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ARSI B TUAUT ISR 3 WGE S O 5 2 v 72
AE: Adverse Event

AEST: Adverse Events Signal-detection Tool

ADR: Adverse Drug Reaction

FAERS: FDA Adverse Event Reporting System

FDA: Food and Drug Administration

HDFS5: Hierarchical Data Format version 5

HLGT: High Level Group Term

HLT: High Level Term

ICH: International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human
Use

JNEP: Japanese National Examination for Pharmacists
LLM: Large Language Model

LLT: Lowest Level Term

LoRA: Low-Rank Adaptation

MAO: Monoamine oxidase

MAO-A: Monoamine oxidase A

MAO-B: Monoamine oxidase B

MedDRA: Medical Dictionary for Regulatory Activities
PD: Parkinson’s Disease

PRR: Proportional Reporting Ratio

PT: Preferred Term

RBD: REM Sleep Behavior Disorder

ROR: Reporting Odds Ratio

SMQ: Standardised MedDRA Queries

SOC: System Organ Class

VDS: Virtual Dataset
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BIEF (ADR: Adverse Drug Reaction) (3. & OBEIRAE 2 BAL X &, AR EHEE D
FAZHECEELRERD 1 5 TH D . FrcHElnE Tt ZHIHCEMRBREDKT L v oz
ZRIC X D ADR BFEEL L3 <. Gl DABED 5 5 3.3-23.1%%° ADR ICER T 2 L
T3 2, F7o, WESLHFHERBAIEZ E O EE R ADR 3B 255605 % 3, 207
%, ADR OFAMHNC AT 721 0 M4 LTI AREE S X CERERAOME 2 5EETH 5,

% { D ADR i3, HEHFER (AE: Adverse Event) OFA%#IMEL L CHEI N2, AE 3. EH
LOREBBEMDTELEZLTOHFE LAWY, HEIVIEEML AWK 72132 olEz s
4 AEDH D5 ADR ZHEE T 5 C &3, KeMWFHiioRE L 7k 5.,

7y —=avy 7 vRiE, KRS X OHREOHEZE U T AE OIFMEZICE - LR LG
i 2D A& LTHED T o Tw 2 5, BRGERIZESRS L AE O REBERZFHE L 23
WHIS A2 FFD ¢ —7 T, PREREECC BRI o §l# 2> & MAFERY e e A MR I X BRA 23 B 5, B
IRERBR DR & 5T 5 70 ic, HlEE b Mk L <R et % 35l 3 2 (sl 23 3R Y B O]
FIMED) ZhoicEfEanci i,

il O LA MEFHIIC 54 T, FDA 72 & ORISR 25 E 3 2 BRWRE ~ A T 2 13RO %
xR LT D, EEEHE, BERMASE BE R AR 72 3R L 72 AE (3HLHY S Il
HIN VAT LACERBEINS, BRRE Y AT 20RFEH L LT KEEMEZENE (FDA: Food
and Drug Administration) %%#H 3% FAERS (FDA Adverse Event Reporting System) 232817 &%
8, FAERS (¥ 2025 4 10 HIF5C 3,000 FEA2 2 2 AR AR ARIME T —22H L,
IR REERE T2 TELRT —FR—2AD—2Th %, EIN/H T FAERS DT
— 2R =% L TRHAINTE Y, 1960 FALARE, RS L MR RO FE R MEHIR & 72> T
V% 10 SEAETIE. AE OHEEFEDSEINERNIC B 0 | FRICERE S S O BRI AME 2 Tw» 5

BEVPHEDO AE 2 HET 2L 13, thoBFoRERFEYBEL LIRS 2L L bic, Firzhk
ADR OFFICH 27035 1283, FAERS %I L ®» & 32 HRMET — X X — 255 ADR ZHET
2 FEAMETEE LT v/ FABmEAHCSORTWS, S, FREDESREM L AE O
SR IR WA G bR 2T 2 5B TH Y BIBE v 7 F it ADR fERT L 27
ER ORI

BOLDLARVEMIE T, FIZhEEM o R M EH 2 £ Tk b BIRIC BT 2 GHREER
DEFRILE 722 2 BWF S T3 B, L L, AL LT 220 ERER ST
Wb, BT, ¥ 7P AN L EREE L E AR R IC O (R - AR AT 2 C
LT, ADR DEEF~DBEMMAEE 2 " 0D, 205 DHIRZIEH L 2Ltz Rz 49k
FE AR\, HTIC, FABRS 23 U & T2 AFIRE 7 — 2 R —RiCiE, EEMH R EDORLD



WNLEERE R LT — 2R — ZHGHC BT 2 B L. TR R oM 21875 5 K &
%Y 95, KEEEKICE W TEFEOE W HEBHRR 22 20 icid, EELA O IEFLCEE
PR Vo e 7T — 2 WE O EBAARTH 5 16, 72, FAERS @ & 5 BfFK7AT — X 2501
ICHLEE - LT 2 7o iciE, KRBT — Xt & 2 2RO RO ko b d 18, =
Iy ¥ F AR R R BRI ICEEAR T 5 2o i3, KRR - SEEE - (LR L o MR R
HWICTER T 2 0ERH Y . %@ o L X 23 FAERS OIFHICE T 2HEEEL i o T 3
920 DL E oI L, RIFETIHUTO 3 mAHEHEL L TREL 7,

51T, L - SRR & ADR RO BLE & RT3 2 ERI AR L LT, =
/7 2 v LS B (MAO-B: Monoamine oxidase B) PSR 0 & &bk % % L 72, MAO-B [
EHI = v Y VIRIREER E L ORI N TE 22, TA YA ~—F 2 e s
2R 2D WG S 02 A LEINIERAIRE S 2 FAHECH U . IREESRESUT N 2 BT
FIF~OFHZAMR LY 5 5,

552 W Cld, FAERS @7 — X B ] I & GHREEBEOFE IS T 2720, Web 77 ) 7 —
* = v [AEST (Adverse Events Signal-detection Tool) | Z B L 72, AEST (3. #Z#E{L X 4172 FAERS
HEMEL L @l oBBEO VY 7 F I O FE i & iR oL & BT 2 ATERE & 12
325, LRAEMNEREET 2 2 —F —PEENICIIT 2 FIT T & %Gk e L. KM
DHEEHEK % BIE T,

55 3 ETld. AEST Tf% O N7 B T #5 S D BRIRAVERfE & 36 % SR 3 2 BEAE D FER A 72 K
BCEF, KMEISEEE 74 (LLM: Large Language Model) DG AJREM: % Mgt L 72, Hic, 7
— 2 L ERLEE Ry 2T LR EL V) Ew I BlErs, dv 7L I RERE
TEIET 2 LLM (2 —Hh v LLM) IR %Y T/, ADR OFFIERICIIEEE 2 I Lo & T
2% MRS PBEL SN LHARIEENRHES 7 7 —~a ey T v AR A 2 HB L D 2,
Z 2T, FYHE BT A - R R ARG IR 2 AR E SRR % F <L LLM 03K
FEIKIC 31 B PEREREN & EPVHEN 5 D700 7 74 v Fa—= v I Tk, BRINCHIEL 7=,
FI#E = — XG U R eticB3 2 F Rz 23 2 LLM oFF a3 7= EERET ©b 5,

D Eoifi%#iB L <. EERHEGTOBRBRELZLIETI T v 2DAIH L. HEMRES X T
LOFERAREBE O T A Y . ERGHLEEEMID X LR 3RBICHS L O 3Hi-hMRA %57
DT, ZZICHEEHLE LTELDERETH B,
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%1% FAERS WX —F vV ViRICNT 2 €/ 7 3 vIB(LESEAE R o © etk
BE ER

e IR~ 7@ Y . W0 FEEER 26 3 5 B3 TH o THLEMHE L RHRIE 0BV IC X
D, FIT 2 ADR OFEF-CHED R 2 0[REEDH 5, RE T, —fle LT, N—=F vV VIF
(PD: Parkinson’s Disease) DiRRICH b 2%/ 7 I vEE{LEE#E B (MAO-B: Monoamine oxidase
B) PHESKICEHH L. FAERS %\ 7= ReM iK% £ L 72,

Global Burden of Disease 2019 IZ X 2 HERHClix. PD OHFHKIL 1990 £ 6 2019 I 0> 1F T —
HLTHINLCTE Y. 2019 FiclT M A OMREEZED 850 TAZHA 2 L INns P, PDIFEIC
FoX 3 v oREIC X MRS ERTE 2R L U, Ak, mE), ZE8MRFRE & v o 2@ BER
Iz FEEEER S 51 2 Z 7, IR TIELAEIRICIE U T Fo¥ 3 v RiFERE. By 3 v IREBIEE
COMT [HEH, MAO-B FHEHEZx &2 fHlA G b, MERZEYNICEH S 3 2 ko ons %,
FFIC MAO-B PHEZE L, LT LY A~ A = — i 2 IR RBE 2 ~oB\E b Bka s
. FERBARATERICHED SN TV EFEHIRTH 2,

WP LE ICERIT 2BRETH LT/ 7 I VIE{LEEFE (MAO: Monoamine oxidase) (T (3.
MAO-A (Monoamine oxidase A) & MAO-B D2 DD T A V 7 4 — AWBFEET %, $REAE T MAO-
B ZBIRMICIHEST 2 & P9I VIBEDS EF LT PD fFAZ R, —J7. MBS CIBEIRNI
MAO DIHEVELSGEG. 77 I vonEiHEIn, SEFOEELR T 7 I v RIGZ 5 %
R ITHREMED B B, £ D72 MAO-B FHEROKE CREmVIERE2SEETH 5, BfFE, €L
¥V, 79XV v, 74 F IV, IFhb o —F v Y VRAERICHY 513 MAO-B [HE
HThd, TNOIFHAL H250ITLARFABF L QT LA FSOERREZER, LAY
SIRIEBHIRIRFI OBIE & Vo 2R E D 72 6 F B, —77, ML HEMERIC I MAO-B FH 535
TR B WA R 515 (Figure 1),

£ L ¥ Y VIR 7 MAO-B FHESE T, 1989 4EIC FDA 5 PD iR & L TKR S L7z,
EHE TN O MAO-B ~ERIICER T 2 25, EARTIZIMAPEE O RIS @R K
THEL 2, $72, 2L F ) voLEHERZT v 7 2 £ 2 VvERKREE R, PIEIEESRICX - T
L7V 72 IVvELPLARXY 722 I v~ RN 220 EEIEH & L CHEE. O $ 0,
ik, BLAREREFONS Y, REBEIERITT v 7 = 2 I VRORWER. FRicOmE %
2 RS R ~ DRI O W T, DEZER TR DT 5, HEOWIFECIOLIME R D AE
L OBERTRREINT WS B3, —JC, MEHECOMELBET smEDHY B, Tok
LIREEA VB TH B,



7H XY v b AALYR 2> O E R 72 MAO-B FHEZETH U *,2006 412 FDA D&% Z T 7=,
Ty 7 zXIVvERERLZT. v F ) VXD EY MAO-B EIREEAF o C L6 BIFER A
BWEHAIfFE N TV, ERIC, kL F Y v o I3 XY v~ U0z 5 C & CHEIRRE 2 8GE
Ll woliEdH 27, IHICHRABORICE SR, F9FY vyTlidF7IvERFRMLD
BEHIRARE L h o723, —FH, 79F IV VORMLECIHEKARL LTF 7 I VRIE~DIEE
BGEA K-> CTEh ¥, IO IABEOLELD 5,

