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adenovirus Ad5/3-Cox2L-D24 in patients with
metastatic and refractory solid tumors
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A Ristimäki2,5,6,7, A Karioja-Kallio1,2, E Karli1,2, T Kantola8, G Bauerschmitz1,2,9, A Kanerva1,10,

T Joensuu4 and A Hemminki1,2

1Cancer Gene Therapy Group, Transplantation Laboratory, Haartman Institute and Finnish Institute of Molecular Medicine, University
of Helsinki, Helsinki, Finland; 2HUSLAB, Helsinki University Central Hospital, Helsinki, Finland; 3Helsinki Medical Imaging Center,
University of Helsinki, Helsinki, Finland; 4International Comprehensive Cancer Center Docrates, Helsinki, Finland; 5Department of
Pathology, Helsinki University Central Hospital, Helsinki, Finland; 6Genome Scale Biology Program, Biomedicum Helsinki, Helsinki,
Finland; 7Division of Diagnostics, Department of Pathology, University of Oulu and Oulu University Hospital, Oulu, Finland;
8Department of Anesthesiology, Helsinki University Central Hospital, Helsinki, Finland; 9Department of Obstetrics and Gynecology,
Duesseldorf University Medical Center, Heinrich-Heine University, Duesseldorf, Germany and 10Department of Obstetrics and
Gynecology, Helsinki University Central Hospital, Helsinki, Finland

Eighteen patients with refractory and progressive solid
tumors were treated with a single round of triple modified
oncolytic adenovirus (Ad5/3-Cox2L-D24). Ad5/3-Cox2L-D24
is the first non-Coxsackie-adenovirus receptor-binding onco-
lytic adenovirus used in humans. Grades 1–2 flu-like
symptoms, fever, and fatigue were seen in most patients,
whereas transaminitis or thrombocytopenia were seen in
some. Non-hematological grades 3–5 side effects were seen
in one patient with grade 3 ileus. Treatment resulted in high
neutralizing antibody titers within 3 weeks. Virus appeared in
serum 2–4 days after treatment in 83% of patients and
persisted for up to 5 weeks. One out of five radiologically
evaluable patients had partial response (PR), one had minor

response (MR), and three had progressive disease (PD).
Two patients scored as PD had a decrease in tumor density.
Tumor reductions not measurable with Response Evaluation
Criteria In Solid Tumors (RECIST) were seen in a further four
patients. PR, MR, stable disease, and PD were seen in 12,
23.5, 35, and 29.5% of tumor markers analyzed, respectively
(N¼ 17). Ad5/3-Cox2L-D24 appears safe for treatment of
cancer in humans and extended virus circulation results from
a single treatment. Objective evidence of anti-tumor activity
was seen in 11/18 (61%) of patients. Clinical trials are
needed to extend these findings.
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Introduction

Oncolytic viruses take advantage of cancer-specific
changes for preferential replication in tumor cells and
are promising developmental agents for treating cancer
refractory or incurable with available treatment
modalities.1–4 Replication causes oncolytic death of the
cell, release of virions, and subsequent infection of surround-
ing cells, resulting in efficient tumor penetration and
amplification of effect. Therefore, the anti-tumor effect is
caused by replication per se. Inflammation caused by
oncolysis may also have a key role in anti-tumor
efficacy.5–7

Consequently, limiting replication to tumor cells may
be important for reducing side effects. The anti-tumor
effect of oncolytic viruses is determined in part by their
capability for infection of tumor cells. Unfortunately,
mounting evidence suggests that the expression level of
the Coxsackie-adenovirus receptor is highly variable and
often low in many human tumors.8 As most epidermal
normal tissues express Coxsackie-adenovirus receptor,
use of serotype 5 adenovirus may result in a suboptimal
transduction profile. Nevertheless, even first generation
oncolytic adenoviruses have shown some clinical
utility.9–11 This suggests that if the capacity of the agents
to transduce cancer cells could be enhanced, efficacy
might be improved. Therefore, infectivity enhancement
strategies have been studied.12

Two main approaches have been used to render the
replication of oncolytic adenoviruses selective for tumor
cells.13 ‘Transcomplementation regulated viruses’ such as
dl1520 and Ad5-D24-RGD harbor partial early gene
deletions transcomplemented in tumor but not normal
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cells. ‘Promoter controlled viruses’ feature tumor-specific
promoters for control of early genes, most often E1A.
Neither approach alone renders virus replication com-
pletely specific to target cells and therefore the combina-
tion of both may yield specificity benefits without loss of
activity.12 Therefore, we constructed Ad5/3-Cox2L-D24,
a triple mutant oncolytic adenovirus with the cyclo-
oxygenase 2 (COX-2) promoter controlling E1A, a 24 bp
constant region 2 deletion in E1A (for p16/Rb pathway
selectivity) and the serotype 3 knob for enhancing tumor

transduction.12,14 Here, we report treatment of 18 cancer
patients with Ad5/3-Cox2L-D24.

Results

Cox-2 expression in tumors
Archival tumor blocks were analyzed for cyclooxy-
genase-2 (Cox-2) protein expression (Table 1). Tumor
samples from 15 out of 18 patients were available, and

Table 1 Baseline characteristics of Ad5/3-cox2L-D24-treated patients

ID Age
sex

Cox2x
statusa

Diagnosisb Prior therapies WHO
(ECOG)c

K2 48 M +++ NSCLC Radiation therapy to vertebral column and sternum, followed by cisplatin+docetaxel� 3
and pemetrexed� 5. Erlotinib for ca 6 months. Recently, radiation to pelvic
girdle and head

1

S4 50 M + MFH Operated. Adjuvant doxorubicin+ifosfamide� 6. Lung metastases operated.
Doxorubicin+ifosfamide repeated. Radiation therapy

4

H5 60 M NA Pancreatic
cancer

Gemcitabine+capecitabine, chemoradiotherapy with gemcitabine, gemcitabine+
erlotinib, capecitabine+oxaliplatin

2

C6 46 M — Sigmoid colon
cancer

Operated. Adjuvant capecitabine� 6. Later treated with capecitabine+irinotecan,
capecitabine+bevacizumab, 5-fluorouracil+leucovorin+oxaliplatin,
irinotecan+gemcitabine+bevacizumab

1

H7 61 F +++ Pancreatic
cancer

Operated. Adjuvant gemcitabine for 6 months. Capecitabine+oxaliplatin 1

O9 61 F ++ Serous ovarian
adeno-carcinoma

Operated. Paclitaxel+carboplatin, gemcitabine+carboplatin, single-agent gemcitabine,
liposomal doxorubicin, topotecan

