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Objectives: Elderly lung cancer patients often have chronic diseases other than lung cancer. Therefore, this kind of population is often accompanied by polypharmacy. This situation and the resulting potentially inappropriate medication (PIM) use are an increasing global concern. In this context, the Chinese Association of Geriatric Research issued an expert consensus on the safety management of polypharmacy. However, the long- and short-term effects of the expert consensus on polypharmacy and PIM use are not clear.
Methods: The study was conducted in Chengdu, a city in southwestern China, consisting of prescriptions for elderly lung cancer outpatients with multimorbidity (cancer with other diseases) from January 2016 to December 2021. The 2019 Beers criteria were used to evaluate PIM use, and interrupted time series analysis was used to evaluate the longitudinal effectiveness of expert consensus by measuring the prevalence of polypharmacy and PIM use. We used R software version 4.2.0 for data analysis.
Results: A total of 7,238 elderly lung cancer outpatient prescriptions were included in the study. After the publication of the expert consensus, the level (β = -10.273, P < 0.001) of the prevalence of polypharmacy decreased, but the trend (β = 0.158, p = 0.855) of polypharmacy increased. The prevalence of PIM use decreased abruptly (β = -22.828, p < 0.001) after the intervention, but the long-term trend was still upward (β = 0.907, p = 0.916).
Conclusion: The long-term effects of the publication of the expert consensus on the prevalence of polypharmacy and PIM use in hospitals in Chengdu were not optimal. Future research on interventions rationing polypharmacy and PIM use is needed.
Keywords: polypharmacy, potentially inappropriate medication, lung cancer, elderly, trend
INTRODUCTION
According to epidemiology, although breast cancer has surpassed lung cancer to become the first cancer with new cases worldwide, lung cancer remains the most common cancer in China, with 0.82 million new cases in 2020 (Global Cancer Observatory, 2020; Cao et al., 2021). Cancer is a disease of aging, with the majority of patients age ≥65 years. Cancer incidence is expected to increase by 67% among individuals age ≥65 years from 2010 to 2030 (Hurria et al., 2014). And approximately 20% of lung cancer patients are over 80 years old (Ahmed et al., 2021). This is because with increasing age, elderly individuals are exposed to carcinogens in the environment more, the higher the risk of DNA mutations in the body, and the immunity of the population will decline after entering old age (Decoster and Schallier, 2019). Compared with middle-aged lung cancer patients, elderly patients often have other chronic diseases, so they have to take a variety of medications; this situation is inevitable and very common (Nilsson et al., 2017; Ding et al., 2020). This multidrug combination therapy may increase the probability of drug interactions, some of which will lead to serious consequences. Adverse drug interactions are caused by changes in drug efficacy and adverse reactions caused by drug combinations. Its essence is that the inhibition of drug metabolism leads to adverse reactions or a significant increase in efficacy, or the induction of drug metabolism leads to a relatively insufficient dose, resulting in a significant reduction in efficacy. Liver and kidney dysfunction and body fat changes in elderly patients significantly change drug distribution, metabolism and excretion, increase the risk of drug interactions, and even cause serious clinical consequences such as disability and death (Wildiers et al., 2014; Koczwara et al., 2022).
At present, the definition of polypharmacy is not completely unified, which usually refers to the phenomenon that the same patient uses more than five drugs at the same time (LeBlanc et al., 2015). Although drugs can usually improve the health status of elderly patients, long-term use of polypharmacy may cause a greater burden. Patients with polypharmacy often experience drug-related burdens, including the impact on elderly patients’ quality of life, adverse reactions after taking medication, complex medication programs, and interference with social activities. Therefore, an increasing number of medical and pharmaceutical experts have called on medical staff to pay attention to the risk of polypharmacy and the resulting potentially inappropriate medication (PIM) use in the population, which has brought about a series of drug-related problems (Hyttinen et al., 2016; Muhlack et al., 2017; Wallace et al., 2017) and has put forward management measures to avoid and reduce the damage caused by drug interactions during polypharmacy combination therapy. To meet the needs of clinical practice and further improve the drug safety of elderly patients, an expert consensus on the safety management of polypharmacy for elderly patients was formulated in October 2018. The expert consensus was implemented through the publicity of some medical media at the social level. And In medical institutions, the expert consensus is mainly interpreted by clinical pharmacists to doctors.
