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TILT-123 (Ad5/3-E2F-d24-hTNFo-IRES-hIL2, igrelimogene li-
tadenorepvec) is a chimeric oncolytic adenovirus engineered to
selectively replicate in tumor cells and express tumor necrosis
factor (TNF) and interleukin-2 (IL-2). While oncolytic viruses
are commonly administered intratumorally, this approach
often restricts practical applicability. Intravenous delivery is
less invasive and offers a more practical alternative; however,
systemic immune barriers challenge effective tumor targeting.
In a cohort of a phase 1 clinical trial, six patients with advanced
solid tumors who had exhausted standard treatments received
two intravenous doses of TILT-123 (split-dose), per treatment
day across seven cycles. Safety was the primary objective, while
efficacy outcomes were exploratory and assessed using positron
emission tomography/-computed tomography (PET/CT) imag-
ing, along with overall survival. Split-dosing was safe, with
chills, fever, fatigue, and lymphocyte reduction being the
most common treatment-related events. In imaging, the disease
control rate was 83.3% according to PET criteria and 33.3% by
RECIST 1.1. The median overall survival was 198 days. Split-
dosing increased the area under the curve of TILT-123 and
amplified systemic cytokine responses. Proteomic analysis of
serum and neutralizing antibody profiling indicated that
enhanced humoral immune activity was associated with shorter
overall survival. Post-treatment biopsies confirmed virus pres-
ence and alterations in immune cell composition. These find-
ings support further evaluation of intravenous TILT-123
administration in clinical trials.

INTRODUCTION
The emergence of immunotherapies, particularly immune check-
point inhibitors (ICIs), have transformed the treatment of many
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solid tumors.! However, response rates remain modest, with a mi-
nority of patients achieving long-term benefit, highlighting the
need for innovative treatments.”* Oncolytic viruses (OVs) are a
class of therapeutic agents that selectively replicate in and lyse tumor
cells, while activating adaptive and innate immune responses.’ Addi-
tionally, OVs can be genetically modified to carry transgenes, which
are expressed and released locally from infected tumor cells during
viral replication. These transgene-encoded proteins can further
enhance antitumor activity by, for example, increasing immune
cell trafficking to the tumor microenvironment (TME).® OVs may
overcome some of the limitations of T cell therapies including
ICIs, such as insufficient intratumoral (i.t.) immune cell infiltration
and an immunosuppressive TME. Through tumor lysis and release
of tumor-associated antigens, along with danger- and pathogen-
associated molecular patterns, OVs can transform an immunologi-
cally “cold” tumor into an inflamed, immune-infiltrated landscape
primed for antitumor immune activation.”

Currently, the only FDA-approved OV for clinical use, talimogene
laherparepvec (T-VEC), is indicated for unresectable metastatic mel-
anoma and administered via i.t. injection. While effective for acces-
sible lesions, i.t. delivery is limited by its invasiveness and practi-
cality, necessitating image-guided injection and specialized
personnel, and it poses potential risks such as bleeding or
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Table 1. Patient demographics and clinical characteristics

Best overall

response Best overall Best overall No. of previous
Patient ID  Age,y Sex ECOG status  Cancer type Stage  RECIST 1.1 response iRECIST ~ PET response  systemic treatments  OS, days
20114 62 F 1 Liposarcoma v SD iSD SMD 2 307
20115 49 F 0 Gastric adenocarcinoma IV PD iUPD PMD 3 119
20116 59 M 1 PDAC v SD iSD MMR 4 221
20220 66 M 1 Rectal carcinoma v PD iUPD SMD 4 258
20221 63 M 0 Rectal carcinoma v PD iUPD SMD 6 127
20222 71 M 1 Rectal carcinoma v PD iUPD SMD 6 175

ECOG, Eastern Cooperative Oncology Group; iSD, immune stable disease; iUPD, unconfirmed progressive disease; MMR, minor metabolic response; OS, overall survival; PD, pro-
gressive disease; PDAC, pancreatic ductal adenocarcinoma; PET, positron emission tomography; PMD, progressive metabolic disease; SD, stable disease; SMD, stable metabolic

disease.

injection-site discomfort.>” In contrast, intravenous (i.v.) delivery
offers a systemic, less invasive, and more easily standardized route
of administration that can target both primary and metastatic tumor
sites, thereby broadening therapeutic reach.'® Despite clear logistical
and clinical advantages, i.v. delivery of OVs faces significant chal-
lenges, primarily due to the innate and adaptive antiviral immune
defense of the host, which might neutralize the virus and limit its
ability to reach tumors in sufficient quantities.'" In particular, the
liver acts as a major sink for i.v.-administered adenovirus.'?

Preclinical studies in mouse models have demonstrated that >90%
of systemically injected oncolytic adenovirus is rapidly seques-
tered by the liver, as soon as 11 s post-injection.'>'* Resident
macrophages of the liver, known as Kupffer cells (KCs), play a
central role in this process. KCs act as the first line of defense
against pathogens and constitute 80%-90% of the body’s tissue
resident macrophage population, representing a significant barrier
to effective systemic delivery of OVs.'” Interestingly, multiple pre-
clinical studies have demonstrated that KCs may be depleted or
undergo necrosis by high viral doses or agents such as clodronate
liposomes and lipid emulsions, resulting in significantly increased
circulating viral titers upon subsequent dosing.'°'® Based on
these findings, we hypothesized that a split-dosing strategy, where
the virus is administered in two i.v. injections per treatment day,
could enhance systemic bioavailability. The rationale is that the
initial dose may temporarily saturate or impair KC function,
thereby allowing increased viral circulation and tumor transduc-
tion after the second injection.

In this study, we tested this strategy using TILT-123 (Ad5/3-E2F-
d24-hTNFa-IRES-hIL2, igrelimogene litadenorepvec) in patients
with advanced solid tumors. TILT-123 is a chimeric serotype 5/3 on-
colytic adenovirus, engineered to selectively replicate in tumor cells
and express tumor necrosis factor (TNF) and interleukin-2 (IL-2),
chosen for their superior antitumor efficacy and immune cell recruit-
ment compared with other cytokines in preclinical studies.'”*’ The
5/3 capsid may confer an advantage for i.v. delivery by circumvent-
ing preexisting immunity to wild-type adenovirus.”' Furthermore,

dual-selectivity devices prevent virus replication in normal tissues,
allowing the safe use of high doses.

This article reports results from a cohort of six patients enrolled
in the phase 1 clinical trial TUNIMO (ClinicalTrials.gov:
NCT04695327) treated with i.v. TILT-123 in a split-dose regimen.
We focus on evaluating the safety, bioavailability, immune re-
sponses, and overall treatment outcomes associated with this

approach.

RESULTS

Patient demographics

Six patients with a median age of 62.5 (49-71) years were treated in
cohort 7 of the TUNIMO clinical trial. Half of the patients had a diag-
nosis of rectal adenocarcinoma, and the other diagnoses were liposar-
coma, gastric adenocarcinoma, and pancreatic ductal adenocarci-
noma (PDAC). All patients had stage IV disease and had received a
median of four previous lines of systemic therapy (Table 1).

