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Abstract In this paper, we analyze features of radical innovative businesses using their patents. Although
patents have been used to evaluate outcomes of businesses from the 1980s, it is challenging to use
patents for radical innovations. We examined the possibility of taking advantage of patents for an
indicator that represents a radical innovation in pharmaceutical industry. To this end, we collected FDA
approval data from the U.S. Food and Drug Administration and patent data of 18 pharmaceutical
companies. For analysis, we utilized the network centrality analysis and Wilcoxon signed ranked test,
which is a non-parametric statistical hypothesis test used to compare two related samples. We observed
that a radical innovative company typically cooperates with other research groups, such as universities
and companies, and acts as a hub for connectivity in pharmaceuticals. Also, we found that there are
differences in centrality between radical firms and non-radical firms. Thus, we expect that the results
of this study will help in developing strategies for research and development of pharmaceutical

companies and identifying factors affecting radical innovation in the future.
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Fig. 1. Relationship between patents, inventions,
and innovations[7]

2.

e

=

o7

2.1 81X

E7]0h AR 9Eoh FTE ojes
E OIo}oq Afe}A] AZo|ch = FAA HFAlo

= ads a3

04A|
'—_’—7(];(4 <]
e

1= A

o YT JFoR 7120 TS A1) WakE w

S°] WAY A2 2& FEche AE, Z2AA, AH]
A5 WRH4] JA S48 419 A48 1 Azt
ArFgoz dojdtts EXS 7X1 011:]. [4].
Schumpeter(1934)7}F 7199 #5271 & 7|4LFE
4 &5 ¢ JFHoE PRt AFE ST
o|% W2 A7t E0] 7199 It 2 FAE &

5= 39 Q91 Ql7bof ois 3l Leh8l. Sorescu
S(2003)= F5-5t AHd9] o]H ufjiEo] Aol A At
7ol B €A SX80E JAUSsE 3 & 4\— A=
S DoPfAcH3). ESE A 23

ol Fx14 g4l Aol
T SFRAR, AES



£5) JuE 0|87 7199 FAA B4 B UFAT

o] A= g o]FoiA ZFTHIL

I o B AF2E gAlof| TS vXE 22 ¢
H 840 s Agol HAth Acs 5(1991)2 A=
o2 71949 FR4 Ao 222 Q 8471 o FF
< vE & Ak 5 H10]. Chandy 5(1998)9]
A9 A ZE BAE oY F I ZA|
Cannibalize)7} A|&2] S22 g4l

A B RRNY

2z 39tHI). E3F Leifer(2001)2

(Willingness to
23 811

44 9419 A9 AYAHRight People) Flol o]
24 gt BEYS Ausigon, 4349 H4l BF
o 84 % 27] 9y gl Wasihy Fstel
oHal. B8 e ehvEo] 344 HAl) fuacle 3

FA4 A

ohi7] 18l o]FoiA|aL YA, i3]
ol 27l olfal &S, ol AJHe] Mz
FAS0] FAo)RIAL & & =A oA Wl
A7 EARI

£ Ao vy g g4

al
=]

Feple] yet

3 Aok 4119] Edjo] S Fof FA FAlof o
AT Ak Aelole] FH FALL Flze] &

5] e A2 RS JfEkel= JE|R Table 191419
FDA 9]¢} Sorescu 5(2003)0] At 4l EF70]

B AR 1

Feksto] Aok atgle] 314 HAL T ATH].

Table 1. FDA definition

FDA Definition Description

An active ingredient that has never
been marketed in US.

New Molecule
Entity(NME)

Chemical
Composition

A drug that is a new formulation, a
new dosage of existing

Update T 1
components, or a commercialized
drug that has a new usage.
Priority A drug that appears to represent
review drug |an advance over available therapy.
Therapeutical
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Table 4. IPC Classifications

IPC code Description
Separating solids from by sieving, screening, or
B0O7B sifting or by using gas currents; other by dry
methods applicable to bulk material
B27N Manufacture of specific wooden articles
C01D Compounds of alkali metals
CO7B General methods of organic chemistry
Acyclic, carbocyclic, or heterocyclic compounds
CO7F containing elements other than carbon, hydrogen,
halogen, oxygen, nitrogen, sulfur.
Co7J Steroids
Macromolecular compounds obtained by reactions
CO8F . .
only involving carbon-to-carbon unsaturated bonds
CO8H Derivatives of natural macromolecular compounds
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Table 5. IPC Classifications

IPC code Description
Foods or foodstuffs: their treatment, not coverd by
A23
other classes
A45 Hand or travelling articles
A6l Medical or veterinary science: hygiene
AG3 Sports; game; amusements
BOL Physical or chemical processes or apparatus in
general
Centrifugal appratus or machines for carrying-out
BO4 . .
physical or chemical processes
B29 Working of plastics: working of substances in a
plastic state in general
C02 Treatment of water
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Where, d denotes distance, i and j denotes nodes

in network, N denotes the total number of nodes
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Table 6. Data Statistics

Variables n Mean SD Min Max
Degree
Centrality 246 | 14.05 | 16.64 0 74
Rafiical Betweem'less 246 | 66.16 | 258.57 0 2527
Firm Centrality
Closeness | )46 135210 | 15772 | 23.118 | 60,516
Centrality
Degree
Centrality 102 | 5.82 | 4.60 0 23
Non- Bet
Radical | >0 oPIeSSq00 | 6861 | 136 | 0 | 960
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Table 7. The results of Wilcoxon signed-rank test

. . sum
Hypothesis sign obs ranks z p
Degree positive | 76 | 4,603.5
Centrality is
same between .
1| radical firm | negative | 24 1 6466 | ¢ 656 | 0 0po
and
non;radical Jero 2 3
irm
Betweenness | positive | 48 | 2,845
Centrality is
same between . 4 4
2 | radical firm | ne8AMve | 43 | 2342 1 o840 | 0401
and
non;l;iiiical zero 11 66
i
Closeness positive | 102 | 5,253
Centrality is
same between )
3 | radical firm | Pegative | O 0 | 8768 | 0.000"
and
non;il;erlrclllcal Lero 0 0
*p < 0.05 ** p <001
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