At present, there are some studies on the prevalence or trend of polypharmacy and PIM use in Chinese elderly cancer patients (Tian et al., 2022a; Tian et al., 2022b; Tian et al., 2022c). However, the long-term and short-term effects of expert consensus on polypharmacy and PIM use are not clear. The purpose of this study was to explore the trend of polypharmacy and PIM use in tertiary hospitals from 2016 to 2021 to evaluate its impact. Thus, it can provide a basis for further formulating management policies.
METHODS
Setting and sample
The study was performed to explore the impact of expert consensus on the trends of polypharmacy (which refers to the same patient uses more than five drugs at the same time) and PIM use among elderly (aged ≥65) lung cancer outpatients with multimorbidity (cancer with other diseases) in nine hospitals. These hospitals are tertiary hospitals with complete outpatient departments and electronic information systems in Chengdu. Chengdu is the capital of Sichuan, the largest province in Southwest China, which had a population of 20.93 million and an area of 14,335 square kilometers in 2020. Among them, the population aged ≥65 was 2.85 million, accounting for 13.62%. Compared with 2010, the proportion of people aged ≥65 increased by 3.60 percentage points. Multimorbidity of patients was determined by the numbers of diagnoses in the medical records. All data were retrospectively collected without any possibility of individual identification.
Data collection and evaluation criteria
This was a descriptive epidemiologic study using cluster random sampling to extract prescription data of elderly lung cancer outpatients from the hospital information system (HIS) from 1 January 2016, to 31 December 2021. And we define polypharmacy by the number of drugs on the prescription. The data were collected by diagnosis type as follows: 1) basic information (region, prescription code, and department source); 2) patient characteristics (age, sex, and diagnosis); and 3) medication characteristics (generic name, trade name, drug specifications, dosage form, administration route, number of prescriptions, prescription expenditure, and frequency of administration). The criteria in the count of prescribed medications as follows: 1) duration of prescription (≤1 month); 2) route of administration (oral medications, injection medications, topical medications and inhaler, etc); 3) medications directly related to treatment for lung cancer were counted as concomitant medications (such as oral tyrosine kinase inhibitor or antiemetic for chemo). 4) Chinese traditional herbal medications were not included. The Chinese Association of Geriatric Research issued an expert consensus in October 2018, providing a reference for further strengthening the management of polypharmacy. The 2019 Beers criteria (American Geriatrics Society Beers Criteria® Update Expert Panel, 2019) were used to evaluate PIM use. The 2019 Beers criteria was selected as it is more suitable for outpatients than other criteria. The prescription in this study were evaluated by potentially inappropriate with PIM use in older adults (table 2 of the 2019 Beers criteria), PIM use in older adults due to drug-disease or drug-syndrome interactions that may exacerbate the disease or syndrome (table 3 of the 2019 Beers criteria), drugs to be used with caution in older adults (table 4 of the 2019 Beers criteria), potentially clinically important drug-drug interactions that should be avoided in older adults (table 5 of the 2019 Beers criteria) of 2019 AGS/Beers Criteria.
Data analysis
A medication was considered a PIM by one of the PIM classification tables, and it was considered two PIMs by two PIM classification tables, etc … The prevalence of polypharmacy = (number of polypharmacy prescriptions/total prescriptions) ×100%. The prevalence of PIM use = (number of PIM use prescriptions/total prescriptions) ×100%. Interrupted time series (ITS) were used to conduct linear regression analysis on the two time periods before and after the implementation of the expert consensus to analyze the changes and slope changes of polypharmacy and PIM use. The effect of the intervention measures was evaluated by constructing a discontinuous linear regression model, including the level changes before and after the intervention time point and whether the slope of the decline or rise of the event rate or the number of cases with time changed after the implementation of the