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Post-Marketing Safety Monitoring and Re-Evaluation of Danhong Injection Based on
Unbalanced Data Processing Method*

WU Yali', WU Dongyuan®, YANG Wei’, ZHANG Hui', WANG Xiaoyan', CHEN Xiaofei', LI
Weixia' , TANG Jinfa' ( 1. Dept. of Pharmacy, the First Affiliated Hospital of Henan University of
Chinese Medicine, Henan Province Engineering Research Center of Clinical Application, Evaluation
And Transformation of Traditional Chinese Medicine, Henan Provincial Key Laboratory for Clinical
Pharmacy of Traditional Chinese Medicine, Zhengzhou 450000, China; 2. Dept. of Biostatistics,
University of Florida, Gainesville, Florida, FL. 32611-4000, USA ; 3. National Engineering Laboratory
of Big Data Analysis and Application Technology, Institute of Basic Research in Clinical Medicine
China Academy of Chinese Medical Sciences, Beijing 100700, China)

ABSTRACT OBJECTIVE: To establish an unbalanced data processing method to re-evaluate the clinical application
safety of Danhong injection ( DHI), to predict the occurrence factors of clinical adverse drug reactions, so as to
provide reference for the rational drug use in clinic. METHODS; Firstly, a “multi-center and large sample” hospital-
based surveillance method was used to collect 30 888 inpatients who used DHI from Apr. 2009 to Aug. 2013 in 37
general hospitals in 6 provinces across China, and 108 adverse drug reaction cases were identified, with an incidence
of 3. 5%o, which belonged to unbalanced data. Based on the unbalanced data processing method, the resampling-
regularization method was constructed to analyze and process patients’ basic information, symptoms, drug

administration and drug combination to determine the factors associated with adverse drug reactions. RESULTS: Based
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on the constructed unbalanced data processing method, six resampling-regularization models were selected, and the
combination of random under-sampling and synthetic minority over-sampling technique (in the ratio of 3:3) was found
to be a better resampling model. A total of 41 DHI adverse drug reaction-related variables were obtained by using no
less than three model selections as screening conditions. Analysis showed that women, patients with a lower body mass
index and with a history of allergies were more likely to have adverse drug reactions. Patients using DHI for the first
time were more likely to have adverse drug reactions, and drug combination was prone to cause adverse drug reactions,
yet the combination with spironolactone, aspirin, ambroxol hydrochloride and benazepril hydrochloride might alleviate
the occurrence of adverse drug reactions caused by DHI. CONCLUSIONS: The constructed resampling-regularization
strategy can be used to deal with the unbalanced data of adverse drug reactions caused by DHI, and then perform post-
marketing safety re-evaluation and accurate prediction of risk factors to guide rational clinical use and drug combination
warning, yet whether the constructed algorithm can be used for post-marketing re-evaluation of other proprietary

Chinese medicines needs further study.

KEYWORDS Danhong injection; Unbalanced data; Clinical drug use; Safety evaluation; Adverse reactions

FP 2 T SR LA AR AR AR P T S R A R SUETRYT
[V L= S L (B3 RN ' S REZpa E-n b [ ) N = o
Jz ARV IRE WA RS L E K25 A BN
HRULEE R, 2019 A HR 2GS BN/ AR R A A 2
i 45.5%"0 My YA b2 SR B A vE AR N o6 1, IR OT
BT —Z5 2 T S 2 MR AT TR, IR Oy 9 B At
VLA I3 e O A 3 ORI P LD S AR PR
71 ( Danhong injection, DHI) Ml R & FH W 25 1 E 8157, B
T I ARIFE 38 Wk EF 4% 22 ), 76 I PR 8 B H 34 97 0 I 1l 78 ¢
W o DRASUZE HT SR FH A v W D 99 091 [l By | SCHRF 92 7k
A & S IIEWFFE DHI FR BRI, & B4R o Wik 58 % X0
e B S U L, B A PRI S A B ik Ak e xS
9o 191 T PR AF S T i v 5 2 K24 56— B B e 2 5 4 v il
1) 8 452 BilfE B 823 | & I DHI BUR BRIV 1Y &AL 5 FH 245 AR
FATHERAR A i — Al A 37 LR BEBE 30 888 17
5 DHI A 55 4610 328 47 A7 B M S 58 48 P W0, 2 R R S g
108 451] , AN BLSURE &R AE#E R 3. 5%0' . it DHI B9 AN B 5% AR
FRAAXHEAG , WA e A FORE A BB AR Ry A B 530, o)
FH —FBE A 4322 ST B3 S5 A Tl 0 A L B Y
SN AN R o B N €7 L B Ly R e vl 11 = s L v
XA H 37 R e g A WY 30 888 555 5 K dlE it — A5 VR
T4, LASIXE DHI PG A T 45 25 07 =X B A 25 55 0
AT AN B R0 R 38300 7 T Ry v b 4 I R A B 24
1 #REFE
1.1 HERRIE

