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Immunotherapy against infectious agents and malignant 
tumors requires efficient priming of effector cells through 
direct expression and/or efficient cross-presentation of 
antigens by antigen-presenting cells. Electroporation 
is a new procedure aimed at transiently increasing cell 
membrane permeability and direct delivery of antigen 
or antigen-encoding nucleic acids inside targeted cells. 
We evaluated the tolerability including compliance with 
repeated electroporation treatments using MedPulser 
DDS in 24 healthy adults. Pain severity was evaluated 
at time of electroporation treatment, and at 1, 5, 10, 
and 20 minutes, and 24 hours thereafter, using two clini-
cally validated questionnaires: McGill Pain Questionnaire 
(MPQ) (Present Pain Intensity) and Brief Pain Inventory 
(BPI). Electroporation treatments were generally well 
tolerated. Twenty-two out of 24 subjects returned for 
the second electroporation treatment 14 days after first 
treatment. Only two subjects reported a treatment-
related systemic adverse experience following either 
electroporation application. For both pain assessment 
tools, maximum pain and/or discomfort were mostly 
reported immediately (within 5 minutes) after electropo-
ration; Furthermore, no difference was observed when 
comparing peak-pain scores after first and second elec-
troporation treatments. This study supports the clinical 
application of MedPulser DDS for the improvement of 
antigen-induced immune responses for prophylactic or 
therapeutic vaccines, especially in gene-based therapies 
for cancer.

Received 28 August 2008; accepted 25 January 2008; published online 
10 March 2009. doi:10.1038/mt.2009.27

Introduction
Despite the successful development of many prophylactic vac-
cines against numerous infectious diseases,1,2 the development of 
vaccines against new targets has been hampered by the difficulty 
to achieve optimal attenuation and genetic stability of viral agents 
or to identify potent immunogens. In particular, the majority of 

investigational cancer vaccines have been unable to consistently 
show clinical benefits for a variety of reasons, such as the lack of 
suitable immunogens, the similarity of the antigens to host pro-
teins with its associated difficulty to break tolerance, poor antigenic 
stimulation of adequate immune responses, and tumor evasion 
mechanisms.3 DNA immunization is sought to stimulate both 
arms of the immune system (humoral and cell-mediated immune 
responses) or to interfere with tumor growth.4,5 DNA immuniza-
tion has several advantages to justify its consideration for cancer 
vaccines. It can be delivered multiple times without the induction 
of antivector neutralization responses (typical for viral vectors), 
an important factor when repeated doses are required to over-
come tolerance to self-antigens. In addition, potent adjuvants can 
be directly encoded by the DNA to ensure coexpression of anti-
gen and adjuvants and optimal induction of immune responses.6,7 
This type of immunization is generally viewed as a safe strategy 
but has failed to consistently achieve levels of antibody and cell-
mediated immune responses measured after immunization with 
conventional vaccines, suggesting the need for improved design 
and delivery systems. Unaided uptake of DNA plasmids has been 
shown to be inefficient, and only a small proportion of the genetic 
material is internalized.8,9

