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The MicronJet™ device has been tested in multiple
clinical studies and peer-reviewed publications,
highlighting its safety and efficacy, as well as its
groundbreaking MEMS (Micro-Electro-Mechanical
Systems) technology.

This booklet presents some of the scientific evidence
supporting the device’s precise, minimally invasive
intradermal delivery, demonstrating its unparalleled
accuracy and reliability. It further underscores the
device’s suitability for diverse therapeutic, medical,
and aesthetic applications.
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Section 1
Vaccines

MicronJet™ is an easy-to-use, consistent,
and efficient intradermal delivery device
for virtually pain-free vaccination.

MicronJet™ has demonstrated improved
immunogenicity and/or dose sparing
\ compared to subcutaneous and
| intramuscular delivery.

MicronJet™ has demonstrated improved
immunogenicity and/or potency
compared to other intradermal devices.
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6 Delivering Precision



8

Downloaded by [Efrat Kochba] at 09:06 02 May 2015

PRODUCT REVIEW
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Intradermal vaccination using the novel
microneedle device MicronJet600: Past,
present, and future

Yotam Levin'*, Efrat Kochba', Ivan Hung? and Richard Kenney?
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Abbreviations: ID, intradermal; BCG, Bacillus Calmette—Guérin; PPD, Purified protein derivative; HBV, hepatitis B virus; WHO,
World Health Organization; SAGE, Strategic Advisory Group of Experts; IPV, inactivated polio vaccine; SQ, subcutaneous; IM,
Intramuscular; BD, Becton Dickinson; GMT, geometric mean titer; HIV, Human immunodeficiency virus; DTP, diphtheria, pertus-
sis and tetanus; HPV, human papilloma virus; MEMS, Micro Electro Mechanical System; FDA, Food and Drug Administration;
EMEA, European Medicines Agency; HA, hemagglutinin; AE, adverse event; CDC, Center of Disease Control; icddr,b,
International Center for Diarrheal Disease Research, Bangladesh

Intradermal immunization has become a forefront of
vaccine improvement, both scientifically and commercially.
Newer technologies are being developed to address the need
to reduce the dose required for vaccination and to improve
the reliability and ease of injection, which have been major
hurdles in expanding the number of approved vaccines using
this route of administration. In this review, 7 y of clinical
experience with a novel intradermal delivery device, the
MicronJet600, which is a registered hollow microneedle that
simplifies the delivery of liquid vaccines, are summarized. This
device has demonstrated both significant dose-sparing and
superior immunogenicity in various vaccine categories, as
well as in diverse subject populations and age groups. These
studies have shown that intradermal delivery using this
device is safe, effective, and preferred by the subjects.
Comparison with other intradermal devices and potential
new applications for intradermal delivery that could be
pursued in the future are also discussed.

A Brief History of Intradermal Vaccination

Intradermal (ID) immunization dates back to the advent of
vaccines. Variolation (applying scabs or fluids from infected
smallpox lesions onto healthy individuals) was practiced in many
areas of the world for hundreds of years before the pioneering
work of Edward Jenner, who used cowpox scarification for small-
pox at the turn of the 19th century.'®

Further major milestones were achieved over a century later by
Calmette and Guérin,” who developed the BCG vaccine for
tuberculosis circa 1921. Tuberculin (PPD) and the Mantoux
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technique® of intradermal injection, which typically uses a stan-
dard 25G-27G, 5/8-1.0 (16-25mm) needle for shallow (5-15
degrees) injection into the skin, were developed around the same
time.

Importantly, the uptake of the standard ID Mantoux tech-
nique is still limited, some hundred years later, to a very narrow
list of vaccines (Table 1). The Mantoux technique is neither sim-
ple nor reliable’!" and very often delivers the antigen too deep
or it leaks out, failing on occasion to produce the typical 6-
10 mm white bleb,'* thereby limiting adoption of perhaps the
most natural and physiological route of delivery of vaccines.

Benefits of ID Vaccination

ID vaccination has primarily been explored for its ability to
generate equivalent antibody responses at lower doses, a phenom-
enon typically described as “dose-sparing”.*® The importance of
dose-sparing is most evident in high-surge situations, such as in
pandernic47 and seasonal flu,*®*? where large populations are at
risk and a new set of strains can be required each year.’® Dose
sparing is also important in increasing capacity and reducing the
expense of a vaccine dose, especially in cost-sensitive global-
health indications where the price of the vaccine limits its use
and coverage, as in the case of polio.”"** Exploring the intrader-
mal approach was recommended at a recent meeting of the
World Health Organization Strategic Advisory Group of Experts
(SAGE),” as a means to reduce dose prices to make injectable
polio vaccines (IPV) affordable for successful eradication of the
disease in the Polio End Game®* A limitation of many of the
studies, however, lies in the fact that they have not evaluated
equivalent low-dose IM or SQ vaccination groups.55

The most recently registered indication for intradermal vacci-
nation is influenza, where the ID approach has actually been pur-
sued since the 1930%.°%% This vaccine (Intanza®, Sanofi

Human Vaccines & Immunotherapeutics 991

Downloaded by [Efrat Kochba] at 09:06 02 May 2015

Table 1. Approved and pipeline vaccines delivered intradermally

Approved for ID delivery  Positive Clinical Data Mixed Results
*BCG'? Hepatitis A''* HBV'62!

Rabies?>2¢ Pandemic influenza®’ Measles?®=°
Influenza®'-*¢ Yellow Fever®”*° Inactivated Polio®**®

Tick-Borne encephalitis*
Smallpox*

* Intradermal delivery is the standard route for delivery for BCG.

Pasteur), is a 5-fold concentrated form of Fluzone® (inactivated
influenza split-virus vaccine) delivered with an intradermal pre-
filled syringe (BD Soluvia™ Micro Injection System, Becton
Dickinson and Company) that uses a 1.5 mm needle to provide
a lower (9 g HA/strain) or a standard dose (15 pg HA/strain),
depending on the population and approved indication.*>*®
Another example of an ID vaccine is rabies. Rabies is a zoonosis
that occurs in over 100 countries and is invariably fatal once
symptomatic. The cost of a full-dose rabies vaccine limits its
widespread use in many areas. ID administration of the vaccine
offers an equally safe and immunogenic alternative that requires
only 20% of the dose for post-exposure prophylaxis, which could
reduce the direct cost of the vaccine by 60-80%. ID regimens
have been successfully introduced for post-exposure rabies pro-
phylaxis in India, the Philippines, Sri Lanka and Thailand.>

Despite limited clinical data, ID vaccination also holds the
promise to enhance immune responses using equivalent, rather
than fractional, doses. Efforts have been made to improve influ-
enza immunization by concentrating the formulation and deliv-
ering an equivalent dose of 15 wg HA/strain. A Phase II study
administering ID with the BD 30-gauge 1.5 mm short nee-
dle®®°! demonstrated that an equivalent dose of 15 pg in elderly
patients above 60 induced GMT ratios about 1.5-1.7-fold
higher, compared with the same dose IM. This study was later
confirmed in a Phase I1I study,** demonstrating that equivalent
dose (15 pg HA/strain) given ID can produce superior GMT’s
and seroprotection at 21 d post-vaccination. However, Intanzal5
has not yet been shown to have superior clinical efficacy in terms
of reducing mortality and morbidity, although a large retrospec-
tve study suggests a reduction in influenza related
hospitalizations.®>

Improving immunogenicity of various vaccines in immuno-
compromised hosts via the intradermal route is extremely impor-
tant. Hepatitis B virus (HBV) vaccine has a 3-5% failure rate of
non-seroconversion and there is a significant improvement in

Table 2. Devices for ID delivery of vaccines®®

this after ID injection.®” Studies have demonstrated that in
patients on dialysis or in patients with HIV, the intradermal
route was more immunogenic than standard intramuscular deliv-
ery with the HBV vaccine. ID vaccine recipients had significantly
better seroconversion rates compared with the standard dose
intramuscular group,®® which was also demonstrated in ID HBV
vaccination of dialysis patients.67

Adverse Effects of ID Vaccination

Overall, intradermal vaccination has been demonstrated to be
very safe. Studies have shown that ID vaccination may be associ-
ated with a greater incidence of local reactogenicity, including
primarily mild pain, swelling, and redness, but not systemic
adverse events. These events typically resolve quickly, as was
noted in a meta-analysis®® comparing the safety and immunoge-
nicity of a large number of intradermal versus intramuscular
influenza vaccines. ID vaccination was not associated with a
greater incidence of any systemic adverse events examined and
was associated with a lower incidence of myalgia. There was evi-
dence of heterogeneity for most adverse events.

Devices for ID Vaccination

To address the unmet clinical and usability needs, various
devices have been developed over the years. These are conceptu-
ally grouped into liquid delivery devices, including needles,
mini-needles, and hollow microneedles, as well as needle adap-
tors and jet injectors, and solid delivery devices, such as solid
microneedles, particle-injectors, and patches with coated micro-
projections or dissolvable needles (Table 2).

The most clinically advanced approach is the mini-needle
technology, represented by the Intanza-Soluvia influenza vaccine
combination (Sanofi Pasteur), which is commercially available.
In its Intanza9 version, the 1.5 mm mini-needle demonstrated
relative dose-sparing, at least non-inferior immunogenicity to
standard unadjuvanted influenza vaccines, and high acceptabil-
ity.1921%% Another licensed ID vaccine delivery device that may
have been used with the largest number of vaccine types is a dis-
posable hollow microneedle (<1 mm) device known as the
MicronJet600™, which is the focus of this review.

The Micron]et600 has 3 pyramid-shaped microneedles of
0.6 mm (600 pm) length (Fig. 1) and the device can be attached
to any standard luer tip or luer-lock syringe. The needles are

Type of delivery Type of device

Vaccine fields evaluated clinically

Liquid administration Needle and syringe (Mantoux)

Hollow mini and microneedles

F|u46,70>74' Rabieszz-26,59' BCGT 3’ Po|i075,76
FIu*®%2, Rabies’’, Anthrax’®, Japanese encephalitis, DNA-encoding reporter genes

(preclinical only)”®%3
Tattoo devices HpV2+89
Jet injectors Smallpox®?, BCG?, DTP?", Polio**?2, Tetanus®®, Typhoid®**°, Rabies®”, Influenza®®,
Yellow Fever®
Solid administration Solid arrays HPV'%
Dissolvable patches Flu'®
992 Human Vaccines & Immunotherapeutics Volume 11 Issue 4
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fabricated as a single 3-
dimensional crystal silicon
chip'® that is etched in a
pattern to produce micro-
pyramid-shaped micronee-
dles, each having a very
sharp tip that penetrates the
epidermis followed by a con-
duit or through-channel for
liquid delivery, and is pro-
duced using Micro Electro
Mechanical System
(MEMS) fabrication tech-
nology'® in a semiconduc-
tor fabrication house. The
microneedle chip is inte-
grated with a plastic hub or

female luer that attaches to

any male luer tip or luer lock

g A Figure 1. The MicronJet600 microneedle and attachment to a standard syringe. Left: Close-up of the MicronJet600;
Syringe, there.by ?nablmg the Middle: SEM picture (~x 100) of a single microneedle prior to dicing, on wafer; Top Right: needle attached to a pre-
delivery of lquId formula- filled syringe; Bottom Right: direction of injection flow.

tions from any standard
(prefilled or  disposable)
syringe directly into the
skin. The integrated device forms a direct fluid channel from the
syringe or container through the microneedles, in order to deliver
a vaccine where the dendritic cells are most prevalent in the
superficial dermis of the skin. Injection with the MicronJet600 is
characterized by an intradermal bleb or wheal, which is the hall-
mark of an acceptable ID injection.'”” Tt is registered with the
US FDA (510 k), the EMEA (CE Mark), Canada, Hong Kong,
and in other countries.

Prior to the development and commercialization of the
MicronJet600, an older (original) version of the MicronJet was
used in the clinical trials conducted in 2007-2008. This device
included 4 microneedles that were 450 pum in length, made in a
very similar design. The performance characteristics of the origi-
nal model were similar, but the insertion technique was less intui-
tive, requiring insertion at about 60 degrees and lowering the
syringe while in skin to about 30 degrees. The MicronJet600 was
developed to improve ease of use, requiring insertion at a more
natural angle of about 45 degrees with no subsequent adjustment
of position.

The Past: Clinical Results with the Original
MicronJet Device

The Micron]et device was tested both in immune-competent
healthy adults and in an elderly population that was considered
to be relatively immunocompromised. A first-in-man study was
conducted to demonstrate effective dose-sparing, safety, and user
preference, using a commercially available influenza vaccine,
Fluarix 2006/2007 (GSK, Belgium)33 in healthy adults. This
Phase I/I1 study used the original model Micron]et microneedle,
described above. Groups received intradermal doses with 20%

www.taylorandfrancis.com
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(3 pg HA/strain) or 40% (6 g HA/strain) of the usual dose
using the MicronJet device, or a 100% dose (15 g HA/strain)
given IM with a standard 26 G needle and syringe. Local reacto-
genicity was more frequent with ID vaccination, but was gener-
ally mild and transient. The low-dose ID groups had immune
responses that were similar to those in the IM control group,
demonstrating the potential for up to 5-fold dose-sparing. The
regulatory criteria for re-licensure of seasonal influenza vaccines
were met in full in all study groups. Recipient acceptance and dis-
comfort was assessed using a questionnaire and demonstrated less
pain and intimidation with the device compared to the IM injec-
tion (data on file).

A second study had a similar design using the A/2009/H1N1
strain and was the first intradermal vaccination study of pan-
demic influenza.®” The study, which was conducted mostly in
the elderly population in Hong Kong, demonstrated 5-fold dose-
sparing as well, with a safety profile that was comparable to the
previous study” There was a similar incidence of systemic adverse
events (AEs) such as fever and arthralgia, and a higher incidence
of local AEs such as erythema and edema, which is consistent
with other ID influenza vaccine studies.**¢"¢8

A study in the elderly compared fractional-dose ID delivery to
the full IM dose of the unadjuvanted influenza vaccine
(Fluvirin™, Novartis), as well as to MF59-adjuvanted formula-
tions with various antigen and adjuvant doses."®® This study
showed that the unadjuvanted ID approach yielded significantly
higher immunogenicity at 6 ug HA/strain than unadjuvanted
IM formulations at 15 g or 30 wg HA/strain, in at least the A/
HINI strain, with non-inferior GMTs in the other strains. One
study arm (12 wg HA/strain ID) was also higher with the A/
H3N2 strain compared to the unadjuvanted IM formulations. In
addition, the study showed that formulations adjuvanted with

Human Vaccines & Immunotherapeutics 993
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MF59 yielded significantly higher GMTs than the unadjuvanted
ID formulation in the A/HIN1 and B strains, but not for A/
H3N2. However, the adjuvanted formulation included 15 pg
HA/strain (and 30 wg HA for A/H3N2), which was 2.5-fold
higher than the unadjuvanted ID groups, so a direct dose-for-
dose comparison of ID (unadjuvanted) with IM (MF-59-adju-
vanted) was not established.

Another seasonal influenza study evaluated various ID or IM
doses of a virosomal influenza vaccine (Inflexal V™, Crucell,
BV).%° This study was unique in that it included a head to head
comparison of the use of the Micron]Jet device with the same for-
mulation and dose using a 25 G 16 mm (5/8 in.) length needle
and syringe with the Mantoux technique (typically using a 15
degree injection angle). This study showed that ID delivery of
the low dose virosomal vaccine (3 g HA/strain) with the Micro-
nJet achieved statistically significant higher GMT fold-increases
for the HIN1 and B strains as compared with the same dose ID
using Mantoux (84.2 vs. 37.8 [P < 0.05] and 28.5 vs. 6.9 [P <
0.01], respectively). Superior immunogenicity was also demon-
strated for the H3N2 strain compared to IM delivery of the full
dose (15 g HA/strain) vaccine, despite using 1/5th of the dose
(39.9 vs. 16.9 [P < 0.05]). The improved immunogenicity
results observed with the MicronJet600 could potentially be due
to the consistent delivery of the influenza vaccine primarily to the
superficial dermis and the epidermis, where Dendritic Cells
(DCs), and Langerhans cells, (LCs) are respectively abundant.

Injection site for all influenza studies was the deltoid area.

The Present: Demonstrating Improved
Immunogenicity with the MicronJet600

Improving the immunogenicity of vaccines is an important
unmet clinical need that might even be more important than
mere dose-sparing. Theoretically, using higher or equivalent
doses of an antigen intradermally (instead of reducing the dose
due to volume constraints) may enhance such immunogenicity,
and with it, potentially, vaccine efficacy. Intradermal delivery of
high doses of the antigens may require concentration, which may
result in some additional manufacturing costs.

A Phase II clinical study was conducted in 2010 at Hong
Kong University to evaluate the ability of ID delivery to enhance
the immunogenicity of seasonal influenza vaccines with Intanza9
2009/2010 as the source of antigen.'” The study included 2
experimental ID groups using the MicronJet device to give either
20% (3 g HA/strain) or 60% (9 g HA/strain) of the usual IM

Table 3. Published clinical studies using the MicronJet and MicronJet600

dose and 2 control arms dosed ID with either Intanza9 (9 pg
HA/strain) or IM with Fluzone (15 pg HA/strain). The doses
selected for the study were based on the available vaccines on the
market. A direct comparison between 3 pg using the Micron]et
to the same dose with Intanza was not done, as this dose was not
tested for Intanza and the 6 g dose did not show non-inferiority
in previous studies. The study demonstrated that the typical
reduction in immunogenicity of the 2009 HINT strain could be
overcome and was significantly higher with ID vaccination when
compared with the IM vaccination, with the highest seroprotec-
tion rate and GMT fold increase value generated by the lowest
dose of 3 ug (20%) HA vaccine delivered by the MicronJet600.
The H3N2 strain seroconversion rates were also significantly
higher in the ID groups compared with the IM group. There was
no significant difference in immune response between the ID
groups.

Additional promising results demonstrating very significant
dose-sparing, as well as improved immunogenicity, have been
recently released by Merck & Co, for live attenuated herpes zos-
ter vaccine (NCT01385566). Further detailed information is
pending publication.

Table 3 outlines various published clinical studies using the
Micron]Jet device models for the delivery of vaccines, along with
a summary of results, benefits and references.

The Future of ID Delivery of Vaccines and
Immunotherapeutics: Promise and Challenges

Despite many years of clinical development and the very
promising early-stage trials described above, there are still signifi-
cant challenges facing the ID delivery approach, for the Micro-
nJet600 or any other device. For instance, late stage clinical trials
are still required to validate superior immunogenicity and vaccine
efficacy, especially in challenging populations like the elderly.''
In addition to having a low response to vaccination at a young
age (below 6 months),'!! the pediatric population also poses spe-
cific mechanical challenges, due to their thin skin, making them
unsuitable for immunization with certain delivery technolo-
gies."'> However, the Micron]et600 device was recently utilized
in a large Phase I1I inactivated polio vaccine (IPV) study in 6-14
week-old infants sponsored by the US CDC and the Interna-
tional Center for Diarrheal Disease Research, Bangladesh (icddr,
b) (NCT01813604). The device performed very well in this set-
ting (publication in preparation). Additional validation of ID
delivery is required in order to expand the list of applicable

Field Study ID Phase N Device used Benefit demonstrated*

Seasonal Influenza EudraCT number 2007-001160-77 Pilot 180 MicronJet Dose sparing™

Seasonal Influenza ISRCTN 33950739 Phase Il 280 MicronJet Dose sparing and superior immunogenicity®®
Seasonal Influenza NCT00848848 Phase | 450 MicronJet Superior immunogenicity'®®

Pandemic Influenza NCT01049490 Phase | 37 MicronJet600 Dose sparing?’

Seasonal Influenza NCT01304563 Phase Il 282 MicronJet600 Dose sparing and superior immunogenicity'%®
*Compared to a standard dose of the unadjuvanted vaccine
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vaccines beyond BCG, PPD, rabies, and influenza. Another
phase T of ID iPV using Micronjet600 was conducted in HIV

positive adults (NCT01686503).'"?

The use of ID delivery with immunotherapeutics holds future
promise, coupled with unique challenges, in the settings of
allergy (in Phase III clinical trials),114 cancer immunotherapy,

(at least one of which with the MicronJet600) and likely many
more to come. The ability to enhance the skin’s potent immune

system with ID immunization, to directly target its Dendritic

and Type 1 Diabetes (in preclinical studies).''> Of most interest

perhaps, is antigen-specific cancer immunotherapy, which despite

past failures
undergo clinical evaluation of the ID approach. There are over
30 clinical programs today with ID delivery of cancer vaccines
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The skin provides the largest immune barrier to infection and is a readily accessible site for vaccination,
although intradermal (ID) injection can be challenging. The MicronJet™ microneedle is a novel device
that consistently injects antigens very close to the skin’s dendritic cells. A dose-sparing ID injection study
was conducted in 280 healthy adult volunteers using trivalent virosomal adjuvanted influenza vaccine.
ID injection of 3 pg using the MicronJet™ was well tolerated and showed a statistically higher geometric
mean fold rise than the same dose ID using a conventional needle (Mantoux technique) for the HIN1 and
B strains or a 15 g intramuscular (IM) injection for the H3N2 strain. Thus, the immune response appears
to partially depend on the delivery device and route of injection. The MicronJet™ may allow dose-sparing,
yet give a superior response in influenza vaccination and warrants further clinical evaluation.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Even with decades of efforts to improve influenza vaccination,
influenza virus infection remains an annual cause of substantial ill-
ness and mortality, associated with pronounced clinical, logistical,
and policy-making challenges to healthcare organizations globally.
Immunization rates are disappointing within the public sector [1]
and even for healthcare workers [2]. This continues despite major
governmental efforts and the fact that vaccination remains the
best global strategy for reducing influenza morbidity and mortality
[3,4]. Annual strain matching remains mediocre at times and overall
effectiveness rates, whenever tested, appear moderate [5]. One of
the major issues for vaccine developers continues to be the timely
production of the influenza vaccine in large volumes. Improving its
immunogenicity, especially in low-responder populations like the
elderly, the immunocompromised, and young children, remains a
high developmental priority [6].

¥ ISRCTN registry number: 33950739.
* Corresponding author. Tel.: +972 8 9462905; fax: +972 508966787.
E-mail addresses: yotam@nanopass.com (Y. Levin), efrat@nanopass.com
(E. Kochba), richard.kenney@immunedesign.com (R. Kenney).
! Present address: Immune Design Corp, 601 Gateway Blvd., Suite 1020, South
San Francisco, CA 94080, United States.

http://dx.doi.org/10.1016/j.vaccine.2014.03.024
0264-410X/© 2014 Elsevier Ltd. All rights reserved.

Multiple approaches are being evaluated to achieve better
influenza vaccine immunogenicity and reduce the dose required
for vaccination. Intradermal delivery has been proposed as a means
of dose sparing in adults [7-9], children [10], and infants [11],
as well as in the elderly [12]. Studies have demonstrated mixed
results using the intradermal route, with some showing potentially
inferior results compared to full dose IM delivery [13], whereas
others show equivalence or non-inferiority [9,14] and a few show
superior immunogenicity [14,15]. While there are multiple differ-
ences between the studies with respect to the populations, vaccine
products, and study designs, it appears that one of the domi-
nant factors might be the device in use. Several studies have been
reported where conventional needles are used with the Mantoux
technique [9,12], which is neither easy to perform nor reliable at
providing consistently shallow injections [16]. More recent studies
have used novel technologies that incorporate mini- (1.5 mm) and
micro- (<1 mm) needle approaches. A recent Phase II clinical study
comparing the minineedle technology delivering partial doses of a
seasonal influenza vaccine demonstrated superior immunogenic-
ity to the full-dose conventional IM injection for the influenza A
strains [14], yet these needles tend to deliver the antigens well
below the superficial dermis and epidermis. Most of the dendritic
cells (DCs) that migrate from the bone marrow into the skin reside
in this superficial space and perform the dual role of immune
surveillance and antigen presentation [17]. Intradermal techniques
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Table 1
Description of groups included in the clinical trial.

N Dose Formulation/dose (active ingredients) Route of administration®
Group Al 56 0.1 3 g HA antigen of each strain ID-regular needle and syringe (Mantoux)
Group A2 56 0.1 4.5 g HA antigen of each strain ID-regular needle and syringe (Mantoux)
Group A3 56 0.1 6 g HA antigen of each strain ID-regular needle and syringe (Mantoux)
Group B 56 0.5 15 g HA antigen of each strain M
Group C 56 0.1 3 g HA antigen of each strain ID-Micronjet™ microneedle device

2 All ID administrations were made over the deltoid muscle and the IM administrations made into it.

Results for Groups A and B have been reported separately [19].

theoretically need to target these specialized epidermal cells to
provide improved immunogenicity.

We report a clinical trial directly evaluating two methods of
intradermal delivery: the century-old Mantoux technique using a
conventional needle [18], compared to a novel microneedle device
(MicronJet™, NanoPass Technologies Ltd, Israel). The Micronjet™
contains highly precise silicon needles that are only 0.45 mm long
and are manufactured using semiconductor technology to deliver
vaccine specifically to the epidermis and shallow dermis. We report
here additional results from a Phase II clinical study comparingthe
safety and immunogenicity of various doses of the virosomalin-
fluenza vaccine and by different routes of administration [19].

2. Materials and Methods

In order to evaluate the feasibility of using this novel
microneedle device we included a treatment arm of 1/5th (3 ug
hemagglutinin [HA]/strain in 0.1 ml) of the standard virosomal
influenza vaccine (Crucell Switzerland AG [Crucell]), delivered
intradermally (ID) via the Micronjet™ device (Group C). This was
compared with the full dose (15 pg HA/strain in 0.5 mL) Inflexal®
V (Crucell) commercial vaccine delivered intramuscularly (IM)
that provided a positive control (Group B), and with reduced
doses of the virosomal influenza vaccine (Crucell) delivered ID
in 0.1 mL volumes using the conventional Mantoux technique
with a 25 G16 mm(5/8in.) length needle (3 g, 4.5g or 6 ug

HA/strain in Groups A1, A2, and A3, respectively). The study was
conducted under cGMP in a Phase I Unit in Basel, Switzerland
between September and November 2007 and was sponsored by
Crucell (http://www.controlled-trials.com/ISRCTN33950739). All
injections were performed by a single experienced nurse and
given into the deltoid muscle or the adjacent skin. Table 1 sum-
marizes the vaccine formulations and study groups. The vaccine
used was the 2007/2008-season virosomal adjuvanted influenza
vaccine, containing purified viral surface antigens of A/Solomon
Islands/3/2006 (H1N1)-like, A/Wisconsin/67/2005 (H3N2)-like,
and B/Malaysia/2506/2004-like virus, as recommended by the
WHO and EMA/CHMP.

Subjects were randomized to receive a single low dose ID vac-
cination (Groups A1 [N=56], A2 [N=56] or A3 [N=56]) using
the Mantoux technique or a full-dose IM vaccination (Group B
[N=56]) using a standard needle. A fifth group was added after
randomization and given a single low dose ID vaccination with
the Micronjet™ device (GroupC [N=56]). Groups of this size
provide the ability to distinguish about a 2-fold difference in
comparing immunogenicity results. Antibody titers were mea-
sured using hemagglutination-inhibition (HI) assays according to
standard methods at Crucell [19] at baseline and 21 days after vac-
cination; HI analysis was done using standard EMEA definitions
[20]. Safety was assessed using a solicited adverse event checklist
and a 4-day diary. Comparisons between groups were performed in
the according-to-protocol (ATP) population based on t-test, F-test
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Figure 1. GMT fold increase. Significant p-values are noted compared to Group A1 (for the A/Solomon Islands [H1N1] and B/Malaysia strains) and compared to Group B (for
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Table 2
Immunogenicity results (ATP population).
Group and Dose A1(ID 3 pg) A2 (ID 4.5 pg) A3 (ID 6 pg) B (IM 15 pg) C (ID-M] 3 pg)*
[N=55] [N=53] [N=55] [N=54] [N=54]
Seroconversion n (%) n (%) n (%) n (%) n (%)
A/Solomon Islands 47 (85.5) 44 (83.0) 46 (83.6) 47 (87.0) 49 (90.7)
A/Wisconsin 33(60.0) 38(71.7) 43(78.2) 38(70.4) 47 (87.0)"
B/Malaysia 28(50.9) 36 (67.9) 33(60.0) 44(79.6) 40 (74.1)
Seroprotection pre (% pre) pre (% pre) pre (% pre) pre (% pre) pre (% pre)
post (% post) post (% post) post (% post) post (% post) post (% post)
A/Solomon Islands 20 (36.4) 19(35.8) 16(29.1) 19(35.2) 16 (29.6)
53 (96.4) 51(96.2) 49 (89.1) 52(96.3) 52 (96.3)
AJWisconsin 29 (52.7) 27(50.9) 23 (41.8) 27 (50.0) 28(51.9)
53(96.4) 52(98.1) 54(98.2) 51(94.4) 53(98.1)
B/Malaysia 11(20.0) 5(9.4) 5(9.1) 7(13.0) 2(3.7)
36 (65.5) 44 (83.0)° 40(72.7) 46 (85.2) 45 (83.3)
GMT (pre) post (pre) post (pre) post (pre) post (pre) post
fold increase fold increase fold increase fold increase fold increase
A/Solomon Islands (27.4)1034.5 (25.4) 1788.3 (16.4) 765.3 (20.9) 11804 (22.8) 1924.6~
37.8 70.5 46.6 56.5 84.2
A/Wisconsin (52.9)1182.8 (45.2) 1293.0¢ (34.0) 1324.1& (40.9) 691.8 (38.3) 1529.28¢
224 28.6 39.0 16.9 39.9%
B/Malaysia (10.5)72.8 (9.0) 149.9 (8.0)91.4 (8.5)152.9 (6.4)183.0""
6.9 16.7° 114 18.0° 285"

2 ID: intradermal using the Mantoux technique, IM: intramuscular, both by conventional 25 G, 16 mm (5/8 in.) length needle, ID-MJ: intradermal using the MicronJet needle

" p<0.05 compared to the response in Group Al.
" p<0.01 compared to Al.
" p<0.05 compared to A3.
~ p<0.01 compared to A3.
& p<0.05 compared to B.
&& p<0.01 compared to B.

or, X2-test, whenever applicable, and expressed as p-values of the
investigated contrast. The analysis of HI antibodies was performed
on logqo-transformed data; adverse events (secondary endpoints)
are reported descriptively.

3. Results

Atotal of 280 subjects were enrolled, of which 279 concluded the
study. Baseline demographics between the five groups were well
matched, except that Group C was slightly younger (mean of 34.1
years old) compared to the two oldest groups A1 and A3 (39.5 and
39.6 years old, respectively). No deaths or serious adverse events
were reported. The local symptom of post-vaccination pain in the
4 days following vaccination was more common in the IM Group B
(38.9%) than in the ID Group C using the MicronJet™ device (10.9%),
whereas induration was more common in Group C (50.9%) than
Group B (16.7%) and erythema was more common in the ID groups
(61.8%,52.8%, 74.5%, and 89.1% in Groups A1, A2, A3, and C, respec-
tively). Other local and systemic symptoms were reported in similar
frequency in both groups.

Immunogenicity (Fig. 1 and Table 2) was higher in the 3 g ID
group using the Micronjet™ needle (Group C) compared to the ID
groups using the conventional Mantoux needle (Groups Al, A2,
and A3) and the IM group (Group B). Group C had a higher GMT
fold increase for the A/Solomon Islands (H1N1) and the B/Malaysia
strains compared to Group Al (p=0.048 and p<0.001, respec-
tively), a higher A/Wisconsin (H3N2) increase compared to Group
B (p=0.047), and a higher B/Malaysia increase compared to Group
A3 (p=0.004). Groups A2 and B also had a higher increase for
the B/Malaysia strain compared to Group A1 (p=0.006 and 0.003,
respectively). All other GMT increases appeared to be equivalent
between the various groups. No dose-response curve was identified
in the conventional ID delivery arms [19]. Importantly, IM delivery

of the full vaccine dose did not show higher immunogenicity than
the 1/5th dose ID delivery group using the MicronJet™ device.

Seroconversion rates for the three strains ranged from 50.9%
to 85.5% in the ID groups using the conventional needle with 3,
4.5, or 6 g per strain (Groups Al, A2, or A3, respectively), from
70.4% to 87.0% in Group B (IM 15 pg), and from 74.1% to 90.7% in
Group C (ID 3 ug using the MicronJet™ device). Group C had a sig-
nificantly higher seroconversion rate than Group A1 for the H3N2
and B strains (p=0.002 and 0.018, respectively). After ID vaccina-
tion by conventional needle (Groups Al, A3, or A3), subjects had
seroprotection rates of 65.5% to 98.2%. Seroprotection rates fol-
lowing intramuscular vaccination (Group B) ranged from 85.1% to
96.3%. After intradermal vaccination with the MicronJet™ device
(Group C), subjects had seroprotection rates of 83.3% to 98.1%. The
response in Group C was somewhat greater than the response in
Group A1 for the B/Malaysia strain (p=0.048).

4. Discussion

This study was designed to gather information on whether a
reduced ID dose of Inflexal® V could achieve comparable results to
IM full dose administration in healthy adults. As the group dosed
with the MicronJet™ device was added at the same study site soon
after randomization, the groups are comparable and in addition
were dosed with the same vaccine, so comparisons with the orig-
inal groups can provide useful insights. Inflexal® V administered
ID at reduced doses or IM at the full dose fulfilled the individual
annual relicensure parameters set by EMEA for influenza vaccines
[20] in all study groups, except that seroprotection in ID Group
A1, which was dosed at 3 ug using a conventional needle, was
below the EMEA threshold for the B strain. Intradermal vaccination
using the MicronJet™ device induced significantly higher antibody
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responses than a comparable dose injected with the Mantoux tech-
nique using a conventional needle for the HIN1 and B strains.

This study suggests that the immunogenicity of seasonal
influenza vaccine may be dependent on the administration route
(ID vs. IM) and delivery device, in addition to the effect of the vac-
cine dose and influenza strain in any individual year. The benefits
seen with the MicronJet™ device could be due to the precise deliv-
ery of the influenza vaccine primarily to the superficial dermis,
where DCs are abundant, compared to deeper intradermal deliv-
ery. Injections in this study were performed by a highly experienced
nurse in a professional Phase I unit; the authors hypothesize that
the differences could be further pronounced in larger (Phase III)
or field studies, when multiple users having varied levels of expe-
rience and expertise are performing the injections. Further data
is required to evaluate the differences between delivery methods
in similar studies, and particularly for low-responder populations
such as the elderly and the very young.
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Article history: Background: We hypothesized that low dose intradermal vaccination of the trivalent influenza vaccine
Received 2 January 2012 (TIV) delivered by the MicronJet600™ (NanoPass Technologies, Israel) would be non-inferior to the full
Received in revised form 5 August 2012 dose intramuscular and mid dose Intanza® vaccination in the elderly and the chronically ill adults.
:\Clg?l[;flg zrﬁ;;geu??::gzust 2012 Methods: We performed a prospective randomized trial on elderly and chronically ill adults. Subjects
were randomly assigned into 4 groups. Groups ID3 and ID9 received reduced dose ID TIV (3 p.g and 9 g
of hemagglutinin (HA) per strain respectively) delivered by MicronJet600™ (NanoPass Technologies,

;;et};‘:;erf;a] Israel). Group INT9 received reduced dose ID TIV (9 p.g) delivered by Becton Dickinson’s Soluvia™ device

Influenza (Intanza®9, Sanofi-Pasteur, France). Control group IM15 received a full dose IM TIV (15 p.g). We measured

Vaccine antibody titers by hemagglutination inhibition (HAI) and microneutralization (MN) assays at baseline and

Immunogenicity day 21.

2009 HIN1 Results: Baseline characteristics for all groups were similar (group and sample sizes: ID3=63; ID9=68;
INT9=65; and IM15=66). At day 21 post vaccination, the GMT ratio and the seroconversion rates dif-
ference for all three strains of the ID vaccine groups were non-inferior to the IM vaccine group. The
seroconversion rate, seroprotection rate, and the GMT of the H1N1 strains by HAI and MN assays were
significantly higher in the ID groups compared with the full dose IM vaccine group. The seroconversion
rates of the H3N2 strain by HAI assay were also significantly higher in the ID groups when compared with
the full dose IM group. Direct comparison among the three ID groups showed no significant differences.
No serious adverse events related to vaccination were reported.

Conclusion: Dose-sparing ID TIV can overcome reduced immunogenicity of the HIN1 strain, and according
to some measures, for the H3N2 strain. At risk subjects indicated for the TIV should be considered for
intradermal immunization to compensate for reduced immunogenicity.
© 2012 Elsevier Ltd. All rights reserved.
1. Introduction vaccination has recently been shown [4,5] to prevent both respi-

ratory and vascular complications in the elderly and patients with

Influenza presents a substantial public health threat and a
significant burden on health authorities worldwide, even in non-
pandemic years [1]. Seasonal influenza is estimated to infect
between 5% and 20% of the population annually, resulting in over
200,000 hospitalizations and about 36,000 deaths in the US alone
[2]. Influenza infection can cause life-threatening pneumonia and
extrapulmonary complications. In addition, it can lead to sub-
stantial “non-infectious” morbidity and mortality [3]. Influenza
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chronic illness. Furthermore, neuraminidase inhibitors, the only
antiviral licensed for clinical use were not very effective in the clear-
ance of virus in the late presenters [6]. Prevention via vaccination is
considered the most important means to combat against influenza
[7].

Elderly subjects present a particular challenge forimmunization
against seasonal and pandemic influenza due to the unfortunate
combination of the reduced ability to mount protective response
to vaccine due to immunosenescence [8] on one hand, and their
increased vulnerability to morbidity and mortality due to influenza
virus and its complications [9] on the other hand. About 86% of the
all-cause mortality attributed to seasonal influenza occurs in the
elderly [10]. The need to improve the immunization of the elderly
is well established [11].
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Recent report suggested possibly reduced effectiveness of the
2009 HIN1 component of live attenuated influenza vaccine (LAIV)
for the 2010-2011 influenza season [12] corresponding with an
increased number of influenza cases among military recruits who
received the LAIV. Low immunogenicity of the intramuscular non-
adjuvanted 2009 HIN1 monovalent vaccine was also reported [13].
Dose-sparing intradermal (ID) vaccination with different deliv-
ery devices have demonstrated non-inferior immunogenicity in
seasonal influenza vaccination compared with conventional intra-
muscular vaccination before the pandemic HIN1 2009 [14-17].
However, this strategy has not been tested for the trivalent
influenza vaccine (TIV) after this pandemic. We therefore per-
formed a prospective randomized controlled study to compare the
safety and immunogenicity between conventional full dose intra-
muscular (IM) and reduced dose ID immunization delivered by two
different devices.

The two intradermal injection devices used in this study include
the BD Soluvia™ microinjection and the MicronJet600™ systems.
The Intanza® (Sanofi-Pasteur) with the BD Soluvia™ microin-
jection system consists of a prefilled trivalent influenza vaccine,
with a single 1.5 mm needle penetrating perpendicularly to the
skin [14-16]. On the other hand, the MicronJet600™ system con-
sists of an array of three microneedles each 0.6 mm in length,
puncturing obliquely into the skin. The BD Soluvia™ is cur-
rently the only prefilled intradermal device licensed for influenza
vaccine.

2. Materials and methods

A prospective randomized, open-label, single-center trial was
conducted at Queen Mary Hospital from 25 November 2010 to
24 February 2011. We compared the safety and immunogenic-
ity of a single low-dose (3 g and 9 g HA, respectively) ID
TIV administration with a single full-dose (15 pug) IM adminis-
tration. The vaccine used was Intanza® (Sanofi-Pasteur) for the
ID groups and Fluzone® (Sanofi-Pasteur) for the IM group. The
TIV used was an inactivated, non-adjuvanted vaccine formu-
lated to contain 15ug of HA of influenza A/California/07/2009
(H1N1)-like virus, influenza A/Perth/16/2009 (H3N2)-like virus and
influenza B/Brisbane/60/2008-like virus. We recruited elderly and
chronically ill adults aged >21 years who satisfied the WHO rec-
ommendation for annual vaccination against influenza. The study
was approved by the Institutional Review Board of the Hospital
Authority of Hong Kong and is registered with the ClinicalTrials.gov,
number NCT01304563.

Subjects were assigned by a randomization list. Groups ID3 and
ID9 received a reduced dose ID TIV (3 g and 9 pg of HA per strain,
respectively) with MicronJet600™., Group INT9 received a reduced
dose ID TIV (9 pg) with BD Soluvia™ device (Intanza®9). Group
IM15 received the full-dose standard IM TIV (15 pg). All patients
recruited gave written informed consent. Patients with clini-
cally significant immune-related diseases, recent co-morbidities
and history of allergy to the components of the vaccine were
excluded.

Safety was evaluated by asking the subjects to remain in the
clinic premise for 30 min for observation post immunization. An
immediate adverse event checklist was filled before discharge,
covering the period for severe anaphylactic reaction. A diary was
given to the subjects to document symptoms of local and systemic
adverse events presented within the first 7 days post-vaccination.
Systemic symptoms included fever (body temperature > 37.5°C),
headache, malaise, myalgia and arthralgia, and local symptoms
included redness, swelling, induration, pain and ecchymosis were
documented as solicited events. The diaries were collected upon
follow-up on day 21-post vaccination.
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Antibody titers were measured using hemagglutination-
inhibition (HAI) and microneutralization (MN) assays according to
standard methods as described previously, at baseline and 21 days
after vaccination [18,19].

