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Angdende Dnr RO81-16 pa avseende reklamfilm for Voltaren Gel.

GlaxoSmithKline Consumer Healthcare A/S (GSKCH) har tidigare 18 maj till IGMa sént véra
kommentarer i detta anmélningsérende.

Eftersom Dr Rune Lindqvist hade ytterligare fragor kring Voltaren Gel fick GSKCH fran IGMa en
mojlighet att ytterligare ge kommentarer kring Voltaren Gel’s s absorption och penetration vid ett givet
applikationsstille.

GSKCH har fatt fran vart moderbolag viktig information i detta &rende, som hér bifogas.

GSKCH tycker att vi hér pa ett tydligt och klargérande sétt har bemétt Dr RL “s synpunkter pd hur en
distribution av diklofenak kan ske in till en inflammerad vévnad och att just den information som hér dé
presenteras har resulterat i ett tilldgg i SmPC 5.2 under 2014.

GSKCH anser, som vi tagit upp tidigare i vart svar till IGMa 18 maj, inte att reklamfilmen kommer i
konflikt mer art.102 eller 104 i LER eller d& med tidigare NBL &renden 962,993 och 998.

Med vénlig hélsning
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Joakim Nordin

Brand Manager

GlaxoSmithKline Consumer Healthcare A/S
Box 516

169 29 SOLNA

Tfn: 08-638 93 00 (vixel)
joakim.x.nordin@gsk.com
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Background

Dr. Rune Lindqvist (RL) has in his letters sent to GSK CH through IGM (5™ of May 2016 and 23™ May
2016) questioned the scientific basis behind specific claims communicated in a television commercial
(TVC) by GSK CH on the product Voltaren Gel. RL is pointing out two aspects, which he does not find
substantiated adequately by GSK CH:

1. Direct penetration to underlying tissues: It is mentioned by RL that the first response from GSK
CH does not provide enough scientific substantiation on the ability of diclofenac to penetrate
through the skin and into the underlying tissues several centimeters below the skin surface.

2. Preferential distribution: It is mentioned by RL that this distribution is merely a result of increased
circulation as the bodys normal response to inflammation, and therefore does not related to a
property of diclofenac as such.

In the following, GSK CH will elaborate further on the scientific basis for both of those properties of
diclofenac and explain why we do not consider the communication in the TVC to be misleading.

1. Direct penetration to underlying tissues
RL points out that the first explanation provided by GSK CH does not fully justify a deep penetration
several centimeters below the skin surface. In his first letter, RL. mentions that the TVC in his opinion
shows a penetration of several centimeters through fat tissue and into the muscle tissue.

In the following, some of the data supporting direct penetration into deeper tissues, such as muscle tissue,
is presented.

GSK’s own data and published data demonstrate that diclofenac penetrates into underlying tissues.
Penetration is a characteristic of the drug (37) with its formulation modifying the rate and extent of
transdermal delivery. By considering this, the data below from formulations containing diclofenac
demonstrate that diclofenac, administered in humans and preclinical species using GSK or alternative
product, reaches muscle and synovial tissue.

Animal studies

The presence of diclofenac in deeper tissues has been demonstrated in rodents and was in part due to
direct penetration and not as a result of redistribution from systemic circulation (2). A study investigating
dermal penetration in rats showed that after topical application of diclofenac, the substance was present in
deeper tissues, such as subcutaneous tissue, fat tissue and muscles in higher concentrations than in
plasma. In this study a penetration to a depth of approximately 3-4 mm was observed.

A study in minipigs demonstrated that topically administered diclofenac is able to penetrate into a range
of tissues beneath the site of administration including muscle, synovial joint tissue and bone. In this
study, topical diclofenac was applied (2% twice daily 6 days and once on day 7 or 1.5% four times daily 6
days and twice on day 7) on the hind limbs and underlying tissues from treated as well as contralateral
sites were analysed. Higher concentrations were detected in muscle and tendons under the treated site
compared to contralateral site (35).

Higaki demonstrated in a rat dermal penetration study that several NSAIDs have a significant direct
penetration into deeper tissue, shown by higher concentrations in tissue under the treated area compared
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to contralateral tissue. Through a kinetic six compartment model it was estimated that 79% of the
muscular disposition of diclofenac was attributed to direct penetration (36).

Clinical/human studies

Patients who received endoprosthetic knee joint replacement, had Voltaren Gel applied to the knee
receiving surgery. Diclofenac could be measured in deeper tissues on the treatment site whereas similar
tissues on the contralateral site did not have measurable amounts (16). In this study concentrations in
tissue on the treated site and contralateral respectively was found to be 53.7 vs. 0 nmol/kg in subcutis and
112.6 nmol/kg vs. 0 nmol/kg in muscle tissue (16).

