Table 3: Patient Disposition

LCM h ¥ o¢. §
Parameter Placebs | 400mg/day | 800mp/day Moxi Total
n {%)
Randomized 62 60 7 54 247
Randomized and treated 62 {100} 60 {100) T1{100) 3100y | 247 (100)
Completed trial 55 (887} 57 (95.9) 54 {76.13 340169y | 220(89.1)
Prematurely discontinned 7{113) 3.0 17{33.9) 0 27 {10.9)
Reason for discontinnation
Adverse event 0 & 2{2.8) 2{0.8)
Subject withdrew consent 4 (6.5) EREN) 11{15.5 16 (6.5)
Other 348 2{3.3) 4{3.8 2{3.6)

LOM = lacosansdde: Moxi = moxiflosacin
Reproduced from page 64 of sponsor’s study report

Randomized Set (RS): All randomized subjects were inchaded in the RS.

Safety Set (SS) All randomized subjects who received at least T dose of trial medication

were inchided in the S8.

Pharmacodynamic Set (PDS): All SS subjects who completed through Day 3 in the
moxifloxacia group and through Day 6 in the lacosamide and placebo groups and had a
sufficient H-12 data fo calculate reliable estimates for the pharmacodynamic parameters

were included in the PDS. Any subject with a major protocol deviation that would render

the ECG data unreliable or render the data incomparable among subject groups was

excluded from the PDS. The set of subjects that comprised the PDS was defined prior to

unblinding. Subjects were replaced if they did not complete through Day 3 for subjects
assigned to moxifloxacin or through Day 6 for subjects assigned to either placebo or

lacosamide, including completion of the H-12 assessment on Day 3/6. Subjects who were

replaced were excluded from the PDS and, therefore, were excluded from the primary

analysis.

All randomized subjects received at least 1 dose of trial medication and therefore were

included in the SS. Twenty-seven subjects discontinued from the trial prior to completing
the dosing regimen and thus were not included in the PDS. An additional 6 subjects were

missing H-12 ECG data at greater than 3 time points on primary ECG recording days;
these subjects were classified as major protocol deviators and were excluded from the

PDS.

Table 4 provides a summary of baseline demographics for the study patients by

randomized group.

NDA =~

Lacosamide Film-Coated Tablets
. 50, 100, 150, 200, 250, 300 mg

Original NDA Review

»

b(4)

251



Table 4: Baseline Demographics

LM 1M '
Placeho 400megiday | 806mg/day Moxi All subjects
Parameter N=62 N=60 N=71 N=54 N=247
Age (yems)

Mean (5I)) 24.1(61) 24764 24967 251013 24.7(6.63
Min, Max 18-45 1844 18-43 1844 18-45
= —

Male (n[%]) 306484 27 ¢45.0) 2839 27{30.0) 112 ¢45.3)

Female (n[%]) 32(51.6) 33 (5500 43 (60.6) 27 {50.0) 135 (3.7
Race

White (nf%D 51(823) 54.¢90.0) 63{91.5) 48 (88.9) 218(88.3)

Black (%] 230 147 3442 3{(5.6) (3.6

Asian (n]%]) 2362 3(5.0) 1{1.4%) 237N 832

Other (n{%]) 7{1L3) 2{(3.3) 228 {19 12(4.9)
Height {om)

Mean £8D) 171690y | 1703{86)  170.0(8.5% 1720 G.1) ] 170938

Min, Max 150-191 150-191 152-188 132-193 150-193
Weight (kg)

Mean (3D 7294 72.90 69.36 75.81 72.53

{1189 (12.09) (11.85) (13.09) {12.33)

Min, Max 304-1094 | 47.7-1044 47.2-956.2 53.6-1094 | 472-1094
BMI (kgim’)

Mean (8D) 2470304 [ 2505(313) | 2391 (305 | 2552032 | 244 (315

Min, Max 19.0-320 | 197314 188316 | 19.0-32¢0 189320

BMI = body mass mdex; LOM = lacosamide; Max = mawioum; Min = sirimwm; Moxi = moxifoxacin; $D =
standard deviation; 85 = Safkty Set
Reproduced from p 67 out of 8001 of spensor’s stady report

4.2.7.2 Stafistical Analyses

4.2.7.2.1 Primary Analysis
The primary analysis was based on a non-inferiority comparison of each LACOSAMIDE
group with placebo using 1-sided 95% confidence intervals (or, equivalently, the upper
limits of 2-sided 90% confidence intervals) for maximum time-matched change from
Baseline in QT¢I (calculated by taking the maximum of all time-matched changes for
each subject for each day).

Confidence intervals were produced using an analysis of covariance (ANCOVA) model
with effects for treatment and gender, and time-matched baseline QTecl as a covariate.
Additionally, 2-sided confidence intervals for maximum time-matched change from

baseline in QTcI were presented within each treatment group.
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For BCG parameters, the baseline values were obtained from the H-12 assessment on
Day -1. For time-matched changes, the baseline at each time point was the median of the
3 values obtained at each time point. The primary variable for this trial was the maximum
time-matched change in QTcI from Baseline to Day 3 for the moxifloxacin group and
Day 6 for the placebo and lacosamide groups. All analyses of the primary variable were
based on data from the H-12 recorder. The primary anafysis was based on a non-
inferiority comparison of each lacosamide group with placebo using 1-sided 95%
confidence intervals (or, equivalently, the upper limits of 2-sided 90% confidence
intervals). Confidence intervals were produced using an ANCOVA mode} with effects for
treatmient and gender, and time-matched baseline QT¢I as a covariate. The statistical
model was fif with all 4 ireatment groups; therefore, the estimate of the variance was a
pooled estimate obtained from all 4 treatment groups. Time-matched baseline QTel was
the Baseline value from the time point on Day -1, which corresponds to the time point on
Day 6 or Day 3 at which the maximmun change occurs.

The sponsor also did a time averaged analysis. For time-averaged changes, the baseline
value was obtained as follows: 1) the median of the 3 values at each time point on Day -1
was obtained, and 2) these 12 values were averaged to obtain the time-averaged baseline
value.

The difference in the maximum time-matched change from Baseline in QTcl between the
400 mg/day lacosamide group and placebo was -4.3 and between the 800 mg/day
lacosamide group and placebo was -6.3. In both cases, the upper limif of the 2-sided 0%
CI(-0.5 and -2.5 for 400 mg/day lacosamide and 800 mg/day lacosamide, respectively)
was below the 10 ms non-inferiority margin, thereby demonstrating that there is no
relevant increase of QT¢I caused by lacosamide. The sponsor claimed that assay
sensitivity was demonstrated since the mean difference between moxifloxacin and
placebo was 10.4 ms and the lower 95% confidence bound was >0, thereby showing a
statistically szomﬁcant effect over placebo. Results were similar for the S8 and for males
and females.

The statistical analysis of the maximum time-matched change on Day 6 (Day 3 for
moxifloxacin) in QT¢I is presented in the following table. The sponsor reported the 2-
sided 90% confidence interval, as well as the 95% interval.

Table 3: Maximum* time-matched change on Day 6 (Day 3 for moxifloxacin) (PDS)

Endpoint Treatment Difference
Treatment | n | LSMean | Comparisen {SE) 90% CT° | 95%CT
Placebo 54| 209
LCM
400me/day | 56 166 B-A 4323 -840, -0.5 -8.7,02
LM
800mg/day |32 146 C-A -6.32.3) -10.0,-25 | -108,-1.7
Moxt 52 313 B-A 10.4 (2.3) 6.6, 14.2 59,149

Note: A =placebo, B =LCM d00mg/day, C = LCM 800mg/day, D = moxifloxacin

Note: p-values and confidence infervals are based on an ANCOVA model with effects for treatment and gender and
time-matched Baseline QT cl as a covariate.

Note: Maximum time-natched change fom Baseline to Day 3 for moxifloxacia group.

ANCOVA = analysis of covariance; Cl = confidence interval of mean; I SMeans = least squares mean; LCM =
facosamide; Mexi ~moxifloxacin; PDS ~ pharmacedynamic set; SE — standard ereor

a. Confidence intervals are for the freatment differences

*Mean of maximum over time within each individual subject
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Table 6 and Table 7 give the results by hour on day 3 and day 6, respectively.

Table 6: Non-Inferiority Analysis of Time Matched Change in QTcI (ms) by Day
and Time - ANCOVA Model- Pharmacedynamic Set

LE Maxne < D E  _ 3% Confidesce Inmeroals
Tisee Foedne E3 ki < k4 Bwk =i De3i 2.3 Twd Dek
Tay 2 :
in -5.2 ~i%. K 8% ik 2 - & L8 -Bl, w82 -8.8, -3.8F 15.%3
T ~5.% u ~31.2 -4 ~3.% -1.% iz & { -B.% 4.3 f -6.8 5.3 ¢ PA 11
b «i.% 5.5 % 1.3 ~& 3 A 12.2 =85, L& § -8.& 0.8 ¢ jA-0-:1
£ z.8 «B.3 -3 &2 -E.5 ~&.7 142 =87 M (105 -2.®y f %13
13 ~F.€ 35,3 -&. & £.4 “2.€ “Z-$ 3.8 ¢ ~T.E B® 8.9 9.8 & A
b -1 ~%.3 -if.i 1% -L. 5 =195 8.8 (-8}, L. {-15.2, -4.8% ¢ ¥
ith ~£.% ~%.8 -7.3 g.8 8.8 ~&. 3 2.1 {-8.6 B -T.E, 1.8 ¢ T
itn -2 -3t -id.4 ~3.4 -%.% -2.2 §.8 {-E%, L& oY, 2T ¢ .8
ish 5.4 -%.2 -£.8 id &% -4.3 6.6 §-0E, LW 1 -Gk 6.8 4 E3 N3 ]
185 2.8 ~%.2 0 -iL.8 2.3 -%.8 -%. % 3.9 1 B8, -8 1806, -390 % .8
1%h -3.% -3.8 -3 3.8 2.3 %% 8.3 (-5 &8 [~42.2, ~4.85F ¢ R4
24h a2 ~4.3 &% 2.8 ~%.% ~E% 0 DY iR, SR 3002, -0 f e 5.8

Bore: B = Placsbo, B = LOM $dZmgsdagy © = LOM E0Omgfdann D = Moxiflowaoin

Hatay Noneinfariseisy cossarisses ase bassd sn she uvpper limiss oFf $5% CIx for *i‘.’g Hi£E h- P e amid
rlazebs wainy X non-iederiazivy bound of Idww.

Hare: Lasar sguzess seans and 2enfidense inservsls are basad on RNPOVS winh effesss fox srEasment, mpandsr
and vimewaatched Basslisne value a9 a continvous goeariate.
The ATOVA model wie £4t swparacely at sxch mime poise,

Bute:r Only Day 3 and Day £ ave analyzed. Amakyeie for Day & is based on dava frem Tay & for Momifliowacin,

Table 7: Non-Inferiority Analysis of Time-Matched Change in QTcI (ms) by Day
and Time - ANCOVA Model - Piarmacodynamie Set

18 Heame . DisL : k0% Lonfidence Intarvals
T Boine A < b B3 -8 Bex -} [ ¥ DX
Ray &
ik -Z.3 5.8 -£.8 ~3.% Bd (=11.8, -8} 188 -3.T ¢ 4.3, 32.%%
2 2.0 &1 % 1 ~%.8 D1 (ei3 6, «4.FF  (el2.3, ~3.8F £ 8.4, £.7%
£ ~&.5 il.o o2 «5.3 128 ¢ «d B, B4 pelfn®, 0.4 B9, 18.6%
b ~%.7 i€.z L8 ~2.4 5.3 [ 8.8 B.BF f 6.7, 1.5 § 15.%, Z4.1}
3.1 ~5.3 5.4 &5 2.8 137 4 3.8, 2.8F § ~Y.€ 2.4) ¥ 2.7, 18.7)
&4 =% & 1.3 5.8 2.2 5.2 ~R.8, RBY P S¥.B, 2.8 L £.4, 1.8}
i & g.& 3. B -%.% 2.4 [ 5.8 9.8 2.8 =28y | 4.5, 14.43
ik =¥k -4 -R2.2 -2.5 BT =4.8% 4.8F £ 7.3, 2.3F 0§ 0.3, 10.5:
34k =3.& .2 XA 3.7 B.5 ( =T9 3.ZF f -B.8 LB ¢ <203 T.D}
ik ~34.% 2.2 3.2 #6.3 { -7.8, 1.4y 1 -8.7, 2. ¢ 11.4, &4
izh 5.2 3.8 -G8 18 (-8, 3N f-llf -203 § B9, 5.8
ik i.¥ .3 e e B8 =18k, 2.%F (12,1, <1.8F  § ~3.8, 7.5
Hater & = Placebe, B # LOH 400ng/day, T = LON BlRugidsys 7 = Moxiflwmazin
Hzte; Fom-inferiezisy romparizens are brsed on uhe woper limits =f 533 CT» for she difference be 33 greupn wnd

placabs nxing a ras-in.z:-cxz”.r Bound of ilims.
Hote: Lenxer sgoores peazms and confidence invervals axs hased on BEOVA wich effects For treatuent; gender
ard viwe~ratched Baseline valus 2 3 TOmDIRUIUS COVATAALE.
The ABICVA model wan £3v sopavately at sach
Hote: Cnly Zap 2 and Day € sre anslyssd, Analysis £

s frem S8y § fur Hoxificuanin,

4.2.7.2.2 Calegorical Analysis

A summary of the number of absolute and change from Baseline outliers in QT¢I by day
and time is presented in the following table,
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NDA

Table 8: Summary of subjects with a new onset QTcI outlier value during the
Treatment Phase (Pharmacodynamic Set)

Placebo oM i Moxi
Ne=34 A00mgiday | 500myg/day N=J2
N=3g N=r}
Parnmeter 1§90
Qlcd
4505 1o <480ms 4015 334 119 84134
480 to «500ms i 0 G 4]
=500nw 0 0 ) 2
QTcl
Tcrease of 30 to <60ms WELG 150268 waey 28038
Inerease of s80ms 1LY (1] ] A0

LOM = lacosanside; Meni = mazifioxacis; FDS = ghamscodyaamic set
Reproduced from page 78 of sponsor’s study report

There were no ECGs with a QTcI of 480 ms or greater at any post-Baseline time point
that were not present at Baseline. The percentage of subjects with new onset values for
QTclof> 450ms was 7, 5, 2, and 15 in the placebo, 400 mg/day lacosamide, 800 mg/day
lacosamide, and moxifloxacin groups, respectively. One subject in the placebo group and
4 subjects in the moxifioxacin group had changes from baseline of > 60ms in QTcl. No
subject in either lacosamide group had a change from baseline in QT¢I that was 60 ms or
greater at any time point during the trial. The percentage of subjects with increases in
QTcl that were 30 to 60 ms was higher in the moxifloxacin group and placebo groups,
54% and 37%, respectively, compared with 27% and 19% in the 400 mg/day and 800
mg/day lacosamide groups, respectively. The corresponding percentages with QTel
increases between 30 and 60 ms in the all randomized set were 56, 32, 25, 19, for
Moxifloxacin, placebo, 400 mg/day lacosamide and 800 mg/day lacosamide,
respectively.

4.2.7.3 Safety Analysis

No subject died. 1 subject had an SAE, a spontaneous abortion 9 days following her last
dose of 800 mg of facosamide. 1 subject had a 2 minute episode of syncope about 12
hours after being administered 800 mg of lacosamide on day 4; the sponsor reports no
ECG being available at the time of oceurrence.

27 subjects failed to complete the study (see Table 3); 15 of these were in the lacosamide
800 mg treatment group, 3 in the lacosamide 400 mg treatment group, 7 in the placebo
group, and none in the moxifloxacin group. The reasons are as follows:

s 2 subjects (both in the 800 mg lacosamide treatment group and both female) were
withdrawn due to AEs; | for neck pain and the other for hematemesis due to
‘Mallory-Weiss tear.

¢ 8 additional female subjects in the 800 mg qd lacosamide treatment group and 1
female in the 400 mg qd group withdrew consent while experiencing AFs. All of
these were related to some combination of dizziness, nausea and vomiting. The
sponsor does not report any abnormalities or ECG for any of these subjects.

¢ 3 subjects in the 800 mg qd lacosamide treatment group and 4 subjects in the
placebo group withdrew consent without ongoing ABs

—
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+ 4 subjects in the 800 mg qd lacosamide treatment group, 1 in the 400 mg qd
group, and 3 subjects in the placebo group withdrew for “other”

AEs were experienced more frequently by subjects in the 800 mg/day lacosamide
treatment group and consisted primarily of events in the nervous system. 274 of the 312
AEs were assessed by the investigator as mild and the rest as moderate. The most
common events in the 800mg/day lacosamide group were dizziness {54.9% of subjects),

nansea (26.8%), headache (22.5%j), hiypoesthesia oral (21. %), and feeling drunk {15.5%).

Reviewer’s conmment: Many of the subject withdrawals appear fo be due to poor
tolerability of the 800 mg dose of lacosamide. However, 15 subjects (~7% of the total)
withdrew for unclear reason. For a pharmacokinetic study of healthy subjects, this
number is quite high and may affect the reliability of the data.

4.2.7.4 Clinical Pharmacology

4.2.7.4.1 Pharmacekinetic Analysis

The mean lacosamide plasma concentration-time profiles after multiple oral
administrations of 400 mg/day and 800 mg/day over 6 days are shown in Figure 1.

Figure 1: Mean Plasma Concentration-Time Profiles of Lacosamide by Treatment

on day 6
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Reproduced from sponsor’s Figure 4.3 on page 890 in study report SP640

The main metabolite for lacosamide is SPM12809. The mean SPM12809 plasma

concentration-time profiles after multiple oral administrations of 200 mg bid and 400 mg
bid over 6 days are shown in Figure 2
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Figure 2: Mean Plasma Concentration-Time Profiles of iie Main Metabolite for
Lacosamide (SPM12809) by Treatmnent on day 6
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Figure 2: Mean Plasma Concentration-Time Profiles of the Main Metabolite for
Lacosamide (SPNM12809) by Treatment on day 6
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Reproduced from sponsor’s Figure 4.4 on page 891 in study report SP640

The mean time-matched change from baseline in QT¢I and mean plasma concentration of

lacosamide after multiple oral dosing of 400 mg/day (top) and 800 mg/day (bottom) are
shown in Figure 3.
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Figure 3: Mean Time-Matched Change from Baseline in QTcI and Mean Plasma

Coucentration-Time Profiles for Lacosamide by Treatment on day 6
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GreYr ims)

4.2.7.4.2 Exposure-Response Analysis
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A simple linear model was developed to evaluate the relationship between time-matched

change from baseline QT¢I and plasma concentration of facosamide. The results are
illustrated in Figure 4. The linear correlation between time-matched change from baseline

QTci was very weak.
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Figure 4: Time-Matched Change from Baseline in QTecI vs. Plasma Concentration

of Lacosamide
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Reproduced from Sponsor’s Figure 6.1 on page 906 in study report SP640
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According to the sponsor, there appeared to be a small increase in the PR interval with
increasing concentration of lacosamide (see Figure 5)

Figure 5: Time-Matched Change from Baseline in PR vs. Plasma Concentration of
Lacosamide

il

Reproduced from Sponsor’s Figure 6.5 on page 910 1a study report SP640
5 REVIEWERS® ASSESSMENT

5.1 STATISTICAL ASSESSMENTS

The sponsor designated the QTel as the primary QT assessment. QTcl = QT/ (RR);3
where the coefficient f was derived, separately for each subject, by regression of log QT
on log RR using only the baseline ECG data.

