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Purpose
To synthesize and summarize the scope and protocols of drug tapering in existing animal studies, providing a reference for standardized tapering interventions in future research.
Methods
Utilizing a scoping review framework, a systematic search was conducted in PubMed, Web of Science, China National Knowledge Infrastructure (CNKI), Wanfang Data Knowledge Service Platform (Wanfang), China Science and Technology Journal Database (VIP), and China Biomedical Literature Service System (SinoMed) for studies on drug tapering in animal experiments published up to May 1, 2024. Key data such as disease type, drugs used, and tapering methods were extracted and analyzed.
Results
Nineteen studies were included, addressing a range of diseases including respiratory issues, oncology, nephrology, neuropsychiatric disorders, fractures, organ transplantation, and perioperative pain. Only one study commenced tapering upon the emergence of drug toxicity, while the others did not explicitly state the timing of tapering. Tapering methods identified included reducing single drug doses, decreasing administration frequency, and intermittent dosing. The outcomes of tapering were classified into drug discontinuation, low-dose maintenance, and drug substitution, with all studies reporting the effects post-tapering.
Conclusion
The methods of drug tapering in animal studies are influenced by multiple factors, including disease characteristics, treatment duration, animal tolerance, and specific goals. There remains a need for further refinement in tapering schedules, methods, and milestones, and the establishment of relevant evaluation metrics to better define tapering timing.
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1 INTRODUCTION
Drug tapering involves the gradual reduction of the total daily dose or the extension of the dosing interval until the drug is discontinued during disease treatment. This process consists of two stages: drug reduction and drug withdrawal. The primary goals of drug tapering are to mitigate adverse effects, minimize the risk of disease recurrence, and maintain therapeutic efficacy. In April 2024, a study published in the Annals of the Rheumatic Diseases, focused on drug reduction in stable IgG4-related disease (IgG4-RD) (Peng et al., 2024). The study highlighted the importance of maintenance therapy in preventing disease relapse. While there is a consensus on the clinical management of many diseases, the standardization of drug reduction and withdrawal remains a challenging unresolved issue. Therefore, it is crucial to develop a meticulous and rational strategy for reducing and withdrawing drugs that require prolonged usage or exhibit significant toxicities. Such an approach aims to ensure safe tapering, reduce relapse rates, improve compliance, and alleviate financial burdens, ultimately benefiting patients.
Animal studies, as the cornerstone of preclinical research, serve as a critical bridge between basic science and clinical applications. Data from these studies provide a foundation for evidence-based decision-making (Xiong et al., 2005), underscoring the necessity of preclinical drug tapering investigations. Several factors contribute to the low translation rate from basic science to clinical practice, including internal validity (scientific study design, execution, analysis, and reporting) and external validity (the generalizability of results from one setting or species to other contexts and populations) (Pound and Ritskes-Hoitinga, 2018; Bailoo et al., 2014). Improving internal validity has been shown to enhance the rate of clinical translation (Dirnagl and Endres, 2014). By constructing animal models that closely mimic human disease characteristics, implementing drug tapering interventions similar to clinical settings, and developing comprehensive tapering strategies tailored to experimental needs or the animals’ responses to treatment, researchers can create more scientifically rigorous and standardized studies. This approach enhances the potential clinical translational value of the results.
Additionally, conducting clinically appropriate tapering studies in animal research can maximize animal welfare. In 2010, the ARRIVE guidelines (Kilkenny et al., 2010) for improving the reporting of animal experiments emphasized the importance of generalizability in vivo experiments, particularly their relevance to human biology and diseases. The “Guide for the Care and Use of Laboratory Animal” (National Research Council of the National Academies, 2011), published in the United States in 2012, also emphasized that the management of laboratory animals includes their production, use, protection, care, and ethical considerations. The currently accepted ethical standard for regulating and reviewing animal experimentation is the 3Rs principle (Replacement, Reduction, Refinement) (Russell and Burch, 1959). Tapering studies are often based on clinical experience or the animal’s response to the drug, following a gradual and slow approach. During the experiment, it is essential to closely observe changes in the animal’s behavior, conduct indicator tests, and take timely appropriate actions, aligning with the principles of the 3Rs or the 4Rs (Ogden, 1996).
