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ABSTRACT
Background  Tumor-selective oncolytic viral vectors are 
promising anticancer therapeutics; however, challenges 
with dosing and potency in advanced/metastatic cancers 
have limited efficacy and usage. NG-350A is a next-
generation blood-stable adenoviral vector engineered to 
express an agonist anti-cluster of differentiation (CD)40 
antibody without affecting tumor-selectivity and oncolytic 
potency.
Methods  Intravenous and intratumoral (IT) administration 
of NG-350A was assessed in a phase Ia/Ib study in 
patients with metastatic/advanced epithelial tumors 
(NCT03852511). Dose-escalation was performed 
separately for intravenous (four dose levels available, each 
with infusions on Days 1, 3 and 5 of a 57-day treatment 
period) and IT (single injection on D1 only or injections on 
Days 1, 8, 15 and 22) administration. The primary objective 
was safety and tolerability; secondary objectives included 
determining a recommended dose, pharmacokinetics, and 
immunogenicity.
Results  In total, 25 heavily pretreated patients 
received NG-350A (16 with intravenous and 9 with IT 
administration). Intravenous and IT dosing were both 
well tolerated, with no evidence of transgene-related or 
off-target viral toxicity. Intravenous and IT dosing resulted 
in dose-dependent increases in systemic NG-350A C

max. 
Despite both routes of administration inducing anti-virus 
antibodies, sustained persistence of NG-350A in blood 
samples was observed up to 7 weeks after the last dose, 
particularly with higher intravenous dose levels. Delivery of 
NG-350A to tumors was demonstrated in biopsy samples 
following both routes of administration; a dose-dependent 
pattern was seen with intravenous infusion, with four 
patients remaining positive for vector DNA in biopsies 
at Day 57. Transgene messenger RNA from replicating 
NG-350A was detected in 5/12 patients with intravenous 
treatment and 1/9 patients with IT injection, and sustained 
increases in inflammatory cytokines were observed 
following dosing, particularly with higher intravenous dose 
levels.
Conclusions  This phase 1a study provided initial 
proof-of-mechanism for NG-350A, with strong evidence 
of tumor delivery, viral replication and transgene 
expression—particularly after intravenous dosing. The 

lack of transgene-related or off-target viral toxicity was 
consistent with the highly selective delivery and replication 
of NG-350A, even after systemic delivery. The efficacy 
of intravenous-dosed NG-350A will now be evaluated in 
combination with pembrolizumab (NCT05165433), as well 
as with chemoradiotherapy (NCT06459869).
Trial registration number  NCT05165433, NCT06459869.

BACKGROUND
Viral vector-based therapies have been 
explored as anticancer treatments due to 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Systemic yet selective delivery of transgene-armed 
oncolytic viruses has multiple potential advantages, 
including delivery to all tumor sites, as well as sim-
ple and repeatable administration. Some evidence 
of successful intravenous delivery has been report-
ed, but most therapies in later stage development 
still use intratumoral (IT) injection or have shown 
limited evidence of transgene expression.

WHAT THIS STUDY ADDS
	⇒ The FORTITUDE study supports proof-of-mechanism 
for NG-350A, a next-generation transgene-armed 
viral vector, with strong evidence of tumor-selective 
delivery, replication and transgene expression. 
Additionally, this study demonstrates that intra-
venous delivery of NG-350A results in a superior 
overall pharmacokinetics and pharmacodynamics 
profile, with no apparent disadvantages versus IT 
injection.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ The results from this study highlight the importance 
of designing future tumor-selective vectors for sys-
temic administration. Additionally, this study shows 
that local expression of immunostimulatory thera-
pies can overcome toxicity that limits non-targeted 
systemic administration.
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their potential for selective oncolytic potency. Histor-
ically, development has focused on intratumoral (IT) 
administration to deliver the virus directly to tumor 
sites and avoid anti-viral immune responses.1 Although 
IT administration may increase the therapeutic index 
of immunotherapies, direct injection of tumors is asso-
ciated with notable technical and logistical challenges. 
Additionally, as IT delivery is limited to accessible and 
injectable tumor lesions, systemic responses are often 
dependent on abscopal effects which may limit efficacy.1 
Among IT administered viral therapies, only talimogene 
laherparepvec has been approved by the US Food and 
Drug Administration (for the treatment of unresectable 
melanoma).2 3

The potential to overcome these limitations has been 
shown with viral vectors that can be delivered by intra-
venous administration while retaining tumor specificity.4 
This may be a particularly attractive approach if the onco-
lytic activity of the viral vector can be combined with the 
selective delivery of immunostimulatory transgenes to all 
malignant lesions.