There were no time points at which the 1-sided 95% upper bound for the difference
between either of the lacosamide treatment groups and the placebo group exceeded 10 ms
in terms of the change in QTcI. The same results were also confirmed using QTcB, and
QTcF. Assay sensitivity was demonstrated with Moxifloxacin since at multiple time
points, the lower bound of 90% CI is above 5 ms; however, no multiple endpoints were
adjusted though for the assay sensitivity analysis.

Figure 6 shows the baseline corrected difference in changes in QTcI between
moxifloxacin and placebo over time on day 3 as estimated by the ANCOVA model at
each timepoint.

APPEARS THIS WAY
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Figure 6: LS Means and 2-sided 90% Bounds for Moxifloxacin AAQT¢Is on Day 3
{All Randomized Set)
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Table 9 provides the LS mean changes in QT¢I for each day and each timepeint based on
the ANCOVA model in the all randomized data sef.

Table 9: Changes from baseline in QTcl in the Al Randomized Set (FDA)

Placebo Lacosamide 400 mg Lacosamide 800.mg Moxifloxacin

Day | Hour | & | FSMEAN | [ LSMEAN [ Afom | 90% | [ ISMEAN [ afom | 90% | . | LSMEAN | afom | 90%
{SE) {SE} Placebe | UB {SE) Placebo | UB (SE) Placebo | LB

1 1 |6t (,5;) 60 (28,9) 25 | 16 |70 (’;)3 29 |11 | (‘;32) 21 | 22
1 2 {60 (?;;) 59 é‘% 36 | o8 | éf} 5 |08 |4 (532) 47 | 03
1 5 |er (f’;) 59 :2;3 49 |1 | (12973 2 |16 |n 1(%)9 s | 77
1 4 |eép (g';_) 54 (2‘_53) 53 08 | 68 ('23 'f) 4' 02 | 53 (121 ‘f) 1 835

1 s | e (2529) 57 (2"' 3“) a6 |29 | (2512) 07 | 48 | s {333) 25 | 2

1 8 |6 (ﬁ) 57 (27 ;*) a4 | 37 |70 é‘ f) 08 | 41 | (7?3) st | et

1 | 1 |& ('f_g) 58 (32}9 04 | 34 |70 Ug é) 4|27 |4 (2313) 62 | 23
1| 12 |6t ('28) 57 (12]1‘)5 35 | o4 | (f '95) 05 | 43 | % (333} 43 | 03
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Piacebo Lacosamide 460 13g Lacosamide 800 mg Moxifloxacin
ay | Hour | n | LSMEAN | o T ISMEAN [ Afom [ 90% | o | LSMEAN | ABom | 90% | . | LSMEAN | Afom | 90%
& il B (SE) | Placebo | UB (SE) | Placsbo | UB (SE) | Placebo | LB
1| 1 e '{%)7 R {';19) 62 | 23 |7 555) 55 |48 |33 (f'f) 72 | 82
o Z 3 -
1 16 | 6t (22_"11) 57 g f) 5 | 08 {6 {*fg*) 61 | 23 |9 t”—"g) 5 8
. 52 55 53 . ol 46
1 O S S as 23 |es| gF 05 |32 |5 W 99 | &
. | s 10 R ST . 58
3 O S e 35 o5 jes| SO 36 |03 (52| g% 123 | 81
3 2 {ss| 6 |sp] 102 09 | 41 |es| 2 a4 |34 |sa| 22 129 | 78
) 28 e 26
. 16 57 NEEY . 109
3 37 an (7] as 41 |03 fes| 28 4 |os | 29 12s | s
03 02 41 - 162
3 AN EINr o1 | 4o |ek| L 37 |09 s3] 52 165 | 117
. | s 102 : 53 5.1
3 s |57 an |7 2% 26 |19 6| 23 17 |26 8| gy 127 | 82
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For the categorical analysis the sponsor reported that in the PDS set the percentage of
subjects with new onset values for QTcl of > 450ms was 7, 5, 2, and 15 in the placebo,
400 mg/day lacosamide, 800 mg/day lacosamide, and moxifloxacin groups, respectively.
In the all randomized set this reviewer found that there were 3 additional subjects with
QT¢I = 450 ms in the lacosamide 800 group. In this set the percentages were 6, 5, 6, and
17 in the piacebo, 400 mg/day lacosamide, 800 mg/day lacosamide, and moxifloxacin
groups, respectively.

In the PDS set the percentage of subjects with increases in QT¢I that were 30 to 60 ms
was higher in the moxifloxacin group and placebo groups, 54% and 37%, respectively,
compared with 27% and 19% in the 400mg/day and 800mg/day lacosamide groups,
respectively. In the all randomized set the percentages with QTcl increases between 30
and 60 ms were 32, 25, 19, and 56, in the placebo, 400 mg/day lacosamide M, 800
mg/day lacosamide, and moxifloxacin groups, respectively.

5.2 CLINICAL PHARMACOLOGY ASSESSMENTS

Reviewer's comments: The scheduled plasma concentrations measurements on Day 5
(morning and evening pre-dose} weve not provided for the analysis. Furthermore, there
were 11 female replacements for dropouts in the supratherapeuiic freatment group and
no male replacements.

5.2.1 QTc Corrections

The observed QT-RR interval relationship is presented in Figure 7 together with the
Bazett’s (QTcB), Fridericia (QT¢F), and individual correction (QTcI) methods.

Both the QTcF and QT¢I are reasonable QT correction methods removing the heart rate
effect illustrated by a horizontal frend in the QT vs. RR relationship. Thus, the QTcI
correction method was used for the concentration QTc analysis to be comparable with the
sponsor’s analysis.
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Figure 7: Baseline day QT, QT¢B, QTcF, and QTcl vs, RR (Each Subject’s Data
Points are Connected with a Line).

b(g)

RRinferval fmisec)

5.2.2 AAQTcI and Concentration Time Profiles

The AAQTCI (baseline and placebo corrected QTcl) versus lacosamide and the main
metabolite SPM 12809 concentration is plotted in 8. The largest AAQTcI of

approximately -8 msec change was observed at the time to the peak of lacosamide and
SPM12809 concentration (tmax).
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Figure 8: Mean AAQTcl, Lacosamide, and SPM12809 concentrations vs. Time for
therapeutic dose of 400 mg/day (blue line) and supra-therapeutic dose of 800 mg/day
{red line).
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5.2.3 Exposure-Response Modeling

The relationship between AAQTeI and concentrations of lacosamide and the main

- metabolite SPM 12809 was investigated by using a linear mixed-effects model. Data
collected from the two dose groups (400 mg/day and 800 mg/day) were pooled for the
analysis.

Both lacosamide and the main metabolite SPM 12809 were found to shorten the QTe
interval. Table 10 and Table 11 summarize the results of the lacosamide and SPM12809
concentration-QTcl analyses. No statistical significant intercept was identified and model
2 was applied for both the lacosamide and the metabolite analysis.
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Table 10: Exposure-Response Analysis of Lacosamide associated AAQTcl

Prolongation

Estimate (90% CI);
p-value

Model 1: AAQTcI = Interce;

t + slope*log(Lacosamide conc)

Intercept, ms

4.17(-1.55,9.89)

0.23
Slope, ms per pg/mL. -2.93 {-5.19, -0.67)
0.03
Residual Variability, ms 142
Model 2: AAQT<I = Intercept + slope*log(Lacosamide conc) (Fixed Intercept)
Intercept. ms 0
. ) -1.33 {-1.88, -0.78)
Slope, ms per pug /mL 0.0001
Residual Variability, msec 142

Model 3: AAQT<I = slope*log(Lacesamide conc) (No Intercept)

Slope, ms per ug /ml

-1.26 (-1.82, -0.70)
0.0003

Residual Variability, ms

14.3

Table 11: Exposure-Response Analysis of SPM12809 associated AAQTcl

Prolongation

Estimate (90% CI);
p-value

Model 1: AAQTcI = Interce;

t + slope*log(SPM 12809 conc)

Intercept, ms

-1.21 (-2.78, 0.35)

0.20

-4.27 {-6.56, -1.98)
Slope, ms per pg/mL 0.003
Residual Variability, msec i4.2

Model 2: AAQTcI = Intercept + slope*log(SPM 12809 conc) (Fixed Intercept)

Intercept, ms 0
Slope, ms per pg/mL -S'Ogg; 3010’ 1-3'03)
Residual Variability, msec 4.2

Model 3: AAQTcI = slope*log(SPM 12809 conc) (No Intercept)

Slope, ms per pg/mL

-5.64 (~7.70, -3.58)
<0.0001

Residual Variability, ms

15.0

Based on mode! 2 for both lacosamide and SPM12809, the predicted AAQTcI interval at
the mean peak lacesamide and SPM12809 concentrations after steady-state dosing of the
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proposed therapeutic (400 mg/day) and supra-therapeutic (8(}0 mg/day} doses are

presenied in Table 12 and Table 13.

Table 12: Predicted Change of AAQTcI Interval at Steady State Peak Lacosamide

Concentration
pos o el o T i)
400 mg/day (steady-state)
Meant Croax (11.1 ngfinl) -3.20 (-4.52, -1.88)
860 mg/day (steady-state)
Mean Cuax (21.7 ng/mi) -4.09 (-5.78, -2.40)

Table 13: Predicted Change of AAQTecl Interval at Steady State Peak SPM12809

Concentration

Dose Group

Predicted change in AAQTcl interval {ms)

Mean | 90% Confidence Interval
400 mg/day (steady-state)
Mean Cpp (1.40 ng/mb) -1.71 (-2.39, -1.03)
860 mg/day (steady-state)
Mean Cppy (2.61 ng/ml) -4.88 (-6.83, -2.93)

The relationship between lacosamide and SPM 12809 concentrations and AAQTcI are
visualized in Figure 9. The raw AAQTcI vs. lacosamide and SPM 12809 concentration are
shown in Figure 9 top left and right graphs. The goodness-of-fit is iHlustrated in the
middle left and right graph of Figure 9 showing the observed mid-quartile concentrations
and associated mean AAQTcI (90% CI) reasonably within the mean (90% CT) predicted
AAQTeI (black line with shaded grey area). The mean (90% CT) predicted AAQTcI at
mean Cuax affer steady-state dosing of therapeutic dose (400 mg/day) and supra-
therapeutic dose (800 m_fday) are shown in the bottom left and right graphs of Figure 9.

NDp  — | h{4)
Lacosamide Film-Coated Tablets

50, 100, 150, 200, 250, 300 mg

Original NDA Review

APPEARS THIS WAY
ON ORIGINAL

267



Figure 9. (Top) AAQTcl vs. Incosamide (Left) and SPM 12809 (Right) plasma
concentration. (Middle) Mean (90% CI) predicted AAQTcI vs. lacosamide plasma
concentration (black line with shaded grey area) with the observed mid-quartile
concentrations and associated mean (90%CI) AAQTcI overlaid for therapeutic (blue)
and supra-therapeutic (ved) doses. (Bottom) Predicted AAQTcI af mean Cpgy after

steady-state dosing of therapeutic dose (400 mg/day, blue line) and supra-therapeutic
dose (800 mg/day, red line)
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5.3 CLINICAL ASSESSMENTS

None of the adverse evenis identified as significant in the ICH E14 guidelines (i.e.,
sudden death, torsade de pointes, ventricular tachycardia, syncope, and seizures) were

observed during the frial.

6 APPENDIX

6.1 TABLE OF STUDY ASSESSMENTS
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4.4 OCP Filing and Review Form

New Drug Application Filing and Review Form

Office of Clinical Pharmacology

General Information About the Submission

Information | Information
NDA Numbers 22-253,22-254, <o Brand Name No proposed trade name
—
(DAARP)
OCP Division (1, 2, 3, 4, 5) | DCP 2 Generic Name Lacosamide
Medical Divisions DAARP Drug Class
OCP Reviewer Emmanuel O Fadiran Indication(s) o  Diabetic Peripheral
Neuropathic (DPN)
e Partial onset seizures
OCP Team Leader Suresh Doddapeneni Dosage Forms/Strength | e  Film-coated tablets —
50, 100, 150, 200,
250, 300 mg
. -
—e

e Injection — 10 mg/ ml

Dosing Regimen

Date of Submission 09/28/2007 Route of Administration | Oral /IV

Estimated Due Date of OCP 05/26/2008 Sponsor Schwarz Biosciences, Inc
Review

PDUFA Due Date 07/28/2008 Priority Classification S .

Division Due Date 05/26/2008 Submission Type NME

Clin. Pharm. and Biopharm. Information

“X”if Number of Number of Critical Comments If any
included at | studies studies
filing submitted reviewed
STUDY TYPE
Table of Contents present and X
sufficient to locate reports, tables,
data, etc.
Tabular Listing of All Human Studies X
HPK Summary X
Labeling X
Reference Bioanalytical and X
Analytical Methods
1. Clinical Pharmacology
Mass balance: X 1 1
Isozyme characterization: X 6 6
Blood/plasma ratio: X 1 1
Plasma protein binding: X 2 2
Pharmacokinetics (e.g., Phase 1) -
Healthy Volunteers-
' single dose: X 3 3
multiple dose: X 2 2

NDA —

Lacosamide Film-Coated Tablets
50, 100, 150, 200, 250, 300 mg
Original NDA Review

b(4)

271

pld

)



Patients-
single dose: X 2
multiple dose: X 2
Dose proportionality -
fasting / non-fasting single dose: X 2
fasting / non-fasting multiple dose: X 2
Drug-drug interaction studies -
In-vivo effects on primary drug: X 3
In-vivo effects of primary drug: X 6
In-vitro:
Subpopulation studies -
ethnicity: X 1 1
gender: X 1 1
pediatrics: X Request for deferral for
studies in pediatric patients
below — years.
geriatrics: X (1) (1)
renal impairment: X 1 1
hepatic impairment: X 1 1
PD:
Phase 2: X 3 3
Phase 3:
PK/PD:
Phase 1 and/or 2, proof of concept: X
Phase 3 clinical trial: X
Population Analyses -
Data rich: X 2 2
Data sparse: X 3 3
II. Biopharmaceutics
Absolute bioavailability: X 1 1
Relative bioavailability -
solution as reference:
alternate formulation as reference:
Bioequivalence studies -
traditional design; single / multi dose: X 3 3
replicate design; single / multi dose:
Food-drug interaction studies: X 1 1
Dissolution: X
(AVIVC):
Bio-wavier request based on BCS X
BCS class X BCS1
III. Other CPB Studies
Genotype/phenotype studies: X 1 1
Abuse potential X 1 Consult to CCS
Pediatric development plan
QTc : X 1 1 Review was conducted by
QT IRT under IND 57, 939.
Total Number of Studies 33
Filability and QBR comments
“X” if yes Comments
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Application filable?

e See below.

Comments sent to firm?

1. Please submit the applicable data from the following to support the
population PK analyses and concentration-response relationship analyses:
#All datasets used for model development and validation should be subm
as SAS transport files (*.xpt). A description of each data item shoul
provided in a Define.pdf file. Any concentrations and/or subjects that
been excluded from the analysis should be flagged and maintained in
datasets.
*Model codes or control streams and output listings should be provided
all major model building steps, e.g., base structural model, covariates mo
final model, and validation model. These files should be submitted as A{
text files with * txt extension (e.g.: myfile_ctl.txt, myfile_out.txt).
*A model development decision tree and/or table which gives an overvie
modeling steps.
For the population analysis reports we request that you submit, in addition to
the standard model diagnostic plots, individual plots for a representative
number of subjects. Each individual plot should include observed
concentrations, the individual prediction line and the population prediction
line. In the report, tables should include model parameter names and units.
For example, oral clearance should be presented as CL/F (L/h) and not as
THETAC(1). Also provide in the summary of the report a description of the
clinical application of modeling results.

2. Under individual subject listing for each study, the data listing dataset
folder has numerous datasets. The definition of these data sets should be
provided. We acknowledge the definition of the data columns within these
data sets has been provided, but description of datasets like ALCO, CAFF etc
have not been provided. Under analysis dataset, the description of PC, PP and
PC-E have not been given.

3. The PK-PD modeling report for epilepsy is not under the Folder 5.3.4
(reports for human PD studies). Neither is it present in the tabular listing of
all studies. It was found in the Folder 5.3.5 (reports for efficacy and safety
studies). Please verify that all studies/ Modeling reports submitted to the
NDA are listed under the Tabular listing of studies.

QBR questions (key issues to be
considered)

Is the metabolism (in vitro and in vivo) of lacosamide well characterized?
Are appropriate drug-drug interaction studies conducted?

Is there an E-R relationship for DNP?

Are there important covariates that affect PK of lacosamide?

Are there exposure data in special populations for labeling?

Are the information on the PK and E-R in the labeling appropriate?
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1.0 EXECUTIVE SUMMARY
o SR . bid)
Lacosamide is a new molecular entity that is proposed to be marketed in — dosage forms:
as tablets (NDA 22-253), solution for infusion (NDA 22-254) ~——u—n—

The proposed indications for lacosamide are for adjunctive therapy in the treatment of partial

onset seizures in patients with epilepsy aged 16 years and older (tablet, solution for infusion, b(4)
— _ and for the management of neuropathic pain associated with diabetic

peripheral neuropathy (tablet only).

NDA 22-253,NDA 22-254 ——— ; are for indication of partial seizures and that for h(4)
the indication of neuropathic pain is NDA ——
b(4)

The sponsor proposed dosing regimen for — indications is 200~ ‘mg per day of
lacosamide as maintenance dose, administered in two equally divided doses. Doses are
proposed to be titrated once a week starting from 100 mg/day.

The precise mechanism of action by which lacosamide exerts its antiepileptic and analgesic
effects in humans is not fully elucidated. In vitro electrophysiological studies have shown that
lacosamide selectively enhances slow inactivation of voltage-gated sodium channels, resulting
in stabilization of hyperexcitable neuronal membranes and inhibition of repetitive neuronal
firing while exerting no effects on physiological neuronal excitability.

Synonymous terms for lacosamide throughout this review is: Lacosamide, LCM; SPM 927;
~ harkoseride.

This review only focused on the epilepsy indication and dosage forms (solution for infusion
——— in addition to the tablets) used for epilepsy. The drug interaction studies specific b(@}

“to the epilepsy indication is also part of this review. The general pharmacokinetics of the

LCM, special population studies and drug interaction studies are reviewed by Drs. Tayo

Fadiran and Lei Zhang from the Division of Clinical Pharmacology 2 (DCP-2) supporting

Division of Analgesics, Anesthetics and Rheumatology Products (DAARP). The

pharmacometrics review including population pharmacokinetics in healthy subjects as well as

partial seizures patients and exposure response analysis in partial seizures patients is reviewed

by Dr. Hao Zhu from the Pharmacometrics Group.

This review abstracts the relevant information from Dr. Zhang and Hao’s review and
summarizes it the Overall summary of Findings. The respective reviews should be referred to
for details on the topic reviewed by them.

