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Background: Chemotherapy is suspected to be a risk factor for stroke in patients with cancer, athough the results from large-scale studies are controversial. Few strategies are available for reducing the stroke-related risks.
Methods: We analyzed stroke incidence rates in Taiwan’s Longitudinal Health Insurance database 2000 (LHID2000) for patients aged ≥20 years with newly-diagnosed cancer between Jan 1, 2000 and Dec 31, 2006, who did or did not receive chemotherapy. Moreover, we compared stroke incidence rates among chemotherapy users who did or did not use traditional Chinese medicine. All study participants were followed-up for 5 years or until they had a stroke.
Results: In adjusted Kaplan-Meier analysis, the incidence of stroke was higher within the first year of cancer diagnosis among chemotherapy recipients compared with those who did not receive chemotherapy (31.1 vs. 9.75; adjusted subdistribution hazard ratio [sHR] 2.21; 95% confidence interval [CI], 1.52–3.20; p < 0.001). This between-group difference persisted at 4 years of follow-up (13.6 vs. 5.42; adjusted sHR 1.94; 95% CI, 1.53–2.46; p < 0.001). Similarly, the 5-year incidence rate of stroke was significantly lower among chemotherapy recipients using TCM vs. non-TCM users (0.19 vs. 0.46; adjusted sHR 0.45; 95% CI, 0.26–0.79; p < 0.001), as was the mortality rate (adjusted sHR 0.55; 95% CI, 0.44–0.68; p < 0.001).
Conclusion: These Taiwanese data suggest that chemotherapy is a risk factor for stroke and that the use of TCM can significantly mitigate this risk. TCM also appears to reduce the mortality risk associated with chemotherapy.
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INTRODUCTION
Stroke affects around 15% of patients with cancer, complicating their physical condition and prognosis (Adams, 2019). A stroke event may occur after the initial diagnosis of cancer (Grisold et al., 2009) or before an underlying cancerous disorder is identified (Taccone et al., 2008). In 1985, a large autopsy study reported that 14.6% of patients with systemic cancer had evidence of cerebrovascular disease (CVD) (Graus et al., 1985). The study researchers found that the usual risk factors for CVD (atherosclerotic infarction and hypertensive hemorrhage) accounted for only a small proportion of the CVDs; most were due to pathophysiological abnormalities relating to the neoplasm such as a direct effect of the tumor, coagulation disorders and thrombocytopenia, infections, and diagnostic or therapeutic procedures (Adams, 2019).
As for evidence linking chemotherapy with thromboembolic events, among 784 patients with non-small cell lung cancer treated with platinum-based chemotherapy, 70% of thromboembolic events occurred during the first two courses of chemotherapy treatment (Mellema et al., 2014). In another cohort of 10,963 patients treated with chemotherapy for various cancers between 1993 and 2004 in a single hospital in Taiwan, 16 ischemic strokes were experienced by 15 patients within 1 month after chemotherapy; the incidence of post-chemotherapy ischemic stroke was 0.137% (15/10,963) and 0.035% (of 16/45,294) chemotherapy cycles were complicated by ischemic stroke (Li et al., 2006). In addition, a large nationwide study from Korea involving 20,707 patients with cancer and 675,594 patients without cancer has reported finding a significantly higher risk of any stroke in patients with cancer than in those without cancer (Jang et al., 2019). In that investigation, chemotherapy was associated with an increased risk of any stroke and also ischemic stroke (Jang et al., 2019). Similarly, Japanese research involving 5,887 patients with cancer treated with chemotherapy and 13,119 patients with cancer who did not receive chemotherapy reported a significantly higher risk of stroke in the chemotherapy group, but this difference was no longer significant after further analyses adjusted for cancer status (Kitano et al., 2020). The study researchers suggested that the apparently elevated risk of stroke associated with chemotherapy was likely due to an advanced cancer stage (Kitano et al., 2020). Thus, whether chemotherapy increases the risk of stroke in patients with cancer is controversial.
