or immunosuppressive therapy within the 
last three months prior to study drug administration, incomplete 
recovery from adverse events (AEs) due to prior therapies, and 
those with active or unstable metastases in the central nervous 
system were excluded from the study. A full overview of the 
eligibility criteria is provided in Supplementary Table S1. 
Patients evaluable for antitumor response by RECIST 1.1 received 
at least one injection of LTX-315, ACT and had at least one post 
dosing tumor evaluation.

Trial design

The trial was designed as a two-part interventional study with 
intratumoral injections of LTX-315 (step 1) followed by ACT and 
IL-2 treatment (step 2) (Figure 1). Six patients completed step 1. 
Primary objectives were to determine the safety of LTX-315 and 

ACT in combination, along with effectiveness of LTX-315 to 
induce T-cell infiltration in STS. Secondary objectives were to 
assess the anti-tumor effect of the LTX-315 and ACT in combina-
tion, and to assess the ability to expand CD8+ T cells in vitro from 
tumors pre-treated with LTX-315. Exploratory objectives were to 
assess tumor-antigen specificity of expanded TILs and PBMCs and 
to characterize the changes in the immune response following 
treatment. The study was conducted in accordance with the 
Helsinki Declaration21 and approved by the National Committee 
on Health Research Ethics (H-18004924), the Danish Data 
Protection Agency, and the Danish Medicines Agency 
(2018014460). ClinicalTrials.gov Identifier: NCT03725605

Treatment

Patients with histologically confirmed metastatic STS and 
a tumor accessible for LTX-315 injections were eligible for 
inclusion. Patients were treated with 5 mg LTX-315 per injec-
tion for up to four weeks depending on clinical status. During 
the study, an amendment was made that allowed inclusion of 
patients that had SD as these patients are known to eventually 
progress rapidly. This SD condition, on the other hand, allow 
for a prolonged injection schedule. The number of injections 
per day depended on the size of the tumor (further details are 
provided Supplementary material 1). Within three weeks after 
the completion of LTX-315 treatment, the injected tumor was 
surgically removed for in vitro TIL expansion (Table 2).

ACT was preceded by one week of lymphodepleting che-
motherapy with cyclophosphamide (60 mg/kg) at day −7 and −6, 
and fludarabine phosphate (25 mg/m2) at day −5 to −1, as 
described in previous studies.22 TILs were transferred as a single 
intravenous infusion on day 0 in Step 2. Following TIL infusion 
patients received subcutaneous IL-2 (2 MIU) for 14 days or until 
unacceptable toxicity.23 All patients received prophylactic antibio-
tics, antiemetics and blood transfusions when clinically indicated.

Assessment of tumor response

Tumor response was assessed by RECIST 1.1.24 Progression 
free survival (PFS) was calculated as the number of days from 
date of treatment start (baseline) until date of PD.

Figure 1. Study design.
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TIL generation

The manufacturing procedure was performed in cleanrooms 
according to GMP EU Annex 1. TILs were expanded in vitro 
according to the “Young TIL” method.25,26 Within hours from 
surgical removal of the tumor, the tumor specimen was cut 
into small fragments and placed in individual wells with cul-
ture medium containing RPMI 1640 (Thermo Fisher 
Scientific), 10% human serum (Sigma-Aldrich), IL-2 6000 IU/ 
mL (Novartis), and Penicillin, Streptomycin and Fungizone 
(Thermo Fisher Scientific). During expansion, TIL cultures 
were pooled together to generate a bulk TIL product.

Following initial expansion, TILs were further expanded 
according to the Rapid Expansion Protocol (REP) for fourteen 
days.27 The REP was initiated in static culture containers with 2 ×  
107 TILs in REP medium containing RPMI 1640/AIM-V (Thermo 
Fisher Scientific), 10% human serum, IL-2, anti-CD3-antibody 
(OKT3) (Miltenyi Biotec) and irradiated allogeneic feeder cells in 
a 1:200 ratio. Between day 6 and 9, depending on cell growth, the 
cell culture was transferred to a dynamic Xuri W25 bioreactor 
(Cytiva). On day 14, the cell culture was harvested, centrifuged, 
and washed.