1.1 RECOMMENDATION
b(4)
The Office of Clinical Pharmacology / Division of Clinical Pharmacology-1 has reviewed the
Clinical Pharmacology information submitted to NDAs 22-253, 22-254 — Son
September 28, 2007 and finds it acceptable pending DSI inspection and provided that a
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mutually satisfactory agreement can be reached between the sponsor and the Agency
regarding the language in the package insert.

1.2 PHASE IV COMMITMENTS
The following Phase IV commitments are taken from Dr. Zhang’s review.

To better understand drug interaction potential for lacosamide, the Sponsor is recommended
to provide the following data as a Phase 4 commitment:

e Determine which enzymes may be involved in the metabolism of lacosamide in
addition to CYP2C19.

1.3 OVERALL SUMMARY OF CLINICAL PHARMACOLOGY FINDINGS

All clinical pharmacology information related to the partial epilepsy indication (including the h(4)
solution for infusion ~—— - dosage forms and relevant drug interactions) is reviewed and

summarized in this review. The general pharmacokinetics of lacosamide is reviewed by Drs.

Fadiran and Zhang, but relevant information is taken from their review and repeated here to

aid the readers in understanding the overall findings of the Clinical Pharmacology of LCM.

Similarly the Findings from the Pharmacometrics review by Dr. Zhu is also summarized here.

The initial summary section summarized the overall findings for the epilepsy indication.

Exposure-Response for Effectiveness in patient with Partial Seizures: (This is taken from Dr.

Zhu’s review)

The exposure-response relationship for lacosamide in treating patients with partial seizure is
, established in the responder patient population based on clinical observations in 3 clinical

effectiveness studies (SP667, SP754, and SP755). The exposure is defined as area under the

curve (AUC) over a dosing interval of 12 hours at steady state. The response is defined as

change from baseline of the average daily number of partial seizure.

Based on efficacy ER analysis, 600 mg does not provide additional efficacy compared to 400

mg.

// / / | / bi4)
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/ / / / / g "

Bioequivalence between the Solution for Infusion and Oral Tablets:
The sponsor has conducted two BE studies in healthy subjects evaluating the bioequivalence
of solution for infusion at different infusion rates versus the oral tablets (Study SP645 and
SP658)
The following observations were made from the bioequivalence studies using infusion times
of 15, 30 and 60 minutes:
e 15 minute IV infusion of 200 mg versus tablets (2x100 mg):
BE with respect to AUC(0-t)
v Not BE with respect to Cmax
e 30 minute IV infusion of 200 mg versus tablets (2x100 mg):
BE with respect to both AUC(0-t) and Cmax
e 60 minute IV infusion of 200 mg versus tablets (2x100 mg):
BE with respect to both AUC(0-t) and Cmax

The 90% confidence intervals for the pharmacokinetic parameters from these studies are
given below:

ANOVA results for the comparison “LCM as solution for infusion”/“LCM as tablet” —
SP645 and SP658

Trial Drug Formulation Parameter Point 90% Confidence
Estimate Interval
SP645 Solution for infusion AUC(0-tz) 0.98 (0.96, 1.01)
(15 min) /tablet ‘
Cmax 1.20 (1.04, 1.38)
SP658 Solution for infusion AUC(0-tz) 1.00 (0.98, 1.01)
30 min)/tablet
Cmax 1.15 (1.07, 1.22)
Solution for infusion AUC(0-tz) 1.00 (0.98, 1.02)
(60 min)/tablet '
Cmax 1.03 (0.96, 1.10)

The Medical Officer is evaluating the adverse events at the three different infusion rates.
Additional information of different infusion rates is given below.

Replacement of Oral Tablets with IV solution in patients:

In addition to these bioequivalence studies the sponsor also evaluated the safety and
tolerability of various infusion durations in patients with concomitant AEDs in two clinical
studies SP757 and SP616. In study SP757 subjects were on stable 200-800 mg/day oral doses
of lacosamide and were switched to the same iv dose for 2-5 days. Study SP616 was a
crossover replacement study. The number of subjects in the different infusion groups were:
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Sample size from the clinical studies:

Infusion Duration | Study 757 | Study 616
10 minutes N=20 -

15 minutes N=100 -

30 minutes N=40 N=30

60 minutes - N=30

Minimal differences in the Ctrough and Cmax values for the 10, 15 and 30 minute infusion
durations were seen from Study SP757 as seen in the following figures.

400 mg/day ' 400 mg/day
75 20
-
ES 545
£
22 55
o1
0+ 0
0 5 10 15 20 25 30 3B 0 5 10 15 20 25 30 3
Time (minutes) Time {minutes)
200 mg/day 200 mgyday
7 2
46 o
£s £
E 4 )
~ Q
£3 ED
3 x
g2 g
61 o 5
o 0
0 5 10 15 20 25 30 3B
Time (minutes) 0 5 10 15 20 25 0 D
Time {(minutes)

It can be concluded from these figures that the 10, 15 and 30 minute infusions at a given dose
give comparable plasma concentrations of LCM.

When comparing to the Crough of the oral tablets from Study SP757, the ratio of geometric
means were 85-95%, indicating that normalized Cirough plasma concentrations following iv
LCM administration were comparable to normalized Crough plasma concentrations after oral
LCM administration. The geometric mean ratios iv/oral for the Cmin,nom from Study SP616

was also approximately 89-93%, suggesting that the Cmins slightly decrease after iv
administration.



Lacosamide Page 9 of 174
N22-253

In study SP616, the Values of Cmaxnorm were slightly elevated after iv treatment (30 and 60
minute) compared to oral treatment. This is reflected in ratios iv/oral of 111-118% for
Cmax,norm. These values are similar to that seen with the definitive bioequivalence study with
the 15 minute infusion. These higher concentrations were seen within the first 1.75 hours of
dosing.

Therefore from a pharmacokinetic standpoint, although the definitive bioequivalence study
showed that the 15 minute infusion showed a 20% higher Cmax compared to the oral LCM
and failed the bioequivalence limit, the clinical relevance of this on the overall steady state
concentrations may be minimal. The safety aspects at different infusion rates are being
reviewed by the Safety reviewer.

Pharmacokinetic Differences in Healthy Subjects and Patients with Partial Seizures:

The LCM plasma concentrations showed dose proportionality in the patient population as
well as inhealthy subjects. The trough concentrations of LCM in the partial seizure
populations were comparable to those observed in healthy subjects at steady state.

Drug-Drug Interactions with Antiepileptics:
In these studies lacosamide doses used were 200 mg BID (400 mg/day)

Effect of 400 mg/day lacosamide on pharmacokinetics of AEDS:

Drug Effect Effect
: (Traditional (POP PK)

PK)

Carbamazepine, 200 mg BID | None Not evaluated

Valproic acid, 300 mg BID None Not evaluated

Effect of AEDs on 400 mg/day lacosamide pharmacokinetics:

Drug Effect Effect
(Traditional (POP PK)
PK)

Carbamazepine, 200 mg BID | None 15-20% 4

Valproic acid, 200 mg BID None none

Phenytoin Not evaluated 15-20%

Phenobarbital Not evaluated 15-20% 4

The drug-drug interaction covariate effects from population PK analysis are difficult to
interpret. In population PK analysis using data from patients with partial onset seizures, the
sponsor did not demonstrate statistical significance when using coadministration of
carbamazepine alone as a covariate. About 80% (55 out of 69) patients in SP754 study who
took carbamazepine concurrently took 1 or 2 other medications (topiramate, lamotrigine,
valproate, levetiracetam, clonazepam, oxcarbazepine, phenobarbital, phenytoin, gabapentin).
Given this, it is unclear whether the significant covariate effect is driven by carbamazepine or
some other drugs. Based on the relatively small effect seen, no dosage adjustment is necessary
when taking concomitant AEDs.
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The findings from overall clinical pharmacology and biopharmaceutics sections as reviewed
by Dr. Fadiran and Zhang are as follows:

Twenty-five Phase 1 trials investigated the clinical pharmacology of LCM. Overall, 788
healthy subjects, 8 subjects with hepatic impairment, 32 subjects with renal impairment were
enrolled in these studies. Of these, 683 subjects were treated with LCM.

General Pharmacokinetics (ADME characteristics) of Lacosamide (This has been taken from
the review of Drs Fadiran and Zhang):

Absorption: Following oral administration, lacosamide is absorbed with a Tmax of
approximately 0.5 to 4 hours after dosing. Absolute bioavailability of lacosamide was
determined to be ~100% indicating an almost complete absorption of LCM after oral
administration.

Distribution: After IV administration as well as after oral administration, the Vé of LCM was
between approximately 40 and 60L, indicating that LCM is distributed in the total body water.
Less than 15% of LCM is bound to plasma proteins.

Metabolism: In vitro incubation with human liver microsomes, hepatocytes, kidney
microsomes, and plasma showed a low metabolic turnover of LCM (<4% at 4 hours). Two
metabolites, SPM 12809 (desmethyl) and SPM 6912 (desacetyl) were found in trace (<3%).
However, the human radiolabeled ADME study (SP619) suggested that lacosamide was
metabolized in vivo. Only 40% of unchanged LCM was recovered in urine and about 30% of
the dose was recovered in urine as SPM 12809, the major metabolite. Another 20% of dose
was polar fraction (structure unidentified). SPM 12809 is not pharmacologically active.
Levels of SPM 12809 in plasma and urine were confirmed in several PK studies. SPM 12809
represents approximately 10% of the parent compound in plasma.

The relative contribution of P450 isoforms in the oxidative metabolism of lacosamide is not
clear. The Sponsor determined that lacosamide is a CYP2C19 substrate and formation of SPM
12809 is via this pathway. The Sponsor did not study other CYP isoforms in the recombinant
systems. The role of other enzymes in lacosamide metabolism is unknown.

Elimination: The elimination half-life of LCM is approximately 13 hours. The elimination
half-life of SPM 12809 is between approximately 15 and 23 hours and is not altered by
different doses or by multiple dosing.

Renal is major clearance pathway for lacosamide as 95% of dose was recovered in urine
either as lacosamide (30-40%) or other metabolites.

Single dose and multiple dose pharmacokinetics: (This has been taken from the review of Drs
Fadiran and Zhang)

Steady state plasma concentrations are achieved after 3 days of repeated administration (twice
daily).

Dose proportionality: (This has been taken from the review of Drs Fadiran and Zhang)
Lacosamide is dose proportional in range of 100-800 mg after single doses.
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Special Populations: (This has been taken from the review of Drs Fadiran and Zhang):

Renal Impairment: Systemic exposure of lacosamide (AUC) increased with increasing degree
of renal impairment. Mean AUC increased 27%, 23%, and 59% in subjects with mild,
moderate, and severe renal impairment compared to subjects with normal renal function,
respectively. . Renal clearance of lacosamide decreased with increasing degree of renal
impairment. For Cmax, only a slight difference was observed. The terminal half-life of
lacosamide in plasma (ti/2) was prolonged in subjects with severe renal impairment
(approximately 18 hours) in comparison with normal renal function subjects (approximately
13 hours).

The plasma concentrations of the metabolite, SPM 12809, also increased with increasing
degree of renal impairment. The increases were more profound than lacosamide. AUC
increased 4-fold in patients with severe renal impairment compared to normal renal function
subjects.

Subjects with endstage renal disease (ESRD) receiving hemodialysis showed that under a 4-
hour dialysis starting 2.5 hours after dosing, AUC(0-z) of LCM and SPM 12809 was
approximately 50% lower in ESRD subjects receiving hemodialysis after a single oral dose of
100mg LCM compared with dosing on a dialysis-free day. Cmax was less affected by dialysis
than AUC, probably because the maximum plasma concentration was reached before the start
of dialysis in most subjects.

Based on the results of this study, dose adjustment for patients with mild and moderate renal
impairment may not be needed. However for patients with severe renal impairment, due to a

mean 60% increase in AUC and highly variable data, the highest doses in severe renal

impairment patients should be reduced to — >f the highest doses recommended in patients b(d}
who have normal renal function. :

For patients with ESRD, due to the decreased plasma concentrations of lacosamide under
dialysis conditions, dose adjustment has to be considered in clinical practice for patients under
dialysis. An increased dose may be considered to reach the effective dose in these patients
earlier. In addition, hemodialysis can be considered as an effective treatment to reduce
lacosamide plasma concentrations, for instance in case of overdosing.

Hepatic Impairment: Plasma concentrations of lacosamide were approximately 50-60% higher
in the subjects with moderate hepatic impairment (Child-Pugh Classification B) compared to
subjects with normal hepatic function. Plasma concentrations of the main metabolite of
lacosamide, SPM 12809, were approximately 40-50% lower in subjects with hepatic
impairment compared to healthy subjects. The data indicate that hepatic metabolism is
involved in the metabolism of lacosamide.

Similar to recommendation for severe renal impairment patients, the highest doses in b(a)
moderate hepatic impairment patients should be reduced to — of the highest doses
recommended in patients who have normal hepatic function.
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PK of lacosamide has not been studied in mild or severe hepatic impairment patients. Caution
should be exercised as metabolism of lacosamide is anticipated to be altered in these subjects.

Age:

ZElderly: Exposure were higher in elderly male and female subjects compared with young
male subjects. The elderly male subjects showed ~30% higher AUC than young male
subjects. After taking weight into account, there was a 20-25% difference between elderly and
young subjects. A 30% higher exposure in elderly may not warrant a dose adjustment based
on age. However, caution should be exercised because elderly patients usually may also have
impaired renal and hepatic function that lead to increased lacosamide exposure.

Pediatrics: The pharmacokinetic profile of lacosamide in pediatric patients has not been
established.

Gender: The elderly female subjects showed ~15% higher AUC than elderly male subjects.
When taking body weight differences into considerations, the difference between genders
went away. No dosage adjustment is necessary.

Race: A slightly higher exposure (measured as AUCxss) of LCM was observed in Asian and
Black compared with White subjects (increase of approximately 10%). The body weight was
slightly higher in the group of White subjects, and after normalization to body weight
(AUCxr,ss.nom) the exposure for the 3 ethnic groups was similar.

With I’GSpCCt to SPM 12809, mean AUCt,ss, AUCT,ss,norm, Cmax,ss, Cmax,ss,norm as well as Ae(0-12) of
SPM 12809 were approximately 30% to 50% lower in Asian and Black subjects compared
with White subjects. This difference is not considered clinically relevant because the exposure
of SPM 12809 is lower in Blacks and Asians compared with White subjects and the
metabolite of LCM has no known pharmacological activity.

No dose adjustment is needed based on race.

CYP2C19 Genotype: (This has been reviewed by Dr. Tandon)

Plasma concentrations of lacosamide were comparable (not more than 10% difference)
between Poor Metabolizers (n=4) and Extensive Metabolizers (n=8) of CYP2C19, however,
there were noticeable differences (75-80% difference) between PMs and EMs with respect to
AUC:s of the metabolite SPM 12809. PM and EM were classified based on genotype. PMs
were homozygous for nonfunctional alleles and EMs were either heterozygous or
homozygous for wild-type alleles. The data confirmed that CYP2C19 is involved in SPM
12809 formation. As level of SPM 12809 is low compared to lacosamide, dose adjustment
based on CYP2C19 genotype is not needed.

Drug-drug Interactions: (Drug-Drug Interactions related to Epilepsy are reviewed by Dr.
Tandon, the summary of other interaction studies are taken from reviews of Drs. Fadiran and
Zhang). No dosage adjustment is necessary for any of the drug evaluated in drug interaction
studies.
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Effect of lacosamide on pharmacokinetics of other drugs:

Drug Effect

Carbamazepine None

Valproic acid None

Digoxin None

Oral Contraceptive T Cmax of ethinylestradiol (~20%)
Omeprazole None '
Metformin effect controversial,

one group showed increase and the other
group showed decrease in exposure of
metformin. PD not studies.

However, the magnitude of change on
metformin PK is not considered clinically
relavent. '

Effect of other drugs on lacosamide pharmacokinetics:

Drug Effect
Carbamazepine None
Valproic acid None
Omeprazole No effect on LCM, but ¥ SPM12809 by 60%
Metformin None

Biopharmaceutics: (This has been taken from the review of Drs Fadiran and Zhang)

BCS Class: Lacosamide is a Biopharmaceutics Classification System (BCS) class 1 drug.
Bioequivalence: The to-be-marketed formulation is not studied in clinical trials. A biowaiver
is requested based on BCS Class and is being reviewed by the Chemist

Food Effect: Food does not affect lacosamide PK. The highest strength was not used in the

Food effect study.

Team Leader: Ramana Uppoor, Ph.D.

Veneeta Tandon, Ph.D.
Division of Clinical Pharmacology I
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2.0 QUESTION BASED REVIEW

2.1  GENERAL ATTRIBUTES

2147 DrugDrug Product Information:

Dosage Form/Strengths.: Zabless: Lacosamide 50 mg, 100 mg, 150 mg, 200 mg,
250 mg and 300 mg film-coated tablets are
colored, oval, .. tablets of different size and are
compositionally proportional formulations.
Consequently, the size and weight increase with dosage
strength.
Solution for infusion: 10 mg/ml ( ;
Indication.: 1. Partial Onser Serzures

i

-

Lacosamide tablets -~ are indicated as adjunctive therapy
in the treatment of partial-onset seizures in patients with epilepsy aged
16 years and older.

Lacosamide injection is an alternative for patients when oral
administration is temporarily not feasible.

2. Neurgpgthic pain associated with Diabetic Peripheral Neuropatlyy

/)

Dosage and administration (Sponsor’s Proposed).

Lartial Onser Seizures:

Starting Dose: 50 mg BID (100 mg/day).

‘Increments: Weekly by 100 mg/day

Therapeutic Doses: 200 and 400 mg/day given as BID
Maximum Dose: —

Doses can be given with or without food.

Replacement therapy with intravenous dose:

When switching from oral TRADENAME, the initial total daily
intravenous dosage of TRADENAME should be equivalent to the total
daily dosage and frequency of oral TRADENAME and should be
infused intravenously over a period of ‘At the end of
the intravenous treatment period, the patient may be switched to

b(4)

b(4)

b(4)

B{4)
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' TRADENAME oral administration at the equivalent daily dosage and
frequency of the intravenous administration.

FPharmacologic Class: Sodium channel inactivator

Chemical Name. (R)-2-Acetamido-N-benzyl-3methoxypropionamide (IUPAC).
Lacosamide is a functionalized amino acid. In this review the drug
has been referred to by the following terms: Lacosamide, LCM;
SPM 927; also previously referred to as harkoseride. Its molecular
formula is CI3H18N203 and its molecular weight is 250.30. The
chemical structure is:

Lhysical Characleristics:

Mechanism of action.

Lacosamide is a white to light yellow powder. It is sparingly
soluble in water and slightly soluble

in acetonitrile and ethanol. It has a partition coefficient of
Log Poctanol-water = 0.25. No pKa within pH 1.5 — 12 was
observed. Four crystalline forms and one amorphous form
of lacosamide were identified. Except for the
thermodynamically most stable form 1 and form 2, the

other forms are not stable under normal conditions and are
not formed / present in lacosamide drug substance.

