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Oncolytic viruses mediate antitumor responses through direct
tumor cell lysis and induction of host antitumor immunity.
However, the therapeutic efficacy of oncolytic viruses against
malignant ascites has rarely been explored. This study aimed
to evaluate the efficacy, safety, and immunomodulatory effect
of an intraperitoneal injection of human type 5 recombinant
adenovirus (called H101) against malignant ascites. Forty pa-
tients with malignant ascites were recruited and treated with
intraperitoneal H101 in the Fudan University Shanghai Cancer
Center. The 4-week clinical responses were determined by an
objective assessment of ascites volume change. The ascites
response rate and ascites control rate were 40% (16/40) and
75% (30/40), respectively. The major adverse events following
intraperitoneal H101 administration were mild-to-moderate
abdominal pain (8/40, 20.0%) and fever (11/40, 27.5%); no grade
III/IV adverse events were observed.Mass cytometry and immu-
nocytological analysis at baseline, and days 7 and 14 post-treat-
ment showed that intraperitoneally injectedH101 led tomarked
tumor cell depletion, increased dendritic cell and CD8+ T cell
densities. H101-meditated tumor-specific immune activation
on day 14 post-treatment was further identified by enzyme-
linked immunospot assay. In conclusion, intraperitoneal
H101 administration was well tolerated and effective in treating
malignant ascites; thus, its immune activation ability may be a
promising tool in combination with immunotherapy.

INTRODUCTION
Malignant ascites (MA) is a common complication in late-stage ma-
lignancies that occurs as a consequence of peritoneal dissemination.1

The presence of ascites has been associated with a decreased quality of
life and poor survival (approximately 1–2 months).2–5 To date, MA is
still a critical problem, which lacks relevant clinical data and standard
principles to guide clinical practice.6

Treatment options for MA mainly include intraperitoneal chemo-
therapy such as paclitaxel, S-1, and cisplatin; however, response to
these treatments is achieved in only a small number of patients.7–9

Molecular targeting therapy has emerged as another strategy to treat
MA. Vascular endothelial growth factor (VEGF) blockade has
achieved symptomatic relief of ascites volume in clinical studies based
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on the role of VEGF in promoting ascites production.10–12 Catumax-
omab, a chimeric antibody targeting CD3 and epithelial cell adhesion
molecule (EPCAM), has been reported to improve the quality of life
in patients with MA.13 However, the risk of severe adverse effects,
including fatal bowel perforation for the potent VEGF inhibitor
aflibercept,11,14 and hepatobiliary toxicity for catumaxomab, has
limited the application of these treatments in patients with heavy
disease burden.15 Therefore, the identification of new treatment
strategies against MA is critical.

Oncolytic viruses (OVs) are emerging therapeutic agents that can
selectively target cancer cells and trigger immune activation. The
application of OVs in combination with cancer immunotherapy
in various solid tumors has become a promising therapeutic
strategy.16–18 Although extensive clinical data for OVs in treating
solid tumors have been reported, studies on the therapeutic efficacy
of OVs in treating MA are limited. The dense stroma and hypoxic
microenvironment within a solid tumor mass limit the effectiveness
of viral infection and intratumoral penetration of OVs.19,20 In
contrast, the microenvironment within MA may create a favorable
condition for OV infection andOV-induced immune activation, indi-
cating the feasibility of OVs to treat peritoneal malignancies and MA.
A preclinical study reported that vesicular stomatitis virus, another
type of OV, exerted a suppression effect on cancer cells from ascites
and alleviated ascites accumulation in MA models.21 Intraperitoneal
administration of the oncolytic adenovirus OBP-401 demonstrated
significant efficacy in treating peritoneal metastasis in a gastric cancer
model.22 A Phase I trial for the oncolytic vaccinia virus GL-ONC1 in
patients with peritoneal carcinomatosis showed tolerability and effi-
cient replication in cancer cells.23
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Table 1. Characteristics of patients with malignant ascites (n = 40)

Characteristics N (%)

Gender

Male 27 (67.5)

Female 13 (32.5)

Age, median (range), y 62 (32–84)

KPS score

<80 0 (0)

R80 40 (100)

Primary tumor type

Pancreatic cancer 13 (32.5)

Hepatobiliary cancer 11 (27.5)

Gastrointestinal cancer 10 (25.0)

Other 6 (15.0)

Metastasis

Liver 18 (45)

Peritoneum 27 (67.5)

Prior resection

Yes 14 (35.0)

No 26 (65.0)

Ascites volume

Small 1 (2.5)

Moderate 11 (27.5)

Massive 28 (70.0)