Topically applied diclofenac to one knee of patients with bilateral joint knee effusions, led to the
detection of diclofenac in the synovial fluid of both knees, but the total concentration reached at the
treated knee was significantly higher than that measured in the placebo treated knee (9). The presence of
drug in the untreated knee is due to blood redistribution - higher levels in the treated knee indicate the
contribution of direct penetration. This study indicates, in agreement with the prior study, that diclofenac
does penetrate directly to reach deeper body compartments although a proportion of penetration is due to
blood distribution.

Miyatake et al. (34) conducted a randomized clinical study to compare the diclofenac concentration
between topical and oral applications in the knee of osteoarthritis patients (N =14) undergoing total knee
replacement. Patients received 12 hours prior to surgery either diclofenac (37.5 mg slow-release tablet) or
topical diclofenac sodium (30 mg total) applied as tapes on the medial and lateral aspects. Following a
single dose, the mean concentration in muscle tissue was 14 times higher after topical application
compared to oral administration. For fat tissue the ratio was 3,5. Plasma concentrations were higher after
oral administration, as expected. In this study, the topical administration was via a diclofenac tape (patch).
The characteristics determining tissue penetration are generally the drug physicochemistry rather than the
formulation with this study demonstrating diclofenac’s ability to penetrate into tissue. Therefore, these
results provide support for the enhanced concentration of diclofenac in target tissues after topical
application.

A microdialysis study demonstrated that diclofenac, following topical administration of Voltaren
Emulgel, penetrates through the skin into subcutaneous fat and the underlying muscle (38). It also
demonstrated that formulation affects the rate and extent of penetration into plasma with faster absorption
leading to higher levels in the plasma whilst not affecting the relative penetration into tissue — a
characteristic determined by drug rather than formulation.

Other studies have been published in which the diclofenac concentration in tissues was

measured with micro-dialysis probes under the skin or in muscles. Several of these studies show higher
drug concentrations in tissues underneath the treated skin (20). In a study with healthy volunteers, the
absorption through intact skin of topically applied diclofenac (300 mg/100 cm?) was detected in two
different tissue depths: in superficial (3.9 +/- 0.3 mm) and in deep (9.3 +/- 0.5 mm) tissue layer (3).

Voltaren Patch
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It is also worth mentioning that a related product, Voltaren patch, containing diclofenac, has been
approved by MPA with the following text in the SmPC regarding pharmacokinetic 5.2:

Den observerade terapeutisk effekten forklaras ficimst av terapeutiskt relevanta koncentrationer ldkemedel i
vivnaden under appliceringsstillet. Penetrationen till verkningsstdllet kan variera med omfattning och typ av
tillstand och beroende pa appliceringsstdllet och dtgdirder.

Since the therapeutic active ingredient in both products is diclofenac, the formulation is less relevant as
soon as the substance is being absorbed through the skin. The qualitative properties of diclofenac
absorption into deeper tissues would therefore be the same regardless of the formulation.

Conclusion regarding direct penetration to underlying tissues

Several studies in animals and humans have demonstrated that diclofenac has an ability to penetrate
through the skin directly to deeper tissues. Penetration to both superficial as well as deeper muscle tissue
has been demonstrated, and higher concentrations in deep tissues under the treated site compared to the
contralateral site was found in several studies indicating direct penetration. However a contribution from
systemic circulation may also be present simultaneously, depending on the depth of the tissue.

The animation in the TVC is developed in consideration of the viewer, and as it is intended for
consumers/lay men, the process of dermal absorption and the pharmacokinetics of diclofenac is
communicated in a simplified way. For instance; the exact distance between the outer skin layer,
where the Voltaren Gel is applied and the back muscles shown in the animation is not to be taken
literally. The intention was to show that a direct absorption to deeper tissues does in fact take place.
This is fully substantiated by the scientific data and has in the case of diclofenac patch also been
acknowledged by the MPA.

2. Preferential distribution in inflamed tissue

The drug characteristics of diclofenac contribute to a preferential distribution in tissue. The section above
demonstrated that diclofenac has the intrinsic ability to distribute into target tissues. Diclofenac is
characterized by its high plasma protein binding and high affinity for its target COX-2 — these play a role
in determining a specific distribution into inflamed tissue. Diclofenac’s other absorption, distribution,
metabolism and elimination (ADME) properties also support this preferential distribution. The other
ADME factors contributing to the preferential distribution of diclofenac into inflamed tissue: volume of
distribution, acidity and persistence in synovial fluid of diclofenac as well as hemodynamics (21).

