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Objective: This study aimed to evaluate the rational use, safety, and economic implications of pentoxifylline in a hospital setting and
provide recommendations for its appropriate clinical application.

Methods: A retrospective analysis was conducted on 322 patients discharged from September to December 2020, who received
pentoxifylline. Data were collected from the hospital information system, and the rationality of prescriptions was assessed based on
drug instructions and guidelines. Adverse drug reactions (ADRs) were analyzed using CTCAE criteria. Economic evaluations included
defined daily dose cost (DDDc) and incremental cost-effectiveness ratio (ICER) analyses.

Results: The rational prescription rate for pentoxifylline was 38.51%, with the main irrationalities observed in indications (31.82%),
dosage and usage (21.21%), contraindications (47.98%), and drug combinations (40.40%). Adverse reactions were reported in 12 cases
(3.73%), primarily involving the nervous (75.00%) and digestive systems (41.67%). Most ADRs were mild (58.33%) or moderate
(41.67%), with no severe cases observed. The DDDc of pentoxifylline was 143.4 yuan. Cost-effectiveness analysis demonstrated
strong economic viability, with ICER values of 55.7 yuan per percentage point improvement in ulcer healing rate and 9.0 yuan per
additional meter of pain-free walking distance, significantly below the willingness-to-pay threshold.

Conclusion: Pentoxifylline demonstrates cost-effectiveness and manageable safety risks but has a low rational prescription rate,
highlighting the need for improved clinical practices. Enhanced collaboration between pharmacists and medical staff, alongside stricter
adherence to guidelines, is essential to optimizing its utilization.
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Introduction

Pentoxifylline (PTX), a methylxanthine derivative and phosphodiesterase inhibitor, improves microcirculation by
enhancing erythrocyte deformability, reducing blood viscosity, and promoting fibrinolysis, thereby optimizing tissue
perfusion.'* Initially approved for intermittent claudication in the United States, PTX is now widely used in China for
peripheral vascular diseases, cerebral/ocular/ear circulatory disorders, and diabetic microangiopathy.”* Beyond its
vasodilatory effects, emerging preclinical studies highlight its anti-inflammatory, antifibrotic, and immunomodulatory
properties. Recent research demonstrates PTX’s efficacy in attenuating hepatic fibrosis via inhibition of TGF-f1
signaling,” ameliorating type 2 diabetes and chronic kidney disease,® and reducing neuroinflammation in Alzheimer’s
disease models.” These findings underscore its potential for repurposing in diverse conditions.
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Despite its therapeutic promise, PTX’s safety profile warrants scrutiny. Common adverse reactions include dizziness,
gastrointestinal disturbances, and hypotension, while severe events like thrombocytopenia and anaphylaxis are rare but
critical.® Concurrently, economic evaluations remain sparse despite growing emphasis on cost-effective therapies under
China’s evolving healthcare policies.

This study retrospectively analyzed 322 inpatients receiving PTX at a tertiary hospital in Jinan, China, to (1) assess
prescription rationality based on indications, dosage, contraindications, and drug interactions; (2) evaluate safety through
adverse reaction monitoring; and (3) conduct cost-effectiveness analyses comparing PTX to standard therapies. Our
objective is to propose evidence-based recommendations for the rational use of PTX, optimizing its clinical deployment
while minimizing risks and costs.

Data and Methods

Data
The data came from the Hospital Information System (Xinyi) of a hospital in Jinan City. The study analyzed data from
September to December 2020 to capture a representative sample of PTX utilization prior to significant shifts in clinical
practices post-COVID-19. This period was selected to ensure data completeness and minimize confounding factors
related to pandemic-driven treatment modifications. This study was conducted at a municipal tertiary Grade A general
hospital (Central Hospital Affiliated to Shandong First Medical University). At the time of data extraction (2020), the
hospital had 1,780 open beds. Following the opening of a new campus in 2022, the current bed capacity increased to
2,585. The medical records of all discharged patients treated with PTX from September 1, 2020 to December 31, 2020,
were collected through the system, excluding patients who did not use PTX. A retrospective study was carried out and
Microsoft Excel v.2016 was used to collect data such as patient information, drug use information, and adverse reactions.
The PTX special comment table was designed according to the instructions for PTX, Beijing Guidelines for Special
Comments on Prescriptions for Medical Institutions, Norms for the Management of Hospital Prescription Comments
(Trial), and Prescription Management Measures (see in Tables S1-S5).

PTX injection used in the hospital is purchased from Guangzhou Wanzheng Pharmaceutical Co., LTD., with
a concentration of 0.02g/mL.

Evaluation Criteria

The content of the review includes indications, usage and dosage, contraindications, drug combination, rational comments
on drug use, and drug related adverse reactions. The evaluation criteria are formulated by the specification and the 18th
edition of New Pharmacology.’ Prescription rationality was assessed by a multidisciplinary team of clinical pharmacists
specializing in relevant therapeutic areas (eg, endocrinology, neurology). Initial evaluations utilized a standardized template
aligned with drug labeling and guideline criteria. Discrepancies were resolved through iterative consensus discussions, with
final validation by senior pharmacists (associate chief rank or higher) to ensure methodological rigor.

