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Abstract
Background  Linezolid (LZD) is used to treat infectious diseases caused by Gram-positive bacteria, but 
thrombocytopenia is one of the main adverse reactions to LZD administration. Early prediction of linezolid-induced 
thrombocytopenia (LI-TP) is of great importance to improve the clinical outcomes and prognoses. The aim of this 
study was to develop and validate a prediction model for LI-TP.

Methods  A retrospective cohort of hospitalized adults receiving LZD therapy (January 2014–June 2022) was 
analyzed. Independent risk factors for LI-TP were identified via logistic regression in the training set (n = 757). A 
nomogram model for LI-TP were developed based on independent risk factors, and verified in validation set (n = 123).

Results  The incidence of LI-TP was 13.5% (102/757). A logistic regression model was developed based on the seven 
independent risk factors, including age (≥ 60 y), duration of LZD therapy (> 11 d), bPLT (< 308 × 109/L), ALT (> 100 IU/L), 
Ccr (< 67.5 mL/min), and concomitant use with VPA or Tac (p < 0.01) and transformed into a quantifiable nomogram. 
The nomogram demonstrated strong discrimination with AUCs of 0.760 in training (95% CI: 0.709–0.812, P < 0.001) 
and 0.767 in validation (95% CI: 0.635–0.899, P < 0.001). The calibration curves and Hosmer-Lemeshow tests confirmed 
good reliability and specificity of the nomogram model.

Conclusion  This nomogram provides a practical tool for stratifying LI-TP risk, which provide an important reference 
for enabling timely clinical interventions to enhance LZD safety.
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Background
Linezolid (LZD), classified as an oxazolidone antibiotic, 
is used to treat infectious diseases, including sepsis, bac-
terial pneumonia, skin and soft tissue infections, caused 
by Gram-positive bacteria, such as methicillin-resistant 
Staphylococcus aureus (MRSA) and vancomycin-resis-
tant Enterococcus faecalis [1]. Currently, LZD is known as 
one of the most important anti-infection drugs and has 
been used in more than 60 countries. Although widely 
used in clinic, LZD administration caused many adverse 
reactions, such as hematotoxicity, gastrointestinal dis-
orders and cutaneous reactions [2, 3]. Hematotoxicity 
includes anemia, eosinophilia, myelosuppression, neu-
tropenia, cell aplasia and thrombocytopenia [4]. Throm-
bocytopenia (TP), with a reported incidence of 15–50%, 
is considered one of the major adverse events caused by 
LZD administration [5, 6]. Linezolid- induced thrombo-
cytopenia (LI-TP) occurred in 2.4% of patients in a phase 
III trial, and two other previous studies reported rates of 
3.3% [7] and 6.4% [8] among hospitalized patients respec-
tively. Serious patients experience active gastrointestinal 
bleeding [9] or even death [10, 11]. Therefore, occurrence 
of LI-TP should be more attention.

There have been studies on the risk factors for LI-TP, 
which suggested that LI-TP was associated with pro-
longed treatment duration [12], renal insufficiency [13–
16], chronic liver disease [15], a low baseline platelet 
count [17], daily per kg dose [5, 18], body weight [19, 20] 
and hypoalbuminemia [19]. However, data on the inci-
dence and predictors of LI-TP are inadequate because of 
the diversity of patients or study designs. More impor-
tantly, the occurrence of LI-TP involves the compre-
hensive effect of risk factors rather than individual risk 
factors, which need to develop a prediction model. Stud-
ies have established prediction models for LI-TP in neo-
natal sepsis patients [21], critically ill patients [22] and 
elderly patients [23], but there are differences in methods 
and conclusions. Few studies have predicted the risk of 
LI-TP in adult patients by prediction models transformed 
into quantifiable nomograms.

The purposes of our study were to develop a predic-
tion model that could be transformed into a quantifiable 
nomogram based on risk factors for LI-TP to predict the 
occurrence of LI-TP and then verify the prediction effi-
cacy of the model to improve the safety of LZD adminis-
tration in clinic.