A dual mode of action has been found for lacosamide through
preclinical studies. It selectively enhances slow inactivation of
voltage-gated sodium channels (VGSC) resulting in
stabilization of hyperexcitable neuronal membranes. It is also
found to interact with collapsin response mediator protein-2
(CRMP-2), a protein mainly expressed in the central nervous
system (CNS) and involved in neuronal differentiation and
axonal outgrowth.
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Lacosamide Tablets are compositionally proportional formulations as seen in the Table

below.
Quantifative composition per filn-coated tablet
Component Reference | Function | 50 mg | 106 mg | 150 mg | 200 mg | 258 mg 30@mg|
to pinkish | dark | salmon| blue - _
standard yvellow -
fmg] | [mo] | fmeg] | [mg] | [mg] | [mg] |
Lacosamide In-house Active 50.00 | 190.00 | 150.00 |200.00 | 250.00 | 300.00
' ingredient
Cellulose, USP-NF -
microcrystalline
' — I |
Crospovidone USP-NF ;
Magnesim USP-NF
stearate
Hydroxy- USP-NF '
| propyicellulose . .
o —— —— e
Total (Rlm- 126.00 | 252.00 | 378.00 | 504.00 ]
coated tablet) )

/-

/)

u

b{®)
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Quantitative composition per mL of solution for infusion

:_/\_——————‘_@;'"

Name of ingredients Reference to Function Amount per mL
) standard
Lacosamide In-house Active ingredient 10.00 mg
Sodinm cliloride usp S—— R
= hydrochleric acid USP-NF pH-adjustment ) ]
Water for mjection usp =

o

Bid)
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2.2 GENERAL CLINICAL PHARMACOLOGY
2.2.1 What are the clinical studies used to support dosing or
claims for epilepsy and what are their design features?
Tablets:

The clinical development program for LCM includes 7 clinical trials that evaluated efficacy of
LCM as adjunctive oral (tablet) therapy in adult subjects with partial-onset seizures. This
includes 3 primary double-blind, placebo-controlled efficacy trials (SP667, SP754, and
SP755), 1 completed supporting trial (SP607), and 3 ongoing trials (SP615, SP756, and
SP774) evaluating long-term efficacy.

Trials evaluating efficacy of oral (tablet formulation) LCM in adults with partial-onset
seizures

Protacol nnmber Trial design LCM daose Maximum Total number
: treatment of subjects”
duration
Primary efficacy trials Randemized
SPe67 Mukticenter, DB, | 200, 400, and 21 weeks 418°
PC 600mg/day
SP754 Multicenter, DB, 400 and 21 weeks 405
PC 600mg/day
SPT55 Multicenter, DB, 200 and 18 weeks 483
PC 400me/day
Supporting efficacy trial Treated with
LCM
SP607 Muhticenter, OL, Upto 14 weeks g1
uc 600mg/day
Long-term efficacy trials Treated with
LCM
SP615 Multicenter, OL, Up to 8 years 370
uce 800mg/day
SP756 Mulicenter, OL, Upte 4 years 302
uc 800mg/day
SP7i4 Multicenter, OL, Uptwo 4 vears 376
uc 800mg/day
Other efficacy frials Treated with
LCM
SP386 Multicenter, OL, Upto 4 weeks 13
uc 600mg/day
SP398 Multicenter, OL, Upte 20 months 8
uc 600mg/day
DB=double-blind; LCM=lacosamide; OL~=open-label; PC=placebo-controlled; UC=uncontrolled
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The trials required forced up-titration to the target (randomized) dose over up to 6 weeks
(SP667 and SP754) or 4 weeks (SP755). In all 3 trials, active treatment was initiated at
100mg/day and increased in weekly increments of 100mg/day to the target dose. The titration
scheme used in these trials in given in the Table below:

Titration scheme used in randomized, controlled trials

Titratien Phase {up to 6 weeks) _

Randomized dose | Week 1 Week 2 Week 3 Week 4 Week 5 Week §
LCM 600mgiday _
(SPG67, SP754) 100mg/day | 200mg/day | 300mgiday | 400mpiday 500mgiday | 600mg’day
LOM 400mg/day
SPe67 Placebo Placebo 100mg/day | 200mgiday 300mg/day | 400mp/day
SP754 00mgiday | 200mgiday | 300mgiday | 400mgiday | 400mgiday | 400mg/day
SPI55 100mg/day | 200mg’day | 300mg/iday | 400mgiday NA XA
LOM 200mefday .
SP667 Placebo Placebo Placebo Placebo 100mg/day | 200mgiday
SP755 Piacebe Placebo 100mg/day | 200mgiday NA NA

- Placeho Placebo Placebo Placebo Placebo Placebo Placebo

TCM=lacosamide; NA=nat applicable
Note: A I-step back-titration of 100mg/dav or placebo was atlowed in the case of intolerable adverse events at the
end of the Titration Phase.

Solution for Infusion:

Two trials were conducted in subjects with partial-onset seizures using a solution for infusion
of LCM, SP616 and SP757. These trials were designed to identify the appropriate infusion
duration(s) for LCM as short-term replacement for oral LCM and to provide data to support
the safety of that infusion rate.

SP616 enrolled subjects who were participating in the open-label extension trial SP615, and
SP757 enrolled subjects who were participating in the open-label extension trials SP615,
SP756, or SP774. At the end of SP616 and SP757, subjects had the opportunity to resume
their participation with oral LCM in the open-label extension trial.

APPEARS THIS WAY
0N ORIGIMAL
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Trials of intravenously administered LCM in subjects with partial-onset seizures

Trial number/clinical Number of unigue Number of Maximum
development phase/trial design exposures to iv subjects exposed | duration of
' LA to iv placebho treatment
SP616/Phase 2/Multicenter, 30-min mfusion: 19 | 30-mm mfuson: 11 | 2 days
double-blind, double-dummy, 60-min infusion: 20 | 60-min infusion: 10
randomized trial to mvestigate :
safety, tolerability, and PK of 1v
LOCM as replacement for oral LOM®
SP757/Phase 3/Multicenter, 10-min mfiasion: 20 | NA 2-4 days
open-label trial to evaloate safety 5 in infusion-
and tolerability of iv LCM as a 13 mz.n Tnfumcm. 100
replacement for oral LEM 30-min mfusson: 40
Total 10-min infusion: 20 | 30-mm mfusion: 11 | NA
15-min infusion: 100 | 60-nun miuson: 10
30-min mfision: 39
60-min mfuston: 20

iv=intravenous; LOM=lacosamide; nin=minute; NA=not applicable; PK=gharmacekinstics
a Subjects receiving LCM in SP616 and SP757 were previously exposed to oral LCM {200 to 300mg/day) in an

open-label extension trial.

b Subjects receiving v LCH received a placebo tablet and snbjects receiving iv placebo received a LCM tablet,
¢ Total for the 30-mia infusion rate represents subjects fom SP516 and SP75T.

A avs

2.2.2

in clinical pharmacology and clinical studies?

Primary Endpoints:

What are the clinical end points and how are they measured

Two primary variables were defined in each of these trials. For FDA, the primary variable
was the change in partial seizure frequency per 28 days from Baseline to the Maintenance

Phase. For the European regulatory agencies, the primary variable was the response
(improvement) to treatment of >50% from Baseline to the Maintenance Phase. All 3 trials.

were powered to be adequate and well-controlled trials for adjunctive therapy in adult subjects

with partial-onset seizures including consideration of both primary variables.

Secondary Endpoints:

Some Secondary variables included:
e change in partial seizure frequency per 28 days from Baseline to Maintenance Phase
(for European Union regulatory agencies)

e response to treatment of >50% from Baseline to Maintenance Phase (for FDA)
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e response to treatment of >50%, >75% from Baseline to Treatment Phase (ie, Titration
+ Maintenance Phases)

e response to treatment of >25% to <50% or 50% to 75% from Baseline to Maintenance
Phase (SP754 and SP755 only)

e Clinical Global Impression of Change at the end of the Titration (SP667 only) and
Maintenance Phases

e Patient’s Global Impression of Change at the end of the Maintenance Phase (SP754
and SP755 only)

o change in Seizure Severity Scale ratings from Baseline to the end of the Maintenance
Phase (SP754 and SP755 only)

e change in Quality of Life in Epilepsy - 31 assessment from Baseline to the end of the
Titration (SP667 only) and Maintenance Phases

2.2.3 What are the characteristics of exposure/effectiveness
relationships in patients with partial seizures?

This has been reviewed by the Pharmacometrics reviewer. Please Refer to Dr Hao Zhu’s
review for details of the analysis.

The exposure-response relationship for lacosamide in treating patients with partial seizure is
established in the responder patient population based on clinical observations in 3 clinical
effectiveness studles (SP667, SP754, and SP755). Subjects with no evaluable slope for the
baseline phase, or R? for the slope at baseline phase less than 0.95 were defined as
nonresponders and were excluded from exposure-response dataset by the sponsor.

Our analyses are focused on observations at two critical time points, i.e. by the end of titration
phase and by the end of maintenance phase. The exposure is defined as area under the curve
(AUC) over a dosing interval of 12 hours at steady state. The response is defined as change
from baseline of the average daily number of partial seizure.

An Emax model is applied to describe the exposure-effectiveness relationship by using
nonlinear least square regression (P < 0.0001). The model fitted curves are presented in the
following Figure. The response curve started to flatten out beyond the median exposure of
400 mg dose based on the observed exposure-response relationship. Therefore, 600 mg dose
does not appear to provide additional benefit compared to 400 mg dose.

APPEARS THIS way
0% ARINIMAY
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Exposure-Response Relationship for Lacosamide in Treating Patients with Partial
Seizure by the End of Titration Phase (A) and by the End of Maintenance Phase B)
(Responder’s Analysis).
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This is also supported by the sponsor’s estimation of median percent reduction in seizure
frequency as seen in the following Figure. This shows that LCM doses 400 and 600 mg has
similar reductions in the seizure frequency.

Median Percent Reduction in Seizure Frequency per 28 days from Baseline to the
Maintenance Phase by Dose
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2.2.4 Are the proposed dosage regimens for partial seizures
indications adequately supported by the clinical trial and
consistent with the dose-response relationship?

oy

Yes. ~— - - - ———

J

—— This has been reviewed by the Pharmacometrics reviewer/ Safety reviewer. Please see
response to Question 2.2.3 as well and refer to Dr Hao Zhu’s review.

2.2.5 Are the active moieties in the plasma (or other biological fluid)
appropriately identified and measured to assess
pharmacokinetic parameters? ‘

Yes, all bioanalytical assay validations were adequately performed both for lacosamide and its
metabolite, SPM12809 in plasma and urine. The method validations have been reviewed by
Drs. Fadiran and Zhang. Study specific validations are reviewed with in the study. For further
details refer to section 2.6 of this review. '

2.2.6 What are the ADME characteristics of Lacosamide?
Tablets:

This has been reviewed by Drs Fadiran and Zhang. Please refer to their review for further
details. Key characteristics are given below:

e Tmax for tablets occurred between 0.5-4 hours after dosing and was not influenced by
multiple dosing.

¢ LCM has an absolute bioavailability of 100%.

e There is no effect of food on the rate and extent of LCM absorption. »

* The apparent mean volume of distribution (V/f) was between 40-60 L across studies,
indicating that LCM is distributed in total body water.

o Less than 15% of LCM is bound to plasma protein.

* LCM has a low metabolic turnover in vitro (<4% in 4 hours). Two metabolites, SPM
12809 (desmethyl) and SPM 6912 (desacetyl) were found in trace (<3%). However, a
human radiolabeled ADME study (SP619) suggested that lacosamide was metabolized
in vivo. Only 40% of unchanged LCM was recovered in urine and about 30% of the
dose was recovered in urine as SPM 12809, the major metabolite. Another 20% of
dose was polar fraction (structure unidentified). Small amounts of further metabolites
(p-hydroxy-, O-desmethyl-p-hydroxy-, O-desmethyl-m-hydroxy-, and desacetyl-
derivatives of LCM) representing 0.5% to 2% of the dose were also found in urine. In
addition, an N-carbamoyl-O-B-D-glucuronide of the desacetyl-metabolite was
identified in SP619.

& Other in vivo data showed that lacosamide is close to 100% bioavailable indicating
that first-pass is not significant. It is not clear where lacosamide is metabolized.
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* The relative contribution of P450 isoforms in the oxidative metabolism of lacosamide
is not clear. The sponsor incubated lacosamide with CYP2C19 and
identified two metabolites, SPM 12809 and SPM 6912. The Sponsor did not study
other CYP isoforms in the recombinant systems.

e SPM 12809 being major detectable inactive metabolite, representing about 10% of the
parent exposure in plasma. CYP2C19 is involved in the formation of this metabolite.

* The t1/2 of LCM tablets is about 13 hours (Geometric mean range is 11-16 hours,
absolute values range is 7.4-20.76), the t1/2 of SPM 12809 is between 15-23 hours.

* Approximately 95% of the administered radioactivity was recovered in urine and less
than 0.5% in feces, indicating renal excretion is the major pathway of elimination.

b(4)

Solution for Infusion:

The key ADME characteristics of solution for infusion were similar to oral lacosamide tablets
and are summarized below:

After a single dose of 200 mg, the pharmacokinetic parameters (absorption and elimination)
of the iv solution for injection at a 60 minute infusion rate was similar to the oral lacosamide
as seen in the following Table. For comparisons of other different infusion rates (15 and 30
minutes), please refer to section 2.5.1 on page 44 of this review.

Pharmacokinetic parameters: mean (CV) of LCM after administration of 200mg LCM
as single dose

Parameter IV Lacosamide | Oral Lacosamide
AUC (0-tz) (ug.hr/mL) | 95.84 (14.9) 96.87 (19.2)

AUC (0-0) (pg.hr/mL) | 98.58 (14.9) 100.0 (19.4)
Cmax (ug/mL) 5.72 (8.6) 6.209 (32.4)

t1/2 (h) 13.63 (9.1) 13.78(9.8)

F (%) NA 1014 (7.2)

Ae (mg) 46.38 (9.1) 45.33(18.2)

After oral and IV administration of 100mg [14C]-lacosamide in healthy subjects,
approximately 95% of the administered radioactivity was recovered in urine and less than
0.5% in feces.

Cumulative Recovery of Radioactivity (Mean + SD, N=5 at 168 hr post dose).

Total Recovery in Total Recovery in Total Recovery
Route Urine (% of Dose) Feces (% of Dose) (% of Dose)
v 96.8 +2.6 0.3+0.1* 97.1+2.7
Oral 942 +3.1 04+0.2%* 94.6 £ 3.1

PK studies also showed that at steady state, approximately 30% to 40% of the administered
dose is excreted into urine as unchanged LCM and approximately 20% to 30% as SPM 12809

The pharmacokinetics of the major inactive metabolite SPM 12809 after a single dose is also
similar between the iv and oral administration as seen in the following Table:
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Pharmacokinetic parameters: meah (CV) of SPM12809 after administration of 200mg
LCM as single dose

Parameter IV Lacosamide | Oral Lacosamide
AUC (0-tz) (ug.hr/mL) | 10.04 (34.9) 10.26 (51)

AUC (0-0) (ug.hr/mL) | 11.039 (35) 12.97 (29.2)
Cmax (ug/mL) 0.267 (37) 0.377 (68)

t1/2 (h) 17.75 (26.1) . 17.30 (35.8)

CL 285 (35) 242.54 (29.2)

Ae (mg) 18.52 (41.5) 16.78 (37.6)

The distribution of lacosamide was also similar after iv and oral administration. The volume
of distribution after single iv and oral administration is shown in the following Table:

Volume of distribution (V/f) of LCM following single intravenous and oral
administrations in healthy male subjects — SP834, SP587, and SP588

Reute of | 50me | 100mg | 150mg | 300mg | 406mg 5G0mg | 6006mg | S60mg | Trial
adminis- .
AqIIIS . Arithmetic mean = standard deviation of V4 {L) 1o

tration
i 48 6 304 433 485 nd nd. nd. nd SP834
+5.8 =3.0 +51 +534
N=6) | (MN=6) | W=6} | (N=5) ,
oral ad. nd nd nd 54 89 n.d 5123 48.92 | SP337
+14.08 +11.23 | £1008
N=12}) N=12) | N=9)
nd. nd. nd 4512 ad 5711 ng nd SP3ig8
=0 45 +22 66
N=14) {N=10}

a 'V, for infravenous administeation and V/ (apparent volume of distribution) for oral administration

After iv administration as well as after oral administration, the Vaof LCM was between
approximately 40 and 60L, indicating that LCM is distributed in the total body water. A
similar volume of distribution after iv and oral administration confirms the high
bioavailability of LCM after oral administration.

The_metabolism of the iv lacosamide and oral tablets were also similar. The metabolism of
both iv and oral lacosamide was evaluated in poor and extensive metabolizers (Study SP643).
The AUC of parent and metabolite were compared for both dosage forms, as seen in the
following tables. These tables show that CYP2C19 is involved in the metabolism of
lacosamide since the metabolite concentration is reduced in the poor metabolizers. Although
LCM is not increased to similar extent, suggesting other pathways are also involved in the
metabolism of LCM. The extent of metabolism is similar in the two routes of administration.
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SP643
AUC(0-tz) after intravenous dosing [h*pg/mlL]

PM EM Ratio Difference

(N=3) (N=8) (PM/EM) PM-EM
SPM 927 101.74 95.84 1.06 +6.15%
SPM12909 1.92 10.04 0.19 -80.88%

AUC(0-tz) after oral dosing [h*ng/mL]

PM EM Ratio Difference

(N=3) (N=8) (PM/EM) PM-EM
SPM 927 -106.6 96.9 1.10 +10.01%
SPM12909 2.44 10.30 0.23 -76.31%

A radiolabeled study (SP619 reviewed by Dr. Fadiran) also showed that the amounts of parent
LCM and its metabolite formation were similar in plasma and urine following both oral and iv

administrations as seen in the following Table, although metabolite SPM 12809 was not
detected in this study, but was detected in other studies (SP757 and SP643):

Amounts of the parent compound LCM and its metabolites in plasma and urine
following single oral and iv administration-SP619

Plasma Urine’
("'(‘ff&’;“d oral N=5) | iv(N=5) |oral =5) | iv(N=9)
A Median (range) in %% of sample radieactivity
ILCM 711 744 339 397
{SPM 927y (61.2-100) | (71.2-81.2) | {30.0-45.6) | (31.2460)
O-desmethyl-metabolite 24 nd 318 30.0
{SPM 12809) 0-7.6) 213423y | (25.3-35.2)
Polar fraction o nd 18.1 196
{022 152250y | (17.77-24D
p-hydroxy-metabolite nd. ad 0.8 08
(0-1.3} 0-1.9)
O-desmethyl-p- nd nd 16 0
hydroxy-metabolite 023 0-1.6
O-desmethyl-m- nd. nd 2.0 2.1
hydroxy-metabolite (1.1-3.1) {0-2.6)
Desacetyl-metabolite nd. nd 08 2.6
{SPM 6912) {0-2.4) 029

The radiolabeled study was not able to detect the metabolite SPM 12809, probably due to the
assay methodology (liquid scintillation versus LC/MS/MS, because in the non-labeled study
described (SP643) above similar amounts of this metabolite was formed via both routes of

administration.
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2.2.7 What are the basic pharmacokinetic parameters of lacosamide
after single and multiple doses?

