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ABSTRACT

Purpose: The purpose of this study is to effectively detect violations that occur simultaneously against Good
Manufacturing Practice, which were concealed by drug manufacturers.

Methods: In this study, we present an analysis framework for analyzing regulatory violation patterns using
Association Rule Mining (ARM), Text Mining, and t-distributed Stochastic Neighbor Embedding (t-SNE) to
increase the effectiveness of on-site inspection.

Results: A number of simultaneous violation patterns was discovered by applying Association Rule Mining
to FDA'’s inspection data collected from October 2008 to February 2022. Among them there were ‘concurrent
violation patterns’ derived from similar regulatory ranges of two or more regulations. These patterns do not
help to predict violations that simultaneously appear but belong to different regulations. Those unnecessary
patterns were excluded by applying t—-SNE based on text—mining.

Conclusion: Our proposed approach enables the recognition of simultaneous violation patterns during the
on-site inspection. It is expected to decrease the detection time by increasing the likelihood of finding inten—

tionally concealed violations.
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t=SNE(t-distributed Stochastic Neighbor Embedding)
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1.4 &
oRS AUMIAL AWl AFES o okEe] Alx Tl A 71e A K- 1A ThsAd o] - gldksit
oJoFEe] FAL oF= A5 A b A A R AfE o] Q7] wWiEel Al ol et A s = ofof
& g 2 7)7-(International Standards Organization, 1SO)¢] %2 71
& 7I9row AE] low, A ook FA Al2FY] G Alx Al AHAE 8 HrkE
ATHICH, 2008; PIC/S, 2009). ook AZxAel tigh AejxAls SAE Tastal s o Fojl7] 913 F44
ol ZeAlEA o okE AXAA et AL A Al=E Fgsk7] A8l Al el o etk (Kumar et al.,
2013; Choi & Park, 2018). S-gveh= 20149 79 <A 7]l oF F4 45 = 715PIC/S -
Pharmaceutical Inspection Co-Operation Scheme)ol| 7}43FaL sid 7179 $-= 92k A% 7]=(GMP: Good
Manufacturing Practice)ol] &73}0] ook A ZAS o w ZAZ Y, A3, Alx, AdA, dAA, ¥343%
A9l 671 GMP 7HA] Hokol thal] A Bl ZALE afsta 9ok AeZA= A A AAKPre Approval inspection)
9} AFS AANPost Approval Inspection)®] & 7FA] whal o 2 o] Fojzt), AlA AAl= o] okE AALS 98l Al FA
A Al A= e Aok AR AAE GMP 2384 ) 8als s F7]4 0= o] FojA= 7] A
Bl ALl A ALY 224 ARE ER1617] 918) o] FolA= AEAL 1gfar Ala s B5Ee At BAds v
AL ey sl AAlete SHAASRE o FoA vk AuiAlL s olA 4 fInkAkae] Sle A FAl B

& Azso] tial] Bek AA], Al o] Ax Fle] FE AH GMP 7|5 ¥ o F-E AAsH drh A1 Y
HeF x| o= HIlE Qkalete] A Ao 7]l g 4 AxATFEA 59 Aol W AA €t o]y

=
SJOFE AFol o1% 84 £A% ZhsHe A% velx gtk

1

& A APt o e Seka HE 2 d ¢
ol - ofokE Ax 7IH(GMP) vkl o3k Al A WS AT A8 TR AeAe 71E Wy
of tiaf A dart ke AS AAke

