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OBP-301 is an oncolytic adenovirus modified to replicate within
cancer cells and lyse them. This open-label, non-comparative,
phase I dose-escalation trial aimed to assess its safety and
optimal dosage in 20 patients with advanced hepatocellular car-
cinoma. Good tolerance was shown with a maximum tolerated
dose of 6 � 1012 viral particles. The most common treatment-
emergent adverse events were influenza-like illness, pyrexia, fa-
tigue, decreased platelet count, abdominal distension, and ane-
mia. Cohorts 4 and 5 had approximately 50% higher levels of
CD8+ T cells in the peripheral blood after injection. The best
target response occurred in 14 patients, 4 of whom had progres-
sive disease. Multiple intratumoral injections of OBP-301 were
well tolerated in patients with advanced hepatocellular carci-
noma. The stable disease rate for the injected tumors was greater
than the overall response rate, even with no obvious tumor
response. OBP-301 might have a greater impact on local
response as histological examination revealed that the presence
of OBP-301 was consistent with the necrotic area at the injection
site. Increased infiltration of CD8+ T cells and <1% PD-L1
expression were observed in tumors after injection. Improved
antitumor efficacy might be achieved in future studies via viral
injection with volume adjustment and in combination with
other immuno-therapeutics.

INTRODUCTION
Hepatocellular carcinoma (HCC) is a major type of primary liver can-
cer and the fifth most common cancer worldwide.1,2 As it is highly re-
fractory to conventional chemotherapy and radiotherapy, the associ-
ated mortality rate is increasing.3,4 HCC is endemic to Asia and a
leading cause of cancer-related deaths there. All currently available
treatments have limitations and the median overall survival (OS)
time is approximately 7 months for patients with advanced HCC.5

Furthermore, if HCC is localized, the risk of death is high.
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The first approved systemic therapy for HCC was sorafenib, a multi-
kinase inhibitor that increases survival time but only by 3 months.6,7

Several other drugs have slightly increased survival time, but the
mean-time in advanced HCC remains <1 year. With the recently
approved combination treatment of atezolizumab and bevacizumab,
the median survival time has increased to 19.2 months; however, no
long-lasting antitumor effects after treatment cessation have been re-
ported.8,9 Therefore, factors, such as chronic inflammation, immune
evasion, immunosuppressive environment, and T cell exhaustion
contributing to disease growth and progression and characterizing
HCC must be considered when developing a novel therapy.10,11

Studies have indicated an oncolytic virus that selectively replicates
in cancer cells to be clinically effective.12 As adenoviruses readily
infect liver tissues, undergo selective replication in cancer cells, cause
tumor cell lysis, and are easily genetically modified, they are most suit-
able for HCC applications.13–15

Recent clinical studies using adenoviruses have focused on the use of
cancer-specific promoters to control the expression of viral genes
necessary for replication.16,17 The human telomerase reverse tran-
scriptase gene (hTERT) encodes the catalytic protein subunit of telo-
merase, which functions in the maintenance of telomere length. This
gene typically has high expression in cancer cells, but little to no
expression in healthy or differentiated cells. Therefore, the hTERT
promoter can be utilized as a molecular switch for the selective
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Figure 1. Structures of hTERT promoter-driven oncolytic adenovirus, OBP-301

(A and B) OBP-301 (Suratadenoturev) is a recently developed attenuated type 5 adenovirus (Ad5) in which a promoter of hTERT is used to increase the expression of

adenovirus early region 1A (E1A) and early region 1B (E1B), which are associated with an internal ribosome entry site (IRES) sequence. hTERT, human telomerase reverse

transcriptase; ITR, inverted terminal repeat.
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expression of target genes in tumor cells. OBP-301 (suratadenoturev)
is a recently developed attenuated type 5 adenovirus (Ad5), in which
an hTERT promoter is used to increase expression of adenovirus early
in regions associated with an internal ribosome entry site (IRES)
sequence (Figure 1).18–20 This construct causes tumor-specific viral
replication and lytic death of a variety of cancer cells. The virus
OBP-301, which has the construct, replicates better in tissues having
high levels of hTERT promoter-activating elements such as cancer. In
normal tissues hTERT transcriptional activity is not observed basi-
cally. In other words, OBP-301 replicates and lyses the normal healthy
cells hardly, thereby selectively causing cancer cell lysis. Although
OBP-301 is replication competent, it replicates only in cells with an
activated hTERT promoter. In vitro experiments have confirmed
that OBP-301 selectively infects and lyses cancer cells,18 and animal
studies have indicated that its intratumoral (i.t.) injection leads to
antitumor activity, with no significant toxicity and distant viral up-
take in contralateral, non-injected tumors.18

OBP-301 may kill tumor cells in vivo through several mechanisms.
First, it may induce direct cell lysis owing to viral replication. Sec-
ond, based on animal studies showing induction of acute and
chronic inflammatory infiltration with local production of tumor
2078 Molecular Therapy Vol. 31 No 7 July 2023
necrosis factor and interleukin-1 and -6 during the acute phase,21

OBP-301 may induce local cytokine production with direct cyto-
pathic effects and increase immune effector cell recruitment into
the tumor. Third, OBP-301 may augment tumor antigen presenta-
tion and enhance tumor antigenicity, culminating in cytotoxic
T cells with improved tumor cell recognition and cytotoxicity. A
previous phase I clinical trial has assessed the effectiveness of lo-
coregional administration of OBP-301 for advanced head and
neck cancer and metastatic melanoma and confirmed its safety.22

However, no studies have evaluated OBP-301 for HCC. Therefore,
in this study, we performed a phase I dose-escalation study of
OBP-301 to assess its safety, response, and pharmacodynamics,
focusing on the effects of single and multiple doses in patients
with refractory advanced HCC.

RESULTS
Patient profile

Baseline clinical and demographic characteristics were similar among
the five cohorts (Table 1). Overall, 18 patients were male, 6 were
Chinese, and 14 were Korean, with a median age of 59.39 years
(48.4–65.9) and a median body mass index of 22.84 kg/m2 (17.5–
27.4). The median time from the initial diagnosis of HCC was 3.24



Table 1. Baseline characteristics of enrolled patients who received OBP-301 for hepatocellular carcinoma

Cohort 1
N = 3

Cohort 2
N = 3

Cohort 3
N = 3

Cohort 4
N = 3

Cohort 5
N = 8

Total
N = 20

Age at enrollment (years) 61.34 (49.6–62.8) 55.23 (48.4–61.9) 53.15 (50.6–63.2) 59.10 (50.0–62.2) 60.69 (57.1–65.9) 59.39 (48.4–65.9)

Duration since HCC diagnosis (years) 3.73 (3.0–7.3) 1.19 (0.2–1.4) 6.00 (2.3–8.3) 3.12 (1.5–3.4) 4.97 (1.5–7.6) 3.24 (0.2–8.3)

Gender

Male 3 (100.0) 2 (66.7) 3 (100.0) 2 (66.7) 8 (100.0) 18 (90.0)

Female 0 1 (33.3) 0 1 (33.3) 0 2 (10.0)

Ethnicity

Chinese 2 (66.7) 1 (33.3) 1 (33.3) 1 (33.3) 1 (12.5) 6 (30.0)

Korean 1 (33.3) 2 (66.7) 2 (66.7) 2 (66.7) 7 (87.5) 14 (70.0)

Barcelona Clinic Liver Cancer stage

Stage B 2 (66.7) 1 (33.3) 2 (66.7) 1 (33.3) 1 (12.5) 7 (35.0)

Stage C 1 (33.3) 2 (66.7) 1 (33.3) 2 (66.7) 7 (87.5) 13 (65.0)

ECOG performance score

0 2 (66.7) 3 (100.0) 2 (66.7) 1 (33.3) 2 (25.0) 10 (50.0)

1 1 (33.3) 0 1 (33.3) 2 (66.7) 5 (62.5) 9 (45.0)

