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Abstract

In order to provide patients who take 450 mg/day bupropion hydrochlotide for the treatment of severe depressive disorder with a safe and
convenient alternative to currently existing dose regimens, a high-dose bupropion ER tablet formulation containing 450 mg of bupropion
hydrochloride was developed. The results of the single dose pharmacokinetic study demonstrated bioequivalence of the 450 mg ER tablet
with three tablets of the 150 mg strength taken at once, thus confirming that the 450 mg tablet is safe and effective. In addition, the simula-
tion of steady state bupropion plasma levels after administration of 3x150 mg bupropion ER fasting and subsequent switch to 1x450 mg
bupropion ER fed confirm that even under “worst case conditions” patients who switch from 3x150 mg to 1x450 mg bupropion ER won’t
experience an elevated average C_ and hence are not exposed to an increased risk of seizures.

Keywords: Bupropion; Pharmacokinetics; ER Formulation; Steady State; Simulations.

*Corresponding Author: it was demonstrated that 450ER (1 x 450 mg tablet) was bioequivalent
Nadine Paiement, to REF (3 x 150 mg tablets) when dosed in the fasting state. Howev-
Intelgenx Corp. 6425 Abrams Saint-Laurent, Qc H4S 1X9 Canada. er, when 450ER tablets were administered with a standard high fat/
E-mail: nadine@intelgenx.com high calorie meal and compared to the fasting treatment, C_  was
bioequivalent but AUC increased slightly (25%) and didn’t meet the
Received: September 17, 2012 80 — 125% bioequivalence (BE) confidence interval criteria (CI).
Accepted: October 03, 2012
Published: October 16, 2012 However, this increase of AUC after administration with food is rou-

tinely observed in bupropion extended-release products. REF shows
Citation: Nadine Paiement (2012) Steady State Plasma Levels of a fed/fasting ratio of 110% (CI: 104-116%) for AUC while C_  was
Bupropion After Administration of 3x150 Mg Extended Release Ref- lower (point estimate: 92 %). Similarly, Aplenzin® (Bupropion hy-

erence Tablets and Switching to 1x450 Mg Extended Release 450ER drobromide extended-release tablets containing the same dose of
Tablets. Int ] Clin Pharmacol Toxicol. 1(1), 26-31. doi: http://dx.doi. bupropion as 450ER tablets), show a ratio fed/fasting of 107.48%
org/10.19070/2167-910X-120005 (CI: 98.20-117.64%) for C_ _and a ratio fed/fasting of 119.47% (CL:

113.23-126.06%) for AUC_ (5). Both products are labeled indicat-
ing that they may be taken with no regard to food or meal timing.
Copyright: © 2012 Nadine Paiement. This is an open-access article

distributed under the terms of the Creative Commons Attribution Li- It is known from the history of bupropion HCI (1-2) that high C_
cense, which permits unrestricted use, distribution and reproduction in values may be linked to higher seizure risk. A reduction in the fre-
any medium, provided the original author and source are credited. quency of reported seizutes occurred after the marketing transition

from Bupropion immediate release to Bupropion twice a day and Bu-

Introduction propion extended release (3). Thus, it was hypothesized that an in-

crease in bupropion exposure with 450ER could result in an increase
Bupropion extended release tablets are administered for the treatment in the frequency of seizutes. This concern was directed at those pa-
tients who would be switched from the current commercial bupropion
3x150mg to 450ER. PK modeling and simulation provide the context

needed to compare these two oral formulations. Steady-state simula-

of major depressive disorders. Initially, patients suffering from depres-
sion are commonly treated with lower doses and the daily dose is in-

creased until the desired therapeutic effect is observed. Bupropion
tions may provide insight into the steady-state PK of bupropion in pa-

tients receiving REF tablets (3x150 mg) and who may be switched to
the 450ER tablets (taken with food). One goal was to predict poten-
tial increases in steady-state C__ or AUC values which might indicate

hydrochloride was initially developed as an immediate release tablet
that was administered three-times per day. It was later developed into
a twice a day tablet (Wellbutrin SR®) followed by a once-daily tablet
(Wellbutrin XIL.®) (3-4). Patients receiving the once-per-day bupropion - 3 _ ' 3 3
product may require high daily doses; Bupropion HCl is approved for that patients would experience a higher risk of developing seizures.
a maximum daily dose of 450 mg. However, because the commercial

product is only available as 150 and 300 mg tablets, patients requiring Materials and Methods

450 mg have to take multiples of the available lower strength tablets.