A 2ALE A71H o m Faflats WY AR HAElzA) 4 okSd dAdl F3E7] i FHEE we
AZxA7F A AL GG SA oA o® SNk ARRS SAE A9 ot SW AEE AWty ofgube Aojth
A = o oFF Alx 71=(GMP)S THEAI71 7] 918) BAL Abol A B2 Hlgo] B W, qFA HTket Ve AR
HAE7he 7 2lo] AE7| e s Ao A1, ], F4 A2Fe 758k #9487 HeiM e AEHQ F
A7F AQsieh weba i LS 2] XE AFIAL A QAR A7 AL g ofEE Aot
(Abdellah et al., 2016; Lee et al., 2022). 7155 T=A717] YA = A AA F5ol v]&) sk 21 F<
o] Bag 4 glom o], 2] 7S] a&stol v e WS AEEte] sjdshs B9t vk Alx
Al 2=81E gulehA] oAl Al FEre] A7) AE AR Al v EE RS 2Hsto] AEjRAl Aj RS W 790l
th A4 20219 AEo]okEolAAE o s Ay A A TFAGET o) okE A2 A7t AEFAF ARG
ARl Z&3skal Washs A7) A zAP Y] 2018~2020d AW AukEe BAlof AZ2AE Hshs ‘S
it Aukg o A3 W oz FRIFT) o] EAld o]Foix = 5HA 9 Syt T4 AN BA
o o]FojA= At FEEE S 7o AgE Held Ax7F vk AejAtel] AlghE A3} AJTto]
FAH 7] ol ot Alxed Aol ek S HAe] ol A AejzAbe] S elt) B 21e] 39
oA 5U A= Az AHS Fska JTHPIC/S, 2009). AeHE AJZF ol B2 % AP a5 £l

= B4 f8 WAS FRHIA GMP FAVE DA ok Tl HelEAt BRI} & Y kS AL
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% 370 BAa e g AF) Uk, Al 2 AS Fo4 e Y AR
0] 3A AE|2AL BEALE AR Fo] 984 Hrlel FEATHPIC/S, 2012). AZaolA 4 9wk 7hsAe] &

Aske F52 a0 883 4 L g}, o) B4 E,Lo]:gq

AAE WEsH dEsh ol d s AN, AAEA B ofell e A AR A o] Fold

9l 9ol glr}, wak AezAl Zol] Huke 9wk AlE 2 B2 7ol oful AyE gyHow x_qlmgpib}
Aulal=d) 2 Q5= A7 BEEE Ad gt 7)oje zﬂt‘s]—leo]dr =)o) BAEs 4 ok dElo] v B
L Auky 9 Al E 2AR oYE uk S Auslied 28o] 9 4= 9} ak jele] nlg] A He] gl
| A 28 AR b

FHH R o]FoA = 7loftaat oy A47F IPEJek Lim &

MP F-23 B8 &o gk 43 IAE A eh7] flsted EU GMP e 2AL 1174 9
191t} Ban et al.(2019)2 v|=r3} f-5d 9] ook Al2AE FHoR dA 7|7 Fotke]
st o gl Aol A &H o7 FA7F He=A] wetetaiz) it Linna et al.(2007)-2
A ZALE Fat7] doll AlZzael st Abd ARE gk Bo] dax) dujo] S 88 AF W A%
2 AR A3 Tools 7Eakqith. Aw7A1 9] = s Aloll W Ask= 178 918k sjdo] gk &5 b= 71 4
oA o] 91vt A3t GMP HE A9 Al BE s 8ds goleke slol JFE AUk

HoAFoE AdgtE mlojgdyl "WAE mlolyde] 7ukalk t-SNE(t-distributed Stochastic Neighbor
Embedding) #41& g3t SAl A= 14 vt HES aaA or s S At Ao B

= AR HElol= Aol Aokl = M7 O 1A Akt A EE A AN siElo] EA)gt) 4f
A2 argEo] EAshE Alo] ofd e} Wlgo] A 3t fr1H o m AREo] A E o] 317w, shute] 1ol af
& st ARRke] thE gt A Alokstal e WEI THREAY AuEo] A A9 B7] Wil vehde )
glojth. o] AL gk 719 §19k Aol il F 7HA] o] Fe] fiuk qtgo] Sl= Ao FAIH O Ut ffut ?"3
A& dS5shed Ewol HA Geth olefd HElS Aejsh= Aol asitt 2 AFelA = A 1+ whold
ggato] wad FEolA 1A 1he] AT v oA Fuld sjEs Alesly] 918 HAE wholdS 7uto R 5}
t-SNES &-8-3tt}, 2412 913 do]E]= FDAY 1A G F-AE 2 (0RA, Office of Regulatory Affairs)ollA] A&}
+= 20084 1095E 20224 029 7)7F Foke] A=A} ##AFHInspection Observations Data)S &8st} &
sk o] 88 &3] j—]?SH/ﬂ ‘FDA Medical Device Databases’ Oﬂf\i d5-8l= CFR 7143 & AH-3F3it)
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2.1. FDAS] OJoRE Azl AejzA}