Specific study personnel who did not take partin the subsequent
assessment of safety or immunogenicity performed all vaccina-
tions. The primary outcome measure is the immunogenicity by
seroconversion rate, defined as the percentage of subjects with an
HAI antibody titer <10 at baseline and a post-vaccination titer of
>40oratiter > 10 at baseline and at least a four-fold increase in titer
post-vaccination on day 21. Secondary outcome measures included
geometric mean titer (GMT) fold increases in antibody titer and
adverse events of 30 min post vaccination. Seroprotection rate was
also reported as defined by percentage of subjects with HAl and MN
antibody titer > 40 on day 21.

Based on previous study of the seroconversion rate of 82% for
the intradermal seasonal influenza vaccination with a dosage of
3 g HA per strain and 70% seroconversion rate for the regular
15 g HA per strain intramuscular vaccination, we calculated that
a total sample of 40 subjects per group would be needed to demon-
strate non-inferiority [14], based on a two-sided test, Type 1 error
rate of 5%, 80% power and a non-inferiority tolerance margin of
1.5. The protocol proposed recruiting 60 subjects per group, with a
threshold of at least 50 to allow for 25% drop out rate. Demographic
parameters and adverse reactions were compared by Fisher’s exact
test for categorical variables and by Kruskal-Wallis test for con-
tinuous variables. Student’s t-test was used to compare the GMT
and GMT folds increases between each of the study and control
groups. Non-inferiority of each of the ID vaccine group against
the intramuscular vaccine group was assessed by the day 21 post-
vaccination GMT ratio and the seroconversion rates for all three
strains [20,21]. Non-inferiority was defined as the upper limit of the
2-sided 95% Cl of the GMT ratio (intramuscular vaccine/intradermal
vaccine) not exceeding 1.5 and the upper limit of the 2-sided 95%
CI for the difference in seroconversion rates (intramuscular vaccine
minus intradermal vaccine) not exceeding 10% for all three strains
[20,21]. Fisher’s exact test and logistic regressions were conducted
to compare seroconversion and seroprotection rates among the 4
groups. Correlation between post-vaccination swelling and subse-
quent GMT value and fold increase, seroconversion/seroprotection
rate on day 21 was analyzed by Spearman rho. SPSS 18.0 for Win-
dows (SPSS Inc., Chicago, IL) was used for statistical computation.
P value <0.05 was considered to represent significant difference.

3. Results
3.1. Subjects

A total of 282 subjects were enrolled of which 262 completed
the study. Sixty-three subjects (ID3) received a reduced dose ID
TIV (3 g of HA per strain) with MicronJet600™, 68 subjects (ID9)
received a reduced dose ID TIV (9 pg) with Micronjet600™, 65
subjects (INT9) received a reduced dose ID TIV (9 ug) with BD’s
Soluvia™ device (Intanza®9), and 66 subjects (IM15) received the
full-dose standard IM TIV (15 p.g). Twenty subjects were lost to
follow-up. Dropout rates were similar among the groups (p =0.535)
and related to compliance, rather than specific adverse events.
The four groups did not differ in terms of baseline demographics
including age, gender, background diseases and vaccination history
(Table 1). Majority of the patients have had hypertension only as
past medical history. None of the patients enrolled were on long-
term immunosuppressants. Forty-three patients (16.4%) received
IM monovalent HIN1 2009 vaccine in the previous year. This vac-
cination history was not significantly different amongst the four
groups.
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Table 1
Baseline demographics.
ID3 (n=63) ID9 (n=68) INT9 (n=65) IM15 (n=66) P-Value
Age
Median (IQR) 72 (68-77) 73.5(69.3-78) 74(68.5-78.5) 72 (66-78) 0.668
Gender
Male 40 45 46 36 0.347
Hypertension 31 33 36 41 0.390
Diabetes mellitus 15 22 19 21 0.633
Ischemic heart disease 23 14 17 23 0.205
Cancer 10 9 6 8 0.757
Stroke 4 2 2 2 0.725
Chronic renal failure 2 1 2 5 0.272
COPD 2 4 3 1 0.571
Atrial fibrillation 2 6 10 10 0.072
Monovalent HIN1 2009 vaccine 11 9 13 10 0.744

COPD, chronic obstructive pulmonary disease.

3.2. Safety

No deaths or serious adverse events related to vaccination were
reported (Tables 2 and 3). Incidence of systemic adverse events
was infrequent. Although systemic symptoms (malaise, myalgia
and arthralgia) occurred more frequently in ID vaccinees compared
with those vaccinated IM, the difference remained insignificant
(Table 2)(p>0.05). Leakage events (wet injections) were more com-
mon among the ID3 and ID9 groups (p =0.025). Local symptoms of
post vaccination redness and swelling (grade 2 or 3) were signifi-
cantly more commonin the ID (ID3,1D9 and INT9) groups (p <0.001)
when compared with the IM15 control group. All events were only
mild to moderate in intensity and invariably transient. Intrader-
mal blebs were formed in 99.2% of the MicronJet600™ injections
and in only 46% of the Soluvia™ injections (p <0.001). None of the
cases were taken out of the statistical analysis and all 262 subjects
represent the per protocol results.

3.3. Immunogenicity

At day 21, non-inferiority in immunogenicity of the ID groups
compared with the IM group in all three strains was demonstrated
(Table 4). The day 21 GMT and GMT fold increase, seroconver-
sion and seroprotection rates of the HIN1 strains by HAI and MN
(Tables 5 and 6; Figs. 1 and 2) were significantly higher in the ID
groups when compared with the IM15 control group. The day 21
GMT, GMT fold increase, seroconversion and seroprotection rates
by HAI were highest in the dose sparing ID3 group (Figs. 3 and 4).
Seroconversion rates of the H3N2 strain by HAI were also sig-
nificantly higher in all three ID groups when compared with the
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Fig. 1. Day 21 seroconversion rate of the four study groups by HAI assay.
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Fig. 2. Day 21 seroprotection rate of the four study groups by HAI assay.

IM15 group. Head-to-head comparison showed no difference in
immunogenicity among the three ID groups (Tables 7 and 8), other
than a number of findings using the MN method, in which INT9
was inferior to ID3 (H3N2 GMT, p=0.023; H3N2 seroconversion,
p=0.02).

There was a strong correlation between post-vaccination
swelling and subsequent day 21 GMT (Spearman rho correla-
tion 0.3; p<0.001), seroconversion rate (Spearman rho correlation
0.152; p=0.014), seroprotection rate (Spearman rho correlation
0.181; p=0.003),and GMT fold increases (Spearman rho correlation
0.183; p=0.003) for the H1N1 strain. Similar correlation was found
for the day 21 GMT (Spearman rho correlation 0.126; p = 0.04), sero-
conversion rate (Spearman rho correlation 0.16; p=0.01) and GMT
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Fig. 3. Day 21 geometric mean titer by HAI assay.
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Table 2
Incidence of systemic adverse events.
ID3 (n=63) ID9 (n=68) INT9 (n=65) IM15 (n=66) P-Value
Fever 0 2 0 0 0.124
Headache 6 4 8 5 0.596
Malaise 13 12 13 6 0.263
Myalgia 9 11 10 4 0.279
Arthralgia 8 5 7 4 0.536
Severe adverse events 0 0 0 0 1.0
Fever: body temperature > 37.5°C.
Table 3
Incidence of local adverse events.
ID3 (n=63) ID9 (n=68) INT9 (n=65) IM15 (n=66) P-Value
Redness
Grade 1 15 22 9 1 <0.001
Grade 2 or 3 13 14 6 0 <0.001
Swelling
Grade 1 54 62 31 1 <0.001
Grade 2 or 3 0 2 1 0 0318
Induration
Grade 1 0 1 0 0 0413
Grade 2 or 3 0 0 0 0 NA
Ecchymosis
Grade 1 0 1 2 1 0.579
Grade 2 or 3 0 0 0 0 NA
Pain
Grade 1 2 2 4 1 0.544
Grade 2 or 3 0 0 0 0 NA

Redness, swelling, induration and ecchymosis were graded based on size: Grade 1, under 20 mm; Grade 2, 20-50 mm; and Grade 3, over 50 mm.
Pain was graded as follows: Grade 1, pain on touch, Grade 2, pain when arm is moved; and Grade 3, spontaneous pain or pain that prevents normal activity.

fold increases (Spearman rho correlation 0.167; p=0.007) for the 4. Discussion
H3N2 strain, and also for the day 21 GMT (Spearman rho correlation
0.125; p=0.04) and GMT fold increases (Spearman rho correlation
0.168; p=0.006) for the B strain. No correlation was found between
those with history of monovalent pandemic influenza vaccination

in the previous year and subsequent TIV immunogenicity (p > 0.05).

We report the results of the first ID TIV study after the pandemic
of HIN1 2009, comparing the immunogenicity of TIV delivered by
two different ID devices at lower doses. Immunogenicity of the
H1N1 strain was significantly higher by ID vaccination delivered

Table 4
Non-inferiority analysis for day 21 geometric mean titer (GMT) ratio and seroconversion rate difference between the IM and ID devices.
Vaccine strain GMT ratio Lower 95% CI  Upper 95%CI  GMT ratio Lower 95% CI  Upper 95% CI  GMT ratio Lower 95% CI  Upper 95% CI
(IM15/ID3) (IM15/1D9) (IM15/INT9)
value value value
HAI
California (HIN1)  0.67 0.72 0.63 0.69 0.68 0.68 0.89 0.87 0.86
Perth (H3N2) 0.84 0.58 0.94 0.47 0.43 0.48 0.78 1.74 0.67
Brisbane (B) 0.86 0.68 091 1.03 0.54 1.32 0.97 0.83 1.00
MN
California (HIN1)  0.59 0.56 0.57 0.57 0.55 0.58 0.59 0.62 0.55
Perth (H3N2) 1.06 1.00 1.10 0.84 0.84 0.86 1.09 1.23 1.05
Brisbane (B) 1.00 0.84 1.06 0.96 0.96 0.96 1.26 1.13 132
Vaccine strain SC rate diff Lower 95% CI  Upper 95% CI  SC rate diff Lower 95% CI  Upper 95% CI  SC rate diff Lower 95% CI  Upper 95% CI
(IM15/ID3) (IM15/1D9) (IM15/INT9)
value value value
HAI
California (HIN1) -0.18 —0.30 —0.06 -0.19 —0.31 -0.07 —0.11 -0.22 0.01
Perth (H3N2) —0.24 -0.41 —0.07 -0.19 —0.36 -0.03 —0.18 -0.35 —0.01
Brisbane (B) -0.14 -0.31 0.03 -0.15 -0.32 0.01 —0.05 -0.21 0.09
MN
California (HIN1) -0.21 -0.37 —0.06 -0.13 -0.27 0.02 -0.16 -0.30 -0.01
Perth (H3N2) -0.02 -0.18 0.05 0.04 -0.12 0.09 0.03 0.02 0.07
Brisbane (B) 0.04 -0.12 0.08 -0.02 -0.19 0.06 0.04 -0.02 0.08

GMT, geometric mean titer; SC rate diff, seroconversion rate difference; HAI: hemagglutination-inhibition; MN, microneutralization; and CI, confidence interval.
Non-inferiority was defined as the upper limit of the 2-sided 95% CI of the GMT ratio (IM/ID vaccines) not exceeding 1.5 and the upper limit of the 2-sided 95% CI for the
difference in seroconversion rates (IM minus ID vaccines) not exceeding 10% for all three strains.
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Table 5
Head-to-head comparison of the immunogenicity by HAI between the IM and ID devices.
IM15 (n=66) ID3 (n=63) P D9 (n=68) pb INT9 (n=65) Pe
California (HIN1)
GMT values (95% CI) Day 0 32.4(27.5-49) 38.9(32.4-46.8) 0.182 38(32.4-44.7) 0.248 39.8(30.9-50.1) 0.253
Day 21 44.2 (36.8-55) 72.4(60.3-87.1) <0.001 69.2 (57.5-85.1) 0.001 59.1(47.5-73.4) 0.029
CPMP criteria (day 21) Seroconversion (%) 6.1 238 0.004 25 0.002 16.9 0.050
Seroprotection (%) 712 90.5 0.005 86.8 0.027 815 0.167
GMT fold increase 1.6(1.3-1.9) 2.4(1.8-3) 0.018 2.3(1.9-238) 0.011 1.8(1.5-2.2) 0331
value (95% CI)
Perth (H3N2)
GMT values (95% CI) Day 0 42.7 (30.2-56.2) 34.7 (26.9-45.7) 0.282 34.7 (26.9-44.7) 0.239 40.7 (30.2-56.2) 0.737
Day 21 135(95.3-191.2) 158.1(117.7-212.8) 0.324 196.3 (141.3-269.2) 0.115 154.6 (111.5-214.5) 0.571
CPMP criteria (day 21) Seroconversion (%) 409 65.1 0.006 60.3 0.025 58.5 0.045
Seroprotection (%) 92.4 90.5 0.695 91.2 0.794 923 0.980
GMT fold increase 7.7(3.3-12) 9.2(5.7-12.7) 0.580 16.3 (7.6-25) 0.081 9.9(1.9-17.9) 0.628
value (95% CI)
Brisbane (B)
GMT values (95% CI) Day 0 30.6 (24.1-38.9) 29.9(22.8-39.2) 0.895 29.6(23.3-37.6) 0.935 32.1(24.5-42.1) 0.789
Day 21 56.4 (43-73.8) 76.2 (59-98.6) 0.108 81.4(62.7-105.7) 0.053 67.2(52.1-86.7) 0.346
CPMP criteria (day 21) Seroconversion (%) 28.8 429 0.097 44.1 0.066 338 0.536
Seroprotection (%) 66.7 84.1 0.022 80.9 0.062 815 0.053
GMT fold increase 3.7(1.5-5.8) 4.3(2.2-64) 0.667 3.6(2.8-4.4) 0.940 3.8(1.8-5.8) 0.907

value (95% CI)

GMT, geometric mean titer; CPMP, Committee for Proprietary Medicinal Products. CPMP guideline: at least one of the following criteria must be met for the viral strain in the vaccine: GMT fold increase > 2.5, seroconversion
rate >40% and seroprotection rate > 70%; HAI, hemagglutination-inhibition [significant p values in bold].
2 For the IM15 group versus the ID3 group.

b For the IM15 group versus the ID9 group.

¢ For the IM15 group versus the INT9 group.
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Table 6
Head-to-head comparison of the immunogenicity by MN between the IM and ID devices.
IM15 (n=66) ID3 (n=63) P ID9 (n=68) p° INTO (n=65) pe
California (HIN1)
GMT values (95% CI) Day 0 12(10.7-13.6) 15.5(13.1-18.3) 0.048 11.3(9.9-12.8) 0.445 13.1(11.1-15.6) 0413
Day 21 23.1(20.4-26.2) 45.4(36.1-57.2) <0.001 37.4(31.5-44.5) 0.694 34.7(27.9-43.1) 0.126
CPMP criteria (day 21) Seroconversion (%) 15.2 52.4 <0.001 54.4 <0.001 47.7 <0.001
Seroprotection (%) 348 76.2 <0.001 76.4 <0.001 64.6 0.001
GMT fold increase 2.4(1.8-2.9) 4.1(3.2-5.1) 0.007 4.2(3.3-5) 0.274 4.1(2.9-5.3) 0.084
value (95% CI)
Perth (H3N2)
GMT values (95% CI) Day 0 10.9(9.1-13.1) 12.9(10.6-15.8) 0.450 11.3(9.3-13.8) 0.981 12.4(9.9-15.6) 0.302
Day 21 27.9(21.4-36.4) 33.8(27-422) 0.926 32.5(25.8-40.9) 0.945 26(19.9-34) 0.981
CPMP criteria (day 21) Seroconversion (%) 333 413 0.851 338 0.628 323 0.943
Seroprotection (%) 454 476 0.909 45.6 0.877 43.1 0.632
GMT fold increase 3.6(2.7-4.6) 3.4(2.7-4.2) 0.204 43(3.2-54) 0.471 3.3(2.2-4.4) 0.112
value (95% CI)
Brisbane (B)
GMT values (95% CI) Day 0 28.7(21-39.3) 30.3 (22-41.5) 0.677 37.9(27.4-524) 0.164 37.8(26.9-53.1) 0.176
Day 21 74.9 (52.6-106.6) 84.4(59-120.9) 0.789 97.9(69.1-138.5) 0.388 80.7 (56.2-115.8) 0.897
CPMP criteria (day 21) Seroconversion (%) 379 39.7 0.511 471 0.854 38.5 0.421
Seroprotection (%) 72.7 74.6 0.725 79.4 0.766 754 0.801
GMT fold increase 4.8 (2.6-7) 4.8 (3.1-6.6) 0.358 5(2.7-7.3) 0.435 3.8(2.3-5.3) 0.123

value (95% CI)

GMT, geometric mean titer; CPMP, Committee for Proprietary Medicinal Products. CPMP guideline: at least one of the following criteria must be met for the viral strain in the vaccine: GMT fold increase > 2.5, seroconversion
rate >40% and seroprotection rate > 70%; MN, microneutralization [significant p values in bold].
2 For the IM15 group versus the ID3 group.

b For the IM15 group versus the ID9 group.

¢ For the IM15 group versus the INT9 group.
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Table 7
Head-to-head comparison of the immunogenicity by HAI between among the ID devices.
INT9 (n=65) ID3 (n=63) p? ID9 (n=68) p°
California (HIN1)
GMT values (95% CI) Day 0 39.8 (30.9-50.1) 38.9(32.4-46.8) 0.992 38(32.4-44.7) 0.836
Day 21 59.1 (47.5-73.4) 72.4 (60.3-87.1) 0.212 69.2 (57.5-85.1) 0.327
CPMP criteria (day 21) Seroconversion (%) 16.9 23.8 0.337 25 0.257
Seroprotection (%) 81.5 90.5 0.148 86.8 0.413
GMT fold increase value (95% CI) 1.8(1.5-2.2) 2.4(1.8-3) 0.089 2.3(1.9-2.8) 0.080
Perth (H3N2)
GMT values (95% CI) Day 0 40.7 (30.2-56.2) 34.7 (26.9-45.7) 0.497 34.7 (26.9-44.7) 0.445
Day 21 154.6 (111.5-214.5) 158.1(117.7-212.8) 0.685 196.3 (141.3-269.2) 0.299
CPMP criteria (day 21) Seroconversion (%) 58.5 65.1 0.445 60.3 0.831
Seroprotection (%) 923 90.5 0.714 91.2 0.815
GMT fold increase value (95% CI) 9.9(1.9-17.9) 9.2 (5.7-12.7) 0.885 16.3 (7.6-25) 0.280
Brisbane (B)
GMT values (95% CI) Day 0 32.1(24.5-42.1) 29.9(22.8-39.2) 0.706 29.6 (23.3-37.6) 0.729
Day 21 67.2(52.1-86.7) 76.2 (59-98.6) 0.487 81.4 (62.7-105.7) 0.297
CPMP criteria (day 21) Seroconversion (%) 338 42.9 0.298 441 0.228
Seroprotection (%) 81.5 84.1 0.701 80.9 0.924
GMT fold increase value (95% CI) 3.8(1.8-5.8) 4.3 (2.2-64) 0.744 3.6(2.8-4.4) 0.809

GMT, geometric mean titer; CPMP, Committee for Proprietary Medicinal Products. CPMP guideline: at least one of the following criteria must be met for the viral strain in
the vaccine: GMT fold increase > 2.5, seroconversion rate > 40% and seroprotection rate > 70%; HAI, hemagglutination-inhibition [significant p values in bold].

2 For the INT9 group versus the ID3 group.
b For the INT9 group versus the ID9 group.

Table 8
Head-to-head comparison of the immunogenicity by MN among the ID devices.
INT9 (n=65) ID3 (n=63) p? ID9 (n=68) p°
California (HIN1)
GMT values (95% CI) Day 0 13.1(11.1-15.6) 15.5(13.1-18.3) 0.176 11.3(9.9-12.8) 0.150
Day 21 34.7 (27.9-43.1) 45.4(36.1-57.2) 0.067 37.4(31.5-44.5) 0.296
CPMP criteria (day 21) Seroconversion (%) 47.7 524 0.497 54.4 0.720
Seroprotection (%) 64.6 76.2 0.108 76.4 0.205
GMT fold increase value (95% CI) 4.1(2.9-5.3) 4.1(3.2-5.1) 0.801 4.2 (3.3-5) 0.307
Perth (H3N2)
GMT values (95% CI) Day 0 12.4(9.9-15.6) 12.9(10.6-15.8) 0.721 11.3(9.3-13.8) 0.300
Day 21 26(19.9-34) 33.8(27-42.2) 0.023 32.5(25.8-40.9) 0.033
CPMP criteria (day 21) Seroconversion (%) 323 413 0.020 33.8 0.090
Seroprotection (%) 43.1 47.6 0.112 45.6 0.114
GMT fold increase value (95% CI) 3.3(2.2-44) 3.4(2.7-4.2) 0.315 43(3.2-5.4) 0.026
Brisbane (B)
GMT values (95% CI) Day 0 37.8(26.9-53.1) 30.3(22-41.5) 0.342 37.9(27.4-52.4) 0.991
Day 21 80.7 (56.2-115.8) 84.4(59-120.9) 0.891 97.9(69.1-138.5) 0.467
CPMP criteria (day 21) Seroconversion (%) 38.5 39.7 0.889 47.1 0.320
Seroprotection (%) 75.4 74.6 0.919 79.4 0.582
GMT fold increase value (95% CI) 3.8(2.3-5.3) 4.8(3.1-6.6) 0.404 5(2.7-7.3) 0411

GMT, geometric mean titer; CPMP, Committee for Proprietary Medicinal Products. CPMP guideline: at least one of the following criteria must be met for the viral strain in
the vaccine: GMT fold increase > 2.5, seroconversion rate >40% and seroprotection rate >70%; MN, microneutralization [significant p values in bold].

2 For the INT9 group versus the ID3 group.
b For the INT9 group versus the ID9 group.

GMT Fold Increase
30

25
20

15 mHIN

10 W H3INZ

Influenza B

D3 D2 INT? IM15
Study Groups

Fig. 4. Day 21 geometric mean titer fold increase by HAI assay. GMT, geometric
mean titer.
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by both devices when compared with the IM vaccination, with the
highest seroprotection rate and GMT fold increase value gener-
ated by the lowest dose of 3 g (20%) HA vaccine delivered by the
MicronJet600™. Seroconversion rates of the H3N2 strain by HAI
were also significantly higher with the ID groups. Non-inferiority
in immunogenicity of the ID vaccines was demonstrated for the B
strain as illustrated in Section 3 and Table 4. Post vaccination red-
ness and swelling were significantly more prevalent among the ID
groups when compared with the IM15 group, consistent with many
previous reports [13-15]. Presence of swelling correlated well with
the subsequent immunogenicity but with no long-term sequelae,
and should be explored in the future as a marker for effective ID
vaccination, especially in the elderly and the hard to immunize
populations. No serious adverse events related to vaccination were
found in any of the groups.

Suboptimal response to the monovalent 2009 H1IN1 vaccine
via intradermal or intramuscular routes has been reported [13].
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Recent report also suggested possible reduced effectiveness of the
2009 HIN1 component of the LAIV in the young immunocompe-
tent hosts for the 2010-2011 influenza season, corresponding with
an increased number of influenza cases among military recruits
who received the LAIV [12]. This study confirmed the reduced
immunogenicity of the HIN1 2009 component of the TIV in older
adults when compared to the H3N2 and B strains. Some stud-
ies have shown that prior administration or co-administration of
TIV is associated with a reduced response to the monovalent pan-
demic influenza vaccine [22,23]. One possible explanation is the
phenomenon of “original antigenic sin” in which stimulation of
the immune system by previous vaccines reduces the immune
response to the current vaccine. Nevertheless, result from our
study showed no correlation between receipt of monovalent pan-
demic influenza vaccine in the previous years and subsequent TIV
immunogenicity. Intradermal vaccination however, could over-
come this reduced immunogenicity of the HIN1 2009 strain, and
save doses. Furthermore, two recent surveys performed in Australia
and Europe have demonstrated well acceptance of the ID vac-
cination for seasonal influenza by the Intanza®9, both by adult
vaccinees and prescribers [24,25]. Small needle size and high
immunogenicity were the two attractive factors. Importantly, the
ability to reduce the dose by a five-fold (as demonstrated in the ID3
group), which enables five-times dose sparing, is also important to
consider in high demand situations such as pandemics. All of the
features above have important implications to national vaccination
policy.

Poor immunogenicity of influenza vaccination by conventional
intramuscular route of delivery among the elderly and immuno-
compromised is well known. The poor immune response might
be related to low serum albumin level secondary to poor nutri-
tional status and concomitant diseases [26]. Immunosenescence of
the innate immune system is associated with decreased number of
Langerhans cells, decreased capacity of dendritic cells to present
antigen, defective or reduced expression of Toll-like receptors and
MHC class I and II molecules. Moreover immunosenescence of
the adaptive immune system is associated with decreased pro-
duction of mature naive T cells by the thymus. As expected, low
pre-vaccination HAI titer and advanced age were associated with
earlier decline of HAI titers [27]. Emergence and dominance of the
novel HIN1 2009 strain also contributed to the low pre-vaccination
titer against the H1NT1 strain. Prevalence of seroprotection against
the pandemic H1N1 virus after the 2009 pandemic was particu-
larly low among people aged 50-79 years [28]. Their poor response
may be overcome by ID vaccination due to enhanced Langer-
hans cells response [29] and more rapid recall immune responses
against the influenza virus. Previous studies have demonstrated
non-inferiority in immunogenicity of reduced dose ID influenza
vaccination among healthy adults and children when compared
with full-dose IM vaccination [14,30,31]. The superior immuno-
genicity by the ID systems as demonstrated in this study could be
explained by the relative poor immunogenicity of the HIN1 2009
strain. This is different from previous studies conducted where
the A/New Caledonia/20/99 IVR-116 (HIN1) component of the
trivalent seasonal influenza vaccine showed no immunogenicity
difference when compared to the H3N2 or the B components [30].
More recent study has further suggested trends for higher immuno-
genicity of ID influenza vaccination in renal transplant patients who
were non-responders to conventional influenza vaccination [32].

Vaccination by both intradermal devices resulted in superior
immunogenicity when compared to intramuscular vaccination
for the HINT1 strain. Comparison of the two intradermal devices
(Tables 7 and 8) showed no differences statistically, other than
in MN H3N2 GMT and seroconversion, which were higher in the
ID3 group despite using 1/3 of the Intanza® dosage. The day 21
immunogenicity of the HINT1 strain with the dose-sparing ID3 was

highest among the three ID groups. This could be explained by the
difference of the two microneedles delivery systems. Vaccination of
the INT9 group was delivered by the BD Soluvia™ microinjection
system with a single 1.5 mm needle penetrating perpendicularly
to the skin [15,17]. This resulted in a substantial proportion of the
vaccination injected into the subcutaneous space, as evidenced by
53.8% of INT9 cases in which the typical intradermal bleb was not
formed as compared with only 0.8% for the ID3/ID9 groups (data not
shown). On the other hand, vaccination of the ID3 and ID9 groups
were delivered by the MicronJet600™ system [14], with an array
of three microneedles each 0.6 mm in length, puncturing obliquely
into the skin. This provides the shallowest injection method avail-
able. To the best of our knowledge shallow delivery correlates
with effective immunization as it reaches the appropriate immune
cells in skin [14,15,17,32], thus allowing the dose-sparing effect
and higher immunogenicity. Nevertheless, the BD Soluvia microin-
jection system was associated with significantly fewer leakage
events and less frequent post vaccination redness or major swelling
when compared with the MicronJet600™ system, which may be an
indication of effective immunogenicity as well. The non-superior
immunogenicity of ID9 when compared to ID3 despite a higher
dosage could be related to more frequent leakage and also antigen
saturation of the intradermal Langerhan cells as a limiting factor.
In terms of their ease of use, the Intanza® with the BD Soluvia™
microinjection system has the advantage of being a prefilled vac-
cine and the injection given at a perpendicular angle, whereas for
the MicronJet600™ system the injection has to be given obliquely
into the skin.

The limitation of this study is that the majority of the recruited
patients were elderly subjects. Long-term immunogenicity beyond
6 months was also not available for comparison. Nevertheless we
would expect an even higher and more sustained immunogenicity
if young healthy adults receive ID TIV vaccination. In conclusion,
there is reduced immunogenicity of the HIN1 strain of the TIV.
Immunogenicity of the dose-sparing ID TIV was significantly bet-
ter than the IM vaccination of the HIN1 and to certain extent of
the H3N2 strains. All at risk subjects indicated for the TIV may
receive intradermal immunization to improve immunogenicity or
to compensate for occasional reduced immunogenicity of influenza
vaccines.
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Comparison of the Immunogenicity of Various
Booster Doses of Inactivated Polio Vaccine

Delivered Intradermally Versus Intramuscularly
to HIV-Infected Adults
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Nancy Khardori,' Konstantin Chumakov,® and Yvonne Maldonado®

'Department of Internal Medicine and “Graduate Program in Public Health, Eastern Virginia Medical School, Norfolk; *Center for Biologics Evaluation and
Research, Food and Drug Administration, Silver Spring, Maryland; “Department of Pediatrics, Stanford University School of Medicine, California; and
5NanoPass Technologies, Nes Ziona, Israel

Background. Inactivated polio vaccine (IPV) is necessary for global polio eradication because oral polio vaccine
can rarely cause poliomyelitis as it mutates and may fail to provide adequate immunity in immunocompromised
populations. However, IPV is unaffordable for many developing countries. Intradermal IPV shows promise as a
means to decrease the effective dose and cost of IPV, but prior studies, all using 20% of the standard dose used
in intramuscular IPV, resulted in inferior antibody titers.

Methods. We randomly assigned 231 adults with well-controlled human immunodeficiency virus infection at a
ratio of 2:2:2:1 to receive 40% of the standard dose of IPV intradermally, 20% of the standard dose intradermally, the
full standard dose intramuscularly, or 40% of the standard dose intramuscularly. Intradermal vaccination was done
using the NanoPass MicronJet600 microneedle device.

Results. Baseline immunity was 87%, 90%, and 66% against poliovirus serotypes 1, 2, and 3, respectively. After
vaccination, antibody titers increased a median of 64-fold. Vaccine response to 40% of the standard dose adminis-
tered intradermally was comparable to that of the standard dose of IPV administered intramuscularly and resulted in
higher (although not significantly) antibody titers. Intradermal administration had higher a incidence of local side
effects (redness and itching) but a similar incidence of systemic side effects and was preferred by study participants
over intramuscular administration.

Conclusions. A 60% reduction in the standard IPV dose without reduction in antibody titers is possible through
intradermal administration.

Keywords. intradermal; fractional dose; inactivated polio vaccine; HIV; polio; vaccine.

Globally, paralytic poliomyelitis rates from wild poliovi-
rus have dropped by >99% since 1988, with 406 cases
reported in 2013, and only 3 countries remain with

Received 9 October 2014; accepted 22 December 2014; electronically published 7
January 2015.

Presented in part: 2014 American Society for Clinical Investigation/Association of
American Physicians Joint Meeting, Chicago, lllinois (poster ASCI-33); 2014 NIH
Translational and Regulatory Science of Polio Vaccines and Antivirals Workshop,
Bethesda, Maryland (poster 18); 2014 World Health Organization Polio Research
Committee Meeting, Washington, D.C.

Correspondence: Stephanie B. Troy, MD, Eastern Virginia Medical School, 825
Fairfax Ave, Ste 572, Norfolk, VA (amadapaah@gmail.com).

The Journal of Infectious Diseases®  2015;211:1969-76

© The Author 2015. Published by Oxford University Press on behalf of the Infectious
Diseases Society of America. All rights reserved. For Permissions, please e-mail:
journals.permissions@oup.com.

DOI: 10.1093/infdis/jiuB41

uninterrupted endemic transmission [1]. Much of this
success is due to oral polio vaccine (OPV), which is
used for polio vaccination in most of the developing
world. However, as a live virus, OPV can mutate into
forms capable of causing paralytic poliomyelitis, such
as vaccine-derived poliovirus (VDPV), which caused 6
outbreaks of paralytic poliomyelitis in 2013 alone [2].
Because of these risks from OPV, the recent Polio Erad-
ication and Endgame Strategic Plan 2013-2018 pro-
posed by the World Health Organization (WHO)
includes initiating at least 1 dose of inactivated polio
vaccine (IPV) for children in all countries and subse-
quently phasing out OPV [3].In addition, 2 recent stud-
ies have demonstrated that a booster dose of IPV results
in significantly higher humoral and mucosal polio
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immunity than a booster dose of OPV in children who received
OPV as their primary regimen [4, 5]. IPV has also been shown
to significantly increase seroconversion rates in children who
did not respond to OPV [6]. Consequently, IPV may also
have a role as a booster dose in supplementary immunization
campaigns to control outbreaks of wild poliovirus or VDPV
infection.

One difficulty with these plans is that IPV is currently too ex-
pensive for many developing countries, costing approximately
20-fold more than OPV per dose [7]. A potential method to
make IPV more affordable is to decrease the dose by using in-
tradermal instead of intramuscular administration. The skin has
a particularly high concentration of dendritic cells, and it has
been possible to reduce the dose of other vaccines to 20%-
60% of the standard intramuscular dose without decreasing
immunogenicity through intradermal administration [8]. For
influenza vaccines, some studies have shown superior immuno-
genicity despite using fractional intradermal doses [9, 10]. How-
ever, past clinical studies of fractional-dose intradermal IPV
have only used 20% of the standard dose and have all resulted
in significantly lower antibody titers, compared with full-dose
intramuscular IPV [7, 11-15].

To determine whether a booster of intradermal IPV using a
fractional dose >20% of the standard dose can be equally effec-
tive as the full standard dose of intramuscular IPV, we conduct-
ed a randomized, controlled clinical trial comparing booster
doses of 40% fractional-dose intradermal IPV, 20% fractional-
dose intradermal IPV, full-dose intramuscular IPV, and 40%
fractional-dose intramuscular IPV. Because this was a proof-
of-concept study and the first time 40% fractional-dose intra-
dermal IPV had been tested in humans, we elected to enroll
adult volunteers at our home institution. Because all past studies
of intradermal IPV were in healthy children and adults, we
chose to limit enrollment to subjects infected with human im-
munodeficiency virus (HIV).

HIV-infected adults have a reduced immunologic response to
most vaccines. Although some of the decreased immunologic
response seen in these individuals can be explained by the
low number of CD4" T cells associated with advanced HIV
infection, the decreased immunologic response to vaccines
persists even in HIV-infected individuals who are receiving
antiretroviral therapy and have CD4" T-cell counts in the nor-
mal range [16, 17]. This has been shown for multiple vaccines,
including the pneumococcal vaccines [17], hepatitis B vaccines
[18,19],and influenza vaccines [16]. We have previously shown
that HIV infection significantly reduces the immunologic re-
sponse to OPV in Zimbabwean infants [20]. Prior studies eval-
uating the effect of HIV infection on the immunologic response
to IPV were all conducted prior to the development of com-
bined antiretroviral therapy, and all used full IPV doses admin-
istered intramuscularly [21-26]. In general, these studies show
that advanced HIV infection decreased the response to

intramuscular IPV but that HIV-infected subjects with higher
CD4" T-cell counts had similar seroprotection rates, although
lower antibody titers, after intramuscular IPV vaccination, com-
pared with uninfected controls. Since the countries with the
highest rates of HIV infection primarily use OPV and will
need to transition to IPV with the new WHO polio eradication
plan, it is important to know whether fractional-dose intrader-
mal IPV would be effective even in immunocompromised
populations.

MATERIALS AND METHODS

Study Design and Population

This study was conducted at the Eastern Virginia Medical
School (EVMS) HIV dlinic in Norfolk, Virginia, and followed
the principles of the Declaration of Helsinski and good clinical
practice guidelines. The study was approved by the EVMS Insti-
tutional Review Board and was registered with ClinicalTrials.
gov (NCT01686503). Of note, in the United States, IPV (the
older formulation) was licensed and its widespread use began
in both infants and older children in 1955 [27]. OPV was li-
censed in 1961, rapidly replacing IPV, and then enhanced
IPV replaced OPV in 2000. Wild poliovirus was prevalent in
the United States prior to the introduction of IPV in 1955,
but annual cases of paralytic poliomyelitis had dropped to
<150 by the early 1960s, and the last case of naturally occurring
paralytic poliomyelitis due to wild poliovirus in the United
States was in 1979.

We enrolled 231 subjects between 7 September 2012 and 8
July 2013. Inclusion criteria included documented HIV infec-
tion, age >18 years, and an HIV load of <400 copies/mL at
the most recent measurement. Exclusion criteria included cur-
rent acute illness, pregnancy, or history of allergic reaction to
any component of IPV. Written informed consent was obtained
from all subjects.

At the enrollment visit, a blood specimen was collected, and
subjects were randomly assigned to one of 4 study groups in a
ratio of 2:2:2:1, based on a computer-generated randomization
scheme done in 3 blocks of 77 to ensure even distribution over
the enrollment period. Group 1 received 40% (0.2 mL) of the
standard dose of IPV intradermally (66 subjects), group 2 re-
ceived 20% (0.1 mL) of the standard dose intradermally (66
subjects), group 3 (the control group) received the full dose
(0.5 mL) intramuscularly (66 subjects), and group 4 received
40% (0.2 mL) of the standard dose intramuscularly (33 subjects).
The IPV used was IPOL (Sanofi Pasteur), containing 40 D anti-
gen units of serotype 1, 8 D antigen units of serotype 2, and 32 D
antigen units of serotype 3 poliovirus per 0.5 mL. Intramuscular
injections were done into the deltoid muscle, and intradermal in-
jections were done into the skin over the deltoid muscle. Intra-
dermal injections were done using the NanoPass MicronJet600
device, a Food and Drug Administration (FDA)-approved
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microneedle-based device for intradermal injection. Occurrenc-
es of major leakage (defined as a visible drop >2 mm in diam-
eter on the skin) and bleb formation were recorded after
intradermal administration. Subjects also completed a question-
naire, and information, including laboratory data, medications,
and comorbidities, was extracted from the medical records.

Subjects were given a diary to record adverse events during
the first week and were called by the study coordinator within
a week of enrollment, who asked about adverse reactions. The
second study visit occurred 4-6 weeks after the enrollment
visit and included collection of a second blood specimen and
a follow-up questionnaire.

Sample Analysis

On the day of collection, blood samples were centrifuged, and
the serum was stored at —80°C. After the study visits had been
completed, aliquots of frozen serum samples were shipped on

dry ice to Dr Konstantin Chumakov’s laboratory at the FDA,
where poliovirus neutralizing antibody assays were done in a
blinded fashion according to the World Health Organization
method [28]. The antibody titer was defined as the reciprocal
of the highest dilution of serum that neutralized the virus,
and all serum samples were diluted until the highest dilution
was determined.

Immunity, or seroprotection, was defined as an antibody titer
of >8. Vaccine response was defined as seroconversion in sub-
jects not immune at baseline or as a >4-fold rise in titer in sub-
jects immune at baseline.

Sample Size Calculations

Sample sizes were calculated to show equivalency in vaccine re-
sponse between groups 1 and 3 (56 subjects were required in
each group), a 15% increase in vaccine response in group 1 ver-
sus group 2 (42 subjects were required in each group), and a

Table 1. Demographic Characteristics of Study Subjects

Group 1, 40% ID

Group 2, 20% ID Group 3, 100% Group 4, 40%

Characteristic (n =66) (n =66) IM (n =66) IM (n =33) P Value
Age, y

Mean + SD 45+ 10 45+ 11 46 + 11 46 + 11 .96

Range 24-61 23-70 21-63 21-63
Female sex 36 (24) 36 (24) 32 (21) 21 (7) 42
Race .68

White 29 (19) 26 (17) 29 (19) 33 (11)

Black 71 (47) 73 (48) 71 (47) 64 (21)

Other 0(0) 2(1) 0(0) 3(1)
Born in the US 98 (65) 95 (63) 91 (60) 94 (31) .38
Lived or traveled internationally 27 (18) 29 (19) 44 (29) 36 (12) .16
Received all childhood vaccines 97 (64) 97 (64) 91 (60) 94 (31) 43
Year of HIV infection diagnosis, mean® 2001 2002 2001 2001 .90
Currently receiving ART 97 (64) 97 (64) 100 (66) 100 (33) .90
CD4* T-cell count in cells/mm?, mean + SD

Most recent 669 + 361 630 + 331 676 + 354 569 + 260 44

Lowest in the medical record 328 + 269 287 £ 221 294 + 294 322 + 260 .8
Most recent HIV load (copies/mL), mean + SD 111+£95 82 + 36 85+78 99 + 69 .67
Diagnosis of AIDS in the record 58 (38) 50 (33) 59 (39) 52 (17) .69
Ever homeless 39 (26) 33 (22) 21 (14) 21 (7) .08
Current smoker 58 (38) 47 (31) 35 (23) 39 (13) .06
Coinfected with hepatitis C virus 18(12) 15 (10) 9 (6) 15 (B) 48
Coinfected with hepatitis B virus 11(7) 6 (4) 3(2) 0 (0) 29
History of hypertension 42 (28) 38 (25) 42 (28) 45 (15) .89
History of depression or bipolar disorder 33 (22) 33(22) 29 (19) 27 (9) .87
IPV lot no. received .92

H1452-1 9 (6) 9 (6) 14 (9) 12 (4)

H1604-1 29 (19) 26 (17) 21 (14) 21 (7)

H1605-2 62 (41) 65 (43) 65 (43) 67 (22)

Data are % (no.) of subjects, unless otherwise indicated.