Indication
Based on the drug instructions and guidelines, the indications for PTX that can be assessed as reasonable are listed in
Table 1. If PTX was applied without the indications listed in Table 1, it is evaluated as no prescription drug.

Usage and Dosage
The usage and dosage of PTX is based on the drug instructions:

PTX can be compatible with 0.9% sodium chloride injection or 5% glucose injection. The drug was administered by
intravenous drip for 2-3 hours. The maximum drop rate does not exceed 100mg/h. The initial dose is 100mg, which can
be increased by 50mg each time according to patient tolerance, but the dosage should not exceed 200mg each time.
Patients can take the drug 1-2 times a day, and the maximum dose should not exceed 400mg/24h. A course of treatment
of at least 8 weeks is recommended.
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Table | Guidelines-Recommended Indications for Pentoxifylline

Disease Recommended indication Recommendation Reason Basis
level
Cerebral blood Acute ischemic stroke Not recommend (IIIA*) | Unprofitable Guide'®
circulation disorder Not recommend (IIB®) Lack of evidence to improve outcomes Guide''
Vascular dementia Not recommended Ineffective or without reliable evidence-based evidence Guide'?
Disturbance of Venous ulceration of lower extremity Recommend (IIA°) Combined with other conventional therapies to promote ulcer Guide'>"*
peripheral blood healing
circulation Recommend Reduce white blood cell activation Guide'>'®
Lipodermatosclerosis Recommend The pharmacological effects meet the requirements of disease Guide'®
treatment
Venous ulcer Recommend (A% Combined with pressure therapy, venous ulcer healing can be Guide'”
promoted
Patients with intermittent claudication due to lower Recommend (IIB®) Improve painless walking Guide'®
extremity arteriosclerotic obliterans are intolerant to
cilostazole or have contraindications to cilostazole
Patients with intermittent claudication who do not respond | Not recommend (IICf) The overall quality of evidence was considered to be low Guide'?
to exercise therapy (and smoking cessation)
Disturbance of ear Sudden deafness Not recommended Clinical studies lack reliability, can not get evidence that can benefit Guide?®
circulation (strong disagreement) patients, and the application does more harm than good
Diabetic complication | Diabetic lower extremity arterial disease, improve Recommend Improve lower extremity symptoms Guide?'™*
intermittent claudication symptoms
Diabetes mellitus with chronic venous disease of lower Recommend(B) Improve the healing rate of venous ulcer significantly, reduce the area Guide*
extremity of ulcer; good tolerance, good cost-benefit performance
Diabetic neuropathy Recommend Improve microcirculation and increase blood oxygen supply to nerve | Guide?**®
cells
Liver complaint Alcoholic liver disease Not recommended The effectiveness of treatment is controversial or the benefit is weak | Guide?*?’
Non-alcoholic fatty liver disease —_— A meta-analysis confirmed improvements in lobular inflammation and | Guide?®
NAS scores, but no improvements in other histological features such
as steatosis, balloon dilatation, and fibrosis
Others Frostbite —_— Dilating blood vessels may have the potential to improve outcomes, | Guide®
but evidence of benefit is limited
Systemic medication for recurrent aphthous ulcer Alternative —_— Guide®®

LEET

Note: As evidence grading standards may vary from guide to guide, the recommendation level in the table represents the following meaning: °lll: Benefit = risk A: High-quality evidence from more than one RCTS, or pooled analysis of
high-quality RCTS, or one or more RCTS confirmed by a high-quality registered study. °ll:Based on Level B evidence and expert consensus B: Based on at least | high quality RCTs. “Il: | RCT that did not meet Grade | criteria (with at
least | significant result demonstrating a statistically significant difference, ie, P < 0.5); A: 2 or more supporting RCTS (including at least 10 patients with venous disease or venous ulcer of the lower extremity, evidence level | or Il), or
a meta-analysis of | RCT, or a Cochrane systematic review of | RCT. “A Systematic review of homogeneous RCTS,IIB Single RCTS (narrow confidence intervals),lllIC “All or none” medical record series. ®ll:Weaker or conditional
recommendations, expressed as “Recommend”, B: Medium quality evidence. ic represents weak recommendation with low- or very-low-quality evidence, which sources from at least one critical outcome from observational studies,
case series or RCT with serious flaws or is indirect.
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Contraindication

The contraindications of PTX were evaluated according to Table 2. If a patient has a contraindicated evaluation item, PTX is
still used, then it should be evaluated as contraindicated. For patients with prudent use, dose adjustment, or evaluation items
requiring monitoring, statistical analysis should also be carried out based on their medical history information.

Drug Combination

According to Table 3, the rationality of drug combination in patients with PTX was evaluated. PTX and ketochromic acid
should not be used together. When PTX is combined with other drugs listed in Table 3, corresponding measures, such as
dose adjustment and monitoring, should be taken. Otherwise, the combination of drugs will be evaluated as inappropriate.

