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Summary Purpose This open-labeled, phase I clinical trial
was designed to determine the safety and tolerability of percu-
taneous intralesional administration of wild-type oncolytic
revovirus type 3 Dearing (Reolysin®) in cancer patients with
accessible and evaluable disease, who had otherwise failed to
improve on standard cancer interventions. Experimental De-
sign An escalating dose of Reolysin® starting from up to 1010

plague forming units (PFU) was administered to each cohort of
three patients per dose level. Viral shedding, reovirus neutral-
izing antibody response, toxicity and clinical response were
assessed. Results Nineteen patients with various advanced
solid tumors were treated. The most common toxicities related
to treatment were grade 2 (or less) local erythema and transient
flu like symptoms. Viral shedding was not seen in cerebral
spinal fluid (CSF), urine and stool samples in all patients.
Rising viral antibody titres were seen in all patients. In addi-
tion, we observed some evidence of local target tumor response

activity in 7/19 patients (37 %) at the end of six or more weeks
follow-up, with one patient exhibiting a complete response
(CR), two a partial response (PR), and four stable disease
(SD) to the local injected lesion. Conclusions Reolysin® is
well tolerated given intralesionaly, with DLT/MTDnot reached
at a dose of 1010 PFU. The favorable toxicity profile, lack of
viral shedding and possible therapeutic activity has made this
unattenuated oncolytic reovirus an attractive cancer therapeutic
agent for ongoing clinical studies, including in the setting of
locally advanced accessible disease for palliation of symptoms.

Keywords Phase I clinical trial . Reolysin® . Oncolyic
virus .Reovirusneutralizing antibody .Dose limiting toxicity
(DLT) . Maximum tolerated dose (MTD)

Introduction

First described at the turn of the last century [1], the idea of
using viruses as cancer therapy has now been vividly testing
in a large number of clinical trials [2–11]. Unlike classic
gene therapy, which uses a virus as a vector to deliver
therapeutic gene products, oncolytic viruses infect and kill
tumor cells directly via a lytic infection; apoptosis may also
occur [12]. Though the mechanisms are not entirely under-
stood, the selectivity of at least some oncolytic viruses for
cancer cells is because these viruses usurper a variety of
similar cellular survival, proliferation, anti-apoptotic and
anti-angiogenesis signalling pathway that are upregulated
or constitutively active in cancer cells [12].

Reolysin® (Oncolytics Biotech Inc, Calgary, Canada) is a
naturally occurring, unmodified, and replication competent
strain of Type 3 Dearing reovirus. It is ubiquitous and non-
pathological in humans [13], as witnessed by the fact that over
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half of adults have been exposed to reovirus, probably occur
unnoticed in their young age [14]. It is well-known that reovi-
rus is selectively oncolytic to cancer cells, but not to normal
cells, in vitro, in vivo and ex vivo [15]. The exact mechanism
of reovirus-mediated selective oncolysis still remains contro-
versial. It is believed in part due to activation of Ras signalling
pathway, that is frequently seen in cancer cells [16], either
through aberrant activation mutation of Ras itself or the up-
stream or downstream elements, such as epidermal growth
factor receptor (EGFR) or platelet-derived growth factor re-
ceptor (PDGFR) [15, 17–19]. Reovirus infection is restricted
in normal cells because early viral transcripts activates double
stranded protein kinase (PKR), which subsequently shuts
down viral replication. In contrary, activation of Ras signalling
in cancer cells inhibits PKR phosphorylation and activation,
thus allows efficient viral propagation and eventually lysis of
cancer cells [15, 19]. Reovirus in addition exploits other mech-
anisms such as reduction of protease inhibitors thus enhancing
viral uncoating and viral particle infectivity, and promotion of
apoptosis mediated through c-Jun N-terminal kinases (JNK)
and nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-κB) pathway [20–22].