P9 AARHE 2009 4FE 4 H E 2013 4E 8 HeE 6 M HS S
WEIAIFFE % 37 REFG MR B i A (L DHI 4 e . HE
BRI « SR A DA A 2 R Bl /0 Y 25 W4 I8 A R 3 I IR
R EM AR T 2012 489 F 10 HAE A E G AR5 M b
DBEAT B BRVE M (FE S ChiCTR-0CS-12002523) , k44 A
30 888 Bl , W K 57 ARbE (ALEE O LA MR B 4 RN
R RS ) s AEMREEE N 1 AN A B 99 % SF 4RI N 62 %,
WA TEHE BN 24. 37 kg/m?;15. 94% K B (4 923 B H A A
254 B ek Hrb 4 866 Ul E A M EELEEEY (IE
HE R W SR R I A I P 25 L Rk

- 1234 - Evaluation and analysis of drug-use in hospitals of China 2022 Vol. 22 No. 10

B ) 50. 86% B (265 Bi) A A N flogem s, i s
FL R B4 5 22 A7 vh B WA /Y B 5 b 8 RIE | IS S
Z ;3 30 810 il HHII AL & A5 B R PR
Hdr 51, 57% /9 A (15 890 1) b i Wk A# B DHI, JRHRiC %
AR 132 6], L FIFH 5w A BN 108 6, AR R
NERAFRN 0. 35% , KR 2 IR AT 1R R
1.2 Ak

¥ AL - I 0 Ak v | i — 25 VR BE F2 4 DHT A1 5% I IR
YNSRI, CLFE R 5 T AL B 5 R4y BUE R AR | E Wk A
REEAT 51, B e R R B 4 L ) K AL B Y
BEBEHL S A I 2R 4E (80% ) AIIIAE (20% ) 5 4 HEBR AN - A
R o TG 70 B 0 5 ) SR FH R T T A A 4R
ARHIFFE R L R [ B AL R AR (ROS) A /N SR 3
A (SMOTE) 1" FI AR ABE L [ BEHL R FE (RUS) (FE TR 2K
R RCRBE (SBC) 1M AL A W58 J7 ik, R A Lasso' ™ Al
Group Lasso' "™ JEAT 504 15 ) Pk A 2 | [] e SR ) 32 A4 frg 455 4
(PSRRI HL AR MK R XGBoost ) 14T 520 vk 22 181 40 #1F L) Xf
b R R BE R0 A2 X B R R AE (ROC) 4R T i
FRCAUC) YA BT #7123 DHI B A B Sz 7 A - 465 55 375 1)
ab L,
2 #ZR
2.1 DHI ¥IA R REEIES 7

e PR 22 4 4 v W A e 4 14 108 431 DHI 204 B2 3 f 2
WA R 60 B, LMk IE £ 41, 67% 1 IR AR Tl A
N B 2 LB R £ (4 50%) 359. 26% Ky B AT T H
BEHEIE , LIIBSIE | SR & £, W3 1, 2 0B (73 fi, &
67.59% ) A EE (28 1], 15 25.93% ) AN R LI 526. 85% Y & 4
(29 1)) TCFFALFR BN AT 54 9 50. 009% (¥ 5 (54 1)) 75 s 24
AEFR 19, 449% (1 B (21 f81)) T AOWE AL B8 5 HAS RO X T
FRPIR IR 2 ANEA 5 (104 61, 7 96.30% ) 5 I & KL PR R
FHRERAIRIREZ S AR RN TCK(>94%) . 108 Bl R
RN 2609 A 2500 (FERIVERT, 60 7, &5 55.56% ) Fl B 2552
IR, 26 1, 15 24. 07%) ; Z2 R BT B RAG05 (47 1], o5
43.52%) \HHX ZAMNE AN R G (34 B, 7 31.48% ) L
HMMAE (25 B, 5 23. 15%) 5 I RAEAR 22 2 B ke 8 B

FP B R 2G5 PR 5200 2022 4E5 22 545 10 1)



5 (42 191, i 38.89%) k&K (33 #il, 5 30.56%) ik FEM:
Bk A (12 1, & 11 11%) 0 (10 B, 5 9.26%) %
97. 22% BN R B S8 35 (105 ) FEAE R FA 25 15 00, 2
H1~5F(60 B, i 55.56%)
2.2 EHME-ENML RSN R E SR A 12