Safety Analysis

Adverse reaction information was collected through the hospital information system, including but not limited to clinical
records, nursing records, laboratory test results, and patient-reported symptoms; for symptoms reported by patients, the
research team assessed the causality between the symptoms and PTX use based on the drug package insert and relevant
literature. In this study, adverse drug reactions (ADRs) were defined as any undesirable symptoms or signs occurring
during the use of PTX that were related to the drug, including but not limited to nervous system reactions (eg, dizziness,
head distension), gastrointestinal reactions (eg, nausea, vomiting), and abnormalities in other organ systems. The

Table 2 The Evaluative Principle of Contraindications of Pentoxifylline

Evaluation Items Measures | Reason

Allergic to methylxanthines Forbidden | Pentoxifylline belongs to the methylxanthine family of drugs, which

may cause allergic reactions or cross-allergic reactions

Recent intracranial hemorrhage Forbidden | Avoid inducing bleeding

Recent retinal bleeding Forbidden | Avoid inducing bleeding

Acute myocardial infarction, severe coronary and Forbidden | Serious adverse reactions of the cardiovascular system have been
cerebrovascular sclerosis with hypertension, severe reported

arrhythmia

Pregnant women, nursing women Forbidden | Pregnant women should consider the advantages and disadvantages;

This product and its metabolites can be excreted through milk

Hypotension, blood pressure instability Caution Can cause transient, and accompanied by a tendency to collapse

Renal dysfunction Adjusted The excretion of active metabolites through the kidney may aggravate
dose renal function damage

Peptic ulcers Monitored | Increased risk of bleeding

Recent operation Monitored | Increased risk of bleeding

Note: The table is based on the instructions and the |8th edition of New Pharmacology.9

Table 3 The Evaluative Principle of Drug-Drug Interactions of Pentoxifylline

Combined Drug Interaction Measures

Theophylline May increase the blood concentration of theophylline and increase the | Adjust the dosage of theophylline and
toxic reaction pentoxifylline

Ketochromic acid May increase bleeding tendency Prohibition of pooling

Warfarin May increase bleeding tendency Dose reduction®

Aspirin May increase bleeding tendency Monitor blood clotting time®

Insulin, hypoglycemic drugs | Can enhance hypoglycemic effect Monitor blood sugar®

Hypotensive drugs There is no significant interaction, but it may slightly lower blood Attention should be paid to use
pressure

Note: This table is based on the instructions and the |8th edition of New Pharmacology9 ?Data for dose adjustment based on INR values were available in the patient’s
medical records and were evaluated as reasonable; °The laboratory examination of the patient during the medication period included records of blood clotting tests and was
evaluated as reasonable; “Blood glucose monitoring records during medication were included in the patient’s medical records, which were evaluated as reasonable.
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classification of adverse reactions was performed according to the Common Terminology Criteria for Adverse Events
(CTCAE), version 5.0,*' which categorizes adverse reactions into the following five grades: (1) Grade 1 (Mild):
Asymptomatic or mild symptoms that do not require medical intervention and do not affect daily activities; (2) Grade
2 (Moderate): Requiring non-urgent medical intervention, without life-threatening consequences, but may limit daily
activities; (3) Grade 3 (Severe): Significantly limiting daily activities and requiring urgent medical intervention; (4)
Grade 4 (Life-threatening): Poses an immediate threat to life, requiring emergency medical intervention or resuscitation;
(5) Grade 5 (Fatal): Results in the death of the patient.

Economical Analysis
Defined Daily Dose (DDD) Analysis
By using the Defined daily dose (DDD) analysis method, the total consumption sum of PTX injection was calculated, and
the frequency of medication (DDDs) and daily cost (DDDc) were calculated. DDD is the average daily maintenance dose
for adults used for primary therapeutic purposes and is a unit of measurement rather than the actual dose administered.*
The DDD value of PTX administered by the WHO designated parenteral route was 0.3g.

DDDs= Total consumption of pentothemine/DDD value of pentoxifylline;

DDDc= Total sales amount of pentothemine/DDDs value of pentoxifylline.

The value of DDDc can reflect the economy of PTX to a certain extent, the smaller the value, the better the economy
of the drug. >
Cost-Effectiveness Analysis (CEA)
A cost-effectiveness analysis (CEA) was conducted to further evaluate the economic value of PTX. This approach
compares the additional costs incurred with PTX to the additional clinical benefits achieved, using the incremental cost-
effectiveness ratio (ICER). The ICER is calculated as: ICER = AC/AE. AC is the difference in costs between PTX
treatment and the comparator (eg, standard therapy or no treatment), and AE is the difference in clinical effectiveness,
such as ulcer healing rate or improvement in pain-free walking distance. To evaluate the incremental cost-effectiveness of
PTX, a control group (n = 300) was included for comparison. The control group received standard therapies for the same
indications: cilostazol (100 mg twice daily) for peripheral vascular diseases and comprehensive wound care (debride-
ment, infection control, and moisture balance) for diabetic complications. Cost data for both groups were collected from
hospital records, including drug costs, hospitalization expenses, and auxiliary service fees. Clinical effectiveness was
measured by ulcer healing rate (%) for diabetic complications and pain-free walking distance (meters) for peripheral
vascular diseases, as these indicators are commonly used in studies evaluating the efficacy of PTX for these conditions.*”
The ICER was calculated by comparing the additional costs and clinical benefits of PTX with those of the control group.
Sensitivity analysis was conducted to evaluate the robustness of the results under different assumptions, including
a £10% variation in drug prices and a £20% variation in clinical effectiveness. The willingness-to-pay (WTP) threshold
of three times the per capita GDP used in this study is a globally recognized standard recommended by the WHO.?¢ For
China, the per capita GDP in 2023 was approximately 80,000 yuan, making the WTP threshold 240,000 yuan per quality-
adjusted life year (QALY) or equivalent.’” This standard has been widely applied in health economics studies to evaluate
the cost-effectiveness of interventions. This threshold provides a benchmark to determine whether PTX is a cost-effective
intervention compared to standard care.