FDAE u|at A3 oekztolt), FDAY 3+ 2A¢] 1AIGFAFY A (0RA, Office Regulatory Affairs)oll Al 2744
o2 oFFE Axie et AeRAE 8 Utk FDAT AElZ2AL 3 4 9wk Algto] AR Al x4
B9 @ B4 (Form 483)2 &aysit). A Al Al vl= AW F4F(CFR : Code of Federal Regulation)ol 4]
Al Q= 9 o okE AIZA(GMP) el 9lRk whde] xR ARGET vls AW 4 F(CFR)S vl = A8
AR7F eek g olh iAol & MFE YER= ‘Elo] =(Title) & ¥ 5071& o] FolA] Atk 7+ Eo] =<t
S EPart) MaE EHS FAGYGS gF2 ) 2199] Elo] ol A= 21353 2] 2FE(Food and Drugs)¥} ¥+

785 tHEh 219 ElolE <ol THE 21100 A9 okRe] ¢ ook AXA(GMP)ol thgh 1A o] A5
Atk Table 1e YR npe} o] 211 Efo]=9] FE 2118 THA] 11708 A E SER o] Z42F dntk %3,

LA 2 54 okl tisl &gtk 3 AE StEE T8k 293709 BH9l A
AL = W8-S FAEHA HAEkaL

0

zzl tﬂ o]%

Table 1. 21 CFR 211 Regulatory content by subpart

- Subpart A(CFR 211.1~211.3) : General Provisions

- Subpart B(CFR 211.22~211.34) : Organization and Personnel

-+ Subpart C(CFR 211.42~211.58) : Buildings and Facilities

+ Subpart D(CFR 211.63~211.72) : Equipment

+ Subpart E(CFR 211.80~211.94) : Control of Components and Drug Product Containers

Title 21 and Closures
CFR 211 Part . .
Subpart - Subpart F(CFR 211.100~211.115) : Production and Process Controls

- Subpart G(CFR 211.122~211.137) : Packaging and Labeling Control

+ Subpart H(CFR 211.142~211.150) : Holding and Distribution

- Subpart I(CFR 211.160~211.176) : Laboratory Controls

- Subpart J(CFR 211.180~211.198) : Records and Reports

- Subpart K(CFR 211.204~211.208) : Returned and Salvaged Drug Products

= A¥rE A9 Al Y B i oY AREAl Al &

S W3] Hald e HEe A Aes 282 Sl(Kim et al., 2021). E840] =& 13 S =&}
= Wel ek 91k 52 Wang et al. (2004)& ofe|dlo] Aejs 7t 2 Tdshe WHORE AAF o)k
AAES gk aizo] BAIES it 2] Bl FAA 9 AHE A8 4= 9l Weighted Association
Minings #|¢Fslitt. ofol€lel] 213 WeightE Folg 4% 2T 4 = Apriori-Algorithm?] O}Tﬁlﬂsﬂ
(Downward closure property)e] $JukS el A3}7] ¢38}lo] Tao et al.(2003)& EANA M| 712X 5 FolF]
& AAESIE. Han, Fu(1995)2 on] AT 25 2b= tiatie] dlolgjolM sty x4 dad 24&
TAAYL 2 ARE WAL 7 A= Bl sl =3Itk Lin et al.(2002)2 8§22 Ho|ElolA #Eo] %

=z
cT
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offt o o_>L
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HHow E=EHE AS WAE] fstel F qrFe] JieE Algels Al ASARM(Adaptive-Support
Association Rule Mining)& #|¢HF3i T},

TF-IDF(Term Frequency - Inverse Document Frequency)Z £3) wo] 7107 BdH FA4Y FAI=E &
gato] FA7L HE BA MR BRalEE s (&0 7 o]FolA gt} Seong et al.(2022)S €% 317
AAF 24ROl tis) TF-IDFE 7IRke= & 4 &7 WS AHE-3t) Bafna et al.(2018)2 TF-IDF& AH&-5to]
A2 e 3lela, K-Means®} Hierarchical clusteringE E38) 83} gt EFats S Agksich 27 %
TA ¢ FAS vg AASY) YsiA LDA(Latent Dirchlet Allocation)”} AHE%7]% 3HHOnan et al.,
2017).

t-SNE%= 21219 tloJEj& 24k B A 0= Fasto] AJZ3} sl 88k thekgh ool A AR5 AL
Ark. HZ T R g S HA ol A V1w 95 AR A HelHE d= AE 7hs st
At FAAT) 2t Bk dlolH§E AlZke} sto] #4517] 93] t-SNE©] =2 AR tH(Han et al., 2018; Kobak

o .