Necrosis assessment and immunohistochemistry (IHC)

One to three core needle biopsies of the tumor were collected 
before the first treatment and at resection. The biopsies were 
embedded in paraffin, sectioned and stained with hematoxylin 
and eosin for quality assessment and evaluation of necrosis by 
a pathologist (Veracyte, France). Sectioned tissue biopsies were 
stained by IHC for CD3, CD4 and CD8. Staining was performed 
on slides using the Roche Ventana Benchmark XT autostainer. 
After antigen retrieval, staining was performed on consecutive 
slides using CD8 antibodies (clone C8/144B, Veracyte), CD3 
antibodies (clone MRQ39, Veracyte), and CD4 antibodies (clone 
SP35, Roche) and detected with secondary antibody using the 
Ultraview Universal DAB detection kit. Image acquisition was 
performed using the Hamamatsu Nanozoomer XR scanner. The 
Veracyte Digital Pathology Platform was used for quantification of 
CD3, CD8 and CD4 density in the whole tumor area.

Sequencing and prediction of tumor specific T-cell 
neoantigens

Next generation sequencing (NGS) and T-cell epitope predictions 
were used to identify tumor specific T-cell antigens (neoantigens). 
DNA and RNA were extracted from tumor tissue and compared 
with data from matched normal tissue (PBMCs) by (Personalis Inc 
CA, USA). Using whole exome sequencing (WES) NGS data from 
the tumor, and matched WES data from the normal PBMCs in 
addition to RNAseq based transcriptome data from the tumor as 
input; expressed tumor specific mutations and the immunogeni-
city of their associated neoantigens was predicted using the NEC 
Immune Profiler (NIP) software from NEC OncoImmunity. HLA 
genotypes were determined from the WES data of normal geno-
mic DNA using the HLA typing software from Personalis Inc and 
confirmed by the NIP software. Peptides corresponding to pre-
dicted tumor-epitopes were synthesized (JPT Peptide 

Technologies GmbH, Germany) (Supplementary Table S2) and 
used to assess TILs and PBMCs reactivity.

Flow cytometry

Flow cytometry was performed to assess the phenotype and 
tumor reactivity of in vitro expanded TILs and PBMCs on 
a NovoCyte Quanteon Flow Cytometer (Agilent 
Technologies). Cells were washed in PBS (Lonza) and stained 
with fluorochrome-conjugated antibodies (Supplementary 
Table S3). Antibodies were selected to identify TIL subsets 
such as αβ T cells, γδ T cells, and NK cells as well as different 
differentiation and exhaustion markers.

T-cell activation assay by IFNγ ELISPOT

Enzyme-linked immune absorbent spot (ELISPOT) assay was 
performed to assess TIL and PBMC reactivity against autologous 
tumor cell line (TCL) and selected neo-peptides using 96-well 
plates (Merck Millipore) coated with IFNγ capturing antibody 
(clone 1-D1K (Mabtech). TILs or PBMCs were co-cultured with 
autologous tumor cell lines or neo-peptides and incubated over-
night at 37°C in 5% CO2. The experiments were performed both 
with and without peptide pulsing. Following incubation, plates 
were washed, and biotinylated secondary antibody (clone 7-B6- 
1-Biotin, Mabtech) was added. Afterwards, plates were washed 
again, and Streptavidin-ALP (3010–10, Mabtech) was added. 
Finally, BCIP/NBT (3650–10, Mabtech) was added and catalyzed 
by the enzyme conjugate to form spots visualizing IFNγ release of 
a cell at that location. Spots were counted using an Immunospot 
2.0 Analyzer (Cellular Technologies Limited).

TCR sequencing

T-cell receptor (TCR) beta chain CDR3 regions of biopsies and 
PBMCs were sequenced by ImmunoSeq (Adaptive 
Biotechnologies), with primers annealing to V and J segments, 
resulting in amplification of rearranged VDJ segments from each 
cell. Clonality values were obtained through the ImmunoSeq 
Analyzer software (www.adaptivebiotech.com/immunoseq/analy 
zer). Differential abundance analysis was assessed to identify 
clones that were significantly expanded or contracted from base-
line to post-treatment timepoints. Significantly expanded clones 
were identified in peripheral blood and then compared with 
those in pre-treatment and post-treatment tumor samples to 
determine expansion of tumor-associated T-cell clones.