As to thromboprophylactic strategy and treatment of venous thromboembolism (VTE) in patients with cancer, routine prophylaxis is not recommended for ambulatory patients with cancer receiving systemic chemotherapy (Lyman et al., 2007; Lyman et al., 2015). Low-molecular-weight heparin (LMWH) is a preferred approach for the initial 5–10 days in cancer patients with established VTE (Lyman et al., 2007; Lyman et al., 2015). For long-term anticoagulant therapy, LMWH is preferred for at least 6 months, and anticoagulation for an indefinite period should be considered (Lyman et al., 2007; Lyman et al., 2015). One review of the use of traditional Chinese medicine (TCM) suggests that TCM provides important supportive roles in cancer treatment by reducing toxicity associated with radiation therapy and chemotherapy, enhancing immunity, improving the clinical efficacy of cancer treatment, and prolonging overall survival (Liu et al., 2015). Other evidence suggests that TCM can regulate oncogenes and tumor suppressor genes, epigenetic modification, the tumor microenvironment, and cancer stem cells (Xiang et al., 2019). However, it is unclear as to whether TCM affects the risk of stroke induced by chemotherapy.
This large-scale, nationwide study investigated whether the incidence of stroke was elevated among cancer patients treated with chemotherapy compared with those who were not. We also examined whether TCM combined with conventional cancer therapy reduced the risk of chemotherapy-induced stroke compared with no TCM use, and we compared mortality rates between TCM users and non-TCM users. Finally, we examined the most commonly used TCM therapies in our study cohort and sought to determine if any were possibly related to a reduced incidence of stroke.
METHODS AND MATERIALS
Study Population and Study Design
This study complied with the Declaration of Helsinki for investigations involving humans and was approved by the Ethics Review Board of Tainan Municipal An-Nan Hospital, China Medical University (TMANH108-REC003). The study was also supported by Taiwan's Ministry of Health and Welfare Clinical Trial Center (MOHW109-TDU-B-212-114004), the MOST Clinical Trial Consortium for Stroke (MOST 109-2321-B-039-002), China Medical University Hospital (DMR-109-231), and the Tseng-Lien Lin Foundation, Taichung, Taiwan. This work was also supported by a grant from China Medical University (CMU109-MF-75) and partially supported by the Chinese Medicine Research Center of China Medical University, under The Featured Areas Research Center Program within the framework of the Higher Education Sprout Project, the Ministry of Education, Taiwan.
This study aimed to assess whether the use of TCM ameliorates the incidence of stroke and mortality in patients with cancer treated with chemotherapy. Thus, we conducted a retrospective cohort study using de-identified claims data between Jan 1, 2000 and Dec 31, 2006 from the Longitudinal Health Insurance Database 2000 (LHID2000), part of Taiwan’s National Health Insurance Research Database (NHIRD) (http://nhird.nhri.org.tw/en/index.htm). We then designed a cohort study using 1:1 frequency matching for the case and control groups.
We obtained data for 28,059 patients aged ≥20 years with newly diagnosed malignant cancer (International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] codes 140–209) who made at least two outpatient clinic visits or who had at least one hospitalization for malignant cancer between Jan 1, 2000 and Dec 31, 2006, then followed each subject for 5 years (Figure 1). We obtained clinicodemographic data for 8,669 patients treated with chemotherapy in the first year of their cancer diagnosis and for 19,390 patients who never claimed for chemotherapy after their cancer diagnosis. We excluded patients who received chemotherapy before a cancer diagnosis, patients with stroke prior to chemotherapy, and those with stroke diagnosed 5 years after the first chemotherapy administration. We also excluded those who withdrew from the insurance program before the first chemotherapy administration. This resulted in 7,006 cancer patients (cases). The date of the first chemotherapy administration after the diagnosis of cancer was defined as the index date. We then randomly selected the index date among cancer patients who never claimed for chemotherapy and after applying the same exclusion criteria that were used for the cases, we selected 11,130 controls. A process of 1:1 frequency matching by age, gender, the year of first receipt of chemotherapy treatment, cancer treatment-related surgery and radiotherapy, non-chemotherapy medications (targeted therapy, immunotherapy, and hormonal therapy) and diseases related to stroke resulted in 3,054 cases defined as chemotherapy users and 3,054 controls defined as non-chemotherapy users. These 7,108 patients were followed-up for 5 years from the index year or until they had a stroke.
