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Background: Despite significant advancements in the treatment of malignant melanoma, metastatic mucosal
melanoma remains a therapeutic challenge due to its complex pathogenesis, distinct pathological characteristics,
and limited response to immunotherapy. Combining different immunotherapeutic approaches offers a potential
strategy to address these challenges. Tumor-infiltrating lymphocyte (TIL) therapy and oncolytic virus therapy
represent promising treatment modalities that may synergize with each other.
Patient and methods: We present a case of a 48-year-old woman with metastatic sinonasal mucosal melanoma who
achieved a durable complete pathological response following treatment with multiple injections of the oncolytic virus
TILT-123 (igrelimogene litadenorepvec) and a single infusion of TILs, without preconditioning chemotherapy or
postconditioning interleukin-2.
Results: Immunohistochemical analysis and single-cell sequencing revealed interesting alterations in injected and
noninjected tumors as well as in peripheral blood, during the treatment course, suggesting that TILT-123 facilitated
TIL engraftment into the tumor, ultimately leading to a complete response.
Conclusions: This case underscores the potential of combined immunotherapeutic approaches as a promising strategy
for patients with metastatic mucosal melanoma.
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INTRODUCTION

Mucosal melanoma is an aggressive histological subtype
associated with low overall survival and a poor treatment
response. Its incidence varies widely, comprising 1% of
melanomas in Europe and up to 20% in Asia.1,2 It originates
from melanocytes covering mucosal membranes, with the
head and neck region being the most common site.3 The
pathogenesis of mucosal melanoma is poorly understood,
and its genetic profile differs from cutaneous melanoma,
with a lower mutational burden and a lower frequency of
BRAF V600 mutations.4,5 While the treatment of cutaneous
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melanomas was revolutionized with the introduction of
immune checkpoint inhibitors (ICIs), robust evidence of the
efficacy of ICI in mucosal melanoma is still awaited. Surgery,
with or without radiation, remains the primary choice for
local disease, while metastatic treatment primarily relies on
the evidence obtained in the treatment of metastatic
cutaneous melanoma. Treatment with tumor-infiltrating
lymphocytes (TILs) was recently proven to be effective in
patients with cutaneous melanoma resistant to anti-
programmed cell death protein 1 (anti-PD-1) therapy6 and
promising results of TIL therapy in noncutaneous melanoma
have been reported.7,8 However, still these tumors repre-
sent a considerable therapeutic challenge.

The 5-year overall survival for mucosal melanoma is re-
ported to be <25%, with minimal improvement over the
past decades and a high rate of recurrence (50%-70%).9

Further, patients with mucosal melanoma are often
excluded from clinical trials, and the amount of data on new
and effective treatment modalities is limited.
https://doi.org/10.1016/j.iotech.2024.100726 1
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Oncolytic viruses (OVs) infect and lyse cancer cells,
resulting in exposure of tumor antigens to immune cells in
the tumor microenvironment (TME). Talimogene laherpar-
epvec (T-VEC) has been approved by the Food and Drug
Administration (FDA) and European Medicines Agency
(EMA) for the treatment of advanced melanoma but the
systemic efficacy of OV monotherapy has generally been
modest. Because of immunological synergies, the full anti-
cancer effects of OVs can possibly be unleashed when
combined with other types of immunotherapy.10 The
combination of pembrolizumab and OV showed promising
results in a phase IIb trial, but no benefit on progression-
free survival or overall survival could be demonstrated in
the phase III part of the trial.11 Thus there is a lack of robust
evidence demonstrating the efficacy of OV in the context of
combination immunotherapy.

To date, combined treatment with OV therapy and TIL
therapy remains unexplored.

TILT-123 (igrelimogene litadenorepvec, Ad5/3-E2F-d24-
hTNFa-IRES-hIL2) is an oncolytic adenovirus with the abil-
ity to replicate selectively in cancer cells and engineered to
express two transgenes coding for human interleukin-2
(IL-2) and tumor necrosis factor-alpha (TNF-a) upon repli-
cation. TILT-123 is designed to stimulate the immune infil-
tration into the tumor and enhance cytotoxic T-cell activity.