Over the last decade or so, reovirus has been vigorously
tested in a variety of preclinical animal models, in which
reovirus therapy delivered either intratumorally or systemical-
ly yielded complete tumor regression [15, 23–27]. More re-
cently, Reolysin® has been evaluated in a number of early
phase clinical trials, mostly through systemic intravenous
administration either as a monotherapy (three studies)
[28–30] or a combination therapy with chemotherapy (three
studies) [31–33]. Only two phase I trials have been completed
to evaluate intratumoral administration of Reolysin®, one was
used alone in recurrent malignant glioma [34], and the other
one was used in combination with palliative radiotherapy in
patients with advanced or cutaneous metastatic solid tumors
[35]. These studies demonstrated that Reolysin® injection is a
safe and well-tolerable cancer treatment, especially giving
intratumorally. No significant toxicities (≥ grade 3) or adverse
events related to the Reolysin® treatment observed in these
intratumoral trials [34, 35]. Moreover, MTD has never been
reached even at a maximum concentration of 1×1010 tissue
culture infectious dose 50 (TCID50) given intratumorally up to
six doses (two doses per week) [35].

Here, we report the results of a conventional, single-
institution, open-labeled, dose-escalation phase I clinical
study. It was designed to determine the safety and tolerability
of the percutaneous intralesional administration of Reolysin®,
thereby to define the dose limiting toxicity (DLT) and maxi-
mum tolerated dose (MTD), in cancer patients with a variety
of advanced solid tumors, who had otherwise failed to im-
prove on standard cancer interventions. Secondary objectives
included pharmacokinetic analysis of viral shedding in relate
to dose and frequency of administration, characterisation of

the immune response to Reolysin® challenge intratumuraly,
and local antitumor activity in target lesions and if any,
in synchronous lesions remote from the site of viral
administration.

Patients and methods

Patients and eligibility criteria

Patients with at least one histological confirmed cutaneous
lesion of any histological type who had exhausted standard
cancer treatment were enrolled. The cutaneous lesions had to
be accessible for measurement by palpation and percutaneous
intralesional administration of Reolysin®measuring between 1
and 10 cm2. Fine needle aspiration with histological examina-
tion of the target lesion≤14 days prior to intralesional admin-
istration of Reolysin® was performed in all patients and
reviewed by a single pathologist (Dr L. DiFrancesco) to con-
firm that the palpable lesions were cancerous. Eligible patients
had to have a life expectancy≥12 weeks, performance status of
Eastern Cooperative Oncology Group (ECOG PS) of ≤3, age≥
18 years and signed a written informed consent form. Eligible
patients must have adequate organ function as defined by
absolute granulocytes≥2×109/L, absolute lymphocytes≥
75 % of the lower limit of normal, hemoglobin ≥100 g/L,
plateletes≥100×109/L; serum creatinine<1.5 times the upper
limit of normal; serum transminase levels<3 times the upper
limit of normal; quantitative immunoglobulins more than the
lower limit of normal; and a left ventricular ejection fraction of
more than the lower limit of normal as evaluated by Multi
Gated Acquisition (MUGA) scan. A therapy-free period of≥
21 days (free of any active cancer treatment or other investi-
gational drugs) and a corticosteroid dose equivalent or inferior
to 10 mg of prednisone per day were also required as an
inclusion criteria.

Female patients of childbearing potential not using medi-
cally approved contraceptivemethods, pregnant or breastfeed-
ing were excluded. Exclusion criteria included concurrent or
prior radiation therapy to the lesion being injected unless new
tumor growth within the radiation field which could be docu-
mented, and concurrent use of alternative, complementary or
unproven systemic and/or local therapies.

The study was conducted in accordance with the principles
of Good Clinical Practice, the Declaration of Helsinki, Health
Canada and U.S Federal Drug Administration, the local Re-
search Ethics Board approved this study and all patients were
able to understand and signed the informed consent.

