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Objective: We conducted a retrospective study to investigate the prevalence, clinical characteristics, and risk factors for leukopenia in 
patients receiving piperacillin-tazobactam (TZP) therapy.
Methods: This observational study was conducted from January to December 2022 at a tertiary general hospital in China. All patients 
over 18 years old who received TZP for more than 48 hours were included. Patients were stratified into adverse drug reactions (ADR) 
(n=41, TZP-induced leukopenia or neutropenia) and Control (n=8014, no ADR) groups. To balance covariates, 1:2 propensity score 
matching (PSM) was applied using age, infection type, gender, and comorbidity index, resulting in 82 matched controls for 
comparative analysis. We employed least absolute shrinkage and selection operator (LASSO) regression to identify risk factors for 
TZP-induced leukopenia.
Results: A total of 123 patients were analyzed. The average duration of treatment was 10 days (IQR: 7, 19). In 41 patients with TZP- 
induced leukopenia, the mean onset time was 17.7 ± 6.6 days. Among these, 29 (70.7%) developed neutropenia (including 1 severe 
case), and 3 (7.3%) had drug-induced fever. Therapy duration (odds ratio (OR) = 1.53, 95% confidence interval (CI) 1.32–1.76) was 
identified as a significant influencing factor for leukopenia caused by TZP through the LASSO regression screening process.
Conclusion: Clinicians should recognize the potential association between TZP administration and leukopenia. Routine hematologic 
monitoring should emphasize leukocyte trends to assess both therapeutic response and drug safety.
Keywords: piperacillin-tazobactam, TZP, leukopenia, neutropenia, adverse effect, least absolute shrinkage and selection operator, 
LASSO

Introduction
Piperacillin-tazobactam (TZP) is a combination therapy consisting of a semisynthetic urea-penicillin and a β-lactamase 
inhibitor, boasting broad-spectrum antimicrobial activity. It is efficacious in treating a variety of infections caused by β- 
lactamase-producing Gram-positive and Gram-negative bacteria, as well as anaerobes. These infections include pneu
monia, urinary tract infections, gynecological and pelvic infections, abdominal infections, skin and soft tissue infections, 
bone and joint infections, sepsis, and mixed infections resulting from both aerobic and anaerobic bacteria.1–3 A 2024 
meta-analysis incorporating 39 randomised controlled trials suggests that TZP, when used as empirical antibiotic therapy 
for adults with non-ventilator-associated hospital-acquired pneumonia targeting Pseudomonas aeruginosa and other 
gram-negative bacteria, may demonstrate superior efficacy in reducing treatment failure.4 In the context of clinical 
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practice, TZP is widely used in hospitals at all levels across China. As demonstrated by the statistical data of 2023, the 
sales volume of TZP in China’s graded hospitals has reached 7.34 billion Yuan, thus surpassing cefoperazone-sulbactam 
in usage.5

The most frequently encountered adverse reactions to TZP include gastrointestinal disturbances and skin reactions, 
along with additional adverse effects such as leukopenia, neurotoxicity, hepatotoxicity, electrolyte imbalances, acid-base 
disturbances, bleeding disorders, as well as hematologic adverse effects such as neutropenia, leukopenia, thrombocyto
penia, and hemolytic anemia.6 Case reports on post-market adverse drug reactions (ADR) of TZP,7,8 in combination with 
the results of retrospective studies, have pointed to leukopenia as being linked to bone marrow suppression,9,10 typically 
occurring more than ten days after the initiation of TZP therapy.

ln this context, we conducted a retrospective analysis leveraging the propensity score matching analysis and Lasso 
regression models to assess the likelihood of leukopenia linked to TZP administration and to identify key clinical 
indicators that can predict an increased risk of these adverse events during treatment, with the ultimate objective of 
developing a risk prediction model.

Materials and Methods
Patients
This retrospective, single-center study was conducted at the First Hospital of Changsha, a tertiary general hospital with 
1,800 beds, situated in Changsha, Hunan Province—a pivotal city within the Yangtze River Economic Belt in China, 
boasting a population of approximately 10.5 million inhabitants. The study covered a one-year period, from January to 
December 2022. This study was conducted in accordance with all relevant tenets of the Declaration of Helsinki. This 
study was approved by the Medical Ethics Committee of the First Hospital of Changsha (China) (Approval Number: 
2023lks[ly]122). In light of the retrospective nature of the study and the utilisation of anonymized clinical data (with no 
personally identifiable information), the Medical Ethics Committee explicitly waived the requirement for written 
informed consent. The data were extracted from routine clinical records and transferred to an anonymised, password- 
protected database. This database was securely maintained and did not contain any personally identifiable information.