Development of new tools for DNA delivery, capable of induc-
ing optimal, effective, and long-lasting immune responses or 
capable of reducing tumor cell differentiation and/or multiplica-
tion is needed. As cellular uptake of injected DNA material was 
found to be very inefficient, incorporation of DNA molecules or 
drug delivery inside target cells are thought to require physical 
delivery technology such as electroporation (EP). Over the past 
decades, EP technology has remained a reliable laboratory tool for 
the delivery of gene-encoded nucleic acid molecules into target 
cells. This approach uses brief electrical pulses that create tran-
sient “pores” in the cell membrane, thus allowing large molecules 
such as DNA or RNA to enter the cell’s cytoplasm10 (Figure 1). 
Immediately following cessation of the electrical field, these 
pores would close, and the molecules would be trapped in the 
cytoplasm without causing cell death11 (Figure 2). In addition to 
the increased permeability of target cells, EP may also enhance 
immune responses through increased protein expression, secretion 
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of inflammatory chemokines and cytokines, and recruitment of 
antigen-presenting cells (i.e., macrophages, dendritic cells) at the 
EP site.12,13 As a result, both antigen-specific humoral and cellular 
immune responses are increased by EP-augmented DNA vaccina-
tion in comparison to levels achieved with intramuscular injection 
of DNA alone. Studies in rodents, pigs, and nonhuman primates 
have shown that an intramuscular injection of plasmid DNA 
encoding an active anti-infective antigen followed by electric pulse 
application could increase DNA delivery and transgene expres-
sion by at least twofold, contributing to a marked enhancement 
of both humoral and cellular immune responses as compared to 
conventional intramuscular injection.14–18 Despite very encourag-
ing results in small animals, plasmid DNA-based vaccines have 
long been hampered by the relatively poor immunogenicity when 
applied to larger animals. In contrast, the addition of in vivo elec-
troporation has significantly enhanced the potency of DNA plas-
mids with antibody titers and functional activities comparable to 
those achieved by 100-fold higher dose of DNA plasmid given 
without EP. Furthermore, the addition of EP has been associated 
with a marked and consistent enhancement of cell-mediated and 
humoral immune responses in small and large animals, support-
ing its use in humans.19,20 The ability of EP treatment to maintain 
similar advantages and effectiveness when translated from small 
to large animals supports its potential value in the development 
of potent human prophylactic and therapeutic vaccines, including 
plasmid-based DNA vaccines.

MedPulser DDS is an investigational EP device developed 
and manufactured by Inovio, BioMedical, San Diego, CA. 

aimed at delivering square-wave electrical pulses of a speci-
fied voltage intramuscularly via an applicator with a four-needle 
array (Figure 1). As the charge used could dissolve certain met-
als (i.e.,  iron, nickel, chromium) and may thus cause local and/
or systemic side effects, only gold-coated electrodes are used 
for MedPulser DDS. An earlier version of the device, called the 
MedPulser electroporation therapy system, is currently being 
used in cancer patients for the intratumoral delivery of chemo-
therapy agents (e.g., bleomycin).21 Before its use for prophylac-
tic or therapeutic vaccines without the use of anesthetics, a pilot 
study was conducted in rhesus macaques to assess the effects of 
the following parameters on peak gene expression: total injection 
volume (0.5 ml versus 1.0 ml), number of application sites 
(one versus two), and diameter of the needle array (5 mm versus 
10 mm). In all cases, the level of gene expression as measured 
by the level of serum alkaline phosphatase was not significantly 
different across these different test conditions. Therefore, the least 
intrusive set of parameters (0.5 ml, 1 application site, and 5 mm 
diameter) were selected for the future human clinical trials using 
MedPulser DDS.22,23

The present study evaluates the tolerability of repeated treat-
ments with the MedPulser DDS in healthy adults. Assessment 
of pain experience was based on patient self-report using two 
clinically validated tools, namely, the McGill Pain Questionnaire 
(MPQ) and the Brief Pain Inventory (BPI). Despite the develop-
ment of several variants, the original MPQ and BPI are still the 
most widely used tools for the measurement of pain experienced 
by patients following surgery, during child delivery, and for 
conditions such as diabetic neuropathy, postherpetic neuralgia, 
leg ulcer, and cancer.24–29

Results
Study population
A total of 25 subjects were screened of which 24 met the study 
eligibility criteria and were enrolled into the study. The mean age 
was 26.3 years (range 20–35 years) at study entry and both genders 
were equally represented, with 14 (58.3%) of them being males. 
All 24 study subjects received at least one intramuscular injection 
of phosphate-buffered saline solution followed by a short electro-
stimulation (two pulses of 60 ms each) with the MedPulser DDS. 
Following the first treatment with the EP device, two subjects 
dropped out of the study due to an adverse experience, one due to 
prolonged EP-related mild injection-site pain lasting 5 days, and 
the other subject experienced a vasovagal reaction immediately 
after receiving the first EP treatment. Both patients recovered 
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Figure 2 DN A vaccination and schematic representation of the 
effect of electroporation at the cell membrane level.
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Figure 1  MedPulser DDS device and formation of transient pores in cell membrane following electroporation.
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without sequelae. The remaining 22 subjects returned for their 
second treatment with the MedPulser DDS device ~14 days later 
and 20 out of 24 completed the 28 days study follow-up. Two 
subjects were lost to follow-up following the receipt of their sec-
ond treatment. The subjects’ disposition during the clinical trial is 
shown in the CONSORT chart (Figure 3).