We report the case of a 48-year-old woman with a du-
rable clinical complete response after combined treatment
with TIL therapy and oncolytic adenovirus TILT-123 for ICI-
resistant metastatic sinonasal mucosal melanoma in the
clinical trial NCT04217473 (TILT-T215).
CASE PRESENTATION

A 48-year-old woman, with known von Willebrand disease
and a history of months of self-limiting epistaxis, presented
with advanced primary sinonasal mucosal melanoma with a
primary tumor almost completely blocking the left nasal
cavity. The tumor was positive for MelanA and S100, BRAF
wild type, and programmed death-ligand 1 (PD-L1) expres-
sion was <1%. Positron emission tomography/computed
tomography (PET/CT) revealed three PET-positive suspicious
lymph nodes on the left side of the neck. One of these
lymph nodes was extirpated for pathological examination
which confirmed metastasis from malignant mucosal mel-
anoma. The patient was considered for surgery but was
nonoperable and treatment with ipilimumab/nivolumab
was initiated. Unfortunately, the patient progressed after
seven cycles (four cycles of combination therapy and three
cycles of nivolumab monotherapy). The best overall
response was stable disease.

Nine weeks after the last dose of nivolumab the patient
was enrolled in the trial. The treatment schedule is outlined
in Figure 1. At baseline, the patient had three tumor lesions:
one primary tumor in the left nasal cavity and two metas-
tases to cervical lymph nodes on the left side (Figure 2). One
of the lymph node metastases was resected for TIL produc-
tion on day -5 and histological analysis confirmed metastasis
from malignant melanoma. The first treatment with TILT-123
2 https://doi.org/10.1016/j.iotech.2024.100726
was administered intravenously (i.v.; day 1) at a dose of
3� 1011 viral particles. Intratumoral (i.t.) injections at a dose
of 1� 1011 viral particles were administered in the remaining
lymph node metastasis on days 8, 22, 36, 50, and 64. The
primary tumor in the nasal cavity remained uninjected with
virus, but was available for biopsies throughout the trial. On
day 43, autologous TILs were reinfused i.v. without prior
lymphodepleting chemotherapy or postinfusion IL-2. On day
36, before the administration of TILs, the patient had stable
disease according to RECIST version 1.1 with a 14% decrease
in the tumor burden. Importantly, both the injected and
noninjected tumors showed regression (20% and 10%,
respectively). On day 78, after TIL infusion, the patient
developed a partial response with a 37% decrease in tumor
burden (50% and 29% in the injected and noninjected tumor,
respectively) She was then enrolled in an extension phase of
the trial allowing for further i.t. injections with TILT-123 every
third week up to 2 years. She received eight more injections
with TILT-123. 270 days after enrollment, PET/CT suggested
progressive disease with increased fludeoxyglucose uptake
and a 35% size increase, compared with nadir, of the tumor
lesion in the nasal cavity. PET/CT responses during the
treatment course are shown in Figure 3. Based on the PET/CT
findings, the tumor in the nasal cavity was surgically resec-
ted. In the histopathological examination, widespread
inflammation with no malignant cells was observed
(Figure 3). A biopsy, subsequently taken from the lymph
node remnant on the left side of the neck, revealed no
malignant cells. Thus the patient had a pathologically
confirmed complete response. The patient is presently alive
with no evidence of disease, >2.5 years from enrollment in
the clinical trial.

No serious adverse events were registered during the
treatment course. Adverse events were mild [Common
Terminology Criteria for Adverse Events (CTCAE) grade 1],
primarily fever and injection site pain.

The patient was treated in the phase I, dose-escalation trial
NCT04217473 in which 17 patients with ICI-resistant meta-
static malignant melanoma were treated with TILT-123
and TIL therapy. The dose-escalating regimen has previously
been described.12 The trial results are still unpublished.
PATIENT AND METHODS

Expansion of tumor-infiltrating lymphocytes

TILs were expanded ex vivo from the resected lymph node
metastasis according to good manufacturing practice as
described in Supplementary Text S1, available at https://
doi.org/10.1016/j.iotech.2024.100726.