Despite the importance of conducting tapering studies in animals, the current number of such studies is limited and heterogeneous. To encompass a broader range of evidence types, this paper adopts a scoping review approach to describe the scope and methods of tapering in existing studies. Additionally, it proposes further research strategies to inform the design of future tapering experiments and facilitate the translation of clinical needs.
2 MATERIALS AND METHODS
The review is conducted according to the PRISMA-ScR guidelines (Tricco et al., 2018), utilizing the methodological framework for scoping reviews proposed by Arksey and O’Malley (2005) and updated by JBI (Peters et al., 2021).
2.1 Search strategy
A systematic search of PubMed, Web of Science, CNKI, Wanfang, VIP, and SinoMed was conducted from database inception to May 1, 2024. For the English databases, a combination of subject and free-text search methods was used, while for the Chinese databases, a combination of subject and abstract searches was employed. The search strategy incorporated terms related to rats, mice, animal experiments, and drug tapering. The complete search strategy can be found in Supplementary Material S1. As rodents are the most widely used species in animal testing, this study focuses on rodent testing.
2.2 Inclusion criteria
	1. The study type was animal research with clear outcome measures.
	2. The intervention included the process of drug tapering.
	3. The drugs used were either marketed varieties or herbal medicines.
	4. The language was either Chinese or English.

2.3 Exclusion criteria
	1. Interventions involving immediate drug withdrawal without a tapering process.
	2. Drug tapering is only reflected in the modeling.
	3. Veterinary and agricultural studies.
	4. Literature inconsistent with the study type, such as cellular experiments, clinical trials, theoretical discussions, and reviews.
	5. Repeatedly published studies, retaining only the one with the most comprehensive information.

2.4 Study selection
The search results were imported into EndNote X9.1 to eliminate duplicates. Two researchers independently read the titles, abstracts, and full texts in turn for screening, cross-comparing results, and consulting a third investigator to resolve any disagreements.
2.5 Data extraction and quality control
One researcher performed data extraction by importing literature that met the criteria into Microsoft Excel 2019, and another reviewer verified the extraction. The data included information such as the year of publication, title, authors, disease, animal, drug, tapering timing, tapering methods, tapering cycle, and tapering outcomes. Disagreements were resolved through discussion between the two reviewers or by consulting a third investigator.
2.6 Results synthesis and presentation
The results were summarized using descriptive statistics and presented in both tabular and narrative forms, outlining the range of applications and specific tapering strategies.
3 RESULTS
3.1 Study screening
A total of 2,797 articles were retrieved. After excluding 819 duplicate articles and screening titles and abstracts, 1,546 articles were further excluded. Among the 432 full-text articles screened, 203 were non-tapering studies, 135 were clinical tapering studies, 49 only described tapering methods in modeling, 12 involved non-marketed drugs, and 14 were duplicate articles. Ultimately, 19 animal studies were included. The literature screening process is shown in Figure 1.
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The experimental animals used in this review included Wistar rats, SD rats, DA rats, Lewis rats, C57BL/6 mice, BALB/C mice, and nude mice. Study types included pharmacodynamic and toxicity studies in diseases such as respiratory conditions, cancer, renal issues, fractures, liver transplantation, perioperative pain, and neuropsychiatric disorders. A wide range of drug tapering categories was examined, including hormones, immunosuppressants, targeted agents, glucose- and lipid-lowering drugs, antiepileptics, and opioids. The characteristics of the included studies are shown in Table 1.
