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Calcium channel blockers including verapamil have 
been proposed to enhance release and antitumor effi-
cacy of oncolytic adenoviruses in preclinical studies but 
this has not been studied in humans before. Here, we 
studied if verapamil leads to increased replication of 
oncolytic adenovirus in cancer patients, as measured 
by release of virions from tumor cells into the systemic 
circulation. The study was conducted as a matched 
case–control study of advanced cancer patients treated 
with oncolytic adenoviruses with or without vera-
pamil. We observed that verapamil increased mean 
virus titers present in blood after treatment (P < 0.05). 
The  frequency or severity of adverse events was not 
increased, nor were cytokine responses or neutralizing 
antibody levels different between groups. Signs of pos-
sible treatment-related clinical benefits were observed 
in both groups, but there was no significant difference 
in responses or survival. Thus, our data suggests that 
the combination of verapamil with oncolytic adenovi-
ruses is safe and well tolerated. Moreover, verapamil 
treatment seems to result in higher virus titers in blood, 
indicating enhanced overall replication in tumors.  
A randomized trial is needed to confirm these findings 
and to study if enhanced replication results in benefits 
to patients.
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1 November 2011. doi:10.1038/mt.2011.230

IntroductIon
Numerous phase I and phase II clinical trials have been conducted 
with several types of oncolytic viruses and currently several phase 
III trials are ongoing.1 The most clinically advanced virus type is 
oncolytic adenovirus which has already been evaluated in doz-
ens of trials including a positive randomized phase III trial.2–4 
However, single agent treatment is usually not curative in the 
context of widely metastatic disease and thus there is room for 
improvement with regard to efficacy.5

As viruses meet several intratumoral and humoral obstacles 
hindering their effective spread within and between lesions,3 it has 
been hypothesized that rate of virus replication and release are 
critical steps for productive progression of the oncolytic antitu-
mor effect.6 Recently, it was reported that calcium channel block-
ers such as verapamil can be used as an adjuvant to enhance the 
oncolytic potency of adenovirus.7 In laboratory studies, verapamil 
was shown to lead to a faster rate of virus release, formation of 
bigger plaques and enhancement of antitumor efficacy without 
impairing virus production, altering expression of viral proteins, 
affecting selectivity, or preclinical safety.7

The exact mechanisms behind these cytotoxicity enhancing 
effects of verapamil remain incompletely understood although it 
was shown that they were related specifically to its calcium channel 
blocking activity.7 Calcium is an important regulator of numerous 
cell processes, including apoptosis.8 Modification of intracellular 
calcium pools is used by many viruses in viral progeny release.9,10 
For adenoviruses, adenovirus death protein accumulation in host 
cells has been shown to mediate cell lysis and successive progeny 
release.11 However, it has been hypothesized that the enhanced 
release of virus caused by calcium influx is an adenovirus death 
protein-independent process.7

Calcium channel blockers inhibit calcium influx through cal-
cium channels and calcium release from intracellular stores.12,13 
Verapamil is commonly used clinically for treatment of cardiovas-
cular13–15 and other16–18 disorders. It is usually well tolerated with 
typically only mild and manageable side effects. Thus the incorpo-
ration of verapamil into virotherapy treatment protocols presents 
an intriguing opportunity as it could be easily translatable into 
routine clinical use.