Line of previous chemotherapy

1 11 (27.5)

2 3 (7.5)

3/4 26 (65.0)

KPS, Karnofsky performance status.
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The human recombinant type 5 adenovirus H101 (also known as
Oncorine) is an oncolytic adenovirus with specific genetic modifica-
tions.24 The gene encoding the anti-apoptotic E1B55K protein that
inactivates p53 was deleted, enabling selective replication only in can-
cer cells with aberrant p53 function, and a partial E3 region was also
deleted to improve the safety of H101.25 A Phase II clinical study of
H101 in combination with chemotherapy showed promising anti-
tumor ability and safety in patients with advanced cancer.26 In
2004, a Phase III trial reported that compared with chemotherapy
alone, H101 in combination with chemotherapy showed superior
antitumor efficacy in 160 patients with head and neck or esophagus
cancer.27 H101 was subsequently approved by the Chinese Food
and Drug Administration for treating nasopharyngeal carcinoma in
combination with cisplatin, 5-fluorouracil, or both.28 As the first
OV agent applied in the clinic, H101 has been used in several
malignancies for both clinical and experimental purposes.29–31 In
this study, we retrospectively evaluated the efficacy, safety, and immu-
nomodulatory effect of intraperitoneal H101 against MA.
32 Molecular Therapy: Oncolytics Vol. 25 June 2022
RESULTS
Patient characteristics

Forty patients whomet the inclusion criteria were enrolled to evaluate
the clinical efficacy of H101. The patient characteristics are listed in
Table 1. The primary tumor types were pancreatic cancer (13/40),
gastrointestinal cancer (10/40), and hepatobiliary cancer (11/40);
other primary sites of tumors include ovary (2/40), prostate (1/40),
lung (1/40), kidney (1/40), and cervix (1/40). The median age of the
patients was 62 (32–84) years, and all of the patients showed a
Karnofsky performance status score ofR80. According to the ascites
volume at baseline, 28 (70%) patients had a large amount of ascites
(group +++), 11 (27.5%) patients had a medium amount of
ascites (group ++), and only 1 (2.5%) patient had a small amount
of ascites (group +). Among the 40 patients, 23 (57.5%) patients
developed MA during chemotherapy. In addition, 18 (45%) patients
were confirmed with liver metastasis, and 27 (67.5%) patients were
confirmed with peritoneal metastasis by computed tomography
(CT). Cytological identification of malignant cells from ascites fluid
was positive in all of the patients. All of the patients experienced
failure from chemotherapy treatment for MA. In the total patient
group, 11 (27.5%) patients received first-line chemotherapy, 3
(7.5%) patients received second-line chemotherapy, and 26 patients
(65%) received third- or fourth-line chemotherapy.
Efficacy and toxicity

Of the 40 patients with MA who received H101 injection, the disap-
pearance of ascites was achieved in 5 (12.5%) patients, a decrease in
ascites volume was observed in 11 (27.5%) patients, 14 (35%) patients
showed no change in ascites volume, and 10 (25%) patients showed
an increase in ascites volume, yielding an ascites response rate
(ARR) of 40% and an ascites control rate (ACR) of 75%. Changes
in ascites volume are shown in Figure 1A.

The treatment-related adverse events are listed in Table 2. No severe
adverse events were reported. The major adverse events after the
intraperitoneal injection of H101 were fever and abdominal pain.
The temperature of 11 (27.5%) patients was >37�C. Seven (17.5%) pa-
tients reported mild to moderate abdominal pain and 1 (2.5%) patient
reported severe abdominal pain. Elevated ALT was observed in 1 pa-
tient, and elevated Tbil was observed in 1 patient; 2 (5%) patients
developed catheter-related infections. Other adverse events reported
by patients included fatigue, chills, and digestive symptoms such as
nausea, vomiting, constipation, and diarrhea; liver damage, hypoten-
sion, skin irritation, and myelosuppression were not observed. These
adverse events only appeared within 24 h after H101 injection and
were relieved after symptomatic treatment. There was no correlation
between dose and response (p = 0.2564).
No correlation between preexisting anti-adenovirus neutralizing

antibody and response

All six patients were determined to be positive (standard unit >11) for
preexisting serum anti-adenovirus neutralizing antibody (immuno-
globulin G [IgG]), as determined by ELISA (Figure 1B). The level of
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Table 2. Toxicity after H101 administrationa (n = 40)

Adverse events Any grade (%) Grade 1–2 (%) Grade 3 (%) Grade 4 (%)

Systematic symptoms

Fever 11 (27.5) 11 (27.5) 0 (0) 0 (0)

