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Two Findings from the Analysis of Pharmaceutical Patents
-Sales Estimation and Patent Grant Prediction within Patent Family

Koichi Kamijo, Kazuo Ohzeki

Abstract © We report two cases of findings obtained by analyzing the specification of
pharmaceutical patents using machine learning. The first is about pharmaceutical sales
estimation. Many pharmaceutical companies take a huge amount of time and money to
develop a pharmaceutical, and it is strongly desired to estimate future sales volume at an
early development stage. The second is about the patent family. Many pharmaceutical
companies apply for the same patent in multiple countries as a patent family, but it is often
the case that the same patent is granted in one country but not in another. In both cases, it
turns out that deep learning provides good predictive performance by using the words used in
the patent and the “hot” words that were also published in the journal at the time of filing.

Keywords : sales estimation, pharmaceuticals, patent specification, deep learning, natural
language processing.
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re(T) = {il[I8, = log(s)| < T |/n. (18)

Table IT IS FERAS 2R, “input(k)” FI DML, x D kIS L, Te = log) &£ T %,
CNZ, FEEOT =2 EHET —Z DN 0.5 ~20 THZ &=2EKT,

TABLE 11
FEAER G0 RUFTPAD 0 KT = i,

No. | Input(k) | RMSE MAE r,
1 1 2.324 1.893 0.206
2 2 2.646 2.121 0211
3 3 1.903 1.489 0.288
4 4 2.045 1.634 0.265
5 1,3 1.812 1.408 0.319
6 13.4 1.726 1.360 0.326
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No.1-4 1&, &7 MV TORBHIRLTH S, No. 51d. k=1,3 DHAEDEICKS
fid, DERO. B RAIORFEFDHGEE NE, KRS CHH S N HGEZ
FAWTTED EFEHEE L8 DTH B, No. 61, k=1,3,4 ZHHAGDEIZED, DED,
No.5 T, &BICEHKGHHEEMNTHRED LT EAEELIZEDTH S,

KERTHOW O NI RFHGEEDOHGEEIZ. 1980 05 2021 EDYZHWZD T, ypoun
= 1980, yp,.0 = 2021 TDH %, 439 DRFFFHIFEE HRIRIC I T 207,403 D HGEDN I S N7z,
k=3 DRERCEBVTIE, Q(0.1,001) &%, |Q=887 THH., ZDOHDAEE, Table I
TRLIEEDTH S, Fd KT B rfliDFIRICEN TR, o ZFROTEIREZIT- T2,

k=41 2R0HCBI LTI, 1998 £ 5 2020 DY AWV T2728., ya,., =1998, va,..
=2020 £ 9 %,

B. $55FAII TR

AT X C Caftam U7 J71E T REFROL THIORE E ORHME O RER 211> 7o FERTIE.
IV-B & T LT BEF 12499 ORT Y 7 73U —D5 5, KE, A1V F, 7II)LD
ETOET WKL, LG " DEBLEDNDHETNIVMDNTVS, n=7,043
OIST Y R T 7 V=27 %,

JEREZRMEMTIE. 720 P FIERU T4 72V 2R %,

FRCTHA LI ST > P77 2V =@ N2 KR, 1999 005 2014 R H
FAEENTCE DZMEH U2, ypm = 1999, yp,. =2014 £ 55,

HEAEICBWTIE, 2 D0BRNEZMEHT %, %40/ — FEIZ 128, T IVOF
W&, ROT /LD EREROE & T HIHE ISR 3 B Recall, Precision Z W TEE TN S, F
fifi =2 X Precision X Recall/(Precision+Recall), 7 F > %, Deep learning IC |&, Tensorflow /
Keras[21] D python 23w 7 —I %S %, TXTDT—RA T, 5 0EIZAMAE (trainsize
=0.8) ICK > TNT =<V A%l U SHERO TP 25 H T 5, r 25t R 2B .
BREMEICBI BT AT —2ORZHHT %,

BT R T 7 2U—HNDIRT Y MEDWT, RDT—ADFHIZ1T - 7z,

Case-1 © [H ¢, I BHFRFO AL AT DT
Case-2 ! [H ¢, CONMEG /IS GAT—ZAMDON > TOBEMNT, [ ¢, TORFFORATA]
DT

Case-1 £ 21ZDWVT, 2),3), ) MU NS 3DDOaAYER—T a3y (=5) D4EDIC
BAL T, HEFHICK2Z2ERICK 3RO IEMERZ, Fiiz v, #HiiZz1T - 7
Case-1 Tld. XDT—%+tv b X[k ZHHL, 2HT7—2&T7AMT—XICBELT, X
DEIHIICTN) g, ZHNT,