TABLE 1 | Study characteristics.	Study	Animal	Disease	Drug	Timing	Methods	Cycle	Outcome
	Su et al. (2014)	BALB/C mice	Asthma	Prednisone, Wuzi Sanhuang Formula	42nd day	Prednisone reduced by 0.325 mg/kg every 2 days	3 weeks	①
	Liu et al. (2014)	SD rats	Asthma	Dexamethasone, Epimedium and Ligustrum	50th day	Dexamethasone reduced by 0.1 mg/kg per week	4 weeks	①
	He (2006)	SD rats	Asthma	Dexamethasone, Wumei pills	3rd week	Dexamethasone reduced by 0.1 mg/kg per week	4 weeks	①
	Yan (2016)	SD rats	Asthma	Dexamethasone, Sanbu Formula	3rd week	Dexamethasone reduced by 0.1 mg/kg per week	4 weeks	①
	Wang (2010)	SD rats	Asthma	Dexamethasone, Yougui Pills	16th day	Dexamethasone dose halved	2 weeks	②
	Zhou et al. (2019)	SD rats	Fracture	Simvastatin	8th day	Decrease by 2.5 mg/kg per week	4 weeks	②
	Li (2018)	SD rats	Fracture	Simvastatin	8th day	Decrease by 2.5 mg/kg per week	4 weeks	②
	Grace et al. (2019)	SD rats	Perioperative pain	Morphine	8th day	Daily dose halved	3 days	②
	Zhu et al. (2010)	DA/Lewis rats	Liver transplantation	Tacrolimus	8th day	Daily dose halved	5 days	①
	Kaur et al. (2013)	SD rats	Diabetes	Glipizide, Annona squamosa	11th day	Glipizide reduced by 1.25 mg/kg every 10 days	30 days	②
	Hodsman et al. (1999)	SD rats	Osteoporosis	Raloxifene analogue、hPTH(1–34)	After 12 weeks	hPTH (1–34) 5 times per week reduced to 2 times per week	8 weeks	②
	Bozec et al. (2010)	nude mice	Tumor	Cetuximab, Gefitinib	7 days later	Both reduced by half daily	7 days	②
	Macenski et al. (1994)	Wistar rats	Substance use disorders	Methadone, Buprenorphine	31st day	Methadone 31-day reduction of 1.5 mg/kg	74 days	①
	Yang et al. (2023)	Wistar rats	Epilepsy	Carbamazepine, Banxia Baizhu Tianma Decoction	7th week	Carbamazepine discontinued, herbal medicine maintenance	6 weeks	①
	Chen et al. (2010)	SD rats	Nephrotic syndrome	Prednisone, Shenkang-Ⅱ	3rd week	Prednisone reduced by 0.5 mg/kg per day	2 weeks	②
	Julian and Iwamoto (2021)	SD rats	Toxicity studies	Erlotinib	1 week later	70 mg/kg at week 1, discontinued at week 2, reduced to 35 mg/kg at week 3	2 weeks	②
	Sereno et al. (2015)	Wistar rats	Toxicity studies	CsA	4th week	30 mg/kg for the first 3 weeks, reduced to 5 mg/kg for the second 3 weeks, and to 1 mg/kg of sirolimus for the last 3 weeks	6 weeks	③
	Sbiera et al. (2011)	C57Bl6 mice	Toxicity studies	Dexamethasone	4 days later	10 mg/L on days 4–7, 5 mg/L on days 8–11 and 1 mg/L on days 12–14	7 days	②
	Akar (2005)	Wistar rats	Toxicity studies	Tacrolimus	toxic effects occur	Amount halved	2 months	②


Note: ①, Discontinuation; ②, Low dose maintenance; ③, Medication substitution.
3.3 Timing of drug tapering
Due to the significant heterogeneity among different diseases, the timing of drug tapering cannot be universally prescribed. Reducing medication too early may diminish the treatment’s effectiveness and increase the risk of recurrence, while delaying the reduction may lead to various adverse reactions and heighten the economic burden. The appropriate timing for medication reduction occurs after the condition has stabilized and symptoms have been alleviated (Peng et al., 2024); however, existing animal studies have not described specific evaluation methods for this process.
In five asthma studies, glucocorticoid tapering began at week three in three studies (He, 2006; Yan, 2016; Wang, 2010), and on day 42 and day 50 in two studies (Su et al., 2014; Liu et al., 2012). This timing generally falls in the middle or late stages of the total treatment course. For surgical diseases such as fractures, perioperative pain, and liver transplantation, drug tapering occurred on the 8th day (Zhou et al., 2019; Li et al., 2019; Grace et al., 2019; Zhu et al., 2010), without a clear pattern. In models of diabetes (Kaur et al., 2013) and substance use disorder (Macenski et al., 1994), dosage reduction commenced at the beginning of administration. For osteoporosis models (Hodsman et al., 1999), dosage reduction occurred in the middle and late stages of treatment. Experimental studies on epilepsy (Yang et al., 2023), tumors (Bozec et al., 2010), and nephrotic syndrome (Chen et al.) all initiated dosage reduction in the middle stage of administration. Toxicity studies involving erlotinib, cyclosporine, and dexamethasone began reduction in the early stage of administration (Julian and Iwamoto, 2021; Sereno et al., 2015; Sbiera et al., 2011). One study detailed the specific timing of dose tapering in a tacrolimus toxicity study, where the dosage was reduced upon the occurrence of toxic side effects (Akar et al., 2005).