2 0 0 0 0 1 (12.5) 1 (5.0)

3 0 0 0 0 0 0

4 0 0 0 0 0 0

Child-Pugh status

5 3 (100.0) 3 (100.0) 2 (66.7) 2 (66.7) 7 (87.5) 17 (85.0)

6 0 0 1 (33.3) 1 (33.3) 1 (12.5) 3 (15.0)

7 0 0 0 0 0 0

Alpha-fetoprotein (ng/mL)

R400 1 (33.3) 2 (66.7) 1 (33.3) 1 (33.3) 5 (62.5) 10 (50.0)

<400 2 (66.7) 1 (33.3) 2 (66.7) 2 (66.7) 3 (37.5) 10 (50.0)

Hepatitis B and hepatitis C screening

HBV-positive 3 (100.0) 3 (100.0) 3 (100.0) 3 (100.0) 7 (87.5) 19 (95.0)

HCV-positive 0 0 0 0 1 (12.5) 1 (5.0)

Previous treatment (TACE and/or sorafenib)

Yes 3 (100.0) 3 (100.0) 3 (100.0) 3 (100.0) 8 (100.0) 20 (100.0)

No 0 0 0 0 0 0

Size of largest target tumor (cm) 2.00 (1.8–3.0) 4.00 (2.4–8.1) 2.30 (2.2–2.7) 2.50 (2.4–3.3) 4.45 (2.1–7.6) 2.85 (1.8–8.1)

Total cumulative dose (�1010 VP/tumor) 1.00 (1.0–1.0) 10 (10.0–10.0) 100 (100–100) 300 (300–300) 600 (200–600)

Numbers indicate median (range) or N (% of patients).
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years (0.2–8.3). The Eastern Cooperative Oncology Group (ECOG)
performance status was 0 (10 patients), 1 (nine patients), or 2 (one pa-
tient). Overall, 13 patients had stage C cancer according to the Barce-
lona Clinic Liver Cancer (BCLC) system, all had Child-Pugh class A
(5 or 6 points), and 17 had a Child-Pugh score of 5 points. In addition,
19 patients were hepatitis B positive and one was hepatitis C positive.
All patients had received previous treatment (transcatheter arterial
chemoembolization [TACE] and/or sorafenib). The median size of
the largest target tumor was 2.85 cm (1.8–8.1) at screening. Eight pa-
tients had previously received more than five therapies (Table S1).
Nineteen patients had previously undergone a non-surgical proced-
ure, with radiotherapy being the most common (N = 17), and 17
had previously undergone a surgical procedure.

Patient disposition

A total of 27 patients were initially screened, of whom 20 eligible pa-
tients were ultimately enrolled (Figure 2). Each of the four single-
dose cohorts included three patients, and the multiple-dose cohort
included eight. Most (18) completed the study treatment; two in cohort
5 did not complete the treatment due to adverse events (AEs) or other
reasons (bacterial pneumonia). For the single-injection cohort, all pa-
tients received OBP-301 according to protocol. Six patients in cohort
Molecular Therapy Vol. 31 No 7 July 2023 2079
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Figure 2. Assessment, enrollment, and analysis of enrolled patients

Initially, 27 patients were screened, and 20 eligible patients were ultimately enrolled.

The four single-dose cohorts each had three patients and the multiple-dose cohort

had eight patients. Most patients (18) completed the study treatment; 2 patients in

cohort 5 did not complete treatment due to adverse events or other reasons.
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5 received three doses of OBP-301; one patient in cohort 5 experienced
dose delays due to increased total bilirubin levels.

Safety assessment

A dose-limiting toxicity (DLT) (grade 3 on day 57) of an increased
blood bilirubin level occurred in one patient from cohort 5 after three
doses had been administered; three patients were additionally
enrolled and a similar DLT did not occur in this cohort. Except for
DLT, two serious AEs (SAEs) occurred and were considered related
to OBP-301 (decreased neutrophil count and fatigue). The neutrophil
levels decreased to 690/mm3 1 day after 3 � 1012 viral particle (VP)
injection in the participants but resolved to 3,730/mm3 3 days after
SAE onset and there were no sequelae. Grade 2 fatigue was reported
3 days after the first OBP-301 injection (2 � 1012 VPs) in cohort 5,
and symptoms of fatigue resolved 1 week after SAE onset.

We considered the maximum tolerated dose (MTD) to be greater
than 6 � 1012 VPs/patient and the maximum feasible dose (MFD)
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to be greater than 3 � 1012 VPs/patient. Thus, OBP-301 appeared
to be safe and well tolerated in these patients. A total of 44 treat-
ment-emergent AEs (TEAEs) were reported in 13 patients
(Tables S1 and S2), the most frequently reported being influenza-
like illness (6 [30.0%] participants) (5 (62.5%) out of 6 from cohort
5), followed by pyrexia (3 [15.0%] participants) and fatigue, decreased
platelet count, abdominal distension, and anemia (2 [10.0%] partici-
pants each) (Table S3).

We observed no relationship between the severity of toxicity and
increasing doses, but the frequency of TEAEs related to OBP-301
was higher in cohorts 4 and 5 than in the others.
Efficacy assessment

In our analysis of local and overall tumor responses (Tables S5 and
S6), none of the patients achieved confirmed complete remission
(CR) or partial remission (PR). However, the best local response
occurred in 14 patients with stable disease (SD) and 4 with progres-
sive disease (PD). SD was confirmed in seven patients (95%CI for dis-
ease control rate: 17.30, 64.25%). Overall, the mean (standard devia-
tion, SD) time to disease control was 5.83 weeks (2.245). For targeted
lesions, 14 patients had confirmed SD (95% CI for disease control
rate: 52.36, 93.59). The overall mean (SD) time to disease control
was 5.55 weeks (2.237) (Figure 3).

All efficacy analyses were performed using the intention-to-treat
(ITT) and per-protocol (PP) analysis sets. Overall, 18 patients
showed progression, 10 died with progression, and no patients
were censored. The median times to progression (TTP) were
19.10 (cohort 1), 4.10 (cohort 2), 8.10 (cohort 3), 4.30 (cohort 4),
and 8.10 weeks (cohort 5). The median TTP was 8.10 weeks. Anal-
ysis of the ITT population indicated that all evaluated patients
showed progression. The median Kaplan-Meier estimate of TTP
was greater in cohort 1 than in the other cohorts. The results of
the Kaplan-Meier analysis of the PP analysis set were similar. Ten
patients died and eight were censored. The median OS values are
presented in Table S7 and Figure 4. There were no notable changes
in efficacy after increasing doses.

Figure 5 shows the CT results of three representative patients. Pa-
tient no. 102 (49-year-old male) was heavily treated 14 times with
TACEs, radiation therapy, and sorafenib for portal tumor throm-
bosis and lung metastasis, but refused second-line targeted therapy
because of sorafenib-induced TEAEs. After injection of OBP-301,
the lesion exhibited definite necrosis (Figure 5A, left). Patient no.
501 was a 57-year-old male with portal tumor thrombosis who
received 13 treatments with TACEs, radiation therapy, and sorafe-
nib. The patient participated in this study because he did not want
second-line targeted therapy. After three injections of OBP-301,
significant tumor necrosis was observed (Figure 5A, middle panel);
the patient later underwent palliative surgery, the findings of
which indicated no malignant cells at the injection site
(Figure 5B). Patient no. 505 was a 60-year-old male with multiple



Figure 3. Best local responses of individual patients (intention-to-treat analysis)

The best local response occurred in 14 patients with SD and 4 patients with PD. There were 7 patients with confirmed SD (95% confidence interval for disease control rate:

17.30, 64.25%). Overall, the mean (SD) time to disease control was 5.83 weeks (2.245). For targeted lesions, overall 14 patients had confirmed SD (95% confidence interval

for disease control rate: 52.36, 93.59). The overall mean (SD) time to disease control was 5.55 weeks (2.237). The change in the longest diameter of the target lesion injected

with OBP-301 before and after administration wasmeasured. Tumor response is determined according to the international mRECIST guideline. Local responses of the same

best value in multiple.
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lymph node metastases who had received 14 treatments with
TACEs and 2 with radiation treatments prior to this study;
he participated owing to poor general condition and disinterest
in additional targeted therapies. The results indicated a clear
necrotic area in half of the lipiodolized tumor 5 days after the third
OBP-301 injection (Figure 5A, right). Moreover, the local necrotic
area matched the injection sites precisely, suggesting that
increasing the injection volume is beneficial (Figure 5B, first col-
umn). Connective tissues stained with Masson’s trichrome
(Figure 5B, second column) may hinder OBP-301 dissemination
as Ad5 staining spots could be seen in areas other than the fibrotic
area (Ad5 in Figure 5B, third column). However, we also observed
an apoptotic area in the tumor region (tunnel in Figure 5B, last
column).