Statistic Analysis

GraphPad v.10 software was used for statistical analysis, and statistical charts were generated for descriptive statistics. Economic
analyses were conducted using Microsoft Excel and TreeAge Pro software for data modeling and analysis. Continuous variables,
such as hospitalization costs, were expressed as mean + standard deviation (SD). Categorical variables, such as ulcer healing rate,
were summarized as frequencies and percentages. Due to the observational nature of this study without a parallel control group,
formal inferential statistical comparisons (eg, t-tests or chi-square tests) were not performed. Economic analyses utilized
descriptive comparisons and sensitivity modeling. ICER results were presented using curves and charts, while sensitivity
analysis results were visualized with Tornado diagrams to illustrate the impact of different parameters on ICER variation.

Risk Management and Healthcare Policy 2025:18 hetps: 2339



Zheng et al

Result

Baselines

A total of 322 patients were included in the study (Table 4). The mean age was 65.2 + 12.3 years (range: 42—89 years),
with 190 men (59.0%) and 132 women (41.0%). Among the included cases, 95% were middle-aged and elderly patients
over 40 years old, and 66.2% were elderly patients over 60 years old (Figure 1). The most common diagnoses were
cerebral circulatory disorders (44.7%, 144/322), diabetic complications (22.7%, 73/322), and peripheral vascular diseases
(19.3%, 62/322). A total of 198 cases (61.5%) were classified as having irrational prescriptions, resulting in a rational
prescription rate of 38.5%.

Distribution of Medication Departments

The distribution of departments using PTX is shown in Figure 2. Among them, health care department (29.50%),
neurology department (26.40%), endocrinology department (18.01%), vascular surgery department (17.70%) were the
main departments using PTX. Although there were fewer cases of PTX used in the departments of surgery, gastroenter-
ology, nephrology, and rheumatology, the rate of irrational prescription (100%) was relatively high (Table 5).

Table 5 describes the situation of irrational drug use in different departments. The main reason for irrational drug use
in the health care profession and neurology department is inappropriate contraindicated population and combined drug
use. Endocrinology is mainly used for contraindicated population, inappropriate combination of drugs and drugs without
indications. Vascular surgery is mainly used for non-indications and contraindicated people. In other departments with
low dosage of PTX, the proportion of irrational prescription was relatively high due to the unindicated use and
inappropriate usage.

Reasons for Unreasonable Prescription
The main problems of irrational prescription included: no indication of drug use (31.82%), inappropriate usage and

dosage (21.21%), conjunctive population use (47.98%), and inappropriate combination of drug use (40.40%) (Table 5).

Indication Evaluation

A total of 259 cases (80.43% of the total cases) were clinically diagnosed in accordance with the application of
pentoketothemine, including cerebral blood circulation disorders, diabetes complications and peripheral blood circulation
disorders. Among them, the number of cerebral blood circulation disorders was the largest (144 cases), accounting for
44.72% of the total cases.

Table 4 Baseline Characteristics of Patients
Receiving Pentoxifylline

Characteristic Value
Total patients (n) 322
Age (years), mean + SD 652 + 123
Age range (years) 42-89
Male, n (%) 190 (59.0%)
Female, n (%) 132 (41.0%)

Primary diagnoses, n (%)
- Cerebral circulatory disorders | 144 (44.7%)

- Diabetic complications 73 (22.7%)
- Peripheral vascular diseases 62 (19.3%)
- Others* 43 (13.3%)

Rational prescription rate, n (%) | 124 (38.5%)

Notes: *Others include ear/eye circulatory disorders and
off-label uses.
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Figure | Age distribution of patients who used pentoxifylline.
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Figure 2 The use of PTX in different clinical departments.

Evaluation of Usage and Dosage

A total of 280 cases (86.96% of the total cases) were reasonably evaluated in terms of usage and dosage. The
unreasonable usage and dosage were all due to the dose not conforming to the recommended dose in the manual (“initial
dose of 100mg”), and the dosage in one case exceeded the maximum dosage each time (“the dosage should not exceed
200mg each time”). The solvent of PTX was 250mL normal saline, intravenous infusion, and administered once a day.
Only 33 cases (10.25%) had the infusion time noted by doctors when issuing medical orders, 30 cases had the remarks of
more than 1.5 hours, and only 1 case had the remarks of 2—3 hours. The vast majority of cases with documented infusion
time were from the endocrinology department (93.94%).