Fatigue 1 (2.5) 1 (2.5) 0 (0) 0 (0)

Chills 2 (5) 2 (5) 0 (0) 0 (0)

Hypotension 0 (0) 0 (0) 0 (0) 0 (0)

Skin irritation 0 (0) 0 (0) 0 (0) 0 (0)

Gastrointestinal
disorders

Abdominal pain 8 (20) 7 (17.5) 1 (2.5) 0 (0)

Vomiting 1 (2.5) 1 (2.5) 0 (0) 0 (0)

Nausea 2 (5) 2 (5) 0 (0) 0 (0)

Diarrhea 4 (10) 4 (10) 0 (0) 0 (0)

Constipation 1 (2.5) 1 (2.5) 0 (0) 0 (0)

Hematological
disorders

Anemia 0 (0) 0 (0) 0 (0) 0 (0)

Neutropenia 0 (0) 0 (0) 0 (0) 0 (0)

Leukopenia 0 (0) 0 (0) 0 (0) 0 (0)

Thrombocytopenia 0 (0) 0 (0) 0 (0) 0 (0)

Abnormal
laboratory parameters

ALT 1 (2.5) 1 (2.5) 0 (0) 0 (0)

AST 0 (0) 0 (0) 0 (0) 0 (0)

Tbil 1 (2.5) 1 (2.5) 0 (0) 0 (0)

Catheter-related
infection

2 (5) 2 (5) 0 (0) 0 (0)

aToxicities are reported following the Common Terminology Criteria for Adverse
Events, version 4.
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anti-adenovirus IgG was relatively stable on day 3, but then progres-
sively increased on days 7 and 14 after H101 treatment. There is no
correlation between the preexisting anti-adenovirus IgG level and
response.

Mass cytometry (CyTOF) profiling revealed H101-induced intra-

peritoneal immune activation

T cell subsets were identified by the T cell marker CD3. The marker
expression level of 20 CD3+ T clusters is shown in a heatmap in Fig-
ure 2B. Based on the different expression levels of classical markers,
10 clusters of CD4+ T cells, 8 clusters of CD8+ T cells, 1 cluster of
T regulatory (Treg) cells (CD4+, CD25+, and CD127low), 1 cluster
of CD4+ CD8+ double-positive (DP) cells, and 1 cluster of CD4�
Figure 1. Clinical efficiency of H101 injection for treatment of malignant ascite

(A) The ARR and ACR after H101 administration of 40 patients with different types of ca

H101 treatment (bottom). (B) Serum anti-adenovirus IgG level in 6 patients on days 0, 3,

indicate positive results, levels of <9 standard units indicate negative results, and levels

from non-responder #1 on day 3 after H101 treatment.
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CD8� double-negative (DN) cells were identified (Figure 2B). The
distribution of these main clusters and representative markers was
visualized by t-distributed stochastic neighbor embedding (t-SNE)
(Figure 2C). Further subclassification of specific phenotypes was per-
formed according to marker expression. CD197 (CCR7)+ and
CD45RA� clusters were identified as central memory T cells
(Tcm); exhausted T cells (Tex) were distinguished by CD279+;
CD197� and CD45RA� clusters were identified as effector memory
T cells (Tem); and CD197� and CD45RA+ clusters were identified
as effector T cells (Teff). t-SNE plots of the normalized expression
of representative markers were shown in Figure 2D. CD4+ Tcm and
CD8+ Tem comprised the majority of CD4+ T and CD8+ T cells in
MA samples (Figure 2E). DP and DN cells were not considered in
the following analysis because their development and function have
not been fully elucidated.32,33

Examination of the dynamic changes in T cell subsets showed that the
percentage of CD8+ T cells (CD8+ Tem, specifically) markedly
increased at day 14 compared with baseline (Figure 2E). Expression
of CD8A on days 7 and 14 after H101 injection increased in re-
sponders compared with non-responders (Figure 2F). An increased
fraction of CD8+ T cells was observed in 3 out of 4 responders on
day 14 after H101 injection, while in non-responders, the dynamic
fraction of CD8+ T cell remains stable (Figure 2G). The dynamic
t-SNE plot of the exhaustion marker PD-1 (CD279) expression be-
tween responders and non-responders is shown in Figure 2H; the
expression of PD1 was increased on day 7 after H101 injection and
slightly dropped on day 14 after H101 injection in both responders
and non-responders, but this change was more evident in responders.
The dynamic change in the fraction of PD1+ cells was observed on day
7 after H101 injection, and 3 out of 4 responders showed an increase
in the fraction of PD1+ cells at different time points (Figure 2I).
Increased PD1 expression on day 7 after H101 injection was shown
in Treg and CD4+ Tex cells (Figure 2J), suggesting the exhausted
and dysfunctional phenotype induced by H101. The percentages of
T cell subtypes in 6 patients on days 0, 7, and 14 after H101 injection
are shown in Figure 2K.

