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SYNOPSIS

The sponsor submitted original NDA 21-337 for MK-0826 (ertapenem sodium, L-749345), a new 18-
methyl carbapenem for the treatment of complicated intra-abdominal infections, acute pelvic infections,
complicated skin and skin structure infections, community-acquired pneumonia, and complicated urinary
tract infections, including pyelonephritis. The proposed dosage regimen of MK-0826 is 1 gIVorIM
once daily. ‘

Dose proportionality:

MK-0826 exhibits nonlinear pharmacokinetics within the therapeutic dosing range. Unbound MK-6826
AUCs increased greater-than dose proportional, whereas total MK-0826 AUC:s increased less-than dose
proportional following single IV doses ranging from 0.25 gto 3 g IV.

Absolute bioavailability:
The absolute bioavailability of a single 1 g dose of MK-0826 administered IM is 90% (90% confidence
interval 0.870 to 0.934) compared to 1 g administered IV,

Distribution; _
The mean volume of distribution of unbound MK-0826 ranged from 1.75 to 1.95 L/kg, whereas the
volume of distribution of total MK -0826 ranged from 0.11 to 0.12 L/kg.




Special populations:

Following a single 1 g IV dose of MK-0826 in patients with advanced renal impairment, the AUC,_., of
total MK-0826 increased 200% whereas the AUG,... of unbound MK-0826 increased 335%. Compared to
healthy young subjects, the plasma clearance in subjects with advanced renal impairment was decreased
by 67% and 77% for total and unbound MK-0826, respectively,

Age was shown to significantly impact the pharmacokinetics of MK-0826. Following the administration
of 1 g IV, the renal clearance in elderly healthy subjects (65 years or older) was only 68% of young
healthy subjects. Consequently, elderly subjects were associated with a 37% increase in total AUG... and
67% increase in unbound AUG,.. compared to young subjects. The increased exposure of elderly
subjects was associated with a reduction in creatinine clearance,

Drug interactions:
MK-0826 appears to be neither a substrate nor inhibitor of CYP P450 isozymes (1A2, 2C9, 2C19, 2Ds,
2E1, 3A4) and p-glycoprotein at concentrations approximately equivalent to a single 2 g IV dose.

A modest increase in MK-0826 plasma exposure measures (AUC and concentration at the end of
infusion, C,,;) were observed when co-administered with probenecid. Probenecid 500 mg q6h for three
days increased the AUC,... and Ceot of a single 1 g IV dose of MK.-0826 by 73% and 37%, respectively.

The sponsor also evaluated the effect of MK-0826 on the protein binding of warfarin. Plasma
) . 0 .

concentrations of total MK-826 equivalent to a | g dose TIT
t allon of wartann in vitro.

Pharmacokinetic/pharmacodynamic relationship:

The sponsor characterized the pharmacodynamic activity of MK-0826 using in vivo animal models
against a variety of pathogens to determine the pharmacodynamic parameter most associated with
efficacy of MK-0826. Consistent with other B-lactam antibiotics, the pharmacodynamic parameter
associated with efficacy was the percentage of the dosing interval in which the plasma concentration
remained above the MIC (%T >MIC). The minimal %T >MIC associated with efficacy in an in vivo
models varied by organism, but ranged from e (S prieumoniae) to « ===, (S qureys) for total MK -
0826 concentrations and (wm (S. prietumoniae) to e, (S, aureus) for unbound MK-0826
concentrations, o -

RECOMMENDATION:
This application was reviewed by the Office of Clinical Pharmacology and Biopharmaceutics, Division of
Pharmaceutical Evaluation I and found to be acceptable from a clinical pharmacology point of view.

Charles R, Bonapace, Pharm.D.
Office of Clinical Pharmacology/Biopharmaceutics
Division of Pharmaceutical Evaluation IIT

RD/FT initialed by Frank. Pelsor, Pharm.D., Team Leader
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BACKGROUND

MK.-0826 (ertapenem sodium, 1.-749345), a 1-B-methyl carbapenem, is a new member of the f-lactam
class of antimicrobials. Like other B-lactam antibiotics, MK -0826 blocks bacterial cell-wall synthesis by
binding to specific penicillin binding proteins and is rapidly bactericidal. Carbapenems with a
hydroxyethyl side chain at C6 are resistant to f-lactamases, including extended spectrum 3-lactamases,
The structure of MK-0826 is shown in F igure 1.

Figure 1

Ertapenem has in vitro activity against most common aerobic and anaerobic Gram-positive and Gram-
negative pathogens including Streprococcus species, methicillin-susceptible staphylococci,

i ; S 1 VITO activity against penicillin-

resistant (penicillin minimum inhibitory concentration [MIC] 22 pg/mL, Streptococcus pneumoniae
(PRSP) and against gram-negative enterics carrying plasmid- or chromosomally-mediated B-lactamases,
including the extended-spectrum B-lactamases (ESBLs) and amp C PB-lactamases. Ertapenem has limited
activity against methicillin-resistant Staphylococci, Enterococci, Corynebacteria jeikeium, Pseudomonas
species, Acinetobacter species, Aeromonas hydrophilia, Burkholderia cepacia, Lactobacillys species, .
Stenotrophomonas maltophilia, Bacteroides distasonis, and Clostridium difficile.

INDICATIONS

all of the Phase Ib/IIT clinical trials was 1 g administered parenterally (IV) once daily.

Additionally, the study design in the complicated urinary tract infection studies and community acquired
pneumonia studies allowed an optional switch to an appropriate oral antimicrobial after a minimum of 3




PROPOSED DOSAGE AND ADMINISTRATION

The recommended treatment regimen of MK-0826 is 1 gram IV or IM once-daily for all indications with
the length of therapy ranging from 3 to 14 days.

MK-0826 is supplied as a stetile lyophilized powder for dilution prior to intravenous infusion or
intramuscular injection, Each 20 mL vial containsg ertapenem sodium (1 gram/vial of ertapenem as the
free acid) in a lyophilized matrix prepared from a bicarbonate buffer solution adjusted to pH 7.5.

Ingredient Pre-Lyophilization Solution

Ertapenem sodium
(equivalent free acid)

Sodium bicarbonate USP

Sodium hydroxide NF

i

Water for injection USPT ,
T Water is removed during lyophilization

CHEMISTRY
e T
CLINICAL PHARMACOLOGY

Q. Are the assay methodologies used to quantitate MK-082¢6 concentrations acceptable?

The sponsor developed . e with UV detection and microbiological methods to quantitate MK-0826
concentrations in plasma (total and unbound), whole blood, urine, dialysate fluid, breast milk, and skin
blister fluid. The accuracy and precision of the methods were within +15% and were found acceptable.
The specificity was acceptable in all the matrices analyzed,

o o el g TP . o
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MK-0826 was shown to be stable in urine, dialysate fluid, breast milk, and skin blister flujd. However,
the stability of MK-0826 in whole blood placed on jce (=== may allow up to = degradation prior to
quantitation of MK-0826 concentrations. .
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synthesis by binding to specific PBPs. In competitive binding studies with Escherichia coli, ertapenem
binds strongly to PBPs 1a, 1b, 2, 3,4,and 5, displaying highest affinity for PBP2 and PBP3. Microscopic
examination of E. coli exposed to sub-minimum inhibitory concentrations (MIC) demonstrated
morphologic changes consistent with inhibition of PBP2 and PBP3.

Q. Has the exposure-response relationship been studied?

The sponsor performed in vigro susceptibility studies and in vivo pharmacodynamic animal models to
describe the dose-response relationship of MK-0826. Consistent with previous B-lactam antibiotics,
dosing frequency was found to be an important determinant of in vivo efficacy. The total daily dose
required for bacteriostatic effects was lower with more frequent dosing. Thus, the frequency of the
dosing interval influences the efficacy of ertapenem.

A neutropenic murine thigh infection model was used to determine if the %T >MIC required to produce a
net bacteriostatic effect was similar for various pathogens. The activity of MK-0826 was evaluated
against 9 strains of gram-negative bacilli, 3 strains of S, aureus, and 11 strains of S. pneumonige by
dosing every 12 hours for one day. The mean %T >MIC required for a bacteriostatic effect (no net
growth or killing compared to the initial inoculum) in this model was 34.5% for total drug (16.5% for free
drug) for gram-negative bacilli, 43% for total drug (24.7% for free drug) for S. aureus, and 24.2% for
total drug (6.2% for free drug) for S. pneumoniae. In general, S, pneumoniae isolates required a smaller
percentage of time above the MIC for a bacteriostatic effect than other organisms,

mmmmmompetem miuce inoculated with 160-200 LDy, of

penicillin-resistant S. preumoniae. Three different strains of penicillin-resistant S. preumoniae were
studied. MK-0826 (5 mg/kg + cilastatin or 20 mg/kg + cilastatin) was administered as a single dose. An
average of 2.3 and 3.3 hours above the MIC was required to achieve the EDsj or ED, respectively.

