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Incidence rates of cancer have increased byalmost a third since the mid-1970s and, while
radiotherapy and chemotherapy can be curative,

many types of cancers do not respond.
(http://www.cancerresearchuk.org/cancer-info/
cancerstats/%20keyfacts/Allcancerscombined/).
There is therefore a continuing need for new, safe
and effective therapies, with minimal toxicity to
normal tissue. Interest in viral therapy to treat
cancer began at least 100 years ago with reports of
tumour remission following natural viral infection
or vaccination [1]. Reovirus is an unmodified virus
found ubiquitously in the environment, with most
adults having been exposed in their lifetime [2].
Reovirus replicates in the respiratory and gastro-
intestinal tracts of humans, and symptoms of infec-
tion are mild [3]. In the 1970s, it was discovered that
normal cells transformed into cancer-like cells were
more sensitive to infection by reovirus, sparking
interest in the field of oncolytic viral therapy [4].
This increase in sensitivity was connected to over-
expression of aberrant signaling pathways often
mutated in cancers [5]. This overexpression allows
reovirus to replicate effectively in cancerous cells,
whereas normal cells respond to infection by shut-
ting down viral replication [6]. 

Reovirus type 3 (Dearing) (RT3D) in the clinic
RT3D was first tested in the clinic in 2001 for its
safety as a single agent, injected directly into the
tumours of patients with advanced cancers for
which all other standard therapies were unsuitable.
Treatment was well tolerated, with headache and
flu-like symptoms, but responses were modest [7-9].
With many cancers inaccessible for direct injection,
it was tested by systemic intravenous administration
in clinical trials. Patients received one dose/day for
five consecutive days, every four weeks. Again, side-
effects were mild, and responses were limited to
disease stability [10,11].

RT3D with radiotherapy in patients with
advanced cancers
After trials testing RT3D as a single agent, subse-
quent strategies focused on combining RT3D with
existing treatments that could potentially enhance
its effects, such as radiotherapy. Pre-clinical studies

showed that the combination of RT3D and radiation
caused significant enhanced cytotoxicity in a panel
of tumour cell lines, and correlated with an increase
in apoptosis. Radiation did not affect viral replica-
tion, and reassuringly did not significantly reduce
RT3D activity at clinically relevant doses [12]. The
data supported a Phase-I trial of intra-tumoural
reovirus with palliative radiotherapy in patients
with advanced cancers. The combination treatment
was well tolerated, and of the 23 patients treated, 14
displayed stable disease or a partial response [13]. 
This cooperative cytotoxicity with existing stan-

dard treatments was investigated by combining
RT3D with chemotherapeutic agents. Pre-clinical
tests showed that reovirus synergized with various
chemotherapies, leading to increased apoptosis [14-
16]. This has been translated into the clinic in a
number of trials.

Reovirus with chemotherapy in patients with
advanced cancers
A Phase-I study of RT3D in combination with gemc-
itabine commenced in patients with advanced
cancers whereby RT3D was administered intra-
venously every day for five days of a three week
cycle [17]. Gemcitabine was given before the RT3D
injections on day one and again on day eight.
However, this treatment caused dose-limiting toxi-
city in the first two patients enrolled on the trial and
the protocol was amended so that only one dose of
RT3D was given on day one. Of 10 patients, disease
remained stable in six of them. One patient had a
minor response, and one patient a partial response.
A Phase-I study of RT3D in combination with

docetaxel was much better tolerated, with no dose-
limiting toxicity. RT3D was administered intra-
venously on every day for five days of a thee-week
cycle, with docetaxel given before RT3D on day one
[18]. Of the 24 patients receiving treatment, 16 were
eligible for response assessment, of whom 14 (88%)
had a complete response, partial response or stable
disease.
RT3D has also been combined with two

chemotherapeutic agents as a doublet therapy [19].
Combination of RT3D with both carboplatin and
paclitaxel has shown promising potential in the
clinic and Phase-III trials are underway. In the
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Table 1. Clinical trials involving RT3D. Dose escalations, cohorts and numbers of patients enrolled in the study.