Virus dissemination and adenovirus antibody assessment

The systemic dissemination of OBP-301 was evaluated by collecting
plasma and urine samples at different times and performing qPCR
analysis with primers specific for the OBP-301 E1A and IRES regions.
At baseline, OBP-301 DNA was undetectable in blood and urine. Af-
ter administration, OBP-301 DNA was detectable in blood at 30 min
and undetectable at 24 h in most participants. OBP-301 DNAwas still
positive in 3 patients at 24 h and in 2 patients at 7 days. All test results
were negative for all patients 14 days after administration. Although
some patients had positive blood and negative urine samples, only
small amounts of viral DNA were detectable 24 h after OBP-301 in-
jection (Figure 6A; Table S8).

To identify possible systemic immune-activating events followingOBP-
301 treatment, we used a functional assay (OBP-301-infected human
embryonic kidney 293 [HEK293] cells) to measure the neutralizing
anti-adenovirus antibody (NAb) titer in patients. We identified
increased blocking activity with increasing concentrations of pre- and
post-treatment plasma (Figure 6B; Table S9). The baseline results also
showed pre-existing anti-Ad5 antibodies, and the results of subsequent
tests remainedpositive.AfterOBP-301 administration, themedian level
of anti-Ad5 antibodies was 32 times greater at 7 days post-treatment
than at baseline, and these levels tended to continue increasing in
most patients. The increasing NAb titer that occurred after the OBP-
301 injection and subsequent viral DNA clearance may have been the
reason that we observed no apparent effect of the OBP-301 dose on
efficacy.
Molecular Therapy Vol. 31 No 7 July 2023 2081
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Figure 4. Cumulative survival (%) of OBP-301-injected patients

Kaplan-Meier curve of surviving patients. (A) Overall survival (OS) of all patients who completed the treatment protocols. The overall median OS was 26.00 weeks. (B) Survival

curve according to groups. The median OS from the Kaplan-Meier analysis was 40.86 weeks (cohort 2), 12.86 weeks (cohort 4), and 23.00 weeks (cohort 5). (C) Survival

curve according to the local response. SD, 102.6 weeks; PD, 14.1 weeks.
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Immune phenotype assessment

We also analyzed immune phenotypes of peripheral blood samples
collected at different time points. The mean number of CD8+ cells
increased by 56.3% at 4 weeks after OBP-301 injection in cohort 4
and by 45.2% at 2 weeks after the first OBP-301 injection in cohort 5;
however, the levels of CD8+ cells in these cohorts remained relatively
constant thereafter (Figures 6C and 7D). In cohort 5, the mean number
of CD4+ cells tended to show a slight decline (13.9%) 2 weeks after the
first OBP-301 injection. However, in cohort 4, the mean number of
CD4+ cells remained unchanged after 4 weeks. There was also great
variability in the numbers of Treg cells andmyeloid-derived suppressor
cells (MDSC) after the OBP-301 injection (Table S10). Although the
mean of natural killer cells decreased slightly, and that of B cells
increased slightly after OBP-301 injection, a conclusion could not be
made because of the huge standard deviation. It is impossible to observe
the change in Tregs and MDSC after the OBP-301 injection because of
great variability.

The histological assessment showed that CD8+ increased in tumor or
necrotic areas after OBP-301 injection, suggesting that OBP-301 en-
2082 Molecular Therapy Vol. 31 No 7 July 2023
hances antitumor immunity in the tumor microenvironment (TME,
Figure 6E, upper panel). PD-L1 expression showed a slight difference
between needle biopsy before (1%) and resected tumors after i.t. injec-
tion of OBP-301 (below 1%) (Figure 6E, bottom panel; Figure 6F).
Since the PD-L1 levels decreased after virus administration, we antic-
ipate that combined therapy with an immune check point inhibitor
(ICI) may synergize the viral effect.
DISCUSSION
We conducted an open-label, non-comparative, dose-escalating study
of patients from two countries to assess the efficacy and safety of
OBP-301 for advanced HCC. Overall, our results indicated that
OBP-301 is a safe and well-tolerated treatment in patients with
advanced HCC, consistent with the findings of previous studies.22,23

The most commonly occurring TEAEs had been reported previously
or were consistent with the AEs reported for other adenovirus-based
oncolytic virus treatments.22–25 They did not last more than 1 week.
All influenza-like illnesses in the patients were ameliorated within
1 week. Our analysis of blood samples indicated clinically significant



Figure 5. Representative computed tomography results of tumors in three patients who had target tumor responses (RECIST criteria)

(A) The white circle indicates tumor regions before and after the administration of OBP-301. Blue arrow: target lesion. Red arrow: bystander effect. (B) Histological

assessment of the circled area of patient no. 501 after OBP-301 injection. H&E staining showed that necrotic cell death was found along the viral injection area. OBP-301

promoted apoptotic cell death. H&E, hematoxylin and eosin; MT, Masson trichrome; Ad5, adenovirus type 5; Tunnel, terminal deoxynucleotidyl transferase dUTP nick end

labeling.
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abnormalities in white blood cell (WBC) counts, platelet count, acti-
vated partial thromboplastin time (APTT), albumin, total bilirubin,
alkaline phosphatase, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and gamma-glutamyl transferase. These
findings are comparable with the safety results of a previous phase I
study of OBP-301.22 In addition, all 20 patients reported higher visual
analog scale pain scores after treatment than at baseline, which is
consistent with the expected side effects of injection site pain after
treatment with an adenovirus-based oncolytic virus.22–25

The efficacy of OBP-301 in terms of tumor response, time to progres-
sion, and OS was less than that of other second-line systemic chemo-
therapies such as regorafenib, cabozantinib, ramucirumab, and
pembrolizumab.26–28 However, 19 of our patients had received prior
non-surgical treatment for HCC and 8 received more than 5 previous
treatments. Most received OBP-301 as a final treatment, and there
were no available treatments for patients who had disease progression
after treatment with this local therapy. In this disease, the OS of pa-
tients generally worsened after repeated failure of systemic treatments
due to poor ECOG performance status and liver function and
increased tumor burden. Despite multiple prior HCC therapies, our
patients generally had acceptable ECOG performance status and liver
function.

