A Survey of Therapeutic Drug Monitoring status in China
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Abstract 

Objective: To understand the status of therapeutic drug monitoring (TDM) in China mainland and to lay the foundation for improvement of TDM.

Methods: We conducted a nationwide questionnaire survey. Using Internet technology and mobile network platform, questionnaire design, distribution, submission, recovery, and statistical analysis. The respondents were clinicians, pharmacists and clinical laboratory physicians from different levels of public hospitals. The contents of the survey were the TDM implementation in their hospital, their opinions and suggestions on TDM work.
Results: A total of 475 questionnaires were collected, 383 from top tertiary hospitals and 92 from non-top tertiary hospitals. Clinicians, TDM pharmacists and clinical laboratory physicians were a total of 240, the effective rate is 50.5%. Of these 240 respondents, 112 said they used no more than 2 facilities for TDM. The types of monitored drugs were 6-15 (46.6%) in top tertiary hospitals and 5 (66.7%) in non-top tertiary hospitals. The highest frequency of annual sample size of TDM was 100-1000. 78.8% respondents from top tertiary hospitals and 59.5% from non-top tertiary hospitals stated that they received or provided test report. The commonly performed items include Vancomycin (77.2%), Valproic acid (68.3%), Carbamazepine (55.9%), Phenytoin sodium (50.3%) and Methotrexate (51.0%). The results showed that the main detection methods are HPLC, immunoassay, 2D-LC, LC-MS and LC-MS. The concentration range monitored is generally consistent, but there are different detection limits in different institutions or detection methods. At present, there is no unified regulation on TDM charge in China, which is about 200 yuan in general. Participants believed that improving TDM work still requires more guidelines and improved interpretation of test report results.
Conclusions: This survey objectively reflects the current status of TDM work in hospitals in China, and provides a meaningful reference basis for better carrying out TDM work, clarifying the direction of discipline development and formulating policies and norms in the future.
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Introduction

Therapeutic drug monitoring (TDM), an important combination of pharmaceutical and clinical work, is a pharmaceutical clinical discipline that studies the mechanism, technology, method and clinical standard of personalized drug therapy, and applies the research results to clinical treatment to maximize rational use of drugs. By measuring the drug exposure, pharmacologic markers or pharmacodynamic indicators of the patients, a quantitative pharmacologic model is adopted to develop a personalized drug delivery plan suitable for the patients based on the drug treatment window
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Therapeutic drug monitoring began in the 1950 s and early '60 s, as the gas-liquid chromatography (GLC), nitrogen and phosphorus detector, radiation immune detection technology and the emergence of homogeneous enzyme-linked immunoassay technology, and the awareness of the relationship between drug concentration in the body and treatment effect, the TDM was widely used. 1970 s, the emergence of HPLC rapid development promoted the TDM. China has carried out clinical pharmaceutical research based on TDM in 1979, which has developed rapidly in the 1980s[3]. Pharmacy, clinical laboratory cross participation, multidisciplinary integration has formed an important medical and technical force, for organ transplantation, epilepsy, asthma, cardiovascular disease and other drugs to provide a scientific means of personalized treatment. At present, the TDM is routine practiced in China are antiepileptic drugs, immunosuppressants, antiarrhythmic drugs, antipsychotic drugs, antibiotics, chemotherapeutics like all the other nations, and distinctively, toxic pesticides, such as paraquat, which were useful for defining prognosis. 

There were 12032 public hospitals in China by the end of 2018, of which 1442 were top tertiary hospitals, which have undertaken the important number of diagnosis and treatment of out-patient, in-patient and serious diseases. Surveillance of therapeutic drugs in China relies on distribution in public hospitals. Nationwide surveys of TDM service in other countries have been reported[4]. While, there were no comprehensive and in-depth TDM questionnaire with survey subjects and contents nationwide. Thus, we conducted a survey to analyze the current status of therapeutic drug monitoring in China, and compare the status quo of grade top tertiary hospitals with that of non-top tertiary hospitals. This nationwide questionnaire survey developed based on previous study
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. It is worth pointing out that, unlike the surveys conducted before, we issued questionnaires to physicians, pharmacists and laboratory personnel, so the same hospital may receive several responses.