Here, we aimed to determine the safety of verapamil as an 
adjuvant in treatment of advanced cancer patients with  oncolytic 
adenoviruses. We hypothesized that verapamil would lead to 
enhanced virus spread and release in the tumors, resulting in 
higher amounts of virus shed into blood. Also effects on neu-
tralizing antibody induction, inflammatory cytokine responses, 
adverse events (AEs), clinical benefits, and patient survival were 
examined.
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results
treatment groups
Verapamil was given in conjunction with 36 adenovirus treatment 
cycles. The viruses used for these treatments were Ad5-D24-GM-
CSF, Ad5/3-D24-GM-CSF, Ad5RGD-D24-GM-CSF, and ICOVIR-
7.19–22 Six treatment cycles were given to patients who had not 
received oncolytic virus treatments previously and 30 treatment 
cycles to patients who had. Some patients received multiple treat-
ments. As a control cohort 36 virus treatment cycles were selected 
by retrospective matching. Matching criteria in descending order 
of importance were (percentage of complete matches in parenthe-
ses): availability of serum samples from treatment period (100%), 
previous virus treatments (yes/no 100%), treatment with the same 
virus (100%), concomitant low-dose cyclophosphamide admin-
istration (yes/no 94%), dose of virus (92%), WHO performance 
status (42%), gender (58%), and similar age within 5 years range 
(39%). See summaries of treatments and patient groups in Table 1, 
whereas detailed information on each patient and treatment can 
be found in Supplementary Table S1.

Virus titers in blood are higher in verapamil-treated 
patients than in controls
Oncolytic adenovirus DNA was detected in the serum of patients 
up to 60 days post-treatment (Supplementary Table S2). When 
patients had not received prior oncolytic virus therapy, baseline 
titers were negative. In case of nonfirst rounds, some “day 0” sam-
ples were positive for viral DNA, due to previous virus treatments. 
Wild-type adenovirus was not found in any of the serum samples. 
Prevalence of positive samples was usually highest on day 1 after 
treatment. There was no significant difference in prevalence of pos-
itive samples between verapamil and control groups (Figure 1a). 
Maximum titers at different time points tended to be being higher 
in the verapamil group (P = 0.063), with the highest recovered 
titers being 2.5 × 105 viral particles (vp)/ml in the verapamil 
group and 1.8 × 104 vp/ml in the control group (Figure 1b). Mean 
virus titers were similar at baseline (caused by previous rounds), 
but significantly higher in the verapamil group after treatment  
(P < 0.05), when data from all time points were pooled (Figure 1c). 
Further, the area under the curve (AUC), for virus titer against 
time, was calculated for each treatment. The mean AUC for vera-
pamil treatments was 543,330 vp/ml · days and 12 964 vp/ml · days 
for controls and thus the mean AUC was a significantly higher for 
verapamil treatments (P < 0.05) (Figure 1d–f).

rate or severity of adverse events is not increased 
with verapamil
Mild-to-moderate adverse events (AE) were encountered in all 
treatments (Supplementary Tables S3 and S4). Interestingly 
some degree of lymphopenia was seen in a total of 34 verapamil 
and 31 control treatments (Supplementary Table S3). Grade 3 
AE were encountered in 53% of verapamil treatments and 58% 
of controls, the majority of these being transient self-limiting 
disturbances in laboratory findings, lymphopenia in particu-
lar (Supplementary Table S4). Only 11% (five treatments) of 
verapamil treatments and 6% (two treatments) of control treat-
ments were accompanied by grade 3 nonlaboratory AE. The only 
grade four AEs were transient lymphopenias, two in verapamil 

table 1 summary of treatments and patient baseline characteristics 
at beginning of each treatment

number of treatments

Verapamil controls

36 36

Viruses Number of treatments
 Ad5-RGD-D24-GM-CSF 13 13
 Ad5/3-D24-GM-CSF 12 12
 Ad5-D24-GM-CSF 10 10
 ICOVIR-7 1 1
Doses
 Median 3 × 1011 vp 3 × 1011 vp
 Range 2 × 1011–9 × 1011 vp 2 × 1011–9 × 1011 vp
Routes Median percentage of dose
 Local injection 86% 88%
 Intravenous 22% 24%
Concomitant therapies Number of treatments

 Verapamil 36 0
 Cyclophosphamide 34 34
 Temozolomide 9 5
 Erlotinib 1 0
 Prednisonlon 5 0
 Interferon 0 1
Sex Percentage
 Male 36% 38%
 Female 64% 62%
Age Years
 Average 57 58
 Range 17–71 38–71
WHO performance score at 
treatment baseline