Of these factors, only hemodynamics is related to the bodys own response to inflammation, the others are
related to the specific chemical and pharmacokinetic properties of diclofenac. It is therefore true, as RL
states, that increased circulation as a result of inflammation will contribute to preferential distribution,
however this is only part of the full mechanism behind preferential distribution of diclofenac.

Diclofenac’s high affinity for albumin means that diclofenac benefits from the increased vascularity of
inflamed tissues. The increased vascularity means that more blood, and consequently albumin, perfuses
the inflamed tissue transporting the highly bound diclofenac to the site of action where it dissociates
permitting free diclofenac to bind with higher affinity to its COX-2 target.
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Diclofenac binds with high affinity to COX-2 — diclofenac’s target ligand and preferentially expressed in
high levels in inflamed tissues (39). The consequence of this is that it dissociates slowly from the
inhibitory complex retaining diclofenac preferentially in inflamed tissues.

Diclofenac has a high affinity for COX-2 and is one of the most potent COX-2 inhibitors when assessed
within the human whole blood assay (40). Diclofenac binding, as well as being high affinity, is
characterized as inhibiting COX-2 in a slow and functionally irreversible manner (41). This is due to
diclofenac’s rapid, lower-affinity reversible binding followed by time-dependent, higher-affinity, slowly
reversible binding of COX-1 and COX-2 (42, 43).

As a consequence of its preferential distribution, increased diclofenac concentrations in synovial fluid
compared to plasma has been confirmed in several studies, which show that the drug rapidly penetrates
into synovial fluid. Over time greater concentrations are found in synovial fluid and tissue than in plasma
in man after both oral (8, 22, 23, 24, 25, 26, 27) and topical (7, 9, 16) administration.

Examples can be given: In a study the concentrations of topically applied diclofenac on the hands of OA
patients in synovial fluid (119-3,320 ng/ml) and tissue (131-1,740 ng/g) were up to 20 times higher than
in plasma (652 ng/ml) (7). Furthermore, a study in patients receiving endoprosthetic knee joint
replacement showed that after application of Voltaren Gel on the knee receiving surgery the
concentrations in the skin (59,906 vs. 148 nmol/kg), subcutis (53.7 vs. 0 nmol/kg) and muscle tissue
(112.6 nmol/kg vs. 0 nmol/kg) were significantly higher than after application on the knee not receiving
surgery. A great difference was also observed in the synovial tissue (52.2 vs. 0 nmol/kg) (16).

As mentioned in GSK CHs first response 18" of May 2016, a section on preferential distribution has been
approved by the MPA and added to part 5.2 in the SmPC in 2014. In other words, the data and scientific
rational behind this section was assessed and approved by the MPA. Below, the scientific support and
argumentation which was approved by the MPA, is summarized.

Protein binding of diclofenac

Diclofenac is highly bound to plasma proteins, predominantly albumin; the protein binding to albumin in
plasma has been shown to be 99.4% (28), equivalent to an affinity of approximately 0.9 uM. The mean
concentrations of diclofenac in plasma or in synovial fluid are therefore largely controlled by the
concentration of albumin in these areas. In inflamed joints the levels of albumin in synovial fluid are
greatly increased. Accordingly, the concentration of diclofenac in the synovial fluid is also increased
during inflammation.

Volume of distribution of diclofenac

The strong protein binding is facilitated by the carboxylic acid group on the molecule and results in a low
volume of distribution (Vp). A low Vp, helps to establish the blood/tissue gradient necessary to push the
drug into the inflamed tissue. Combined with a short plasma half life this results in a higher distribution
coefficient (Ks) between the inflamed tissue and plasma. For example, the Kg between synovial fluid and
plasma for diclofenac (which has plasma half-life of 1-2 h) is 1.1 (18). Naproxen (which also has a low
Vp but a longer plasma half-life of 12—17 h) has a Kg of 0.66. For comparison, the Kg for ibuprofen is
0.62 and that for tenoxicam is 0.43. Thus, diclofenac preferentially distributes to synovial fluid rather than
plasma, and to a greater extent than other NSAIDs.
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Acidity of the diclofenac molecule

Non-acidic NSAIDs (e.g. aminopyrine, mepirizole) distribute almost equally throughout the body or are
sequestered in body fat because of their lipophilicity (30). In contrast, acidic NSAIDs with a pKa value of
around 4 (e.g. diclofenac, ibuprofen) are hydrophilic, allowing distribution in blood, muscle, interstitium
and synovial fluid. Consequently, acidic NSAIDs are found in significantly higher concentrations in
inflamed tissues compared with non-inflamed tissues (29, 31, 32). Relatively acidic pH values in the
extracellular space of inflamed tissues in comparison to alkaline intracellular pH values could furthermore
cause a considerable shift of acidic compounds into cell membranes and intracellular space (29, 31). Such
a shift would cause higher concentrations of acidic NSAIDs in these tissues.