3.4 Tapering method
Drug tapering methods include reducing the single drug dose, reducing the number of administrations, and intermittent administration. Reducing the single drug dose can be further categorized into fixed-dose reduction, halving the dose, or irregular tapering. Among the 19 included studies, 8 (42.1%) used a regularly reduced fixed dose every week/day (Su et al., 2014; Liu et al., 2012; He, 2006; Yan, 2016; Zhou et al., 2019; Li et al., 2019; Kaur et al., 2013; Chen et al., 2010), 5 (26.3%) studies sequentially halved the dose (Wang, 2010; Grace et al., 2019; Zhu et al., 2010; Bozec et al., 2010; Akar et al., 2005), 4 (21.1%) studies followed the principle of reducing the dose quickly at first and then slowly (Macenski et al., 1994; Yang et al., 2023; Sereno et al., 2015; Sbiera et al., 2011), 1 (5.3%) study reduced the number of dosing times (Hodsman et al., 1999), and 1 (5.3%) study administered the drug intermittently (Julian and Iwamoto, 2021). In this study, tapering of glucocorticoids, simvastatin, and glipizide followed regular fixed dose reductions. Morphine, tacrolimus, cetuximab, and gefitinib doses were halved. hPTH (1–34) was reduced from 5 times a week to 2 times a week, achieved by reducing the number of dosing times. In the toxicity study of erlotinib, intermittent administration—one week on, 1 week off, and 1 week of dose reduction—was used to observe the occurrence of adverse reactions.
In efficacy studies involving animal experiments, it is observed that glucocorticoids should be gradually reduced over weeks or days. The speed of safe reduction depends on the stability of the disease and the risk of inhibiting the HPA axis. There is no fixed rule for tapering immunosuppressants and targeted drugs, but they generally reduce quickly at first and then slowly. The tapering design in toxicity studies varies more, including intermittent dosing, replacement dosing, and half-dose reductions, all formulated based on target needs and the tolerance of experimental animals.
3.5 Tapering outcome
The outcomes of drug tapering include drug withdrawal, low-dose maintenance, and drug replacement. In this study, 7 (36.8%) experiments achieved complete drug withdrawal (Su et al., 2014; Liu et al., 2012; He, 2006; Yan, 2016; Zhu et al., 2010; Macenski et al., 1994; Yang et al., 2023), 11 (57.9%) experiments reduced to a lower dose for maintenance (Wang, 2010; Zhou et al., 2019; Li et al., 2019; Grace et al., 2019; Kaur et al., 2013; Hodsman et al., 1999; Bozec et al., 2010; Chen et al., 2021; Julian and Iwamoto, 2021; Sbiera et al., 2011; Akar et al., 2005), and 1 (5.3%) experiment completed drug replacement (Sereno et al., 2015). Relapse and withdrawal reactions after drug tapering are the focus of clinical attention and are important indicators of the success of drug tapering (Jingyou and Li, 2023; Meng et al., 2023; Zhou and Lin, 2022). Generally, reducing medication from a sufficient amount to low-dose maintenance may benefit patients more. Complete discontinuation of medication carries the risk of reduced efficacy or recurrence. If the goal is rapid medication reduction, drug replacement or adding traditional Chinese medicine treatment should be considered. Drug replacement involves substituting drugs with greater toxic side effects for those with fewer side effects while maintaining efficacy, such as replacing cyclosporine with sirolimus (Sereno et al., 2015). Adding traditional Chinese medicine is an effective method for achieving rapid withdrawal of target drugs. Among the 7 experiments on combined traditional Chinese and Western medicine treatment in this study, 6 maintained traditional Chinese medicine treatment after reducing and stopping the target drugs, indicating that traditional Chinese medicine treatment can help achieve rapid withdrawal of chemical drugs. However, the studies did not describe the maintenance time of traditional Chinese medicine or replacement drugs and how to withdraw them.
