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Background: H101, an innovative oncolytic adenovirus, has shown potential in modifying the tumor microenvironment
from immunologically ‘cold’ to ‘hot’. When combined with nivolumab, a programmed cell death protein 1 inhibitor, this
synergy may offer substantial therapeutic benefits beyond the capabilities of each agent alone.

Patients and methods: In this pilot study, we assessed the efficacy and safety of combining H101 with nivolumab in
advanced hepatocellular carcinoma (HCC) patients who failed prior systemic therapy. The participants received initial
oncolytic virus (OV) pretreatment with intratumoral H101 injections (5.0 x 10™ vp/0.5 ml/vial, two vials per lesion)
on days 1 and 3. Combination therapy started on day 8, with H101 administered every 2 or 4 weeks and nivolumab
(240 mg) injections every 2 weeks. Treatment continued up to 12 months or until disease progression, intolerable
toxicity, consent withdrawal, or study conclusion. The primary endpoint was the objective response rate (ORR).
Results: Between March 2020 and March 2022, 18 of 21 screened patients were assessable, showing an ORR of 11.1%
[two cases of partial response (PR) and five cases of stable disease], with extrahepatic injections often leading to
favorable outcomes. The disease control rate stood at 38.9%, with a 6-month survival rate of 88.9%. Median
progression-free survival was 2.69 months, and overall survival (OS) was 15.04 months. Common adverse events
included low-grade fever (100%) and pain related to centesis (33.3%), and no grade 3/4 events were reported.
Significantly, local H101 injection showed potential in reversing immune checkpoint inhibitor resistance, evidenced
by over 2.5 years of extended OS in PR cases with low o-fetoprotein. Additionally, decreasing neutrophil-to-
lymphocyte ratio during OV pretreatment may predict positive outcomes.

Conclusions: This study demonstrates the potential efficacy of combining H101 with nivolumab in treating refractory

advanced HCC, with well-tolerated toxicities.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the primary malignancy
of hepatocytes, ranking as the fourth most common cause
of cancer-related death worldwide. The average 5-year
survival rate of HCC patients is 18%, but this figure drops
to as low as 2.5% for advanced, metastatic cases, making it
one of the most lethal cancers.® For over a decade, sor-
afenib, a multi-targeted kinase inhibitor, remained the only
Food and Drug Administration-approved systemic therapy
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for advanced/metastatic HCC, offering a median survival of
just 11.7 months and often being poorly tolerated.” This
highlights a significant unmet need for novel therapeutic
strategies in advanced HCC.

Immunotherapy, particularly agents like nivolumab, an
anti-programmed cell death protein 1 monoclonal antibody,
has emerged as a new era in cancer treatment. Despite
showing promise in studies like CheckMate 040, nivolu-
mab’s first-line application did not significantly enhance
overall survival (OS) compared to sorafenib, as per the
CheckMate 459 trial.> Nevertheless, it is listed as a first-line
therapy option for certain advanced HCC patients by the
National Comprehensive Cancer Network Clinical Practice
Guidelines.® Moreover, the combination of atezolizumab
and bevacizumab, targeting programmed death-ligand 1
and vascular endothelial growth factor, respectively, has
shown superior survival to sorafenib, becoming a new
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standard regimen for unresectable or metastatic HCC in
May 2020.°

However, the tumor microenvironment of HCC can
impact the response to immunotherapy. Oncolytic viruses
(OVs), known for specifically lysing cancer cells and acti-
vating the immune system,® thus converting ‘cold’ tumors
into ‘hot’ ones,”” have shown potential in preclinical
models. This makes OV an appealing therapeutic strategy in
combination with immune checkpoint inhibitors (ICls) for
solid tumors, including melanoma and head and neck car-
cinoma.'®** H101 (Oncorine) is a human recombinant type
5 adenovirus, engineered by removing the gene E1B, which
is responsible for coding the anti-apoptotic EIB55K protein
that deactivates p53.*>** Additionally, to enhance safety, a
portion of its £3 region has also been deleted.™® It has been
shown to enhance transarterial chemoembolization (TACE)
for HCC*>™” and conventional chemotherapy for other tu-
mors.***° Approved in China for advanced nasopharyngeal
carcinoma since 2005, H101 represents the first OV to gain
regulatory approval. Currently, over 30 types of OVs,
including reovirus, herpes simplex virus, and vaccinia virus,
are under investigation for HCC treatment, but the efficacy
of OVs combined with ICls is still being evaluated in ongoing
trials."*