Tumor-specific immuno gene (T-SIGn) therapies are 
next-generation tumor-selective viral vectors derived 
from enadenotucirev, an “unarmed” blood-stable group 
B adenovirus 11p/adenovirus three chimeric virus devel-
oped by directed evolution to selectively replicate in both 
primary and metastatic epithelial-derived solid tumors, 
leading to potent cytotoxicity following intravenous 
delivery.5 Following multiple phase 1 studies of enade-
notucirev that showed promising viral kinetics, tumor 
delivery and tolerability,4 6 7 the T-SIGn vector NG-350A 
was developed by incorporating a full-length transgene for 
an agonist anti-cluster of differentiation (CD)40 antibody 
downstream of the enadenotucirev major late promoter. 
This location couples viral replication to anti-CD40 anti-
body expression (restricting transgene expression to the 
tumor cells in which NG-350A is actively replicating), in 
order to combine the tumor-selective oncolytic activity of 
enadenotucirev with the targeted expression of a potent 
immunostimulatory monoclonal antibody within the 
tumor microenvironment. The tumor tissue-targeting 
nature of NG-350A combined with its CD40 agonist trans-
gene might allow for local delivery of this multimodality 
approach and a selective transformation of the tumor 
microenvironment. This approach should achieve a key 
objective of IT delivery (ie, to achieve higher local bioac-
tive drug concentrations) without the risk of systemic 
toxicities1 while also targeting all tumor locations to 
achieve an improved outcome. Additionally, the conve-
nience of intravenous administration would allow for 
repeat dosing.

Here we present results from a first-in-human clinical 
trial of NG-350A. Our focus for this study was to determine 
the safety and tolerability of NG-350A, as well as to assess 
the impact of IT versus intravenous administration on 
NG-350A delivery, persistence, and pharmacodynamics. 
The selection of the dose levels defined in the protocol 
was guided by studies with the unarmed tumor-selective 

viral vector enadenotucirev. For enadenotucirev a dose 
of 3×1012 viral particles (vp) was initially determined as 
the maximum tolerated dose.6 The intention to increase 
the dose intensity per cycle led to the testing of “low-
high-high” dose regimens and established the safety of 
3×1012 and 6×1012 vp when administered on Days 3 and 5 
following 1×1012 on Day 1.7

METHODS
FORTITUDE clinical study design
FORTITUDE was a phase Ia/Ib, multicenter, open-
label, non-comparative study in patients with metastatic/
advanced epithelial tumors (NCT03852511). The study 
was designed with separate cohorts testing either IT or 
intravenous administration of NG-350A monotherapy. 
NG-350A was dose-escalated in parallel in both cohorts 
using a standard “3+3” design. A Safety Review Committee 
reviewed outcomes (including dose-limiting toxicities 
(DLTs)) at each dose level and was responsible for all 
dose-escalation decisions. After a 57-day study treatment 
period, patients were followed by imaging until progres-
sion of disease (PD); after PD patients were followed for 
survival and further anticancer therapy.

Dosing regimen
IT dosing
The IT injection dose was dependent on the size of the 
tumor lesion(s) to be injected. Lesions were injected by 
repeatedly inserting the needle approximately 0.5–1.0 cm 
apart and injecting 100–200 µL at each pass. Two dose 
levels were available: patients in IT Dose Level 1 received 
IT injections of NG-350A on Day 1 only, whereas patients 
in IT Dose Level 2 received injections of NG-350A on 
Days 1, 8, 15 and 22. Each suitable lesion was injected 
separately, up to a combined total maximum dose (across 
all injected lesions) of 1×1012 vp in both IT dose levels.

Intravenous dosing
For the intravenous NG-350A monotherapy dose-
escalation cohort, four dose levels (plus an optional 
de-escalation dose) were planned, each consisting of 
three intravenous infusions completed within the first 
9 days of the study (scheduled on Days 1, 3 and 5). 
The starting dose level (intravenous Dose Level 1) of 
1×1011 vp on Days 1, 3 and 5 was determined based on 
prior experience with enadenotucirev.6 Three further 
dose levels, all using a “low-high-high” three administra-
tion regimen previously shown to improve tolerability 
when increasing doses beyond 1×1012 vp7 were available: 
1×1012 vp on Day 1 followed by 3×1012 vp on Days 3 and 
5 (Dose Level 2; 1-3−3×1012 vp dose), 1×1012 vp on Day 
1 followed by 6×1012 vp on Days 3 and 5 (Dose Level 3; 
1-6−6×1012 vp dose) and 1×1012 vp on Day 1 followed by 
10×1012 vp on Days 3 and 5 (Dose Level 4; 1-10−10×1012 vp 
dose).
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Participants
Eligible participants had metastatic or advanced epithe-
lial cancers that had progressed after ≥1 line of systemic 
therapy and were incurable by local therapy. A full list 
of the 10 eligible tumor types is provided in the online 
supplemental appendix. Additional eligibility criteria 
included age ≥18 years, Eastern Cooperative Oncology 
Group performance status of 0–1, adequate lung reserve 
(oxygen saturation on ambient air at sea level ≥95%), and 
adequate hepatic, bone marrow, and coagulation func-
tion. Patients were also required to have adequate renal 
function, defined as creatinine ≤1.5 mg/dL and esti-
mated glomerular filtration rate ≥60 mL/min/1.73 m2, 
as well as an absence of proteinuria (spot albumin:creat-
inine ratio ≤30 mg/g or a 24-hour urinary protein result 
of <1 g/24 hours). Patients with a history or evidence of 
significant immunodeficiency; renal, autoimmune or 
lung disease (including lymphangitic carcinomatosis); or 
risk factors for bleeding were not eligible.

Objectives, endpoints and assessments
Primary objective
The primary objective was to characterize the safety and 
tolerability of NG-350A as monotherapy and in combina-
tion with pembrolizumab in patients with metastatic or 
advanced epithelial tumors.