Clinical studies
Bupropion hydrochloride 450 mg extended-release tablets (450ER),

was developed to allow patients to take one tablet as opposed to mul- Two single dose clinical studies form the basis of these simulations.
tiple tablets, hence eliminating the risk of an accidental dosing er- The first study (Study 1) was a three-way cross over study in healthy
rors. In a single dose, three-period, three-treatment, cross-over study, volunteers comparing Forfivo XLTM 450mg (Bupropion hydrochloride
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extended-release tablets, 450ER, Edgemont Pharmaceutical LLC, manu-
factured by Pillar5 Pharma Inc. in Ontario Canada) under fasting and fed
condition to Wellbutrin XL.® 3 x 150 mg (REF, Glaxo Smith Kline Inc.,
Manufactured by DSM Pharmaceutical Inc. North Carolina, USA) under
fasting condition only. This study was conducted on 36 healthy subjects.
The second study (Study 2) was a four-way cross over comparing these
same products both under fasting and fed conditions. This study was
conducted on 20 healthy subjects, except the fed portion of REF which
was conducted on 10 subjects. The protocols for both studies were re-
viewed and approved by investigational review boards. Bioanalyses for
both studies wete conducted using a validated LC/MS/MS procedure.

Steady State Simulations

Steady-state simulations were conducted to better understand the steady-
state PK of bupropion in patients receiving REF (3x150 mg) and who
may be switched to the 450ER tablets (taken with food). The goal was
to predict potential increases in C__or AUC_values which might indi-
cate that patients would experience a higher risk of developing seizures.

Single dose of REF data generated in the four-way crosso-
ver showed a delayed T _ and a lower C_ . This lower exposure
would support a safer product since the assumption is that sei-
zures are associated with elevated C_ . In keeping with this hypoth-
esis, the published seizure rate for bupropion sustained-release for-
mulations decreased to 0.1% at doses of up to 300 mg/day (4).

Steady-state plasma concentration versus time profiles were simulated
with the Nonparametric Superposition (NPS) feature within Win-
Nonlin® Pro (Pharsight Corporation, St. Louis, MO) using individual
single dose profiles obtained from the study 2. Steady-state plasma

concentration-time profiles were simulated for each individual subject.

In order to assess the effect of switching patients from REF 3x150mg
to 450ER, steady-state plasma concentration versus time profiles (after
8 daily doses) were simulated for each individual subject. These simu-
lations included additional points beyond the last 8th dose in order to
provide the concentrations 288 hrs.  Single dose profiles for 450ER
were simulated using NPS to allow manual superposition of these sin-
gle dose profiles (Day 9) with the steady-state profiles (Days 8 to 9).
Pharmacokinetic parameters were derived for each subject’s simu-
lated profile using noncompartmental modeling in WinNonlin Pro.

Treatment Assumptions

For the switch assessment (switching from REF 3x150mg to 450ER
on Day 9), it was assumed that REF steady-state was achieved
by the 8th daily dose. A visual assessment of Panel A in Fig-
ure 1A shows that steady-state was achieved by Days 3 or 4 vali-
dating the assumption of steady-state achievement by Day 8.

Biostatistical Evaluation
To assess the equivalence of treatments, particularly after switching
from REF 3x150 mg fasting to 450ER fed, 90% confidence intervals

of the geometric means of the individual ratios of the simulated C__
and AUC_ were calculated using the BE Wizard in WinNonlin Pro.

Results and Discussion

Figure 1A illustrates the mean concentration-time profiles for 450ER

Figure 1: Average simulated plasma bupropion concentrations after eight consecutive doses of each treatment (A) Aver-
age simulated steady-state plasma bupropion concentrations (B) and Simulated mean (SD) steady state plasma bupropion
concentrations after administration of REF (fasting) for 8 Days with switch to 450ER (fed) on day 9 (C)
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Mean Simulated Buproprion (ng/ml)

Time (hr)

Table 1: Summary Statistics for Simulated Steady-State Bupropion PK Parameters and Ln transformed steady-state

simulated bupropion data, Ratio (%o Ref) and 90% confidence intervals for AUC__and C__