.
& Berens, 2019). &k Hukg vl dlzle] AFE Ashe Bk WE doleE BRun A8 slste]

t-SNE7} &85 71% 3HX] et al., 2018). Lodha & Wagh(2019)8 HEY A9 218 A4S 9-3F A=my W
Ho 2 33tal t-SNES 53 23 02 2|78} &l WH S Abeate w9 o8 Ao el B4 WL Aot

e,

3. HloE e} WHE

3.1. Holg

T SOk Al 71E(GMP) T4 finte] | 245 f1ste] FDAYIA Algshe 2008'd 10858 20221 02
7ol o) et AR 71 Sk HlolEE AR SIIth Abs= Table 209 2] 3,80671 71915 dl e
2 AAE ezl 2ol e 31,2184 gt AblE R B At pd diE AR(EEHE T, 1),
Ao AR(EGAR 2, '3, °5), 3 9N gl i@ AR(EIAR 6, 7, 8)em 74 Holdl

Table 2. Type of data used for on-site inspection

Category Content

31,218rows * 8columns
Data Form (Regulatory violations observed in manufacturing (row)
# Inclusion Information (column))

1. Inspector’s ID
2. Manufacturing plant’s D
3. Corporation’s Name
Inclusion 4. Inspection End Date
Information 5. Product Line(Medicine / Food / Cosmetic)
6. Violated Federal Regulations No. (CFR Number)
7. Brief description of the violation
8. Detailed description of the violation
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FDA Medical Device DatabasesellA |
Aol Azl g WE-= RAF Figure 19 de=
Fuk 257} 80.3%S A8t

0o o
PR

mmmm Number of cases detected

JERRTRS -
S S5}, Table 3 9 A5

Sk v A A(CFR) HlolHE &-838e 21191E &
= 293709] T8 =3 5 56702 2ol 9
9l 5709 T4 YR

£3]

e Cumulative Share

3t 29379 ¢

= 2,500 100.0%
3 90.0%
$ 2,000 80.0%
© 70.0%
"~ 1,500 60.0%
3 50.0%
© 1,000 40.0%
- :S0.0%
° 500 HHW 20.0%
]
el 10.0%
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G SR S RICIDCISICI MRS ICICONIEICIOT
sEhlericmERisbhlcirEchichlriatcriclerc it
ATt AT AT T A 00~ AN N AN O
LN SN LN NN A A A A N A ONO N — N NN
OEL 4N OGN~ L oy 2 D OO — S —
AL ONLE AL O~ S FNNONELNO KN @D N LN oo
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—
&N
CFR subregulation
Figure 1. Pareto Chart of GMP Regulatory Violations
Table 3. Top 5 violations observed by individual regulatory units and their percentages
Number of Percentage
No. CFR No. Subpart Content o &
violations (%)
Subpart J. Production Record
1 | 21 CFR 211.192 P ! 2,035 6.5%
Records and Reports Review
Subpart B. Organization Responsibilities of
2 | 21 CFR 211.22(d) P s PORSIDIILES 1,655 5.3%
and Personnel the quality unit
Subpart E.
Control of Components Documented
3 21 CFR 211.100(a) P 1,243 4.0%
and Drug Product procedures
Containers and Closures
Subpart B. Organization L
4 21 CFR 211.25(a) pan d Persfnnel Operator Qualification 1,191 3.8%
Subpart I. Laborator Proper sampling and
5 | 21 CFR 211.160(b) P Y pe ping 1,025 3.3%
Controls testing procedures
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B SHE Gglol 4] $415 23} Table 4o LERE sk o] % 117 5 107) A1 sheolA] 74 glue] 23

AL 71 T 5A7F 79.7%0] ARES Bola les AT 4 AUk

Table 4. Frequency and share of violations observed on a subpart basis

Number of Cases Percentage .
Subpart detected %) Cumulative Share

Subpart J.

Records and Reports 7,033 22.5% 22.5%
Subpart I.

