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Fig. 3. Typical crystal shape observed for the amorphous NTR enantiomers and their solid dispersions: (a) without polymer, (b) 10% HPMC, (c) 10% HPMCP and (d) 10% PVP.
The left side of each micrograph was taken from the (—)-NTR samples, and the right side from the (+)-NTR samples. The bars in the micrographs correspond to 100 um.

4.6 mm x 250 mm ) with a mobile phase of n-hexane/ethanol = 10/1
(1 ml/min). Since NTR is a photo sensitive compound, NTR samples
were handled under dim light (<120 1x).

2.2. Determination of the overall crystallization rate of
amorphous NTR enantiomers

Amorphous solid dispersions of the NTR enantiomers were
prepared by melt-quenching drug-polymer mixtures. One NTR
enantiomer and a polymer were initially dissolved in a solvent that
was suitable for both components. Ethanol/acetone (1:1) was used
for the NTR-HPMC and NTR-HPMCP combinations, and ethanol
was used for the NTR-PVP combination. Next, the solvent was
rotary-evaporated to obtain a homogeneous drug-polymer mix-
ture. Approximately 4 mg of the pulverized mixture was weighed
into an aluminum pan for DSC, and was kept at around 180 °Cin the
cell of a DSC (DSC2920, TA Instruments) for approximately 2 min
under dry nitrogen gas flow (30 ml/min). The melted sample was
transferred to a desiccator containing phosphorus pentoxide, and
the desiccator was stored at a constant temperature of 30-70 C. For
the pure NTR enantiomer, the resolved enantiomer crystal (4 mg)
was melt-quenched as described above to obtain an amorphous
sample.

After certain periods of time, the change in heat capacity (ACp)
at Tg was measured for the stored amorphous samples by DSC at a
heating rate of 20 °C/min. The amount of amorphous drug remain-
ing in the sample at time t, x(t), was calculated according to Eq.

(1):

ACpt
ACw

X(t) = (1)

where ACp: and ACy are the AG, values at time t and initially,
respectively. The time required for 10% of the amorphous NTR to
crystallize (tgg) was estimated as an indicator of the crystallization
tendency. The time-profiles of x(t) were analyzed according to the

Avrami equation (Eq. (2), n=3) to calculate tgg:
x(t) = exp[-kt"] (2)

where k is the crystallization rate constant and n is the Avrami
index. HPLC analysis of stored NTR samples showed no evidence of
degradation during melt-quenching and subsequent storage.

2.3. Determination of nucleation rate and crystal growth rate of
NTR enantiomer

The nucleation rate and the crystal growth rate were determined
for samples prepared in a space between two glass disks separated
by a stainless steel ring. The NTR enantiomer-polymer mixture,
which was described above, or the crystalline NTR enantiomer
(1.5-2mg) was placed on a clean glass disk (thickness: 0.12 mm,
diameter: 16 mm) and heated at 180°C in the DSC with a stainless
steel ring (inner diameter: 6 mm, thickness: 20 wm) as a spacer.
After the sample had melted completely, it was covered with
another glass disk (thickness: 0.12mm, diameter: 12 mm) to yield
an amorphous layer between the glasses. Attention was paid to
ensure that the layer was free of bubbles. For measurements at tem-
peratures above 40 °C, the sample was stored in the chamber of a
heating/cooling stage for microscopy (THMS600, Linkam Scientific
Instruments), which had been adjusted to a prescribed temper-
ature in advance. The moisture in the chamber was removed by
purging with dry nitrogen gas for 10-15 min. Microscopic images
of the sample were recorded at appropriate time intervals by a digi-
tal camera (DXM1200F, Nikon Corporation) attached to a polarized
light microscope (ECLIPSE E600 POL, Nikon Corporation) witha 10x
objective lens. In order to minimize possible photo degradation
of NTR by the polarized light, the light source of the microscope
was shut off when images were not recorded. For measurements
at 30¢<C, the samples were stored at 30°C in desiccators contain-
ing phosphorous pentoxide. After an appropriate period of storage,
microscopic images of the sample were recorded, and the sample
was again stored at 30°C in a dry state.
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2.3.1. Measurement of nucleation rate

The nucleation rate of the NTR enantiomers was estimated from
time-profiles of nucleation site density determined from micro-
scopicimages of the stored samples. Nucleation site density per unit
volume was calculated from the number of nucleation sites per unit
area and the depth of field of the lens used for data collection. The
depth of field was calculated to be 8.46 um from the wavelength of
the light (546 nm) and the numerical aperture of the lens (0.25). For
samples with more than a dozen nucleation sites per fixed field at
the end of the observation period, nucleation sites were counted in
one fixed field. For samples with less than a dozen nucleation sites
per field near the end of the observation period, and those stored at
30 °C, nucleation sites were counted for 12 individual areas in one
sample, and the average value from the 12 individual images was
regarded as the number of nucleation sites per field. The nucleation
rate was obtained from the slope of time-profiles of the number of
nucleation sites per unit volume (nucleation site density) at steady
state. In cases showing preferential nucleation and growth at the
sample periphery, these sites were not included in the analysis. The
reported nucleation rates were average values of those obtained for
at least three samples prepared separately.

2.3.2. Measurement of crystal growth rate

The crystal growth rates at temperatures above 40°C were
measured concurrently with the nucleation rate measurements as
described above. The measurements at 30 °C were carried out using
samples that showed more than a dozen nucleation sites per one
field after a few months of storage in desiccators containing phos-
phorous pentoxide. The sample was placed in the chamber of the
heating/cooling stage controlled at 30°C, and the growth of crys-
tals was observed in a fixed field. The radius of each crystal was
estimated from a circular approximation by using Lumina Vision
software (Mitani Co.). The average crystal growth rate was calcu-
lated from the increase in the radius as a function of time based on
observations of at least 20 crystals.

24. FT-IR

FI-IR spectra were collected using a FT/IR-6300 (JASCO Cor-
poration) by the KBr method at ambient room temperature.
Transmission spectra were obtained for KBr disks containing
1-1.5% sample at a resolution of 0.4cm~! within the range of
4000-400 cm~'. An accumulation of 128-256 scans was acquired
for each disk.

3. Results

3.1. Effects of polymers on the overall crystallization rates of NTR
enantiomers in solid dispersions

No significant differences in the melting point (158 <C), T¢ (33 °C)
and AG, at Ty (0.40]/g/K) were observed between (—)-NTR and (+)-
NTR. Table 1 shows the T values of amorphous solid dispersions
of (=)-NTR and (+)-NTR. There appeared to be no significant dif-
ference in the Ty values between the two. The solid dispersions
containing HPMC (10-20%) and 5% PVP showed T values similar
to that of each NTR enantiomer alone. Ty values for solid disper-
sions containing 10% PVP were slightly higher than that of each NTR
enantiomer alone, whereas solid dispersions containing HPMCP
(10-20%) exhibited Tg values slightly lower than that of each NTR
enantiomer alone.