Methods

A cross-sectional survey was conducted with 156 questions, including single choices, multiple choices and open-ended questions (table1). Of which, 1-4 of 156 are basic information, including the hospital location, grade, type, occupation, name and contact information of the respondents. 5-24 items are for clinicians: what TDM projects and special samples they hope to carry out; The role of TDM in clinical work, as well as the help from clinical pharmacists. 25-155 items are for TDM pharmacists and laboratory physicians: the number and type of blood concentration monitoring facilities of their hospitals, the number of routine examination items and annual sample size; As well as specific measures, comments and suggestions to carry out TDM work. 

By the mobile Wechat software, we used the “Questionnaire Star” as the questionnaire method(https://www.wjx.cn), and distributed to pharmacists, clinicians and clinical laboratory physicians nationwide through the way of wechat diffusion at Aug-20-2019. And collected questionnaires at the data terminal of the “Questionnaire Star” at Aug-30-2019. Data were analyzed using the Statistical Package for Social Sciences (SPSS) program (Ver. 26.0). Descriptive statistics with frequencies and percentages were used where appropriate. Percentages were calculated based on the number of respondents who answered each particular question. Mann–Whitney test was used due to skewed data to evaluate differences in the availability of TDM service based on hospital characteristics. An a priori P value of less than 0.05 was considered statistically significant. 

Results

Distribution of respondents participating in the questionnaire

We collected 475 questionnaires from 26 provinces. Of which, 383 were come from top tertiary hospitals, 92 were non-top tertiary hospitals. And 95 clinicians, 139 were TDM pharmacists and 6 clinical laboratory physicians, 235 of others (dispensing pharmacists, scientific researchers, postgraduate students, etc.) The effective rate of this survey is 50.5%(clinicians, TDM pharmacists and laboratory physicians, a total of 240 responses are considered valid)(Fig1), which were comparable to the response rate of previous studies
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Testing equipment and the specific workload of TDM 
The response from TDM pharmacists and clinical laboratory physicians showed that the number of TDM detection instruments most had no more than two. The number of instruments of top tertiary hospitals were ≤2(89,73.6%), 3-5(27,22.5%), ≥6(5,4.2%) respectively; Non-top tertiary hospitals were ≤2(23, 95.8%), 3-5(2, 4.2%). While in top tertiary hospitals were more than non-top tertiary hospitals, and the difference was statistically significant (Mann–Whitney test, P = 0.017). The number of monitored drug species in top tertiary hospitals was main 6-15(56, 46.6%), and non-top tertiary hospitals were ≤5(16, 66.7%); The number in top tertiary hospitals was more than in non-top tertiary hospitals, and the difference was statistically significant (Mann–Whitney test, P = 0.015). Most participants reported that the annual sample size was 100-1000(35.5% from top tertiary hospitals and 54.2% from non-top tertiary hospitals respondents). However, the overall annual sample size in top tertiary hospitals is bigger than non-top tertiary hospitals (P = 0.008) (Table 2). 

160(78.8%) of 203 respondents from top tertiary hospitals and 22(59.5%) of 37 respondents from non-top tertiary hospitals stated that they received or provided TDM test report (Mann–Whitney test, P = 0.012). Obviously, pharmacists in top tertiary hospitals have provided a more complete interpretation of the report on the monitoring of therapeutic drugs. Interestingly, which department should perform TDM, the majority of respondents from both type of hospitals seems to not care (Mann–Whitney test, P = 0.838) (Table 2).