Taboo Population Evaluation

There were 227 cases (70.50% of total cases) with reasonable evaluation of drug use in contraindicated population. The
contraindications included recent bleeding (5.59% of the total cases) and coronary arteriosclerosis with hypertension (25.40%
of the total cases). A total of 63 patients were operated recently, all of whom were monitored for bleeding risk. A total of 9
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Table 5 Unreasonable Prescription in Different Clinical Departments

Department No Indication Usage and Dosage Taboo Group Drug Combination Total Number Irrational
of Unreasonable Rate of
Cases Ratio®(%) Cases Ratio®(%) Cases Ratio®(%) Cases Ratio®(%) Cases Prescription®(%)
Health care 8 12.50 6 9.38 37 57.81 36 56.25 64 67.37
Neurology 7 13.73 7 13.73 27 52.94 28 54.90 51 60.00
Endocrinology 8 3333 1 4.17 1 45.83 9 37.50 24 41.38
Vascular surgery 20 55.56 8 2222 16 44.44 5 13.89 36 63.16
Thyroid and breast surgery 8 88.89 9 100.00 | 111 0 0.00 9 100.00
Gastroenterology 8 100.00 8 100.00 | 12.50 0 0.00 8 100.00
Nephrology 2 50.00 3 75.00 | 25.00 | 25.00 4 100.00
Oncology | 100.00 0 0.00 | 100.00 0 0.00 | 25.00
Rheumatism and immunity | 100.00 0 0.00 0 0.00 | 100.00 | 100.00
Combination of Chinese 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
traditional and Western medicine
Total 63 31.82 42 21.21 95 47.98 80 40.40 198 61.49

Note: *This proportion is the proportion of the unreasonable cases of this prescription to the total unreasonable cases in the department. Because there are two or more
unreasonable cases in the same prescription, the proportion of each cause in each row to the total unreasonable cases is greater than |. PIrrational prescription rate of
a department = number of irrational drug use cases in the department/total drug use cases in the department % 100%.

patients were evaluated as renal dysfunction, and dose reduction measures should be taken, which was evaluated in the column
of usage and dosage, and there were 2 unreasonable cases (accounting for 0.62% of the total cases).

Evaluation of Drug Combination

There were 242 cases (75.16% of total cases) with reasonable evaluation of combined drug use. The combined use of
PTX included in the study mainly included hypoglycemic agents, aspirin, and dihydroxyproprofylline (1 case). The
unreasonable combination of drugs was due to the failure to monitor the coagulation time of aspirin. Blood glucose was
routinely monitored in patients treated with hypoglycemic drugs.

Safety Analysis

In this study, among the 322 patients, a total of 12 cases (3.73%) experienced PTX-related adverse reactions, primarily
involving the nervous system (9 cases, 75.00%) and the digestive system (5 cases, 41.67%) (Percentages exceed 100% as
some patients experienced adverse reactions in multiple systems). According to the CTCAE grading criteria, Grade 1
(mild) adverse reactions accounted for 7 cases (58.33%), mainly presenting as mild dizziness (4 cases) and slight nausea
(3 cases), which resolved spontaneously without special treatment. Grade 2 (moderate) reactions accounted for 5 cases
(41.67%), including significant head distension with nausea (3 cases) and transient hypotension (2 cases). These
symptoms subsided after symptomatic treatment without the need to discontinue the drug. No Grade 3 or more severe
adverse reactions were observed. Analysis revealed that the incidence of adverse reactions among patients aged 60 years
and older (4.17%) was higher than the overall rate (3.73%). All adverse reactions occurred in patients receiving doses
<200 mg per administration, and the incidence was higher in cases where the infusion time was not clearly recorded.
Among all adverse reaction cases, 50% achieved complete symptom resolution after drug discontinuation or dose
adjustment, 33.33% improved with symptomatic treatment, and the remaining 16.67% had no recorded management
measures, with symptoms possibly resolving spontaneously. This study did not observe any severe or long-term adverse
reactions, nor were there any fatal events (Table 6).

Among the 12 patients with adverse reactions, 7 cases (58.33%) were associated with irrational prescriptions,
including 2 cases without indications, 2 cases with inappropriate dosage, 2 cases involving contraindicated populations,
and 4 cases with improper drug combinations. Notably, 3 cases exhibited multiple irrational factors. 7 cases (58.33%)
were older than 60 years old, and 5 cases (41.67%) were aged between 50 and 60 years old (Table 7). There were 6 cases
(50%) with cerebral blood circulation disorder and 2 cases (16.67%) with no indication. Infusion time was noted in only
1 case (8.33%). Adverse reactions/adverse events occurred in 4.17% of patients with cerebral circulatory disorders.
Table 8 summarizes the factors associated with the occurrence of PTX ADR/ADE.
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Table 6 Adverse Reactions/Adverse Events Associated with PTX

Classification Clinical features Cases® | Ratio (%)
Nervous system | Dizziness; A headache; Feeling bloated in the head; Discomfort in the head; Numbness, sweating | 9 75.00
Digestive system | Disgusting; Vomiting; Upset stomach 5 41.67
Other system Feel uneasy | 833

Note: Percentages exceed 100% as some patients experienced adverse reactions in multiple systems. a. As some cases involved both systems, the total number of cases
was greater than the total number of adverse reactions/events 12.