Due to differences in pharmacokinetics, immune function (neutropenic thigh infection model), and the ..
dosing regimen between animal models and humans, the minimum %T >MIC associated with efficacy in
humans cannot be concluded. However, the results from in vivo animal studies and pharmacokinetic
study P01 provide evidence for the efficacy of MK-0826 based on unbound concentrations.

Q. How was the 1 gram dose selected?

The human pharmacokinetic data in conjunction with the in vitro activity of ertapenem against a broad
range of relevant pathogens predicts that 1 g IV once daily will effectively treat most bacterial pathogens
excluding Pseudomonas species, Acinetobacter species, Enterococcus species, and methicillin-resistant
Staphylococcus aureus.

In pharmacokinetic study P00, the sponsor determined the duration of which the plasma concentration of
total MK -0826 was greater than 15 Hg/mL (the postulated bactericidal plasma concentration) following
administration of 1 g IV in healthy male (n=6) and female (0=6) volunteers. The mean total plasma
concentration at 12 hrs (C12) and the mean time over which the total plasma concentration was equal to
15 pg/mL (T15) are shown in the table below.

Males Mean 90% CI
C12 (ug/mL) 12.06 +3.55 (9.14,14.97)
T15 (hr) 10.83 +1.33 (9.74, 11.92)
Females

C12 (ug/mL) 8.30+1.20 (7.31,9.28)
T15 (hr) 9.48 + 0.62 (8.97,9.99)




The upper limit of the 90% CI for C12 did not include 15 pg/mL for males or females, a goal
concentration that was considered adequate to treat relevant organisms. Based on the data above, the %T
>MIC for unbound MK-0826 concentrations would be less than 50% for organisms with MICs 21.0.
However, in vivo animal studies demonstrated that %T >MIC of 25% (based on unbound concentrations)
were associated with efficacy and support empiric investigation of thel g daily dosage regimen of MK-
0826 in patients with infections. '

Q. Why doesn’t MK-0826 need to be administered with cilastatin?

The B-lactam ring of carbapenems are metabolized by human renal dehydropeptidase-1 (DHP-1) to the
ring-opened metabolite within the kidney. The 1-B-methyl group of MK-0826 confers stability against
DHP-1; thus MK-0826 does not require the co-administration of cilastatin to maintain adequate urinary
concentrations. MK-0826 was found to be hydrolyzed at approximately 0.25 times the rate of Imipenem
versus hog DHP-1 and 0.77 times the rate of imipenem versus mouse DHP-1. The improved resistance of
MK-0826 to DHP-1 renal enzyme action allows administration of ertapenem as a single entity.

Q. What is the relationship between MK-0826 concentration and the fraction unbound?
The unbound fraction of MK-0826 following the administration of 0.5 gto 3 g MK-0826 in male and

female subjects'was determined in study P009. In this study, MK-0826 was administered IV over 30
minutes, except for the 3 g dose, which was administered over 120 minutes. The mean fraction of

unbound MK -0826 increased with incteasing dose admini

ICTease AT ation of Infusion). In addition, females were usually associated with a similar or greater
unbound fraction than males at all sample times for doses ranging from 0.5 g to 3 g.

Fraction unbound of MK-0826 at various time points for the 0.5 8 1g,2g and 3 g doses

Time (hr) .
Gender 0_[ 025 | 05 | 075 [ 1 T1s5 T 2 | & T 6 [ s | 12 T 138
Dose = 0.5 g
Male 0 0.05 0.06 0.06 0.05 0.06 0.05 0.05 0.05 0.05 0.04 0.06
Female 0 0.06 0.07 0.06 0.06 0.06 0.06 0.05 0.05 0.05 0.04 | BLQ*
Overall 0 0.05 0.06 0.06 0.06 0.06 0.05 0.05 0.05 0.05 0.04 0.06
Dose=1g
Male 0 0.06 0.08 0.06 0.06 0.06 0.05 0.05 | 0.05 0.05 0.04 0.06
Female 0 0.07 0.09 0.08 0.07 0.07 0.07 0.035 0.05 0.05 0.04 0.04
Overall 0 0.07 0.08 0.07 0.07 0.07 0.06 0.05 0.05 0.05 0.04 0.05
Dose=2p
Male 0 0.09 0131 o0.12 0.09 0.08 0.07 0.06 0.05 0.05 0.04 0.05
Female 0 0.10 0.18 0.12 0.11 0.09 0.08 0.06 0.05 0.06 0.04 0.04
Overall 0 0.10 0.15 0.12 0.10 0.09 0.08 0.06 0.05 0.05 0.04 0.05
Dose =3 g (120 min infusion)
Male 0 0.07 0.07 0.08 0.09 0.12 0.13 0.08 0.06 0.06 0.05 0.05 |
Female 0 0.06 0.08 0.10 0.11 0.14 0.15 0.08 0.06 0.06 0.05 0.05
Overall 0 0.06 0.08 0.09 0.10 0.13 0.14 0.08 0.06 0.06 0.05 0.05

*BL.Q = below lower limit of quantitation

Since the plasma clearance of drugs with a low extraction ratio is proportional to the fraction unbound,
the plasma clearance and renal clearance of MK-0826 is dependent upon the plasma concentration and
thus the administered dose.




Q. What are the pharmacokinetic characteristics of IV MK-0826? Are they linear within the
therapeutic range?

Single dose pharmacokinetics

The sponsor conducted a 2-part, double-blind, placebo-controlled study (P001) in healthy men (n=16) and
women (n=8) to determine the pharmacokinetic profile of MK-0826 after single and multiple dose TV
infusions. Subjects in each panel received all three doses. There was at least a 7-day washout between
re-treatment within a panel. All doses were infused in a volume of 50 m[. given over 30 minutes except
the 3 g dose, which was administered in a volume of 100 mL over 60 minutes (increased to 120 minutes).
The pharmacokinetic parameters from Part I (single dose) are summarized below.

Parameter Panel A (Men) Panel B (Men Women
Dose (g) 025¢g 1.0g 20g 05g 15¢ 3.0g 1.0g
AUC,,, (pg*ht/mL) 172.0 588.7 1019.6 2717 719.3 1228.7 563.2
| (35.2) (107.0) (180.0) (42.2) (84.9) (192.5) (36.8)
Plasma clearancel 249 29.0 334 313 35.2 41.6 297 ]
| (mL/min) -~ (4.3) (4.8) (5.0 4.7) “.1) 6.4) (1.8)
Plasma clearance © 032 0.38 0.43 0.41 0.46 0.54 0.46
mL/min/kg) (0.05) (0.06) (0.06) 0. 06)—— e 0-089 %)
et N CEGTE) 4.59 4.64 4.43 4.47 4.42 4.34 3.64
Renal clearance 11.0 10.2 12.7 93 11.0 12.5 12.8
(mL/min) (2.3) (1.8) (3.49) (1.2) (1.9) 2.7 (1.3)
U48 (mg) 103.8 367.8 756.0 148.8 466.5 903.7 4214
(30.5) (81.8) (182.3) (14.2) (90.5) (158.7) (28.3)
feg s (fraction) 0.41 0.36 0.39 0.30 0.31 0.30 0.43
(0.12) (0.08) (0.12) (0.03) (0.07) (0.07) 0.03)

* Harmonic mean

APPEARS TH!S WAY
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Mean plasma concentration-time profiles of total MK-0826 following single IV doses to healthy
male subjects ‘

Panel A Panel B
[ ——028g e 10g  -20s 7 L— 05g e 158 s=30g(lh) == 3p g(lm
300 300
250 Comparison of three mean profiles 250 é . Comperison of three mean profilcs
200 Note: Common scales in Y-aris' 200 ¥y Note: Common scales in Y-anis
] %

The dose-adjust:ed AUG,... (based on the 1 gand 1.5 g dose in Panel A and Pane] B, respectively)
increased less than dose proportional for Panel A and Panel B (table below). However, the 90% CIs for

ER v,
— 0 L™ S Y

Geometric mean ratios of total MK-0826 plasma AUG, _ following single IV doses in men

[_Panel Dose N Geometric Dose-adjusted Dose-adjusted 90% CI Dose-
. mean AUC,,, | geometric mean AUC,.. GMR adjusted AUC,, ..
AUC,., GMR
A 025¢g 5 165.55 662.20 1.14 (1.07-1.21)
lg 6 581.16 581.16 -- -
| 2g 6 1007.90 503.95 0.87 (0.82-0.92)
B 05¢g 6 269.08 807.24 L.13 (1.07-1.19)
15¢ 6 715.21 715.21 -- -
lg 6 1216.24 608.12 0.85 (0.81 - 0.90)

The sponsor also conducted an open-label, randomized, 4-period, crossover study (P009) in 16 healthy
subjects (8 male and 8 female) to obtain pharmacokinetic information on total and unbound MK-0826