Laboratory Controls 5,751 18.4% 40.9%
Subpart F

Production and Process Controls 4,525 14.5% 05.4%
Subpart B

Organization and Personnel 4,109 13.2% 68.6%

Subpart D 3,452 11.1% 79.7%
Equipment
Subpart E

Control of Components and Drug Product 2,109 6.8% 86.5%

Containers and Closures

Subpart C

Buildings and Facilities 2,080 6.7% 93.2%
Subpart G

Packaging and Labeling Control 1,345 4.3% I7.5%
Subpart H

Holding and Distribution 699 2.2% 99.7%
Subpart K

Returned and Salvaged Drug Products 15 0.4% 100.0%

T8 54T EokE ARl dolA & W7 e de, 2209 #AE 2= 457 Ak A,
= 18 7HAE W, 18 =5 SHAA C7F AAskAL U= 14

5 C= A B 11789 dazzlo] frt [A 98k — C 9{uH, [B 9k —
£ n)= CFR 714 21 CFR211.192 General requirements’ 9] W-&-8 73

=& Fghete] Ak BEE 7=l dis) AAS dskaL ‘© 7 U=

ZELot)7HA gdiste] "AS A AP H oo dtth= g2 IA F Fid A &t Aok A 21
CFR211.188 Batch production and control records.(b)(8)'& A% 34 A 7125 J&o= zpdd ) o
71&0] ¥t o] glojof Fth= FAC R o]E Yutket ¢ ‘211.192 General requirements’ 9 ‘@'¢] W&
o 9watA Frh21 CFR211.188 Batch production and control records.(b)(12)'¢] W8S CFR211.192
General requirementsol] we} = AL W82 7|5, fe]Hofof k= W&ol jfAoR o5 9Nt A%
211.192 General requirements’®] ‘@’'¢] &L FAlo| ¢utelA At o]&= 114 211.192 General require-

=

¢
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mentso A AAF AL Q= =4 W7 7] el vhebe g W8-o] FARClA mE ARl e R Akt vlo]
g tHoR =&9 Zlol.

& AT At vhold o ka1t T A e A Al VIR HEs st fis)
o3t ol vl A= 01%%1 HJ%‘J

A SN RS =
(2) TF-IDFE E3to] #A4E ?_‘roﬁ 7]—‘?9_
(3) TF-IDFE E3lo] nagoz 539
D) HEYAR 14 7Ho] A A ==Node)= 1H8S UEhH 17} 717kE- iE(Node)L e

£o] FARSH tA o2 di4e 4 9tk ==(Node)2] 271+ 71 774<] XA %=(Support)9} vl #H|5ke] Hs}s}

w5 yepdth s 9fuk gielo] E = 1 7F A (edge)E AT o714 AR (edge)d] AV Al
¥ %(Confidence)& WEMWIL, 771 &1l AR %(Support)®] ¢kt Hl#late] Yeptes Mg},

HHN'
o
K
5.:
L.
ﬁog
;9
fr
Lo
i)
L

OPﬂ bl Aol &4l Lol ¥7] witel] At 113
%E}(Agrawal et al. 1993; Han and Fu, 1995). 7749 MB SFE $23=0]| A
o] #FE= AH FE &3k 3H9] g olA 23 AtE A4S Wit

2159 7éJJr—r7} Al UrE]r‘Jr* W% 49 H]E% UEhY = A A =(Support) 2] H A4S A )

kel ‘;%L 71%%'1% 631136}92‘4 7\74‘:'4 ﬁﬁ = HHP e 85 73‘#%'—94 TS ke 28 &5
21 %= (Confidence)®] #Agk2 50%= AT}, &ADA MBIEANA Atz A 23} 5 467]<] o
LEZHITh Table 52 M B 9tE FEollA g3 Avkytr 24 23 =¥ Hes 412 %= (Confidence) 2=
dade W 29l 1070 dearEe Boleth

Table 5. Regulatory violations rules derived from Subpart regulations

Anteced | Consequ
No. Antecedents Consequents ents ents
support support

Pattern con—
support | fidence

Subpart G Subpart J

! Packaging and Labeling Control Records and Reports 0.225 0.682 0.185 0.823
Subpart K Subpart J

2 Returned and Salvaged Drug P 0.027 0.682 0.022 0.814

Products Records and Reports
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Anteced | Consequ
No. Antecedents Consequents ents ents
support support