1

R10 43 F + Breast cancer,
BRCA1+ ER-
PR-Her2-

Operated: hysterectomy, s-o-ectomy, and mastectomy. Adjuvant cyclophosphamide+
epirubicin+5-fluorouracil� 3, docetaxel� 3. Later capecitabine+docetaxel,
cyclophosphamide+epirubicin+5-fluorouracil� 8, epirubicin� 11, carboplatin+
gemcitabine� 8, vinorelbine+methotrexate+5-fluorouracil� 4, cyclophosphamide+
liposomal doxorubicin. Recently, radiation to sternum and head

3

G11 49 F ++ Gastric cancer Operated. Chemoradiotherapy with 5-fluorouracil. Later capecitabine+oxaliplatin+
epirubicin, single-agent docetaxel, irinotecan+gemcitabine+erlotinib+bevacizumab,
docetaxel+erlotinib+bevacizumab

2

C13 62 F +++ Sigmoid colon
cancer

Operated. Leucovorin+5-fluorouracil+irinotecan, capecitabine+oxaliplatin,
capecitabine+bevacizumab, etuximab+leucovorin+5-fluorouracil+irinotecan, and
capecitabine+bevacizumab

1

O16 62 F ++ Fallopian tube
cancer

Operated. Paclitaxel+carboplatin, single-agent gemcitabine, liposomal doxorubicin,
topotecan, docetaxel, single-agent paclitaxel, vinorelbine, etoposide,
oxaliplatin+bevacizumab+erlotinib, single-agent erlotinib

2

C17 56 M +++ Sigmoid colon
cancer

Operated. 5-fluorouracil, 5-fluorouracil+leucovorin+oxaliplatin, gemcitabine+
irinotecan+carmofur (HCFU)+leucovorin, bevacizumab+erlotinib

1

P20 74 M +++ Prostate cancer Leuprorelin. Radiation therapy. Bicalutamide. Bicalutamide+leuprorelin. Flutamide.
Radiation therapy. Docetaxel+zoledronic acid, docetaxel+zoledronic acid
+estramustine, zoledronic acid+epirubicin

2

N21 5 M + Neuroblastoma Vincristine+cisplatin+etoposide+cyclophosphamide alternated with
vincristine+carboplatin+etoposide+cyclophosphamide. Doxorubicin+etoposide+
iphosphamide. Intensive chemotherapy and autologous stem cell transplant. Oral
13-cis-retinoic acid

0

H22 62 F +++ Pancreatic cancer Operated. Gemcitabine, chemoradiotherapy with gemcitabine 2
O24 53 F NA Ovarian

adeno-carcinoma
Operated, post-operative chemotherapy. Relapse 6 years ago, chemotherapy.
Paclitaxel, paclitaxel+carboplatin, single-agent carboplatin, liposomal doxorubicin,
topotecan, etoposide

1

O25 48 F NA Ovarian
adeno-carcinoma

Operated. Paclitaxel+carboplatin. Recurrence, debulking surgery, liposomal
doxorubicin, topotecan, gemcitabine, treosulfan+bevacizumab, paclitaxel+bevacizumab

2

P27 70 M +++ Prostate cancer Neoadjuvant hormone therapy, radiation therapy. Leuprorelin, bicalutamide,
leuprorelin again, docetaxel. Palliative radiation therapy. Estramustine, flutamide,
bicalutamide again,
zoledronic acid.

2

O37 54 F ++ Serous ovarian
adeno-carcinoma

Operated. Paclitaxel+carboplatin, gemcitabine+carboplatin, cisplatin+gemcitabine 2

Abbreviation: NA, not analyzed.
aArchival tumor blocks of patients were analyzed for cox2 expression.
bER-PR-Her2�, negative for estrogen, progesterone, and HER2/neu receptors; MFH, malignant fibrous histiocytoma; NSCLC, non-small cell
lung cancer.
cPerformance status at the time of treatment.
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all except one (C6) immunostained positively for Cox-2.
Strong, moderate, and weak immunopositivity were
scored for 7, 4, and 3 patients, respectively.

One patient (P27) had malignant ascites that allowed
COX-2 promoter expression and Ad5/3 transduction
analysis on ascites cells. COX-2 expression could be
detected (Figure 1a). Ad5/3 allowed a 12-fold increase
in gene delivery compared to Ad5 (Figure 1b). Rb-p16
pathway mutations were not screened because such
defects are probably present in all tumors, but 100%
sensitive detection methods are not available.12,15–17

Adverse events
The treatment was generally well tolerated (Table 2). All
patients experienced mild to moderate adverse events
(AEs) after treatment, including fatigue, fever, and flu-
like syndrome. In addition, five patients had grade 3
AEs. Four were asymptomatic hematological findings
(hyponatremia, hypokalemia, INR (international normal-
ized ratio for blood clotting) increase, thrombocytopenia)
whereas one patient had grade 3 ileus. Ovarian cancer
patient O37 was treated with 3� 10e11 viral particles
(VP). Twenty-one days later she was temporarily
hospitalized because of reduction in intestinal motility.
However, it is not clear if the ileus was caused by the
treatment, or by the tumor, as intestinal problems are
seen in nearly all patients with terminal ovarian cancer.18

At 4 weeks post treatment, she had increasing CA12-5
suggesting progressive disease. Moreover, as she was

negative for virus on day 3, it may be that the virus had
little effect in her case and that the intestinal problems
were caused by tumor progression. There were no grades
4–5 side effects.

The correlation between different route of administra-
tion and AEs was analyzed. Absolute viral doses (VP)
and the following four categories were correlated: (1) no
AE, (2) grade 1, (3) grade 2, and (4) grade 3.
Intraperitoneal dose correlated with a decrease in
hemoglobin (P¼ 0.05), vomiting (P¼ 0.05), and stomach
pain (P¼ 0.01). Furthermore, intravenous dose correlated
with hypertension (P¼ 0.05), although only grade 1
hypertension was observed in three patients. No other
correlations were observed.

Figure 1 Ascites cells of patient P27 were harvested before
treatment. (a) Activity of COX-2 promoter was demonstrated by
infecting cells in vitro with non-replicating chimeric Ad5Cox2L-luc1
adenovirus coding for luciferase. (b) In transduction analysis in
vitro, chimeric Ad5/3luc1 showed 12-fold increase in gene delivery
compared to Ad5luc1.