Table 7 Age Distribution of
Patients with ADR/ADE

Ages Cases | Ratio (%)

50~60 5 41.67
260 7 58.33
All ages | 12 100.00

Table 8 Factors Affecting the Occurrence of ADR/ADE

Factors Possible Impact on the Occurrence of Adverse Reactions/Adverse Events
Drug combination Theophylline The interaction between theophylline and pentoxifylline may aggravate liver injury.
Clopidogrel Thrombocytopenia cannot be determined by clopidogrel, pentoxifylline, or their
interaction.
Patient disease Mixed connective tissue Underlying disease status plays an important role in the occurrence of adverse drug
status disease reactions.
Allergy Caffeine There was a cross-allergic reaction with pentoxifylline.

Defined Daily Dose (DDD) Analysis

In this study, the total consumption of PTX was 297.6 g, and the total consumption amount of PTX was 142252.8 yuan.
DDDs=992
DDDc=143.4 yuan

Cost-Effectiveness Analysis (CEA)

The cost-effectiveness analysis compared PTX treatment (n = 322) to a control group receiving standard therapy (n = 300),
with costs and clinical outcomes assessed across both groups. Among irrational prescriptions, PTX injection (manufacturer:
Guangzhou Wanzheng Pharmaceutical Co., Ltd., specification: SmL: 0.1g/vial, unit price: ¥47.8) was administered in 1,790
vials, totaling ¥85,562 (60.2% of total drug costs). This highlights the significant economic impact of irrational prescriptions.

For diabetic complications, PTX achieved an ulcer healing rate of 74.6% versus 66.3% with standard wound care (AE
= 8.3%). The additional cost (AC) of PTX therapy was 462.5 yuan per patient, resulting in an ICER of 55.7 yuan per
percentage point improvement in ulcer healing rate. This value is well below the willingness-to-pay (WTP) threshold,
defined as three times the per capita GDP (750 yuan per percentage point) (Figure 3).

For peripheral vascular diseases, pain-free walking distance increased by 54.8 meters by PTX compared to cilostazol
therapy, with an additional cost (AC) of 495.3 yuan per patient. The ICER for this outcome was calculated to be 9.0 yuan
per additional meter of pain-free walking distance. This result is also below the WTP threshold, indicating that PTX is
a cost-effective intervention for this condition.

Sensitivity analysis confirmed the robustness of these results. A £10% variation in drug prices resulted in ICER
fluctuations of +5.6 yuan per percentage point improvement for diabetic complications and +1.2 yuan per meter for
peripheral vascular diseases. Similarly, a £20% change in clinical effectiveness led to proportional ICER variations, with
no significant deviation from the cost-effectiveness threshold (Figure 4).
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Figure 3 Comparison of costs and clinical effectiveness between pentoxifylline and standard therapy. (A) illustrates the average treatment costs (Yuan) for the Pentoxifylline
group and the Control group, with error bars representing the standard error. (B) demonstrates the clinical effectiveness comparison between the two groups, including
ulcer healing rates (%) and pain-free walking distances (meters). Incremental cost-effectiveness ratios (ICER) are annotated above the bars, indicating 55.7 Yuan per
percentage point improvement in healing rate and 9.0 Yuan per additional meter of pain-free walking distance for Pentoxifylline.
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Figure 4 Tornado chart of sensitivity analysis for pentoxifylline cost-effectiveness. This Tornado Chart illustrates the sensitivity analysis of incremental cost-effectiveness
ratios (ICERs) for pentoxifylline compared to standard therapy in diabetic complications and peripheral vascular diseases. The ICER for ulcer healing rate is 55.7 yuan per
percentage point improvement, and for pain-free walking distance, it is 9.0 yuan per additional meter, both significantly below the willingness-to-pay (WTP) threshold of 750
yuan. Sensitivity analysis shows that a +10% change in drug price leads to ICER variations of 5.6 yuan per percentage point for healing rate and *1.2 yuan per meter for
walking distance, while a #20% change in clinical effectiveness results in proportional ICER fluctuations. Orange bars represent healing rate ICERs, green bars represent
walking distance ICERs, and dashed lines indicate base ICER values. The analysis confirms pentoxifylline’s cost-effectiveness across tested scenarios, ensuring robustness in
both economic and clinical contexts.

Discussion

PTX is mainly used in middle-aged and elderly patients, especially those over 60 years old. In this study, more than half
of the patients with adverse reactions were older than 60 years old. This suggests that the elderly use PTX risk is greater,
we must be vigilant. While departmental utilization patterns broadly align with labeled indications, the high proportion of
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contraindication violations in primary prescribing departments (eg, neurology and vascular surgery) highlights systemic
gaps in risk assessment prior to prescription. The distribution of irrational drug use in different departments is different,
which may be related to different drug use habits in different departments. In the main departments of drug use, there was
a high proportion of contraindicated people, suggesting that the contraindications of PTX need to be improved. In other
departments with less PTX, it is necessary to improve the understanding of the indication and usage of PTX. In addition,
the irrational rate of prescription was also different in the main departments, which may be related to the difference in the
degree of attention paid to the rational use of PTX in different departments.