Fig. 2 shows time-profiles of overall crystallization of NTR
enantiomers at 60 <C. No significant differences in the overall crys-
tallization profiles were observed between (—)-NTR and (+)-NTR
without polymer (Fig. 2(a)), and between (—)-NTR and (+)-NTR in

Table 1
Tg of pure NTR enantiomers and their solid dispersions with a polymer.
Polymer Polymer Tg? [=C]
content %)
(=)-NTR (+)-NTR
None 0 332401 331402
HPMC 10 33110 33.0+£07
20 331408 33.0 £ 0.7
HPMCP 10 312 +0.7 31.0+ 04
20 30.8 +1.2 30.5 + 0.9
PVP 5 33.0+0.2 331 +0.2
10 363+12 362+ 0.8

3 Average + standard deviation (n=3).

solid dispersions containing 10% PVP (Fig. 2(b)). In contrast, differ-
ences in time-profiles between the enantiomers were observed for
solid dispersions containing 10% HPMC or HPMCP: (+)-NTR crys-
tallized more slowly than (—)-NTR, as shown in Fig. 2(c) and (d).
Table 2 shows the tgg values for the amorphous NTR enantiomers
obtained for NTR alone and NTR in the solid dispersions. The tgg
values for (—)-NTR without polymer and those of solid dispersions
containing 5-10% PVP were almost the same as the tgo values for
(+)-NTR without polymer and those of solid dispersions containing
5-10%PVP, respectively, at the temperatures studied. The tgg values
at 50 and 60 °C for (+)-NTR were 1.5-2.0 times longer than that for
(=)-NTR in solid dispersions containing 10-20% HPMC or HPMCP.
At 40 °C, however, any difference between the enantiomers was not
clear.

3.2. Effects of polymers on the nucleation rate and crystal growth
rate

Fig. 3 shows the typical micrographs of NTR crystals grown from
amorphous pure enantiomers and their solid dispersions with a
polymer. The recrystallized NTR enantiomers without polymers
showed a melting point of 158 *C, suggesting the same crystal form
as the originally resolved stable one. The melting point of the sam-
ples containing 10% HPMC, HPMCP and PVP was approximately
151°Cin all cases, regardless of the various crystal shapes shown
in Fig. 3. The difference from the melting point of the pure enan-
tiomers would have been due to melting point depression by the

Table 2
too for NTR enantiomers with and without polymer.
Temperature  Polymer (%] tgo? [h]
[q
(=)}FNTR (+)-NTR
40 None 0 41 1) 41 (1)
HPMC 10 230, 240° 230, 230
HPMCP 10 49 (1) 49 (1)
50 None 0 5.7 (0.2) 5.7 (0.1)
PVP 10 250 (10) 240 (4)
HPMC 10 17 (04) 25 (0.1)
HPMCP 10 6.1 (0.3) 11 (0.3)
60 None 0 1.1 (0.1) 1.1 (0.1)
PVP 5 35 (0.1) 36 (0.1)
10 25+3¢ 25+3¢
HPMC 10 3.8,4.1° 6.7,6.9%
20 8.7 (0.3) 15 (0.4)
HPMCP 10 1.5+£02¢ 2.7+0.3°
20, 3.2 (0.1) 64 (02)

2 The values in parentheses are standard error estimated from single experiments
using Origin 8.1 software (Lightstone Corp.).

b Results with two values represent the results obtained from duplicate experi-
ments using separately prepared samples.

¢ Mean + standard deviation (n=3).
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Fig. 4. Time profiles of the number of nucleation sites per field of view for (+)-NTR
at 50°C (O), 60°C (x) and 70°C (A). The dotted lines show the linear regression at
steady state.

added polymers, as the melting point fell gradually with increasing
polymer content (data not shown). The data suggested that differ-
ences in crystal habit, rather than polymorphism, might have been
responsible for the differences in crystal shape among the solid
dispersions.

Fig. 4 shows the typical time-profiles of the nucleation of amor-
phous NTR enantiomer stored at various temperatures. The lower
the storage temperature, the longer the period required before
the first crystal was observed. The nucleation rates at steady state
were obtained from the slope of the lines in Fig. 4, and these
were plotted against storage temperature (Fig. 5). As expected from
the similar overall crystallization profiles of the NTR enantiomers
(Fig. 2(a) and (b)), no significant difference in the nucleation rates
between (—)-NTR and (+)-NTR was observed for amorphous NTR
alone and the solid dispersions containing PVP within the temper-
ature range studied (Fig. 5(a)). In contrast, the nucleation rates of
(+)-NTR were lower than those of (—)-NTR in the solid dispersions
containing HPMC and HPMCP (Fig. 5(b)) within the temperature
range of 50-70°C. At 40<C, however, the differences in the rates
between (—)-NTR and (+)-NTR were not pronounced. These results
were consistent with the tgg values of the enantiomers shown in
Table 2.

Fig. 6 shows the typical time-profiles of the NTR crystal growth
at 60°C. Crystal radius increased linearly with time, and the growth
rate was estimated from linear regression of the plots. The higher
the temperature, the faster the crystals grew within the tempera-
ture range studied (Fig. 7). In contrast to the nucleation rates, no
significant growth rate differences between the NTR enantiomers
were observed, irrespective of the absence or presence of any poly-
mer.

3.3. FT-IR

FT-IR spectra (4000-400cm~') of (—)-NTR and (+)-NTR were
indistinguishable from one another for both the amorphous and
the crystalline forms. Similarly, the FT-IR spectra of amorphous
solid dispersions were almost the same for (—)-NTR and (+)-NTR
with any polymer. Fig. 8 shows the spectra for crystalline (- )-NTR
(dotted line in Fig. 8 (a)), NTR solid dispersions containing 25-75%
HPMC and HPMC alone (dotted line in Fig. 8 (c)) in the range of
1800-1550 cm™!, corresponding to C=0 stretching region of NTR.
Spectra with and without an asterisk represent that of (—)-NTR
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Fig. 5. Plots of nucleation rate as a function of temperature. Error bars represent
standard deviation for at least triplicate experiments. (a) 4, A: without polymer, O,
®: 10% PVP and (b) O, m: 10% HPMC, ¢, 4: 10% HPMCP. Open symbols represent
(—)-NTR and solid symbols represent (+)-NTR.
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Fig. 6. Typical time profiles of the radius of NTR crystals in (+)-NTR alone (a), and
solid dispersions with 10% HPMC (m), 10% HPMCP () and 10% PVP (®) at 60°C.



116 T. Miyazaki et al. / International Journal of Pharmaceutics 407 (2011) 111-118

-6
(@)
el i,
7 2
E 8 @
= -10 F
£ ]
©
8 2 é ' :
= 6
g |
._§ O
-8
: ;
5 g
% -10
%) n
-12 . .

20 40 60 80
Temperature (°C)

Fig. 7. Temperature dependence of crystal growth rate of NTR enantiomers. Error
bars represent standard deviation for at least triplicate experiments. (a) A, a: with-
out polymer; O, ®: 10%PVPand (b) O, ®: 10% HPMC; 0, 4: 10% HPMCP. Open symbols
represent (—)-NTR and solid symbols represent (+)-NTR.

and (+)-NTR, respectively. Despite its vicinity to the asymmetric
carbon, carbonyl group of (—)-NTR and (+)-NTR showed same
spectra even in the presence of HPMC. Likewise, no difference
in spectra between solid dispersions of (—)-NTR and (+)-NTR
containing HPMCP was observed (data not shown).