Arithmetic mean (SD

) pharmacokinetic Parameters of unbound MK-

0826 in male and female

subjects
Dose (g) [ 05g [ 1g [ 2g [ 3g
AUG,., (Up*hr/mL)
All 15.8(23) 332 (5.5) 76.6 (13.2) 124.7(24.6)
Male 15.1 (2.8) 31.6 (6.9) 69.0 (4.3) 114.5 (28.5)
Female 16.5(1.3) 34.9 (3.2) 84.3(5.8) 135.0 (15.7
__Cey (ng/mL) |
All 5.29(1.2) 12.9(3.2) 43.3 (14.8) 39.4 (10.6)
| Male 4.6 (1.1) 11.1(3.2) 344 (12.9) 34.6 (12.5)
Female 6.0 (0.9) 14.8(2.0) 52.3 (10.8) 44.1(5.8)
Vss (L)
All 138.1(41.9) 123.1 (37.2) - .
Male 163.0 (45.3) 150.3 (33.1) - -
| Female 113.3(17.5) 96.0 (13.7) .- -
Plasma Clearance (mL/min)
All 539 (82) 514 81) 451 (98) 417 (89)
Male 570 (103) 546 (99) 504 (116) 459 (105)
Female 507 (39) - 481 (42) 397 27) 37544
| Renal Clearance (mL/min)
All 236 (64) 217 68) 194 (51) 173 (51)
Male - 205 (68) 183 (72 175 (59) 162 (£5)
Eomale 26627 ﬁ’ 214 (34) 185 (31)

Arithmetic mean (SD) pharmacokinetic Parameters of total MK-

0826 in male and female subjects

Dose (g) [ 0.5g l g [ 2g [ 3g
AUC, .. (Mug*hr/mL)

| All 306 37 372 (69) 1011 (118) 1407 (230)
Male 299 (40 575 (84) 986 (144) 1376 (302)
Female 312 (34) 369 (55) 1036 (87) 1438 (141)

[ _ Cou (/L)
All 83 (12) 155 (22) . 283 (41 274 (41)

| Male 78 (13) 144 (21) 268 (48) 253 (48)
Female 88 (9 166 (19) 298 (29) 296 (19)

Vss (L)
All 7.82 (1.33) 8.21(1.47) -- --
Male 8.61(1.29) 8.95 (1.57) - -
Female 7.03 (0.82) 748 (0.94) -- -
Plasma Clearance (mL/min)

| All 27.6(3.2) 29.5(3.4) 334@4.1) 36.3(5.2)
Male - 283@3.7) 29.5(4.1) 34.4(4.9) 376 (6.5) -
Female 27.0(2.8) 29.52.8) 324 (3.0) 35.1(3.6)

Renal Clearance (mL/min) ]

All . 123 (3.7) 12.7(4.2) 14.9 (4.6) 15.5 (4.9)

Male 10.3 (3.4) 9.8(3.2) 12.2(4.2) 13.55.4) —
Female 14.3 (3.0 15.52.9) 17.6 (3.3) 17.6 (3.7)

| Half-life (hrs) .

All 3.79 (0.42) 3.86 (0.49) 3.81 (0.47) 3.66 (0.54) _
Male 4.08 (0.30) 4.16 (0.34) 4.05 (0.45) 3.99 (0.45)
Female 3.510.33) 3.56 (0.45) 3.56 (0.36) 333041




Feyz4 (% dose)
All 44.0 (13.2) 43.1 (14.7) 44.3(13.3) 42.4(12.5)
Male 354 (9.7) 33.7(12.9) 34.8 (10.1) 352(114)
Female 52.7(10.5) 52.4 (9.9) 53.8(8.9) 49.7(9.1) j

The plasma concentration-time profiles of total and unbound MK-0826 are shown below.

Total MK-082¢ Unbound MK-0826

U i

"The mean plasma clearance and renal clearance of unbound MK.
whereas the plasma and rena] clearances of total MK-0826 incre
were observed across male and female subjects,

-0826 decreased with increasing dose,
ased with increasing dose, Similar trends

e pharmacokinetic parameters between male and female subjects.
Females were associated with a greater AUG.., C.;, CLg, and fey 4. Males were associated with a
greater CLy, Vss, and longer half-life. Statistically significant differences were noted for Vss (p=0.051),
Ceoi (p=0.035), half-life (p=0.020), and fe, ,, (p<0.001). When body weight was taken into consideration,
it accounted for differences in Vss, C,,;, and CL; between genders.

The total plasma concentration-time profile followin

subjects is shown below. As stated above, a greater
subjects.

g the administration of | £ IV in male and female
Ceoi and faster rate of elimination was seen in female

' Mean Conc.vs Time (1 gram Iv) -+ Malg
. | =—Female

1000.0

'y
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[=]
<

10.0

Conc (ug/mL)

-
o

12 16 20 24
Time (hrs)




The AUG,... of unbound MK-0826 increased greater-than dose proportional, whereas the opposite was
found with the AUG,., of total MK-0826 when doses were adjusted relative to the | g dose. The 90%
confidence interval of the dose adjusted (to 1 g) AUC, . was within 0.8 to 1.25 for the 0.5 gand 2 g doses
based on unbound and tota] MK-0826. The AUC,.. was outside the 90% confidence interval for the 3 g

dose based on unbound and total MK-0826.

The 90% confidence interval for the 3 g dose (compared to the | g dose) based on unbound AUG,... was
outside the 90% confidence interval for males and females, but within the 90% confidence interval with
females based on total AUG,.... The data is summarized in the figures below.

Dose-adjusted AUG, . (Hg*hr/mL) ratios of unbound MK-0826 for individual subjects (open
shapes) and AUC GMR with 90% CI for all subjects (solid Squares)

1.65 l_ Falio = (059 /1 - 1] 1.65 Ru|b-(2gl1 [-}] 185 Rutio=(3g /1 @}
a——
= : iy
» a—e [~ ——
- #F" — [~ ———
- - oy ] = . y
[ — — T
i .
= - -
— aa——" .30
— ————— s - e . T (_1.33."
I o T RS i

= e, Y i (115 T —
i ., : M (1-19) [~ .,...‘.,...

> i L0, o e — 10— ""“‘-‘ —_—
[~ - i [0.05) s B -
- A—4 {0.01) _——_ L ::;M .
_-_ s L :_ a—"- e :_ e e

75 s b——— 75 -

=] Moy
-9 Farmale

Dose-adjusted AUG, .. (hg*hr/mL) ratios of total MK-0826 for individual subjects (open shapes)
and AUC GMR with 90% CI for all subjects (solid squares)
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Reviewer's comments: :
The pharmacokinetic non-linearity as the dosage increased from 0.25 gt 3 g s due to the concentration-
dependent protein binding of MK-0826. Since MK-0826 is a low extraction ratio drug, the plasma
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clearance of total MK-0826 decreased with increasing dose, whereas the plasma clearance of unbound
MK0-0826 increased with increasing dose, '

The most commonly reported adverse effects in study POO1 were nausea, headache, and diarthea. Nausea
was more frequently observed at the higher dose. During Part I, the first 2 patients in the 3 g dose group
experienced nausea when MK-0826 was infused for 60 minutes. Asa result, the infusion period was
increased from 60 minutes to 120 minutes. No further patients experienced nausea in the 3 g dosing
group.

The most commonly reported adverse reactions in study P009 following the administration of 0.5 gto3g
MK-0826 were nausea, headache, and diarrhea. The incidence of nausea increased as the dose

Comparison of adverse events by administered dose

Incidence of adverse effect
Dose of MK-0826 Nausea Headache Diarrhea
0.5 g (0.5hr) 1/16 8/16 2/16
1 g (0.5hr) 4/16 9/16 4/16
2g(0.5hr) 7/16 ’ 9/16 2/16
3g (2hn) 7/16 7/16 3/16

Multiple dose pharmacokinetics
The sponsor also addressed whether the pharmacokinetics of total MK-0826 following multiple doses can

over 30 minutes except the 3 g dose, which was given in a volume of 100 mL over 120 minutes. The .-
multiple-dose pharmacokinetic parameters are summarized below.