The final TIL infusion product contained 69.2 � 109 cells
and was administered to the patient 48 days after tumor
resection, 43 days after the first administration of TILT-123.
Virus distribution in blood, saliva, and urine

To assess the amount of virus in the peripheral blood, blood
samples were taken before every treatment with TILT-123
and 1 and 16 h after treatment. Virus persistence was
Volume 24 - Issue C - 2024
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Figure 1. Treatment schedule in the trial NCT04217473. Numbers indicate ‘days’. Tumor tissue for tumor-infiltrating lymphocyte (TIL) therapy was resected before
inclusion in the trial (day �5). Expanded TILs were administered on day 43 after the first four injections [intravenous (i.v.) and intratumoral (i.t.)] of TILT-123. After TIL
therapy the patient received two additional injections with TILT-123 before the end of the study evaluation. After the end of the study evaluation (day 78), the patient
continued TILT-123 therapy with i.t. injections every third week for two treatment cycles. The final evaluation was carried out 270 days after treatment started.
Biopsies from a noninjected tumor were carried out at baseline, day 8, day 36, day 64, and when the tumor was finally resected on day 270. A biopsy from the injected
tumor was available from day 64. Created with BioRender.com.
q3w, every 3 weeks.
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evaluated using quantitative polymerase chain reaction
(qPCR) to determine the copy numbers of the virus genome.
Further, serum samples were collected before treatment and
16 h after treatment to detect neutralizing antibodies
generated against TILT-123.

To assess viral shedding, urine and saliva samples were
collected before every treatment with TILT-123 and 16 h
after treatment, and qPCR was used to determine the copy
numbers of virus genomes.

Tumor biopsies

Tumor biopsies from the noninjected sinonasal tumor were
carried out at baseline and on days 8, 36, and 64 of the
treatment protocol. Tissue from the injected tumor (neck)
subjected to biopsy was available only from day 64
(Figure 1). Further, for pathological examination, tissue from
the noninjected tumor in the nasal cavity was available after
the tumor resection carried out on day 270.

Phenotypic characterization of peripheral blood
mononuclear cells and infusion product

Phenotypical changes were investigated in peripheral
blood mononuclear cells (PBMCs) collected before study
Volume 24 - Issue C - 2024
enrollment and at days 8, 36, and 64 during the treatment
schedule. The method is described in Supplementary Text
S2, available at https://doi.org/10.1016/j.iotech.2024.1
00726 and the panel of antibodies is illustrated in
Supplementary Table S1, available at https://doi.org/10.1
016/j.iotech.2024.100726.
Single-cell sequencing

A single-cell suspension of PBMCs and TIL infusion product
was generated as described in Supplementary Text S3,
available at https://doi.org/10.1016/j.iotech.2024.100726.
This was followed by the construction of whole tran-
scriptome and T-cell receptor libraries, single-cell process-
ing, and finally, cell type annotation as described in the
Supplementary Material (Supplementary Text S3, Figure S1,
and Table S2), available at https://doi.org/10.1016/j.
iotech.2024.100726.
Histology, immunohistochemistry, and image analysis

Tumor biopsies were formalin-fixed, paraffin-embedded,
and sections were prepared for hematoxylineeosin staining
(HistologiX).
https://doi.org/10.1016/j.iotech.2024.100726 3
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Figure 2. Tumor imaging at baseline. (A) Positron emission tomography (PET) scan showing the three PET-positive lesions localized to the left nasal cavity and lymph
nodes on the left side of the neck. (B) Magnetic resonance (MR) scan, T2-weighted, showing the primary tumor blocking the left nasal cavity. (C) MR scan, T2-
weighted, showing metastases in two lymph nodes on the left side of the neck.
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PD-L1 single immunohistochemical (IHC), CD4/FOXP3
dual, and CD8/PD-1/Ki67 triple immunofluorescence (IF)
staining was outsourced to Concept Life Sciences for anal-
ysis of changes in immune cell markers and detection
of TILT-123. Before IHC and multiplex IF staining,
hematoxylineeosin images were annotated for TME regions
by a pathologist at the Helsinki University Hospital (HUS).
The staining method is described in Supplementary Text S4,
available at https://doi.org/10.1016/j.iotech.2024.100726.
RESULTS

Phenotypic characterization of the TIL infusion product

The final TIL infusion product comprised 69.2 � 109 cells,
with 93% being CD3þ cells, predominantly CD4þ cells
(96.4%) and a smaller fraction of CD8þ cells (3.6%). The
majority of both CD4þ and CD8þ cells were effector
4 https://doi.org/10.1016/j.iotech.2024.100726
memory cells and most of them were positive for CD27,
CD28, and CD39, consistent with a typical TIL product.13