Besides, an important feature of elderly patients is often combined with a variety of underlying diseases, taking
a variety of drugs. Therefore, special attention should be paid to whether the patient has contraindications for the use of
PTX and whether the combination of drug and PTX interact. Common concomitant medications for PTX patients are
hypoglycemic agents, anticoagulants (most commonly aspirin), and theophyllines. The reason for the unreasonable
combination of medication in the cases included in this study was that the clotting time was not monitored while aspirin
was combined. This may be because in clinical practice, in addition to drug considerations, monitoring may also take into
account other factors such as the patient’s disease status, patient’s economic conditions or patient’s demands.

PTX exhibits multifaceted pharmacological activities beyond its classical vasodilatory effects. Notably, it demon-
strates antioxidant properties by scavenging free radicals and suppressing lipid peroxidation, as demonstrated in models
of diabetic nephropathy.®® Additionally, PTX exerts potent antifibrotic effects through inhibition of the TGF-p1/Smad
signaling pathway, which has been validated in hepatic and renal fibrosis studies.”* New animal experimental evidence
further suggests that regulating T cell infiltration and nuclear factor kappa B (NF - k B) signaling has anti-tumor
potential, although clinical applications in oncology are still in the research stage.*’

Despite this broad therapeutic potential, our study identified systemic challenges in clinical utilization.
Contraindication violations, such as administration in patients with coronary arteriosclerosis complicated by hyperten-
sion, and inappropriate dosing practices, particularly the omission of dose titration starting from 100 mg were prevalent
in high-prescribing departments including neurology and vascular surgery. These issues may stem from insufficient
awareness of PTX’s pharmacokinetic profile. For instance, its rapid renal excretion necessitates strict adherence to
infusion protocols (2-3 hours per dose) to prevent nephrotoxicity caused by transient drug accumulation.*'**
Furthermore, PTX’s vasoactive properties necessitate cautious administration in elderly patients, who are prone to
hemodynamic instability due to age-related cardiovascular changes.*> A critical concern identified was the concurrent
use of PTX with anticoagulants such as aspirin without routine coagulation monitoring, which may elevate bleeding
risks. This practice highlights the need for systematic screening of drug interactions, particularly in polymedicated
elderly populations with multiple comorbidities.

The predominance of mild-to-moderate neurogastrointestinal adverse reactions (eg, dizziness, nausea) aligns with PTX’s
known pharmacodynamic effects on phosphodiesterase inhibition and vasodilation.® Proactive monitoring of infusion speed
and concomitant medications may further reduce this burden. Elderly patients (>60 years old) exhibited a higher incidence of
adverse reactions compared to the overall rate, highlighting the need for caution when using PTX in this population.
Additionally, all adverse reactions occurred in patients receiving doses <200 mg per administration, and cases with unclear
infusion times had a higher incidence of reactions, suggesting that infusion speed may contribute to safety concerns.

44751 and direct injury.’*>® Drug

The mechanism of adverse reactions caused by PTX includes immune mechanism
rash and anaphylactic shock are usually thought to be caused by immune mechanisms. Gonzalez et al*® suggested that the
mechanism of PTX causing urticaria might be related to IgE. In patients with mixed connective tissue disease or systemic
lupus erythematosus, PTX has a potential risk of causing aseptic meningitis, and the mechanism of action may be related
to the inhibitory effect of PTX on pro-inflammatory cytokines such as TNF-a, while the underlying disease state also
plays an important role in the occurrence of adverse reactions.*’ Because pentoxifylline-induced thrombocytopenia

appeared less than 5 days after treatment, Tan et al’®

suggested that this response might be related to the presence of
antibodies. In addition, PTX may have cross-allergic reactions with caffeine or other methylxanthines, and should be
avoided in patients with a history of allergy to these drugs. Saez et al>> suggested that since the patient did not show any
signs of allergic reaction, one case of acute liver injury caused by PTX should be a direct injury. For gastrointestinal

bleeding caused by PTX, Oren et al suggested that PTX may act as a catalyst, and the possible mechanism is to interfere
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with the clotting mechanism by inhibiting the activity of phospholipase C and reducing the action of arachidonic acid.>>
PTX adverse reactions/adverse events reported in the literature involved multiple organs or systems, and a large number
of severe adverse reactions/adverse events were reported. The results of the literature review suggest that more attention
should be paid to the risks of PTX when it is used, especially in elderly patients. For patients with specific disease states,
such as mixed connective tissue disease or systemic arthritis, the use of this drug should be avoided as much as possible.
Patients who are allergic to caffeine or other methylxanthines should also avoid using this drug. In addition, try to avoid
some drugs that may interact with each other, such as theophylline or clopidogrel, if necessary, must strengthen

monitoring. Due to the risk of thrombocytopenia associated with PTX, Acharya et al**

suggest that blood monitoring
is also necessary when PTX is applied.