V74 FINF o7 37 I VFEET, EFEREINZH LV MAOBHERETH S, L
FYveI7¥ XY ve 3B ab, ilic MAO-B % [HET 2 H2FHETH 5, MAO-B ~DiFER
b X bicEnzy, Zettom EAMfEIhTns, AT, ¥ 74F 3 FIiZ P83 v fEEhE:
ER7Z T T, BKEET PV VLA F v A NVBIOAINLT T LF ¥ A LDOHEC IV X IV
BRSNS & v o 720 FE RN T VRO S O FED 44, LI ER 23, ftho MAO-B [HE
e DREVDECE LD ARENED D 3,

MAO-B FHESE 13 PD A CEE AR KE A0 5 28, BN &BE R, (L PE, JEF vy
MAEHOGER U A E R ) | ADR ICHEZ RIT T EENED D 2, C N CHIRRERC A 27 F Y
ZAC X B REVFMIITONTELR, FIIVRIGPT V7 2 X 3 VRO X 9 7, BREKIC
B 2EREREEOFELIZ 5 ITITAFRE T — X X — R &% FH 72 R 72 T 234
A[RCH3, T TAETIZ, FAERS ZflnTRLF ) v, SHFV v, +74F 3 FERRIC
LRI Z FEf L, RREEERICET sl et 2 L2 HINE T3,
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selegiline rasagiline safinamide

Figure 1. Chemical structures of MAO-B inhibitors
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FAERS (&, HMEK. WHHEE. WEMEI» O ARREZINEL TH Y, W &I DEMO,.
DRUG. INDI, OUTC, REAC., RPSR., THER ® 7 2D 7 — 7 AEHX TR LT\ %, FAERS
DAY = 7H A4 b 25 5.2004 F55 1 U 6 2022 S 2 W E T T — 2 #EUF L 72,

GOpURE
FAERS ICNEINAT — &I, HEDIFOL -2, AL, MA A ERHEET 2O, T—X
ZEHEL L 72,

DEMO 7 — 7 v id, i, ARE, M. FBEH, EELZ EOBEEREREE T, KREIT kg
ICHE— L. ZBHTE RV D DIEBRINL 720 il d FIFRICERFALICEL L . ZHREER D D IX AT
R E LT FAEHIZ YYYY-MM-DD JEX Catfi S Nz Hff oA %M L 72, ®EE I 1SO
3166 ¥ ICHEMLL CHFHME(L L. BAGCIEFEICIBEIEL 72,

DRUG 7 — 7 Vi, AE RERFICHE] S - ERML 2 BT, EERMLA T, kA, Bnd,
By 4. BEFR7R & % M sl iR A TEE S 5 72 %, KEGG DRUG # 4 # W C RIS 2 — L 7=,
FFKEGGID % ¥ — & L 2B 4 GEE (KEGGDICT) %#{ER L. FAERS DEIE G4 1 KEGG
ID %#E Y YTz, MEFIDOEEIIHSI T &ICKEGG ID 215 L7z, EEMABR DL R0E
éu&%@(mwﬁ)%@mttoé&m\MEmf%t CHERR & 7= EFE S 44 T KEGG DICT
FEHTL. FHEEHI D U CRRAT, RIEICE Y Y CTEhhr o EEMLIZOT THEAL
DEoffFe FHcoBFE4@ELC. kLX) v, Z3FV v, $74F I FIZOo0THRRL
DONEH— L 7z,

REAC 7 — 7V iC&E N5 AE 1Z, MedDRA (Medical Dictionary for Regulatory Activities) **
DEFIK X L5, MedDRA 1 [FEBREEHE S HIHIFHFI 5 (ICH: International Council for Harmonisation
of Technical Requirements for Pharmaceuticals for Human Use) 1 X Y 567E & 072 [EBTHE R FHRE SR
TH Y. MedDRA DE(EHES X U° MedDRA® D E KRG ICH 263 2, #EHKSME (SOC:
System Organ Class). =iz 7' /v — 75E (HLGT: High Level Group Term). &ifiZz& (HLT: High Level
Term). J&AGE (PT: Preferred Term). F/Ea& (LLT: Lowest Level Term) @ 5 @&+ H 3 %,
FAERS IC#t T 15 AE 13 PT DREfE 2 oI T 5, ISR 2 40T 7z MedDRA ¥ — &
2 VDEWIZE S AERLDIETH DX 2N T 5729, 2T D AE Kit % MedDRA version 25.0 Z
HoWnTH— L 72,



THER 7 — 7 V33385 % & A, YYYY-MM-DD B Ccat#i x 7-ftaH - S THDO B % g
MricfiA L7z,

INDI 7 — 7 VPR 23 5dd S v %, PT ICHERL S % 5C#T MedDRA ver 25.0 ® PT IZHk—
L. ZDfhoidskizRsL 7,

F—TAAB LT — 2 &5

7 — 2 DEAICEI L. DRUG, THER, INDI 7 — 7LD T id primaryid & drug seq % ¥ — &
LT, ZDfthd 7 — 7122\ id primaryid % F — & L CTHA L 72, BE3ERSA . BB H KT H.
WAYE. AE. TERI. AE 4 H. KH, Flin, WEESFE—-ORFEEEL L, REBEOWE 2R
CETORFEHIRL 72, oo, EEMFHIBEH AE #4H X Y RoWE ZRIL 72,

7 —2DEF IR, iy - WA - mEEZ ST REREZE L2, B - DSt o RIX
B2 OB L 72, WESENIZ. UN M49 ¥ ic ko a2 L ic 5 L 72, ARG ERIZEE 2
LERANL 720 fElRIC D W T EEME & R (SD) ZEH L, MRl e EEIC O W TidEE %
BHHL 7=,

> 7ok

> 7"F A, ROR (Reporting Odds Ratio) *°iC X W #H L 7z, ROR i34 7 ¥ £ D Lareb 72 & Hl
fRLFEThHLNE, RENLE Y 7 FAREOIREED 1 D TH %, ROR D 95%EFHX M TIRE
JORER (1) b1 2AEEEEY 7 F AL ER L (Figure2) ' £72, €L ¥
VIRFIIC X 0EISA R R D L BOFNE S —F v Y VIR, 0%y FEF (EMSAM) 13 5 DfFiA
BICHWON D, AR TILEICOECEERE L, Xy FRFIZEH L 72GER. % 72 135388 R
259 DIRBE T H 2 REHI Z BRI L 72, X ST, BRHI X L7z o 77 F v 1d Primary SOC 124> SOC (1
e LR L 72,



Suspected ADR Other ADRs

Suspected drug n11 n12
Other drug n21 n22
Where

*n11 =Number of suspected ADR requested when suspected drug is used
*n12 =Number of other ADRs requested when suspected drug is used
*n21 =Number of suspected ADR requested when other drugs are used
*n22 =Number of other ADRs requested when other drugs are used

ROR = n11/012 _ n11Xn22
n21/n22 niz2xn2i

1 1 1 1
log(ROR)+1.96 Jm+m+m+m

95%Cl = e

Figure 2. Calculation Methods for ROR



TV 7 &3 VRRER ORGE

L FY VLTI, TV 7 =& IVERIEHORBP G INTE 205, £ DERITWINET
Z7%\v, 22T, AFETRT v 722 I vy 7 FARBERE OBELE L. I cEOEE
HIHE OEBEHEL W) 2 00FEE AT, 7V 7 =2 I VEERZ ERMICEHEL 72, BRI
ik, AT o2 207 w7z,

B, Tv7x23IvE MAO-BHESR (kv ¥V v, 79 FV v, ¥ 74 F3IF) £h*
oW SN v 7 F LB OFEBUE % . Dice 12403 X U Simpson ##£0 (X 1, 2) W
L 72, 200 ODRBUTFALUESIREICHW O NS IEETH B 2,

A1
2X|XNnY]|
Dice(X,Y) = ————
| X[+ Y]
= 2
S_ i~ XNy
impson(X, =
P min(IX], [V])

X7y 7z2IVicBAT 537 A0oEEEZRL, Y I1E%& MAO-B HEE (v ¥Y v, 7
XY v, 2B T74FIF) OV I FLOEEEKRT, BREMEAKRE WIZE, WEHE O
BB L EBRT, TV 7 2RI VDY ZFABEFERL & MAOB HEHK (L ¥) v, 7
XY v, 7 4FIF) ovrIamilifERe oBER KT 2T, BERRTLDT v
7 x X IVKRERERRHIIL 72, X 5T, A v XAE WY PV IdRRICBEE SR L L F X bR
2720, TvZ7zxIvicowTlEnhizy7Fro s b, 4y XD AL 50%. 25%. 10%
DY T FNERCTIRESNZ R L 72, /2. T v 72 2 I vt TRIBE SN S soC (5
R, DR, B X CIME) BT 5 PTIC2WTH KL 7=,

BT, Tv 7 2 X I vORIGEICREI N2 BEHTE & MAO-B [HER clith sz
ZF N DEMEE R R L 72, BHEEITEEZOME A < v b OFEE, BEH, Juni,
FHIMEREE (L4 7 —BHRED), v b= VIEER, (EEEZED, cho0BHicgy s
% MedDRA ¥ X I8 SMQ (Standardised MedDRA Queries) &. MAO-B [HESRD &~ 7' F L% Hlz L
720



FAERS (2004 455 1 PUEHH - 2022 4F55 2 PUREIH) o5 b, 2L F Y v 3,784, 9 F ) v
10,584 . 7 4 F I F 1,007 fF D & fEHTRSR & L7z (Table 1), “FIF4ERRIE Z 1L 1 68 .
70 %, 71 K TH Y. KEDOEIE L 40~44% & . MAO-B FHE M CHE 42 13O bk d o
Tzo MEEFIOTERNICOWTIZ, WFhd B L% LRl - 72, WIS, wFhoEER
bRV D S o 208, Z NS ORI TR ER B LNTZ, R LF ) VIIERT VT
ICHARCTOMEEEGLEL, W7 YT 00T 91 tho 55, 950 % HAZ H® 72,
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Table 1. Baseline information

Selegiline Rasagiline Safinamide
Age in years (mean = SD (n)) 67.8+12.7(2667) 70.0£10.7(7209) 71.4+£9.8(713)
Number of combination drugs® (mean + SD) 85+6.2 7.5+5.6 7.8+4.9
Monotherapy® (n, %) 34 (0.8%) 883 (8.3%) 57 (5.6%)
Female (n, %) 1517 (42.6%) 3998 (40.5%) 415 (44.3%)
Area (n, %)
Northern America 1523 (45.2%) 6082 (59.6%) 377 (40.4%)
Western Europe 201 (6.0%) 1497 (14.7%) 251 (26.9%)
Eastern Asia 991 (29.4%) 708 (6.9%) 29 (3.1%)
Northern Europe 310 (9.2%) 799 (7.8%) 62 (6.6%)
Southern Europe 231 (6.9%) 439 (4.3%) 197 (21.1%)
Eastern Europe 23 (0.7%) 169 (1.7%) 0 (0.0%)
South America 42 (1.2%) 94 (0.9%) 16 (1.7%)
Western Asia 4 (0.1%) 130 (1.3%) 0 (0.0%)
Central America 8 (0.2%) 110 (1.1%) 0 (0.0%)
Australia and New Zealand 22 (0.7%) 90 (0.9%) 1 (0.1%)
Southern Asia 5 (0.1%) 40 (0.4%) 1 (0.1%)
South-eastern Asia 11 (0.3%) 19 (0.2%) 0 (0.0%)
Southern Africa 0 (0.0%) 19 (0.2%) 0 (0.0%)
Caribbean 0 (0.0%) 5(0.0%) 0 (0.0%)
Northern Africa 0 (0.0%) 1 (0.0%) 0 (0.0%)
Micronesia 0 (0.0%) 1 (0.0%) 0 (0.0%)