Study design and dose escalation

We used a standard phase 1, dose-escalation design in which
both the dose and frequency of Reolysin® administrations
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increased (Table 1) depending on toxicities encountered. We
selected a starting dose of 1×107 PFUs delivered once and
escalated this to a maximum dose of 1×1010 PFUs given
once weekly. In selecting an appropriate starting dose the
usual approach of extrapolating from toxicity data in immu-
nocompetent mice was not useful since they tolerate the
highest dose which is impossible to manufacture without
significant toxicities. Therefore, we selected 1×107 PFUs as
a starting dose since others have done the same with other
replication competent viruses [36–38]. A minimum of three
patients were entered at each dose level until a patient expe-
rienced a dose-limiting toxicity (DLT) (see below toxicity
assessment). When a DLT was encountered, three more sub-
jected (total of six) were added to that dose level group. If two
or more subjects (out of six) in a dose group experienced DLT,
that dose level will be considered as maximum toxicity dose
(MTD). Dose escalation was continued to the next level,
provided it was well tolerated and MTD was not reached.
Intrapatient dose escalations were not permitted.

Viral administration, patient evaluation and follow-up

Purified Reolysin® (tested by BioReliance Corporation
(Rockville, Md) as per Good Laboratory Practice (GLP)/
Good Manufacturing Practice (GMP) quality assurance) was
provided in colour coded glass vials at approximately the
concentration of virus to be used so that minimal dilution or
mixing would have to be done at viral administration insti-
tution. Stock were stored at −70 °C, thawed rapidly, and the
prescribed PFUs dose was prepared in a sterile syringe,
fitted with a 25 gauge needle, and the volume was standard-
ized to a total of 1 ml. In order to ensure adequate distribu-
tion of viral particles within the target lesion, the target lesion
was palpated, overlain with a sterile grid marked in 1 cm2

areas and the total dose of Reolysin®was divided so that equal
amounts would be administered per 1 cm2. For example, a
2 cm2 lesionwould be treatedwith four intralesional injections
of the total dose.

The intralesional administration was performed in an out-
patient setting, under sterile conditions and with appropriate
precautions (i.e. masks, gowns and gloves recommended at

the time of the study). Patients were monitored under close
observation (including blood pressure, temperature, heart rate
and oxygen saturation monitoring) for at least 2 h following
the procedure. Patients were given instructions regarding in-
fectious precautions at home. Toxicities and adverse events
were monitored after viral treatment weekly for 6 weeks and
once every 4 weeks at week 10 and week 14 using physical
examination, measurement of performance status, hematology
and biochemistry. The pharmacokinetic analysis of virology
including viral neutralizing antibodies and viral shedding in
urine, sputum, stool and serum were analyzed at specified
intervals (described as below). 2 and 4 weeks after viral
treatment administration, cardiac function by electrocardio-
gram (ECG) and MUGA scan were evaluated. Patients had
both a magnetic resonance image (MRI) of the brain and a
lumbar puncture (LP) 2 weeks after the last corresponding
viral administration.

Toxicity assessment

Toxicities and adverse events were graded according to the
National Cancer Institute—Clinical Trials Group (NCI CTG)
expanded Common Toxicity Criteria. DLT was defined as
occurring whenever any one of the following occurred: 1)
Grade≥3 and was felt to be probably or definitely related to
Reolysin®. 2) New or worse aggravation of existing peripheral
vascular disease, or 3) Clinical evidence of myocarditis as
demonstrated by MUGA scan ( ≥ 10 % decrease in left ven-
tricular ejection fraction) or ST segment abnormalities on an
ECG. These latter two criteria were used because severe com-
bined immunodeficiency (SCID) (but not immunocompetent)
mice developed hind limb necrosis, which was presumably
vascular in nature, and myocarditis following subcutaneous
intralesional administration of reovirus [15].

Response evaluation

Patients must have been followed for at least 6 weeks to be
considered evaluable for response unless early progression
occurs, in which case they were considered evaluable. Assess-
ment of tumor response of the target lesion (which received

Table 1 Dose-escalation scheme and the number of patients treated in each cohort

Dose Level
(Cohort No.)

