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Abstract

AIM: H101, an E1B 55 kD gene deleted adenovirus, has been
shown to possess oncolysis activity experimentally and proved
to be safe in preliminary phase I study. The current study
was designed to evaluate its anti-tumor activity and toxicity
in combination with chemotherapy in patients with late stage
cancers.

METHODS: H101 5.0x10! virus particles were given by
intra-tumor injection daily for five consecutive days at every
three-week cycle, combined with routine chemotherapy,
to one of the tumor lesions of 50 patients with different
malignant tumors. Tumor lesions without H101 injection in
the same individuals were used as controls. The efficacy and
toxicity were recorded.

RESULTS: Forty-six patients were evaluable with a 30.4%
response rate. H101 injection in combination with
chemotherapy induced three complete response (CR) and
11 partial response (PR), giving an overall response rate
of 28.0% (14/50) among intention-to-treat patients. The
response rate for the control lesions was 13.0%, including
one case with CR and five cases with PR, which was
significantly lower than that for the injected lesions (P<0.05).
Main side effects were fever (30.2%) and pain at the injected
sites (26.9%). Grade 1 hepatic dysfunction was found in
four patients, grade 2 in one patient, and grade 4 in one
patient. Hematological toxicity (grade 4) was found in four
patients.

CONCLUSION: Intra-tumor injection of the genetically
engineered adenovirus H101 exhibits potential anti-tumor
activity to refractory malignant tumors in combination with
chemotherapy. Low toxicity and good tolerance of patients
to H101were observed.
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INTRODUCTION

Thefightsagainst tumorsarefar from being finished. Biotherapy
seems to be a potential anticancer weapon, but still needs
strengthening. Engineered virus against cancer is one of the
most hopeful therapeutic approaches. There are two different
methods: (1) to use replication incompetent viruses as delivery
agents for therapeutic genes to access to tumors, and (2) to
destroy tumor by using replication-selective oncolytic viruses
astherapeutic agents themselves®3. Multiple gene dysfunctions
taking part in tumor formation have been known, single gene
correction or modification can hardly reverse the malignancy.
Viruses engineered for the purpose to replicate only in tumor
cells and destroy the cells do not depend on the gene function
they take on and have been shown to have great efficacy in
both experimental and clinical studies®9.

H101 is arecombinant human type-5 adenovirus (Ad5), in
which E1B-55 kDs gene has been totally deleted. The H101
virus produced by Shanghai Sunway Biotech, also contains a
deletionof 78.3-85.8 um gene segment in the E3 region. The
E1B-55kD gene product is responsible for p53-binding and
inactivation!®. If deleted, the viruswouldbe unabletoinactivate
p53 for efficient replication in normal cells. However, cancer
cellslacking functiona p53 would hypothetically be sensitive to
vira replication and subsequent cytopathic effects. p53 mutation
is the most common genetic abnormality identifiedin human
cancer™. This characteristic can be utilized for H101 to identify
thetarget. In vitro and in vivo studies have shown that H101 has
anticancer activity, and has been proved to be safe through afive
dosage of 5.0x107-1.5x10%virus particles (VP)/d within 5
consecutive daysin aclinical trial®. We carried out this clinical
trial to evaluate anti-tumor activity of H101 and its toxicity in
combinationwith chemotherapy in patientswith late stage cancers.

MATERIALS AND METHODS

Enrollment criteria

Histologically confirmed late stage cancer patients with more
than two measurable lesions (at |east one could be injected with
H101), who had recurrent disease after surgery and/or
radiotherapy for theprimary tumor, or had progressed at or within
8wk after completion of chemotherapy and/or radiotherapy, were
recruited. Patients had to be =18 years old, with performance
status above grade 2 according to The Eastern Cooperative
Oncology Group (ECOG) standard, and lifeexpectancy of =3 mo.
Normal hematological and renal functionswerealso required.
An informed consent was obtained from each patient or from
the patient’s legal guardian prior to enrollment. Thep53 gene
statuswas not critical for enrollment, because there werefactors
that inhibited p53 protein function including expression of the
human papillomavirus E6 protein or mdm-2 gene amplificationt®.
Ingtitutional Review Board approval of the protocol and consent
form were granted. This study was also approved by the State
Food and Drug Administration of China.