Our use of a 1–3 mL injection volume and increase in NAb and viral
DNA clearance after OBP-301 treatment may have caused the lack of
efficacy. Delivery in patients and dose-dependent responses were
limited, possibly because of the increased level of NAbs during mul-
tiple i.t. injections. Importantly, histological examination revealed
that the presence of OBP-301 was consistent with the necrotic area
at the injection site. Increased infiltration of CD8+ T cells and less
than 1% PD-L1 expression in tumors and peripheral areas after
OBP-301 injection were observed. CD8+ T cells are read-outs of anti-
tumor activity and also of antiviral immunity, which can be induced
by the oncolytic virus, OBP-301, through multiple mechanisms: (1)
selective viral replication in cancers causing direct oncolysis,29–31

(2) indirect effects of cancer cell death (either apoptosis-like or necro-
sis-like),32–34 (3) systemic activation of antitumor (and antiviral) im-
munity recruits corresponding immune cells into the TME.35–39 PD-
L1 expression may be related to potential malignant invasiveness or
metastasis of HCC.40 CD8+ immune cell infiltrates were associated
with good prognosis and also associated with improved responses
to chemotherapy and immunotherapy.41,42 Therefore, PD-L1low

and CD8high expression after OBP-301 (Figure 6E) suggests that
OBP-301 injection modulates the immunosuppressive TME and is
more likely to improve the response to anti-PD-1/PD-L1 ICI therapy.
More importantly, the bystander effect observed in patient no. 102
(Figure 5A) indicates the impact of using OBP-301 for the treatment
of advanced HCC. Therefore, antitumor efficacymay be improved us-
ing a larger injection volume, which may allow OBP-301 to spread
throughout the tumor, and combining OBP-301 with a systemic
treatment such as a tyrosine kinase inhibitor, an immune checkpoint
inhibitor, or an inhibitor of vascular endothelial growth factor
receptor.
Molecular Therapy Vol. 31 No 7 July 2023 2083
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Figure 6. Pharmacokinetics and immunological evaluations of patients at baseline and different times after OBP-301 injection(s)

(A) Quantitation of OBP-301 viral DNA in plasma samples of different cohorts at different times. Note that viral shedding was greater in patients who received higher doses. (B)

Neutralizing anti-adenovirus antibody (NAb) titers in plasma samples of different cohorts at different times. Note that all patients had increased NAb titers compared with that

at baseline, and there was no correlation between absolute titer and dose of OBP-301. (C) The CD8+ T cell level (%) of peripheral blood samples collected from patients in

cohort 4 at different time points. (D) The CD8+ T cell level (%) of peripheral blood samples collected from patients in cohort 5 at different time points. (E) Representative

immunostaining for CD8 and PD-L1. Note that OBP-301 promoted CD8+ T cell recruitment. (F) PD-L1 expressing cells (%).
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Our analysis of all safety-related events indicated that OBP-301 was
well tolerated in patients with advanced HCC. There were no mean-
ingful differences in the incidence of TEAEs between single and mul-
tiple doses. Only a small number of patients from the single escalating
dose cohort entered the response follow-up phase, and none of the pa-
2084 Molecular Therapy Vol. 31 No 7 July 2023
tients experienced CR or PR. However, the SD (assessed as the best
local response) was 78%, which was higher than the 39% SD assessed
as the overall response. Although we could not demonstrate an
obvious antitumor activity of OBP-301, our results confirmed that
OBP-301 improved local control in patients with advanced HCC.



Figure 7. Dose-escalating regimen of OBP-301

OBP-301 was administered by intratumoral injection using

ultrasound guidance. Each patient received an OBP-301

treatment within 14 days and automatically entered the

follow-up period for up to 12 weeks after the last injection.

Each patient returned for follow-up visits each week during

the first month after the last injection, and then every

4 weeks until the end of the follow-up period of each phase.
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MATERIALS AND METHODS
Patients

This was an open-label, multicenter, non-comparative, dose-esca-
lating phase I trial of 20 patients with HCC in Korea and Taiwan.
All patients had at least one unresectable, injectable solid tumor of
the liver that had progressed after failure, intolerance, or ineligibility
for sorafenib; stage B or C according to the BCLC system; and normal
hematological and organ functions based on measurements of ALT
(<2.5� upper normal limit [UNL]), AST (<2.5� UNL), WBCs
R3,000/mL), serum creatinine (%1.5� UNL), and APTT (<1.5�
UNL). None of the patients had received chemotherapy during the
3 weeks preceding or tumor radiotherapy or any other investigational
or antineoplastic agent during the 4 weeks preceding. Additional
exclusion criteria included a history of bleeding, uncontrolled dia-
betes, active or chronic infection, acute viral infection syndrome
within the preceding 2 weeks, concomitant hematological malig-
nancy, active rheumatoid arthritis or any other autoimmune disease,
receipt of long-term systemic immunosuppressivemedication, receipt
of organ transplant, prior participation in research that entailed the
administration of an adenovirus vector, or receipt of any immune-
related blood products during the 3 preceding months. All enrolled
patients provided written informed consent. This study was per-
formed in accordance with the International Council for Harmoniza-
tion Good Clinical Practices and the Declaration of Helsinki. The
institutional review board approved the study protocol. All decisions
regarding dose escalation and major safety assessments were based on
safety parameters including AEs, laboratory data, electrocardiography
results, body weight, vital signs, MTD/MFD, and DLT.

Materials

OBP-301 preparation

OBP-301 was prepared as described previously18,19 at Introgen Ther-
apeutics (Houston, TX) and maintained in a buffer (20 mM Tris [pH
M

8.0]) using aseptic techniques in a biocontain-
ment level 2 ISO class 5 biosafety cabinet. The
concentration was 1 � 1012 VPs per mL, and a
2 mL recoverable volume was added to 5 mL glass
vials. OBP-301 was stored at �60�C or lower.

Dose selection

Previous studies on xenograft tumor-bearing
mice and cotton rats have examined the effects
of OBP-301. Systemic toxicity studies in these an-
imals indicated no OBP-301-related effects
following intramuscular (i.m.) injections. Conservatively, the cotton
rat model tolerated a dose of 1 � 1010 VPs/kg (i.m. injection).
Thus, a starting dose of 1010 VPs for humans was considered very
conservative. Studies on HBxTg HCC animals have shown a dose
of 1.3 � 1011 VPs/kg to be safe for injection into mouse livers, but
a dose greater than 1012 VPs/kg may increase the risk of liver failure.
Based on body weight, the human starting dose of 1010 VPs is 910
times lower than the dose administered to HBxTg mice assuming
typical body weights. In addition to animal studies, a phase I clinical
study examined the effect of OBP-301 on solid tumors,22 reporting
that three single doses ranging from 1010 to 1012 VPs did not cause
DLT. Further examination of the weekly doses of 5 � 1012 VPs also
indicated that there were no DLTs. Therefore, the starting dose
selected for this study was 1010 VPs. This was 100 times less
than the maximum dose of the single-dose regimen (1 � 1012 VPs)
and 500 times lower than the multiple-dose regimen (5 � 1012

VPs). Therefore, we selected the total doses injected between
1 � 1010 VPs/patient (single injection in cohort 1) and 6 � 1012

VPs/tumor (2 � 1012 VPs/patient � 3 times in cohort 5).

Treatment

Each patient received OBP-301 treatment within 14 days and was fol-
lowed up for up to 12 weeks after the last injection. Each patient re-
turned for weekly follow-up visits during the first month after the last
injection and every 4 weeks until the end of the follow-up period of
each phase. OBP-301 was administered by i.t. injection under ultra-
sound guidance, and patients received a dose-escalating regimen
(Figure 7). If one DLT was observed in the first three patients in
any cohort, an additional three patients were enrolled to evaluate
the safety and tolerability of OBP-301 administration. For i.t. injec-
tions, the tumor lesion was measured and its shortest dimension
was ensured to be at least 1 cm (R2 cm for cohorts 4 and 5, and
the alternative multiple-dose cohort) and considered suitable for
olecular Therapy Vol. 31 No 7 July 2023 2085
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repeat measurements (based on Response Evaluation Criteria in Solid
Tumors version 1.1) and injection at the investigator’s discretion.