Table 2 Adverse events after single round of Ad5/3-cox2L-D24
treatment

Grade 1 Grade 2 Grade 3 Grade 4 or 5

General
Chills 2 0 0 0
Dizziness 1 2 0 0
Dyspnea 0 1 0 0
Fatigue 6 4 0 0
Fever 6 3 0 0
Flu-like syndrome 4 0 0 0

Metabolic or laboratory
ALT increased 1 3 0 0
AST increased 2 4 0 0
ALP increased 0 1 0 0
Hyperbilirubinemia 2 1 0 0
Hyperkalemia 0 1 0 0
Hypokalemia 0 0 1 0
Hyponatremia 6 0 2 0
INR increased 5 0 1 0

Cardiovascular
Hypertension 3 0 0 0

Hematological
Hemoglobin decreased 4 5 0 0
Leukocytopenia 2 2 0 0
Thrombocytopenia 2 0 1 0

Dermatological
Urticaria 0 1 0 0

Gastrointestinal
Anorexia 3 0 0 0
Ileus 2 1 1 0
Nausea 6 3 0 0
Vomiting 1 1 0 0

Pain
Back 1 1 0 0
Bone 0 3 0 0
Stomach 5 5 0 0
Tumor 2 1 0 0

Othera

Leukocytes increased 4
Thrombocytes increased 3

Abbreviations: ALP, alkaline phosphatase; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; INR, international
normalized ratio for blood clotting.
aNot graded as adverse events in CTCEA v3.0.
All 18 patients were evaluated for adverse events (AE). Grade 1 AE
is reported if shown by two or more patients. All grades 2–5 AEs are
reported.
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Effect of Ad5/3-D24-Cox2L on liver enzymes and INR
All 18 patients were carefully evaluated for changes in
aspartate aminotransferase, alanine aminotransferase,
bilirubin, alkaline phosphatase, and thrombocyte counts
after Ad5/3-Cox2L-D24 treatment (Supplementary
Figure S1). Four patients (C6, R10, P20, P27) developed
grade 2 increase in aspartate aminotransferase starting
after 4–24 days of Ad5/3-Cox2-D24 treatment whereas
three patients (R10, N21, H22) showed grade 2 increases
in alanine aminotransferase. No grades 3–5 elevations
were seen. There seemed to be no correlation between
dose and transaminase increase (P¼ 0.48 for aspartate
aminotransferase; P¼ 0.53 for alanine aminotransferase).
Patients with elevated baseline values were more likely
to have subsequent further increases.

Baseline measurements for bilirubin were within
normal range (5–25 mmol l�1) expect for one patient
(C6) showing bilirubin 26.8 mmol l�1 on the morning of
treatment (Supplementary Figure S1c). This patient was
treated with 6� 10e9 VP and he showed grade 2
elevation in bilirubin (from 26.8 to peak value of
49.7 mmol l�1 on day 1). No overall association between
transaminitis and hyperbilirubinemia was observed. In
addition to C6, two patients (S4, C13) showed short-term
grade 1 elevations in bilirubin 7 days (28.9 mmol l�1) and
18 days (27 mmol l�1) after treatment.

One patient (H5) had elevated INR (2.04) before
treatment whereas 17 patients showed normal pretreat-
ment measurement (Table 3). Five patients (S4, G11, N21,
O25, P27) had mild (grade 1) increase in INR after
treatment and one patient (R10) had grade 3 elevation in
INR (pretreatment 1.0, 2.45 on day 17).

Clinical chemistry
One patient (P20) presented with grade 3 thrombocyto-
penia after treatment (Supplementary Figure S1e) and
the lowest measured value was 31�10e9 l�1 2 weeks
after treatment. However, his pretreatment thrombocyte
count was 79� 10e9 l�1 (scored as grade 2) meaning that
the actual decrease after treatment was moderate. At
baseline, 5 out of 18 patients (28%) had lower than
normal thrombocyte counts (this is common in cancer
patients). Four out of five had further decrease on day 1
after treatment (mean decrease 21%). Moreover, 8 out of
13 patients (62%) with normal pretreatment thrombo-
cytes showed a decrease on day 1 (mean decrease 17%).

Typically for patients with advanced cancer, 13 out of
18 had low pretreatment Hb and erythrocytes (Table 3);

13 out of 18 patients had a small decrease (mean decrease
8%) in Hb on day 1. In addition, three patients had a
decrease in Hb between days 4 and 17 (mean decrease
11%). Only one patient did not show any decrease in Hb
during the 30 days follow-up period. Pretreatment
leucocytes were mostly within normal range and no
major changes occurred following the virus treatment.

Four out of 18 patients had low pretreatment serum
potassium. One patient (G11) experienced grade 3
hypokalemia after treatment (from 3.7 to 2.5 mmol l�1

on day 10). This was treated with potassium supple-
mentation that ultimately may have caused the grade 2
hyperkalemia seen on day 21 (5.9 mmol l�1). No other
gradable changes in potassium occurred. For sodium,
seven patients had low pretreatment measurement and
in two of those (S4, R10) sodium decreased further
(grade 3) post treatment. In addition, six patients showed
mild (grade 1) decrease in sodium 3–24 days after the
virus treatment.

One patient (O16) treated at dose 1�10e11 VP develo-
ped mild elevation in creatinine (grade 1) 25 days after
treatment (from 73 to 104 mmol l�1) but otherwise creati-
nine values were within normal range. Only 8 out of 17
patients (47%) had normal c-reactive protein (CRP) before
treatment and baseline values varied from normal
(o10 mg l�1) to 294 mg l�1, as typical in patients with
advanced cancer. Although c-reactive protein increases
were regularly seen after treatment, little could be deduced
from this given the frequent elevations at baseline.

Virus presence in the circulation
The presence of Ad5/3-Cox2L-D24 in the serum was
analyzed by quantitative polymerase chain reaction
(Table 4). All 18 patients were tested and they were all
negative for the virus at baseline (day 0). All patients
were evaluable after treatment and 15 had virus present
in the serum in at least one measurement after treatment.
In 11/14 evaluable cases, more virus were detected on
day 2 or later, in comparison to day 1. The frequency of
serum samples positive post treatment seemed to
increase with the injected viral dose. With low viral dose
(from 2.6 to 9� 10e9 VP) only 20% (3 out of 15 samples)
of analyzed post-treatment serum samples were positive.
For the intermediate (from 1 to 5.3� 10e10 VP) and high
(from 1 to 3� 10e11 VP) viral doses 59% (13 out of 22
samples) and 64% (18 out of 28 samples) of post-
treatment serum samples were positive, respectively.
Only three patients did not show viral genome in the
circulation in any time points after the treatment.