Reactivity assays using multicytokine intracellular staining
with and without stimulation with interferon-gamma were
unable to detect in vitro reactivity of the infused TILs
against autologous tumor digest or tumor cell line.
Immunohistochemical analysis of tumor biopsies

Results from the IHC analyses of the tumor tissue are pre-
sented in Figure 4 and Supplementary Table S3, available at
https://doi.org/10.1016/j.iotech.2024.100726. Biopsies
from the noninjected tumor in the nasal cavity revealed an
increased infiltration of CD8þ and CD4þ cells over the
treatment course. The fraction of CD8þ cells increased from
0.03% at baseline to 1.52% on day 64, with a notable in-
crease following TIL infusion. An increase in the fraction of
Volume 24 - Issue C - 2024
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Figure 3. Positron emission tomography/computed tomography (PET/CT) imaging before and after treatment with TILT-123 and tumor-infiltrating lymphocyte
therapy. The patient developed a partial response according to RECIST version 1.1 at the CT scan on day 78. After extension therapy with TILT-123, the PET scan
showed increased glucose uptake at the tumor site in the nasal cavity. However, the pathology report showed a pathological complete response. Immunohisto-
chemical analyses of resected tissue from the nasal cavity were carried out 270 days after treatment initiation. The tissue was characterized by edema and chronic
inflammation without any cytological atypia or proliferation. There were no morphological or immunohistochemical signs of malignancy. These findings are compatible
with a protracted inflammatory response in the tumor scar, perhaps contributing to a long disease-free survival.
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CD8þ Ki67þ and CD8þPD-1þ cells was also seen during
the treatment course, but in general, these cells were low in
number.

The fraction of CD4þ cells in the noninjected tumor
increased from 0.25% at baseline to 16.4% on day 64.
Approximately half of these cells were FOXP3 negative.
However, an increase in the fraction of CD4þFOXP3þ cells
was also observed from 0.05% at baseline to 4.18%on day 64.

Tumor cells had an increased expression of PD-L1 on day
8 after the first i.v. injection with TILT-123, with most PD-
L1þ cells being strongly positive. From days 8 to 64, the
fractions of tumor cells expressing PD-L1 decreased from
35% to 21% and a shift from strong to weak expression of
PD-L1 was observed.
Whole-transcriptome single-cell analysis

Cell composition of PBMC samples obtained on days e14
(De14, baseline), 36 (D36), and 64 (D64) was highly similar
and no treatment-specific cell clusters were observed
(Figure 5). The TIL infusion product had a different pheno-
typic profile and almost exclusively comprised effector
memory CD4þ T cells, confirming our previous results. The
number of circulating natural killer (NK) cells, B cells, and
central memory CD4þ T cells on D64 was increased by
53.7%, 46.6% and 48.8%, respectively, compared with
baseline (Supplementary Table S2, available at https://doi.
org/10.1016/j.iotech.2024.100726), while the number of
naive T cells and T regulatory cells (Tregs) decreased by
67.3% and 63.4%, respectively. On day 36, these pop-
ulations remained relatively stable.

Analysis of several cytotoxic markers showed higher
expression of granzyme A (GZMA) and granzyme B (GZMB)
Volume 24 - Issue C - 2024
in NK cells as well as lowered expression of Tim3 (HAVCR2)
on D64 compared with baseline and D36. CD8þ T cells
showed higher expression of granzyme H (GZMH) by D64,
and the expression of GZMA was first lowered at D36
compared with De14 and then increased again at D64.
Further, we observed a steady decrease in the expression
level of TIGIT and cytotoxic T-lymphocyte-associated protein
4 (CTLA-4) in Tregs.

Differentially expressed gene analysis and gene ontology
analysis were carried out for NK, B, and CD8þ T cells on
days 36 and 64 (Figure 5 and Supplementary Figure S2,
available at https://doi.org/10.1016/j.iotech.2024.100726).
All cell types showed high expression of FKBP5 on day 36
which is linked to a proinflammatory profile and altered
nuclear factor-kappa B (NF-kB)-related gene networks.14

Indeed, we observed the upregulated expression of
NFKB1 and NFKBIA in NK and CD8þ T cells as well as JADE3,
SNX8, and SNX9 in B cells on day 36 compared with base-
line. Overall, on day 36, we observed improved cell acti-
vation and differentiation, but reduced effector function
and lowered survival.