PHASE I STUDIES RT3D Cohort Reovirus Treatment Chemo Radiation Number
dose doses dose dose of

(TCID50) (Reovirus) mg/m2 Gy Patients

Intravenous 1-8 Escalating (1x108 - 3x1010) Escalating 1,3,5 33

Intratumoural + Radiation Phase 1a 1-3 Escalating (1x108 - 1x1010) 2 20 (x5, days 1-5) 11

Intratumoural + Radiation Phase 1b 4-6 1x1010 Escalating 2,4,6 36 (x12, days 1-16) 12

Intravenous + Gemcitabine 1-5 Escalating (3x109 - 3x1010) 5, 1* 1000 17

Intravenous + Docetaxel 3 Escalating (3x109 - 3x1010) 5 75 24

Intravenous + Carboplatin + Paclitaxel 3 Escalating (3x109 - 3x1010) 5 5 (C)/175 (P) 15

Intravenous + Cyclophosphamide 9 3x1010 5 Escalating 25-1000 38

* Commenced trial with 5 doses but reduced to 1 after the first cohort.
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Phase-I study, in keeping with previous
trials, RT3D was administered every day
for five days of a three-week cycle, with the
chemotherapy doublet treatment given on
day one before RT3D [20]. Treatment was
well tolerated and responses were encour-
aging, particularly in patients with
relapsed/metastatic head and neck cancer,
for which all other available therapies had
been heavily used and exhausted. The
average overall survival was 8.9 months,
with two patients showing clinically mean-
ingful responses (resolution of cutaneous
disease), six patients having a partial
response, and one patient with a complete
response (Figure 1). These results have
paved the way for the randomized, two-
arm, double-blind, multicenter, two-stage
adaptive Phase-III study of carboplatin-
paclitaxel, with or without RT3D, in
patients with platin-refractory relapsed
head and neck cancer. The results of this
ongoing study are eagerly awaited
(http://clinicaltrials.gov/ct2/show/NCT01
166542).

Future Trials
Neutralising antibodies are a major barrier
to effective tumour delivery in the
oncolytic viral field, particularly with
RT3D, where up to 100% of patients are
pre-immune, blocking the virus path to the
tumour [2]. Transient immunosuppression
may facilitate viral delivery to distant
tumours by reducing the level of antibodies
that accumulated during treatment with
RT3D. Pre-clinical data in a murine
melanoma model indicate that cyclophos-
phamide is a potential immunosuppressive
agent. Precise scheduling of cyclophos-
phamide in combination with reovirus
resulted in high levels of intra-tumoural
access and replication with only mild side-
effects [21]. This has been translated to the
clinic where the primary objective is to
follow patient immune responses by
careful and frequent monitoring of neutral-
ising antibodies. An unmodulated antibody
response will hinder repeated administra-
tion of RT3D, but ablation of antibody
levels may lead to unwanted dissemination
and toxicity. A Phase-I study is currently
underway assessing the combination of
RT3D with dose escalation of cyclophos-
phamide in patients with advanced malig-
nancies.

Recent discoveries: cell carriage and
delivery of RT3D
A recent window-of-opportunity study
took place on patients due to undergo
surgical removal of liver metastasis [22].
Prior to surgery, patients received five
doses of RT3D intravenously over five
days. In four patients, fresh tumour was
excised during surgery along with adjacent
normal liver tissue. Functional virus was
isolated from all the tumours of these four
patients, but it was not seen in the normal
liver tissue. It is worth noting that 2/4
patients received fewer than the five doses

of RT3D, raising the question of whether
smaller doses are sufficient (or even advan-
tageous) for therapy.
Secondary objectives of this study were

to monitor humoral and cellular immune
responses to RT3D following treatment.
Interestingly, functional cytotoxic RT3D
was found in patient peripheral blood
mononuclear cells, granulocytes and
platelets, despite the presence of func-
tionally neutralising anti-reovirus anti-
bodies before viral infusion. Hence, RT3D
could be protected from neutralising anti-
bodies after systemic administration by
immune cell carriage, delivering RT3D to
tumour. These findings will be important
in future scheduling and treatment

combination strategies to enhance
immune evasion and effectively deliver
RT3D to the tumour.