intervention, to evaluate the impact of the intervention measures on the outcome variables (Zhang et al., 2009). ITS analysis requires that the data used to construct the discontinuous linear regression model meet the requirements of the intervention measures and show a linear trend with time before and after the intervention. When the time series data show a linear trend before and after the intervention, the linear regression model can be used to fit the data to explore the impact of the intervention measures on the outcome variables. In addition, ITS requires that there is no autocorrelation in the sequence. The Durbin-Watson statistic was used to test whether the sequence had first-order autocorrelation. The Durbin-Watson statistic is between 0–4, and its value is close to 2, indicating that there is no autocorrelation. If there was a first-order autocorrelation in the data, generalized least square estimation was used, which was realized by the Prais-Winsten statistic (Hartmann et al., 1980). The intervention time in our study began in January 2019, as the data are counted every quarter, and after the expert consensus was released, it will take some time for medical staff to retrieve and learn. This study covered every quarter continuously for an overall period of 6 years, consisting of 12 quarters before the intervention and 12 quarters after the intervention. We used R version 4.2.0 (R Core Team., 2022) for data analysis, and p < 0.05 was considered statistically significant.
RESULTS
Basic patient characteristics
A total of 7,238 elderly lung cancer outpatient prescriptions were included in this study. The prevalence of polypharmacy in Chengdu increased from 14.27% in 2016 to 18.04% in 2018 and thereafter decreased to 9.17% in 2021. The prevalence of PIM use increased from 31.94% in 2016 to a peak of 42.67% in 2018 and thereafter decreased to 30.13% in 2021 (Table 1). The percentage of patients by type of lung cancer and the prevalence of metastatic patients in 6 years showed in Table 2.
TABLE 1 | The prevalence of polypharmacy and PIM use in elderly lung cancer outpatients with multimorbidity.
[image: Table 1]TABLE 2 | The prevalence of type and metastatic in elderly lung cancer outpatients with multimorbidity.
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The ITS analysis of the prevalence of polypharmacy of elderly lung cancer outpatients from 2016 to 2021 conducted linear trend judgment and autocorrelation analysis on the data. In the regression analysis of overall polypharmacy prevalence from 2016 to 2021, the Durbin-Watson statistic was 1.304 (p < 0.05), suggesting the existence of first-order autocorrelation. Therefore, the Prais-Winsten estimation method was used to correct and construct the interrupted linear regression model. The results showed that before the release of the expert consensus (2016–2018), the slope of the prevalence of polypharmacy was 0.225, showing an upward trend, and the difference was not statistically significant (β1 = 0.225, p = 0.377). After the release of the expert consensus, the prevalence of polypharmacy decreased by 10.273% compared with that before the release of the expert consensus, and the difference was statistically significant (β2 = -10.273, p < 0.001). After the release of the expert consensus (2019–2021), the slope of the prevalence rate of polypharmacy was 0.225 + (-0.067) = 0.158, showing an upward trend, and the difference was not statistically significant (β3 = -0.067, p = 0.855). (Table 3; Figure 1).
TABLE 3 | Impact of the implementation of the expert consensus on the prevalence of polypharmacy.
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The effects of PIM use
ITS analysis of the prevalence of PIM use in elderly lung cancer outpatients from 2016 to 2021. In the regression analysis, the Durbin-Watson statistic is 2.052 (p = 0.58), indicating that there was no first-order autocorrelation. The results showed that before the release of the expert consensus (2016–2018), the slope of the prevalence of PIM use was 0.957, showing an upward trend, and the difference was statistically significant (β1 = 0.957, p = 0.009). After the release of the expert consensus, the prevalence of PIM use decreased by 22.828% compared with that before the release of the expert consensus, and the difference was statistically significant (β2 = -22.828, p < 0.001). After the release of the expert consensus (2019–2021), the slope of the prevalence rate of polypharmacy was 0.957 + (-0.05) = 0.907, showing an upward trend, and the difference was not statistically significant (β3 = -0.05, p = 0.106). (Table 4; Figure 2).
TABLE 4 | Impact of the implementation of the expert consensus on the prevalence of PIM use.
[image: Table 4][image: Figure 2]FIGURE 2 | The prevalence of PIM use in Chengdu, 2016–2021.
DISCUSSION