Safety of fully i.v. TILT-123

The fully i.v. regimen was well tolerated, with a favorable safety pro-
file. The most common treatment-related adverse events (AEs)
included chills (14/44; 31.8% of all AEs), fever (10/44; 22.7%), fatigue
(4/44; 9.1%), and lymphocyte count decrease (4/44; 9.1%). Chills
were reported in all patients. Four grade 3 AEs occurred: fever
(1/44; 2.3%); syncope (1/44; 2.3%) following the second TILT-123
dose; and lymphocyte count decrease (2/44; 4.5%), which had
normalized by the next blood sampling. Transient alanine amino-
transferase and aspartate aminotransferase elevations occurred in
33.3% (2/6) of patients and resolved without intervention. TILT-
123-related AEs are summarized in Table S6. All AEs recorded dur-
ing the trial, regardless of relation to treatment, are found in
Table S7. Trends in hematology and clinical chemistry values are
shown in Figure S1.

Patient outcomes
Given the limited cohort size and heterogeneous tumor types, effi-
cacy outcomes are presented as exploratory observations. All
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patients underwent positron emission tomography (PET) and
computed tomography (CT) imaging on day 43, and 66.7% (4/6)
of the patients met the primary endpoint of safety on day 85
(Figure 1B). Median overall survival (OS) and progression-free sur-
vival (PFS) of patients were 198 days in the split-dose group,
compared with 109 and 85 days, respectively, in the single-dose-
equivalent i.v. plus subsequent i.t. TILT-123 cohort (Figure 1C).

On day 43, PET-based evaluation demonstrated stable metabolic dis-
ease in 66.7% (4/6) of patients, one minor metabolic response (1/6),
and one progressive metabolic disease (1/6) (Figure 1D). Based on
CT imaging assessed by RECIST 1.1 criteria, 33.3% (2/6) of patients
demonstrated stable disease (Figure S2A). Overall, 40% (8/20) of
target lesions showed decreased maximum standardized uptake
value (SUVmax), with half of these being located in the liver
(Figure 1E). CT-based individual lesion response is shown in
Figure S2B. Two patients discontinued treatment on day 43 due to
suspicion of disease progression.

At the primary endpoint, 75% (3/4) of evaluable patients maintained
stable metabolic disease by PET criteria (Figure 1F), while all had
progressive disease by CT (Figure S2C). On day 85 imaging, 46.7%
(7/15) of target lesions had reduced SUVmax, with the largest
decrease observed in a lymph node lesion (Figure 1G). CT-based in-
dividual lesion response on day 85 is shown in Figure S2D.
Compared with other cohorts, where patients received combined
i.v. and i.t. TILT-123, primary endpoint imaging showed a decrease
in SUVmax values in 30% (3/10) of injected lesions (Figure S2E).
Based on the best response observed across all imaging time points,
disease control was achieved in 83.3% (5/6) of patients by PET and
33.3% (2/6) of patients by CT.

Circulating TILT-123 associates with fever, infectious particles,
and pro-inflammatory responses

TILT-123 kinetics were consistent across patients, with viral DNA
levels reaching their highest observed values 1 h after the first or sec-
ond dose and declining by the final sampling time point (Figure 2A).
Split-dosing did not significantly prolong viral circulation or in-
crease viral levels in blood at individual time points compared
with single i.v. dosing (Figure 2B). However, the total viral exposure
as measured by area under the curve (AUC) was approximately
doubled in split-dose patients (1.29 x 10° vs. 6.62 x 107
Figure 2C). However, systemic exposure to TILT-123, as measured
by AUC, did not correlate with changes in total SUVmax or with
OS (Figures S3A-S3C). TILT-123 was not detected above the quan-
tification limit in urine or saliva (Figure S3D). TILT-123 was gener-
ally undetectable in pre-treatment blood on subsequent visits, except

for patient 20220 on day 3, who presented with fever and had TILT-
123 treatment omitted (Figure 2D).

Prompted by this observation, we examined whether circulating
TILT-123 DNA in the blood was associated with fever and found
higher viral DNA levels 1 h after the first dose in febrile patients
(p = 0.0495), with a similar but not statistically significant trend
1 h after the second dose (Figure 2E). To explore the relationship
between dosing frequency and AEs, we analyzed AE distribution
by visit day and observed the highest number of AEs on day 8,
with most related to influenza-like symptoms and changes in liver
function (Figure 2F). We performed a cell-based infectivity assay
on a subset of post-treatment blood samples with high TILT-123
DNA levels, as qPCR indicates the presence of viral DNA, not
infectivity. Infectious TILT-123 particles were identified in 2 of
15 samples, with positive samples from 2 different patients,
providing proof-of-concept that qPCR-detected virus in blood
can infect tumor cells. Representative images show green foci cor-
responding to infectious TILT-123 (Figure 2G). To further inves-
tigate the impact of the presence of TILT-123 on systemic im-
mune responses, we examined correlations between viral DNA
levels and fold changes in serum proteins at matched time points
(Figure 2H). Several proteins, including IL-17F, C-C motif chemo-
kine ligand 3 (CCL3), interferon-y (IFN-y), IL-27, cerebrospinal
fluid 2 (CSF2), IL-2, and IL-6, showed positive correlations, indi-
cating that elevated viral DNA levels may be linked to pro-inflam-
matory responses. We next evaluated whether systemic exposure
to TILT-123, measured as the AUC of TILT-123 DNA, correlated
with changes in serum protein levels at different post-treatment
time points (Figure S3E). One hour after the first dose, most pro-
teins positively correlated with TILT-123, indicating an early pro-
inflammatory response proportional to viral exposure, while 8-
16 h after the first dose, correlations were uniformly negative,
potentially reflecting cytokine clearance following peak viral
exposure.

Sequential TILT-123 doses amplify cytokine responses and
reveal serum biomarkers associated with survival

Temporal profiles of selected cytokines are shown in Figure 3A. Con-
centrations of TNF and IL-2, which are TILT-123-encoded proteins
but also endogenously expressed, were typically highest either 1 h af-
ter the second dose or at the 8- to 16-h time points. IFN-y and C-X-C
motif chemokine ligand 10 (CXCL10), markers of antiviral response
and immune cell recruitment, also showed dynamic changes: IFN-y
peaked on day 1, with a secondary rise on day 8, while CXCL10
spiked at later time points and showed elevated pre-treatment levels
on days 3, 8, and 10, coinciding with intensive dosing days.