On day 64, after TIL infusion, the phenotype of the cells
showed a different pattern. We observed a shift in NK cells
toward a more cytotoxic cell type and a shift in B cells to-
ward a more mature cell type. Further, CD8þ T cells showed
a shift toward a more effector phenotype (Supplementary
Text S5, available at https://doi.org/10.1016/j.iotech.2
024.100726 for more details).
TCR clonotype analysis

Analysis of T-cell receptor diversity is presented in Figure 6
and Supplementary Figure S3, available at https://doi.org/1
https://doi.org/10.1016/j.iotech.2024.100726 5
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Figure 4. (A) Representative immunohistochemistry of tumor biopsies. Noninjected tumor biopsies taken at baseline (row 1), day 8 (row 2), day 36 (row 3), and day
64 (row 4), and one injected tumor biopsied at day 64 (row 5). Immunochemical staining includes hematoxylineeosin (H&E) shown with pathologist-defined tumor
microenvironment (TME; defined within the yellow boundaries; column 1); Melan A (column 2); programmed death-ligand 1 (PD-L1; column 3); adenovirus E1a
(column 4); multiplex immunofluorescence (IF) panel 1 for CD4, Foxp3, and 40,6-diamidino-2-phenylindole (DAPI; column 5); and multiplex IF panel 2 for CD8, Ki67,
programmed cell death protein 1 (PD-1), and DAPI (column 6). (B) Graphical representations of Indica labs HALO-quantified IF staining showing percentage change in
intratumoral populations of CD4þ, CD4þ Foxp3þ, CD8þ, CD8þ PD-1þ, CD8þ Ki67þ, and PD-L1þ. The most notable increase from baseline populations (CD4þ,
CD4þ Foxp3þ, and CD8þ) is also represented as bar charts in the far-right column.
Treg, T regulatory cell.
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0.1016/j.iotech.2024.100726. PBMC samples showed a high
diversity of the TCR repertoires, reaching 95%, 97%, and
95% of unique clonotypes, respectively, at baseline (De14),
day 36 (D36), and day 64 (D64). The TIL infusion product
had higher clonality and the percentage of unique clono-
types was lower than in PBMCs (17%). The usage of b chain
V and J genes in TCRs in the TIL sample was more uniform
with the clear predominance of TRBV2-3*01/TRBJ1-2*01
combination. TCRs in PBMC samples were more heteroge-
neous; however, we identified two distinctive variants,
having the same TRBJ2-01*1 chain and two V chains:
TRBV9*01 and TRBV20-1*01.

We compared the most expanded TCRs and found that
only one clonotype was similar between D64 and TIL sam-
ples. This clonotype appears in peripheral blood after TIL
infusion, suggesting that it originates from the TIL product.
However, it has not previously been described in VDJdb.15

D36 and D64 samples also showed specific TCR clono-
types appearing after the treatment; however, none of
them were previously reported.
Detection of virus in blood, urine, and saliva

In peripheral blood, the virus was detected at a concen-
tration between 102 VP/ml blood and 104 VP/ml blood after
TILT-123 administration on days 1, 8, 22, and 36 of the
protocol, with the highest concentration detected after i.v.
administration of TILT-123. A similar increase was observed
in the extension phase of the protocol. qPCR was negative
right before the next virus injection (Supplementary
6 https://doi.org/10.1016/j.iotech.2024.100726
Figure S4, available at https://doi.org/10.1016/j.iotech.2
024.100726).

