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Background : Cross-reactivity and hypersensitivity to B-lactam antibiotics significantly
limit their use. This study aimed to analyze cutaneous adverse reaction patterns associ-
ated with cefoxitin and cephalothin, which share R1 side chain chemical structures, using
machine learning techniques applied to the Korea Adverse Event Reporting System Data-
base (KAERS DB). The goal was to establish evidence for safer antibiotic use.

Methods : We utilized KAERS DB data from January 2018 to December 2022, The dataset
was divided into dermatological adverse events and others, with 2018-2019 data serving as
the training set and 2020-2022 data as the test set. Eight machine learning models were
developed to predict cutaneous adverse reaction risks. Model performance was evaluated
using accuracy and Area under the Receiver Operating Characteristic Curve (AUC) on both

training and test sets. Statistical analyses were performed using Python 3.7.6.

Results : In the training dataset, most models achieved high accuracy (0.986), with Bag-
ging Classifier and Extra Trees Classifier demonstrating excellent performance (AUC
0.974). The test dataset also showed high accuracy (0.998) across models, but AUC scores
varied. AdaBoost Classifier (AUC 0.812), Random Forest Classifier (AUC 0.786), and MLP
Classifier (AUC 0.736) performed particularly well.

Conclusion : This study employed machine learning techniques to classify cutaneous ad-
verse reactions associated with second-generation (cefoxitin) and first-generation (ce-
phalothin) cephalosporins, which have relatively high adverse event risks, and to pre-
dict potential cutaneous reactions in new cases. The models incorporated cross-reactivity
possibilities based on cephalosporin chemical structures and demonstrated high predictive
accuracy. These findings are expected to contribute to the development of safer antibiotic

use guidelines based on scientific evidence.

[Key words] B-TLactam antibiotics, Cutaneous adverse reactions, Machine learning, KAERS
DB (Korea Adverse Event Reporting System Database), Cross-reactivity

Mgz 23E (cephalosporins)S thfet &4 it ¥ sk el W Al2H o] o) 2]
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Training cohort

Test cohort

Dematology side-effect event reporting data
collected by KAERS DB, 2018.01~2022.12
(N=2227313)

Dematology side-effect event reporting data
collected by KAERS DB, 2018.01~2022.12
(N=2227313)

Exclusion

* INGR_CD not available

* Multiple identical reports of KAERS_No
* WHOART_SEQ not available

Exclusion

¢ INGR_CD not available

* Multiple identical reports of KAERS_No
* WHOART_SEQ not available

X

Y

| Remained cohort (n=202.684)

Remained cohort (n=202.684) |

\

\

| Case reported during 2018~2019

Case reported during 2020~2022 |

y

4

Train set, n=43804
(Skin and appendages disorders:
n=601, 1.37%)

Test set, n=158880
(Skin and appendages disorders:
n=230, 0.14%)

(a)

(b)

Fig. 1 Construction of the study cohort (a) Training cohort and (b) Test cohort; KAERS DB,
Korea Adverse Event Reporting System Data Base

4

3. 7IAeE 7lEt ol 22 & SAHEA

2o A 9 ASEHAE, 9 RARGO] B A
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SGD, SVCO)& 7IHte g F2Egich, Hel 452
A2 (accuracy), ROC curve oFef W& (Area
under the Receiver Operating Character-
istic Curve)S AHE-31o] train set ¥ test setol
A Bl 2ESI e FA 42 Python 3.7.6%
ARgsto] =Y = i,

ATolA =H-E dlolHe & 202,68470]1%2
™ train set2 2 43,8047 dloJel7} AAE R
ow 1 F o5 o] A7 Bk H=1.37%
0l 601 A40] EolE R}, Test setd] % 158,880
9] Hlolg 7} A= lom | I & g5 oAb 7}
ZA8E A5 0.14%%] 2307A 2.2 =t
AR training set Ft 48 3412 UEow,
test datasetolAl 34 1A= UERTE, 35 oA
A7 RaE A9 training setoll A Bt 63.9
Al, test setollA] 58 5A2 H w2 AR Ex5
Bk, 5 JE 9 7% training setoll A d/d ol
49.8%, 94°] 50.2%% LEPGTE, TR o] AL
= YeldH 338 training datasetoA] oj4lo]
65.4%, test datasetollA] 45 2%% YETE, 3
A ] AFE717HE training setoll A 4.9, test
datasetoll4] 3.04& EA=UH(Table 1).

- 278 -



olsll e, 27 1 7| AISHE WS &-8-3 Cephalosporins©] T4 o /dikg- 41 KAERS DBE 283 eFE4HAl Hlolg 7]t oA+

Table 1 Clinical characteristics of participants in studies

Training dataset Test dataset
Skinand  No Skin and Skinand  No Skin and
Variables Total appendages appendages Total appendages appendages
n= 43,804 disorders disorders  n=158,880  disorders disorders
n=601 n=43,203 n=230 n=158,650
Age (years), mean (SD) 48.3 63.9 48.1 34.1 58.5 34.0
27.7) (15.9) 27.7) (31.3) (31.3) (31.3)
Sex, n (%)
Male 91,798 208 21,590 91,016 126 90,890
(49.8) (34.6) (50.0) (57.3) (54.8) (57.3)
Female 22,006 393 21,613 67,864 104 67,760
(50.2) (65.4) (50.0) (42.7) (45.2) (42.7)
Period (days), mean (SD) 4.9(5.0) 4.9(5.1) 5(4.2) 3.0(3.1) 3.0(3.1) 1.3(2.0)

Table 2 Performance of machine learning models in the test set from the derivation cohort

Area under Area under
the Receiver the Receiver
Accuracy  Operating Accuracy  Operating
Characteris- Characteris-
tic Curve tic Curve
Training set n=43,804 Random Forest Classifier 0.998 0.786
Ada Boost Classifier 0.986 0.880 MLP Classifier 0.998 0.736
Bagging Classifier 0.986 0.974 SGD Classifier 0.998 0.499
Extra Trees Classifier 0.986 0.974 SVC 0.998 0.165
Gradient Boosting Classifier 0.878 0.700 * MLP. multilayer perceptrons ; ‘SGD. stochastic gradient descent ;
'SVC, support vector classification
Random Forest Classifier 0.986 0.905
MLP* Classifier 0.986 0.741
SGD' Classifier 0.986 0.500 2. 71AstE 2o EIt
SvCT 0.986 0.313 .
A TS EAQ] training dataset ! test
Test set n=158,880 dataseto] thgt 7| Ass RASe] A5S lst
Ada Boost Classifier 0.998 0.812 AtH(Table 2). Training datasetol| A= 8714
Bagging Classifier 0.998 0.586 7 2d F, 7he 2dlo] 0.9869] w2 A s
o = . o
Extra Trees Classifier 0.998 0.563 2aeow, 53 Bagging Classifier?} Extra
Trees Classifiere AUC 0,974 2 953t 52
Gradient Boosting Classifier 0,948 0.613 e e

yelich, ¥bH | Gradient Boosting Classifier
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