Conclusion
RT3D is an attractive oncolytic therapy,
which is well tolerated as a single agent
injected intra-tumourally or intravenously,
or in combination with existing standard
therapies. Whilst responses to RT3D treat-
ment as a single agent are modest, recent
encouraging observations in the clinic
warrant further investigation as part of a
dual or triple therapy causing cooperative
cytotoxicity, in combination with both
existing treatments and new novel thera-
pies. ■

Figure 1: Treatment responses in patients in a
phase I study of intravenous reovirus combined
with platin/taxane doublet in patients with
incurable or relapsed/metastatic head and neck
cancer. Computed tomographic imaging before (A)
and after three cycles of treatment with reovirus
given with carboplatin and paclitaxel (B). This
patient had oropharyngeal cancer (tonsil). The
response was sustained through eight cycles of
treatment, despite previous treatment with
chemoradiation, palliative chemotherapy (cisplatin
and 5-fluorouracil), and targeted therapy with an
investigational monoclonal antibody. Before (C and
D) and after three cycles of treatment (E and F).
The patient had a supraglottic SCC and had been

given prior treatment with chemoradiotherapy and
two lines of palliative chemotherapy. Before (G)
and after three cycles of treatment (H) This patient
had a poorly differentiated SCC of the tongue who
had been given prior treatment with surgery,
radiotherapy and three lines of palliative
chemotherapy – before (I) and after three cycles of
treatment (J). The patient had a recurrent SCC of
the hypopharynx, and displayed a major clinical
response with treatment. Kaplan-Meier survival
curves were plotted (K) for all patients with
recurrent head and neck cancers; survival is shown
in days, n=24.
Originally published in Clin Cancer Res
2012;18:2080-9.
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Awards and Appointments

Following a unanimous vote at the
BTOG Steering Committee meeting
held at BTOG 2013, BTOG is delight-

ed to announce that a New Chair has been
appointed.  Dr Sanjay Popat (right) was for-
mally handed the Chairship by Professor
Ken O’Byrne, the Founding Chair and
President of BTOG at BTOG 2013 held in
January 2013 in Dublin.
Dr Sanjay Popat joined the BTOG Steering

Committee in 2010 and since then has led
on the provision of specialist study days for
BTOG on Small Cell Lung Cancer and Thoracic Neuroendocrine
Tumours as well as chairing and speaking at many BTOG annual
conferences.  
Dr Popat says, “Professor Ken O’Byrne was instrumental in

setting up BTOG and establishing the Steering Committee and it is
with gratitude, recognition of his commitment over the last 12
years and his tenacity and expertise that I take up the mantle from
him. I look forward to working with the Steering Committee and
the thoracic oncology professional community to build on BTOG’s
success to date and to ensure BTOG continues to play an
important and influential role in this specialist field.”
BTOG is the multidisciplinary group for professionals involved

with thoracic malignancies. It aims to improve the care of patients

with thoracic malignancies through
multi-disciplinary education, develop
and advise on guidelines for patient care
and to facilitate and nurture clinical trial
ideas into full protocols.  
Dr Popat is Consultant Thoracic

Medical Oncologist at the Royal
Marsden Hospital and Honorary
Clinical Senior Lecturer in the
Molecular Genetics and Genomics
Group at the National Heart and
Lung Institute, Imperial College

London. Sanjay qualified from Guy’s
and St Thomas’ Hospitals in 1994, completed general medical
training at the Royal Brompton, and the Hammersmith Hospital,
and medical oncology training at the Royal Marsden Hospital. 
He was awarded a PhD in Molecular Genetics in 2002 and

thereafter undertook a post doctoral Clinician Scientist Fellowship
and a HEFCE Clinical Senior Lecturership. He has published in the
fields of genetics, therapeutic biomarkers and medical oncology.
He has been awarded nationally and internationally competitive
prizes for his research, in addition to 4 research fellowships.  He is
an active member of the EORTC Lung Group, ETOP and currently
chairs the UK NCRI Advanced Diseases Subgroup and Lung Cancer
CSG. n

The British Thoracic Oncology Group Announces New Chair
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