Methods
Study design and definition
This was a retrospective study conducted at the First 
Affiliated Hospital of Army Medical University. Data 
were collected from patients treated with LZD (pur-
chased from Fresenius Kabi Norge AS licensed by Pfizer 
AS) between January 2014 and June 2022. Patients 

enrolled between January 2014 and October 2020 were 
used for the training set, while patients enrolled between 
November 2020 and June 2022 were used for the valida-
tion set (Fig. 1).

The inclusion criteria were as follows: patients who 
were ≥ 18 years old who were administered LZD (600 mg 
every 12  h) for ≥ 5 days. The exclusion criteria were as 
follows: (1) patients who were diagnosed with haemato-
oncologic diseases or myelosuppression as the original 
disease; (2) patients who were bleeding or received blood 
transfusions within one month before LZD therapy; (3) 
patients who underwent chemotherapy or radiotherapy 
within two weeks before LZD therapy; (4) patients with 
incomplete case information; (5) patients with a base-
line platelet count that was not measured within 1 week 
before LZD therapy; (6) patients with a baseline platelet 
count greater than 450 × 109/L or less than 150 × 109/L; 
and (7) patients whose platelet counts were not routinely 
monitored during LZD therapy (Fig. 1).

Thrombocytopenia was defined as a platelet count less 
than 150 × 109/L [24]. The severity of thrombocytopenia 
was classified into the following categories based on the 
nadir platelet count [25]: mild, 101–149 × 109/L, moder-
ate, 51–100 × 109/L, and severe, ≤ 50 × 109/L. Creatinine 
clearance (Ccr) was calculated by the Cockcroft-Gault 
equation based on serum creatinine levels.

Blood collection and analysis
Blood samples were collected via venipuncture using 
EDTA anticoagulant tubes. Platelet counts were mea-
sured using the SYSMEX XN-9000 automated hematol-
ogy analyzer. Other laboratory parameters, including 
ALT, AST, and creatinine clearance (Ccr), were measured 
using standard laboratory techniques.

Patient groups and data collection
Patients were divided into two groups: the LI-TP group 
and the no thrombocytopenia (NO-TP) group. The char-
acteristics, laboratory data and concomitant medications 
of patients were collected. The characteristics included 
age, sex, body weight and duration of LZD therapy (DLT), 
and the baseline laboratory data that were measured 
before treatment with LZD within 1 to 7 days included 
baseline platelet count (bPLT), hemoglobin (HGB), ala-
nine aminotransferase (ALT), aspartate aminotransfer-
ase (AST), serum albumin (ALB), total bilirubin (TBIL), 
D-dimer, prothrombin time (PT), creatinine clearance 
(Ccr), blood sugar level (BSL), and concomitant medi-
cation that was reported for thrombocytopenia during 
the use of LZD, including piperacillin-tazobactam (PPC-
TZBT), meloxicillin-sulbactam (MLC/SBT), cefopera-
zone-sulbactam (CFZ/SBT), ceftazidime (CAZ), aspirin, 
valproate (VPA) and tacrolimus (Tac) [26].
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Fig. 1  The flow charts of the study process. LZD: linezolid; n: number
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Statistical analysis
The normality of descriptive data was assessed using 
the Shapiro-Wilk test. Normally distributed data are 
presented as mean ± standard deviation (SD), while 
non-normally distributed data are expressed as median 
(interquartile range). Categorical variables are reported 
as frequency (n) and percentage (%), with group’s com-
parisons performed using the χ² test or Fisher’s exact test. 
For risk factor analysis, continuous variables (age, weight, 
treatment days, baseline platelet count, and creatinine 
clearance) were dichotomized based on cutoff values 
determined by the maximum Youden index and subse-
quently included in the analysis. Univariable and multi-
variable analyses were conducted to identify risk factors 
for LI-TP. Variables with a univariable P-value < 0.05 were 
incorporated into the multivariable model for stepwise 
regression analysis. Model performance in both training 
and validation sets was evaluated using receiver operat-
ing characteristic (ROC) curves, calibration curves, and 
confusion matrices. Survival curves for each risk factor 

were generated and compared using the Kaplan-Meier 
method and log-rank test. All P-values were two-tailed, 
and statistical significance was defined as P < 0.05. Data 
analysis was performed using SPSS 27.0 (IBM, Armonk, 
NY, USA) and R software (version 4.2.2, ​h​t​t​p​:​/​/​w​w​w​.​r​-​p​
r​o​j​e​c​t​.​o​r​g​/​​​​​)​.​​