Fig. 9 shows the spectra in the range of 3650-3150 cm~?, cor-
responding to NH stretching vibrations of nifedipine derivatives
(Konno and Taylor, 2006), where the changes in peak position
were obvious upon mixing with polymers as solid dispersions.
There were also no obvious differences in the spectra between the
two enantiomers. The peak around 3350 cm~! was assigned to the
NH stretching vibration that was expected to be involved in the
hydrogen bonding between the drug and a polymer. The peak posi-
tion was shifted from 3360cm~"! to 3337 cm~! by amorphization,
and additionally shifted to 3291 ¢cm~" in the presence of 50% PVP
(Figs.9(b)and 10). On the other hand, for solid dispersions prepared
with HPMC and HPMCP, the peak position showed a degree of shift
to a higher wavenumber (Figs. 9(c) and (d) and 10). The peak posi-
tion for solid dispersions with 75% HPMCP was nearly equal to that
of the pure NTR crystals. These changes in peak position showed
the same tendency for both (+)-NTR and (—)-NTR.

4. Discussion

The overall crystallization of (—)-NTR proceeded faster than that
of (+)-NTR in solid dispersions with HPMC or HPMCP (Fig. 2(c)
and (d)), while that for solid dispersions with PVP proceeded at
almost the same rate, regardless of NTR chirality (Fig. 2(b)). The
nucleation rates of (—)-NTR were greater than those of (+)-NTR
in solid dispersions with HPMC or HPMCP at 50-70°C (Fig. 5(b)),
while no difference in nucleation rates between the NTR enan-
tiomers was observed for solid dispersions with PVP (Fig. 5(a)). The
Tg values for samples using (—)-NTR or (+)-NTR were almost the
same (Table 1), suggesting that the differences in the overall crys-
tallization profiles and nucleation rates between the enantiomers
are not due to differences in molecular mobility between (—)-NTR
and (+)-NTR in solid dispersions with HPMC or HPMCP. The dif-
ference in physical stability between the two enantiomers may be
explained by the difference in strength of NTR-polymer interac-
tion between them. The results obtained from FT-IR measurements
indicate that PVP interacts with NTR through hydrogen bonding at
the NH moiety of NTR (Figs. 9 and 10). Almost the same degrees of
shift in wavenumber for NH stretching suggest a similar strength
of hydrogen bond interaction for (—)-NTR and (+)-NTR. PVP poly-
mer chains possess an asymmetric carbon in a monomer unit, and
are composed of monomer units with an equal ratio of R and S
configurations. Therefore, (—)-NTR and (+)-NTR are considered to
interact with PVP through hydrogen bonds of the same strength and
number, resulting in a similar degree of physical stability between
(=)-NTR and (+)-NTR. In contrast, HPMC and HPMCP are cellulose
derivatives that are polymers of optically active D-glucose, and thus
are expected to interact differently (strength and/or number) with
NTR enantiomers, resulting in the difference in physical stability
between (—)-NTR and (+)-NTR, although differences in interaction
were not detectable by FT-IR. At 40 “C, however, the differences in
physical stability between the enantiomers with HPMC or HPMCP
were not remarkable (Table 2, Fig. 5). We do not have a satisfactory
explanation for the loss of the difference in stabilization by HPMC
and HPMCP. However, one possible explanation is as follows: The
temperature dependence of the nucleation rate exhibits a maxi-
mum just above Tg because the nucleation rate is influenced by both
molecular mobility and thermodynamic factors; an increase of tem-
perature increases the molecular mobility, and thus the nucleation
rate, whereas nucleation is thermodynamically favored at lower
temperatures. A barrier due to molecular mobility is considered to
play a predominant role in nucleation within the temperature range
below the maximum point (Hancock and Zografi, 1997; Andronis
and Zografi, 2000). Therefore, loss of the difference in physical
stability between the enantiomers at 40 °C may be due to the pre-
dominant contribution of molecular mobility, since the molecular
mobility is suggested to be similar for (—)-NTR and (+)-NTR in solid
dispersions, as indicated by the T values (Table 1). However, phys-
ical stability data at temperatures below 40 °C, which are difficult
to obtain within the commonly used experimental time scale, are
needed in order to support this speculation.

In contrast to the nucleation rates, no significant difference
in the crystal growth rates between the NTR enantiomers was
observed for solid dispersions with HPMC or HPMCP (Fig. 7). The
crystal growth rates for solid dispersions with HPMC or HPMCP
were similar to those for each NTR enantiomer alone, indicating
that the effects of HPMC and HPMCP on the crystal growth rate
were small. This might be one of the reasons why differences in
the crystal growth rate between the NTR enantiomers could not be
detected in solid dispersions with HPMC or HPMCP.

It may be worth to note that PVP decreased the crystal growth
rate of NTR enantiomers more than HPMC and HPMCP at all the
temperatures studied (Fig. 7). On the other hand, PVP did not always
decrease the nucleation rate of NTR more effectively than HPMC or
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Fig. 8. FT-IR spectra of crystalline (—)-NTR, solid dispersions of NTR enantiomer containing HPMC, and HPMC alone. HPMC content was (a) 25% (b) 50%, and (c)75%. Dotted
line in (a) represents the spectrum for crystalline (—)-NTR, and dotted line in (c) represents the spectrum for HPMC alone. The spectra with an asterisk are those of (—)-NTR.

HPMCP. For example, the nucleation rate of NTR at 60°C was fol-
lowing order; (—)-NTR, (+)-NTR = (- )-NTR-HPMCP > (—)-NTR-PVP,
(+)-NTR-PVP > (—)-NTR-HPMC > (+)-NTR-HPMC, (+)-NTR-HPMCP
(Fig. 5). PVP seems to decrease the crystal growth rate more effec-
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Fig. 9. FT-IR spectra of (a) crystalline and amorphous NTR enantiomers, and their
amorphous solid dispersions with (b) PVP, (c) HPMC and (d) HPMCP. Percentages
represent the weight percentage of polymer in the solid dispersions. The spectra
with an asterisk are those of (—)-NTR.
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Fig. 10. Changes in FT-IR peak position showing the NH stretching region. +: (-)-
NTR without polymer (crystalline); x: (+)-NTR without polymer (crystalline); 4, a:
without polymer (amorphous); O, B: HPMC; ¢, 4: HPMCP; O, ®: PVP. Open symbols
represent (—)-NTR and solid symbols represent (+)-NTR.

tively than the nucleation rate of NTR, whereas HPMC and HPMCP
decrease only the nucleation rate of NTR. The reason for the dif-
ferent stabilizing effects of the polymers for the nucleation and
crystal growth of NTR is not clear. The growth rate of NTR may
only be decreased by strong interactions such as hydrogen bonding
between NTR and PVP, which is detectable by FT-IR (Figs. 9 and 10).
Weak drug-polymer interactions, which are not detectable by FT-
IR, may decrease the nucleation rate of NTR, as well as hydrogen
bond interactions between drug and polymer.