XW=xM, XM,

gq, = [gcol! BT gcon]r . (19)

CCC XMFtE 7y aryivodoliciin Uy KigFi HDE ¢, Icht U T TGS FX)UH
FTHEEINTVWEEHER g, =1, [t SNUPMFEEINTVEEE R e, =0 &5 %,
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TABLE 111
FEERAER (RFRTFROT D KT = i,
Case-1

Co UsS IN BR

2) Patent info 0.929 0.574 0.573

3) Words 0.974 0.613 0.681

4) Hot words 0.898 0.598 0.767

5)2) ~4) 0.988 0.643 0.863

Case-2 ¢, JIKAT

c UsS UsS IN IN BR BR
Co IN BR uUS BR usS IN
2) Patent info 0.618 0.606 0.883 0.873 0.887 0.610
3) Words 0.619 0.868 0.960 0.865 0.972 0.642
4) Hot words 0.582 0.876 0.835 0.888 0.829 0.610
5)2) ~4) 0.641 0.900 0.982 0.898 0.978 0.628

Case-2 c, fEkf

c (SN (SN IN IN BR BR
Co IN BR SN BR Us IN
2) Patent info 0.618 0.880 0.879 0.875 0.865 0.597
3) Words 0.630 0.853 0.967 0.856 0.974 0.619
4) Hot words 0.598 0.871 0.830 0.907 0.830 0.617
5)2) ~4) 0.633 0.889 0.976 0.877 0.975 0.654

Case-2 DA, ¢, DTNV g (€0,1) ELTHIBNTWVWSEZIC, ¢,DiDIN)ViETF
Y %,
BT AT AT Y7 AN IT= g, =g} THHHMEZFHT %,

FERICBNTIE, XITH U, z-normalization I K 2 IEF{bZ1T-o 7z,

Table IIT {X, Case-1,2 DEEIERTH B, KHIE. FEXZIZEDXRY TD F DK G
AT CTH %,

VI. & il

760 BRI RO RO 5 OFEERICBI LT, O OBRENVITR DS S
Nz,

A. 7Y EIFFAE

k=1,3,4 (Tablell D No.6) DFHAEDHIZ., RMSE & MAE TiEDMHETH - 7z
(RMSE,MAE) = (1.726,1.360) &, ZNZNREZH & Rm#OREHIRFEDO A Z{HH S
% No.l DX 074, BXUTX 072 THY., KiEEHETH B,

BRI NFERD 1 DE LT k=4 DFH (No.4) DFEEX No. 3 DREEIE & B IFRWH,
k=1,3(No.5) LA EDHES T LICK D (No.6) No.5 DFSENNRET S LhEFENS,
N, ThH GEEZZTRETN, EERBOBRETIICERL TWE I EZ2/RLTWVS
ZEZRLTWAS,

KOO A2 T %55 (No.2) IV TIE, RMSE, MAE HICRKOEE TH -
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1z

chu, 24 MVOEE, B, FF. BXU7 L—L081E, fofRICEX, 720
FFFRICEHEOEKL TWARNT 2R TV 5,

R E% & RAVIORFEFFEEO A 2T 555G (No.l) 1. No2 DIFHEXD E
RMSE & MAE O /FICBWTHENRD -7, THUE. No.l D2 DOIERA, H 5 FLE
DOFRDFED FFOEREZA TN 2R LTV 5,

—7J7. No.3IZHBWVT, [fffdD 0.1 L EOHFEZMEHT 2 L. Nol LHEXRTEIED LT
HEERSEED W LAV | REETFHEEEICRT DT LIFDFBR NS L2 RB T 55
ENRFFICEENTOBAHEEN D B T L 2R LTV 5, THUX, RS O HISICIA
LTWBAHREES BETERL,

TOFEERTIE, B, VL—L, £REZOMDOEIBRTHHAINTVEHE S hIcBfk
<, BFEFHEEHOREBOMHOAZERL TS, 2L, FarRaEsHr (1], [22]1-
[25] BXUF—T— R HT [11, [22], [26], [27] I DWW TW L DO DIEMTONTE
D, RDHERENTNE7D, TNHZEETH LICKD, #EEMEZ I I LT
BHENZAREMEDN D 5

B. $FEFRLILT A

KERFRBOT TRICBI L T E ., %O DOBEO SRR I NIz, Case-1 (E—[EDREFFIL
SEFHD T, Table NI SHERTE S X SIS, KEET TV IVOREFKRAL / Ek 7z 254
F fifi 0.988, 0.863 & EfEETT T H2HENTE Tz, 42 RDOEE, FAHIX 0.643 £7xo 7z,
H—D7—2 A} (DFD, 2),3),4) ICBALTE, 3) FFEFroHE) kEEA 2V RT
BREDAA7 2B U, 4) REEFIME O M) R¥EZFIH L THD Tk, 79900
MREDAAT TH >z, KEDFE, 2) M2 FHTH -7z, Figl IRT XS, KEH
TV | SCRRER & RO T AT RIS K 2 RN D o 12728, ThHEMERROH 250 TH
%o TeIELL 3 EHDRATN ) XD EENTWE I EWEHLWERTH S,