The incidence of adverse events (AEs), serious adverse 
events (SAEs), DLTs, and AEs leading to discontinuation 
or death was assessed. AEs were characterized using the 
National Cancer Institute Common Terminology Criteria 
for Adverse Events (CTCAE) V.5.0. DLTs were assessed 
during the first 28 (all intravenous dose levels and IT 
Dose Level 1) or 35 (IT Dose Level 2) days of treatment.

Secondary objectives
Key secondary objectives included determining a recom-
mended dose of NG-350A for further development, 
NG-350A pharmacokinetics (PK) and immunogenicity, 
and the preliminary efficacy of NG-350A.

NG-350A PK were assessed using whole blood samples 
to measure the concentration of NG-350A on each dosing 
day (with samples taken pre-dose and immediately post-
dose), as well as on Day 15 and at the end of study treat-
ment (EOST) visit scheduled at Day 57. For patients 
receiving IT Dose Level 2, an additional sample was taken 
at Day 36. Quantitative PCR (qPCR) was used to detect 
viral genomic DNA using primers (Eurofins Genomics, 
Ebersberg, Germany; primer sequences are provided 
in the online supplemental file 1). Blood samples to 
measure anti-virus-antibodies in serum were taken pre-
dose on Day 1, on Days 8, 15, 22, 29, and at the EOST 
visit. An electrochemiluminescence ligand binding assay 
was used as previously described.4

Preliminary antitumor activity (including objective 
response rate per Response Evaluation Criteria in Solid 
Tumors (RECIST) V.1.1 and progression-free survival 
(PFS)) and overall survival (OS) were assessed. Tumor 
imaging was performed prior to treatment, at the Day 57 

EOST visit (or as clinically indicated) and every 8 weeks 
thereafter during follow-up.

Exploratory objectives
Additional exploratory objectives included cytokine and 
chemokine responses to NG-350A, NG-350A delivery 
to the tumor, viral shedding and markers of biological 
responses to NG-350A, including transgene expression.

Blood samples for cytokine assessments in serum 
were taken on each NG-350A dosing day (pre-dose 
and 6–8 hours post-dose), on Days 8, 15, 22, 29 and at 
the EOST visit. A multiplex Luminex assay was used to 
analyze the following analytes: IL-2, IL-5, IL-6, IL-10, 
IL-17A, MCP-1, TNF-α, IFN-γ, IL-13, IL-15, CXCL9 (MIG), 
CXCL10 (IP-10), CXCL11 (I-TAC), IFN-α2, MIP-1α, IL-8 
and IL-12p70. The presence of NG-350A transgene CD40 
antibody messenger RNA (mRNA) in the blood was 
assessed at Days 1, 8, 15, 22, 29, and at the EOST visit 
in serum by reverse transcription-quantitative polymerase 
chain reaction (RT-qPCR) analyses (Eurofins Genomics, 
Ebersberg, Germany; primer sequences provided in the 
online supplemental file 1).

The presence of NG-350A in tumor tissue was assessed 
using core needle tumor biopsies collected at screening, 
on Days 15 and 29, and at the EOST visit. Samples for 
buccal, rectal and urine shedding were collected pre-
dose, on Days 8, 15 and 29, and at the EOST visit. For 
both biopsy samples and shedding, NG-350A DNA was 
quantified using the same qPCR as described for the 
NG-350A PK.

Statistical analyses
Results presented here are descriptive, as formal sample 
size calculations and statistical hypothesis testing was not 
performed for this study. The safety analysis set included 
all patients who received ≥1 dose of study treatment. Effi-
cacy and PK analysis sets included all patients in the safety 
analysis set who had evaluable baseline and on-treatment 
assessments. PFS and OS were assessed using the Kaplan-
Meier method, with corresponding 95% CIs calculated 
using the Brookmeyer-Crowley method.

RESULTS
Patient disposition and demographics
Overall, 48 patients were screened, of whom 25 were 
treated with NG-350A monotherapy—9 in the IT injec-
tion cohort and 16 in the intravenous infusion cohort 
(figure 1). The most common reasons for screen failure 
were withdrawal of consent (five patients), inadequate 
lung reserve (three patients), and inadequate renal func-
tion (three patients). The most common tumor types 
were colorectal cancer (eight patients) and squamous 
cell carcinoma of the head and neck (four patients). 
Demographics were generally similar between the IT 
and intravenous cohorts and were as expected for a 
mixed advanced/metastatic cancer population (table 1). 
All patients had received prior therapy, with an overall 

https://dx.doi.org/10.1136/jitc-2024-010016
https://dx.doi.org/10.1136/jitc-2024-010016
https://dx.doi.org/10.1136/jitc-2024-010016
https://dx.doi.org/10.1136/jitc-2024-010016
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median of three prior lines of anticancer therapy (range 
1–14 in the intravenous cohort and 2–5 in the IT cohort). 
Additionally, all patients had metastatic disease at base-
line, with 60% of patients having ≥3 recorded sites of 
metastatic disease.

Overall, 21/25 patients (84%) completed the study 
treatment period of 57 days (figure  1). Most patients 
entered follow-up, although additional imaging follow-up 
was performed in fewer patients (n=8 entered imaging 
follow-up and n=5 received follow-up scans).