Abbreviations: ART, antiretroviral therapy; HIV, human immunodeficiency virus; ID, intradermal; IM, intramuscular; IPV, inactivated polio vaccine; SD, standard

deviation.
@ The SD for groups 1-3 was 8 years, and the SD for group 4 was 9 years.
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Figure 1. Baseline polio immunity, by age group in years. There were 30, 33, 79, 74, and 15 subjects aged 21-30, 31-40, 41-50, 51-60, and >60 years,
respectively. The 95% confidence intervals of each proportion were calculated using the modified Wald method. A 2-tailed Fisher exact test revealed that the only
significant differences in baseline immunity between age groups were for serotype 3 between the group aged 21-30 years and the groups aged 31-40 and 41—
50 years (P=.03 and .04, respectively). Of note, the first 3 age groups (21-50 years) likely received oral polio vaccine as children and likely were not exposed to
wild poliovirus, and the last 2 age groups (>51 years) likely received inactivated polio vaccine as children and may have been exposed to wild poliovirus.

25% increase in vaccine response in group 1 versus group 4 (21
subjects were required in each group), with an o.level of 0.05,a B
level of 0.20, and a 2-sided test for the equivalency study. Pre-
dicted vaccine response was based on the assumption that HIV
infection would lead to a decrease of >5% in the vaccine re-
sponse of approximately 85% reported in other studies (pub-
lished by 2011, when our study was planned) investigating an
IPV booster in HIV-uninfected subjects who received an
OPYV primary regimen [29,30]. To compensate for an estimated
15% drop-out rate, enrollment in each group exceeded the re-
quired level by at least 18%.

Statistical Analysis
Descriptive and univariate analyses were performed using SAS,
version 9.3 (SAS Institute, Cary, North Carolina). Baseline de-
mographic characteristics were compared using ¢ tests for con-
tinuous and y” tests for categorical variables. One-way analysis
of variance tests with Bonferroni-corrected pairwise compari-
sons were used to assess associations between study groups
and continuous outcomes (fold-rise in titer and geometric
mean titers at baseline and after receipt of booster), and x2
tests for categorical outcomes (immunity, vaccine response,
and presence of side effects). Two-sided statistical tests were
conducted at an o level of 0.05.

Post hoc, noninferiority for postbooster antibody titers was
concluded if the lower limit of the 95% confidence interval of
the difference between the log, postbooster geometric mean

titer (GMT) of the experimental group (minuend) and the con-
trol group (full-dose intramuscular IPV) did not exceed —1 for
all 3 serotypes [11].

RESULTS

A total of 240 subjects consented to the study, of whom 9 did
not meet screening criteria because of lack of laboratory data in
the past 6 months or an HIV load of >400 copies/mL. We en-
rolled 231 subjects, of whom 97% completed both study visits
(65, 63, 64, and 32 in groups 1, 2, 3, and 4, respectively). Demo-
graphic variables were not significantly different among the 4
groups (Table 1).

Although 95% of subjects reported having received all their
childhood vaccinations, most could not remember which spe-
cific polio vaccines they had received. However, 95% of subjects
were born in the United States, and their vaccination history
and wild poliovirus exposure can be estimated by their age
(see “Materials and Methods” section for remarks on the history
of polio vaccination in the United States). The 142 subjects
(61%) who were 21-50 years old at enrollment were likely vac-
cinated with OPV and were likely not exposed to wild poliovi-
rus. The 89 subjects (39%) who were 51-70 years old were likely
vaccinated with IPV and may have been exposed to wild polio-
virus (indeed, a 61-year-old subject reported history of paralytic
poliomyelitis as a child). Of note, no subjects reported receiving
polio vaccine as an adult for international travel.
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Table 2. Polio Immunity and Vaccine Response 1 Month After Inactivated Polio Vaccine (IPV) Booster Receipt by Study Group

Postbooster Immunity, by Serotype

Vaccine Response, by Serotype

Group, IPV Formulation Subjects, No. 1 2 3 1 2 3

Group 1, 40% ID 65 98 (64) 98 (64) 97 (63) 91 (59) 92 (60) 91 (59)
Group 2, 20% ID 63 100 (63) 100 (63) 98 (62) 84 (53) 84 (53) 87 (55)*
Group 3, 100% IM 64 100 (64) 100 (64) 100 (64) 92 (59) 94 (60) 98 (63)
Group 4, 40% IM 32 100 (32) 100 (32) 100 (32) 94 (30) 94 (30) 97 (31)

Data are % (no.) of subjects in each group for each serotype who were immune (defined as a polio neutralizing antibody titer of >8) after booster vaccination or who
responded to the vaccine (defined as seroconversion in subjects who were not immune at baseline or at least a 4-fold rise in titer in subjects who were immune at
baseline). Differences in postbooster immunity and vaccine response were not statistically significant between study groups, unless otherwise indicated.

Abbreviations: ID, intradermal; IM, intramuscular.
@ P=.01, compared with group 3.

There were no significant differences in baseline polio immu-
nity between study groups: 87%, 90%, and 66% of all subjects were
immune to serotypes 1, 2, and 3, respectively. Baseline immunity
rates against serotypes 1 and 2 were both significantly higher than
that against serotype 3 (P < .0001 for both comparisons). Baseline
immunity, stratified by age group, is shown in Figure 1.

There were no significant differences in rates of polio immu-
nity 1 month after receipt of the IPV booster between study
groups (Table 2). With the exception of a 61-year-old outlier
in group 1 who had no measurable immunity to any serotype
either before or after vaccination, every subject was immune
to serotypes 1 and 2 after the IPV booster. All but 3 subjects
were immune to serotype 3 after the IPV booster. Vaccine re-
sponse for serotype 3 was significantly lower for group 2
(20% intradermal dose) versus group 3 (full intramuscular
dose; P=.01; Table 2). Other differences were not significant.

The baseline geometric mean titers (GMTs) and 1 month post-
booster GMTs are shown in Table 3. There were no significant
differences for baseline GMTs for any serotype. The postbooster
GMTs were highest in group 1 (40% intradermal dose), but not
significantly so. The fold-rises in titer were robust, with overall
median fold-rises of 32, 42, and 161 for serotypes 1, 2, and 3, re-
spectively. The fold-rise in titer for serotype 2 was significantly

higher for group 1 (40% intradermal dose) versus group 2 (20%
intradermal dose), but no other differences were significant.

All experimental groups (groups 1, 2, and 4) were noninferior
to the control group (group 3), based on postbooster antibody
titers. For serotypes 1, 2, and 3, the 95% confidence intervals for
the log, postbooster GMTs of the experimental group, minus
the control group, were —.24 to 1.16, —.18 to 1.29, and —.57
to 1.39, respectively, for group 1; —.96 to .25, —.79 to .69, and
—.97 to .81, respectively, for group 2; and —.72 to .90, —.47 to
1.23, and —.86 to 1.28, respectively, for group 4.

Intradermal administration was preferred by most subjects
who received IPV intradermally (54% preferred intradermal ad-
ministration, 3% preferred intramuscular administration, and
42% did not care). Major leakage occurred with 12 of the 132
intradermal injections (9%), but all but one of these injections
still had good bleb formation. Major leakage was not associated
with lower antibody titers or the date of study enrollment. There
were no significant differences between systemic side effects in
the intradermal versus intramuscular groups, but the intrader-
mal groups had higher rates of transient local effects, such as
redness or itching at the injection site (Table 4). The only seri-
ous adverse event, which occurred 1 month after enrollment in
a subject from group 1 and was considered unlikely to be related

Table 3. Poliovirus Neutralizing Antibody Geometric Mean Titers (GMTs) at Baseline and After Receipt of Inactivated Polio Vaccine (IPV)

Booster

Serotype 1, GMT (95% Cl) Serotype 2, GMT (95% Cl) Serotype 3, GMT (95% Cl)
Group, IPV Formulation Baseline After Booster Baseline After Booster Baseline After Booster
Group 1, 40% ID 44 (31-64) 1715 (1174-2504) 33 (24-44) 2188 (1507-3178) 14 (10-20) 2375 (1423-3963)
Group 2, 20% ID 42 (29-59) 976 (730-1304) 53 (37-76) 1438 (984-2101) 20 (14-28) 1698 (1114-2588)
Group 3, 100% IM 42 (30-58) 1249 (916-1705) 36 (26-51) 1489 (1041-2128) 16 (11-21) 1792 (1133-2835)
Group 4, 40% IM 34 (20-56) 1328 (795-2219) 44 (29-66) 1938 (1232-3047) 11 (7-16) 2075 (1225-3514)

There were data on baseline GMT for 66, 66, 66, and 33 subjects and on postbooster GMT for 65, 63, 64, and 32 subjects for groups 1, 2, 3, and 4, respectively. There
were no significant differences between study groups for either baseline or postbooster GMTs.

Abbreviations: Cl, confidence interval; ID, intradermal; IM, intramuscular.
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Table 4. Frequency of Adverse Events in the Week Following
Vaccination, by Study Group

Group 1, Group 2, Group 3,  Group 4,
40% ID 20% ID 100% IM  40% IM

Adverse Event (n=65) (n=63) (n=64) (n=32)

Any?® 51 (33) 46 (29) 28 (18) 31 (10)

Fever 0 (0) 3(2) 0 (0) 3 (1)

Rash 2(1) 2(1) 6 (4) 6(2)

Redness at 29 (19) 35 (22) 6 (4) 9 (3)
injection site®

Swelling at 8 (5) 11(7) 5 (3) 6 (2)
injection site

Tenderness at 15 (10) 13 (8) 17011) 16 (5)
injection site

Itching at 11(7) 6 (4) 0(0) 0(0)

injection site®

Data are (%) (no.) of subjects. Differences were not statistically significant,
unless otherwise indicated.

Abbreviations: ID, intradermal; IM, intramuscular.
@ P=.008 for group 1 vs group 3, and P= .04 for group 2 vs group 3.

5 p=.0007 for group 1 vs group 3, P<.0001 for group 2 vs group 3, P= .03 for
group 1 vs group 4, and P=.008 for group 2 vs group 4.

¢ P=.007 for group 1 vs group 3, and P= .04 for group 2 vs group 3.

to the study, was hospitalization for chest pain and electrolyte
abnormalities that were attributed to alcohol withdrawal.

DISCUSSION

We report the results from the first human trial using a fraction-
al intradermal dose of IPV that was >20% of the standard dose
and the first trial of intradermal IPV in HIV-infected subjects.
The 40%-dose intradermal IPV group achieved the highest
postbooster antibody titers, compared with the other 3 groups
(20%-dose intradermal IPV, full-dose intramuscular IPV, and
40%-dose intramuscular IPV), but the difference did not
reach significance. Baseline and postbooster immunity were
similar between the 4 study groups and for serotypes 1 and 2
for vaccine response, but the 20%-dose intradermal group
had a significantly lower vaccine response to serotype 3, com-
pared with the full-dose intramuscular group. Surprisingly, we
found that adults with well-controlled HIV infection maintain
high levels of polio immunity decades after polio vaccination
and also have a robust memory response to booster IPV vacci-
nation administered either intradermally or intramuscularly.
Intradermal administration was well tolerated and preferred
by a majority of subjects.

Among prior published randomized, controlled trials compar-
ing seroconversion rates after 20%-dose intradermal IPV with
those after full-dose intramuscular IPV in children, 3 showed sig-
nificantly inferior seroconversion rates in the intradermal group
[12-14], and 2 showed similar seroconversion rates [7, 15]. How-
ever, all prior trials showed significantly lower antibody titers

after 20%-dose intradermal IPV, compared with full-dose intra-
muscular IPV [7, 11-15]. Our results are consistent with these
studies but are the first to demonstrate that a booster of 40%-
dose intradermal IPV results in antibody titers that are not
only noninferior to full-dose intramuscular IPV but are actually
higher, although not significantly so. The clinical significance of
lower antibody titers that are above the threshold for seroprotec-
tion remains unclear. However, studies have suggested that high
antibody titers (>128) after IPV immunization are needed for re-
duction of fecal transmission [31], and 2 recent clinical trials
showed that lower antibody titers at the time of an OPV challenge
are associated with significantly higher OPV shedding [4, 5]. Be-
cause IPV as a primary regimen is known to induce less intestinal
immunity than OPV [32], and because reducing fecal transmis-
sion is essential to stopping community circulation of poliovirus,
choosing an IPV vaccination strategy that results in high anti-
body titers would be beneficial.

The high levels of baseline polio immunity in our HIV-
infected subjects, even up to 5 decades after they should have
last received a polio vaccination, is encouraging for the global
polio eradication effort. We have previously shown that HIV-
infected infants have a significantly lower immunologic
response to OPV than uninfected infants [20]. However, the re-
sults from this current study suggest that, for the 33 million
HIV-infected adults globally [33], most of whom were infected
with HIV years after polio vaccination, such as the subjects in
this study, polio immunity levels may remain high. Of note,
these high levels of baseline polio immunity were evident
even though most of our study subjects had a history of AIDS
and even though OPV has not been used in the United States
since 2000, so there would have been no recent boosting in our
subjects due to community spread of OPV. Although the polio
eradication effort has primarily focused on polio immunity in
children, the large 2010 outbreak of wild poliovirus infection
in the Republic of the Congo primarily affected adults (74%
of cases) [34]. In this outbreak, older age was associated with
a 7-fold higher risk of death [35]. A study using mathematical
modeling suggested that the contribution of older children and
adults to the spread of wild poliovirus in this outbreak was also
significant [36]. Consequently, it is reassuring that polio immu-
nity can remain high for decades despite HIV infection as an
adult. Our data are consistent with 4 smaller studies from the
1990s that evaluated whether HIV-infected adults maintain
polio seroprotection [24-26, 37]. These studies found seropro-
tection rates of 73%-80%, 73%-95%, and 54%-87% against po-
liovirus serotypes 1, 2, and 3, respectively. Lower immunity to
serotype 3, compared with serotypes 1 and 2, following polio
vaccination has been well documented and is a reason behind
the OPV formulation change in the early 1990s [27] and the
IPV formulation change in 1987 [38].

Surprisingly, the 40%-dose intramuscular IPV group had a
similar vaccine response and antibody titers to both the full-dose
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intramuscular IPV group and the 40%-dose intradermal IPV
group. Our preclinical study in rats showed that dose response
was more consistent with intradermal IPV, compared with in-
tramuscular IPV, in that antibody titers increased with increas-
ing intradermal doses up to the maximum intradermal dose
tested (40%), whereas antibody titers with increasing intramus-
cular doses were erratic [39]. It is possible that, given the high
levels of preexisting immunity in our cohort, the maximal intra-
muscular response plateaued at a lower booster dose. However,
our results suggest that in populations with high baseline levels
of immunity, a full booster dose of IPV may not be needed even
with intramuscular administration.

Intradermal administration of fractional IPV doses of up to
40% seems to be safe and well tolerated. Although the overall
rate of adverse events was significantly higher in the intradermal
groups, this was due to transient local adverse events such as
redness and itching at the injection site. Rates of systemic ad-
verse events such as fever and rash were low overall and did
not differ significantly between groups. The majority of subjects
who received intradermal vaccination said that they preferred
intradermal to intramuscular administration. This is consistent
with past intradermal IPV studies in infants that used needle-
free intradermal delivery devices [7, 12]. In these studies, tran-
sient local adverse events were also significantly higher in the
intradermal group, but the parents strongly preferred intrader-
mal over intramuscular administration because it was less likely
to make their infants cry.

We conducted this study in HIV-infected adults because they
have suboptimal responses to many vaccines even with well-
controlled HIV infection [16, 17, 19], a finding considered to
be related to chronic immune activation [40]. Consequently,
we felt that this population could function as a surrogate for
populations in the developing world with suboptimal vaccine
responses. However, the fold-rise in titers and postbooster
GMTs in our study population were quite high and were actu-
ally comparable to those from a Dutch study investigating boos-
ter intramuscular and intradermal IPV doses in healthy adults
who received IPV as children [11]. This similar booster re-
sponse may have been because most of our subjects likely re-
ceived OPV, not IPV, as children. However, it still suggests
that while well-controlled HIV infection may impair the prima-
ry response to a vaccine, it might not impair the boosting re-
sponse to a vaccine first received as a child prior to HIV
infection.

Our study has limitations. The booster responses were much
higher than anticipated, so our predetermined sample sizes may
have been too low to detect differences. The polio vaccination
history was not known for individual subjects but could only
be assumed on the basis of US vaccination policies when the
subjects were children. Finally, HIV-infected adults in the Unit-
ed States are only a surrogate for the groups in whom intrader-
mal IPV may be most relevant.

Despite these limitations, we demonstrate that a 40% frac-
tional dose of IPV administered intradermally results in at
least noninferior antibody titers, compared with the full dose
administered intramuscularly, and that it results in higher anti-
body titers than a 20% intradermal dose. Intradermal IPV ad-
ministration at a fractional dose of >20% should be considered
as a means to make IPV more affordable for developing coun-
tries, balancing sufficient immunity with cost reduction.
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Introduction: Inactivated poliovirus vaccine (IPV) introduction and phased oral poliovirus vaccine (OPV)
cessation are essential for eradication of polio.

Methods: Healthy 6-week old infants in Bangladesh were randomized to one of five study arms: receipt of
trivalent OPV (tOPV) or bivalent OPV (bOPV) at ages 6, 10 and 14 weeks, intramuscular IPV or intradermal
one-fifth fractional dose IPV (f-IPV) at ages 6 and 14 weeks, or f-IPV at ages 6 and 14 weeks with bOPV at

age 10 weeks (f-IPV/bOPV). All participants received tOPV at age 18 weeks.

Keywords:
Oral polio vaccine
Inactivated polio vaccine

Results: Of 975 infants randomized, 95% (922) completed follow-up. Type 1 seroconversion after 3 doses
at 6, 10 and 14 weeks was higher with bOPV compared with tOPV (99% vs 94%, p=0.019). Seroconversions
to types 1 and 3 after 2 IPV doses at ages 6 and 14 weeks were no different than after 3 doses of tOPV or

Priming bOPV at ages 6, 10 and 14 weeks. A priming response, seroconversion 1 week after IPV at 14 weeks among

Polio immunogenicity

those who did not seroconvert after I[PV at 6 weeks, was observed against poliovirus types 1, 2 and 3 in

91%, 84% and 97%, respectively. Compared with IPV, f-IPV failed non-inferiority tests for seroconversion
with 1 or 2 doses and priming after 1 dose.

Discussion: The findings demonstrate considerable priming with IPV at age 6 weeks, comparable immuno-
genicity of tOPV and bOPV, and inferior immunogenicity of one-fifth f-IPV compared with IPV. If IPV
induced priming at age 6 weeks is similar to that at age 14 weeks, IPV could be administered at a younger
age and possibly with a higher coverage.

Published by Elsevier Ltd.

1. Introduction

Oral poliovirus vaccines (OPV) consist of live attenuated
poliovirus strains that can revert and cause paralysis, that is indis-
tinguishable from paralysis caused by wild polioviruses (WPV),
either due to vaccine-associated paralytic polio (VAPP) or circu-
lating vaccine-derived polioviruses (cVDPV), in which the reverted
vaccine virus also acquires the ability to circulate [1]. Since the last
type 2 WPV (WPV2) was reported in 1999 in India [2] and about

* Corresponding author at: Global Immunization Division, Centers for Dis-
ease Control and Prevention, MS A04 Atlanta, GA 30333, United States.
Tel.: +1 404 639 1970.

E-mail address: aanand@cdc.gov (A. Anand).

http://dx.doi.org/10.1016/j.vaccine.2015.09.039
0264-410X/Published by Elsevier Ltd.

87% of VDPVs during 2000-2013 were type 2 [ 3], the strategic advi-
sory group of experts on immunization (SAGE) has recommended
a phased cessation of OPV starting with type 2 OPV [4]. In countries
using trivalent OPV (tOPV), a mixture of types 1, 2 and 3 OPV,
in routine immunization (RI), SAGE has recommended a switch
to bivalent OPV (bOPV), a mixture of OPV types 1 and 3 follow-
ing introduction of 1 dose of inactivated poliovirus vaccine (IPV)
generally at age >14 weeks [5]. It is expected that delaying IPV
administration to age >14 weeks is likely to maximize IPVimmuno-
genicity [5]; however, compared with vaccinating at age 6 weeks,
vaccination at age >14 weeks is likely to be associated with lower
vaccination coverage in some high-risk countries [6].

The principal objective of introducing IPV with bOPV is to mit-
igate the risk associated with increased susceptibility to WPV2 or
cVDPV2. For IPV, priming is defined as a seroconversion response

NanoPass Technologies Ltd.
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Fig. 1. Trial profile with number of subjects followed by study time-point.

1 week after a second dose of IPV among those who did not sero-
convert after the first IPV dose. One clinical trial in Cuba reported
considerable immunogenicity (seroconversion [63%] and priming
[35%]) with 1 dose of IPV at age 4 months [7]. The absence of
immunogenicity data by age, including priming response after IPV,
is the chief limitation in assessing the optimal age for IPV adminis-
tration in RI. In 2012, SAGE also recommended collecting additional
immunogenicity data on intradermal (ID) one-fifth dose of IPV
(0.1 ml fractional IPV [f-IPV]) as a potential substitute for intramus-
cular IPV (0.5ml) [8].

2. Methods
2.1. Randomization and masking

We conducted an open-label 5-arm randomized controlled trial
from 27 November 2012 to 30 November 2013 in Mirpur, an urban
neighborhood in Dhaka, Bangladesh. The trial enrolled participants
from 5 different sections of Mirpur. During the duration of the trial
no polio vaccination campaigns were conducted in or around the
study site. Infants were assigned randomly to one of five arms using
a block randomization scheme of 65 blocks with a block size of 18
and an allocation ratio of 4:4:3:3:4 (Fig. 1). The tOPV arm received
tOPV at ages 6, 10 and 14 weeks; the bOPV arm received bOPV at
ages 6, 10 and 14 weeks; the IPV arm received IPV at ages 6 and 14
weeks; the f-IPV arm received f-IPV at ages 6 and 14 weeks; and the
f-IPV/bOPV arm received f-IPV at ages 6 and 14 weeks with bOPV
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at age 10 weeks. All participants received tOPV at age 18 weeks
(Table 1 in Supplementary Appendix).

2.2. Study objectives

The study’s three primary objectives were to compare immuno-
genicity of (1) f~-IPV and bOPV with bOPV alone; (2) 3 doses of tOPV
with 3 doses of bOPV; and (3) 2 doses of intramuscular IPV with 2
doses of f-IPV.

2.3. Study design and procedures

Infants were recruited at age 6-7 weeks (42-51 days), if the
parents were willing to participate, comply with study procedures,
and provide written informed consent. Exclusion criteria included
(1) receipt of any polio vaccine before enrollment; (2) diagnosis or
suspicion of immunodeficiency or a bleeding disorder; (3) known
allergy to polio vaccines or constituents; (4) any acute illness such
as vomiting, diarrhea or infection immediately before enrollment;
and (5) an infant who was part of a multiple birth. Enrolled partici-
pants were withdrawn from the study if requested by their parents
or if they received polio vaccine outside of the study.

Study physicians administered all study vaccines and routine
non-polio vaccines for infants as recommended by the Bangladesh
Ministry of Health and Family Welfare. Intramuscular IPV (0.5 ml)
was administered using a standard needle and syringe. Intrader-
mal f-IPV (0.1 ml) was administered using NanoPass MicronJet 600

6818 A. Anand et al. / Vaccine 33 (2015) 6816-6822

(MJ600), a microneedle device with three microneedles (0.6 mm in
length) that attaches to an intradermal syringe. Multiple clinical
trials have been conducted using MJ600 [9-12]. IPV and {-IPV were
administered in the anterolateral thigh, opposite the side used for
routine immunization of injectable vaccines.

Blood samples (1 ml) were obtained by venipuncture at ages 6,
14, and 18 weeks from all participants and at age 15 weeks from
participants assigned to IPV or f-IPV arms before administering any
scheduled study vaccine. Sera were stored at —20°C and tested for
antibodies to poliovirus types 1, 2 and 3 at the Centers for Disease
Control and Prevention (CDC), Atlanta, USA using microneutraliza-
tion assay. Titers below a dilution of 1:8 were considered negative
for presence of poliovirus antibodies and the highest measurable
titer was 1:1448. Parents were asked to collect a stool specimen
(8 g) from participants 1 week after tOPV administration at age 18
weeks. Stool specimens were stored at —20°C and tested at CDC for
presence of poliovirus by type [13].

2.4. Analysis

No published studies were found to have administered f-IPV
with bOPV, or 3 doses of bOPV. Therefore, for sample size calcu-
lations based on limited evidence, we assumed seroconversions of
85% for types 1 and 3 with f-IPV and bOPV and 95% with 3 doses
of bOPV [14,15]. For tOPV, we assumed sero-conversions of 75% for
type 1 and 65% for type 3 [16]. Therefore, a sample size of 207 per
arm would be sufficient to obtain a power of 90% with two-sided «
of 0.05 to detect a difference in seroconversion of at least 10% when
comparing 3 doses of bOPV with 3 doses of tOPV, and 2 doses of
f-IPV and 1 dose of bOPV with 3 doses of bOPV. No published stud-
ies were found to have reported immunogenicity of IPV or f-IPV
with two doses 8 weeks apart at ages 6 and 14 weeks. For a non-
inferiority comparison, we assumed a sero-conversion of 90% with
both IPV and f-IPV with a non-inferiority margin of 10% [14,17]. For
this comparison a sample size of 155 per armis required for a power
of 90% with one-sided « of 0.05. Hence, the effective sample size
for the trial was 931, with an enrollment target of 1170 assuming
20% attrition (Table 1 in Supplementary Appendix).

Seroconversion was defined as either conversion from seroneg-
ative to seropositive or a four-fold increase in antibody titers
between two specimens after adjusting for decay of maternal anti-
bodies. The half-life of maternal antibodies was assumed to be 28
days [14,18]. The primary analytical approach was intent-to-treat
for participants with serological results. The primary end-point
was seroconversion at age 18 weeks. To compare immunogenicity
across study arms, the proportion of participants who sero-
converted were compared using Fisher’s exact test (two-tailed).
Priming was defined as a seroconversion response at age 15 weeks
after receipt of the second IPV/f-IPV dose among those who did not
seroconvert by age 14 weeks after one IPV/f-IPV dose at age 6 weeks.
Reverse cumulative distribution curves, which are constructed by
representing on the vertical axis the percent of subjects with anti-
body titers equal to or greater than that marked in x-axis, were used
to compare distribution of antibody titers by study arms [19].

2.5. Study oversight

The study protocol was reviewed by icddr,b’s Institutional
Review Board (IRB). The study was conducted in compliance with
good clinical practice guidelines. UNICEF assisted in the procure-
ment of vaccines used in this study. OPV was manufactured by
Sanofi Pasteur and IPV was manufactured by the Netherlands
Vaccine Institute (NVI). NanoPass Technologies Ltd. donated the
supplies of MJ600. UNICEF, Sanofi Pasteur, NanoPass, and NVI
had no role in the study design, implementation, data analy-
sis, or interpretation of study results. The study was registered

with Clinicaltrials.gov (NCT01813604). Adverse events data were
reviewed by the Data Safety Monitoring Board (DSMB) of icddr,b.

2.6. Role of funding source

The study was funded by the Global Immunization Division of
the Centers for Disease Control and Prevention. CDC staff partici-
pated in the study design, sample testing, data analysis and decision
to submit for publication.

3. Results
3.1. Baseline characteristics

The study enrolled and randomized 975 participants and of
these, 922 (95%) with blood specimens available at ages 6 and 18
weeks were included in the primary end-point analysis (Fig. 1).
Enrollment was stopped after enrolling 975 participants as the
study had achieved its effective sample size due to lower than
anticipated study attrition. No statistically significant differences
were observed at baseline among participants who completed the
study compared with those who did not (data not shown) except
that median type 2 antibody titers at baseline were lower for those
who completed the study (1:28 vs 1:41, Kruskal-Wallis =0.036). No
other significant differences in baseline characteristics, including
seroprevalence to polioviruses, were observed among study arms
(Table 1).

3.2. Humoral immunogenicity

The median bleb diameter after intradermal injection with
M]J600 was 10 mm and 99% of the participants had no residual liquid
present on the skin following the injection.

Seroconversion to poliovirus type 1(PV1)after 2 and 3 doses was
higher in the bOPV arm compared with the tOPV arm (2 doses: 93%
vs 87%, p=0.047; 3 doses: 99% vs 94%, p=0.019; Table 2). PV1 sero-
conversion with 2 doses of IPV (95%) was statistically no different
from that observed with 3 doses of tOPV or bOPV. PV1 seroconver-
sion with 2 doses of f-IPV and 1 dose of bOPV was higher than that
observed with 2 doses of f-IPV alone (p=0.005) and no different
from that with 3 doses of tOPV or bOPV.

Seroconversion at 18 weeks to PV2 was higher with 3 doses
of tOPV compared with 2 doses of IPV p=0.002) or {-IPV in either
f-IPV arms (p <0.001). Seroconversion to PV3 was statistically no
different with 3 doses of tOPV (95%) compared with 3 doses of bOPV
(94%), 2 doses of IPV (97%) or f-IPV (89%), or 2 doses of f-IPV with 1
dose of bOPV (94%).

Compared with IPV, f-IPV failed the non-inferiority test for all
serotypes for seroconversion observed with 1 or 2 doses (Fig. 2).
Additionally, compared with IPV, f-IPV failed the non-inferiority
test for all serotypes for priming response observed at 15 weeks.

Reverse cumulative distribution curves for antibody titers by
study arm at age 18 weeks show that the highest titers were
reached for PV1 in the bOPV arm, PV2 in the tOPV arm and PV3
in the IPV arm (Fig. 3). f-IPV was associated with the lowest titers
for all three poliovirus types among those receiving type specific
vaccines. One dose of IPV or f-IPV was not associated with a sub-
stantial change in distribution of antibody titers, despite the high
degree of priming with 1 dose; however, within a week of the sec-
ond dose of IPV or f-IPV, a rapid rise in antibody titers was observed
(Fig. 1 in Supplementary Appendix).

3.3. Intestinal mucosal immunity

One week after receiving tOPV at age 18 weeks, 15%, 6%, and
8% of participants in the tOPV arm were excreting PV 1, 2, and
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Mother's education n (%)

19.0%
41.2%
23.2%
15.2%

40

15.8%

46.1%

16.5%

18.4%
3.

24
70
25

18.6%
43.6%
19.2%
17.3%

29

13.5%

46.0%

21.0%

17.0%
2.

27
92

17.7%
43.4%
17.7%
16.3%

36
88

No formal school

0.869

Primary school
Middle school
High school

Graduate
Type 1 seroprevalence

49

30

42

36
33

32

28

27

34

1.4%

1.3%

4.9%

10

0.976

47.4%

100

50.7%

77
23 (6, 1448)

50.0%

78
23 (9, 1448)

48.5%

97

48.8%

99
28 (9, 1448)

n (%)

0.947

23 (9, 724)

18 (9, 1448)

Median (range)”
Type 2 seroprevalence

0.796
0.884

58.8%

124

54.0%

82
28 (9, 1448)

60.9%

95

59.0%

118
36 (9, 1448)

58.1%

118

n (%)

23 (9, 1448)

28 (9, 1448)

28 (9, 1448)

Median (range)”
Type 3 seroprevalence

0.698

30.8%

65

25.0%

38
18(9,362)

27.6%

43

28.0%

56
23(9,1024)

25.1%

51
23(9,1448)

n (%)

0.643

18 (9, 1448)

23 (9, 1448)

28
28
134

Median (range)”
Wasting present n (%)
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0.545
0.661

16.1%
23.7%
82.9%

21.7%
20.4%
85.5%

18.0%
18.0%
85.9%

19.0%
18.5%
85.0%

38

15.3%
19.7%
88.7%

50
175

31
130

37
170

40
180

Stunting present n (%)

0.465

Exclusive breastfeeding n (%)

2 Fisher’s exact test. Kruskal-Wallis test used for mother’s education and rank test for medians.

tOPV, trivalent oral poliovirus vaccine (OPV); bOPV, bivalent OPV; IPV, inactivated poliovirus vaccine; f-IPV, fractional IPV.
b Among those with titers >8.

6819
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Fig. 2. Differences in seroconversion and priming between fractional intradermal
inactivated poliovirus vaccine (f-IPV) arm and intramuscular IPV arm by poliovirus
type. f-IPV fails to pass the test of non-inferiority if the lower limit of the 90%
confidence interval crosses —10%.

3, respectively (Table 2). Among participants in the bOPV arm,
61% were excreting PV2 1 week after receiving tOPV. The percent
of participants excreting type 1 poliovirus was statistically lower
in the bOPV arm compared with the f-IPV/bOPV arm (4% vs 13%,
Fischer’s exact=0.001). The percent excreting PV3 was statistically
lower in the bOPV arm compared with f-IPV/bOPV arm (6% vs 14%,
Fischer’s exact=0.013). No statistically significant differences in
percent excreting polioviruses by type were observed between IPV
and f-IPV arms.

3.4. Adverse events

No adverse events (AE) were reported among participants
30min after receiving the study vaccine. During follow-up (age
6-19 weeks), 68 AE were reported among participants; 11 were
considered serious AE (SAE), including hospitalization or death
(Table 2 in Supplementary Appendix). Three infants died during
follow-up: two in the sequential f-IPV/bOPV arm and one in the
f-IPV arm. No AE/SAE were attributed to trial vaccines or MJ600 by
the DSMB.

4. Discussion

The study demonstrated that considerable priming can be
achieved with 1 dose of IPV at age 6 weeks. Cumulatively, 90% of
children had either seroconverted or were primed against type
2 poliovirus with 1 dose of IPV at age 6 weeks. These results are
particularly relevant for current policy considerations regarding
global polio eradication. In November 2013, SAGE recommended
introduction of at least 1 dose of IPV at age >14 weeks in RI in
countries where IPV has not been introduced, in advance of a
global implementation of the switch from tOPV to bOPV. With
removal of type 2 OPV, the objective of IPV introduction is to
maximize type 2 population immunity, which is a product of IPV
immunogenicity and coverage. If the considerable priming noted
in this study at age 6 weeks is similar to the priming noted at age
14 weeks, IPV vaccination at age 6 weeks will likely lead to higher
population immunity compared with vaccination at age 14 weeks

Table 2
Humoral and intestinal immunogenicity by study arm.

A B C D E Fisher’s exact test Fisher’s exact test
tOPV bOPV PV f-IPV f-IPV/bOPV (a priori) (post hoc)
Type 1
Seroconversion by 14 weeks: n  178/205 86.8%0¢ 189/203 93.1%2bf 57/161 35.4%eef 20/155 12.9%c4f 173/211 82.0%d ap=0.001 B vs E; €p<0.001 Avs C;
(%) bp=0.047 A vs B; fp<0.001Bvs C
€p<0.001 Avs D;
d4p<0.001 D vs E; NS:
AvsE
Priming response by 15 weeks: - - - - 78/86 90.7% 91/109 83.5% - -
n (%)
Cumulative effect of one dose - - - - 124/132 93.9% 110/128 85.9% - -
(seroconversion and
priming): n (%)’
Seroconversion by 18 weeks: n~ 190/203 93.6%2 197/200 98.5% 148/156 94.9% 133/152 87.5%> 202/211 95.7%> ap=0.019 Avs B; NS:AvsC;BvsC
(%) bp=0.005 D vs E; NS:
BvsE;AvsE;AvsD
Poliovirus shedding at 19 31/203 15.3% 7/196 3.6% 77/156 49.4% 73/151 48.3% 28/211 13.3%* 2p=0.001 B vs E; NS:
weeks: n (%) CvsD
Type 2
Seroconversion by 14 weeks: n 190/205 92.7%bede 14/203 6.9%2b1 62/161 38.5%f 30/155 19.4%4 53/211 25.1%3¢ 2p<0.001 Bvs E; €p<0.001AvsC;
(%) bp<0.001 Avs B; fp<0.001 Bvs C
p<0.001 AvsE;
dp<0.001 Avs D; NS:
DvsE
Priming response by 15 weeks: - - - - 66/79 83.5% 73/101 72.3% - -
n (%)
Cumulative effect of one dose - - - - 119/132 90.2% 100/128 78.1% - -
(seroconversion and
priming): n (%)’
Seroconversion by 18 weeks: n 200/203 98.5%>cde 28200 14%2bs 142/156 91%ef 123/152 80.9%¢ 172/211 81.5%3¢ 3p<0.001 Bvs E; €p=0.002 Avs C;
(%) bp<0.001 Avs B; fp<0.001 Bvs C
€p<0.001 AvsE;
dp<0.001 Avs D; NS:
DvsE
Poliovirus shedding at 19 12/203 5.9% 119/196 60.7% 89/156 57.1% 99/151 65.6% 122/211 57.8% NS:CvsD
weeks: n (%)
Type 3
Seroconversion by 14 weeks: n ~ 174/205 84.9%P<e 181/203 89.2%f 54/161 33.5%¢f 22/155 14.2%¢4 153/211 72.5%bd 4p<0.001 B Vs E; €p<0.001 Avs C;
(%) bp=0.003 Avs E; fp<0.001 Bvs C
¢p<0.001 AvsD;
dp<0.001 D vs E; NS:
AvsB
Priming response by 15 weeks: - - - - 84/87 96.6% 94/107 87.9% - -
n (%)
Cumulative effect of one dose - - - - 129/132 97.7% 115/128 89.8% - -
(seroconversion and
priming): n (%)’
Seroconversion by 18 weeks: n  192/203 94.6% 188/200 94.0% 152/156 97.4% 135/152 88.8% 198/211 93.8% NS:BvsE; AvsB; A NS:AvsC;BvsC
(%) vsE;AvsD; DvVSE
Poliovirus shedding at 19 16/203 7.9% 12/196 6.1% 50/156 32.1% 64/151 42.4% 29/211 13.7%* 2p=0.013Bvs E; NS:
weeks: n (%) CvsD

NS, not significant; tOPV, trivalent oral poliovirus vaccine (OPV); bOPV, bivalent OPV; IPV, inactivated poliovirus vaccine; f-IPV, fractional IPV.
" Test comparison of IPV (Arm C) and f-IPV (Arm D) presented in Fig. 2.

 Bonferronni correction. Significance at p<0.0125.

T Analysis restricted to those with serological results at 6, 14, 15 and 18 weeks.
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Fig. 3. Reverse cumulative antibody titers at 18 weeks of age by study arm.

as vaccination coverage in many high-risk countries is higher at
age 6 weeks compared with age 14 weeks [6].

The study confirms that bOPV is more immunogenic than tOPV
for poliovirus types 1 and 3 [15]; however, after 3 doses, the dif-
ferences in seroconversion are small and high titers of antibodies
were observed after administration of both vaccines. Prior field
assessments of tOPV have reported substantially lower effective-
ness though those estimates have been based on parental report of
the number of vaccine doses received [20,21]. This study demon-
strates a high immunogenicity of tOPV in a developing country with
a tropical climate [22-24].

IPV demonstrated a higher immunogenicity compared with f-
IPV for priming with one dose and seroconversion with one or two
doses. These results address a prior identified information need
by SAGE to collect more evidence on the comparative immuno-
genicity of f-IPV and IPV [8]. Also these results are consistent with
other studies that have reported lower immunogenicity of a one-
fifth IPV dose compared with IPV [7,14,25]. The findings of this
study confirm the safety of NanoPass MJ-600 in intradermal f-IPV
administration, a device that had not been previously used for f-IPV
administration.

The stool excretion results demonstrate a minimal reduction in
type 2 excretion with IPV and f-IPV recipients compared with bOPV
recipients, who did not receive any type 2 vaccine. Also a vaccina-
tion schedule of f-IPV/bOPV reduced the percent of participants
who excreted type 1 or 3 polioviruses 1 week after receiving tOPV
compared to the use of IPV or f-IPV alone. Although the percent
excreting poliovirus in the f-IPV/bOPV arm was significantly higher
than those in the bOPV arm, the absolute difference was not large.

40| Vaccines

A prior study with tOPV demonstrated the substantial reduction
in excretion of polioviruses with 1-2 doses of tOPV with minimal
reduction with additional doses [26]. These findings taken together
with noteworthy priming associated with IPV at age 6 weeks sup-
port evaluating polio vaccination schedules with IPV only as the
first poliovirus vaccine followed by OPV.

This study has notable limitations. First, transmission of OPV
received by other children in the community was observed. How-
ever, the effect of community transmission was low with only 14%
type 2 seroconversion over 12 weeks in the bOPV arm [23,27].
Second, in the assessment of priming, the primary as well as sec-
ondary (challenge at 14 weeks) vaccines had different routes of
administration and dosage between IPV and f-IPV arms, which
limits comparison. Lastly, assessment of MJ600 performance was
limited to safety and injection quality associated with the device
and we could not compare immunogenicity of IPV administered by
M]J600 with standard needle and syringe for intradermal adminis-
tration.