Whether the combination of oncolytic virotherapy and
ICIs can replicate the successful paradigms observed in
other tumors remains unknown. Given this background, our
pilot trial aims to evaluate the efficacy and safety of
combining H101 with nivolumab in patients with advanced
HCC who have failed prior systemic therapy.

PATIENTS AND METHODS

Study design and patients

This open-label, single-arm, pilot trial was conducted in
Shanghai, China. The eligibility criteria were patients aged
>18 years with histologically or radiologically confirmed
unresectable advanced HCC [according to the Guidelines for
Diagnosis and Treatment of Primary Liver Cancer in China
(2017 Edition)], who failed or were not tolerant from at
least one or more prior systemic therapy. Additional inclu-
sion criteria were: an Eastern Cooperative Oncology Group
performance status (ECOG PS) of 0 or 1; at least one
measurable untreated lesion as per RECIST v1.1, which can
be evaluated as a target lesion for follow-up measurement;
at least one measurable untreated lesion for local injection
of H101, which can be evaluated as an injection lesion;

sufficient hematological, hepatic, renal, and cardiac
functions.
Key exclusion criteria included: previous oncolytic

adenovirus and/or immune therapy; radiotherapy, major
surgical procedure, open biopsy, or significant traumatic
injury within 4 weeks, or those who receive minor surgical
procedures within 1 week before enrollment; hepatic en-
cephalopathy; clinically significant ascites; evidence of
portal hypertension with bleeding esophageal or gastric
varices within the past 6 months; prior liver transplant. Full
details of the eligibility criteria are provided in the protocol
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(Supplementary Material S1, available at https://doi.org/10.
1016/j.esmoop.2024.102239).

The trial protocol was approved by the institutional
ethics review board of the participating center
(ChiCTR1900025377). It was done according to the Decla-
ration of Helsinki and International Conference on Harmo-
nisation Good Clinical Practice guidelines, with any
applicable regulatory requirements. All patients provided
written informed consent.

Procedures

We established clear criteria for selecting lesions suitable
for intratumoral injection of H101. Only one lesion was
chosen for injection in each patient, ensuring a focused and
targeted delivery. Eligible lesions were determined based on
their accessibility under ultrasound guidance and their size,
prioritizing intrahepatic lesions >2 cm in diameter. How-
ever, in cases where there were more accessible extrahe-
patic metastatic lesions, such as subcutaneous metastatic
nodules, these were preferentially chosen for injection due
to their ease of operation. In the procedure for OV pre-
treatment, patients received an intratumoral injection of
H101 (5.0 x 10 vp/0.5 ml/vial, two vials) for each selected
lesion on days 1 and 3, to trigger seroconversion and a
defense immune response to the viral vector. The operation
method was meticulously executed as follows: under the
guidance of ultrasound, the most accessible treatment
lesion was identified. A fine needle aspiration was then
carried out at the center of this lesion and we slowly
injected H101, ensuring optimal distribution of the viral
vector within the lesion. Following the completion of the
injection, the fine needle was carefully withdrawn to pre-
vent any damage to the surrounding tissues and to mini-
mize patient discomfort. In the absence of any
complications, this same tumor site would be selected for
medication injection during the subsequent combined
treatment period. The combination period started from day
8, which was recorded as the first day of the first cycle [i.e.
day 8 was recorded as cycle 1 day 1 (C1D1)], and H101 (two
vials, on C1D1) was injected every 2 or 4 weeks or sus-
pended, depending on the patient’s tolerance. Nivolumab
(240 mg) was administered intravenously every 2 weeks
beginning on C1D2 (if the patient was well tolerated, it
could also be administered on C1D1). Treatment continued
until disease progression (as assessed in the RECIST v1.1
criterion), intolerable toxic effects, informed consent with-
drawal, or the end of the study (Figure 1A). The maximum
total combination treatment period for this study was 12
months (24 cycles). The investigators might use their judg-
ment in non-protocol situations and make choices after
weighing the risks and benefits to the patient.