Dose-escalation
In the IT cohort, six patients were treated at IT Dose Level 
1 with no DLTs. Per-protocol, a further three patients were 
then treated at IT Dose Level 2, with no DLTs observed. 
Both prespecified IT dose levels were therefore consid-
ered tolerable.

In the intravenous cohort, six patients were treated at 
intravenous Dose Level 1 with a single DLT occurring 
(blood creatine kinase increased). This dose was consid-
ered tolerable, and dosing was escalated to use “low-high-
high” dosing regimens designed to increase the total 
viral dose over the single three-administration cycle. A 
total of four patients received intravenous Dose Level 2 
(1-3−3×1012 vp dose) with no DLTs occurring. As such, 
per-protocol, dosing was escalated to intravenous Dose 
Level 3 (1-6−6×1012 dose) with no DLTs in the six patients 
treated at this dose level. Dose Level 3 was therefore 
considered tolerable; however, no further dose escala-
tion was performed based on experience in trials of other 
T-SIGn vectors ongoing in parallel. Instead, a further 
cohort designed to confirm the tolerability of intrave-
nous NG-350A when given in combination with pembroli-
zumab was added to the study via a protocol amendment. 
However, after the assessment of one NG-350A plus 
pembrolizumab dose level, a separate ongoing phase 
1a/b study was opened to test the combination in an 
expanded design. As such, results from this cohort will be 

reported as part of a subsequent publication on NG-350A 
plus pembrolizumab.

Patient exposure
Aside from one patient treated at intravenous Dose 
Level 2 who withdrew consent after their first dose, and 
one patient in IT Dose Level 2 who missed one dose, all 
other patients received all scheduled administrations of 
NG-350A (table 2).

Due to the technical constraints of IT injection, the 
maximum combined potential dose of 1×1012 vp per 
dosing day, which required at least five separate and 
distinct injection tracks to achieve a total injection volume 
of 2 mL within a suitably sized tumor lesion, was not able 
to be given in the majority of patients. By contrast, all 
patients in the intravenous cohort received their planned 
dose.

Safety and tolerability
All patients experienced ≥1 treatment-emergent (TE) 
AE, and 13 patients (52%) experienced ≥1 Grade 3–4 
TEAE (table 3; online supplemental table 1). Overall, the 
majority of TEAEs were Grade 1–2 and occurred within 
the initial dosing period (within 8 days). A single AE 
leading to discontinuation of NG-350A occurred (Clos-
tridium difficile colitis in a patient in intravenous mono-
therapy cohort 2; unrelated to treatment).

The Grade 3–4 TEAEs reported in the highest 
proportion of patients were pneumonia (4/25; 16.0%), 
prolonged activated partial thromboplastin time (aPTT) 
(3/25; 12%), blood bilirubin increased (2/25; 8%), 
diarrhea (2/25; 8.0%) and acute kidney injury (2/25; 
8%). The only treatment-related Grade 3–4 TEAE that 
occurred in more than one patient was Grade 3 aPTT 
prolongation without any clinical bleeding or clotting 
events (in two patients in the IT arm and one patient in 
the intravenous arm). A total of 11 of 25 patients expe-
rienced ≥1 serious TEAE, including 3 patients (33%) in 

Figure 1  Patient disposition. FU, follow-up; PD, progressive disease.

https://dx.doi.org/10.1136/jitc-2024-010016
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the IT arm and 8 patients (50%) in the intravenous arm. 
The only TE-SAE reported in >1 patient was pneumonia 
(4/25; 16%). All four cases of pneumonia were unre-
lated to treatment and occurred in patients with lung 
metastases and/or other predisposing factors. Additional 
TE-SAEs included an event of Grade 4 serious kidney 
injury (acute tubular necrosis) that occurred 10 weeks 
after the last dose of NG-350A and an event of Grade 2 
cytokine release syndrome (CRS; both events occurred in 
patients treated at intravenous Dose Level 3). The kidney 
injury case was considered related by the investigator, but 
unrelated by the sponsor due to the delayed timing, the 
absence of proteinuria during the treatment period, and 
recent treatment with potentially nephrotoxic antibiotics 
and/or recent immune checkpoint inhibitor treatment. 
A kidney biopsy demonstrated acute tubular necrosis, 
and the kidney injury resolved on short-course predni-
sone. The event of CRS occurred shortly after dosing in 
a manner consistent with an acute reaction to infused vp 
and resolved the following day.

Laboratory abnormalities of proteinuria were 
commonly seen, with 13/25 (52.0%) patients having ≥1 
urine protein dipstick results of 1+ or greater during the 
study treatment period. This proteinuria was generally 
transient and mild (maximum 1+: 9/13 patients), with 
6/13 (46%) cases resolved to <1+ by the EOST visit. None 
of the patients with laboratory assessments positive for 
proteinuria progressed to severe renal AEs. Addition-
ally, 13/25 patients (52.0%; IT cohort 4/9, intravenous 
cohort 9/16) had a laboratory finding of prolonged aPTT 
meeting ≥Grade 2 criteria at any point during the treat-
ment period (of whom 3 had had existing aPTT prolon-
gation at baseline). aPTT values improved by at least 1 
CTCAE grade in 10/13 (77%) of patients by the EOST 
visit. No related bleeding or clotting events were observed. 
Hepatobiliary disorder TEAEs occurred in 2/25 patients 

(8.0%; Grade 1 hepatitis and jaundice, respectively), who 
both had liver or pancreatic disease involvement.