Overall, findings from this study address several previously
identified information gaps with regard to primary routine polio
vaccine performance and could help simplify and expand polio
vaccination policy options. The study supports the safety and com-
parable immunogenicity of tOPV and bOPV for types 1 and 3
poliovirus and demonstrates the lack of non-inferiority of one-fifth
f-IPV to IPV. Most importantly, the study shows the promis-
ing degree of priming with an early (6 week) dose of IPV. A
useful next step would be to compare priming at age 6 weeks
to that with the SAGE-recommended IPV schedule at age >14
weeks.
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Immune response and reactogenicity of intradermal
administration versus subcutaneous administration of
varicella-zoster virus vaccine: an exploratory, randomised,
partly blinded trial

Chan R Beals, Radha A Railkar, Andrea K Schaeffer, Yotam Levin, Efrat Kochba, Brian K Meyer, Robert K Evans, Eric A Sheldon, Kenneth Lasseter,
Nancy Lang, Adriana Weinberg, Jennifer Canniff, Myron J Levin

Summary

Background The licensed live, attenuated varicella-zoster virus vaccine prevents herpes zoster in adults older than
50 years. We aimed to determine whether intradermal administration of zoster vaccine could enhance vaccine
immunogenicity compared with conventional needle subcutaneous administration.

Methods In this randomised, dose-ranging study, adults aged 50 years or older who had a history of varicella or who
had resided in a country with endemic varicella-zoster virus infection for 30 years or more were eligible. Participants
received the approved full or a 1/3 dose of zoster vaccine given subcutaneously or one of four intradermal doses (full,
1/3, 1/10, or 1/27 dose) using the MicronJet600 device. The two subcutaneous doses and the four intradermal doses
were randomised (1-5:1:1:1:1:1) by computer generated sequence with randomisation stratified by age (50-59 years or
60 years or older). The primary immunogenicity endpoint was the change from baseline in IgG antibody to varicella-
zoster virus-specific glycoproteins (gpELISA) measured at 6 weeks. All patients were included in the primary and
safety analyses. This study is registered with ClinicalTrials.gov, number NCT01385566.

Findings Between Sept 2, 2011, and Jan 13, 2012, 224 participants were enrolled from three clinics in the USA and
223 were randomly assigned: 52 to receive the full dose subcutaneous zoster vaccine, 34 to receive the 1/3 dose
subcutaneous zoster vaccine, 34 to receive the full dose intradermal zoster vaccine, 35 to receive the 1/3 dose
intradermal zoster vaccine, 34 to receive the 1/10 dose intradermal zoster vaccine, and 34 to receive the
1/27 dose intradermal zoster vaccine. Full dose zoster vaccine given subcutaneously resulted in a gpELISA geometric
mean fold-rise (GMFR) of 1-74 (90% CI 1-48-2-04) at 6 weeks post-vaccination compared with intradermal
administration which resulted in a significantly higher gpELISA GMFR of 3-25 (2-68-3-94; p<0-0001), which also
remained high at 18 months. An apparent dose-response relation was observed with intradermal administration
(1/3 dose subcutaneous GMFR 164 [90% CI 1-36-1-99], 1/3 dose intradermal 2- 58 (2-13-3-13), 1/10 dose intradermal
2-22[1-83-2-69], and 1/27 dose intradermal 1- 64 [1-35-2-00]). Each partial dose of zoster vaccine given intradermaly
had a gpELISA GMFR comparable to that of full dose zoster vaccine given subcutaneously. Transient erythema and
induration were more common after intradermal administration (31% erythema for full subcutaneous dose and 77%
for intradermal dose).

Interpretation Intradermal zoster vaccine showed a greater increase in varicella-zoster virus gpELISA antibody
compared with subcutaneous zoster vaccine at comparable doses. Larger and longer studies of intradermal
administration of live, attenuated zoster vaccine are needed to provide convincing evidence of improved cell
mediated immunity.

Funding Merck & Co Inc.

Introduction to prevent or limit reactivation of latent varicella-zoster
Herpes zoster is an unilateral, usually painful, vesicular  virus.»**

cutaneous eruption in a dermatomal distribution, which The Shingles Prevention Study,’” which resulted in the
results from the reactivation of latent varicella-zoster licensure of the herpes zoster vaccine, showed that
virus that resides in sensory ganglia following varicella  vaccination reduced the incidence of herpes zoster by

(chickenpox), and can result in persistent pain (post-
herpetic neuralgia).”” The incidence of herpes zoster
and post-herpetic neuralgia increases significantly after
50 years of age, and more so as people become older,
reflecting the age-related decline in varicella-zoster
virus-specific cell-mediated immunity that is essential

51% (95% CI 44-58) in immune competent individuals
aged 60 years or older. In adults aged 50-59 years, zoster
vaccine reduced the incidence of herpes zoster by 69-8%
(95% CI 54-1-80-6).¢ Further reduction in the incidence
and severity of herpes zoster by vaccination, particularly
in the advanced elderly population, is desirable.
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Articles

Research in context

Evidence before this study

In October, 2015, we searched PubMed with the search terms
“intradermal”, “herpes zoster”, “vaccine”, and “adult”. There
were no completed studies written in English that were
pertinent to our investigation. The efficacy and safety of the
licensed live, attenuated herpes zoster vaccine has been studied
with subcutaneous administration. Vaccination reduced the
incidence of herpes zoster by 51% (95% Cl 44-58) in individuals
aged 60 years or older. Further protection from herpes zoster is
desirable, particularly in older individuals.

Added value of this study
This is the first randomised study to compare subcutaneous
and intradermal zoster vaccine immunisation across a dose

Studies with a variety of vaccines have shown superior
immunogenicity after intradermal administration
compared with subcutaneous or intramuscular adminis-
tration, and equivalent responses were achieved with
reduced antigen dose (dose sparing).’® Enhanced
immunogenicity could be a consequence of efficient
vaccine delivery to potent antigen-presenting dendritic
cells, which are highly abundant in the dermis and
support efficient antigen presentation and sculpting of
the adaptive immune response.”* This exploratory study
aimed to assess the immunogenicity and safety of
intradermal zoster vaccination compared with the
conventional subcutaneous route.

Methods

Study design and participants

In this exploratory, randomised, partly blinded, parallel
group study, participants were recruited at three clinics
(Aurora, Colorado, and two in Miami, Florida) in the
USA. Individuals who were aged 50 years or older, had
a history of varicella or who had resided in a country
with endemic varicella-zoster virus infection for
30 years or more, had a temperature less than 38°C on
day of vaccination, and were in good health were
enrolled. Women of reproductive potential had a
negative pregnancy test just before vaccination and
agreed to use two acceptable methods of birth control
for 3 months post-vaccination. Participants were
excluded if they had either: a previous history of herpes
zoster, received varicella vaccine, recent exposure to
systemic immune suppressants, immune dysfunction,
recent live virus vaccinations, antiviral drugs active
against varicella-zoster virus, or immune suppressed
household members. Additional exclusion criteria
included history of hypersensitivity reactions to any
vaccine component, household exposure to pregnant
women who had not had chickenpox and had not been
vaccinated against varicella, household or workplace
exposure to children 18 months and younger who have
not been vaccinated against varicella, received immune

range. We noted higher antibody fold-rise and titres to varicella
zoster virus glycoproteins with the full dose of zoster vaccine
delivered intradermally compared with subcutaneous
administration. Equivalent antibody responses were observed
with partial intradermal doses. Transient erythema and
induration were more common after intradermal
administration, as expected.

Implications of all the available evidence

The higher fold-rise in varicella-specific antibodies has previously
been shown to be a correlate of protection of this vaccine. This
study lays the groundwork for additional studies to show that
improved immunogenicity from intradermal vaccination
translates to additional protection from herpes zoster.

globulin or blood products from 5 months before
vaccination, receipt of inactivated vaccine from 7 days
before study vaccine to 7 days postvaccination, except
for inactivated influenza vaccine, not ambulatory,
pregnant or breastfeeding, and active untreated
tuberculosis.

The protocol was approved by the institutional review
board of each study centre. Participants provided written
informed consent.

Randomisation and masking

Participants received the approved full or a 1/3 dose of
zoster vaccine given subcutaneously or one of four
intradermal doses: full, 1/3, 1/10, or 1/27 dose. The two
subcutaneous doses and the four intradermal doses were
randomised (1-5:1:1:1:1:1) by a computer generated
sequence (table 1). Randomisation was stratified by age
(1:1; 50-59 years and =60 years). To assess the local
tolerability of the intradermal vaccination, 39 participants
across all treatment groups were randomly selected to
receive roughtly 0-1 mL intradermal saline, whereas
recipients of the full dose intradermal vaccine received
two roughly 0-15 mL intradermal injections of saline.
The study staff did not inform the participants of the
dose of zoster vaccine or whether zoster vaccine or saline
was injected into a given arm, but the method of the
delivery was not concealed.

Procedures

Zoster vaccine is a lyophilised preparation (ZOSTAVAX,
Merck & Co Inc, Kenilworth, NJ, USA) of live, attenuated
varicella-zoster virus (Oka/Merck) stored frozen before
reconstitution. Subcutaneous doses were given in either
0-65 mL (full dose) or approximate 0-22 mL (1/3 dose)
with a needle and syringe. Intradermal injection used the
NanoPass MicronJet600 device (NanoPass, Nes Ziona,
Israel), which is equipped with three silicon microneedles,
each 0-60 mm in length.” Intradermal doses were recon-
stituted in the diluent used for subcutaneous admini-
stration except for the 1/27 dose, which was reconstituted
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Full subcutaneous 1/3 subcutaneous Fullintradermal 1/3 intradermal 1/10 intradermal 1/27 intradermal
Study population
Vaccine recipients 52 34 34 35 34 34
Concomitant placebo 9* 6* 6t 6t 6t 6t
Vaccine volume (mL) 0-65 022 0-15x 2% 01 01 01
Sex
Women 31(60%) 20 (59%) 17 (50%) 17 (49%) 16 (47%) 24 (71%)
Men 21 (40%) 14 (42%) 17 (50%) 18 (51%) 18 (53%) 10 (29%)
Age (years)
50-59 26 (50%) 16 (47%) 17 (50%) 16 (46%) 16 (47%) 16 (47%)
=60 26 (50%) 18 (53%) 17 (50%) 19 (54%) 18 (53%) 18 (53%)
Mean (SD) 60 (8) 61(8) 62(9) 61(9) 62(8) 60 (7)
Median 59-5 60-0 59-5 60-0 60-0 60-0
Range 50-83 50-83 51-86 50-81 50-76 50-74
Race
Asian/African-American 3(6%) 0 2(6%) 3(9%) 3(9%) 2 (6%)
European 49 (94%) 34 (100%) 32(94%) 32(91%) 31(91%) 32(94%)
Ethnicity
Hispanic or Latino 39 (75%) 25 (74%) 27 (79%) 24 (69%) 21(62%) 25 (74%)
Not Hispanic or Latino 13 (25%) 9 (26%) 7 21%) 11 (31%) 13 (38%) 9 (26%)
39 participants across all groups received concomitant saline placebo in the shoulder. *0-1 mL intradermal injection of placebo (saline). tTwo intradermal injections of saline
placebo spaced roughly 5 cm apart. $Two 0-15 mL intradermal injections of vaccine spaced roughly 5 cm apart.
Table 1: Participant characteristics and dosing

with the sterile normal saline, because reconstituting in
diluent would cause the dose to be too hypotonic. The
intradermal full dose was given with two injections of
roughly 0-15 mL spaced approximately 5 cm apart. The
1/3, 1/10, and 1/27 intradermal doses were given in
roughly 0-1 mL. In vitro tests showed that the live
attenuated varicella-zoster virus retained viability using
these reconstitution conditions. All doses were given over
the deltoid muscle of the non-dominant arm. In
39 participants, saline was given in the dominant arm
with the Micron]Jet600 device to provide a measure of the
safety of the device.

A Dblood sample was obtained before vaccination and
6 weeks later. After 42 days, participants returned a
completed vaccine report card, which records injection
site reactions and systemic safety. Participants who had
not received full dose subcutaneous zoster vaccine were
then eligible to receive a full subcutaneous dose. After
18 months, participants who were randomly assigned to
the full subcutaneous dose, and participants who were
randomly assigned to other treatments and refused
optional immunisation with full subcutaneous dose
zoster vaccine at day 42, were invited to provide blood for
antibody testing.

Flow cytometry of thawed peripheral blood mononuclear
cells (PBMCs) with viability 70% or greater was done.
Peripheral blood mononuclear cells were cultured in the
presence of infectious varicella-zoster virus at a con-
centration of 8 x104 plaque forming units/mL, or medium
control, for 3 days. Brefeldin A (Sigma-Aldrich, St Louis,
MO, USA) was added for the last 16 h. Viable cells were

stained with fluorochrome conjugated antibodies to cell
surface markers or intracellular proteins. 1-5-2-0x104
viable lymphocytes were analysed with a Gallios
instrument (Beckman Coulter, Indianapolis, IN, USA)
and Kaluza software (Beckman Coulter). Varicella-zoster
virus-specific memory and effector T cells were expressed
as percentages of the parent CD4+ or CD8+ lymphocyte
populations. The gating strategy is shown in the
appendix (pp 1-3).

The percentage of participants who reported redness,
swelling, and pain or tenderness are given as descriptive
statistics. Additional adverse experiences, serious adverse
experiences, and non-injection site varicella-like rash are
presented as descriptive statistics.

Outcomes

The primary outcome measure was change from baseline
in IgG antibody to varicella-zoster virus-specific
glycoproteins (gpELISA) measured at 6 weeks, deter-
mined by methods previously optimised and validated.*
Varicella-zoster virus-specific interferon y-producing
peripheral blood mononuclear cells were enumerated
and cryopreserved with an ELISPOT method previously
optimised and validated.”

Secondary objectives were to compare the subcutaneous
and intradermal injection experience by questionnaire,
and to examine leakage from the injection site.

Vaccine report cards recorded local reactions from
each injection site for 5 days and systemic reactions for
42 days. Intradermal vaccinees completed a questionnaire
on the intradermal device experience.
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Statistical analysis

The primary immunogenicity endpoint was the
geometric mean fold rise (GMFR) of gpELISA at 6 weeks
over baseline. The full subcutaneous dose group was
expected to show a GMFR of 2, a natural log scale SD of 1,
and a correlation of 0-7 between baseline and week 6
gpELISA based on previous studies.” To have 80% power
to detect a GMFR greater than 1.4 with a one-sided
a=0-05 test, 51 evaluable participants were required in
the full subcutaneous dose group. The hypothesis that
GMFR increased in the full subcutaneous dose group
was tested. With 34 participants in one of the intradermal
dose groups, there is 80% power to detect a difference of
1.5 fold in the GMFR from the full subcutaneous dose
group, with a one-sided a=0.05 test, deemed a signal of
potential interest. Comparisons between vaccine groups
were not subject to multiplicity adjustments.

All participants who received the study vaccine and had
valid serology results were included in the immuno-
genicity analysis. The CIs for the means (mean differences)
were constructed on the natural log scale and referenced
the t-distribution. Exponentiating the least-squares means
(mean differences) and lower and upper limits of these CIs
yielded estimates for the population geometric-means
(geometric mean ratios) and corresponding Cls
(prespecified at 90%) on the original scale.

To compare the GMFR of gpELISA between the
different vaccination groups, a constrained longitudinal
data analysis method described by Liang and Zeger” was
used. This model assumed a common mean across
treatment groups at baseline and a different mean for
each treatment at each of the post-vaccination timepoints.
The response vector consisted of the baseline and week 6
natural log gpELISA antibody titres. No restriction was
imposed on the trajectory of the means over time. An
unstructured covariance matrix was used to model the

correlation among repeated measurements. Normality of
the log titres is also assumed by the model, which was
nearly the case. A similar analysis was done to compare
the GMFR of ELISPOT at week 6 between the different
vaccination groups.

The gpELISA geometric mean titre (GMT) and the
ELISPOT geometric mean counts (GMC) at baseline and
week 6 post-vaccination for each vaccination group were
also computed. 90% CIs were prespecified for this
exploratory study. A post-hoc ANCOVA was done to
explore whether, in addition to treatment group, factors
such as age, sex, and baseline gpELISA titer affected the
gpELISA titre at day 42 post-vaccination. The post-hoc
analysis of flow cytometry data is explained in the
appendix (p 4).

Data were analysed with SAS version 9 (Cary, NC,
USA).

This study is registered with ClinicalTrials.gov,
number NCT01385566.

Role of the funding source

The study was funded by Merck and Co Inc. The study
design, data collection, data interpretation, and writing
the report was a collective effort of all the authors, some
of whom are employees of Merck (CRB, RAR, AKS,
BKM, RKE). The corresponding author had full access to
all the data in the study and had the final responsibility
for the decision to submit for publication.

Results

Between Sept 2, 2011, and Jan 13, 2012, 224 participants
were screened, of whom 223 were randomly assigned;
52 to receive the full dose subcutaneous zoster vaccine,
34 to receive the 1/3 dose subcutaneous zoster
vaccine, 34 to receive the full dose intradermal zoster
vaccine, 35 to receive the 1/3 dose intradermal

224 assessed for eligibility

223 randomly assigned

4}{ 1 excluded for not signing informed consent ‘

v v v

v v v

52 allocated and
received full dose

34 allocated and
received 1/3 dose

34 allocated and
received full dose

35 allocated and
received 1/3 dose

34 allocated and
received 1/10 dose

34 allocated and
received 1/27 dose

subcutaneous subcutaneous intradermal intradermal intradermal intradermal
1lostto N 1withdrew for
follow-up personal reasons
. A A
52 analysed ‘ ’ 34 analysed ‘ ’ 34 analysed ‘ ’ 35 analysed ‘ ’ 34 analysed ‘ ’ 34 analysed

Figure: Trial profile
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zoster vaccine, 34 to receive the 1/10 dose intradermal
zoster vaccine, and 34 to receive the 1/27 dose intra- n 9PELISA (90% C1) GMT GMFR (90%C1)
dermal zoster vaccine (figure). One participant was Bl Week'&
excluded because they declined to sign the informed Full dose subcutaneous 52 181 (146-224) 327 (275-389) 1.74 (1-48-2:04)
consent. All randomised participants except two 1/3 dose subcutaneous 34 183 (137-246) 310 (246-391) 164 (1-36-1:99)
completed the 6 week study. One participant randomised Full dose intradermal 34 260 (183-369) 737 (574-945)*  3-25(2-68-3-94)t
to full subcutaneous dose was lost to follow-up. One 1/3 dose intradermal 35 143 (100-206) 441 (318-610) 2.58 (2-13-3-13)%
participant randomised to 1/3 intradermal zoster vaccine 1/10 dose intradermal 34 241(189-308)  483(389-601) 222 (1.83-2.69)
withdrew for personal reasons. Two participants 1/27 dose intradermal 34 194 (152-247) 319 (257-396) 1.64 (135-2:00)

contributed baseline samples but not 6 week samples, but
the baseline values for these participants were included in
the model from which the GMFRs were calculated.

The age distribution (50-86 years) was balanced across
dose groups (table 1). An imbalance in the sex distribution
was noted, with 24 (71%) women in the 1/27 dose
intradermal group compared with 16-31 (47-60%)
women in other dose groups. 94% of participants
identified their race as European and 72% identified their
ethnicity as Hispanic or Latino.

The varicella-zoster virus antibody responses measured
by gpELISA at 6 weeks after zoster vaccine and the fold-
rise from baseline responses for each dose and route of
administration are shown in table 2. Participants who
received full dose intradermal vaccination had signi-
ficantly higher GMT (p<0-0001) and GMFR (p<0-0001)
in varicella-zoster virus antibody titres post-vaccination
than did those who received full subcutaneous dose.
Participants who received 1/3 intradermal dose had a
GMT comparable to that of participants receiving full
subcutaneous dose and had a significantly higher GMFR
(p=0-007). The lower intradermal zoster vaccine doses
induced GMTs and GMFRs comparable to that of full
dose zoster vaccine given subcutaneously. An apparent
dose-response relation in GMT and GMFR after
intradermal zoster vaccine administration was observed.
In a post hoc analysis, an ANCOVA model indicated that
dose (p<0-0001), route of administration (p=0-0005),
and baseline gpELISA titre (p<0-0001) were determinants
of gpELISA titre at 6 weeks post-vaccination, but age and
sex were not (data not shown).

To assess the durability of gpELISA responses a
convenience sample of vaccinees who were randomised
to receive full dose subcutaneous zoster vaccine and of
vaccinees who declined the offer of supplemental
subcutaneous zoster vaccine at 6 weeks, had additional
blood drawn at about 18 months. The sample size for
each dose group was roughly a third that initially enrolled
(table 3). As expected, a 37-55% decline in gpELISA titre
was noted in all dose groups (compare 6 weeks in table 2
and 18 months in table 3), but the size of the decline was
generally comparable across the dose groups. Thus, the
gpELISA GMFRs in the full intradermal dose and
1/3 intradermal dose groups remained significantly
higher than those in the full subcutaneous dose group at
18 months (p=0-002 and p=0-005, respectively).

Administration of zoster vaccine by either route
significantly increased the varicella-zoster virus-specific

between 1/3 intradermal versus full subcutaneous.

One participant in the full dose subcutaneous group did not have 6 week sample submitted and one participants in the
1/3 intradermal group withdrew consent, but the baseline values for these participants were included in the model
from which the GMFRs were calculated. GMT=geometric mean titre. GMFR=geometric-mean fold-rise. *p<0-0001 for
the comparison of GMT at week 6 between full intradermal versus full subcutaneous. tp<0-0001 for the comparison of
GMFR at week 6 between full intradermal versus full subcutaneous. +p=0-007 for the comparison of GMFR at week 6

vaccination by treatment group

Table 2: gpELISA varicella-zoster vaccine antibody titre and fold-rise in titre from baseline at week 6 post

+p=0-005 for 1/3 intradermal versus full subcutaneous.

n GMT GMFR (90%Cl)
Baseline Month 18
Full dose subcutaneous 22 166 (119-232) 157 (112-220) 093 (0.77-1-12)
1/3 dose subcutaneous 16 207 (140-307) 225 (152-334) 113 (0-91-1-41)
Full dose intradermal 10 116 (71-191) 224 (136-367) 172 (131-2-26)*
1/3 dose intradermal 13 95 (62-147) 174 (112-268) 156 (1-22-1-98)F
1/10 dose intradermal 15 334 (223-501) 341 (228-512) 1.21(0-96-1-51)
1/27 dose intradermal 14 194 (128-296) 235 (155-358) 1.24 (0-98-1.56)

GMT=geometric mean titre. GMFR=geometric mean fold-rise. *p=0-002 for full intradermal versus full subcutaneous.

month 18 post vaccination by treatment group

Table 3: gpELISA varicella-zoster vaccine antibody titre and fold-rise in titre from baseline at

Baseline Week 6

n Interferony ELISPOT (90% Cl) GMC GMFR (90%Cl)  One-sided

p value

day 42. GMC=geometric mean counts. GMFR=geometric mean fold-rise.

Full dose subcutaneous 52 73-9(56-5-96-9) 98.9(747-130-9)  1.51(1-22-1-88)  0-001
1/3dosesubcutaneous 34 49:3(30-5-79-6)  79-9 (57-0-112.0) 162 (1-25-2:11) 0001
Fulldose intradermal 34  33.9(23-1-49-8) 752 (54-3-104-1)  1.97 (1.51-2-55)  <0-001
1/3doseintradermal 35  37.1(240-573)  64-4(423-982)  158(122-2.06) 0002
1/10dose intradermal 34 45-2(29-9-68-2)  67-0(43-9-102-2) 1-44(111-1.87)  0-011
1/27 dose intradermal 34  56-7(35:3-91.0)  60-8 (37-6-98-4)  1.14(0-88-1-49)  0-205

Estimates are least squares means based on a constrained longitudinal data analysis model with unstructured
covariance. Four (2%) of 223 enrolled participants had non-evaluable ELISPOT values either at day 1 (baseline) or

by treatment group

Table 4: Varicella-zoster virus interferony ELISPOT GMC and fold-rise in GMC at week 6 post vaccination

interferon-y ELISPOT responses at full dose or 1/3 dose
(table 4). The GMCs of the intradermal doses were less
than for comparable subcutaneous doses, but the GMFRs
were similar at these two doses by either route of admini-
stration. Interpretation is complicated by the small
sample sizes and the differences in baseline GMC in the
treatment groups. No correlation between gpELISA
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Full dose 1/3 dose Full dose 1/3 dose 1/10 dose 1/27 dose Placebo
subcutaneous subcutaneous  intradermal  intradermal  intradermal intradermal (n=39)
(n=52) (n=34) (n=34) (n=35) (n=34) (n=34)
=1 injection site adverse events 27 (52%) 7 (21%) 27 (79%) 22 (63%) 19 (56%) 19 (56%) 5(13%)
Erythema 16 (31%) 5 (15%) 26 (77%) 21 (60%) 16 (47%) 18 (53%) 4(10%)
Pain 15 (29%) 4(12%) 8 (24%) 9 (26%) 5 (15%) 6 (18%) 0
Swelling 13 (25%) 4(12%) 13 (38%) 8 (23%) 6 (18%) 7 (21%) 2 (5%)
Induration 5 (10%) 2 (6%) 12 (35%) 12 (34%) 11 (32%) 10 (30%) 1(3%)
Pruritus 1(2%) 2(6%) 4(12%) 4(12%) 1(3%) 1(3%) 0
Haematoma, anesthesia, rash, scab* 3(6%) 0 2 (6%) 1(3%) 0 0 0
Data are n (%). Any vaccinee with one or more adverse event is counted once for each category of adverse event. *Two haematoma with full dose subcutaneous;
one anaesthesia with 1/3 dose intradermal; one rash with full dose subcutaneous; and one rash with full dose intradermal; one scab with full dose intradermal.
Table 5: Participants with injection site adverse events

measurements at 6 weeks post-vaccination and
interferon-y ELISPOT measurements were noted.

At the Denver clinical site (because of technical
expertise), the effect of route of administration on
varicella-zoster virus-specific PBMC was examined by
flow cytometry. Because the number of vaccinees was
small, all doses of zoster vaccine were combined for the
subcutaneous or intradermal route for comparison.
6 weeks after vaccination, intradermal recipients had
significantly higher proportions of CD4+ central
memory cells (CD4+ CD69+ CD27+ CD28+ CD45RO+)
among varicella-zoster virus-specific circulating CD4+
cells than subcutaneous recipients as identified by the
expression of CD69 after in vitro varicella-zoster virus
stimulation (p=0-0449; appendix p 4). The mean change
in the proportion of CD4+ central memory cells among
total varicella-zoster virus-specific CD4+CD69+ cells in
PBMC was -8-17% for the subcutaneous route and
0-16% for the intradermal route (p=0-045). The
difference in the proportion of varicella-zoster
virus-specific =~ CD4+  effector =~ memory  cells
(CD4+CD27+CD28-CD45RO+) 6 weeks after intra-
dermal immunisation compared with subcutaneous
immunisation was not statistically significant
(p=0-0954). The mean change in the proportion of
varicella-zoster virus-specific CD4+ effector memory
cells was —-0-87% for the subcutaneous route and 1-06%
for the intradermal route (p=0-095). Of note, the
numbers represent cell proportions in varicella-zoster
virus-stimulated conditions after subtraction of the
proportions in medium-stimulated conditions, which
explains why some of the numbers are negative. Other
varicella-zoster virus-specific CD4+ and CD8+ subsets
did not differ by route of administration. These included
CD4+ differentiated effectors, all CD8+ memory and
effector subsets, and both CD4+ and CD8+ cell
populations that produced interleukin 21, interleukin 2,
or perforin upon varicella-zoster virus stimulation
(appendix p 4).

A larger percentage of participants who received
intradermal vaccine reported injection site erythema and

induration or swelling than did those who received
subcutaneous vaccine (table 5), but injection site pain
was comparable between the routes of administration.
Intradermal saline given with the MicronJet600 device
caused very few injection site adverse events. A lesion
sample from the only participant reporting a varicella-
zoster virus-like rash had no detectable varicella-zoster
virus DNA."® No serious adverse events were reported,
and there were no temperatures greater than 38°C
through to day 42.

Leakage from the vaccine site occurred in three (6%) of
52 participants in full dose subcutaneous group, none of
341in 1/3 dose subcutaneous group, 15 (44%) of 34 in full
dose intradermal group (which had two injections), six
(17%) of 35 in 1/3 dose intradermal group, ten (29%) of
34 in 1/10 dose intradermal group, and eight (25%) of 34
in 1/27 intradermal group.

121 (81%) of 149 questionnaire respondents would
prefer the MicronJet600 device for future immunisations
for themselves over hollow steel needles and 114 (77%) of
149 would prefer it for their children’s vaccinations. 114
(77%) of 149 respondents rated the experience as painless,
whereas six (4%) of 149 suggested it was more painful
than the standard needle (appendix p 5).

Discussion

Intradermal zoster vaccine either at the full dose
recommended for subcutaneous administration or 1/3 of
that dose induced a significantly greater boost in
varicella-zoster virus-specific antibody than did a full
dose given subcutaneously, as measured by GMFR
(primary endpoint) or GMT. A dose-response relation
was apparent with intradermal administration. Moreover,
the relative difference in GMFR responses after the full
and 1/3 intradermal doses compared with the full sub-
cutaneous dose persisted for 18 months after immuni-
sation. Improved immunogenicity could imply better
clinical efficacy via intradermal vaccination. Similar
varicella-zoster virus-specific antibody boosts from lower
intradermal doses than from the full subcutaneous dose
indicate that intradermal administration might be dose
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sparing, which could be potentially useful to expand
vaccine supply or reduce cost.

The more than three-fold GMFR in gpELISA from
intradermal delivery is promising compared with
previous results with subcutaneous vaccination. GMFR at
6 weeks was 2-31 (95% CI 2-20-2-43) in 50-59 year
olds® and 1-7 fold (1-6-1-8) in participants older than
60 years." Over time, gpELISA titres diminish, remaining
10-20% above placebo-corrected levels at 1, 2, and 3 years
of follow-up.” Despite these small persistent changes,
protection from herpes zoster was shown across the
median 3-2 years of the pivotal study.’

Varicella-zoster virus-specific antibodies measured by
gpELISA are unlikely to be mechanistically deterministic
in preventing varicella-zoster virus reactivation because
their levels remain steady with age, while the risk of
herpes zoster increases.! These antibodies are a non-
mechanistic correlate of protection, because the
magnitude of GMFR was shown to correlate with the
occurrence of herpes zoster in 50-59-year-old zoster
vaccine-recipients at 6 weeks post-vaccination compared
with participants who developed herpes zoster.” An
exploratory analysis of these data concluded that GMFR
is a correlate of protection for zoster virus.? The superior
GMEFR in gpELISA imply our results might translate to
improved clinical efficacy.

The varicella-zoster virus cell mediated immunity
responses measured by ELISPOT GMFR did not differ
between the intradermal and the subcutaneous route. The
absence of improved ELISPOT responses could be due to
small sample sizes, because this assay has greater
variability than the gpELISA antibody assay. Inequality of
baseline varicella-zoster virus cell mediated immunity
levels in the treatment groups might also contribute to
these results. However, flow cytometry in a subsample of
vaccinees suggests that intradermal administration of
zoster vaccine expands varicella-zoster virus-specific CD4+
memory cells, which typically contribute to long-term
protection conferred by T cells.

Intradermal administration of zoster vaccine more
commonly produced erythema and induration or swelling
than did subcutaneous administration, but these reactions
were considered mild and transient. Moreover, most intra-
dermal recipients indicated that the pain of injection was
less than the standard subcutaneous needle injection and
indicated that they would prefer this route of administration
for themselves and for their children for future injections.
The higher incidence of local adverse events (but not
systemic adverse events like fever) are consistent with
many other intradermal vaccination studies.***

We hypothesised the zoster vaccine might show
improved immunogenicity if it was efficiently delivered
to potent antigen-presenting dendritic cells, because the
quality of the interaction of vaccine antigens and
dendritic cells are important determinants of the size
and profile of the response to vaccination.*** Other
existing vaccines have shown improved immunogenicity

with intradermal vaccination.**"” The Micron]et600
device has been used in several studies showing
improved immunogenicity or reduced dose of intra-
dermal vaccination.”

Intradermal vaccination could overcome immune
senescence, which is a well characterised limitation of
influenza, pneumococcal, and zoster vaccines.***
Intradermal vaccination places antigen in proximity to
the dense, extended network of antigen-presenting
dendritic cells in the epidermis and dermis. Varicella-
zoster virus infects monocytes and dendritic cells, and
activates NOD and Toll-like receptor 2, yielding pro-
inflammatory cytokines.** The mild, prevalent local skin
inflammation following intradermal vaccination might
contribute to the efficiency of dendritic cell priming of
the adaptive immune response. Novel vaccines could be
another approach to overcome the risk of zoster in the
elderly population.”

This study has limitations. First, the 18 month
comparative result is based on a convenience sample of
small sample size. Second, the differential advantage of
intradermal administration was readily shown for the
antibody endpoint, but not for the cell-mediated
immunity endpoint. Finally, the sample studied, and the
number of participants of advanced age, were limited.
We have shown that a full dose of intradermal live,
attenuated herpes zoster vaccine results in higher fold-
rise in varicella-zoster virus-specic antibody than the
recommended subcutaneous injection. These anti-
bodies are a correlate of protection from herpes zoster.
Larger and longer studies of intradermal administration
of zoster vaccine will need to provide convincing
evidence of improved cell mediated immunity and
ultimately, protection from herpes zoster.
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In clinical trials, antibodies against SARS-CoV-2 were almost eliminated in participants six months after
immunization with an inactivated SARS-CoV-2 vaccine. The short duration of antibody persistence is an
urgent problem. In this study, the problem was solved by intradermal inoculation with trace antigen.
Within 72 h after intradermal inoculation, slight inflammatory reactions, such as redness and swelling,
were observed at the inoculation site of the participants. On the 7th, 60th and 180th days after inocula-

tion, the antibodies of the participants were detected, and it was found that the neutralizing antibody and

ELISA (IgGs) anti-S antibody levels rapidly increased and were maintained for 6 months. These results

K ds: L. . R . . . . . .
Sg;vsvf)éoi,,z indicate that there was a SARS-CoV-2-specific immune response in the participants immunized with
Antibody an inactivated SARS-CoV-2 vaccine, which could be quickly and massively activated by intradermal trace

Antigen inoculation
Intradermal immunization

antigen inoculation to produce an effective clinically protective effect.

© 2021 Elsevier Ltd. All rights reserved.

1. Introduction

The number of individuals with coronavirus disease 2019
(COVID-19) caused by severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) infection has exceeded 221 million world-
wide (as of September 08, 2021, COVID-19.who.int). The world’s
economic and social development is facing unprecedented chal-
lenges. To date, coronavirus disease is currently developing, and
the disease prevention and control situation is still urgent [1]. Vac-
cines are the most effective way to prevent acute infectious dis-
eases [2]. Since the COVID-19 outbreak, many countries have
made great efforts to develop an effective vaccine against SARS-
CoV-2 [3]. To date, there have been four types of SARS-CoV-2 vac-
cines: inactivated vaccines [4], adenovirus vector vaccines [5],
recombinant protein vaccines [6] and mRNA vaccines [7], which
cause different immune responses and antibody persistence effects
[8]. There are no methods to evaluate SARS-CoV-2 vaccine effec-
tiveness. Based on previous research, it is generally believed that
neutralizing antibodies is still the gold standard to evaluate vacci-
nes, but for SARS-CoV-2 in particular, ELISA (IgGs) anti-S/N anti-
bodies are also important in vaccine evaluation [9]. As SARS-CoV-
2 is novel, little is known about the induced immune response.
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Compared with the production induced by conventional vaccines
[10,11], the production of SARS-CoV-2 antibodies induced by intra-
muscular inoculation decreases too fast [9]. In this study, we will
provide insight into how to elicit antibodies from humans immu-
nized with an inactivated SARS-CoV-2 vaccine.

2. Methods

The study protocol was approved by the Ethics Committee of
the West China Second University Hospital, Sichuan University
(approval number: Y2020008). Fifty participants were randomly
selected and immunized with inactivated SARS-CoV-2 vaccine via
the intramuscular route. The SARS-CoV-2 inactivated vaccine was
developed by the Institute of Medical Biology (IMB), Chinese Acad-
emy of Medical Sciences (CAMS). Briefly, the KMS-1 strain
(MT226610.1) was inoculated into Vero cells. Dual inactivation
was performed with formaldehyde (1:4000) to partially disrupt
the viral membrane, followed by beta-propiolactone (1:2000) to
disrupt the structure of the viral genome. The viral antigen content
was measured via enzyme-linked immunosorbent assay [12]. In
all, 150 U of SARS-CoV-2 antigens and 0.125 mg of aluminium
adjuvant were contained in a 0.5 ml/dose. A booster immunization
was performed 14 days after the first dose. On the 14th, 28th and
180th days after immunization, serum samples were collected to
detect neutralizing antibodies and ELISA (IgGs) anti-S/N antibod-
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ies. In brief, inactivated serum was serially diluted 2-fold and incu-
bated with the KMS-1 strain (100 IgCCIDso/well) for 2 h at 37 °C,
followed by inoculation into Vero cells for cytopathic effect (CPE)
observation. The neutralizing antibody titers of the serum were
defined by CPE assay. ELISAs were conducted with antibodies
against the S protein and the N protein that were developed by this
institute. S and N proteins were used to coat 96-well ELISA plates
at a concentration of 5 pg/well and then incubated with serum
samples. The OD values were measured using an ELISA plate reader
[12]. On the 186th day after the two intramuscular injections, 20
participants were randomly assigned to a group inoculated with
10 U of SARS-CoV-2 antigen (0.1 ml/dose) via the intradermal route
with a MicronJet 600 Microneedle (NanoPass Technologies, Ltd.)
according to the manufacturer’s instructions. The occurrence time
and diameter of redness were recorded. On the 7th, 60th and 180th
days after intradermal immunization, serum samples were col-
lected to detect neutralizing antibodies (NAb) and ELISA (IgGs)
anti-S/N antibodies (Fig. 1).

3. Results

In the phase I clinical trial of an inactivated vaccine, the anti-
body level of healthy adults aged 18-59 years reached a relatively
high level on days 14 and 28 after immunization according to the
0- and 14-day two-dose intramuscular immunization procedure,
including that of neutralizing (34.1 and 29.3) (Fig. 2A), ELISA (IgGs)
anti-S (2700 and 2314) (Fig. 2B), and ELISA (IgGs) anti-N (457 and
400) (Fig. 2C) antibodies, but there was no significant difference
between the two time points. In a follow-up investigation, we
found that the antibody level was not durable and was in a state
of rapid decline. On the 180th day after immunization, both neu-
tralizing and ELISA (IgGs) anti-S antibody levels decreased to a rel-
atively low level, especially those of neutralizing antibodies, and
ELISA (IgGs) anti-S antibody levels were significantly different
from those on the 14th and 28th day after immunization (Fig. 2).

To find an effective way to stimulate the immune response, 20
randomly selected participants were intradermally immunized.
Twenty-four hours after inoculation, the inoculation site of all par-
ticipants turned red (diameter: 0.93 + 0.03 cm). Over time, the red-
ness area gradually increased. At 36 h (diameter: 1.38 + 0.13 cm),
48 h (diameter: 1.83 + 0.08 cm) and 72 h (diameter: 0.83 + 0.03 ¢
m) (Fig. 3), the temperature was normal for all the participants, the
inoculation site did not hurt or itch, and there was no adverse
reaction.

On the 7th, 60th and 180th days after intradermal immuniza-
tion, the neutralizing antibody and ELISA (IgGs) anti-S antibody
levels of all participants were determined again. On the 7th day
after intradermal inoculation, the neutralizing antibody level was
12.5, which was 8 times that before inoculation (P < 0.01); on
the 60th day after antigen stimulation, the neutralizing antibody
level reached 53.3, which was 33 times that before antigen stimu-
lation (P < 0.0001). Furthermore, on the 180th day after antigen
stimulation, the neutralizing antibody level reached 13.3, which
was 8.5 times that before antigen stimulation (P < 0.01) (Fig. 4A).
On the 7th day after antigen stimulation, the ELISA (IgGs) anti-S

le ”2?{

Vaccine 39 (2021) 6980-6983

antibody level was 2200, 10 times higher than that before antigen
stimulation (P < 0.05); on the 60th day after antigen stimulation,
the ELISA (IgGs) anti-S antibody level was 21333, 97 times higher
than that before antigen stimulation (P < 0.0001). On the 180th day
after antigen stimulation, the ELISA (IgGs) anti-S antibody level
was 2667, 12 times higher than that before antigen stimulation
(P < 0.05) (Fig. 4B). On the 7th day after antigen stimulation, the
ELISA (IgGs) anti-N antibody level was 2400, 8 times higher than
that before antigen stimulation (P < 0.05); on the 60th day after
antigen stimulation, the ELISA (IgGs) anti-S antibody level was
17600, 59 times higher than that before antigen stimulation
(P <0.0001). On the 180th day after antigen stimulation, the ELISA
(IgGs) anti-N antibody level was 2667, 9 times higher than that
before antigen stimulation (P < 0.05) (Fig. 4C). These results indi-
cate that the memory immune response was activated rapidly
and maintained for 6 months after a single intradermal injection.