Before the first administration, baseline assessments
were done within 2 weeks. Patients underwent essential
screening evaluations, which included a complete medical
history and physical examination; ECOG PS; a standard 12-
lead electrocardiogram; a magnetic resonance imaging
(MRI) or computed tomography (CT) scan of the chest,
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Figure 1. Study design and trial profile. (A) Pilot study design schema. (B)
Consolidated standards of trial diagram.

abdomen, and pelvis; Child—Pugh score. Laboratory tests
such as hematology, biochemistry, viral safety biomarkers
[for hepatitis B virus (HBV)- and hepatitis C virus (HCV)-
infected participants], HBV-DNA for surface antigen of HBV
(HBsAg) (+), HCV-RNA for HCV patients, quantitative
detection of immunocyte subtypes, coagulation function,
urine analysis, and d-fetoprotein (AFP) were carried out
as well.

Outcomes

The primary endpoint was the confirmed objective response
rate (ORR), as evaluated by researchers according to RECIST
v1l.1l. Secondary endpoints included the investigator-
assessed 6-month 0S%, progression-free survival (PFS),
0S, disease control rate (DCR), duration of response (DOR),
safety, and exploratory bioinformatics analysis. All these
endpoints were calculated in the assessable population,
defined as subjects who received at least four nivolumab
treatments and underwent at least one cancer evaluation.

Statistical analyses

The ORR of nivolumab treatment for HCC was 14.3% in
CheckMate 040 in 2014.> Under the assumption of an ORR
of 40% for the combined treatments, with o = 0.1 (one-
tailed), 80% power could be achieved by a sample size of 16
cases. Allowing for a 20% dropout rate, we estimated that a
total of 20 patients were required.

Tumor responses were evaluated by researchers based
on RECIST v1.1, defined as complete response (CR), partial
response (PR), and stable disease (SD), respectively. For this
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evaluation, target lesions were selected based on specific
criteria: when multiple measurable lesions were present at
baseline, up to five total lesions (maximum two per organ)
were identified as target lesions for consistent recording
and measurement. The selection was based on the longest
diameter and representativeness of all involved organs.
Special attention was given to lymph nodes; only nodes
with a short axis of >>15 mm on CT scan were considered as
target lesions. Unless there were no other suitable target
lesions available, lesions treated with intratumoral in-
jections were generally not considered as target lesions for
evaluation, to prevent the influence of injections on the
appearance of the lesions. All validity analyses were based
on a full analysis set. The two-sided 95% confidence in-
tervals (Cls) were evaluated for the ORR and DCR using the
Clopper—Pearson method. Time-to-event data (PFS, OS,
DOR) were estimated based on the Kaplan—Meier (KM)
method, with the median and the 95% Cls calculated using
the Brookmeyer—Crowley method. The 6-month OS% was
determined based on the KM curve.

RESULTS

Participant characteristics

Between March 2020 and March 2022, 21 patients were
screened, of whom 18 enrolled in this study were assess-
able (Figure 1B). The baseline characteristics are summa-
rized in Table 1. Briefly, 18 participants were predominantly
male (88.9%), with an average age of 52.6 years, most of
whom were under 60 years (72.2%). The majority of the
participants had an ECOG PS score of 1 (72.2%) and were
classified as Child—Pugh score A (88.9%). A significant
proportion (83.3%) were infected with HBV, and 77.8% were
at Barcelona Clinic Liver Cancer stage C. Regarding AFP
levels, the median was 95.9 ng/ml, with 38.9% of partici-
pants having levels of 400 ng/ml or higher. Microvascular
invasion was present in 11.1% of the participants, while a
notable 77.8% had extrahepatic metastases, primarily in the
lungs (55.6%) and bones (33.3%). In terms of treatment
history, a majority underwent TACE (83.3%), and half of the
participants had previous surgical resection and ablation.
Regarding systemic therapies, most participants (83.3%) had
one prior treatment, with sorafenib (72.2%) and lenvatinib
(27.8%) being the most common types used. The charac-
teristics of specific locations of the injection sites and target
lesions for observation for each of the 18 patients are
detailed in Supplementary Table S1, available at https://doi.
org/10.1016/j.esmoop.2024.102239.