Injection-site reactions following treatment  
with MedPulser DDS
Subjects recorded injection-site reactions and temperatures for 
5 days following each course of EP treatment as well as all sys-
temic adverse experiences through day 14 postelectroporation. 
Electroporation-site adverse experiences reported on days 1 

Screened for eligibility (n = 25)

Randomized and received 1st treatment
with MedPulser DDS (n = 24)

Received 2nd treatment with
MedPulser DDS (n = 22)

Completed safety follow-up after
2 treatments with MedPulser DDS
(n = 20)

Excluded (n = 1)
    Not meeting inclusion criteria (n = 1)
    Refused participation (n = 0)
    Other reasons (n = 0)

    Discontinued due an adverse
    experience (AE) (n = 2)†

    Lost to follow-up (n = 0)

    Discontinued due an adverse experience 
    (AE) (n = 0)
    Lost to follow-up (n = 2)

Enrollment

Randomized
first EPT 
treatment

Randomized
second EPT
treatment

Completed
all study
procedures
and safety
follow-up

Figure 3 CONSORT  chart: subject disposition. †One subject experienced a vasovagal reaction and one subject reported prolonged local pain after 
treatment with MedPulser DDS.

Table 1 N umber (%) of subjects with electroporation-site and systemic adverse experiences (incidence >0%) after the first, second, or any treat-
ment with PBS/MedPulser DDS

 

Post-treatment no. 1 (N = 24) Post-treatment no. 2 (N = 22) Post any treatment (N = 24)

All adverse 
experiences

Treatment-related 
adverse  

experiences
All adverse 
experiences

Treatment-related 
adverse  

experiences
All adverse 
experiences

Treatment-related 
adverse  

experiences

n (%) n (%) n (%) n (%) n (%) n (%)

Number of subjects 24 22 24

Subjects without follow-up 0 1 0

Subjects with follow-up 24 21 24

Number(%) of subjects with  
one or more electroporation-site 
adverse experiences

18 (75.0) 13 (61.9) 20 (83.3)

  Electroporation-site erythema 14 (58.3) 14 (58.3) 8 (38.1) 8 (38.1) 15 (62.5) 15 (62.5)

  Electroporation-site hemorrhage 3 (12.5) 3 (12.5) 1 (4.8) 1 (4.8) 3 (12.5) 3 (12.5)

  Electroporation-site nodule 1 (4.2) 1 (4.2) 0 (0.0) 0 (0.0) 1 (4.2) 1 (4.2)

  Electroporation-site pain 12 (50.0) 12 (50.0) 4 (19.0) 4 (19.0) 14 (58.3) 14 (58.3)

  Electroporation-site reaction 1 (4.2) 1 (4.2) 0 (0.0) 0 (0.0) 1 (4.2) 1 (4.2)

  Electroporation-site swelling 9 (37.5) 9 (37.5) 9 (42.9) 9 (42.9) 11 (45.8) 11 (45.8)

Number (%) of Subjects with 
one or more systemic adverse 
experiences

5 (20.8) 1 (4.8) 5 (20.8)

Infections and infestations 1 (4.2) 1 (4.2)

  Tooth infection 1 (4.2) 1 (4.2)

Nervous system disorders 4 (16.7) 2 (8.3) 1 (4.8) 4 (16.7) 2 (8.3)

  Headache 4 (16.7) 2 (8.3) 1 (4.8) 4 (16.7) 2 (8.3)

  Syncope vasovagal 1 (4.2) 1 (4.2) 1 (4.2) 1 (4.2)

N = Number of subjects randomized and treated in the treatment group. Percentages are calculated based on the number of subjects with follow-up. Treatment-
related adverse experiences provide number (%) of subjects with adverse experiences that were determined by the investigator to be possibly, probably, or definitely 
related to the treatment. Although a subject may have had two or more adverse experiences, the subject is counted only once in the overall total.
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through 5 following Treatment Visit 1, Treatment Visit 2, and any 
treatment visit are summarized in Table 1. A total of 20 out of the 
24 subjects (83.3% with 95% CI = 64.1%, 93.3%) reported a treat-
ment-related electroporation-site adverse experiences following 
either application with the MedPulser DDS. Except for swelling 
at the site of electroporation, fewer electroporation-site adverse 
experiences were reported following the second treatment. No 
electroporation-site adverse experiences were reported after day 
5 following Visits 1 or 2. Of the electroporation-site adverse expe-
riences reported, most episodes were of mild intensity and of a 
maximum size ≤1 inch (2.5 cm).