Results

Patient demographics

Six patients with metastatic STS were included in the trial 
between January 2019 and March 2021. Five patients had 
progressive disease (PD) and one patient (01–1005) had stable 
disease (SD) at the time of inclusion. Baseline characteristics 
are shown in Table 1. The patients age ranged between 27 and 
69 years, and they had received a minimum of one previous 
line of standard chemotherapy.
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LTX-315 administration

LTX-315 was injected intratumorally on three to five dosing days 
to one lesion per patient (Table 2). All six patients received 
treatment with LTX-315. The dose per injection was 5 mg, and 
the total dose administered varied from 25 to 120 mg. Patients 
received up to eight injections per treatment day dependent 
upon the lesion size. The median time from the first LTX-315 
injection to surgery was 21 days (15–35). One patient (01–1005) 
received LTX-315 according to a prolonged schedule because of 
SD at inclusion. For two patients (01–1006 and 01–1007), the 
LTX-315 dose was reduced during treatment due to radiological 
signs of necrosis of the injected tumor. The decision to reduce 
the dose was made to minimize necrosis that would decrease the 
chance of successful TIL expansion. Four patients received ACT; 
the reason why two patients did not receive ACT was due to 
unsuccessful expansion of TILs. Mean time from first LTX-315 
injection to TIL infusion was 67 days (58–84).

LTX-315 influences the tumor micro-environment

All six patients had paired pre- and post LTX-315 treatment 
samples collected from injected lesions. Although biopsies were 
aimed to be collected in viable tumor tissue close to, but not at the 
injection site, one sample (01–1005) was completely necrotic 
following LTX-315 treatment and therefore not available for ana-
lysis of TILs. In one patient (01–1005), samples from a bystander 
(non-injected) lesion were available before and after LTX-315. 
Three tumors had increased necrosis following LTX-315 treat-
ment (Figure 2a), ranging from 35% to 100%. Tumors with no sign 
of necrosis by this assessment were desmoplastic small round cell 

tumor (DSRCT) (patient 01–1001 and 01–1004) and solitary 
fibrous sarcoma (patient 01–1007).

Changes in infiltration of CD3+, CD4+, and CD8+ T cells from 
baseline to time of resection in the whole tumor following LTX- 
315 treatment were determined by IHC. At baseline, all patients 
except 01–1003 had low infiltration of CD3+cells (<170 cells/mm2 

tumor tissue) and CD8+ cells (<140 cells/mm2tumor tissue). 
A higher number of CD4+ cells than CD3+ cells were present at 
baseline for several patients, suggesting that the CD4+ cells are not 
restricted CD3+CD4+ T cells.

CD3+ infiltration increased in three samples following LTX- 
315 treatment (patient 01–1001, 01–1006 and 01–1007) and 
decreased in two samples (patient 01–1003 and 01–1004) 
(Figure 2b). CD4+ infiltration increased after LTX-315 treat-
ment in all samples that had increased CD3+ TILs and in patient 
01–1003 (Figure 2c). CD8+ infiltration increased in two samples 
(patient 01–1001, 01–1007), decreased in two samples, and was 
unchanged in one sample (Figure 2d). Samples from the one 
available bystander lesion showed increased CD3+ and CD8+ 
infiltration but decreased CD4+ infiltration (Figure 2e).

TIL characteristics

Young TILs were successfully expanded from four out of six 
patients (Table 2). Mean expansion time from surgery to infusion 
was 45 days (41–49). Expansion during the REP ranged from 2220 
to 3140-fold, with almost exclusively (>99%) CD3+ cells. Cells 
were a mix of CD4+ and CD8+ with CD4+ being predominant in 
three out of four cases. The mean number of infused cells was 51,9 
× 109 (44,4 × 109 − 62,8 × 109.

Table 1. Baseline patient demographics.

ID Age Sex Histology Sites of disease Prior systemic treatment
Status at 
inclusion

ECOG 
PS

01–1001 27 F Desmoplastic small 
round cell tumor

Breast, lymph 
nodes, pleura, 
liver

Epirubicin/cyclophosphamide; atezolizumab, vincristine/ifosfamide/ 
doxorubicin/etoposide; vincristine/actinomycin D/ifosfamide

PD 0

01–1002* - - - - -
01–1003 40 F Leiomyosarcoma Muscle, bone, lung Doxorubicin/olaratumab; olaratumab PD 0
01–1004 35 M Desmoplastic small 

round cell tumor
Subcutis, lymph 

nodes
Doxorubicin/cisplatin/etoposide; doxorubicin/vincristine/actinomycin 

D/etoposide/ifosfamide/cyclophosphamide; pazopanib
PD 1

01–1005 69 M Solitary fibrous 
tumor

Abdomen Doxorubicin/dexrazoxane SD 1

01–1006 51 M Sclerosing epithelial 
fibrosarcoma

Eye, bone VIDE; VAI; gemcitabine/docetaxel; gemcitabine/paclitaxel; gemcitabine PD 1

01–1007 49 M Solitary fibrous 
tumor

Parotid gland, lung, 
liver, kidney

Doxorubicin/dexrazoxane PD 0

*Screening failure.