4. Discussion

To effectively solve the problem that antibody levels cannot be
maintained after vaccination with a SARS-CoV-2 vaccine, inspired
by the classical tuberculin test [13], we adopted the skin test
method to detect the cellular immune response to the SARS-CoV-
2-specific antigen. If the skin test results are positive, there are
immune cells specific to the tested antigen, such as sensitized
Th1 cells [14] and antigen-specific B cells [15]. In our experiment,
all the participants had mild inflammatory reactions, such as local
redness at the inoculation site. According to the classical immunol-
ogy theory [16-18], the specific immune reaction in all the partic-
ipants was activated, and there were SARS-CoV-2-specific
antibodies in their bodies. In particular, neutralizing antibodies
and ELISA (IgGs) anti-S antibodies are produced in large quantities
in a short period of time and can be maintained for a long time,
which may be due to the rapid activation of antigen-specific B cells
[19]. These results further verify our conjecture. Of course, this
method of inducing rapid activation of the immune response has
been tested for only inactivated vaccines, and whether it functions
similarly with other types of vaccines still needs further
verification.

In this work, we conducted a preliminary study on how to
induce or strengthen the immune response of the body and pro-
vided an idea and solution to the problem that antibody levels can-
not be maintained after vaccination with an inactivated SARS-CoV-
2 vaccine, which has important guiding significance for the estab-
lishment and maintenance of herd immunity after mass vaccina-
tion with SARS-CoV-2 vaccines in the future.
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Fig. 2. Immune response induced by intramuscular immunization with an inactivated SARS-CoV-2 vaccine in adults. Neutralizing antibodies (A), ELISA (IgGs) anti-S
antibodies (B) and ELISA (IgGs) anti-N antibodies (C) whose production was induced by an inactivated vaccine in a clinical trial in participants assigned to the 0- and 14-day
schedule at 28, 42 and 192 days after intramuscular immunization. Statistical significance was assessed by unpaired t tests (*p < 0.05, **p < 0.01).
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Fig. 3. Clinical observations at the inoculation site in participants Clinical observation of redness in the appearance of the skin at 0 h (A), 24 h (B), 36 h (C),48 h(D)and 72 h
(E) post inoculation. The red scale is 0.5 cm. Statistical analysis of skin redness in participants at 0 h, 24 h, 36 h, 48 h and 72 h post inoculation. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)
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antibodies (B) and ELISA (IgGs) anti-N antibodies (C) whose production was induced by an inactivated vaccine in individuals 7, 60 and 180 days after intradermal injection.
Statistical significance was assessed by unpaired t tests (*p < 0.05, **p < 0.01, ***p < 0.0001).
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Section 2

Skin Test

MicronJet™ provides an easy-to use,
reliable, and virtually pain-free
intradermal delivery device for allergy
skin testing (e.g., tuberculin skin test,
allergy testing).
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Safety and efficacy of tuberculin skin testing with microneedle

MicronJet600™ in healthy adults
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SUMMARY

SETTING: Intradermal injection using a syringe and
needle is generally accepted as the most accurate method
for the tuberculin skin test (TST). However, the
Mantoux technique using a conventional needle is often
difficult to perform reliably, affecting testing results and
safety.

OBJECTIVE: We evaluated the efficacy and safety of a
novel intradermal injection device, the MicronJet600™
microneedle, compared with conventional injection in
terms of skin reactivity to the TST.

DESIGN: A prospective, open-label clinical study was
conducted. The TST was administered by both methods
in the same subject. For pain assessment, participants
filled in a visual analogue scale (VAS) after each TST.
Any side effects due to TST or injections were observed.

RESULTS: TST reaction rates (cut-off =5 mm) from
microneedles and needles were respectively 44.0% and
47.2%, with no significant difference between the two.
Furthermore, agreement of positivity between the two
methods was excellent with both 5 mm and 10 mm cut-
off values. However, the level of pain experienced when
microneedles were used for TST was significantly lower
than with conventional needles. No adverse effects were
attributed to the MicronJet device.

CONCLUSION: The novel microneedle device used for
TST in this study was effective, safe and less painful in
healthy adult volunteers.

KEY WORDS: microneedle device; TST; Mantoux;
intradermal

TUBERCULOSIS (TB) REMAINS a major public
health problem in the world. It is known that one
third of the world’s population has latent tuberculous
infection (LTBI); these individuals have been infected
with Mycobacterium tuberculosis, but have not yet
clinically developed the disease.! Accurate diagnosis
of LTBI, followed by proper chemoprophylaxis,
might be an effective way to control TB and prevent
it from spreading within a high-risk population.

The tuberculin skin test (TST) is widely used for the
diagnosis of LTBI. Intradermal injection using a
syringe and needle, called the Mantoux technique,
is generally accepted as the most appropriate method
for the TST, as the delivered purified protein
derivative (PPD) dose (0.1 ml) can be precisely
measured and controlled, resulting in more consistent
mycobacteria-specific immunity.2=> However, it re-
quires a well-trained nurse who is skilful with the

technique in the field to form a wheal with an
acceptable size of >6 mm in diameter, indicating
proper intradermal injection of PPD into the epider-
mal layers of the skin.® The percutaneous method,
using a multipuncture device, has also been intro-
duced to overcome issues such as mass, and to
facilitate the rapid and less skillful administration of
the TST.”

A novel microneedle device for intradermal injec-
tion has recently been introduced to complement an
unmet need in the intradermal delivery of vaccines
and other biologics.® The MicronJet600™ (Nano-
Pass Technologies Ltd, Nes Ziona, Israel) used in this
study is composed of three microneedles, 0.6 mm in
length, enabling controlled delivery depths with
minimal pain and lowered risk associated with
handling needles during injection. The device is
designed to be mounted on any standard syringe
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and used as a substitute for a conventional needle in
intradermal injection.” Previous studies have shown
that various types of vaccines, such as the seasonal
and pandemic influenza vaccines, can be delivered via
the intradermal route with favourable efficacy and
safety, compared with intramuscular injection.$.10-14
In addition, MicronJet can be used for other drugs or
vaccines currently delivered by intradermal injection,
such as insulin, rabies, influenza and anthrax, to
control injection depth, reduce injection pain and
ease the need for skilled users.!’

We conducted a study to evaluate the performance
of a novel microneedle device in the intradermal
injection of PPD in healthy volunteers. The aim of the
study was to compare the results of TST administered
using a conventional syringe and needle method and
the MicronJet method, in terms of efficacy and safety.

STUDY POPULATION AND METHODS

Study design and participants
This was a randomised, open-label study to evaluate
the efficacy and safety of the novel Micron]et
microneedle device for applying the TST in healthy
adults. Healthy volunteers aged 20-60 years were
recruited at a tertiary hospital, the Severance Hospi-
tal, Seoul, Republic of Korea, from November 2014
to March 2015. All participants were screened using
chest X-ray (CXR), and clinical information, includ-
ing history of BCG vaccination, TB, TST and other
comorbidities, was collected onto clinical research
forms on interview. Individuals with an abnormal
CXR or any chronic illness with immune suppression,
such as uncontrolled diabetic condition, chronic liver
disease, taking immunosuppressive agents, or history
of TB or TST, were excluded. After enrolment, a
trained nurse administered the TST twice for each
subject on both the left and the right arms, starting
with either the conventional needle or the micronee-
dle. The site of PPD injection using the microneedle
device was assigned by block randomisation.
Approval for the clinical study using an investiga-
tional medical device was provided by the Korean
Ministry of Food and Drug Safety, Seoul (Study No.
644). Ethical approval was provided by the Institu-
tional Research Board of Severance Hospital, Seoul,
Republic of Korea (IRB #1-2014-0026). All volun-
teers provided written informed consent to partici-
pate in the study.

Tuberculin skin test with a microneedle device and a
conventional needle

For each TST, 0.1 ml of 2 tuberculin units of
tuberculin PPD RT23 (Statens Serum Institut,
Copenhagen, Denmark) was administered on one
arm with a microneedle device and the other arm
with a conventional needle in the same subject by a
trained nurse. The MicronJet devices were donated

by NanoPass Technologies Ltd, and were used
according to the manufacturer’s instructions. To
assess the proper intradermal injection with 0.1 ml
of PPD, the size of the white vesicle (wheal) of each
injection site was measured in mm. For pain
assessment, a Visual Analogue Scale (VAS) pain
score graded 0 from 10 was recorded after each PPD
injection. After 48-72 h, the induration diameter
transverse to the long axis of the arm was measured
by two trained nurses. Any side effects due to TST or
injections were observed before the skin reactions
were read.

Determination of the number of participants

The sample size of the study was determined by the
following factors: the previously reported rate of TST
reaction (=5 mm) in Korean adults,1¢-17 significance
level and power, and equivalence margin difference in
rates of TST reaction between the two methods
(conventional needle and microneedle). Using an
equivalence test for two correlated rates and assum-
ing a value of 40% for the TST reaction (=5 mm)
with a significance level of 0.05, a power of 0.80 and
an equivalence difference of 10%, the minimum
sample size was estimated to be 152.15

Statistical analysis

Data analyses were performed using SAS 9.3 software
(Statistical Analysis System, Cary, NC, USA). To
compare the TST indurations, VAS scores and wheal
sizes from the two methods of PPD administration in
each study subject, the paired #-test was used.
Comparison of the rates of TST reaction between
the two methods was performed using the McNemar
test. Relationships between the two methods were
analysed using K statistics and Pearson correlation
coefficient. In the « statistics, k > 0.75 represented
excellent agreement beyond chance, while k 0.4-0.75
represented fair to good agreement beyond chance.
Comparison of the primary outcome, i.e., rates of
TST reaction, between the two PPD administration
methods were evaluated with the lower boundary and
upper boundary of one-sided 95% confidence inter-
vals (CIs) using an SAS macro suggested by Tango
based on the score method.'3:1° P < 0.05 was seen as
significant.

RESULTS

Characteristics of participants

A total of 159 participants were enrolled in the study.
There were no losses to follow-up or dropouts during
the study. Of 159 participants, 63 (39.6%) were male
and 96 (60.4%) female; the mean age was 34.5 years
(range 20-59). From the BCG scar inspection at the
site, 145 (84.3%) participants still had BCG scars on
the left upper arm. The mean body mass index (BMI)
was 23.3 = standard deviation (SD) 3.2 kg/m?; 8
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Figure Distribution of TST indurations with MicronJet600™
and the conventional injection needle (n=159). TST =tuberculin
skin test.

(5.0%) participants said that they had had contact
with TB patients in the past.

Efficacy

In terms of skin reactivity, we evaluated the efficacy
of TST using MicronJet devices compared with
conventional needles in 159 participants (Figure).
TST reaction positivity (cut-off =5 mm) from the
two methods of administration was 44.0% with
Micron]Jet and 47.2% with the needle. Similarly, the
TST positivity rates (cut-off >10 mm) were 22.6%
with MicronJet and 22.0% with the needle. The
TST reaction with Micron]Jet was equivalent to that
seen with the conventional needle, as the lower and
upper boundary of differences measured were
within the pre-defined equivalence margin of 10%
(Table 1).

The mean induration sizes of the TST reaction,
after excluding non-reactors (induration 0 mm in
both groups), were 7.2 *= 5.4 mm with MicronJet and
7.5 * 4.9 mm with the needle; there was no
significant difference between the two methods (7 =
110, P = 0.062). However, the difference in mean
indurations of MicronJet and the needle approached
significance, mainly affected by two outliers with
respectively 0-5 mm and 0-8 mm in paired indura-
tion sizes of the MicronJet and the needle method.

When plotting the results of the TST with Micron-
Jet and the needle, paired TST indurations performed
by two methods of administration in the same subject
were well correlated (correlation coefficient = 0.970,
P=0.0001). Agreement of TST positivity between the
MicronJet and the needle methods was excellent at

Table 1 Effect of TST method on positive reaction rate

TST positivity  MicronJet600™ Difference
cut-off % Needle % % (95%CI)*

5 mm 44.0 47.2 —3.2 (6.6 to —0.5)
10 mm 22.6 22.0 0.6 (—2.1 t0 3.5)
* One-tailed.

TST = tuberculin skin test; Cl = confidence interval.
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Table 2 Agreement of TST-positive reaction rates between
MicronJet and the needle methods

Needle Agreement

MicronJet600™ n K
Cut-off <5 mm >5mm Total

<5 mm 83 6 89 0.911

=5 mm 1 69 70

Total 84 75 159
Cut-off <10 mm >10 mm Total

<10 mm 121 2 123 0.909

>10 mm 3 33 36

Total 124 35 159

TST = tuberculin skin test.

both 5 mm and 10 mm cut-offs (respectively k =
0.911 and x = 0.909) (Table 2). Using a 10 mm cut-
off, two participants showed 13 and 12 mm
indurations with the needle but 9.5 and 7.5 mm with
Micron]et, while three participants showed 10, 10
and 12 mm with Micron]Jet, but 9, 8.5 and 9.5 mm
with the needle, respectively.

Safety

During TST administration in 159 healthy volunteers,
one mild adverse skin reaction with redness, itchiness
and a blister that burst at the injection site was
observed due to TST reactivity itself. However, no
adverse events or safety concerns were attributed to
the microneedle device or conventional needle. No
breakage of microneedles was reported during the
study. There were no reports of any other mechanical
failures.

Usability

We evaluated the utility of the novel microneedle for
PPD injection for both participants and study nurses.
For study participants, we measured the relative
degree of pain following injections with both
microneedles and conventional needles. Among the
159 participants, the mean VAS pain score was 3.4 =
1.7 with MicronJet and 4.9 = 1.9 with the needle,
showing that pain scores with MicronJet were
significantly lower than with the other method (P <
0.001) (Table 3).

In addition, we measured the size of the wheals
formed after each injection of 0.1 ml PPD; the wheals
should be >6 mm in diameter when successful. In this
study, all injections achieved the proper wheal size
(100%) according to current national guidelines.
However, microneedles yielded larger wheals than
did conventional needles (P < 0.0001; mean 8.52 vs.
7.67 mm).

DISCUSSION

In this study, we found that there were no significant
differences in TST reaction rates at 5 mm and 10 mm
cut-off between microneedles and conventional nee-
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Table 3 Comparison of VAS pain scores

VAS pain MicronJet600™ Needle Difference* t-statistics P value*
Mean * SD 34 *+17 49 +19 -14 138 —9.86 <0.001
Median (min-max) 3 (0-9) 5(1-10) — — —

*The difference in scores was calculated by subtracting the VAS pain score for the MicronJet method from that for the

needle method for each subject.
VAS = Visual Analogue Scale; SD = standard deviation.

dles. The difference in induration associated with the
use of the two methods was not statistically
significant, and correlations between the TST indu-
rations performed by the two methods in the same
subject were excellent. In addition, no adverse events
or safety concerns were attributed to microneedle
devices, with low pain response in participants and
acceptable usability in study nurses.

The TST and the interferon-gamma release assay
(IGRA) are currently used to diagnose LTBI world-
wide. Improvement of PPD delivery by the Mantoux
technique is important to TB control programmes for
LTBI screening in contact investigations, among
hospital employees and in national surveys. Where
nurses do not have training in TST application,
leakage of PPD solution at the injection site might
occur, necessitating repeated skin tests.2? Based on
our results, the 0.6 mm microneedle device allows
intradermal administration with minimal expertise
for the nurses who apply the TST injections and
minimal pain for the recipients, and shows valuable
advantages over conventional needles, including
reduced need for training and less needle fear, stress
and discomfort associated with intradermal injec-
tions. In addition, the use of a microneedle device
helps reduce any risks or injuries associated with the
handling of used needles at the field site, particularly
in a school setting.

To compare TST results between the two methods
in our study, two trained nurses independently
measured the indurations of the skin reaction, and
were blinded to the injection method on each arm.
Although there were two or three notable differences
in readings, most were well correlated between two
nurses (Spearman rank correlation = 0.96 with
MicronJet, 0.95 with the needle); we thus averaged
readings from the two nurses for each of the methods.
One of the key factors for the interpretation of TST
reading variability can be intra- and inter-observer
consistency between different readers, which should
be controlled and minimised by training.?1-23 With
respect to the unavoidable reading variations in the
TST, the small differences in TST results between the
MicronJet and the needle methods in our study could
be acceptable in the field.

Regarding pain assessment in this study, partici-
pants marked lower pain scores for TST using
microneedles compared to conventional needles,
but the difference in score (—1.4) was not as large as

expected, although it was significant. This might be
because our study participants were adults aged 20—
60 years (mean age 34.5); this age group tends to
have less needle fear than children or young
adults.?* The difference in pain scores might have
been greater if we had performed the TST in
children or young adults. Taking into consideration
the greater needle fear in children and young adults,
we expect that the microneedle device, MicronJet
may be feasible for contact investigation that occurs
mainly in schools.

By introducing microneedle-based delivery of PPD,
specific hurdles of the TST related to injection skills,
safety, and pain due to conventional needles may be
overcome. However, the limitations of the TST itself,
due to possible errors made by examiners, previous
BCG vaccination or infection with non-tuberculous
mycobacteria, remain unresolved. Although the
agreement of TST reactivity between microneedles
and needles was excellent in our study, we noted
several participants with different sizes of induration
near the 10-mm cut-off, which might affect the
determination of LTBI diagnosis in the field. This
suggests that without improved skills for the mea-
surement of induration (‘by definition’) and the
interpretation of tests in different populations,
despite administration using microneedles, the TST
still has limitations in the diagnosis of LTBI.

The usefulness of this microneedle-based device is
not restricted to the TST. It may be extended to BCG
vaccination (or novel TB vaccination with intradermal
delivery) and any drug deliveries requiring intrader-
mal injection, as shown in recent studies.'0-1# Unlike
percutaneous administration by other multipuncture
devices for the BCG vaccination, if validated by a
clinical study, MicronJet may deliver the BCG vaccine
(or novel TB vaccines) by intradermal administration,
by which the delivered dose can be precisely measured
and administration can be controlled, resulting in
improved mycobacteria-specific immunity.?25-26

CONCLUSION

In this study, we found that the use of microneedle
devices did not negatively affect the result of the TST,
and that an acceptable amount of PPD was admin-
istered to the Mantoux recipient with less pain
compared with that of conventional needles. In
addition, no adverse events or safety concerns were
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Abstract

Background: Currently available short-acting insulin analogs have slower absorption compared with endog-
enous insulin occasionally resulting in immediate postprandial hyperglycemia. Intradermal (ID) injection fa-
cilitates faster drug absorption and may result in improved insulin pharmacokinetics.

Methods: Seventeen patients with type 2 diabetes were included in this single-center, pilot, open-label crossover
study. Patients received 0.2 U/kg Insulin aspart ID injections using a MicronJet (MJ) needle and subcutaneous (SC)
injections, using a conventional needle in a crossover design. Thirteen patients were studied under fasting conditions
and four before a standard meal test. The pharmacokinetic/pharmacodynamic (PK/PD) profile, as well as the safety
and tolerability of injections, was compared.

Results: Fourteen patients completed the study per-protocol. ID versus SC injection demonstrated significantly
shorter Tmax (median 35 vs. 87.5min [P <(0.001]), while the Cmax did not significantly differ (median 80 vs.
55 pU/mL [P=0.085]). Median insulin area under the curve (AUC; 360 min) did not differ between the groups
(9914 vs. 10,936 pU/mL/min [p=0.077]), yet 0-60 min insulin AUC was higher with ID versus SC injection
(mean=*SD 3821+ 1429 vs. 2534 +737 uU/mL/min [p=0.01]) and 4-6h AUC was lower with ID versus SC
injection (mean=* SD 2054 £ 858 vs. 2929+ 1412 yU/mL/min [p=0.02]). The relative bioavailability of the ID
versus the SC insulin (AUC;p/AUCgc) was similar (median 0.91 [95% confidence interval 0.73-1.27]).
Conclusions: 1D insulin injection delivered through an MJ needle demonstrated superior PK profile compared with
conventional SC administration, including shorter Tmax and higher early and lower late exposure in patients with
type 2 diabetes. This may help achieve better insulin coverage of meals and lower postprandial glucose excursions.

Introduction tion may lead to high glucose levels in the first 90-120 min
after a meal, resulting in inadequate glycemic control.

I NSULIN REMAINS THE most effective blood glucose-lowering
agent.! Short-acting insulin analogs exhibit rather slow
absorption kinetics with a Tmax of about 45—70 min, which is
much longer than that of endogenic insulin in a healthy in-
dividual.” Matching peak insulin levels to peak postprandial
glucose excursions requires delivery of the insulin injection
before the meal and assessment of portion sizes before eating.
This poses some limitation on the spontaneity of eating and
caution is needed to prevent hypoglycemia induced by too
early insulin injection or ingestion of a smaller meal size than
anticipated. Moreover, the relatively delayed insulin absorp-

'NanoPass Technologies Ltd., Nes Ziona, Israel.

To address the challenge of expediting insulin absorption
and shortening the Tmax, some investigational approaches
are being developed.>™ These include reformulation of the
substance injected, that is, by the addition of EDTA, hyal-
uronidase, or nicotinamide and arginine, or by employment
of physical methods to enhance insulin absorption such as
local heating of the injection site and intradermal (ID) or
inhaled delivery of insulin.*

ID delivery is commercially used for several indications,
including vaccines (BCG, influenza), local anesthesia, and
aesthetics, as well as allergy and TB testing.6’7 The dermis is
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FIG. 1. An illustration of the extensive vascular network
and arterial-venous shunts in the dermis.

highly vascularized (Fig. 1), thereby facilitating faster drug
absorption. ID delivery of vaccines is currently done using a
standard metal needle (technique known as Mantoux), which
requires significant expertise. The challenge of using a standard
needle to directly target the dermis without injecting too deep
into the subcutaneous (SC) space or leaking externally, both
frequently occurring, has limited the widespread use of ID
injection.g’9

Microneedles have been developed to facilitate reliable ID
administration routes, which due to their minute size enable
targeting the formulation injected into the dermis with
maximal accuracy. MicronJet (MJ; NanoPass Technologies
Ltd) is a microneedle device comprising four microneedles,
each 0.45 mm in length, mounted on a standard syringe in-
stead of a conventional needle (Fig. 2). Unlike the regular
needle and syringe used for ID injection (Mantoux tech-
nique), the MJ device requires minimal expertise for suc-
cessful ID injection, causes minimal pain during insertion,
and potentially reduces the chances of trauma associated with
needle handling. The safety and efficacy of ID delivery using
the device were demonstrated in multiple clinical trials.'®"*
Local adverse reactions, including local edema and erythema
of the skin at the injection site, have been frequently observed
and are typical of ID delivery of vaccines; these injection site
reactions are usually mild and transient. Device-related se-
rious adverse events (SAEs) have not been observed, either

FIG. 2. The experimental MicronJet needle device.
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with the MJ needle or with its successor model, the MJ 600
needle, which has 3 microneedles of 0.6 mm length.14

This study was designed to assess the pharmacokinetic and
safety profile of ID insulin delivered through an MJ needle
compared with SC delivery of insulin in patients with type 2
diabetes. We report the ID delivery of Insulin aspart (No-
vorapid; Novo Nordisk) with the use of the novel MJ needle
versus SC delivery while evaluating the relative safety and
PK/PD profile of the two insulin delivery methods in patients
with type 2 diabetes.

Research Design and Methods
Study oversight

This was an open-label, single-center, pilot crossover study
designed to evaluate the pharmacokinetic/pharmacodynamic
(PK/PD) profile, safety, and tolerability of ID injection of as-
partusing MJ needle versus SC injection using NovoPen with a
conventional needle in patients with type 2 diabetes. The study
was performed in the Diabetes Unit, Division of Internal
Medicine; Hadassah Medical Organization (Jerusalem, Israel).
The study was approved by the Institutional Ethics Board. All
subjects who participated in the study provided a signed in-
formed consent form (NCT00602914).

Study population

Eligible patients had type 2 diabetes and were aged 30-70
years, with a body—mass index (BMI) <35, HbAlc of 6.5%—
10%, and were treatment naive or treated with metformin
alone. Females of childbearing potential were not included.
Exclusion criteria included hypersensitivity to any drug, any
disease or condition known to interfere with the absorption,
distribution, metabolism, or excretion of drugs, clinically
significant medical disorders (heart, lung, liver, or kidney),
history of recent alcohol or other substance abuse, or positive
hepatitis B, hepatitis C, or HIV serologies.

Study conduct

The study included three groups of patients with type 2
diabetes, originally planned to be of equal size with six
participants in each group (Table 1). Group 1 had subjects
receiving two single injections of aspart (Novo Nordisk)
0.2U/kg, one ID using the MJ needle and one SC with
NovoPen and a conventional needle. Injections were deliv-
ered in a randomized order to each individual before a stan-
dard meal. Group 2 had subjects receiving same regimen
under fasting conditions. Group 3 had subjects receiving four
single injections of aspart 0.2 U/kg, two ID and two SC in a
randomized order under fasting conditions. Injections were
conducted 4-14 days apart. Subjects taking metformin reg-
ularly did not take it on study day.

The ID injections were done using MJ, a microneedle
device comprising four microneedles, each 0.45 mm in length,
with width comparable with a ~30G needle, and mounted on
a standard syringe. The NovoPen® 25G/1” conventional steel
needle mounted on Novopen served as the reference device.
All injections were conducted in the right lower abdomen.

Blood samples for insulin and glucose were collected at
the following times: 5min before dose administration, at
baseline, at 10-min intervals between O and 2 h, and at 30-min
intervals between 2 and 6 h postdose administration. Insulin

NanoPass Technologies Ltd.
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TaABLE 1. STUDY GROUPS

ITT PP Testing
Group  population  population condition Treatment
1 4 3 Standard meal Two single insulin injections: one with MJ and one with NovoPen
2 7 6 Fasting Two single insulin injections: one with MJ and one with NovoPen
3 6 5 Fasting Four single insulin injections: two with MJ and two with NovoPen

The trial included 17 patients in the ITT group, with 14 patients completing the study PP.

ITT, intention to treat; MJ, Micronlet; PP, per protocol.

levels were measured using the ADVIA Centaur XP Im-
munoassay System by Siemens."

Local site reactions as well as any adverse events (AEs) or
SAEs occurring on the day of study or on the subsequent
visits were recorded, as well as their possible association with
the intervention.

Tolerability endpoints were pain per visual analog scale
(VAS) and a survey of subjects’ preference parameters.

Statistical analysis

The study was designed as a pilot study and sample size
determination was not planned to meet any specific signifi-
cance and power requirements.

Descriptive statistics were calculated for all data. No im-
putation for missing values was applied. PK parameters (Tmax,
Cmax, and area under the curve [AUC]) were derived from the
individual insulin concentration data. The data were analyzed
using SPSS software (version 20.01; SPSS, Inc.). PK analyses
were carried out using PK Solutions 2.0™. PK evaluations
were carried out for each individual and the average results per
group are displayed. Patients included in group 3 had two
measurements for each injection type and the average of their
two measurements was considered when calculating the
group’s average. PD data were derived from the blood glucose
levels measured during the study. Comparison between groups
was assessed using the Mann—Whitney test. Relative bio-
availability (f) was calculated by comparing insulin kinetics
between the investigational MJ device and standard SC No-
vopen. Within-subject comparison of tolerability of ID versus
SC injections was carried out using the Wilcoxon paired test.

Post hoc analyses included assessment of the time to 50%
insulin Cmax in each of the groups as well as measurement
of partial AUC of insulin and glucose in the early (60 and
90 min) and the late (4—6 h) postinjection times.

TABLE 2. PATIENT DEMOGRAPHICS

ITT PP
population  population

N 17 14

Gender (male), n (%) 16 (94.1) 13 (92.9)
Age, years 54.44+10.0 55.7£9.1
Weight, kg 852173 85.6+7.6
BMI, kg/m” 284+36  284%33
Diabetes duration, years 6.8t4.6 72145

Concomitant metformin, n (%) 8 (47.1) 6 (42.9)

Data are mean+ SD.
BMI, body-mass index.
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Results
Patient characteristics

Seventeen subjects were enrolled and 14 completed the
study per-protocol and are included in all further analyses. One
patient was excluded from the trial due to protocol violation—
HbAlc of 5.84% and BMI >35kg/m? one dropped out by
personal choice, and one was excluded as per investigator’s
decision following a hypoglycemic AE.

Table 2 lists demographics of all patients recruited to the
trial and of those completing the trial per-protocol.

Pharmacokinetics and pharmacodynamics

ID insulin injection with the MJ needle resulted in a shorter
Tmax than the SC injection (Table 3). Interpatient variability
in Tmax was lower with ID versus SC injections in the overall
population (inter quartile range/median 28.6% vs. 62.9%).
Higher insulin Cmax values were observed with ID versus SC
injection, yet this did not reach statistical significance (Ta-
ble 3). Post hoc analysis of time to 50% Cmax was signifi-
cantly shorter with the ID versus the SC injections (median
14.0 vs. 26.0 min, p=0.008). The PK profile of insulin in-
jections, ID versus SC, is presented in Figure 3.

Post hoc analysis revealed that the insulin AUC 60 and
90 min after insulin administration were significantly higher
in ID versus SC injection; 4-6h after insulin injection, the
AUC in the ID group was significantly lower than SC insulin
injection (Table 4).

The relative bioavailability of the ID versus the SC insulin
(AUCp/AUCgc) was similar (median 0.91 [95% confidence
interval 0.73-1.27]).

Pharmacodynamic data of the glucose levels measured
under fasting conditions are presented in Figure 4. The glu-
cose AUC during 4-6h postinjection was lower in the ID
injection versus the SC injection (Table 4).

AEs and tolerability

All 17 patients recruited to the trial were included in the
safety and tolerability analysis. No local AEs (injection site
reactions) were reported. A total of 3 of 17 subjects experi-
enced 5 AEs. Three subjects experienced mild hypoglycemia,
which resolved with oral glucose consumption. One of them
had glucose levels of 40 mg/dL at 80 min following his first
SC injection, which was followed by a slight increase to
58 mg/dL at 120 min. The subject was withdrawn from the
study by the investigator’s decision. One additional patient
noted acute gastroenteritis one day following the ID injec-
tion, with subsequent anxiety, and elected to withdraw from
the study.

4 KOCHBA ET AL.
TABLE 3. INSULIN KINETICS BY TREATMENT GROUP
Fasting (n=11) Standard meal test (n=23) All patients (n=14)
Data ID SC P ID SC ID SC P
Tmax, Minutes
Median 35 90 <0.001 50 70 35 87.5 <0.001
IQR 30-40 60-115 30-60 50-90 30-40 60-110
Cmax, pU/mL
Median 79 54.5 0.125 95 68 80 55 0.085
IQR 47-104 46-58 78-98 64-111 51-98 47-68
AUC, pU/mL/min
Median 9672.5 10,407.5 0.215 12690 13960 9913.75 10936.25 0.077
IQR 5578-12125 9280-12196 10060-17655 12640-23050 5800-13685 9305-13690

Fourteen patients with diabetes received injections of aspart (Novorapid), both ID using a MicronJet needle and SC injections, in a
crossover design. Eleven were in the fasting state and 3 received the injection before a standard meal test. Insulin pharmacokinetics is
shown. P value was not calculated in the subjects receiving insulin poststandard meal test due to the small number of subjects.

ID, intradermal; SC, subcutaneous.
P values in boldface are statistically significant.

Pain evaluation by VAS on a range of 1-100 was done for
both insertion and injection pain. There was no statistical
significant difference in insertion pain between the ID and the
SC injections (meantSD: 8.97+9.97 and 6.84+4.76, re-
spectively, p=0.975). Greater injection pain was noted
with the ID injection versus the SC injection (mean+ SD:
15.78£15.05 and 4.14+4.77, respectively, p=0.023). Pa-
tients in group 3 who received two injections of each type
noted reduced injection pain in the second ID injection

compared with the first (mean+SD: 12.2+10.6 vs. 4.5+3.8,

p=0.043). Overall, use of the MJ device was associated with

minimal discomfort, with the highest VAS score recorded
lower than the 50% threshold. In a subject preference survey,
answered by the 14 patients who completed the study PP, 7
patients said the MJ technology enabled painless injection, 4
were neutral, and 3 disagreed. Five patients said they would
prefer the ID injection in the future, eight were neutral, and
one preferred the SC injection.
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FIG. 3. PK profile of insulin: Fourteen patients with T2DM were injected 0.2U/kg aspart using an intradermal (ID) route
through a MicronJet (MJ) needle or subcutaneous (SC) route using a standard needle. Three patients were injected before a
standard meal test and five patients received two injections of each type. All injections were delivered in a random order,
with 4-14 days between injections. The plasma insulin levels during the 6 h following the injections are displayed. Each

curve represents the average of 14 patients.
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TABLE 4. PARTIAL INSULIN AND GLUCOSE AREA UNDER THE CURVE ANALYSIS
Intradermal (MicronlJet) Subcutaneous P
Overall population (n=14)
Insulin AUC 0-1 3820.9£1428.6 2534.1+737.1 0.01
Insulin AUC 0-1.5 5156.3+1988.7 4035.4+1255.9 0.03
Insulin AUC 4-6 2054.4 £ 857.7 2929.0+1412.1 0.002
Fasting population (n=11)
Insulin AUC 0-1 3695.2+1593.3 2346.1£609.7 0.029
Insulin AUC 0-1.5 4912.0+2154.6 3647.71904.0 0.033
Insulin AUC 4-6 2027.31£946.5 2903.3+£1571.9 0.009
Fasting population (n=11)
Glucose AUC 0-1 9295.8+£2772.6 9713.0+£2169.3 0.110
Glucose AUC 0-1.5 12,352.41+3943.6 12,814.8+2664.8 0.328
Glucose AUC 4-6 12,125.2+2405.2 9908.9£1555.2 0.009

Fourteen patients with diabetes received injections of aspart (Novorapid), both ID using a MicronJet needle and SC injections, in a
crossover design. Eleven were in the fasting state and 3 received the injection before a standard meal test. Partial AUC data are shown for
insulin (@U/mL/min) and glucose (mg%/min) in the early (first 1 and 1.5h postinjection) and late (4—-6h postinjection) phases. Data are

mean =+ SD.
AUC, area under the curve.
P values in boldface are statistically significant.

Discussion

This study demonstrates the superior pharmacological
profile of ID injection of aspart with the MJ needle versus SC
injection of the same insulin utilizing a conventional needle.
The ID delivery of insulin demonstrated a shorter Tmax,
higher early exposure, and reduced interpatient variability
in Tmax. Additionally, time to 50% Cmax was significantly

shorter with ID versus SC injection. Finally, late AUC glu-
cose levels were higher with ID injection, potentially limiting
late hypoglycemic events.

The ID injection of insulin by the MJ device yielded a good
safety profile, with no significant additional risk compared
with conventional SC administration.

ID delivery of insulin to accelerate its absorption into the
systemic circulation has been evaluated in several clinical studies
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FIG. 4. PD profile of glucose in fasting patients: Legend: Eleven patients with T2DM were injected 0.2U/kg aspart using
the ID route through a MicronJet (MJ) needle or SC route using a standard needle and remained fasting for 6 h following the
injection. Five patients received two injections of each type. All injections were delivered in a random order, with 4-14 days
between injections. The plasma glucose levels during the 6 h following the injections are displayed. Each curve represents

the average of 11 patients.
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of healthy volunteers or patients with type 1 diabetes.!®2>

Gupta et al. demonstrated that ID insulin administration
through microneedle reached peak insulin concentrations in
approximately half of the time than the catheters, resulting
in a better reduction of plasma glucose levels.'™'” ID ad-
ministration of Insulin Lispro or regular human insulin by
microneedles showed significantly faster uptake and time to
maximum concentration, higher maximum concentration,
and shorter systemic circulating duration versus SC applica-
tion, both in healthy male volunteers or type 1 diabetes
mellitus (T1DM) patients.lgf19 In children and adolescents
with T1DM, it was found that insulin onset and offset time
(defined as time to 50% Cmax during insulin onset [T 50%
max rising] and offset [T 50% max falling]) was faster after
microneedle delivery compared with SC delivery, and the
pain was significantly lower.?® ID delivery of insulin dem-
onstrated safety and efficacy in continuous infusion through a
microneedle-based continuous insulin infusion pump.21

The Tmax of the SC injection in our trial was longer com-
pared with previously reported studies. Tmax of the SC insulin
in our study was 87.5 min compared with 51.6 min measured
by McVey et al.?? and 57 min measured by Gupta et al.'” The
Tmax of the ID injection in the three trials was 35, 36, and
27 min, respectively. Slower absorption of subcutaneous in-
sulin in patients with type 2 diabetes versus type 1 diabetes has
been reported,” and further studies in patients with type 2
diabetes will be needed to further support this observation.

The importance of mitigating postprandial glucose ex-
cursion and minimizing glycemic variability has been
extensively discussed in patients with type 1 and type 2 di-
abetes.”> Multiple approaches to expedite insulin delivery in
patients with type 2 diabetes to minimize postprandial glu-
cose excursions are being explored.5 Our study is the first to
demonstrate the superior PK and PD profile of ID insulin
in patients with type 2 diabetes, creating a safe and well-
tolerated insulin delivery mode for this population, which
carries potentially better postprandial glucose control and
lower risk of hypoglycemia.

Our study carries several limitations. The dose of insulin
administered was small, and patients with type 2 diabetes
may often require higher doses of insulin to attain glycemic
control. Further study with higher insulin doses and a dose—
response study of ID absorption of insulin at higher doses are
warranted. Additionally, intrasubject variability was not as-
sessed due to the small number of patients receiving more
than one injection of each type and only two injections.
Furthermore, the insulin assay used detected to a similar
extent human insulin and aspart. Finally, the trial included
only a small number of subjects tested postprandially, which
did not allow for full statistical analysis comparing the
postprandial glucose PD between the ID and SC groups.

In conclusion, the PK profile of ID insulin delivery by MJ
in patients with type 2 diabetes is improved—reaching earlier
systemic insulin levels, lower late insulin levels, and higher
late glucose levels, potentially reducing the risk for post-
prandial hypoglycemia. The lack of significant safety, con-
venience, or tolerability issues supports the use of the MJ
needle in patients with diabetes.

Acknowledgment

This study was sponsored by NanoPass Technologies Ltd.

KOCHBA ET AL.

Disclosure Statement

L.R. reports the following: Advisory Board: AstraZeneca/
Bristol-Meyers Squibb, Eli Lilly and Company, Medscape
LLC, Merck Sharp & Dohme Limited, Novo Nordisk, Inc.,
Sanofi, Orgenesis, SmartZyme Innovation Ltd, and Labstyle
Innovations Ltd; Consultant: AstraZeneca/Bristol-Myers
Squibb, Insuline Medical, Gili Medical, Kamada Ltd., and
FuturRx Ltd.; Speaker’s Bureau: AstraZeneca/Bristol-Myers
Squibb, Eli Lilly and Company, Johnson & Johnson, Merck
Sharp & Dohme Limited, Novartis Pharma AG, Novo Nordisk,
Inc., Sanofi, and Teva; Stock/Shareholder: Insuline Medical,
Labstyle Innovations SmartZyme Innovation Ltd., Orgenesis,
and Glucome Ltd.

A.C. reports receipt of consulting fees and payment for
lectures from AstraZeneca, Boehringer Ingelheim, Elli Lilly,
MSD, Novartis, Novo Nordisk, and Sanofi.

E.K. and Y.L. are employed by NanoPass Technologies.

References

1. Cefalu WT, Rosenstock J, LeRoith D, et al.: Insulin’s role
in diabetes management: after 90 years, still considered the
essential “‘black dress.”” Diabetes Care 2015;38:2200-2203.

2. Home PD: The pharmacokinetics and pharmacodynamics
of rapid-acting insulin analogues and their clinical conse-
quences. Diabetes Obes Metab 2012;14:780-788.

3. Heinemann L, Muchmore DB: Ultrafast-acting insulins: state
of the art. J Diabetes Sci Technol 2012;6:728-742.

4. Cengiz E: Closer to ideal insulin action: ultra fast acting
insulins. Panminerva Med 2013;55:269-275.

5. Cahn A, Miccoli R, Dardano A, et al.: New forms of insulin
and insulin therapies for the treatment of type 2 diabetes.
Lancet Diabetes Endocrinol 2015;3:638—652.

6. Carr TF, Saltoun CA: Skin testing in allergy. Allergy
Asthma Proc 2012;33: S6-S8.

7. Al-Jahdali H, Memish ZA, Menzies D: The utility and in-
terpretation of tuberculin skin tests in the Middle East. Am
J Infect Control 2005;33:151-156.

8. Flynn PM, Shenep JL, Mao L, et al.: Influence of needle
gauge in Mantoux skin testing. Chest J 1994;106:1463—1465.

9. Tarnow K, King N: Intradermal injections: traditional bevel
up versus bevel down. Appl Nurs Res 2004;17:275-282.

10. Van DP, Oosterhuis-Kafeja F, Van der WM, et al.: Safety
and efficacy of a novel microneedle device for dose sparing
intra-dermal influenza vaccination in healthy adults. Vac-
cine 2009;27:454-549.

11. Hung IF, Levin Y, To KK: Quantitative and qualitative
analysis of antibody response after dose sparing intradermal
2009 HINI1 vaccination. Vaccine 2012;30:2707-2708.