Dose (PFUs) No. of Patients
per cohort

Patient No. No. of Injections Injection
Frequency

Duration of Injections

1 1×107 4 01–01—01–04 1 − −

2 1×108 3 02–01—02–03 1 − −

3 1×108 3 03–01—03–03 3 3 /week 1 week

4 1×109 3 04–01—04–03 1 − −

5 1×109 3 05–01—05–03 3 3 /week 1 week

6 1×1010 3 06–01—06–03 1 − −
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intralesional Reolysin®) were performed at pretreatment and
once weekly for 6 weeks and thereafter once every 4 weeks at
week 10 and week 14 by manually measuring the palpated
tumor using calipers (photograph were also taken). Up to a
maximum of six synchronous lesions were also followed at
the same interval to determine if there was evidence of a
response at sites remote from the site of administration. Clin-
ical response included local tumor response and systemic
response was determined by RECISTcriteria [39] for progres-
sive disease (PD), stable disease (SD), partial response (PR)
and complete response (CR).

Analysis of viral shedding

Samples of urine, sputum, stool, cerebral spinal fluid (CSF)
and serum were tested for infectious particles using a semi-
quantitative RT-PCR and PFU techniques at baseline and
throughout the study. Specifically, these tests was done in
serum at baseline and repeated weekly for 6 weeks after
viral treatment and thereafter every 4 weeks at week 10 and
week 14; two and 4 weeks after viral treatment in urine,
sputum and stool; and 2 weeks after the last corresponding
viral administration in CSF.

Detection of neutralizing antireoviral antibodies
to Reolysin®

Serum was collected and stored at −70 °C for batch analysis
of neutralizing antiretroviral antibodies at baseline (to deter-
mine previous exposure) and once weekly for 6 weeks after
viral administration and thereafter once every 4 weeks at
week 10 and week 14 to quantitate immune response to
Reolysin®. It was performed by Alberta Provincial labora-
tory using a standard ELISA method. A neutralizing anti-
bodies titre of <8 were considered indicative of prior
exposure to reovirus when measured on baseline serum
samples.

Results

Patient characteristics

Nineteen patients (nine men and ten women), with a variety of
advanced or metastatic solid tumors that were unresponsive to
existing standard cancer therapies were enrolled into this
study. Patient demographics are displayed in Table 2. Details
of primary tumor diagnosis and prior treatments are shown in
Table 3. Patients’median age was 51 years (range 27–70). The
median ECOG PS was 0 (range 0–1). The most common
primary tumor types were soft tissue sarcoma (n05), melano-
ma (n04), head and neck (n04), breast (n03), and other
tumors (n03). Ten (53 %) patients had prior radiotherapy.

Fifteen (79 %) patients received a median of two prior che-
motherapy regimens (range 0–5). (Tables 2 and 3)

Toxicities and adverse events

This treatment was overall well tolerated and all symptom-
atic toxicities encountered (either definitely or probably
related to viral administration) were mild (≤ grade 2;
Table 4). The most frequent reported events (summarized
in Table 4), especially during the first few days after injec-
tion, were complaints such as nausea (n015; 79 %), vomit-
ing (n011; 58 %), headache (n012; 63 %), local erythema
of injection site (n08; 42 %), fever/chills (n07; 37 %),
dizziness (n07; 37 %), transient flu-like symptoms (n06;
32 %), diarrhea (n06; 32 %), and arthralgia/myalgia (n05;
26 %). We observed a relatively frequent grade 1 to 3
headache in 12 patients (63 %) in this study. However, all
headaches reported by patients were post lumber-punctures
which is a well-known side effect from this procedure itself.
Thus, we believe that headache is an unlikely toxicity to the
intratumoral Reolysin® treatment. In regard to laboratory
toxicities, majority of them were mild (≤ grade 2; Table 4) as
well. There were some grade 1 to 2 transaminase level
increase (n06; 32 %) and a few grade 1 total bilirubin level
increase (n02; 22 %). These lab value abnormalities, al-
though mild, seemed to overlap with some gastrointestinal
(GI) symptoms such as nausea, vomiting and diarrhea.
However, those liver tests of a significant amount of patients
who had GI symptoms remained normal post intratumoral