Case-2 (AT /HEMEDE () TBUHIOLEIC, B (¢) OBOIAIEZ D TiE. FAAE
. o BRI <. [H ¢, D Case-1 D FHICTWT LAV o7z, BARIICIX, ¢, =US.. D
BAED 5) (=2)3)4) DAY 2— 3 ) DFHEIE. o DEHINED (Case-1,2) I BT
L BTO095 U ETH o0 Floy ¢o=7 TV, DEHICBEVTE, 2T 0877 AL
THoleo 72l2licy=1 Y F.DFaldERE (=7 TV k) TH 06541CE EF 5
oo TOXIIC, KE, TITINMICHUTEERET. 2 FTIEHHRE TR0
MARECH B T L5 Tz A > ROREEFROL TFIIRS DMt 2 [H & FEATHIRIC RN
DiF. Figl MBHB X ST, FFEERICK BRI AIEDEIN/NENT & 1I-A & Tafkam L
7z “evergreening” IC 9" 2 FFT /T DFIWHEAE & | KEFIHMIEF ICEIA S N TV B HEEPZ C
IKfEbNTWS TH 7ZHGEE OBEMEANS NS EDAHEEE LTHITF 5N 5, Case-2
OFERN S, HBEOREFFOKATL /N b, KEE /2137 T VIV TORRT / i
WEEREE T TRMRETH B, A2 R TORIIAIED THNEEITHIRETH S T & hvf -
720

Case-1,2 Dl /5T, FraFlHMIE 3),4) THHAIN TV 2 HEEE, FRETHEHR 1D K0 &7
ICHEIL TWd, U, I BRICR RO / DR Z ENTWE T L
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BT 5, £/, ®TOHEREZME - 7255 (5) DREMNM 5D Case I L T—HFRNT
EEHIAL 72,

KT, FEFFRBOL TR DOFERC BT, MEOAZ A EHH] > T Case-2 KD fl-o
TV Case-1 DS HBFERDBWIGENEONH S (BIZIE, Case-1 D US D 5) 1F 0.988
TH%DITH L, Case-2 D ¢, =BR, ¢, = US & 0.975), T 4L, Case-2 DI, Case-1 &L,
FREDNDE T — 2O VRN &, FRIHEDNZHGEZNX (1) DX S ITEA
ZZENFERELTEZ LN S,

ViI. &30

AT BN TUE, B O FE ZE TOMd 52 &lc kb, BEXEHDOTE LT
[, BERUONRT Y T 7 V=BT SRR BT Zi 70, —EDMRZES T
EMNTE T,

BRENFR R L LT, R Eh N BRI T 2720, 780 PRl F
FEAL TR O ISR U THBREDOTRMITEND T -7z &, T OHEE
NEL BENZ RO TROMENHEICH L2 ENBFENS, TNbik, FfBk
U BRI IS RPROERE A BT 2 M ZENT VWS T EZREIHL TV 5728,
HNRER E WA 0 FETOHMELFIEEHICA T TE 2D T, ThfEko~—7r
T VT ORERICRI DT EDARFTE %, ZTD—J T, WO THNCIZFE 7ZED
THINHZ L EBETER,

SHOMD I E UT, FEr i HOMEZEE Lz ETNLP ZHEA L T &0
EzD, Fle, HEEHDAFOMES (BERT [28] % word2vec [29] 75 &) ZHH LT, K
CRLEDOM TR LI HEEDMHEZRE L. CThEDERIC K > THEE/ ST+ —< V&
MEDX ST ETEDEMRLIZV, o, AT, ERMICESREL TN, C
DETIVIZ, B, BIERE, AEH, AT EOMOERICELHEMANGETH D72, Z
NS O BTN T2,

ViIl.

;&“‘E

2

AHHZEIE ISPS BHFEL IP20H04424 DB ZZ T Te 6D TH B, AW 21TIICHTD .,
KK @ EHE AGRZLB T >~ 2 — 0O = HJ\VE 18I EER. HARKZAEZZE O ik
IEHER. IEWE T HEBER. HA IBM B R 2 AT D AR ZE) 1135 7K Senior Technical Staff
Member, 35X U#iAK£E T Research Staff Member IC 2 K& 5B EZTHW 2 L IEHTT %,
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