In the non-T cell panel, based on the expression level of classical
markers in Figure 3A, 20 CD3� clusters were classified into 3 clusters
of dendritic cells (DCs) (human leukocyte antigen-DR isotype
[HLADR+] and CD123+/CD11c+), 5 clusters of macrophages (Mac-
ros) (CD68+), 6 clusters of myeloid suppressor cells (MDSCs)
(HLADRlow and CD11b+), 5 clusters of monocytes (CD14high), and
1 cluster of B cells (CD20+). The phenotypically distinct subpopula-
tions were further defined as CD16� (non-classic) monocytes,
CD16+ (classic) monocytes, HLADR+ macrophages, CD38�

MDSCs, CD123+ DCs (pDCs), CD11c+ DCs (mDCs), and B cells.
s (MA)

ncer (top). The change in ascites volume between day 0 (baseline) and day 28 after

7, and 14 after H101 treatment, as measured by ELISA. Levels of >11 standard units

of 9–11 standard units indicate inconclusive results. No blood sample was collected
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The distribution of these five main clusters was visualized by t-SNE
plot (Figure 3B). t-SNE plots of the normalized expression of repre-
sentative markers are shown in Figure 3C. CD38� MDSC cells and
monocytes comprise approximately 50% and 25% of myeloid cells,
respectively, in MA samples. Antitumorigenic (CD68+ HLADR+)
macrophages were also a major component in MA samples (Fig-
ure 3D). Increased DC and slightly decreased monocyte fractions
were observed on day 7 after H101 injection; other cell components
remained relatively stable during treatment (Figure 3D). Two re-
sponders showed increases in DC fractions on day 7 after H101 injec-
tion (Figure 3E). No evident increase was observed in programmed
death-ligand 1 (PD-L1) (CD274) expression in non-responders
compared with responders, due to the limited number of cells (Fig-
ure 3F). The fraction of PD-L1+ myeloid cells increased in 3 out of
4 responders and slightly decreased in non-responders on day 14 after
H101 injection (Figure 3G). PD-L1 expression was increased in all of
the myeloid subtypes, except for CD38� MDSCs, and increased
expression was especially observed in CD16� mono, CD11c+ DCs,
and CD123+ DCs (Figure 3H). The change in percentages of 8
non-T cell subtypes on days 0, 7, and 14 after H101 injection is shown
in Figure 3I.

Tumor cell depletion and increased immune infiltration induced

by intraperitoneal H101 injection

To further explore the oncolytic and antitumor effect of H101, immu-
nocytochemistry (ICC) staining was performed in samples from the
same six patients. Representative images of MA sections are shown
in Figure 4. Anticytokeratin (CK) staining of MA sample sections
reveals that tumor cells made up only a small portion of the MA sam-
ples. A significant decrease in the density of tumor cells and a signif-
icant increase in the density of CD8+ T cells were separately observed
in the ascites samples at day 7 and day 14 after H101 injection, as
compared with at baseline (p < 0.05) (Figure 4A). In the staining
for viral protein E1A, E1A+ virus-infected cells were observed in 3
out of the 6 patients at day 7 after H101 injection (1.16% ± 1.87%),
whereas at day 14 after H101 treatment, the viral proteins were rarely
detected in any of the patients (Figures 4B and S1).

H101 triggered tumor-specific immune activation in patients

with MA

To further identify whether the immune response triggered by H101
was tumor specific, we collected ascites samples from one additional
patient on days 0, 7, and 14 after H101 treatment and analyzed the
tumor-specific CD8+ T cells by using an interferon- g (IFN-g)
Figure 2. Dynamic T cell landscape of MA during intraperitoneal H101 treatme

(A) Overview of MA sample collection and processing for CyTOF. (B) Heatmap of norma

CD3+ T cells fromMA samples, colored by T cell subtype. (D) t-SNE plots of normalizedm

charts representing the relative frequencies of T-cell types on days 0, 7, and 14 after H10

non-responders (n = 2) on days 0, 7, and 14 after H101 treatment. (G) Dynamic fraction

treatment. (H) t-SNE plots of normalized CD279 (PD1) expression in responders and non

cells in responders and non-responders on days 0, 7, and 14 after H101 treatment. (J)

H101 treatment. (K) Dynamic fraction of 7 T cell subtypes (CD8+ Tcm, CD8+ Tem, CD8+

on days 0, 7, and 14 after H101 treatment.
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enzyme-linked immunospot (ELISpot) assay with or without tu-
mor-containing lysate. Compared with the number at baseline, the
number of IFN-g+ spots generated from CD8+ T cells on day 14 after
H101 treatment showed an increasing trend, indicating a tumor-spe-
cific immune response is likely activated by H101 (Figure 4C).