Efficacy

The database cut-off was 27 June 2023, and all 18 patients
were included in the data analysis. Compared to baseline,
five patients (27.8%) experienced a decrease in the change
of target lesion size (Figure 2A). In the best overall response
(BOR), there were no patients with a CR, 2 with a confirmed
PR, 5 with SD, and 11 with progressive disease (PD). The
ORR and DCR were 11.1% and 38.9%, respectively
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Table 1. Baseline characteristics, n = 18

Number of cases (%)

Age, years

Mean + SD 52.6 £ 10.9

Median [ITR] 54 [42-60.5]

<60 13 (72.2)

>60 5 (27.8)
Gender

Male 16 (88.9)

Female 2 (11.1)
ECOG PS

0 5 (27.8)

1 13 (72.2)
Child—Pugh score

A 16 (88.9)

B 2 (11.1)
Virus infection

HBV 15 (83.3)

None 3 (16.7)
BCLC stage

B 4(22.2)

c 14 (77.8)
AFP, ng/ml

Median [ITR] 95.9 [6.8-3033]

<20 6 (33.3)

20-400 5 (27.8)

>400 7 (38.9)
MVI

Yes 2 (11.1)

No 16 (88.9)
EHS

Yes 14 (77.8)

No 4(22.2)
Metastatic organ involvement

Liver only 4 (22.2)

Lung 10 (55.6)

Bone 6 (33.3)

Adrenal gland 2 (11.1)

Soft tissue 5 (27.8)

Lymph nodes 3 (16.7)
Previous local treatments

Surgical resection 9 (50.0)

TACE 15 (83.3)

Ablation 9 (50.0)

HIFU 1 (5.6)
Number of prior systemic treatments

1 15 (83.3)

2 3 (16.7)
Types of systemic therapy

Sorafenib 13 (72.2)

Lenvatinib 5 (27.8)

Chemotherapy 3 (16.7)

Other 1 (5.6)

The total percentages for metastatic organ involvement, previous local treatments,
and types of systemic therapy exceeded 100%, respectively. This was due to some
patients having metastases in more than one organ and receiving multiple previous
interventions.

AFP, a-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; ECOG PS, Eastern Cooper-
ative Oncology Group performance status; EHS, extrahepatic metastases; HBV,
hepatitis B virus; HIFU, high-intensity focused ultrasound; ITR, interquartile range;
MVI, microvascular invasion; SD, standard deviation; TACE, transarterial
chemoembolization.

(Supplementary Table S2, available at https://doi.org/10.
1016/j.esmoop.2024.102239). Upon further analysis of the
correlation between the location of injection lesions and
treatment response, we found that when the injection sites
were located within the liver, there appeared to be a
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greater tendency toward PD (Figure 2B). Conversely, pa-
tients with extrahepatic injection sites, such as those in the
lung and chest wall mass, were more likely to exhibit in-
stances of PR and SD. The median time to initial response
was 7.98 months (range 6-9.97 months) in the two patients
with an objective response, and the median DOR was 18.79
months [95% Cl not estimable (NE)-NE, Figure 2C]. In
addition, 16 (89.9%) confirmed PD events occurred, with a
median PFS of 2.69 months (95% Cl 2.07-5.68 months,
Figure 2E). The median follow-up was 11.89 months (range
1.94-32.13 months), and 12 (66.7%) events of death
occurred. The median OS was 15.04 months (95% Cl 8.33-
21.76 months, Figure 2D), with a 6-month 0S% of 88.9%
(95% Cl 78.4% to 99.4%). Post-study treatments were not
recorded.