The current situation of TDM of investigation drugs 

The results from clinicians shows that, the programs they are more eager to develop successively are anti-infective drugs, immunosuppressant / rheumatoid immune drugs, nervous system drugs, cardiovascular drugs and anti-tumor drugs for therapeutic drug monitoring (Fig 2). 
We investigated the number of hospitals, testing methods and fees charged for some projects that routinely carry out TDM. The results showed that vancomycin (112, 77.2%) and voriconazole (51, 35.2%) were the most antibacterial agents in monitoring. Tacrolimus (50, 34.5%) is the most commonly monitored immunosuppressants. The monitoring of psychotropic medication and antiepileptic medication are also widely used. Cardiovascular drugs such as theophylline (51, 35.2%) and digoxin (53,36.6%) with narrow therapeutic window are also important contents of TDM in China. On the whole, the scope of serum drug concentration monitoring is basically consistent with the guidelines and international standards. Most hospitals charge no more than 200 yuan for TDM, while depending on the drug and methods being tested (table 3). (For a more detailed list of the surveyed drugs, please see supplement table)

Comments and Suggestions on TDM work

In the view of clinicians, the main causes and proportion of the inconsistency results between TDM and clinical were improper sample transportation and storage 68 (71.6%), inaccurate nurse sampling time 56(58.9%), inaccurate medication timing 55(57.9%), and inaccurate laboratory measurements 49(51.6%). About what role clinical pharmacists are expected to play in participating in therapeutic drug monitoring, the respondences showed that 47(49.5%)wish clinical pharmacists provide actionable clinical regimen adjustment suggestion, 44(46.3%) expect pharmacists to help doctors make follow-up monitoring plans, 42(44.2%) hope that pharmacists can use the professional knowledge of pharmacy to interpret the results reasonably, 35(36.8%)expect pharmacists to design monitoring plans in advance, and 33(34.7%) expected pharmacists to assist in observing patients' adjusted clinical responses(Table 4).

In the view of TDM pharmacists and clinical laboratory physicians, by strengthening quality control, calibrating instruments regularly, measuring samples timely and perfecting relevant technical guidelines are important contents to improve TDM test results. As for how to improve clinicians' recognition about TDM work, 133(91.7%) of the respondents believed that clinical intervention results of TDM should be improved, 116(80.0%) regard as that propaganda and education should be strengthened, and 111(76.6%) considered that interpretation of TDM results should be provided to deepen clinicians' recognition of TDM (Table 4).

Discussion

Top tertiary hospitals have obvious advantages in TDM 
We compared the difference of TDM work between top tertiary hospitals and non-top tertiary hospitals, the facilities and workload of top tertiary hospitals had obvious advantages. Among ten levels hospitals in China, the top tertiary hospitals are the highest-ranking medical institutions in China with best medical resources[4], which undertake the important number of outpatient, inpatient and major disease diagnosis and treatment. In terms of therapeutic drug monitoring, there are better equipment, technology and abundant sources of samples in top tertiary hospitals. The inequality distribution of medical resources is also common in other countries
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.A study from Malaysia also showed that hospitals with more beds offered better TDM services[4]. 

The Outline of the Plan for the National Medical and health service system (2015-2020) examined and approved by The State Council of China calls for "minor diseases at the grass-roots level, serious diseases in the hospital and rehabilitation at the community based hospitals"[11]

 ADDIN EN.CITE <EndNote><Cite><RecNum>0</RecNum><Note>YANG Jian, LU Shan, JIN Jing. System Thinking and Advice of Hierarchical Medical Services[J]. Hospital management in China,2016,36(01):1-5.In Chinese with English abstract.</Note><DisplayText><style face="superscript">[12]</style></DisplayText></Cite></EndNote>[12]. Patients may be gradually extended to basic hospitals in the future with the advancement of graded diagnosis and treatment.  In addition, the survey results showed that the types of TDM monitoring and specific drugs clinician hope to carry out, top tertiary hospitals and non-top tertiary hospitals have very similar work needs. This may be due to the fact that these drugs have been the focus of TDM surveillance. A more important reason may be that these drugs are frequently used in their clinical work and there is a real need to conduct therapeutic drug monitoring. Accordingly, the clinical demand for TDM in non-top tertiary hospitals may also significantly increase. 
While no matter whether in top or non-top tertiary hospitals, the facility quantity, annual sample size and routine monitoring variety are concentrated in a small area. Here, we have two sets of data showing that in 2018, the number of outpatient visits in hospital A was 3.53 million, and 17,820 cases for TDM. And in hospital B was 3.5 million, and 6,916 cases for TDM. In order to meet the clinical needs, TDM in China may still has a lot of room for improvement.