While PTX demonstrated cost-effectiveness within our institutional context, broader validation across diverse healthcare
settings is needed to generalize these findings, particularly given potential deviations from WHO-recommended DDD
benchmarks.*® The reimbursement ratio for PTX is 80% for residents’ medical care and 95% for employees’ medical care.
Reducing the irrational use of PTX is of great significance for controlling drug costs. This study also provided
a comprehensive CEA of PTX for diabetic complications and peripheral vascular diseases, comparing its costs and clinical
outcomes to those of a standard therapy control group (cilostazol [100 mg twice daily] for peripheral vascular diseases and
comprehensive wound care [debridement, infection control, and moisture balance] for diabetic complications). The results
showed that PTX achieved significant clinical benefits at a reasonable incremental cost, with ICER values well below the WTP
threshold defined as three times the per capita GDP (750 yuan [approximately $108.7] per unit of improvement). For diabetic
complications, the ICER for ulcer healing rate was 55.7 yuan (approximately $8.07) per percentage point improvement, and
for peripheral vascular diseases, the ICER for pain-free walking distance was 9.0 yuan (approximately $1.30) per additional
meter, indicating strong cost-effectiveness in both indications.

Sensitivity analysis further confirmed the robustness of these findings. A +10% variation in drug prices led to ICER
fluctuations of +5.6 yuan (approximately +$0.81) per percentage point improvement for ulcer healing rate and £1.2 yuan
(approximately +$0.17) per meter for pain-free walking distance. Similarly, a £20% change in clinical effectiveness
resulted in proportional ICER changes, with all values remaining well below the WTP threshold. These results emphasize
the economic viability of PTX under varying cost and clinical outcome scenarios. Overall, PTX demonstrated strong
cost-effectiveness for both diabetic complications and peripheral vascular diseases. The ICER values were consistently
below the WHO-recommended WTP threshold, highlighting PTX as an economically viable option that provides
meaningful clinical benefits at a reasonable incremental cost. Suggestions for rational use of PTX are shown in Table 9.

Globally, the utilization patterns and economic implications of PTX exhibit variability across different clinical contexts.
A cost-saving analysis in chronic occlusive arterial disease (COAD) demonstrated that PTX therapy reduced annual
hospitalization costs by $1,173 per patient, with overall savings of $965 when accounting for outpatient care and
medications, aligning with our findings on PTX’s cost-effectiveness in peripheral vascular diseases.”’ However, conflicting
evidence emerges in peripheral artery disease (PAD)-related intermittent claudication: while our study reported an ICER of

Table 9 Recommendations for Optimizing Pentoxifylline Prescriptions

Category Recommendations

Indications I. Strictly adhere to labeled indications (eg, peripheral/ocular circulatory disorders).

2. Avoid off-label use for cerebral circulatory disorders (lack of guideline-supported benefits).
Dosage I. Start with 100mg; adjust gradually (max. 200mg/dose, 400mg/24h).
2. Control infusion duration to 2-3 hours to reduce renal risks.
Contraindications I. Contraindications: methylxanthine allergy, recent hemorrhage, acute myocardial infarction.
2. Adjust doses for renal impairment; monitor bleeding risk post-surgery.

Drug Combinations I. Avoid concurrent use with ketorolac.

2. Monitor coagulation time with anticoagulants (eg, aspirin/warfarin).

3

. Monitor blood glucose with hypoglycemic agents.
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9.0 yuan per additional meter of pain-free walking distance, a UK-based Markov model analysis ranked PTX as less cost-
effective compared to naftidrofuryl oxalate, which showed superior efficacy in improving maximal walking distance.’®
This discrepancy may stem from differences in healthcare pricing structures or outcome measurement protocols.

Notably, PTX’s role in ulcer management presents consistent benefits. Our results indicated a 74.6% ulcer healing rate
with PTX, corroborated by a randomized controlled trial where PTX as an adjunct to compression therapy significantly
enhanced healing rates in venous leg ulcers.”® Conversely, in alcoholic hepatitis, the STOPAH trial revealed PTX’s
inferior cost-effectiveness versus prednisolone despite lower initial costs, contrasting with our economically favorable
ICERs.%%°! These cross-population comparisons underscore PTX’s context-dependent value, while economically viable
for diabetic ulcers and peripheral vascular conditions in our cohort, its utility diminishes in indications like alcoholic
hepatitis or when benchmarked against alternative PAD therapies.

This study had some limitations. Although a control group was included for comparison, the data were derived from
a single tertiary hospital in Jinan City, which may limit the generalizability of the findings. Additionally, while the study
evaluated key clinical outcomes such as ulcer healing rate and pain-free walking distance, other potentially relevant outcomes
(eg, quality of life or long-term cardiovascular events) were not assessed. Moreover, the reimbursement rates for PTX
highlight its affordability, but the potential for overuse warrants further exploration to ensure rational drug utilization.

Future research should aim to include multicenter data, a broader range of comparative drugs, and additional outcome
measures to provide a more comprehensive evaluation of PTX’s economic impact. Despite these limitations, the findings
of this study support PTX as a cost-effective option for treating diabetic complications and peripheral vascular diseases,
offering meaningful clinical benefits at a manageable incremental cost.

Conclusion

This study highlights critical gaps in PTX utilization at our tertiary hospital, including off-label use, inappropriate dosing,
contraindication violations, and unsafe drug combinations. Despite a low adverse reaction rate, vigilance is warranted,
particularly in elderly patients. Economic analyses confirmed PTX’s cost-effectiveness for diabetic ulcers and peripheral
vascular diseases, yet irrational prescriptions incurred unnecessary costs. To optimize outcomes, we recommend strict
adherence to guidelines, pharmacist-clinician collaboration, and real-time monitoring systems for high-risk populations.
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