DHI fR B BB & A MR IUE I 0. 5, RBUE R L&
PRI 0. 8, EERAAI DL 2, AWFFTEEIL 6 FhE fliFE-1E W 4k
FERY | 5T AYERIS e, 7T A0 0E W AR AL B D7 925 ( Lasso Al
Group Lasso) 5 3 T AR AR 24 ; KU HoAth 8540 b #2405 45
FRR M TT, (K LB B, RUS Al SMOTE 20 & ( He il
3:3) BB O T A, A 6 Flar W) fe sk b 2 i 45
DHI FA B B0 KUK B 28 FH T 2 — 2543047, AR 2> F 3 Fit
RIVE VR R i e o i, 4o 0 e, SL A3 51 41 N5, R 3, H
AYMTEEIRATAL, TR Y 41 AR RN 4k 4 28 AR F A
BUBERER B S RIG 2, R 6 ORISR i
At R4S RN IE , R BRI AN BN R A, 40T iR
FEBAA otk REAR N, A ANGY gt i,
AR NS HE U KA PRI LMERET S KEANR
FNE 3 AT BB R R T, S Sk FFOBR R 98 At B 7R B 56T
G HA A B 7 104 il 97 S8 3 B 5 & A R RROR 5 1 U AE
DHI [ 5835 T8 5 R AN KR, SO PRAT X6 AL B ] DHT
IR B, MR R 4R 2 3 R v, 109 %81 285 095 S v 30 03 B, # k
TR >60 i/ min 55| KA R E A 55 £R
RSN, (H 5 R N g | BT ) DG AR | 6 1 2 1R 2 A0k 15 DL TR 38 )
SR o B AT 25 DHI BOR B I & A4

*1 LHERARRRESITERES
Tab 1 Comparison of statistical results of total data and
adverse drug reactions data

T W SRERT  PRREST (n=108)
i WOB Sie s WO St

5 Ak 16883 54.66 37 34.26
it 14004  45.34 71 65. 74
AN BT 4923 15.94 37 34.26
AR 97 0.31 2 1.85
FERPNE: U 265 0.86 6 5.56
0% 100 37.74 3 50.00
HERR 55 20.75 | 16.67
B Bk 12323 40.68 64 59.26
PRIRIE 8108  67.30 46 73.02
M 4467 37.08 35 55.56
YA DHI 1580  51.57 7 66.67
HTERAIA 2 30639 9.2l 105 97.22

VR b HOAREER RN H 0 4% AL T B0 1 e U SR A0 A AR A
30 887 1, “ PEHHE" 51 F 34 ATRGR 30 204 (], o B ic s B RS ATLAE
Bl 12 047 1, “ RAEWHMFHLIESRR 50T S99 ATEEEAE 30 810 B, “ 5 25 9
T ATRZAL 30 883 4, A BRSSP EEBHIE" BT HA R EHRIER B 4
o4 f Fer e st BEEAR 3L AZR R 63 4

Note:“ ™", the proportion is calculated based on the included observation data of the
corresponding project; A total of 30 887 cases of ohservation data were included under the item of
“gender”, 30 294 cases of observation data were included under the item of “syndrome

differentiation of traditional Chinese medicine”, of which 12 047 cases of ohservation data were

)
explicitly recorded under the item of “whether to use Danhong injection for the first time”, 30 810
cases of observation data were included under the item of “whether to use Danhong injection for the
first time”, and 30 883 cases of observation data were included under the item of “combined drug
use” ; In the statistics of adverse reactions, there were 64 patients with traditional Chinese medicine
syndrome differentiation under the item of “whether traditional Chinese medicine syndrome
differentiation” , of which 63 cases were included in the observation data with traditional Chinese
medicine syndrome clearly recorded
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Tab 2 Comparison of classification results of each algorithm

i FEE (L) R Rk Ltk AUC M ]
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Group Lasso SBC+ROS(4:4) 0.833 222 0.857 143 0.833 139 0.910 713 21.227 830
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Tab 3 Screened adverse drug reaction variables of DHI by resampling-regularization method

e . Ak .
CHL #ﬁﬂf A B C D i ¥ ﬁ"ﬂ

BAEARER eS| 0.699 0.674 0.312 0. 000 0.406 0.737 5
TRE R -0.033 -0.306 -0.085 -0.009 0.000 -0.398 5

REAN ALY 0.049 0.017 0. 160 0. 060 0.000 0.000 4
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B A—F 251375 Group Lasso-RUS+SMOTE(2:2) \Group Lasso-RUS+SMOTE (3:3) ,Group Lasso-RUS+R0S(2:2) Group Lasso-ROS+SBC (4:4) Lasso-RUS+SMOTE(2: 2) 1 Lasso-RUS+

SMOTE(3: 3) s MES AN 55 4, B A B i/ IMEL

Note: the algorithm A-F represents Group Lasso-RUS+SMOTE (2:2), Group Lasso-RUS+SMOTE (3:3), Group Lasso-RUS+ROS (2:2), Group Lasso-ROS+SBC (4:4) , Lasso-RUS+SMOTE (2:2),
and Lasso-RUS+SMOTE (3:3) in order; the default value of gender variable is male, and the default value of digital variable is minimum
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