Table 3 Hematology and clinical chemistry of Ad5/3-cox2L-D24-treated patients

Parameter Pretreatment Day 1 Day 4 2 weeks 3 weeks 4 weeks

Hemoglobin (g l�1) 110±14 (N¼ 18) 105±15 (N¼ 18) 106±13 (N¼ 10) 106±13 (N¼ 10) 108±8 (N¼ 10) 108±8 (N¼ 9)
Erythrocytes (10e12 l�1) 3.6±0.5 (N¼ 18) 3.4±0.5 (N¼ 18) 3.7±0.5 (N¼ 10) 3.6±0.5 (N¼ 10) 3.52±0.4 (N¼ 10) 3.7±0.2 (N¼ 9)
Leukocytes (10e9 l�1) 5.3±2.5 (N¼ 18) 4.9±2.5 (N¼ 18) 4.7±1.6 (N¼ 10) 6.4±2.4 (N¼ 10) 6.5±3.0 (N¼ 10) 6.8±3.5 (N¼ 9)
Creatinine (mmol l�1) 63.1±14.9 (N¼ 18) 58.7±13.4 (N¼ 17) 66.7±12.8 (N¼ 9) 67.7±21.2 (N¼ 11) 48.6±11.0 (N¼ 8) 65.5±21.8 (N¼ 8)
INR 1.1±0.3(N¼ 18) 1.1±0.2 (N¼ 17) 1.1±0.3 (N¼ 9) 1.2±0.5 (N¼ 10) 1.2±0.3 (N¼ 8) 1.1±0.1 (N¼ 7)
K(mmol l�1) 3.9±0.5 (N¼ 17) 4.0±0.3 (N¼ 18) 3.8±0.3 (N¼ 9) 4.1±0.3 (N¼ 11) 4.3±0.8 (N¼ 8) 3.8±0.3 (N¼ 8)
Na(mmol l�1) 137±5 (N¼ 17) 137±4 (N¼ 18) 136±4 (N¼ 9) 135±5 (N¼ 11) 137±5 (N¼ 9) 137±3 (N¼ 7)

Abbreviation: INR, international normalized ratio for blood clotting.
All values are mean±s.d. Reference values (females/males/children); hemoglogin: 117–155/134–167/110–139; erythrocytes: 3.9–5.2/4.25–
5.7/3.8–5.5; Leukocytes; adults 3.4–8.2, children 5–14; creatinine: o90/o100/o60; INR: adults 0.8–1.2, children 0.7–1.2; K: adults 3.7–5.3,
children 3.3–5.2; Na: all 137–145.
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Cytokines in circulation
Induction of serum IL-6, IL-8, IL-10, and TNF-a was
analyzed at several time points after Ad5/3-Cox2L-D24
treatment (Supplementary Figure S2). Pretreatment
values for serum IL-6 were analyzed for 16 patients
and measurements varied between 13 and 245 pg ml�1.
On the morning after treatment, serum IL-6 values were
between 0 and 277 pg ml�1. Seven out of 16 patients
showed a minor increase in IL-6 on day 1 (mean absolute
increase 36 pg ml�1) compared to pretreatment value,
but no dramatic increases were observed. For IL-8,
pretreatment measurements were between 20 and
139 pg ml�1 and the corresponding values on day 1 were
between 3 and 147 pg ml�1. Six patients showed a minor
increase in IL-8 between day 0 (before treatment) and
day 1 with the mean absolute increase of 36 pg ml�1.
Serum IL-10 measurements before and 1 day after the
treatment varied from 0–66 pg ml�1 to 0–49 pg ml�1,
respectively. On day 1, six patients had slightly higher
IL-10 value compared to pretreatment measurement
(mean absolute increase 17 pg ml�1). Serum TNF-a
measurements before virus treatment varied between
7 and 96 pg ml�1 and corresponding values 1 day after
the treatment from 0 to 88 pg ml�1. With regard to TNF-a
values before and 1 day after the treatment, five patients
showed a minor increase with the mean absolute change
of 37 pg ml�1. At later time point, no major changes in
cytokine levels occurred. In summary, treatment with
Ad5/3-Cox2L-D24 did not seem to cause major changes
in serum IL-6, IL-8, IL-10, and TNF-a.

Neutralizing antibodies
Serum samples of 17 patients could be analyzed for
neutralizing antibodies (NAb) before and after treatment
(Figure 2a). Before treatment, high anti-Ad5/3 antibody
titers (1:16 384) were seen in 2/17 (12%), intermediate
(1:4–1:256) in 12/17 (71%), and complete absence of
detectable NAb was seen for 3/17 (18%) patients (H7,
O16, and P27). Already by 2 weeks after treatment all
patients had an increase in their NAb titers. NAb titers
remained high until the end of follow-up (1–19 weeks)
for all patients except for one (P20), who showed a minor
decrease (from 1:16 384 to 1:4096) at 12 weeks post
treatment.

Anti-tumor responses
Five patients were evaluable for anti-tumor response by
computed tomography (CT). An experienced radiologist
compared the CT scans of patients taken before (within 3
weeks) and after (typically Circa 2 months) treatment.
Modified Response Evaluation Criteria In Solid Tumors
(RECIST) criteria 18 were used to score the data. One
patient with neuroblastoma (N21), treated with 1�10e11
VP, showed a partial response (71.1% reduction in tumor
volume, 33.0% reduction in the longest diameter) in the
treated primary tumor near the left kidney already 1
month after treatment (Figures 3a and b). Moreover, at 1
month his bone marrow aspirate was free of disease for
the first time since diagnosis. Imaging was repeated at 3
months with identical results. This time, a more accurate
bone marrow biopsy was performed instead of

Table 4 Virus circulation and treatment efficacy

Virus circulation ResponseCode Dosea it/iv/icb

Days post treatmentc Weeks post treatmentc

RECIS
d
/ Tumor

Survival

(VP) (% from dose)

0 1 2–4 6–10 2 3 4 5 density markers

K2 2.6� 109 50/50/0 0 0 o500 o500 0 55
S4 6� 109 100/0/0 0 0 0 0 58
C6 6� 109 100/0/0 0 0 1712 0 PD/Choi -16% SD 57
H7 9� 109 0/0/100 0 0 0 0 0 PR/PD 149
H5 1�1010 100/0/0 0 o500 15 104 o500 0 MR/SD 47
O9 2� 1010 0/0/100 0 0 0 0 0 PD PD 212
G11 2� 1010 50/0/50 0 1701 947 3151 MR/SD 47
C13 5� 1010 40/20/40 0 0 4774 o500 0 0 0 PD/Choi -9% PR 105
R10 5.3� 1010 75/25/0 o500 59 555 7899 6377 o500 MR 52
O16 1�1011 0/20/80 o500 PD 108
N21 1�1011 67/33/0 0 6540 o500 PR (�33%) SD 489e

C17 1.2� 1011 67/33/0 o500 o500 SD 152
P20 2� 1011 33/67/0 0 o500 8626 o500 0 0 PD 127
H22 2� 1011 0/33/67 0 0 o500 o500 0 0 PD 138
O24 2� 1011 50/0/50 0 0 959 0 0 MR (�12%) MR 147
O25 2� 1011 50/0/50 0 0 o500 562 66–96f

P27 3� 1011 70/10/20 0 o500 5 259 766 76603 1755 SD 44
O37 3� 1011 40/40/20 0 o500 0 124

Abbreviations: MR, minor response; PD, progressive disease; PR, partial response; SD, stable disease; VP, viral particles.
aTotal dose of viral particles.
bProportion of viral particles from total dose given intratumorally/intravenously/intracavitary.
cValues are viral particles per ml serum.
dResponse Evaluation Criteria In Solid Tumors.
ePatient alive at the time of table construction.
fExact date of death unknown.
Blank indicates not available.
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aspiration, and a small number of tumor cells could be
detected.