Tablets:

Single Dose Pharmacokinetics:

This has been reviewed by Drs Fadiran and Zhang. For details please refer to their review.
The single dose pharmacokinetic parameters for lacosamide from two studies for doses 100-
800 mg is shown in the following Tables:

Pharmacokinetic parameters of LCM following single administrations of 100, 200, 400,
and 600mg LCM in healthy male subjects-Study SP835

Parameter | Statistic 100mng 200mse 400mg 600mg
(unif) N=6 N=6 N=6 N=5*
AUCq Median 41.98 85.87 180.46 23587
{eg/mL*h) | (range) | (36.26-5425) | (68.57-111.03) | {130.27-192.86) | (184.50-310.44)
AUC 45.43 94.31 19548 29770
{pe/mL3h) {39.35-65.23) | (72.20-12427) | {136.50-217.70) | (190.49-356.36)
Chnax 2.26 4,35 8.63 11.50
{ug/mL) (1.93-2.56) {(433-573) (7.46-937) {11.44-14 8
tyn () 13.31 12.93 1236 1499
(12.52-18.10) | (8.62-1440) | (9.72-15.10) {9.45-16 80)

tonax (1) 2.6 (14 3002-4) 30034 3033

e A comparison of AUC(0-1z) and Cmax between the dose groups presented in the table
above shows that the PK parameters increased proportionally with the dose.

Pharmacokinetic parameters of LCM following single oral administrations of 400, 600,
and 800mg LCM in healthy male subjects — SP587
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Parameter Statistic 400mg 630mg 860mg
(unif) N=12 N=12 N=9*
AUC 4y (tg/mL*h) | Geometric mean 13736 22164 28808
(CV%)° (19.4) (218 {25.9)
AUCp {(pg'mL*h) 141.02 226.15 29324
{19.0) (22.0% {(26.5)
Copx {ug/ml) 853 14.16 1843
{20.2) {16.1) (26.0)
tra (B) 13.04 13.10 1220
{16.5) (8.13 (114
tax (B} Median (range) 1501040y 1001040 2480 {I.YO-Z.O)
CL/#F (L) Geometric mean 2.84 2.65 273
(CVo%)P {19.0) 2.0 (26.5)
A, (mg) Arithmetic mean 8492 144 41 19852
=S £10.72 +27.50 =51.64
CLona (1L70) 0.66 0.70 0.76
.16 +0.20 +0.31

Multiple Dose Pharmacokinetics:

The repeat dose pharmacokinetic parameters for lacosamide from three studies for 200 mg

dose is shown in the following Table:

Pharmacokinetic parameters of LCM and SPM 12809 following repeated oral

administrations of 200 mg LCM twice daily at steady state-SP640, SP660 and SP661

{E::ff Parameter (unit) | Statistic LCM SPM 12809
subjects) _

SP640° | AUC(p.12s (ug/mL*h) | Geometric | 100.32 (17.6) | 14.08 (44.6)
(N=57) Coaxss (ng/mL) ?éi?;/o} 10.92 (16.8) | 1.28 (44.5)
SP660° | AUConn (ug/ml®h) | 76.69 (20.81) | 11.17 (576)
(N=16) Coress (Ng/ml) 922 (17.40) | 0.99(57.9)
SP661° | AUC 012 (ugfmL=h) 94.95(17.3) | 835432
(N=12) Commss (g/ml) 1170 (162) | 0.81 (437

CW=coefficient of variation; LCM=lacosamide

Tmax and terminal half-life of LCM after multiple doses were similar to those after single

dose.
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Pharmacokinetic parameters of LCM foilowing single and multiple administrations of

300 and 500mg LCM in healthy male subjects (Study SP588).

Single dose Muliiple dose”
Parameter Statistic 308mg 5006mg 380mg bid 300mg bid
(unit} N=14" N=1p" N=12 N=4°
AUy Geometric mean 104.05 159.26 nd nd.
{(pg/mL*h) {CV %»)‘i {13.0) £39.8)
AUCqo1y nd wd. 124 87* 130.39°
{pg/mL*h) (14.2) (14.89-196.26)
AUC . 110.81 17735 nd nd.
{pg/mL*h) {14.2) {44 0y
Conax ¥.34 988 14.36* 15.25°
{ugfml) 26.0) (374 {11.5) {1.78-21.830)
1 11.30 1335 12.01 8.73°
¢hy 24.0% {27.1) (23.6) (7.60-1321)
- Median 1.00 1.00 1.60 1.50°
fh (range) (0.3-40) (0.5-2.0) (1.0-2.0) 0.0-2.03
CL# Geometric mean 271 2.82 2.40 3.84°
{L/h) (CVo%)° {14.2) 44 1) (14.2) {2.35-33.38)
A, Arithmetic mean 167.30 263.774 237.66 171.95%
fmg) 5D +53.39° +132.70 +88.46° | (31.81-383.30)
Cliens 1.486 C1.38 1.82 1.71°
{L/h) =0.44° +0.42 +} 368 (1.18-2.14
2.2.8 Do the pharmacokinetic parameters change with time

following chronic dosing?

This has been reviewed by Drs Fadiran and Zhang. For details please refer to their review.

Tablets: -

* The comparability of AUC(0-») after single-dose administration and AUCxss after
multiple-dose administration shows that the pharmacokinetics of LCM do not change
during multiple-dose administration (see previous Tables for a 200 mg dose)

¢ Following twice-daily dosing, the plasma concentration increases with an
accumulation factor of approximately 2.3 for Cmax and Cmaxss, and is consistent with
what is estimated from its apparent half-life of 13 hours assuming one-compartment
model. Also see Figure in section 2.2.11.
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e Thetl/2 of LCM and SP12809 also do not change after single or multiple doses of
LCM

» Steady state concentrations of LCM are reached after 3 days of twice daily dosing.
The trough concentration on Day 4 and 9 are shown in the following Table:

Trough plasma concentrations of LCM at steady state in healthy subjects — SP603 and
SP661

Time Cﬂ:ongh _Cn:ﬂx,ss Ratio
Trial | LCM dese point N {ng/ml) (ng/mL) “Corsugh sz 5™
Arithmetic means+SD (%)
SP603* 200mg bid Day 9 10 5764083 9. 78+1.30 58.28%
SP661° Day 4 12 5.58£1 07 118532204 47.09%

bid=biz i die {twice daily); LCM=lacesamide; SD=standard deviation

Solution for Infusion:

The maximum duration of infusion has been up to 5 days, with PK samples taken only after
“two days of infusion.

2.2.9 What is the variability in the PK data?

The inter subject variability in the pharmacokinetic parameters was similar for all the dosage
forms (tablets, —_and solution for infusion) based on cross-study comparisons. The CV%
ranged between 16-36% for all parameters.

2.2.10 How do the pharmacokinetics of the drug in healthy

volunteers compare to that in epilepsy patients?

Tablets:
The LCM plasma concentrations showed dose proportionality in the patient population as
well, as seen in the following Table.

b(4)
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Mean plasma concentrations of LCM (pg/mL) - SP667, SP755, SP754,

Frial LCM dase Visit N MeantsSD

Adults with partial-onsef seizures

SP667 200mg/day Visit 12 71 5.26+2.21
H0mg/day {End of MP} 67 96444 16
600mg/day 41 13.63+6.21

SP753 200mg/day Visit § 135 377190
400mg/day {(End of MP) 98 7.35+3.88

SP754 400me/day Visit 9 123 7.19£2.92
600mg/day {End of MP) 35 9 5024 29

Predose plasma concentrations at steady state (Crougn) for subjects with partial-onset seizures
are compared with data for healthy subjects in the following table.

Trough plasma concentrations of LCM at steady state in subjects with epilepsy and
healthy subjects

[N Cironsn (Ug/mL)
Trial no. Su:;;?t Pose Time point N trough (ug/ml)
papwiation Artthmetic meani8D
SP603 Healthy 200mg Day @ 98 5.740.83
SP661 subjects bid Day4 | 12° 56211
SP386 Subjects with Day 15° 13 58+2.4
epilepsy

a Data for Sequence Group 2 (starting with LCM prior to coadministration of carbamazepine) are
shown for SP603. '

b Data for the group of White subjects are shown for SP661.

¢ Data from the predose sample taken on Day 15 after 2-week treatment with 200mg L.CM twice
daily are shown for SP586.

As shown in the table above, predose plasma concentrations of LCM in the target populations
were comparable to those observed in healthy subjects at steady state.

Population PK analyses (reviewed by Dr. Hao) based on data collected in the epilepsy
population showed that the mean population PK parameter estimates for ke (t12) and V/f in the
target populations were about 40-50% different with PK parameters determined in Phase 1
trials in healthy subjects by population PK analyses. The V and t1/2 were 40-50% higher in
the epilepsy patient population compared to the healthy subjects, as seen in the Table below.
The LCM population PK parameters showed low interindividual variability in the target
populations as well as in healthy subjects, but was a little higher in the epilepsy patient
population compared to the healthy subjects.
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PK parameters in patients with epilepsy and healthy subjects
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Parameters Final Estimates in a Interindividual
(Unit) Population Trial typical Subjects Variability (%)
SP8640 434 6.25
Healthy Subjects SP620 39.6 3.56
V/F (L) SP755 60 6.57
Patients with Partial Seizure SP754 68.4 9.52
SP665 39.6 14
SP742 48.3 10.1
Patients with Diabetic
Neuropathy SP743 442 15.8
SP640 0.045 13.1
Healthy Subjects SP620 0.0451 412
Ke (1/h) SP755 0.0333 19.1
Patients with Partial Seizure SP754 0.029 21.4
SP665 0.0428 20.2
SP742 0.035 22.2
Patients with Diabetic
Neuropathy SP743 0.0364 27.6
SP640 15.4 13.1
Healthy Subjects SP620 15.4 4.12
t1/2 (h) ‘ SP755 20.8 19.1
Patients with Partial Seizure SP754 23.9 21.4
SP665 16.2 20.2
SP742 19.8 22.2
Patients with Diabetic
Neuropathy SP743 19 27.6

It is interesting to note that the patients with diabetic neuropathy has V and t1/2 comparable to
the healthy subjects. The reasons for differences seen in the epilepsy patient population and
healthy volunteers is not clear.

Solution for Infusion:

A cross study comparison of the pharmacokinetics after iv administration (30 minute
infusion) in healthy subjects and in epilepsy patients showed that the Cmax’s were similar in
these population at equivalent doses of 200 mg/day. The Cmax in subjects was 6 (2.8-8.5).
pg/mL and the Cmax in epilepsy patients was 5.23(3.8-7.09) ug/mL. Due to limited sampling
in patients after iv dosing, comparison of other pharmacokinetic parameters could not be

made.

2.2.11

Based on the pharmacokinetic parameters, what is the
degree of linearity or nonlinearity in the dose-concentration

relationship?
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Tablet:

This has been reviewed by Drs Fadiran and Zhang. Please refer to their review for details.
In summary lacosamide was dose proportional after both single and multiple dose
administration of 100-800 mg LCM tablets, as seen in the following figures:

Dose-proportional increase of AUC(0--) and Cmax after single-dose administration and of
AUCr+ss and Cmaxss after multiple-dose administration of LCM - healthy subjects
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Solution for Infusion:

The sponsor has conducted a study (Study SP834) evaluating the pharmacokinetics of single .
ascending IV doses, but not with the to-be-marketed formulation. No formal assessment of
dose linearity has been made from this study, but the Cmax and AUCO-t appear to increase
approximately in a dose proportional manner as seen the figures below for dose normalized
parameters.

Dose-normalized AUC-tyand Cmax of IV administration-SP834
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2.3 INTRINSIC FACTORS
23.1 What intrinsic factors influence exposure and/or response

and what is the impact of any differences in exposure on the
pharmacodynamics? Based on what is known about
exposure response relationships and their variability, is
dosage adjustment needed for any of the subgroups?

The intrinsic factors have been discussed below:

2.3.1.1 Effect of Renal Impairment: (reviewed by Dr. Zhang)

Mean AUC increased 27%, 23%, and 59% in subjects with mild, moderate, and severe renal
impairment compared with healthy subjects, respectively. AUC values were more variable for
patients with severe renal impairment, AUC in some patients were 2-fold higher than AUC in
healthy subjects. Renal clearance of lacosamide decreased with increasing degree of renal
impairment.

For Cmax, only a slight difference was observed. The terminal half-life of lacosamide in
plasma (t12) was prolonged in subjects with severe renal impairment (approximately 18
hours) in comparison with healthy subjects (approximately 13 hours)

Pharmacokinetic parameters of lacosamide in healthy subjects compared with subjects
with mild to severe renal impairment. ‘

. Group 1 Group 2 Group 3 Group 4
Parameter {N=8) {N=B) N=8) (N=8)
(unit) Geemeiric mean {CV %)

AlCo4 4701 (20.8) | 39.62(17.5) 5757 {19.0) 74.76 (26.9)
(ug/mL*h) el b e - : SRS
AUCE.zpom 3525 (154) | 4916(24.0) | 4085(20.0) | 5196(274)
(ug/mL*Wkg) | ° ’ ’ ' ’
Cm.n k] 2 »3 tli 0] !) :
(ngfoil) 2.69 (35.0) 293207 3.06 (10.0) 3.02(23.3)
oo 202 (22.2) 243 (16.7) 217 (10.3) 210(17.4)
{ng/mL*kg) e ’ ’ )
tos () 1.00{0.5-2.0) | 0.50(0.5-1.0) | 050(0.5-1.0) | 1.00(0.5-1.5)
CLA (L) 2.13(20.8) 1680175 1.74(19.0) 1.34 (26.9)
CLg (L/h) 0.5897(37.9) | 0.3544(51.3) | 02766 (249" | 0.1428 (31.8)
Agpse (mg)® 28 86=7.72 22.89+8.29 15.93£3.10°¢ 11.35%2.70
tya (W) 1322(17.6) | 18.17(187) 15.39 (18.9) 18.30 (27.8)
traae () 13.94 (3.1) 13.92(1.3) 1405 (3.6)° 1433 (32)

CV=coefficient of variation; PKS=Pharmacokinetic Set

Group 1=healthy subjects; Group 2=subjects with mild renal impairment; Group 3=subjects with moderate renal impairment;

Group 4=subjects with severe renal impairment
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ANOVA results for ratios “Group X / Group 1” (with X=2, 3, or 4) for lacosamide.

Parameter Ratie Point estimate | 5% confidence interval
AUC .o “Group 2/ Group 17 1.2682 (1.0601, 1.5172}
“Group 3/ Group 17 1.2247 {1.0237, 1.4651)
“Group 4 / Group 17 1.5903 (1.3293, 1.9025)
AUCwmom | “Group 2 / Group 17 1.3948 (1.1581, 1.6794)
“Group 3/ Group 17 11591 (0.9625, 1.3958)
“Group 4 / Group 17 14741 (1.2241, 1.7751)
Conax “Group 2/ Group 17 1.0935 (0.8972, 1.3375)
“Group 3/ Group 1™ 1.1356 {0.9301, 1.3866)
“Group 4/ Group 17 1.1223 (0.9192_1.3703)
Cruarnom “Group 2 / Group 17 1.2047 (1.0422_13924)
“Group 3/ Group 17 1.0748 (0.9299, 1.2423)
“Group 4 / Group 17 1.6403 {0.9000, 1.2024)

ANOVA=analysis of variance
Group 1=healthy subjects; Group 2=subjects with mild renal impairment; Group 3=subjects with moderate renal impairment; Group
4=subjects with severe renal impairment

The plasma concentrations of the metabolite, SPM 12809, also increased with increasing
degree of renal impairment. The increases were more profound than lacosamide. AUC
increased 4-fold in patients with severe renal impairment compared to normal renal function
subjects.

APPEARS THIS WAY
ON ORIGINAL
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Pharmacokinetic parameters of SPM 12809 in healthy subjects compared with subjects

with mild to severe renal impairment.

Page 36 of 174

Group 1 Group 2 Group 3 Group 4
Parameter {N=8) {MN=8) N=8) {N=8)
{unit) Gepmetric mean {CV %)
AUCgq 63(58.5) | 11.59(62.1) | 2746(208) | 3536(51.6)
{ng/ml*h)
AUCq0m 572(523) | 956(65.0) | 1948(29.8) | 2458 (54.5)
{(ng/mL*h*kg)
gg:} - 0.19(63.7) | 020(42.6) | 045(221) | 049(559)
g?grfnn;;_.m*kg} 1429 {54.9) 1620 (42.7) 3L70(28.1) 3391 {57.7}
tooms (1) 12.0(824) | 240{12-48) | 24D (2436) | 36.0(24-60)
CLIELh)°® 1311 (585) | 863(62.1) | 3.64(20.8) 2.83 (51.0)
CLs LW)° 227(287) | 0.79(99.9) | 051(53.7)° | 0.12(52.3)"
Aupan {mg) a4 19 38667 11780315 17.23x5.28°¢ §9243 81
t2 (1) 15.69(208) | 28.76 (374) | 29.61 (36.0) | 56.06(40.2)"
ANOVA results for ratios “Group X / Group 1” (with X=2, 3, or 4) for SPM 12809.
Parameter Ratis Point estimate 50% confidence inferval
AUCq 4 “Group 2 / Group 17 15201 {1.0156, 2.2750)
“Group 3/ Group 17 3.6002 {2.4055, 5.3883)
“Group 4 / Group 17 4.6372 (3.0983, 6.9403}
“Group 2/ Group 17 1.0306 {0.7001, 1.53171)
“Group 3/ Group 17 23429 (1.5915, 3.4489)
Gmup 47 Group 1 2.5591 {1.7385, 3.7672)

ANOVA=analysis of variance;
Group 1=healthy subjects; Group 2=subjects with mild renal impairment; Group 3=subjects with moderate renal impairment; Group
4=subjects with severe renal impairment

Under a 4-hour dialysis starting 2.5 hours after dosing, AUC(0-tzy of LCM and SPM 12809 was
approximately 50% lower in subjects with endstage renal disease (ESRD) receiving
hemodialysis after a single oral dose of 100mg LCM compared with dosing on a dialysis-free
day, Cmax was less affected by dialysis than AUC, probably because the maximum plasma
concentration was reached before the start of dialysis in most subjects.
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Pharmacokinetic parameters of lacosamide after Treatments A and B in subjects with
end-stage renal disease, requiring dialysis.