Score 0–3

 Median 1 1
 Range 0–3 0–3
Previous treatments Percentage
 Chemotherapy 100% 100%
  Median chemotherapy  

agents (range)
5 (2–10) 5 (1–10)

  Prior therapy with  
oncolytic virus

83% 83%

 Surgical treatments 42% 61%
 Radiotherapy 25% 36%
Tumor type Percentage
 Colorectal or anal cancer 25% 8%
 Sarcoma 19% 14%
 Pancreatic cancer 17% 6%
 Lung cancer 17% 6%
 Breast carcinoma 8% 14%
 Mesothelioma 11% 14%
 Ovarian cancer 0% 19%
 Prostatic cancer 8% 3%
 Cholangiocarcinoma 3% 0%
  Head and neck cancer  

(SCCHN)
0% 6%

 Bladder cancer 0% 3%
 Esophagus cancer 0% 3%
 Melanoma 0% 3%
 Thyroid carcinoma 0% 3%

Abbreviations: vp, virus particles.
Percentages refer to individual treatment cycles analyzed. Local injections 
include intratumoral, intraperitoneal, and intrapleural routes.
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treatments and one in controls, and one pulmonary embolism 
in a verapamil treatment. No treatment-related deaths occurred. 
Overall, there was no statistically significant difference in occur-
rence of AE. Grade by grade, however, there were more grade 
1 laboratory finding AE in the verapamil group (P = 0.008, 
Supplementary Table S4.)

the inflammatory cytokine response profile is not 
affected by verapamil
Elevation of inflammatory cytokines in serum—interleukin-6 
(IL-6) in particular—has been associated with adenovirus-related 
toxicity.23 Therefore, we investigated the effects of verapamil on the 
levels of proinflammatory cytokines IL-6, IL-8, and tumor necrosis 
factor-α as well as anti-inflammatory IL-10 (Supplementary Table 
S2). Also serum granulocyte-macrophage colony-stimulating fac-
tor (GM-CSF) levels were analyzed (Supplementary Table S2) as 
three of the four viruses in this study express human GM-CSF as 
a transgene, and theoretically enhanced viral release and spread 
could result in changes in systemic GM-CSF levels. There were 
no notable alterations in levels of IL-8, tumor necrosis factor-α, 
or GM-CSF after treatments and no differences between vera-
pamil treatments and controls (Figure 2). IL-6 levels increased 
transiently in both groups, approximately threefold, on day 1 (P 
< 0.05) and returned to baseline thereafter (Figure 2a). Also IL-10 
levels increased in both groups, approximately twofold, on day 1  
(P < 0.05) (Figure 2c). There were no significant differences 
between verapamil-treated patients and controls. Dose-dependent 
IL-6 and IL-10 elevations have been reported frequently with ade-
novirus gene therapy.23,24 When compared to levels associated with 
adenoviral toxicity (over 8,000 pg/ml has been reported associ-
ated with systemic inflammatory response syndrome23), the IL-6 

elevations seen in our patients were minor and not likely to be 
clinically relevant.

neutralizing antibody induction is not accelerated  
by verapamil
For those treatments when the patient had not received prior ade-
novirus therapy neutralizing antibody titers were low at baseline 
and were rapidly elevated thereafter (P < 0.05), as reported.19–22,25 
When patients had been treated previously with adenoviruses 
baseline titers were already high and titers remained such dur-
ing treatment follow-up. Neutralizing antibody responses were 
similar in verapamil-treated patients and controls (Figure 3 and 
Supplementary Table S2)