DISCUSSION
This is the first study to evaluate the antitumor efficacy and immune
response of an OV in treating MA. As an intractable complication of
advanced malignancies, MA severely decreases the quality of life and
correlates closely with a poor response rate to chemotherapy.34 In this
study, H101 achieved a higher ACR and exerted more durable efficacy
as compared with symptomatic treatments, such as diuretics.35

Although an assessment of the patient quality of life was not included
in the present analysis owing to the retrospective nature of the study,
quality of life has been shown to correlate with ascites volume.36 In
addition, an intraperitoneal injection of H101 was well tolerated
with manageable toxicity; therefore, H101 provides a valid option
for cancer patients in the advanced stage of the disease with a poor
general condition, including patients with MA.

All six patients were found to be positive for preexisting anti-adeno-
virus IgG; this finding is in agreement with the high seroprevalence of
neutralizing antibody against human adenovirus serotype-5 in cancer
patients that has been reported previously.37 E1A staining showed
that virus infection was observed in only 3 out of 6 patients on day
7 after H101 treatment and was rarely detected on day 14 after
H101 treatment, while the serum level of antiadenovirus IgG kept
increasing, indicating an existing antiviral immune response. The
elimination of virus-infected cells on day 14 after H101 treatment
shown by E1A staining may be a consequence of the eradication of
tumor cells. Therefore, to explore the dynamic viral infection status,
future studies should constantly monitor the viral load of H101 and
the neutralizing antibody level by applying more accurate methods,
such as qPCR and virus titration, throughout the entire evaluation
period.

As an emerging candidate for cancer treatment, OVs have been
shown to not only specifically lyse the tumor cell population but
also promote immunogenic cell death and modulate the tumor im-
mune microenvironment, which favors the intratumoral infiltration
of T cells and brings improved clinical efficacy.16,38 In this study,
the dynamic immune landscape of MA during intraperitoneal onco-
lytic virotherapy was revealed. As a prerequisite target in the immune
nt (n = 6)

lized T cell marker expression for 20 clusters. (C) A t-SNE plot demonstrating 36,000

arker expression for the classification of 36,000 T cells from all of the samples. (E) Pie

1 treatment. (F) t-SNE plots of normalized CD8A expression in responders (n = 4) and

of CD8+ T cells in responders and non-responders on days 0, 7, and 14 after H101

-responders on days 0, 7, and 14 after H101 treatment. (I) Dynamic fraction of PD1+

Normalized CD279 expression in specific T cell subtypes on days 0, 7, and 14 after

Teff, CD8+ Tex, CD4+ Tcm, CD4+ Tex, and Treg) in responders and non-responders



Figure 3. Dynamic non-T cell landscape of MA during intraperitoneal H101 treatment (n = 6)

(A) Heatmap of normalized non-T cell marker expression for 20 clusters. (B) A t-SNE plot demonstrating 36,000 CD3- non-T cells from MA samples, colored by non-T cell

subtypes. (C) t-SNE plots of normalized marker expression for the classification of 36,000 non-T cells from all samples. (D) Pie charts representing the relative frequencies of

non-T cell types on days 0, 7, and 14 after H101 treatment. (E) Dynamic fraction of DCs in responders and non-responders on days 0, 7, and 14 after H101 treatment.

(legend continued on next page)
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cycle, the observed increase in the number of DCs suggests the
enhanced exposure and presentation of antigen induced by oncolysis,
and the relative augmentation of CD8+ T cells indicates activation of
the antitumor immune cycle. We also observed an acquired immune
resistance characterized by elevated PD1/L1 expression on immune
cells in response to the antitumor inflammatory response. This resis-
tance was more evident in responders, re-confirming the immuno-
modulatory effect of intraperitoneal H101 in addition to oncolysis.
Our data show that PD1 expression was upregulated in Tregs, which
has also been reported during chronic viral infection, and use of a
PD1 blockade could shift Tregs into a more exhausted state.39,40

PD-L1+ tumor-associated myeloid cells have been reported to be
associated with clinical outcomes because they lead to T cell exhaus-
tion via the PD1/L1 axis.41,42 Our data indicating that PD-L1 expres-
sion was upregulated at day 7 after H101 treatment show that most
myeloid cells in MA are shifted toward a pro-tumorigenic phenotype
after H101 injection. According to our CyTOF, ICC, and ELISpot re-
sults, the PD1/L1+ tumor microenvironment with increased tumor-
specific CD8+ T cell infiltration created by H101 treatment provides
a target for immune checkpoint blockade therapy, indicating the clin-
ical practicability of intraperitoneal virotherapy in combination with
immunotherapy.