In our analysis of a non-predefined subgroup, we
explored clinical prognostic variables that significantly
influenced OS and PFS. For OS, an ECOG PS of 1, a Child—
Pugh score of B, a history of treatment with sorafenib or
surgical resection treatments, and a high neutrophil-to-
lymphocyte ratio (NLR) were identified as risk factors in
the hazard ratio analysis (Supplementary Figure S1A, avail-
able at https://doi.org/10.1016/j.esmoop.2024.102239).
Interestingly, a history of ablation treatment emerged as a
protective factor. In terms of PFS, sorafenib remained a risk
factor, but no other classical prognostic variables showed
significant differences (Supplementary Figure S1B, available
at https://doi.org/10.1016/j.esmoop.2024.102239).

Safety

In the evaluation of the combined treatment’s safety
profile, we observed various adverse events (AEs), aligning
with the National Cancer Institute Common Terminology
Criteria (version 5.0), as detailed in Table 2. Notably, all 18
cases reported low-grade (grade 1 or 2) fever related to
H101, which typically occurred within 12 h post-H101 in-
jection and mostly subsided spontaneously after 2-4 h,
without necessitating special treatment. Additionally, we
observed complications such as infection (5.6%) and liver
hemorrhage (5.6%), potentially linked to frequent centesis.
Injection site pain was reported in 33.3% of the cases, a
foreseeable consequence of the intratumoral injection of
H101.

Regarding immune-related adverse events (irAEs), we
noted increased bilirubin and elevated alanine amino-
transferase (ALT)/aspartate aminotransferase (AST) levels
were observed in 11.1% of patients, indicative of immune-
related hepatitis. Additionally, 11.1% of patients experi-
enced increased thyroid-stimulating hormone (TSH) levels,
signaling potential immune-related endocrine events. These
AEs were predominantly low grade (grade 1 or 2) in our
study and were managed effectively upon symptomatic
treatment or temporary discontinuation of the therapy,
without leading to any grade 3 or 4 AEs. These findings
aligned with the known safety profile of nivolumab and
indicated that the combination of H101 with nivolumab was
well tolerated in our patient cohort.
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Figure 2. Tumor response and survival data. (A) Best percentage change from baseline in the target lesion; the BOR is indicated by the color coding of the bar. (B)
Correlation between injection lesion location and BOR; P = 0.0142, Cramér’s V = 0.688, analyzed using the chi-square test. (C) Records of responses during treatment;
the bar length represents the treatment duration for each patient. (D) KM curve of OS. (E) KM curve of PFS.

BOR, best overall response; Cl, confidence interval; KM, Kaplan—Meier; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PR, partial

response; SD, stable disease.

Reversal of resistance to ICIs by local H101 injection and
long-lasting response

Patient 011 was enrolled in the clinical trial with a diagnosis
of lung and adrenal metastases from HCC and had a history
of liver tumor and gallbladder resection, multiple TACE
sessions, sorafenib treatment, and microwave ablation for
lung and adrenal tumors. In the treatment timeline
(Figure 3A), H101 injection was initially administered to the
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lung metastases, while the adrenal metastases were moni-
tored for diameter measurement. The treatment resulted in
SD with tumor regression. However, after a 2-month
discontinuation of virotherapy, the patient developed
resistance to nivolumab monotherapy, as evidenced by
increased adrenal lesion size on follow-up MRI scans, indi-
cating PD. Subsequently, researchers administered H101
directly into the adrenal metastases, resulting in sustained
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Table 2. Adverse events, n = 18

AEs n (%)
Grade 1 or 2 Grade 3 or 4

Systemic or general symptoms

Fever 18 (100.0) 0 (0.0)

Decreased appetite 2 (11.1) 0 (0.0)

Fatigue 2 (11.1) 0 (0.0)

Weight loss 1 (5.6) 0 (0.0)

Cancer pain 3 (16.7) 0 (0.0)
Local reactions

Injection site pain 6 (33.3) 0 (0.0)

Liver hemorrhage 1 (5.6) 0 (0.0)
Immune-related hepatitis

Increased bilirubin 2 (11.1) 0 (0.0)