Inclusion and Exclusion Criteria
A comprehensive search of the hospital information system was conducted, resulting in the retrieval of the medical 
records of all patients who received treatment with TZP during their respective hospitalizations from January to 
December 2022. The inclusion criteria for this study were: (1) age ≥18 years; (2) TZP treatment duration >48 hours; 
(3) the completion of routine blood tests and other relevant index measurements is to be conducted prior to, during, and 
following TZP treatment. The exclusion criteria were as follows: (1) patients with hematological diseases (such as 
hematological malignancies, idiopathic thrombocytopenia, hemophilia, etc.); (2) patients using systemic steroid therapy 
or chemotherapy within the last 3 months; (3) patients with leukopenia (leukocyte count of < 4×109/L) and neutropenia 
(neutrophil count of < 2×109/L); and (4) the clinical data of the patients were incomplete. If the interval between two 
instances of TZP therapy surpassed one month, those instances were assessed separately. In this study, we defined two 
separate patient populations: the ADR group, comprising 41 patients who underwent TZP and subsequently experienced 
leukopenia or neutropenia, and the Control group, encompassing 8014 patients who underwent TZP but did not 
encounter any adverse drug reactions. To ensure comparable demographics and clinical characteristics between the 
groups, we employed 1:2 propensity score matching, considering factors such as age, infection type, gender, and 
comorbidity index. Ultimately, we identified and selected 82 patients from the Control group for the purpose of this 
comparison. Refer to Figure 1 for the flowchart outlining the case collection process.

Data Collection
We conducted a cross-sectional study to explore the differences in the occurrence of adverse drug reactions among 
patients with different demographic characteristics, disease characteristics and drug treatment regimens. Demographic 
information (age, gender), laboratory and clinical data (including comorbidity status, age-adjusted Charlson Comorbidity 
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Index (ACCI), estimated glomerular filtration rate (eGFR) calculated using the Cockcroft–Gault formula, site and type of 
infection), as well as medication details (dosage, duration of treatment, concomitant medications, and adverse reactions 
during TZP therapy) were gathered through the hospital information system. During TZP treatment, We collected clinical 
laboratory test results at various time points, including at baseline, every 2 days during administration, and at any time 
point within 7 days post-discontinuation. According to the package insert of TZP, the usual daily dose is 4.5 g adminis
tered every 6 or 8 hours. For patients with renal insufficiency, the dosage should be adjusted to 4.5g every 8 hours for 
those with an creatinine clearance of 20mL/min to 40mL/min, and further reduced to 4.5g every 12 hours for those with 
severe renal insufficiency (creatinine clearance < 20mL/min).11 We defined the total therapeutic dose as the cumulative 
amount of TZP administered continuously throughout one treatment cycle, and leukopenia as an absolute leukocyte count 
below 4×109/L, with neutropenia as an absolute neutrophil count below 2×109/L, and severe neutropenia as an absolute 
neutrophil count below 0.5×109/L.9 Clinical pharmacists examined the collected records individually and assessed the 
causality of adverse drug reactions based on the World Health Organization-Uppsala Monitoring Centre (WHO-UMC) 
system.12

Statistical Analysis
The data were initially recorded in Microsoft Word and subsequently summarised in Microsoft Excel to create a database. 
Data were initially selected for 32 variables, and after inclusion and exclusion, 17 variables were used for further 
analysis. Following the auditing process, Data were analyzed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA). 
Categorical variables were expressed as frequency (percentage), with comparisons between unordered categorical 
variable groups using either the Chi-square test or Fisher’s exact test; Ordered categorical variables (ordinal variables) 
were compared using the rank-sum test. Continuous variables undergo normality testing using the Kolmogorov–Smirnov 
method. If they followed a normal distribution, they were described as mean ± standard deviation (±s), with comparisons 
between groups using the t-test. If they did not follow a normal distribution, they were described using median 
(interquartile range) [M(P25, P75)], with comparisons between groups using the Mann–Whitney U-test. All p values 
were two-tail and p < 0.05 was considered significant.