450ER Fasting 450ER Fed REF Fasting
. ' | AUC . . AUC - T__(hr) | AUC
(ng/mL) | (hr) [ (hr*ng/mL) | (ng/mL) | (hr) (hr*ng/mL) | (ng/mL) (hr*ng/mL)
N 35 35 35 35 35 35 35 35 35
Mean 231 5.64 | 2140 249 10.99 2660 240 4.78 2170
SD 606.5 2.04 | 659 80.6 4.23 703 58.9 0.81 566
Min 103 3.03 | 862 102 0.00 1380 160 3.03 1230
Median 234 5.04 | 2290 257 11.90 2620 237 4.84 2140
Max 339 12.1 | 3290 441 24.00 4010 389 6.05 3330
CV% 28.8 36.1 |30.8 323 38.5 26.4 24.5 17.0 26.1
95% CI Lower | 208 4.94 11910 222 9.536 2420 220 4.50 1980
95% CI Upper | 254 6.341 | 2360 277 12.441 | 2900 261 5.062 2370
Dependent | Ref Test Ratio (% Ref) | CI 90 Lower | CI 90 Upper
450ER Fasting vs. | Ln(AUC) 7.6486 | 7.6144 |96.63 89.98 103.78
REF Fasting (hr*ng/mlL)
Ln(C_) 5.4538 | 5.3980 |94.58 86.00 104.01
(ng/ml)
450ER Fed vs. Ln(AUC) 7.6486 | 7.8505 |122.37 113.94 131.41
REF Fasting (ht*ng/mL)
Lan(C_ ) 54538 |5.4656 |101.19 92.02 111.28
(ng/ml)

(fasting), 450ER (fed) and REF (fed). The two fasting treatments
in this figure were nearly superimposable. This figure confirms that
bupropion steady-state is achieved before Day 8. Because the ex-
trapolated portions of the concentration-time curves are critical to
the superposition approach, the fits were assessed by comparing the
half lives derived from the nonparametric simulations with those de-
termined from the noncompartmental analyses of the single dose
data. The graphics provided in Figure 2 demonstrate excellent agree-
ment between these half lives and confirm that the superposition ap-
proach provides reasonable estimates of steady-state concentrations.

The mean (SD) graphs of the simulated steady-state concentration
time profiles for each of the three treatments are provided as Figure
1B. This figure illustrates that REF provides tighter control of plas-
ma concentrations with lower peak to trough fluctuations. Summary
statistics for the simulated steady-state C_ , T and AUC values are

max

provided in Table 1. Additionally Table 1 provides the corresponding
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90% confidence intervals of the In-transformed individual ratios of
C,.. and AUC_for 450ER (fed and fasting) relative to REF (fasting).
The point estimates and confidence intervals from the steady-state sim-
ulations were similar to those reported in the single dose study where
450ER (fasting) was equivalent to REF (fasting). The Test/Ref point
estimates for steady state AUC and C_ _ were 96.63% and 94.58%, re-
spectively. The Test/Ref point estimates from the single dose BE study
were 94.94% and 96.51%, respectively and confidence intervals fell with-
in 80.00% to 125.00%. For the 450ER (fed) to REF (fasting) compari-
son, steady-state C_ values were equivalent, but AUC was high, similar
to the single dose study. The Test Fed/Ref point estimates for steady
state AUC and C_ were 122.37% and 101.19%, respectively; the point
estimates from the single dose BE study were 124.89% and 101.41%,
respectively. The confidence intervals for simulated steady-state AUC
and C__ were 113.94% to 131.41% and 92.02% to 111.28%, respective-
ly. The similarity in the statistics serves to validate these simulations.
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Figure 2: Correlation of half lives derived using noncompartmental analysis of single dose data (Study 1), and nonpara-
metric simulations to derive predicted steady-state concentrations. Top, middle and bottom panels illustrate correlations for
450ER fasting, 450ER fed and REF fasting, respectively.
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Table 2: Summary Statistics for Simulated Bupropion PK Parameters for REF after 8 Days of dosing and for 450ER after
dosing on Day 9, and Ln transformed data. Ratio (%o Ref) and 90% confidence intervals for AUC,_ and C__