This study has several limitations. This was a single-center retrospec-
tive study, which carries limitations in the study design and data
collection. We focused on the short-term clinical efficacy of H101
(within 4 weeks of injection), and patients with MA received H101
administration for only one cycle, with a fixed dose according to
the ascites volume. Therefore, the optimal treatment design of intra-
peritoneal H101 treatment, including the dosage and delivery cycle,
need to be clarified. In addition, virus-induced immune activation re-
vealed by CyTOF, cytological, and ELISPOT analysis was not able to
fully account for the virus-mediated efficacy because of the limited
sample size. Expansion in sample size will be considered in a subse-
quent clinical trial. Finally, whether H101 could bring long-term clin-
ical benefits against MA and whether the efficacy and toxicity of H101
are dose dependent remain to be explored in future studies. We have
launched a prospective clinical trial of H101 against refractory MA
(NCT04771676), and the efficacy, toxicity, and immunomodulatory
effects of intraperitoneal H101 will be comprehensively evaluated.

In conclusion, despite the acknowledged limitations due to the nature
of retrospective studies, we observed encouraging clinical benefits,
manageable toxicity, and solid evidence of the immune activation
of H101 against MA. Considering the poor prognosis of patients
with peritoneal metastasis and MA, our clinical outcomes are prom-
ising. Further studies to optimize the treatment regimens and assess
the contribution of H101 in combination with immunotherapies in
anticancer treatment are warranted.
(F) t-SNE plots of normalized CD274 (PD-L1) expression in responders and non-respond

responders and non-responders on days 0, 7, and 14 after H101 treatment. (H) Normaliz

treatment. (I) Dynamic fraction of 7 non-T cell subtypes (CD16+ mono, CD16� mono, C

and non-responders on days 0, 7, and 14 after H101 treatment.
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MATERIALS AND METHODS
Patients

This study was approved by the ethics committee of the Fudan Uni-
versity Shanghai Cancer Center (Shanghai, China), and written
informed consent was obtained from all of the patients before their
entry into the study. Clinical records of 45 patients with MA who
received intraperitoneal administration of H101 at Fudan University
Shanghai Cancer Center from January 2016 to December 2016 were
retrospectively reviewed. The inclusion criteria of patients included
the following: (1) histologically or cytologically diagnosed solid tumor
malignancy, (2) malignant peritoneal effusion and ascites detected by
ultrasonography or CT and confirmed by cytologic examination of
intraperitoneal exfoliated tumor cells; (3) failed response to chemo-
therapy against MA; and (4) Karnofsky performance status (KPS)
R60. Patients with a history of applying diuretics and paracentesis
were allowed to enter the study. The exclusion criteria included the
following: (1) previous (<28 days) or concurrent treatment with sys-
temic or intraperitoneal chemotherapy or biological agents such as
monoclonal antibodies; (2) previous treatment of immunoregulatory
agents such as intraperitoneal injection of bacillus Calmette-Guerin;
and (3) concurrent severe illness such as active infection, psychiatric
illness, serious heart disease, poorly controlled hypertension or dia-
betes mellitus that would limit safety and compliance with study re-
quirements. Based on these criteria, a total of 40 patients were
enrolled for analysis.

To perform CyTOF and ICC, 500–1,000 mL ascites were collected at
baseline (day 0) before ultrasonic determination, and 200 mL ascites
were collected on days 7 and 14 after H101 treatment from 6 of the 40
patients. Blood samples of the same six patients were also collected to
detect serum antiadenovirus neutralizing antibody on days 0, 3, 7, and
14 after H101 treatment. In addition, to identify tumor-specific CD8+

T cell response, ascites collection from 1 additional patient was con-
ducted on days 0 and 14 for ELISpot assay.