To the best of our knowledge, this is the first ITS to assess the impact of expert consensus on polypharmacy and PIM use trends in elderly lung cancer outpatients with multimorbidity. Through a Chinese prescription analysis database, we investigated the impact on the prevalence of polypharmacy and PIM use on the expert consensus of safety management of polypharmacy for elderly patients released in October 2018. After the release of the expert consensus, both the prevalence of polypharmacy and PIM use decreased, especially the prevalence of PIM use. Regarding measures to reduce polypharmacy, studies have shown that unreasonable psychotropic drug polypharmacy in Japan can be reduced by revising the fee of medical services (Hirano and Ii, 2019; Okada and Akazawa, 2022). In addition, there was a study on the application of electronic medicine reconciliation, which reduced the PIM use of elderly inpatients in tertiary hospitals after discharge and transfer to the community in Canada (Welk et al., 2021). Our research results are similar to these studies, proving that the trend of polypharmacy and PIM use can be reduced through some relevant policies or pattern. However, there are some differences in our research. After the release of the expert consensus, polypharmacy and PIM use declined significantly, but with the passage of time, these two increased to a certain extent. Among them, polypharmacy increased slightly, while PIM use increased significantly. First, this expert consensus is about the safety management of polypharmacy, so the impact on polypharmacy is more obvious. Second, polypharmacy can be judged only by the number of drugs prescribed. However, PIM use requires some special judgment criteria, and doctors easily ignore PIM use in the busy work of outpatient clinics. Considering that doctors will not only prescribe drugs for the treatment of lung cancer but also start other related drugs for complications caused by lung cancer, such as pain and depression (Park et al., 2016; Gu et al., 2021; He et al., 2022), it is also difficult to reduce the number of medications.
At present, some studies have shown that the release of expert consensus or some policies can promote the rational application of drugs. One study analyzed the impact of expert consensus on the application trend of carbapenem in medical institutions. Although it promoted the rational use of carbapenems, the long-term effects were relatively general (Ye et al., 2022). This is similar to our research results. Expert consensus has obvious short-term effects on polypharmacy and PIM use, but the long-term effects are poor. Subsequently, the prevalence of both was slowly increasing. However, another study analyzed the impact of national policy on adjusted drug use in tertiary hospitals. The study shows that the use and cost of adjusted drugs have decreased after the introduction of the national management policy (Li et al., 2022). Perhaps this is due to the binding force of the expert consensus being relatively weak compared with the national policy, and the promotion degree is relatively poor compared with the guidelines (Van et al., 2007; Jiang et al., 2015). Therefore, the intervention effect is relatively obvious in the short time after the expert consensus is released, but the long-term effect is relatively poor. Therefore, in view of this situation, when some expert consensus on promoting the rational use of drugs is released, it is best to promote medical personnel in some relevant media to expand the application. In addition, the study and publicity of expert consensus can be increased in clinical use. For example, clinical pharmacists can guide rational drug use through expert consensus to further increase the impression of doctors.
A previous survey on the prevalence of polypharmacy based on the national population showed that there was a certain increase in different countries, increasing from 8.2% in 1999 to 15% in 2012 in the United States (Kantor et al., 2015), increasing from 16.9% in 2006 to 19% in 2014 in Sweden (Zhang et al., 2020), and increasing from 44.9% in 2011 to 47.8% in 2019 in France (Drusch et al., 2021), which is consistent with regional register-based studies on this period in the United Kingdom (a polypharmacy increase from 11.2% in 1995 to 22.8% in 2010; Guthrie et al., 2015) and those using the University Groningen IADB.nl prescription database in the Netherlands (showing an increase from 56.5% in 2012 to 58.2% in 2016; Oktora et al., 2021). This is consistent with the results of our research before the release of the expert consensus, and the prevalence of polypharmacy in elderly lung cancer outpatients with multimorbidity increased from 14.27% in 2016 to 18.04% in 2018. This is mainly because the incidence rate of lung cancer has gradually increased over the