X

Day 8 = REF Fasting Day 9 = 450ER Fed
max max AUClast Cmax Tmax AUClast
(ng/mL) [ (hr) [ (hr*ng/mL) | (ng/mL) | (hr) | (hr*ng/mL)
N 35 35 35 35 35 35
Mean 240 4.8 2160 237 11.9 | 2200
SD 59.0 0.8 556 82.2 4.8 606
Min 160 3.0 1220 78.0 6.1 940
Median 238 5.0 2140 241 12.1 2130
Max 394 6.0 3320 435 241 | 3190
CV% 24.5 17.0 | 25.8 34.7 40.0 |27.6
95% CI Lower Mean | 220 4.5 1970 209 10.3 [ 1990
95% CI Upper Mean | 261 5.1 2350 265 13.6 | 2400
AUC__ = AUC_
Dependent Ref Test Ratio CI CI
(% Ref) | 90 Lower | 90 Upper
Ln(AUC ) 7.6444 | 7.6544 |101.01 90.36 112.90
(hr*ng/mL)
Lan(C_) 54534 [5.3981 |94.62 82.86 108.05
(ng/ml)
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Figure 3: Mean plasma concentrations of 450ER after administration of 450 mg as REF 3 x 150 mg tablets to healthy volun-
teers under fed and fasted conditions
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Table 3: Summary of statistical analysis (Study 2), REF (fed) vs REF (fasted), Bupropion, N=9

Ln-Transformed data
PK Least Squares Mean Geometric mean 90% Confidence | P-values Power of | ANOVA
Variable interval for product | ANOVA | % CV
effects
Ref-Fed | Ref-Fast | Ref-Fed | Ref-Fast | % Ratio | Lower and upper
limit
C . 5.43 5.513 228.15 247.77 92.08 64.6, 131.26 0.6727 0.1788 41.04
AUC =~ ]7.908 7.677 2718.01 |[2157.22 | 126.00 99.99, 158.76 0.1001 0.3526 26.15
AUC | 7.947 7.721 2825.71 | 2255.09 |125.30 100.1, 156.85 0.0987 0.3697 25.38
Non-Transformed Data
PK Least Squares Mean 90% Confidence interval P-values for Power of
Variable product effects [ ANOVA
Ref-Fed Ref-Fast | % Ratio | P-values for product effects
"~ 251.65 253.78 99.16 61.11, 137.22 0.9679 0.1391
AUC =~ |2851.12 2177.26 130.95 102.24, 157.76 0.0805 0.2083
AUC . [2957.68 2273.75 130.08 102.4,157.76 0.0785 0.2205
- 6.25 5.4 115.74 85.64, 145.84 0.3548 0.1938
Kel 0.0468 0.0465 100.51 90.2, 110.7 0.9270 0.8882
T, 19.34 17.84 108.40 95.93, 120.87 0.2424 0.7414

The point estimates and confidence intervals from this simulation, as list-
ed in Table 2, predict that both C_ _and AUC were bioequivalent. That is,
on the initial day when a patient is switched from REF (3 x 150 mg, while
fasting) to 450ER (450 mg with food), the predicted C  _and AUC values
will be bioequivalent. The Test/Ref point estimates for AUC and C__
were 101.01% and 94.62%, respectively; the confidence intervals for AUC
and C_ _were 90.36% to 112.90% and 82.86% to 108.05%, respectively.

Conclusion

The results show that the 90% confidence intervals for In-transformed
AUC_ and C__ values on Day 9 (after switching to 450ER) relative to day
8 (steady-state REF before switching) are within the 80 — 125 % bioequiv-
alence acceptance range. This predicts that switching from a steady-state
dosing regimen of 3x150 mg REF tablets to 450ER taken with food will

not result in significantly increased AUC or C_ _levels. These simulations
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support the equivalence of 450ER and REF and that a switch from REF
in patients who take the product in the fasting state to 450ER if taken with
food (the worst case scenario) does not significantly increase bupropion
exposure and therefore, does not expose patients to elevated risk of sei-
zures. When patients switch from REF to 450ER fasting, the two prod-
ucts would also be bioequivalent as demonstrated by the single-dose study.

Although the professional labeling for REF states that food did not af-
fect the C___or AUC of bupropion, data generated in the single dose
study demonstrated that there is a small food effect that is similar in
these two products (REF and 450ER). Observed C__ and AUC val-
ues are provided in Table 3. Figure 3 illustrates the mean bupropion
concentrations obtained after administration of REF when fasting or
after a standard FDA meal. The Test/Ref (Fed/Fasting) point esti-
mates for REF bupropion AUC and C__ were 125.30% and 92.08%,
respectively. In the most recent 450ER study (Study 1), the Fed/Fasting
bupropion point estimates for AUC and C__ were 124.89% and
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101.41%, respectively. ~ Thus, the extent of absorption for both
450ER and REF increases by 25% when the products are dosed
with food, relative to the fasting state. Given the safety experi-
ence with REF, this increase in exposure is not clinically relevant.
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