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[Abstract] High-barrier-to-entry generic drugs are difficult to make because of the relatively complex product design. Requirements of

specification and bioequivalence are difficult to meet if the product is not fully understood and controlled. Currently, the accessibility of high-

barrier-to-entry drug products in China’s market is low. However, the country's environment of encouraging innovation provides a good

opportunity for the pharmaceutical industry to increase the accessibility of such generic products. Generic metoprolol succinate extended release

(MPS ER) tablets are difficult to develop and manufacture. The formulation characteristics, technical challenges, regulatory requirements, and

development results for Novast’s FDA approved MPS ER tablet are summarized in this paper, serving as a case study for the development and

review of high-barrier-to-entry generics in China.
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Figure 1 Schematic diagram of metoprolol succinate

extended release tablet
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Figure 2 Tablet weight variation during compression of metoprolol succinate extended release tablets, 23.75 mg
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Table 2 Blend uniformity results of the final blend of metoprolol succinate extended release tablets at different

scales and strengths

23.75 mg
FME (%) 106. 2 103. 6 100. 7 103. 3
O — HORHAE (%) 108.5 108.9 103. 4 107. 1
/N (%) 103.3 96. 6 97.3 97.8
RSD (%) 1.7 4.6 1.8 2.7
FEIE ) 97.2 98.2 98.3 99.2
BRBE (%) 99.3 99. 5 100. 0 100. 1
O /N (%) 91.9 96. 6 96. 4 98. 2
RSD (%) 1.47 0.81 0.63 0.37
HPWPRIEZE (%) 1.18 0. 57 0. 63 0.38
I bREZE (%) 0.91 0.59 0.00 0. 00
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Table 3 In-process content uniformity results of metoprolol succinate extended release tablets at different scales

and strengths

FEIE %) 101.9 101. 6 99.5 100. 8
HANFRHEZE (%) ° 1.4 1.2 1.0 1.0
PR GIRRAEZ (%) 3.0 2.0 1.7 1.1
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FHME (%) 97.5 98.3 98.3 98. 6
HAtRfEZE (%) ° 1.0 0.7 0.4 0.6
T Ml AR IE AL K GIARRAEZ (%) ° 1.0 1.3 0.4 0.5
A 7, 3
ASTMESFE T £S5 (%) 88.2~111.8 89.0~111.0 85.4~114.6 86.0~114.0
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Table 4 Splitability results of Novast metoprolol succinate extended release tablets

AREFERRRAESKREETHEREEED R HAIHSEXRER
kel TR FRifE 23.75 mg 47.5 mg 95 mg
{XBR =10 KR =10 KR =10 KR =R
JERERE (%) <1.0 0.0 0.0 0.1 0.1 0.3 0.3 0.1 0.2
HTEREREL (B <3.0  -0.3~+0.3 —0.1~+0.1 -0.4~+0.2 0.0~+0.1 -0.8~+0.2 -0.1~0.0 0.0~+0.1 -0.1~0.0
;i fr CBF vs HBD >50 91 86 84 89 80 72 88 72
s o (%) 90.0~110.0 97.8 98.1 96. 8 96. 2
FrEcu AV <15.0 6.2 8.8 6.3 4.0
e (%) <1.0 0.0 0.0 0.1 0.1 0.2 0.1 0.1 0.1
BT EREBEL (B <3.0  -0.2~40.1 -0.4~0.0 -0.4~0.0 -0.5~-0.1 -0.2~0.0 -0.3~-0.1 -0.1~0.0 -0.1~0.1
fgﬁ o CBEF vs FBD >50 81 87 84 89 84 72 88 68
woE o (%) 90.0~110.0 97.1 98.5 96. 4 96. 1
RECU® gy <15.0 7.8 3.1 5.2 4.8
Tt RARFDAZER, P53 H BECUAS 75 Bk 24 1 R i 08 el e (G PR AR AT 5 5%
K5 FREFHAETIRABREREREBRF SERTRREMBHELLE

Table 5 In-vitro dissolution comparison between metoprolol succinate extended release tablets and powder blend

before compression at different production scales

BHERUET (f,, ERhvs £iEY)

47.5 mgERH

95 mgZERhH

190 mg ERH

HEMRE
23.75 mgEBH
AR R 66 72
AR A P it A 79 76

4.4 XBRIZSYTRIEENHE

HRAEBE AR S AT /R SR R BT HLE . R
AR R BEDRGE T2 IR I . R, i
T FL 2T G P D3 O B AR IO IR, B PR 2™ i
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Table 6 Blend uniformity results of the final blend of metoprolol succinate extended release tablets at different

extreme blending times

E8=m RAMHEATR ReamtEER
FHME (%) 99.7 98.9
BOREE ) 102.6 102.6
H/NEAE (%) 92.8 90.9
RSD (%) 2.83 3.53
HNRIEZE (%) 1.32 1. 47
AR (%) 2. 59 3.33

443 R R SR aE —ASE R BT
T AR AR N 2 R R T . A RO
A FIBR T AR 7 BB A BRLAAN, A e i A S 0 25
FeFEH R T, A R A RERA O 5 2 A v 28 RO
HIALAC AN 32 e 3 IR . FH i R4 i 19 1 g v 1l
WP 77 b Vst BE B SCRE o X BRI 24 M AN () 5 4 B
FATR EHCIE IR B R A T B 58 R IE B, AR
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F7 BEDHVRHBERZRERF47.5 mg5REHHEHHOERENERELBER

Table 7 In vivo bioequivalence results of Novast metoprolol succinate extended release tablets, 47.5 mg (vs Toprol-

XL, 47.5 mg)

BRI a5 RS HANGHESHLRER

LefE (%)

90%Cl ( % )

LbiE (%) 90%Cl ( % )

Crax 110. 54 103.76 ~ 117. 77 100. 62 93. 55~ 108. 23
AUCo- 91.93 86. 57 ~ 97. 62 93. 20 87.45~99. 32
AUCo- 91. 34 86. 11 ~ 96. 88 92.81 86. 93 ~99. 09

T G VEVREE; AUC: 24K BT ) il 25 R A

* 8 BIZHWIRMBEILZR/RER R 190 mg5FEHGIFIK A A EMEHELLBRER

Table 8 /n vivo bioequivalence results of Novast metoprolol succinate extended release tablets, 190 mg (vs Toprol-

XL, 190 mg)

BRI *m5RHHANSHZESHLRER

LefE (%)

90%Cl ( % )

PeE (%) 90%Cl ( % )

Crax 95. 25 89. 90 ~ 100. 91 98. 49 90. 82 ~ 106. 81
AUCo- 90. 63 85.93 ~ 95. 58 96. 22 91. 81 ~ 100. 84
AUCo- 92. 36 87.46 ~97. 55 96. 47 92.22~100.91
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Figure 3 Summary of the blend uniformity results of the final blend of metoprolol succinate extended release tablets

(commercial batches)
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Figure 4 Summary of the content uniformity results of the metoprolol succinate extended release tablets (commercial

batches)
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