Pattern con—
support | fidence

Subpart E
3 Control of Components and Drug
Product Containers and Closures

Subpart E
4 Control of Components and Drug
Product Containers and Closures

Subpart J

Records and Reports 0.328 0.682 0.265 0.809

Subpart I

Laboratory Controls 0.328 0.578 0.254 0.775

Subpart C Subpart J

o Buildings and Facilities Records and Reports 0.274 0.682 0.212 0.774
Subpart D Subpart J

6 Equipment Records and Reports 0.472 0.682 0.365 0.774
Subpart I Subpart J

7 Laboratory Controls Records and Reports 0.578 0062 0.444 0.768
Subpart K Subpart B

8 Returned and Salvaged Drug Organization and 0.027 0.597 0.020 0.765
Products Personnel
Subpart B

9 _ Subpart G Organization and 0.225 | 0597 | 0171 | 0.761

Packaging and Labeling Control

Personnel

10 Subpart F Subpart J 0547 | 0682 | 0415 | 0.760

Production and Process Controls | Records and Reports

Table 6. Association rules between subpart, sub-regulations

No. Antecedents Consequents Numbgr of patterns .
observed in sub regulation
1 Subpart G Subpart J 1
Packaging and Labeling Control Records and Reports
9 Subpart K Subpart J 1
Returned and Salvaged Drug Products Records and Reports
Subpart E Subpart J
3 Control of Components and Drug Product P 14
. Records and Reports
Containers and Closures
Subpart E
4 Control of Components and Drug Product Subpart I 2
. Laboratory Controls
Containers and Closures
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No. Antecedents Consequents Numbgr of patterns .
observed in sub regulation
5 Subpart C Subpart J 95
Buildings and Facilities Records and Reports
6 Subpart D Subpart J 14
Equipment Records and Reports
7 Subpart 1 Subpart J 94
Laboratory Controls Records and Reports
8 Subpart K Subpart B 1
Returned and Salvaged Drug Products Organization and Personnel
9 Subpart G Subpart B 3
Packaging and Labeling Control Organization and Personnel
10 Subpart F Subpart J 99
Production and Process Controls Records and Reports

4.2, TF-IDFE £3 74 €2E Huo| v W

Aol A= Table 391 29371 &F91 1A W89 fAMSS ERlsty] fl&l TF-IDFE €83t 2t 14 92E
= Gl 513 o5 244 & AXAL AL FHE B4
o] Aelstirt. g % io}L *1 ‘I‘7]' 17Hfi' *@-ﬂt ol A Qlagich A
Fole] Q1% Afelol 93| =gV} BE WolES wolo] AE I8 o7t FES #dl Porter 2 $agES
Sokqleh. A A 293709 A 624719 dol® FAWU. Table 7 wolo Wl A (Term
Frequency) A7} 8] 10719 ©ojo} &8 5 yEhdth

©
o
s
Ji
e
ot
fu)
i
i
ful
=
)
T

Table 7. Frequency Value of Top 10 words

No. Word Frequency
1 product 557
2 drug 442
3 control 201
4 record 198
5 test 153
6 batch 152
7 sampl 134
8 procedur 127
9 use 124

10 written 123
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4.3. t=SNEE o83 A 4

t-SNE= 2t 54 A TF-IDF= auxpde] Wy = 339 74 X A" 9] S54 FAMdE Gaussian
Kernels ‘&3l YehlaL 14 71o] BAIE AZststr] 918 23kl o] g7tol A9 dloE] A 118 54 FAMd S
-5 19 Student-t EE2 YeRfo] ZF 2P 9] HolE YA F-AH3S Kullback-Leibler divergences Sl A
Fedt w43 @S 2= dHolHE XA t-SNE9 3HH perplexitys AHEAPE YJEshe fhow
TF-IDF= 12-19] WE 2 FAE oA 8o FAM el S olF+ 1149 s e 4= 3
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Table 8. 28 regulations with similar scope of discipline

Characteristics of node

Regulation Short Description .
representation

Regulate the obligation to review production and control
21CFR211.192 records before distribution and to conduct an Color : red
investigation on deviations, etc.

11 lati includi
ZZEC?RZEI.];%H(:; ng Regulate the need for master production and control Color : green

91CFR211.186(b)(9) records and what contents to be included.