Baselineassessment
Baseline assessments were made prior to treatment, but these
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results were not used as enrollment criteria. Baseline blood tests
such as complete blood counts, neutralizing antibody titers,
electrolytes, blood urea nitrogen, creatinine, and liver function
tests were performed. In addition, plain chest radiography,
electrocardiogram and type B ultrasonography of upper
abdomen were performed.

H101

H101 was formulated as a sterile viral solution in PBS buffer
and kept at -20 ‘C. Each vial contained 0.5 mL of virus solution
with 510"V P and titered <1:60 TCIDs,. Sterile purified lots of
viruswere produced for human clinical use by Shanghai Sunway
Biotech (Shanghai, China), and tested for thetiter, sterility, and
general safety by National Institute For the Control of
Pharmaceutical and Biological Products (Beijing, China).

Treatment regimen

In each patient, the most symptomatic and/or largest tumor
masswasinjected with H101, and the patient wastrested together
with routine systemic chemotherapy simultaneoudly. Thetumor
for injection was mapped into five equally spaced sections.
Local anesthesiawas applied to the skin as needed. The tumor
was injected with 5x10" virus particles into one section per
day for 5 consecutive days, and these injections were repeated
every 3wk as one treatment cycle. The suspension volume of
sdline used for H101 administration was normalized to 30% of
the estimated volume of the tumor massto beinjected. Tumor
volumewasegimatedas 1/2 (maximd transversediameter xmaximal
vertical diameter xdepth).

Tumor assessments and toxicity evaluation

Tumor masses were measured serially by either physical

examinationor radiographic scanning (computed tomography
or magnetic resonance imaging), whichever the principal

investigator deemed most accurate for the measurement of the
injected tumor mass. Ingenera, superficid lesonswere measured
by physical examination, anddeep tumors were measured most
accurately by radiographic scanning. The tumor massinjected
with H101 (injected lesion) and non-injected lesion were
evaluated independently. Tumor measurementswere performed
either every 3wk (physical examination) while patientswere on
active study treatment. After treatment completion, patients

tumor (S) were assessed every 4 wk or sooner if Signs/symptoms
of progression became evident. Radiographic scanning was
assessed by independent radiol ogists, who were not investigators
on the study. The degree of response within injected tumors
was categorized asfollows: complete regression (CR), complete
disappearance of measurable tumor; partial regression (PR),
250% but <100% decreasein cross-sectional tumor area; minor
response (MR), <50% but =25% decreasein tumor areg; stable
disease (SD), <25% decrease or 25% increasein tumor area;
and progressive disease (PD), =25% increase in tumor area
versus the baseline area. Toxicity was assessed using the
National Cancer Institute Toxicity Criteria.

Additional follow-up after treatment initiation

Neutralizing antibody titers were repeated at the end of each
cycle, and viral dissemination in blood was tested immediately
after injection ond 5 and d 22 for each cycle. The routine blood
testswere repeated every week. Fine-needle aspirate biopsies at
the injected sites on day 22 of the first treatment cycle were
optional, based on patients’ consent because of ethical
considerations. These biopsieswere analyzed for type Ad5 coat
protein by immunohistochemistry.

PCR detection of H101 viral genomes in plasma
The blood taken before and one day after injection were collected

for PCR detection of H101 genomes(the amplicon overlapsthe
E1B region deletion and does not detect wild-type adenovirus
sequences). The left primer was 5’ ctggcgcagaagtattccat3', at
Tm60.24 °C and theright primer was5' gtcacatccagcatcacagg3',
at Tm 60.12 C. Viral DNA was extracted from samples, using
the Sangon DNA mini kit (Shanghai, China). Theamplification
procedurewas: at 94 °C for 10 min, then 94 °C for 60s, 55 C for
455, 72 °C for 60 sfor 35 cycles; thenat 72 °C, for 20 min. The
products were analyzed by 10 g/L agarose electrophoresis.
The lower limit of detection was 100 particles of H101 per
microlitreplasma