Figure 1 Case collection process diagram.
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R version 4.4.2 “glmnet” package (R Foundation for Statistical Computing, Vienna, Austria) was used to build the 
LASSO prediction model. At the traditional statistical analysis level, we replaced the columns with continuous values in 
the dataset with the average value of the remaining values in the column. If the missing value came from the 
classification column (string or value), we replaced the missing value with the most common category. For data variables 
with longitudinal behavior (time variables in this study), the last valid observation value was used to fill in the missing 
value. In training set, LASSO regression was used to screen variables. We utilized tenfold cross-validation to select the 
penalty term, λ. The binomial deviance was computed for the test data as measures of the predictive performance of the 
fitted models. Logistic regression analysis was used to calculate the odds ratio (OR) of variables.

Results
Demographics and Clinical Characteristics
Among a total of 8055 patients who received TZP treatment, 41 (0.5%) developed leukopenia. A total of 123 patients 
who received TZP at the First Hospital of Changsha were identified as eligible for inclusion in the study. The 
demographic and clinical characteristics of all patients enrolled in the study, presented as median [M (P25, P75)] or 
mean (± SD), are summarized in Table 1. There were more males (61.0%) than females, with a median age of 61 years 
(IQR: 53, 69) and a mean weight of 58.53 ± 9.78 kg. Additionally, the Age-adjusted Charlson Comorbidity Index was 5 

Table 1 Demographic and Clinical Data for All Patients Included in the Study 
[ð�x� sÞ / N (%)]

Variables N = 123

Age (years) 61.0 (53.0, 69.0)

Male [N (%)] 75 (61.0)

Weight (kg) 58.53 ± 9.78
Age-adjusted Charlson Comorbidity Index 5 (3, 8)

Reason for TZP usage

Lower respiratory tract infections [N (%)] 72 (50.4)
Abdominal infections [N (%)] 44 (30.8)

Skin and soft tissue infections [N (%)] 18 (12.6)

Other infections [N (%)] 5 (3.5)
Mixed infection [N (%)] 16 (11.2)

Initial laboratory data a

Leukocyte count (×109/L) 9.46 (6.98, 12.83)

Neutrophil count (×109/L) 7.61 (5.12, 10.61)

Lymphocytes count (×109/L) 1.08 (0.76,1.55)
Eosinophil count (×109/L) 0.04 (0.02, 0.12)

Platelets count (×109/L) 228.00 (165.00, 286.00)

Hemoglobin (g/L) 121.00 (101.00, 141.00)
Total protein (g/L) 64.03 ± 7.48

Serum albumin (g/L) 37.68 ± 6.84

Alanine aminotransferase (U/L) 37.90 (32.40, 43.20)
Creatinine clearance (mL/min/1.73m2) 78.82 (61.16, 99.04)

TZP medication regimen

Therapy duration (days) 10.0 (7.0, 19.0)
Total therapeutic dose (g) 130.50 (90.00, 256.50)

The median time until the occurrence of leukopenia (days) 17.73 ± 6.64

Number of drug combinations 6 (4, 8)
Length of hospital stay (days) 19.00 (9.00, 28.00)

Notes: a At time of TZP treatment initiation. 
Abbreviation: TZP, Piperacillin–tazobactam.
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(IQR: 3, 8). The most common site of infection was lower respiratory tract (50%), followed by abdominal (30.8%) and 
skin and soft tissues (12.6%). The average duration of treatment for 123 patients on TZP was 10 days (IQR: 7, 19).

Among the 41 patients who developed leukopenia following treatment with TZP, 29 cases developed neutropenia, 
including one case of severe neutropenia. Additionally, 3 cases were complicated by drug-induced fever. Among these 41 
patients, 18 cases exhibited a decreased lymphocyte count. Moreover, 11 cases had concurrent leukopenia and neutro
penia, while 7 cases had a normal neutrophil count. The mean time to onset of leukopenia was 17.73 ± 6.64 days. In these 
41 patients, the white blood cell count and absolute neutrophil count returned to normal ranges following discontinuation 
of the medication. Lastly, the average length of hospital stay for the patients was 19 days (IQR: 9, 28).