Another patient (O24) had a minor response (41.4%
reduction in the sum of tumor volumes, 12% reduction in
sum of longest tumor diameters) after virus administra-
tion (Figures 3c and d). Three patients (C6, O9, C13) had
more than 20% increase in the sum on tumor diameters
in RECIST analysis and were therefore interpreted as
progressive disease. However, two of these patients had
a decrease in tumor density (C6: from 56.11 to 48.43; C13:
from 52.28 to 47.75). This has been proposed to indicate
anti-tumor effect even if tumor size does not decrease.19

Moreover, other evidence of anti-tumor activity was
seen. In patient K2, we saw complete disappearance of
injected scalp tumors and tumor hemorrhage also ceased
concurrently (Figures 3e and f). Nevertheless, the patient
eventually died from disease progression in the lungs
and autopsy material became available. The area of
treated scalp tumors was analyzed under the microscope
and no viable tumor tissue was found. Nevertheless,
PCR on the tissue at the injection site was positive for
Ad5/3-Cox2L-D24. Moreover, the non-injected primary
tumor in the lungs was found positive and trace amount
of virus was also detected in the normal healthy liver.

In R10, the injected presternal tumor softened and in
P27, an injected subcutaneous tumor decreased by 50%
(clinical measurement). Patient S4 reported softening of
the injected tumor. This, however, was not measurable
and therefore is not counted as objective anti-tumor
activity.

Fourteen patients were evaluated for tumor markers
(total number of evaluable markers N¼ 17) before and
after treatment to assess the possible biological activity of
Ad5/3-Cox2L-D24 (Figure 4). Eight patients showed a
decrease in one or two of their tumor markers 1 week (or
later) after virus administration. In addition, one patient
(N21) showed a stabilization of tumor marker NSE for
12 weeks after the treatment. More than 30% reduction
was seen in 12%, 12–29% reduction was seen in 23.5%
whereas more than 20% increase was seen in 29.5% of
markers; 35% of marker analyses did not fulfill the
criteria for progression or response and were thus scored
as stable disease. Therefore, tumor marker analysis
suggested biological activity of the virus (defined as
stability or reduction of the marker) in 70.5% of
analyzable cases.

Overall, objective evidence (S4 not included) of anti-
tumor efficacy was seen in 11/18 (61%) of patients (Table 4;
Figures 3 and 4). These 11 did not have any difference in pre-
existing NAb titer compared to patients with no objective
benefit (P¼ 0.65; t-test). One patient exhibited long-term
survival and was alive when the manuscript was submitted,
nearly 500 days after treatment (Figure 2b).

Discussion

More than 50 years ago, several wild-type viruses,
including Ad3, were used in a pioneering clinical study,20

However, Ad5/3-Cox2L-D24 is the first non-Coxsackie-
adenovirus receptor binding oncolytic (that is tumor
selective) virus used in humans. It is also the first virus
controlled both with a tumor-specific promoter and a
transcomplementing mutation.12 High Cox-2 expression
is a hallmark of many types of aggressive carcinomas.21

Here, Cox-2 expression was confirmed in archival tumor
blocks in 94% of patients, and in one malignant ascites
sample (Table 1; Figure 1).

To evaluate if Ad5/3-Cox2L-D24 would have utility in
the context of personalized cancer treatment, we eval-
uated the correlation between archival tumor Cox-2
expression and serum Ad5/3-Cox2L-D24 genome copy
number, but no correlation was seen (P¼ 0.88). This may
be because nearly all samples were positive for Cox-2.
Moreover, it is possible that the treated tumors may have
had a different Cox-2 expression profile from the archival
specimens typically obtained from initial surgery years
earlier. The only available fresh sample from patient P27
was positive for Cox-2 and highly transducable with
Ad5/3. Interestingly, this patient showed a response in
treated tumor (50% decrease in an injected tumor) and
also considerable amount of viral DNA (up to
5 259 766 genomes per ml) was found in serum. There-
fore, it might be worthwhile to study further if
pretreatment biopsies might be useful for selecting
patients for treatment.

We found that Ad5/3-Cox2L-D24 is relatively well
tolerated up to the highest dose used in this study
(3� 10e11 VP). This dose is an order of magnitude lower
than used previously with an oncolytic virus10 featuring
a fully Ad5 capsid. Higher doses were not tested because
the virus demonstrated anti-tumor activity even at the
lowest doses used here and there are little data in the
literature suggesting that a maximal tolerated dose
would be needed for oncolytic viruses to be active.

Figure 2 (a) Neutralizing antibody (NAb) titer against chimeric
adenovirus (Ad5/3) was measured from the serum of 17 patients
before and after the virus administration. Data are presented as a
serum dilution factor causing 80% inhibition in gene transfer with
Ad5/3luc1 to 293 cells. (b) Survival plot of 18 Ad5/3-Cox2L-D24-
treated patients. Median survival of patients was 106.5 days.
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Further studies, however, may be needed to evaluate this
further. Liver toxicity of adenovirus serotype 5 has been
one of the main concerns in preclinical work,22 even if
human cancer trials seem to suggest few liver pro-
blems.10,11 Nevertheless, it is well established that human
adenovirus does have the potential for human hepato-
toxicity, when used in very high doses and when the
liver is not functioning normally.23 In a Phase I trial with
oncolytic adenovirus CG7870, five patients with meta-
static prostate cancer were treated intravenously at a
dose 41012 VP and all showed grade 1 or 2 transaminitis
on days 2–8.10 Although the duration varied and some
patients had elevated measurements as late as on day 22,
peak values were typically measured between days 4
and 8.10 In our study, eight patients showed grade 1 or 2

transaminitis. Although values mostly recovered back to
normal in 2 or 3 weeks, three patients showed elevated
(grade 2) aspartate aminotransferase even after 3 or
4 weeks. As moderate baseline transaminase alterations
were not the exclusion criteria, tumor-related enzyme
elevation may have contributed to these findings.
Importantly, and in accordance with earlier data from
cancer patients, no severe (grade 3 or higher) transami-
nitis was observed and liver toxicity was not dose
limiting in any way. An important contributing factor to
this may have been the relatively low dose used here in
contrast to other studies.10,24