In this table, unreported data were excluded from the calculation of both the count (n) and the percentage

(%).

a. The number of combination drugs was counted when other drugs were reported for the same primary ID.

b. Monotherapy is counted when no other drugs are reported for one primary ID.
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MAO-B [HEHRKIC BT 3 > 7 F Lo

LX)y, FJHFIV v, 74 F I FICBWTHREEINEZS 7 FAid, FRFN 585, 672,
254 4D PT TH » 7=,

ETCiHET 2y 7 111 FH Y, SOC T LIcHR L7z (Table 2), #FERIEE (n=30,
27.0%). KEflEE (n=27,24.3%). B, FHEs L OCREAIHE (0=18, 162%) »% <. &0
65% L % 57, MEEEBICEWTIE, AV - A 7BHE (L FY ¥ OR37. 95% CI 29-46 ;
ZH XY v OR45, 95%CI40-51; %7 4F I F OR78, 95%CI58-104) 7x¥, ~—Fv V=X
LD v I AR TICHI & iz, REMEEEICB L <3, SEhFIEEE (kL XY v OR92, 95%
CI71-120 5 7% ¥ VU ¥ OR 72, 95% CI160-87 ; %7 4 F I F OR 12, 95% CI 3-46). MEAKTUHERE
(L ¥V v OR 145, 95%CI115-184 5 74 F U ¥ OR 100, 95% CI84-120; # 7 4 F I F OR
73. 95%CI139-136) Dy 7 FAptians, Hf, dEs L CUESIHEICEIL Tt #
DIFEAE ICBhE T 2R B T, BE01E. 2 P —~<BhED > S F b § R &, PD KT
% RERE IR R 3 5 AIREE DY B B,

—Ji. BEMTLORRN R I LT, v LFY V308, TV FY v 367H. F T4
F 3K 8710 PT 2 E 7= (Table 3), &L ¥V v CRIFIEEREE, 74XV v o3
BLXOMERERZNENERN L Z7FALELTHRDONTE, —H., ¥ 74F I FICHFED
SOC i3A b NI o724, IRFEEICBET 22 7 F 3o 2 oDEEMB LY % h o7z,
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Table 2. Common Signals (SOC level) and the number of preferred terms (PT).

SOC Number of PT
Nervous system disorders 30 (27.0%)
Psychiatric disorders 27 (24.3%)

Injury, poisoning and procedural complications

18 (16.2%)

General disorders and administration site conditions 10 (9.0%)
Product issues 7 (6.3%)
Respiratory, thoracic and mediastinal disorders 3 (2.7%)
Musculoskeletal and connective tissue disorders 3 (2.7%)
Gastrointestinal disorders 3 (2.7%)
Surgical and medical procedures 2 (1.8%)
Vascular disorders 1 (0.9%)
Social circumstances 1 (0.9%)
Skin and subcutaneous tissue disorders 1 (0.9%)
Renal and urinary disorders 1 (0.9%)
Metabolism and nutrition disorders 1 (0.9%)
Investigations 1 (0.9%)
Infections and infestations 1 (0.9%)
Eye disorders 1 (0.9%)
Total 111

13



Table 3. Product-specific signals (SOC level) and the number of preferred terms (PT).

SOC Selegiline Rasagiline Safinamide
Investigations 37 (12.0%) 22 (6.0%) 6 (6.9%)
Nervous system disorders 35 (11.4%) 49 (13.4%) 16 (18.4%)
Cardiac disorders 32 (10.4%) 7 (1.9%) 2 (2.3%)
Injury, poisoning and procedural complications 30 (9.7%) 43 (11.7%) 10 (11.5%)
Gastrointestinal disorders 23 (7.5%) 21 (5.7%) 0 (0.0%)
Psychiatric disorders 22 (7.1%) 52 (14.2%) 3 (3.4%)
Respiratory, thoracic and mediastinal disorders 16 (5.2%) 12 (3.3%) 6 (6.9%)
Infections and infestations 14 (4.5%) 12 (3.3%) 7 (8.0%)
General disorders and administration site conditions 11 (3.6%) 42 (11.4%) 6 (6.9%)
Surgical and medical procedures 11 (3.6%) 12 (3.3%) 4 (4.6%)
Musculoskeletal and connective tissue disorders 9 (2.9%) 6 (1.6%) 3 (3.4%)
Social circumstances 8 (2.6%) 5 (1.4%) 2 (2.3%)
gggﬂg:f;g:‘;f;ﬁ%ﬁam and unspecified 7 (2.3%) 24 (6.5%) 1 (1.1%)
Renal and urinary disorders 7 (2.3%) 5 (1.4%) 2 (2.3%)
Product issues 6 (1.9%) 10 (2.7%) 1 (1.1%)
Skin and subcutaneous tissue disorders 6 (1.9%) 8 (2.2%) 2 (2.3%)
Metabolism and nutrition disorders 6 (1.9%) 7 (1.9%) 2 (2.3%)
Eye disorders 5 (1.6%) 4 (1.1%) 8(9.2%)
Reproductive system and breast disorders 5 (1.6%) 4 (1.1%) 0 (0.0%)
Blood and lymphatic system disorders 5 (1.6%) 3 (0.8%) 1 (1.1%)
Hepatobiliary disorders 5(1.6%) 0 (0.0%) 0 (0.0%)
Vascular disorders 2 (0.6%) 12 (3.3%) 3 (3.4%)
Congenital, familial and genetic disorders 2 (0.6%) 2 (0.5%) 0 (0.0%)
Endocrine disorders 2 (0.6%) 1 (0.3%) 1 (1.1%)
Immune system disorders 1 (0.3%) 2 (0.5%) 0 (0.0%)
Pregnancy, puerperium and perinatal conditions 1 (0.3%) 1 (0.3%) 0 (0.0%)
Ear and labyrinth disorders 0 (0.0%) 1 (0.3%) 1 (1.1%)
Total 308 367 87
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F 7 1 v KIGDOWGHE

FIIVRIEDY 7 FNiE, ZHF Y v (OR 626, 95%CI 192-2038) TO AP E L, 2L F
VB XU 74 F I PRI Aoz, 2L, PO oFE LI 2L XY v
D%y FHF (EMSAM) Tl 77 I VY RIGORED 4t H - 72,

P74 F I PO VEER

ENEOITEMLIC X VMG & &1L S L AMERTTE)fEE (RBD: REM Sleep Behavior Disorder)
12 PD BBEOHKPEBUCED DD B, 7 4 F I FOIE NI v IEERZ RBD ICHZITH % 1HE
HRMEINTED M 2L FIV v, F¥FFV VY, $74FIFICEVWTRBD v /e LT
BHENELEPICER Lz, ¥ 27 F A LTRBD B E N7z i3+ L ¥ v (OR23,95%CI
7-70) &£ 7% ¥V ¥ (ORS51,95%CI31-82) DATHY, 74 F I FCiIhahidr o,

TV 7 xR VEEEF OMEE

TV 7RIV MAO-B [HEHD & 7 F VB %783 Dice (#%(3 X OF Simpson {RE(%
Table 4 ISR T, WINOIRKICEWTHUE X061 AT ThHote, kL FI VT V7RIV
DRIz, i MAO-B BHESE & [LEL L T+ 7/ v o IRl 13580 S e - 7=,

RIC, TV 72X I VORME S IcdiIn-Z5L . MAO-B fHEIICBWCRN I N
PIOFNEDEHEEMER L2 (Table5), EL F VU v Lo MAO-B FHEIR & D EIICHHfE R 2RI
R I N o7z,
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Table 4. The Dice’s and Simpson’s coefficients of AE signals were detected between amphetamine and each

MAO-B inhibitor

Coefficients Amphetamine Selegiline Rasagiline Safinamide

Total signals 1530 585 672 254
D? Ref. 0.18 0.23 0.12
All signals
SP Ref. 0.33 0.37 0.43
D Ref. 0.10 0.11 0.05
Top 50% in odds ratio
S Ref. 0.11 0.11 0.10
D Ref. 0.05 0.06 0.03
Top 25% in odds ratio
S Ref. 0.07 0.08 0.04
D Ref. 0.02 0.02 0.00
Top 10% in odds ratio
S Ref. 0.05 0.05 0.01
PTs included in SOCs (psychiatric, Ref. 0.36 0.43 0.22
neurological, cardiac, and vascular
disorders) S Ref. 0.48 0.54 0.60
D Ref. 0.40 0.47 0.23
PTs included in SOCs (psychiatric, ©
neurological)
S Ref. 0.58 0.59 0.61

D, Dice’s coefficient; °S, Simpson’s coefficient.
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Table 5. The headlines and subheadlines listed as WARNINGS in an amphetamine package insert and the

number of the corresponding MedDRA terms in each product signal.

Headline Subheadline The number of Selegiline  Rasagiline Safinamide
corresponding
MedDRA terms
(PT)
Sudden deaths 3 1 0 0
Serious Stroke 11 0 2 0
cardiovascular
events Myocardial infarction 41 1 2 1
Hypertension 90 8 8 2

Pre-existing psychosis

WOrse

Bipolar illness

Psychiatric adverse
& Emergence of new

events . . 7 2 2 1
psychotic or manic

symptoms

Aggression 1 1 1 1
Long-term
suppression of 3 0 0 0
growth
Seizures 91 3 2 3
Peripheral
vasculopathy,

63 0 2 2

including Raynaud’s
phenomenon
Serotonin syndrome 1 1 1 1
Visual disturbance 96 2 4 5
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T X IVERY 7t MAO-B FHEZR L FIfEECH Y, L ¥ VICHIELRT v 72 2 IV
RIER IO ot o7z, TOFERIE. 2L F ) VoK CTT v 7 2 2 I ViR AE #3329
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Figure 3. Sequential development process for the construction of AEST
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BT

AEST I Python % Fl > CHEFE L 7z, MAIZK/RIC T Streamlit, 7 — X UHHIC X Ray Z A L

7zo Streamlit (. Web 7 7' 77— a v 4T Z % Python 74 77 ) TH % *, Ray [T AH
BT — 2 OWHNIR % ZNRANCFEITTE 2087 4 77 V) Th 5 %, = — % — 23| CEHE

i RN S 2 AT % & - —Y— LT Ray 28 FAERS O 51 % 1i5|EfT3 2% (Figure 4),
Z D%, v/ EERL ., HRIZABNICHEEICRS 7 78 LTRRING,

input
https://alain003.phs.osaka-u.ac.jp/AEST/
user
output

Streamlit Server (Display)

Enter the drug name

Userinpu) Signal Detection Results

Cloud
downloadable)

Automatic correction P ot 9
. + Statistical visualization of signal detection results

of spelling errors

Statistical visualization of the signal detection results

Retrieve entries from

Forest Plot Volcano Plot

Visualization of Background Information on Drug Usage

‘Timeframe from Drug Use to

Js
B sine e Adverse Event Occurrence

+ Indication

 SOCPT . nibie
s also performed
Options Temporal Trends in Reported ~ Age and Gender
(User Input) Regions and Patient Numbers ~ Dis
+Select analysis period + Area/File
+Select country . . 9 R .
Selet gender Patient Numbers by Reporting Region and Country

+ Report Country/ Area

AEST

Calculation

Results

Ray Server (Calculate)

FAERS

Segmented FAERS X

3

Data Loading and Querying (Computation) ‘

Result 1| Result 2 | Result 3 Result X

results from Result 1 through Result X
are integrated.