Different departments have their own advantages in carrying out TDM

The setting of the TDM laboratory varies between different countries
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. Pharmacy department and biochemistry department are the main departments performed TDM. Reports from South Africa, India and Turkey showed that TDM laboratory is part of the pharmacology department[14]. A part of Australian institutions performed simple tests in clinical laboratory, while relatively complex therapeutic drugs are professionally tested by clinical pharmacology departments [15]. In China, there is also no clear regulation on which department should perform TDM. The biochemistry department tend to use of immunoassay for monitoring therapeutic drugs. Compared with the laboratory, the pharmacy department have a profound pharmaceutical background and more professional instrument such as chromatographic and mass spectrometry analysis. The detection cost is high while the results are relative accurate. Most important, close communication with clinical pharmacists can form a good cycle of test - report - clinical pharmacist intervention - retest.
The interpretation of the test results report needs to be improved

No matter which department implements TDM, the clinical pharmacist should make reasonable intervention on the test results. The implementation of TDM not only provides test data results, but more importantly, scientifically interprets test data to provide reasonable drug treatment recommendations
 ADDIN EN.CITE 
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. However, it can be seen from this survey that the interpretation process and content of TDM results are not standardized and unified, and even some medical institutions do not make necessary interpretations of TDM reports. Based on the lack of scientific and unified rules for the interpretation of TDM results, the interpretation subject's rights and responsibilities are unclear. Chinese Pharmacology Society therapeutic drug monitoring and Research Committee published expert Consensus on The Interpretation of Therapeutic Drug Monitoring (TDM) Results[17]. It emphasizes the importance of pharmacists explaining results. The purpose and process of interpretation of results are clarified and the professional qualifications of participants in interpretation of results are emphasized.
Detection method and charging standard are not the same but consistent
The results showed that the monitored concentration ranges are generally consistent, but that some drugs, such as voriconazole, olanzapine, clozapine, cyclosporine etc., may vary in different medical institutions or with different testing methods. For example, the results showed that there were three concentration ranges for voriconazole monitoring: 1-5mg/L, 1-5.5mg/L and 0.5-5mg/L. Voriconazole individualized medication guidelines recommend that the target steady-state concentration range for Chinese population is 0.5~5mg/L (strong recommendation, medium quality evidence). It is also pointed out that both 0.5 mg/L and 1mg/L are the lower limits of ideal voriconazole target valley concentration, but there are differences in the quality of evidence, and 1mg/L is low quality evidence[18]. Some studies have shown that the use of Voriconazole to control the serum concentration between 1.0 and 6.0 mg/L during treatment may help to optimize the clinical success rate and minimize toxicity
 ADDIN EN.CITE 
[19]
. HPLC is a commonly used method for detecting the blood concentration of Voriconazole. However, in clinical practice, most patients with fungal infection treated with voriconazole are in a relatively critical condition, and the combination of drugs is complex. The traditional HPLC method takes a long time to analyze and is easy to be interfered by the combined drug use of patients, so the detection efficiency is low. In contrast, LC-MS/MS method is characterized by high speed, sensitivity, specificity, small impurity interference and small sample volume, and is more suitable for the analysis and determination of clinical samples[18].
The testing method not only affects the range of testing concentration, but also affects the fees charged by medical institutions. According to our investigation, the application for TDM for general projects costs about 200 RMB. While immunosuppressants, such as cyclosporine and tacrolimus, charge slightly higher. This is because they use immunoassay tests, which provided by commercial companies with immunokits that cost more, leading to higher charges. China is gradually bringing testing kits into the coverage of medical insurance, like the centralized purchase of drugs, adopting centralized procurement, which will play an important role in controlling testing costs and stabilizing testing fees.
Comprehensive improvement of TDM requires multiple efforts