12. Hung IF, Levin Y, To KK, et al.: Dose sparing intradermal
trivalent influenza (2010/2011) vaccination overcomes re-
duced immunogenicity of the 2009 HINT1 strain. Vaccine 2012;
30:6427-6435.

13. Levin Y, Kochba E, Kenney R: Clinical evaluation of a
novel microneedle device for intradermal delivery of an
influenza vaccine: are all delivery methods the same? Vac-
cine 2014;32:4249-4252.

14. Levin Y, Kochba E, Hung I, et al.: Intradermal vaccination
using the novel microneedle device MicronJet600: past, pres-
ent, and future. Hum Vaccin Immunother 2015;11:991-997.

15. Parfitt C, Church D, Armston A, Couchman L, Evans C,
Wark G, McDonald TJ. Commercial insulin immunoassays
fail to detect commonly prescribed insulin analogues. Clin
Biochem 2015;48:1354-1357.

NanoPass Technologies Ltd.
Delivering Precision



INTRADERMAL INSULIN DELIVERY IN TYPE 2 DIABETES

16.

17.

18.

19.

20.

21.

Gupta J, Felner EI, Prausnitz MR: Minimally invasive in-
sulin delivery in subjects with type 1 diabetes using hollow
microneedles. Diabetes Technol Ther 2009;11:329-337.
Gupta J, Felner El, Prausnitz MR: Rapid pharmacokinetics
of intradermal insulin administered using microneedles in
type 1 diabetes subjects. Diabetes Technol Ther 2011;13:
451-456.

Pettis RJ, Ginsberg B, Hirsch L, et al.: Intradermal mi-
croneedle delivery of insulin lispro achieves faster insulin
absorption and insulin action than subcutaneous injection.
Diabetes Technol Ther 2011;13:435-442.

Pettis RJ, Hirsch L, Kapitza C, et al.: Heinemann L.
Microneedle-based intradermal versus subcutaneous ad-
ministration of regular human insulin or insulin lispro:
pharmacokinetics and postprandial glycemic excursions in
patients with type 1 diabetes. Diabetes Technol Ther 2011;
13:443-450.

Norman JJ, Brown MR, Raviele NA, et al.: Faster phar-
macokinetics and increased patient acceptance of intra-
dermal insulin delivery using a single hollow microneedle
in children and adolescents with type 1 diabetes. Pediatr
Diabetes 2013;14:459-465.

Rini CJ, McVey E, Sutter D, et al.: Intradermal insulin
infusion achieves faster insulin action than subcutaneous

68| Systemic Delivery

22.

23.

24.

25.

infusion for 3-day wear. Drug Deliv Transl Res 2015;5:
332-345.
McVey E, Hirsch L, Sutter DE, et al.: Pharmacokinetics
and postprandial glycemic excursions following insulin
lispro delivered by intradermal microneedle or subcutane-
ous infusion. J Diabetes Sci Technol 2012;6:743-754.
Engwerda EE, Abbink EJ, Tack CJ, et al.: Improved phar-
macokinetic and pharmacodynamic profile of rapid-acting
insulin using needle-free jet injection technology. Diabetes
Care 2011;34:1804-1808.
Clauson PG, Linde B. Absorption of rapid-acting insulin in
obese and nonobese NIDDM patients. Diabetes Care 1995;18:
986-991
Hirsch IB: Glycemic variability and diabetes complica-
tions: does it matter? of course it does! Diabetes Care 2015;
38:1610-1614.
Address correspondence to:
Efrat Kochba, MD
NanoPass Technologies Ltd.
3 Golda Meir Street
Nes Ziona 7403648
Israel

E-mail: efrat@nanopass.com

A

NanoPass Technologies Ltd.
Delivering Precision



« * . L4 . Ce T e g @ a D ® g 4 29% 0000 0 0 e S e,
. e . e e, .o o ® e, el 0 00000000
0 0 RN RO

,,,,,,
LTI IR S AT RO
.......................
.......................
-----------------------
------------------------
............................

Section 4

Immunotherapy

MicronJet™ provides higher intradermal
delivery precision.

MicronJet™ improves compliance due
to better patient acceptance of delivery
method.

70

NanoPass Technologies Ltd.
Delivering Precision




Co rrespondence Correspondence
-I-
oL o] L. . T H i
Safety and fea5|b|I|ty of screening and selection (appendix injection. Grade 1 adverse events such A no accelerated loss in B-cell function
intradermal iniection p 1, 7), study participants underwent  as fatigue were noted in two patients 1 min post-injection 1 hr post-injection 48 hr post-injection in patients with the remaining
) leukapheresis (duration varying receiving the lowest tolDC dose in the  Lancet Diabetes Endocrinol 2020 C-peptide. In conclusion, generation
Wlth tolerogenlc between 173-376 min), to collect time period between leukapheresis Published Online Placebo and intradermal administration
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induce proinsulin-specific regulatory ~ compared with injections containing  assessed by a mixed-meal tolerance 2 10+ £ i Eelco) de Koning, Henk-Jan Aanstoot
T cells.>*Therefore, we aimed to assess ~ only saline (figure 1A). The redness test before and after the tolDC s }M 8 0504 Bart O Roep & '
the clinical applicability of proinsulin  largely reduced in the first hour after  injection.Of the nine patients included $ 3 pt3-2 | jzwaginga@lomenl
peptide loaded tolDCs in a safety and  injection and disappeared within in the study, three had detectable e 2 | i )
ats s ps . . . . . . . . = g 02 ! t2 ‘tContributed equally
feasibility trial in patients with type 1 24 h, leaving a small bulgy blister-like ~ stimulated C-peptide that did not 2 ‘\,\’r/,”\{ _ '
diabetes (D-Sense trial). injection scar of 1-3 mm in diameter.  change after tolDC treatment. This R e e — S od et '(':S";’J;f’m;”;zt;)’ng‘éiggiﬁre?t'":fce"Therapy
Here, we present the safety and Skin reactions (erythema) were low rate of residual B-cell function Screening 0 12345 6 #4423 012345 6 Endocrinology (BSU, EJdK), Leiden University
feasibility data of a first-in-man variable among patients, and more was expected given our safety-driven Time (months) Time (months) Medical Center, 2333 ZA Leiden, Netherlands;

prospective, open label, placebo-
controlled, dose escalation,
phase 1 trial in nine patients with
long-standing type 1 diabetes. TolDCs
pulsed with proinsulin peptide were
administered by two intradermal
vaccination series (ie, 5, 10, or
20 intradermal injections depending
on the dose cohort), according to the
prime-boost protocol, 1 month apart
(appendix p 2). Feasibility and safety
(appendix pp 5, 8-9) were assessed for
doses of 5x10° 10 x10°, and 20 x 10°
tolDCs per injection series. After

evident in patients that reported being
familiar with dermatographia (skin
writing). However, skin reactions did
not differ depending on the tolDC dose
and disappeared completely within
1-2 weeks, never requiring medical
intervention. In total 13 adverse
events were recorded in 7 patients:
three grade 2 events and ten grade 1
events (appendix p 9). Grade 2 adverse
events were allergic rhinitis, cold,
and toothache which occurred
2 to 3 months after injection but were
not considered related to the tolDC

strategy of choosing only patients
with long standing type 1 diabetes (on
average more than 12 years with the
disease) for this first-in-man trial.
Prime-boost intradermal vaccination
containing up to 20 million
proinsulin-epitope loaded tolDCs per
injection coincided with low grade,
acceptable toxicity which was not
likely related to the therapy. Most
importantly, there were no signs of
systemic immune suppression, no
induction of allergy to insulin, no
interference with insulin therapy, and
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Figure: Skin changes and diabetes parameters after intradermal injection with toIDCs pulsed with
proinsulin peptide

(A) Representative photographs of the skin from the first patient given the 5 million tolDC dose, shown at

various timepoints after the placebo (saline only) injection (top row), first tolDC injection (middle row—
tolDC1), and second tolDC injection (bottom row—tolDC2). Black dots delineate the area within which

injections took place. Each injection dot received 200 pl of injection fluid (placebo or tolDCs), which raised

the epidermis creating a bleb and some redness. This redness disappeared after 1-2h post-injection and

was completely resolved within the next 48 h post-injection. Similar reactions were noted in all patients;

however, the intensity did not relate to the given dose. (B) Monitoring diabetes parameters after tolDC

injection. HbA,, glycemic events, and insulin dose were measured at the time of screening and during the

trial. Bars represent the mean +SD. Arrows indicate injection timepoints. None of the measured
parameters changed after tolDC administration. The bottom right graph depicts stimulated C-peptide
release (in a mixed-meal tolerance test) before injection, 3 months, and 6 months after tolDC
administration. AUC=area under the curve. pt=patient. tolDCs=tolerogenic dendritic cells.
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ABSTRACT ARTICLE HISTORY
Preclinical data suggest that a “prime-boost” vaccine regimen using a target-expressing lentiviral vector Received 28 July 2020

for priming, followed by a recombinant protein boost, may be effective against cancer; however, this Revised 29 October 2020
strategy has not been evaluated in a clinical setting. CMB305 is a prime-boost vaccine designed to induce Accepted 3 November 2020
a broad anti-NY-ESO-1 immune response. It is composed of LV305, which is an NY-ESO-1 expressing KEYWORDS

lentiviral vector, and G305, a recombinant adjuvanted NY-ESO-1 protein. This multicenter phase 1b, first-in NY-ESO-1; vaccine;
-human trial evaluated CMB305 in patients with NY-ESO-1 expressing solid tumors. Safety was examined immunotherapy; LV305;

in a 3 + 3 dose-escalation design, followed by an expansion with CMB305 alone or in a combination with G305; synovial sarcoma;
either oral metronomic cyclophosphamide or intratumoral injections of a toll-like receptor agonist myxoid liposarcoma; prime-
(glucopyranosyl lipid A). Of the 79 patients who enrolled, 81.0% had sarcomas, 86.1% had metastatic boost; lentivirus

disease, and 57.0% had progressive disease at study entry. The most common adverse events were fatigue

(34.2%), nausea (26.6%), and injection-site pain (24.1%). In patients with soft tissue sarcomas, a disease

control rate of 61.9% and an overall survival of 26.2 months (95% Cl, 22.1-NA) were observed. CMB305

induced anti-NY-ESO-1 antibody and T-cell responses in 62.9% and 47.4% of patients, respectively. This is

the first trial to test a prime-boost vaccine regimen in patients with advanced cancer. This approach is

feasible, can be delivered safely, and with evidence of immune response as well as suggestion of clinical

benefit.

Introduction variety of solid tumors, including melanoma, lung, and ovarian

cancers.””'® Multiple trials targeting NY-ESO-1 in these can-

Based on preclinical studies, therapeutic cancer vaccines
cers and others using both vaccine and adoptive T-cell therapy

designed to induce an immune response against tumor cells

- 11-13
. . 1- approaches have demonstrated clear clinical benefit. In
are a promising treatment option for cancer. 3 However, 3PP

clinical cancer vaccine studies have resulted in only marginal this regard, two soft tissue sarcoma (STS) subtypes, synovial

efficacy to date, particularly in the advanced and metastatic ~S3r€°™m2 () and myxoid/round cell liposarcoma (MRCL),

have been of particular interest because of the very high con-

settings, and identifying the optimal vaccine platform, patient 614

sistency and homogeneity of their NY-ESO-1 expression.

CMB305 was developed as a clinical prime-boost vaccine
regimen Figure 1. Heterologous prime-boost regimens that use
two different vaccines to first prime the immune system and
spermatogonia of the testis, the placenta, and in certain malig- 4 en boost its response have been shown to improve the effi-
nancies, and serves as an immunotherapeutic target for a wide cacy of cancer vaccines in numerous preclinical animal models,

(sub)population, and tumor antigen target(s) remains a -
challenge.*”® New York esophageal squamous cell carcinoma-
1 (NY-ESO-1) is a cancer-testis antigen expressed only in the
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Cohorts 1, 2 (3+3 Dose Escalation) and Arms A, B, E (Patient Expansion)

LV305*
Cohort 1: 10°vg ID
Cohort 2: 10! vg ID G305
ArmA: 10'%vg ID Cobhorts 1, 2: IM
Arm B: 10"%vg SC Arms A, E: IM
ArmE: 4 x 10'°vg SC Arm B: SC

14 21 28 35 42

Day 0 7
Arms C, D (Patient Expansion)

LV305 G305
Arms C, D: 10'%vg ID Arms C, D: IM

3y 3

\ 4

4§ 3 3 3

0 77 8 91 98

Day 0 7 14 21

mCPA®
Arm C: 100 mg PO daily

GLA-SE¢
Arm D: 5 ug IT

28 35 42 49 56 63 70 77 84 91

v

98

Figure 1. Dose, route, and timing of treatment administration by study arm. ® LV305 is a NY-ESO-1 expressing, dendritic-cell tropic lentiviral vector. ® G305 is
recombinant NY-ESO-1 protein formulated in an oil-in-water stable emulsion with the synthetic TLR4 GLA. G305 dose for all study arms consisted of 250 pg NY-ESO-1
protein mixed with 5-ug GLA-SE. Patients were also given a boosting dose of G305 at each follow-up visit during the first year. “ mCPA was only administered to patients
in Arm C. It was dosed at 100 mg PO once daily for 7 days, then was not given for the next 7 days, in cycles that repeated until day 97. Patients were given a 1-week
supply at each visit. IT GLA-SE (5 pg/dose) was only administered to patients in Arm D and could have been injected into accessible primary tumors or distant
metastases. If no accessible tumor was present at weeks 10, 11, 13, or 14, GLA-SE was not administered. Abbreviations: GLA-SE = glucopyranosyl lipid A-stable emulsion;
ID = intradermal; IM = intramuscular; mCPA = metronomic cyclophosphamide; PO = oral; SC = subcutaneous; IT = intratumoral; ug = microgram; vg = viral genomes.

and lentiviral vectors as the priming component have emerged
as a promising new vaccine modality.'>™"°

The priming component of CMB305 is LV305, which is
a replication-incompetent, integration-deficient, improved
third-generation lentiviral vector that contains RNA encoding
for the full-length NY-ESO-1 protein.”® Further, LV305 is
based on the ZVex® platform, which has been shown to trans-
duce dendritic cells through pseudotyping with an engineered
Sindbis virus glycoprotein called SINVarl that binds the
C-type lectin receptor DC-SIGN (dendritic cell-specific inter-
cellular adhesion molecule-3-grabbing non-integrin) expressed
on immature dendritic cells.*"»** As a result, the vector induces
direct major histocompatibility complex class I presentation of
cluster of differentiation 8 (CD8) epitopes and robust CD8
T-cell immune responses. A phase I clinical trial demonstrated
that LV305 is safe with evidence of inducing an anti-NY-ESO-1
CD4 and CD8 T-cell immune response, but no anti-NY-ESO-1
antibodies.”> Dosing of LV305 led to a partial remission in one
SS patient refractory to multiple lines of prior therapy.**

The boost component of CMB305 is G305, which is com-
posed of full-length recombinant E. coli-produced NY-ESO-1
protein co-formulated with glucopyranosyl lipid A (GLA),
a potent toll-like receptor 4 (TLR4) agonist as an adjuvant, in
a stable squalene oil-in-water emulsion (SE). G305 can induce
anti-NY-ESO-1 specific CD4 T-cell and antibody responses as
a single agent and has been shown to be safe at doses ranging
from 2 to 10 pg.”® The rationale of combining LV305 and with
G305 was to induce stronger T-cell responses and integrated
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immune responses (CD4 and CD8 T-cells, and antibodies),
which preclinically resulted in improved tumor control."®

This phase 1b, first-in-human study of CMB305 evaluated
the safety, efficacy, and immunogenicity LV305 and G305
administered in a prime-boost vaccine regimen in patients
with advanced solid tumors. The CMB305 regimen was also
tested in a cohort receiving metronomic cyclophosphamide
(mCPA) in order to eliminate regulatory T-cell
populations.”**” In addition, CMB305 was tested in an intra-
tumoral “prime-pull” strategy that was designed to first stimu-
late (prime) the systemic innate immune response and then
recruit (pull) NY-ESO-1-specific CD8 T-cells to the tumor by
adding GLA dosed locally. This approach was shown in pre-
clinical models to increase the T-cell inflammation of tumors
and greatly enhance clinical efficacy.”®

Materials and methods
Patient population

Patients aged 18 years or older with Eastern Cooperative
Oncology Group (ECOG) Performance Status score of 0 or 1
who had locally advanced, relapsed, and/or metastatic solid
tumors positive for NY-ESO-1 expression by immunohisto-
chemistry staining were eligible to participate. Table 1 displays
the tumor types eligible for each study arm. Key exclusion
criteria were the receipt of cancer therapies <3 weeks prior to
CMB305 dosing; prior administration of LV305, G305, or NY-

Table 1. Eligible tumor types and rationale for each study arm.

ONCOIMMUNOLOGY €1847846-3

Arm Eligible Tumor Types Rationale

Part 1°

Cohort 1 NSCLC, ovarian, melanoma, sarcoma (any subtype) Dose finding

Cohortbz NSCLC, ovarian, melanoma, sarcoma (any subtype) Dose finding

Part 2

Arm A NSCLC, ovarian, SS, MRCL Monotherapy of ID route

Arm B SS, MRCL Monotherapy of SC route

Arm C SS, MRCL Evaluate mCPA effect

Arm D SS, MRCL Evaluate IT GLA-SE effect

Arm E Any soft tissue sarcoma Dose finding of increased dose via SC route

Abbreviations: GLA-SE = glucopyranosyl lipid A-stable emulsion; ID = intradermal; IT = intratumoral; mCPA = metronomic cyclophosphamide; MRCL = myxoid/round
cell liposarcoma; NSCLC = non-small cell lung carcinoma; SC = subcutaneous; SS = synovial sarcoma

3 + 3 design.

bPatients in Arms C, D, and E must have had tumors accessible for biopsy and must have provided consent for biopsies.

ESO-1 targeting immunotherapy; and concurrent or recent
immunosuppression from systemic corticosteroids or other
immunosuppressive medications (the use of physiologic
doses of corticosteroids may have been approved after consul-
tation with the Sponsor).

Study design

This phase 1b, multi-center, open-label study conducted in the
United States occurred from January 29, 2015 to August 3,
2019. The study (ClinicalTrials.gov identifier NCT02387125)
was conducted according to the principles outlined in the
Declaration of Helsinki and Good Clinical Practice guidelines.
Patients were not involved in the design of the study. Informed
consent was obtained from all patients prior to participation,
and the Institutional Review Boards and Institutional Biosafety
Committees at the participating study sites approved the study
protocol and the use of the lentiviral vector LV305 (biosafety
level 2).

In Part 1, dose escalation, a standard 3 + 3 design was used
to study the safety of intradermal (ID) administration of 2 dose
levels (10° and 10'° viral genomes [vg]) of the LV305 compo-
nent of CMB305. A fixed dose of G305 (250 pg NY-ESO-1
recombinant protein mixed with 5 pg GLA-SE) was used in
Part 1 and all arms in Part 2. Dosing was to be suspended at any
dose level if dose-limiting toxicity (DLT) was observed in 2 or
more patients. In Part 2, there were 5 separate study arms: A, B,
C, D, and E. Study treatment doses, routes, and schedules for
each arm are presented in Figure 1. The CMB305 vaccine
regimen was administered over 91 days for the dose-
escalation cohorts and all arms except Arms C and D, for
which administration occurred over 84 days. Arm A included
a 10 vg ID dose of LV305 and intramuscular (IM) adminis-
tration of G305. Arm B examined subcutaneous (SC) admin-
istration of both 10'° vg of LV305 and G305. Arms C and
D were added in August 2016; patients in these arms received
100 mg of oral mCPA or intratumoral injections of 5 ug GLA-
SE, respectively, in addition to ID administration of 10'° vg of
LV305 and IM G305. Finally, Arm E was added in
October 2017 and used a 3 + 3 design to evaluate the safety
of a higher 4 x 10'° vg SC dose of LV305 with the standard dose
of IM G305; dosing was to be suspended if DLT's were observed
in one-third or more of subjects. The sample sizes in Part 2
were designed to provide adequate preliminary data to inform

subsequent trials and to reject an indication should no clinical
benefit have occurred.

The primary objective was to evaluate the safety and toler-
ability of CMB305 in Cohorts 1 and 2 and in Arms A, B, and E,
and then CMB305 in combination with oral mCPA or intra-
tumoral GLA in Arms C and D, respectively. Adverse events
(AEs) and serious adverse events (SAEs) were reported up to
30 days after the last dose. The potential for DLT's was assessed
for 42 days, based on AE severity using the National Cancer
Institute Common Terminology Criteria for Adverse Events
v4.03.*° An LV305 persistence assay to evaluate for replication
competent lentivirus was run using peripheral blood mono-
nuclear cell (PBMC) pellets collected at different time points
post-treatment (Day 168, Month 12, Month 24, and beyond)
using a polymerase chain reaction-based assay (Molecular MD,
Cambridge, MA).

The secondary objectives included evaluation of clinical
responses, overall survival (OS), and progression-free survival
(PFS). Tumor imaging was performed at baseline and every
8 weeks (12 weeks in Arms C and D) until confirmed disease
progression per Response Evaluation Criteria in Solid Tumors
(RECIST) v1.1 modified to use the immune-related response
criteria (irRC).>**' Survival visits were completed every
3 months until the end of the study. Additional secondary
objectives included evaluation of time to next treatment, time
to progression, cellular and humoral immune responses to NY-
ESO-1, and evaluation of pre- and post-regimen blood samples
for potential biomarkers of immunogenicity and clinical tumor
response. Tumor biopsies were obtained from all patients at
baseline to evaluate NY-ESO-1 expression, which was done by
immunohistochemistry staining at Mosaic laboratory (Lake
Forest, CA).

Systemic NY-ESO-1 immune response assessment was per-
formed on all patients with biomarker samples using methods
that have been published previously.** Pre- and post PBMC
and plasma collection occurred at baseline and pre-specified
timepoints throughout the study. Assays for antibody response
to NY-ESO-1 tumor antigen were evaluated by enzyme-linked
immunosorbent assay using recombinant NY-ESO-1 protein
and peptide pools. The induction of antibodies was defined as
>4-fold increase in antibody titer as compared to baseline or
seroconversion from negative (titer <100) to positive (titer
2100). Cellular (T-cell) immune response to NY-ESO-1 was
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evaluated by interferon gamma (IFNy) enzyme-linked immune  were female Table 2. At study entry, 64 (81.0%) patients had _ s
absorbent spot (ELISpot). After bead-guided selection, CD4 sarcomas, 68 (86.1%) had metastatic disease, and 45 (57.0%) = J 'EE a §§ §§a 562g eET = §
and CD8 T-cells were independently cultured with peptide had progressive disease (PD). Twenty-eight (35.4%) patients 22 g‘;’ é’ g’f’ g’g’f’ E":’é’f’ 2’;’%"3 S
pulsed, irradiated T-cell depleted PBMC (serving as antigen- had received 23 prior therapies. The highest level of NY-ESO-1 e - -
presenting cells) in RPMI + 10% serum type AB (to avoid expression (>75% of tumor cells positive) was observed in 46 S
potential reactivity) supplemented with interleukin-2 (10 U/  (58.2%) patients, while 9 (11.4%) patients had moderate (>- ‘_ﬁﬁ & _ _ L _ R
mL) and interleukin-7 (20 ng/mL) twice a week. Cells were 25-75% of cells positive) and 24 (30.4%) patients had low E a9 §,§ % = = = % § §§E
assessed for specificity at days 10 and 20 of culture, respectively  (<25% of cells positive) NY-ESO-1 expression levels, respec- < gz g; s © = = - © “ e
for CD8 and CD4, using autologous antigen-presenting cells tively (Appendix Figure 2). The majority of patients with non- g
pulsed with NY-ESO-1 peptides or controls (influenza nucleo-  small cell lung carcinoma (NSCLC) and ovarian cancer had v
protein peptide pool or dimethyl sulfoxide). A pool of over- <25% NY-ESO-1 expression (75.0% and 72.7%, respectively), w
lapping 20-mer peptides covering the entire sequence of NY-  whereas most patients with STS (69.8%) had >75% expression < _ | I L _ o L L L _ _ o
ESO-1 was used as antigen, which ensured that any naturally of NY-ESO-1 (Appendix Table 1). Clinical development of 2 I % E% Soo 33 == é% 3 S 3 =p= 33 = 3 S3353
processed Class I and Class II-restricted epitopes were detected CMB305 ended in early 2019 and patients participating in <ig=z ce o - o= ~ e o o — ~ o o= ~ © N -
rather than requiring up-front selection of minimal peptides. this trial were taken off study drug treatment and completed g
The assay was repeated for confirmation at day 14 and day 25 end of study visits regardless of their status in the protocol visit v
in most patients. The induction of CD4 or CD8 T-cells was  schedule. el «
defined as >2-fold increase as compared to baseline in spots per '2 % s . o . o _ _ _ o

: slvie|¥@ ©ggg ggg S g§gg 5] g9 8 g g S383
well in ELISpot. Safety SBIE[LV|Se 8228 882 o2 oo2g8e 2o g8e coZo goo8 g88e

. . g':_,; <§E§v O— =N ~NCN— = S+ o = <+ © o ~ © <+ o m
Statistical analysis In total, 72 (91.1%) patients who received CMB305 experi- o % s
enced at least 1 AE. The frequency of AEs was similar across S| o

Safety and efficacy analyses were performed with the safety study arms, with 3 (100%) patients experiencing AEs in Cohort E 8
population, which included all patients who received at least 1, 2 (66.7%) in Cohort 2, and 32 (91.4%), 9 (100%), 10 (100%), s S =
one injection/dose of study drug. All statistical tests were 9 (90.0%),and7 (77.8%) in Arms A, B, C, D, and E, respectively g ‘2 85 f g§ g oo g g;g gg oo g g 5,’:5 - g o gg; oo g - ’; - ;6,':6 gg; -
exploratory, two-sided and tested at alpha = 0.05. The nominal ~ Figure 2. The most common AEs overall were fatigue (27; g <lgz|®, < N o~ =9 Ping o ~o o= o g o~ =
P values were presented without multiplicity adjustment. All  34.2%), nausea (21; 26.6%), injection-site pain (19; 24.1%), E -§ ¥
statistical analyses were performed using SAS® version 9.4. decreased appetite (17; 21.5%), and dyspnea (13; 16.5%) = 3
Throughout the study, key safety analyses were performed (Appendix Table 2). c
quarterly for the purposes of safety monitoring. Fifty-four (68.4%) patients experienced AEs considered -g _

Overall survival and PFS were analyzed using the Kaplan- related to study treatment; among these, the most common < Eﬁ g ¥ Sacrs Sra % S¥ZR°F Sa Scs =Rz R $539x
Meier methodology. Stepwise Cox regression analysis was used ~ AEs were fatigue (19; 24.1%), injection-site pain (18; 22.8%), &E_ el - £ 2d48 2484 03I ce 2 a ee © 8 IIc ° s L = Tees e 8 Te
to investigate prognostic baseline factors associated with OS influenza-like illness (11; 13.9%), myalgia (10; 12.7%), and E S|a- @ ™ Ne YR N ==Y © e = = s
and PFS. Tumor response was assessed by RECIST v1.1 criteria  injection-site reaction (9; 11.4%). Among patients who 3
modified to use the unidimensional measurements approach of ~ received CMB305 monotherapy (Cohorts 1 and 2 and Arms n
the irRC.3O At each tumor assessment, the response in index A, B, and E), AEs considered related to treatment occurred in E
and new measurable lesions was defined based on the changein ~ 66.7%, 0%, 82.9%, 66.7%, and 55.6% of patients, respectively. In ~ -75' I _ _ I _ _ o o
the sum of the longest diameters. Best overall response was Arm C (CMB305 plus mCPA), 5 (50.0%) patients experienced HERS ga £ E E = é co o § co gj = 5 @ § = = § o oo § = co § E E o % =
defined as the best overall tumor response assessment assigned AEs related to CMB305 and 5 (50.0%) related to mCPA. In é § -i Elg- ——- " - m e~ . ™ = ~ = -~
to a patient at any time-point during the study. Overall Arm D (CMB305 plus GLA-SE), 7 (70.0%) patients experi- e
response rate was defined as percent of patients with immune- ~ enced AEs related to CMB305 and 4 (40.0%) related to GLA- T & e
related complete response (irCR) or partial response (irPR) SE. o ) ) ) &3 3
and the confidence interval (CI) was estimated using Clopper- The majority of patients had AEs of maximum severity a S
Pearson exact method. Disease control rate was defined as the ~8rade 1 (22; 27.8%) or grade 2 (27; 34.2%). Grade 3 AEs g - A g"\‘ g Sm @R g S@™ ”a AR @m " A 8 @™ ®
number of patients whose best overall response was irCR, irPR, o.ccurred in 21 (26.6%) patients; of thes.e, 3 (3.8%). were con- % _g ] Ll ;g = coco $HReo #BE oo = o888 €31 cR8 Bogo Roog Reogo
or immune-related stable disease (irSD) divided by the number sidered related to .treatment. One patient experienced two g v ;," g o - N - - A - o - o
of evaluable patients. The minimum amount of time to estab- gra_de 4 AEs ) (sepsis and platelet count decrea_sed) and.one < )
lish irSD was 42 days (6 weeks). Median duration of response patient experl.enced a grade 5 AE of acute resplratf)ry failure £ -

. . . . that resulted in death, but these events were considered not @ » £
(DOR), time to next treatment, and time to progression with .. 8 = s
the corresponding 95% CIs were estimated usine the Kaplan- related to CMB305 treatment. There were no clinically relevant = o 2
P 8 g p . = 5 g
Meier method in each treatment arm and disease type. changes in laboratory p arameFers related .to CMB305. S 5 £ E
A total of 18 (22.8%) patients experienced SAEs. Of the 4 - 3 s, £ =
SAEs reported, 2 (2.5%) were grade 3 events that were con- g § g o £ .'E E _— s: g >
Results sidered related to treatment: prostatic pain in a patient with g < £ = g g8 $2¢ % s g
Pati . metastatic SS, and pneumonitis in a patient with NSCLC who © g = 8 55 E . Ew T é 4 52 Z 2 £ g <
atient characteristics h . . e 5 A 88 o8 £ v s2 ¢ 250 S x = 5
ad a previous history of pneumonitis. N e g 238¢ g °ELS 55 oz S83 <% 2
A total of 90 patients were screened and 79 patients were Adverse events that led to study treatment discontinuation e o 52882 g8a 2,582 5% E s g if ESgZ=> %8 L= § § 383 o'%
enrolled at 8 sites (Appendix Figure 1). The median age of occurred in 7 (8.9%) patients; 1 (1.3%; pneumonitis) was con- o E,’: g ¢ £ 5% ; g % %g § E 28 g EaE E g ,=§ gﬁ% > iJ g 3= :-fw.g o S_onl hgw E s -5 ‘é’
patients was 50 years (range: 20-80), and 40 (50.6%) patients sidered possibly related to treatment. Protocol-defined DLTs K SLES<BZUZTZAo-B0Z204 B=2-a A<ZUARKHZZ —AANAZ —aNZF
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w o
2 % Figure 2. Summary of adverse events by study arm. Three patients experienced dose-limiting toxicities, but there were no AEs or safety concerns reported with these
a ) s ssl@ dose-limiting toxicities. Two patients experienced treatment-related serious AEs in Arm A (prostatic pain in a patient with metastatic synovial sarcoma, and pneumonitis
e+ oo S|o in a patient with non-small cell lung carcinoma who had a previous history of pneumonitis); no other patients experienced serious AEs considered related to treatment.
<9 ; % % =l 5 One patient in Arm A experienced an AE of acute respiratory failure not considered related to treatment that led to death. Abbreviation: AE = adverse event.
m = 1L
o 3
£
c < Il
2 E'EJ ) were reported for 3 patients (1 in Arm A and 2 in Arm B), but  progression-free for 23.0 and 35.1 months, respectively. In
& E viy2lggeg|= none prevented a patient from receiving further injections and  a subgroup analysis, patients with STS who had PD at screen-
£d §<E- 3 ; 2’ e} there were no associated AEs or safety concerns reported with  ing but achieved stable disease during the study had a median
e E é = - £ these DLTs. Four patients had medical events of interest: 1  PFS of 6.0 months (95% CI, 3.1-9.2).
g ¥l © 5 patient had grade 3 vomiting considered unrelated to the study In Part 2, disease control rates were 68.6% in Arm A, 33.3%
2 & " .g_ drug and 3 patients (2 in Arm A and 1 in Arm D) had non- in Arm B, 40.0% in Arm C, 90.0% in Arm D, and 66.7% in Arm
& § S2 serious events of overdose of study drug stemming from dis- E, with a total of 50 (63.3%) of patients on the study achieving
s s _|_ _ ? 2 pensing errors that did not result in any sequelae or change to  irSD based on irRC. The disease control rate for patients with
& '2 5SS .82 'g 'GE'J' dosing. STS was 61.9% with a median DOR of 4.6 months (95% CI,
] ez ‘:’ =l s g Depending on the availability of PBMC, LV305 persistence  2.0-7.1), and 81.8% of patients with ovarian cancer and 50.0%
E £ ‘E 2 assay was performed in 51 (64.6%) patients, who all tested of patients with NSCLC had irSD, with a median DOR of 1.4
=z :;} 0 g negative at 1 (25.3%), 2 (21.5%), or more (17.7%) timepoints  (95% CI, 0.5-3.7) and 0.4 (95% CI, NA-NA) months, respec-
<2 tested. Twenty-eight (35.4%) patients had no LV305 persis- tively (Appendix Table 4). No objective responses were
‘g “é; tence test performed due to death, withdrawal of consent, observed. Time to next treatment and time to progression
§ | . |g& study termination, or unknown reasons. results are available in Appendix Tables 5 and 6.
2RV G o
32322 28
< § E|l2n@R~w|oE g Efficacy Immune response
-] o=
= SEc In Part 1 of the study, the median OS was 19.2 (95% CI, 7.1-not At baseline, evidence of preexisting NY-ESO-1 specific anti-
" _<c §E available [NA]) and 23.7 (95% CI, 7.5-NA) months in Cohorts bodies (sarcomas 28.3%, ovarian 45.5%, and NSCLC 33.3%)
2 s g 1 and 2, respectively. In Part 2, the median OS was 28.9 months and T-cells (sarcomas 38.0%, ovarian 37.5%, and NSCLC
= A (95% CI, 13.5-33.8) for the 35 patients in Arm A and 33.3%) were comparable across disease types (Appendix
'; E mS g®™ % .S 5 18.4 months (95% CI, 6.9-NA) for the 9 patients in Arm  Figure 4). There was a weak positive correlation between NY-
c % 3 zl 8ol ‘é‘é 5 B (Figure 3; Appendix Table 3). The median OS for Arms C, ESO-1 expression level (0-100%) and preexisting T-cells
— 7] . ... .
-% O .;“' ~Nom § 3 e D, and E was not reached, with a 30-month OS rate of 50.0%, (r = 0.3107; p = .0148), but not preexisting NY-ESO-1 anti-
= ; ng 100%, and 88.9% and a median duration of observation of bodies (r = 0.1000; p = .3965) (Appendix Figure 5). CMB305
ol | B - g 2 11.99, 20.42, and 9.23 months, respectively. Among patients induced antibody responses to NY-ESO-1 in 62.9% of patients
= I . . . - .
S § 1n 5‘ TI* § with SS, MRCL, ovarian cancer, and NSCLC, the median OS  and T-cell responses in 47.4%; a total of 22.8% of patients had
a 2 - was 26.2 (95% CI, 13.0-NA), 29.5 (95% CI, 22.1-NA), 30.3 both Figure 4. Appendix Figure 6 displays the time course of
- 2l
t s mlamam %‘ g e (95% CI, 8.4-33.8), and 7.7 (95% CI, 1.2-13.5) months, respec- CD4 and CD8 T-cell and NY-ESO-1 antibody responses in
) SlgvEney 533E tively (Appendix Table 4; Appendix Figure 3). The median PFS  a patient with an induced integrated response. No difference
SIBE|m—m— §§ g5 in Part 1 was 14.0 months in Cohort 1 and 3.1 months in was observed by changing administration routes (ID LV305
= 5
2 S8 .g n=° Cohort 2, and ranged from 2.0 (Arm C) to 3.7 months (Arm  and IM G305 in Arm A vs SC for both LV305 and G305 in Arm
mc_’ IS ﬁ €= A) in Part 2 (Figure 3; Appendix Table 3). Patients with SS, B), addition of oral mCPA (in Arm C), or addition of intratu-
% 9] g' 2 MRCL, ovarian cancer, and NSCLC had a median PFS of 2.4 moral GLA-SE injection (in Arm D).
o g v (95% CI, 2.1-5.6), 5.1 (95% CI, 2.6-7.2), 3.3 (95% CI, 1.8-3.9), This preliminary study was not powered to evaluate corre-
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Figure 3. (a) Overall survival and (b) Progression-free survival by study arm.

69.2%, with a difference of 30.8%; 95% CI, 5.7-55.9; p = .0162),
as well as those for whom T-cells were induced on >2 time
points (100% vs 75.0%, with a difference of 25.0%; 95% CI,
0.5-49.5; p = .0455) or had an integrated response post-study
treatment (100% vs 76.9%, with a difference of 23.1%; 95% CI,
0.2-46.0; p = .0483) (Appendix Figure 7).

Discussion

While prime-boost vaccines built around a lentiviral vector as
the priming component have been evaluated in the context of
infectious diseases such as HIV (human immunodeficiency
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virus),”>** to our knowledge, this phase 1b trial is the first
report of a clinical study using this vaccination strategy in
cancer. CMB305 treatment either alone or in combination
with oral mCPA or intratumoral GLA-SE was well-tolerated
in the dose-escalation phase and across tumor types in this
trial, with the most common AEs being fatigue, nausea, injec-
tion-site pain, decreased appetite, and dyspnea. While 54
(68.4%) patients had AEs considered related to study treat-
ment, most of these patients (51; 94.4%) had AEs that were
only grade 1 or 2 in severity and transient. Three patients
experienced protocol-defined DLTs, but they were not asso-
ciated with other AEs or safety concerns and did not prevent
resumption of study treatment. Overall, the safety profile of
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Figure 4. Immune response frequencies by study arm. Complete biomarker data were not available for all patients. The Ns for each study arm denote the total
number of patients with biomarker data in that arm. Numerators and denominators are shown above each bar. Integrated response was defined as positive if both NY-
ESO-1 antibody and T-cells (CD4 and CD8) were positive. T-cell analysis was not performed for patients in Arm E due to early study termination.

CMB305 appeared to be similar across treatment arms, with
most patients in each study arm experiencing at least one mild
to moderate adverse event. The CMB305 vaccine regimen was
generally well tolerated in each arm, with expected toxicity
profiles observed.

CMB305 demonstrated an ability to induce anti-NY-ESO-1
antibody and T-cell responses across treatment arms and dis-
ease types. Eighteen percent of patients experienced the induc-
tion of an integrated immune response, which has previously
been linked to enhanced tumor control in melanoma patients
treated with ipilimumab.** A signal indicating a potentially
higher 1-year survival rate was observed in patients with SS
treated with CMB305 alone who had preexisting NY-ESO-1
antibodies, T-cells induced at 22 time points, or an integrated
response post-study treatment. Overall, there was no signifi-
cant difference in OS between patients with and without
induced NY-ESO-1 antibodies, T-cells, or an integrated
immune response. In approximately half of the patients who
had an induced T-cell response at the first evaluated timepoint,
a response was not present at the second evaluated timepoint.
These results may indicate that the induction of an immune
response is not sufficient to produce durable tumor control in
this population with advanced oncologic disease. The ability to
interpret the efficacy data is limited by the small sample size
and heterogeneity within the treatment arms and the lack of
a controlled comparator group.

Previous cancer vaccines studies have had inconsistent out-
comes regarding immune responses and have not led to tumor
regressions, but prolonged survival has been noted.**~** In this
study, the median OS of 26.2 and 29.5 months in patients with
SS and MRCL, respectively, compares favorably with published
data (OS of 11.7 to 13.5 months) for patients with advanced or
metastatic STS in second-line and beyond.‘w’43 In addition,
a total of 51.5% of patients with SS and 74.1% of patients
with MRCL experienced irSD on the study. The observed
median PFS ranged from 2.0 to 3.7 months in Part 2, which
is consistent with other published trials in this patient popula-
tion (PFS of 1.5 to 4.6 months).*' ™ It is important to consider
that evaluation of PFS in this study included clinical progres-
sion/symptomatic deterioration, which leads to shorter median
PFS compared to later phase studies that include only radiolo-
gical PD. Patients receiving the higher dose of LV305 in Arm
E (4 x 10" vg SC) had an OS rate of 88.9% and a PFS rate of

62.5% at the time the study was terminated, with the median
OS and PFS not yet reached. The study termination and small
number of patients prevent interpretation about the long-term
benefit of the higher SC LV305 dose.

Several confounding factors must be considered when inter-
preting the clinical outcomes in this study. Patients had
a relatively high level of disease burden overall, with 86.1%
having metastatic disease at the start of the study. However,
there was considerable heterogeneity both across and between
treatment arms, with each arm having multiple tumor types,
NY-ESO-1 expression levels, and types and lines of prior ther-
apy. Combined with the small sample size and lack of a control
arm, these factors limit the interpretation and generalizability
of the clinical outcome findings for any specific disease type.