Table 2 Patient demographics, tumor diagnoses, performance status,
and prior therapies

Patient characteristics No. patients

Total No. 19

Age (years)

Median 51

Range 27–75

Male/Female 9/10

Primary tumor site

Soft tissue sarcoma 5

Head and neck 4

Melanoma 4

Breast 3

Other 3

Eastern Cooperative Oncology Group Performance Status

0 12

1 7

Prior surgery 16

Prior radiotherapy 10

Prior chemotherapy 15

Median Regimens (range) 2 (0–5)

Invest New Drugs (2013) 31:696–706 699
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Reolysin® treatment. It was noted that there were nearly half
of patients (n09; 47 %) had varied grade of lymphopenia
with two in grade 3 (n02; 22 %) and one in grade 4 range
(n01; 5 %). Lymphopenia is expected to associate with viral
infection, however, these resulted in no clinical consequen-
ces such as serious infections. There were only two grade 1
asymptomatic thrombocytopenia (n02; 22 %) and no neu-
tropenia were observed. Overall, a DLTwas not encountered
and therefore a MTD could not be determined.

During the conduction of the trial, a total of seven patients
died (median time to death was 150 (range: 110–223) days)
and in all cases these deaths occurred from disease progres-
sion or disease complications, none within 30 days of Reoly-
sin® injection. No patient discontinued due to an adverse
event, although one patient refused further involvement in
the study. Five patients had one or more serious toxicities
(grade≥3) or adverse events during the study period, Themost
common were pain in five patients; pancreatitis in one patient;
vena cava thrombosis in one patient; dysphagia in two
patients; leg swelling in one patient; neuropathy in two
patients. None of these adverse events was judged related to
Reolysin® injection based on the NCI-CTG criteria for the
relationship of the adverse event to the treatment.

Neutralizing antibodies response

All 19 patients were tested at baseline for neutralizing anti-
bodies to Reolysin® and seven (37 %) were positive for
neutralizing antibodies (Table 5). All patients became sero-
positive after treatment with Reolysin® a median of 1.4 weeks
(range 1 to 3 weeks) from injection. Patients developed a
median maximum antibody titre of >1364 (range 64 to
> 4096). The median time until the maximum neutralizing
antibody response was 3.8 weeks (range 1 to 10 weeks)
following the first administration of Reolysin®.

Pharmacokinetic analysis of viral shedding

All patients’ samples of urine, stool and CSF (pre- and post
Reolysin® treatment) were negative for viral shedding by
viral culture and RT-PCR (Table 5). Unfortunately, no pa-
tient could expectorate sufficient sputum to be tested, thus
sputum samples were not tested. Serum RT-PCR was posi-
tive for viral detection in the multiple injection 1×109 (n02;
67 %) and single injection 1×1010 (n01; 33 %) cohorts.
This did not however correlate with flu-like symptoms.

Antitumor response assessment

The best target tumor response at 6 weeks (42 days) or more
follow up was CR in one (5.3 %), PR in two (10.5 %), SD in
four (21.1 %) and PD in ten (52.6 %) patients (Table 6). As a
representative of a target tumour response to intralesionalT
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Reolysin® treatment, Figure 1 showed photograph pictures
of a target injection lesion of a PR patient (05–02) pre- and
10 weeks post intralesional Reolysin® treatment. Synchro-
nous lesions generally showed lower response rates, al-
though one PR patient (05–02) had a best response of PR
for one synchronous lesion and the other two patients (06–
03, 03–03) had a SD for one synchronous lesion at 6 weeks
or more follow-up (Table 6). In addition, best tumor
responses at any time on study and maintained for≥2 weeks
were CR in two, PR in four, SD in 11 patients for the
injection target lesion and three PR at their synchronous

lesions (data not shown). For example, the target injection
lesion of one patient 01–03 had a CR at week 2 and 3
follow-up, however the lesion grew back and was consid-
ered as a SD at the end of 14 weeks follow up.