NG-350A pharmacokinetics
NG-350A Cmax increased with escalating intravenous 
dosage (figure 2A). Notably, vector DNA was detected in 
serum for a sustained period, with detection still observed 
above the limit of detection at the EOST visit (Day 57) 
for the highest intravenous dose level tested (three out 
of four patients). NG-350A was also strongly but tran-
siently detected in serum following IT administration 
(figure 2A). IT dosing on a weekly basis restored circu-
lating virus levels to approximately 1×107 vp after each 
dose; however, less evidence of sustained presence was 
observed, with one of three patients having detectable 
viral presence at Day 57.

Vector immunogenicity
All but four patients had undetectable levels of anti-vector 
antibodies at baseline (figure  2B). Post-dose antibody 
titers increased relative to baseline in 88% of patients, 
with similar rates of seroconversion with IT (7/9 patients) 
and intravenous (14/15 patients) dosing. No clear impact 
on PK was observed in those with low levels of anti-vector 
antibodies at baseline compared with those negative at 
baseline and no clear dose relationship with antibody 
titers was observed, with high variability between indi-
vidual patients. However, overall, there was a trend for 
titers to increase over time before plateauing at approxi-
mately Day 22.

Viral shedding
Limited evidence of viral shedding was observed, with 
similar profiles observed with IT and intravenous admin-
istration. Shedding typically peaked at Day 8 or Day 15, 
after which little viral DNA could be detected. Among 

Table 2  Exposure

IT DL1
D1 only
(n=6)

IT DL2
D1, 8, 15, 
22
(n=3)

IT 
overall
(n=9)

Intravenous 
DL1
1-1−1×1011

(n=6)

Intravenous 
DL2
1-3−3×1012

(n=4)

Intravenous 
DL3
1-6−6×1012

(n=6)

Intravenous 
overall
(n=16)

Patients received planned number 
of doses (n (%))

6 (100) 2 (66.7) 8 (88.9) 6 (100) 3 (75) 6 (100) 15 (93)

Number of doses received (n (%))  �   �  NA  �   �   �  NA

 � 1 dose 6 (100) 0 0 1 0

 � 2 doses – 0 0 0 0

 � 3 doses – 1 6 3 6

 � 4 doses – 2 – – –

Cumulative vp administered (mean 
(min, max); ×1012 vp)

 �   �  NA  �   �   �  NA

 � Planned 1.00 4.00 0.30 7.00 13.00

 � Actual 0.47 (0.2, 
0.8)

2.67 (1.0, 
4.0)

0.30 (0.30, 
0.30)

5.50 (1.0, 7.0) 13.00 (13.0, 
13.0)

DL1, Dose Level 1; DL2, Dose Level 2; DL3, Dose Level 3; IT, intratumoral; vp, viral particles .
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post-treatment samples, only 1 of 75 (1%) urine samples, 
7 of 81 (8%) buccal samples and 8 of 79 (10%) rectal 
samples exceeded the assay limit of quantification (online 
supplemental table 2).

Detection of NG-350A in tumor biopsies
NG-350A vector DNA was detected by qPCR in tumor 
biopsies after both IT and intravenous administration 
(online supplemental table 3). In the intravenous cohort, 
the proportion of patients positive for vector DNA in 
tumor increased with dose level, with two out of six evalu-
able patients in intravenous Dose Level 1 positive (at least 
one result above the assay limit of quantification) versus 
six out of seven evaluable patients in intravenous Dose 
Levels 2 and 3. Notably, four patients in the intravenous 
arm were positive for vector DNA in biopsies taken at the 
EOST visit (Day 57).

Anti-CD40 transgene mRNA detection
Anti-CD40 transgene was not detectable in core needle 
biopsies; however, transgene mRNA was detected in 
serum at D8 or D15 in 1/9 evaluable patients (11%) in 
the IT cohort (1 patient positive in Dose Level 1) and 
5/12 evaluable patients (42%) in the intravenous cohort 
(all of whom had received higher intravenous dose levels; 
figure 3).

Serum cytokines
Increases in IL-12p70, IFN-α2, and IL-17a were 
detected in serum following treatment. These increases 
were most consistently observed in patients treated 
with higher intravenous dose levels (intravenous Dose 
Level 2 and 3; figure 4; online supplemental figure 1). 
Elevations in IFN-γ and IL-2 were also observed (online 
supplemental figure 1). These cytokine increases were 
observed from approximately Day 12 onwards, were 

Table 3  Safety summary

IT DL1
D1 only
(n=6)

IT DL2
D1, 8, 15, 22
(n=3)

IT overall
(n=9)

Intravenous 
DL1
1-1−1×1011

(n=6)

Intravenous 
DL2
1-3−3×1012

(n=4)

Intravenous 
DL3
1-6−6×1012

(n=6)

Intravenous 
overall
(n=16)

Patients with ≥1 TEAE, n (%) 6 (100) 3 (100) 9 (100) 6 (100) 4 (100) 6 (100) 16 (100)

Most common TEAEs (>20% of patients)

 � aPTT prolonged 4 (67) 2 (67) 6 (67) 3 (50) 0 2 (33) 5 (31)