16 regulations including L , .
Regul h 1 11 h duct:
91CFR211.188 ~ egulate the obligation to prepare all batch's production Color © blue

91CFR211.188(b)(13) and control records and what contents to be included.
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Table 9. Parameter setting values for the experiments

Technique Parameters Setting value
t-SNE perplexity 5
PCA none -
LLE neighbors 3
MDS none -
(a) Scatter Plot for t-SNE (b) Scatter Plot for PCA
[ ] F
21CFR211.192
@ e o
21CFR211. W
186(a) ~ = Y
21CFR211.186 | .
(b)(9)
. a a
21CFR211.
188 ~
21CFR211.188
(b)(13)

(c) Scatter Plot for LLE (d) Scatter Plot for MDS

g .3
. L&
& o .-
o a '\ fo
& L N \ \
=\
:

Mg TNy
— T ‘ :

Dirmension-1
Dimension-1

Figure 2. Dimension reduction visualization of vectorized regulation using t=SNE, PCA, LLE, MDS

4.4, Y ES3 Bd

k1

t-SNEZ 53 2219l o 2 49 volgE U EYA Fej2 Jehdith Figure 3% Table 5014 7H 2 41g]
(Confidence) gko] ¥+ ‘A1 JJr G 2 4 gpds #e'of ‘MEIE | 7)15 39 BaA'e &9 114 kel s

S UES A Fe = Jepd o) 319 #4S YERE ==Node)2] 271 /W 3H9) #7429 AA=(Support)
o} vl ato] Wstsh e ety AdarE] side] #EE = 14 b X (edge)E A FT 97|14 A (edge) 9
A A8 AEE MQ_:_(ConfldenCe)f] A7]12 YepdaL, w71 siE o] A A %(Support)©] #h& HYERES 44
st sigle] #EE 74 ==(Node) Alo]e] FEE= 71134(Euchdean Distance)®] #2114 1F Yehdes 2
FrEel= A Het @] Aol EFUAR Uhe B538) s ARSIl arAlsk L e WEo] A ke 4t
4 Atelell A #FE = =E=Node)?l FE8l= 78] s B4k == 3F A7) -1.0 o]kl £33 o= o



Lee & Sohn: Violation Pattern Analysis for Good Manufacturing Practice for Medicine using t—SNE Based on Association Rule and Text Mining 729

He HES & W8] Al Z]Rlste] YEhe Ao eSSt

Figure 4+= 714 21 CFR211.192% 7|22 & 11483 Af ®E38 ghs 402 YR Zloftth 21
CFR211.188(0)(R) == 3+ A9 #FFs}t gk -1.0 olstolA ##¥t) Table 100 vrehd npe} 3Fo] 21
CFR211.188(b)(8)2 epa wejs} #edsto] Alx7|ZA ol FAk sk W8-S TrAlskaLl vt 21 CFR211.192
ot A BE Az 34 715 E ARk 3 &t vk 7 ] 8-S arAlskL Sl ulgo] & e
Aol glo] & W& Aol o8 vehd siEl o2 sjA el 4= glnk. Wb 338 7k -1.09] 9ol g
CFR211.122(d)< Table 10 vrebd upe} 3ho] thE Aol AREH = ebll 59 AAl= Ao &old e B
Hallok dhs A& FAskaL o] 74 21 CFR211.1929F Ao Sl oA s B4 vt gdo =

e 4 gk,

0.66

[21CFR@L1.182|

0.64

o038

0.62
[21CFR21B186(b)(9)
|21CFR2E31.192

«” - . 0.60

/
- [0.021]
< / S
2 VAR U [0.013] 2
G| 21CFR218188(b)(8) | 0016 :
2 \ 0.037| 0ss®
[

Y : LCER] 21CFR21M194(a)(2)]

21CF'§?2;1’1194(§,)55)

21CFR28L.194(a)] 056

LR 9Le0(eN L) 21CFR231.122(d)
[21CFR211.180(e)|

[21CFR21@M180(e)(2)|

0.54

[21CFR21B198(b)(2)
0.52

Dimension-1
Figure 3. Network graph for analysis of violation patterns in sub-regulation between Subpart G ‘Packaging and
Labeling Control” and Subpart J ‘Records and Reports’
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Network graph for analysis of violation patterns in sub-reg

Dimension-2

21CFR2..’.18(e)
2 0(e)(2)
[21CFR218198(b)(2)