Treatment

Each vial of H101 (�20�C, Shanghai Sunway Biotech, Shanghai,
China) contained 0.5 mL sterile viral solution with 5.0�1011 viral
particles (vp) and titered at a median tissue culture infective dose
(TCID50) <1:60. To achieve symptomatic relief and acquire ascites
cells, 500–1,000 mL peritoneal effusion was drained by placing the
peritoneal drainage catheter at the left or right lower quadrant of
the abdomen. Then, ultrasonic measurement was performed to
acquire the ascites volume at baseline. H101 diluted in 5 mL 0.9%
sodium chloride solution was then intraperitoneally injected
through the drainage catheter. The injection dose of H101 was
determined by the ascites volume: 5.0�1011 vp for a small amount,
1�1012–1.5�1012 vp for a medium amount, and 2�1012 vp for a
massive amount (classification of the ascites amount is described
ers on days 0, 7, and 14 after H101 treatment. (G) Dynamic fraction of PD-L1+ cell in

ed CD274 expression in specific non-T cell subtypes on days 0, 7, and 14 after H101

D11c+ DCs, CD123+ DCs, HLADR+ Macros, CD38� MDSCs, B cells) in responders



Figure 4. Tumor cell depletion and antitumor immune activation induced by H101

(A) Representative image of MA samples at baseline (day 0) and day 7 and day 14 after H101 injection. Expressions of pan-CK+ tumor cells and CD8+ T cells were determined

by ICC. Dynamic change in the proportions of tumor cells and CD8+ T cells at baseline and days 7,14 after H101 treatment (n = 6). The ascites sample from 1 patient on day

0 was not able to be calculated because few ascites cells were collected for formalin fixation. (B) Representative viral protein E1A staining on days 0, 7, and 14 after H101

injection in 3 patients. The formation of inclusion bodies due to viral infection was observed in 1 of these 3 patients (bottom). (C) The CD8+ T cell response against tumor-

containing lysate on days 0 and 14 after H101 injection in 1 responder was assessed using IFN-g enzyme-linked immunospot (ELISpot). The number of spots in each well is

listed above the well.
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in the following section). For patients who received the maximal
dose (2�1012 vp), 1�1012 vp of H101 was injected twice, 1 day apart.
Immediately after H101 injection, patients were instructed to
change position every 5 min over a 30-min period to achieve an
equal distribution of H101 throughout the peritoneal cavity. A
second paracentesis was performed if patients required relief of
ascites symptoms within 4 weeks from MA progression (forced
paracentesis).

Response evaluation

The response after 28 days was evaluated by the objective assessment
of ascites volume using transabdominal ultrasonography. An
Molecular Therapy: Oncolytics Vol. 25 June 2022 39
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ultrasound position-setting measurement was performed at baseline
and day 28 after H101 injection to measure the change in ascites vol-
ume. Briefly, patients were maintained in a supine position, and a 3-
to 5-MHz linear or a 3- to 5-MHz convex-array transducer was used
to perform the ultrasound scan. The depth of the largest free fluid
pocket at four abdominal quadrants, including both inguinal regions
and perihepatic and perisplenic regions, was measured in a horizontal
plane. The maximal value of the depth measured at the four positions
was used to determine the ascites volume.43 To achieve an objective
assessment of ascites volume, ultrasonography was performed by an
experienced ultrasound technician who was blinded to the study
design. The ascites volume was classified into three categories accord-
ing to the maximal depth measured by ultrasonography: small
amount (+, maximal depth <30 mm), medium amount (++, 30 mm
R maximal depth <60 mm), and massive amount (+++, maximal
depth R60 mm). The treatment outcomes were divided into the
following four categories, as described in a previous report:
disappeared: complete disappearance of ascites at day 28 after H101
injection; decreased: >10% reduction of ascites volume after H101
injection compared with baseline; no change: decrease or increase
of ascites volume within 10% compared with baseline; and increased:
>10% increase of ascites volume compared with baseline.44 Patients
who received a second paracentesis to relieve ascites-related symp-
toms within 4 weeks from MA progression (forced paracentesis)
were determined to be increased regardless of the change in ascites
volume. Responders and non-responders were separately defined as
patients with disappeared or decreased ascites and patients who
showed no reduction in ascites volume.

Toxicity

Patients were required to be hospitalized for 24 h after H101 injection,
and a 4-week follow-up was conducted to monitor treatment-related
adverse events. Toxicity was graded according to the Common
Terminology Criteria for Adverse Events of the National Cancer
Institute, version 4.0.