In line with earlier studies showing increased circulat-
ing IL-6, IL-8, and/or IL-10 levels in advanced cancer
patients,25,26 pretreatment values of these cytokines were

Figure 3 (a) Computed tomography (CT) of primary tumor of patient N21 before Ad5/3-Cox2L-D24 treatment. (b) Magnetic resonance
imaging of patient N21 1 month after treatment shows partial response of the primary tumor and complete regression of the lymph nodes.
(c) CT of ovarian cancer patient O24 before treatment. (d) Minor response in patient O24 80 days after treatment. (e) Two scalp tumors
(marked with arrows) of lung cancer patient K2 were injected with the virus. Picture was taken before treatment. (f) Complete response in the
treated scalp tumors, confirmed later in autopsy, where no cancer cells were detected in the injected tumors.
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somewhat elevated in the majority of patients. Rapid
elevation in IL-6 or TNF-a indicates an acute inflamma-
tory response and these cytokines may be sensitive
markers of clinical or subclinical adenovirus toxicity.23,27–30

However, no significant increase in any of analyzed
cytokines occurred in our patient cohort. This suggests that
Ad5/3-Cox2L-D24, at the doses used here, did not induce
acute systemic toxicity responses.23,30

As proposed in previous investigations,31–33 we
analyzed Ad5/3-Cox2L-D24 genome copy number in

the serum as a surrogate for viral replication. We found
virus in the serum of 13 out of 17 patients at least once
2 days or later post treatment, and in 11/14 evaluable
cases, the amount increased as compared to day 1. Rapid
clearance of adenovirus from the serum of humans has
been shown in several studies,9,10,24 which led to the
proposal that virus detected at 2 days or later may be due
to virus replication.31–33 For example, DeWeese et al.9

showed that intraprostatically administered oncolytic
adenovirus disappeared from the blood within 12 h.

Figure 4 Serum tumor markers (NSE, Ca 15–3, CEA, PSA, Ca 12–5, Ca 19–9) of 14 patients were analyzed before and after the virus
administration. Patient codes and specific tumor marker are indicated in each panel. Data are presented as proportional change (%) of marker
from pretreatment (day 0) value.
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In that regard, our results showing positive serum
samples up to day 38 post-treatment might reflect virus
replication. However, collection of biopsies might shed
more light on virus replication in tumors and might be
useful in future studies.

In our study, the peak values for virus genomes were
usually detected between days 2 and 10. This correlated
well with previous results suggesting that most patients
have their second peak of virus in blood 2 to 8 days post
treatment (the first peak being associated with virus
administration).9 However, two of our patients were
positive starting on day 1 or 2 after virus administration
and still had measurable viral loads even 37 or 38 days
after the treatment, suggesting that in some patients
virus replication and burst can begin rapidly, perhaps
contributing to sustained virus titers in the serum. Only 3
out of 18 patients did not show virus in the circulation
after the treatment. The dose might have affected virus
measurements in these three patients as they were all
treated with relatively low doses (from 6� 10e9 to
2� 10e10 VP) and our data suggest that a higher virus
dose results in more prolonged virus presence in
circulation. Moreover, others have showed prolonged
viral detection in conjunction with higher dose.10

There is a strong body of clinical and preclinical
evidence demonstrating an induction of NAb after
adenovirus administration.9,10,24 Accordingly, we found
a rapid induction of anti-Ad5/3 antibodies within
3 weeks of virus treatment and NAb titers remained
high for several weeks or even months. Interestingly,
only three patients were completely negative before
treatment. Both serotype 3 and 5 adenoviruses are
relatively common pathogens and some of the patients
might have had wild-type 3 or 5 infections before Ad5/
3-Cox2L-D24 treatment.

Preclinical data suggest that high levels of NAb might
diminish the capacity of systemic (that is circulating)
virus to transduce metastases, although NAb probably
do not hinder intratumoral replication and oncolysis.34 In
our study, patient N21, who had a 71.1% reduction in
tumor size and complete clearance of bone marrow
disease, had relatively low induction of NAb titer
(1:1024) but the titer remained constant for 4.5 months
after treatment. In contrast, O24 had a response 80 days
after treatment but had rapid induction of a high NAb
titer (1:16 384) and the titer remained high at least for
5 weeks. Overall, our results, together with most
previous reports,9,10,24 suggest that despite high induc-
tion of NAbs, anti-tumor efficacy is achievable with
oncolytic adenoviruses. In fact, it is well established that
antibodies participate in immunological cell killing35 and
there is emerging data that the anti-viral immune
response may be an important part of the overall anti-
tumor effect mediated by oncolytic viruses.5

In a study with oncolytic vaccinia virus, no correlation
between baseline or post-treatment NAb titers and any
clinical or laboratory end point including replication,
GM-CSF expression, and efficacy, was observed.36 In our
study, high NAb titer apparently did not prevent virus
from replicating in tumors as both circulating Ad5/
3-Cox2L-D24 genomes and increasing NAbs could be
measured concurrently in many patients. In contrast to a
previous report,9 we did not detect an inverse relation-
ship between NAb titer at baseline and viral genomes in
the serum 2–10 days later (P¼ 0.72).

It seems likely that NAb induction is important from a
safety perspective. Especially in patients with high
tumor load, large cumulative amounts of infectious virus
might shed into blood, with subsequent transduction of
normal tissues, if it were not for the induction of NAb.
As NAb induction was seen in all patients, the historical
dogma of the immune suppressive state of late stage
cancer patients may not apply in the context of anti-viral
NAb responses. Nevertheless, it remains subject to
further study if the anecdotal correlation between
relatively low NAb induction and good efficacy in N21
was due to chance or hints at causative aspects.