Parameter

(unit)

Treatment A

Treatment B

(=8)

Geomeiric mean (CV %)

.%UC(Q.;;} {y gfgﬂﬂ_s*h)

43.19 (20.2)

23.19 (15.1)

| AUCn-2)n0m (pg/mL*h*kg)

3056 (17.1)

1641 (17.9)

Coax (Ug/mL) 318 (22.4) 279022.1)
Coran norm (g’ mL¥kg) 225(13.6) 197 {17.3}
tanss (B 0.5 {0.50-4.0) 0.75 (0.50-2.0)
t1 (1) | 19.55 (19.4) 19.24 (26.8)
Extraction rate (%) ° NA 57 44x2 56
CLgy t=4h (mL/min) NA 140.83 (11.7)
CLgy t=6.5h (mL/min) NA 140.36 (8.9)
Amount excreted by dialysis (mg) ° NA 50963

CV=coefficient of variation; NA=not applicable; Treatment A=single dose of 100mg lacosamide on a dialysis-free day (1 day before
dialysis),

Treatment B=single dose of 100mg lacosamide 2.5 hours before start of dialysis

a Median (range)

b Arithmetic mean+standard deviation

Dosage adjustment:

Dose adjustment for patients with mild and moderate renal impairment may not be needed.
However for patients with severe renal impairment, due to a mean 60% increase in AUC and
highly variable data, the highest doses in severe renal impairment patients should be reduced
to — of the highest doses recommended in patients who have normal renal function.
2.3.1.2 Effect of Hepatic Impairment: (reviewed by Dr. Zhang)

Plasma concentrations of lacosamide were approximately 50-60% higher in the subjects with
moderate hepatic impairment compared to subjects with normal hepatic function. Plasma
concentrations of the main metabolite of lacosamide, SPM 12809, were approximately 40-

50% lower in subjects with hepatic impairment compared to healthy subjects. PK of
lacosamide has not been studied in mild or severe hepatic impairment patients. Caution

should be exercised as metabolism of lacosamide is anticipated to be altered in these subjects.

b(4;
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Pharmacokinetic parameters (geometric means and % coefficient of variation) after
multiple oral administration of 100mg lacosamide twice daily at steady state (Day 5).

Lacesamide SPAM 12809
Parameter (unit) | Group 1 Group 2 Group 1 Group 2
(N=8) N=8) (N=8) (N=8)

AUC K 12 3325 8589 464 2.64
(ug/mL*h) (17.3%) |  (21.7%) (54.8%) (97.4%)
AUC 0175 nom 374775 5508.56 32638 169561
(ugfmL*h*kg) (24.0%) | (18.6%) (51.2%) (36.2%)
Cunxse 5.83 R75 - 0.41 0.24
(ugfml) (13.3%) | (18.7%) (54.4%) (97.8%)
Cra ss,n0ms 410.01 56123 - 2916 1541
(ug/mL*kg) (19.8%) | (15.2%) (50.5%) (86.8%)
e 1.5 1.5 60 5.0
) 0520 | (0.52.0) (4.0-8.0) (3.0-12.0)
t14 148 241 - IRS 292
() (19.7%) | (23.5%) (17.4%) (39.1%)
Az’ 43.96 35.51 16.57 485
(mg) (30.1%) | (62.4%) (37.0%) (51.1%)

Group 1=healthy subjects; Group 2=subjects with moderate hepatic impairment (Child-Pugh stage B)
a Median (range)
b Arithmetic mean (% coefficient of variation)

Summary of analysis of variance of log-transformed pharmacokinetic parameters for
lacosamide and SPM 12809 at steady state (Day 5) for the comparison
“Moderate Impairment”/“Normal”.

Parameter Lacesamide SPM 12809
Ratio 90% C1 Ratio 90% CI
AUCp12)s 161% 136-191% 57% 31-104%
AUCQ12m20m 147% 122-177% 52% 30-90%
Comr e 150% 130-173% 58% 32-106%
Conas so.nevm 137% 117-160% 53% 30-92%
Agoade 71% 47-109% 28% 19-42%
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Dosage adjustment:
The highest doses in moderate hepatic impairment patients should be reduced tc ~— of the
highest doses recommended in patients who have normal hepatic function.

23.1.3 Effect of age: (reviewed by Dr. Zhang and Zhu)

Elderly:
The exposure is ~30% higher in the elderly males and females compared to young males.

When taking weight into account, there is a 20-25% difference between the elderly and young
subjects. _ ’

Age does not influence exposure in patients with partial seizure based on population PK
analyses results. The difference between individual and population mean parameter (called as
inter-individual variability) for volume of distribution and Ke versus age is given in the
Figure below. No specific trend can be identified.

'~ Interindividual Variabilities for Ve and Ke versus Age
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Dosage adjustment:

About 30% higher exposure in elderly may not warrant a dose adjustment based on age.
However, caution should be exercised because elderly patients usually may also have
impaired renal and hepatic function.

Pediatrics:

The pharmacokinetic profile of lacosamide in pediatric patients has not been established.
Indication is sought in patients 16 years and older. Patients 16 and17 year olds have exposures
similar to adults.

Dosing Adjustment:

No dosage adjustment necessary.

23.14 Effect of Gender: (reviewed by Dr. Zhang and Zhu)

Elderly female subjects showed ~15% higher AUC than elderly male subjects. Thee were no
differences on taking body weight into consideration.

Sex does not influence exposure in patients with partial seizure based on population PK
analyses results (see Figure below)

Interindividual Variabilities for Vc and Ke versus Gender
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Dosage adjustment:

No dosage adjustment is necessary.
2.3.1.5 Effect of Race: (reviewed by Dr. Zhang)

A slightly higher exposure (measured as AUCr,ss) of LCM was observed in Asian and Black
compared with White subjects (increase of approximately 10%). The body weight was

slightly higher in the group of White subjects, and after normalization to body weight
* (AUCxrssnom) the exposure for the 3 ethnic groups was similar.

With respect to SP M 12809, mean AUCxrss, AUCqss,n0rm, Chmax,ss, Cmax,ss,norm as well as Ae(0-12) of
SPM 12809 were approximately 30% to 50% lower in Asian and Black subjects compared
with White subjects. This different is not considered clinically relevant because the exposure
of SPM 12809 is lower in Blacks and Asians compared with White subjects and the
metabolite of LCM has no known pharmacological activity.

Pharmacokinetic parameters of LCM and SPM 12809 after administration of 200mg
LCM at steady state in Asian, Black, and White subjects — SP661

LCM SPM 12809
Parameter 4
{unit) Statistic Asian Black White Asian Black YWhite
(N=12) | 1) | (L) | (N=12) | (NE12) | (NEDY)
AU Geometric 13587 10479 94.95 330 5.69 835
(ug/ml*h) mean (CV%) | (15.6) (192) (17.3) 49.1) (62.9) (43.2)
AUC 5 50m 7358 7327 7322 368.6 397.5 643.8
(ng/mL*h*kg) (15.6) (18.3) (205 | (51.8) | (585) (39.4)
Cosss 12.03 11.82 11.70 0.480 0.516 0.814
{ug/mL) (16.8) (22.6) (16.2) (#47.7) (62.5) {43.7)
Conrg35,n0rm 83627 826.41 902.36 3333 35.10 62.73
(ng/mL*kg) (16.8) (20.6) (18.1) (50.0 (58.3) 397
tig 1582 15.99 1597 20.26 20.44 20.21
() (10.0) (8.8) (159) | (163) | (14.5) (19.5)
tmax Median 0.8 0.5 0.8 2.0 2.5 1.8
() {range) (0.5-4) 054 | (0.5-1.5) | (0.54) | (1.5-6) {0.5-6)
Agpan Arithmetic 8245 | 9169 81.59 | 1745 | 2407 32.76
(mg) mean + 8D +11.58 +30.20 +18.69 +6.96 +11.68 +13.61

CV=coefficient of variation; I;CM=lac-os-é;nide'; SD=standard deviation

aN=8; bN=11

The point estimates of race comparison is given in the following Table:
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Point estimates and 90% confidence intervals for AUC and Cmax of lacosamide .

Lacosamide

Parameter Ratia Ratio
* Asian/White” “Black/White”

®=12) (N=12)

AUC .. 1.1150 1.1037
{0.9896, 1.2562) (09793, 1.2435)

AUC o 1.0050 1.0008
{0.8869, 1.1388) {0.8832, 1.1340)

Com oo 10282 1.0100
{0.9043, 1.1690) (0.8883, 1.1483)

Comx sz nomm 0.9268 0.9158
~ (0.8161, 1.0524y (0.8063, 1.0400)

Dosage adjustment:
No dosage adjustment is necessary.

2.3.1.6 Effect of CYP2C19 polymorphism

In vitro data suggested that CYP2C19 is involved in metabolism of lacosamide to form SPM
12809. Study SP643 compared the pharmacokinetics and bioavailability of LCM when given
as iv solution or as oral tablet to 4 healthy Caucasian poor metabolizers (CYP2C19-
genotyped) compared with 8 healthy Caucasian extensive metabolizers. PMs were
homozygous for nonfunctional alleles and EMs were either heterozygous or homozygous for
wild-type alleles. Data suggested that plasma concentrations of lacosamide were comparable
(not more than 10% difference) between PMs and EMs, and there were noticeable differences
(75-80% difference) between PMs and EMs with respect to AUCs of the metabolite SPM
12809.

AUC(0-tz) after oral dosing [h*pg/mL] and ratio PM/EM.

PM EM Ratio Difference

(N=3) (N=8) (PM/EM) PM-EM
SPM 927 106.6 96.9 1.10 +10.01%
SPM12909 2.44 10.30 0.23 -76.31%

Based on these PK results, no dose adjustment is necessary in poor metabolizers of CYP2C19
or subjects who receive a CYP2C19-inhibiting drug in parallel to LCM.
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2.4 EXTRINSIC FACTORS

24.1 Is lacosamide a substrate, inhibitor or inducer of CYP
enzymes?

This was reviewed by Dr. Fadiran. Please refer to his review for further details.

Substrate:  Lacosamide is a substrate to CYP2C19. Whether lacosamide is a substrate for
CYP1A2, 2B6, 2C8, 2C9, 2D6, or 3A4 is unknown.

Inhibitor; Lacosamide did not inhibit 1A1, 1A2, 2A6, 2B6, 2C8, 2C9, 2D6, 2E1, 3A4,
3AS at concentrations observed in the clinical trials. [In clinical trials with
LCM doses of 200 to 600mg/day, plasma concentrations of LCM ranged from
approximately 5 to 20pg/mL (corresponding to 20 to 80puM)].
In vitro studies showed a low inhibition potential for CYP2C19(About 59.9%
inhibition of CYP2C19 at 100 uM, I/IC50 value for CYP2C19 was > 0.1 and
sponsor conducted an in vivo study with omeprazole, a CYP2C19 substrate.

Inducer: Lacosamide induction potential on 1A2, 2B6, 2C9, 2C19, 3A4 was evaluated.
LCM did not show induction for these CYPs at therapeutic relavent
concetrations.

2.4.2 Is lacosamide a substrate and/or inhibitor of p-
glycoprotein transport processes or any other transporter
system?

This was reviewed by Dr. Fadiran. Please refer to his review for further details.

Lacosamide was not a substrate for P-glycoprotein and did not modulate the transport of
digoxin at concentrations up to 3mmol/L (750pg/mL).

The renal clearance of lacosamide (~ 2 L/hr) was less than GFR indicating that it was
reabsorbed in the kidney. It is unknown which transporter may be responsible for the
reabsorption of lacosamide.

243 Is there an in vitro basis to suspect drug-drug interaction?

The drug interaction potential for lacosamide is based on the following facts and :

e LCM is metabolized by CYP2C19.

e LCM is not significant inhibitor (1A1, 1A2, 2A6, 2B6, 2C8, 2C9, 2D6, 2E1, 3A4,
3AS5), it inhibits CYP2C19 to some extent. An omeprazole (Substrate and inhibitor of
CYP2C19) drug-drug interaction study was conducted to rule out inhibition potential
of LCM on omeprazole and omeprazole on LCM.
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¢ LCM not an inducer of any CYPS.
¢ Since <15% of LCM is bound to plasma proteins, a clinically relevant interaction with
other drugs through competition to protein binding sites is unlikely.

2.4.4 Are there any in-vivo drug-drug interaction studies that
indicate the exposure alone and/or exposure response
relationships are different when drugs are coadministered?
If yes, is there a need for dosage adjustment?

2.4.4.1 Influence of lacosamide on other drugs:

This has been reviewed by Drs Fadiran and Zhang. Please refer to their reviews for additional
details.

Influence of lacosamide on the pharmacokinetics of concomitant drugs is summarized in the
following Table:

Concomitant Concomita | Lacosamide Cmax Ratio AUC Ratio Dosage
. o .
Medication nt doses (90% CI) (90%CI) Adjustment
medication evaluated
w/wo .
dose . w/wo lacosamide
lacosamide
Omeprazole 40 mg 300 mg twice 1.1049 1.0976 None
single dose daily (0.9793, (0.9963, 1.2092)
1.2466)
Digoxin 0.25 mg 200 mg twice 1.0487 1.0241 None
QD daily (0.9592, (0.9792, 1.0709)
1.1465) .
Metformin 500 mg 200 mg twice Group 1 Group 1 . None?
three times daily
aday (0, 6, 0.8782 0.8675
and 12 hr) (0.768, 1.004) (0.773, 0.973)
Group 2 Group 2
1.1725 1.1939
(1.026, 1.340) (1.064, 1.339)
Oral ethniyl 0.03 mg 200 mg twice 1.205 1.113 None
cce"‘gf; estradiol | 3 cycles daily (1.106,1.312) | (1.052,1.177)
P (the 3" cycle)
(gl\}{[rigl;l(;— levonor- 0.15 mg 200 mg twice 1.120 1.092 None
gestrel 3 cycles daily (1.053,1.192) | (1.046, 1.140)
(the 3" cycle)
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Influence of other drugs on the pharmacokinetics of lacosamide/SPM 12809 is summarized in
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(0.935, 1.119)

(0.996, 1.061)

‘the following Table:
Concomitant Concomitant Lacosamide LCM Cmax LCM AUC Ratio Dosage
. S . o .
Medication me((iil(;:saetlon doses Ratio (90% CI) (90%CI) Adjustment
evaluated w/wo .
. w/wo lacosamide
lacosamide
Omeprazole 40 mg QD 300 mg single 0.9958 1.1330 None
dose (0.9474, (1.1015, 1.1654)
1.0467)
Metformin 500 mg three | 200 mg twice Group 1 Group 1 None
times a day (0, daily
6, and 12 hr) 1.1427 1.0964
(1.044, 1.250) (1.062, 1.132)
Group 2 Group 2
1.0228 1.0280

2.4.2.2 Influence of lacosamide on concomitant AEDs exposure:

In definitive drug interaction studies, the effect of LCM on carbamazepine and valproate was

evaluated. No dosage adjustment was necessary for either drugs.

Concomitant Concomitant | Lacosamide Cmax Ratio AUC Ratio Dosage
Medication medication doses (90% CI) (90%CI) Adjustment
dose evaluated | w/wo lacosamide | w/wo lacosamide
. % change
Valproate titrated from | titrated from 1.01 1.04 none
300to 600 mg | 100 to 400 (0.97-1.07) (0.99-1.09)
mg
Carbamazepine titrated from | titrated from 091 0.88 none
200t0 400 mg | 200 to 400 (0.87-0.98) (0.84-0.92)
mg
Carbamazepine-
epoxide 0.95 0.97
(0.87-1.05) (0.89-1.04)
2.4.5.2 Influence of AEDs on lacosamide exposure:

The effect of concomitant AEDs on lacosamide exposure was evaluated for valproate and
carbamazepine in definitive drug-drug interaction studies. No dosage adjustment for
lacosamide was necessary.

Concomitant
Medication

Concomitant
medication

Lacosamide
doses

Cmax Ratio
(90% CI)

AUC Ratio
(90%CI)

Dosage
Adjustment
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dose evaluated w/wo AED w/wo AED
% change
Valproate titrated from 400 mg 1.01 1.00 none
300 to 600 mg (0.96-1.07) (0.98-1.03)
Carbamazepine titrated from 400 mg 1.075 1.011 none
200 to 400 mg (0.98-1.170) (0.96-1.065)

The other concomitant antiepileptics were evaluated in a population analysis of the Phase 3
studies in patients with partial seizures. According to the sponsor based on the population
analysis, LCM exposure is reduced by 15-20% when lacosamide is coadministered with
carbamazepine, phenobarbital, or phenotyoin.

According to Dr. Zhu, drug-drug interaction covariate effects from population PK analysis are
difficult to interpret. There is inadequate evidence to suggest that coadministration of
carbamazepine alone affect lacosamide exposure based on the following two facts. 1.) In
population PK analysis using data from patients with partial onset of seizure, the sponsor did
not demonstrate statistical significance when using coadministration of carbamazepine alone
as a covariate. 2.) A drug-drug interaction study with intensive PK sampling in healthy
subjects did not show that concurrent administration of carbamazepine lead to lacosamide
pharmacokinetic change.

Furthermore, there are several confounding factors in the defining the covariates. For
example, about 80% (55 out of 69) patients in SP754 study who took carbamazepine
concurrently took 1 or 2 other medications. It is unclear whether the significant covariate
effect is driven by carbamazepine or some other drugs. This reduction is not likely to be
clinical meaningful.

2.5 GENERAL BIOPHARMACEUTICS

2.5.1 What is the relative bioavailability of the formulations - M&%
—solution for injection) proposed for marketing and can they
be used interchangeably?
The sponsor is proposing to market — dosage forms of lacosamide, tablets, —— and h(%

solution for injection. The —— solution for injection are proposed for the epilepsy
indication only, where as the tablets will be used for epilepsy as well as neuropathic pain.

[/
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Tablet vs IV Solution for Injection:

In clinical practice the need may arise for a short-term replacement of oral therapy with
lacosamide by therapy via an intravenous (iv) route, e.g., as pre- and postsurgery treatment.
Hence, bioequivalence evaluation between the two routes of administration was conducted by
the sponsor.

The following observations were made from the bioequivalence studies using infusion times
of 15, 30 and 60 minutes:
e 15 minute IV infusion of 200 mg versus tablets (2x100 mg):
BE with respect to AUC(0-t)
Not BE with respect to Cmax
¢ 30 minute IV infusion of 200 mg versus tablets (2x100 mg):
BE with respect to both AUC(0-t) and Cmax
e 60 minute IV infusion of 200 mg versus tablets (2x100 mg):
BE with respect to both AUC(0-t) and Cmax

The sponsor is proposing =~ ——

<

b(4)
The sponsor conducted two bioequivalence studies (Studies SP645 and SP658) using different
IV infusion rates versus the tablet formulation (2x100 mg).

The Pharmacokinetic parameters (arithmetic means) in these studies are shown in the Table
below.

Pharmacokinetic parameters of LCM following single-dose administration of 200mg
LCM as solution for infusion or tablet in healthy male subjects (arithmetic means) —
SP645 and SP658

Trial Drug Formulation N AUC(0-tz) Cmax Tmax
(ng/ml/h) (ng//ml) (h)
Mean (CV%) Median (range)
SP645 Solution for infusion | 16 73.39(17.4) 6.08(36.3) 0.25 (0.25-2.00)
(15 min)
Tablet 16 74.91 (19.1) 4.88 (23.6) 0.75 (0.28-4.00)
SP658 Solution for infusion | 24 80.2 (23.9) 6.0 (28.0) 0.50 (0.50-2.00)
(30 min)
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Solution for infusion | 25 81.2 (24.8) 5.4 (22.5) 1.00 (1.00-3.00)
(60 min)
Tablet 23 80.1 (24.0) 5.1(27.9) 0.75 (0.25-4.00)

These studies also show that about 25% of the subjects had a Tmax in the infusion groups that
were greater than the infusion duration. Although the actual Tmax’s were longer than the -
infusion duration, but there were minimal differences in the mean Cmax values based on
lacosamide concentrations at the end of infusion versus the actual Cmax as seen in the Table
below:

Arithmetic mean = standard deviation of LCM plasma concentrations at the end of the
infusion and at t;,y

Trial Treatment LCM concentration at the Cinax of LCM
end of infusion (ng/mL) (ng/mL)

SP645 15min infusion 5.783 +2.599 6.075 £2.296

SP658 30min infusion 5.816 + 1.623 5.955 + 1.490

60min infusion 5.297+1.195 . 5.376 +1.095

These later tmax’s could be the result of unbalanced distribution in the plasma. The
differences observed are not clinically meaningful.