Systemic adverse experiences following treatment 
with MedPulser DDS
No serious adverse events were reported during the course of 
the study. Systemic clinical adverse experiences reported days 1 
through 14 are summarized in Table 1 for all study subjects, fol-
lowing Treatment Visit 1, Treatment Visit 2, and any treatment 
visit. During the 14 days following the first EP treatment, 5 out 
of 24 (20.8%) subjects reported a systemic adverse experience, 
including tooth infection (one subject), headache (four 
subjects), and vasovagal reaction (one subject); only one subject 
experienced headache following the second EP treatment, but 
the event was determined not to be related to the EP treatment 
by the study investigator. In fact, only two subjects reported a 
treatment-related systemic adverse experience following either 
application with the MedPulser DDS [8.3% with 95% CI = 
(2.3%, 25.8%)]. Both treatment-related adverse experiences 
occurred after the first EP treatment and consisted of mild- 
to-moderate headache and a mild, transient vasovagal reaction. 
Overall, EP was well tolerated and was associated with transient 
local reaction, mostly local pain of short duration, in the major-
ity of subjects. Also, the majority of subjects, 22 of 24 (91.7%), 
returned for the second EP treatment administered 14 days after 
the first treatment.

Pain assessment using the MPQ and BPI
On a scale of 1 (Mild) to 5 (Excruciating), all 24 subjects reported 
some level of pain on the MPQ after each treatment with the 
MedPulser DDS (Table  2). Following either treatment, peak-
pain scores were reported at 0 minutes (time of the electrostimu-
lation) but subsided very rapidly with only scattered reports of 

mild pain beyond 5 minutes post-treatment. After the first EP 
treatment, peak-pain scores were highest at the time of the EP 
treatment, ranging from 1 (mild) to 4 (horrible) with the major-
ity (15/24; 62.5%) of subjects reporting a peak-pain score  ≤2 
(discomforting). Only one subject reported a pain score of 4 
(horrible) at the time of EP treatment that quickly decreased to 
2 (discomforting) within 1 minute. In addition, 8 (33.3%) study 
subjects experienced a peak-pain score of 3 (distressing) at the 
time of EP treatment that subsequently decreased to 2 (discom-
forting) or 1 (mild) within 1 minute post-treatment. No subject 
reported a pain score ≥3 at 1 minute following the EP treatment 
with the majority (15/24; 62.5%) of them reporting no pain or 
mild pain and the remaining 9 (37.5%) reporting a pain score 
of 2. Following the second treatment, no significant change was 
observed in the level of pain reported by the study subjects with 
14 out of 22 (63.6%) reporting a peak-pain score ≤2 (discom-
forting) at the time of EP treatment. To illustrate the transient 
nature of the pain associated with the treatment, the majority 
of study subjects [15/24 (62.5%) after the first treatment and 
16/22 (72.7%) after the second treatment] reported mild to no 
pain at 1 minute following treatment with the MedPulser DDS. 
The mean peak-pain score was 2.3 following either the first or 
the second treatment and no statistically significant difference 
was observed between consecutive treatments with MedPulser 
DDS (P = 0.95).