Results
Demographic and clinical characteristics of patients
In the 3207 cases of training set, 757 patients were 
included based on the inclusion criteria (Fig.  1). Male 
and female patients comprised 73.18% (554/757) and 
26.82% (203/757), respectively, and their median age 
was 51 (41, 65) years, with 33.55% (254/757) of patients 
aged ≥ 60 years. The median body weight was 60 (59, 67), 
with 33.42% (253/757) of patients weighing ≥ 62  kg. The 
median duration of LZD therapy and baseline plate-
let level were 9 (7, 13) days and 251 (199,314) ×109/L, 
respectively (Table 1).

Table 1  Demographic and clinical characteristics of 757 patients treated with LZD
Characteristic Total patients

(n = 757)
NO-TP
(n = 655)

LI-TP
(n = 102)

χ2 P

Demographic
Gender 0.007 0.932
Male, n (%) 554(73.18) 479(73.13) 75(73.53)
Female, n (%) 203(26.82) 176(26.87) 27(26.47)
Age (years), median (IQR) 51(41,65) 50(40,63) 61(44.75,73.25) 19.875 <0.01
Age ≥ 60 years, n (%) 254(33.55) 200(30.53) 54(52.94)
Weight (kg), median (IQR) 60(59, 67) 60(60,67.5) 60(55,67.5) 4.207 0.04
Weight ≥ 62 kg, n (%) 253(33.42) 228(34.81) 25(24.51)
Duration of linezolid therapy (DLT, days), median (IQR) 9(7,13) 9(7,13) 10.5(7,14) 5.273 0.022
Duration of linezolid therapy > 11 days, n (%) 272(35.93) 225(34.35) 47(46.08)
Baseline laboratory data
Platelets (103/mm3), median (IQR) 251(199,314) 254(203,322) 238.5(185,278.5) 16.969 <0.01
Platelets < 308 × 103/mm3, n (%) 548(72.39) 457(69.771) 91(89.22)
Hemoglobin < 10 g/dL, n (%) 241(31.84) 213(32.519) 28(27.45) 1.045 0.307
Alanine aminotransferase (ALT) > 100 IU/L, n (%) 48(6.34) 35(5.344) 13(12.75) 8.141 0.004
Aspartate aminotransferase (AST) > 80 IU/L, n (%) 74(9.78) 57(8.70) 17(16.67) 6.347 0.012
Total bilirubin > 1.2 mg/dL, n (%) 122(16.12) 105(16.03) 17(16.67) 0.026 0.871
Serum albumin < 2.5 g/dL, n (%) 68(8.98) 59(9.01) 9(8.82) 0.004 0.952
Prothrombin time > 17 s, n (%) 11(1.45) 7(1.069) 4(3.92) - 0.048
D-dimer > 10.55 mg/L, n (%) 25(3.30) 21(3.21) 4(3.92) - 0.764
Blood sugar level (BSL) > 200mmol/L, n (%) 548(72.39) 34(5.19) 10(9.80) 3.431 0.064
Creatinine clearance (Ccr) < 67.5 mL/min, n (%) 241(31.84) 507(77.40) 56(54.90) 23.447 < 0.001
Concomitant medication, n (%)
Piperacillin-Tazobactam 53(7.00) 47(7.18) 6(5.88) 0.227 0.634
Meloxicillin-Sulbactam 10(1.32) 9(1.37) 1(0.98) - 1.000
Cefperazone-Sulbactam 68(8.98) 54(8.24) 14(13.73) 3.243 0.072
Ceftazidime 60(7.93) 54(8.24) 6(5.88) 0.675 0.411
Aspirin 18(2.38) 17(2.60) 1(0.98) - 0.493
Sodium valproate (VPA) 29(3.83) 21(3.21) 8(7.84) - 0.045
Tacrolimus (Tac) 13(1.72) 6(0.92) 7(6.86) - < 0.001
IQR, interquartile range; SD, standard deviation