Table 2. Treatment data.

ID
Metastasis 

site
LTX-315 no. of 

injections per day
LTX-315 total 

dose (mg)

LTX-315 to 
surgery 
(days)

Surgery to 
ACT 

(days)

Time 
hospitalized 

(days)

Infused 
cells 

(10e9)
CD3 
(%) CD4%)

CD8 
(%)

CD8+ total 
(10e6)

01–1001 Breast 3 + 3 + 3 + 3 60 15 49 20 48,8 99 96 1 210
01–1003 Lower back 4 + 4 + 4 + 4 80 17 41 20 62,8 99 78 13 7913
01–1004 Chest 2 + 2 + 2 + 2 40 22 - - - - - -
01–1005 Abdomen 2 + 2 + 2 + 2 + 2 50 35 49 24 51,6 99 86 2 826
01–1006 Thigh 8 + 8 + 4 + 4 120 21 - - - - - -
01–1007 Parotid gland 2 + 2 + 1 + 0 25 22 41 20 44,4 99 44 52 23177
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Safety

Treatment with LTX-315 was performed in an outpatient 
setting and was well tolerated with only grade 1 and 2 
AE’s (Table 3). Patients were hospitalized for 20 to 24 days 
during ACT treatment. All four patients that received 
ACT experienced grade 4 neutropenia and thrombocyto-
penia following lymphodepleting chemotherapy. The most 
common grade 3 AE was fever related to TIL infusion and 
IL-2 treatment. One patient (01–1005) only received two 
out of 14 planned IL-2 injections due to hypoglycemia and 
poor general condition following ACT.

Clinical efficacy

Four patients completed the treatment and were evaluable for 
objective response. Three out of four patients had SD six weeks 

after ACT (Figure 3) as best overall response (BOR). 
Progression free survival (PFS) was calculated as the number 
of days from the date of screening (baseline) until the date of 
PD. The PFS ranged from 72 days for patient 01–1007 to 208  
days for patient 011003. For patient 01–1001 and patient 01– 
1005 PFS was 162 days and 170 days, respectively. All patients 
eventually had PD. Mean progression free survival was 22  
weeks (10–30) from baseline.

In vitro anti-tumor reactivity of TILs and PBMCs as 
measured by ELISPOT

Anti-tumor reactivity of the PBMCs and TILs (infusion pro-
duct) were tested against an autologous tumor cell line (TCL) 
in an IFNγ ELISPOT assay (Supplementary figure S1). We 
observed PBMC reactivity against autologous TCL in three 

Figure 2. IHC data before and after LTX-315 treatment. Dot plot showing IHC data from tumor at baseline and after LTX-315 injections. (A) Necrosis are shown in 
percentage necrosis in the available tumor sample. Increased necrosis was noticed in three of six samples following LTX-315. (b-d) CD3+, CD4+ and CD8+ infiltration in 
the injected tumor as measured by IHC. (e) CD3+, CD4+, and CD8+ infiltration in a bystander lesion (non-injected tumor) at baseline and 19 weeks post LTX-315 
treatment. T-cell infiltration is shown as cells/mm2.
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patients. In patient 01–1003, reactivity appeared following 
treatment and increased over time until the time of progres-
sion, suggesting an induced in situ tumor response. Patient 01– 
1007 showed a similar profile with induced tumor reactivity 
after treatment, which also increased over time. The latter 
patient also showed TIL reactivity against TCL. Patient 01– 
1001 had tumor reactive PBMCs already at baseline which 
increased at assessment 6 weeks after ACT but disappeared 
when the patient had progressed 12 weeks after ACT. TIL 
reactivity was also assessed by flow cytometry with reactivity 
defined as expression or production of at least two predefined 
markers (CD137, CD107a, IFNγ, and TNFα) upon stimulation 
with autologous tumor digest. We observed reactivity in one 
(01–1001) of four tested samples, with the most frequent func-
tional change in the TIL being expression of CD137 and 
CD107a (Figure 4b,c).

Neoantigens were predicted in silico for three patients and 
a selection of these neoantigens (Supplementary Table S2) were 
tested for reactivity with the patients PBMC and TIL product 
(Figure 4 and Supplementary Figure S1).