We have identified 16 factors associated with TZP-induced leukopenia. Among these factors, statistically significant 
differences (P < 0.05) were observed in initial leukocyte count, initial neutrophil count, initial albumin levels, duration of 
TZP therapy, total TZP dose, number of drug combinations, and length of hospital stay between the ADR group and the 
Control group (Table 2). Specifically, compared to patients without adverse reactions, those in the ADR group exhibited 
lower leukocyte counts, neutrophil counts, and albumin levels prior to treatment. Additionally, they had longer durations 
of TZP therapy and hospital stays, as well as higher total TZP doses and more number of drug combinations.

Establishment of the LASSO Regression Prediction Model
In the training sample, TZP-induced neutropenia was used as the dependent variable. We utilized the Least Absolute 
Shrinkage and Selection Operator (LASSO) regression algorithm to screen the variables and determined the optimal 
lambda (λ) value through 10-fold cross-validation (as illustrated in Figure 2). Figure 2 features two dashed lines, 
representing λmin and λ1se, respectively. λmin denotes the λ value at which the model error is minimized, while λ1se 
indicates the range of model error within one standard error of λ. At this juncture, the fit was ensured by incorporating the 
minimal number of variables necessary to achieve the most streamlined prediction model. We presented the estimated 
coefficients from a logistic LASSO regression analysis, the relationship between various factors (length of stay, therapy 
duration, accumulated dose, number of drug combinations, creatinine clearance before treatment, leukocyte count and 

Table 2 Comparison of the Differences Between the Group Experiencing Leukopenia and the 
Group Without Adverse Drug Reactions After TZP Exposure [ð�x� sÞ / N (%)]

Descriptive Variable ADR Group 
(n=41)

Control Group 
(n=82)

P value

Male (N) 25 50 1

Age (years) 59 (53.00, 69.00) 61.00 (52.75, 69.00) 0.99
Weight (kg) 58.38 ± 11.37 58.60 ± 8.96 0.91

Age-adjusted Charlson Comorbidity 6.00 (3.50, 9.00) 5.00 (3.00, 8.00) 0.49

Initial laboratory data a

Leukocyte count (×109·L−1) 7.72 (5.45, 10.43) 10.26 (7.98, 13.37) 0.001*

Neutrophil count (×109·L−1) 6.19 (4.03, 8.37) 8.28 (5.65, 11.33) 0.004*
Eosinophil count (×109·L−1) 0.04 (0.01, 0.11) 0.06 (0.02, 0.12) 0.24

Platelets count (×109·L−1) 186.00 (134.00, 284.00) 233.00 (181.25, 291.25) 0.05

Hemoglobin (g/L) 115.00 (98.00, 135.00) 126.50 (104.75, 142.00) 0.09
Total protein (g/L) 63.43 ± 9.05 64.34 ± 6.58 0.53

Albumin (g/L) 35.95 ± 6.30 38.55 ± 6.98 0.047*

Alanine aminotransferase (U/L) 15.90 (9.3, 31.55) 14.90 (11.68, 23.15) 0.97
Creatinine (umol/L) 64.8 (34.6, 115.3) 69.95 (35.3, 203.3) 0.01*

Creatinine clearance (mL/min/1.73m2) 89.01 (64.63, 109.27) 75.47 (52.73, 98.09) 0.11

TZP therapy duration (days) 21.00 (19.00, 24.50) 8.00 (5.75, 10.00) 0.00*
TZP total therapeutic dose (g) 283.50 (254.25, 333.00) 108.00 (76.50, 136.13) 0.00*

Number of drug combinations 8.00 (5.50,10.00) 5.00 (3.00,7.00) 0.00*

Length of hospital stay 26.00 (21.50,36.00) 12 (7.75,21.25) 0.00*

Notes: a At time of TZP treatment initiation, *p value <0.05 was considered statistically significant. 
Abbreviations: TZP, Piperacillin–tazobactam; ADR, adverse drug reactions.

Drug Design, Development and Therapy 2025:19                                                                             https://doi.org/10.2147/DDDT.S544195                                                                                                                                                                                                                                                                                                                                                                                                 10769

Liu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



neutrophil count before treatment) and neutropenia induced by TZP was examined. Among these factors, therapy 
duration (odds ratio (OR) = 1.53, 95% confidence interval (CI) 1.32–1.76) was identified as a significant influencing 
factor for leukopenia caused by TZP through the LASSO regression screening process. The estimated coefficient for 
therapy duration is 0.1047 (with bootstrap standard error).