Efficacy and safety measurements

The patients were monitored for toxicity, viral distribution, antibody
production, and tumor response (Tables S11 and S12). To determine
the incidence of dose-limiting toxicities and identify the maximum
tolerated dose, patients were monitored according to the Common
Terminology Criteria for Adverse Events (CTCAE) version 4.0. Safety
parameters relative to baseline were used as primary endpoints, and
MTD, MFD, and DLT as secondary endpoints. DLT was defined as
one or both of the following events within 28 days of the last injection
likely related to OBP-301: (1) CTCAE grade 4 hematologic toxicity and
(2) grade 3 or higher non-hematologic toxicity. Tumor assessment was
performed during response follow-up until progression. An ad hoc
efficacy analysis was performed to assess the data. Indicator lesions
were measured serially using endoscopy or radiographic scanning,
and biopsies were performed for histological and immunohistochem-
ical analyses. The objective response rate, OS, disease-free survival,
and pharmacokinetic parameters were measured. The National Cancer
Institute’s Response Evaluation Criteria in Solid Tumors were used,
and a censoring rule was implemented as described in Table S3.

Immunohistochemistry

Formalin-fixed, paraffin-embedded tissue samples cut at 4 mmwere de-
paraffinized in xylene and rehydrated using a graded ethanol series.
Samples were boiled in citrate buffer or EDTA buffer for 5 min in a mi-
crowave oven for antigen retrieval. After blocking, the samples were
incubated with primary Abs for 1 h at room temperature or overnight
at 4�C and then with peroxidase-conjugated secondary Ab for 30 min
at room temperature. The samples were stained with 3,3-diaminoben-
zidine for signal generation, counterstained with Mayer’s hematoxylin,
and then dehydrated and mounted. The following primary Abs were
used, anti-Ad5 (cat. no. MA5-13643, Thermo Fisher Scientific, Wal-
tham, MA), anti-CD8 (eBioscience, San Diego, CA), and anti-PD-L1
(SP142, Atezolizumab, Roche Diagnostics, Rotkreuz, Switzerland). In-
dividual IgG isotypes were used as negative control.

Detection of viral DNA

Plasma and urine samples were collected for measurement of OBP-301
titers using a vector-specific DNAPCR assay, and viral DNAwas quan-
tified using real-time qPCR. First, DNA was extracted from plasma
samples using the QIAamp DNA Mini Kit (QIAGEN, Hilden, Ger-
many) and urine samples using the QIAamp Viral RNA Mini Kit.
The extracted DNA was 10-fold diluted and examined with IRES
and E1A primer sets, respectively, using SYBR Green (Thermo Fisher
Scientific) based on triplicate experiments. The threshold for plasma
was 2 � 104 VPs/mL and that for urine was 5 � 104 VPs/mL.

Primer sequences:

IRES forward: 50-GAT TTT CCA TAT TGC CG-30

IRES reverse: 50-TTC ACG ACA TTC AAC AGA CC-30
2086 Molecular Therapy Vol. 31 No 7 July 2023
E1A forward: 50-CCT GTG TCT AGA GAA TGC AA-30

E1A reverse: 50-ACA GCT CAA GTC CAA AGG TT-30

Anti-adenovirus antibodies

NAbs were identified based on the inhibition of adenovirus-mediated
cytolysis of cultured HEK293 cells, and the titer in plasma samples
was determined based on the extent to which they blocked adenoviral
infection in these cells. In brief, 2-fold serially diluted patient plasma
samples were added to HEK293 cells infected with OBP-301. Micro-
scopic examination was then performed to determine the percentage
of cells that were lysed in the presence of patient plasma samples after
infection. The titer of a sample was defined as the highest dilution of
plasma that had a blocking effect, with 60% or more of the cells intact
and attached as a monolayer. The presence of NAbs against Ad5 was
determined before and throughout the study period. Blood samples
were tested at baseline (day 1, pre-dose) and on days 7, 28, and 84
in the single-injection cohorts and at baseline (day 1, pre-dose) and
days 7, 13 (before second dose), 21 (7 days after second dose), 27
(before third dose), 35 (7 days after third dose), 56, and 112 in the
multiple-injection cohorts.
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Supporting Information 

 

Table S1. Overview of adverse events related to the investigational product* 

EVENT Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 
Total 

（N = 20） 

GENERAL DISORDERS AND ADMINISTRATION SITE CONDITIONS 

Influenza like illness 1 (5%) 6 (30%) 0 (0%) 0 (0%) 0 (0%) 6 (30%) 

Pyrexia 2 (10%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 3 (15%) 

Fatigue 1 (5%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 2 (10%) 

INVESTIGATIONS 

Blood bilirubin 

increased 
0 (0%) 1 (5%) 1 (5%) 1 (5%) 0 (0%) 1 (5%) 

Hepatitis B DNA 

increased 
1 (5%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

Platelet count 

decreased 
2 (10%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (10%) 

Alanine 

aminotransferase 

increased 

0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

Aspartate 

aminotransferase 

increased 

0 (0%) 0 (0%) 1 (5%) 0 (0%) 0 (0%) 1 (5%) 

Lymphocyte count 

decreased 
0 (0%) 0 (0%) 1 (5%) 0 (0%) 0 (0%) 1 (5%) 

Neutrophil count 

decreased 
0 (0%) 0 (0%) 1 (5%) 0 (0%) 0 (0%) 1 (5%) 

White blood cell count 

decreased 
0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

BLOOD AND LYMPHATIC SYSTEM DISORDERS 

Anemia 0 (0%) 1 (5%) 2 (10%) 0 (0%) 0 (0%) 2 (10%) 

GASTROINTESTINAL DISORDERS 

Abdominal distension 2 (10%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (10%) 

Abdominal pain 1 (5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

Diarrhea 1 (5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

METABOLISM AND NUTRITION DISORDERS 

Decreased appetite 0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 
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Table S2. Prior hepatocellular carcinoma therapies received by enrolled patients* 

 
Cohort-1 

N=3 

Cohort-2 

N=3 

Cohort-3 

N=3 

Cohort-4 

N=3 

Cohort-5 

N=8 

Total 

N=20 

Any prior therapy  3 (100.0) 3 (100.0) 3 (100.0) 3 (100.0) 8 (100.0) 20 (100.0) 

Number of prior therapies       

0 0 0 0 0 0 0 

1 0 1 (33.3) 0 0 0 1 (5.0) 

2 2 (66.7) 1 (33.3) 0 0 1 (12.5) 4 (20.0) 

3 0 1 (33.3) 1 (33.3) 0 1 (12.5) 3 (15.0) 

4 0 0 0 0 2 (25.0) 2 (10.0) 

5 0 0 0 0 2 (25.0) 2 (10.0) 

>5 1 (33.3) 0 2 (66.7) 3 (100.0) 2 (25.0) 8 (40.0) 

Any prior non-surgical procedure  3 (100.0) 2 (66.7) 3 (100.0) 3 (100.0) 8 (100.0) 19 (95.0) 

Preferred WHO designation        

Radiotherapy 2 (66.7) 2 (66.7) 3 (100.0) 3 (100.0) 7 (87.5) 17 (85.0) 

Sorafenib tosylate 0 1 (33.3) 2 (66.7) 2 (66.7) 4 (50.0) 9 (45.0) 

Sorafenib 1 (33.3) 1 (33.3) 0 0 2 (25.0) 4 (20.0) 

Orantinib (Tsu-68) 2 (66.7) 0 0 0 2 (25.0) 4 (20.0) 

Regorafenib 0 0 0 0 2 (25.0) 2 (10.0) 

Resminostat 0 0 0 2 (66.7) 0 2 (10.0) 

Capecitabine 0 0 1 (33.3) 0 0 1 (5.0) 

Cisplatin 0 0 1 (33.3) 0 0 1 (5.0) 

Doxorubicin 0 0 1 (33.3) 0 0 1 (5.0) 

Ethanol 0 0 1 (33.3) 0 0 1 (5.0) 

Investigational drug 0 0 0 1 (33.3) 0 1 (5.0) 

Monoclonal antibodies 0 0 0 0 1 (12.5) 1 (5.0) 

Nivolumab 0 0 0 0 1 (12.5) 1 (5.0) 