Figure 1. Trial overview and patient outcomes

(A) Schematic of trial outline indicating treatment days, imaging, and sample collection time points. (B) Outline of patients (n = 6) treated in cohort 7 of TUNIMO. (C) Kaplan-
Meier survival curves comparing overall survival (OS) and progression-free survival of dose-equivalent single i.v. TILT-123-treated patients versus split-dose-treated patients.
Comparison of survival curves was performed using log rank test. (D-G) Evaluation of target lesions using PET imaging. The asterisk indicates the development of new
lesions. MMR, minor metabolic response; PMD, progressive metabolic disease; SMD, stable metabolic disease. Day 85 20114 abdominal lesion had an increase of SUVmax
from O to 1.9; nominal value of 100% assigned for visualization purposes only; actual percent change is undefined.
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To explore the effects of each TILT-123 dose, we compared serum
profiles after dosing to baseline (Figure 3B). Interestingly, the first
dose caused a downregulation of proteins related to innate immu-
nity, followed by an upregulation of pro-inflammatory proteins 1 h
after the second dose and 8-16 h after the first dose. Direct compar-
ison of 1-h time points after each dose (Figure 3C) showed significant
upregulation of proteins following the second dose, indicating an
enhanced systemic immune response involving cytokine production,
granulocyte migration, and JAK-STAT signaling (Figure 3D). Addi-
tionally, split-dose i.v. administration induced significantly higher
fold changes in CCL8, EGF, CXCL10, and IFN-y concentrations
compared to single-dose i.v. (Figure 3E). Serum protein levels were
assessed for correlation with OS to identify potential markers associ-
ated with the therapeutic benefit of TILT-123 (Figure 3F). Proteins
positively correlated with OS were enriched in pathways such as pos-
itive regulation of IL-17 production. In contrast, proteins negatively
associated with OS were linked to the humoral immune response and
the positive regulation of chemokine production (Figure 3G).

To investigate the relationship between humoral responses and
treatment outcome, we examined neutralizing antibody (nAb) ti-
ters across the trial (Figure 4A). Titers peaked around day 8 in
half of the patients, with two reaching the maximum measurable
titer at this time point. Patients with above-median OS had signif-
icantly lower nAb titers while on-treatment than those below the
median (p = 0.0028; Figure 4B). To better explore how the humoral
response may negatively affect TILT-123 therapy, we correlated
nAb titers and serum proteins on day 8 and found a negative
association with several proteins involved in immune cell migra-
tion (CSF1, IL-33, OLR1, OSM, TNF, CCL2, and CXCL10)
(Figures 4C and 4D). Viral DNA levels post-treatment positively
correlated with nAb titers (p = 0.0001; Figure 4E). To characterize
the dynamics of the speed of nAb responses, we calculated the rate
of increase in log, titer U/day from baseline to peak titers, where
higher values indicate faster nAb induction. nAb induction rates
varied substantially across patients, ranging from 0.27 to 0.64
log, U/day (Figure S4A). We observed a non-linear pattern be-
tween induction rate and OS. Patients were grouped by induction
category: the mean OS was 282 days for moderate responders
(n = 2) and 172 days for slow responders (n = 3), while the single

rapid responder (n = 1) had an OS of 127 days. Given the small sam-
ple size, particularly the single patient in the rapid responder group,
these observations are descriptive only, and no statistical compar-
isons were performed.

Given the association between high nAb titers and reduced therapeu-
tic benefit, we next evaluated immune activation in the cellular
compartment by profiling peripheral blood mononuclear cells
(PBMCs) using flow cytometry (Figure 4F). CD8" T cells demon-
strated increased granzyme B (day 22, p = 0.0425) and IFN-y
(day 8, p = 0.0303) expression, indicating enhanced cytotoxic
function. CD4™ T cells exhibited increased human leukocyte anti-
gen-DR isotype (p = 0.0392) and decreased IFN-y (p = 0.0392)
expression. Analysis of the innate compartment revealed a signifi-
cant increase in CD56" bright natural killer (NK) cells from baseline
to day 8 (p = 0.0408) and an increase in CD56" dim cells from base-
line to day 64 (p = 0.0396), while IFN-y* NK cells showed a non-sig-
nificant decreasing trend (p = 0.0881), suggesting possible modula-
tion of NK activity. CD19" B cells and CD10~ plasma cells
increased significantly by day 8 and then seemed to stabilize to
near baseline levels at later time points. When analyzing effector
PBMC subsets by median nAb titers, no statistically significant dif-
ferences were observed, except for granzyme B-expressing CD8"
T cells, which were significantly increased on day 22 in patients
with low nAb titers (p = 0.0172; Figure S4B).

Analysis of liver macrophage-associated markers after split-
dosing

To assess potential KC responses to split-dosing, we analyzed
serum markers associated with macrophage and inflammatory acti-
vation. Upon activation, KCs and other myeloid cells secrete TNF,
IL-1, IL-6, CXCL1-3, CXCLS8, and CCL2-4, which contribute to
complement activation and the initiation of inflammatory re-
sponses.22 TNEF, IL-6, CXCLS8, and CCL2 levels showed a trend to-
ward a slight decrease after the first dose and an increase after the
second dose and at 8-16 h, depending on the treatment day
(Figure 5A). CCL3 appeared to increase after the second dose on
later treatment days and then dropped by 8-16 h post-treatment.
Since these markers are not KC specific, we measured soluble
CD163 (sCD163) serum levels. sCD163, a more specific marker

Figure 2. TILT-123 bioavailability, infectivity, and clinical correlations

(A) Average levels of circulating TILT-123 DNA in whole blood pre- and post-treatment, as detected by gPCR. 1h', 1 h post-first dose; 1h?, 1 h post-second dose, 8h'-16h",
8-16 h post-first dose. Blood was collected at 16 h on days 1, 3, and 8 and at 8 h on subsequent visit days to reduce hospitalization time. The lower limit of quantification
(LLOQ) for this assay, based on an input of 100 ng DNA, was 2,500 VP/mL. (B) Individual profiles of circulating TILT-123 levels between split-dose (n = 6) and dose-equivalent
single-dose treatment groups from clinical trials TUNIMO, PROTA, and TUNINTIL (n = 8), as detected by gPCR. (C) Area under the curve analysis of circulating TILT-123 levels
in patients receiving the split-i.v. dose or single-i.v. dose. (D) Individual profiles of circulating levels of TILT-123 DNA. Viral particles (VP) per milliliter values were transformed
into logo(VP/mL) for data visualization. Time points with unavailable data are indicated by X. BLQ, below the limit of quantification. (E) TILT-123 DNA levels in whole blood 1 h
post-dose between patients with and without reported fever. Differences between groups were assessed using unpaired t test. (F) Distribution of TILT-123-related AEs per
treatment day grouped by category. AEs recorded between treatment visits were assigned to the most recent treatment day. AEs including chills, fatigue, fever, rhinitis, and
subfebrile body temperature were grouped under the influenza-like category. (G) Analysis of whole blood using a cell-based infectivity assay where green foci indicate in-
fectious TILT-1283 particles. FFU, focus-forming unit. Cells were stained with rabbit anti-adenovirus type 5 antibody (1:2,000, Abcam) followed by Alexa Fluor 488 goat anti-
rabbit immunoglobulin G (1:1,000, Thermo Fisher). Foci were imaged and quantified using a Cytation 10 imaging system (Agilent). White scale bar indicates 4000 pm. (H)
Spearman correlation of TILT-123 DNA levels and changes in serum proteins. Changes in serum protein levels from baseline to post-treatment were calculated for each visit
day and correlated with matched viral DNA levels in blood.
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Figure 3. Profiling of treatment-induced serum proteome changes and clinical correlations
(A) Serum proteomic analysis of key cytokines across all time points. Data are presented as mean + SD. Paired comparisons across time points were evaluated using
repeated measures one-way ANOVA or Friedman test with Tukey’s or Dunn’s multiple comparisons test, depending on the data distribution. p values <0.1 are displayed.
Days 1-22, n =5-6, days 43-64, n = 4-6. (B) Volcano plots of significantly upregulated serum proteins post-treatment (1 h post-first dose, 1 h post-second dose, and 8-16 h
post-first dose) across all treatment days compared to baseline. Mann-Whitney U test was used to assess overall differences in protein levels. Proteins with a p value <0.05
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of macrophage activation, can be detected in the serum and has
been associated with liver inflammation and disease.”> Although
not statistically significant, sCD163 levels showed a modest dip af-
ter both doses on day 1, returning to baseline by 16 h (Figure 5B).
Viral DNA levels were measured 1 h after each dose to assess
whether the first dose saturated KCs and increased bioavailability
of the subsequent dose. However, no statistically significant differ-
ences were observed (Figure 5C).