Figure 4. Distributed signal detection workflow in AEST

User inputs are processed via a Streamlit server for display and automatic correction, while calculations are

parallelized over segmented FAERS data on the Ray server, with integrated results visually summarized.
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v 7 F VRHGEHRE O EndAl
¥ I F AT, REHECE nll CEYREZES &R AE DD n12 CRERESES & ISR
AE OHH0 . n21 GERREZET &R AE OHHE0 . n22 GENREZEG & IFTR AE OHED) (1
SHAL 7z 2x2 EIF % Hic, PRR (Proportional Reporting Ratio) & ROR % Table 6 DFEHEIC i -
THINT %, &, AEST Tt | AOEBEDFE—EESMICH L TEED AE 2lE L 56, &
e AE OR_T il 2 AL L2 G & LCEFE L. WGB3 2 08RO I KX 4 5,
AHEEICTIE PRR £ 7213 ROR TEHEZR A LD, v 7/F b3 5 05197,
T 72, FHEEE E® 5729, AEST Tl FAERS 2R ICE51F 2% AE ORBREREH L2 L ®
Eat L. FTRFIC OB AMERE SR T 2 AL LTw 3, fo 72 Ccid, T FRRE
fICBEE T 24 AE OWER (n11) 2ART 2L T, ZOEEMICET 58 AE OWMEE
(n1+) #8592, %D AE 2T 2B1C1E. 2D nl+ 5% AE D nll 2HHET 5 C
T, WNREFTICBEE S 2 Z 0ftid AE OMER (n12) ZK® %, AEST D7 — XX — 2T,
FAERS 7 — 2 Z[E#E 4 L PT DA A DE LTI L T b 720, NREFEJTT7 412
VI BT T, %Y AE ORGSR (n11) B X CIERREIESICE T 2 Y% AE OWREE (n21)
HRHICHEIM TR 2, 2272 L. AT B WA S oLt RIEEL Cv /AR EfT S B
HITX, IO DOEMEERHZT T — 22BNl L. ZOENESICH LT AE & & oREE
RHEEF L ECT 21T

Table 6. Calculation Methods for ROR and PRR

Method Formula Signal Threshold

ROR = (n11 x n22)/(n12 x n21)

ROR nll>2
95% CI - 0
(Reporting Odds Ratio) lower limit of 95% CI of
= exp(In(ROR) ROR>1
+ 1.96 x /1/n11 + 1/n12 + 1/n21 + 1/n22
nll >3
PRR
PRR = (n11/(n11 + n12))/(n21/(n21 + n22)) PRR >2
(Proportional Reporting Ratio)
=4
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ST HCEANALEE & 2 T 2

AEST Tlt. FAERS Off#TICE T 251 2 2 + OFEEICHIS T 2720, S BIEHIALEE 7 L — L
7 —7 Ray %8 A L7, BARIVICIE, FAERS B O/NS 7 — XA E L, ZnZ il
SEL 722 A7 & U CHERINCIAN R 2 v AT a2 FEE L 7o, ARUPREREGICIZ, 20 vCPU b X
U30GBDOAEY ZH VYT, Ronz) Y —RAFTOAL—=Ty Fa ExK 57z,

VAT LB DO I —F =L DFRKET 7 A A SN2 ERAET 5720, Az E
fiti L7z AEST CREHTRIBE 7R 5,721 BLSMIC DT, 2004 4E5 1 YA & 2025 4E55 2 Ui ©
@ FAERS % v, ¥ 7 F Biths XL OB REMO UL T T 3 2 £ TOIRERHE (7)) LI0%E
BPRONGBVL T —DRERZUIEL 7z, KV 7 TR DXfFICIE, Playwright 12X 25777
VHBERER 2 V) 7' F 2 v, WHLEE (RL v FEO % 1, 6, 12, 24 & BFENICHEN S & 72,
FEMETC. BB ORERFR T COMIERR 2RI L, FRET 7 & 2 RFOHERE % 51l L 72,

S SR N

AEST Tli, 2 —%F— ANICE D GEYIZZERE WA 2 HEE T 2 REaE 2 225 L. ik
[ %X o7, EREMBITITEDA, B, BB ESRBREIPFEEL, ANFREO 2L 3
AHERET D L., TR DU T 2 B TFHRE T T R ERE 2R TE R
%, % T, AEST Cldx—%— AJI3FH & AEST FFE IC &k & N7 RIS OFALIEL % Jaro-
Winkler FEEEZ W CRIB L. & X a7 hEn il 285§ 2 77502 8 L 7z, Jaro-Winkler B
HEZSCFAEEHO —BE # S 2 RFEZ R D SCFH D 2 ~0r 3 20 L CHIETH 5 728 ¥,
AR 2 B 5ATHBEY) R ERLLEZHEST 2 Z WIS, AT, AEREIX2—¥
— AN AT LNECTEB I NS EREGA & OICATTF 2T &KEIBH S,

(WY

C DR ORI R ERBNICTHE S 2720, 24 v /27 —%2HURRBFBHLTIEL
WERGA AT TE 302 REEL 72, AEST T 7 F AR HBER 4 5,721 K534 D X7
IZXf L. nlpaug 7 4 77 U %D KeyboardAug BRE % V> T, QWERTY BLHlicEo < 24 v v
I —%EICAER L 72, =7 —FE%EK (aug char p) % 0%2> 5 50% % T 5%% & TEREM I
B, £ 7 —RicksF2mEEO—HE (EER) 2HEL -,
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CERN I TS
AEST 7 — X O E

AEST D7 — X+t v MIEERA L AE OflAGbE 2 REK X, #El 575,452,020 Fo L =
—Fa&t, MEHH720 0L 2 — FEUT 6,691,302 1 (BEHE(RZE 6,094,644) TH Y, &fk
&L CHIERICH 5 (Table 7. Figure5)o 7 — X e#lFEIC oW Cid, EHGNY (Drugname) &
KU AE (PT) ke icitiia w3 —75, BIAH (Startdate) °° AE F6EH (Eventdate) 7%
E—HIEE LR EEE SN IR A o 72, T, EEGA P AR £ EOXTIIHE I B0
BID ~FF5L L. &7 — X 2 ¥ERCH & U CRRERL L 72, AEST Cffiff] L 7z FAERS ®JLT — X
P A XL 547 GB THo7/22, FUlL L7727 —42% VDS BLUOLFMEITLH 7 7 4 v & & b IThE
L7450, 7 — 234 X 1.25GB OL7 — X Of)23%) I THMiE iz,

Table 7. Summary table of data completeness for key fields in AEST

Data total: 575,452,020 records (mean per file 6,691,302; SD + 6,094,644)

Filling rate (number/total)

Drug name 100.0% (575,452,020/575,452,020)
PT 100.0% (575,452,020/575,452,020)
Indication PT 99.9% (575,451,928/575,452,020)
Start date 14.7% (84,453,152/575,452,020)
Event date 40.7% (234,136,717/575,452,020)
End date 85.0% (489,402,120/575,452,020)
Age 71.8% (413,091,651/575,452,020)
Sex 88.8% (510,802,519/575,452,020)
Reporter country 96.3% (553,877,001/575,452,020)
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Quarterly Counts of Reports in the AEST Dataset (2004Q1-2025Q2)
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Figure 5. Quarterly trends in record counts

Quarterly counts of reports in AEST from 2004Q1 to 2025Q2, showing a continuous increase in report

volume with accelerated growth in recent years.

AVE—=Txz—2R

AEST Tlt, BEEZALEANT 2Ty rFatid oot cHEIMICETI N
% (Figure 6), KR4 D ATITIE. Jaro-Winkler BHBEIC X 2 BEBRRRIRAE A KL 72, LFHD
JeBH—EE 2 B L 72 Jaro-Winkler BEREICHE O CHEBMEFIRICK Y, 24 v /IR DA
SRR LT HEMIESHERE T 2, ANRIZ. v 7 F BB ABET S h, &Y RIER
D77 7e b ICHUL I N BRSBTS NS, b, 2P B v E—T - |
TO~ Y AT XY, TSt (IR, B, FiREs ) 2RIICHEETE 3,
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Results Display

user Enter the drug name

E. (User input)
A

Signal Detection Results
* Word Cloud
Statistical visualization of signal detection results

* Excel file (downloadable)

Automatic correction
https://alain003.phs.osaka-u.ac.jp/AEST/ of spelling errors

L

By default, the search refinement Retrieve entries from
FAERS with the same
ingredient name
screen. Upon entry of a drug name, (Handles variations in
brand names)

Fuzzy search is also
supported

Statistical visualization of the signal detection results

Forest Plot Volcano Plot

panel is not displayed on the initial

) - Visualization of Background Information on Drug Usage
the filter interface becomes visible. . .
Timeframe from Drug Use to

Adverse Event Occurrence
 Start Date / Event Date

Purpose of Drug Use
¢ Indication

o e * Weibull Analysis also performed
Options Temporal Trends in Reported Age and Gender
(User Input) Regions and Patient Numbers Distribution
*Select analysis period * Area/File * Age/ Sex
Select country . . A
«Select gender Patient Numbers by Reporting Region and Country

* Report Country / Area

Figure 6. Overview of the AEST interface

AEST integrates automated spelling correction, brand name harmonization, and an interactive search panel
triggered by drug name input. It generates word cloud, statistical plots (forest and volcano plots), and detailed
summaries of drug usage patterns, time-to-onset profiles, and patient demographics to support in-depth

pharmacovigilance analyses.

PR 3R S A AR TE( L
DiAna Dictionary Z 3% & U IEHIRI 2 &0 7 % 2 ML %35 L CTHLER L 72 AEST Dictionary
ZRTATHERR L 720 2025 4F 6 H 25 HHE TR D DiAna Dictionary I3, 2004 555 1 PUHA 2 & 2025
FE 2 MU E TO FAERS IKEE N2 EHELA D 5 H 6,466 K77 ITHIEL TW%, AEST 7 — X
v MICHKTF % DiAna Dictionary HRD AN —F (3| 2EEHBLICHL T 97.7%., 2=— 7 &
AT LTI 39.81% (351,563/883,058) TdH > 7z, Tk L, AEST Dictionary Tl, # -3
—RKRPZNEN 99.03%F X U 66.84% (590,277/883,058) & 72 v [EIF4 oMEFEMED A EL 72,

v
SHE
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SRR SR A o A

Z—H— ASE Y ITKE % Jaro-Winkler FiBfEIC X 2 HHIEREE 2. > 7" F A B AT RE A2 4 5,721 KX
9 RNGRICEHI L 72 (Figure 7)o 2 4 7 I AFEMEHR (aug char p) 28025 LT O&MATiE, F
¥j—## (Matching Rate) | 90%Hi# & mifE AR L7ze — . 24 7 I AFEMED 03 %48
A5 —BERIFELETL, 0.5 DR T 26.1%E o 7c, ZOET X, FRICATISCFAIRD
6~15 LTFOHEAICHEICA LN,
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Matching Rate vs. Typo Probability
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String Length (binned)

Matching Rate Heatmap
(by Typo Frequency and String Length)

100.0 1000 1000 1000 969 1000 1000 969 1000 1000 100.0

1000 985

1000 986 986 986 928 942 928 783 899 8 826 80

1000 97.3

1000 98.5

-50

-40

-30

-20

100.0 1000 100.0 100.0 1000 100.0 0.0 100.0

02 025 03 035 04
Typo Probability (aug_char_p)

Figure 7. Matching rate according to typo probability and string length

Left: Line plot showing the decrease in matching rate as typo probability increases.