Arithmetic mean (SD) plasma and urine pharmacokinetic parameters following administration of
multiple doses of MK-0826 on Day 1 and Day 8 in men

Day 1 Day §
Parameter 025¢ | 05 g 110 20¢g 3.0 025p 105¢ [1.0 g 120g 30g
AUC,., 1522 [ 292.2 | 489.2 [ 10592 1575.8 - -- -- . --
(ug*hr/mL) (13.8) | (4L.1) | 47.1) (51.4) [ (83.3)
AUCp - -- - -- -- 152.2 | 290.6 | 5033 | 10242 1269.7
(ug*hr/mL) (16.7) | (43.7) | (46.8) (105.2) | (102.8)
Half-life (hr)* | 4.51 467 | 4.13 4.11 4.10 4.58 | 4.52 3.97 4.09 4.36
Plasma CL 273 290 | 342 312 318 275 | 29.2 335 328 39.7
ml/min) 22 | 34 | 3.1 (1.5) (1.6) (2.9) | 44 | 34) (3.8) (34
Plasma CL 0.33 036 | 043 0.40 0.40 0.33 036 | 042 042 0.50
| (mL/minkg) | (0.03) (0.06) | (0.05) | (0.03) (0.05) | (0.04) | (0.06) 0.06) | (0.08) | (0.08)
Renal CL 9.5 94 9.5 11.5 12.2 93 9.6 10.2 13.3 13.0
mlL/min) - G4 108 | @7 2.4 (3.8) 2D 1Ey) |35 (2.2) (5.4)
| fep.as 0.33 033 0.28 0.36 0.41 033 033 0.30 042 0.34
fraction) 0.11) | (0.05) (0.08) | (0.08) | (0. 12) | (0.08) | (0.08) 0.10) | (0.06) | (0.14)
* Harmonic mean




AUC (jtgshrimi)

Mean plasma concentration (ug/mL) of total MK-0826 (Déy 1 and Day 8) following multiple 1 gram
and 2 gram IV doses

1 gram dose 2 gram dose

® e TR——y wl] [ =

AUC {(pgehrim

1 COT) 2 asT=m A S OE i 2 7 - o
as is reflected in the Day 8/Dayl AUC geometric mean ratio below.

Geometric méan ratios of total MK-0826 Day 8 AUC ,,, versus Day 1 AUC,.

Panel Dose N Geometric Geometric AUC GMR 90% CI of AUC
mean AUC,.., mean AUC ,, Day 8/Day 1 GMR
Day | Day 8
A 025¢g 6 151.67 151.44 1.00 (0.95 - 1.04)
B* 0.5¢g 5 290.13 288.00 0.99 (0.86 - 1.15)
C lg 6 487.18 501.44 1.03 (0.97-1.10)
D 2g 6 1058.12 1019.30 0.96 (0.87 - 1.06)
E 3g 6 1574.00 1266.06 0.80 0.74-0.87)

accumulation of MK-0826 was observed between Day 1 and Day 8.

Geometric mean ratios of total MK-0826 Day 1 AUC ,,, versus Day 8 AUC ,,

Panel Dose N Geometric Geometric AUCGMR 90% Cl of AUC
. mean AUC, ,, mean AUC,.,, Day 8/Day 1 GMR

’ Day 1 Day 8

A 025¢g 6 148.36 151.44 1.02 (0.97 - 1.07)
B* 05g 5 283.25 288.00 1.02 (0.88-1.18)
C lg 6 - 480.70 501.44 1.04 (098-1.1D
D 2g 6 1041.67 1019.30 0.98 (0.89 - 1.08)
E 3g 6 1547.55 1266.06 0.82 (0.76 - 0.88)
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Reviewer comments:

The multiple dose pharmacokinetic barameters from study P001 were based on total MK-0826
concentrations only. Multiple dose pharmacokinetic parameters of MK-0826 based on unbound drug
concentrations have not been determined,

Q. What are the pharmacokinetic characteristics of IM MK-0826?
Single dose IM pharmacokinetics

The sponsor conducted a randomized, placebo-controlled, single-ascending-dose study (PO11) in 11
healthy subjects (4 male and 7 female) to investigate the safety, tolerability, and pharmacokinetics of
intramuscular MK-0826 following administration of 0.25,0.5,and 1 g. Pharmacokinetic samples were
only obtained following the 1 g dose. The comparison of pharmacokinetic parameters obtained from 1 g
IM administration (n=1 1) to those obtained following 1 g IV administration (P009, n=16) are shown
‘below.

Arithmetic mean pharmacokinetic pParameters of total MK-0826 following the administration of lg
IMand1gIVv (study P009) to healthy male and female subjects

f AUC,.. Coe Con Too Half-life*
(ug*hr/mL) ' (ug/mL) (pg/mL) (hrs) (hrs)
— +-2-Hri-tstdy POt —
Mean 602.3 77.7 _ 2.4 39
SD 1073 135 - 1.0 0.5
Range e ———— i : -
A — EIVQEtudy PogYy — — — e
Mean 572.1 - 1549 - - i 3.9
SD 68.6 - 22.0 - 0.5
Range — . o TSR ey e e _—_; S L R T

* Harmonic mean

The plasma concentration-time profile of total MK.-0826 comparing the administration of | g
administered IM and IV is shown below.

Mean plasma concentration-time profiles of tota] MK-08256 following a single 1 g IM dose with
data from a single 1 g IV dose infused over 30 minutes (Protocol 009) in healthy yYoung males and
females '

1000.00 T—-—-—-—m—m—---‘—-———---—"—--——-—-—-

8
g

10.00 -

1.00 4

Concentratlon {u @/mL)

0.1a

om

Tima (h)

16




The AUG,... of MK-0826 1 8 IV infused over 30 minutes was Jess than the AUG, following 1 g IM.
The greater AUC, .. with IM administration may be accounted for by differences in the subjects between
the two studies. The mean body weight of subjects receiving 1 g IM (PO11) was 64.8 kg, whereas
subjects receiving 1 g IV (P009) was 69.6 kg.

Following IM administration, the Tmax of MK-0826 was delayed by almost 2 hrs and the C,, was reduced
by approximately 50%. However, three hrs following the administration of 1 gIM MK-0826, the plasma -
concentrations were similar between IM and IV administration.

Reviewer comments: _

The sponsor compared the pharmacokinetics of MK-0826 following IM administration in study PO11 to
the pharmacokinetics following IV administration from a previous study (P009). Since the subjects
enrolled in these two studies are different, the sponsor conducted study P019 to determine the absolute
bioavailability of MK-0826 administered via the IM route.

Multiple dose IM Pharmacokinetics

The sponsor performed a 2-part, randomized, Placebo-controlled, single-dose, 3-period, crossover (Part
A) and multiple-dose (Part B) study (P019) to investigate the pharmacokinetics, safety, and tolerability of
the IM formulation of MK-0826 in 26 healthy subjects. In Part A, each subject received three single 1 g
doses of MK-0826 (or placebo) administered IM, 1V infused over 30 minutes, and IV infused over 2

hours. There was a washout interval of at least 7 days between each of the three doseg j In Pagt
B, fasted quh; : or placebo) administered once daily for 7 days.
The pharmacokinetic parameters comparing IM to IV administration are shown below.

Mean (SD) value for

Pharmacokinetic parameters based on_total MK-082¢ following 1 gram of

MK-082¢

Parameter 1gIM (Day 1) 1gIM (Day 7 1 g IV (30 min) 1g1IV (2 hrs)

n=20 n=18 n=19 n=19
AUCy.04 (ug*hr/mL) 5354 (102.7) 509.0 (78.0) -~ -
AUC... (Mg*hr/nL) 546.8 (108.7) ~- 608.2 (127.7) 600.2 (111.9)
Ceoi (g/mL) - -- 164.6 (24.0) 120.8 (40.9) ]
Croy (Ug/mL) 72.2(14.1) 75.7(11.2) -- --
T sy (hrs) 2.3(0.9) 1.9 (0.6 - -~
Half-life (hrs) 3.84 (0.47) 3.52(0.23) 3.82(0.52) 3.72 (0.5%)
CLt (mL.min) -- -~ 28.4 (4.6) 28.6 (4.8)
CLg (mL/min) 11.1(3.3) _13.733.7) 12.7(3.2) 11.9 (3.6)
feo 24 (% dose) 34.8 (9.0 41.2(10.0) 42.3(10.1) 39.6 (11.9)
APPEARS THIS WAY
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The mean plasma concentration-time profiles of tota] MK-0826 from healthy subjects receiving a single
dose of 1 gIM, 1 g1V over 30 minutes, and 1 g IV over 2 hours are shown below.
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The mean plasma concentration-time profiles of tota] MK-0826 from healthy subjects on Day 1 following
a single 1 g IM dose (Part 1) and on the seventh day following once-daily dosing for 7 days (Part 2) are
shown below.
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Pharmacodynamics (IM vs. TV administration)

The sponsor calculated %T >MIC using an MIC of 4.0 Kg/mL for total MK-0826 concentrations
following 1 g IM and IV administration over 30 minutes. The reviewer also calculated the %T >MIC for
unbound MK-0826 concentrations with an MIC of 4.0 and 1.0 (MIC equivalent to total MK-0826




%T >MIC following the administration of 1 gram IM on Day 1 and Day 7 as well as1gram' IV

%T >MIC
Regimen _ MIC (ug/mL) Total concentration Unbound
concentration*
| 1g M (Day 1) 4.0 76% 6%
1 g IM (Day 7) 4.0 72% 6%
1 g IV (0.5 hr infusion) 4.0 70% 12%
1 g IM (Day 1) ' 1.0 -- 43%
1 g IM (Day 7) : 1.0 -- 41%
121V (0.5 br_infusion) 1.0 - 38%

* Estimated assuming unbound fraction is 0.06

The administration of 1 gMK-0826 M or IV is estimated to provide a %T >MIC of at least 38% of the
dosing interval using an MIC of 1.0 Kg/mL. Based on in vivo animal studies, MK-0826 should
demonstrate efficacy against most common Pathogens with an MIC <1 .0 Hg/mL.

