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Dern1al OFM indicates differences in acyclovir 
skin pern1eation between n1ales and fen1ales 
Msn<nNJBoosnf.fillZ. " .. 7hc.rrJss A.i•~M " .. nsbptl' T&t6.S-Bart..Gss' 11,.JhrurBS .B:tm.gru-bfil" " .. /(sf.Jin i'Itmsr' .. Rsmgsn1BJ'Jd" .. iBnnw"Ram6.Zl!lfif i ":, 

51,m G. Ram,,r, .Fnm<r Sirn>oar '-" 

CONCPI.CT 

~ 
JOAN'ELM~~ 

F'-or.ir.hui!J:ii:'J~dbd,;ifl~ 

K.IJ..11-1 
hd'llb.! far Bimne-clcal 

Rese.a"C:h m-d "Ts::t-n»bgie!.s. 

,....31:11~~ 

-<t3: 3 1Ei Ea&..U.:O 
hl:~-..ua:: 

-.p~:i,,.~ 

.~ l .......... ~ t.y r:#'C.-..: 
2 

ll.-le ikal u,,~ o( Gina: 
Au:lria. 

u L ,-aaaa, a 

3 
Dfi<oof 

~fflC~~~n.':.?-~ 
U.S.l=CA 

Sit.-erSplTlg.. i-,o. l.t!:il. 

llilefer;erncee 

............ -.. -.. -.. -.......... . ... -~'!!"~ . 
Ci1ica.l ~nn;il ~ibw rricrnprrfu:lion (da:M) Dan p.-Olii:ie;lime-~ 
cbm.al ~Dl1 pn;ilib chzJ ~1hep:n:,-,1:g 1o~ p-,am~i::­
:ics,- bu.l!d r.opcal biaei:,jyaf~(E'E) ~,.._-,SI.A fl.D'/ ev..llu.rlngsrtcb 
Yir prudu:?1:11 h20~ de!Tim1.D",.11m rle- rq:Jrudu:::ibihy d dOl=M d;1:1.11o 
~ =tte:EEof1;11.rd"i::rcn;:,c cri:.n prud..a ·to belrand !kl d~min;Qeara:n­

EE.pn,d.Jct a-.11.he:rd"-l'ID!!! cresirn [ 11- ma daa anmyJU,ct-.llC:!zrir:HI die 
a,,~I ~a-I lras-- and irrToa:-KibtH::tv...-iilihy h....11 dd rDI r~on ·the~ 
a::r.a,Ehia may ~1he~nUun d peu:!1.eu. 

This.~s-i. i,,~g;;ne;dwtich ~.i.l m-.d bimogit:1111 i;a,:::tors nY)" i:dle::t 
che:$1:t'mM,y d di~ cCffA st..dii::;;1o d.,cnnn.illi:1t1J~ ~ydo,oir p!OdLas. 

lllfelhods 
SurnTQ.1'J of --.e-clricAI "-'-'dr~h dOFM ]: 

- 20 hmi-y ...d..ln"Zen.1(7-t~ 13 nd~ 

• T.V.01opc.,a ~ he.~d ~ it:lFM rir-36 hcu'.s.(Rg. ·1) 

- Cm-iln:iUedclrical condlionl.: 22 :1:: 1 E>C, 40 - 6~ n::l,;;;11~ hU'1'1id1y 
- R- ~ler~e-- gcy,ckwi r c,-n !S'3b ~iwir.a,:• .. LIS'.) 

- T - T~ -~~ir-~.im Sllf. ~DYr-1A Phinn11- Crenr,,Ala!na) 
T..-,d R t-.-e:~ ~ shaNn m ~ s~~.il d~ 
In rhJg rd-=andskh pi:nnes;t::ion nvrtn:i (eo- 1..Ertl ..,in WYO 
pennest:ion1CS.: fiPT..O. 

- ,!,n,;;iiy-...h.d BE,Yaiab~_a.nd ~~zti:rir.i 
- ~Er~ bioeq.Ji,.ualenoe:(AE!E) ~u.ztD"'lofRYsi. Fl.-,dTY:5. R ba.Jiedon 

log.S.UG:s- :m,a.nd bt1=- of~ ~r~.=-t.:Jnt; 

- BE ai1aia bmiedon die !D":lbOOflliderc,e i"llav-&b r# ~ me~ 
r;DDli Di ~.and~ f.:illing ~~ 0.00 - ·1.25 

- ,!,n~ol thesou-c11!:$1of¥ariilihy fo- T and Rt:y ~....i..s.d11-.ui~ 
~N:i"4');: ..-.~ o-t·dis:::rb.nion, ~on. t:QT,:l;z:Jb,.anc:lpn;ibe-1o­
pnibe: citJ.!!~of..-.ariou5 ~al and bill~ p~ns 

- ..!.na.ly.sis,of ~~ec:i'1J therd.lllia!I.T Y'S.. R ..-.:I l?.Y.!11. A. i-d...dng 
~r:.s1a~..-,;aly..U:Sd~1 h,n..ile:s,a.ndN-,13ma=. 