Discussion
In our retrospective study of 8055 patients, TZP therapy was induced with leukopenia in 41 cases (0.51%) and 
neutropenia in 29 cases (0.36%), findings that align with a meta-analysis of 13,816 non-neutropenic fever trial 
participants where piperacillin-related neutropenia occurred in only 0.04% (5 cases),13 collectively underscoring the 
rare incidence of these hematologic adverse events across diverse clinical contexts. Despite the relatively low incidence, 
vigilance remains critical regarding the potential risks of secondary neutropenia and drug fever, necessitating proactive 
monitoring and early intervention strategies.

Our findings indicating that the median duration until the onset of leukopenia following medication administration 
was 17.73 ± 6.64 days, which is consistent with the timeframe reported in a review article.14 The recovery of the white 
blood cell and neutrophil counts following treatment discontinuation provides further evidence of a causal relationship 
between TZP exposure and leukopenia, aligning with findings from prior studies.9,10,13,14

Possible Mechanisms of Drug Adverse Reactions
The underlying mechanisms for TZP-induced leukopenia or neutropenia may involve bone marrow suppression or 
immune-mediated processes.14–17 In relation to bone marrow-related factors, piperacillin, a component of TZP, has been 
observed to induce a cessation in the proliferation of myeloid cells. In two cases of neutropenia following TZP treatment, 
bone marrow aspirate examinations were conducted. The results obtained demonstrated granulocytic maturation arrest, 
thus providing further evidence for the involvement of bone marrow-associated mechanisms in TZP-induced 
neutropenia.18,19 Such bone marrow suppression can directly lead to a decline in both neutrophils and overall WBC 
counts, given that neutrophils constitute a major part of WBCs. In addition to factors related to bone marrow, immune- 

Figure 2 LASSO Regression and Five-Fold Cross-Validation for Predictor Screening (A): Coefficient Plot from LASSO Regression. The plot shows the coefficients of 17 
variables as a function of the log (λ) parameter in LASSO regression. The horizontal axis represents the log (λ) value, and the vertical axis represents the coefficients of the 
independent variables. As λ increases, the coefficients of the variables are gradually compressed to zero. Variables that become zero later are considered more important for 
the model.(B): Ten-Fold Cross-Validation for LASSO Regression. The plot shows the binomial deviance (or mean squared error) of the LASSO regression model as 
a function of log (λ).The two vertical dashed lines represent: The left dashed line indicates the value of log (λ) that minimizes the model error. The right dashed line indicates 
the value of log (λ) where the model error is within one standard error of the minimum. The red line represents the binomial deviance, and the shaded area represents the 
standard error of the cross-validation.
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mediated reactions have been identified as a potential mechanism leading to TZP-induced leukopenia or neutropenia. 
Such immune-mediated reactions are categorised as immune-mediated hematological adverse event, with an incidence 
rate of approximately 1–4 cases per million people per year.14,17 Immune responses triggered by TZP can result in the 
destruction of hematopoietic progenitor cells in the bone marrow or circulating blood cells. This can cause a generalized 
decrease in WBCs, including neutrophils and lymphocytes.14,17 In our study, 29 out of the 41 patients with leukopenia 
developed neutropenia, and 18 showed a decreased lymphocyte count. The occurrence of decreased neutrophil and 
lymphocyte counts in some patients indicates an immune-mediated attack on multiple types of white blood cells. In order 
to diagnose TZP-induced leukopenia, a comprehensive evaluation of bone marrow function, immune markers, and drug- 
specific antibody tests may be necessary.

Risk Factors of TZP-Induced Leukopenia or Neutropenia
In this study, prolonged TZP therapy (ie, therapy duration) was identified as the sole independent predictor for the 
incidence of leukopenia or neutropenia, with a median latency of above 17 days from treatment initiation. A recent 
systematic review with meta-analysis demonstrated that TZP-induced neutropenia typically manifests approximately 14 
days post-therapy initiation.14 Early retrospective studies demonstrated a significant inverse correlation between absolute 
neutrophil count at treatment completion and cumulative piperacillin exposure.20 In a recent retrospective study, multi
variate analysis identified four independent risk factors for leukopenia: lower Charlson Comorbidity Index (CCI) score, 
reduced baseline leukocyte count, concurrent use of TZP with another antibiotic agent, and prolonged total duration of 
TZP therapy.9 Regarding combination therapy, early retrospective studies identified concurrent antibiotic use as a risk 
factor for neutropenia development post-TZP exposure,18 while recent retrospective analyses have similarly implicated 
this association in leukopenia occurrence.9