years. Meanwhile, the proportion of metastasis patients is relatively high, and a patient with metastatic disease is subject to a much higher number of prescriptions for multiple classes of drugs, not only anticancer but especially related to symptoms and comorbidities, than a patient with local tumor involvement. The treatment of lung cancer includes not only the disease itself but also the complications caused by lung cancer, such as pain and anxiety, which have led to the increase in the prevalence of polypharmacy (Hita-Yañez et al., 2013). Some studies in Europe and the United States have reported a decrease in the prevalence of PIM use (Ble et al., 2012; Hovstadius et al., 2014; Davidoff et al., 2015; Muhlack et al., 2018). With the popularization of the STOPP/START and Beers criteria, clinicians pay more attention to PIM use in elderly patients. However, our research results are different from those of these studies before the release of expert consensus. Our research results show that the prevalence of PIM use in elderly lung cancer outpatients with multimorbidity increased from 31.94% in 2016 to 42.67% in 2018. This is consistent with a study in Ireland that showed that the prevalence of PIM use rose from 32.6% in 1997 to 37.3% in 2012 (Moriarty et al., 2015). As polypharmacy is associated with an increased risk of inappropriate prescriptions, the prevalence of polypharmacy and PIM use in our studies were related, showing an increasing trend. It also shows that expert consensus can play a role in the long-term decline of PIM use.
This study has several limitations that need attention. First, this study only included outpatient prescription data from tertiary hospitals. Therefore, we do not know the impact on polypharmacy and PIM use in community clinics or primary hospitals. Second, we only studied the impact of expert consensus on polypharmacy and PIM use in Chengdu; thus, it may not reflect the impact of expert consensus on the whole country. Third, the data we analyzed were about polypharmacy and PIM use trends in elderly lung cancer outpatients with multimodality, as outpatients rarely have follow-up. It was not clear how this intervention will affect patients in the long term.
CONCLUSION
Our study found that before the release of the expert consensus, the prevalence of polypharmacy and PIM use in old lung cancer outpatients with multimodality showed an upward trend. After the release of the expert consensus, these two indicators declined in the short term, but the long-term trend gradually increased. Therefore, to promote the rational use of drugs in elderly lung cancer patients, in addition to issuing relevant expert consensus, some other measures should be taken.(Maleki et al., 2022), (R Core Team, 2022).
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
This study protocol was approved by the Sichuan University West China Hospital Research Ethics Board (2020/651).
AUTHOR CONTRIBUTIONS
Developing design: FT, ZC; Literature search: RT, QF; Manuscript writing: FT, ZC; Analysis of results: FT, FW.
FUNDING
This work was supported by the Sichuan Science and Technology Program (Project number: 2022JDR0326).
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Ahmed, Z., Kennedy, K., and Subramanian, J. (2021). The role for chemotherapy in 80 years and older patients with metastatic non-small cell lung cancer: A national cancer database analysis. Lung Cancer 154, 62–68. doi:10.1016/j.lungcan.2021.02.011
 Ble, A., Masoli, J. A. H., Barry, H. E., Winder, R. E., Tavakoly, B., Henley, W. E., et al. (2012). Any versus long-term prescribing of high risk medications in older people using 2012 Beers criteria: Results from three cross-sectional samples of primary care records for 2003/4, 2007/8 and 2011/12. BMC Geriatr. 15, 146. doi:10.1186/s12877-015-0143-8
 By the 2019 American Geriatrics Society Beers Criteria® Update Expert Panel (2019). American Geriatrics society 2019 updated AGS Beers Criteria® for potentially inappropriate medication use in older adults. J. Am. Geriatr. Soc. 67, 674–694. doi:10.1111/jgs.15767
 Cao, W., Chen, H. D., Yu, Y. W., Li, N., and Chen, W. Q. (2021). Changing profiles of cancer burden worldwide and in China: A secondary analysis of the global cancer statistics 2020. Chin. Med. J. 134 (7), 783–791. doi:10.1097/CM9.0000000000001474
 Davidoff, A. J., Miller, G. E., Sarpong, E. M., Yang, E., Brandt, N., and Fick, D. M. (2015). Prevalence of potentially inappropriate medication use in older adults using the 2012 Beers criteria. J. Am. Geriatr. Soc. 63, 486–500. doi:10.1111/jgs.13320
 Decoster, L., and Schallier, D. (2019). Treatment of older patients with advanced non-small cell lung cancer: A challenge. J. Geriatr. Oncol. 10 (4), 528–533. doi:10.1016/j.jgo.2018.09.008