Viral genomes were detected in urine after the first i.v.
treatment with TILT-123, but not at later timepoints
(Supplementary Figure S5, available at https://doi.org/10.1
016/j.iotech.2024.100726). It is not known if functional vi-
rus particles were present in urine. No viral genomes were
detected in saliva (Supplementary Figure S6, available at
https://doi.org/10.1016/j.iotech.2024.100726)

A low titer of neutralizing antibodies against the virus
was detected at baseline. Seven days after i.v. treatment
with TILT-123, the titer had increased and it remained high
for the rest of the treatment course (Supplementary
Figure S7, available at https://doi.org/10.1016/j.iotech.2
024.100726).
DISCUSSION

Metastatic mucosal melanoma represents a significant
therapeutic challenge. The efficacy of TIL therapy in this
hard-to-treat patient population has been reported8 but the
considerable toxicity associated with high-dose chemo-
therapy and IL-2 limits the applicability of this treatment.
The current case is the first to show that the combination of
OV therapy and TILs without complimentary high-dose
chemotherapy and IL-2 can result in a durable complete
response in stage III malignant mucosal melanoma with
minimal toxicity compared with classical TIL therapy.

A comprehensive panel of immune assessments sheds
light on the mechanisms underlying this response. The
Volume 24 - Issue C - 2024
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Figure 5. Analysis of immune cell populations in patients’ peripheral blood mononuclear cells (PBMCs) collected on day e14 (De14), day 36 (D36), and day 64
(D64). (A) Cell distribution within the samples. (B) Cell clustering carried out based on the expression of commonly used markers (Supplementary Figure S5, available
at https://doi.org/10.1016/j.iotech.2024.100726). (C) Expression level of several cytotoxic and checkpoint markers per cluster in each sample. (D) Differentially
expressed genes and significantly enriched gene ontology pathways in natural killer (NK), CD8þ T, and B cells on day 64.
CM, central memory.
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observed increase in FOXP3-negative CD4þ T cells in the TME
of the noninjected tumor following TIL infusion indicates
that the infused TILs migrated to the tumor shortly after
infusion. This is supported by a recent report showing that
neoantigen-specific CD4þ T cells can be potent effector cells
in TIL products.16 The fact that the infused TILs were almost
undetectable in peripheral blood shortly after infusion is,
however, unusual. Previous studies show that neoantigen T
cells in responding patients are detectable in peripheral
blood for months or even years after TIL treatment.17

To this end, an increase in CD4þ cells in the TME of the
noninjected tumor was observed even before TIL infusion,
suggesting a contributory effect of OV therapy alone in
promoting T-cell trafficking to the tumor site. This is
confirmed by the fact that tumor regression in both injected
and noninjected tumors was observed on day 36 before TIL
administration. Indeed, an abscopal effect of TILT-123 in-
jections has previously been reported.18

The fraction of CD8þ cells also increased in the TME of
the noninjected tumor, particularly after TIL infusion. The
fraction of CD8þ cells in the TIL infusion product was low
(3.4%), but the absolute number of CD8þ cells was sub-
stantial (2.5 � 109 cells). Thus the observed increase in
CD8þ cells within the TME, despite their low fraction in the
TIL product, suggests a potential role in mediating the
antitumor response.

In the virus-injected tumor, only day 64 biopsies were
available. Nonetheless, the numbers of CD8þ and
Volume 24 - Issue C - 2024
FOXP3-negative CD4þ cells in the TME were remarkedly
high. This is in accordance with previous findings, reporting
that TILT-123 is capable of inducing the trafficking of T cells
into both injected and noninjected tumors.18 This occurs
through two mechanisms: the virus can spread systemically,
and the immune response can be bodywide following the
local presence of the virus.

In summary, based on the results from the IHC analyses,
it is likely that an antitumor response was driven by CD8þ
and CD4þ cells recruited by TILT-123 to the TME, potenti-
ated by the large number of T cells present in the TIL
product. In addition, the oncolytic effect of TILT-123 and the
direct cell-killing effect of TNFa produced by the virus might
have played a role.

We were not able to detect any in vitro tumor reactivity
of the TILs against the tumor cell line or tumor digest.
Ex vivo expansion of tumor cells might favor the growth of
specific clones that are not dominant in the original tumor
itself. Thus cancer cell lines are not necessarily good rep-
resentatives of the tumor composition.19 Besides, even
though the clinical efficacy of TIL therapy, in general, is
associated with detectable in vitro antitumor reactivity of
TIL products, it is indeed not always the case on an indi-
vidual patient level.20

The expression of PD-L1 in the TME increased from
baseline to day 8 but decreased remarkedly from day 8 to
day 64. The dynamics of PD-L1 expression is still a poorly
understood area. In patients with non-small-cell lung cancer
https://doi.org/10.1016/j.iotech.2024.100726 7
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decreased PD-L1 expression during treatment with a PD-1
inhibitor was found to be associated with progressive dis-
ease.14 However, PD-L1 expression might be highly heter-
ogenous within the same tumor and the regulation of PD-L1
expression is affected by several factors, including the
composition of the TME.