Similar trends were observed when evaluating the proportion 
of subjects reporting pain using the BPI (Table 3), a more sensi-
tive pain assessment tool that utilizes a rating scale of 0–10 (0 = 
No pain to 10 = Pain as bad as you can imagine). As previously 
shown with the MPQ, peak-pain scores were mostly reported at 
the time of EP treatment, ranging from 2 to 8, with 14 out of 24 
(58.3%) and 13 out of 22 (59.1%) subjects reporting a peak-pain 
score ≤5 (mild pain) after the first and second treatment with 
the MedPulser DDS, respectively. Similarly, peak-pain scores 
measured with BPI also decreased very rapidly with the majority 
of subjects [16/24 (66.7%) and 15/22 (68.2%) after the first and 
second treatment, respectively] reporting a pain score ≤2 (barely 
noticeable pain) at 1 minute following the treatment. The mean 
peak-pain score was 4.8 and 4.7 following the first and second 
treatment, respectively, and no statistically significant difference 
was observed between consecutive treatments with MedPulser 
DDS (P = 0.92).

Table 2 S ummary of present pain intensity scores by time using the MPQ-PPI

Time post- 
treatment  
(number of  
subjects evaluated)

Pain assessment following 1st treatment Pain assessment following 2nd treatment

0 min  
(n = 24)

1 min  
(n = 24)

5 min  
(n = 23)

10 min  
(n = 24)

20 min  
(n = 24)

24 h  
(n = 24)

0 min  
(n = 22)

1 min  
(n = 22)

5 min  
(n = 22)

10 min  
(n = 22)

20 min  
(n = 22)

24 h  
(n = 20)

Pain score

  >0 24 19 13 7 7 2 22 20 11 7 7 1

  >1 22 9 2 0 0 0 20 6 0 0 0 0

  >2 9 0 0 0 0 0 8 0 0 0 0 0

  >3 1 0 0 0 0 0 1 0 0 0 0 0

  =5 0 0 0 0 0 0 0 0 0 0 0 0

Abbreviations: MPQ-PPI, McGill Pain Questionnaire–Present Pain Intensity.
0 min = time at treatment.
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Discussion
This study demonstrates that repeated EP treatments with the 
MedPulser DDS are well tolerated in healthy adults based on 
patient self-report of pain using two clinically validated tools, 
namely, the MPQ and the BPI.

During the past two decades, several techniques have been 
developed for the safe and effective delivery of genetic material 
into target cells. The use of these new techniques in humans has 
been hampered by practicality, safety, and/or tolerability issues. For 
example, gene-gun immunization was thought to be an efficient 
method for the administration of DNA vaccines through direct 
transfection of antigen-presenting cells or cross-presentation of 
exogenous antigens from transfected nonimmune cells, enabling 
activation of antigen-specific CD8+ cytotoxic T-lymphocytes and 
induction of antibodies. The technique uses DNA-coated gold 
microparticles that are propelled onto the skin by a short pulse of 
pressurized gas and showed great promise for a variety of infec-
tious and noninfectious diseases. However, its use in humans 
was generally associated with severe local pain, erythema last-
ing 2–4 weeks postdelivery, and skin discoloration lasting up to 
6 months.30 In some cases, skin necrosis was reported. New and 
improved DNA delivery systems were greatly needed.

Several studies have demonstrated the added benefit of 
applying an electrical field on living tissue to improve the direct 
delivery of chemotherapeutic agents into cancer cells and thus 
achieve antitumor effects.21,31–33 However, these techniques deliv-
ered relatively high amounts of electrical energy into the tumor 
and were performed under local or general anesthesia. More 
recently, the development of the MedPulser DDS as well as other 
EP-based delivery devices has provided a simple and easy DNA 
delivery tool that may be used at the physician’s office without the 
need of anesthetics. More important, the improved tolerability 
and reproducibility of EP lends support for a possible use of this 
technology for therapeutic and prophylactic interventions.34

Because pain is a common concern for individuals subjected 
to devices penetrating through the skin for physical delivery of 

drugs or vaccines, patient self-reporting and adequate assess-
ment of pain is essential for the acceptance of technology such 
as EP. MPQ and BPI are clinically validated tools widely used 
for the description and mean intensity of pain associated with 
several therapeutic procedures. MPQ has been used to assess pain 
reported by patients in postsurgical, obstetrical, dental, and phys-
iotherapy wards and was shown to be sufficiently sensitive to dem-
onstrate differences between various therapeutic interventions.