Right: Heatmap illustrating matching rates by typo frequency and string length. Matching accuracy remains

high for low typo probabilities, while shorter strings and higher typo probabilities result in decreased

matching performance.
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VAT LMEEE R =T Y T4

v FABHIC T R A Gl 2 2o, v ST AN ETREAR A 5,721 i B RRICY 75

MR Z EME L 72, GHRREIL. 1 6.1 B, i 34 B, w18 H. mE 2030 ThHho7
(Figure 8), aIHIFHEIIZ. H I DMEHED L WIGEC. BG4 ICNx TRt 7R EEBO 4
MR 2 B TGRS R 2 HMZED bz,

AEST Tld., ¥ 7 F AR E 2% 5,721 D 5 H 5,693 Bisr (99.5%) CHRIGWZ )
T% %, AEST ~D[FRFFT 7 & A ORI H 2 Gl 32 720, 2D 5,693 K icoWnT, ¥ 77
A S L O RERO LA T 3 % £ COIERRE 7)) &, 72722 AfICL 3T —
FERZHEE L7 (Figure9), ¥ Y 7V AL y FUETIZ, V27 Z A PDIS%UDBETTEHETD
IRl (95th »X—k v X 4 ) 13 33.56 F, 99th X—k v X A Mid 76,11 B TH 5 7z,

AFIREL DI TEERR O IER 72 EHERME T AR b e, 6 AL v FEEE TIE 95th
N—e V ZANH130.61 B, =T —FK(Z 0% (0/5,693) THoiz, 12 ALy FEIE Tl 95th ¥
—k Y XA N25206F, =7 —F04% (23/5693) HRL7z, X 5HIC24 ALy F T, 95th ¢
—k VXA ND 45044 F) (99th X—k vV X A )L 1 547.88F)) FTHIML., v v I/ ArRLy KT
#1136 fFFICIER L7213, =7 —Fd 1.5% (85/5,693) i B L7z,
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Relationship Between Calculation Time and logio(Number of Reports)
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Figure 8. Relationship between calculation time and logio (number of reports)

Scatter plot showing the correlation between computation time (x-axis) and the logarithmic number of
reports analyzed (y-axis), with points colored by logio (types of drug names). The histogram at the top
displays the frequency distribution of calculation times. The plot demonstrates that computation time

increases with the number of reports and that drug name diversity also influences calculation complexity.

Elapsed time by thread count
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Figure 9. Distribution of elapsed time by number of threads

Violin plots displaying the distribution of elapsed processing times (seconds) for different numbers of
threads (1, 6, 12, 24). The results showed that an increasing number of threads tended to result in longer

processing times.
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FAERS Z W CIERM DY 7 F L Z N TE 2 Web 77 ) 77—+ a v [TAEST) ZHl¥F. &
i L 7z (https://alain003.phs.osaka-u.ac.jp/AEST), AEST i34 v & —% v FEREEDH I, Bk
OS ZfMbFT 77 v FrofHTE, EHY 7 v 2704 VA P =% 0% E L\, FAERS
PN L ICEHT S LB A, AEST 37 — 2 S HEINIC 22 —F —~ KM X B 3%EF &
L. 7=2EHCYV 702707 v 77— MEEOGAHAE L7z, I Hic, 2—¥F &
PRIAVEREL L, MBNESCAERZREL 2R T2 fIHEDT 74
Ny —ICHEEL T B,

¥ A7 LYEREDHITIE. FAERS 7 — X Z8UfiH{t L HDFS B icZf L -2 & T, 7— 294
REMNERD 447D 1 LUFICHIR L 7z, %72, Ray Serve I X % /B S % B2 L 7= 453, F
B 6 MRRE Ty 7P AT T 3 2SS EH L 7,

vrFAmBIC BT B EEECHER To R E A& 3 EEHL DL E~DRIGE L T,
DiAna Dictionary % J:#% 1C IEBIRIBILIE % Fi v THLHR L 72 AEST Dictionary Z #i 72 ICH§SE L 72, Z
Nic XY, BEERMAICNT 2 7 5—%(1F 99.03%., EEZ IRV EELG OFEEICHT 2 AN
—% (3 66.84%IC#E L, FAERS ICE T2 v 7 FABRBoEE R E2xffsh s,

Xbic, 2—F—FEEOBIS LS. Taro-Winkler Bl IO B\ F WIRERBEREZ FEHE L
Too BEEMHL DAL I A HBNICHIET 2 2 & C, BEESAET 2 LIfFI N2,

AEST DI icd, FR FAERS ¥4 =V 2777 v 74 —2L & LT, FDAble. AERS Spider,
OpenVigil, AERSMine %7285 0, RE&MWMek & CIAKEH I N TE /2 1010 2 2 1RSI
RIRARHEER H T 5 — . 2025 49 AR TIEA v 7 F v R EIRe v 7 F A - A b
BERRT 7 DHIFEET 2 (Table8), TAUICK L AEST X, 4 Y& 527 F 4 778 Web 4 v &
—7 2 — 2% N LT, EFEHL O R~ 3 ZGHIE & v o 72 HEIULEERE il 2. HIRS
CE R E DR IARBERER i 2 72l R s AL FRo M, BET — 2 o[l &
o M DORE R Rt 2,

7272 L. AEST IC % FAERS (CHER 3 2 38 & By RS FFE 3 %5, FAERS I3R&ENA 7
A DB EZ T T, VP NERRBEMRZERNIOR ST LI TE RV, 2070,
B & 7z > 77 N O EFIRI IR TG IS I 2 23k o b 2, Bedfii <ld. 8o
BT 27 & ARFICERIEDS R A3 2 AlREVEDS D 5, LA L. AEST I3 HGEHINE A R L Tk Y.,
FIF A RE 2 IR ICIG U CEIM Ic e 2 A B C % 23%5H & > T B, ARHFZETIX. 20 vCPU
L30GBDAEY ZE YL TAEEFETY AT LEREZFHE L 72, X Y KB AFHEREICE
T, 2—F—D=—XZIGL CHREFRZHEMT 5 2 & T, [T 7 2 AROELEY T T —
RKEERTELLEZLLND,
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SHOPEL LT, GUIR~Y=aT N, Fa— ) TAORFEICMA., BMEOZRERH %
RT LT LICkY, 2—F—Ic X2 R KON Z R T 208 H 5, /2. AL
VI AHIERERE DT = 7 — DIk ic EOREF G L 722> & v o ERNFHE S, = —F —2
LOEREAMABICKMT 2HMABOBEADEECTH S, TIHDRICDOWTIE, AIFFEOHE
EHAEL LT, SBoFEES L EMBRICE O TEBNICUGEL T FETH 5,

Table 8. Feature comparison between AEST and existing FAERS analysis tools.

FDAble AERS OpenVigil AERSMine AEST

Features .
Spider 2.0 (ours)

FAERS Data Mining O O O O ©)
Drug Name Normalization e O
Handling of Drug Name Variations and Typos @)
Signal Detection with Custom Filters O
Visualization of Signal Detection Results @) O
Exporting Signal Detection Results @) O O
Visualization of Background Data O
Operational Status (as of Sep 2025) @) @) @) @)
Pricing $350 free free free free
URL https://www.f  http://www.c  https://openvi https://researc https://alainQ

dable.com/ hemoprofilin  gil.sourceforg h.cchmc.org/a 03.phs.osaka-

g.org/AERS  e.net/ ers’home u.ac.jp/AEST
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F5HT M

B ETR, F-SEEREZE T 2EENTH > Th, (LG BRI O &2 ADR O
FRICAERZD L LG22 LML 2T LTz, TOHIRIE, FAERS Z 72> 7 F ViRt 23,
IRSORIUCR LFB AR E 52 2 TR LTCHRATHE L ZRBLTwE, —/7T,
FAERS fHT IC 35\ Tid, BITLET iR R T &SR Cii— s hTh b F, B o N R %
RIGH~ & FE & 2 3 E oL EEM 2 & 0% 2, £ 72, FAERS 7 — X i ic i3 —i&
DEIRERCY —ABLETH Y WIFEEBIS, FricERRBIS & & CoEMIZES TldZa v,

AETIE, FHEERICKE T HBME O ML 2T 2 F2Mi© % 2 X 5. FAERS RS2y
— L AEST (https://alain003.phs.osaka-u.ac.jp/AEST) %#BHF L. Web 7 7V 7 —v 3 v & L TAH
L7z, AEST 13, RN AT —F =4 v X2 —7 2 — R & @l R UEPEREZ WL L T\ B, R,
KIRKRFD 28241 X 2 BEMREERE] it T, EHERRY —vz v 11 BUHE
PRIGFEREICBE T 2 R DEER | 21T, ZOMRZ|MEL T2 1%, 2ok dic, Ky —iz
e RHE DT B W T HIEHTRE R L ERM 2 A T b, EHIC, 7—X kv O
BLICK D, AEST 3V —RAa—FHXUVT -2 R_R—2—-HA% YV —Ra—VEHT Iy } 74—
L CHERRECH D, v —AAEBRBICORMMERIREL L, 7 — X BHH 7 LRI 2 kbt & i
RL7z, Si2iE, IEEBICH L o3, HKRPEE 2 B L RAHE COEMN BT N5,

BITED AEST X EEDYIMIBRSICH D . X 5 7 2 BEEEILRCATRE R OTER TR O wT, &
BRET ORMD D 5, AEST I&. FAERS (TG & 72 BE3E L 2 fFE ) 2> O [ — S T TRt 5 5
L ERVEEL T2 RICRED S V. BERRFAEOFEN-CHEIE R IEYEROHEMEICTHF S LG5
tEzZbNDE, —JT, R E Ty 2 LCERE L, BERY )RR ERES comHIco
BT B0t BIEREMAPLETH D, T2, SRAEM Y TOMAEIHEEERT — £
Ifilii p S R N, BERA R 2 EEEHE~LRITL T L IFEETH L, 207D,
ABST OFIHFE DILAKLTERIEHEIC T 72D fAICOWTH, SHOMAHETH 5,

SHROBEL LT, MIRECERNEERESIKRE Ny 7 770 v Fefioa—F—off%
BEL, AV E2—7 2 —2ADWE I X HEEDOH L, BETFALVTHEDY TALT =L FT—X
LoffitriED L LT, EREOE LR AERFAET, EHiC, v FAMBAEROERRT
R % SRS 2 hRe 2 m b U, ISR RE O R FE X XM 5 © & <, BEERLREF TS X ORR
B ic s 2 BRRESIR~DHEMZ HiF 7,
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F3E v —7v LLM ORI & REL B LLM FFE o mIBEN: @ INEP % F > 72 3FHiff
B1E BR

B2 BECRESE L 72 AEST (3. 1E#E{L & 172 FAERS f#trdEs 1o, @iz s 7/ F Ak & iR
DL EERTE Web 77V 77— a v Th 5, it BEFRLHEITEEOHRMNAZIVIAS C &
T, XV RHi——FIC X 2 RN ~DOSHZA[REICT 2 DTH B, —H., ¥ Fr
BHAE R Z ERRICH 32 7201 i3 SRR EMARRICE O 2B R 7 7 —F o3k b 3 1,
FFiC, AEST THiH I 7 v 7P Vo RINE R & EY - 3AnER D O IE et 3 2 Bae 1.
2—F—DREWMRFE~ DR E D 5 L THETH 5,