[image: Figure 1]FIGURE 1 | Flowchart of study subject enrolment from the Longitudinal Health Insurance Database 2000 (LHID2000), a sub-dataset of Taiwan's National Health Insurance Research Database (NHIRD), from January 2000 to December 2006. Abbreviations: CT, chemotherapy; TCM, traditional Chinese medicine.
We then investigated the effects of TCM combined with conventional cancer therapy on the risk of stroke. For our study, TCM included Chinese herbal medicine (CHM) and acupuncture treatment. We only included TCM treatment that was supported by more than 30 days of CHM prescription or 30 sessions of acupuncture therapy within a 1-year period. Of 8,669 cancer patients who first received chemotherapy, 3,219 patients had ever used TCM and 5,450 had never previously used TCM. So that our observations were limited to those patients administered TCM who had a stroke within 5 years of first chemotherapy treatment, we excluded patients who received chemotherapy before the cancer diagnosis, patients with stroke before chemotherapy and those with stroke 5 years after their first chemotherapy treatment. We also excluded patients who withdrew from the insurance program before the first chemotherapy administration. After excluding cancer patients who died more than 5 years after the first receipt of chemotherapy, we had 1,661 cancer patients who received chemotherapy and TCM and 2,189 controls who never used TCM. After applying 1:1 frequency matching by age, gender, the year of first receipt of chemotherapy treatment, cancer-related surgery and radiotherapy, non-chemotherapy medications (targeted therapy, immunotherapy, and hormonal therapy), and diseases related to stroke, each cohort contained 593 patients. All patients were followed-up for 5 years after the first year of chemotherapy treatment or until they had a stroke.
Measurement Outcomes, Comorbidities, and Medication Use
The primary outcome of this study was to compare the incidence of stroke between chemotherapy users and TCM users; the secondary outcome was to evaluate the risk of mortality among chemotherapy recipients using TCM compared with non-TCM users.
Stroke is a disabling disease induced by a multitude of factors (Meschia et al., 2014; Diener & Hankey, 2020). The risk factors for stroke in cancer patients are also complex (Adams, 2019; Dardiotis et al., 2019). Based on our clinical expertize, literature review (Adams., 2019; Dardiotis et al., 2019), and available data in the LHID2000, we selected variables associated with the study outcome (stroke event) that were paired in the case and control groups. We also selected cancer-related treatments that included surgery, radiotherapy, and cancer-related medications, such as immunotherapies, targeted therapies, and hormonal therapies. These treatments are risk factors for stroke in cancer patients. Our analysis also considered comorbidities that cause a stroke. According to previous studies (Lai et al., 2018; Jang et al., 2019), we selected the following comorbidities related to stroke: hyperlipidemia (ICD-9-CM code 272); diabetes mellitus (ICD-9-CM code 250); hypertensive disease (ICD-9-CM codes 401–405); coronary heart disease (ICD-9-CM codes 410–414); acute pulmonary heart disease (ICD-9-CM code 415); cardiac dysrhythmia (ICD-9-CM code 427); congestive heart failure (ICD-9-CM code 428); atherosclerosis (ICD-9-CM code 440); peripheral vascular disease (ICD-9-CM code 443.9); and other venous embolism and thrombosis (ICD-9-CM code 453). Patients with stroke were identified using ICD-9-CM codes 430 to 438.
Records of cancer-related surgery and radiotherapy, as well as cancer-related medications, were all obtained from the Bureau of National Health Insurance. Details of the types of chemotherapies, immunotherapies, targeted therapies and hormonal therapies were obtained from the IBM Micromedex® database. Our analysis included 852 chemotherapeutic agents (anthracyclines, antimetabolites, alkylating agents, mitotic inhibitors, topoisomerase inhibitors, and proteasome inhibitors), 57 immunotherapy agents (immune suppressants, antiproliferative agents, pyrimidine nucleoside analogs, and interleukin), 135 targeted therapy agents (tyrosine kinase inhibitors, antibody drug conjugates, monoclonal antibodies, immunological agents, and BRAF inhibitors) and 123 hormonal agents (antiandrogen agents, aromatase inhibitors, endocrine/metabolic agents, antiestrogen agents, gonadotropin-releasing hormone agonists, and adrenocortical suppressants).