The 90% confidence intervals for the pharmacokinetic parameters from these studies are
given below Although the sponsor has used AUC(0-tz) for calculating the 90% Cls, the values
for AUCO-co are very close and similar to AUC(0-tz).

ANOVA results for the comparison “LCM as solution for infusion”/“L.CM as tablet” —
SP645 and SP658

Trial Drug Formulation Parameter Point 90% Confidence
Estimate Interval
SP645 Solution for infusion AUC(0-tz) 0.98 (0.96, 1.01)
(15 min) /tablet
Cmax 1.20 (1.04, 1.38)
SP658 Solution for infusion AUC(0-tz) - 1.00 (0.98, 1.01)
30 min)/tablet
Cmax 1.15 (1.07, 1.22)
Solution for infusion AUC(0-tz) 1.00 ' (0.98, 1.02)
(60 min)/tablet v
Cmax 1.03 (0.96,1.10)

Although on average the Cmax in the 15 minute infusion group was 20% higher in subjects
on iv infusion, these subjects did not appear to have higher incidence of adverse events as
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compared to the other subjects in the group. The reviewing Medical Officer will elaborate
further on the safety aspects.

In addition to these bioequivalence studies the sponsor also evaluated the safety and
tolerability of various infusion durations in patients with concomitant AEDs in two clinical
studies SP757 and SP616. In study SP757 subjects were on stable 200-800 mg/day oral doses
of lacosamide and were switched to the same iv dose for 2-5 days. Study SP616 was a
crossover replacement study.

The number of subjects in the different infusion groups is given below.

Sample size from the clinical studies:

Infusion Duration | Study 757 | Study 616
10 minutes N=20 -

15 minutes N=100 -

30 minutes N=40 N=30

60 minutes - N=30

The sponsor also collected plasma samples at predose (Ctrough) and end of infusion (Cmax)
at all doses for each infusion rate. The Ctrough and Cmax for the therapeutic doses of 200 and
400 mg/day are shown in the figures below. These figures show minimal differences in the
Ctrough and/or Cmax values for the 10, 15 and 30 minute infusion durations for given dose.
Sample size could be a factor for any observed differences.

400 mg/day 400 mg/day
7
E67 e
25 E
Es g
53 E
2 2 5
o1
04
0 5 10 1B 20 25 I 3B 0 5 10 15 20 25 30 35
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200 mg/day
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It can be concluded from these figures that the 10, 15 and 30 minute infusions at a given dose
gives comparable plasma concentrations of LCM.

The sponsor also compared the trough concentrations of the iv to the trough concentration on
Day 1 of the oral lacosamide. After normalization for body weight and actual individual dose,
LCM plasma concentrations(Ctrough, Cmax) were comparable across LCM doses. The ratios of
geometric means including 90% confidence intervals (iv vs oral) of normalized Crrough for the
30-, 15-, and 10-minute infusion duration groups are presented in the following table.

Ratio of geometric means of normalized Ctrough (ng/mL x kg/mg)Population:

Infusion Treatment | »n° Comparison Ratio 909 CI
duration iv (test} vs {%)
{Cohort} oral {reference}
30-mmute w LOM / 28 |Day ! pmprevs Day 1 am pre 954 |{77.0, 1182}
{Cohort A1) oral LCM 28 |Day2 ampre vs Day 1 am pre 941 ({760, 116.7)
28 |Day2 pmpre vs Day 1 ampre 87.7 |{70.7,108.7)
15-mmute wILCM/ 84 |Day 1 pmprevs Day 1 am pre 892 |(79.3,1004)
{Cohort B1 oral LCM 85 |Day 2 am pre vs Day 1 am pre 923 [{823,104.0)
and B2) 84 | Day 2 pmpre vs Day 1 am pre 86.1 | (76.5,97.0)
10-minute w LCM / 16 |Day 1 pmpre vs Day 1 ampre 92.7 |{68.0, 126.2)
{Cohort C} oral LCM 16 |Day2 ampre vs Day 1 am pre 924 |{678,1258)
16 |Day2 pm pre vs Day 1 am pre 84.9 [{62.4,1157)

Cl=confidence interval; iv=intravenons; LCM=lacosantide
&  Only subjeris with a valid Day 1 am pradose plasma value and a valid predose value for Day 1 pmy
Day 2 am, snd Day 2 pm were included.

In general, the ratios of geometric means of normalized Ciough were similar across the various
infusion duration groups and time points. The ratio of geometric means 85-95%, indicating
that normalized Ctrough plasma concentrations following iv LCM administration were
comparable to normalized Cuough plasma concentrations after oral LCM administration. The
lower limit of the 90% confidence interval were more on the lower side for the 10 and 30
minute infusions, probably due to the smaller sample size compared to the 15 minute infusion.
These differences are within the between subject variability for LCM.

Therefore from a pharmacokinetic standpoint, although the definitive bioequivalence study
showed that the 15 minute infusion showed a 20% higher Cmax compared to the oral LCM
and failed the bioequivalence limit, the clinical relevance of this on the overall steady state
concentrations may be minimal.

Also, the number of subjects on a 15 minute infusion is much higher than those on 30 or 60
minute infusion.
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2.5.2 Does the pharmacokinetics of lacosamide differ when switched
from oral to iv dosing?

In addition to the definitive bioequivalence studies, the sponsor evaluated the
pharmacokinetics of lacosamide in the double blind, double dummy randomized trial with the
30 and 60 minute infusion groups. The schematic of the study design is given below. The

results of this study are similar to that seen in the other studies that compare iv and oral
administrations.

Cohont & (50-Minute Infasion} forpiicn

v EPM 927 + po plozinbid
{n=20}

Stresning Erd of Tria} 3
Bay-1} Pamicipation 7 - . o]
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- {=10) e o
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o o
o

-~
. ) Trezimerz Phese 0
Cobhout B {30-Minmte Infusion) Eoys tad o
i SPM 927 +po placebo b T
20y <

Epd of Trial
Earticipation
Dy 3

7

o7 placeko +po SEM 827 tig
=10y
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Dy 1)

From Screening to End of Trial participation (Day -1, Day 1, Day 2, Day 3), subjects were
maintained on a stable dose in accordance with current dosing from the open-label extension
trial (SP615). Subjects entered the treatment phase (Day 1 and Day 2) under steady-state
conditions. In both cohorts, all subjects received oral SPM 927 on Day -1. On Day 1 and Day
2, subjects received iv SPM 927 plus placebo tablets bid or iv placebo plus SPM 927 tablets
bid, respectively. On the morning of Day 3 (=End of Trial phase), a single dose of oral SPM
927 was administered in accordance with each subjects’s dosage regimen in the extension

trial. Steady-state plasma concentrations of SPM 927 were determined on Day -1, Day 1, Day
2 and Day 3.

Pharmacokinetic parameters AUC(0-12), Cmax, Cmin, and t12 were derived from concentration
data of Day 2. Body weight and dose normalized pharmacokinetic parameters and the
comparison between the 30 and 60 minute infusion groups is given in the following Table:
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Normalized pharmacokinetic parameters on Day 2 and comparison between treatments
(30- and 60-minute infusion vs oral)

Treatment Comparison ivieral
Parameter Oral Iy '
‘ .{:mi {'} . Cohort | SPM 927/ | SPM 927/ | Ratic 90% €1
o ivPBO | oralPBO | (o) | ~0°°
Geomeiric meantSD
ATC{0-12300m A 36.95+1.58 | 37132133 ] 1005 | (74.1,138.3)
{(ng/mL*h*kg/mg) (9=10) (N=17)
B 33.5221.56 | 3199137 | 954 | {704, 12949
{N=11} N=1%)
Consx porm A 4352153 | 485£1.31 | 1114 | {(84.6, 146.7)
{pg'mEL¥kg/mg) {N=10} =17
‘ B 3742149 | 4424130 | 1181 | {89.7, 1356}
(N=11) N=15)
Criny osm- A 2.05x1.71 1.90£1.60 | 927 | (62.7,137.0)
(ng/mL*kg/mg) (N=10) N=17) '
B 1932166 | 1724148 | 893 | {604, 132.0)
=10 (N=15)

CI= confidence mnterval; 1v = intravenous; PBO = placebo; 5D = standard deviation
Cohort A: 80-nmnute 1v mfuston; Cohort B: 30-minute v infusion

e The bioavailability of LCM after iv treatment for both the 60 and the 30-minute
infusion was comparable to that after oral treatment. Ratios iv/oral for AUC(0-12)norm
were 95-100%, although the 90% confidence intervals were outside the acceptable
range. [note: BE in definitive BE studies].

o Values of Cmaxnorm were slightly elevated after iv treatment compared to oral
treatment. This is reflected in ratios iv/oral of 111-118% for Cmax,norm. These values are
similar to that seen with the definitive bioequivalence study. These higher
concentrations are seen within the first 1.75 hours of dosing.

e Values of Cminnorm were slightly decreased after iv treatment which is reflected in
ratios iv/oral of approximately 90%, also as seen in other studies.

The mean normalized concentration time profile for the 30 and 60 minute infusions are
displayed in the following figures:
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Mean SPM 927 plasma concentration versus time on Day 2 normalized by body weight

and dose (30 minute infusion)
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Mean SPM 927 plasma concentration versus time on Day 2 normalized by body weight
and dose (60 minute infusion)
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The tmax was shorter after iv administration of SPM 927 compared to oral administration.
After oral administration of SPM 927, tmax was reached between 1.5 and 4 hours after
administration in the majority of subjects. The Cmin was lower with the iv administration
although within the variability seen with the oral administration. The concentrations within
the first 1.75 hours after dosing were higher after iv administration.
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Unless safety and tolerability is a concern, these differences may not be clinically meaningful.

- 253 Based on the BCS principles, in what class is this drug and
formulation? What solubility, permeability and dissolution
data support this classification?

Lacosamide is a BCS Class I drug product. For additional details refer to IND review.

2.5.4. Is the proposed to-be-marketed formulation of lacosamide
bioequivalent to the formulation used in the clinical trials and
pharmacokinetic studies?

Tablets:

The proposed to-be-marketed or commercial formulation (tablet +—— ‘)was not used in

any clinical trials in this submission. The various formulations used in the clinical trials were b@}
the capsules hand filled with pure drug, capsules filled with powder blend and film coated

tablets. The sponsor has requested a biowaiver to conduct bioequivalence studies between the

clinical trial and commercial formulations based on BCS classification I. This waiver request

is evaluated by the review Chemist. For reference, the formulations used in various studies is

summarized in the following Table:

APPEARS THIS WAY
ON ORIGINAL
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Trial cede Aim of trial Dose Fermulation
SPB35 Phase 1 {tolerability, PK} 100 mg/200 mg Capsules hand-filled
SPR3s Phase 1 {tolerability, PK) 100 mg/200 mg with pure drug
SP386 Phase 2 {epilepsy} 50 mg/100mg/200mg substance
SP387 Phase 1 (tolerance) 100 mg
S$P538 Phase 1 {tolerance) 100 mg
SP598 Phase 2 {epilepsy) 50 mg/100 mg/200 mg
SP399 Phase 1 {interaction study) 100 mg } L
SP601 Phase { {imteraction study) 100 mg Cap suitss filled with
SP602 Phase 1 {interactton study} 100 mg powder blend
SP603 Phase 1 {interactron study) 100 mg
8P61t Phase 2 {(newropathic pam) 100 mg
SPs18 Phase 1 {tuteraction study) 100 mg
SPE00 Phage 1 {bicavailability) 100 mg
SP620 Phase 1 (different ages and genders) | 100 mg
SP640 Phase 1 (QT-trial) 50 mg/100 mg
SPedl Phase 1 {renal impairment) 100 mg -
5P642 Phase 1 (hepatic tmpairment) 00mg -
$P643 Phase 1 {metabohsm, 100 mg
bivequivalence) 2mg/mi 1.v. solution
3P644 Phase 1 {interaction study} 0 mg
SP64s Phase 1 {metaboksm, 100 mg
bioequivalence) 20mg/ml 1.v. solution
SP657 Phase 1 {hoequivalence) 10 mg
, Svrup 10mg’ mL
SP658 Phase 1 {bioequivalence) i%;g;;gn}_. L.v. solution Fﬂm—;ogte 4 t‘s_zbiea‘s
SP660 Phase 1 {interaction study) 100 mg g:gg?al égj}i
SP661 Phase 1 {different ethuic groups) 100 mg
SPg63 Phase 1 {interaction study) 100 mg
5P903 Phase 1 {abuse hability) 100 mg
SP6OT Phase 2 {epilepsy) 50 mg/100 mg
SP615 Phase 2 {epilepsy) 50 mg/100 me
SP616 Phase 2 {epilepsy) 10mg/mL 1.v. solution
50 mg/100 mg
SPe67 Phase 2 {epilepsy) S mg/100mp
SP754 Phase 3 (epilepsy) 50 mg/100 mg
SP735 Phase 3 (epilepsy) 50 mgf100 mg
SP736 Phase 3 {epifepsy) 50 mg/100 mg
SPTST Phase 3 {epilepsy)} 10mg/mi 1.v. solution
SP774 Phase 3 {epilepsy) 50 mgf100 mg

The overview of the different formulations is also given in the following Table
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Overview on the different formulations (exemplary for a 160 mg fiasage strength)
Ingredient Capsule [mg] | Capsule ~ clinieal frial | Commercial
¢ formulation formulation
[mg] fmg] {proportional)
img]
Lacosanude 100.00 100.00 166.00 100.00
| -
~— T — 1
.i—.
| - 1 ' .
t ; I
Hypromelloss

Hydroxypropyl cellulose

— e

Cellulose, microcrystalline
—_—

e—"_'/——

Crospovidone

Magnesinm stearate I

b(4}

/777

Please refer to chemistry review for further details.

A

b(g)



Lacosamide Page 58 of 174
N22-253

e

For solution for infusion:

The commercial formulation (10 mg/mL) has been used in the bioequivalence study SP 658
(30 and 60 minutes infusion duration versus Tablets) and the Phase 2 and 3 studies-(SP 616
and SP757, which studied the 10, 15, 30 and 60 minute infusions) that support safety and
tolerability of the drug product. The initial metabolism studies and the 15 minute infusion
study SP645 were conducted with a higher strength of 20 mg/mL as can be seen in the Table
below:

Lacosamide solution for infusion used in clinical tiials

Trial cade Aim of trial Daose

100 mg
20 mg/mL 1 v. solution
100 mg
20 mg/mL 1.v. solution

] ) 10 mg/mL 1.v. solution
S5P658 Phase 1 (bicequivalence} 100 me
=3

SP643 Phase 1 {metabolism, bicequivalence)

SPG45 Phase 1 {metabolism, bicequivalence)

10 mg/ml 1.v. solution

SP516 Phase 2

50 mg/100 mg
SP757 Phase 3 10 mg/mL 1.v. solution
2.5.3 What is the effect of food on the bioavailability of the drug

from the dosage form? What dosing recommendations need
to be made regarding the administration of lacosamide in
relation to meals or meal types?

There was no effect of food on the bioavailability of lacosamide (3x100 mg). Food had no
effect on Cmax or AUC. However, median Tmax was ~0.5 hour delayed under fed

conditions. For additional details please refer to the review by Dr Fadiran.
Food effect study has not been studied with the highest strength.
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2.6 ANALYTICAL

2.6.1 What bioanalytical method is used to assess concentrations of
- active moieties and is the validation complete and acceptable?

The assay validation methods for lacosamide and SPM12809 in plasma and urine are
reviewed by Drs Fadiran and Zhang. Please refer to their review for details.

For the quantification of LCM and its main metabolite SPM 12809 in clinical trials, various
liquid chromatography-mass spectrometry (LC-MS) methods were developed and validated
using — internal standards to provide appropriate accuracies and robustness. A
complete list of analytical methods and their use in Clinical Pharmacology studies is provided
in the following Table.

In general, all bioanalytical methods were accurate, robust, and reliable and adequately
determined the concentrations of the compounds of interest. The long-term stability in frozen
plasma and urine is appropriate to cover the time between sample collection and analysis.
Refer to individual study reviews for the performance outcome of each analytical method.

APPEARS THIS WAY
ON ORIGINAL

h(4)
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3.0 DETAILED LABELING RECOMMENDATION
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41  APPENDIXI

4.1.1 INDIVIDUAL STUDY REVIEW
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BE BETWEEN TABLETS AND SOLUTION FOR INFUSION

Study SP645: Randomized, open-label, single-dose, 2-way crossover trial to compare
the pharmacokinetics of SPM 927 when given as intravenous solution or
as oral tablet in healthy male subjects

In clinical practice the need may arise for a short-term replacement of oral therapy with
lacosamide by therapy via an intravenous (iv) route, e.g., as pre- and postsurgery treatment.
Hence, bioequivalence between the two routes of administration is desirable.

Objectives:
e to evaluate the bioequivalence of an 15 minute intravenous (iv) infusion of lacosamide

(SPM 927) in comparison to a tablet in healthy subjects, and
e to evaluate the safety and tolerability of both formulations.

The study design is as follows:

Trial Site ' / / / / / b ( 4}

Study Design This was an open-label, single-dose, 2-way crossover trial in which
healthy subjects
Study Population N=24 Healthy subjects randomized and N=16 valid for PK analysis

Age: 21-45 years (mean 32.6 years)
Gender: All males

Weight: 50-101 kg (mean 77.3 kg)
Race: All White

Treatment Group Treatment A (test): 200mg lacosamide as iv infusion over 15
minutes, single dose
Treatment B (Ref): 200mg lacosamide as oral tablet (2 tablets of
100mg) , single dose

Dosage and Administration | Subjects were randomly assigned to either treatment sequence AB or
BA.

Treatment A consisted of a single iv infusion of 200mg lacosamide in
20mL saline over 15 minutes, which was administered in the morning
of Day 1. The iv solution was prepared from a stock solution by
diluting with isotonic sodium chloride immediately before .
administration.

Treatment B consisted of a single oral dose of 200mg lacosamide,
which was administered as 2 tablets of 100mg in the morning of Day 1.
Subjects were hospitalized during the 2 treatment periods (from the
afternoon of Day -1, the day before administration of the trial
medication, until the last examinations of Day 4)

Diet: On Day 1 of each treatment period, subjects were fasting for at
least 10 hours before the administration of trial medication as well as
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until approximately 4 hours after dosing (start of infusion or intake of
tablet) when a lunch was served. ‘
Only beverages without alcohol, caffeine, quinine, or grapefruit were
served. Subjects were not allowed to smoke on Day 1 of each treatment
period.