Q. What is the absolute bioavailability following IM administration?
The sponsor calculated the absolute bioavailability of 1 & MK-0826 administered IV during study P019.

As part of this single-dose, 3-period, crossover study, the sponsor used ] & MK-0826 IV adminjstered
over 120 minutes as the reference.

The geometric mean ratio of the AUC, . when administered IM compared to the AUC, .. when
administered IV over 30 min was 0.902. Thus, the absolute bioavailability of MK-0826 when
administered IM is 90%.

Comparison Parameter Point Estimate” | 90% Confidence Interval
1 gIM (Day 1) vs. | g IV (30 min) AUC,.. 0.902 0.870 to 0.934

Reviewers comments:

Q. What‘is the metabolic fate of MK-0826 in humans?

spectrometry. Fecal samples were homogenized, air-dried, combusted, and radioactivity of the resulting
carbon dioxide determined using liquid scintillation Spectrometry. Radioactivity profiles were determined
by gradient elution liquid chromatography with in-line radiometric flow detection,

The mean plasma concentration-time profile of total MK-0826 (1g/mL) and total radioactivity (expressed
as radioequivalents) following IV administration of “C-MK-0826 is shown in the figure below.




Mean plasma concentration-time profile of total MK-0826 and total radioactivity following IV
administration of “C-MK-082¢
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The cumulative recovery of radioactivity up to 168 hrs was 89.7%. 80.5% of the tota] radioactivi_ty was
recovered from urine and 9.20% from feces,

Plasma AUC, 5, values based on total radioactivity were similar to those based on unchanged MK -0826 in
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Plasma AUG, ,, total MK-0826 and total radioactivity following administration of 1 gram IV Y-
MK-0826 in healthy subjects '

Subject Gender Total Radioactivity Total MK-0826 Ratio MK-0826/
AUCq 74 (Ug eg *he/ml) | AUC,,, (ug*hr/mlL) | Total radioactivity
1 M 655.8 615.0 0.94
2 M 618.0 635.4 1.03
3 M 612.2 580.3 0.95
4 M 484.3 463.7 0.96
5 F 707.5 633.1 0.89
6 F 711.7 657.6 0.92
| 7 F 733.3 6417 088 |
" Mean (SD) 646.1 (85.5) 603.8 (66.5) 0.94 (0.05)
90% CI -- -~ (0.90 t0 0.97)

o W o e T T T

Plasma concentrations of total MK-0826 obtained by e d€MONStrated that -

concentrations were similar or higher than concentrations obtained via bioassay, providing evidence for
the lack of active metabolites, The plot of urine concentration fTOM a5, bioassay demonstrated that

urine concentrations were slightly greater with bioassay. The deviation may be due to the small
percentage of unidentified metabolites in the urine and are probably not clinically relevant,

Q.'What is the potential of MK-0826 to act as a substrate for and as an inhibitor of cytochrome
P450 isoforms?

To assess the metabolism of MK-0826 by human liver microsomes, 10 UM “C-MK-0826 was incubated
with human liver microsomes at 37°C for 50 minutes. Control samples were prepared under the same
conditions using boiled microsomes. No metabolic conversion of MK-0826 was detected over a 50-min
incubation, Suggesting that CYP isozymes are not involved in the metabolism of MK-0826.

21
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CYP P450 Isoform Substrate ICS0 Value ( M)
1A2 Phenacetin =500
2C9 Diclofenac >500
T 344 T';_TF§tht?f;)Eé_"_'T"_" B _"'>_50_O_‘_"_‘j

showed no transport characteristics consistent with its being a P-glycoprotein substrate or inhibitor.

Q ‘”meﬁﬁwruf'prubmharmacokineﬁcs of MK-0826?
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The mean plasma concentration-time profiles of tota) MK-0826 following a single 1 gram IV dose with
and without probenecid are shown in the figures below.
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nd and total MK-0826 in subjects
probenecid are shown below.

[ U Totat-NHc=0526
Parameter MK-0826 MK-0826 + MK-0826 MK-0826 +
alone Probenecid alone Probenecid

AUC,,, {(Lg*hr/mL)

All 382161 66.7+13.8 619.0+62.5 | 7696+ 587
Males 347+55 56.7+76 5896 +61.1 7578+ 67.8
Females 41.6+4.7 76.7+11.1 648.5+51.9 | 7814+504

Cedi (Ug/mL)

All 169+47 23.8+87 1753+ 257 176.7 +30.7
Males 14.1 3.5 17.1 £ 4.0 161.5+26.3 1569+ 162
Females 19.7+ 4.1 305+ 65 189.2 + 17.0 196.6 £ 293

Plasma CL (mL/min)

All 447.0+69.9 | 2598+523 212427 218+ 1.7
Males 488.9 + 66.8 2984 +38.4 28.5+2.7 221+19
Females 405.1 + 45.] 221.1 +30.9 258+2.1 214+14

Renal CL (mL/min)

- All _ 207 + 36 98 +29 128+23 85+25
Males 208 £ 26 93%25 117418 71+138
Females - 216+ 44 102 + 33 13.8424 99+24

Nou-renal CL (mL/min)

All 241+ 76 162 + 56 144437 133+3.0

Males 292+ 72 205 +43 16.8+33 151 +26

Females 189 + 33 119 + 25 120+22 11.5+24
Half-life (hrs)*

All 33 43 4.0 438

Males 36 4.5 43 5.2

Females 3.0 4.2 3.8 45 |

Fega, (fraction)

All 0.47 £0.10 0.38+0.12 - -

Males 0.41 £ 0.08 0.31 +£0.08 - -

Females 0.53 +0.07 045+0.10 - -
23




Fraction unbound (%)
All 63105 87+£1.7 - - --
Males 6.0x0.0 76+1.0 - -
Females 6.6 0.5 99+15 - --

* Harmonic mean

Probenecid statistically significantly reduced the unbound and total CL, (p<0.0001), unbound and total
CLg (p<0.0001), urinary excretion of MK.-0826 (p<0.0001), unbound CLax (p<0.0001), and total CLur
(p=0.0576).

Probenecid also appeared to alter the protein binding of MK-0826 in plasma. The mean AUG..
unbound/total drug ratio increased from 6.1% to 8.7% (p<0.0001) following the administration of
probenecid, representing a 40% increase in the unbound fraction of MK-0826. Similarly, the mean C,,
unbound drug/total drug ratio increased from 10% to 13% (p<0.0001) when administered with
Probenecid, representing a 38% increase in the unbound fraction, However, the contribution of
probenecid altering the protein binding by displacement from albumin rather than increasing plasma
concentrations of MK-0826 was not determined by the sponsor,

The point estimate and 90% confidence intervals for unbound and total MK -0826 are shown below for
Ceois AUCO—H: CLR: and CI-/I‘

Unbound MK-0826
Parameter Poi

[ Ceo (ng/mL) 1.37 _ 1.262 to 1.492
AUGC, ., (ug*hr/mL) 1.73 — | _ 1652t 1820
Plasma clearance (mL/min) [ t—————
Renal clearance (mL/min) 0.46 - [ 0.434 t0 0.495

Total MK-0826

Coi (ug/mL) 1.01 0.947 to 1.067
AUCo.. (ug*hr/ml ) 125 [ LI9%to] 299
Plasma clearance (mL/min) f— T —— " '
Renal clearance (mL/min) 065 0.601 to 0.700

Statistically significant gender differences were observed for CLr, CLyg, AUCGC,.., and C,; for unbound
MK-0826 and Clg, CLyg, fe, and Ceoi for total MK-0826.

fraction of MK-08216 in females following administration of probenecid. Probenecid had a greater effect
on protein binding in females than males and may have further increased the fraction unbound of MK-
0826 in females compared to males,

Reviewers comments:

The dose of probenecid for the treatment of gout is 500 mg BID. Thus, the administration of probenecid
500 mg QID (recommended dose for elevation and prolongation of plasma levels with penicillins) may
represent the greatest drug interaction that is likely to occur between probenecid and MK-0826.
Q./What is the effect of MK-0826 on the protein binding of warfarin in human plasma?