Statistical Analysis
Categorical variables are expressed as total numbers and percentages. Continuous variables are presented as means ± standard deviations (SDs). For comparisons between cases (chemotherapy and TCM users) and controls (non-chemotherapy and non-TCM users), the Chi-square test was performed for categorical variables and the two-sample t-test for continuous variables. Time-to-event outcomes were analyzed using the Kaplan-Meier method and multivariable Cox proportional hazards regression. Covariates included in the Cox models for the entire cohort were age, gender, cancer-related treatments (i.e., surgery, radiotherapy, immunotherapy, targeted therapy, and hormonal therapy) and comorbidities in stroke (i.e., hyperlipidemia, diabetes mellitus, hypertensive disease, coronary heart disease, acute pulmonary heart disease, cardiac dysrhythmia, congestive heart failure, atherosclerosis, peripheral vascular disease, other venous embolism and thrombosis), which were included in the adjusted analyses of the case and control cohorts.
We used SAS statistical software version 9.4 for Windows (SAS Institute Inc., Cary, NC, United States) and Stata-14 software (StataCorp, College Station, TX, United States). Cox proportional hazard modeling calculated the adjusted hazard ratios (aHRs) and 95% confidence intervals (CIs) for the cumulative risk of death. The Fine and Gray model was used to estimate the subdistribution hazard ratios (sHRs) of stroke by considering death as a competing risk (Fine & Gray, 1999). The Aalen-Johansen estimator (Gooley et al., 1999; Kim, 2007) compared Kaplan-Meier analyses with competing risk cumulative incidence curves. Multivariate models adjusted for age, gender, comorbidities, and treatment of cancer, aspirin use, coagulopathy and disseminated intravascular coagulopathy. Log-rank testing estimated differences in survival between cases and controls. We used the Hosmer and Lemeshow goodness-of-fit test to verify the fitness of the multivariate model in this study. The resulting p-value of 0.77 > 0.05 indicates a good fit. To address the concern of constant proportionality, we tested for scaled Schoenfeld residuals in the proportional hazard model to evaluate how use of CT and TCM affect the risk of stroke. A two-sided p-value of <0.05 was considered statistically significant.
RESULTS
Table 1 and Supplementary Table S1 describe the demographic and clinical details for all study participants. Of 28,059 patients newly diagnosed with cancer, 8,669 (30.9%) patients ever used chemotherapy after their cancer diagnosis. In this study, chemotherapy users were more likely to be male than female (59.5 vs. 40.5%). The majority of chemotherapy users were aged over 50 years (50–59 years: 22.3%; 60–69 years: 22.6%; ≥70 years: 26.4%); mean age did not differ significantly from non-chemotherapy users (p = 0.79). Of the 3,054 chemotherapy users, 31.6% underwent cancer-related surgery, 12.7% received radiotherapy, 0.39% were given targeted therapy, 2.82% received hormonal therapy and none received immunotherapy; use of these therapies did not differ significantly between chemotherapy users and non-chemotherapy users (p > 0.99) (Supplementary Table S1). The most frequent comorbidities among chemotherapy users were hyperlipidemia (2.95%), diabetes mellitus (3.93%), hypertensive disease (2.88), and coronary heart disease (1.34%). Between-group differences in comorbidities for chemotherapy users and non-chemotherapy users were not significant (p > 0.99). The mean follow-up for stroke was significantly shorter for chemotherapy users than for non-chemotherapy users (2.19 ± 1.99 years vs. 3.64 ± 1.83 years; p < 0.0001). The locations of cancers in CT users and non-CT users are shown in Supplementary Table S2.
TABLE 1 | Baseline characteristics for TCM users and non-TCM users (controls).