In the present study, peak-pain scores reported using MPQ 
were highest at the time of EP treatment and a similar mean peak 
score (2.3) was observed after the first and second EP treatments. 
The observed peak-pain score is comparable to levels previously 
reported for musculoskeletal pain but lower than those reported 
for postsurgical or delivery labor pains, using a similar pain assess-
ment tool.24 The significant decrease in peak-pain score reported 
at 1 minute following each EP treatment (peak-pain scores of 1.16 
and 1.18 after the first and second EP treatment, respectively) 
was comparable to levels (1.3 and 1.4, respectively) reported after 
physiological therapy (transcutaneous electrical nerve stimula-
tion) in patients with musculoskeletal pain, or treatment with 
analgesics in patients with postsurgical pain.

Several studies have used BPI for the assessment of pain due to 
diabetic peripheral neuropathy, postherpetic neuralgia, and can-
cer. Although several variants of BPI have been developed, little 
is known about the correlation between pain scores measured 
using BPI and the commonly used classification for severity of 
clinical symptoms (absence, mild, moderate, and severe). Based 
on interference with daily function, Zelman et al.27 have proposed 
cut-points in BPI scores for mild, moderate, and severe pain due 
to diabetic neuropathy, assigning mild for scores 0–3, moderate 
for scores 4–6, and severe for scores 7 and higher. The proposed 
categories encompassed several factors including patients’ ratings 
of their pain, interference with daily functions, patient outcomes, 
and medical utilization. Peak-pain scores reported using BPI in 
the present study were highest at the time of EP treatment and 
similar mean peak scores (4.8 and 4.7, respectively) were observed 

Table 3 S ummary of pain intensity scores by time using the BPI assessment tool

Time post- 
treatment  
(number of  
subjects evaluated)

Pain assessment following 1st treatment Pain assessment following 2nd treatment

0 min  
(n = 24)

1 min  
(n = 24)

5 min  
(n = 23)

10 min  
(n = 24)

20 min  
(n = 24)

24 h  
(n = 24)

0 min  
(n = 22)

1 min  
(n = 22)

5 min  
(n = 22)

10 min  
(n = 22)

20 min  
(n = 22)

24 h  
(n = 22)

Pai n score

  >0 24 19 15 7 7 2 22 19 11 7 6 1

  >1 24 12 5 0 1 0 20 12 5 2 1 0

  >2 21 8 1 0 0 0 20 7 1 1 1 0

  >3 16 4 0 0 0 0 15 3 1 0 0 0

  >4 12 1 0 0 0 0 11 1 0 0 0 0

  >5 10 0 0 0 0 0 9 0 0 0 0 0

  >6 6 0 0 0 0 0 4 0 0 0 0 0

  >7 1 0 0 0 0 0 3 0 0 0 0 0

  >8 0 0 0 0 0 0 0 0 0 0 0 0

  =10 0 0 0 0 0 0 0 0 0 0 0 0

Abbreviations: BPI, Brief Pain Inventory.
0 min = time at treatment.
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after the first and second EP treatments. Using the scale proposed 
by Zelman et al.,27 the observed peak-pain scores can be consid-
ered as mild to moderate in intensity. The significant decrease in 
peak-pain score reported at 1 minute following each EP treatment 
(mean peak-pain scores of 1.8 and 1.9 after the first and second 
EP treatment, respectively) provides further evidence of the tran-
sient and mild nature of the pain experienced by the majority of 
study subjects.

In addition, the rates of systemic adverse experiences and 
treatment-related adverse experiences observed in this study 
are comparable to rates observed in other vaccine clinical trials 
evaluated in healthy adults.35–37 More important, almost all study 
participants agreed to return for a second EP treatment admin-
istered 14 days after the first electrostimulation with MedPulser 
DDS, which indirectly lends support to a conclusion of an accept-
able tolerability profile for EP treatment with the device. The very 
short duration of the pain, the lack of increased pain intensity, 
and EP-related systemic adverse experiences following the second 
EP treatment were important findings, suggesting that several 
rounds of treatment with the MedPulser DDS could be tolerated 
by healthy adult subjects. It is, therefore, conceivable that such 
repeated EP treatments would also be tolerated by the majority of 
cancer patients or patients suffering from a variety of chronic viral 
infections in which several applications with MedPulser DDS 
might be required to achieve optimal benefit. Finally, the small 
size of the device and its user-friendly features only require basic 
medical equipment and supplies, supporting its use in a physician’s 
office or at the patient’s bedside. The present study results provide 
clear evidence that EP treatment is a safe, tolerable, and clinically 
acceptable delivery method when administered with phosphate-
buffered saline, a common solvent for DNA vaccines. As such, the 
investigation of the EP treatment as a clinically acceptable antigen 
or DNA delivery method, a technique that was shown to generate a 
more robust antigen-specific immune response than conventional 
intramuscular injections, is warranted.