To investigate the effect of split-dosing on hepatic macrophages, we
performed multiplex immunofluorescence (mIF) staining for CD68
in liver biopsies containing tumoral, stromal, and peritumoral areas.
CD68 is a marker for macrophages, but it can also be expressed by
some subsets of dendritic cells. Representative images show a quali-
tative increase in CD68" cells on day 8 of treatment (Figure 5D).
Quantification of CD68" densities in epithelial (Epi*; tumor) and
stromal/peritumoral (Epi~) compartments indicated interpatient
and compartment-specific variability (Figure 5F). In three out of
four patients (nos. 20115, 20220, and 20222), epithelial (tumor) re-
gions showed an increase in CD68" cell infiltration, whereas stro-
mal/peritumoral CD68" levels remained low and relatively un-
changed, suggesting modest trends in macrophage-related markers
and spatial distribution following split-dosing.

i.v. TILT-123 results in tumor transduction and immune
modulation in the TME

Qualitative increases in CD4" and CD8" T cells were seen in post-
treatment liver biopsies compared with baseline (Figure 6A). Quan-
titative mIF analysis showed dynamic fluctuations in CD4", CD8",
CD56", and CD68" cells following treatment (Figure 6B). Notably,
patient 20220 exhibited pronounced increases in all four immune
cell types on day 43. A statistically significant increase in CD4"
T cells was detected across patients between baseline and day 43
(p =0.0179). Immune checkpoint receptor analysis revealed elevated
programmed death ligand-1 (PD-L1) expression on tumor cells post-
treatment. Additionally, PD-1"CD45" immune cells were signifi-
cantly increased by day 8 (p = 0.0397), suggesting early immune
engagement. Analysis of tumor biopsy immune cell ratios showed
that the CD8:CD4 T cell ratio was approximately balanced from
baseline through day 22 and decreased by day 64, indicating a relative
abundance of CD4" T cells at the later time point (Figure S5).
CD8:CD56 ratios indicated higher CD8" T cell prevalence at baseline
and day 8, shifting toward NK cell predominance at later time points.

CD8:CD68 ratios were consistently negative, reflecting a higher
abundance of macrophages compared with CD8" T cells, and
CD8:PD1"CD45" ratios remained negative throughout the trial.

Proteomic analysis of tumor lysates did not yield statistically signif-
icant changes at conventional thresholds; however, several proteins
were differentially expressed using an exploratory cutoff of p < 0.2
(Figure 6C). To assess whether the expression of specific proteins
within the tumor were linked to certain immune cells detected by
mlF, we performed correlation analyses (Figure 6D). IL-2 protein
levels were positively correlated with CD8" T cell infiltration. Among
CD4" T cells, CXCL12 levels showed a positive correlation, whereas
IFNL1 and HAVRCI levels were negatively correlated. CD68" cells
were negatively correlated with TNFRSF9, LIF, IL-20, and
HAVRCI levels. Finally, PD17CD45" cells were negatively associ-
ated with TNFRSF9 levels. Transcriptomic analysis of tumors did
not identify any statistically significant changes post-treatment.
Exploratory analysis of fold change patterns indicated potential
trends toward the upregulation of genes such as VEGFA, PPBP,
and MXI and the downregulation of genes such as MARCO,
AMBP, CCL19, and C9, with some overlapping genes between the
two post-treatment time points (Figure 6E).

To evaluate the presence of TILT-123 within tumors, qPCR analysis
was performed on tumor homogenates. TILT-123 DNA was detected
in liver tumor biopsies from two patients on day 8 (Figure 6F). In the
split-dose i.v. cohort, TILT-123 DNA or protein was detected in two
of five patients, which is similar to or higher than cohorts receiving
hybrid (i.v. +i.t.) TILT-123, indicating that split-dose administration
does not compromise tumor delivery (Figure 6G). Immunohisto-
chemistry (IHC) for adenoviral hexon protein confirmed tumor-
localized TILT-123 in 1 of 5 evaluable patients, with a representative
image from PDAC patient 20220 shown in Figure 6H. Importantly,
in the single PDAC patient (no. 20116), PET imaging of a subcarinal
lymph node target lesion demonstrated a 38.5% decrease in SUVmax
from baseline (Figure 6I). While direct detection of TILT-123 was
not assessed in this lesion, the observed reduction in SUVmax is
consistent with a potential i.t. effect of TILT-123.

DISCUSSION

This study investigated the safety, efficacy, and biological effects of a
fully i.v. split-dose TILT-123 regimen in six patients within the phase
1 clinical trial TUNIMO. While other studies have examined the

are displayed. (C) Volcano plot of significantly upregulated serum proteins detected 1 h post-second dose compared with 1 h post-first dose, across all treatment days. The
Mann-Whitney U test was used to assess overall differences in protein levels. Proteins with a p value <0.05 are displayed. (D) Top five biologically relevant Gene Ontology (GO)
terms from enrichment analysis of significantly upregulated serum proteins post-second dose versus post-first dose using ClusterProfiler. Broad terms inherently enriched
due to the cytokine-focused panel (e.g., cytokine signaling) and terms not biologically relevant to the therapy were excluded from interpretation. (E) Comparison of fold
changes of serum proteins 16 h post-dosing (day 1) between single- and split-dose i.v. patients. The Mann-Whitney U test was used to assess overall differences in protein
levels. Proteins with a p value <0.05 are displayed. Data are presented as mean + SD. (F) Spearman correlation of post-treatment serum protein levels and OS, grouped by
phase of treatment. For proteins showing multiple correlations with OS across different time points, the correlation with the strongest statistical significance was displayed. (G)
Top biologically relevant GO terms resulting from GO enrichment analysis of serum proteins positively or negatively associated with OS. Terms present in both groups, with <3
hits, or broadly overlapping (e.g., phosphatidylinositol 3-kinase signaling terms) were filtered. Broad panel-inherent terms (e.g., cytokine signaling) and those not relevant to

therapy were excluded.