In the retrospective cohort analysis conducted, it was determined that, despite the ADR group exhibiting lower 
baseline leukocyte counts, neutrophil counts, and albumin levels in comparison to the control group. In addition, Lasso 
regression analysis did not support the hypothesis that these variables function as risk factors. From a theoretical 
standpoint, baseline leukocyte and neutrophil counts are regarded as pivotal indicators of the body’s immune status. 
The hypothesis that lower baseline levels of these counts may signify a relatively weaker immune system is one that 
merits further investigation. Furthermore, low albumin levels may be indicative of poor nutritional status or impaired 
liver synthetic function, which, in turn, may have a detrimental effect on the body’s drug metabolism and tolerance. In 
clinical practice, the determination of potential critical thresholds for these parameters may be of great significance. 
Furthermore, despite observing a statistically significant difference in the number of drug combinations between the 
leukopenia occurrence group and the control cohort following TZP therapy, Lasso regression analysis did not retain this 
variable in the final model, suggesting potential confounding in univariate comparisons. This discrepancy may be 
attributable to the restricted frequency of concomitant antibiotic utilisation observed in the study population.

Advantages of LASSO Regression in the Analysis of Adverse Drug Reactions
Considering the substantial influence of ADR on clinical outcomes and treatment adherence, to rigorously evaluate the 
association between TZP exposure and leukopenia development, we employed LASSO, which addresses 
multicollinearity.21,22 This approach enabled simultaneous variable selection and coefficient estimation while controlling 
for established clinical risk factors for leukopenia (eg, baseline neutrophil count, renal dysfunction). Through 10-fold 
cross-validated λ selection, the LASSO model automatically eliminated non-predictive variables, retaining only TZP 
therapy duration (OR 1.53, 95% CI 1.32–1.76) as independent predictors in the final parsimonious model. To the best of 
our knowledge, this represents the first pharmacoepidemiological investigation to apply LASSO for simultaneous 
evaluation of both the TZP therapy and the collective impact of clinical risk factors on leukopenia incidence. This 
methodological advancement introduces a robust analytical paradigm leveraging LASSO to deconvolute multifactorial 
pathways contributing to adverse drug reactions, enabling precise risk stratification through simultaneous variable 
selection, confounder control, and effect size estimation. By integrating penalized regression with cross-validated feature 
selection, this framework surpasses traditional multivariate approaches in disentangling collinear risk factors (eg, drug 
exposure metrics, comorbidities) while maintaining interpretability through retained variable coefficients.
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Limitations
This study has several methodological limitations requiring cautious interpretation. First, the retrospective observational 
design limited comprehensive evaluation of all potential influencing factors associated with leukopenia development, 
particularly regarding specific pharmacotherapies and stratified analyses of baseline leukocyte thresholds. Second, 
clinical heterogeneity within the inpatient cohort—encompassing diverse departments, comorbidity profiles, and treat
ment protocols—introduced unmeasured variability that may have constrained statistical precision. Third, the single- 
center derivation framework restricts generalizability, necessitating external validation in prospective multicenter set
tings. Notably, while this analysis represents the larger cohort examined to date (n=8055) and successfully identified 
therapy duration as risk factor for TZP-induced leukopenia, the observed associations require confirmation through 
randomized controlled trials. Such trials should incorporate predefined stratification by baseline leukocyte levels and 
employ standardized hematotoxicity grading criteria (eg, NCI-CTCAE v5.0) to enhance clinical applicability. Despite 
these constraints, our findings provide critical methodological groundwork for developing predictive risk models in 
antibiotic-induced hematotoxicity research.

Conclusions
Leukopenia induced with TZP therapy remains a rare adverse drug reaction with incompletely elucidated pathophysiol
ogy. The analysis revealed that cumulative exposure duration is an independent modifiable risk factor for TZP-induced 
leukopenia. In clinical practice, heightened vigilance is required when prescribing TZP courses exceeding 14 days, 
especially for patients with preexisting hematologic vulnerabilities. Monitoring alterations in WBC, neutrophil, and 
lymphocyte counts over time during TZP treatment can also provide significant information for the early detection and 
management of these adverse reactions.
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