3.6 Efficacy after dose tapering
All studies described the efficacy after drug tapering. In animal experiments involving the combined intervention of Chinese and Western medicine, 6 (31.6%) studies reported that traditional Chinese medicine could maintain therapeutic effects and reduce adverse reactions caused by chemical drugs after gradually stopping Western medicine (Su et al., 2014; Liu et al., 2012; He, 2006; Yan, 2016; Wang, 2010; Chen et al., 2021). The study by Chen et al. (2010) highlighted that the advantages of large-dose and long-term application of traditional Chinese medicine are more evident. Yang et al. (2023) found that using traditional Chinese medicine could effectively facilitate the withdrawal of anti-epileptic drugs. In the treatment of fractures and tumors, a gradual reduction in medication is more beneficial to the disease than maintaining a constant dose (Zhou et al., 2019; Li et al., 2019; Bozec et al., 2010). However, for perioperative pain, drug tapering has not shown any advantage and has failed to shorten the duration of pain (Grace et al., 2019). In the liver transplant model, the medication regimen of clinical patients is simulated at the animal level; the dosage is gradually reduced, changes in blood drug concentration are evaluated, and a more reasonable immunotherapy plan can be explored based on the timing of immune rejection reactions (Zhu et al., 2010). In toxicity studies, the relationship between dose and toxicity can be explored through drug tapering. For example, reducing the dose of erlotinib can prevent the occurrence of rashes (Julian and Iwamoto, 2021). The toxicity of tacrolimus and cyclosporine is dose-dependent (Sereno et al., 2015; Akar et al., 2005), and short-term glucocorticoid application (2 weeks) does not affect normal mouse T cells (Sbiera et al., 2011).
4 DISCUSSION
4.1 Necessity of conducting drug tapering studies in animal experiments
By gradually tapering specific medications, it is possible to evaluate several aspects: - The advantages and disadvantages of tapering regimens compared to continuous administration. - The differences in efficacy between gradual tapering and abrupt discontinuation. - The adverse reactions to chemical drugs improved through the addition of traditional Chinese medicine. - Optimal strategies for medication tapering. Compared to continuous administration and sudden drug withdrawal, reasonable drug tapering has significant advantages in reducing drug resistance, alleviating side effects, and improving patients’ quality of life. For example, intermittent drug administration in tumors can delay the onset of drug resistance and improve efficacy while reducing adverse reactions (Lin et al., 2022). The tapering of antipsychotic drugs benefits patients with schizophrenia in the long term (Liu et al., 2023). However, the unreasonable withdrawal of drugs for Alzheimer’s disease and epilepsy can exacerbate the progression of these conditions (Gu et al., 2023; Feng, 2013; Zhang, 2015).
4.2 Application scope of drug tapering research
For drugs that need to be taken long-term or have significant toxic side effects, a detailed and reasonable tapering strategy should be formulated to determine the appropriate timing, speed, and method of tapering. Drug tapering has a wide range of applications. Based on the results of this review and clinical practice, it can be broadly applied to hormonal drugs, immunosuppressants, targeted therapies, opioid analgesics, neurological drugs, and antiepileptic drugs.
4.2.1 Hormonal drugs
Hormonal drugs consist of medications using human or animal hormones, including organic substances with similar structures and mechanisms, as active ingredients. Glucocorticoids (GC) are the most widely used and serve as first- or second-line treatments for various conditions such as infections (Chinese Education Associa tion of Chronic Airway Diseases China Asthma AllianceChina Asthma Alliance, 2024), allergies (Cardona et al., 2020), immune disorders (Fanouriakis et al., 2024), and kidney diseases (Kidney Disease: Improving Global Outcomes KDIGO Glomerular Diseases Work Group, 2021). Expert consensus indicates that for GC regimens exceeding 7 days, the medication should be tapered before discontinuation, following a “fast first, then slow” principle (Consensus Expert Group on the Emergency Use of Glucocorticoids, 2020). Given the adverse events associated with long-term GC use—such as infections, ulcers, fractures, and severe impacts on growth and development in pediatric patients—expedited tapering and discontinuation are necessary. The current consensus emphasizes prompt reduction and cessation of GC, as in rheumatoid arthritis, where short-term use is advised, and tapering off should occur when clinically feasible (Smolen et al., 2023). In systemic lupus erythematosus, reducing to a maintenance dose of ≤5 mg/day after stabilization, with complete discontinuation as the goal, is recommended (Fanouriakis et al., 2024). However, there remains a lack of specific tapering and discontinuation guidelines, highlighting the need for further research.