Peretinoin 0 0 0 0 1 (12.5) 1 (5.0) 

Any prior surgical procedure  3 (100.0) 1 (33.3) 3 (100.0) 3 (100.0) 7 (87.5) 17 (85.0) 

*Numbers indicate n (%).  
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Table S3. Adverse events related to an investigational product 

Statistic 

   

Cohort I 

(N=3) 

Cohort II 

(N=3) 

Cohort 

III 

(N=3) 

Cohort IV 

(N=3) 

Cohort V 

(N=8) 

Total 

(N=20) 

General disorders and administration site conditions 

Influenza like illness  0 0 0 1 (33.3%) 5 (62.5%) 6 (30%) 

Pyrexia  0 0 1 (33.3%) 1 (33.3%) 1 (12.5%) 3 (15%) 

Fatigue  1 (33.3%) 0 0 0 1 (12.5%) 2 (10%) 

Investigations 

Platelet count decreased  1 (33.3%) 1 (33.3%) 0 0 0 2 (10%) 

Alanine aminotransferase increased  0 0 0 0 1 (12.5%) 1 (5%) 

Aspartate aminotransferase increased  0 0 0 0 1 (12.5%) 1 (5%) 

Blood bilirubin increased  0 0 0 0 1 (12.5%) 1 (5%) 

Hepatitis B DNA increased  0 1 (33.3%) 0 0 0 1 (5%) 

Lymphocyte count decreased  0 0 0 1 (33.3%) 0 1 (5%) 

Neutrophil count decreased  0 0 0 1 (33.3%) 0 1 (5%) 

White blood cell count decreased  0 1 (33.3%) 0 0 0 1 (5%) 

Gastrointestinal disorders 

Abdominal distension  1 (33.3%) 0 0 0 1 (12.5%) 2 (10%) 

Abdominal pain  0 0 0 1 (33.3%) 0 1 (5%) 

Diarrhea  0 0 0 0 1 (12.5%) 1 (5%) 

Blood and lymphatic system disorders 

Anemia  0 0 0 2 (66.7%) 0 2 (10%) 

Metabolism and nutrition disorders 

Decreased appetite  0 0 0 1 (33.3%) 0 1 (5%) 
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Table S4. TEAEs occurred in this study. 

EVENT Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 
Total 

（N = 20） 

INVESTIGATIONS 

Aspartate 

aminotransferase 

increased 

2 (10%) 3 (15%) 4 (20%) 3 (15%) 0 (0%) 6 (30%) 

Alanine aminotransferase 

increased 
1 (5%) 1 (5%) 2 (10%) 1 (5%) 0 (0%) 3 (15%) 

Blood bilirubin increased 1 (5%) 2 (10%) 2 (10%) 1 (5%) 0 (0%) 3 (15%) 

Platelet count decreased 3 (15%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 3 (15%) 

Gamma-

glutamyltransferase 

increased 

1 (5%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

Hepatitis B DNA 

increased 
1 (5%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

White blood cell count 

decreased 
0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

Activated partial 

thromboplastin time 

prolonged 

1 (5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

Blood alkaline 

phosphatase increased 
1 (5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

Glucose urine present 0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

Lipase increased 0 (0%) 0 (0%) 0 (0%) 1 (5%) 0 (0%) 1 (5%) 

Lymphocyte count 

decreased 
0 (0%) 0 (0%) 1 (5%) 0 (0%) 0 (0%) 1 (5%) 

Neutrophil count 

decreased 
0 (0%) 0 (0%) 1 (5%) 0 (0%) 0 (0%) 1 (5%) 

GENERAL DISORDERS AND ADMINISTRATION SITE CONDITIONS 

Influenza-like illness 2 (10%) 6 (30%) 0 (0%) 0 (0%) 0 (0%) 7 (35%) 

Pyrexia 3 (15%) 2 (10%) 0 (0%) 0 (0%) 0 (0%) 5 (25%) 

Injection site pain 1 (5%) 2 (10%) 0 (0%) 0 (0%) 0 (0%) 2 (10%) 

Fatigue 1 (5%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 2 (10%) 

Oedema peripheral 0 (0%) 2 (10%) 0 (0%) 0 (0%) 0 (0%) 2 (10%) 

Injection site erosion 0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

Non-cardiac chest pain 1 (5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

GASTROINTESTINAL DISORDERS 

Abdominal pain 2 (10%) 5 (25%) 0 (0%) 0 (0%) 0 (0%) 6 (30%) 

Nausea 0 (0%) 4 (20%) 0 (0%) 0 (0%) 0 (0%) 4 (20%) 

Abdominal distension 2 (10%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 3 (15%) 

Ascites 0 (0%) 3 (15%) 0 (0%) 0 (0%) 0 (0%) 3 (15%) 

Diarrhea 1 (5%) 1 (5%) 1 (5%) 0 (0%) 0 (0%) 3 (15%) 

Dyspepsia 1 (5%) 2 (10%) 0 (0%) 0 (0%) 0 (0%) 3 (15%) 

Vomiting 1 (5%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 2 (10%) 

Abdominal discomfort 0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

Abdominal pain upper 0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

Constipation 0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

Upper gastrointestinal 

hemorrhage 
0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 1 (5%) 

METABOLISM AND NUTRITION DISORDERS 

Hypoalbuminemia 0 (0%) 4 (20%) 0 (0%) 0 (0%) 0 (0%) 4 (20%) 

Decreased appetite 0 (0%) 3 (15%) 0 (0%) 0 (0%) 0 (0%) 3 (15%) 

INFECTIONS AND INFESTATIONS 

Hepatitis viral 2 (10%) 0 (0%) 1 (5%) 0 (0%) 0 (0%) 2 (10%) 

Cholangitis infective 0 (0%) 0 (0%) 1 (5%) 0 (0%) 1 (5%) 1 (5%) 

Implant site infection 0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

Periodontitis 0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

Pneumonia bacterial 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 1 (5%) 
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EVENT Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 
Total 

（N = 20） 

HEPATOBILIARY DISORDERS 

Hyperbilirubinemia 0 (0%) 2 (10%) 1 (5%) 0 (0%) 0 (0%) 2 (10%) 

Bile duct obstruction 0 (0%) 0 (0%) 1 (5%) 0 (0%) 1 (5%) 1 (5%) 

Cholangitis acute 0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

MUSCULOSKELETAL AND CONNECTIVE TISSUE DISORDERS 

Bone pain 0 (0%) 1 (5%) 1 (5%) 0 (0%) 0 (0%) 1 (5%) 

Arthralgia 0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

Flank pain 0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

Musculoskeletal pain 0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

Neck pain 0 (0%) 0 (0%) 1 (5%) 0 (0%) 0 (0%) 1 (5%) 

BLOOD AND LYMPHATIC SYSTEM DISORDERS 

Anemia 0 (0%) 1 (5%) 2 (10%) 0 (0%) 0 (0%) 2 (10%) 

NERVOUS SYSTEM DISORDERS 

Depressed level of 

consciousness 
0 (0%) 1 (5%) 1 (5%) 0 (0%) 0 (0%) 1 (5%) 

Seizure 0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

Somnolence 0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

RESPIRATORY, THORACIC, AND MEDIASTINAL DISORDERS 

Dyspnea 0 (0%) 2 (10%) 1 (5%) 0 (0%) 0 (0%) 2 (10%) 

Hypoxia 1 (5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

SKIN AND SUBCUTANEOUS TISSUE DISORDERS 

Eczema 0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

Prurigo 0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

Pruritus 0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

EYE DISORDERS 

Ocular icterus 1 (5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

Visual impairment 1 (5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

INJURY, POISONING, AND PROCEDURAL COMPLICATIONS 

Skin abrasion 1 (5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

PSYCHIATRIC DISORDERS 

Delirium 0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 

RENAL AND URINARY DISORDERS 

Dysuria 0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (5%) 
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Table S5. Tumor local responses. 