21CFR211194(a)(2)

21CFR2B1.122(d)

|21CFR@11.182

2.0

0.5

0.0

(an[eA uonezipiepuels)uoinguisia sdueIsia

(S

Dimension-1

Figure 4. Contour plot showing the standardized values of distance between nodes in a network graph for
analysis of sub-regulation violation patterns between Subpart G ‘Packaging and Labeling Control’ and Subpart J
'Recordings and Reports'

Table 10. Content of regulations [21 CFR 211.122(d), 21 CFR 211.188(b)(8), 21 CFR211.192] and location
characteristics between two nodes shown in Figure 3, 4

Standardization
Antecedents Consequents Value
Antecedents | Consequents Confidence . Sub-regulation (Close :
sub-regulation content C.
content Standardization
Value < -1.0)
Batch production and | All drug product
control records shall production and
be prepared for each | control records,
batch of drug product | including those | Standardization
21 CFR . .
911,188 21 CFR 0519 produced and shall in—- for packaging Value =
(b).(8) 211.192 ' clude complete in— and labeling, -1.521
formation relating to shall be re- (Close)

the production and
control of each batch.
These records shall

viewed and ap-—
proved by the
quality control
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Standardization
Antecedents Consequents Value
Antecedents | Consequents Confidence . Sub-regulation (Close :
sub-regulation content .
content Standardization
Value < -1.0)
include:
Documentation that .
. . unit to de-—
each significant step in .
termine com-
the manufacture, proc— . .
. . pliance with all
essing, packing, or established, ap—
holding of the batch .
. . proved written
was accomplished, in—
L procedures be-
cluding: .
. fore a batch is
Complete labeling con—
trol records, includin released or
. ’ US| Gistributed. ()
specimens or copies of
all labeling used;.
Labels and other label-
ing materials for each
different drug product,
strength, dosage form, L
. Standardization
21 CFR or quantity of contents
21 CFR Value =
211.122 0.540 shall be stored sepa-— 1
211.192 . . 0.363
@) rately with suitable (Not Close)
identification. Access
to the storage area
shall be limited to au-—
thorized personnel.

B Od_?oﬂﬁ% *—H&M Zre A Age] F9l %7419} Az 24 4 $Nk A e Auke oy
¥} E

S g 7]t =
Xﬂ*]s} th 719 *‘ﬂ%zf‘} ;ﬂr"é% A arst] %fﬂ 04?{— T2 08 e fuk AR A GMP A9 dd &

o FFL AT LA BAHE A3k WFNA ZABICE B PAL ok 4 W FHOE ol FolA Fuk. o)l
Qe 57 ok 44 WAsh] BRshed mgol @ S G, A e pololA ) e Ak &
Fa7l ol Fold 4 Gl o] Uk e Fo ABE S A E BT BFeld A S A
WAL, sk £eHE AR BESHE QeI FlelaH) R

S bR T 91 1R Q14 el thd AT oW Sl Ablsk AR S FAH0E
B 7be A0l B TS WA Robol A @3 ANT 5 RS Bk B IR0 S NS wAY
PeAS EoIT AW 28 A TFOIE 7]olF Aotk OJORE Aza AHEA o] B AN AN
WS BEAGY Axn] S5 JokE A% 7FCMP) B4 AHE urhH 2 4512 5 e Aoln v}t ok
FAZPE AUE 4G B4 A TR RPe P dfES ASHOE A%, FAES FO2A
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Ao tist ARIF FAH L I 9o, o5 &

AR A RAY o] ol =] 7]ofstar gik FHE vkl A
229 A= AaE flste] GMP A e 2AL 435 gl Al 318k AS
e

=
o Y i AshrEe] AezA ARe] FR3 #8495 Ae A0R

= ? HEe S SEE FoA AR e 74
of gl fASIA 45 Qehe] o} ek SRS w2l A8
ofu7} gtk o] Wy i ; 3} Apszol A 3L e Fope] AL A
KR

% B4 589 5 912 Aol

ATl BEH -SNES F# A 2 HE F /] @AV Ak 3 0A B S A9 54
910 HAH L Q= AL oW 2L AAOR FALE TFHO werslo] A 9HSH=Al i ek
AREA) ek Aolth, T WAl HES Ao BEE wENode)?t A7k vk} wolok F4e] 4 wsle] 4
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