4.2.2 Immunosuppressive agents
Immunosuppressants inhibit the proliferation and function of immune-related cells, such as T cells and B cells, reducing the antibody immune response. They are primarily used to prevent rejection in organ transplantation and treat autoimmune diseases (Gao and Liu, 2023; Chinese Society of Organ Transplantation, 2019). Organ transplantation is an effective method to improve end-stage organ failure. To reduce post-transplant rejection, immunosuppressants are typically administered in the pre-transplant or early post-transplant period (Taylor et al., 2005). However, in transplant recipients, a strong immunosuppressive state can disrupt the immune surveillance system and promote disease recurrence, while insufficient immunosuppression may lead to rejection. There is no unified strategy or monitoring method to maintain this balance. Currently, complete withdrawal of immunosuppressants is not recommended for transplant recipients; instead, individualized low-dose immunosuppressive regimens are advocated (Chen et al., 2021; Shi and Yuan, 2016).
Additionally, immunosuppressants are widely used in treating various autoimmune diseases. However, due to their lack of selectivity and specificity, they suppress both normal and abnormal immune functions, leading to a range of infectious or non-infectious adverse events and significant hepatotoxicity and nephrotoxicity (Mo and Zheng, 2024-10). Therefore, further research is needed to explore the relationship between dosage and toxicity through tapering strategies and to find a balance between therapeutic efficacy and toxicity.
4.2.3 Targeted drugs
Targeted drugs, emerging from the precision medicine era, are widely accepted for treating cancer patients due to their high efficacy and low toxicity (Bedard et al., 2020). However, they can cause multi-system toxic side effects, often appearing early in treatment (Kalemkerian et al., 2018). For instance, bevacizumab may lead to endothelial dysfunction and arterial adverse events, requiring early blood pressure monitoring (Totzeck et al., 2017). Apatinib can raise blood pressure, increase bleeding risk, and cause proteinuria, bone marrow suppression, and liver damage (Zhu et al., 2021). The severity of these side effects generally increases with cumulative doses, limiting clinical use. Therefore, the relationship between dosage and toxicity needs further evaluation, and dose reduction strategies should be employed when feasible to reduce adverse events and enhance tolerance.
Some patients develop resistance during treatment (Ottaviano et al., 2021; Ladd et al., 2024), but changing the administration method can mitigate this. Re-administering the drug after a prolonged withdrawal can restore tumor sensitivity (Das Thakur et al., 2013). Studies indicate that intermittent dosing can delay melanoma resistance, achieving better outcomes (Kong et al., 2017), while tapered dosing is more effective than constant dosing in inhibiting head and neck tumor growth (Bozec et al., 2010). Targeted drugs will continue to play a key role in cancer and autoimmune disease treatment. Further exploration of rational and effective dose reduction strategies is needed.
4.2.4 Opioid analgesics
Opioid analgesics are recognized as the most effective treatment for moderate to severe pain and are recommended by the World Health Organization for cancer pain management and acute pain control. Opioid-based regimens have become a global standard for both non-cancer and chronic pain. However, their non-analgesic effects, especially respiratory depression and potential dependence, remain significant challenges. The incidence of opioid-induced respiratory depression is about 1.5% in hospitals and can reach 25% in opioid-addicted patients (Cai et al., 2024). During perioperative care, extensive opioid use can negatively impact long-term outcomes, such as increasing readmission rates by 30% (Long et al., 2018), and may delay recovery due to adverse reactions (Qian, 2024).
Recently, there has been focus on gradual postoperative opioid tapering regimens, although approaches vary. Ma et al. (2024) showed that sequential remifentanil withdrawal can alleviate early postoperative pain in cervical surgery and reduce sufentanil use without affecting recovery quality. Zhang et al. (2022) found that stepwise remifentanil withdrawal can elevate pain thresholds and reduce nausea, vomiting, and agitation. However, Grace, P. M.'s research suggests that tapering does not prevent prolonged postoperative pain (Grace et al., 2019). The optimal tapering methods and schedules still require foundational experimental data to develop the best clinical strategies and avoid misuse.