In patient 01–1001, a weak response was present in PBMC 
collected at baseline for only one neopeptide (neopeptide 1). LTX- 
315 treatment induced a response against 4 out of 7 neo-peptides, 
with the response against three of these neopeptides peaking at 6  
weeks after ACT, and disappearing at 12 weeks after ACT when 
the patient had PD. For patient 01–1003 and 01–1007, we observed 
PBMC reactivity against > 50% of the tested neopeptides at base-
line, but this reactivity was reduced following treatment. No TIL 
reactivity was observed against any of the predicted neopeptides.

Increased T-cell repertoire in PBMC induced by LTX-315

Changes in T-cell clonality were assessed in two patients (01–1003 
and 01–1007). The frequency of each T-cell clone was examined in 
pre- and post treatment blood and tissue samples, as well as in the 
infused TILs. To identify those T-cell clones whose frequencies 
differed between pre-treated and post-treated samples, an algo-
rithm described by DeWitt and colleagues was used.28 T-cell 
clones with significant clonal expansion were identified and 
counted (Figure 5). In healthy individuals, an average of 13 
T-cell clones have been reported as significantly expanding in 
a 2-week interval.29 The number of significantly expanded T-cell 
clones after LTX-315 treatment was 91 clones for patient 01–1003 
and 35 clones for patient 01–1007, both above the mean number 
found in healthy individuals, indicating that LTX-315 induced 
a systemic immune response in these two patients. Novel T-cell 
clones were detected in both patients after LTX-315 treatment. 
They expanded significantly in the periphery (Figure 5, high-
lighted in the box on y-axis).

Discussion

TIL based ACT has consistently shown impressive clinical 
results in patients with MM, but for non-melanoma cancer 
patients, clinical responses are less frequent. We assessed 
whether pre-treatment with intratumoral injections of LTX- 

Table 3. Adverse events related to therapy.

Therapy AE Grade 1–2 (n) Grade 3–4 (n)

LTX-315 Diarrhea 1 0
Fever 1 0
Itching 1 0
Pain at injection site 4 0
Redness at injections site 1 0
Stomach pain 1 0

Chemotherapy Anemia 3 0
Constipation 1 0
Diarrhea 1 0
Dry mouth 1 0
Fatigue 1 1
Headache 1 0
Hematuria 1 0
Hot flashes 1 0
Hypocalcemia 1 0
Hypomagnesaemia 1 0
Hyponatremia 1 0
Hypophosphatemia 1 0
Nausea 4 0
Neutropenia 0 4
Rash 2 0
stomach-ache 1 0
Stomatitis 1 0
Thrombocytopenia 0 4
Vomiting 1 0

TIL Chills 2 0
Diarrhea 1 0
Dyspnea 0 1
Fatigue 0 1
Fever 2 2
Headache 1 0
Rash 1 0

IL2 Anemia 2 0
Diarrhea 3 0
Elevated alkaline phosphate 1 0
Elevated liver enzymes 1 0
Fever 2 2
Headache 1 0
Rash 1 0
Vomiting 1 0

Grade 3–4 events are highlighted in bold/italic.

Figure 3. Tumor response assessed by RECIST1.1. Clinical effect of the treatment 
measured by RECIST 1.1. On the vertical axis are changes in the sum of target 
lesions and on the horizontal axis are time from baseline. A white circle at the end 
of a line refers to clinical PD determined by the treating physician.
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315 could induce a tumor-specific immune response and 
increase T-cell infiltration, thus improving the quality of the 
in vitro expanded cells used for ACT. The primary objectives of 
the study were to assess the LTX-315 induced T-cell infiltration 

in treated tumors, and to assess the safety of the combination 
treatment.

The results from this clinical trial demonstrate that the 
combination of LTX-315 and ACT is safe and feasible with 

Figure 4. Characteristics and reactivity of TIL and PBMC. (a) Stacked bar plot showing phenotype of infused cells. (b) Bar plot showing percentage of tumor-reactivity in 
infused cells assessed by flow cytometry. (c) Stacked bar plot showing functional changes in reactive TILs when co-cultured with autologous tumor fresh tumor digest. 
(d) Heatmaps showing reactivity of PBMC, and infused TIL analyzed with IFNγ ELISPOT. Data are shown for the individual patients with target cells/peptides on the 
vertical axis and TIL/PBMC (chronologically) on the horizontal axis. Color intensity shows the difference between spot count of the test samples (mean of triplicates) and 
the negative control.