5. Conclusions

Using NTR enantiomers as model drugs, the effects of stere-
oselective drug-polymer interaction on the crystallization rate of
amorphous solid dispersions were elucidated. The chiral polymers,
HPMC and HPMCP, retarded the crystallization of (+)-NTR more
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effectively than that of (—)-NTR. The difference in physical stability
at 50-70°C would be due to stereoselective interaction. Stereose-
lective interaction affected the nucleation process more markedly
than the crystal growth process. Since the stereoselective interac-
tion between NTR enantiomers and HPMC or HPMCP would have
been relatively weak, the impact of the interaction on the physical
stability of amorphous NTR solid dispersions was obscure at room
temperature.
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Development Status and Evaluation of Follow-on Biologics
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Summary : Biopharmaceuticals, developed and produced using biotechnology, have a successful record
in treating many life-threatening and chronic disease. However, their cost has often been high, thereby
limiting their access to patients. The recent pending patent expirations and / or data protection for a number
of biopharmaceuticals have prompted the development of alternative versions of biologic products, referred
to as follow-onbiologics, biosimilars, etc., depending on the country. Since the first application of the follow-
on biologics, Omnitrope, to the EU for the registration in 2003, the discussion whether these products
could be evaluated in the same way as the smallmolecule generics started. The follow-on biologics are new
biopharmaceutical agents that are “similar” but not identical to a reference biopharmaceutical product. The
quality of biopharmaceuticals is closely related to the manufacturing process, which cannot be duplicated
by the different manufacturers. Therefore, it has been concluded that the followon biologics are unique
molecules and are not generic versions of the innovator biopharmaceuticals. In this paper, the development
and the regulatory framework of the follow-on biologics in the EU, US, Canada and the other countries
are reported, first. Second, the difference between the followon biologics and small'molecule generics in
the evaluation is described. Third, the basic principles of the evaluation underlying the Japanese guideline
of the follow-on biologics put in force in March of 2009 are summarized. Forth, the issues concerning the
evaluation of the follow-on biologics, which should be dissolved, are discussed.

Key words : biotechnology-derived drug, follow-on biclogics, biosimilar, comparability, generics
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£ KR HiER BRZE R B kB BE
Glucagon ' GlucaGen Novo Nordisk S qgea i
Hyaluronidase - Amphadase Amphastar = 2004 -
Hyaluronidase .~ Hydase . PrimaPharm = 20050
Hyaluronidase _Hylenex ~ Halozyme Therap = 2005 -
Calcitonin - Fortical Upsher Smith = 2005 -

Somaf:ropin Genotropin Somatropin BS Sandoz Sandéz = - 2009
Somatropin Humatrope Valtropin BioPartners, LG Life 2006 2007 =
Epoetin aifa Eprex/Erypo Binoorit Sandoz 2007 - =
Epoetin alfa Eprex/Erypo Epoetin alfa Hexal Hexal Biotech 2007 - -
Epoetin alfa Eprex/Erypo Abseamed Medicine Arzneimittel 2007 = =
Epoetin zeta Eprex/Erypo Silapo Stada Arzneimittel 2007 - =
Epoetin zeta Eprex/Erypo Retacrit Hospira 2007 - -
Epoetin kappa Espo Epoetin alfa BS JCR JCR - - 2010
Filgrastim Neupogen Tevagrastim Teva Generics 2008 - -
Filgrastim Neupogen Ratiograstim Rationpharm 2008 - -
Filgrastim Neupogen Biograstim CT Arzneimittel 2008 - =
Filgrastim Neupogen Filgrastim Ratiopharm Ratiopharm 2008 - =
Filgrastim Neupogen Zarzio Sandoz 2009 - -
Filgrastim Neupogen Filgrastim Hexal Hexal Biotech 2009 - -
Filgrastim Neupogen Nivestim Hospira 2010 - -
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A2 ORE LA RSN ORISR, &
FOWBREIZET. & 512, N- K% C- KifHHE «
M E N BRSO 2 A8 Mm%, MY 3y
BRlok) BHFREBH LY FERELTT
ARG OEE Figd) 2zl A—EoERTS
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BLzah, BRRMRICEETI IR N7E
DEMFEHEOAUBIILTLOIES TIERL, /2%
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DFERIZLTLRA—EEZRIET 2 HOTE RV, L
T2 TE L O34 FEfEmTIEERE BRI
DE—%] OFMTIER L, TEHES OB
DFHE 5.

PEDBEFEIZLD, AL FHERICOVWTE, A
PEAPR—FICER &N YR )y 7" kv
IBEEEROBKHEZYTIELRL, BRNTE
Similar Biological Medicinal Products ( B #5 i
Biosimilar /3 { #+ ¥ 3 5 —), RETid Followon
Biologics & v ) HARA SN, EPEIBWT
N F thba” DA S
(3-2-2) FHEMDOWERR :

EREEGEHRERSE T, EEHEHEN
Bub0THRMPYN Y —VIZERDL. ZITRRER
EBRREROTMP Ny — v L2 REEL, D)E—FH
PIZoWTIEIBERICBIIA2EBRIAREERIUT
THHrI L QAT MMOEENLREELLEL
DBFE. HEVIEH LRI EE TN T BHE
. ICHF#MM A A K54 v 910l R#ETR
EECEEN W LAY 5. BIbRE5ED»L
HETRERMY), WERTTXETMY, S5I1C
JEEERRABRIC X Y B2 AT R E T ORED
BRI, BONALKRICEDE, FETEIRERE
RRETAH ZOL)RHETREUENHERTES
ETAERICE, LEEAREEROBE, RENE
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Fig.3 IVZ2ORIF>DiEE

BF— 2 WL VB EPORYLFETEVEET
X IZhrRBERBETHIEILAEOHEIER
RF— 710> TREVTFHEITREEZEZLNSZ
itk s,

—HEL DN, FHEBERIIBVWTD, FTENE
HHEEERERMY Ny — 2 RBT A IR
3. ZOFHEEET, #REGOR—TFHYEES
BAERHEG L WV ARTNERELZ Y. LALLM F
BRGOEE, BREERICLVH/- 2D, &
B R E (Fig.2 2R) R0 AW o Z &M O
EEREHLVEFEBEBRT— 70 oHBRTHI LI
ML <, ICHRMMAA K4 v OWEIIZRAD
»5. Bb, & @EEEROTLMEFMEIC
WTIid, REEMZ EBEFETLITEE DY, &
LW FBREN W AR LTIVEELZRDLZ L
BRI RETH L. T S U2 ETHD
HRECHET M oEYER ITEEEE Y
R AEEEDH Y. T oz H V7 ERBIAY 2 JERR
RESHRRT — 7 ZBZIC L L bR, LS
2T, N FEEGKOGE, T nREEDRE
WRERRRERT— 7ICL b 2AMKEL, HK
HERIZ X 2REMORR R LTRL2UERIAT S
ZEIZREEE 2 L.

(3-2-3) BEFINREM :
— I LR RERRBA TIX, 67 ADMER

S S

N
E

A-L-G-Q-W -V -E-V-A-Q-Q-GV -E-M-R-K-W-A-Y-F-NV-K-T-D-P-V-TK__D

L

L

: L

EA-V -L-R-G-Q-A-L-L- -$-Q-P-W-E-P-L-Q-L-H-V-D- K-A-V-§-G-L-R-S-L

T

D-A-T-I-T-R-L-P-A-AW-A-D-P-P-S-I-A-E -K-Q-A-G-L-A-R-L-L

D N-linked glycans

@D O-linked glycans

TYZXORIF U IRABMNERES N IETHY, 165BDTI/BHSEY, 3020
N- EATINESE (FRISSXURATEHE) &1 20 0-HEAREHE (L F HBETEH)
PHEE TS, EEEEIREARMIEICEAY, EAERAIY IAORIFOHEHO
IYZXAORIFURFINTFNTHEEICEIZHEIF 5. S5 ICHERBEREFESIED
DLEATHAEMLET DS, FEEEEERI I ORI F L OBAERE, FREEORE
BILHEBTS, LN -T, BEBHEE Yy TO—FEk%2EEC LTRETEE1T).
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BR(ERELEM L) BR SEBTORR) 77 TR
EEVERINIE, BEORESGTIEMIIR
FLHEETEHLEINTEY, ERMICIHRREESE
WTI, 67 AOMBREBRT -y THELENTw
ZWEY UL, ¥ EBEESTRINER
BR7F—y3HLETEBEF-5THY. AHHBD
REICRERERHE, ERELBOMMEILETH
7915).