disease control and overall survival were  
similar with or without verapamil
Twenty nine treatments were evaluable both in verapamil and 
control groups with radiological RECIST1.1 criteria (Table 2). 
In the case of serial treatments, evaluations were not done 
immediately after the first viral treatment, but rather after the 
patient had received three rounds of therapy typically given 
every 3 weeks.26 However, all these three treatments probably 
affected the radiological outcome and they are thus indicated in 
Table 2. Patients evaluated after serial treatment were well bal-
anced between cohorts (5 and 5). Disease control (treatment 
resulting in stable disease or better) was seen in 41% and 55% 
of treatments, respectively, for verapamil and control groups 
(Figure 4a, not statistically significant, P = 0.431). If only treat-
ments where radiological evaluation was done before additional 
viral treatments (excluding serial treatments) are considered  
(n = 20 verapamil, 22 controls), disease control was seen in 45% 
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Figure 1 Higher virus titers seen in serum of patients treated with verapamil. (a) Percentage of serum samples positive for oncolytic virus DNA as 
detected by quantitative PCR. (b) Maximum titers in serum samples within the indicated time interval after treatment. (c) Floating bars plot showing 
mean virus titers (horizontal line) in positive serum samples after treatment, with ranges (box). (d) Virus titers in serum during first cycles of oncolytic 
adenovirus treatments with (n = 6) and without (n = 6) verapamil. Horizontal line indicates mean. (e) Virus titers in serum after treatments (n = 30+30) 
of patients who had received prior adenovirus treatments. (f) Mean virus titers of all samples at each time point plotted at respective time points 
(median of sample days) for illustration of area under the curve analysis.
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and 73% treatments (P = 0.115). Tumor markers were measured 
during each treatment, if elevated at baseline (verapamil n = 10, 
controls n = 14). Disease control, i.e., stabilization or reduction 
of marker levels, was seen in 50% of verapamil treatments and 
79% of control treatments (P = 0.204, Figure 4b). The patients’ 
cancer-related symptoms were evaluated before and after treat-
ments and subjective symptom relief was described in 17% and 
12% of treatments whereas symptoms remained stable in 53% 
and 52% of verapamil and control treatments, respectively  
(P = 0.809) (Figure 4c).

Overall, evidence of possible treatment benefit was seen in 50% 
of verapamil treatments and 66% of controls (P = 0.232, Figure 4d 
and Table 2). This was calculated by assigning each treatment as 
presenting a possible sign of benefit (defined as disease control in 
either radiology or tumor markers or improvement in tumor-re-
lated symptoms) or lack of such signs. Median overall survival was 
189 days (95% confidence interval 126–252 days) for verapamil 
treatments and 241 days (95% confidence interval 91–391 days) 

for controls (P = 0.457). Survival follow-up was still ongoing for 
three verapamil treatments and two control treatments on 27th 
May 2011 (Figure 4e).

dIscussIon
Previous preclinical research has indicated that the calcium 
channel blocker verapamil is a potent enhancer of adenovirus 
progeny release from cancer cells and increases the cytotoxicity 
and antitumor efficacy of oncolytic adenoviruses in vitro and in 
mouse models.7 This raises an intriguing opportunity of com-
bination therapy for translation into clinical trials as verapamil 
is widely used for cardiovascular diseases and has an excellent 
safety profile.12–18

Interestingly, recent research has linked calcium channel 
blockers also to innate immunity. Calcium channel blockers have 
been able to suppress the activation of various cell types, such 
as T-cells, mast cells, and macrophages and thus have been sug-
gested to function as immunologically active drugs.27 They have 
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been proposed to have both immune suppressive and stimulatory 
effects.27–29 Similarly, the role of the immune system in oncolytic 
virus therapy has been under controversy.30,31 Thus, the relevance 
of putative immunological effects mediated by calcium channel 
blockers—in context of virotherapy—are presently obscure yet 
intriguing. Given the complexity of the relevant phenomena, and 
the poor predictive power of preclinical model systems in the field 
of tumor immunology, human data may be needed to resolve 
these issues.