Detection of Ad-specific neutralizing antibodies by ELISA
Triplicate plasma (5 pL ) taken beforeand on d 22 after injection
were collected, and tested for Ad-gpecific antibodies according
to the procedures provided by Jingmei Biotech (Shenzhen,
China). The absorbance at 450 nm was read on aBio-RadModel
550 microplate reader. The positive results were those above or
equal to the average of Assonm Negative control plus 0.10.
Otherwise, the samples were defined as negative.

Immunohistochemistry for Ad5

Injection sitefine-needl e aspiration biopsieswereformalin-fixed,
paraffin-embedded and cut into sections. Sections were then
deparaffinized and hydrated. Slides were subjected to antigen
retrieval at 120 °C for 10 minin citrate buffer and incubated with
an Ad5 monoclona antibody (NeoMarker, America) for 90 min
at roomtemperature. This was followed by incubation with a
biotinylated goat anti-mouse secondary antibody, and the
streptavidin/horseradish peroxidase conjugate, then mounted
in DPX mounting medium (BDH Chemicals, America). The
percentage of brown-stained cells (positive for Ad5) was
determined by counting the cells under high-power
magnification (x40) of microscope. The average percentage of
three high-power field assessmentswas then cal culated.
Tumors that had greater than 10% of positively stained cells
were considered to be Ad5 positive.

Statistical analysis
All patients enrolled were calculated under the ITT principle.
The rates were compared by X2 test.

RESULTS

Patient characteristics

Totally, 50 patients were enrolled, including 18 with head and
neck cancer, eight esophageal cancer, five gastric cancer, five
lung cancer, three colorectal cancer, three breast cancer, three
soft tissue sarcoma, two malignant melanoma, one ovarian
cancer, one lymphoma and one chordoma. Most cancers were
a end-stage. The head and neck cancer and esophageal cancer
enrolled were all squamous carcinoma. Seventy percent of
patients were males. The median age was52 years. All patients
had ECOG Performance Status of grade 0-2. Thirty-nine (78%)
patients had received pretreatment before, and 31 (62%) had
received more than two kinds of trestment. The tumor mass had
amedian cross-sectional area of 12.5 cm? (range, 1.43-360 cnv)
(Tablel).

Tumor response

Overall, 46 patientswere evaluable. Theresponserate (CR+PR)
among these patients was 30.4% (14/46), and the overall
response rate according to ITT principle was 28.0%. For the
control lesions, the response rate was 13.0%, which was
significantly lower thantheH101 trested lesions (x?=4.08, P<0.05)
(Table 2). In the 14 cases with effective H101 injection, there
were one CR, three PRs, two MRs, three SDs, and five PDsfor
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the control lesions, respectively. In these patients, combination
of H101 injection with chemotherapy was more effective than
chemotherapy alone (x?=15.6, P<0.001). Theresponseratesto
H101 injection combined with chemotherapy were different, no
effect for gadtric cancer wasfound in thisstudy (Table 3). Figure 1
shows regression of the injected lesion in a patient with head
and neck cancer.

Table 1 Patients’ demographics

Characteristic

Age (yr)

Median 52
Range 18-76
Sex

Male (%) 35 (70%)
Female (%) 15 (30%)
ECOG Performance Status

Grade 0 15 (30%)
Grade 1 21 (42%)
Grade 2 14 (28%)
Pretreatment

Total 39 (78%)
Surgical 24 (48%)
Chemotherapy 37 (74%)
Radiotherapy 20 (40%)
Biotherapy 8 (16%)
Two or more treatment 31 (62%)
Tumor size (cm?)

Median 12.5
Range 1.43-360

Table 2 Response of H101 injected lesion and control lesion

Efficacy

Median
area (cm?)
CR PR MR SD PD

Lesion n Response

rate (%)

H101 injection 46 12.5 3 11 11 13 8 30.4
Control 46 11.3 1 5 7 21 12 13.0

CR, complete regression; PR, partial regression; MR minor
response; SD, stable disease; and PD, progressive disease. Re-
sponse rate was calculated from cases with CR and PR over
cases in each group.