TEHPRURE % T 26 1 e iffifisli & L. ChatGPT @ X 5 A KHIEISEEE 7 v (LLM
Large Language Model) I H L7, 77 —~a vy 5 v AEB QM L 7t 2 013y - KPR -
PR 7 CES - EM M TH D O, LLM 253 ' F A ZEYNC T 3 2o i, KD S
RIS 2 M5 22 BEFTHIER Z i X T\ 2 & L AR & 70 B JAH 70 3R I HTER % AR A1 1 BT 5
% HAR D SEHFIAME S 35k (JNEP: Japanese National Examination for Pharmacists) 1. 3R2Z5HIRIC &
F % LLM OWREARMGET 2 GBI L 2 Y 5 5, EBRIC, GPT-4 IfEZ A HEZ: INEP DI
LT, AigkkiEs B2 IEERZR L. HARGEOEREMAGE B 2 3081 b MICHTRETH
22 EDRBEINT VDS 1 ZOMAIZ, LLM 25 AEST OFERFIBAE L L CCH T 2 nl#E
MRl Tnd,

L% L. ChatGPT % Gemini 72 &4 ¥ &% —% v MEHTH — e 2BEF O — =it L <
MM 252777 VB LLM % AEST ICHAAD, EREEN S 27 L CEM L 2856, BER7%Y
2L BB D B, F—IC, T—ZE*2 ) T4 OfETHB, 2T FE LLM 134
vE—=Fv bENLCHHAZEOEM L EINBY — =10k EFT 5 20, BEERPEEEO S
T — 20T % ) A7 BEICHIES 5, BE T 7450 — OIREP R S 1 2 BRIKES
ICBWT, 7— 2RI A 2713 LLM B ADRAKDREREL 70 2 107110, 5570 & 27 L Offkfi~
DFETH2, 77V FRILLM ¥ — X THANIC R 502 X 5 i, B LLM Dbz k258
Hl 7TV - N = 3 v OHEFII Y AT LREOFHE RN 2 B0 1, FEE RIS &
NIV AT LT 5 CTREN A=Y a VEBEIARIRTHY, 777 FE LLM ~DK{EIFK
ERhVRIERY S D,
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fRRSED 1oL LT, A v 7L I RBRECHIES 2 LLM (R —# v LLM) BEH I N TWw 5,
72— LLM 34 7 7 4 VB TR 2 D ZEMICBI{ERRETH V. 7 — X ZANTICEE L
BTz D T T AN — T E B 171

T4, DeepSeek Z I U ¥ & 325 —fdu—Hh/L LLM X, GPT ¥ J —XICPEid 2 WaexH 3
22 EDBMEINT VD, B - BEDFITE T 3 % OFEAMN RHE LIS~ DHL D A 1R
EWITH b, Zong O DFEIC I F, BERAEREBZNRE L7 709 FOMFED 5 B, v —7h
v LLM %8R L 2 Flid b5 3 4 (04%) I8 E>Tw3 5, L bliF, LoRA (Low-Rank
Adaptation) '"'® I X DXT X = ZNRINIR T 7 A v F a2 —= v IHEMOBEIC XY, FHHEERD
HilK % 2\ IR LRl T TV 2 R T A BRETIIRE W00 B B, LA L, FAEFEHICR L 7
17— b LLM DOPERERHIi©. 203 R) 2 2B g i B3 2 R R RAA L L T ic &l hTw
e MAT, HAGEREICEWT, 205 OFAEEEEMARO BRI EORERMTH
2h, BIUOEDE I BT 74V F2a—=V TSP ERGETH 2 01O ThH, T3 7= MEEIE 7
INTVZR,

RETIE, 77 —~a by 7 v AQHME L 7 2 3N - BRRTIAIERO MG 70 BRAG % FFAf 3
B8 CH 2 INEP XV F~v—27 & LTH, 4008 —71)V LLM % Hl W CHEEFIRIC B 1T 5
MRERFHE L 72z, X 60, BRMN A7 74 v Fa—=v I/ FihTH2 LoRA ZHAL, RoI7:
IR T IC 3V Cb A EMAEZ (15 C ¥ 2 AIRETEIC O W CERER) 5 BET &2 17 - 72,

AWEHE. =70 LLM O3 EREIIC B 2 HEREZ BRRIICIE T 2 & & b ic, FRM7%
AEST & o Bl 2. FIHE O = — XG4T 5 o 2 7 LI a7 2830
HMAZG2ZEZHNE T2,
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2012 4E (55 97 [0]) 205 2024 4F (55 109 [8]) % CICEE X 7z INEP % L 7z, INEP (X, H
RO EAEFEE »MFEEN S 2 ERERABRCTH 2 17, SABRRIE O A & BHHE#HR X SEED 20 5
I3 L. &1 YakugakuQA 2 HHUS L 7z 1819, INEP © HiRiZ, AL L CEBEEITH 29
ICRE A IR AGR L AR R FEl T 2 C L Th B, MBRTIE. M E EROBE IS T 3
REJT. BEELEM o BUE, (GELECRE O ST &, BRIREER TR AIR & 72 2 HRIAVRET] 283 & 21
%, WAEORERL, PR, AL, AW, i, SRR K, JRRESRYIAE. SEHUMI MM, S
D 9 FHIC D72 5 345 MO % BORIRARE cRE T 5, ML, LZRE, FEmRE, F2EM
L W) 3DDRXGH 675,

BGmiIRE (105 f) ¢ 3o PERICE S  MEA HE S L 2,

SR (150 )  ELAIIZAER 75 & % I BRI SRADIEHI I P BIC 351) 3 BRIV RE
D% RIS 5

INEP 13, H—F 72 13 ERUE MR O % BRI E 2 S K X L, 5E S Wz B & sedic—8 L 7=
B EEAES 2 bNE, —HMOMEIER L2y P LTHEIN S 20, REICIZFED
SRS TRIE D RE % B % 2 72k b s, $72, RERBEOMEEIC B\ CREE O RED
Y] &R S NG A I, FIRE O BE L REE ORI 258 A 72 2R BE ~ DR R 5.7 &
JEASEEIC X B RIEIEESHELONDE C 23D 5, MEREMEICIZ, & TORBRMEL F& 2
BAGE» b ARI NG, BIEEMEL, ZERF O R iIc -0 M IEEHEIC X 0 IR E0E &
N5, 5109 FEEEAATESGER C X, 2FE O/ 420 FLAE (210 FIFHY) . 2ZEREIC DWW
TLMER S D 70% LA E22 D& FHH 30%LL 1. & HIC@ER - BHRE2MBNE 2 OE S 5%k
SERE ORI 2 MU T Th 2 C L BEKEHEL S, Kb, B0 B AN AREES
PHFIFARIN TR,
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7 — e

AW CHIT L7 LLM IZBRBEAE ) &4 LTz, (LSRR & O
Wz U, R - ER 2D TR L 72, FRRIC, & E L CR@Ey) & g < L7z fF@Eic
SUT LGS E LA,

T—Xt v b OREFICH Tz > Tk, 5 97 B> 65 108 [8] INEP O % FI#H 7 — £ (Training
set). £ 109 [A] INEP O Z 7 A F 7 — & (Testset) & L CTH#EIL 72, Fllff7T — 2 ici
YakugakuQA X 0 &3N3 2 MRai S & AT . fRROMATE L R WRTEIZBRAL L 720 BRARHY
i, A 2,421 B, FA 1650 F — %2y P ZRESEL (Table9), (L X 172 JSON
X CHEL L 72 (Table 10),

INEP (3B 0 HE . FPIL Z-FTESHE I N2 AlREED S b . LLM O PEREFHI IS 28 % I
E3 BRI NG, FHEICL D, FEE O T F X EERE 2 E R IICEHE L 7, HE
EoOFHiie LC, Z2o0BlmE»bFEMLIZ, I, XFELXVTOERELZFHET 2720, 1-
gram 2> 5 4-gram ¥ TENR & L 7T 2 R L 72, 55 IC, TEREREAIcOEE %2 a1l 5
%5 7-%, HAGEOEERMNT % Janome'?® Z W CTHEML 72, RIE X ZZERICHHL - L
T, FICRER MO TE e (. B, TEAF) BB 2 HE L 7,
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Table 9. Data Overview from JNEP (97thto 109th)

Number of Questions

Domain

Training set Test set
Physics 142 11
Chemistry 39 4
Biology 129 9
Hygiene 320 25
Pharmacology 390 27
Pharmaceutics 300 14
Pathophysiology/Drug Therapy 413 26
Laws/Regulations/Ethics 315 24
Practice 373 25
Total 2,421 165
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Table 10. The standardized JSON format for JNEP questions

"question_id": "<Unique identifier for the question>",
"instruction": "<Background information or case vignette applicable to the current question (and
potentially others in a sequence)>",
"input": {
"current_problem": "<The text of the specific question to be answered>",
"previous_problems": [

// List of preceding questions/answers in the same sequence, if applicable

{
"problem": "<Text of the previous related question>",
"answer": "<Correct answer to that previous question>"
H
]
¥s
"choices": [

"<Text of choice 1>",
"<Text of choice 2>",
// ... up to the number of choices for the question
I,
"output": "<Identifier(s) corresponding to the correct choice(s)>",
"explanation": "<Explanatory text detailing the reasoning for the correct answer (primarily used
for training data)>",
"metadata": {
"examination_session": "<The JNEP administration number (e.g., '109')>",
"question_number": "<The original question number within the specific JNEP
administration>",

"domain": "<The subject area classification of the question (e.g., 'Pharmacology')>"
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o —# L LLM

42500 —H)VLLM Z{H L7 (Table 11), Phi-4 (phi-4) X 140 fE T A =2 L\ HREE
TATHY RN, mmERAEKT — 2 oiEHICx, EZFCBERT 2 F—2 v EFEE L T
{3 % [Pivotal Token Search | Z#E AT 2 Z & T, EWIHEREZER L 72 121,

Y D 3 Dld DeepSeek R1 & U —XTH %, DeepSeek R1 (2 HEdwAe S Dmfb# EHIH L |
DeepSeek-V3-Base % J& 1258t %% (Group Relative Policy Optimization) & Supervised Fine-Tuning
ZHlAG DT E LT3 22, DSR1-Qwen32B (DeepSeek R1 Distill Qwen 32B) (3.
DeepSeek R1 % Qwen2.5-32B ICFEH L 7= EFAC, BB L hEED 2 2 7 iRt I T\ 3

123

o

INEP IFHAGECHEMEI NS 720, HAGFUIHICKLL 27 VORI b BE L %5, £ C
T. CyberAgent 2 HAGEMIFICT7 74 v Fa—=v 7 L7222DFT L, CA-DSRI-32B
(DeepSeck R1 Distill Qwen 32B fine-tuned for Japanese) & CA-DSR1-14B (DeepSeek R1 Distill
Qwen 14B fine-tuned for Japanese) #:iBJI L 7z 124125,

Table 11. Four LLM models used in this study

Short Forms for Number of
Model Full Names Developer
Models Parameters
phi-4 Phi-4 14 Billion Microsoft Corporation
DSR1-Qwen32B  DeepSeek R1 Distill Qwen 32 Billion High-Flyer
DeepSeek R1 Distill Qwen fine-tuned High-Flyer and
CA-DSR1-32B 32 Billion
for Japanese CyberAgent, Inc
DeepSeek R1 Distill Qwen fine-tuned High-Flyer and
CA-DSR1-14B 14 Billion
for Japanese CyberAgent, Inc
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77 AVFa—=vrFik

LoRA IZ. NT A =XKW 7 74 vV Fa—=V 7 FHETH 5, LoORA IZTFHRIFEFADEA
Wy [EE L., EAOENE (AW) 2RI IET v 7700 AEFEE L, TNEICOERITH
%j—%o

TCDEATHIZ 1 DO X S i L7zHE 1S,
A1
W, € RAxk
LoRA IZHHTEAWICH LIK T v 7 3% flvC 2 @ X 9 il 5,
)
AW = BA, where B € R¥*" gnd A € R"™>k

BEAEIZ, v 27 r BIEOXRIC d BLXN k X b KRIFihEwzethsd ($hbb, r«
min(d, k) )o 774 VFa—=v 7 Tlk, AL BOAXIHEINS, D%, LoRA %i#

FAL7ZEOIEEREL. JTToEE h=Wx (AN, hiZt) 230X 5 ICEET 3,
A 3
h=Wyx + AWx = Wyx + BAx
ETFNMMET v 7 DFEHITH (A BXW B ) OAER¥EETLZILTH LA A7 ICHEHTE,
TLOEMMTINEEE 7 74 v Fa—=v 7T 255 L HIRL T, JIBATRER Y7 X — X D% K
RICHIRCE 5, cIck D, RONZFRERTD F A4 VEHE L 2@ 08ATREIC &2 D . JTD
T—F%7 0 F v EEET LI RAENET 7 AV Fa—=v 7 R2ERT 5,

HiR D 4 2D LLM IR L C LoRA ZiB L 72, 7T — %% 9:1 olb&E <7 v X Lt
v b EMGEER Yy FICHEIL 7z, BET AR, BITT RV T VADLRD =2 vETFHIT SR
RINSEET VYV IRR 2L LTI 7 AV Fa—=v I L, @B EIEEE % B
270, BHEIESBEML 72, Z O EEAFNE ST A — % % Table 12 IC7R" T,
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Table 12. Detailed parameters and values used in fine-tuning.