http://www.r-project.org/
http://www.r-project.org/
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Among 757 patients in the training set, 102 (13.5%) 
developed LI-TP, predominantly mild (101–149 × 109/L). 
44.12% (45/102) of patients terminated LZD therapy, 
whereas 55.88% (57/102) of the remaining patients did 
not take any measures. The all-cause mortality rate in the 
LI-TP group was 1.96% (2/102). The most common com-
bination drug that caused thrombocytopenia during LZD 
therapy was cefoperazone-sulbactam (8.98%), followed 
by ceftazidime (7.93%) (Table  1). Platelet counts after 
the last dose of LZD were monitored in 62.7% (64/102) 
of patients who discontinued LZD therapy and returned 
to normal in all patients. None of the patients required 
platelet or red blood cell transfusion.

Risk factors for LZD induced thrombocytopenia
Univariate analysis was performed to determine the risk 
factors for LI-TP among abnormal clinical characteris-
tics, demographic characteristics and concomitant medi-
cation use. The following ten variables were associated 
with LI-TP: age (≥ 60 y) (odds ratio (OR) [95% CI]: 2.559 
[1.677–3.906]; p < 0.001), body weight (> 62 kg) (OR [95% 
CI]: 0.608 [0.377–0.982]; p = 0.042), duration of LZD ther-
apy (> 11 d) (OR [95% CI]: 1.633 [1.072–2.489]; p = 0.023), 
bPLT (< 308 × 109/L) (OR [95% CI]: 3.584 [1.876–6.849]; 
p < 0.001), ALT (> 100 IU/L) (OR [95% CI]: 2.587 [1.318–
5.078]; p = 0.006), AST (> 80 IU/L) (OR [95% CI]: 2.098 

[1.166–3.775]; p = 0.013), PT (> 17 s) (OR [95% CI]: 3.778 
[1.086–13.145]; p = 0.037), Ccr (< 67.5 mL/min) (OR [95% 
CI]: 2.814 [1.829–4.329]; p < 0.001), and concomitant use 
with VPA (OR [95% CI]: 2.569 [1.106–5.967]; p = 0.028) 
or Tac (OR [95% CI]: 7.97 [2.623–24.22]; p < 0.001).

Independent risk factors for LZD induced 
thrombocytopenia
Logistic regression analysis was used to analyze the 
independent risk factors for LI-TP. Seven independent 
risk factors were identified: age (≥ 60 y) (OR [95% CI]: 
3.08 [1.84–5.18]; p < 0.001), duration of LZD therapy 
(> 11 d) (OR [95% CI]: 1.79 [1.13–2.84]; p = 0.013), bPLT 
(< 308 × 109/L) (OR [95% CI]: 3.87 [2.05–8.02]; p < 0.001), 
ALT (> 100 IU/L) (OR [95% CI]: 3.83 [1.76-8.00]; 
p < 0.001), Ccr (< 67.5 mL/min) (OR [95% CI]: 1.92[1.15–
3.21]; p = 0.012), and concomitant use with VPA (OR 
[95% CI]: 3.48 [1.29–8.64]; p = 0.009) or Tac (OR [95% 
CI]: 8.61 [2.52–30.44]; p < 0.001) (Fig. 2A).

To determine the temporal correlation between the 
seven independent risk factors and LI-TP, Kaplan‒Meier 
analysis was performed for the seven independent 
risk factors and revealed a higher cumulative inci-
dence of LI-TP among patients aged ≥ 60 years, with a 
bPLT < 308 × 109/L, ALT > 100 IU/L, and Ccr < 67.5 mL/
min, and concomitant use with VPA or Tac (Fig. 2B-G).