CyTOF analysis of peritoneal immune activation

Ascites samples of 6 patients were collected at baseline (day 0) and 7
and 14 days after H101 treatment for CyTOF analysis. Briefly, ascites
fluid was collected and centrifuged at 1,500 rpm for 5 min to obtain
ascites cells. The cell pellet was re-suspended in 3� volume of phos-
phate-buffered saline (PBS) and filtrated with a 100-mm cell strainer.
After centrifugation and red cell lysis, cells were re-suspended with
Hank’s solution and added onto an equal volume of Ficoll solution
for gradient centrifugation. The white layer of immune cells at the
interface was collected and washed twice with staining buffer. A total
of 34 and 32 cell-surface antibodies of T and non-T panel (Fluidigm,
South San Francisco, CA, USA) (Table S1) were mixed in a 100-mL
volume of Maxpar Cell Staining Buffer. Up to 3 million cells per sam-
ple were stained with antibody mixer (see supplemental information).
After washing with 1 mL Maxpar Cell Staining Buffer, cells were re-
suspended in 2 mL cell intercalation solution (125 nM Cell-ID Inter-
calator-Ir in Maxpar Fix and Perm Buffer). Analysis with the CyTOF
2 Mass Cytometer was subsequently performed. Initial data process-
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ing was conducted using Cytobank (https://premium.cytobank.org/
cytobank/), and subsequent analysis including dimensional reduc-
tion, clustering analysis was performed using R packages FlowSOM,
cytoCore, and Rtsne.

Immunocytochemistry of ascites cells

Cells collected from ascites samples at baseline and 7 and 14 days after
H101 injection were fixed and embedded. The cells were separately
stained with anti-CD8a monoclonal antibody (mAb) (ab237709,
Abcam, Cambridge, UK), anti-pan-CK mAb (ab7753, Abcam), and
anti-Ad5 E1A mAb (MA5-13643, Thermo Fisher Scientific, Fremont,
CA, USA). Five high-power fields (40�) were randomly selected and
the numbers of positive cells and total cells were assessed and
calculated by a professional pathologist (J.F.), who was unaware of
the grouping. The proportion of positive cells in each slide was
calculated as positive cell number/total cell number. The proportions
of the different fields of each sample were averaged for statistical
analysis.

ELISpot identification of tumor-specific CD8+ T cells

Ascites cells were collected from one additional patient who was
defined as a responder. CD45� cells were sorted from ascites cells
collected at baseline using CD45�-specific magnetic-activated cell
sorting (MACS) beads (cat. no. 130-045-801, Miltenyi Biotec,
Bergisch Gladbach, Germany) and were lysed via three freeze-and-
thaw cycles to make a tumor-containing lysate. The CD8+ T cells
were then isolated using CD8-specific MACS beads (cat. no. 130-
045-201, Miltenyi Biotec). Sorted CD8+ T cells were plated in dupli-
cate wells of an IFN-g ELISpot (1�105 cells/well) and stimulated with
tumor-containing lysate (25 mg/mL) collected at baseline for 24 h.
Spot formation was performed in accordance with the manufacturer’s
instructions (cat. no. 2110002, Dakewe Biotech, Beijing, China).
Plates were read and analyzed using a Mabtech ASTOR ELISpot
Reader (Mabtech AB, Stockholm, Sweden).

Detection of antiadenovirus neutralizing antibody by ELISA

The levels of antiadenovirus neutralizing antibody in serum
samples taken from 6 patients on days 0, 3, 7, and 14 after H101
treatment were measured using an anti-Adenovirus IgG human
ELISA kit (Abcam, ab108705). Adenovirus IgG positive, negative,
and cutoff controls and prediluted serum samples were added
into triplicate wells of a 96-well plate that had been pre-coated
with adenovirus antigen. After washing, horseradish peroxidase-
labeled anti-human IgG conjugate and 3,30, 5,5’ tetramethylbenzi-
dine dihydrochloride (TMB) substrate were added in accordance
with the manufacturer’s instructions. Finally, the absorbance at
450 nm was read on a Bio-Rad Model 550 microplate reader
(Bio-Rad, Hercules, CA, USA). Samples are considered positive
or negative if the absorbance value is greater or lower, respectively,
than 10% over the cutoff value. The results are shown using stan-
dard units, which equals the (patient [mean] absorbance
value � 10)/cutoff value. A standard unit of 10 was set as the cutoff
value; values of <9, >10, or 9–11 represent negative, positive, or
inconclusive results, respectively.

https://premium.cytobank.org/cytobank/
https://premium.cytobank.org/cytobank/
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Statistical analysis

Statistical analyses were performed using GraphPad Prism 8
(GraphPad, San Jose, CA, USA) software. The ARR was calculated
as the ratio of the sum of patients with disappeared and decreased
ascites to the total number of patients, which equals (disappeared +
decreased)/total. The ACR was determined as the ratio of patients
who showed no progression of ascites volume, which equals
(disappeared + decreased + no change)/total. Data are expressed as
means ± standard deviations (SDs). The correlation between dose
and response was calculated by the chi-square test. All of the statistical
tests were two sided. Differences between groups were analyzed by
one-way ANOVA. p < 0.05 was considered significant.
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