 TDM requires the cooperation of clinicians, pharmacists, nurses, and even examiners in some hospitals. From clinical diagnosis, drug administration, sampling, sample management, testing, and the return of test results to clinical intervention, every link in the whole process shows the importance. We tried to explore the opinions and suggestions of TDM participants, finding the deficiencies and ways to improve. Clinicians hope pharmacists can give full play to their professional advantages in the clinical process and provide reasonable and safe drug recommendations. An investigation shows, pharmacists follow up patients and report adverse reactions according to the monitoring situation


[5] ADDIN EN.CITE . The monitoring of therapeutic drugs and adverse reactions is one of the most direct and professional work contents for pharmacists to participate in the clinical practice. It is possible that the more active pharmacists participate in clinical practice, the more positive cycle of clinical pharmacists will be ushered in. In fact, not all clinicians accept or actively promote therapeutic drug monitoring, which is a gap and an important obstacle to the implementation of TDM. Strengthen propaganda and communication among departments, and develop practical guidelines and expert consensus, may be the best way to bridge this gap. At present, domestic guidelines on TDM are limited, such as China's Guidelines for Vancomycin Treatment Drug Monitoring, Voriconazole Personalized Medication Guidelines, and AGNP Psychiatric Drug Monitoring Consensus Guidelines :2011. More TDM guidelines and expert consensus should be established for other drugs or special groups, such as pregnant women, the elderly, obese people and critically ill patients, to optimize TDM.
Conclusion

This survey objectively reflects the current status of TDM work in hospitals in China. Therapeutic drug monitoring is widely used in Chinese medical institutions. The tertiary hospitals have some advantages in developing TDM. At present, the monitoring of therapeutic drugs in China is mainly distributed in antibacterial drugs, immunosuppressant / rheumatoid immune drugs, nervous system drugs, anti-epileptic drugs, cardiopulmonary drugs and anti-tumor drugs. The development of TDM in China may be greatly promoted by increasing the equipment of testing instruments, improving the interpretation of testing reports, enhancing the cooperation between pharmacists and clinical practitioners, and issuing more specific and standardized guidelines and expert consensus.

	Table1. Areas Covered and Item Distribution of the Questionnaire Used for the Survey of TDM in China

	Item Number
	Aspects
	Items of Question

	1-4
	Basic information
	The hospital Location, grade, type, and occupation of the respondents.

	5-24
	For clinicians Items
	Hope to develop the kinds of TDM drugs and biological sample species, Clinical requirements, Opinions and understanding on existing problems of TDM.

	25-155
	For TDM pharmacist and clinical laboratory physicians Items
	Monitoring facilities, detection annual sample size, detection methods, and interpretation of detection reports; Suggestions for improving TDM work. Test methods, concentration range and charge of the specific projects.

	156
	Information of the respondents
	Name and contact.


	Table 2. Progress of TDM work in Top tertiary hospitals and non-Top tertiary hospitals


	Hospital characteristics
	Top tertiary hospitals 
	non-Top tertiary hospitals
	P value (0.05)

	Quantity of Facilities for TDM
	N=121(%)
	N=24(%)
	0.017*

	≤2
	89(71.3%)
	23(95.8%)
	

	3-5
	27(22.5%)
	1(4.2%)
	

	≥6
	5(4.2%)
	0(0%)
	

	Number of monitored species
	N =121
	N =24
	0.015*

	≤5
	48(40.0%)
	16(66.7%)
	

	6-15
	56(46.6%)
	7(29.2%)
	

	16-25
	16(13.3%)
	0
	

	＞25
	1(0.1%)
	1 (5.1%)
	

	Annual sample size

(Cases per year)
	N =121
	N =24
	0.008*

	＜100
	30(24.8%)
	9(37.5%)
	

	100-1000
	43(35.5%)
	13(54.2%)
	

	1000-3000
	23(19.0%)
	2(8.3%)
	

	＞3000
	25(20.7%)
	0(0%)
	

	Carry out TDM testing department
	N =203
	N =37
	0.838

	Pharmacy department
	86(42.4%)
	14(37.8%)
	