Fig. 2  Independent risk factors for LI-TP. (A) Risk factors associated with LI-TP by multivariate analysis (B-G) Kaplan–Meier estimates of the cumulative 
incidence of LI-TP, stratified by (B) baseline creatinine clearance (Ccr), (C) baseline platelet count (bPLT), (D) baseline alanine aminotransferase (ALT), (E) 
Age, (F) concomitant with tacrolimus (Tac), and (G) concomitant with valproate (VPA)
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Development and validation of the logistic model and 
nomogram
We used logit (P) to establish a logistic regression model 
based on the independent risk factors in the training set. 
To facilitate a more intuitive understanding of the impact 
of independent risk factors for LI-TP, we established a 
nomogram according to the selected variables in the 
training set (Fig. 3C). The predictive performance of this 
nomogram was assessed by ROC analysis and calibration 
curve analysis. The area under the curve (AUC) of the 
model was 0.760 (95% CI: 0.709–0.812, P < 0.001), with an 
optimal cutoff of 0.106 (logit P -2.132) (Fig. 3A-B).

The validation set was used to verify nomogram per-
formance. In the validation set (123 cases), 23 patients 
experienced LI-TP and 100 patients did not. The Hos-
mer‒Lemeshow test (P = 0.6654) and calibration curve 
showed that the nomogram had good predictive perfor-
mance (Fig.  4A). The AUC was 0.767 (95% CI: 0.635–
0.899, P < 0.001) in the validation set (Fig.  4B). The 
predictive value of the model was evaluated by the confu-
sion matrix drawn by the cut-off value of the maximum 
Youden index in the training and validation sets, and the 
relevant diagnostic indicators were calculated. The sensi-
tivity and specificity were 0.7549 and 0.6687 in the train-
ing set, and 0.72 and 0.7083 in validation set, respectively 
(Fig. 4C-D).

We also have added the optimal prediction model on 
a web page, providing a reliable prediction tool for clini-
cal medical professionals and researchers. The website 
address is ​h​t​t​p​s​:​​​/​​/​m​y​s​t​u​​d​i​​​o​.​s​h​​i​n​y​​a​p​​p​​s​.​​​i​o​/​​t​h​r​​o​m​​b​o​c​y​t​o​p​e​
n​i​a​/.

The equation was as follows: LogitP = 1.124 × 
Age (> 60y) + 0.583 × DLT (> 11d) + 1.352 × bPLT 
(< 308 × 109/L) + 1.343 × ALT (> 100 IU/L) + 0.655 × Ccr 
(< 67.5 mL/min) + 1.246 × VAP (yes) + 2.153 × Tac(yes) 
− 5.837.

Discussion
The incidence of LI-TP would severely limit the adminis-
tration of LZD. In our study, the independent risk factors 
for LI-TP were identified. Meanwhile, a nomogram based 
on the independent risk factors was constructed. Finally, 
the performance of the nomogram was verified showing 
that the model had good predictive performance.

The incidence of adverse drug reactions (ADRs) is 
an important issue in the process of drug administra-
tion. Our study found that the cumulative incidence of 
LI-TP was 13.5%, which was lower than that in published 
studies (39.7-48.3%) [20, 27, 28]. This may be related to 
the definition of thrombocytopenia as a reduction of 
> 25–50% from the baseline platelet count in other stud-
ies. Our study also found that all patients experienced 
mild declines in thrombocytopenia, similar to the find-
ings in other studies [27, 29], and the platelet counts 

returned to normal after the cessation of LZD, indicat-
ing that physicians or pharmacists might have begun to 
pay attention to LI-TP and stopped it in time when they 
found a downward trend in platelet counts.