As amounts and production rates of progeny virus released 
 cannot be directly measured at the tissue level in human patients, 
we investigated virus shed into blood stream as a surrogate. Injected 
virus is rapidly cleared from the blood stream24,32 and therefore 
extended presence, reappearance or increase in virus genomes 
in blood has been proposed as a sign of virus replication.24,33–35 
Interestingly, and in accord with previous preclinical data,7 higher 
virus titers were detected in verapamil-treated patients (P < 0.05). 
This is suggestive of verapamil indeed facilitating virus replication 
and release also in humans.

Treatments were well tolerated overall and the rate and sever-
ity of AEs were similar in both groups. Inflammatory cytokine 
profiles were similar in both groups, with similar transient eleva-
tions of IL-6 and IL-10 occurring 1 day after treatment. Hence, 
the addition of verapamil to virus treatments appeared safe. Also, 
verapamil did not lead to detectable changes in serum tumor 
necrosis factor-α levels in humans, in contrast to previous in 
vitro data on peripheral blood mononuclear cells.29 Neutralizing 
antibody responses were similar in both groups, with titers ris-
ing during treatment of patients previously naive to adenovirus 
treatments and remaining high when patients had had previous 
oncolytic adenovirus exposure, as published.19–22,25 Therefore, the 
putative enhancement of virus release caused by verapamil did 
not translate into changes in antibody response.

Transient lymphopenia was a common AE with the high-
est drop manifested on the first day after treatment and recu-
peration was usually seen within few days. Viral infections are 
known to reduce blood lymphocyte counts through complicated 
mechanisms including trafficking to sites of infection and lym-
phopenic viral effects.36 Thus, it is not unexpected to encounter 

lymphopenia also in association with virotherapy, and this has also 
been reported earlier in context of adenoviral gene therapy.24 We 
hypothesize that the phenomenon may reflect active trafficking 
of CD8+ and CD4+ T-cells to tumors and lymph nodes, possibly 
contributing to antiviral and antitumoral responses as proposed 
previously.19,37,38 However, studies employing tumor biopsies are 
needed to investigate this.

Disease control was not improved by verapamil treatment as 
analyzed by radiological, subjective or tumor marker data. There 
was also no improvement in median survival in verapamil-treated 
patients compared to controls. However, this small study was not 
conducted in a prospective randomized manner, nor was efficacy 
a primary endpoint and thus these data should be interpreted with 
caution. Although no significant differences were seen, there was a 
trend for more “progression” in verapamil patients in both radiol-
ogy and tumor markers. We hypothesize that this might be due to 
enhanced replication resulting in more inflammatory swelling of 
tumors (termed “pseudoprogression” by the United States Food 
and Drug Administration in the context of cancer immunother-
apy) and more pronounced marker “surge,” respectively. The latter 
could be caused by an increase in protein production (including 
tumor marker peptides) in infected cells, followed by lysis and 
release of markers into blood.34,39,40

If it is confirmed in a randomized setting that enhanced repli-
cation does not translate into clinical benefits, this would support 
the hypothesis that immune responses triggered by viral therapy 
may be more crucial for antitumor efficacy than the degree or 
magnitude of replication.30,31 Furthermore, as verapamil has been 
associated with immunological effects, including immune sup-
pression, this might even work against the possible benefits gained 
by enhancement of viral release and spread. Conversely, enhanced 
release may lead to a faster virus immune clearance from the 
tumor in an immune competent host.

In summary, patients treated with calcium channel blocker 
verapamil had higher circulating adenovirus titers after treatment, 
in comparison to matched controls. This could be an interesting 
and possibly safe method for improving efficacy of an oncolytic 
adenovirus-based treatment approach where a high systemic 
viral load is required or beneficial. For confirming the effect of 
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verapamil, a randomized crossover design trial would be useful. 
In this approach, each patient would first be treated with a virus 
with or without verapamil and then cross over to the other group. 
As calcium has been proposed relevant for the lytic abilities of also 
other viruses,9,10 the approach could be important for the entire 
field of oncolytic virotherapy.