 � Fever 3 (50) 1 (33) 4 (44) 3 (50) 1 (25) 2 (33) 6 (38)

 � Chills 2 (33) 0 2 (22) 1 (17) 3 (75) 3 (50) 7 (44)

 � Nausea 2 (33) 1 (33) 3 (33) 3 (50) 2 (50) 1 (17) 6 (38)

 � Fatigue 3 (50) 0 3 (33) 0 2 (50) 2 (33) 4 (25)

 � Hypokalemia 1 (17) 0 1 (11) 3 (50) 1 (25) 2 (33) 6 (38)

 � Weight decreased 3 (50) 0 3 (33) 2 (33) 1 (25) 0 3 (19)

 � Anemia 3 (50) 0 3 (33) 1 (17) 0 2 (33) 3 (19)

Patients with ≥1 TE-SAE 2 (33.3) 1 (33.3) 3 (33.3) 3 (50.0) 2 (50.0) 3 (50.0) 8 (50)

Patients with ≥1 TE-SAE 
related to NG-350A

1 (16.7) 0 1 (11.1) 1 (16.7) 0 2 (33.3) 3 (18.8)

Patients with ≥1 Grade 3–4 
TEAE

4 (66.7) 0 4 (44.4) 4 (66.7) 1 (25.0) 4 (66.7) 9 (56.3)

Patients with ≥1 Grade 3–4 
TEAE related to NG-350A

2 (33.3) 0 2 (22.2) 2 (33.3) 0 1 (50.0) 3 (18.8)

 � Prolonged aPTT 2 (33.3) 0 2 (22.2) 1 (16.7) 0 0 1 (6.3)

 � Blood creatinine increased 0 0 0 1 (16.7) 0 0 1 (6.3)

 � Decreased appetite 0 0 0 1 (16.7) 0 0 1 (6.3)

 � Acute kidney injury 0 0 0 0 0 1 (16.7) 1 (6.3)

Patients with ≥1 TEAE 
classified as a dose-limiting 
toxicity

0 0 0 1 (16.7) 0 0 1 (6.3)

Patients with ≥1 TEAE leading 
to discontinuation of NG-350A

0 0 0 0 1 (25.0) 0 1 (6.3)

AE, adverse event; aPTT, activated partial thromboplastin time; DL1, Dose Level 1; DL2, Dose Level 2; DL3, Dose Level 3; IT, intratumoral; 
SAE, Serious Adverse Event; TE, treatment-emergent .

https://dx.doi.org/10.1136/jitc-2024-010016
https://dx.doi.org/10.1136/jitc-2024-010016
https://dx.doi.org/10.1136/jitc-2024-010016
https://dx.doi.org/10.1136/jitc-2024-010016
https://dx.doi.org/10.1136/jitc-2024-010016
https://dx.doi.org/10.1136/jitc-2024-010016
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Figure 2  NG-350A pharmacokinetics and immunogenicity. (A) Mean NG-350A concentration in blood over time, according 
to dose level and route of administration. (B) Mean anti-vector antibody titer over time, according to dose level and route 
of administration. Dashed lines represent scheduled dosing days (first line only for IT Dose Level 1). IT, intratumoral; IV, 
intravenous; LOD, limit of detection; PK, pharmacokinetics.



9Naing A, et al. J Immunother Cancer 2024;12:e010016. doi:10.1136/jitc-2024-010016

Open access

sustained, and were restricted to a specific subset of 
inflammatory cytokines.

Efficacy
No objective responses occurred with either IT or intra-
venous dosing. A best overall response of stable disease 
was observed for 2/9 (22.2%) patients treated with IT 
NG-350A, and 7/15 patients (46.7%) treated in the intra-
venous arm. The target lesion burden over time is shown 
in online supplemental figure 2. One patient with cholan-
giocarcinoma (and a Royal Marsden Hospital prognostic 
score8 of 2) after failure of three prior therapies main-
tained a stable target lesion burden for over 36 weeks 
following intravenous NG-350A monotherapy (at Dose 
Level 1), with no subsequent anticancer therapy until >10 
months after beginning NG-350A (despite progression 
of a non-target lesion, leading to PD per RECIST, after 
18 weeks). As shown in online supplemental figure 3, 

the tumor characterization of this patient changed from 
“Desert” at screening to “Inflamed” after treatment, with 
dramatic increases in CD8 (>10-fold) and granzyme B 
(>8-fold) positive cells in post-treatment biopsies.

Median (95% CI) PFS according to RECIST V.1.1 was 
1.8 months (1.7, 3.0 months) with IT monotherapy, and 
1.9 months (1.7, 4.1) with intravenous monotherapy. 
Median (95% CI) OS was 8.2 (4.9, 14.4) months with IT 
monotherapy, and 6.9 (2.9, 17.1) months with intrave-
nous monotherapy.