With regard to efficacy, it may be promising that some
evidence of biological activity of the virus could be
detected in the majority of patients. Preclinical data
suggest that modification of the adenovirus 5 capsid with
the serotype 3 knob can enhance therapeutic potency in
several tumor types.37,38 Whether this had a role in the
efficacy of Ad5/3-Cox2L-D24 cannot be evaluated with-
out a randomized trial. Nevertheless, it is tantalizing that
activity was seen with doses 10–100-fold lower than
previously used with non-capsid modified oncolytic
adenoviruses.9,10,39

One emerging understanding is that analyzing the
efficacy of oncolytic viruses is challenging. Standard
radiological criteria, developed for chemotherapy trials
(for example, RECIST) may be suboptimal because virus
replication causes local inflammation that enlarges
tumors and could lead to incorrect interpretation of
disease progression.24 Moreover, tumor markers may
increase because of virus replication and tumor cells
lysis.40 These findings, if confirmed, would mean that
some of the patients interpreted as progressing may
actually benefit from treatment. It has even been
proposed that inflammation has a key role in the efficacy
of oncolytic viruses.41,42 These key aspects can only be
fully understood in humans as all available animal
models are defective either with regard to the immune
environment (immune deficient and/or non-human),
tumor niche (non-human or cell line xenograft often in
a heterologous location), or permissivity to human
adenovirus replication.

Positron emission tomography or magnetic resonance
imaging are unlikely to solve these issues as both
methods are sensitive to inflammation. Measurements
of tumor density may provide some benefits,19,36 but
remain unproven for most tumor and treatment types.
Importantly, as tumor and marker responses are just
surrogate criteria, evaluating the most relevant end
points (quality of life, overall survival) is not more
difficult for oncolytic viruses in comparison to other
therapeutics. However, these end points do require a
randomized trial, which has so far only been achieved
with one oncolytic virus.11

It may be promising that a single round of treatment
led to persistent virus circulation in many patients,
suggesting effective virus replication, despite rather
conservative dosing. This finding raises the possibility
that extremely high doses may not be required, if
sufficiently potent viruses are used and if intratumoral
injection is used to harness tumors as ‘virus factories’. In
a previous study, high intravenous dose ultimately
resulted in toxicity, which abrogated dose escalation.10

In contrast, preclinical data from mice suggest that
even small doses can be effective because the virus
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replicates.37 Nevertheless, data from immune-deficient
animals need to be interpreted with caution as the NAb
response may allow only a few weeks of ‘window of
opportunity’ for the virus to transduce distant tumors in
immune competent systems.

Although preliminary data reported here suggest
some anti-tumor activity for Ad5/3-Cox2L-D24, room
for improvement remains. Better results may be possible
in patients with less extensive disease. Moreover, repeat
administration might be useful for improving tumor
transduction. Nevertheless, our data suggest that capsid
modified and double controlled oncolytic adenoviruses
are a rational and safe platform for further improve-
ments in efficacy. Such improvements can be realized by
combining virus with standard treatments, which can
lead to synergistic results, especially in non-refractory
tumors.37,43–45 Alternatively, or in addition, oncolytic
viruses can be armed with therapeutic transgenes, in
an approach with combines the benefits of both cancer
gene therapy and oncolytic virotherapy.46–48 Further,
immune suppression could yield benefits by slowing
NAb induction or modulating the immunological tumor
environment, although a concomitant increase in toxicity
is also possible.49,50

In summary, our data suggest that treatment of cancer
patients with Ad5/3-Cox2L-D24 is safe and may be
effective in some cases. Further studies are needed to
evaluate both aspects.

Materials and methods

Patients
Eighteen patients were treated with a single round of
virus at doses from 2� 10e9 to 3� 10e11 VP intratumo-
rally or—in the case of intraperitoneal disease—intra-
peritoneally in ultrasound guidance. Depending on the
location of the tumor, part of the dose was also given
intravenously. Inclusion criteria were solid tumor (not
leukemia or lymphoma), refractory and progressing
disease previously treated with oncology treatments for
which there is strong scientific evidence, written in-
formed consent, and no major organ function deficien-
cies. Tumors likely to be Cox-2 positive and defective in
the p16/Rb pathway were included.51,52,15 Other oncolo-
gical treatments were not administered concurrently.
Exclusion criteria were organ transplant, HIV, severe
cardiovascular, metabolic, or pulmonary disease (for
example, symptomatic coronary heart disease, uncon-
trolled blood pressure). The study was completed
according to Good Clinical Practice and the Declaration
of Helsinki. Cancer type, tumor Cox-2 status, diagnosis,
sex, age, WHO status at the time of treatment, and prior
treatments are summarized in Table 1. This compassio-
nate use scheme was approved by the Medicolegal
Department of the Finnish Ministry of Social Affairs and
Health and The Gene Technology Board. Patients were
monitored overnight at the hospital and as outpatients
thereafter, for a minimum of 4 weeks. Side effects were
recorded according to CTCEA 3.0. As many cancer
patients have symptoms because of disease, pre-existing
symptoms were not listed as side effects if they did not
become worse. However, if the symptom became more
severe, for example pretreatment grade 1 changed to
grade 2 after treatment, it was scored as grade 2. Patients

were imaged before and after treatment and modified
RECIST criteria (when applicable) were used to evaluate
anti-tumor efficacy.53 These criteria are partial response
(430% reduction in the sum of tumor diameters),
minor response (12–29% reduction), stable disease (no
response/progression), progressive disease (420%
increase). For tumor markers, the same percentages were
used. Tumor density was measured as reported.19

Virus
Ad5/3-Cox2L-D2412,14 is selective for Cox-2 expressing
and Rb/p16 pathway mutant cells. A 24 bp deletion
(‘D24’) in the constant region 2 of adenovirus E1A renders
the virus unable to bind Rb and therefore allows virus
replication only in Rb/p16 mutant tumor cells. Further
selectivity is achieved by replacing the native E1A
promoter with the COX-2 promoter. The biodistribution
and toxicity of Ad5/3 chimeric adenovirus has been
studied in mice and semipermissive Syrian hamsters,54

(Hemminki A, personal communication, 3 June 2009).
Virus was produced on A549 cells to avoid the risk of
recombination with transcomplementing sequences. The
VP titer of Ad5/3-Cox2L-D24 was 2� 10e12 VP per ml
and the functional titer—as estimated by TCID50
method—was 1.3� 10e11 p.f.u. per ml resulting in a
genome to p.f.u. ratio (VP/p.f.u.) of 15.4. The conversion
factor of 0.7 was used to transform TCID50 value to p.f.u.
value as suggested in the AdEasy protocol (Quantum
Biotechnology; Qbiogen, Carlsbad, CA, USA). Virus stock
buffer formulation was 10 mM Trizmabase, 75 mM NaCl,
5% (w/v) sucrose, 1 mM MgCl, 10 mM L(+)histidine, 0.5%
(v/v) EtOH, 0.02% Tween, 100 mM EDTA; 0.9% (w/v) NaCl
solution (B Braun, Melsungen, Germany) was used as a
diluent. Injection volume was 10 ml typically and injection
sites were decided patient-by-patient with the aim of
injecting the largest tumors. Intravenous bolus injection
was performed in the superficial veins of the upper
extremities, if a central venous catheter was not available.