Analysis of T-cell receptor diversity showed a high clon-
ality in the TIL product compared with peripheral blood.
This is expected and reported previously.21 None of the
most expanded TCRs in the TIL product were previously
described and their role remains unknown. Only one TCR
clonotype was overlapping between PBMCs on day 64 and
TILs, suggesting that most TILs did not stay in peripheral
blood after infusion. The one clone persisting in peripheral
blood after TIL infusion was not previously described.

Two different routes of administration (i.v. and i.t) were
used for TILT-123. The optimal administration route for OVs
is debated but, in general, the i.t. approach is the most
widespread. However, i.v. dosing of OVs can also result in
increased immune infiltration in solid tumors.22 In the
current case, the first TILT-123 injection was administered
i.v. The purpose of this approach was to reach as many
metastases as possible before the appearance of neutral-
izing antibodies. Indeed, we saw an increase in the titer of
NABs 7 days after TILT-123 i.v. injection, suggesting a rapid
development of humoral response toward the virus. The i.v.
administration of TILT-123 was followed by the local i.t.
administration that would, hopefully, boost the antitumor
response while avoiding the NABs.

Single-cell analysis of PBMCs after TIL infusion showed
that the number of CD4þ effector memory cells remained
stable while the number of Tregs and naive T cells
decreased remarkedly. The TIL infusion product comprised
mostly CD4þ effector memory cells, indicating that the
infused TILs migrated to the tumor site shortly after infu-
sion. Thus the changes in the population of Tregs, naive
T cells, NK cells, and B cells in peripheral blood were most
8 https://doi.org/10.1016/j.iotech.2024.100726
likely induced by the OV therapy. Indeed, NK cells are
known to be stimulated by OV therapy, and the trans-
formation toward a more cytotoxic NK phenotype in the
TME is expected upon viral therapy.23

In addition, analysis of cytotoxic markers on day 64
demonstrated a maturation of B cells and serum analysis
showed increasing viral antibodies after i.v. administra-
tion. A well-described phenomenon associated with OV
therapy is the induction of antiviral antibodies.24 This
humoral response against the virus supports the involve-
ment and maturation of B cells detected in peripheral
blood. Several reports are suggesting that the antiviral
response contributes to the antitumor response through
epitope spreading and local danger- and pathogen-
associated signaling.25,26

Overall, from the translational data available it is not
possible to rule out that the clinical response in this pa-
tient was driven exclusively by the OV therapy. However,
based on the anatomic separation of the two lesions
(injected and noninjected), local diffusion of OV would not
be anticipated, thus abscopal efficacy of TILT-123 is
possible. However, the contribution of the i.v. adminis-
tered virus is difficult to clarify and the increased CD8þ
and CD4þ T-cell infiltration of the TME of the noninjected
tumor after TIL infusion indicates a contributory role of the
TILs as well.
CONCLUSIONS

This case demonstrates that combined treatment with the
OV TILT-123 and TIL therapy can result in a durable com-
plete response in a patient with ICI-refractory metastatic
mucosal melanoma located in the sinonasal cavity.

Immune profiling suggests that the response was driven
by increased tumor infiltration of CD4þ and CD8þ cellsda
process induced by TILT-123 and accelerated by the infusion
of TILs. In addition, TILT-123-driven changes in the NK cell
Volume 24 - Issue C - 2024
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phenotype in peripheral blood might have pushed the
response further.

TCR sequencing revealed that the TIL product had high
clonality and possessed mostly TCRs that were not previ-
ously described, underlining that TIL products are highly
individualized and often multitargeted. Indications of clin-
ical efficacy of the virus therapy alone were seen. However,
the exact contribution of TILT-123 and TILs, respectively, to
the response remains unclear.

Metastatic mucosal melanoma remains a diagnosis with
limited treatment options and a poor prognosis. The current
case demonstrates the potential of a combined immuno-
therapeutic approach in the search for more effective
treatment modalities for these patients.
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