Resulrs 
• Ji::iim d;ua.auJy,m Di N-2D s;ubiHUJ 

- ~ i:l.za.a.en.-bled1.~vfflloalkind·lc:!pici;il.!.EEb are~~-­
~f..-,d1h! klerdiclakind a1rst plOO...Cl.in ~n:n-bicequi-.dEm 111, 

- ~a_.-..uys:i:=; d~~1.h.:z:1 me-1.hxl:Jlo.jW Ud...-.. ('J::St· .. a: &o=don., 
pnibe: dq:iths.. tr,w-tme:,,rd,n,,,e re:o.iny) lid rai sigrircudy a1rf~ 
1o i:bla.-.-:ari;abihy. At-£t'A iffl'ibuted > D2'11boflllhew:irimtty 121 su:je:=tsi. 
~ rena1.....-g,_;m111yo1 -c1 mE.w;;u.anri1~1ol~,v..ri.ibihy Di~ 

P"""""°" t21e 
• Sq:I~ i;a"1 .. siofi.5n.ile:s.a.nd mZ..S,is.~TI h l=i~ 3 . 

lnienlille.s&a~aDl -fie ~cortrol pracb::ed rn::re: tb::nrirJUn:g 
reslffl..~-tolllhe: nmle:.sUlpllpulZU:.-. . 

- 1 ~ Prcil~ n::r:c.s~sh:::Ming ~ ~TYSL R. 
D hk,guYe:con-.n:il ( Tv.._ ~.-id pc•:d::i11,~~ ( Rv.s. R]~"'et'"e:OOIWnned. 

- 1311.Wes.: Prollcs; n::r:c-l~sh:::Mi~ nol3m"l.Skt~ d~ 

D ~.IIIIIL-e:oorad ( Tvsi. Fi) iand~ c:mff'OI ( R YSI. Fi) rm CDTlim-ed . 

- ~.side,,; yi,,,,g dOfM in maile:.andiefnaile:.sksl IXlfff"ffa the~ 
E=--...a.not :&hcY.•rj . S~i-ioan dfl~ ~ maile.andierrmle.sm 
~ hl:ld i:11~ ~ nport.ed fn:imPIPT- !:tuclics h "19931 bjo Bi.:llk 
~.at - I~ 

,.. 

- - -- .. 

Conclusions 
.- Clinionl da=-11 mll)' n:r,11-I o-- 111n:i pn:Jd.i g¼-,n,._b,d diffi:tn,noss 

i-i 1101:Y'cfD'wllir akin p111111b..tiD11 in a. I-=- n.imbmr of-..01 .... 11111ru. 

• 'A"a ~pDtlnaiz111:lmt-tha obHI HBd dffan1noe111 oa.n blll dua·b, 
cifiln1n011a in ·th11 o kin micr Dabvcrlun, o r i::liail-l ak i-i cm n1 ofman 
mndWtfllllft. 

• FurUmr a-ludi- m ~ bo ,D"f-..inll u o b, batbu urd on:rlcs1d -lhlll U"lda~ing 
bi o logionl ard phDrm111aolcgioal maoh .... iDrn a 111n:i ·their impaato n 
oliriat'II ~DE 11111alua-liD11. 

Iii U . S. FOOD & DRUG 
Al:l Ml N • s I lrATI CJ N 

New data.: Oo dennal profiles also differ 
between males and females for mpical 

lidocaino and diclofenac? 

a 

a 

m 

,,._....,Ud:lli::lh.l .«FJN.:D."D&T.-z.b.wM·l.5 ~a~\.a~a aa-o 
~Ai ~ -.-ua:u. ... rS lll."lllaQ.a..., , 5&ng.,;n,r ~~ "l"I ,-m.:ts-:S' &"lllaQ ,llil:slr.a.l 

11.::D flm.•:.11 ~s:1.a.,c-.a."1D111 L".a.! 12::.J';...,,.,...:. ,-,._v 

~----­---·--·· ---

m 

Acycfollir, lidocaino, and diclotenac 
bkJ,availabilily appeared ta differ in nra.le 

I'S. female dOFM study sub-populaUons. 
What makes this difference? 

- Sti-i map~ & ~ageal p~ [F9.61? 
- ~Er.;db-,. t:r.r11;.q::,idi:nn;al,w-,111~-1c&s.. sd::Jun, ~~on.~ (<If? 
- wb.11111 dSio!!is,dfe'Hrf? 

Poster#6
….
• …
• …
….
• ….
• …

2

……………………………………………………………………....
……………………………………………………

……………………………………………………….

Poster#6 

2 

…………………………………………………………………………................................ 
•••••••••••••••••••••••••••••••••• ………………………………………… 
• … 
…. 
••••••••••••• •• ………………………………………………............ 

…• 



 

JOANNEUM ~~m~· RESEARCH, 
HEALTH , 

• 
• 

• 

3 Acknowledgements & Disclaimer 

Thanks to the HEALTH study team in Graz 

Thanks to US-FDA for financial support 
This project is supported by the Food and Drug 
Administration (FDA) of the U.S. Department of 
Health and Human Services (HHS) as part of 
grants (U01FD004946 and U01FD005861) 
totaling $ 3.55M with 70 percent funded by 
FDA/HHS. The views are those of the author(s) 
and do not necessarily represent the official views 
of, nor an endorsement by, FDA/HHS or the U.S. 
Government. 