(3-2-4) HFEDEMENRE S :

{LF AR ERERTIIMEHBLTOERRS DBE
AR THBHI L L ) EYZHNTELRT I LA
TX%. Lo THRBMAICRNEHh, €515
HLTERTAEERRTIE, BRGSO/ A4+ 7~
ASEYF4—DORERERTILE o TEYE
WRZLLTAZENTES. Y LBERRET
HHEER S OBRRBESFNL, HEHLZBICLF
WHEIHHTALARTIENTELDTHEEE
MENRSEERBRILEL Shin

—F, N FHEBERICBVTIE, TRERRTE
DERES DO —EDBIH T3 R L, BRRSHE
— W) RHRTHMET 2 2 WBRIP R 2. T
DI OBFERNEFTOBRINIENZVELTY, RS
i, R, BHECREVSHIMERED D LD, 2
L RAEBRAZEESHITH o THBEEIIBAEYE)
# PKOHBIINETHS. S612, EE~OEH
. ERSMMTOBEWCMAT, EWEEICLKRE
T 270, MHPEHBOREEDAE S o TEWER
WIHELHBTEZWRE LSV, L2hoT, &
ER 2T R ZEIEOREY - —FRET
XABFICBVTIE, BMRESIZPDHBICIAH
#, »5VIIPK 7 PDORBIFEYENRASEREE
HRATHLETEEICR L. 72U, BYRRBY—
H—DRETELNL T HEMIBOENTED, F
WM E R T HIIIERRA R X 52T
oW r—AN%L 25,

234 F R OEYFEATEFEE S 512N
ZHDITAERL LT REeU~OFEIIETA
GIRBEEOFMOEE S AHIToNs. {LEERE
ERBEBLROEYFHIRSEFMBVTIE, BF

WEs) f:721, BEEELEROBFELET, KiHE
WHENIIRARER AR T I L L ENTW A,

REBRSCERT BEWER R BT 587 A —
¥ L LT, BRRS (B L ORBY) ol k%
WAHZET, BHRAICHETAEMEL & IR
EUANOBEBLEEMIEHEL -2 L% b. T
(B2-2) 1288 L7z & 9 W ARF Bk 2B E1EM
MRS UL, MAOREREFML- L 2RE 2,
L Ly vy BREESOBE, AHRSODT
P BET LR EREORRAE2Y, AEER%
RYWMREMYDH 2. T-ICABEOBNWEREY
BdH VIR ORERE, H2VIRERER
BB AMERIC L o CTHAEERPRND L b E L
bha. Lal, Tho@EEYERERERCET
S THWRECFHIL S 2 HERBRTEZ V. Lo
5T, A A HBROREBRFMIB VT, RER
HOFMEDOPSIIR X 2EL 25,

(3-2-5) SLEMO—TE M

NA FEEFOBEED— BT ET 5 EARR
AL ARERS LEVIR L. EYREES X
CRBEORE BEMBOBEEL &MY 2 5k
EHEOERICE ) —EHOREZTH. LirL, B
FEWT TG 7Ry 7 ALV LEYHEZ W,
2HIEPESBITEEELONEL, WEO—E
PEDHARIC B 72 » TIERETF B R AR O FFE
VAT 7 OFET, EWHEEROREEFME
U AN ARSHFEMYE LEAREERLIZR
2 B MDA BHETSH B,

PED X, " AEERBROGERED:
DI, FHOBMSIIRABETH 555 FMOBEICK
ERBVPEL LD, N4 T HEREMIIBWTIL,
METEORE, BIXUmMAPEEOLEICMAT, %
{7 —ATHER, BRARCL2ASE AE
% 54l comparability exercise 28 EIZ R 5. 7272 L,
BSOS ERER B R EIC L o THRA 2D
HrILys, MSE/ NEEEZTRTZODORRD
HAsbE LEEIX, BROFEIELTr—AN
A —=ZHWTAD0REEMEEZEIONS.
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4, BHAEICH T B\ FEBERORMIES JURG

ERo X ) RREoOH, FAEEICBWTHHED
B2 ME N T EEGRVREITEITET
BY, B2 T ERESGE LT 200KREALH 5
(Fig1B). #IfE T, N A BERTAF
FA4 vOEBEE D HEA. 2000 3 AICAREN
729 HA FS54 Y I22n TRV DD OBEIL
HENTBYED -l Iohf FI4 v
LN ZINAERZFEILDDICLLEDD.

FAEIZBT 551 T HELFEOZ X FI1T, %
REZIERMN & AETH 5. 4 T REROFEEE
FIERNAAEESIEY L ARk B RS
EriELLET, ERERLASOLXVORE
BT -y, BB X URBREL O IIIERRLR
NAFERESE ORSENE/ REEFM7T— 45 2R
H, KEEEL2IFTAHALPLELINSL. N F
BRADEER, ZLOERIIBTIMFEENL
BRI X 2 AW R IR SRR DN O BR R 7 — ¥
RLBELFEENLOT, [HER] LvHRHI
HEHETIC, FDALEKEZ=27 v A& LT [N
A4 #ER] EHwWAZLELL F7, TEER
DEERTD 2D DERBEHBEOID H 2D\
TIP%YEFTL, HEYRSEHERRLBRREE

R (LEENTIE [ZOMOERS] 1) L bR
Bofe, 24T BEERAORAVHICHET LN
722 (Fig4)

(4—1) HARSALICBIBNA A EFERE R
WA A BB FF4 TR 1 T HEERZ

BTOLdICERLTVA.

(VDEATERCHEORTEFEHEME LTHRRS
N4 577 7ud—IcHEERKENAF
Es#S) L R%E /REnRYE, etk FxEz
ETHAEERELT, BrHERREHFICE
D BEE SN BN,

(2 —fRICHE, REVRRUEHHIIOVT, L3
NAFTERRZHBE LEBERBRICEON
eSS RAEEERT TS HICEOERE
ENBERR

Wik 4 HAEONA FHRFEHTL FIT4 T, (5%
SENA RS TR, THRATA A RESR] &
W HEIREDRTVA. SRR RIS F RS
L% APz EREGRESEDr — 2 F THEFICAR
TRAL:ESHCTHADS, A IZERAYE, WK
REWT— ¥ 2o TR SN/ BIENA A REEM &
% /P05 A FHEESFISEAITh RS & v ) BLYE
RAEZ, FRITIE (RN FEES] Bz HK
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(4—2) N1 H#EKmRITI K1 > DRAENE B
Bl

CITR%SYE, FEEERMTERLTVwEDES
I A4 NFA TR TS FEYE] &)
[ERBNAFTERFIIHLTL T EEMOmESF
BT o2 A—ThHAZLE2ERTLIOTIIR
< (V@EERCBLTEMESE L, (2 RElF
B S PDEZENDH /2L LTH, RBRERFOR
EEREMEICEELRRE Y RIZTS L EREMIC
HWTEAZ L] 2EKRTALEENTVE. ZOE
%13, ICHQBE #4 K54 »Pi2d 5 [/
FEE] OBFRICEL-TREAINLDIDT, %R
? comparability DEREE & L T ICH-Q5E @ E @450
RHOBICAEINHETH 5.