[image: Table 1]TCM users were predominantly male (male: 65.4%; female: 34.6%). TCM use was much more common among patients aged ≥40 years than younger-aged patients. Mean age did not differ significantly between the TCM and non-TCM groups (p = 0.79) (Table 1). All TCM users received chemotherapy, 16.7% underwent surgery, 22.6% received radiotherapy, 1.35% received targeted therapy, 2.36% received hormonal therapy, and none received immunotherapy. Between-group differences for cancer-related treatments among TCM users and non-TCM users were not significant (Table 1). Comorbidities for stroke did not differ significantly between TCM users and non-TCM users; the most common comorbidities among TCM users were hypertensive disease (1.01%) and congestive heart failure (0.67%). The mean follow-up period of stroke was significantly prolonged for TCM users compared with non-TCM users (2.20 ± 2.00 years vs. 1.01 ± 1.47 years; p < 0.0001) (Table 1). The locations of cancers in TCM users and non-TCM users are shown in Supplementary Table S3.
Higher Incidence Rates of Stroke Among Chemotherapy Users Than Among Non-chemotherapy Users
While testing for scaled Schoenfeld residuals in the proportional hazard model to evaluate how use of CT affects the risk of stroke, no significant relationship was observed between Schoenfeld residuals for CT and follow-up time (p-value 0.7512; p > 0.05). In adjusted Kaplan-Meier curves, the cumulative incidence of stroke was consistently higher among chemotherapy users than among non-chemotherapy users (Year 1: chemotherapy users 1.5% vs. non-chemotherapy users 1%; Year 5: chemotherapy users 5% vs. non-chemotherapy users 2.5%) (Figure 2). Incidence rates (IRs) and sHRs for stroke were significantly higher among chemotherapy users than among non-chemotherapy users, especially within the first year (chemotherapy users IR 31.1 vs. non-chemotherapy users IR 9.75; adjusted sHR 2.21; 95% CI, 1.52–3.20; p < 0.0001) and sustained through year 4 (Year 4: chemotherapy users IR 13.6 vs. non-chemotherapy users IR 5.42; adjusted sHR 1.94; 95% CI, 1.53-2.46; p < 0.001) (Supplementary Table S4).
[image: Figure 2]FIGURE 2 | Cumulative incidence rates of stroke in 2000–2006 differed significantly in adjusted Kaplan-Meier estimates for cancer patients administered chemotherapy and those who were not. Abbreviations: CT, chemotherapy.
TCM Reduced the Incidence Rate of Stroke, Especially Ischemic Stroke
When we evaluated how the use of TCM affects the risk of stroke throughout the 5-year follow-up period, we found a significant relationship between Schoenfeld residuals for TCM and follow-up time, suggesting the proportionality assumption was violated (p-value 0.0154; p < 0.05). In subsequent analyses, we stratified the follow-up duration to deal with the proportional hazard assumption violation, as revealed in Supplementary Table S5. Kaplan-Meier analysis with competing risk cumulative incidence curves revealed a lower cumulative incidence of stroke among TCM users compared with non-TCM users (Year 5: TCM users 10% vs. non-TCM users 5%) (Figure 3). The IRs of stroke at 5 years were 0.19 for the TCM cohort and 0.46 for the non-TCM cohort (Supplementary Table S6). TCM users had a significantly lower adjusted sHR of stroke compared with non-TCM users at the end of 5 years of follow-up (1,306 per 10 PY vs. 604 per 10 PY; adjusted sHR 0.45; 95% CI, 0.26–0.79; p < 0.001) (Supplementary Table S6). Ischemic stroke was more common than hemorrhagic stroke among TCM users (34.6 vs. 23.1% of patients); TCM users were at significantly lower risk of ischemic stroke than non-TCM users (adjusted sHR 0.11; 95% CI, 0.02–0.62; p < 0.05) (Supplementary Table S7).
[image: Figure 3]FIGURE 3 | Cumulative incidence rates of stroke in 2000–2006 differed significantly in adjusted Kaplan-Meier estimates for chemotherapy recipients who received TCM for more than 30 days within 1 year and those who did not. Abbreviations: TCM, traditional Chinese medicine.