	Clinical laboratory
	22(10.8%)
	6(16.2%)
	

	Unsure
	95(46.8%)
	17(46.0%)
	

	Whether to provide test report
	N =203
	N =37
	0.012*

	Yes
	160(78.8%)
	22(59.5%)
	

	No
	43(21.2%)
	15(40.5%)
	


(*means P＜0.05，Statistically significant)

Table 3. Number of hospitals carrying out TDM, testing methods and fees of the investigated projects
	Projects
	Number of hospitals(N)
Top tertiary (n1)/ Non-top tertiary(n2)
（145,121/24）
	Main detection methods

(Top tertiary /
Non-top tertiary)
	Monitoring of concentration

(Top tertiary / Non-top tertiary)
	Charge(n,%)

	Vancomycin
	112(77.2%)(Totle)

	
	92(76.0%)/
	HPLC,2D-LC, Immunization
	10-20mg/L
	＜¥100(37,40.0%),
¥100-200(55,60.0%)

	
	20(83.3%)
	HPLC, Immunization
	10-20mg/L
	＜¥100(13,65.0%),

¥100-200(6,30.0%),

＞¥200(1,5.0%)

	Voriconazole
	51(35.2%)(Totle)

	
	46(38.0%)/
	HPLC,2D-LC,LC-MS, Immunization
	1-5 mg/L,
1-5.5mg/L,
0.5-5mg/L
	＜¥100(18,39.1%)，
¥100-200(28,60.9%)

	
	5(20.8%)
	HPLC
	1-5 mg/L
	＞¥200(1,20.0%)

	Tacrolimus
	50(34.5%)(Totle)

	
	45(37.2%)/
	Immunization,
LC-MS
	5-15ng/ml
	＜¥100(2,4.4%),
¥100-200(14,31.1%),
＞¥200(29,64.4%)

	
	5(20.8%)
	Immunization
	5-15ng/ml
	¥100-200(2,40.0%),
＞¥200(3,60.0%)

	Ciclosporin
	63(43.4%)(Totle)

	
	56(46.3%)/
	HPLC,2D-LC,LC-MS, Immunization
	100-450，60-120，100-400 (μg/L)，
	＜¥100(3,5.4%),
¥100-200(18,32.1%),
＞¥200(35,62.5%)

	
	7(29.2%)
	HPLC, Immunization
	100-450，60-120，100-400 (μg/L)，
	¥100-200(3,42.9%),
＞¥200(4,57.1%)

	Olanzapine
	17(11.7%)(Totle)

	
	16(13.2)/
	HPLC,2D-LC,LC-MS
	10-20ug/L,
20-80ug/L
	＜¥100(5,31.3%),
¥100-200(1168.7%)

	
	1(4.2%)
	LC-MS
	10-20ug/L
	＜¥100(1,100%)

	Clozapine
	18(12.4%)(Totle)

	
	17(14.0%)/
	HPLC,2D-LC,LC-MS
	10-20ug/L, 350-600ng/ml
	＜¥100(5,29.4%),
¥100-200(11,64.7%)

	
	1(4.2%)
	LC-MS
	10-20ug/L
	＜¥100(1,100%)

	Valproic acid
	99(68.3%)(Totle)

	
	84(69.4%)/
	Immunization,HPLC,2D-LC,GC,LC-MS
	50-100 mg/L, 40-100 mg/L
	＜¥100(31,36.9%),
¥100-200(52,91.9%),
＞¥200(1,1.2%)

	
	15(62.5)
	Immunization, HPLC
	50-100 mg/L
	＜¥100(10,66.7%),
¥100-200(5,33.3%)

	Carbamazepine
	81(55.9%)(Totle)

	
	68(56.2%)/
	Immunization,HPLC,
2D-LC,LC-MS
	4-12 mg/L，
4-10 mg/L
	＜¥100(24,35.3%),
¥100-200(43,63.2%),
＞¥200(1,1.5%)