 Ding, R., Zhu, D., He, P., Ma, Y., Chen, Z., and Shi, X. (2020). Comorbidity in lung cancer patients and its association with medical service cost and treatment choice in China. BMC Cancer 20 (1), 250. doi:10.1186/s12885-020-06759-8
 Drusch, S., Le Tri, T., Ankri, J., Zureik, M., and Herr, M. (2021). Decreasing trends in potentially inappropriate medications in older people: A nationwide repeated cross-sectional study. BMC Geriatr. 21 (1), 621. doi:10.1186/s12877-021-02568-1
 Global Cancer Observatory (2020). International agency for research on cancer. Cancer Today. Available from: https://gco.iarc.fr/today/data/factsheets/cancers/15-Lung-fact-sheet.pdf [Accessed March 23, 2022]. 
 Gu, M., Hua, X. L., Li, S. J., Luo, J., Liu, J. M., Zhang, Y., et al. (2021). Application of quality control circle activity in improving effectiveness of drug intervention in lung cancer patients with moderate to severe pain. Curr. Med. Sci. 41 (5), 996–1003. doi:10.1007/s11596-021-2451-x
 Guthrie, B., Makubate, B., Hernandez-Santiago, V., and Dreischulte, T. (2015). The rising tide of polypharmacy and drug-drug interactions: Population database analysis 1995-2010. BMC Med. 13, 74. doi:10.1186/s12916-015-0322-7
 Hartmann, D. P., Gottman, J. M., Jones, R. R., Gardner, W., Kazdin, A. E., and Vaught, R. S. (1980). Interrupted time series analysis and its application to behavioral data. J. Appl. Behav. Anal. 13 (4), 543–559. doi:10.1901/jaba.1980.13-543
 He, Y., Sun, L. Y., Peng, K. W., Luo, M. J., Deng, L., Tang, T., et al. (2022). Sleep quality, anxiety and depression in advanced lung cancer: Patients and caregivers. BMJ Support. Palliat. Care 12 (2), e194–e200. doi:10.1136/bmjspcare-2018-001684
 Hirano, Y., and Ii, Y. (2019). Changes in prescription of psychotropic drugs after introduction of polypharmacy reduction policy in Japan based on a large-scale claims database.Clin. Drug Investig. 39, 1077–1092. doi:10.1007/s40261-019-00838-w
 Hita-Yañez, E., Atienza, M., and Cantero, J. L. (2013). Polysomnographic and subjective sleep markers of mild cognitive impairment. Sleep 36 (9), 1327–1334. doi:10.5665/sleep.2956
 Hovstadius, B., Petersson, G., Hellström, L., and Ericson, L. (2014). Trends in inappropriate drug therapy prescription in the elderly in Sweden from 2006 to 2013: Assessment using national indicators. Drugs Aging 31, 379–386. doi:10.1007/s40266-014-0165-5
 Hurria, A., Dale, W., Mooney, M., Rowland, J. H., Ballman, K. V., Cohen, H. J., et al. (2014). Designing therapeutic clinical trials for older and frail adults with cancer: U13 conference recommendations.J. Clin. Oncol. 32 (24), 2587–2594. doi:10.1200/JCO.2013.55.0418
 Hyttinen, V., Jyrkkä, J., and Valtonen, H. (2016). A systematic review of the impact of potentially inappropriate medication on health care utilization and costs among older adults. Med. Care 54 (10), 950–964. doi:10.1097/MLR.0000000000000587
 Jiang, L., Krumholz, H. M., Li, X., Li, J., and Hu, S. (2015). Achieving best outcomes for patients with cardiovascular disease in China by enhancing the quality of medical care and establishing a learning health-care system. Lancet 386 (10002), 1493–1505. doi:10.1016/S0140-6736(15)00343-8
 Kantor, E. D., Rehm, C. D., Haas, J. S., Chan, A. T., and Giovannucci, E. L. (2015). Trends in prescription drug use among adults in the United States from 1999-2012. JAMA 314, 1818–1831. doi:10.1001/jama.2015.13766
 Koczwara, B., Deckx, L., Ullah, S., and van den Akker, M. (2022). Impact of comorbidities on physical function and survival of middle-aged, as compared to older, individuals with cancer. Support. Care Cancer 30 (2), 1625–1632. doi:10.1007/s00520-021-06567-1
 LeBlanc, T. W., McNeil, M. J., Kamal, A. H., Currow, D. C., and Abernethy, A. P. (2015). Polypharmacy in patients with advanced cancer and the role of medication discontinuation. Lancet. Oncol. 16 (7), e333–e341. doi:10.1016/S1470-2045(15)00080-7
 Li, H., McIver, D. J., Ji, W., Du, J., Zhao, H., Jia, X., et al. (2022). The impact of a national stewardship policy on the usage patterns of key monitoring drugs in a tertiary teaching hospital: An interrupted time series analysis. Front. Pharmacol. 13, 847353. doi:10.3389/fphar.2022.847353
 Maleki, S., Glewis, S., Fua, T., Liu, C., Rischin, D., Alexander, M., et al. (2022). A randomised controlled trial of clinical pharmacy intervention versus standard care to improve medication adherence in outpatients with head and neck cancer receiving radiotherapy. Support. Care Cancer 30 (5), 4243–4253. doi:10.1007/s00520-021-06779-5
 Moriarty, F., Hardy, C., Bennett, K., Smith, S. M., and Fahey, T. (2015). Trends and interaction of polypharmacy and potentially inappropriate prescribing in primary care over 15 years in Ireland: A repeated cross-sectional study. BMJ Open 5, e008656. doi:10.1136/bmjopen-2015-008656
