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contributed by industry experts.

Full contact information appears alongside each
article. Contributing companies would be delight-
ed to hear from interested readers directly.
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pass on to authers, or answer as appropriate,
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PREFILLED SYRINGES:
WHY NEW DEVELOPMENTS ARE IMPORTANT

IN INJECTABLE DELIVERY TODAY

Within the almost $100 billion injectables market, one such injection format — the prefilled syringe
—is becoming increasingly popular. But, as prefilled syringe manufacturers and fillers are requoired

to deal with an ever-growing number of new types of compounds in new therapentic classes, they

encounter new nbstacles, and muost devise methods of overcoming them. In this piece, Dr Thomas
Brachtendorf amd Mathias Rumacker, Directors of Business Development at Buender Glas
{a division of Gerresheimer pharmaSystems), outline some of the advances and mnovations that
have enabled the prefilled syringes sector to keep ahead of rapid changes and growing demand.

Some view the injectables market as the tradi-
tional, more conventional side of drug delivery.
As such, they do not tend 10 associate it with the
level of cutting-edge science and technology
that is readily linked with other delivery meth-
ods, such as advanced inhalers.

In reality though, the expenence of anyone
close to the imectables sector would lead them
to take a quite different view. The nomber of
mjectable prodocts 1s rocketing — not least
because mjection is currentty the only viable
way of delivering many of them. As a conse-
quence, demand for technolopies that improve
the production, admnistration, and the expen-
ence of receiving injectable products, is strong.

The first products presented in prefilled-
synnges were hepanns, launched in Furope by
Sanofi and Rhine Poulenc-Rorer in the earky
1980s. At that time, the prefilled-syringes mar-
ket was viewed as a relatively insignificant
miche area within the huge injectables market
Therapeutically, prefilled syringes were limited
to a narrow range of applications 1 a few vac-
cines and anticoagulant products. Their use was
also limited geographically to Exrope.

Initial interest, during the 1980s and 1990s,
was sparked primarily by the clear advantapes
prefilled synnpes have over traditional wials and
ampoules. The procedure for using a prefilled-
synnge product often involves nothing more
than removing the synnge from the packaging
and mnjecting the formulation In contrast, any-
one administering a traditional imection from a
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vial might typically have to: read the requured
dose from the physician’s dosing direchions,
withdraw from the vial slightly more formnla-
tion than is required, imvert the syringe to allow
any air bubbles to reach the top, depress the
plunger shghtly to expel any air and, finally,
depress the plunger shightly further stll to leave
precisely the required dose, which they measure
using the scale along the syninge barrel

Prefilled syninges, with their single-use, dis-
posable format, together with the fact that they
eliminate several of the procedures required
pror to admimstering a formulation presented
1 a vial, are ssgmficantly quicker and more con-
venient. Ease of use, in addition to simply mak-
mg them more convenient, means that prefilled
synnpges are safer

The major safety benefit 1s the redoced like-
hhood of dosing emmors — whach can ocecur at
each of the steps in the vial/ampoule procedure.
The fized dose in a prefilled syninge is filled
mechanically and is checked electronically dur-
ing guality contzol.

As well as reducing errors 1 the dose quants
ty, prefilled synnpes reduce the nsk of adoninis-
tennp the wromng product because the synnge and
packaging are clearfy labelled with the dmg
name_ For synnges filled at the point of adnunis-
tration, there is a period — between filling and giv-
mg the dose — when the synnge can be left full of
drug but completely unmarked. on a tray ready to
use. This 15 a danger penod smmce the identity of
the drug in the syrnge is typically known only to
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Figure 1a

Qily Siliconised Syringes
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Direct contact rubber 1o glass surface
leads over time to higher break-out forces,

Figure 1b

Baked-on-Silicone Syringes
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Figures 1a and 1b: the break loose effect

the person who filled it and the information only
exists in the memory of that person If they are
called away to an emergency and have to hand
over to another person the job of giving the mjec-
tion, there is a real nisk of a mistake oconrrng.
Another safety benefit is the redoced nisk of
needle-stick injury. Accidents are more likely with
traditional formats because the user 1s required to
expose the needle tip for longer, while performing
a senes of achions requinmg dexterty and concen-
tration. The fact that prefilled synnges are smgle-
wse devices also elimmnates the possibility of
cross-infection ansing from needle re-use.

Prefilled synnges contain the precise amount
of drug that 1s to be mjected, but vials and

ipoules have to « more hiqmd than the
actual dose m order for the correct amounnt to be
withdrawn. The excess formmlation 15 wasted
and, especialty with expensive biotech products,
elmination of wastage allows the mannfacturer
to make significant cost savings

As demand imcreased, and the ranpe of
viable applications of prefilled syringes broad-
ened, the market began to grow. Notably, the US
market, with its shorter story of prefilled
synmnges, was particularly keen on the advan-
tages this format pave, to the extent that it is
now exclusively an RTF synnpe market.