Table 3 Efficacy of 46 evaluable patients treated with H101
and chemotherapy

Type of tumor n Response (CR+PR)

SCCHN*
Esophageal cancer

[N
(3]

4
3

o
N

Gastric cancer

Lung cancer
Colorectal cancer
Breast cancer

Soft tissue sarcoma
Malignant melanoma
Lymphoma
Chordoma

P P PN W Ww w s~ oo

(= T

Ovarian cancer

!SCCHN, squamous cell carcinoma of head and neck.

Figure 1 A 51 yr-old male patient with neck metastasis of soft
palate squamous carcinoma. About 3 mo before enroliment, he
had been treated with radiotherapy and Docetaxel plus DDP, but
the metastatic tumor did not show any reaction to the treatment.
Before the enrollment the tumor was about 2.2x1.5 cm? (A, arrow),
then the tumor was injected with H101 5x10"VP per day for 5
consecutive days with systemic administration of 5-Fu and
DDP, after one cycle treatment the tumor regressed (B, arrow).

Adverse reaction

The most frequent adverse reaction wasfever (30.2%), injection
site pain (26.9%), flu-like symptoms (26.4%), nausea and
vomiting (34.0%), leucopenia(49.1%), liver dysfunction (5.7%),
aopecia(13.2%) (Table4). Fever wasmoderate, which gppeared at
about 12 h post H101 injection, perssted for 2-4 h, and thenreturned
to normal without trestment. Therewasasignificant differencein
the regression rate between patients with fever (69.2%, 9/13) and
thosewithout fever (21.2%, 7/33) (x*>= 9.48, P<0.005).

Table 4 Treatment-related toxicity

Grade
Adverse event Total (%)
| 1 111

Fever 10 5 1 0 16 (30.2)
Injection site pain 12 2 0 0 14 (26.4)
Nausea and vomiting 13 5 0 0 18 (34.0)
Leucopenia 12 7 3 4 26 (49.1)
Liver dysfunction 2 0 0 1 3(5.7)

Flu-like symptom 13 2 0 0 15 (28.3)
Alopecia 3 3 1 0 7 (13.2)

Humoral immune response and plasma H101 viral genome
Fourteen patients were tested for the Ad-specific neutralizing
antibody. Three (21.4%) of them were positive at baseline.
Another six turned to be positive on day 22. Two patients positive
at the baseline and two negative patients experienced tumor
regression, and thus there was no correl ation between baseline
neutralizing antibody titers and induction of tumor response.
Sixteen patientsweretested for plasmaH101 viral genomebefore
injection and 30 min after. Only six cases were positive after
injection (Table 5). All these patients were positive for blood
Ad-specific neutralizing antibody on d 22.
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Table 5 Humoral immune response and plasma H101 viral
genome test

Before injection After injection

Negative Positive Negative Positive
Ad neutralizing titer 11 3 5 9
Plasma H101 PCR 11 0 7 4

H101 immunohistochemistry detection

Totally, three fine-needle aspiration biopsies of tumor were
obtained at the end of treatment on d 22 or d 44, and detected for
Ad5 coat protein by immunohistochemistry for adenovirus
presence. Two of them were positive (Figure 2).

-
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L

Figure 2 Immunohistochemical staining of Ad5 capsid from
the fine-needle aspiration of the tumor tissue injected with
H101 at the end of treatment cycle. The dark-brown stained
granules (arrows in Figure A) represent a positive staining
indicating adenovirus replication and package in the tumor
cells. However negative staining was also obtained in one of
the three samples (B).

