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Biosynthesis, structural identification and
quantification of low pg/mL levels of a
major human metabolite of a dermal drug
candidate

- a multidisciplinary challenge!

LEO




Agenda

« Metabolite profiling — challenges
« Biosynthesis and identification

« Bioanalytical method modification
« PK/TK-data

 FDA request

* |In vitro characterization

« Conclusion
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Incubation of [*H]Ingenol disoxate with rat, rabbit, """
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minipig and human hepatocytes




Incubation of [*H]ingenol disoxate with rat, rabbit, """
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minipig and human hepatocytes

Proportion of chromatogram radioactivity of
M27 (%) - mean values

(incubation time - hours)

(1hour) (2 hours) (4 hours)
Rat (male) 0.2 0.17 4.6
Rat (female) 15 17 25
Rabbit (female) 25 17 4.5
Minipig (mixed gender) 16 13 3.9
Human (mixed gender) 30 46 50

Only 1 metabolite > 5% of total radioactivity in human hepatocytes (= “M27”)
M27 was potentially disproportionate

M27 indicated to be mono-hydroxy ingenol-disoxate




The problem: The location of the hydroxy-group could not be 23 November 2016
identified with accurate-mass MS p. 05
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HO-ingenol disoxate
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Consequences:

chemical synthesis was not feasible: hydroxy-group could be
located at numerous different C-atoms in the ingenol moiety

bioanalytical quantification not possible without reference
material

further studies not possible (e.g. potency assays, in vitro Drug-
Drug Interaction and protein binding studies)
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The solution?

Microbial biosynthesis of the unknown metabolite “M27”

Step 1: Screening and hit-identification:

« Incubation of ingenol-disoxate with a panel of micro cultures

10 mg substrate compound needed

« Hit-identification by LC/MS-UV, mass-hits only (no identification by retention
time)

Step 2: Confirmation of presence of M27:
« LC/MS/MS using a sample from the in vitro metabolite profiling study for
identification of retention time of M27

Step 3: Upscaling of biosynthesis with best suited microorganism:
* Yield: 86 mg from 1 g starting material
* purity >99%

Lead-time, step 1 — 3: <2 months
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Structure Elucidation —
1H-NMR of ingenol disoxate (lower) and “M27” (upper)
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Purified material used for full identification by "H-NMR
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16-hydroxy-ingenol disoxate
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Inclusion of M27 in human plasma method
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Starting point:
Method for parent compound only
 Manual SPE - 500 pL plasma
« LC/MS/MS
* LLoQ: 5 pg/mL

Challenge Solution ____________

* M27 more polar than » Modification of chromatography
parent « SPE-wash: 30% MeCN - 100
mM NH,COO with 2% HCOOH in
15% MeCN
* No stable-isotope » External standard calibration for
labelled M27 internal metabolite
standard and
* lon suppression of NB: biosynthesis of metabolite IS

parent IS - but not M27  using stable isope-labelled parent
compound is possible (but time didn’t
allow for it)




23 November 2016

Human plasma at LLoQ

500 pL plasma - off-line SPE LC/MS/MS

Ingenol disoxate, 5 pg/mL

Intensity, cps.

05 1.0 15 20 25 20 35 40 45 5.0

I 15010 8322601 CAL.1 1 1- LEO128441A (Standard) 514.200/168.100 Da - sample 11 of 49 from 8323601_Run_15.wiff
Area: 1386.4 counts Height: 272.2 cps RT: 1.32 min

16-OH-ingenol disoxate, 5 pg/mL

Intensity, cps




Ingenol disoxate and M27 in human plasma
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Maximum systemic exposure after treatment of Actinic Keratosis on face and scalp
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Inclusion of M27 in preclinical methods
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Original methods:
PPT

100 - 200 pL plasma
LC/MS/MS

LLoQ: 15 - 30 pg/mL

Challenge Solution ________

Same as for human plasma:

* M27 more polar

* No IS for M27

* |In addition: smaller sample
volume

Scaling down SPE to 5 -10 .
fold smaller sample volume

for animal-species:

* 100 uL minipig plasma .
e 50 pL rat or rabbit plasma

* Online SPE (Symbiosis, Hysphere C18
HD-cartridge) > improved sensitivity,
accuracy and precision




Minipig plasma at LLoQ

100 pL plasma, on-line SPE-LC/MS/MS

204 3m A..!") -",345 372384087 L-:,"‘ﬁ's A,:a “‘E':' “2(,
. j\/LU\ ™ v"\,“'qk"'l‘ '\'r‘k’v,rhw,ﬂ,.';'m" VAN Sl A T
32 3e ze s e «2 “a ) a8

Time, mnin
= 2 e3 C (& b samplie T3 o B
Ares 12090 cours Heght 3523 aps RT: 19

23 November 2016

p. 013

Ingenol disoxate, 10 pg/mL

16-HO-Ingenol disoxate, 5 pg/mL




Mean plasma PK-profiles of M27 in animals vs. max human exposure 23 November 2016
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AUC-ratio = 3.8 fold
or 33 fold based on free fraction!

|

|

|
ST S .
b 4 > —

10 T T T T |
0 5 10 15 20 25

Time post dosing (hours)

—— Rat(f), Week27 —&— Minipig (f), Weekdl, -—3¢—=Human, dermal —3= Minipig(f), single dose —@— Rabbit(f), Day 16
dermal dermal (max exposure) v v




22222222222222

FDA request at EoOPh2-meeting

“You should also conduct in vitro
studies to assess the drug
interaction potential of the major
metabolite.”




HO-ingenol disoxate (M27) in vitro characterization “"*"
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CYP450-studies:

* No inhibition or induction potential at clinically relevant
exposure

* Phenotyping: routes of metabolism similar to parent
compound

Plasma protein binding:

* % free fraction in animals 2 in humans

In vitro potency:

+ M27 qualitatively showed similar effects as the parent
compound, but 5 — 20 fold lower potency.
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Conclusion
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