To enhance the clinical activity of vaccine-based
approaches, strategies that combine the vaccine with check-
point inhibitors or other immunomodulatory therapies to alle-
viate immunosuppression in the tumor microenvironment
have been discussed.’®****~*® In this study, administering the
CMB305 vaccine in combination with intratumoral GLA-SE,
a synthetic TLR4 agonist (Arm D), resulted in positive activity
in patients with SS or MRCL. With a median follow-up of
20.4 months, 100% of the patients in Arm D were still alive at
the time of study termination. Additionally, patients in Arm
D achieved a disease control rate of 90.0% (95% CI, 56%-
100%), even though 9 (90.0%) patients in Arm D patients had
metastatic disease, 8 (80.0%) had PD at study entry, and 9
(90.0%) had prior chemotherapy, including 7 (70.0%) with >2
prior lines of chemotherapy. Further research is necessary to
evaluate the clinical benefit of a “prime-pull” strategy combin-
ing treatments such as CMB305 with intratumoral GLA-SE in
patients with advanced or metastatic SS or MRCL. While
CMB305 administration with mCPA resulted in a less robust
clinical response (disease control rate of 40.0%), the patients in
this arm also had the lowest percentage of preexisting NY-ESO
-1 antibodies and T-cells. Given that patients with preexisting
NY-ESO-1 antibodies exhibited better 1-year survival rates,
this may explain the reduced clinical activity demonstrated
with the CMB305 and mCPA combination.

With limited treatment options and continued poor out-
comes for patients with SS and MRCL, there has been growing
interest in vaccine strategies to induce an immune response
directed against these cancers.*®*>* Given that effective
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therapies for patients with SS or MRCL remain inadequate
despite ongoing research,"®" this study argues that novel
vaccination strategies could potentially benefit patients with
SS and MRCL and that further exploration is warranted.

Conclusions

In summary, administering a lentiviral vector as the priming
component in a prime-boost vaccine regimen was feasible, safe,
and well-tolerated in this Phase 1b trial of 79 patients with
locally advanced, relapsed, or metastatic cancer expressing NY-
ESO-1. The prime-boost regimen exhibited both clinical and
immunogenic activity across study arms and disease types.
This study will serve as a benchmark for future studies of
vaccine trials using prime-boost regimens, as well as those
using dendritic cell-targeted lentiviral agents.

Acknowledgments

Colleen Brown of Mark Consulting, Inc. provided writing and formatting
assistance for this manuscript. This study was presented as an oral pre-
sentation at the ASCO Annual Meeting 2017 and a poster at the ESMO
2018 Congress.

Disclosure of interest

NS reports support from Immune Design during the conduct of the study
and a grant from Merck & Co. outside the submitted work. SC reports
grants from Amgen, Roche, Threshold Pharmaceuticals, Immune Design,
and Karyopharm Therapeutics outside the submitted work. MB reports
institutional support from Immune Design and Merck & Co. during the
conduct of the study, and grants from Bristol Myers Squibb, Genentech,
Pharmacyclics, Marker Therapeutics, and Transgene SA outside the sub-
mitted work. JK reports support from Immune Design during the conduct
of the study. MD reports receipt of consultation fees from Adaptimmune
Therapeutics, Daiichi Sankyo, Epizyme, Blueprint Medicines, and
Deciphera Pharmaceuticals outside of the submitted work. PH reports
personal fees from Immatics, Dragonfly Therapeutics, GSK, and Sanofi
outside of the submitted work. R]J reports grants/research support from
MSD and GSK and receipt of consultation fees from Adaptimmune
Therapeutics, Athenex, Blueprint Medicines, Clinigen, Eisai, Epizyme,
Daichii Sankyo, Deciphera Pharmaceuticals, Immune Design, Lilly,
Merck & Co., Pharma Mar S.A., and UpToDate. SG reports research
funding from Immune Design during the conduct of the study; consul-
tancy/advisory roles from Merck & Co. and OncoMed and research
funding from Regeneron Pharmaceuticals, Genentech, Pfizer, and
Takeda Pharmaceutical Company outside of the submitted work; and
a patent for NY-ESO-1 peptides issued to GSK. The Human Immune
Monitoring Center received support from Cancer Center P30 grant
CA196521. HL was a full-time employee of Immune Design with stock
options during the conduct of the study. AY was an employee and share-
holder of Immune Design during the conduct of the study. JtM was a full-
time employee and shareholder of Immune Design during the conduct of
the study, and has patents US20160058852 (Immunotherapy of cancer
through combination of local and systemic immune stimulation) and
US20170196954 (Prime-boost regimens with a TLR4 agonist adjuvant
and a lentiviral vector) pending with Merck & Co. MC was an employee
of Immune Design during the conduct of the study. RK was an employee
of Immune Design and subsequently employed by ClinReg Biologics, LLC
as a consultant to Immune Design during the conduct of the study. CB
was an employee of Immune Design during the conduct of the study and
reports prior employment and current stock with Amgen and current
employment and stock with Macrogenics, Inc. SP reports grants from
Immune Design and Merck & Co. during the conduct of the study; grants
from EMD Serono, Presage Biosciences, Janssen Pharmaceuticals,

84| Immunotherapy

OncoSec, and Juno Therapeutics outside the submitted work; and perso-
nal fees from Daiichi Sankyo, GSK, and Blueprint Medicines outside the
submitted work. The remaining authors (JM, KD, KS, SKS, KT, and MY)
have nothing to disclose.

Funding

Immune Design Corp., a wholly-owned subsidiary of Merck & Co., Inc.,
Kenilworth, NJ USA, provided funding for this study and participated in
the design of the study; collection, analysis, and interpretation of the data;
writing the manuscript; and the decision to submit the manuscript for
publication.

References

1. Guo C, Manjili MH, Subjeck JR, Sarkar D, Fisher PB, Wang XY.
Therapeutic cancer vaccines: past, present, and future. Adv Cancer
Res. 2013;119:421-475. d0i:10.1016/B978-0-12-407190-2.00007-1.

2. Schlom J, Hodge JW, Palena C, Tsang K-Y, Jochems C, Greiner
JW, Farsaci B, Madan RA, Heery CR, Gulley JL. Therapeutic cancer
vaccines. Adv Cancer Res. 2014;121:67-124. doi:10.1016/B978-
0-12-800249-0.00002-0.

3. Butterfield LH. Cancer vaccines. BMJ. 2015;350:h988. doi:10.1136/
bmj.h98s.

4. Gatti-Mays ME, Redman JM, Collins JM, Bilusic M. Cancer vac-
cines: enhanced immunogenic modulation through therapeutic
combinations. Hum Vaccin Immunother. 2017;13
(11):2561-2574. doi:10.1080/21645515.2017.1364322.

5. Solinas C, Aiello M, Migliori E, Willard-Gallo K, Emens LA. Breast
cancer vaccines: heeding the lessons of the past to guide a path
forward. Cancer Treat Rev. 2020;84:101947. do0i:10.1016/j.
ctrv.2019.101947.

6. van der Burg SH. Correlates of immune and clinical activity of
novel cancer vaccines. Semin Immunol. 2018;39:119-136.
doi:10.1016/j.smim.2018.04.001.

7. Endo M, de Graaff MA, Ingram DR, Lim S, Lev DC, Briaire-de
Bruijn IH, Somaiah N, Bovée JVMG, Lazar A]J, Nielsen TO. NY-
ESO-1 (CTAGIB) expression in mesenchymal tumors. Mod
Pathol. 2015;28(4):587-595. doi:10.1038/modpathol.2014.155.

8. Jungbluth AA, Antonescu CR, Busam KJ, Iversen K, Kolb D,
Coplan K, Chen YT, Stockert E, Ladanyi M, Old LJ. Monophasic
and biphasic synovial sarcomas abundantly express cancer/testis
antigen NY-ESO-1 but not MAGE-Al or CT7. Int J Cancer.
2001;94(2):252-256. doi:10.1002/ijc.1451.

9. Odunsi K, Jungbluth AA, Stockert E, Qian F, Gnjatic S, Tammela J,
Intengan M, Beck A, Keitz B, Santiago D,et al. NY-ESO-1 and
LAGE-1 cancer-testis antigens are potential targets for immu-
notherapy in epithelial ovarian cancer. Cancer Res. 2003;63
(18):6076-6083.

10. Raza A, Merhi M, Inchakalody VP, Krishnankutty R, Relecom A,
Uddin S, Dermime S. Unleashing the immune response to
NY-ESO-1 cancer testis antigen as a potential target for cancer
immunotherapy. ] Transl Med. 2020;18(1):140. doi:10.1186/
512967-020-02306-y.

11. Robbins PF, Morgan RA, Feldman SA, Yang JC, Sherry RM,
Dudley ME, Wunderlich JR, Nahvi AV, Helman L], Mackall CL,
et al. Tumor regression in patients with metastatic synovial cell
sarcoma and melanoma using genetically engineered lymphocytes
reactive with NY-ESO-1. J Clin Oncol. 2011;29(7):917-924.
doi:10.1200/JC0O.2010.32.2537.

12. Maraskovsky E, Sjolander S, Drane DP, Schnurr M, Le TTT,
Mateo L, Luft T, Masterman K-A, Tai T-Y, Chen Q.,et al. NY-
ESO-1 protein formulated in ISCOMATRIX adjuvant is a potent
anticancer vaccine inducing both humoral and CD8+ t-cell-
mediated immunity and protection against NY-ESO-1+ tumors.
Clin Cancer Res. 2004;10(8):2879-2890. doi:10.1158/1078-0432.
ccr-03-0245.

13. Thomas R, Al-Khadairi G, Roelands J, Hendrickx W, Dermime S,
Bedognetti D, Decock J. NY-ESO-1 based immunotherapy of

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

cancer: current perspectives. Front Immunol. 2018;9:947.
doi:10.3389/fimmu.2018.00947.

Pollack SM, Jungbluth AA, Hoch BL, Farrar EA, Bleakley M,
Schneider DJ, Loggers ET, Rodler E, Eary JF, Conrad III EU,
et al. NY-ESO-1 is a ubiquitous immunotherapeutic target antigen
for patients with myxoid/round cell liposarcoma. Cancer. 2012;118
(18):4564-4570. d0i:10.1002/cncr.27446.

Albershardt TC, Parsons AJ, Reeves RS, Flynn PA, Campbell DJ, Ter
Meulen J, Berglund P. Therapeutic efficacy of PD1/PDL1 blockade in
B16 melanoma is greatly enhanced by immunization with dendritic
cell-targeting lentiviral vector and protein vaccine. Vaccine. 2020;38
(17):3369-3377. doi:10.1016/j.vaccine.2020.02.034.

Alpizar YA, Karwacz K, Arce F, Rivera AY, Fernidndez LE,
Collins MK, Ramirez BS. Lentiviral vector followed by protein
immunisation breaks tolerance against the self-antigen Herl and
results in lung cancer immunotherapy. ] Gene Med. 2012;14
(3):151-157. doi:10.1002/jgm.2606.

Otten GR, Schaefer M, Doe B, Liu H, Srivastava I, zur Megede J,
Kazzaz J, Lian Y, Singh M, Ugozzoli M, et al. Enhanced potency of
plasmid DNA microparticle human immunodeficiency virus vac-
cines in rhesus macaques by using a priming-boosting regimen
with recombinant proteins. J Virol. 2005;79(13):8189-8200.
doi:10.1128/JV1.79.13.8189-8200.2005.

Richmond JF, Lu S, Santoro JC, Weng J, Hu S-L, Montefiori DC,
Robinson HL. Studies of the neutralizing activity and avidity of
anti-human immunodeficiency virus type 1 Env antibody elicited
by DNA priming and protein boosting. ] Virol. 1998;72
(11):9092-9100. doi:10.1128/JV1.72.11.9092-9100.1998.

Wang S, Parker C, Taaffe J, Solérzano A, Garcia-Sastre A, Lu S.
Heterologous HA DNA vaccine prime-inactivated influenza vac-
cine boost is more effective than using DNA or inactivated vaccine
alone in eliciting antibody responses against H1 or H3 serotype
influenza viruses. Vaccine. 2008;26(29-30):3626-3633.
doi:10.1016/j.vaccine.2008.04.073.

Albershardt TC, Campbell DJ, Parsons AJ, Slough MM, Ter
Meulen ], Berglund P. LV305 a dendritic cell-targeting
integration-deficient ZVex TM -based lentiviral vector encoding
NY-ESO-1, induces potent anti-tumor immune response. Mol
Ther Oncolytics. 2016;3:16010. doi:10.1038/mt0.2016.10.

Odegard JM, Kelley-Clarke B, Tareen SU, Campbell DJ, Flynn PA,
Nicolai CJ, Slough MM, Vin CD, McGowan PJ, Nelson LT, et al.
Virological and preclinical characterization of a dendritic cell tar-
geting, integration-deficient lentiviral vector for cancer
immunotherapy. ] Immunother. 2015;38(2):41-53. doi:10.1097/
CJ1.0000000000000067.

Tareen SU, Kelley-Clarke B, Nicolai CJ, Cassiano LA, Nelson LT,
Slough MM, Vin CD, Odegard JM, Sloan DD, Van Hoeven N, et al.
Design of a novel integration-deficient lentivector technology that incor-
porates genetic and posttranslational elements to target human dendritic
cells. Mol Ther. 2014;22(3):575-587. doi:10.1038/mt.2013.278.

Somaiah N, Block MS, Kim JW, Shapiro GI, Do KT, Hwu P,
Eder JP, Jones RL, Lu H, Ter Meulen JH, et al. First-in-class,
first-in-human study evaluating LV305, a dendritic-cell tropic len-
tiviral vector, in sarcoma and other solid tumors expressing
NY-ESO-1. Clin  Cancer Res. 2019;25(19):5808-5817.
doi:10.1158/1078-0432.CCR-19-1025.

Pollack SM, Lu H, Gnjatic S, Somaiah N, O’Malley RB, Jones RL, Hsu FJ,
Ter Meulen J. First-in-human treatment with a dendritic cell-targeting
lentiviral vector-expressing NY-ESO-1, LV305, induces deep, durable
response in refractory metastatic synovial sarcoma patient.
J Immunother. 2017;40(8):302-306. doi:10.1097/CJ1.0000000000000183.

Mahipal A, Ejadi S, Gnjatic S, Kim-Schulze S, Lu H, Ter
Meulen JH, Kenney R, Odunsi K. First-in-human phase 1
dose-escalating trial of G305 in patients with advanced solid
tumors expressing NY-ESO-1. Cancer Immunol Immunother.
2019;68(7):1211-1222. doi:10.1007/s00262-019-02331-x.

Le DT, Jaffee EM. Regulatory T-cell modulation using cyclopho-
sphamide in vaccine approaches: a current perspective. Cancer Res.
2012;72(14):3439-3444. doi:10.1158/0008-5472.CAN-11-3912.

27.

28.

29.

30.

31.

32.

34,

35.

36.

37.

38.

39.

40.

41.

42.

ONCOIMMUNOLOGY €1847846-11

Hermans IF, Chong TW, Palmowski M]J, Harris AL, Cerundolo V.
Synergistic effect of metronomic dosing of cyclophosphamide
combined with specific antitumor immunotherapy in a murine
melanoma model. Cancer Res. 2003;63(23):8408-8413.
Albershardt TC, Leleux J, Parsons AJ, Krull JE, Berglund P, Ter
Meulen J. Intratumoral immune activation with TLR4 agonist
synergizes with effector T-cells to eradicate established murine
tumors. NPJ Vaccines. 2020;5:50. doi:10.1038/s41541-020-0201-x.
National Cancer Institute. Common terminology criteria for adverse
events (CTCAE), version 4.03. Bethesda (MD): U.S. Department of
Health and Human Services - National Institutes of Health; 2010.
Nishino M, Giobbie-Hurder A, Gargano M, Suda M, Ramaiya NH,
Hodi FS. Developing a common language for tumor response to
immunotherapy: immune-related response criteria using unidi-
mensional  measurements. Clin  Cancer Res. 2013;19
(14):3936-3943. doi:10.1158/1078-0432.CCR-13-0895.

Wolchok JD, Hoos A, O’Day S, Weber JS, Hamid O, Lebb ¢C,
Maio M, Binder M, Bohnsack O, Nichol G, et al. Guidelines for the
evaluation of immune therapy activity in solid tumors:
immune-related response criteria. Clin Cancer Res. 2009;15
(23):7412-7420. doi:10.1158/1078-0432.CCR-09-1624.

Norton TD, Miller EA. Recent advances in lentiviral vaccines for
HIV-1 infection. Front Immunol. 2016;7:243. doi:10.3389/
fimmu.2016.00243.

. Hu B, Tai A, Wang P. Immunization delivered by lentiviral vectors

for cancer and infectious diseases. Immunol Rev. 2011;239
(1):45-61. doi:10.1111/j.1600-065X.2010.00967 x.

Yuan J, Adamow M, Ginsberg BA, Rasalan TS, Ritter E,
Gallardo HF, Xu Y, Pogoriler E, Terzulli SL, Kuk D, et al.
Integrated NY-ESO-1 antibody and CD8+ T-cell responses corre-
late with clinical benefit in advanced melanoma patients treated
with ipilimumab. Proc Natl Acad Sci U S A. 2011;108
(40):16723-16728. doi:10.1073/pnas.1110814108.

Melief CJM, van Hall T, Arens R, Ossendorp F, van der Burg SH.
Therapeutic cancer vaccines. J Clin Invest. 2015;125(9):3401-3412.
doi:10.1172/JCI80009.

Dhodapkar MV, Sznol M, Zhao B, Wang D, Carvajal RD,
Keohan ML, Chuang E, Sanborn RE, Lutzky J, Powderly J, et al.
Induction of antigen-specific immunity with a vaccine targeting
NY-ESO-1 to the dendritic cell receptor DEC-205. Sci Transl Med.
2014;6(232):232ra51. doi:10.1126/scitranslmed.3008068.
Kawaguchi S, Tsukahara T, Ida K, Kimura S, Murase M, Kano M,
Emori M, Nagoya S, Kaya M, Torigoe T, et al. SYT-SSX breakpoint
peptide vaccines in patients with synovial sarcoma: a study from
the Japanese musculoskeletal oncology group. Cancer Sci. 2012;103
(9):1625-1630. doi:10.1111/j.1349-7006.2012.02370.x.

Carvajal RD, Agulnik M, Ryan CW, Milhem MM, George S, Jones RL,
Chmielowski B, Van Tine BA, Tawbi HAH, Elias AD, et al. Trivalent
ganglioside vaccine and immunologic adjuvant versus adjuvant alone in
metastatic sarcoma patients rendered disease-free by surgery:
A randomized phase 2 trial [abstract]. J Clin Oncol. 2014;32
(15_Suppl):10520. doi:10.1200/jco.2014.32.15_suppl.10520.

Rosenberg SA, Yang JC, Restifo NP. Cancer immunotherapy: mov-
ing beyond current vaccines. Nat Med. 2004;10(9):909-915.
d0i:10.1038/nm1100.

Savina M, Le Cesne A, Blay J-Y, Ray-Coquard I, Mir O,
Toulmonde M, Cousin S, Terrier P, Ranchere-Vince D, Meeus P,
et al. Patterns of care and outcomes of patients with MET Astatic soft
tissue SARComa in a real-life setting: the METASARC observational
study. BMC Med. 2017;15(1):78. doi:10.1186/s12916-017-0831-7.
van der Graaf WTA, Blay J-Y, Chawla SP, Kim D-W, Bui-Nguyen B,
Casali PG, Schoffski P, Aglietta M, Staddon AP, Beppu Y, et al.
Pazopanib for metastatic soft-tissue sarcoma (PALETTE):
a randomised, double-blind, placebo-controlled phase 3 trial. Lancet.
2012;379(9829):1879-1886. d0i:10.1016/S0140-6736(12)60651-5.
Schoftski P, Chawla S, Maki RG, Italiano A, Gelderblom H, Choy E,
Grignani G, Camargo V, Bauer S, Rha SY, et al. Eribulin versus
dacarbazine in previously treated patients with advanced liposar-
coma or leiomyosarcoma: a randomised, open-label, multicentre,

NanoPass Technologies Ltd.
Delivering Precision



€1847846-12 N. SOMAIAH ET AL.

43.

44.

45.

46.

phase 3 trial. Lancet. 2016;387(10028):1629-1637. doi:10.1016/
50140-6736(15)01283-0.

Demetri GD, von Mehren M, Jones RL, Hensley ML, Schuetze SM,
Staddon A, Milhem M, Elias A, Ganjoo K, Tawbi H, et al. Efficacy
and safety of trabectedin or dacarbazine for metastatic liposarcoma
or leiomyosarcoma after failure of conventional chemotherapy:
results of a phase III randomized multicenter clinical trial. J Clin
Oncol. 2016;34(8):786-793. doi:10.1200/JCO.2015.62.4734.
Pollack SM. The potential of the CMB305 vaccine regimen to target
NY-ESO-1 and improve outcomes for synovial sarcoma and myx-
oid/round cell liposarcoma patients. Expert Rev Vaccines. 2018;17
(2):107-114. doi:10.1080/14760584.2018.1419068.

Pender A, Jones RL, Pollack S. Optimising cancer vaccine design in
sarcoma. Cancers (Basel). 2018;11(1):1. doi:10.3390/cancers11010001.
Zhang S, Kohli K, Black RG, Yao L, Spadinger SM, He Q,
Pillarisetty VG, Cranmer LD, Van Tine BA, Yee C, et al. Systemic
interferon-gamma increases MHC Class I expression and T-cell
infiltration in cold tumors: results of a phase 0 clinical trial. Cancer

86| Immunotherapy

47.

48.

49.

50.

Immunol Res. 2019;7(8):1237-1243. doi:10.1158/2326-6066.CIR-
18-0940.

D’Angelo SP, Tap WD, Schwartz GK, Carvajal RD. Sarcoma
immunotherapy: past approaches and future directions. Sarcoma.
2014;2014:391967. doi:10.1155/2014/391967.

Tap WD, Wagner AJ, Schoffski P, Martin-Broto J, Krarup-Hansen
A, Ganjoo KN, Yen C-C, Abdul Razak AR, Spira A, Kawai A, et al.
Effect of doxorubicin plus olaratumab vs doxorubicin plus placebo
on survival in patients with advanced soft tissue sarcomas: the
ANNOUNCE randomized clinical trial. JAMA. 2020;323
(13):1266-1276. doi:10.1001/jama.2020.1707.

Riedel RF, Jones RL, Italiano A, Bohac C, Thompson JC, Mueller K,
Khan Z, Pollack SM, Van Tine BA. Systemic anti-cancer therapy in
synovial sarcoma: a systematic review. Cancers (Basel). 2018;10
(11):417. doi:10.3390/cancers10110417.

Pollack SM, Ingham M, Spraker MB, Schwartz GK. Emerging
targeted and immune-based therapies in sarcoma. J Clin Oncol.
2018;36(2):125-135. d0i:10.1200/JC0O.2017.75.1610.

NanoPass Technologies Ltd.
Delivering Precision



. . 4 e, e, %o, %0 4. %% 0000000000, .
................
A I I IR S LI

.....
D I I I N N IR N S I S A R
..........................

....................
----------------------
'''''''''''''''''''''''''''''

Section 5
Local
Anesthesia

MicronJet™ s a reliable and consistent
intradermal delivery injection.

N The use of MicronJet™ provides an
immediate anesthetic effect, unlike
EMLA, patches, and other methods.

MicronJet™ is simple to use.

MicronJet™ improves patient
compliance, especially in pediatrics
and needle-phobic patients.
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Abstract

Background

Peripheral venous cannulation is one of the most common procedures in medicine. It is
associated with noticeable pain and apprehension, although in most cases it is performed
without any anesthesia due to lack of a painless, cost-effective option, which would provide
rapid local anesthesia with subsequent significant reduction in the experienced pain. We
conducted an open-label placebo-controlled clinical trial to evaluate the efficacy and safety
of a 2% lidocaine injection using the commercially available microneedle device Minron-
Jet600 (NanoPass Technologies Ltd, Israel) to achieve rapid local anesthesia prior to
peripheral venous cannulation.

Methods

One hundred and two subjects were randomly allocated into two groups. In the first group,
100pL of lidocaine hydrochloride (2%) was injected intradermally to subjects using the
MicronJet600 device in the left arm (MJ-Lido) and 100uL of saline was injected intradermally
using the device in the right arm (MJ-Saline). In the second group, 100uL of lidocaine hydro-
chloride (2%) was injected using the MicronJet600 device into the left arm (MJ-Lido), with
no injection into the right arm of subjects (No pretreatment). In both groups the intradermal
injection was performed at the cannulation site prior to insertion of a 18G cannula into a
median cubital vein in both arms. As a primary variable, a score of cannulation-induced pain
was indicated by subjects using a 100-point visual analog scale immediately after cannula-
tion. As a secondary variable, subjects in Group 2 also indicated their preference to receive
the anaesthetic injection with Microndet600 in the future by using the 5-point Likert scale.
Also, as a secondary variable, the duration of skin numbness after lidocaine injection was
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indicated by performing a superficial pin-prick with a 27G needle at 15, 30 and 45 minutes,
at distances of 1, 2 and 3 centimeters from the injection site.

Results

A significant pain reduction (11.0-fold) was achieved due to the lidocaine injection compared
to the cannulation without any pretreatment (p< 0.005). After the lidocaine injection the
anesthesia was effective up to 2 centimeters from the injection site and remained for up to
30 minutes. Eighty percent of subjects from the second group preferred cannulation after
the lidocaine injection over cannulation without any pretreatment. No significant side effects
were identified.

Conclusion

Intradermal injection of anaesthetic with Micronjet600 was found to be a safe and effective
option for providing rapid local anesthesia for peripheral intravenous cannulation.

Trial regiatration

The clinical trial was registered, before the patient enroliment began, in the Research Regis-
try publicly accessible database (registration identifier: researchregistry4662). Also, the trial
was registered in ClinicalTrials.gov (registration identifier: NCT05108714) after its
completion.

Introduction

Intravenous cannulation is a common painful procedure which is, however, usually performed
without local anaesthesia [1]. The simplest approach involving injection of a local anaesthetic
into the skin using a regular needle is, in itself, painful therefore several techniques were previ-
ously tested for reducing pain in intravenous cannulation, with each having specific limitations
which reduce convenience [2-7]. Intravenous cannulation requires local anaesthesia, which
simultaneously provides an immediate effect, cost-effectiveness and simplicity, with a mini-
mum of discomfort to the patient [8].

The use of hollow microneedles is currently one of the most promising techniques for pro-
viding local anaesthesia in superficial interventions involving skin and subcutaneous adipose
tissue, in particular for peripheral venous cannulation [9]. To date, several commercially avail-
able, microneedle-based devices can be found on the market. Among them is the hollow
microneedles based device, MicronJet600 (MJ600) by NanoPass Technologies Ltd, Israel,
which was approved by regulatory authorities in many territories, including the United States
and the European Union. Micron]et600 was primarily investigated as a device for nearly-pain-
less [10] intradermal injection of vaccines [10-18]. The device is also considered promising for
use in other intradermal applications [19], including intradermal injection of anaesthetics.

To test the efficacy of Micron]Jet600 to provide rapid local anaesthesia for peripheral intra-
venous cannulation via intradermal injection of micro-amounts of anaesthetic, with a subse-
quent decrease of the intervention-related pain score as a primary variable, an open-label
placebo-controlled clinical trial was conducted. To assess safety of the intervention, potential
side effects were estimated. Further, preference of cannulation, preceded by the intradermal
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injection of anaesthetic, over the cannulation without any pretreatment, duration and area of
skin numbness after the lidocaine injection, were assessed as the secondary variables.

Materials and methods

The trial was registered prior to patient enrollment in the Research Registry publicly accessible
database (registration identifier: researchregistry4662, principal investigator: Chavdar Pavlov,
date of registration: 29 January 2019, URL: https://www.researchregistry.com/browse-the-
registry#home/registrationdetails/5c4d811ac413740862094f0f/). Also, the trail was registered
in ClinicalTrials.gov (registration identifier: NCT05108714) after its completion. The authors
confirm that all ongoing and related trials for this drug/intervention are registered. The study
received ethical approval from the Local Ethics Committee of First Moscow State Medical Uni-
versity (Extract from Minutes No. 07-17 of the Local Ethics Committee meeting of
13.09.2017) and written informed consent was obtained from all subjects participating in the
trial. The study was conducted in accordance with the Declaration of Helsinki (2013) protocol
and CONSORT (Consolidated Standards of Reporting Trials) (Fig 1). Study subjects, healthy
volunteers and patients at University’s Clinical Hospital 2 (Moscow, Russia) were enrolled
between January 29th, 2019 and March 15™, 2019. The recruitment ended after the number of
enrolled participants exceeded the designated sample size for each group.

Study design

A single center, open-label placebo-controlled clinical trial to evaluate the efficacy and safety
of 2% lidocaine injection, using the commercially available microneedle device MinronJet600
(NanoPass Technologies Ltd, Israel), to achieve rapid local anesthesia prior to peripheral
venous cannulation.

Study objectives

The primary objective was to evaluate, in terms of VAS score, the efficacy of intradermal
administration of low doses of lidocaine 2% solution using MicronJet600, to reduce the pain
associated with peripheral venous catheter insertion. Secondary objectives included identifica-
tion of potential side effects from intradermal administration of lidocaine with the

Enrollment Assessed for eligibility (n = 142)
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https://doi.org/10.1371/journal.pone.0261641.g001

[ Provided feedback 24 b post-atervention (5=52)

92|

PLOS ONE | https://doi.org/10.1371/journal.pone.0261641 January 31, 2022 3/13

Local Anesthesia

PLOS ONE

Intradermal lidocaine via MicronJet600 microneedle device

Micron]Jet600 and assessment of the area and duration of skin numbness by performing a gen-
tle superficial pinprick with 27 G hypodermic disposable needle, at various distances from the
injection site, at various time points. Subjects’ preference for local anaesthetic injection with
Micron]et600 prior to future cannulations was also assessed.

Participants

One hundred and two healthy volunteers were pre-screened for eligibility. Inclusion criteria
included any gender, age between 18-65 years, and absence of all exclusion criteria. The main
exclusion criteria included pregnancy or breast feeding, evidence of allergy to lidocaine, pres-
ence of pain of any localization and character not associated with the study, or treatment with
any analgesics, any local tissue damage at the site of intervention, and serious systemic dis-
eases. After being considered eligible for the study and signing the informed consent form, the
subjects were randomly allocated into two groups by the first observer AR (Observerl). Simple
randomization was performed to allocate subjects into two groups using the Microsoft Excel
random number generator. The subjects who were allocated random even numbers were
assigned to the first study group (MJ-Lido vs MJ-Saline) while the subjects who were allocated
random odd numbers were assigned to the second study group (MJ-Lido vs No pretreatment).

Intervention

Prior to the intervention, each subject had his or her median cubital vein identified by palpita-
tion of the cubital fossa area by a nurse, to determine the site for intravenous cannulation. Fur-
ther, the cannulation site was wiped with ethanol swabs. Each subject from the MJ-Lido vs
MJ-Saline group received an injection of 100 pL of 2% lidocaine hydrochloride injectable solu-
tion (Biokhimik, Russia) into the left arm at the cannulation site and an injection of 100 pL of
saline solution (Biokhimik, Russia) placebo into the right arm at the corresponding site. Each
injection was immediately (t = 0) followed by cannulation with an 18 G peripheral venous
catheter. In the second group MJ-Lido vs No pretreatment, each subject received the injection
of 100 uL of 2% lidocaine into the left arm at the cannulation site which was followed by the
cannulation with an 18 G catheter, while the right arm of each subject was cannulated with an
18 G catheter without any pretreatment. Thus, each subject was his or her own control. This
trial design was chosen to identify the presence or absence of a placebo-related effect.

The injections of both lidocaine and placebo were performed with MicronJet600 (Fig 2(A))
placed on a 1 mL syringe (Fig 2(B)), prefilled with a 27G needle. The injection procedure lasted
approximately 4 seconds with the a flow rate of approximately 25 pl/sec. The intradermal

(A} (B)

Fig 2. MicronJet600 compared to the 27 G hypodermic needle (A), and MicronJet600 placed on 1 mL syringe (B).
https://doi.org/10.1371/journal.pone.0261641.9002
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injection with MicronJet600 was considered successful if a bleb, of approximately 10-15 mm
in width and 3-6 mm in height, was formed at the site of injection. A cannulation was consid-
ered successful when a small amount of blood was present in the cannula’s hub following the
cannula insertion. Each cannulation was performed by moving the cannula only forward
when inserting into the vein. In case of unsuccessful insertion, any attempt at reinsertion was
prohibited. Immediately after the insertion, the cannula was removed and the site of cannula
insertion was then wiped with ethanol swabs and covered with an adhesive bandage. All injec-
tions and cannulations were performed by the same highly-qualified staff nurse of the Univer-
sity’s Clinical Hospital 2, who had previously undergone training on the proper use of
MicronJet600 based on the training materials provided by NanoPass Technologies Ltd, Israel.
After each cannulation, as a primary endpoint variable, the subjects scored the pain experi-
enced using a 100-point visual analog scale (VAS), ranging from no pain (0) to unbearable
pain (100) [20], presented by the second observer AP (Observer2), and the scores were
recorded. The pain experienced by subjects due to cannulation in each of the cases (following
lidocaine injection, placebo injection, or without pretreatment) was also evaluated in terms of
the VAS-score. Thus, in the context of the current study, VAS-score = 0 was considered as a
lack of pain, VAS-score<10 as a mild pain score, VAS-score<20 as an acceptable pain score,
VAS-score>20 as an unacceptable pain score. s a secondary endpoint variable, the duration of
skin numbness due to lidocaine injection was assessed by performing a gentle superficial pin-
prick with a 27 G hypodermic disposable needle, perpendicularly to the arm at the distance of
1,2 and 3 cm from the injection site in the distal direction at 15 (t = 15), 30 (t = 30) and 45
(t = 45) minutes after the injection. The pinpricks were performed by the Observerl. For each
subject, a single 27 G hypodermic needle was used at each time point, and the needle disposed
of after the procedure. The pain experienced due to the pinpricks was also assessed, by the sub-
jects, in accordance with the provided 100-point VAS scale and recorded by Observer2. After
the cannulations were performed in both arms of the subjects in the MJ-Lido vs No pretreat-
ment group, the subjects were asked whether they would prefer to receive an anaesthetic injec-
tion with MicronJet600 prior to cannulations in future. After the cannulations were
performed in both arms of the Group 1 subjects (M]-Lido vs MJ-Saline), the subjects were
asked whether they would prefer to receive anaesthetic injection with MicronJet600 prior to
the cannulations in the future. The preference assessment was performed with the 5-point
Likert scale where 1 was defined as strong disagreement, 2 as disagreement, 3 as lack of any
preference, 4 as agreement and 5 as strong agreement. To assess possible side effects of the
intervention, the cannulation site was examined for evidence of swelling, edema, hematoma,
or hemorrhage at 60 minutes after the procedure. Further, the subjects were contacted by
phone, 24 hours after the injection, and asked about any evidence of study-related adverse
events. A general study scheme is presented in Fig 3.

Statistical analysis

Regression modeling and results visualization were performed using R (version 3.6.3) environ-
ment for statistical computing (R Foundation for Statistical Computing, Vienna, Austria) and
third-party packages Ime 4 1.1-21, clubSandwich 0.4.1 and emmeans 1.4.8 available on the
CRAN repository. Linear mixed effects models (implemented in the Ime4 1.1-21 package)
were used to model VAS scores after interventions: assuming random intercepts, random
slope for repeated measurements (corresponding to coefficients for 30 min and 45 min) for
each study participant, and measurement time (15, 30 and 45 min)-distance (1, 2 and 3 cm)
interaction. For all models Sandwich cluster-robust variance-covariance matrix estimators
(implemented in the clubSandwich 0.4.1 package) were used to address heteroskedasticity, the
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Fig 3. General study scheme.
https://doi.org/10.1371/journal.pone.0261641.9003

Satterthwaite method was used to approximate degrees of freedom and the Tukey method was
used to adjust p-values obtained from pairwise comparisons. Cohen’s d was used as a stan-
dardized effect size estimate.

Sample size

A sample size of 40 subjects per group was calculated to detect an effect size of (expected differ-
ence on the VAS score between two time points at a specific distance) 1 with standard devia-
tion in the effect of 2.2, using a paired t-test with 80% power and 5% type I error rate assuming
a two-sided significance testing procedure. At the same time, an additional 22 subjects (102
subjects in total) were enrolled in order to compensate for dropouts.

Results

One hundred and twenty-nine subjects gave informed consent and were enrolled in the study;
66 subjects were allocated into Group 1 (MJ-Lido vs MJ Saline) and 63 into Group 2 (MJ-Lido
vs No pretreatment). Ten subjects from Group 1 and 7 subjects from Group 2 had at least one
unsuccessful cannulation; these subjects were excluded from the study. Four subjects from the
Group 1 and 6 subjects from Group 2 were also excluded from the study due to unsuccessful
injections with MicronJet600 at the first attempt. In these cases, owing to deviations in the
technique for the injection, insufficient penetration of the microneedles into the skin led to a
major leakage of the injected solution onto the skin (10 out of 186 injections, 5.4%, resulted in
major leakage). Thus, data from 52 subjects from MJ-Lido vs MJ Saline (Group 1) and 50 sub-
jects from MJ-Lido vs No pretreatment (Group 2) were analyzed (Table 1).

The results from the linear mixed effects model of VAS score after the cannulation are pre-
sented in S1 Table. According to the results (Fig 4), the mean pain score of the cannulation
was 3.6 (95% CI from 2.6 to 4.6) for the MJ-Lido, 41.5 (95% CI from 38.2 to 44.8) for the
MJ-Saline and 39.7 (95% CI from 35.7 to 43.7) in the absence of pretreatment. The pain reduc-
tion effect caused by intradermal administration of 100 pL of 2% lidocaine compared with
both saline injection and no pretreatment was statistically significant (p < 0.0001) with corre-
sponding Cohen’s d estimates -4.5 (95% CI from -4.9 to -4.2) and -4.3 (95% CI from -4.8 to
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Table 1. Baseline demographic characteristics.
Characteristics Treatment group No
MJ-Lido vs MJ-Saline (N = 52) MJ-Lido vs No pretreatment (N = 50)
Sex—no (%)
Male 35 (67%) 29 (58%)
Female 17 (33%) 21 (42%)
Age-years (+)
Min 18 18
Max 59 63
Mean 28.6 (+11.3) 30.2 (+13.6) I MR WMe Ao e G TR R G0 oG
Median 24.5 28.4 Fig 5. The bar chart shows the distribution of subjects between the groups ranked by VAS-score for the cases of
Body Mass Index (BMI) the injection of 100 pL of 2% lidocaine or placebo prior to cannulation, or gmnulation without any pretreatment.
Thus, the non-shaded bar, slightly shaded bar, moderately shaded bar and entirely shaded red bar represents the
Mean (SD) 24.8 (£3.6) 25.3 (£3.1) percentage of subjects related to the groups: VAS-score = 0, VAS-score<10, VAS-score<20, VAS-score>20,
Range 18.8-34.3 17.4-31.7 respectively.
https://doi.org/10.1371/journal.pone.0261641.t001 https://doi.org/10.1371/journal.pone.0261641.g005
-3.9). Also, no placebo-related effect was determined (Cohen’s d = 0.2, 95% CI from -0.4 to VAS-score<20 and VAS-score>20, respectively; the distribution of cases in the scenario when
0.8,p =0.8). placebo injection preceded the cannulation was 0%, 1.9%, 0% and 98.1% for VAS-score = 0,
The distribution of cases between four VAS-score groups (VAS-score = 0, VAS-score<10, VAS-score<10, VAS-score<20 and VAS-score>20, respectively; the distribution of cases in
VAS-score<20 and VAS-score>>20) was estimated in percentage for the scenarios with the the scenario when cannulation was performed without any pretreatment was 0%, 4%, 8%
lidocaine (n = 102) or placebo injection (n = 52) prior to cannulation, or without any pretreat- and 92% for VAS-score = 0, VAS-score<10, VAS-score<20 and VAS-score>20, respectively
ment (n = 50). Thus, the distribution of cases in the scenario when lidocaine injection pre- (Fig 5).
ceded the cannulation was 54.9%, 95.1%, 100% and 0% for VAS-score = 0, VAS-score<10, The results from the linear mixed effects model of VAS score after the cannulation are pre-
B sented in S2 Table. The dependence of skin numbness after the intradermal lidocaine injection
was determined to be statistically significant for both predictors: distance of the pinprick from
the injection site with 27G needle, time after the injection and their interaction (p<0.0001). As
__! - expected, skin numbness was significantly higher at t = 15 and the distance of 1 cm with the
40+ I — mean VAS of 4.5 (95% CI from 3.5 to 5.5) as compared to other time points and distances: 9.0
(95% CI from 8.1 to 10.0), 10.9 (95% CI from 9.7 to 12.0), 11.0 (95% CI from 9.8 to 12.2), 12.4
(95% CI from 11.0 to 13.8), 12.2 (95% CI from 10.9 to 13.6), 11.7 (95% CI from 10.6 to 12.7),
12.3 (95% CI from11.0 to 13.5), 12.1 (95% CI from 11.1 to 13.2) for t = 15 and 2cm, t = 15 and
30- 3cm, t=30and 1 cm, t = 30 and 2cm, t = 30 and 3cm, t =45 and 1cm, t = 45 and 2cm, t =45
and 3cm, respectively (Table 2). Fig 6 depicts the alteration of the average pain scores at three
g e ) time points in relation to the distance from the injection site. At the end of the study (t = 60),
g é I';lldocablne no subjects indicated a feeling of skin numbness at the injection site.
(&'J 20- aceno Adverse events of lidocaine injection with MicronJet600 were visually assessed right after
= E No pretreatment the injection (t = 0) and at the end of the study (t = 60min); Thus, at t = 0, there were no
adverse events indicated. A bleb (wheal) of 10-15 mm in length and 3-6 mm in height was
formed in all subjects immediately after the injection, which is considered a sign of successful
i intradermal injection. At t = 60 min, a slight erythema of the injection site was noticeable in
Table 2. Mean estimates with corresponding 95% confidence intervals for VAS pain score due to pin-pricks with
. a 27G needle at three time points at 15, 30 and 45 minutes after the lidocaine injection with MicronJet600, and
> distances at 1, 2 and 3 centimeters from the injection site.
0 Time (min) Distance (cm)
1 2 3
Fig 4. Mean estimates of VAS scores with corresponding 95% confidence intervals for pain experienced by the subjects after 15 4.5(95% CI: 3.5-5.5) 9.0 (95% CI: 8.1-10.0) 10.9 (95% CI: 9.7-12.0)
.ca.nnu.lations pr.eceded by the: lidocaine injection (MJ-Lido vs M]—Se.lline and MJ-Lido vs No pretre.atment groups (red bar), saline 30 11.0 (95% CI: 9.8-12.2) 12.4 (95% CI: 11.0-13.8) 12.2 (95% CI: 10.9-13.6)
injection (MJ-Lido vs MJ-Saline group, green bar), or performed without any pretreatment (MJ-Lido vs No pretreatment group,
blue bar). 45 11.7 (95% CI: 10.6-12.7) 12.3 (95% CI: 11.0-13.5) 12.1 (95% CI: 11.1-13.2)
https://doi.org/10.1371/journal.pone.0261641.9004 hitps://dol.org/10.1371/journal pone.0261641.1002
PLOS ONE | https://doi.org/10.1371/journal.pone.0261641 January 31, 2022 7/13 PLOS ONE | https:/doi.org/10.1371/journal.pone.0261641  January 31, 2022 8/13
96 | Local Anesthesia NanoPass Technologies Ltd.