Parameter Category Parameter Name Value/Details
Rank (r) 8
Alpha Scaling Factor (alpha) 16

LoRA Configuration

q_proj, k_proj, v_proj, o_proj,

Training Parameters

Injected Layers . . .
gate_proj, up_proj, down_proj

Dropout Probability 0.1

Learning Rate 2x10°°

Maximum Training Duration 20 epochs

Learning Rate Warmup

The first 10% of the training steps

Early Stopping Criteria

Per-device Batch Size 2
Gradient Accumulation Steps 8
Effective Batch Size 16
(with gradient accumulation)
Maximum Input Sequence
4096 tokens
Length
Validation Loss Threshold 1.0

Plateau Detection

Training terminates if no improvement
in validation loss is observed across a

predefined number of evaluation steps
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7 v 7+ oFE
eTtoxTAcCEo e vy M EEE AN T2 2, HEZKk T2 707+ %
JEUHICfT L 7z, phi-4 & DSR1-Qwen32B IC I3 HEECU T ONE%® 5272 ¢

The following is a question from the Japanese National Pharmacist Examination. Please ensure your

response is returned strictly in the following format: "answer": comma-separated integer(s) (e.g., 1,2,3).
—77. CA-DSRI1-14B & X UF CA-DSR1-32B i/ L Tl FFEONEE HAGETE 2 7=,

Kic, v v 7 MCHEO ZEHRS ZEM L 72, BECE LTISONER D7 — % (Table 10)
2> B SL (instruction) . FIRESC (current problem). EIRAY (choices) ZBMIL 7z, Hie3 %M
AT LT, A (previous problems) d &7z, 7 74 v F a2 —=v ZRDOFIHT — X 1CiF,
IEf# (output) & fAZARML (explanation) % 70 v 7' Mic&® 7z, k. FERILIZ<think>% 2T
PHA TR L 72,

P REETAM

LLM DOPEBERHM 13, A & N7z icxt L C 2 BRSO T 2175 C & THEIEL 72, T FIEHE
Bl w7z ABPEGE 2470 2RI AEPEE 23R8 22 (3T % FEICMEE L 72, 227 Y v 7%, IE
fEx 1 e L. RIEfE - AR - RERHBE R 7 — A% $_C0me Lz, FEFHMEE
ICIXEE 109 [8] INEP D IEER %A L7z, %72, LoRA B ATR TOMEEE 2 Mt ICHEET 2
0, /AR —BRECLIEEEREL, 7— PR LIy FEIC X 3 EHEXEOME 2T 7,
k., FAMOSEREICEWCTRERY 7 20 —=@IEZEM L 7=,

A AR

SHEIZRIRKF D SQUID A — 8 —a v ¥ a— X CEML7, VAT ALIF42DGPU/ —FT
MR E L, %/ — FiCid Ice Lake 7 — ¥ 7 7 F + O Intel Xeon Platinum 8368 7 1 & v 4 2% 2 Hf&
HINTwd, 7ty P IFHEAREFEE 240 GHz THIfEL, 1B/ 0 38PHa 7o L
o, 1/ —=FbizVEGr16 a7 L% 5%, % GPU / — FiCid 512GB ® RAM & 8 #£d NVIDIA
A100 GPU 2ME# & T\ % 126, FEfiRED £ 7 A HERRIC IX. FHERIER L BUER EHEDO NN T v 2 %
L2, EASERE/NIUS (FP16) Z{HFH L7z, LoRA EERFICIZ, &7 AMEREZ MR L 228
5 GPU DX VAR ZRELT 2720, 8y PETLERAL
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KIFFETIE, INEP RV F=—2 L LT, 420 —#N LLM (phi-4, DSR1-Qwen32B, CA-
DSR1-32B, CA-DSRI-14B) % ®5RIC, LoRA A% ICE T 2 IEEKOE(L % 5Hfi L 72,

F3. INEP L& TN A HEOEE % 7§ 5 72, n-gram 5475 X OTERERMT % F v T
DT ¥ A VEEES L 72, 2 OFFR. FEMO 7 F X FPEEII2EL L TERWZ L 29RE
7z (Figure 10, Figure 11), 3CF L LD n-gram 7347 Tld. 1-gram 7> 5 4-gram D3R TICEB W
THER A e fhmicEh L TE Y, hRfEIL 1-gram T 0.70%. 4-gram T 0.04% & | n-gram
DREIICHEET T 2l 23580 b e, TRERERMITICHE VT, BERO B O i
0.66% &K < . FRBRRTER O B IIREN CTH 5 & L BIRBE I iz,
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N-gram Occurrence Ratio Distribution

le-1 1-gram Distribution le-1 2-gram Distribution
5 1-gram Stats 2-gram Stats
Count 2,000 8 Count 40,324
4 Mean (%) 4.74 Mean (%) 037
Std (%) 12.83 6 Std (%) 2.83
2 ) Median (%) 0.70 2 Median (%) 0.08
&g Min (%) 0.04 g Min (%) 0.04
Max (%) 100.00 4 Max (%) 100.00

)

5

H.n'lTnm,____,,, I _ . N
0 0 40 60 80 100

0 20 40 60 80 100 0 20
Occurrence Ratio (%) Occurrence Ratio (%)
3-gram Distribution 4-gram Distribution
1.0 1.0
3-gram Stats 4-gram Stats
0.8 Count 115,012 08 Count 182,521
Mean (%) 0.14 Mean (%) 0.09
Std (%) 1.61 Std (%) 1.19
2% Median (%) 0.04 2% Median (%) 0.04
2 Min (%) 0.04 2 Min (%) 0.04
0.4 Max (%) 100.00 04 Max (%) 100.00
0.2 0.2
007" 20 40 60 80 100 007" 20 40 60 80 100

Occurrence Ratio (%) Occurrence Ratio (%)

Figure 10. N-gram Occurrence Ratio Distribution

Histograms of occurrence ratios for character n-grams (1-gram to 4-gram) within the JNEP problems. The
x-axis denotes the occurrence ratio (%), representing the frequency of each n-gram across all problems, and
the y-axis indicates density. All distributions are concentrated near zero, with median ratios of 0.70% (1-

gram), 0.08% (2-gram), 0.04% (3-gram), and 0.04% (4-gram), suggesting minimal textual overlap between

problems.
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Morpheme Occurrence Ratio Distribution

Overall Morphemes Distribution

035
030 Overall Morphemes Stats
Count 1832
025 Mean (%) 3.96
Std (%) 10.62
o0 Median (%) 0.66
Z Min (%) 0.04
5
S os Max (%) 100.00
0.10
0.05
0007 20 T T e 80 00
Occurrence Ratio (%)
Verb Distribution
035 M
Verb Stats
030 Count 104
Mean (%) 4.83
025 Std (%) 1530
Median (%) 0.66
2020
Z Min (%) 0.04
8 Max (%) 99.54
0.15
0.10
0.05
S - - - - -
000 20 40 60 80 100

Occurrence Ratio (%)

Figure 11. Morpheme Occurrence Ratio Distribution

0.10

0.00

1.0

04

Noun Distribution

Noun Stats
Count 1694
Mean (%) 3.94
Std (%) 10.36
Median (%) 0.68
Min (%) 0.04
Max (%) 100.00
0 20 T ) 30 oo
Occurrence Ratio (%)
Adjective Distribution
Adjective Stats
Count 34
Mean (%) 221
Std (%) 3.61
Median (%) 0.64
Min (%) 0.04
Max (%) 17.06
I L (1 |
0.0 25 50 7.5 10.0 125 15.0 17.5

Occurrence Ratio (%)

Histograms showing the distribution of occurrence ratios for morphemes within the JNEP problems,

analyzed overall and by part-of-speech (Noun, Verb, Adjective). The x-axis represents the frequency of each

morpheme across all problems. All distributions show a strong skew toward zero, with a median ratio of

0.66% for all morphemes, indicating limited structural or semantic duplication.
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ARD IR
RIZ, 42D =71V LLM IZ2W T, LoRA BRI IC BT 2 &R0 IEE3 % 51l L 72

(Table 13), LoRA EHFTDIFER (=274 ) (3 55.15%% 5 76.36% D& TH » . DSRI-

Qwen32B 7% 76.36% & ik b i WIEE %R L7z, LoRA #HAZ D IEEH L 54.54%720> 5 76.97%D

HPHTH Y. LoRA EHE D DSRI-Qwen32B 2SifEl (76.97%) %7K L7z, LoRA IC X % IE&%R

DEAIZET LEITER D, -0.61%5 5+5.45%DHIFATH o 72, FFIC phi-4 Tl d KE LdE
P b, LoRA BEHRTHRDZIMANICEE TH o7z (w7 42 ~—HE. p=0.039, 95% CI

[0.61, 10.30])»

Table 13. Overall Accuracy Scores for Four Models on the 109th INEP Test Set

Accuracy (%)
Model
Base Model Accuracy, LoRA Fine-tuned Model ~ Text-Only Difference
Text-Only Accuracy, Text-Only (Fine-tuned — Base), (%)
No./Total (%) No./Total (%) [95% CI], p-value
CA-DSR1-14B 91/165 (55.15) 90/165 (54.55) -0.61 [-7.88, 6.67],
p=0.873
CA-DSR1-32B 106/165 (64.24) 112/165 (67.88) 3.64 [-2.42,9.70],
p=0.289
DSR1-Qwen32B 126/165 (76.36) 127/165 (76.97) 0.61 [-5.45, 6.67],
p=10.841
phi-4 100/165 (60.61) 109/165 (66.06) 5.4510.61, 10.30],
p=0.039%
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FBHH & & o IEE LT

AW, A RRBEENGIR, EFORIBICB VT, —RICAKEDHL L T2 60%% i X
52T MFH N7 (Table 14), FFICAEY)TIX. CA-DSR1-32B & DSRI1-Qwen32B 73 14, % 2 K,
L. LoRA B D Z D& % HERE L 72,