4.2.5 Psychotropic drugs
The “Pharmacopoeia of the People’s Republic of China: Clinical Medication Guidelines for Chemical Drugs and Biological Products (2010 Edition)” classifies psychoactive drugs into five categories: antipsychotic drugs, antidepressants, anxiolytics, mood stabilizers, and psychostimulants, including 60 varieties such as chlorpromazine, amitriptyline, alprazolam, and atomoxetine. Psychoactive drugs often require long-term treatment, and when the body adapts to the drug, withdrawal reactions can occur if the drug is eliminated faster than the adaptation fades (Reidenberg, 2011). Irrational discontinuation of any psychoactive drug can lead to withdrawal reactions, causing physical and psychological discomfort and potentially triggering disease relapse (Baldessarini and Tondo, 2019).
Horowitz and Taylor (2022). mapped the relationship between different tapering approaches and the risk of withdrawal reactions. Psychoactive drugs should be tapered slowly over a sufficient period to allow the body’s adaptation to dissipate, minimizing withdrawal and relapse risks. Current guidelines encourage reducing antipsychotic drugs to the lowest effective dose but do not specify effective tapering methods (Zhao and Shi, 2015; Li and Ma, 2017). PET imaging shows a hyperbolic relationship between psychoactive drug doses and D2 receptor occupancy, implying that dose reduction should follow a hyperbolic pattern to evenly decrease the dose, aiming for a 5% or 10% decrease in D2 receptor blockade (Horowitz et al., 2021). This tapering method theoretically reduces the risk of withdrawal reactions and relapse after discontinuing antipsychotic drugs. However, this approach requires further evaluation through animal experiments and clinical studies.
4.2.6 Antiepileptic drugs
Despite significant advancements in epilepsy treatment, including neurostimulation, ketogenic diets, surgery, and gene therapy, antiepileptic drugs (AEDs) remain the primary choice for most patients. With AED treatment, 60%–70% of patients achieve seizure control (China Association Against Epilepsy, 2015). It is generally considered feasible to begin tapering medication after more than two seizure-free years; however, improper tapering can lead to recurrence or drug resistance (Lamber et al., 2015).
Our clinical experience supports a slow and gradual reduction in AEDs, but opinions on tapering vary. Strozzi, I (Strozzi et al., 2015) suggests tapering in children after more than two seizure-free years, while Karalok et al. (2020) notes that less than three seizure-free years in children increases relapse risk. For adults, a longer period (over 5 years) is recommended before tapering (Vorderwülbecke et al., 2019). The Italian League Against Epilepsy advises slow tapering (≥6 months) (Beghi et al., 2013), while Ayuga Loro, F. found no difference between rapid (≤3 months) and slow (>3 months) tapering (Ayuga Loro et al., 2020). Duy, P. Q. suggests quickly reducing AEDs to one-third of the dose rather than discontinuing (Duy et al., 2020). In clinical practice, psychiatric comorbidities in children with epilepsy occur nearly five times more frequently than in the general population (Dagar and Falcone, 2020). When AEDs are combined with psychiatric medications, more cautious tapering strategies are needed.
5 LIMITATIONS AND PROSPECTS OF EXISTING STUDIES
Current animal studies often lack comprehensive evaluation of the appropriate timing for drug tapering and do not provide sufficient data on relapse or subsequent treatment after discontinuation. Additionally, these studies have not investigated the tapering of traditional Chinese medicine in cases where Chinese and Western medicines are used in combination. Future research should emphasize the practicality and completeness of tapering protocols by defining clear timing for drug reduction, establishing relevant evaluation metrics, and setting detailed tapering milestones. After tapering, an adequate observation period should be maintained to assess prognosis and gather data on relapse and treatment resumption.
In the selection of experimental animals, rodents, livestock, and non-human primates can be chosen according to the type of disease being studied. Overall, the design of tapering experiments should comprehensively consider disease characteristics, animal species, treatment duration, and experiment type. It is also recommended that further studies focus on the tapering and withdrawal of traditional Chinese medicine.
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