L7:=4%5 T, ICH-Q5E \2 31T 5 F&H /FEHE
FEEED I VT M RIS, WHERER N FE
B2 LBREE LT, 7 RmEFECHELTCEL
FHRER, EYEERBRIC L A HEZ TV, &5
JEMER - BRI T — 7 2l ENAGDESLZ LI
X YEASE FEEZFET A L1225, HRBE
FTHEENAFEERTIIZ, BRTERIAINTVLE
BRTHY, A T HBEKOEBE (RE, FEERK,
BROSHZENM Z2ELCRA—ORRTHILE
Mo, 1272L, LRORBEIEHMA A FI74 %
WHO 5’4 F54 YORBALEZPLELR -T2,
Bl ICHQSE 774 K54 > Tld, HELEEROR
i RERFM TR [RELEERZEOHROR
Pl EDZEAL IR BN OB MY - REMICERE)
ZIhEIw] L LTwaolcxtl, BRINATA FF
AT, (W4T VI 5—3HRESRERIIHL
T, wE BWME RetEcTEEICEUTS] &
WHZ 2T YATRAINTEBY, BINI A F4
BmORSYE,  MEEFMmE, REEERORSE
S EAEEFME I TRELAbDLHALTAE. L
Lzdh, TOBVIZEROFMEE BT,
BTErRELLBRBINSBEFEDENIZON
T, AW ZEBCEREETRIEITILEN LN
LR EHR, BRREBT— 5 THOPICTAEW)
7Ok AIIED Y e {, EFIFMAIECFM
WRICEVWEELALDTREZVWEEZ TS,

(4—3) H4 K514 % EATIHROEHR
A RIA yTILEABEAZUTOL ) ICKREL

TW5, ,

()AEmPeEEMBEZRAVWTEESh, SEICE
Bxh, —EOFYR2SWHEC LD FERT
NHTELEEFHEIBEZ Y V7B MBMY vy
BERUMY 27 Be &), RURTFFRO
FNODFEELIZENS 2BHRES LTS
EE&(HZI1E BEH)

(MR RN 2 AV CTAESINAF EERR ¥ &~
N7 BEER, HAHVITEBR KRS S 58
ENLEZ /R ITERRYRTF DX )2 ER
DHBLUNDOEEZTH-TH, BEICHEE
h, REFEBFTRELZERRIERTES
WEHDH S

QIMAEWE, ERARTF FRUARR)RTFF,
£33, Yy v, MRAORBEY, BEEE2A
g T AERER TULVS VBEY, RE
WMAEWEGFHFL - MELL-bormbhEr
MEE LMERkBOT 75>, M 3Z&mE
L < 10 B i R 23 (L ER AR 43°) W23 &
7w
CHEBNAAEEGOBERNZEREEVED

ICH-QEB 74 K54 v o@EERE L 1ZIZRBD

KBTHDH DA EHEROBERMBE 25 ERN

A AERGDIZEA LIGEETFHIZ 5 282 Ptk

EEGITHAHZEHH, ICHQEB D X 5 2 A

Bz o7 BEEER T BENRL LTREALT

WiRWH 0D, FEMITSTEREZEMEDNY v o5y

BHEELZSIE, ERTEREEZONS.

(4—4) N ABEROARRFEICBVNTRER
BF—2&ELTRELRZ
A F EfREOKBHFICBTIE, REMED
GRHIBAT RIS AL 34 B L IZIZMG LA
VDOF—IBBETHA. BIL ICHQEB A FJ
A VBB LERET-5  (DEEFE (2
VR RRAT (BT, WEALENNE, EPFEY
HHE, RELFOEE ME THDE) o (3) %A
it (WREWRE . G) BRBRURABRLEGRE
DRMLEDT)EDVLEL L. MAT, BET
B8A F BB - T TH AL ERT 28
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RN FEREL L OMBEFEIZRT S HRT -5
LT, ()RR, WESCEOEEIBET S
HeErER, (2 £WEEICET A EERE, (3)%%E
BB 5 WBEER, (O AWM BT % b
HBREVPVEL 259,

(4 — B) INA F iR D IR PRETA

EHIIELA LD, X BEMTIEERLEED
Z3H A% R - BRRABRIC L 2 RSHE FE
HOEEILEILRA .

JERRABEO HAE, (1) ke MBI 5 ERERRAR
ZHE3T - - REMDOIER ; (2B E H A%
m(EERR), ZeUE (GFHERR) ToxRERN
A FEHEM L ORSE /FEMEFEO 2 2O/
HBH, WTFNIZE X, N THEEHICOWTIEIERD
B ICHRTAEBERTO 7 74 Vv HvidESE
Tu7 A NVEEFRRCBLNTRLATVRSD
T, AR E&EERRICIHE T 3 & IERRR AR
DEFLEEZBET LI LIEITRETHS. HLArD
HIED LR H 72> T ICHS A K54 P8
BELLD.

(4 — 6) N1 ##EfEs O RREHE
FeRRBOEMIZ, (1) PK PD, »5v i PK/
PDRBIC L 2 ESNE /AEEHOHER : (QFRKEF
O E QEREEHOEED 320H 5.
PKABKIC X 2 B3 IH%1E /I PTEOHERRICE »
TEETHY, BMmIcABEXTRZBE VAL
bWEAHLDTHB, ¥ vy AUHEETOHEE
FEZLE, BLALDBERETII PKERKE TOM
BTiEMENICRZ L IIERTE RV, Lo
TPDdH AW PK PD RERIC X 2 HREF /A
FTEEZEOUBEIFEFICEEL 25, Y% PD
v —H—DBETE, PDRLPK, PDREF— %
2 X o TR/ TESEHAFERT RS, HRRR
WEAEMEDHEINELINEVTr—2bdH5
7223, PK PD, 5V PK/ PDREIZI - T
F&M/ FEEICDWTHERI TRV, F %t
miZowTid, BREMEZTT T — I PLEE R
B, WEEANBERE S A BRSSO BRI,
575, BRREERERO FHF A L I2owTI3N, F
BRROBEIISLTTY — A = AICRETN

ECTHbH. —FH, BREEEICOWTIE, ki PK
PD 5\ IZ PK,/ PDREATRHE - MEMEHIRS
NBEIZBVTD, [ALPOERIILELERLD
ha., BRENERBEZITIHER, bOETHE
EROEE BIUZTOEELRIETL L) 2R
EMTHELEZ 2.

(4 —7) mBREICOVT

Ef & N ABRRREBRARE SN DA F gk
DWTIE, REREEER2SOREECEL TR
BRATRHOTEETH L. T/, HHREREHE
BV TR, AEFLEO ML —YEY 74 —FED
Barnd, HEERNL FTEESG LA T Bt
tE, —EOBRBHNAZREEZRBATLE
FERIITET Z2LEN DA .

5. MAEGRIMOSEROEE

UEDEHWNA FmmiE, & 37 HEESE
MOBEWY 212, {LEAREEROBEEREROR
R0 X )RR - BRRABE KBSy M52
LICE BRI AT ERELTIFAZ LR EEZIR
kb, EE, ZoX) ZHRAEFHESBROE
L TWwaRIMDIEEIZoVWTIE, [/ FEEM
LLTOREAY v PEKEL 2] L O#itH»D
2% ZASOBHE WA S, N4+ B
KET2480EEII2WT, (VREOBRSE &
CQFEEDHRAILEBELTHS.