Molecular Therapy Vol. 34 No 8 August 2026 4677



Molecular Therapy

A ; ; B . .
nAb titer development across trial nAb titer development by survival outcome
TQ\ 16 384 A A A A
20114+ n.d. | nd. | nd. [ 1024 | 4096 | 4096 | 4096 =
>
. o 4096 A m n n A
52 p=0.0028
20115- 64 | 64 | 64 |4096 |4096 |4096 4096 52
S 1024
8
20116~ n.d.| nd. | n.d. [ 1024 | 1024 | 4096 | 1024 O A 2564
S0
=.2
20220 nd. | nd. 1024 | 1024 | 1024 | 256 | 1024 2 g 64
©
202214 nd. | nd. | nd. 23
® L
202221 256 | 256 | 256 2 I : ‘ :
T T T 13 810 22 43 64
-14 1 3 8 10 22 43 64
Dav of treatment Day of treatment
Yy = < median OS -# > median OS
c Correlation of serum proteins and nAb titers
CSF1 L33 1000 OLR1 TNF osm ccL2 CXCL10
300 o 2se ! 1= -0.9258 o =-0.9258 300 =5 9288 1, =-0.9258 4000w~ 59258 4000 =5 ezs8
p=0.0333 ®. p=00333 p=0.0333 pg 0.0333 p=0.0333 p=0.0333 pg 00333
250 ¢ 750 ® . 3000 3000
3 1.0+ . 200 20 L)
- L]
£ 200 °\* 500- 2000- 2000-
2 B .
0.5+ 100 10 :
150 . 250 ° o o 1000-{ o | 1000
1g8i ° .
0+ T T 0.0+ T T 0 T T (] T T 0-—— T T 0 1 . 0-+— T
10 12 14 10 12 14 10 12 14 10 12 14 10 12 14 K K > 10 12 14
log, nAb titer (Day 8)
D GO analysis of serum proteins associated with nAb titers E Correlation of nAb titers vs circulating viral DNA (8-16h)
. 2x104 —
regulaﬂon oftlleukocyte p.adj =2.71E-06 rs_— 0.6940
migration 51 st ¢ P $0.0001 P ° .00 0
= 1.5% —
leukocyte migration—{2EE/EZR PSS §
c
regulation of mononuclear . -% 1x104+
cell migration p.adj = 2.06E-05 =
. . . 2 5x103
mononuclear cell migration —JeR=lIER R =20k c [
T T T 1 0 < . .
000 015 030 045 060 075 0 5%10 1%105 1.5%105
Gene ratio TILT-123 (VP/ml) in blood
CD8+ cells
GZMB+ IFNG+ CD57+ HLADR+ N IFNG+
% 40+ % 3 % 80— % [D-14vs8p=00392 | % [[D-14vs8p=0.0084 |
© o 3 3] o
& + + + +
2 2 R2eo| & 8 8
0 0 5 o II/ Q 20+ Q 24
@ 5 3] [5e] ™
a a a 1/ [a} a
Q Q Saof & Zr) ¢ Q
2 < ? s / 2 2
[a] — o 14
8 8 1 3 AN " g 10 e g1
5 5 5 207 s SOB
5 E 5 E R Y s
o o o o o
S 0 T T R T T — % 0 T — = 0 T T = 0 T T T
-14 8 22 64 -14 8 22 64 -14 8 22 64 -14 8 22 64 -14 8 22 64
- 20114 = 20115 4 20116 -+ 20220 -+ 20221 - 20222 == Mean
CD56+ cells
2 CD56+right 2 CD56+™ é IFNG+ CD19+ ° CD10- (plasma cells)
9 25 D-14 vs 8 p = 0.0408 9 95 D8 vs 64 p = 0.0396 8 8 D-14 vs 8 p = 0.0356 '8 80-|[D-14vs8p=00075
& X & & 2 3
a 204 / ) = 3 2
o / o 8 : © 60
3 IA\ 3 3 2 z $
§s /8 8 :
a 77 a8 %8 a 3 40|
O 10+ o 8 o g
¥ ¥ 14 & - 7
[t} -~ [t} JS o o
5 /\' - g \ 2 5 20
o 57 o 8 \1_7 3 5
B E 5 | TR = 3
ng 0 T T T T § 70 T T T T g 0 T T T T T T T T ES 0-
® 14 8 22 64 X 14 8 22 64 2 14 8 22 64 14 8 22 64 14 8 22 64
Day

4678 Molecular Therapy Vol. 34 No 8 August 2026

(legend on next page)



www.moleculartherapy.org

safety and therapeutic potential of i.v. administered OVs, to our
knowledge, no clinical studies have investigated a split-dosing
approach. Additionally, our comparison of single- versus split-i.v.
administration of TILT-123 at equivalent doses provides valuable in-
sights into viral bioavailability, which may be extrapolated to other
OVs. Our findings show that this approach was feasible, well toler-
ated, and achieved virus delivery to tumors. Patients showed signs
of metabolic disease stabilization by PET criteria, extended OS
compared with historical single-dose i.v. + i.t. cohorts, and tumor
immune profiles indicative of pro-inflammatory activation. Howev-
er, given the small and heterogeneous cohort, efficacy observations
should be interpreted as exploratory because this study was not pow-
ered to demonstrate clinical benefit in a statistical manner.

The most commonly reported AEs were chills, fever, fatigue, and
lymphocyte reduction, consistent with the expected immune re-
sponses to OV therapy. Similar AE profiles have been reported with
i.v. NG-350A, a CD40-armed oncolytic adenovirus administered on
days 1, 3, and 5, where fever, chills, and nausea were among the
most common treatment-related AEs.** In our study, AEs peaked
on day 8, possibly due to cumulative dosing and increased systemic
exposure. Lymphocyte decreases are frequently observed in viral infec-
tions, and a lymphocyte count reduction in blood with a concomitant
increase in tumors has been reported to indicate redistribution of lym-
phocytes to OV-infected sites.”>*® Transgene-encoded TNF and IL-2
were not elevated in pre-treatment serum days or weeks after the pre-
vious injection, suggesting local expression of transgene products
without systemic dissemination or long-term persistence in circula-
tion, potentially minimizing off-target effects. Interestingly, we noted
a downregulation of proteins related to innate immunity 1 h after the
first i.v. dose, which may reflect rapid cytokine and chemokine uptake
by responding immune cells rather than reduced production. For
example, CCR2" monocytes internalize CCL2, NK cells trans-endocy-
tose IL-15:IL-15 Ra complexes, and decoy receptors such as IL-1R1
sequester IL-1f, collectively contributing to transient decreases in
measurable serum proteins.”’ >’