Elevated ALT/AST 2 (11.1) 0 (0.0)
Immune-related endocrine events

Increased TSH 2 (11.1) 0 (0.0)
Infectious complications

Infection 1 (5.6) 0 (0.0)

Cough 1 (5.6) 0 (0.0)
Metabolic abnormalities

Hypophosphatemia 2 (11.1) 0 (0.0)

Hypomagnesemia 1 (5.6) 0 (0.0)

Hypoalbuminemia 1 (5.6) 0 (0.0)

AEs, adverse events; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
TSH, thyroid-stimulating hormone.

tumor shrinkage and a PR outcome (Figure 3B). This sug-
gests that OVs can activate the local immune environment
and overcome resistance to ICls.

Following the completion of the trial, the patient opted
for self-administration of single-agent ICI therapy and ach-
ieved ongoing remission. The combination of OV therapy
with nivolumab demonstrated enduring efficacy, with both
PR cases experiencing an OS of >2.5 years. In our analysis, a
notable trend emerged: patients whose AFP levels
remained <100 ng/ml both at baseline and throughout the
treatment appeared to respond more favorably (Figure 3C).
Recognizing the limitations posed by our small sample size
(Supplementary Figure S1C, available at https://doi.org/10.
1016/j.esmoop.2024.102239), we grouped patients with PR
and SD into a single ‘non-PD’ category for a more
comprehensive  comparison. This aggregated group
demonstrated significantly lower baseline AFP levels
compared to those in the PD group (P = 0.0063; Figure 3D),
thereby highlighting a more distinct trend. These findings
tentatively indicate that individuals with lower AFP levels
might be better candidates for the combined OV and
nivolumab treatment regimen. However, given the limited
number of PR cases, this conclusion remains preliminary
and calls for further validation through research in a larger,
more diverse cohort.

Changes in the functional phenotype of circulating
neutrophils and lymphocytes with combined therapy

The NLR was determined based on absolute neutrophil
count and absolute lymphocyte count. We closely moni-
tored the dynamic changes in NLR in peripheral blood
during different phases of treatment (Supplementary
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Figure S1D, available at https://doi.org/10.1016/j.esmoop.
2024.102239). In our analysis of 10 patients, after H101
pre-injection, NLR decreased in 2 responders and increased
in 7 out of 8 non-responders (Figure 3E). After combining
with nivolumab, the majority (7 out of 10) showed a further
decrease in NLR. Notably, we found that NLR changes dur-
ing the pretreatment phase were strongly correlated with
treatment efficacy (P = 0.033; Figure 3F), suggesting its
potential as an early indicator of response to oncolytic viral
immunotherapy. In contrast, during the combined treat-
ment phase with nivolumab, the predictive significance of
these NLR changes appeared to diminish (Supplementary
Figure S1E, available at https://doi.org/10.1016/j.esmoop.
2024.102239).

Regarding baseline NLR, our analysis showed that there
was no significant correlation with treatment efficacy
(Supplementary Figure S1F, available at https://doi.org/10.
1016/j.esmoop.2024.102239), possibly due to the limited
sample size. Additionally, baseline NLR levels were nega-
tively correlated with OS (Figure 3G), suggesting its poten-
tial as a prognostic marker, although this correlation was
not observed in PFS (Supplementary Figure S1B, available at
https://doi.org/10.1016/j.esmoop.2024.102239). Addition-
ally, we expanded our analysis to include other hemato-
logical markers such as platelet-to-lymphocyte ratio (PLR)
and lymphocyte-to-monocyte ratio (LMR). However, we did
not find a significant correlation between their baseline
levels or changes during pretreatment and the response in
our cohort (Supplementary Figure S1G and H, available at
https://doi.org/10.1016/j.esmoop.2024.102239).

DISCUSSION

Though recent research on OVs has garnered considerable
attention, there remains a notable scarcity of published
data specifically related to their use in HCC. Our study
represents the first pilot trial reported in assessing the
safety and effectiveness of the combined administration of
H101 and nivolumab in HCC. The ORR of 11.1% and a me-
dian OS of 15.04 months provide preliminary evidence of
positive outcomes, particularly considering that our cohort
consisted of patients with refractory HCC.