(5—1) RHEADBREHL 5NEHDRE

(5-1-1) /N1 F BiGROBISHES

DRV OEFEDIEEH TIE, [EENSFTEE
MAEBOEE - REETHHE, TNEhOR)
B MR TIERARTERZ TV AHE, XIZFD
Ve HEHREIC 2 o TW R WAL, A8k - %
RILIZEBNA A ERRLEDELGRAE /FET
HHIELERTRETHA] LENTWE. 2KL
[Ho%EE HMRICBVWTERNATEERLER
HARE%E / FAETH), HmowhEE - HEICBVTDH
REZHCRABOEAFRFTE LI EPHHATE
A20THNIE, HRELLTHVAERE N TEE
MAEREEZ IR L T L HORIEE - BIRE A AR
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BEmIIHET A LML 25580 H B S
nNTwa, CORBIERMOTL FI14 VETHHE
BRTHh, HRRCTERLEEEZLNE, L,
FOREBZBITBBIREDERH A H =X LIZ20WT
. BT LB EBESBLOA TR —X
NHb, Licho T Y Dr—ATIdRELY LiEH~z
IRZEATFEINLZOT, FHOEAENRDOFT,
BDFICDWTEESLELEbNS.

(5-1-2) N1 FHiERDBITMIIEBOSNBDH

{LZEBRERROEE, SEHE DL EEHED
BREERGPBENERT AL, ERROMCENET
R 20D —2AhH 5. ALEERIER OB,
BREGOR—EDERARIESTH ), LY
B RSMEREBRSFE A TN, A3 TRL FEY
F A4 =2V THEBE L ORZSERED b,
BREELH L TRELZREEROMBEER
ML), —H BYESIGTFERENRED N
559 BRERRCHTEN, FERRBIIOVWTIIE
HREGHPPFREZRMY)ROHEERE, L0 LI
WigRED? A A BESOES A D BT RED
HREN? TOHIIOWTIE, EFHIIEFEHGH
AFTERTHDHBEY I, N[+ EBERINRERD
BERIZOWTCHE - BEORYMZRLAERT—
FRAETHREREGERNBL LTRESERE L
x5, LaL, BHOHBERAI A, LRER
BAFTELZVEEIIOVTIE, NA T ERERDOE
FERIFEDOLNI B DD ELERIIZZS.

(5-1-3) MBETIERE/NA FEERICOVT
— BN RO EEE—

LR G BREOBREGOT — A X ) EAITH
L2 ATREME, BHAOBRKISH LTRSS T
BHHEATRENINAA T HEREBEOTTICH S LB
s, BEEOFTA K4 T, [34 F
meld, ERTHRICHADRSEAERME LTK
AN FF 7/ uV—cHEER RS FH
BomE, #el Aotz adsEERELT,
RABERTEZICIVHESINLKENTH
51 E%oTHBY, EHNOESREWNBLTLINAF
BRGABIERECRESINIRRAL 2-oTWV 5.
LH»L, ENTHEDRGEERGE LTEESIN
TVBEFOHRIZE, BNPLOEARYEH L. T
DD G EMEL L/ T EREAOBEREICE

W, #ESbESR & OO RSN FEEED 7
— 9% b oTC, BEETOHENTEEL LD HOM
BENE U AN D 5. N4 A EEMIZDOVTIL,
FA—t NNy 7 z#fas (= 8GR M) L LT
FEALABEGTH-TH, BEFECHRFENER
I EME REMETRELLIERL 25 THEE
BREBEDTEV. LAdoT, 14 THEEMHOFEREIE
KHETO MmN, 2B & U CRSHE /T EHERF
flir7—%%2B5Z LPRAIEEZONAL. Ll
EATER L whmER e ORSE REEEZRT
CENBEH LB VN BRATRS L L HA
DBELRE, B0 —2 L LTEsaEEs L
BL-F— 5 2FHET A ENTEEINEr—ZD
HAH9.

(5-1-4) N A EERANDRKEDOAE :

N4 FERE OB & LT,
ERTA%E, REOZ TR 262V HER R
BUTHEPEPOHBTHA). BMEEDOHAF
A T, [YEREHM (=THRERETH™M) B
WTlt, BEZEZOMNL—FE) 74 —2HERT A
ZENEETHY, BHNAAERFCRAE - FH)
EFERE N FEFmE %, —EOFEBEHABAICR
BNIZRAT A LIZERMIETLLEND S
ELTHY, Sl L HRBNEARINICOWTIE,
WhWBEAL v FREBIFAZLLLTVE 2O
i3, YR EUEREROREEFMEE L 5%
&, BREEEIZOVTIE, FIENRSNARRER D
BEERBET—F0ATIERET I L IIREETH
BEWHIBEIZEOVWTVSE., ZTOHIZOVTI,
F iz B THEE EDBY vl owv» TO BN
FZEOHRFLFOHEICENENTNE LI THA.
FAWHOST A FIA4AI2BVTH, Wbhbwb
“interchangeable” % “substitutable” |ZDV>TDH]
Lz ZERFLBOHMICE 2FEHL IR TV,
—HKRETIRBERMESLEERICBNVT,
“biosimilar’ & N A5 5L, & 512 “interchangeable”
ERBOLNLIEFO 2BEREORMETI L Lo
THBY, SHEFDANLD L) R Hv:%1TH I
OVWTEBEENRA, Wik, YEOREIIE
FAaZEERAE LoD, EHEEAER Rek
EDINT Y AREHY LA FEREEMOER %
M2 LERH L.
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(5 —2) FHEEDNR=N 5DERE
PED XS A FBFERICowTE, —H0E
EBRVWTHEZFIEI L HMTWEY, {LEERE
HHEBEZERYFEETERVDLDTHA ) »?
LT, N4 A BEMOFMEBEZIZT LD,
BHIIHRREES L FAELRBVICT S LTOREL
F L DTAHAL\
(5-2-1) N4 FERROSEFFERBFT T OES :
STEZESTEMS NMR 2H.LE LTY 237
HEEELROBERITEMIRBEOICELLTY
b, MATE 7 BLIEREMATH 5 EEETTF
EOMEERABT T 2FEOWELELY. i
S DEMBEMDESRT, [ A BREROBIHHS I
DWTh, HEUESEM T % < A—EEO i
ZEDLLDTHAE. FOEKRTSY v\ EOMENR
Efio—BEOERIFEFINS.
(5-2-2) 2 INUEMEERICETIEEL
EYERDERBIEHRNE :
NAAEEROBNYE N, EENEEYEICR
D 7% GEWHPIE LTSIy —A0% <K, £
DEELEE L OBROBHROER L, N1 FEH
ROBERERE LTBOTEETHS. oy o8
yEMEEGOSE, BRWEMEYED S\ IZH
HWE BRI O MBI AR, FREA
DEEY BMEBRPOFRATLZLIIHAETS 3.
L7zAo T, BWMEMEDE#RE LT, Zhoo
WHICET 2EHROER BEHIRRERLOBAFENL
TEELRF—FR—R% 5. 51T, EVIFRHE
FAEOND & PR NBTEEIED N + it
DBELRER, A FFr/und—-2FALTEE
ENLIgGIETABELAYIEROMEBICET
LHIEROERD, BOTEBILZbLFHEIN
527).
(5-2-3) N1 F&imFARICH T EREE/
BEEMEHEIC B BER~Y—H— -
NA T HEMOBANB TS 2REORKRT Y F
BA Y MCERETAHM~— A —dRESh TR
1, A T REROBRRAEDEO R %,/ E
FESHCR D, FIEHNIC AT RE 2 E T~ — A
—¥hhniE, BREMHREBRICLISTED, PK
PDEBCTHE, MEUYZRT I EHWTRTHS
NA FREROBE, BIMNIMENBL I hb5HE5

BMEFBEINLIOT, TNEDONRERDOFE~
—H—FfREEHET I LI 5T, IS ERM
DEEZRET A LIZTEEL 25, HHDL T L
TlddH AHH, B4 FEFELHEOF—IX, 2
DR —H—DEEIZHD L LR 5.

