LT 4 L T L
BRI

RALR, 6 X REDVE B AR ASELVE AV(LERERAZGER,E £
5A1199,2, £ATARERBSE, 1 & 500023 £ATARERIER O, B #5000

RESES  R979.1;R969.3; TP181 SCHRFRERD A
DOI  10.6039/j.issn.1001-0408.2026.04.15

ot > O DUARER BT H AN RSNz T3

XEHS 1001-0408(2026)04-0497-07

H E HH A MEKRERMERRERE(ADR)#MRE ZLR ,AIZHF oML ADR AL AL, MAZHE "ETRERL
(SAR) W FAMAEA . ik A TFA@mA T A(GTT)E A, A% GTIT @ &P .25 %3L00 3 A AR % Lak, 24 5k RIEFHA T KR
HREFANE ADR A BEB ML AT PEERSHERRALATBATARER22041 A £2024 59 A0 % 54
89 W, T 1 AT 2.3 55 A, d 2507 H) 2 Gt MR ZRERE ADR MR A 0L, DAPT/FAE B4Rl B 5 H A s (32 7:3
X D 45 & Ao X 4 ) , 18 1T Boruta Lk A4 EAR X 39 R L TP H R ELEBF AT T, UAAFTLAESARARE ET#/T % HE Lo-
gistic ®1 )3 4547 5 VA LR AR SR A AR T 3 4 MKk, M4 Logistic =2 Mg E R IF 522 A B4R SH AL EAUAR AR | 2 A 45 ARJR T AR
A i ad X F AR A AR vl X 8 W X T @ AR (AUC) | B B R 5 35 AR A AR L 4R , & B Shapley Ak fif# (SHAP) i > 4 fE#E &%

’E‘ﬁ’ﬂ’f’féﬂi,ﬁ'%f%ﬁﬁﬂ#@}iﬂ%@o R AT R T WARZREF AR ADR T30 | 64 fik & 24 B 38, A4 I35 4R 17
e R E I3 FRAEAESM, HMANARK B4 B MRS H 4834, L9 & & ADR % 31841, X £ SAR % 8341 ; itk B4 B #=

JWJ PR RETRMAL 5 %) 4 43.57%(708/1 625) F=63.84%(318/483) . NAXZR LR ADR F AR TN ARG/ BE AR ZAAZTRRAF
J.(64.15%), % Boruta F-ix 3£ ih it 5| sy Lotmfo/EAR O/ELEGWE MO RS HaAFH /Ry F8 ot T AMERT
¥, % A% Logistic &2 51 % & , 47 K F 9 % (OR=0.234, P=0.002) 55 N X 2k % 3t 5 SAR R e SAKAR % , PR 42 & fo JE
(OR=2.642,P=0.006) A= 5F#3% /m (OR=1.040, P=0.025) 55 M 3k ¥ 375 SAR R I&F+ & A % . Logistic B )2 4R 69 AUC . F114 .
B #(0.761,0.447 ,0.607)39 & T LA R ; SHAP #F & 45 R B 7, 47 Lrtm B FRFETHNELZRLEENI ., &Eit R
A E 38R A S K BN T NARZR LA K ADR 69 £ 30 if &, fe A7 K-F I 358 MR R H B SAR 694847 B &, M BRAZ B B S
38 A ) S 5 e B & ; Logistic B )2 AL A IR 2R 3750 SAR #9 S Ak T BE A
KER WAL BB R RR R AR T A S 5 T A

Predictive model for severe adverse reaction associated with bevacizumab based on the global trigger tool
and machine learning
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of Pharmacy, Guilin Medical University, Guangxi Guilin 541199, China;2. Dept. of Pharmacy, Guilin People’s
Hospital, Guangxi Guilin 541002, China; 3. Data Center, Guilin People’ s Hospital, Guangxi Guilin 541002,

China)

ABSTRACT OBJECTIVE To confirm trigger items for adverse drug reaction (ADR) induced by bevacizumab, to identify and
analyze the occurrence of related ADR, and to establish a predictive model for severe adverse reaction (SAR) caused by this drug.
METHODS Based on the global trigger tool (GTT) theory, and referencing the GTT White Paper, drug package inserts and
relevant literature, trigger items for bevacizumab-related ADR were confirmed using a single-round Delphi method. Utilizing these
established items, electronic medical records of relevant patients at Guilin People’s Hospital from January 2020 to September 2024

were actively screened via the China Hospital Pharmacovigilance
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System. Pharmacists then identified and tallied the occurrence
of bevacizumab-induced ADR. Data from patients with any
positive trigger item served as the study subjects (divided into

training and test sets at a ratio of 7:3), candidate feature
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variables were selected from 39 related variables using the
Boruta algorithm, and the multivariable Logistic regression
analysis was performed with the occurrence of SAR as the
dependent variable. Based on these candidate features, Logistic
Regression, Extreme Gradient Boosting, Light Gradient
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Boosting Machine, Random Forest, and Categorical Boosting models were constructed. Model performance was evaluated using
metrics including the area under the curve (AUC) of receiver operating characteristic curve and recall rate. The Shapley Additive
exPlanations (SHAP) method was applied to analyze and interpret the contribution of each variable. A nomogram was constructed
based on the optimal model. RESULTS A total of 38 trigger items for active monitoring of bevacizumab-related ADR were
determined, comprising 17 laboratory indicators, 13 clinical manifestations, and 8 intervention measures. In total, 483 patients
with positive trigger items were included, and 318 patients with bevacizumab-induced ADR were identified, including 83 SARs.
The positive predictive values for the trigger items and cases were 43.57% (708/1 625) and 63.84% (318/483) , respectively.
Bevacizumab-induced ADR involved 7 systems/organs, with the hematological system being the most frequently involved
(64.15%). The Boruta algorithm selected 7 variables: serum potassium, hematocrit, albumin-to-globulin ratio, prealbumin,
hypertension history, age and red blood cell count. Multivariable Logistic regression showed that elevated serum potassium levels
were associated with a decreased risk of bevacizumab-induced SAR (OR=0.234, P=0.002) , while a history of hypertension
(OR=2.642, P=0.006) and increased age (OR=1.040, P=0.025) were associated with an increased risk. The Logistic
Regression model demonstrated superior performance with higher AUC, F1 score and recall rate (0.761, 0.447, 0.607), compared
to other models. SHAP evaluation results indicated that variables such as serum potassium, hematocrit, and age ranked highest in
importance. CONCLUSIONS Totally 38 trigger entries have been successfully identified for active screening of bevacizumab-

related ADR. Elevated serum potassium levels are a protective factor against bevacizumab-induced SAR, whereas the hypertension

history and increased age are risk factors. The Logistic Regression model is the optimal predictive model.
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