Figure 5. LTX-315 induces a polyclonal tumor-associated T-cell response in PBMC. Graph showing the abundance of unique T-cell clones in blood (peripheral blood 
mononuclear cells) before treatment compared with 17-22 days after initiation of LTX-315 treatment. T-cell clones that were not significantly changed in frequency are 
depicted in gray, whereas those that were significantly expanding, or contracting are depicted in red or blue, respectively. Dashed diagonal gray line defines frequency 
equality, and dashed red line defines threshold for statistical comparison.
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expected and manageable toxicity. In this hard-to-treat patient 
population, no objective responses were achieved; BOR was SD 
in three out of four patients. The median PFS was 22 weeks, 
and the longest duration of disease stabilization was achieved 
in a patient with leiomyosarcoma (01–1003) who had SD for 
208 days from screening (26 weeks from first LTX-315 injec-
tion and 17 weeks from ACT). Interestingly, immune mediated 
clinical benefit was demonstrated in a previous trial in 
a leiomyosarcoma patient treated with LTX-315.20

Importantly, this trial demonstrates that TILs can be suc-
cessfully expanded in vitro to clinically meaningful numbers 
from LTX-315 pretreated tumors. The success rate of TIL 
expansion was 67% (four out of six patients), which is lower 
than previously reported.30 This could be due to low baseline 
TIL infiltration, necrosis, or variation because of the small 
sample size. The rarity of sarcomas and the complex study 
treatment posed a significant challenge in the inclusion pro-
cess. Patients will have to be in a physical condition to not only 
endure a potentially toxic treatment, but also be expected to 
maintain this physical condition while waiting for manufactur-
ing of TILs for ACT. In a pre-clinical study performed at our 
institution we observed faster expansion of TILs from undif-
ferentiated pleomorphic sarcoma (UPS) and myxofibrosarco-
mas than other sarcomas.30 Clinical studies also suggest that 
patients with UPS and alveolar soft part sarcoma may respond 
to treatment with immune checkpoint inhibitors (ICIs).31,32 

These subtypes were not among the included diagnoses in 
this trial.

Combining immunotherapy with local treatment has pre-
viously shown promising results by enhancing the systemic 
effect of the treatment. LTX-315 induces immunogenic cell 
death and hereby exposes the immune system to tumor anti-
gens as well as endogenous danger signals.15 LTX-315 exerts 
its activity through membranolytic effects and has demon-
strated the ability to kill cancer cells of diverse origin. The 
specificity for tumor cell killing results from cationic amino 
acids within the LTX-315 peptide chain interacting with the 
abundant anionic phospholipids present at higher levels in 
tumor cells compared with normal cells.33,34 Through its 
membranolytic mode of action, LTX-315 induces immuno-
genic cell death locally in all cancer cells independent of 
resistant phenotype and can expose a broad repertoire of 
danger signals and tumor specific antigens with subsequent 
generation of a systemic immune response. Taking the 
advantage of the whole antigen repertoire of each patient´s 
tumor, the intratumoral treatment with LTX-315 represents 
an in situ vaccination principle where an immune response to 
tumor antigens (including the tumor specific neoantigens) in 
a patient-specific manner is generated in vivo without the 
need of the labor-intensive, costly and time-consuming man-
ufacture of a personalized patient-specific vaccine. In this 
study, we successfully identified potential neoantigens from 
tumor cells that were recognized by T cells in the peripheral 
blood. In total, 26 predicted neoantigens were tested, and 
responses were observed with 17 (65%) of these, of which 
the response to 5 neoantigens were induced by LTX-315 
(patient 01–1001) (Figure 4). The selection of potential 
neoantigens from somatic cancer mutations based on 
machine learning algorithms does not necessarily represent 

all specific tumor antigens in the patient’s tumor. As seen in 
Figure 4, opposite to patient 01–1001, T cells from patients 
01–1003 and 01–1007 respond to TCL but not to the neoan-
tigens tested. This can be explained by the fact that TCL may 
comprise a broader repertoire of tumor specific antigens 
above and beyond neoantigens derived from somatic cancer 
mutations.

In two patients (01–1003 and 01–1007), we observed 
tumor-reactive T cells in the periphery blood at baseline, 
but this signal disappeared following treatment. It is possible 
that the preparative chemotherapy regimen is the cause of 
this although the clinical implication is unknown. 
Lymphodepleting chemotherapy prior to ACT is associated 
with increased clinical outcome in melanoma patients, how-
ever, the underlying mechanism is complex and not fully 
understood.22 Among possible explanations are that lympho-
depletion decreases the number of regulatory T cells and 
increases the levels homeostatic cytokines that promote 
T cell proliferation and survival.35,36 Consensus remains 
that preparative chemotherapy increases the clinical effect 
of ACT. However, it is possible that this the lymphodeple-
tion could affect an already existing antitumor immune 
response induced by LTX-315 treatment.