CHM Use Amongst Chemotherapy Users Without Incidence of Stroke
Among 593 TCM users, 567 patients had no stroke and 26 patients had a stroke during the 5-year follow-up. Of the TCM users without stroke (n = 567), 560 patients were prescribed more than 30 days of CHM, and seven patients received more than 30 sessions of acupuncture only. Of the 560 patients using CHM, 73 also received more than 30 acupuncture sessions. Of the 26 patients with stroke who received CHM, six also received more than 30 acupuncture sessions at the same time. Supplementary Tables S8 and S9 list the average daily doses, average durations of prescriptions, and effects/usage of the 10 most commonly prescribed Chinese formulas and single herbs for cancer patients using CT with or without stroke (Chen, 2019). The top three commonly used CHM formulas were (from most to least) Xiang-Sha-Liu-Jun-Zi-Tang (XSLJZT), Ban-Xia-Xie-Xin-Tang (BXXXT), and Xiao-Chai-Hu-Tang (XCHT) in the non-stroke cohort (Supplementary Table S8). The most commonly used single herbs were Dan Shen (Salvia miltiorrhiza Bunge), Bai Hua She She Cao (Scleromitrion diffusum (Willd.) R. J. Wang), and Da Huang (Rheum palmatum L.; Rheum tanguticum Maxim. ex Balf.; Rheum officinale Baill.) in the non-stroke cohort (Supplementary Table S9). To identify those beneficial CHMs that potentially reduce the risk of ischemic stroke, we excluded duplicates in the top 10 CHM formulas and single herbs in TCM users with and without stroke (Supplementary Tables S8 and S9). CHMs that were screened out from TCM users without stroke and considered possibly beneficial for reducing the risk of ischemic stroke are listed in Table 2. Then, we excluded duplicate CHMs in TCM users with stroke (Supplementary Tables S8 and S9), and screened for CHMs that are possibly not beneficial for ischemic stroke from TCM users with stroke (Table 3). A significant correlation between the daily CHM dosage and the risk of stroke was observed in Table 4.
TABLE 2 | Potentially beneficial CHMs for ischemic stroke in cancer patients who used chemotherapy between Jan 1, 2000 and Dec 31, 2006, at 5 years of follow-up.
[image: Table 2]TABLE 3 | CHMs that are probably not beneficial for ischemic stroke in cancer patients who used chemotherapy between Jan 1, 2000 and Dec 31, 2006, at 5 years of follow-up.
[image: Table 3]TABLE 4 | Hazard ratios and confidence intervals of stroke risk associated with the average daily CHM dosage.
[image: Table 4]TCM Lowered Mortality Rates in the Chemotherapy Cohort
By the end of the 5-year follow-up, Kaplan-Meier analysis revealed fewer deaths among chemotherapy users who received TCM vs. those who did not receive TCM (159 vs. 178; Log-rank test, p < 0.0001; Figure 4 and Supplementary Table S10). The IR of death was lower in TCM users compared with non-TCM users from the end of Year 2 (6.14) and persisted to the end of Year 5 (1.18) (Supplementary Table S10). The aHR was lower in TCM users compared with non-TCM users from the end of Year 2 (0.78; 95% CI, 0.61–0.98; p = 0.03) and persisted to the end of Year 5 (0.55; 95% CI, 0.44–0.68; p < 0.0001) (Supplementary Table S10).
[image: Figure 4]FIGURE 4 | Comparison of cumulative incidence of mortality among chemotherapy users who did and did not use TCM. Abbreviations: TCM, traditional Chinese medicine.
DISCUSSION
In this study, around one-third (30.9%) of cancer patients received chemotherapy and these patients were at higher risk of all-cause stroke than their counterparts who did not receive chemotherapy; notably, the risk of stroke was higher within the first year of follow-up than at any other time. Similar results have been described in two studies, the first of which detailed how over a 2-year follow-up period, the majority of thromboembolic events occurred in the first two cycles in patients with non-small cell lung cancer during treatment with platinum-based chemotherapy (Mellema et al., 2014). In the second study, which discusses 11 years of follow-up for 10,963 patients from a single hospital cancer database, 75% of ischemic strokes occurred within 10 days of the last chemotherapy administration; 62.5% occurred after the first cycle of chemotherapy (Li et al., 2006). Our data suggest that after adjusting for cancer-related therapy and potential confounding factors, the risks of stroke and mortality were lower for cancer patients administered chemotherapy plus TCM compared with those patients who received chemotherapy only. To the best of our knowledge, this is the first large-scale, nationwide cohort study to assess the effects of TCM treatment in cancer patients receiving chemotherapy.