To predict the risk of LI-TP, we analyzed the indepen-
dent risk factors for LI-TP, which included 7 indepen-
dent risk factors: Ccr, ALT, age, bPLT, duration of LZD 
therapy, and concomitant use with VPA or Tac, which 
was consistent with those of other studies [11, 20, 30]. 
However, our conclusion was different in terms of the 
optimal cutoff value of each independent risk factor com-
pared to those in other studies, which may be related 
to the following factors. First, different optimal cutoff 
values would lead to artificial bias in research results if 
they were divided artificially into different categories. For 
example, the following values were included in the risk 
factor analysis when the renal function of patients was 
classified into 3 categories based on Ccr: Ccr < 30 mL/
min, Ccr of 30–59 mL/min, and Ccr ≥ 60 mL/min [11]. 
On the other hand, one of the definitions of thrombo-
cytopenia is a reduction of > 25-50% from the baseline 
platelet count, which might artificially increase the num-
ber of patients with thrombocytopenia [27, 31]. Different 
from other studies, it was more objective to determine 
the optimal cutoff value for each independent risk factor 
by statistical methods in our study.

A duration of LZD therapy > 11 days was significantly 
associated with the risk of LI-TP, which was consistent 
with the findings of published studies [6, 11, 30]. Current 
studies suggest that the mechanism of LI-TP is associ-
ated with myelosuppression [26]. As a result, thrombo-
cytopenia usually does not occur at the start of treatment 
because drugs have no effect on the platelets already 
released in the bloodstream. However, platelet counts 
gradually decrease when the drugs inhibit bone marrow 
cells with high replication activity, including stem cells 
and megakaryocyte progenitors. This may be the cause of 
thrombocytopenia after continuous use of LZD.

LI-TP was found to be closely related to renal function. 
Approximately 30–40% of LZD is eliminated in urine at 
a conventional dose (600 mg every 12 h) [32, 33]. Renal 
function is associated with LZD blood concentration, 
which is closely related to ADRs when renal impair-
ment occurs [34–36]. Impaired renal function increases 
the odds of developing thrombocytopenia 2- and 3- 
and 6-fold among patients treated with LZD with renal 
impairment and end-stage renal disease, respectively [14, 
37, 38]. Related studies have also found that renal impair-
ment is an independent risk factor for LI-TP, which is 
consistent with our conclusion [30, 39]. Therefore, when 
Ccr is less than 67.5 mL/min, platelet counts should be 
monitored regularly in patients with renal insufficiency. 
Since an exposure-response relationship for thrombocy-
topenia has been established in patients receiving LZD, 

https://mystudio.shinyapps.io/thrombocytopenia/
https://mystudio.shinyapps.io/thrombocytopenia/
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Fig. 3  Discrimination and calibration of the logistic model to predict the risk of LI-TP in the training set. (A) Calibration curves, (B) AUC and (C) nomogram. 
DLT: duration of LZD therapy; bPLT: baseline platelet count; ALT: baseline alanine aminotransferase; Ccr: baseline creatinine clearance; VPA: concomitant 
with valproate; Tac: concomitant with tacrolimus
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we could estimate the area under the concentration-ver-
sus-time curve (AUC) or the overall exposure area with 
respect to the risk of toxicity by measuring the trough 
concentration (Cmin) [40, 41]. Related research has indi-
cated that the incidence of thrombocytopenia increases 
significantly when Cmin exceeds 7.5  mg/L [35]. Among 
hemodialysis patients, the risk of thrombocytopenia 
could be reduced by lowering the initial dose and lower-
ing the plasma concentration [42]. Based on the above 
research, monitoring platelet counts and Cmin could 

predict the toxicity of LI-TP, especially in patients with 
renal impairment.

The liver is the main site of drug metabolism and clear-
ance, which dysfunction could lead to changes in drug 
disposition [43]. Some studies have shown that liver 
dysfunction decreases the clearance of LZD in criti-
cally ill patients [44, 45], and there is a high incidence of 
LI-TP among patients with acute and chronic liver fail-
ure [46], which might be related to exposure to supra-
therapeutic concentrations and adverse events such as 