LoRA DR ZFHES 2720, =27 A= —BEZITV», LEIEBICNL TRFAY 7 =1 — =1
EZBEH L7, 2o D& RIERECRGIHNARREREY o nd, 77— 2 b 7 v FEHEXH
DOZELLHE Dol HEORHECTERD S 2 CELBE I N,

BRI G I, 2T DEF AT LoRASEMIIC—B L 72 E2RE 28 H &L, 2 o RNiE i3
4.0%5>5 8.0%TH > 77,

SRR, BEA, RBEEEYNRR L o 72 R OFH Tld. LoRA RRIC—E D& 7L CUEHRD
L7z, phi-4 TIHEEH (+11.1%. 95%ISHHIXM[-3.7, 18.5]) F X UFEH (+14.3%. 95% 5 HHX [H]
[14.3,14.3]) TIEERHE E2SRE S5, CA-DSRI-32B b Ji &/ YTEET+11.5% (95% S HA X [H][-3.8,
26.9]) DM ZRL 72,

A MG 1E, HARZE ARG L Twv 72wy DSR1-Qwen32B 2SI RIF e R — 2 T 4
VIFER (54%) %L, LoRA BEHBEICIZ+16.7% (95%EHEIXE[16.7,16.7]) & E&LME EL
77
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Table 14. Domain-Specific Accuracy and Changes Attributable to LoRA Fine-Tuning on the Test Set (the 109th JNEP)

CA-DSR1-14B CA-DSR1-32B DSR1-Qwen32B phi-4
Domain n Fine- A(%) Fine- A(%) Fine- A(%) Fine- A(%)
Base (n) tuned [95% Base (n) tuned [95% Base (n) tuned [95% Base (n) tuned [95%
(n) CI] (n) CI] (n) CI] CI]
9.1 9.1 9.1 9.1
Physics 11 7 9 8 8 9 8 7
[-27.3,27.3] [-9.1,-9.1] [9.1,9.1] [-9.1,-9.1]
50.0
Chemistry 4 2 0 -50.0 1 3 2 -50.0 3 3 0.0
[50.0, 50.0]
Biology 9 7 9 22.2 9 9 0.0 9 9 0.0 6 6 0.0
4.0 4.0 8.0 8.0
Hygiene 25 15 16 18 19 20 22 15 17
[-20.0, 28.0] [-12.0, 20.0] [-16.0, 24.0] [-8.0, 16.0]
h I 2710 8 74 17 17 0.0 23 20 R 1 14 tH
P
armacology [-22.2,7.4] [-14.8, 14.8] 111, 11.1] [-3.7, 18.5]
0.0 7.1 7.1 14.3
Pharmaceutics 14 7 7 7 8 9 8 7 9
[-14.3, 14.3] [-21.4,21.4] [-7.1,-7.1] [14.3,14.3]
- 3.8 11.5 1.7 3.8
Pathophysiology/ ¢ ¢ 15 18 21 24 22 19 20
Drug Therapy [-19.2, 11.5] [-3.8,26.9] [-7.7,-7.7] [3.8,3.8]
: 4.2 0.0 16.7 125
LawsRegulations/ —,, 1, 13 2 12 13 17 14 17
Ethics [-12.5,12.5] [-16.7,16.7] [16.7, 16.7] [-4.2,20.8]
4.0 0.0 8.0 -4.0
Practice 25 15 16 15 15 16 18 17 16
[-12.0, 20.0] [-16.0, 16.0] [-8.0, 24.0] [-4.0, -4.0]
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CER- Ty =S

27—V LLM OPEREL . LoRA 2727 74 v F 2 —= v 7O INEP THRIIC
i L 72, REiL 722 — AL LLM @ 9 5, CA-DSR1-32B & DSR1-Qwen32B I3, "—RZ 7 4 v
IEEHECH 109 [B] INEP O A48 HE (60.87%) % LlAlo 72, & 51T, LoRA M IC X Y phi4 €
FALEMBEELRBZ, X 51T, T A—2BDKE R CA-DSRI-32B DX—RA 7 4 VIEER%
FFl 5 72, phi-4 (349 140 & &\ 5 ERPNEEI 28 T A — 2 F0Td 2 h b b 3 —EKEDIEE
RKuR Lz, ZOERIZ. VY —Rilf0H 2EEEICHE VT, v —7)L LLM 23— D HE
FRIE LR RBT 200 TH S, /2, Kilik X CHEEETY¥E & 7z DSRI-
Qwen32B 28 HAGERER IC B W CEWIERER /R L7213, % 538 LLM O 5 BRI EES 2 i L
T RATIHE DA & —83 % 177,

KIFFETIEET A DNT X — 2L INEP O IEEHFIIZIEOBER R b, 320 @87 X — %
D LLM 23 140 €7 A =X D LIM % L[l 572, ZORRIFLIMICE T 3R 7 =) v 7l L —
BMLTHED, LYV KEAR AT A—2BD INEP D X ) AL HNRMFEHRS 2 7 1cB\»T, M
5 ANz L X e 3 AMREIEZ RB L T\ 3 1819 7272 L SEAEDIIFE TIEE 7 A EMi 72
EOEATIC X b, NEEEE T ARKBIEE TV L FEOWREL ER T 2 AIREE DRI N TH D
B0 85 X — ZHBRENBERTE AN L ICHEBEIMLETH D,

LoRA 13, &fk& LTETVIEFEREZ A LR, FRIFETALICL > THRTIE A -
Too WMDPELRIGELR R ON72D L phi-4 TH Y, LoRA #HMZICITAMIENEE B 2. CA-DSRI-
32B DR—R T 4 VIEEH% ka5 72, —77. DSR1-Qwen32B & CA-DSRI-14B TiITEREDZ AL
FOTHTHotz, 774V Fa—VIDYRBETALRZAZBITERR S &0 5 R,
FATHTE B OHIA L b —8F 5, 210 DOFERIE. LoRA AEEZAFEITIC B\ CTHEITHRE TR
W7 EIETH 2R A R T —H T, 774 Vv Fa—= Vv I FERICOWTE bk a0 E
TH 5,
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FHEANC R 2 &0 &), ik, REARYNEHR. EBORRIHICE VT, 2T ABAKKYE
DHK L7225 60%%2HA 5 N—AT7 A VIEERZER L, Zho DR HTKD b5 A
. — RIS - EE B ORI E 550 03% <. LLM 23 HEHTEE CER L 22 R T
LT Wz, SWERICEHSG L EZ2 LN, FRCHEETIE, £ TDET LT LoRA j#
FBICIEERE LA RSNz, BEIRARE S, BRERY, B¥ A SIELC ey 7 DR
% & 720, LoRA IC X 204 E CRBLEARR S R ICHE S e T 0o 7z LHEII X L 5,

HERORHTH 25 - A b X OIREAYIBERIC B W T, —#DE T V1L LoRA EH
BICIEE#E M L2 /R L7z, FFIC phi-4 TIHFEI (+11.1%) B X OFEA] (+14.3%) THERR SN
7o F7z. CA-DSRI-32B TIIHE/FEYNER (+11.5%) CTUENRD bz, b DFERIT,
77 AvFa—= v IPEMEETOMERER M L X5 vy TR L TE
b . LoRA 283 Z D HMAEKORHIRICH A TH 2 WlREME 2 R L T 3 129132135

HHL - REEORIH T, HAFEICIESUIG L T 7\ DSR1-Qwen32B T b HlRH LT 72~ —
27 A VIEEHR (54%) %R L. LoRABEMERICIIH6.7% & RIFRSGE 2B L 72, FHIFE O
Bifis T HARDFEHIBNICB S 5 —~EDMFAHE L TH Y. LoRA I & b IS S N7 M %
MRS 5, TN, FEOEFRT XA TCLIM%2 774 VvV Fa—=v 7352 ETCHEEZRID
REEEDSA BT 5 &\ 9 SeA TR O IR & —Bd 5 107136,

RECTHE L RICE. W20 DRAREEST 5, B, AU CIRERMEZ TS
TENRTERWED, TN RE T F X FEEICREL 72, %5 I1c. LLM OHEEE F— &1
B3 2@ HEORELE T O N5, FRIFE T — 2 OFH I I L Tnawnrzo, i H
W BREEAEREE ICE TN TR o R B ICHERT 5 2 & IZIWEETH 5, KR
HAHy PATHOBREREET D &, FHT —2~DRBAOEEMIIELICRPERTE T, K
Al % AR 3 2 ECoE RO —D2Ehb, T, B—ANLIM It F 2 ) T AHTED
iz BE+2 4T, HREHETIRZ 77 FRILLM iK% 2l H %, TE, 777 FHly—v©
ABHFLTHWB T L6, B =70 LLM O (i@ O @i ownTid, 5%d
MR St S BT B B, FIUIT, RWFIEIIER S N KEBEM T CEiE L 2R T
HY, HINRE 4 ODETNMICREL T 5, 2070, KiFFEOMKRITLEEFES L UE
FNADOHPAN TR EINENETH Y, oET A ~D— Bl nfer: P B 2 & T T oMhE
ICOWTIRBFETH 2, FHAIC, AWFIETIE INEP DIEEXRO A% FHlifEZE L LTk ), LLM
DRAEECHERAANE, 7 O FICER~DICHATREEICBT 2 Maf it & E iy, b
DRFEEEE 2, SHIET -2 ) =7 OKGEER., 7 77 FRZ &SR LLM 23R e Lt
B, X HIckeN - MEEOBSE 2 & - AN R A ko S b,
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S Hi N

FH2FETHFEL 72 AEST IB T, ¥ 7 F BRI R 2 BRRICH ~ & FfR X & 5 72 0 Ok
HEREZ BN 5 C & id, BRBES CoOEMEIC %22 LIt s, K, v 7 F Lol
PRINE % E2EI - SEELS 2 O IR T 2 B8RRI, = — F — O R EVERFZE I3 2 BIfiR % o
EHIK COBBRELIRICHF ST 5,

Kﬁfﬁ\%ﬁ%ﬁ%%®%%ﬁﬁﬁt?ﬁ%#o%%mﬁﬁ&Lf\HM;ﬁm%#JT&

I TRE 2 v — v LLM O EFAFEIRIC B 1T 2 EREIC O W CiHli 2 1T - 7o T 72, FH

61%{12 L7z LLMBICHIT T, 7 74 v F o — = v 7 FRICBE 3 2 BB 2 M5T % 17 o 72, INEP

R ERERH OfE R, SR ER 2 0 —Hh v LLM 2BMFEELZIED, 774 v Fa—=

VI Ko TRz IcHIEE R 2 5 LLM b ER I L7z, TNH DRI, v — AL LLM 23 E

o BENBLE 2 O ORI A HN L L2 SHICB T, —EDHRENEEET S L 2B T
%,

AEST DIEHHRHEHEE O BRI 1 TR EAIFRE i 2 72 1 — 71 v LLM I3 20 2 G He A
L35 (Figure12), v —7 /v LLM % AEST ICfl#4iATe & & T, ROR 7 & O HER O fif
R EOHESCHKR EOFEEFHE CE TR T 5 & & bic, BET 2 M SCEIG IR A LUES]
Wik HENICEEBE - fER L. v 7V F R E SR T 2 RE 0 RIS 2, st kb,
FIE O F — 2 B e s h, AEHRREROMEHICORR L L EzbND, SkiT, A
TN MR 2 B & LT, AEST DOfFMi2iiaEZ . HIKBUSIC BT 2 BERESIRICH S
T~ BEBENICREI LT FETH S,

INGREDIENT NAME NUMBER OF REPORTS
rasagiline 63869 reports

Signal Detection Results

‘ te drug menctlvsela
hblluc1nat10n

dizziness PN TN
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