MaterIals and MetHods
Adenoviruses. Ad5-D24-GM-CSF, Ad5/3-D24-GM-CSF, Ad5-RGD-D24- 
GM-CSF, and ICOVIR-7 have been published.19–22 Virus production 
was done, according to the principles of cGMP by Oncos Therapeutics 
(Helsinki, Finland). Ad5luc1, Ad5/3luc1, Ad5lucRGD have been published 
previously.41–43

Patients. Treatments were given in the context of an ISRCTN regis-
tered Advanced Therapy Access Program (Advanced Therapy Access 
Program (ATAP): a treatment for refractory cancer with oncolytic viruses, 
ISRCTN 10141600). ATAP is regulated by FIMEA as determined by EU 
EC/1394/2007. The inclusion criteria were: solid tumors refractory to con-
ventional therapies and progressive disease, WHO performance score ≤3 
and no major organ function deficiencies. Exclusion criteria were: organ 
transplant, HIV, or other major immunosuppression, brain metastasis, bili-
rubin, alanine transaminase, or aspartate aminotransferase elevated three 
times ULN, severe thrombocytopenia, and other severe disease or organ 
malfunction. Written informed consent was required and treatments were 
administered according to Good Clinical Practice and the Declaration of 
Helsinki. ATAP is in compliance with EU and Finnish regulations and has 
been evaluated by the Medicolegal Department of the Finnish Ministry of 
Social Affairs and Health and The Gene Technology Board.

Controls for verapamil-treated patients were selected by retrospective 
matching according to criteria presented in the Results section. To avoid 
confounding related to first versus nonfirst rounds of treatment, the same 
patient could not function as a case and control i.e., no”self-controls” were 
allowed.

Treatment protocol. Patients received oncolytic virus treatment on day 0 by 
ultrasound-guided intratumoral injection and at least one fifth of the dose 
was given intravenously, as published.20 In the case of intrapleural or intra-
peritoneal disease, intratumoral injection could be also performed intra-
cavitary. Viral doses ranged from 2 × 1011 vp to 9 × 1011 (Supplementary 
Table S1). Verapamil was administered 200 mg twice daily orally, as a 
slowly releasing depot tablet. Verapamil treatment initiated 1 day after 
virus treatment and continued for at least 4 weeks. Patients in both groups 
also received concomitant low-dose cyclophosphamide to reduce regula-
tory T-cells, via either metronomic 50 mg/day peroral, 1,000 mg bolus infu-
sion together with virus injection or combination of these, in the absence 
of contraindications.25 Cyclophoshamide use was well balanced as it was 
used in 94% of both verapamil and control treatment rounds.

Patients were monitored for 24 hours in the hospital and 4 
weeks as outpatients. AEs were recorded according to CTCEA v3.0 
(Supplementary Table S3). Pre-existing symptoms were not listed unless 
they worsened. AEs were grouped into clinical AEs, i.e., symptoms, and 
laboratory-only (asymptomatic) AEs. All grade 3–5 AEs were further 
classified into being serious AEs (i.e., resulting in death, malformation, 
life-threatening condition or hospitalization of patient) or not, and their 
possible association to virus treatment was also classified by the treating 
oncologist.

Tumor sizes were assessed by contrast-enhanced computer tomography 
scanning before and at median 50 days after treatment. Some patients 
were treated with a serial treatment where radiological evaluation was 
performed after three virus injections—given every 3–4 weeks—instead 
of after each injection.26 These patients were balanced (5 and 5) between 
cases and controls (Table 2). Maximum tumor diameters were calculated 

according to RECIST v1.1,44 including injected and noninjected lesions. 
These criteria are: CR, complete response (tumor completely undetectable 
after treatment); PR, partial response (≥30% reduction in the sum of 
tumor diameters); SD, stable disease (no response, no progression); PD, 
progressive disease (≥20% increase or appearance of new metastatic 
lesions). Tumor decreases (10–29%) not fulfilling PR were scored as minor 
responses. Tumor markers were evaluated during the treatment cycle if 
they had been elevated previously. The same percentages were used for 
responses (Table 2) and the best response between 21 and 70 days after 
treatment was recorded. Alterations in symptoms were assessed based on 
patient’s description at a follow-up visit circa 1 month after treatment.