Persistence of diclofenac in synovial fluid

NSAIDs diffuse into and out of synovial fluid relatively slowly, which leads to more sustained
concentrations of NSAIDs in synovial fluid than in plasma if the elimination half-life of the NSAID is
short. Despite a relatively fast elimination from plasma, diclofenac has a long half-life at the site of
inflammation which might explain the duration of its therapeutic effect (8, 22). The half life of diclofenac
in synovial fluid is 3-6 hours (SmPC). Already 2 hours after maximum plasma concentration is reached,
the concentration in synovial fluid is higher than in plasma and will stay higher for 12 hours (SmPC).
This means that after a single dose, even though the concentration in synovial fluid will increase more
slowly and attain lower peaks than in plasma, there is within hours a cross over, and the concentration in
synovial fluid exceeds those in plasma. Afier administration of multiple doses a similar pattern is seen
with more sustained concentrations in synovial fluid than in plasma.

The same pattern is not seen for all other NSAIDs as this depends on the plasma and synovial fluid half
life. NSAIDs such as diclofenac, ibuprofen and ketoprofen have short initial plasma half-lives of
approximately 2 hours, followed by a later, slower phase of elimination from the synovial fluid. With
NSAIDs that have a medium half-life (e.g. naproxen, which has a mean half-life of 14 hours), the
concentration in synovial fluid is consistently lower than the total plasma concentrations during long-term
administration. For the long half-life NSAIDs (e.g. tenoxicam, piroxicam and oxaprozin) the
concentrations are also consistently lower in synovial fluid than in plasma.

Hemodynamics of inflamed tissues

Changes in the hemodynamics of tissue also contribute to an increased concentration of NSAID in the
synovial fluid, including increased localized blood flow to the affected area caused by vasodilation of the
microcirculation. Furthermore an increased synovial membrane permeability is seen, and in addition,
there is also an increase in membrane permeability to proteins such as albumin (18). Therefore the
concentrations of plasma protein in the synovial fluid — and thus of the protein-bound diclofenac — are
increased by inflammation.

Overall, inflammation is likely to alter the disposition of NSAIDs in synovial fluid; as NSAID therapy
reduces inflammation, the treatment itself will probably modulate the pharmacokinetics of the drugs in
synovial fluid.

Conclusion regarding preferential distribution

GSK CH acknowledges that increased circulation is part of what makes preferential distribution possible,
but as discussed in the sections above, this is only one out of several important factors contributing to
preferential distribution. The other factors are all specific to the properties of diclofenac; protein binding,
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volume of distribution, acidity and half life in plasma vs synovial fluid. This is also why a different
distribution coefficient, Ks, as an expression of the extent of preferential distribution, is seen with
different NSAIDs such as naproxen, ibuprofen and tenaxocam.

As diclofenac has a very strong affinity to COX-2, and COX-2 levels are increased during inflammation,
this furthermore contributes to the uptake and retention of diclofenac in inflamed tissue.

The same mechanisms that are valid for joints, also applies to other inflamed tissues such as muscles.
This has been demonstrated in a study investigating the distribution of radiolabelled diclofenac orally
administered to rats treated with an inflammatory substance on the footpads and neck; diclofenac was
measured in significantly higher concentrations in inflamed footpads and neck, and the half life in
inflamed tissue was 6 hrs compared to 2 hrs for plasma (1).

A number of studies have measured a higher concentration in synovial fluid than in plasma, and
the specific properties of diclofenac supports the observations of a preferential distribution. As
mentioned earlier, these data have been presented to the MPA in 2014, and they have assessed that
there was sufficient scientific evidence for adding a section regarding preferential distribution in
part 5.2 of the Voltaren Gel SmPC.

Therefore the claim “Dras till det inflimmerade omradet” is fully in line with data and
scientifically supported. It has to be considered also, that in a television ad intended for laymen,
“preferential distribution” would not make sense to many viewers, and therefore it is required to
translate a pharmacokinetic concept into a sentence that can be understood and is still scientifically
valid. In his case we believe that the wording in the TVC is more than fully backed up by the
SmPC.
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