(5-2-4) REBEMEEHBETEMETFHE

[ER EoZalE, HICRERESICHET 5095
HREETFAEIFELL TS VX7 EEESE
WC2WT, BRRBRY AT S L) 2RBEFES
FENLZ0OMN? ] v REIINA TR OE-
XEZDHE, boLbREZMEEVZRD. F U8
VEMEZERZIZOVTIE, REREIZL > THICE
U AAVERRIE, Bl 2EE OB REER © Fhit
LThbTlREORETBRABERBE CTHNTLIZ L
IEEE, LEZIONSD, BENOHEKIIOVTED
REOHEAZITI ZEPEUTHEPIIOWVTIL,
Ir—2ANRA r— 2D PRLETHAS. TORI
DWVT, N4 FBEERICEEELT, ¥ s EHiE
EEMOREREFAFEORAREIBCEITNL E
ZAHTHA.

6. FHYIC

NAFBEROBEERL, REZTOLIAHK
ERVEY, TYZATEILF Y, GCSF, B+~
2Y VELZELNTYWS, LALEASL, Thbil
MR TEAHEERER 1 5 —7 o BE%E
WIEARBbDEEZONS. BAEF TREARSEOR
A= 0B MN T E72KHITBVTSH, 4%
BHBREFBB SN, A T HRRAEARIEI—RICE
BT A LLFEEIND. BIHAEERZRS
12, BRI OEWREERBEESEZTEY, N
A+ BEGHAROEN L2 LEZ NS, LAL
I LEOBEUEL LTI TRODIPPKRELRE
EMThh, ZERFLEBTAL FI4 v 0H, ZL
TZEOERICLD2HEPREVERDNS.

WA FBEFEHICOWTIE, BRTREERBRO A
TIZA%EN FAEUEZRT I LXRAETH L0,
HLBEOIER BRT— 7 LBELINTWS.
LA L&t & v 7 BRI & O Y PR B8 Bl
ROER, N4 FEEDICET 2@ EEEERFER
NER, REFRUFEEMOEHZICL-T, HE

T3 Y v 7R Wl 4, No. 1 (2010) 17

MRS



& 5 Tid, BRENFEREREMBERR L AkZ
HECILFEIERT 4WREELH L L BDN

5.

1
2)
3)
4)

5)

6)

8)

9)

10)

11)
12)

18

SE XM

Walsh G., Nature Biotech,, 2003; 21- 86570

Walsh G., Nature Biotech., 2006; 24 769-74
FH214E 3 A 40 EAERE 0304007 55@4[ 3
1A RO RE - BN - FRERROLDO
EiEal

http:// www.ema.europa.eu/ ema/ index.
jsp?curl=pages/ regulation/ general/ general_
content_000408.jsp &murl=menus/ regulations/
regulations.jsp&mid=WC0b01ac058002958c
Grabowski H., Nature Review Drug Discovery, 2008;
T7: 479-88

Woodcock J., Follow-on Protein Products”
Statement before the Committee on Oversight
and Government Reform, U.S. House of
Representatives, 26 March 2007. FDA web site [on
line], http:/ / www.fda.gov/ ola/ 2007/ protein32607.
html (2007)

Woodcock J, et al., Nature Review Drug Discovery,
2007; 6:437-42

Food and Drug Administration, Approval Pathway
for Biosimilar and Interchangeable Biological
Products Public Hearing; Request for Comments,
Federal Register, 2010; 75, No.192

World Health Organization: Guidelines on
Evaluation of Similar Biotherapeutic Products
(SBPs), (http:// www.who.int/ biologicals/ areas/
biological_therapeutics/ BIOTHERAPEUTICS_
FOR_WEB_22APRIT.2010.pdf)

Health Canada, Health Protection and Food Branch:
Guidance for sponsors: Information and Submission
Requirements for Subsequent Entry Biologics
(SEBs), (http¥/ / www.hc-sc.gc.ca/ dhp-mps/ alt_
formats/ pdf/ brgtherap/ applic-demande/ guides/
sebpbw sebpbu2010-eng.pdf)

Walsh, G., Nature Biotech., 2010; 28: 917-24
Jayaraman, K., Nature Biotech,, 2010; 28: 883-4

13)

14)

15)

16)

18)

19)

20)

21)
22)

23)

24)

25)

27)

Tk 184 11 A 24 H HEAFEERE 1124004 5 &
M EREESKOEMENRSEE A K4 V%
DO—HHEIZONVWT]

¥R 9 6 A 23 0 HEE 5395 B [HEYK
DEBEEZD) BHANOTFMMIZET LA
F4 ) ,
PR 104E 1A 6 H EHES 6 5 @M EWHER (N
A FFr 0y —nAMEG  EPRFEHREM)
DR TIERE

R 10FE1A6H EEEE3IFTEM [MHBER
DNA#ZSHA Ly v 87 EEEICHAV A/ilaH D
BAETFHBERERAAEO 5T

R 124E 7T A 14 H EEESE T3 F@m [EWE
B4 FFrouY—nBRES T EYRIER
%lﬁjiﬁh) Wk MR OBk, FHUKRURE
FBAT

TRk 124 28 22H EEREE 32958 [ X
BEHYMREERAVWCEEISNANN/ AT /1
Tt HEERDOY 1V AR MESEHE ]

IO : N4 FEEROLE - &l - HHE
AR BLE, PHARM TECH JAPAN, 2009; 25: 1243-
51

IWARE :: N T HEBEROABCBITIEH - &
e AYREOEES L AKDHE, LwmNMA
EE S 0FEFEd, Y —xaAy—HK (2010
R 174 3 A 31 H AR 0221015 5:@5 [E
FEROEBHEFIOWT]

R 214 3 H 4 H FEAZSE 0304004 5@ [ 3
4 FEBGOBEEIZD VT

TR 174 4 A 26 B EEEERE 0426001 5384
[EMESR N4 45727/ udy—nRAEES 7EY
FAREERY) WRTHROEHEIZL i) A%
¥/ FEEEE

PR 13458 1H EHEEFSTL S B [HEYE
B (NS4 FFrous—REEESR EWHBH
SkRER) OB RUCRBHE]

SERE 124E 2 A 22 H RIEFES 326 5@ 34 4
Froul—GAEEROERKICB T AREN
il

Bethan Hughes, Nature Reviews Drug Discovery,
2009; 8 181

Christian K Schneider et al., Nature Biotech., 2009;
26: 985-90

Tz kY v 73 Vol 4, No.1 (2010

EMEREE L