Because adenoviral infections are widespread, preexisting nAbs are
expected in a subset of patients but perhaps not frequently toward
the chimeric 5/3 capsid, which does not exist in nature. Accord-
ingly, only a minority had detectable nAbs toward the 5/3 capsid
at baseline. However, all patients developed nAbs during treatment,
with some patients reaching the maximum detectable titers around
day 8. Despite this, infectious TILT-123 was detected in blood, sug-
gesting escape from immediate neutralization. One explanation

may be that the high levels of circulating virus in blood could not
be fully neutralized, keeping in mind that the normal function of
nAbs are to protect against small virus amounts shedding into
blood from infected epithelia. Patient 20220, lacking baseline
nAbs, exhibited high amounts of infectious TILT-123 in the blood.
Patient 20115, with high nAbs (1:4,096), showed approximately
8.5-fold lower but still detectable infectious TILT-123 levels
(Figure 2G). This aligns with findings from prior clinical studies
of iv. enadenotucirev, a chimeric oncolytic adenovirus, where
repeated 21-day dosing cycles (on days 1, 3, and 5) led to reduced
detection of infectious virus in blood across cycles, likely due to ris-
ing nAb affinity from repeated virus exposure.’® The sensitivity of
our cell-based infectivity assay was limited by factors inherent to
blood. Thawed whole blood showed cytotoxicity toward cultured
cells, restricting incubation time and potentially reducing viral
binding. Of note, Ad5/3 can bind to erythrocytes and lymphocytes,
shielding the virus from neutralization while still allowing tumor
transduction, potentially resulting in an underestimation of infec-
tious virus titers in the blood.”’

In our study, higher nAb titers over the course of treatment corre-
lated with lower levels of proteins involved in immune cell migration
and shorter OS, suggesting that humoral responses may limit efficacy
by promoting viral clearance and dampening immune activation.
Interestingly, kinetic analysis of nAb induction revealed that the
speed of titer increase may be a relevant variable determining clinical
outcomes. Moderate-paced responders achieved increased median
OS, whereas both rapid and slow induction of nAbs were observed
in patients with worse OS. While the limited sample size restricts
definitive interpretation, these observations may suggest that im-
mune response kinetics warrant further investigation. nAb titers
also positively correlated with circulating viral DNA, potentially re-
flecting virus-antibody complex formation or that higher initial viral
exposure drives stronger humoral responses.”” Although immune
cell infiltration, viral genomes, and protein were detected in tumors
despite nAbs, patients with lower titers showed longer OS, suggest-
ing that higher nAb titers could impair viral delivery in this admin-
istration setting. However, the relationship between humoral im-
mune activity and nAb levels in this cohort remains largely
correlative. Notably, viral DNA was detected in tumor biopsies
from two patients (nos. 20115 and 20220) who exhibited high and
low nAb titers, respectively, complicating interpretation of whether
nAbs directly limit TILT-123 tumor delivery. Therefore, nAb levels
may be more appropriately interpreted as a biomarker of an anti-
viral-dominant immune response rather than a direct mediator of

Figure 4. Systemic immune dampening by nAbs does not eliminate cellular immune responses

(A) Individual nAb titers of patients across treatment. Titers less than 1:64 were not detectable (n.d.). Time points with unavailable data are marked by X. (B) Comparison of
nAD titer development in patients with greater (n = 3) versus lower (n = 3) than median OS (198 days). Differences between groups were assessed using mixed-effect analysis,
where the indicated p value reflects a significant interaction between time points and OS. (C) Spearman correlation of day 8 serum protein levels and nAb titers 16 h post-initial
dose. nAb titers were log, transformed for data visualization. (D) Top four GO terms associated with serum proteins correlating with nAb titers. (E) Spearman correlation of nAb
titers in serum and circulating TILT-123 DNA in whole blood 16 h post-treatment across trial. (F) Flow cytometric analysis of PBMCs collected pre-treatment on baseline and
days 8, 22, and 64. Differences between time points were assessed using ordinary one-way ANOVA with Tukey’s multiple comparisons test. Results with a p value <0.1 are

displayed.
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reduced delivery to tumors. Interestingly, in the PROTA trial, using
TILT-123 i.v. and i.t., both baseline nAb titers and nAb development
after treatment were associated with longer OS, highlighting a poten-
tial route-dependent effect or a phenomenon specific to ovarian can-
cer, which may not be apparent in our cohort of heterogeneous tu-
mor types.33

While we hypothesized that the second i.v. dose of TILT-123 would
result in higher circulating viral DNA levels due to KC depletion by
the first dose, qPCR analysis did not support this.'®'” The possible
reasons include insufficient KC saturation, differences between
mouse and human macrophage biology, or suboptimal sampling
time points. Post-treatment liver tumor biopsies showed modest in-
creases in CD68" cells within epithelial regions, while quantities of
stromal/peritumoral CD68” cells did not increase to a similar degree,
possibly indicating local changes in macrophage-associated markers.
While human KC biology is understudied, mouse studies have
shown signs of KC zeiosis as early as 15-30 min after i.v. administra-
tion of Ad5-based vectors, followed by a >50% loss of KCs at 12 h and
recovery by 72 h post-infection.’* Another study reported that pre-
dosing with an adenovirus 4 or 8 h before a second vector enhanced
transgene delivery.” These reports led us to split the dose approxi-
mately 4 h apart in this trial. However, since biopsies were collected
several days post-treatment, capturing the relevant early changes in
KC may have been suboptimal.

Given that we did not consistently observe higher viral DNA levels
after the second administration, additional mechanisms may
contribute to the effects of split-dosing. Split-dosing resulted in
increased cumulative TILT-123 exposure in AUC analysis, which
may enhance both systemic and i.t. biological effects. Additionally,
the second TILT-123 dose elicited stronger systemic cytokine re-
sponses compared with the first dose; this is consistent with an im-
mune priming-boosting effect, whereby the first dose activates innate
immunity and the second dose amplifies inflammatory and anti-
tumor immune responses. This interpretation may be supported
by preclinical murine studies with systemic OV administered 48 h
apart, which found that the first dose primarily mediates infection,
inflammation, and recruitment of innate cells, whereas the second
dose modulates the TME and enhances CD8" T cell immunity
despite limited additional infection.’® Interestingly, we did not
observe an association between increased TILT-123 AUC and
changes in total SUVmax or OS. This is consistent with previous re-
ports in which the administration of verapamil increased the AUC of
adenoviral titers without improving disease control compared with
control groups.”” These findings suggest that the magnitude of sys-

temic viral exposure may not be the primary determinant of disease
control by imaging and that the therapeutic benefit of split-dosing
might be driven primarily by immune priming rather than by
increased viral exposure. Inflammatory swelling of infected tumors
may affect imaging-based assessments; however, this would not ac-
count for the lack of association with OS. Therefore, further studies
in larger patient populations are warranted to interrogate the rela-
tionship between AUC and clinical outcomes.