One of our pivotal findings is the correlation between
injection site location and treatment response. We discov-
ered that extrahepatic injection sites, such as those in su-
perficial areas like the lung and chest wall, often led to PR
and SD. This aligns with other studies in melanoma and
head and neck tumors, suggesting that such subcutaneous
injection sites may allow for better viral spread,'®**
compared to dense and hypoxic environments like solid
tumors.?>**> Conversely, liver injections, as well as a case
involving the muscular layer of the buttock, were more
likely associated with PD. The distinct immunosuppressive
contexture of the liver and its role in drug metabolism may
contribute to this variance in efficacy.”>?* This emerging
pattern highlights the importance of strategic injection site
selection in the application of oncolytic virotherapy for HCC
patients. Additionally, our findings tentatively indicate that
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Figure 3. Multifaceted clinical data of the PR patients and non-responders. (A) Timeline of treatment and clinical events of patient 011. (B) Representative MRI
images of the pelvis [the adrenal metastatic lesion (green) and lesion previously treated with microwave ablation (blue) are marked by triangle]. (C) AFP levels of PR
cases during baseline and throughout the treatment. (D) Comparison of baseline AFP levels between non-PD and PD patient groups; P = 0.0063, analyzed using the
Mann—Whitney U test. (E) NLR observed in the responders and non-responders at baseline, after pretreatment with HO1, and during the course of combined
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AFP, a-fetoprotein; HCC, hepatocellular carcinoma; MRI, magnetic resonance imaging; NLR, neutrophil-to-lymphocyte ratio; OS, overall survival; PD, progressive
disease; PR, partial response; SD, stable disease.

individuals with lower AFP levels might be better candidates
for the combined OV and nivolumab treatment regimen.
However, given the limited number of PR cases, this

conclusion remains preliminary and calls for further vali-
dation through research in a larger, more diverse
cohort.”>?®
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In our cohort, we also noted that some patients with SD
achieved prolonged OS post-treatment (Figure 2C). This
observation is in line with recent findings underscoring the
long-tail effects of immunotherapy,”’ suggesting that initial
response patterns might not fully capture the potential
benefits of such treatments and highlighting the importance
of extended OS in efficacy evaluations.’®3° Furthermore, a
critical bottleneck in current immunotherapy is the occur-
rence of acquired resistance, especially in cases like non-
small-cell lung cancer where it can affect up to 46% of
patients in remission.>* Approximately 56% of these cases
are characterized as oligo-acquired resistance, where
localized treatments can still be effective.>’ Our study
proposes that local OV administration, by potentially reac-
tivating the immune system, in conjunction with continued
immunotherapy, could reverse such resistance, thereby
extending the period of disease control.

Of note, we observed an increase in circulating lympho-
cytes and a decrease in NLR among responders following
H101 pretreatment, indicating systemic immune activation.
Conversely, non-responders showed no significant change
or an increase in NLR, suggesting a less activated immune
system. Interestingly, despite a subsequent decrease in NLR
after adding nivolumab, non-responders’ outcomes
remained unfavorable. Moreover, these observations sug-
gest a potential link between early immune responses, as
indicated by NLR fluctuations, and the overall treatment
efficacy. These NLR changes in the pretreatment phase may
serve as convenient and safer predictors of outcomes
compared to traditional tumor tissue biopsy. We also
explored additional hematological biomarkers including PLR
and LMR, but found no significant correlation with treat-
ment response, possibly due to the relatively small size of
our patient cohort. While baseline NLR holds predictive
value,>*** the variability of optimal NLR cut-offs across
studies suggests that it is not competent to be considered
as the sole marker of immunotherapy responses.®**® A
more robust approach would be to combine baseline NLR
measurements with the monitoring of dynamic NLR
changes during the OV pre-injection phase.