What I say is my personal opinion – this  
l.b. oral presentation is not cleared by US-FDA! 



• 
• 
• 

• 
• 
• 

JOANNEUM ~~m~· RESEARCH, 
HEALTH , 

4 Background: Bioequivalence studies with FDA 

US patients require safe and affordable generic topical products 
US-FDA evaluates PK-based methods for topical bioequivalence (BE) 

The method needs to be… 
reproducible, 
to confirm that the generic test product is ~the same as the RLD product (=BE) 
sensitive, 
to show if the generic test product is not BE 
usable for different drug products 
i.e. diff. logP, diff. protein binding, diff. formulations 

acyclovir, lidocaine/prilocaine, diclofenac products 
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5 Method: Dermal Open Flow Microperfusion (dOFM) 

dOFM provides 
access to molecules in dermal interstitial fluid 
without discrimination, with time resolution 
is minimally-invasive, well-tolerable 
is certified in EU as tool for clinical research 

dOFM is used… 
in vivo, ex vivo, in humans and animals, 
for basic research, 
for drug research (PK, PD) 

Pig studies for drug selection & de-risking clinical phases: 
What is the total & unbound drug concentration in dISF? 
Human studies for early clinical PoC (PK-PD) 
Human studies for topical BE? 
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Study#1 on acyclovir: Variability analysis of data 
pointed at hair follicles causing noise 

ANOVA of logAUCs for the reference product 
82% inter-subject variability (cause: subjects) 
18% intra-subject variability (cause: sites/probes) 

82% 
subjects 

10%

8% 
18% intra-

Similar for test product (91% inter / 9% intra) subject 
Intra-subject PK data distribution was not normal - analysed further 

Is not caused by sites (excluded by further statistics) 
Is not caused by probes (excluded all method factors step by step) 
Literature: Is the local variation of dermal concentration from drug coming through skin appendages! 

Literature study provided evidence 
IVPT studies with skin (meta-studies) > Log-normal distributed noise 
IVRT studies with membranes > Gaussian-normal distributed noise 
Skin sandwich studies > Skin appendages (hair follicle, seb.gland, sweat duct) 
Follicular plug studies > Follicles! 
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7 Hypothesis 

If this noise is from hair follicles, the dOFM data from males and females 
may differ/should differ! 

Females: vellus hair 
(thin, ~0.5 mm deep) 
Males: terminal hair 
(thicker, much deeper) 
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Test 

Product on skin 

Acyclovir 5% cream products
15 mg/cm 2, non-occluded, non-removed (13M+7F) 

13 males 

7 females 

Mean±SE 
-1 2 6 10 14 18 22 26 30 34 

Center of the sampling interval (h) 

Not a real surprise, Ogiso et al. 2002 demonstrated the follicular pathway for acyclovir. 
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Study 2_Lidocaine 2.5% cream products 
15 mg/cm2, occluded, removed at 3 hrs (14M+6F) 

Reference product Generic product 
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On skin Wiped-off 

14 males 

6 females 

-0.5 0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5 

Center of the one hour sampling interval (h) 

On skin Wiped-off 

14 males 

6 females 

-0.5 0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5 

Center of the one hour sampling interval (h) 
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M Effect of wipe-off at 3h was delayed in males: Different reservoirs? 
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Study 3_Lidocaine 2.5% cream products 
150 mg/cm2, occluded, removed at 3 hrs (11M+9F) 

Reference product – central site Reference product – lateral site 

High dose, OFM Probes, Central 
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High dose, OFM Probes, Non-central 

On skin Wiped-off 

11 males 

9 females 
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Center of the one hour sampling interval (h) 
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M Difference in the delivery phase. Effect of wipe-off similar. 
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Test Non-equivalentTest Generic

Study 4_Diclofenac sodium 1% gel and 2% solution
20 mg/cm2, non-occluded, removed at 6 hrs (8M+8F) 

Generic 1% gel Aggressive 2% solution incl. DMSO 
On skin Wiped-off 

8 males 

8 females 

-0.5 1.5 3.5 5.5 7.5 9.5 11.5 13.5 17.0 21.0 23.0 

Center of the sampling interval (h) 

Wiped-off 

8 females 

8 males 
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Center of the sampling interval (h) 
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M Differences appear to reflect differences in formulation & penetration routes. 
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Poster#6 

For discussion … 

What is different between male and female skin? 
Skin morphology & appendageal penetration? 
Hydration, transepidermal water loss, sebum, microcirculation, pH? 
[e.g. Review by Rahrovan et al., Int J Womens Dermatol. 2018: 
“Male versus female skin: What dermatologists and cosmeticians should know”] 

What else is different? 

Which of those can lead to the differences seen by dOFM? 

Can this sensitive tool be used to learn more about skin & formulations? 