Fig. 4  Discrimination and evaluation of logistic model predicting LI-TP. (A-B) Discrimination and calibration of logistic model predicting LI-TP in the vali-
dation set including (A) calibration curves and (B) AUC. AUC: Area under the ROC curve. (C-D) Evaluation of predictive value of logistic model by confusion 
matrix in the training set (C) and validation set (D)
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thrombocytopenia [47]. There is a risk of overexposure 
when patients with liver dysfunction receive standard-
dose LZD (600 mg every 12 h), but LZD could be safely 
administered at reduced doses (300 mg every 12 h) with a 
minimum steady-state concentration (Cmin, ss) of 2 to 8 g/
ml [48], which suggests that we can reduce the incidence 
of adverse reactions by adjusting the dosage of LZD for 
patients with liver dysfunction. Our study also showed 
that increased ALT levels but not total bilirubin were 
associated with a higher risk of LI-TP, which may be con-
sistent with previous studies that showed patients with 
liver dysfunction were more prone to thrombocytopenia 
due to a higher blood concentration of LZD [15].

To analyze the effect of drug combinations on throm-
bocytopenia, we collected information on drugs com-
bined with LZD that have been reported for drug-related 
thrombocytopenia. Our results found that concomitant 
valproate or tacrolimus use was an independent risk 
factor for thrombocytopenia. Thrombocytopenia was 
the most common ADRs in patients taking valproate, 
with an incidence of 5–60% [49]. The possible mecha-
nism of valproate-induced thrombocytopenia has been 
hypothesized to a dose-dependent direct toxic effect of 
platelet production on bone marrow and destruction of 
peripheral platelets because of the formation of autoan-
tibodies against platelets [50]. Notably, concomitant Tac 
use increased 8.6-fold of LI-TP risk, underscoring the 
potential risk of its combination with LZD. Tacrolimus 
could induce thrombocytopenia by accelerating periph-
eral platelet destruction [26]. As previously mentioned, 
the mechanism of LI-TP was associated with myelosup-
pression [51]. Based on these studies, there are different 
mechanisms for thrombocytopenia between LZD, val-
proate or tacrolimus, which might accumulate the risk of 
thrombocytopenia. Other drugs that are known to cause 
TP have not been identified as risk factors for LI-TP, 
which may be related to the small number of patients 
treated with these drugs.

The AUCs of the combined predictors were 0.760 and 
0.767 based on the logistic regression model in the train-
ing set and validation set, respectively, indicating that 
the LI-TP prediction model had good predictive perfor-
mance. The logistic regression model with an optimal 
cutoff point of 0.106 was converted into a quantifiable 
nomogram so that clinicians could easily and quickly 
predict the risk of LI-TP based on the seven combined 
predictors before LZD treatment. If the cutoff point pre-
dicted by the nomogram is greater than 0.106, which 
indicates that the patient is at high risk for LI-TP, clini-
cians should take appropriate measures, such as replac-
ing LZD with other drugs, monitoring platelet levels 
regularly or adjusting the administration schedule by 
monitoring LZD concentrations to prevent thrombocy-
topenia. Our study showed that the nomogram could be 

used as an effective tool to identify patients with high risk 
of LI-TP.

Limitations
This study has some limitations, including its retrospec-
tive design and the lack of external validation from dif-
ferent hospitals or regions. Additionally, we did not 
monitor LZD blood concentrations, which could pro-
vide further insights into the relationship between drug 
exposure and thrombocytopenia. Future studies should 
focus on multi-center studies and prospective validation 
to further validate the model utility in clinical practice. 
Additionally, the nomogram can also be integrated into 
electronic health records (EHRs) or clinical decision sup-
port systems (CDSS) to provide real-time risk assessment 
for LI-TP.

Conclusions
Our results showed that LI-TP was associated with seven 
independent risk factors: older age, prolonged treatment 
with LZD, elevated ALT level, renal impairment, low 
baseline platelet count, and the concomitant use of val-
proate or tacrolimus. The nomogram model based on the 
identified seven independent risk factors had good pre-
dictive performance. The quantifiable nomogram trans-
formed from the logistic regression model can enable 
clinicians to easily and quickly predict LI-TP before LZD 
treatment, which provides an important reference for 
reducing the occurrence of LI-TP in the clinic.
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