Discussions

Over the last decade or two, there is a growing interest in the
development of oncolytic viruses in clinical studies, particularly
a wild-type reovirus type 3 Dearing (Reolysin®) for use as a

Table 4 Toxicities related to
Reolysin® intralesional
treatment

aValues represent numbers of
patients with the specified
toxicity at any time
bAll reported headaches were
post lumbar punctures
performed at baseline.

Toxicitiesa Grade 1 Grade 2 Grade 3 Grade 4 Total Relationship to Reolysin®

Nausea 10 5 0 0 15 probably

Vomiting 8 3 0 0 11 probably

Headacheb 4 5 3 0 12 unlikely

Local erythema 6 2 0 0 8 definitely

Fever/chills 3 4 0 0 7 probably

Diarrhea 4 2 0 0 6 possibly

Dizziness 5 2 0 0 7 possibly

Athralgia/myalgia 4 1 0 0 5 probably

Flu-like illness 4 2 0 0 6 probably

ALT increase 5 1 0 0 6 possibly

Total bilirubin increase 2 0 0 0 2 possibly

Lymphopenia 3 3 2 1 9 definitely

Thrombocytopenia 2 0 0 0 2 possibly

Table 5 Reolysin® neutralizing
antibodies response and phar-
macokinetics of viral shedding

aAll urine/stool/CSF studies
were negative

Patient No. Dose
(PFUs)

Antibody
baseline titre

Antibody
positive
(weeks)

Antibody
titre max

Antibody
max
(weeks)

Viral
PCR

Viral
culture

01–01 1×107 <8 1 1024 10 nega nega

01–02 1×107 <8 1 64 4 neg neg

01–03 1×107 128 0 512 4 neg neg

01–04 1×107 0 1 512 5 neg neg

02–01 1×108 64 0 2048 3 neg neg

02–02 1×108 <8 2 256 3 neg neg

02–03 1×108 <8 2 128 3 neg neg

03–01 1×108×3 <8 1 2048 2 neg neg

03–02 1×108×3 64 0 1024 3 neg neg

03–03 1×108×3 <8 1 256 5 neg neg

04–01 1×109 <8 2 512 3 neg neg

04–02 1×109 <8 3 1024 10 neg neg

04–03 1×109 <8 1 128 1 neg neg

05–01 1×109×3 <8 1 2048 1 neg neg

05–02 1×109×3 <8 1 >4096 3 pos neg

05–03 1×109×3 256 0 >4096 1 neg neg

06–01 1×1010 32 0 >4096 6 pos neg

06–02 1×1010 32 0 1024 3 neg neg

06–03 1×1010 128 0 1024 3 neg neg
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targeted cancer therapeutics either alone [28–30, 34] or in
combination with conventional modalities [31–33, 35]. Here,
we reported the results of a first-in-world phase 1 clinical trial of
Reolysin® by giving percutaneous intralesionaly as a mono-
therapy to a variety of oncology patients with advanced solid
cancers. The major finding of this study is that percutaneous
intralesional administration of Reolysin® into metastatic acces-
sible tumors of a variety of oncology patients is safe and well
tolerated. Nausea, vomiting, diarrhea, injection site erythema,
fever/chills, flu-like illness and arthralgias/myalgias were the
main toxicities but all these toxicities were mild requires no
treatment. No DLTwas found even at the maximum used dose
of 1×1010 PFUs during the study, and therefore, MTD was not
defined. To date, there were two phase I trials of intratumural
injection of Reolysin®. One was used alone in recurrent malig-
nant glioma [34], and the other one was used in combination
with palliative radiotherapy in patients with advanced or cuta-
neous metastatic solid tumors [35]. Neither of these two trials
observe a DLT at their maximum used dose, one was at 1×109