Serum cytokine analysis
Cytokine analysis was performed with BD Cytometric
Bead Array Human Soluble Protein Flex Set (Becton
Dickinson, Franklin Lakes, NJ, USA) according to
manufacturer’s instructions. Patients’ serum samples
were used for measurements.

Neutralizing antibody titer determination
Two hundred and ninety-three cells were seeded at 1�104

cells per well on 96-well plates and cultured overnight. Next
day, cells were washed with DMEM without FCS. Human
serum samples were incubated at 56 1C for 90 min to
inactivate complement, and a fourfold dilution series (1:1–
1:16 384) was prepared in serum-free DMEM.55 Ad5/3luc154

was mixed with serum dilutions and incubated at room
temperature for 30 min. Thereafter, cells in triplicates were
infected with 100 VP per cell in 50 ml of mix, and 100 ml of
growth medium with 10% FCS was added 1 h later. 24 h
post infection, cells were lysed and luciferase activity was
measured with Luciferase Assay System (Promega, Madison,
WI, USA) using TopCount luminometer (PerkinElmer,
Waltham, MA, USA). Luciferase readings were plotted
relative to gene transfer achieved with Ad5/3luc1 alone.
The NAb titer was determined as the lowest degree of
dilution that blocked gene transfer more than 80%.
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Detection of viral DNA in serum samples
Total DNA was extracted by adding 3 mg of carrier DNA
(polydeoxyadenylic acid; Roche, Mannheim, Germany)
to 400 ml of serum and using the QIAamp DNA mini kit
(Qiagen GmbH, Hilden, Germany). Extracted DNA was
eluted in 60 ml nuclease-free water and DNA concentra-
tion was measured by spectrophotometry. PCR amplifi-
cation was based on primers and probe targeting the E1A
region flanking the 24 bp deletion (forward primer 50-T
CCGGTTTCTATGCCAAACCT-30, reverse primer 50-TCC
TCCGGTGATAATGACAAGA-30 and probe onco 50FAM-
TGATCGATCCACCCAGTGA-30MGBNFQ). In addition,
a probe complementary to a sequence included in the
24 bp region targeted for deletion was used to test the
samples for the presence of wild-type adenovirus
infection (probe wt 50VIC-TACCTGCCACGAGGCT-30

MGBNFQ).
The real-time PCR conditions for each 25 ml reaction

were as follows: 2X LightCycler480 Probes Master Mix
(Roche, Mannheim, Germany), 800 nM each forward and
reverse primer, 200 nM each probe, and 250 ng extracted
DNA. PCR reactions were carried out in a LightCycler
(Roche) under the following cycling conditions: 10 min at
95 1C, 50 cycles of 10 s at 95 1C, 30 s at 62 1C, and 20 s at
72 1C and 10 min at 40 1C. All samples were tested in
duplicate. TaqMan exogenous internal positive control
reagents (Applied Biosystems, Carlsbad, CA, USA) were
used in the same PCR runs to test each sample for the
presence of PCR inhibitors. A regression standard curve
was generated using DNA extracted from serial dilutions
of Ad5/3-D24-Cox2L (1�1E8–10 VP per ml) in normal
human serum. The limit of detection and limit of
quantification for the assay were 500 VP per ml of
serum. All positive samples were further confirmed by
real-time PCR using LightCycler480 SYBR Green I
Master mix (Roche) and primers specific for COX-2L
and adenovirus sequences, respectively (forward primer
50-CACGTCCAGGAACTCCTCAG-30 and reverse primer
50-CGGCCATTTCTTCGGTAATA-30).

Cox-2 staining of tumors
Formalin-fixed, paraffin-embedded archival tumor
samples were obtained for 14 patients; 4 mm tissue sections
were stained using monoclonal mouse anti-human Cox-2
(Cayman, Cat.no160112, Ann Arbor, MI, USA). Sections
were deparaffinized, rehydrated, and heated in a
microwave oven in 50 mM Tris–HCl buffer (pH 8.5) for
4� 5 min for antigen retrieval. To block endogenous
peroxidase activity, sections were treated with 0.3% H2O2

in methanol for 30 min. After blocking and washing with
phosphate-buffered saline the sections were incubated
overnight at +4 1C with the antibody (1:200) diluted in
phosphate-buffered saline including 0.1%NaN3 and 0.5%
bovine serum albumin. For secondary antibody labeling,
the avidin–biotin method was used as described in the
Vectastain ABC -kit (Vector Laboratories, Burlingame,
CA, USA). Diaminobezidine was used as a chromogen.
All sections were counterstained with hematoxylin (Gill
NO.1 Sigma-Aldrich, St Louis, MO, USA) and mounted
with DePeX (Electron Microscopy Sciences, Hatfield, PA,
USA). The primary antibody was omitted in the negative
control. Tumor tissue, in which Cox-2 expression was
previously confirmed to be strong, was used as a positive
control. Cox-2 staining was evaluated with light micro-

scopy by a pathologist with no previous information
about the patient’s clinical status. Staining intensity of
cancer cells was scored as follows: Negative¼�,
Weak¼ 1+, Moderate¼ 2+, Strong¼ 3+.

Cox-2 promoter expression and Ad5/3 transduction
analysis of ascites cells in vitro
Ascites cells were washed twice with DMEM and
1�10e5 cells per well were plated on 24-well plates.
On the next day, cells were infected for 30 min at room
temperature at 40, 200, 1000, or 5000 VP per cell by
adding replication deficient, luciferase expressing virus
Ad5cox2L-Luc1 diluted in 200 ml of DMEM with 2% FCS.
Infection medium was replaced with DMEM containing
10% FCS and cells were incubated for 24 h at 37 1C. Cells
were then lysed with reporter lysis buffer (Promega) and
frozen at �80 1C. Luciferase activity was measured
according to manufacturer’s manual (Luciferase Assay
System, Promega).

For Ad5/3 transduction analysis, 1�10e5 ascites cells
per well on 24-well plates were infected with replication-
deficient luciferase coding viruses Ad5luc1 or Ad5/
3luc156 at viral dose of 1000 VP per cell and luciferase
activity was assessed as described above.

Statistical analysis
All analyses were done with SPSS 15.0 software for
Windows. Correlations between baseline neutralizing
antibody titer and viral genomes in the serum and
between viral dose and transaminase increase were
analyzed with Pearson Correlation analysis. Non-para-
metric Spearman’s Rho analysis was used to evaluate
correlations between archival tumor Cox-2 expression
and viral genomes in the serum, and between route of
administration and AEs. A P-value o0.05 was considered
the limit for statistical significance.
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