Using in vitro methods, maximal plasma concentrations of MK-0826 following the administration of 1 g
IV (approximately 300 HM) resulted in an 8-9% increase in the unbound fraction of warfarin. The

24



the two drugs bind to different sites on albumin. The clinical implication of concurrent administration of
MK-0826 and warfarin may be a transient, small increase in the prothrombin tim

MK-0826 concentration MK-0826 concentration Unbound fraction of warfarin
M) _(ug/mL) (%)
0 0 2.54 +£0.02
25 12 - 2.50+0.09
50 24 2.56 * 0.04 ]
200 96 2.6510.05
300 144 2.7710.05
400 192 274014 ]

Q. What is the effect of renal function on the pharmacokinetics of MK-0826?

The sponsor evaluated the effect of renal impairment on the pharmacokinetics of MK.-0826 in an open-
label, 2-period study (PO15) to evaluate the pharmacokinetics, safety, and tolerability of MK-0826 in 24
subjects with varying degrees of renal function. In Period 1,1 g of MK-0826 was administered asa
single, 30 min IV infusion. The degree of renal impairment was defined as: mild (60 to 90 mL/min/1.73
m’), moderate (31 to 59 mL/min/1.73 m’), advanced (5 to 30 mL/min/1.73 m’), and end stage on

a non-hemodialysis day. In Period 2, patients with end-stage renal insufficiency received a single 1-g
dose of MK-0826 immediately prior to the initiation of hemodialysis i

- Jelermination of creatinine clearance was based on the mean of 2 baseline
24-hour urine collections or the need for hemodialysis. The creatinine clearance of patients with end-
stage renal disease on maintenance hemodialysis was assumed to be <10 mL/min/1.73 m’,

The mean (SD) demographics of the subjects by renal function £group are shown below.

Renal function

N

Gender Age Height Weight CLer

(years) (cm) (ke) _ (mL/min)
Control* 16 | 8F/8M | 32.8(6.0) | 172.8(10.9) | 696 (132) 112.6 (21.6)
Mild impairment 6 OF | 68.8(104) ["1593(9.0) | 68.8(19.0) 77.5(8.7)
Moderate impairment 7 3F/4M | 53.0(13.5) [ 173.0 (11.5) |82.9(15.6) 45.3(7.2)
Advanced impairment | 6 | 3F/3M | 525 (154) | 169.2(8.0) [86.0(15.) 19.8(9.1)
End-stage impairment 7 2F/5M | 52.1 (14.3) 170.0(7.8) | 65.0 (13.6) NC

| (w/o dialysis)

End-stage impairment | 5 | 1F/aM | 443 (133) [ 1713@2) | 663(123) NC
w/ dialysis) ]

*Control subjects from study P09 (healthy young adults)
NC - urine samples not collected from patients with end-stage renal impairment
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The mean plasma concentration-time profiles of total and unbound MK-0826 following a single 1 glv

dose in healthy young subjects (P009), healthy elderly subjects (P010), and patients with defined degrees
of renal impairment are shown below, :

Total MK-0826 ‘ Unbound MK-0826
1000.0 1000 O~ Feathy Young Aduk
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The arithmetic mean (SD) pharmacokinetic parameters for total MK-0826 by renal function group
following a single 1 gram IV dose are shown below.
Renal function AUC,. Ceoi CLy ti2 | CLg CLxgr Fegaq
(pg*hr/ml) | (ug/ml) | (mL/min) (hrs) | (nL/min) | (mL/min) (%)
Total MK-0826 ]
Control* 572 154.9 29.5 3.9 12.7 16.8 43.1*
(69) (22.0) (3.4) (0.5) (4.2) (5.6) (14.7)

Mild 800 181.7 21.8 5.0 8.5 133 39.8
impairment (194) (25.7) (5.1) (1.2) (1.5) (3.8) (5.3)
Moderate 1036 166.2 17.0 -6.9 6.5 10.5 383
impairment (229) (26.6) (4.9) (1.5) (2.0) (3.3) (7.4)
Advanced 1747 124.8 10.0 12.9 23 7.7 225
impairment (414) (17.3) (2.5) Q.1) (1.1) (1.9) (9.3)
End-stage 2038 148.0 9.2 12.9 NC NC NC

impairment (764) (14.3) (3.2) 4.3)
| _(W/o dialysis)
End-stage 1622 120.4 11.6 17.4 NC NC NC
impairment (654) (30.7) (4.2) (5.8)
(w/ dialysis) J
*Control subjects from P009.
a-Fegy,

NC - urine samples not collected from patients with end-stage renal impairment
r
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The arithmetic mean (5D) pharmacokinetic parameters for upbound MK-0826 by renal function group
following a single 1 gram IV dose are shown below.

Renal function AUC,., Cei CL; t1/2 CLy CLng Fegs6
(Mg*hr/mL) | (pg/mL) (nL/min) | (hes) (mL/min) | (mL/min) (%)
Unbound MK-0826
Contro]* 332 129 513.6 - 2172 296.5 43.1°
(5.5) (3.2) (80.3) (67.8) (112.7) (14.7) |
Mild 51.9 234 338.7 4.7 130.3 208.4 39.8
itnpairment (15.2) (7.8) (71.3) (1.3) (23.4) (53.0) (5.3)
Moderate 78.9 214 2334 6.1 86.0 1474~ | 383
impairment (22.6) (5.6) (92.5) (1.6) (32.6) (63.0) (7.4)
Advanced 145.8 17.7 119.2 10.4 25.8 933 225
impairment (32.4) (1.8) (26.4) (1.0) (13.7) (18.9) 9.3)
End-stage 2533 285 68.4 11.6 NC NC NC
. impairment (48.5) 9.3) (16.3) 3.3
(w/o dialysis)
End-stage 160.9 283 108.3 16.4 NC NC NC
impairment (38.0) 8.1 (25.4) 3.0
(w/ dialysis)
*Control subjects from P09
a-Feg,,

NC - urine samples not collected from patients with end-stage renal impairment

The total MK-0826 C.,; increased with mild and moderate renal impairment only, whereas Ceoi Increased
more than two-fold for unbound MK-0826 concentrations as renal impairment increased. The half-life
was prolonged with decreasing creatinine clearance for both total and unbound MK-0826 concentrations.

The MK-0826 AUG,.. increased as creatinine clearance decreased for total and unbound concentrations.
The increase in unbound AUCG,... was greater than total AUG,..fora corresponding creatinine clearance.

The increase in unbound AUC,... was greater than tota] AUG,.. fora corresponding creatinine clearance.
Individual values and geometric means with 90%, confidence intervals for total and unbound MK-0826
AUG,... following a 1 gram IV dose of MK-0826 for healthy adult subjects (study 009), healthy elderly
subjects (study 010), and subjects with varying degrees of renal insufficiency are shown below,

APPEARS THIS WAY
ON ORIGINAL
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Total MK-0826 Unbound MK-0826
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The fraction of unbound MK-0826 also increased as the severity of renal impairment increased. The
fraction of unbound MK-0826 in healthy elderly subjec imi j i i
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The mean pharmacokinetic parameter ratios (control subjects/renal impairment subjects) are shown
below. The AUC,.. increased more for unbound than tota]l MK-0826 with increasing renal impairment,

whereas CLy, Clg, and CLyg decreased more for unbound than total MK-0826 with increasing renal
impairment.

Although the renal clearance declined more than 5-fold for total drug and 8-fold for unbound drug
between control subjects and subjects with advanced impairment, the fraction of MK-0826 excreted
unchanged in the urine only decreased approximately two-fold with declining creatinine clearance.
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Geometric mean ratios (renal im
using total MK-0826 concentrati

pairment/control) and 90%

ClIs for pharmacokinetic parameters

ons
Parameter Mild Moderate Advanced End-stage End-stage
. (w/o dialysis) (w/ dialysis)
AUC,.. Ratio 1.37 1.78 3.00 3.38 2.68
(ug*hr/mL) 90%CI | (1.14- 1.66) | (1.49- 2,12) | (2.49- 3.62) ( (2.83- 4.03)
Ceoi Ratio 1.17 1.18 0.91 0.93 0.79
(ug/mL) 20%CL_| (1.08-126) | (1.09-1.27) | (0.84- 0.98) | (0.87 - 1.00)
CLr Ratio 0.73 0.56 0.33 0.30 0.37
(mL/min) 90% CI " | (0.60 - 0.88) | (0.47 - 0.67) | (0.28 -0.40) | (0.25- 0.35)
t1/2 Ratio 1.23 1.73 332 312 4.16
(hrs)* 90% CI -- -- -- - --
CLy Ratio 0.70 0.52 0.16 NC NC
(ml/min) | 90%CI | (0.51-0.97) | (0.38-0.71 ) | (0.12-0.23)
CLnr Ratio 0.81 0.68 0.49 NC NC
(mL/min) 90% CI | (0.61-1.06) (0.52-0.88) | (0.38 - 0.64)
Feyas Ratio 0.93 0.90 0.48 NC NC
(% dose) 20%Cl | (0.67-1.30) | (0.66-1.22) | (0.35 - 0.65)
NC - Urine samples not collected from patie

* Harmonic mear

nts with end-stage renal impairment

Geometric mean ratios (renal impairment/control) mﬂ%ﬁhmmumm.:m s
USiTg Tnounda MK-0526 concentrations
Parameter Mild Moderate Advanced End-stage End-stage
(W/o dialysis) | (w/ dialysis)
AUC,.. Ratio 1.53 2.30 435 7.58 4.79
(ug*hr/mL) 90%Cl | (1.28- 1.84) | (1.93 - 2.74) | (3.62- 5.23) | (6.36- 9.02)
Ceoi Ratio 1.76 1.96 1.75 2.04 2.29
(pg/mL) . | 90% CI (1.49-2.07) | (1.66-23 1) | (1.46- 209 | (1.74- 2.39)
CLy Ratio 0.65 043 0.23 0.13 0.21
{mL/min) 90%CI | (0.54 - 0.78) | (0.37 - 0.52) | (0.19 - 0.28) | (0.11- 0.16)
CLg Ratio 0.62 0.39 0.11 NC NC
(ml/min) | 90%CI | (0.45-0386) | (0.29- 0.54) | (0.08-0.15)
CLax Ratio 0.71 0.53 034 NC NC |
(mL/min) | 90%CI | (0.52-0.97) | (039071 ) [ (0.25-0.46)
NC - urine samples not collected from patien

The plasma clearances based on unbound and total
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session) was performed immediately fol owing drug administration (within 5 minutes to 39 minutes
-following the end of infusion). The plasma clearance of unbound MK-0826 was increased by
approximately 67%. About one-third of ap administered dose of MK-0826 was recovered in the dialysate
fluid after a four hour dialysis session.