DISCUSSION

Selective replication of E1B deleted adenovirus in the p53
dysfunctional human cancer for cancer therapy is one of
promising treatment approaches. Its safety has been shown in
anumber of clinical trial§51%'2, Although anticancer activity
of the virus has been proved, the clinical efficacy is still not
predominant. Therefore, the oncolytic ability needsto beenhanced.
Current studies are focusing on arming these viruses with
therapeutic genes to increase it potency.[**%

But before that, the virus itself can be reinforced by
augmentation or elimination of specific vira functionsto enhance
the anticancer efficacy. To enhance the virus-induced host anti-
tumor immune response is one of the key points. However, the
rolesof theimmuneresponseto virotherapy are profound. Cutting
down thefunctionsof thevirusto escgpefromimmunesurveillance
can impede the spread of viral infection on the one hand, but
augment tumor cell destruction through the recruitment of T
cells“vaccinated” against tumor antigens on the other*d, The
E3 region isrelated to the inhibition of host immunity, which
enhances the virus replication and spread in tumor*™. But this
is not necessary for intra-tumor injection of oncolytic viral.
The virus replication and spread effect can be enhanced by

repeated injection. By sacrificing the spread ability, the virus
may activate the host immune response to virusinfected tumor
cellsand hel p the host immune system to recognize tumor cells
themselves, and thus may benefit patients under such therapy.
Metastasisis prevalent in malignant tumor patients, which is
the main cause of treatment failure or even death. Moreover,
patients may have more than one tumor lesion, and the lesion
that cannot be injected could exist. Therefore, the ability of
activating the host immune response seemscrucial. So treatment
with the E3 region deleted adenovirus, H101, may haveadditional
benefit to patients.

The main purpose of this pilot study was to test the effect
of H101 on awide type of advanced cancers. Results showed
that thetotal responseratewasonly 28.0% under thel TT principle,
which was significantly higher than the lesions that received
chemotherapy alone (P<0.05). This indicates that H101 may
have potential anticancer activity. The total regression rate
observed is not salient for the treatment. This may be dueto the
late stage of the diseases, and most of the patients had been
vigoroudly trested previoudy but failed at |ast. The other reason
isthe wide enrollment of the tumor types, some of which might
not be sensitiveto H101. For instance, gastric cancer showed no
response.

However, some patients presented notable therapeutic
efficacy without grievous adverse reactions. Moreover, in those
who had fever during H101 injection, the efficacy wassignificantly
higher than those who did not have fever (P<0.005). Although
there is no enough evidence to estimate the effect of H101 on
host immunity to tumors, our results suggest that thereis a
relationship between the immune reaction to H101 and the
efficacy, which was not well recognized in previous studies. In
the beginning of last century, it was noticed that patients with
various malignancies experienced spontaneous tumor
regression after rabiesvaccination, avira illnessor even bacterial
infection!*®¥, |n these cases, virus infection may activate the
host immune system, and elevated cell-mediated immunity may
play arole in the tumor regression. But the mechanismis still
unclear. On the basis of those results, immune modulation
strategies should be further studied and devel oped.

Our study aso showsthat H101 intra-tumor injectioniswell
tolerated. No severe toxicity was observed, and the main
adverse reactionsthat related to H101 wereinjection site pain,
nauses, fever and flu-like symptoms. Fever and flu-like symptoms
were obviously caused by the virusinjection and consequently
transitory viraemia. H101 presence did not cause severe
inflammationin peritumora normal tissue, despitemultipledirective
injection. Thus, H101 may benefit the patient without adding
severe affliction in clinical application.

Treatment for cancers with the recombinant oncolytic
adenovirusis hopeful, but still immature. Experiences should
be accumulated before it is applied in cancer therapy. Since
patients enrolled in our clinical trial werein their end-stage of
diseases, therewere difficultiesin patient selection and unifying
the chemotherapy drugs due to ethical consideration, and
immunosuppression was prevalent in those patients. The clinical
benefit of intra-tumor injection with H101 should be further
determined in randomizedtrials and, possibly, in earlier stage
patients. The dosage, medication methods, treatment cycle and
combined chemotherapy or immunotherapy should be explored
infurther studiesaswell. Genetically engineered and reinforced
virusesmay becomeanoved therapeutic platform for thetreatment
of cancers.
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