The limited use of T-VEC likely reflects in part the difficulty of i.t.
injection in routine clinical practice. In contrast, the i.v. administra-
tion of TILT-123 enables targeting of metastatic sites, addressing a
critical limitation to the broader clinical adoption of OVs. A key
finding was successful tumor delivery of TILT-123 after i.v. admin-
istration, confirmed by viral DNA, protein, and immune cell infiltra-
tion. Importantly, tumor delivery with split-dose i.v. administration
was comparable to the more challenging i.t. administration, suggest-
ing that i.v. dosing does not compromise transduction. However, the
evidence for tumor delivery following i.v. TILT-123 remains qualita-
tive and limited. Viral DNA and hexon protein were detected in only
a subset of evaluable biopsies, and biopsy numbers were small and
collected at variable time points. These limitations should be consid-
ered when interpreting viral delivery efficacy and associated immune
activation in this cohort. Both TILT-123" biopsies by qPCR and IHC
originated from liver metastases. Since these biopsies were taken
5 days post-treatment, the result likely indicates successful tumor
transduction and replication, as non-replicating virus would have
been rapidly cleared after administration. Virus detection in tumors
likely has low sensitivity, since biopsies only provide a snapshot view,
potentially underestimating viral presence if replication and oncoly-
sis occurred outside the sampling window.

Patients with liposarcoma, rectal adenocarcinoma, and PDAC, tu-
mor types with poor prognosis and resistance to standard treat-
ments, appeared to derive the greatest clinical benefit, showing OS
above the median and stable metabolic disease or minor metabolic
response by PET imaging. The median OS of 198 days observed in
this heavily pre-treated cohort compares favorably to the median
OS of 109 in the matched single-dose i.v + i.t. cohort.

Assessing OV treatment efficacy with conventional imaging is chal-
lenging due to the inflammatory swelling of tumors, known as pseu-
doprogression.”® PET imaging may be more sensitive than CT in
capturing OV-induced antitumor effects.’” In this cohort, disease
control was observed in 5 out of 6 patients (83.3%) by PET,
compared with 2 out of 6 patients (33.3%) by CT, reflecting the

Figure 5. Fluctuations in KC-associated cytokines and limited increase of stromal macrophages may reflect effects of split-dosing

(A) Temporal profiles of markers of KC activation. Data are shown as mean + SD. Paired comparisons across time points were evaluated using repeated measures one-way
ANOVA or Friedman test with Tukey’s or Dunn’s multiple comparisons test, depending on the data distribution. p values <0.1 are displayed. Days 1-22, n = 5-6, days 43-64,
n = 4-6. (B) Normalized sCD163 levels on day 1 of treatment. Data are shown as mean + SD. Samples were run in technical duplicates. (C) Comparison of TILT-123 DNA
levels 1 h post-first and post-second dose. Comparisons between groups were evaluated using two-way ANOVA. Boxes show median and interquartile range; whiskers
indicate the minimum and maximum values. (D) miF staining for CD45* and CD68™ cells, along with matching H&E staining of a liver tumor biopsy from patient 20221. Black
scale bar indicates 100 pm. (E) Quantification of CD45"CD68* cells within stromal/peritumoral (Epi~) and tumor (Epi*) regions in liver biopsies.
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limitations of CT imaging in distinguishing true progression from
immune-related changes, such as lymphocyte infiltration and
inflammation. The higher disease control rate observed by PET likely
reflects the ability of metabolic imaging to detect reductions in tumor
metabolic activity following OV therapy, whereas inflammatory
swelling may obscure treatment responses when assessed using
size-based criteria. This disease control rate compares favorably to
a phase 1 clinical trial investigating oncolytic herpes simplex virus
expressing IL-2/PD-1, where i.v. administration on days 1, 4, 7, 11,
15, and 18 of a 28-day cycle resulted in stable disease (RECIST 1.1)
in 3 out of 14 evaluable patients (21.4%).* Although patient
numbers and treatment regimens differ, our findings suggest encour-
aging disease stabilization with the split-dose regimen.

Pseudoprogression has been noted in prior TUNIMO cohorts and
other immunotherapy trials, including a phase 3 study of T-VEC
in melanoma, where over half of the patients initially exhibited lesion
enlargement or the appearance of new lesions before responding as
assessed by RECIST1.1.°>*! Although PET imaging can offer greater
sensitivity in capturing treatment-induced metabolic changes, it is
not without limitations. Fluorodeoxyglucose-PET detects glucose
metabolism and therefore cannot distinguish between metabolically
active tumor cells and immune cells with high glucose metabolism
such as neutrophils, macrophages, and lymphocytes, which are
actively recruited to the tumor site following OV administration.””**
Consequently, a residual PET signal following OV therapy may
partly reflect immune cell activity and TME remodeling rather
than tumor burden alone, and in some cases it may resemble im-
mune-related pseudoprogression. This has been demonstrated in a
separate clinical trial (TILT-T215) in a metastatic melanoma patient
treated with multiple injections of TILT-123 in combination with a
single infusion of tumor-infiltrating lymphocytes. Although PET-
CT imaging suggested progressive disease, surgical resection and his-
topathologic analysis revealed no malignant cells, confirming a path-
ologic complete response.*

The study is limited by a small sample size, heterogeneity of tumor
types, and differences in sensitivity to immunotherapy, which may
affect the generalizability of the findings. Variability in the time of
sample collection may also influence observed immune or viral re-

sponses. Furthermore, not all biopsies contained sufficient tumor
content, impacting the number of samples available for downstream
analysis, as was the case for the longest surviving patient. Additional
studies with larger, more controlled cohorts would be useful to vali-
date our findings.

In summary, our findings suggest that split-dose i.v. administration
of TILT-123 is not only safe and immunologically active but also
shows promise as a therapeutic approach, laying the groundwork
for future optimization of fully i.v. OV delivery. Successful i.v. deliv-
ery would facilitate the development of OV into a routinely usable
approach, addressing a critical need in tumor immunotherapy.

MATERIALS AND METHODS

Patients

Six patients were enrolled into cohort 7 of the TUNIMO trial (Clin-
icalTrials.gov: NCT04695327) (Table 1). The study was conducted at
two sites in Helsinki, Finland: Helsinki University Hospital and Do-
crates Cancer Center. Key inclusion criteria have been described pre-
viously.”® Informed consent was obtained from all patients prior to
trial participation. This study was approved by the Helsinki Univer-
sity Hospital Ethics Committee, approval no. HUS/1804/2020. The
clinical trial protocol was reviewed by the Finnish Medical
Agency (approval no. 29/2020).

Assessment of treatment response

PET and diagnostic CT imaging of lesions on days 43 and 85 were
evaluated by specialized isotope physicians and radiologists, respec-
tively. Lesion response was determined using RECIST 1.1, iRECIST,
and PET-based criteria (Table S1). OS and PFS were calculated from
enrollment. All patients were deceased by the data cutoff date
(January 7, 2025); therefore, no censoring occurred.