The de-identified data from the LHID2000 included each study participant’s gender, date of birth, clinical visits, hospitalizations, medical prescriptions and doses, and treatment procedures. Misclassification bias concerning the ICD-9-CM codes is unlikely, because the diagnoses for stroke and cancer were all recorded by physicians. All chemotherapy treatments analyzed in this study were conventional, nontargeted therapies. All details of prescribed intervals and doses of dosing regimens (including chemotherapies and TCMs) are recorded in Taiwan's NHIRD, as well as in the records from individual hospitals, clinics and healthcare facilities.
Although chemotherapy is clearly a critical risk factor for stroke (Falanga, 1998; Adams, 2019), the evidence for a relationship between thromboembolic events and chemotherapy is controversial (Jang et al., 2019; Kitano et al., 2020). As mentioned earlier, in two long-term investigations into the association between chemotherapy and the risk of stroke in patients with cancer, one found that chemotherapy increased the risk of any stroke and ischemic stroke in adjusted analyses that included 7 years of data (Jang et al., 2019), while the other study included 8 years of follow-up data and reported a significantly higher risk for stroke in the chemotherapy cohort compared with the non-chemotherapy cohort (Kitano et al., 2020). However, after adjusting for cancer status using inverse probability of treatment weight-adjusted analysis and stratified Cox regression modeling, this between-group difference was no longer significant, so the study researchers suggested that the advanced cancer stage, rather than chemotherapy, increased the risk of stroke (Kitano et al., 2020). In the present study, the cumulative incidence of stroke increased each year during the 5-year study period among chemotherapy users and the IRs and sHRs for stroke were consistently higher among chemotherapy users compared with non-chemotherapy users. The findings indicate that cancer-related chemotherapy is a risk factor for stroke.
As to the mechanisms underlying the chemotherapy-related stroke risk, abundant evidence attests to an association between chemotherapy and cerebral thrombotic events (Saynak et al., 2008; Tully et al., 2016; Kanjanapan et al., 2020). Four mechanisms may contribute to chemotherapy-related thrombosis (Falanga, 1998): the release of procoagulants and cytokines from chemotherapy-damaged cancer cells; chemoradiotherapy-induced damage of the vascular endothelium can result in pulmonary thrombosis and impair the permeability of glomerular cells, leading to a nephrotic syndrome, hypercoagulation and a higher likelihood of thrombosis; elevated tissue factor procoagulant activity, reflected by higher levels of monocyte and macrophage expression; and reductions in plasma levels of naturally occurring anticoagulants (antithrombin, protein C and protein S).
TCM is accepted in many countries for stroke patients (Yeh et al., 2017; Liu et al., 2018). In Taiwan, TCM is very frequently prescribed for stroke patients (Liao et al., 2012), with over half of all stroke patients attending TCM outpatient clinics between 2001 and 2009 receiving both CHM and acupuncture/traumatology treatment (Chang et al., 2016). In Taiwanese studies, TCM treatment reduced mortality in stroke (Chang et al., 2016) and adult cancer patients (Kuo et al., 2018). In line with previous studies, our study shows that cancer treatments, such as chemotherapy, increase the incidence of stroke. It is important to understand whether TCM affects the incidence of stroke among cancer patients receiving chemotherapy.