Delivering Precision



PLOS ONE

Intradermal lidocaine via MicronJet600 microneedle device

12+

VAS score

15 min
== 30 min
=s= 45 min

1 2 3
Distance (cm)

Fig 6. The multi-line chart demonstrates mean estimates of VAS scores with 95% confidence intervals for pain experienced by
subjects due to the superficial pin-pricks with 27 G needle for three different time points at 15, 30 and 45 minutes after the
lidocaine injection with MicronJet600, and at 1, 2 and 3 centimeters from the injection site.

https://doi.org/10.1371/journal.pone.0261641.g006

subjects with pale skin. Further, 24 hours after the study, there were no reports of erythema or
swelling at the site of lidocaine injection and cannulation. At the same time, 9 subjects (8.8%
in total from Groupl and Group2), 5 subjects (9.6%) and 4 subjects (8%) complained of local
hematoma around the cannulation site for the scenarios when cannulation was performed
after the lidocaine injection, after placebo injection, or without any pretreatment, respectively.
However, local hematoma is considered a common adverse event of the cannulation itself and
there was no evidence for correlation between the injections with MicronJet600 prior to can-
nulation and an increased prevalence of hematomas.

Discussion

Currently, there is an unmet need in clinical practice in which common painful procedures,
including intravenous cannulation, are performed without proper or any anaesthesia. This can
cause pain, anxiety and discomfort to patients. In this study, the efficacy and safety of intrader-
mal administration of anaesthetic with MicronJet600 to provide local anaesthesia for periph-
eral intravenous cannulation was tested. According to the results of this open-label placebo
controlled clinical trial, the intradermal injection of 100 pL of 2% lidocaine with Micron]Jet600
significantly decreased the pain score experienced by subjects due to insertion of 18 G cannula
into a median cubital vein. The difference between pain scores experienced due to intravenous
cannulation with and without local anaesthesia provided by the lidocaine injection substan-
tially exceeded the average clinically significant difference of 9-13 on the 100-point VAS [21,
22]. Further, there were no statistically significant differences between the average VAS-scores
due to cannulations after placebo injection and without any pretreatment, which demonstrates
the absence of a placebo-related effect. Moreover, intradermal injection of 2% lidocaine with
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MicronJet600 provided local anaesthesia for 15-30 minutes, and therefore can be effectively
used in diverse cases of mid-term surgical intervention involving skin and subcutaneous fat.
No significant adverse events from the intervention were identified.

At the same time, this study has several limitations such as the number of subjects per
group; time points for pain score measurement after the intravenous cannulation; volume and
concentration of the anaesthetic and type of anaesthetic. Also blinding could has been per-
formed more rigorously, although it is difficult to blind (disguise) the use of the MicronJet600
device; the intraindividual comparisons are confounded with the application side, which has
an unclear effect on the study result; since there is no evidence regarding the difference of pain
sensitivity between arms in population, arms were not randomised. Further, it is worth men-
tioning that the comparison within Group2 is confounded with the MicronJet600 use. In addi-
tion, the study was not powered for adverse events. Finally, the study did not involve a control
group whereby subjects would receive regular intradermal injection of lidocaine with a hypo-
dermic needle.

Although no direct comparison was made between local anaesthesia with the MicronJet600
and its most competitive alternative, Jet injectors, it is anticipated that the use of MicronJet600
is more effective. In a clinical trial by Lysakowski, Dumont, Tramer, Tassoniy [23] the effec-
tiveness of local anaesthesia with intradermal jet injection of lidocaine with J-Tip (National
Medical Products Inc, CA, USA) was investigated; the average pain scores, experienced by sub-
jects following a 18-G cannula insertion into a vein on the dorsal part of the arm and measured
with 10-point Numerical Verbal Scale (NVS), were: 3.9, 4.2 and 1.7 for the scenarios of cannu-
lation without pretreatment, cannulation after the injection of 500 pL of saline and cannula-
tion after the injection of 500 pL of 2% lidocaine, respectively. Consequently, the average pain
scores for cannulation with no pretreatment, and cannulation with the preliminary intrader-
mal injection of the placebo, were comparable between the current study and the study by
Lysakowski, Dumont, Tramer, Tassoniy [23]. Thus, the average 100-point VAS pain scores
versus 10-point NVS were: 39.7 vs 3.9 for cannulation without any pretreatment, and 41.5 vs
4.2 for cannulation after the placebo injection. The reduction in the average pain score of the
cannulation by intradermal administration of 2% lidocaine, however, was substantially higher
in case of the MicronJet600 intradermal administration. It resulted in an 11.0-fold reduction
(from 39.7 to 3.6) in VAS pain score, compared to the jet injection intradermal administration
which resulted in only 2.3-fold reduction from 3.9 to 1.7 in N'VS pain score. Moreover, in the
current study, a significantly lower amount (100 pL) of 2% lidocaine was administered in com-
parison with the study by Lysakowski, Dumont, Tramer, Tassonyi (500 puL) [23] which illus-
trates further the greater effectiveness of MicronJet600 as a tool for providing intradermal
administration of anaesthetics to achieve rapid local anaesthesia over the jet injection method.

The adverse events of cannula insertion after the lidocaine injection with MicronJet600
were insignificant. The only obvious sign of the injection was the formation of a bleb, which is
considered a sign for successful intradermal injection. Additionally, as the intradermal injec-
tion of only a small amount (100 pL) of 2% lidocaine with Micron]Jet600 was sufficient to
achieve the substantial reduction of pain, the technique is considered safe in terms of preven-
tion of serious complications if the injection was accidentally performed in a subject with lido-
caine hypersensitivity.

Conclusions

Overall, intradermal administration of low doses of lidocaine 2% solution with MicronJet600
is effective in reducing the pain associated with a peripheral venous catheter insertion proce-
dure, providing a sufficient rate of local anaesthesia immediately post-injection. No significant
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adverse events were associated with the intervention, which signifies its high safety. Further,
80% of subjects from the MJ-Lido vs No pretreatment group preferred cannulation after the
lidocaine injection over the cannulation without any pretreatment.
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Section 6

Aesthetic
Applications

MicronJet™ demonstrated superior performance in
reducing skin wrinkles, improving elasticity, and increasing
hydration compared to classic needles.

MicronJet™ enables accurate intradermal delivery,
ensuring the product remains in the dermis without
unnecessary diffusion, leading to better efficacy.

MicronJet™ improved patient comfort and Safety, showed
significantly less pain and fewer adverse effects, such

as erythema and bruising, making it a safer and more
comfortable option.

Patients showed quicker improvements in skin radiance,
hydration, and wrinkle reduction, with noticeable effects
as early as three weeks post-treatment.

NanoPass Technologies Ltd.
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“Dermatology WILEY

Facial rejuvenation using a microneedle-based device with a
revitalizing solution and free hyaluronic acid

To the Editor,

Treating delicate areas for facial rejuvenation is always a challenge
as the procedure must be effective but not too aggressive because
of side effects as pain. Here, we illustrated the preliminary results
on the performance and tolerability of a protocol that combines an
innovative device with a commercially available revitalizing solution
in a real-life setting. This was a multicenter study, carried out by a
panel of eight independent clinicians with different specialties in es-
thetic medicine.

Skin aging can largely be attributed to dermal fibroblast dysfunc-
tion and decrease in their biosynthetic activity. Injection treatments
are the most performed procedures in the cosmetic dermatology
practice.! Accurate injection is fundamental for optimum results,
and therefore, standardized procedures would be beneficial.? The
innovative technology (Fillmed Nanosoft'™) is designed to inject the
product with standardized intradermal delivery allowing reliabil-
ity and accuracy of injections, reduced pain and minimal bruising,
mainly in delicate areas. It is characterized by 3 Silicone Pyramid-
shapes micro-needles (0.6 mm) and can be adapted to all syringes. A
blue line determines the correct device orientation, which should be
placed at 45° angle with respect to the skin (Figure S1). In our proto-
col, the device is combined with a poly-revitalizing solution (NCTF®
135HA) of 59 ingredients and free non-cross-linked hyaluronic acid
with a well-known efficacy and safety profile.® After the injection,
the development of papules, that last no longer than 24 h, is an in-
dication of the correct positioning of the product into the dermis
(Figures S2 and S3).

Clinicians retrospectively collected data on their patients, aged
between 35 and 50 years, who were treated for the first time with
the solution using the Nanosoft'™ device. Previous injections of the
product with a standard needle were allowed. The treatment must
envisage fullface including upper/lower eyelids. Each patient was
handled with the same needle and one vial of product for the entire
treatment and underwent three sessions every 30 days and a final

evaluation after 90 days. We analyzed patient's profile at baseline,
post-treatment changes, and side effects. Methods were detailed in
the Appendix S1.

Overall, 33 records were collected and summarized in Table S1.

Figure S4 illustrates the magnitude of the post-treatment
changes. Approximately two-thirds of subjects showed a remark-
able/truly remarkable improvement in wrinkles and degree of elas-
tosis (S4-A). The effect of the intervention on lower (S4-B) and
upper (54-C) eyelids was comparable (p = 0.177) and clearly per-
ceivable in the short term (Figures 1 and 2). Patients and clinicians
substantially agreed on the effect of the protocol on the overall skin
quality: Almost 70% of them simultaneously declared to observe a
remarkable/truly remarkable (64%) or moderate (6%) improvement.
When in disagreement, the patient's perception of the intervention
(S4-D) was significantly better compared to the clinician's judgment
(S4-E) (p = 0.037).

The complications included moderate edema (n = 3) and/or ery-
thema (n = 11); pain experience was observed in only 3 patients and
was correlated to the product but not to the injection device. Almost
all the side effects were transient and resolved within few hours (1
erythema and 2 pain experience), a day (2 edema, 10 erythema, and
1 pain experience), or 2 days (1 edema).

All patients declared being satisfied, and almost all of them
(97% = 32/33) were willing to continue the treatment.

In conclusion, our preliminary results are encouraging in sup-
porting the use of microneedle-based devices as patient-centered
technology in the everyday clinical practice. The combined protocol
is effective and safe for treating facial wrinkles and delicate areas
like eyelids, and its performance seems to be independent from the
skin patient's profile. Larger and controlled studies are necessary to
provide the best evidence.

KEYWORDS
esthetic medicine, microneedles, nanosoft
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FIGURE 1 Before and after photographs at baseline (left) and at 90 days (right) showing eyelids wrinkle severity in a representative
subject who underwent three monthly intradermal injections using an innovative microneedles medical device
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ABSTRACT

Background: Skin biorevitalization involves multiple intradermal injections to enhance skin quality, but precise dermal target-
ing can be challenging due to variations in skin thickness smaller, less painful needles with fewer skin reactions are attractive
options.

Aims: This study evaluates a new Micro-Needle device's performance and safety in comparison with the classic needle used in
skin biorevitalization.

Patients/Methods: Subjects with facial and neck skin aging were enrolled. Safety outcomes, including immediate and local
tolerability, were assessed. Performance outcomes measured skin radiance, wrinkles and photoaging grade, hydration, sube-
pidermal low echogenic band, dermis thickness, and skin elasticity. Both subjects and investigators recorded Global Aesthetic
Improvement Scale scores.

Results: Micro-Needle injections demonstrated superior performance compared to the classic needle, influenced by the specific
skin zones and thickness. Micro-Needle was superior for skin wrinkles at D49 for periorbital zone and nasolabial folds by —14.5%
(p=0.01) and —15% (p=10.004), respectively, and for neck by 9.6% (p=0.0008). The Nanosoft device showed a faster improve-
ment for skin hydration at D42 for the cheek zone (p=0.04) and at D75 for the neck area (p=0.01); and for skin radiance at D75
(p=0.03) and at D120 (p=0.0098). Ex vivo studies confirmed the Micro-Needle's accuracy in product placement in the dermis.
Adverse events were milder with Micro-Needle and no serious adverse events occurred.

Conclusions: Both needles significantly improved skin quality, but Micro-Needle enhanced the outcomes of skin biorevitaliza-
tion procedures, particularly in terms of skin wrinkle reduction, elasticity, and overall skin hydration.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is
properly cited.

© 2024 The Author(s). Journal of Cosmetic Dermatology published by Wiley Periodicals LLC.
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1 | Introduction

The aging perception by patients is the most frequent reason
for a medical consultation. Both intrinsic and extrinsic fac-
tors, participate in the aging process of the skin. In addition,
photo-exposed areas, such as the face or hands, are subject
to the cumulative effect of both chronological aging and en-
vironmental factors [1, 2]. Face aging of the superficial plane
(skin) and that of the support structures (fat, muscles, and
bones) are distinguished. At the level of the skin a reduction
in cell renewal, dehydration, loss of radiance, elasticity, firm-
ness, and the appearance of fine lines and wrinkles are ob-
served. Structural aging (deep planes) causes atrophy of the
bone structures and melting of the fats associated with a dis-
placement of the latter toward the bottom of the face (gravity).
This results in sagging skin in the middle and lower third of
the face (cheeks, oval), accompanied by wrinkles and furrows
increasingly marked.

Nonsurgical cosmetic solutions have enabled to offer simple
and efficient treatments to patients wishing to slow down facial
aging. However, as the barrier properties of skin limit the trans-
port of molecules, various chemical and physical permeation
enhancement techniques have been deployed for the delivery
of active molecules through skin [3-6]. Among the most recent
administration techniques and attractive treatment option, the
application of microneedle-based devices is a favorable drug ad-
ministration approach for skin rejuvenation [7, 8].

Inthisclinical trial, we use NCTF 135HA (FILLMED Laboratories,
Paris, France) as a skin rejuvenation strategy thanks to its effects
previously demonstrated on tissue filling of fine lines with hyal-
uronic acid and restructuring of the extracellular matrix by main-
taining the hydration of the skin and its biochemical and biological
architecture [9, 10]. NCTF 135HA is an antiaging biorevitalization
solution containing 59 nutritive ingredients and 5mg/mL of non-
cross-linked hyaluronic acid.

The administration of NCTF 135HA product, mesotherapy
product, with the indication of biorevitalization is defined as a
minimally invasive cosmetic medical treatment, which involves
the intradermal injection directly in the zone to treat of active
substances, to achieve the best efficiency. In order to penetrate
the epidermis and upper dermal layer of the skin, Micro-Needle
devices can be presented either in a single needle—with length
range of 4-6 mm for Mesoneedle and 1-2mm for Mesogun—or
an array of micron-sized needles—with length range of 0.25-2
for Needle Pen and 0.5-1.5mm for DermaRoller.

However, the longer needles are the more adverse effects can
be expected such as erythema, edema, hyperpigmentation, and
scarring on the skin [8]. The literature showed that more studies
are required to assess the safety profile of biorevitalization to
manage and minimize the risk of potential adverse reactions,
mostly for isolated cases [11, 12].

Therefore, in this study, our purpose was to determine the
performance and safety of a new Micro-Needle device based
on vaccine delivery clinically approved system (Nanopass
Technologies) [3, 13] in the aim to better manage the risk of ad-
verse effects linked to intradermal injections.

2 | Materials and Methods
2.1 | Subject Selection

The inclusion criteria were the male or female subjects older
than 19years old with a Fitzpatrick phototype of I to IV and a
photoaging grade of 2 or 3 on Glogau scale; a Lemperle wrin-
kle score of 2-4 for periorbital lines and a Bazin neck wrinkle
score of 2-4. Female subject accepted to do a pregnancy test. The
noninclusion criteria included the participants with any allergy
to the study product, history of dermal fillers during last 1year,
history of keloid scars, facial herpes, autoimmune disease, co-
agulation disorders, any acute inflammation/infection or any
other medication, condition or disease which may interfere the
results by investigator decision.

2.2 | Objectives

The main objective was to demonstrate objectively the differ-
ence between the efficacy and safety of hyaluronic acid-based
solution injected bilaterally and randomly on the face and neck
treated with Micro-Needle technology (Nanosoft, Micro-Needle,
Nanopass Technologies Ltd., Israel) versus the other side treated
with classic needle from DO to D75 (30days after the third and
last treatment).

2.3 | Study Design

The study adapted with the declaration the Helsinki with the au-
thorization of the local ethical committee of Medical University
of “Iuliu Hatieganu” under registration number 2/1101.2019. All
participants signed a written consent form, accepting not mod-
ifying their lifestyle and avoiding the sun exposure during the
whole study. This study is a randomized, comparative, prospec-
tive monocenter study for 120 days.

The protocol consisted of three injection sessions, 3weeks apart
at Day 0, D21, D42 and three follow-up sessions at D49 (7days
after the last injection session), D75 and D120.

The physician disinfected the treated area with chlorhexidine
and injected the biorevitalizing solution (NCTF 135HA) which
was prepared in a 3mL sterile syringe through a 32G x4 mm
classic needle on one side or through a Micro-Needle (Nanosoft)
for the other side in a randomized way. The injection volume for
each zone was as follows: 2 vials of 3mL for whole face (3mL
per side) and 1 vial of 3mL for the neck (1.5mL per side). The
treatment based on the multiple intradermal injections on whole
face and neck spaced every 1-1.5cm with a quantity of 0.05mL
on each point to produce a visible papula.

2.4 | Investigated Products
2.4.1 | Micro-Needle Nanosoft
A latex-free CE marked Micro-Needle technology with three

silicon-based needles of 0.6 mm (Figure 1). The Micro-Needle
enables to control intradermal delivery in any procedure which
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requires administration of substances to the dermal compart-
ment. This device was used previously for vaccination and re-
cently is introduced for the first time in aesthetic indications by
FILLMED Laboratories.

Nanosoft™ Classic needle

FIGURE1 | Theinjector devices, Nanosoft with three silicon needles
of 0.6 mm and classic needle, 32 gage with 4mm length.

TABLE1 | Complete ingredients of NCTF135HA.

2.4.2 | Classic Needle

We used a 32-gage 4-mm (32G X 3/16”) needle, TSK Laboratory,
Japan, EMERGO EUROPE (Figure 1).

2.4.3 | Biorevitalizing Solution

NCTF 135HA (FILLMED Laboratories, France) is a 3-mL vial
containing 5mg/mL of non-cross-linked sodium hyaluronate
and a polyrevitalizing solution (described in Table 1).

2.5 | Pre-Clinical Evaluation of Nanosoft Versus
Classic Needle

In an ex vivo study performed internally with a colored NCTF
135HA, both Nanosoft and 32G x4 mm classic needle were eval-
uated for their capability to produce a papula in the dermis and
the duration of its persistence. After the injection the explant
was cut at 2, 6, 8, and 24h (Figure 2). The results show that re-
gardless of the injection method, the papules became flattened
till 24h. However, a visible diffusion of the colored injected
product in the hypodermis is observed for the classic needle

Compound class Components
Vitamins Ascorbic acid (vit. C), biotin (vit. B8), pantothenic acid (vit. B5), folic acid (vit.
total: 12 B9), inositol (vit. I), nicotinamide (vit. B3), pyridoxine (vit. B6), riboflavin (vit.
B2), thiamine (vit. B1), tocopherol (vit. E), retinol (vit. A), vit. B12
Minerals Calcium chloride, potassium chloride, magnesium sulfate, sodium
total: 6 acetate, sodium chloride, sodium dihydrogenophosphate
Nucleosides Deoxyadenosine, deoxycytidine, deoxyguanosine, deoxythymidine, 5-methyl-2’-deoxycytidine
total: 5
Amino acids a-Aminobutyric acid, alanine, arginine, asparagine, aspartic acid, cystine, glutamine, glutamic
total: 24 acid, glycine, histidine, hydroxyproline, isoleucine, leucine, lysine, methionine, ornithine,

phenylalanine, proline, serine, taurine, threonine, tryptophane, tyrosine, valine

Coenzymes TPP (Cocarboxylase), CoA (coenzyme A), FAD (flavine adenine dinucleotide), NAD (nicotinamide
total: 6 adenine dinucleotide), NADP (nicotinamide adenine dinucleotide phosphate), UTP (uridine triphosphate)
Other compounds Glutathione, polysorbate 80, glucuronic acid, glucuronic acid lactone, glucosamine, dextrose anhydrous
total: 6
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FIGURE2 | Monitoring over time of papules formed by injection of colored NCTF 135 HA, by Nanosoft and by a 32-gage 4 mm classic needle. The

skin was cut immediately, 2, 8, and 24 h after the injection.
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TABLE 2 | Summary of evaluation methods.

Parameters Scoring system Zone(s) Scales
Skin radiance Skin radiance clinical scoring Face 0: Very dull skin
1: Dull skin, lacking radiance
2: Slightly radiant skin
3: Radiant skin
4: Very radiant skin
Skin wrinkles Lemperle score [14] Nasolabial 0: No wrinkle
periorbital 1: Very shallow, still visible wrinkle
cheek 2: Shallow wrinkles
3: Moderately deep wrinkles
4: Deep wrinkles, well defined edges
5: Very deep wrinkles, redundant folds
Bazin photographic Neck 0: No wrinkle

visual score [15]

1: Very shallow, still visible wrinkle
2: Shallow wrinkles
3: Slight wrinkles
4: Mild wrinkles
5: Deep wrinkles
6: Very deep wrinkles

Global photoaging Glogau scale [16] Face I: Mild—no wrinkles, early photoaging
II: Moderate—wrinkles in motion,
early to moderate photoaging
III: Advanced—wrinkles at rest,
advanced photoaging
IV: Severe—only wrinkles, severe photoaging
Parameters Technique/device Assessed area Values
Skin hydration Moisturemeter EpidD, —Face (cheeks) Hydration level of
Delfin Technology —-Neck epidermis (percentage)
Subepidermal Low Echogenic High Frequency Ultrasound -Face (cheeks) SLEB index in um
Band (SLEB) [17] imaging (DermalLab, -Neck

Cortex Technology)

Dermis thickness High Frequency Ultrasound
imaging (DermalLab,

Cortex Technology)

Skin Elasticity DermalLab, Cortex
Technology

-Face (periorbital
zone and cheeks)
—-Neck

Thickness in pm

-Face (periorbital
zone and cheeks)
-Neck

Overall elasticity (VE
index) in MPa/mms

while the product remained intact in the dermis with no dif-
fusion in the hypodermis for the skin injected by the Nanosoft
(Figure 2). This diffusion could waste the product form its main
target which is the superficial and deep dermis.

2.6 | Evaluation Methods

2.6.1 | Antiaging Performance Measures

The clinical assessment was performed by a visual scoring
system regarding the skin radiance, skin wrinkles in differ-
ent zones (face and neck), and the photoaging Glogau Scale

(Table 2).

The instrumental assessment was carried out using various
techniques detailed in Table 2.

The satisfaction rate was assessed by seven grades Global
Aesthetic Improvement Scale (GAIS) from —3 to +3 evaluated
by the investigators and also the subjects with following descrip-
tion (very much improved [+3], much improved [+2], improved
[+1], no change [0], worse [—1], much worse [-2], and very much
worse [-3]).

2.6.2 | Safety

Safety analysis includes all subjects who received at least
one injection session with one of the devices under study.
Immediate tolerance was assessed by measuring the pain
based on an analog 10 grades visual scale from 0 for no pain
to 10 for very intense pain. All local adverse events associated
with the injection were recorded as well. They were scored by
the investigator at each visit based on a 0-3 scale from absent
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to very severe from the first injection until the end of the study.
These expected local adverse events are including erythema,
ecchymosis, hematoma, edema, dyschromia, nodule/papule,
and pruritus. In parallel, the patients recorded any local or
systemic reactions or disorders on a daily log which was eval-
uated in each time point by investigator and recorded them in
the CRF.

2.7 | Statistical Methodology

The main criterion for this study is based on 5-point scale clin-
ical scoring (either Lemperle clinical scoring for face or Bazin
clinical scoring for neck). For these scales, a decrease of at least
one point demonstrates an apparent aesthetic evolution which
indicated the success rate. Assuming a standard deviation of the
after-before differences equal to 2, then 35 patients per group are
required to have a 90% chance of detecting a difference between
means of 1.0 with a significance level (alpha) of 5% (calculated
with the sample size for paired t-test [one-tailed]). As this study
is a split face/neck study, the minimum number is 35 subjects.
Considering the drop off rate of patients, a total 40 subjects were
included. Statistical analysis performed with Statistica Version
12, Graphpad Instat and Excel 2016. Descriptive statistics are
provided for each parameter (i.e., number of observations,
mean, standard-deviation [SD], minimum, maximum, median,
95% confidence interval).

The repartition of the sample size is provided for the evolution of
the clinical scores in the different classes of scores under the form
of n/percentage. Analyses is performed per area and per treatment.

The statistical significance of the evolution of the score be-
tween DO and other time points was checked by a paired-series
Student's t-test or its nonparametric equivalent and the superior-
ity of the treatment with Micro-Needle was tested by comparing
evolution observed with both treatments (one-sided Student's ¢-
test or Wilcoxon test on the deltas DO-Dx).

3 | Results
3.1 | Study Population

Forty healthy subjects between 32 and 69years old (mean age:
46.9years) were enrolled in the study in Cluj, Romania includ-
ing 5 male and 35 female volunteers. Twenty-one patients were
included in March 2019 and 20 patients were included in August
2020; one subject voluntarily stopped the study just after one in-
jection. Analyses were thus performed on population per proto-
col (PP): N=40 subjects. Among them, only six had previously
received aesthetic treatments (hyaluronic acid/fillers, botuli-
num toxin or biorevitalization) with an acceptable delay accord-
ing to the noninclusion criteria.

3.2 | Skin Radiance

A significant improvement of skin radiance score was observed
as early as 3weeks after only one injection (D21). This result re-
mains significant for all time points versus baseline till D120

for both face sides and devices (p <0.0001 for all time points)
(Table 3 and Figure 3). The difference between two devices is
statistically significant at D75 (p =0.03) and at D120 (p =0.0098)
in favor of Nanosoft.

3.3 | Photoaging Assessments

The data revealed a significant improvement of Glogau photoa-
ging score after 4months of treatment (D120) compared to the
baseline (DO0) for both treated sides (p <0.0001 for all) (Table 3).
This positive evolution allows a global photoaging improvement
no matter the treatment options with no significant difference
between both modes of injection. This observation is due to the
direct effect of the biorevitalizing solution (NCTF 135HA) and
not due to the injector.

3.4 | Skin Wrinkles

A significant improvement of skin wrinkles score was ob-
tained for face on cheeks, periorbital area and nasolabial fold
as well as on neck for all time points: at D49 (7 days after 3
injections), at D75 (1 month after 3 injections) and at D120
(2.5months after 3 injections) versus baseline, for both face
sides (p<0.0001 for all) (Table 3). A statistical difference in
favor of Micro-Needle was reported for every time point and
for all examined sites, except at D49 for the cheek area which
still show a tendency difference in favor of Micro-Needle
(p=0.054). The peak decrease of skin wrinkles score was ob-
tained on the cheek at D49 compared to baseline, by 53.8%
for classic needle versus 64.3% for microneedle side. The per-
centage of the evolution for other zones at the same time point
(D49) was reported as: 52% versus 37.5% for periorbital zone
(p=0.02), 50% versus 35% for nasolabial fold (p=0.01) and
42.9% versus 33.3% for neck wrinkles (p=0.0002) (Table 3).
Furthermore, the difference between the percentage of skin
wrinkles with Micro-Needle and classic needle showed that
the highest diminution score difference was in favor of Micro-
Needle technique, for the periorbital by —14.5% (p=0.01)
(Figure 4), for nasolabial folds by —15% (p =0.004) (Figure 5)
and for neck by 9.6% (p =0.0008) (Figure 6 and Table 3).

3.5 | Skin Quality

The assessment of high-frequency ultrasound and skin elastic-
ity by DermaLab (Cortex Technology, Denmark) shows a signif-
icant improvement of dermis thickness and the overall elasticity
versus baseline for both treated sides.

3.5.1 | Cheeks

The cheek area also revealed a raise of the dermis thickness at
D49 with Micro-Needle technology (p <0.02). Regarding skin
elasticity, the side treated with Micro-Needle device showed an
improvement of the overall elasticity (mean VE index) for this
zone with an increase of 34% at D120 compared to the base-
line (p=0.006) while the evolution on classic needle was non-
significant (Figure 7 and Table S1).
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TABLE 3 | Clinical scoring of different time points for Micro-Needle or classic needle. 3.6 3.6
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Skin radiance grade E
£ 24 3.2
DO 1.6 0.6 — 1.6 0.6 — — K
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D21 3.0 0.6 <0.0001 3.0 0.6 <0.0001 ns = 48 3.0
&n Any Any Ap=0.03 Ap=0.009
D42 34 0.5 <0.0001 3.5 0.5 <0.0001 ns . — ; - _— =,
Do D21 D21 Daz D49 D75 D120
D49 35 0.6 <0.0001 3.5 0.6 <0.0001 ns FIGURE3 | Mean skin radiance score from very dull skin (Grade 0) to very radiant skin (Grade 4). Significance value indicate ***p<0.001.
D75 33 0.6 <0.0001 3.4 0.6 <0.0001 0.0363
D120 3.0 0.3 <0.0001 31 0.5 <0.0001 0.0098
Glogau score
3.0
DO 2.60 0.46 — 2.60 0.50 — — :
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bital FIGURE4 | Mean Lemperle score on periorbital zone on different time points. Significance value indicate ***p<0.001.
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2.5
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a 2.0
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s »20%*"
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Do 27 07 o 2.8 0.9 o . FIGURES5 | Mean Lemperle score on nasolabial fold on different time points. Significance value indicate ***p<0.001.
D49 1.8 0.9 <0.0001 1.6 0.9 <0.0001 0.0008
D75 2.0 0.8 <0.0001 1.8 1.0 <0.0001 0.0002
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FIGURE 6 | Mean Bazin score on neck on different time points. Significance value indicate ***p<0.001.
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FIGURE8 | Mean dermis thickness in um assessed on the neck zone on different time points. Significance value indicates *p<0.05, **p<0.01.

3.5.2 | Periorbital Area

The data obtained for the overall elasticity indicated a signif-
icant difference of evolution between treatments in favor to
Micro-Needle technology for periorbital zone after 4 months of
treatment at D120 (p <0.05) (Table S1).

3.5.3 | Neck

The neck zone presented a significant increase of the dermis
thickness only for the side treated with the Micro-Needle,
7days and 30days after the third and last treatment (p <0.05
and p <0.002, respectively); whereas the side treated by classic
needle showed a slight increase of the dermis thickness only at
30days after the third and last treatment (p <0.05) (Figure 8
and Table S1).

3.6 | Skin Hydration

The face skin hydration level measured by MoistureMeter EpiD
(Delfin technology, Finland) on cheeks was significantly improved
on the Nanosoft side for all time points from D21 (3weeks after
only one injection session) until D75 (1 month after 3 injections)

(D21 p=0.02, D42 p=0.01, D49 p<0.0001, D75 p=0.008) while
the results are significant only 7days after 3 injections (D49) for
classic needle (p=0.0002) (Table 4). Regarding the neck area, the
side treated with Nanosoft showed a significant improvement of
hydration compared to baseline at D21 (56.0+4.1 vs. 53.5+5.1 at
DO; p=0.01) and D49 (57.6+6.4 vs. 53.5+5.1 at DO; p<0.006).
However, the neck side treated with a classic needle only showed
a better epidermal hydration level at D49 (55.4+5.8 vs. 52.4+4.6
at DO; p=0.03) (Table 4). The difference between two devices is
statistically significant for Nanosoft at D42 for the cheek zone
(p=0.04) (Figure 9) and at D75 for the neck area (p=0.01).

3.7 | High-Frequency Ultrasound Imaging
Moreover, at baseline (prior to injections), ultrasound showed
the presence of SLEB (Subepidermal Low Echogenic Band) in
all subjects, which is a reliable marker for skin photoaging grade
(Figure 10).

3.71 | Regarding the Face Skin

The thickness measurements of SLEB highlighted few signifi-
cant changes compared to baseline for both treated sides.
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TABLE 4 | Biometrological parameters measured at all time points for Micro-Needle or classic needle.

Classic needle

Micro-Needle

n=19 Mean SD P Mean SD P Ap
Deep hydration level of epidermis index
Cheek zone
Do 44.7 7.9 —_ 45.0 8.1 —_ —_
D21 48.0 9.0 ns 50.7 9.7 0.0218 ns
D42 459 8.0 ns 50.6 5.8 0.0135 0.0453
D49 53.5 8.1 0.0002 54.9 11.5 <0.0001 ns
D75 48.7 9.5 ns 51.7 11.8 0.0080 ns
D120 47.7 8.0 ns 47.9 9.1 ns ns
Neck zone
Do 52.4 4.6 — 53.5 5.1 — —
D21 54.1 4.3 ns 56.0 4.1 0.0128 ns
D42 51.1 7.8 ns 52.3 6.6 ns ns
D49 55.4 5.8 0.0329 57.6 6.4 0.0058 ns
D75 51.6 7.7 ns 55.3 6.5 ns 0.0166
D120 51.6 6.9 ns 52.2 6.8 ns ns
SLEB index
Cheek zone
DO 46.0 89.0 — 56.0 104.0 — —
D49 53.0 101.0 ns 49.0 94.0 ns ns
D75 51.0 109.0 ns 60.0 119.0 ns ns
D120 45.0 88.0 ns 47.0 107.0 ns ns
Periorbital zone
DO 151.6 127.5 — 130.7 118.8 —_ —_
D49 108.0 117.4 ns 110.5 134.6 ns ns
D75 108.7 123.5 0.0427 111.2 113.2 ns ns
D120 103.4 131 0.0499 116.6 120.3 ns ns
Neck zone
DO 70.7 86.2 — 81.3 93.7 — —
D49 70.2 92.7 ns 53.0 73.2 0.0356 0.0191
D75 84.3 107.1 ns 63.3 89.1 ns ns
D120 62.6 84.0 ns 69.2 84.7 ns ns
Pain during injection score
Classic needle Micro-Needle
n=40 Mean SD Median Mean SD Median
Face zone
DO 5.3 2.1 5.5 3.2 1.7 2.8
D21 5.1 2.2 5.1 3.3 2.3 2.4
(Continues)
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FIGURE11 | Painduring injection assessed on the face and the neck assessed after each injection session.
D42 4.0 2.3 3.5 2.6 2.0 2.4

FIGURE 9 | Mean epidermal hydration level (in percentage water content PWC %) measured by MoistureMeter EpiD assessed on the cheek.

Significance value indicates *p<0.05, **p<0.01, ***p<0.001.

SLEB
FIGURE 10 | Visible decrease on SLEB from baseline to D75 and
D120.

3.7.2 | Regarding the Neck Skin

A significant diminution of SLEB thickness was obtained for
Micro-Needle treatment at D49 (p < 0.04) (Table 4). In addition,
there is a significant difference of evolution between treatments
in favor to Micro-Needle technology (p <0.02).

3.8 | Global Aesthetic Improvement Assessment
The satisfaction rate was evaluated by investigator GAIS (IGAIS)

and also by subject GAIS (SGAIS) on two skin zones: neck and
face (Figure S1.1 and S1.2).

3.8.1 | IGAIS

The investigator reported an excellent satisfaction rate for the
face zone with 100% of improvement on both sides of the face at
D42, D75, and D120. For the neck area, the same improvement
rate on both sides were obtained at D42, D49, and D75.

3.8.2 | SGAIS

The patients observed an excellent improvement rate with a
slight difference according to the mode of injections: 98% for
the face zone from D49 to D120 with both classic needle and
Micro-needle, while with Micro-Needle, the same percentage of
improvement was achieved also at D42 (only after two injection
sessions), which show that the results started sooner.

4 | Safety and Tolerance

No serious adverse events have been reported during the study.
Eighty-one adverse events were reported by only 17% of the
total population. Most of them were relating to expected ad-
verse events that occurred frequently after dermal injections:
erythema (N=17/21%), burning sensations (N =13/16%), irreg-
ularities on palpation (N=10/13%), ecchymosis (N=28/10%),
pruritus (N=2/3%) and pain (N=1/1%). They did not last more
than 11 days (mean duration of 3.1 + 2.8 days with Classic nee-
dle and 2.4 +2.1 days with Micro-needle). Pain reported during
injection were lower with the Micro-Needle than with the clas-
sic needle (about —2 on both mean and median values) for the
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face and the neck zone (Figure 11 and Table 4). Only one AE

the study data showed a significant improvement in radiance
and wrinkles as early as 30days after the last injection on both
injected sides.

As discussed in the literature, biorevitalization is a mildly in-
vasive procedure that involves subcutaneous drug injections to
stimulate fibroblasts, increase collagen and elastin production,
and improve skin properties [9, 10, 19]. Our previous study has
shown that the use of intradermal microinjections of NCTF 135
HA in combination with biorevitalization have significant im-
provements in crow's-feet wrinkles, pore size, dermatological
scores, and skin tone [10].

Interestingly, Micro-Needle injections appeared to be more effi-
cient and rapid than classic needle injections for enhancing skin
radiance. The same positive results were observed for skin wrin-
kles, with superior effects observed on the face for periorbital
wrinkles, nasolabial fold and also for neck wrinkles. These find-
ings were further supported by instrumental measures such as
skin hydration level. High-frequency ultrasound imaging pro-
vided deeper insights, revealing positive evolutions in the favor
of the side treated by Micro-Needle.

Considering that the skin thickness varies across different facial
zones, and our results indicated measurable improvements pri-
marily on cheeks and the neck. As the evaluation was conducted
over a period of 4months, it is possible that the periorbital area
may require more time to fully demonstrate its restorative
effects.

In terms of safety, our study found that the most adverse events
encountered with both injection modes were quite similar.
Notably, the pain reported during injection was significantly
lower with the Micro-Needle technology.

5.1 | Conclusion

§ e was not related to injection (COVID suspicion for one subject

E S who stopped the study after the injection at DO). Overall, these findings highlight that NCTF 135 HA, partic-
52 55 : ularly when administrated using Micro-Needle injections,
EY Haeme ""--“‘T‘M-B%" offers a compelling solution for antiaging biorevitalization.
.g ‘E 1‘12_5%.-. o X " *8 Nancsoft Moro-Needie 5 | Discussion Micro-Needle technology seems to be a more rapid, efficient,
g2 e o "9‘6%\ L =7 EoeHed and safe device for biorevitalizing solutions. It is a suitable de-
g’g' //J;hsh““m. Ns T W®nNS In this study, various measures were performed to re-validate vice to treat the most delicate zones such as periorbital area
E 2 45 v NS the performance of NCTF 135 HA and to evaluate any differ-  and neck. These results could be explained by the ex vivo stud-
E ence between the two injection modes: Classic needle versus ies which showed the remaining of the product on the right
§ ” Ans Ap=0.04 Ans Ans Micro-Needle. Antiaging biorevitalization can be indicated for level until 24h [9].

= = Do D21 D42 D75 D120 tired or lack of radiance skin with intense dehydration [18], and
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