TCID50 [34], the other was at 1×1010 TCID50 given intra-
tumorally up to six doses (two doses per week) [35]. One
should note that TCID50 and PFUs are not equivalent viral
quantification units because they use two distinct infectivity
assays. TCID50 quantifies the amount of virus required to kill
50 % of inoculated tissue culture cells, whereas PFUs is
representative of infective virus particles. It was generally
believed that about two thirds of TCID50 equals to PFUs.
Therefore, on the basis of these data, we postulate that it
may be possible to increase the dose level beyond 1×1010

PFUs or TCID50 (this was the maximum concentration that
could be manufactured at the time of the trial), and give
multiple injections at an interval of 2 or 3 days in the future
trials in order to increase the efficacy of intratumoral injection
of Reolysin® either alone or in combination with other mo-
dalities such as radiotherapy in locally advanced tumors.

Pharmacokinetic viral analyses in our study using both RT-
PCR and viral culture techniques detected no viral shedding in
urine, stool and CSF samples in any patient at 2 and 4 weeks
post Reolysin® intralesional injections. Serum RT-PCR, but
not viral culture, was only positive in two patients (05–02 and
06–01) in the multiple injection 1×109 and 1×1010 cohorts,
respectively. As for patient 06–01, only serum RT-PCR at
baseline was positive, became and remained negative repeat-
edly in the subsequent follow-up studies done post Reolysin®
injections. As for patient 05–02, serum RT-PCR was only
positive at week 6 post injection but did not persist afterwards.
In addition, this finding did not however correlate with any
flu-like symptoms. Our study as well as others [33, 35] con-
firm the biosafety of this agent used both intravenously or
intratumorally. However, other studies [28, 34] occasionally
observed a positive viral detection in body fluids (such as
feces and saliva) post Reolysin® treatment, although this was

Table 6 Best tumor responses to Reolysin® intralesional treatment at 6 weeks or more follow-up

Lesion site CR PR SD PD
N (%) N (%) N (%) N (%)

Target injection lesion response 1 (5.3) 2 (10.5) 4 (21.1) 10 (52.6)

Patient No. & if any, their synchronous
lesion response

04–02 (Klastskin)
No synchronous lesion

05–02(head and neck)b 01–02 (head and neck)

Synchronous lesion #1 PR No synchronous lesion

06–03(head and neck) 01–03 (melanoma)a

Synchronous lesion #1 PD No synchronous lesion

Synchronous lesion #2 SD 02–03 (breast cancer)

Synchronous lesion #1

PD

03–03 (Kaposi’s)

Synchronous lesion #1 PD

Synchronous lesion #2 SD

a Target injection lesion had a CR in week 2 and 3
b Refer to Fig. 1 target lesion response

Pretreatment 10 weeks post treatment

Fig. 1 Photograph pictures showing a clinical PR of a target injection
lesion of patient 05–02 pre- and 10 weeks post Reolysin® intralesional
treatment
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very infrequent and short-lived. The discrepancy might reflect
an earlier detection time interval (2 versus 10 days) post
treatment and a more extensive RT-PCR cycles (35 versus
25) used in viral detection in latter studies. Based on these
studies, we recommend that this treatment can be safely giving
in an out-patient setting.