The safety profile of our treatment regimen, consistent
with the known effects of nivolumab and those observed in
other oncolytic viral immunotherapy trials,®” showed
manageable low-grade irAEs including elevated bilirubin,
increased ALT/AST levels, and changes in TSH levels.*® This
indicates the combination regimen’s suitability for advanced
HCC patients. Our trial also contributes to the ongoing
discussion on the optimal dosing of OVs. In our study, the
dosage of H101 used (5.0 x 10! vp/0.5 ml/vial, two vials)
was found to be safe and well tolerated. Additionally, in the
treatment of malignant ascites with a reported 40%
response rate, another study tailored the H101 dose based
on the volume of ascites, ranging from 5.0 x 10 vp for
smaller volumes to 2.0 x 10 vp for larger volumes.?’
While in phase Ib trial of talimogene laherparepvec com-
bined with pembrolizumab in melanoma, a total dose of up
to 4 ml x 10® pfu/ml leads to an ORR of 61.9%."° These
examples illustrate that effective dosages of OVs can vary
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significantly depending on the specific condition and
treatment context.>®> However, whether the effectiveness
and toxicity of H101 are dose-dependent remains an open
question. Our findings suggest the possibility of a wider safe
dose than two vials for H101, which warrants further
exploration.

In selecting our study cohort, we uniquely focused on
refractory HCC patients who have undergone systemic
treatment, contrasting with many OV trials that typically
involve early-stage, non-metastatic patients receiving first-
line treatment. Applying OV therapies to advanced-stage
and metastatic cancers is challenging, as shown by limited
efficacy in recent studies. For example, a phase Ib study of
talimogene laherparepvec combined with atezolizumab re-
ported an ORR of just 10% in triple-negative breast cancer
and 0% in colorectal cancer with liver metastases,”” and a
phase Il trial of virus-based immunotherapy in melanoma
revealed low response rates in patients with visceral me-
tastases.”” This context underscores the importance of our
study in exploring the potential of H101 combined with
nivolumab for hard-to-treat HCC cases. Other than H101,
the burgeoning field of oncolytic virotherapy is developing
novel viruses,****> and more sophisticated delivery sys-
tems,**>** which may further improve treatment efficacy in
the future.

This study has several limitations, including its single-
center, single-arm design, and a relatively small sample
size. Reflecting on our trial’s design, it was registered on 25
August 2019, a time when more potent immunotherapy
combinations were not widely available. The trial’s duration
and the 1-year nivolumab treatment plan were determined
based on the knowledge and standards at that time. How-
ever, it is worth noting that the optimal duration of
immunotherapy, particularly the timing of discontinuation,
remains a topic of ongoing debate, and longer or differently
structured treatment courses might yield different out-
comes. At the start of our trial, significant developments
such as the IMbrave 150 study’s findings,”> which high-
lighted the superior ORR of combining immunotherapy with
anti-angiogenic therapy, had not been concluded.*® In
response to evolving insights, we have launched an
extended trial (NCT05303090) to investigate whether a tri-
ple combination of OVs, anti-angiogenic therapy, and
immunotherapy can offer enhanced therapeutic effects in
solid tumors compared to a dual combination. This new trial
builds upon our current findings and incorporates higher
doses of OVs, aiming to refine treatment efficacy. Future
research needs to focus on establishing specific biomarkers
predictive of efficacy to identify patients most likely to
respond to oncolytic viral immunotherapies, thereby opti-
mizing treatment duration and outcomes.

Conclusion

In summary, this pilot study is the first to demonstrate the
potential efficacy and well-tolerated toxicities of combining
H101 with nivolumab in patients with refractory advanced
HCC who failed prior systemic therapy. Notably, local
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administration of H101 may represent a promising strategy
for reversing ICI resistance, leading to extended OS of >2.5
years in responders, particularly in those with lower AFP
levels. Furthermore, our findings suggest that a decrease in
NLR during OV pretreatment could serve as an early pre-
dictive marker for favorable treatment outcomes. However,
given the limited number of participants, these conclusions
remain preliminary and call for further validation through
research in a larger, more diverse cohort. Future research is
warranted to optimize the therapeutic approach for re-
fractory advanced HCC patients.
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