Materials and Methods
Study subjects. This study was conducted at a single research center in the 
United States and was approved by the Institutional Review Board of that 
center. Declaration of Helsinki protocols were followed during the conduct 
of this clinical trial and written consent was obtained from each subject 
before enrollment. To be eligible for study enrollment, subjects were to 
be healthy, 18–35 years of age, with no history of hemophilia, impaired 
venous access, muscular atrophy, neurodegenerative or neuromuscular 
disorders, and no use of electronic devices (e.g., pacemaker). In addition, 
female subjects had to have a negative pregnancy test and not be currently 
breast-feeding to be enrolled in the study.

Electroporation treatment with the MedPulser DDS. The MedPulser DDS 
uses relatively low–field strength pulses (~200 V/cm for 60 ms) applied to 
a rectangular array delimited by four 1.5 cm long 26-gauge gold-plated 
needles. The needles are spaced such that the opposing corners of the rect-
angle are 5 mm apart. All four needles of the applicator tip are to be inserted 
into the skin simultaneously, centered around the injection site, and reach 
the deltoid muscle before delivering two EP pulses of 60 milliseconds 
each, separated by a pause of ~190 milliseconds (Figure 1). These clinical 
electroporation parameters were selected based on preclinical studies that 
quantitavely evaluated gene expression and antibody levels in rodents 
(including rabbits), based on the number of needles and distance between 

needles; the number, polarity, and duration of pulses; and the applied 
voltage. Effects of needle distance, pulse duration, injection volume, and 
number of injection sites on gene expression were also determined in 
rhesus macaques22 with a prototype device functionally equivalent to the 
MedPulser DDS used in this clinical trial.

In the present study, subjects received a 0.5 ml dose of phosphate-
buffered saline solution intramuscularly in the deltoid muscle of the right 
arm followed within 5 minutes by the EP treatment with the MedPulser 
DDS on day 1. Subjects returned 14 days later for a second administration 
of phosphate-buffered saline solution followed by a second course of EP 
treatment in the left arm.

Safety surveillance. Subjects were monitored for immediate reaction for 
30 minutes following each EP treatment. They were asked to complete a 
treatment report card and to record injection-site reactions and tempera-
tures for 5 days following each EP course. Subjects were also instructed to 
record all systemic adverse experiences through day 14 following each EP 
treatment. All injection site and systemic adverse experiences, regardless of 
intensity, were recorded.

Pain severity was assessed at the time of treatment, at 1, 5, 10, and 
20 minutes, and 24 hours after each EP treatment using two clinically 
validated questionnaires: the MPQ—Present Pain Intensity and the 
BPI.24–29 The MPQ measured pain on a link descriptor numerical scale 
of 0–5: 0 = “no pain,” 1 = “mild,” 2 = “discomforting,” 3 = “distressing,” 
4 = “horrible,” 5 = “excruciating.” The BPI contained a question phrased 
as “Please rate your pain by circling the one number that tells how much 
pain you have right now” with a rating scale from 0 (no pain) to 10 (pain 
as bad as you can imagine).

Statistical methods. The incidence of EP-related serious adverse expe-
riences and the proportion of subjects who received both scheduled 
courses of EP treatment were summarized using 95% confidence intervals. 
Summary statistics (mean, median, minimum, maximum, and standard 
deviation) were provided for the McGill pain scores and BPI at each time 
point after each EP treatment. The peak McGill pain scores after the 1st 
and 2nd EP treatments were formally compared using a repeated measures 
mixed-effects model. A similar model was used to compare the peak BPI 
scores after the 1st and 2nd EP treatments.
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