Result Statistic Best local response 

Cohort-1 

N=3 

Cohort-2 

N=3 

Cohort-3 

N=3 

Cohort-4 

N=3 

Cohort-5 

N=8 

Total 

N=20 

CR n (%) 0 0 0 0 0 0 

PR n (%) 0 0 0 0 0 0 

SD n (%) 3 (100) 2 (66.7) 3 (100) 3 (100) 3 (50) 14 (77.8) 

PD n (%) 0 (0) 1 (33.3) 0 (0) 0 (0) 3 (50) 4 (22.2) 

Time to disease control  

(weeks) 

 4.00(4.0-

4.1) 

4.14(3.3-

4.1) 

4.14(4.1-

4.1) 

4.14(4.0-

4.3) 

8.14(8.0-

10.1) 

4.14(3.3-

10.1) 

Abbreviations here and below: CR: complete response, PR: partial response, SD: stable disease, PD: progressive disease. 

 

Table S6. Overall tumor responses. 

Result Statistic Best overall response 

Cohort-1 

N=3 

Cohort-2 

N=3 

Cohort-3 

N=3 

Cohort-4 

N=3 

Cohort-5 

N=8 

Total 

N=20 

CR n (%) 0 0 0 0 0 0 

PR n (%) 0 0 0 0 0 0 

SD n (%) 2 (66.7) 1 (33.3) 3 (100) 1 (33.3) 0 (0) 7 (38.9) 

PD n (%) 1 (33.3) 2 (66.7) 0 (0) 2 (66.7) 6 (100) 11 (61.1) 

Time to disease control  

(weeks) 

 4.00(4.0-

8.0) 

4.14(3.3-

4.1) 

4.14(4.1-

5.4) 

4.14(4.0-

4.3) 

8.14(8.0-

10.1) 

4.21(3.3-

10.1) 

Time to progression  

(weeks) 

 19.14(4.14-

74.29) 

4.14(3.29-

8.00) 

8.14(8.14-

20.14) 

4.29(4.14-

8.14) 

8.14(8.00-

10.14) 

8.14(4.29-

8.14) 

Overall survival  

(weeks) 

 2/3-(-,-) 0/3 

40.86 
(6.29-

102.57) 

2/3-(-,-) 1/3 

12.86 (-,-) 

0/6 

23(14.14-
26.00) 

8/18 

26.00 (-,-) 
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Table S7. Intention-to-treat analysis of overall survival*  

Measurement Statistic 

Cohort-1 

N=3 

Cohort-2 

N=3 

Cohort-3 

N=3 

Cohort-4 

N=3 

Cohort-5 

N=8 

Total 

N=20 

 

Number of Patients 

by Censoring Status: 

       

Total Patients n (%) 3 (100.0) 3 (100.0) 3 (100.0) 3 (100.0) 6 (100.0) 18 (100.0) 

Not Censored 

(Dead) 

n (%) 1 (33.3) 3 (100.0) 1 (33.3) 2 (66.7) 3 (50.0) 10 (55.6) 

Censored n (%) 2 (66.7) 0 2 (66.7) 1 (33.3) 3 (50.0) 8 (44.4) 

 

Overall Survival 

(weeks) 

25th Percentile  

(95% CI) 

19.29  

(-,-) 

6.29 

(6.29,102.57) 

20.43  

(-,-) 

7.14  

(-,-) 

14.14 

(14.14,26.00) 

19.29 

(6.29,26.00) 

 Median  

(95% CI) 

-  

(-,-) 

40.86 

(6.29,102.57) 

-  

(-,-) 

12.86  

(-,-) 

23.00 

(14.14,26.00) 

26.00  

(-,-) 

 75th Percentile  

(95% CI) 

-  

(-,-) 

102.57 

(6.29,102.57) 

-  

(-,-) 

-  

(-,-) 

26.00 

(14.14,26.00) 

-  

(-,-) 

 

Survival Rate at        

Week-1  1.00 1.00 1.00 1.00 1.00 1.00 

Week-2  1.00 1.00 1.00 1.00 1.00 1.00 

Week-3  1.00 1.00 1.00 1.00 1.00 1.00 

Week-4  1.00 1.00 1.00 1.00 1.00 1.00 

Week-8  1.00 0.67 1.00 0.67 1.00 0.89 

Week-12  1.00 0.67 1.00 0.67 1.00 0.89 

  

Abbreviations: CI: confidence interval, mRECIST: modified Response Evaluation Criteria in Solid Tumors, 

N: number of patients in the cohort. 

*The percentage in each category was relative to the total number of patients in the relevant analysis set. The 

25th percentile, median, and 75th percentile for overall survival and survival rate were based on Kaplan-Meier 

estimates. For patients not reported as dead at the time of analysis, the final known date of survival was used 

as the censoring date. 
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Table S8. OBP-301 viral DNA in blood and urine samples (safety set).*   
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Table S9. Neutralizing antibodies (Anti-Ad5) in the safety set.  
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Table S10. NK, MDSC, and Tregs in Cohort-5 

 type Patient#  Pre-dose 1 week 2 weeks 3 weeks 4 weeks 5 weeks 8 weeks 
early 

terminate 

NK 

501 13.04 10.43 14.9 14.01 11.67 11.61 14.72 14.72 

502 19 11 12 14 16 15   15 

503 32.65 34.48 31.16 31.59 31.37 19.88 24.46 24.46 

504 9.06 1.78 6.12 7.05 7.81 5.1 6.13 6.13 

505 18.9 14.08 12.33 21.14 19.15 15.81 19.96 19.96 

506 10.42 8.13 1.88         9.37 

507 25.52 20.8 15.62 15.73         

508 10.31 16.03 14.2 9.04 14.59 15.2 14.32 14.32 

Mean ± S.D. 17.36±8.37 14.59±9.80 13.53±8.55 16.08±8.23 16.77±8.13 13.77±4.99 15.92±6.88 14.85±6.12 

Media 

(range) 

15.97  

(9.1-32.7) 

12.54  

(1.8-34.5) 

13.27 

(1.9-31.2) 

14.01  

(7.1-31.6) 

15.3  

(7.8-31.4) 

15.1  

(5.1-19.9) 

14.7  

(6.1-24.5) 

14.7  

(6.1-24.5) 

MDSC 

501 0.47 0.35 0.31 0.39 0.42 0.54 0.17 0.17 

502 17 19.5 16.9 47.87 7.51 14.77   18 

503 0.09 0.09 0.1 0.05 0.11 0.24 0.14 0.14 

504 0.18 0.6 0.14 0.15 0.15 0.23 0.13 0.13 

505 0.34 0.39 0.5 0.28 0.34 0.32 0.47 0.47 

506 0 0.2           0.11 

507 0.14 0.05 0.26 0.23         

508 1 9.69 2.41 53.85 0.43 0 0.46 0.46 

Mean ± S.D. 2.40±5.90 3.86±7.13 2.95±6.21 14.69±24.78 1.49±2.95 2.68±5.92 0.27±0.18 2.90±7.03 

Media 

(range) 

0.26 (0.0-

17.0) 

0.37 (0.1-

19.5) 
0.31 (0.1-16.9) 0.28 (0.1-53.9) 

0.38 (0.1-

7.5) 

0.28 (0.0-

14.8) 

0.17 (0.1-

0.5) 

0.17 (0.1-

18.8) 

Treg 

501 1.03 0.57 1.77 1.29 0.23 1.53 0.79 0.79 

502 10.9 8.4 3.4 3.98 11.77 12.2   13.47 

503 0.09 0.3 0.28 0.06 0.09 0.21 0.2 0.2 

504 0.16 0.16 0.1 0.23 0.11 0.14 0.1 0.1 

505 0.44 1.26 0.13 0.17 0.01 0.2 0.34 0.34 
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506 0.03 0.01           0.15 

507 0.05 0.03 0.08 0.01         

508 0.08 0.05 0.12 0.03 0.01 0 0 0 

Mean ± S.D. 1.60±3.77 1.35±2.88 0.84±1.28 0.82±1.46 2.04±4.77 2.38±4.84 0.29±0.31 2.15±4.99 

Media 

(range) 

0.13 (0.0-

10.9) 
0.23 (0.0-8.4) 0.13 (0.1-0.4) 0.17 (0.0-4.0 

0.10 (0.0-

11.8) 

0.21 (0.0-

12.2) 

0.20 (0.0-

0.8) 

0.20 (0.0-

13.5) 
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Table S11. Schedule of assessments for the single-injection cohorts and the alternative single-dose cohort. 