The pgence of biotect gy dps in the
early 1990s gave demand for prefilled syninges a
colossal boost worldwide and this product class
today stll represents the haghest potental for
foture growth. In Europe. new dmugs that have
been presented in prefilled syninges include: ery-
thropoietins such as Recormon and Eprex; inter-
ferons hke Betaferon, Avonex, Copaxone and
Ref; and thenmatoid arthritis drps hke Enbrel
and Humira, to name just a fewr.

Crucially, biotech provided a late but very

profound entry into the previousty untapped US
market, where many of the aforementoned
products, and many other biotech produocts,
were developed and launched first — often
prefilled synnges.

RECENT INNOVATIONS

The continnally increasimg demand for pre-
filled syringes has maintained pressure on man-
ufacturers to dewvise methods for increasing pro-
duction capacity and dnving down costs.
Alongside these ongomg advances, which focos
on improving the overall efficiency of the pro-
duction process, recent trends in the industry,
and m the healthcare environment generally,
have given nise to several specific imnovations
that improve the quality of prefilled synnges.

Like many manufacturers, Buender Glas has
expertenced a rapid expansion in the number of
therapeutic classes its prefilled synnge products
mmst serve, and foresees a continmation of this
trend. Its novel technolapies broaden the range
of products that can be presented m prefilled
syringes and, crucially, increase the acceptabali-
ty of prefilled syninges among the patents and
medical professionals that use them.

BAKED-ON SILICONE

Among the most important innovations are
those that have overcome the compatibality and
stability issoes that anse when dealing with
biotechnology formmlations. One particularky
common problem has been that such products
can react with the pily form of silicone, which is
used as a lubricant o coat the shiding compo-
nents of the syrmge.

The propensity for silicone to react with the
formulation 1s dependent on the concentration

of sili in the syringe and its chemical activ-
ity. The latter is determined by the number of
termunal hydroxyl groups, which is preater the
shorter the silicone polymer chain length

Baking-on the silicone —which wrvolves heat-
mg the silicone-coated syninge to a specific tem-
perature for an appropnate time — resalts m longer
chains that are more closely adhered to the sur
faces they coat. Thus the concentration of silicone
1n the synnpe and its chennical reactivity are both
reduced and the product’s stability s increased.

The second benefit of baked-on silicone 1s
that i1t reduces the frequency of the “break
loose™ effect. The effect can ocour dunng stor-
ape when the rubber closure, inside the syninge
barrel, expands outwards so that eventually it
displaces the low-frichion smlicone coating and
comes into direct contact with the inmer plass
surface (see figure 1a).

The user cannot detect the problem until the
point of administration when they try to depress
the plunper. Because the rubber closure 1s essen-
tially stuck to the mside surface of the synnge, a
high mmtial force is needed to shaft it. The needle
has already penetrated the patient’s skin and the
tip is positioned in their tissoe at this point, so
the lack of control as the extra force is apphied,
and the potenttal for a sudden movement as the
mbber closure 1s freed up., 15 clearly endesirable

As shown in figme 1b, baked-on silicone
provides a more consistent coating of the
synnpe walls, which prevents the expanding
mbber closure from toeching the glass wall
Lubncation is mamtained so that the inital
force required to 1mect using prefilled synnges
with baked-on silicone remains consistently low
before and after storage.

Synnges with staked-in needles have yet
another advantage from the baked-on silicomsa-
tion process. Until now, baked-on sihcone was
not available with staked-in needle synnpes
since a needle could not be ghoed into the chan-
nel of a syrmnge after baking process or the bak-
ing process itself would sofien the ghie n the
channel, resulting in a bad fixation of the needle.

The key to producing staked-in needle
synnges with baked-on silicone lies in the inac-
trvation of silicone located i the channel where
the needle will be glued 1 For this purpose
Buender Glas had developed a patented p

AVOIDING PH CHANGES

Another challenge has been to prevent the
undesirable pH change that sometimes ocours m
liquuds stored in prefilled synnges. It has been
observed in solvent syninges contaming water for
mjection {WFT) or saline solubon, 1n diluent pre-
filled symnges, which contain WFI for reconsti-
tuting Iyophilised products, and in syringes con-
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taamng non-buffered drug solutions. For WEL the
upper pH limit specified in the USPis 7.

The shift in pH occurs because the USP
Type 1 glass used n prefilled synnge maoufac-
tore 15 a borosilicate glass, which must be sub-
jected to vanous temperature chanpes dunng
the plass tube prodoction process (see Figure
2). Around the bepinming of the cooling phase,
at 580 C, sodium oxde forms and remains
the glass. Dunng storage, sodiom ions are
released mnto the WFI and, as shown in fignre 3,
increase the concentration of hydroxde ioms,
thes mncreasing alkalinity

Sodom oxide 15 transported dunng the tem-
penng process to the surface of the synnge plass
bamel. Over ttme, the ions on the mside of the
syringe are released into the WFI. This results
finally i an increase of the concentrabon of

hydroxide 10ns, yielding a changs mﬂlepH

Buender Glas has developed an
sulfate pre-treatment process that solves this prob-
tphate is sprayed into the glass
bamel before the tempening process of the formed
synnge is started. During the following heating
process, the formed sodum oxide reacts with the
ammonum solphate by forming highly soluble
sodium sulphate phos water and ammoma.