Dosage adjustments of MK-0826 are necessary in patients with renal impairment to prevent an increased
incidence of adverse events as well as maintain similar pharmacodynamics compared to patients with
normal renal function,

Justification of dosage adjustment

The dose of MK -0826 used in phase 3 clinical studies was 1 g q24h for subjects with creatinine clearance
>30 mL/min/1.73 m® and 500 mg q24h for subjects with creatinine clearance <30 mL/min/1.73 m* and
not receiving hemodialysis,

Safety: The incidence of adverse events from phase 2b and phase 3 studies were compared between
patients with creatinine clearance 260 mL/min/1.73 m? (N=1389, N=687, and N=537 for MK-0826,
piperacillin/tazobactam, and ceftriaxone, respectively) and those with creatinine clearance <60
ml/min/1.73 m* (N=357, N=87, and N=213 for MK-0826, piperacillin/tazobactam, and cefiriaxone,
respectively). In clinical studies, MK-0826 | g IV once daily was administered to patients with creatinine
clearance >30 mL/min/1.73 m?. The incidence of adverse events of MK-0826 were compared to
piperacillin/tazobactam and cefiriaxone. In general, the inciden i

AMIMICTObIAIS TH patients with creafimne clearance <60 mL/min/1.73 m?, although the occurrence of
adverse events increased in a similar fashion for all three antimicrobials in subjects with renal
impairment.

mL/min/1.73 m%). The %T >MIC for total and unbound MK-0826 concentrations are shown in the table
below.

Median (range) %T >MIC* based on simulated total and unbound MK-0826 concentrations for
subjects with varying degrees of renal impairment

Total concentration Unbound concentration
Renal function 1 gram qd 0.5 grams qd | 0.25 grams qd | 1 gramqd 0.5 gramsqd _ 0.25 grams qd
Normal 25% + mmm——. — — 21% w—-— -— —
| Mild 39% . s | - 33% -
Moderate Sl%.:' P p— — 57% = 32% e | -
Advanced ] 58% e --- — 88% . |
L End-Stage --- 66% (- smswmen, 13%  eomime - — 100% ammmwmemsns

*MIC = 32 pg/mL for total concentrations, MIC =2 ug/mL for unbound concentrations

The reviewer agrees with the sponsor's dosing recommendations that the 1 g dose of MK-0826 does not
need to be reduced in patients with renal impairment until the creatinine clearance is 30 mL/min/1.73 m?
based on safety data and pharmacodynamics. In addition, 0.5 grams once daily is recommended for
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patients with creatinine clearance <30 mL/min/1.73 m’ since this was the dose used in phase 3 clinical
studies and the available safety data, y

Recommended dosage of MK-0826 based on renal function

Renal function Recommended dose ]
Mild impairment 1 gram q24h
(60 to 90 mL/min/1.73 m?) :
Moderate impaitment I gram q24h
(31 to 59 mL/min/1.73 m?)
Advanced impairment 0.5 grams q24h
(5 to 30 mL/min/1.73 m?)
End-stage (w/o dialysis) 0.5 grams q24h
(<10 mL/min)
End-stage (w/ dialysis) 0.5 grams q24h
(<10 mL/min/1.73 m? 150 mg supplementary dose (30%)*

*If MK-0826 is given within 6 hrs prior to hemodialysis

Reviewers comments:

The renal impairment study consisted of a single-dose pharmacokinetic study in subjects with varying
degrees of renal impairment. The sponsor did not enroll healthy volunteers as a control group. Thus,
study P009 (healthy young subjects) and study PO10 (healthy elderly subjects) were used as historical

controls. The sponsor stated that the fwo populations w elosely

based on unbound drug AUC,.. would be expected to be much more substantial and may potentially
result in suboptimal efficacy. This fails to take into consideration differences with the fraction unbound
in renal impairment. :

Q. What is the effect of age on the pharmacokinetics of MK-08267?

The mean plasma concentration-time profiles following the administration of 1 g MK-0826 IV (Day 1) in
elderly men and women are shown below.
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Mean plasma concentration-time profiles following the administration of 1 g MK-0826 IV (Day 1)
in elderly men and women

-

—— Male ‘!
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Arithmetic mean (SD) pharmacokinetic parameters of total MK-0826 in healthy elderly subjects

Dose AUC* Ccoi CLT CLT CLR Half—hfe Feo_24
(g) (ug*hr/mL) | (ug/mL) | (mL/min) (mL/min/kg) | (mL/min) (hrs) (%)
| Dayl-lg 782 (96) 160 (22) | 216 (2.6) | 0.30 (0.05) | 86 (2.2) [53(0.8) | 376 (9.5)
Day7-1g 682 60 155 (19 24.6 (2.2 220N 15y B-83—-30-6¢t 1=ty
2T 278 (34) | 27.4 (2.5) | 0.38 (0.06) 1043.1) |51 (0.8) ] 36.5 (10.1)
Male/Day 1 - 1g 788 (123) 145 (15) | 216 3.3) | 0.27 (0.04) 8028 |58 0.7 [34.0(1 1.4)
Male/Day 7 - 1¢ 691 (72) 142 (7) 2432.6) | 031 (0.03) 85129 |56 (0.6) 1352 (12.4)
Male/2g 1249 (146) | 254 @) 127.03.1) [ 034 (0.03) 9.13.0) 5600.7) | 321 (9.9)
Female/Day 1 - lg 773 (52) 180(10) | 216 (14 ] 034 (0.04) 94(0.7) |46 ©04) | 425 (2.5)
Female/Day 7 - lg 669 (42) 172(17) | 25.0 (1.6) | 0.39 (0.05) 11.3(1.2) [43 (0.2) | 45.4 (6.9)
Female/2g 1195 (66) | 310 (27) | 28.0(1.6) | 0.42 (0.04) 1212.4) |45 0.4) | 424 (7.2);]
*AUC,,.. used for Dayl-lgé&?2 8; AUC .4 used for Day7-1g

Arithmetic mean
subjects

(SD) pharmacokinetic parameters of unbound MK-0826 in healthy elderly

Dose . AUCH* Ceoi CLy CL; CLp Half-life
(e (1g*hr/ml) (ug/mlL) (tnL/min) (mL/min/kg) (ml/min) (hrs)
Dayl-.lg 55.4 (7.6) 18.1 (4.6) 307 (49) 430.7 | 122 (29) 14901.1»
Day7-1g 47.5(7.0) 16.5 (3.6) 358 (49) 5.0(0.9) 140 (37) |43 0.8) |
2g 1212 (154) | 578 (18.0) | 279 (36) 3.9(0.3) 103 27) |5.2(0.9)
Male/Day 1 - 1g 33.3(8.2) 14.8 (2.7) 319 (49) 4.0 (0.6) 118 (36) [5.6(1.0) |
Male/Day 7- 1g 475(7.8) 14.2(1.9) 359 (53) 4.5 (0.5) 124 (40) |53 (0.5)
Male/2g 111.9(11.5) | 45% (2.5) 301 3D 3.8(04 99(33) [5.7(0.7)
Female/Day 1-1g | 581 (6.3) 22.6(2.2) 290 (32) 4.6 (0.7) 128 (15) 14.1(04)
Female/Day 7-1g | 474 (6.5) 19.5(3.2) 357 (44) 5.6(1.0) 160 (22) ]4.1(0.5)
Female/2g 133.5(10.5) | 74.1 (16.6) | 251(19) 3.9(@.3) 107(17) [4.5(0.6)
*AUC,..., used for Dayl-1g&2g AUC 024 used for Day 7-1 g
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There were no statistically significant differences in the unbound and total AUC,., between male and
fernale subjects. However, the unbound Ceoi Was statistically significantly greater in elderly females than
males (p=0.0006) and the termina] half-life was statistically significantly shorter in elderly females then
males (p=0.0010),

The difference in pharmacokinetics between elderly males and females did not appear to be the result of
differences in protein binding, as the fraction unbound of MK-0826 following administration of a | g
dose was similar between healthy elderly males and females, -

"
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When compared to young subjects, healthy elderly subjects had greater plasma concentrations and a
longer terminal half-life as shown in the figures below.