 Muhlack, D. C., Hoppe, L. K., Stock, C., Haefeli, W. E., Brenner, H., and Schottker, B. (2018). The associations of geriatric syndromes and other patient characteristics with the current and future use of potentially inappropriate medications in a large cohort study. Eur. J. Clin. Pharmacol. 74, 1633–1644. doi:10.1007/s00228-018-2534-1
 Muhlack, D. C., Hoppe, L. K., Weberpals, J., Brenner, H., and Schöttker, B. (2017). The association of potentially inappropriate medication at older age with cardiovascular events and overall mortality: A systematic review and meta-analysis of cohort studies. J. Am. Med. Dir. Assoc. 18 (3), 211–220. doi:10.1016/j.jamda.2016.11.025
 Nilsson, J., Berglund, A., Bergström, S., Bergqvist, M., and Lambe, M. (2017). The role of comorbidity in the management and prognosis in nonsmall cell lung cancer: A population-based study. Acta Oncol. 56 (7), 949–956. doi:10.1080/0284186X.2017.1324213
 Okada, Y., and Akazawa, M. (2022). Effects of medical service fee revision on reducing irrational psychotropic polypharmacy in Japan: An interrupted time-series analysis. Soc. Psychiatry Psychiatr. Epidemiol. 57 (2), 411–422. doi:10.1007/s00127-021-02147-0
 Oktora, M. P., Alfian, S. D., Bos, H. J., Schuiling-Veninga, C. C. M., Taxis, K., Hak, E., et al. (2021). Trends in polypharmacy and potentially inappropriate medication (PIM) in older and middle-aged people treated for diabetes. Br. J. Clin. Pharmacol. 87 (7), 2807–2817. doi:10.1111/bcp.14685
 Park, S., Kang, C. H., Hwang, Y., Seong, Y. W., Lee, H. J., Park, I. K., et al. (2016). Risk factors for postoperative anxiety and depression after surgical treatment for lung cancer. Eur. J. Cardiothorac. Surg. 49 (1), e16–e21. doi:10.1093/ejcts/ezv336
 R Core Team (2022). R: A language and environment for statistical computing. Vienna, Austria: R Foundation for Statistical Computing. 
 Tian, F., Yang, R., Chen, Z., Duan, X., and Yuan, P. (2022c). The prevalence and factors associated with potentially inappropriate medication use in Chinese older outpatients with cancer with multimorbidity. J. Geriatr. Oncol. 2022 (22), 629–634. doi:10.1016/j.jgo.2022.02.006
 Tian, F., Chen, Z., Chen, X., and Zhao, M. (2022a). Increasing trends of polypharmacy and potentially inappropriate medication use in older lung cancer patients in China: A repeated cross-sectional study. Front. Pharmacol. 13, 935764. doi:10.3389/fphar.2022.935764
 Tian, F., Zhao, M., Chen, Z., and Yang, R. (2022b). Prescription of potentially inappropriate medication use in older cancer outpatients with multimorbidity: Concordance among the Chinese, AGS/Beers, and STOPP criteria. Front. Pharmacol. 13, 857811. doi:10.3389/fphar.2022.857811
 Van der Wees, P. J., Hendriks, E. J., Custers, J. W., Burgers, J. S., Dekker, J., and de Bie, R. A. (2007). Comparison of international guideline programs to evaluate and update the Dutch program for clinical guideline development in physical therapy. BMC Health Serv. Res. 7, 191. doi:10.1186/1472-6963-7-191
 Wallace, E., McDowell, R., Bennett, K., Fahey, T., and Smith, S. M. (2017). Impact of potentially inappropriate prescribing on adverse drug events, health related quality of life and emergency hospital attendance in older people attending general practice: A prospective cohort study. J. Gerontol. A Biol. Sci. Med. Sci. 72 (2), 271–277. doi:10.1093/gerona/glw140
 Welk, B., Killin, L., Reid, J. N., Anderson, K. K., Shariff, S. Z., Appleton, A., et al. (2021). Effect of electronic medication reconciliation at the time of hospital discharge on inappropriate medication use in the community: An interrupted time-series analysis. CMAJ Open 309 (4), E1105–E1113. doi:10.9778/cmajo.20210071
 Wildiers, H., Heeren, P., Puts, M., Topinkova, E., Janssen-Heijnen, M. L., Extermann, M., et al. (2014). International Society of Geriatric Oncology consensus on geriatric assessment in older patients with cancer. J. Clin. Oncol. 32, 2595–2603. doi:10.1200/JCO.2013.54.8347
 Ye, D., Yang, C., Ji, W., Zheng, J., Zhang, J., Xue, R., et al. (2022). Impact of the expert consensus on carbapenem consumption trends and patterns in public healthcare institutes: An interrupted time series analysis, 2017–2020. Front. Pharmacol. 12, 739960. doi:10.3389/fphar.2021.739960
 Zhang, F., Wagner, A. K., Soumerai, S. B., and Ross-Degnan, D. (2009). Methods for estimating confidence intervals in interrupted time series analyses of health interventions. J. Clin. Epidemiol. 62 (2), 143–148. doi:10.1016/j.jclinepi.2008.08.007
 Zhang, N., Sundquist, J., Sundquist, K., and Ji, J. (2020). An increasing trend in the prevalence of polypharmacy in Sweden: A nationwide register-based study. Front. Pharmacol. 11, 326. doi:10.3389/fphar.2020.00326
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Tian, Chen, Tang, Feng and Wu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-13-992394-t003.jpg
Indicators P t *