A study compared the pH increase m bi-dis-
tilled water in an untreated plass syringe with that
of water in an ammoniom sulfate treated syninge.
After being heated to 121 C for one hour, the pH

lem A

of the water in the d synnge inc
from 5.5 to 6.6 while the pH of the liquid inside
the treated syrmge moreased ffrom 5.5 to 5 9. This
effect was checked m stability studies and long-
term data 1s expected scon.

INCREASING FOCUS ON THE
PATIENT

The peneral trend o the wider healthcare sec-
tor, increasingly to place the patient more at the
centre of treatment strategies, rather than focusing
purely on their disease, i1s having a considerable
umpact on the prefilled synnpes secior and

The requirement from consumers for more
convenient treatments is one of the factors dov
ing the prefilled synnge market en masse.
However, this demand for convenience also
gives companies within the sector an opportuni-
ty to differentiate themselves.

Uppermost in the thoughts of many patients
receiving mjections are pain and discomfort. The
needle 15 clearly the mam component that deter-
manes how pleasant or onpleasant a patient finds
the mjection. Buender Glas has identified three
parameter sets that exert the preatest influence.

The first are the basic needle-quality charac-
teristics, such as the requirement for a hook-free

Copyright © 2005 ONdrugDelivery Ltd

needle tip and smooth surfaces.
These are achieved through a
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process. Secondly, there are less
critical, subtler factors such as

v

the nomber of bevels at the nee- = Na+
dle tip, the angle of the bevels & s+ OH-
and the bevel length Thirdly, L%

the coating substance and
method of apphcation, for
example silicomsation, have

been recogmised as key m deter-

Sodium Oxide Releases Sodium lons

This leads to an increase of the pH-value in non-buffered solutions.

H,0 ===} pH-value

mining the pain of mjection.
The increase in the nomber
of prefilled synnges being used to self-imject,
often at bome, 15 10 part a reflection of the trend
towards more 1ent-¢ ts, but

equally due to the application of

tred ireat

Figure 2: pH shift in all-glass syringes

delivery systems such as prefilled syninges are
perhaps mindful that, one day, the predictions
are likely to be fulfilled. Like its peers, Buender

prefilled syninpes in new indica- | rpgy
tions, such as theumatoid arthri- | |
t1s and multiple sclerosis.
Prefilled syninge manufactur-
ers are developing design fea-
tnres that take into account that
thseases such as these, the self-
mjectng patient 15 bkely to be
physically impaired in terms of
the force they can apply and their
depree of manval control

heating

forming

@ Syringes are made by heating and forming glass wbes
& LUSP Type | glass is a borosilicate glass
@ Alcaline release from the glass is causing pH-shifls

tamparing  cocling Tima

Relatively simple, thongh impor-
tant, new featores inclode a farpg-
er finger flange on the syrmge barmrel and a larper
thomb plate on the plunger, to make the device
easier to handle.

LONG-TERM VIEW

Looking ahead, the continual progress
towards ever cheaper and gquicker produoction
processes, which has been underway from the
first days of prefilled synnge mannfacture, will
no doubt continne in the background.

One specific development predicted m the
coming years is an increased interest in the use
of plastics, mstead of glass, for the syrmge body.
Plastic is already widely used in syringes, but its
application has hitherto been limited to large-
volume {20-50 ml) syninges for delivening con-
trast media, for example.

For smaller volume symmges (0.5-2.0 ml)
glass 1s the matenal of choice. However, pre-
filled synnge mamifactorers are mvestgatng
the potential of plastic in their products perhaps
for use in certain niche areas yet to be identified.
Buender Glas, for example, has a plastic product

Finally, the predicions made in the 1990s
that invasive drug debivery was neanng its end
were clearly somewhat prematore. However,
those mvolved m the prodechon of invasive

wrw.ondrugdelivery.com

Figure 3: Sodium oxide releases sodium ions

Glas 1s forping links and bulding expertise out-
side prefilled symnpes. Indeed, specific apphca-
tions of its core technologies in the areas of nee-
dle-free mjection and nasal delivery are already
bemng explored internally and with partners_

CONCLUSION

The examples of mnovahions piven above are
Just a fewr among many new technologies and pro-
cesses that have been adopted in prefilled syringe
production. Others mvolve, for example, mereas-
ing further the stenhity of the fimshed product and
decreasing the nomber of particulates found in the
and coatings for elastormeric components such as
plungers and needle shields; and even ingenious
advanced labelling techmologies, including peel-
off tabs and radic freguency transmitters, to
increase product safety and secunty.

The need for prefilled syninge prodecess to
innovate and make real breakthrouphs has
never been greater than in recent years. With
the market for prefilled syrinpes estimated to
have grown by more than 20% annuaily in the
US since 1999, to reach its current size of $200
million, and by around 8% annually in Europe
to reach $1 billion, we appear to be rising to
the challenge.
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