DISCUSSION
Here we report the results of the first clinical study of 
NG-350A, a next-generation tumor-selective T-SIGn ther-
apeutic vector armed with a CD40 agonist monoclonal 
antibody. Successful delivery of NG-350A to tumor sites 

Figure 3  Detection of CD40 transgene in blood. Copies of CD40 agonist transgene detected in blood for patients positive at 
one or more time points (not normalized to sample volumes). IT, intratumoral; IV, intravenous; ND, not detected.

https://dx.doi.org/10.1136/jitc-2024-010016
https://dx.doi.org/10.1136/jitc-2024-010016


10 Naing A, et al. J Immunother Cancer 2024;12:e010016. doi:10.1136/jitc-2024-010016

Open access�

was demonstrated with intravenous administration, as 
well as with IT injections. Intravenous dosing was asso-
ciated with a dose-dependent systemic PK profile, while 
IT dosing also resulted in substantial peak vector concen-
trations in blood. Sustained persistence of NG-350A after 
dosing was observed in both blood and in tumor biop-
sies, with NG-350A still detectable at the last on study 
assessment approximately 7 weeks after the last dose of 
NG-350A, despite the presence of anti-viral antibodies. 
Furthermore, data from this study demonstrated that 
intravenous dosing resulted in mRNA expression of the 
anti-CD40 antibody payload from the replicating virus.

When comparing intravenous versus IT delivery, it 
was notable that both routes of administration resulted 
in relatively similar peak blood concentrations following 
dosing (given the variability of total IT doses), as well as 
the induction of anti drug antibodies and known virus-
related safety signals in similar proportions of patients (eg, 

prolonged aPTT and inflammatory reactions to dosing). 
This suggests that IT dosing did not lead to more tumor-
targeted outcomes nor result in less systemic exposure 
and effects than intravenous dosing. By contrast, low-high 
to high intravenous dosing resulted in greater evidence of 
prolonged persistence of NG-350A and a greater propor-
tion of patients positive for replication-dependent trans-
gene expression (56% with low-high to high intravenous 
doses vs 11% with IT dosing).

PK analyses based on systemic detection require careful 
interpretation for a replication-competent viral therapy 
known to be highly tumor-selective (ie, that following 
initial clearance from blood should be present systemi-
cally only through spillover from the tumor). Data from 
this study are consistent with rapid initial clearance 
of NG-350A from blood following intravenous and IT 
delivery, as expected based on the previously character-
ized half-life of <20 min for the unarmed parent virus 

Figure 4  NG-350A pharmacodynamics—serum cytokines. Dose-dependent and sustained increases in IL-12p70, IFN-α2, 
and IL-17a were detected in serum from evaluable patients treated with higher intravenous dose levels. Dashed lines represent 
scheduled dosing days (first line only for IT Dose Level 1). IT, intratumoral; IV, intravenous.
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enadenotucirev4 6 and the short half-life of cell-free DNA.9 
Importantly, however, this study demonstrated the long-
term persistence of NG-350A DNA in blood with intrave-
nous but not IT dosing. Given the strong tumor selectivity 
of the vector, as shown in prior studies of enadenotucirev4 
and by the lack of off-tumor replication-associated toxicity 
in this study, this provides strong evidence of ongoing 
replication in tumors, resulting in sustained spillover 
into the blood. The detection of transgene expression—
particularly with intravenous delivery—provides addi-
tional confirmation of active NG-350A replication, given 
that transgene expression from T-SIGn vectors is coupled 
with replication.10 Detection of transgene mRNA in blood 
is hypothesized to result from transgene expression in 
tumors cells, resulting in detectable spillover in blood, 
potentially through tumor-derived exosomes containing 
transgene mRNA. Further investigation is planned to 
confirm this hypothesis. Although anti-CD40 protein was 
not detected, this may be attributable to the challenging 
nature of detection via small core needle tumor biopsies 
(given the small amount of available material and assay 
detection limit), as well as a limited spillover of unbound 
anti-CD40 from the tumor into the blood to allow systemic 
detection. Additionally, intravenous, but not IT, NG-350A 
drove sustained and specific inflammatory cytokine eleva-
tions consistent with CD40 agonism that may reflect 
another spillover effect, for example, systemic release of 
locally produced inflammatory cytokine consistent with 
immune activation following NG-350A replication and 
transgene expression.

NG-350A was well tolerated when given by either intra-
venous or IT administration with no treatment-related 
SAEs occurring in more than one patient and no DLTs 
at the highest dose levels tested. Importantly, the “low-
high-high” dosing regimens used resulted in Dose Levels 
2 (1-3−3×1012 vp) and 3 (1-6−6×1012 vp) being well toler-
ated, with little evidence of a dose-dependent effect on 
toxicity. This finding supports previous studies where 
using an initial low dose (prior to two higher doses) miti-
gated against inflammatory cytokine reactions that other-
wise occurred with doses ≥1×1012 vp, allowing an overall 
higher intravenous viral delivery to be achieved than was 
possible without this initial low dose.6 7 No dose level was 
considered non-tolerable in this study; however, Dose 
Level 4 was not assessed based on experience in studies 
of enadenotucirev and other T-SIGn vectors conducted in 
parallel.6 11 In these studies, serious reactions (including 
hypoxia, dyspnea and cytokine release syndrome) 
occurred following administration of viral doses of 
10×1012 vp (equivalent to intravenous Dose Level 4), in 
some cases even with an initial tolerizing low dose. These 
reactions appeared to be related to acute innate inflam-
matory reactions to the infusion of very high numbers of 
vp (rather than related to transgene expression) and a 
maximum tolerated intravenous dose of 1-6−6×1012 vp is 
thus considered to apply to all T-SIGn vectors, including 
NG-350A. Intravenous Dose Levels 2 and 3 were identi-
fied as having promising PK, pharmacodynamics and 

tolerability outcomes; however, the small numbers of 
patients exposed to date mean further testing is required 
to define a recommended phase 2 dose. Given the tolera-
bility and PK profiles defined in this first-in-human study, 
future studies will also explore whether multicycle intra-
venous dosing can further enhance and maintain viral 
loads within tumors, leading to higher levels of transgene 
expression and immune activation.