X 1488 8.049 <0.001
X1 0225 0.904 0.377
X2 -10273 -4.355 <0.001
X3 -0.067 0.361 0.855

X1, time variable; X2, intervention measure; X3, slope; B1, the slope before intervention,
reflecting the average annual change trend of the prevalence rate before the release of the
expert consensus; B2, the amount of level change, reflecting the change in prevalence
after the release of expert consensus; B3, the change of slope; (B1+ 3), the slope after the
intervention, reflecting the change of the prevalence rate every quarter after the release
of the expert consensus.





OPS/images/fphar-13-992394-t004.jpg
Indicators p t *

X 31046 12791 <0.001
X1 0957 2901 0.009
X2 22828 -7.053 <0.001
X3 -0.05 -0.106 0.916

X1, time variable; X2;

ervention measure; X3, slope; B1, the slope before intervention,

reflecting the average annual change trend of the prevalence rate before the release of the
expert consensus; B2, the amount of level change, reflecting the change in prevalence
after the release of expert consensus; B3, the change of slope; (B1+ B3), the slope after the
intervention, reflecting the change of the prevalence rate every quarter after the release

of the expert consensus.





OPS/images/fphar-13-992394-t001.jpg
Time Polypharmacy PIM Total

Year Quarter % n % n

2016 1 251 37 3605 62 172
2016 2 1355 29 3738 80 214
2016 3 1115 36 257 83 323
2016 4 1399 41 3242 95 293
2017 1 14.23 38 37.08 99 267
2017 2 1321 42 3428 109 318
2017 3 1422 30 3602 76 211
2017 4 20.19 43 36.15 77 213
2018 1 1949 54 5054 140 277
2018 2 1955 69 4079 144 353
2018 3 1471 49 3844 128 333
2018 4 18.59 58 4231 132 312
2019 1 809 28 2399 83 346
2019 2 7.56 27 2381 85 357
2019 3 836 26 1833 57 311
2019 4 979 42 261 97 429
2020 1 8.58 29 2426 82 338
2020 2 623 22 2436 86 353
2020 3 605 19 2611 82 314
2020 4 83 30 2312 83 359
2021 1 7.87 24 27.87 85 305
2021 2 821 2 2873 77 268
2021 3 9.47 25 3144 83 264
2021 4 1104 34 3247 100 308

PIM, potentially inappropriate medication.





OPS/images/fphar-13-992394-t002.jpg
Type Year

2016 2017 2018 2019 2020 2021

(N = 1,002) (N = 1,009) (N = 1,275) (N = 1,443) (N = 1,364) (N = 1,145)
NSCLC and other, n (%) 957 (95.51) 970 (96.13) 1232 (96.63) 1379 (95.56) 1289 (94.50) 1076 (93.97)
SCLC, n (%) 45 (4.49) 39 (3.87) 43 (337) 64 (4.44) 75 (5.50) 69 (6.03)
Metastatic patients, n (%) 321 (32.04) 265 (26.26) 344 (26.98) 521 (36.11) 569 (41.72) 433 (37.82)

NSCLC, ne

T e —





OPS/xhtml/nav.xhtml
Contents

		Cover

		Impact of the expert consensus on polypharmacy and potentially inappropriate medication use in elderly lung cancer outpatients with multimorbidity: An interrupted time series analysis, 2016–2021		Introduction

		Methods		Setting and sample

		Data collection and evaluation criteria

		Data analysis





		Results		Basic patient characteristics

		The effects of polypharmacy

		The effects of PIM use





		Discussion

		Conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Publisher’s note

		References









OPS/images/cover.jpg
, frontiers | Frontiers in Pharmacology

Impact of the expert consensus
on polypharmacy and
potentially inappropriate
medication use in elderly lung
cancer outpatients with
multimorbidity: An interrupted
time series analysis, 2016-2021





OPS/images/fphar-13-992394-g001.gif





OPS/images/fphar-13-992394-g002.gif
iﬂ'










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