Rising Reolysin® neutralizing antibody titres measured
by an ELISA assay were seen in all patients post Reolysin®
intralesional injection treatment regardless of baseline viral
titre in this study. Increment of antibody titres seemed to
correlate with injection dose given. It was noted that the
higher the injection dose was, the higher level the maximum
antibody titres increased to, and the less time the antibody
titres needed to reach the peak level. However, there was
discrepancy in some patients to this observation. This might
simply reflect the heterogeneity of individual patient’s base-
line immune function, which might also be altered by pre-
vious cancer treatments, thus distinct immune response to
Reolysin® treatment. The term “NARA” (Neutralizing Anti-
Retroviral Antibody) was frequently noted to be used in
recent Reolysin® trials [28–33]. This NARA titre was de-
termined by a modified neutralizing antibody assay which
was used to detect Reolysin® neutralizing antibody titres by
measuring effect of patient serum samples on the ability of a
reovirus to kill a monolayer of the target mouse L929 cells
[40]. Despite a different assay used in this study, we did
observe a similar trend of fold increase of antibody titre
although the actual values of antibody titres in this study
were not comparable to other trials. It was generally be-
lieved that rising Reolysin® neutralizing antibody titres (or a
NARA response) plays an important role in preventing
spread of viral progeny, thus protecting against virus-
mediated systemic toxicity. The minimal systemic toxicities
in all patients observed in this study were consistent with
this theory. On the contrary, this rising neutralizing antibody
response seemed to act as an obstacle for efficient viral
delivery to tumors especially after intravenous treatment.
Therefore, more recent intravenous Reolysin® trials ex-
plored if concomitant use with chemotherapy (eg. cyclo-
phsphamide [41] and gemcitabine [33]) or immunotherapy
(eg. rituximab) would attenuate the NARA response thus
enhance the antitumor effect of Reolysin® therapy. In light
of this theory, intratumural approach has a significant ad-
vantage over intravenous administration because direct in-
jection of Reolysin® into tumors effectively kills the target
tumor cells which might not be or less affected by a sys-
temic neutralizing antibody response, while not losing the
protection against systemic toxicities.

This study was not primarily designed to evaluate the
anti-tumor activity of Reolysin® intralesional injection.
Patients recruited in this study were heterogeneous in all
aspects in terms of tumor histological type, aggressiveness
of disease, and previous treatment regimes. We showed a

significant treatment efficacy of local tumor response in 7/
19 patients (37 %) (who had been heavily pretreated) at the
end of six or more weeks follow-up, with one patient exhib-
iting a complete response (CR), two a partial response (PR),
and four stable disease (SD) to the local injected lesion
based on the RECIST criteria [39]. However, we did not
observe a significant anti-tumour activity in synchronous
lesions remote from the site of viral administration. This
could be explained by above theory that the rising neutral-
izing antibody response serves as a significant obstacle in
preventing efficient viral delivery elsewhere. In addition, we
showed some evidence of significant local antitumor activ-
ity in a variety of specific tumor types including head and
neck, melanoma and Kaposi’s sarcoma, consistent with the
observation seen in other intratumoral trial [35], strongly
supporting the future exploration of clinical use of Reoly-
sin® intralesional injection in these locally advanced tumor
types that had exhausted standard treatments.

Patients were not selected for this study based on the Ras
status of their tumors. Unfortunately, we did not have sufficient
molecular data to show a possible preferential Ras activation in
these particular tumor types that responded significantly to
Reolysin® intralesional treatment. In future clinical studies, a
detailedmolecular analysis of an oncogenic Rasmutation status
as well as an activated Ras pathway either through upstream or
downstream signalling effectors would be particularly useful
for us to better elucidate the underlying mechanisms of reovirus
selective oncolysis, and better select patient population who
would benefit this treatment the most. Another enlightening
thought is that Reolysin® treatment may synergize better with
targeted therapies specifically targeting activated Ras pathway
such as small molecular tyrosine kinase inhibitors rather than
chemotherapy and radiotherapy. We are excitingly anticipating
the future trials to investigate this possibility further.

A post-trial long-term follow up of available patients indi-
cated that several patients in our study had a relative long-term
survival following treatment with reovirus (5 survived more
than 1 year), and one patient (03–03, non-HIV Kaposi’s
sarcoma) still remains alive 10 years after completion of this
clinical trial. Amazingly, his injected target lesion remains to
be a SD after 10 years. However, this might reflect patient
selection rather than a treatment effect. Nonetheless, this is a
promising finding, further suggesting the safety of this treat-
ment over time.

In conclusion, this study confirms the safety of percutaneous
intralesional injection of Reolysin® in a variety of oncology
patients with advanced cancer. Furthermore, the data reported
here serves as an essential background information for the
ongoing phase II and III studies of this agent worldwide.
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