Cytokine measurements. Cytokine levels in serum were measured using 
BD Cytometric Bead Array Soluble Protein Master Buffer Kit and BD 
Cytometric Bead Array Human IL-6, IL-8, IL-10, tumor necrosis factor-α, 
and GM-CSF Flex sets and BD FACSArray Bioanalyzer, BD FACS Array 
System Software and FCAP Array v1.0 software (BD Biosciences, San 
Diego, CA) according to manufacturer’s instructions.

Neutralizing antibody titer determination. Neutralizing antibody tittering 
was done as described earlier.19 Depending on the virus that the patients 
had received in treatment, different adenoviruses were used for titration 
to ensure identical match of virus capsid: Ad5luc1 for Ad5-D24-GM-CSF, 
Ad5/3luc1 for AD5/3-D24-GM-CSF, and Ad5lucRGD for Ad5-RGD-D24-
GM-CSF and ICOVIR-7-treated patients. The neutralizing antibody titer 
was determined as reciprocal of the lowest degree of dilution that blocked 
gene transfer >80%.

Detection of viral DNA in serum. Viral DNA was detected in serum sam-
ples as described earlier.19,33 Briefly, total DNA was extracted using car-
rier DNA (polydeoxyadenylic acid; Roche, Mannheim, Germany) with 
QIAamp DNA mini kit, eluted in 60 µl nuclease-free water and DNA con-
centration was measured by spectrophotometry. PCR amplification was 
based on primers and probe targeting the E1A region flanking the 24-base 
pairs deletion (forward primer 5′- TCCGGTTTCTATGCCAAACCT-3′, 
reverse primer 5′-TCCTCCGGTGATAATGACAAGA-3′ and probe onco 
5′FAM-TGATCGATCCACCCAGTGA-3′MGBNFQ). In addition, a probe com-
plementary to a sequence included in the 24-base pairs region targeted for 
deletion was used to test the samples for the presence of wild-type adeno-
virus infection (probe wt 5′VIC-tacctgccacgaggct-3′MGBNFQ). TaqMan exoge-
nous internal positive control reagents (Applied Biosystems, Carlsbad, CA) 
were used in the same PCR runs to test each sample for the presence of 
PCR inhibitors. The viral loads in serum were calculated using a regression 
standard curve based on serial dilutions of adenoviruses in normal human 
serum (1 × 109–1 × 101 vp/ml). The limit of detection and limit of quan-
tification for the assay were 500 vp/ml of serum; titers <500 vp/ml were 
extrapolated using the standard curve. Positive samples were confirmed 
by real-time PCR using LightCycler480 SYBR Green I Master mix (Roche) 
and primers specific for adenovirus sequences respective of the treatment 
virus in question.33

Statistical analysis. Statistics were done with SPSS v17.0. Average viral 
titers were analyzed with two-tailed Student’s t-test and Tukey’s two-way 
ANOVA, maximum titers between groups were compared with Wilcoxon-
signed ranks test. AUC, for virus titers against time, was calculated for each 
treatment using MedCalc software and comparison between groups was 
done with one-way ANOVA on log transformed data. AEs were analyzed 
with t-test for matched samples. Serum cytokine levels were analyzed with 
one-way ANOVA. Neutralizing antibody titers were analyzed with two-
tailed Student’s t-test. Responses were analyzed with Fisher’s exact test and 
χ2-test was used for analysis of symptom responses. Survival data was pro-
cessed with Kaplan–Meier analysis and log rank test.

suPPleMentarY MaterIal
Table S1. Characteristics of individual treatment cycles.
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Table S2. Individual values for serum virus titers, cytokine levels, and 
neutralizing antibody titers.
Table S3. Adverse events.
Table S4. Summary and comparison of adverse events.
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