  Treatment Follow-up 

Visit Screening 1 2 3 4 5 6 7 8 

Week −2~0 0 0 1 2 3 4 8 12 

Day −14~ −1 Baseline/−1~0 1 7±1 14±1 21±1 28±2 56±2 84±2 

  Pre-dose Post-dose        

Informed Consent X          

Inclusion/Exclusion criteria X X         

Demography X          

Medical history X X         

Pregnancy test (urine) X          

HIV, Hep B, Hep C screeninga X          

Safety parameters 

EKG X       X  X 

Vital Signsb X X Xb X X X X X X X 

Physical examination X X  X X X X X X X 

Hematology X X  X X X X X X X 

Serum chemistry X X  X X X X X X X 

Urinalysis X X      X X X 

Subject wellbeing 

Performance status X X  X X X X X X X 

Pain score (VAS)  X X X X X X X X X 

Biomarkers 

AFP and DCP X       X X X 

Immune phenotypes* 

CD4, CD8, and NK  X   X   X  X 

Neutralizing Antibody 

Anti-adenovirus type 5  X   X   X  X 

Virus dissemination 

Viral DNAc,d  X Xd X X X X X X X 

HBV-DNA and HCV-RNA  X  X X X X X X X 
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  Treatment Follow-up 

Visit Screening 1 2 3 4 5 6 7 8 

Week −2~0 0 0 1 2 3 4 8 12 

Day −14~ −1 Baseline/−1~0 1 7±1 14±1 21±1 28±2 56±2 84±2 

  Pre-dose Post-dose        

Tumor response 

Image Studiese X       X X X 

Biopsyf  Xf          

Study drug administrationg  X         

Drug accountabilityg  X         

Adverse eventsh   X X X X X X X X 

Concomitant medication X X  X X X X X X X 

Abbreviations: Ad5: adenovirus type 5; AFP: alpha-fetoprotein; CD4: cluster of differentiation 4; CD8: cluster of differentiation 8; CT: computed tomography; DNA: deoxyribonucleic acid; 

DCP: des-γ-carboxy prothrombin; EKG: electrocardiogram; HBV: hepatitis B virus; HBsAg: hepatitis B surface antigen; HCV: hepatitis C virus; HIV: human immunodeficiency virus; NK: 

natural killer; RNA: ribonucleic acid; VAS: visual analog scale. 

* Only Cohort-4 was assessed. 
a HBsAg and HCV antibody testing. 
b Vital signs were examined 30 min (±5), 1 h (±10 min), 3 h (±10 min), and 6 h (±10 min) after injection. 
c Blood and urine samples were collected and Ad5 viral DNA tests were performed. 
d Ad5 viral DNA tests were performed 30 min (±5), 1 h (±10 min), 3 h (±10 min), and 6 h (±10 min) after injection. Only blood samples were collected. 
e Image studies include chest CT, abdominal CT, and other necessary image studies at the investigators’ discretion. 
f Biopsy for targeted tumor within 8 weeks prior to OBP-301 treatment as a baseline and biopsy at 5 days for the last treatment as post OBP301 were suggested but not mandatory. 
g OBP-301 was administered only after all required assessments were completed at each visit. 
h Adverse events were collected after the first dose of OBP-301. 
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Table S12. Schedule of assessments for the multiple-injection cohort and the alternative multiple-dose cohort. 

  Treatment Follow-up 

Visit Screening 1 2 3 4* 5 6** 7 8 9 10 11 12 

Week −2~0 0 0 1 2 3 4 5 6 7 8 12 16 

Day −14~ −1 Baseline/−1~0 1 7±1 13±1 14±1 21±1 27±1 28±1 35±1 42±1 49±1 56±2 84±2 112±2 

  Pre Post   Pre Post  Pre Post       

Informed consent X                

Inclusion/Exclusion criteria X X               

Demography X                

Medical history X X               

Pregnancy test (urine) X                

HIV, Hep B, Hep C screeninga X                

Safety parameters 

EKG X             X  X 

Vital signsb X X Xb X X X Xb X X Xb X X X X X X 

Physical examination X X  X X X  X X  X X X X X X 

Hematology X X  X X X  X X  X X X X X X 

Serum chemistry X X  X X X  X X  X X X X X X 

Urinalysis X X            X X X 

Subject wellbeing 

Performance status X X  X  X   X  X X X X X X 

Pain score (VAS)  X X X X X X X X X X X X X X X 

Biomarkers 

AFP and DCP X             X X X 

Immune phenotypes 

CD4, CD8, NK, 

B cell, Treg, and MDSCc  X   X X  X X  X   X  X 

Neutralizing Antibody 

Anti-adenovirus type 5  X   X X  X X  X   X  X 
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  Treatment Follow-up 

Visit Screening 1 2 3 4* 5 6** 7 8 9 10 11 12 

Week −2~0 0 0 1 2 3 4 5 6 7 8 12 16 

Day −14~ −1 Baseline/−1~0 1 7±1 13±1 14±1 21±1 27±1 28±1 35±1 42±1 49±1 56±2 84±2 112±2 

  Pre Post   Pre Post  Pre Post       

Virus dissemination 

Viral DNAd,e  X Xd X X X  X X  X X X X X X 

HBV-DNA and HCV-RNA  X  X X X  X X  X X X X X X 

Tumor response 

Image studiesf X             X X X 

Biopsyg  Xf                

Study drug administrationh  X     X   X       

Drug accountabilityh  X     X   X       

Adverse eventsi   X X X X X X X X X X X X X X 

Concomitant medication X X X X X X X X X X X X X X X X 

Abbreviations: Ad5: adenovirus type 5; AFP: alpha-fetoprotein; CD4: cluster of differentiation 4; CD8: cluster of differentiation 8; CT: computed tomography; DNA: deoxyribonucleic acid; 

DCP: des-γ-carboxy prothrombin; EKG: electrocardiogram; HBV: hepatitis B virus; HBsAg: hepatitis B surface antigen; HCV: hepatitis C virus; HIV: human immunodeficiency virus; 

MDSC: myeloid-derived suppressor cells; NK: natural killer; RNA: ribonucleic acid; Treg: regulatory T cell; VAS: visual analog scale. 

*Pretreatment hematology and serum chemistry tests were performed one day prior to administration and eligibility was reconfirmed by the investigator. 
a HBsAg and HCV antibody tests. 
b Vital signs were examined 30 min (±5), 1 h (±10 min), 3 h (±10 min) and 6 h (±10 min) after injection. 
c Some blood samples were collected and preserved for future research. 
d Blood and urine samples were collected for Ad5 viral DNA tests. 
e Ad5 viral DNA tests were performed 30 min (±5), 1 h (±10 min), 3 h (±10 min), and 6 h (±10 mins) after injection. Only blood samples were collected. 
f Image studies include chest CT, abdominal CT, and other necessary image studies at the investigators’ discretion. 
g. Biopsy for targeted tumor within 8 weeks prior to Suratadenoturev treatment as baseline data and biopsy at 5 days for the last treatment as post OBP301 were suggested but not mandatory. 
h. OBP-301 was administered only after all required assessments were completed at each visit. 
i Adverse events were collected after the first dose of OBP-301. 
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