Paired biopsies from non-injected lesion were available 
from only patient 01–1005 and revealed a marginal increase 
in CD3+ and CD8+ T cells after treatment. Systemic 
immune responses induced by LTX-315 were more persua-
sive by assessment of the TCR repertoire in the blood. Blood 
samples from both patients that were assessed (01–1003 and 
01–1007) demonstrated that treatment with LTX-315 
induced significant expansion of a higher number of T-cell 
clones in the periphery than found in healthy individuals. 
Interestingly, de novo T-cell clones were generated and 
a proportion of these expanded significantly after LTX-315 
treatment (Figure 5). Novel T cell reactivity against tumor 
antigens was demonstrated by ELISPOT assessment showing 
induced T-cell activity against neo-peptides (patient 01– 
1001) and TCL (patient 01–1003 and 01–1007), demonstrat-
ing that LTX-315 treatment indeed induces tumor specific 
T-cell responses that remain in the patients for at least 6  
weeks after ACT. These data are aligned with previous data 
from Phase I/II trials where LTX-315 treatment increased 
the number of significantly expanded T-cell clones in patient 
blood with evidence of abscopal effect in non-injected 
lesions.19,20

LTX-315 treatment can induce necrosis within the tumor 
microenvironment followed by increased T-cell infiltration. 
Necrosis poses a challenge because vital tumor tissue is needed 
for in vitro TIL expansion. In other study designs, e.g., LTX- 
315 in combination with checkpoint-inhibitors, this is not 
considered an issue because necrosis may be beneficial for the 
induced immune response.

In this trial, we observed increased necrosis in the injected 
lesions following treatment in three out of six patients in tissue 
samples evaluated by a pathologist (Figure 2a). Moreover, 
significant necrosis was observed by radiological assessment 
during the treatment period in Step 1 in patient 01–1006 and 
01–1007, resulting in reduced LTX-315 dosing to not necrotize 
the entire lesions. These unscheduled dose reductions 
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highlights a need to determine the number of injections with 
LTX-315 carefully and potentially include a more flexible 
injection schedule. Patient 01–1005 who was the only patient 
to receive LTX-315 according to the prolonged schedule had 
significant necrosis in the post-treatment biopsy but it was still 
possible to expand TILs for ACT from a non-necrotic part of 
the tumor. Although it is difficult to draw conclusions from 
a single case, this shows that a prolonged injection schedule 
does not exclude latter TIL expansion. Interestingly, the tumor 
from patient 01–1007 had significant necrosis by radiological 
assessment but revealed no necrosis when evaluated by pathol-
ogist. On the other hand, the post-treatment sample from 
patient 01–1005 were completely necrotic when assessed by 
pathologist, but we were still able to expand TIL for the treat-
ment. These observations support the notion that needle biop-
sies does not represent the actual heterogeneity present in 
tumors and should be interpreted carefully. Aggregated necro-
sis assessment either by pathologist or radiology showed no 
signs of necrosis in the lesions in patients 01–1001 and 01– 
1004. To this end, we were not able to make any hypotheses or 
draw any correlation of the number of LTX-315 doses and 
necrosis, since their total dose exceeded the lowest dose at 25  
mg LTX-315 (patient 01–1007). However, the indication may 
be decisive, as both patients 01–1001 and 01–1004 had DSCRT, 
including fibrotic tissue and hence lower abundance of tumor 
cells than in the other STS subtypes included herein. According 
to the LTX-315 mode of action it is likely that high abundance 
of tumor cells in the lesion to be injected is necessary for 
optimal induction of necrosis followed by an immune response 
targeting the tumor cells.