Clinical trial protocol

Patients received 1 x 10'? viral particles (VP) of i.v. TILT-123 twice
per treatment day on days 1, 3, 8, 10, 22, 43, and 64, with doses given
maximally 4 h apart (+2 h). Blood was collected pre-treatment, 1 h
after the initial dose (1h'), 1 h after the second dose (1h?), and 8-
16 h after the initial dose (8h'-16h"). Urine and saliva were collected
pre-treatment and 8-16 h post-treatment. Tumor biopsies were

Figure 6. Fully i.v. administration of TILT-123 results in tumor transduction accompanied by an inflammatory response

(A) mIF imaging of CD4* and CD8" T cells in post-treatment tumors. Representative images are shown from patient 20115 (day 8 biopsy, CD4* staining) and patient 20220
(day 43 biopsy, CD8" staining). (B) Quantified mIF data of intratumoral immune markers (CD457CD4", CD45*CD8*, CD457CD56", CD45%, CD86", CD45"PD1*, CD45~PD-
L1*) across visit days. Differences between time points were assessed using the Mann-Whitney U test. (C) Expression of proteins from pre- and post-treatment tumor biopsy
lysates. Proteins with a p value <0.2 (exploratory p value) and with log2(FC) >+0.5 are displayed. Statistical differences between groups were assessed using either a t test or
the Mann-Whitney U test. Olink NPX Signature software was used for normalization to yield absolute protein concentrations (pg/mL). Baseline, n = 5; day 8, n = 4; day 43,
n = 3. (D) Correlation between immune cell infiltration by mIF and proteins detected within tumor homogenates. Data were generated from days 8, 22, and 43 miF and tumor
proteomics results (n = 8 biopsies). (E) Volcano plot of differentially expressed genes analyzed by Nanostring nCounter in pre-treatment versus post-treatment biopsies. Gray
dots indicate genes that do not pass threshold values of p < 0.05. Baseline, n = 5; day 8, n = 4; day 43, n = 3. (F) Post-treatment liver tumor biopsies positive for TILT-123 DNA,
as detected by gPCR. LLOQ for this assay was 250 VP/ug of tissue. (G) Patient summary of overall detection of TILT-123 DNA in injected and noninjected tumor biopsies (by
gPCR or hexon staining), stratified by dose. (H) Immunohistochemistry analysis of a metastatic liver lesion from patient 20220. Dashed red circle and red arrows indicate
hexon positivity as represented by a speckled brown 3,3’-diaminobenzidine stain. (I) Representative PET images from PDAC patient 20116, showing a fluorodeoxyglucose-
avid subcarinal lymph node lesion highlighted by a red circle, before treatment (left, baseline) and on day 85 (right, last imaging time point). Maximum standardized uptake
value (SUVmax) is indicated together with the percentage change from baseline.
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collected at baseline and pre-treatment on days 8 and 43, if deemed
feasible by the investigator. Patient 20221 was biopsied on day 22
instead of day 8. Table S2 summarizes biopsies and corresponding
results. The sample collection scheme and trial outline are summa-
rized in Figures 1A and 1B. AEs were reported according to the Com-
mon Terminology Criteria for Adverse Events version 5.0.

Patients in this study are primarily compared to patients in the dose-
equivalent TUNIMO cohort 5, who received a single i.v. injection of
TILT-123 (2 x 10" VP) on day 1, followed by four rounds of
3 x 10"! VP it. injections. Day 1 of treatment represents the most
comparable time point as patients received an equivalent i.v. dose.

Viral biodistribution and shedding

DNA was extracted from blood and tumors using the MagMax DNA
Multi-Sample Ultra 2.0 Kit (Thermo Fisher, USA) and from urine
and saliva using the MagMax Microbiome Ultra Nucleic Acid Isola-
tion Kit (Thermo Fisher). Primer and probe sequences targeting the
TILT-123 IRES (internal ribosome entry site)-IL-2 region are listed
in Table S3. For bioavailability analysis, cohort 7 results were
compared to patients receiving the same i.v. dose in PROTA (Clin-
icalTrials.gov: NCT05271318) and TUNINTIL (ClinicalTrials.gov:
NCTO04217473) trials, as only two patients in TUNIMO cohort 5
had available data.

Assessment of infectious particles in blood samples

A549 cells (80,000 cells per well) (American Type Culture Collection
[ATCC], USA) were seeded and incubated at 37°C overnight. To
limit cell toxicity, serial 10-fold dilutions of blood samples in
DMEM (Gibco, USA) were added to monolayers for 1 h at 37°C, fol-
lowed by washing and overlay with 0.8% of carboxymethyl cellulose
(Sigma-Aldrich, USA). After 7 days, cells were fixed, permeabilized,
and stained with anti-adenovirus antibody for foci detection.

Serum proteomic analysis

We collected pre-treatment and post-treatment serum and analyzed
them using Olink Target 48 Cytokine Panel (Thermo Fisher). Abso-
lute protein expression values were reported in picograms/milliliter.

Flow cytometry analysis of PBMCs

PBMCs were isolated from pre-treatment blood on days 1, 8, 22, and
64. 1 x 10° cells per well were plated, Fc-receptors were -blocked
(10 min, 4°C), and cells were stained with antibodies listed in
Table S4. Samples were analyzed using Novocyte Quanteon (Agilent
Technologies, USA), and data analyzed using FlowJo (version 10.9.0)
(BD Biosciences, USA).

Anti-adenovirus antibody analysis

Anti-adenovirus nAbs were measured using a previously established
protocol.** Complement inactivated patient sera were serially
diluted, incubated with Ad5/3-Lucl for 1 h, and used to infect
A549 cells (ATCC) overnight at 37°C. Luciferase expression was
measured using a Luciferase Assay System (Promega, USA), and
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nAb titer was defined as the lowest serum dilution blocking 80% of
luciferase expression (range 1:64-1:16,384).

sCD163 ELISA
Serum samples were diluted 1:100, and sCD163 ELISA (Thermo
Fisher) was performed according to the manufacturer’s instructions.

Multiplex immunofluorescence and IHC staining

Tumor biopsies were formalin fixed and paraffin embedded. Hema-
toxylin and eosin staining was used to evaluate sample quality and
tumor content. Biopsies from patient 20114 were excluded due to
the lack of tumor content. A list of primary antibodies used for
THC and mIF can be found in Table S5.

Tumor transcriptomic and proteomic profiling

Tumor samples were homogenized and split for protein and RNA
isolation. RNA expression was profiled using Nanostring nCounter
(PanCancer Immune Profiling Panel and user-defined Panel Plus).
Protein lysates were analyzed with Olink Target 48 Cytokine and Im-
mune Surveillance panels.

Graphical illustrations and statistics

Graphs were produced using GraphPad Prism version 10.1.2
(GraphPad Software, USA), and BioRender. Statistical calculations
were performed using GraphPad Prism or RStudio version 4.3.1.
The normality of the data was assessed using the Shapiro-Wilk
test. Statistical comparisons between groups are specified in the
figure legends.
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