Washout:

‘Wash-Out Phase of at least 7 days between treatments

Sampling: Blood

For Lacosamide:
Day1: Predose (0) and postdose at 0.25, 0.5, 0.75, 1.0, 1.25, 1.5, 2, 3, 4,
6, 8, 12, 24, 36, 48, 60, and 72 hours

Urine

none

Feces

none

Analysis

Method: LC/MS/MS method in plasma

Lower Limits of Quantitation:
Plasma
Lacosamide 0.10336 pg/mL

Plasma:

Linear Range: 0.10-20 pg/ml in plasma

Quality control concentrations 0.220, 2.5, 15 pg/ml
Inter-day precision: <4.71 %CV

Inter-day accuracy: -1.01-2.52 % bias

PK Assessment

Lacosamide in plasma
Primary PK parameters were:

* AUC(0-tz) and Cmax of lacosamide in plasma.
Secondary PK parameters were:

* AUC(0-m), t1/2, tmax of lacosamide

Safety Assessment

Laboratory tests, adverse events, ECGs

PD Assessment

None

Pharmacokinetic Results:

Pharmacokinetics of lacosamide in plasma:

Mean plasma concentrations after administration of 200mg lacosamide as 15-minute iv
infusion (Treatment A) or as tablet (Treatment B) are shown in the following figure:
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Mean plasma concentrations after iv (Treatment A) and po (Treatment B)
administration of 200mg lacosamide (0-72 hours)
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Treatment A -~ 200mg SPM 927 administered as iV infusion over 15 min —e—e—e—
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The figure below shows the mean plasma concentrations between 0 to 8 hours after iv and po
administration of 200mg lacosamide.

Mean plasma concentrations after iv (Treatment A) and po (Treatment B)
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The median tmax was 0.25 hours after 15-minute iv infusion and 0.75 hours after po
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administration.

The table below summarizes the primary and secondary PK parameters of lacosamide after
single iv and po administration.

Single-dose pharmacokinetics of lacosamide after iv and po administration

Parameter 200mg lacosamide iv 260mg lacosamide po
(N=16) ' (N=16)

AUCq.1" (h*ng/mL) | 73.39+13.64 74.91+14.68
AUC " (h¥pg/mL) 76.46+£13.93 77.73£14.79
Cumax {(g/mL) 6.08+2.30 4.88+1.10
tos {h) | 0.25(0.25-2) 0.75 (0.28-4)
ty2° (h) 12.61 (10.78-16.09) 12.96 (10.09-16.18)
# Ariihmetic meant8D |
® Median (range)

Point estimates and corresponding 90% Cls for the comparison “Treatment A”/“Treatment B”
are presented in the table below.

ANOVA results: Test for bioequivalence between po and iv administration of
lacosamide

Parameter | Ratio Treafment A/B 50% confidence interval
AUC k.1 0.98 (0.96, 1.01)
Cax 1.20 (1.04, 1.38)

Treatment key: Treatment A=iv admunistration; Treatment B=po administration

The 90% CI for AUC(o-z) for the comparison “15-minute iv infusion”/“po administration” was
within the generally accepted bioequivalence range (0.8, 1.25).

The 90% CI for Cmax for the comparison “15-minute iv infusion”/“po administration”
exceeded the upper boundary of the bioequivalence range (0.8, 1.25).

Safety:

The most frequently reported AEs in this trial were dizziness and paraesthesia oral. The
incidence of TEAEs was higher after iv administration (21 TEAEs in 10 subjects) than after
po administration (16 TEAESs in 7 subjects).

Conclusions:

e The 90% CI for AUC0-w) for the comparison “15-minute iv infusion”/*po
administration” was within the generally accepted bioequivalence range (0.8, 1.25).
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The PK characteristics of lacosamide in plasma are consistent with those obtained in
previous trials and confirm the high absolute bioavailability of the tablet
(approximately 100%)

e The 90% CI for Cmax for the comparison “15-minute iv infusion”/“po administration”
slightly exceeded the upper boundary of the bioequivalence range (0.8, 1.25). It was
known from earlier trials that Cmax occurred about 1 to 2 hours after administration of
the tablet, a somewhat higher maximum concentration after a 15-minute iv infusion
compared to po administration was expected, since the Cmax would be at the end of
infusion. The clinical relevance of this with regards to safety would be evaluated by
the Medical Reviewer.

e Therefore, bioequivalence of a 15-minute iv infusion of lacosamide and the tablet
could not be shown in this trial.

e The median tmax was 0.25 hours after 15-minute iv infusion and 0.75 hours after po
administration.

e The median t12 was approximately 13 hours for both routes of administration.

Leviewer's Cortments

Looking at the individual data it did not appear that subjects that had a higher Cmax had
any additional adverse events. In fact some subjects with high Cmax did not show any
adverse events compared to the subjects that had lower Cmax. For example subjects 80009,
80011, 80012 and 81001 had Cmax in the range of 8.04-11.25 mcg/mL after IV
administration, but these subjects did not have any adverse events that were different from
the general population.

APPEARS THIS WAY
ON ORIGINAL
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Study SP658: Randomized, open-label, single-dose, 3-way crossover trial to compare
the pharmacokinetics of SPM 927 when given as intravenous solution or
as oral tablet in 24 healthy male subjects

In clinical practice the need may arise for a short-term replacement of oral therapy with
lacosamide by therapy via an intravenous (iv) route, e.g., as pre- and postsurgery treatment.
Hence, bioequivalence between the two dosage forms is desirable. The 15 minute infusion
trial has failed to show bioequivalency.

Objectives:

e Primary objective of this trial is to evaluate the equivalence of an intravenous
infusion (duration 30 and 60 minutes) of SPM 927 (lacosamide) in comparison to an
oral tablet in healthy subjects.

e Secondary objectives are the safety and tolerablllty of lacosamide after intravenous
and oral administration.

The study design is as follows:

Trial Site

Study Design This was an open-label, single-dose, 3-way crossover trial in which
healthy subjects received the following 3 treatments in a randomized
order

Study Population N=27 Healthy subjects randomized and N=22 valid for analysis

Age: 18-45 years (mean 31 years)
Gender: All males

Weight: 63-90 kg (mean 73 kg)
Race: All White

Treatment Group

Treatment A (test 1): 200mg lacosamide as iv infusion over 30
minutes, single dose

Treatment B (test 2): 200mg lacosamide as iv infusion over 60
minutes, single dose

Treatment C (reference): 200mg lacosamide as oral tablet (2
tablets of 100mg) , single dose

Dosage and Administration

e A single dose of 200mg lacosamide solution for infusion was
administered intravenously over 30 minutes (Treatment A) or
60 minutes (Treatment B).

* A single dose of 200mg lacosamide was administered orally as
2 tablets of 100mg (Treatment C).

There were 3 treatment periods (single doses); subjects were
hospitalized for 4 days in each period. For Treatments A and B,
approximately 240mL tap water was given immediately before the start
of the infusion. For Treatment C, 2 tablets, each containing 100mg
lacosamide, were administered orally with approx1mate1y 240mL tap
water.

Subjects had to stay in bed (semi-recumbent or lying down) for at least

b(4)
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2 hours after oral administration of lacosamide (Treatment C) as well as
after the end of the infusions (Treatments
A and B).

IV administration: lacosamide solution for infusion (solution of 200mg
lacosamide in 20mL). Batch number of bulk product: 20030154

PO administration: 100mg film-coated lacosamide tablets; Batch
number of bulk product: 20030154

Lacosamide was supplied by SCHWARZ BIOSCIENCES GmbH,
Monheim, Germany.

Diet: On Day 1 of each treatment period, subjects were fasting for at
least 10 hours before the administration of trial medication as well as
until approximately 4 hours after dosing (start of infusion or intake of
tablet) when a lunch was served.

Only beverages without alcohol, caffeine, quinine, or grapefruit were
served. Subjects were not allowed to smoke on Day 1 of each treatment
period.

Washout:

Wash-Out Phase of at least 7 days between treatments

Sampling: Blood

For Lacosamide:
Day1: Predose (0) and postdose at 0.25, 0.5, 0.75, 1.0, 1.25, 1.5, 2, 3, 4,
6, 8, 12,24, 36, 48, 60, and 72 hours

Urine

none

Feces

none

Analysis

Method: LC/MS/MS method in plasma

Lower Limits of Quantitation:
Plasma
Lacosamide 10 ng/ml

Plasma:

Linear Range: 10-10000 ng/ml in plasma for both moieties
Quality control concentrations 40, 1000, 8000 ng/ml

Inter-day precision: < 4.0 %CV

Inter-day accuracy: 99.6-101.5% of the nominal concentration

PK Assessment

Lacosamide and SPM 12809 in plasma
Primary PK parameters were:

* AUC(0-tz) and Cmax of lacosamide in plasma.
Secondary PK parameters were:

* AUC(0-m), t1/2, tmax, and frel of lacosamide

Safety Assessment

Laboratory tests, adverse events, ECGs

PD Assessment

None
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Pharmacokinetic Results:

Pharmacokinetics of lacosamide in plasma:

The mean plasma concentration-time curves of lacosamide for the Treatments A (200mg
lacosamide, 30min iv), B (200mg lacosamide, 60min iv), and C (200mg lacosamide, oral) are
shown in the figure below.

Mean plasma concentration-time curves of lacosamide for
Treatments A (N=24), B (N=25), and C (N=23) — 0-72 hours
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The plasma concentration-time profiles of Treatments A, B, and C between 0 and 6 hours
after administration are shown in the figure below to provide a more detailed picture about the
absorption phase and the times to reach maximum mean concentrations.

Mean plasma concentration-time curves of lacosamide for
Treatments A (N=24), B (N=25), and C (N=23) — 0-6 hours
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Summary statistics of the primary and secondary PK parameters after single-dose
administration of 200mg lacosamide are presented in the following table.

Pharmacokinetic parameters after intravenous or oral administration
of 200mg lacosamide

Parameter Treatment

(Unit) A (N=24) B (N=25) C (N=23)
AUC(0-1,)° 80.2+16.6 81.2+17.6 80.1x17.6
(ng/mL*h) (35.5-112.4) (35.1-116.2) (38.4-123.4)
Crox” 6.0+1.5 5.4+1.1 5.1+1.4
(rg/mL) (2.8-8.5) (2.8-7.2) (2.4-8.5)
AUC(0-)? R1.8+17.7 82.8+18.8 81.7+19.0
{(ug/mL*h) (35.9-118.5) (35.5-122.9) (38.9-131.4)
trmas’ 0.50 1.00 0.75
() (0.50-2.00) (1.00-3.00) (0.25-4.00)
tyn 11.4 11.3 11.2
() (9.3-17.0) (9.5-17.2) {9.3-18.0)
A0 0.0610 0.0614 0.0622
(1/h) (0.0408-0.0749) | (0.0404-0.0730) (0.0385-0.0746)
ClLiot ™ 2.5940.76 2.57+0.78 2.5940.72
(L/h) (1.69-5.57) (1.63-5.64) (1.52-5.14)

Treatment key: A=iv 30-miaute infusion; B=iv 60-minute infusion; C=oral administration

* Arithmetic meantstandard deviation {range)

® Median (range)

¢ Clearance of lacosamide is given as total clearance (CLy,) after iv administration and as
total apparent clearance (CLy/f) after oral administration {see list of PK parameters in

Mean values for AUC(0-tz) including SD and range were similar for all 3 treatments (imean
values: 80.1-81.2pg/mL*h). The same is valid for AUC(0-+). Since the AUC was the same
after oral and iv administration, this trial indicates that the oral formulation of lacosamide has
an absolute bioavailability of approximately 100%.

Additionally, point estimates and 90% CIs for the ratios A/C and B/C, comparing the 30-
minute infusion with the oral formulation and the 60-minute infusion with the oral
formulation, respectively, were calculated by re-transforming the logarithmic data using the
intra-individual SD of the ANOVA. The ratios for the primary PK parameters AUC(0-tz) and
Cmax and the 90% Cls are presented in the table below.
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Test for bioequivalence: Ratios and 90% confidence intervals for primary
pharmacokinetic parameters

Ratio
Parameter | 90% Confidence Interval
A/C B/C
AUC(0-tz) 99.4% 99.7%
(97.6,101.3) | (97.9, 101.6)
Cmax 114.8% 102.9%
(107.7, 122.4) | (96.5, 109.7)

The results indicate that point estimates and 90% ClIs of the ratios A/C and B/C for AUC(0-tz)
and Cmax were within the generally accepted range for bioequivalence trials of (80%, 125%).

Treatment ratios A/C and B/C for AUC(0-tz) of approximately 1.00 (ie, a relative
bioavailability of 100%) indicate the same bioavailability for lacosamide as intravenously
administered solution for infusion (over 30 or 60 minutes) compared to the oral formulation.
Regarding Cmax, the treatment ratio A/C is slightly increased which indicates that Cmax is
slightly higher after iv administration as 30-minute infusion. This finding of a slightly higher
Cmax was expected for the 30-minute infusion, as this results from the higher rate of drug input
into the systemic circulation.

Adverse Events:

The adverse events in the three treatment groups is shown in the following Table:

APPEARS THIS WAY
ON ORIGINAL
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Numbers (and percentages) of subjects reporting at least 1 treatment-emergent adverse
event

Treatment
) . Total
WHO-ART Body System/ (3()1:;11 iv) (Sﬁngn iv) (of‘;a].)
Coded Term N2 | (N25) | (N23) | (N2
1 {%)
Any body system 8(33) . 7128) §Q22) 13 (48)
Body as a whole — general disorders 4 (17) 3(12) 3(13) 5¢19)
Tiredness ' 3 (13) 2(8) 3(13) | 4(15)
Feeling of warmth 1 1{4) 0 1(4)
Central and peripheral nervous system 2 (8 4 (16) 2(9) 6 (22)
disorders
Dizziness 0 1) 1{4) 2(7)
Numbness localized 1{4) 1{4) 0 2{7)
Paraesthesia circumoral 0 1{4) 2{9) 2(hH
Headache 0 (& 0 14
Muscle stiffness 1(4) o 0 1{4)
Gastro-intestinal system disorders 1(4) i/ 8 1)
Diarrhea : 1{4) 0 0 1{4)
Musculoskeletal system disorders 1) 1] 0 1)
Myalgia 1{4) 0 0 14
Psychiatric disorders 0 1) 9 1{4)
Aunxiety 0 1) 0 1
Nightmares 0 1{4) 0 1{4)
Respiratory system disorders 2(8) 2(8) 0 4 (15}
Throat sore 1(4) 1(4) 0 2(7)
Upper respiratory tract infection 1 14 0 2(7
Skin and appendage disorders 14 0 9 14®
Urticaria i@ 0 0 14

Tinta canrna” Tahlao d 1

The adverse events were generally comparable between treatment groups. The most common
adverse event was tiredness.

Conclusions:

In summary, this trial indicates that the pharmacokinetics of lacosamide are similar when
lacosamide is given as 30-minute infusion, 60-minute infusion, or as tablet and that the
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lacosamide solution for infusion administered over 30 or 60 minutes is bioequivalent to the
oral tablet. ’

APPEARS THIS way
ON ORIGINAL
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REPLACEMENT OF ORAL WITH SOLUTION FOR INFUSION

Study SP757: A multicenter, open-label trial to investigate the safety and tolerability
of intravenous SPM 927 as replacement for oral SPM 927 in subjects
with partial seizures with or without secondary generalization

The safety aspects from this study will be reviewed by the Medical Officer. The sponsor also
collected PK data in this study which will be reviewed by this reviewer.

Objectives:

The objectives of this trial were to evaluate the safety and tolerability of lacosamide (LCM;
SPM 927) when given as intravenous (iv) infusions in subjects who were receiving oral LCM
in addition to up to 3 concomitant antiepileptic drugs (AEDs) for partial seizures with or
without secondary generalization.

The study design is as follows:

Trial Site Thirty-three sites were activated in the United States of America (USA)
and 4 countries in Europe (Czech Republic, Germany, Lithuania, and
Sweden). Twenty-six of these sites screened and enrolled at least 1
subject.

Study Design This multicenter, open-label, inpatient trial was conducted at 26
enrolling sites in the USA and Europe participating in an open-label
extension trial of oral LCM (SP615, SP756, or SP774). A total of 160
subjects were enrolled into 1 of 5 possible cohorts in this trial.

This trial was designed to identify the appropriate infusion duration(s)
for LCM and provide the data to support the safety of that infusion rate.
Execution of this trial design resulted in the administration of LCM at
progressively faster infusion durations under the direction of a Data
Monitoring Committee (DMC). The subjects were maintained on the
stable dose (100 to 300mg twice daily, i.e. 200 to 600 mg/day) that they
had last received in the open-label extension trial. In Cohorts A2 and
B2, subjects receiving 700mg/day or 800mg/day were to be allowed to
enter the trial only after review of the safety data from the first 3
cohorts.

The Treatment Phase was 2 to 5 days.

Subjects entered into a 1-day Screening Phase followed by a Treatment
Phase during which subjects received iv LCM infused over 10, 15, or
30 minutes twice daily (depending on cohort assignment). For Cohort
Al, the Treatment Phase was 2 days. However, in all subsequent
cohorts, subjects had the option to receive inpatient iv dosing of LCM
for 2 to 5 days. The dose of iv LCM was the same as the subject's
current daily dose in the open-label extension trial of oral LCM. End of
Trial Phase assessments were performed the day after the Treatment
Phase was completed, after which subjects continued in the open-label
extension trial (SP615, SP756, or SP774) where they resumed dosing
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with oral LCM as stipulated in that protocol.

Study Population

N=160 patients

Treatment Group

10 min infusion: N=20
15 minute infusion: N=100
30 minute infusion: N=40

Dosage and Administration

On Day -1, oral LCM tablets were administered in accordance with
each subject’s LCM dosage regimen in the open-label extension trial
(SP615, SP756, or SP774). The tablets were taken from the open-label
extension supply.

Batch Numbers: 075704120001, 075705060002, 075705060003,
075704120003, 075705060005, 075704120004, 075705060004, and
075705110003

During the Treatment Phase, trial medication (iv LCM solution) was
administered twice daily at 12-hour intervals, once in the morning and
once in the evening. Subjects remained on the same stable dose that
they had received during their previous 2 weeks in the open-label
extension trial (100 to 400mg bid). Asymmetrical dosing (ie, taking a
different dose morning vs evening) was not permitted. Subjects on
700mg/day or 800mg/day were allowed to enter the trial only after
review of the safety data from the first 3 cohorts.

Dietary regimen

Throughout the trial, non-alcoholic beverages may have been served.
The subjects were not allowed to consume alcohol during the trial.
Breakfast, lunch, snacks, and evening meals were

provided by the site.

Sampling: Blood

Blood samples were collected for analysis of trough concentration
(Ctrough) and measured maximum concentration (end of infusion)
(Cmax) for LCM as well as the O-desmethyl-metabolite of LCM (SPM
12809). In addition, predose concentrations of concomitant AEDs were
determined at Day -1.’

Urine none
Feces none
Analysis Method: LC/MS/MS method in plasma

Lower Limits of Quantitation:

Plasma
Lacosamide 0.01 pg/mL
SPM 12809 0.01 pg/mL

Plasma:

Linear Range in plasma 0.01-10 pg /ml for both

Quality control concentrations : 0.02, 2 and 10 pg /ml .

Inter-day precision: < 3.4%CV for LCM and 3.8% for SPM 12809
Inter-day accuracy: -100.9-101.9 fro LCM and 100.7-102.4 for SPM