A previous trial has demonstrated increased CD8+ infil-
tration following LTX-315 treatment with a prolonged dos-
ing schedule and assessment at 7 weeks after treatment 
rather than 3 weeks after start of treatment.19,20 In the pre-
sent trial, the injected lesions were surgically removed 2 to 
5 weeks after start of treatment. We observed increased 
T-cell infiltration in some samples, but overall the impact 
of LTX-315 on the injected lesions was lower than reported 
in previous trials,19,20 which may be due to short treatment 
schedule and/or the nature of this hard-to-treat patient 
population. In one sample (01–1007), we observed high 
numbers of CD8+ T cells in the infusion product, and 
IHC data suggest, that CD8+ infiltration increased signifi-
cantly following LTX-315 treatment. Interestingly, in this 
patient LTX-315 dose was reduced because of radiological 
signs of pronounced necrosis which could have an impact of 
the generation of TIL product. Again, it is difficult to draw 
conclusions based on a single case, it seems that in this case 
LTX-315 induced necrosis may be of importance for 
increasing TILs.

Patient 01–1001 and 01–1007 demonstrated increased num-
ber CD3±and CD8+ T cells after treatment, while patient 01– 
1003 demonstrated the opposite profile. The latter also demon-
strated significant necrosis (57–100%) as well as a 2-fold 
increase in CD4+ cells, which also may present CD4+ macro-
phages and/or dendritic cells.37,38 To the best of our knowl-
edge, the impact of these CD4+ non-T cells on the tumor 
microenvironment is unknown. Patients 01–1004 and 01– 
1006 had low number of T cells both at baseline and after 

LTX-315 treatment resulting in unsuccessful generation of 
TIL products for ACT.

There was no control arm (ACT without LTX-315 treat-
ment) included in the present trial and to our knowledge this 
is the first trial that has performed ACT using TILs in soft 
tissue sarcoma patients. However, the feasibility of expanding 
TILs from sarcomas as well as the performance of functional 
in vitro analyses on these was investigated in a preclinical 
study.30 In the preclinical study, tumor samples from 28 
patients with 8 different sarcoma subtypes were obtained, 
and it was possible to expand a minimum of 40 million TILs 
from 25 of these. Reactivity analyses using ELISPOT revealed 
reactivity against autologous tumor cells in 11 of 22 tested 
tumor samples from 7 of 8 different sarcoma subtypes in the 
preclinical study. In the trial reported here, we were able to 
expand TILs from only 4 out of 6 patients, but to a higher 
number than reported previously (mean 51,9 × 109 TILs). 
Reactivity analysis revealed reactivity against autologous 
tumor cells in only one out of three tested tumor samples 
prior to LTX-315 treatment. Following treatment, we 
observed reactivity against autologous tumor cells in the two 
patients that did not respond at baseline, suggesting that 
sarcoma patients indeed may benefit from pretreatment 
with LTX-315.

In conclusion, this trial is the first to investigate the 
combination of LTX-315 and ACT. It is also, to the best 
of our knowledge, the first trial to test TIL-based ACT in 
patients with metastatic STS. We demonstrate that the 
combination is safe, and that both LTX-315 alone and in 
combination with ACT can induce tumor-specific immune 
responses. In one patient, we observed significant necrosis 
in the injected lesion combined with high numbers of CD8 
+ T cells in the infusion product, suggesting that an opti-
mized injection schedule potentially could increase the 
effect of LTX-315 and thus increase the induced immune 
response. Even though there were no PR or CR, several of 
the patients with a progressive disease experienced 
a stabilization of the disease. Despite the low patient num-
ber and short-lasting clinical benefit in this trial, the data 
are encouraging and add some clinical proof-of-concept 
evidence that LTX-315 can boost the clonal expansion of 
T cells that kill tumor cells through a targeted immune 
response. The treatment schedule could be further opti-
mized to maximize the T-cell infiltration prior to tumor 
resection.

Translational relevance

LTX-315 is a first-in-class, 9-mer oncolytic peptide of non-viral 
origin, that in a recent Phase I/II trial was shown to increase 
tumor infiltrating lymphocytes (TILs) in malignant solid 
tumors after intratumoral injection. Adoptive cell therapy 
(ACT) with TILs is a potent treatment that can induce com-
plete and durable anti-tumor responses in patients with mela-
noma. Patients with advanced soft tissue sarcoma (STS) 
respond poorly to immunotherapy. In the present trial, LTX- 
315 was administered intratumorally to patients with advanced 
STS prior to surgical resection and subsequent in vitro expan-
sion of T cells as the first step. In the second step, the expanded 
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T cells were infused back into the patient following assessment 
of the antitumor effect. Overall, the trial demonstrates that the 
combination of LTX-315 and ACT is not only feasible and 
tolerable, but that tumor-specific T cells can be expanded 
in vitro from tumors that have been pre-treated by LTX-315. 
The treatment schedule should be further optimized to achieve 
superior signs of efficacy.
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