Mean (SD) plasma concentration of tota] MK-0826 followinig administration of a single 1 g dose in
elderly (n=14) and data from young adults (n=16, study P009)
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The AUC,... of unbound and total MK-0826 following the administration of 1 and 2 g doses were
stafistically significantly greater in elderly subjects than young subjects (p<0.0001). Compared to young
subjects, the mean AUC,_, of unbound MK-0826 was 67% and 58% greater for 1 g and 2 g doses,

respectively and the mean AUG,... of total MK-0826 was 37% and 21% greater for 1 gand 2 g doses,
respectively in elderly subjects.
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Individual (o, O) and geometric mean (o, W) AUC, .. values for unbound and total MK-0826

. following a single 1 gIV dosei
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In addition, the unbound fraction of MK-0826 was greater in elderly subjects following the administration
of I g IV compared to young adults. The difference was dependent on the MK-0826 concentration.

- Thus, elderly subjects will be exposed to unbound MK-0826 concentrations similar to subjects with mild
renal impairment.
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Following the administration of | g once daily for 7 days in healthy elderly subjects, the plasma
conce LORati = een Day | and Day 7.

Mean (SD) plasma concentration profiles for unbound MK-0826 on Day 1 and Day 7 following a 1 g
once-daily IV dose for 7 days in elderly subjects (n=14) _
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Reviewer comments:

The sponsor was unable to explain the finding that plasma concentrations after multiple dosing were less
than after a single dose. Similar findings were found in healthy young subjects only after multiple dose
administration of 3 g IV MK-0826.

Differences in unbound and tota] AUG.. and CL; between elderly subjects and young subjects are
related to reduced creatinine clearance and decreased protein binding. Dosing adjustments in elderly
patients are not necessary unless an adjustment is warranted based on reduced renal function.

Q. Does MK-082¢6 distribute to tissues?

The sponsor performed an open-label, multiple-dose study (P026) in 12 subjects to investigate the
penetration of MK-0826 into suction-induced skin blisters on the third day of 1 g once-daily IV dosing.
Skin blisters were formed 12 hours prior to drug administration on Day 3 and each blister sampled only
once in conjunction with corresponding plasma samples,

The mean concentration profiles of total MK-0826 in plasma and skin blister fluid on the third day
following the administration of 1 g MK-0826 once daily are shown below.

Mean concentration-time profiles of total MK-0826 in Plasma and skin blister fluid on the third day
following the administration of 1 g MK-0826 daily
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The maximum concentration of MK-0826 in blister fluid occurred at about 8 hrs post-dose. Skin blister
fluid concentrations declined more slowly than plasma concentrations, resulting in greater MK-0826
concentrations in blister flyid compared to plasma at the 12 and 24 hr samples.

The pharmacokinetic parameters of MK-0826 in plasma and blister fluid on Day 3 are shown below.

/
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Pharmacokinetic parameters of MK-0826 in Plasma and blister fluid on the third day following
administration of 1 g MK-0826 once daily

Parameter Plasma SKin blister fluid

Conax 01 C,; (pg/mL) N=12 N=12

Mean (SD) 193.9 (30.3) 254 (4.4)

Geometric mean 191.9 250

GMR (90% CI) 0.13(0.12 10 0.1 5)
C24 (pg/mL)* N=10 N=|2

Mean (SD) 2.1(0.8) 7.8(1.8)

Geometric mean 1.9 7.6

GMR (90% CI) 3.96 (3.20 t0 4.76)
AUC,, (ug*hr/mL) N=12 N=12

Mean (SD) 694.4 (100.5) 4223 (66.0)

Geometric mean 688.1 4175
__GMR (90% CI) 0.61 (0.56 to 0.65)

*Concentration at 24 hrs post-dose

The skin blister fluid AUG,4 /plasma AUCq.,, geometric mean ratio was 0.61 and the 90% confidence
interval ranged from S—

determine

Reviewers comments:

The terminal elimination phase of MK-0826 in blister fluid was unable to be characterized due to
inadequate sampling. However, the data demonstrated that the half-life of MK-0826 in skin blister fluid
may be greater than plasma. The spoasor did not comment on this finding, although it may be related to
differences in protein binding between skin blister fluid and plasma, causing a reservoir effect or that
healing of the skin blister basement membrane may have prevented the diffusion of drug from blister fluid
back into the surrounding tissue.

The protein binding of MK-0826 in skin blister fluid was not determined. Thus, the %T >MIC of
unbound MK-0826 concentrations in skin blister fluid could not be calculated,

Q. Does MK-0826 distribute into breast milk?

2 to 5 following the last dose of study drug,
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The plasma total MK-0826 concentrations predose and following the last dose of 1 gram IV MK-082 are
shown in the table below.

Al et L P g

A comparison between the Plasma concentrations from five women with acute pelvic infections and
healthy female subjects (study P009) is shown below.

Mean plasma concentration-time profile of tota] MK-0826 from healthy young female subjects
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The plasma concentration from subject #3 at 2.7 hrs was less than anticipated, whereas the plasma
concentration from subject #4 at 20.2 hrs Wwas greater than anticipated. Since the pharmacokinetics of
MK-0826 have not been investigated in patients with infections, it is unknown whether this represents an
altgration in the pharmacokinetics in patients with acute pelvic infections or the sample times were
inaccurately recorded.

MK-0826 concentrations in breast milk obtained pre-dose and for § days following the last dose of MK.-
0826 are shown below.
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MK-0826 concentrations in breast milk obtained Pre-dose and for 5 days following the last dose of
MK-0826

Subject 1 Subject 2 Subject 3 Subject 4 Subject 5

Sample Time Conc Time Conc | Time Conc Time Conc Time Conc
# (hrs) | (ug/mL) | (brs) | (w/mL) | (hes) (ug/mL) | (bes) | (ug/mL) | (hes) | ug/mr)
Predose 0.00 UND 0.0 NS 0.0 NS 0.0 NS 0.0 | <0.125
Day 1A 22.8 0.30 9.5 0.37 2.7 0.23 | 20.1 0.19 188 | <0.125
Day 1B 28.8 0.19 9.8 0.38 6.3 0.27 | 205 | <0125 | 228 <0.125
Day 2 49.8 UND | 331 038 1 280 017 | 439 [ <0.125 | 467 UND
Day 3 703 | . UND| 586 023 | 525 | <0.125 [ 665 <0.125 | 719 UND
| _Dayd NS UND | 80.7 015§ 765 UND | 965 UND | 95,0 UND
Day 5 120.3 UND | 104.8 | <0.125 | 1019 UND | 117.5 UND | 118.0 UND

Samples 1A and 1B were obtained within the first approximately 24 hours after the last dose of MK-0826. Samples
2, 3,4, and 5 were obtained up to five days after the last dose,
UND - Undetectable
= | ess than LOQ
+ NS~ No sample was taken

The concentration of MK-0826 in breast milk within 24 hrs following the last day of therapy ranged from
: =~. By Day 3, the concentration of MK-0826 in breast milk was <0.125

Hg/mL in four women, whereas the concentration of MK-0826 was <0.125 ug/mL in all five women by
" Day 5.

Reviewer comments:

Due to limitations in the study design, the sponsor was unable to calculate the percentage of the maternal
dose that is transferred into breast milk. Calculation of a milk/plasma ratio (M/P) would allow for an
estimation of infant exposure if the infant's daily milk consumption is known.

The reviewer approximated the M/P using corresponding milk and plasma concentrations at steady-state
(Day 1A) and mathematical equations using physicochemical characteristics. Using corresponding mild

The amount of a drug excreted in breast milk can be estimated from the following equation:

Dose (mg) = average plasma concentration (kg/mL)/1

Assuming the average breast milk consumption by an infant is 150 mL/kg/day,

000 * M/P * daily breast milk production (mL)

a 5 kg infant will ingest

the amount of MK-0826 shown in the table below.
M/P Ratio Amount of drug excreted in % of daily maternal dose
breast milk (mg) excreted in breast milk
0.007 0.13 mg 0.013%
0.0484 0.87 mg 0.087%
1.667 29.8 mg 2.98%
An infant breast fed during MK-0826 therapy will likely ingest less than 1% of the maternal dose.

However, the sponsor has not evaluated the safety of MK-0826 in breast feeding infants. Thus, if the

mother chooses to wait until MK-0826 15 no longer present in breast milk,

39
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after three days following the last dose of MK-08726 and any breast milk collected prior to three days
after the last dose should be discarded.
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[3  page(s) of
revised draft labeling
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from this portion of
the review.