Overall, the safety profile of NG-350A was similar to that 
of the unarmed vector enadenotucirev,4 6 7 suggesting that 
the addition of the anti-CD40 transgene in NG-350A did 
not lead to new safety signals. Most AEs were of low grade 
and occurred shortly after dosing, reflecting the expected 
safety profile of an adenoviral vector, and no clear differ-
ence in the tolerability of either route of administration 
(intravenous vs IT) was observed. Inflammatory/cyto-
kine release-related reactions to the injection/infusion 
of vp were frequently observed with both dosing routes; 
however, these were typically mild and only one AE 
requiring discontinuation of therapy occurred (a case of 
Clostridium difficile colitis considered unrelated to treat-
ment). Consistent with NG-350A-mediated CD40 agonist 
expression being limited to the tumor, no evidence 
of anti-CD40 toxicity was seen with intravenous or IT 
dosing: for example, the liver toxicity and CRS observed 
with first-generation systemically administered anti-CD40 
agonist antibodies1 12–16 was not seen in this study, where 
few hepatic AEs and no Grade ≥3 CRS was observed. This 
finding further supports the rationale for NG-350A, that 
is, the local and selected release of a CD40 agonist limited 
to the tumor microenvironment.

Prolonged aPTT was observed with both routes of 
administration without discernable clinical sequalae; 
this was previously shown to be related to the transient 
induction of antiphospholipid antibodies by all enad-
enotucirev and T-SIGn vectors. Specifically, a lupus 
anticoagulant (but not the clinically important anti-
cardiolipin or anti-β2-glycoprotein I antibodies asso-
ciated with antiphospholipid syndrome) is induced, 
impacting laboratory assessments of aPTT, as has 
been previously described.17 A signal of acute kidney 
injury has previously been identified for the parent 
virus enadenotucirev.7 Patients with impaired renal 
function or any history of clinically relevant renal 
toxicity were therefore excluded from this study and 
renal function was closely monitored in all enrolled 
patients. Approximately half of all patients treated 
with NG-350A developed proteinuria; however, this 
was typically mild and transient, and did not progress 
to severe renal injury in any case. One event of Grade 
4 acute tubular necrosis occurred 10 weeks after the 
last dose of NG-350A and was considered treatment-
related by the treating investigator. This delayed 
event occurred without proteinuria in a patient who 
had recently been treated with potentially nephro-
toxic antibiotics and an immune checkpoint inhib-
itor, suggesting possible alternative causalities. 
Although the potential for adenoviruses, including 
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T-SIGn vectors, to induce infection-associated/post-
infectious glomerulonephritis continues to be closely 
monitored, this study did not reveal clinically signif-
icant renal injury to be a common side effect of 
NG-350A, supporting the revision of inclusion criteria 
to allow enrollment of a wider population of patients 
in future studies.

This phase 1a study was not designed to assess 
efficacy and limited evidence of monotherapy 
NG-350A clinical activity was observed in this late-
stage advanced cancer population. Median PFS 
was approximately 2 months, a finding that likely 
reflects the difficult-to-treat population enrolled in 
this study and is consistent with values reported with 
checkpoint inhibitors in the often immunotherapy-
resistant cancer types enrolled in this study.18–24 
Further studies of intravenous-administered NG-350A 
in combination with additional anticancer modalities 
will be conducted to determine efficacy.

CONCLUSIONS
This first-in-human trial of NG-350A, a next-
generation transgene-armed T-SIGn therapeutic 
vector, demonstrated initial proof-of-mechanism 
for NG-350A. Delivery via intravenous infusion was 
successful despite the presence of anti-viral anti-
bodies, resulting in sustained persistence in tumor 
tissue and the expression of the encoded anti-CD40 
monoclonal antibody, as well as the sustained produc-
tion of inflammatory cytokines. Notably, there were 
no apparent benefits to IT dosing on delivery, immu-
nogenicity or safety, whereas intravenous delivery 
resulted in stronger evidence of ongoing virus replica-
tion and transgene expression. This suggests that the 
tumor-selective and blood-stable nature of NG-350A 
is a significant advantage compared with other onco-
lytic virus platforms, allowing superior pharmaco-
dynamic activity across both primary and metastatic 
sites following intravenous administration. Impor-
tantly, NG-350A was well-tolerated with either route 
of administration, with no evidence of the toxicity 
signals commonly seen with systemic exposure to anti-
CD40 agonists. The lack of toxicity signals related to 
transgene-expression or off-target viral replication 
suggests that the oncolytic activity, replication and 
transgene expression from NG-350A remain highly 
tumor-selective and targeted following intravenous 
delivery. Given these encouraging results, the intrave-
nous dose regimen of NG-350A evaluated in this study 
will be assessed in combination with pembrolizumab 
in the FORTIFY study, as well as in combination with 
chemoradiotherapy in the FORTRESS study.
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