	
	13(54.2%)
	Immunization, HPLC
	4-12 mg/L，
4-10 mg/L
	＜¥100(9,69.2%),
¥100-200(3,23.1%),
＞¥200(1,7.8%)

	Phenytoin sodium


	73(50.3%)(Totle)

	
	63(52.1%)/
	Immunization, HPLC,2D-LC, LC-MS，TLC
	10-20 µg/mL
	＜¥100(20,31.7%),
¥100-200(41,65.1%),
＞¥200(1,1.6%)

	
	10(41.7%)
	Immunization, HPLC
	10-20 µg/mL
	＜¥100(8,80.0%),
¥100-200(1,10.0%),
＞¥200(1,10.0%)

	Theophylline

	51(35.2%)(Totle)

	
	39(32.2%)/
	Immunization, HPLC
	5-20,10-20( mg/L)
	＜¥100(11,28.2%),
¥100-200(28,71.8%)

	
	12(50.0%)
	Immunization, HPLC
	5-20,10-20( mg/L)
	＜¥100(9,75.0%),
¥100-200(1,8.3%),
＞¥200(2,16.7%)

	Digoxin

	53(36.6%)(Totle)

	
	42(34.7%)/
	Immunization, HPLC, LC-MS, GC

	0.8-2.0, 0.5-2.0 (μg/L)

	＜¥100(18,24.9%),
¥100-200(23,57.8%),
＞¥200(1,2.4%)

	
	11(45.8%)
	Immunization, HPLC
	0.8-2.0, 0.5-2.0 (μg/L)

	＜¥100(7,63.6%),
¥100-200(2,18.2%),
＞¥200(2,18.2%)

	Methotrexate
	74(51.0%)(Totle)

	· 
	71(58.7%)/
	HPLC, TLC, 2D-LC Immunization,

	24h:5-10;
48h:0.5-1;
72h: &lt;0.2
(μmol/L)
	＜¥100(22,31.0%),
¥100-200(46,47.8%)

＞¥200(3,42.2%)

	· 
	3(12.5%)
	HPLC,TLC
	24h:5-10;
48h:0.5-1;
72h:&lt;0.2
(μmol/L)
	＜¥100(1,33.3%),
＞¥200(2,66.7%)




Table 4. The comments and Suggestions from respondents
	Questions of the survey

	Clinicians considered the main reasons for the inconformity of TDM results with clinical practice
	N=95
	Proportion(%)

	Improper storage and transportation of specimens[20] 
	68
	71.6%

	Inaccurate nurse sampling time
	56
	58.9%

	Inaccurate medication time
	55
	57.9%

	Inaccurate laboratory measurement
	49
	51.6%

	Clinicians considered the value of pharmacists in clinical practice
	N=95
	Proportion(%)

	Provide information on efficacy, safety and interactions of drugs
	83
	87.4%

	Pharmacists participate in clinical rounds and case discussions
	66
	69.5%

	Provides interpretation of TDM results
	57
	60.0%

	Timely supply of newly marketed drugs
	46
	48.4%

	The role which clinicians wish pharmacists play in TDM
	N=95
	Proportion(%)

	provide Suggestions on adjustment of medication regimen
	47
	49.5%

	Interpretation test results
	42
	44.2%

	Assist doctors to develop follow-up monitoring plans
	44
	46.3 %

	Design monitoring plans in advance
	35
	36.8%

	Assist to observe the patient's adjusted clinical response
	33
	34.7%

	How to improve the reliability of TDM detection results
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	N=145
	Proportion(%)

	Strengthen quality control
	144
	99.3%

	Equipment calibration
	132
	91.0%

	Timely sample determination
	124
	85.5%

	Develop technical guidelines
	122
	83.6%

	How to improve clinicians' recognition of TDM


[9, 22, 23] ADDIN EN.CITE 
	N=145
	Proportion(%)

	To improve the clinical outcome of TDM intervention 
	133
	91.7%

	Strengthen communication with clinicians
	116
	80.0%

	Provide interpretation of TDM reports to enhance the recognition of clinicians
	111
	76.6%
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