We believe that our evidence is the first to demonstrate a reduced risk of stroke among cancer patients receiving TCM (CHM prescriptions and/or acupuncture) with chemotherapy. In particular, the risk of ischemic stroke was significantly lower among TCM users compared with non-TCM users. Based on the results of Shih’s study (Shih et al., 2015), the beneficial effects of acupuncture may not be restricted to improvements in physical activity. It has been shown that acupuncture is useful in lowering blood pressure (Flachskampf et al., 2007; Kim et al., 2006), reducing the expression of inflammatory mediators (Choi et al., 2010) and improving the lipid profile (Cabioglu & Ergene, 2005; Cabioglu et al., 2008). Receiving acupuncture treatment in combination with medications for stroke prevention appears to lower the stroke recurrence rate by a greater extent compared with either treatment modality alone (Shih et al., 2015). Among the CHMs in Table 2, Shu-Jing-Huo-Xie-Tang (SJHXT), Ma-Zi-Ren-Wan (MZRW) and Dan Shen (Salvia miltiorrhiza Bunge) are some of the most frequently prescribed prescriptions for subjects with ischemic stroke by TCM doctors in Taiwan (Hung et al., 2015). When used with warfarin, a higher dose of the CHM formula Shu-Jing-Hwo-Shiee-Tang (SJHST, an alternative name to SJHXT), can enhance the anticoagulant effects of warfarin, whereas SJHST alone has shown no anticoagulation effect (Yang et al., 2013). Furthermore, SJHST may inhibit intrinsic coagulation pathways, which needs further investigation (Yang et al., 2013). MZRW is the most commonly prescribed herbal formula for subjects with constipation in Taiwan (Hung et al., 2015). MZRW increases spontaneous bowel movements and relieves the severity of constipation and straining during evacuation (Hung et al., 2015). The relationship between MZRW and stroke prevention remains unclear. The pharmacological effects of Dan Shen have been widely evaluated and include dilation of the cardiocerebral vessels, improvements in cerebral microcirculation, inhibition of post-ischemic cerebral β-endorphine elevations, inhibition of coagulation and activating thrombolysis, suppression of platelet aggregation, scavenging of free radicals to prevent ischemic reperfusion injury, reductions in cerebral edema, removal of blood stasis, and enhanced tolerance to hypoxia in ischemic tissue (Hung et al., 2016). The active ingredients in Dan Shen have antioxidative, antiatherosclerotic and anti-inflammatory effects that contribute to neuroprotective effects (Hung et al., 2015). Furthermore, Da Huang (Rheum palmatum L./Rheum tanguticum Maxim./Rheum officinale Baill.) shows anti-inflammatory and antioxidative activity, and decreases the incidence of brain injury after ischemic stroke (Hung et al., 2016). In addition, components of Bu-Zhong-Yi-Qi-Tang (BZYQT), including Huang Qi (Astragalus membranaceus (Fisch.) Bunge), Dang gui (Angelica sinensis (Oliv.) Diels), Bai Jhu (Atractylodes macrocephala Koidz.) and Gan Cao (Glycyrrhiza uralensis Fisch.) have shown neuroprotective effects in ischemic stroke. Huang Qi isolates calycosin and formononetin have shown neuroprotective effects in cerebral ischemic rats (Ip et al., 2016), while ferulic acid and ligustilide isolated from Dang gui have shown neuroprotection in rodent cells and ischemic rats (Ip et al., 2016). Liquiritin, a major constituent of Gan Cao, enhances the neurotrophic effects of nerve growth factor and protects against Aβ-induced toxicity in rat cortical neurons and ischemic mice (Ip et al., 2016). The antioxidative effects of Bai Jhu result from its active ingredients, the flavonoids and phenolic acids, which are associated with metal-chelating and radical-scavenging activity (Li et al., 2012). Instead, most CHMs listed in Table 3 are used to treat upper respiratory infections, such as Jing-Fang-Bai-Du-San (JFBDS), Qing-Xin-Li-Ge-Tang (QXLGT), Ma-Xing-Gan-Shi-Tang (MXGST), Jie Geng (Platycodon grandiflorus (Jacq.) A.DC.) and do not exhibit any benefit for stroke. Our analysis suggests that TCM could be an appropriate and safe therapeutic option for long-term stroke prophylaxis in patients with cancer receiving chemotherapy.
As shown by previous research, mortality is increased in cancer patients with stroke (Jang et al., 2019) and chemotherapy increases the risk of death in patients with cancer (adjusted cause-specific HR 2.91; 95% CI, 2.74–3.08) (Jang et al., 2019). In a cohort of 784 patients with non-small cell lung cancer treated with platinum-based chemotherapy, 63 (8.0%) experienced thromboembolic events during treatment and their median overall survival was significantly shorter than those patients who did not have thrombolic events (9.5 vs. 12.9 months; p = 0.03) (Mellema et al., 2014). Much evidence has shown that cancer patients using TCM have a significantly reduced risk of death (Kuo et al., 2018), especially those with acute myeloid leukemia (Tsai et al., 2017), chronic lymphocytic leukemia (Fleischer et al., 2016), advanced breast cancer (Lee et al., 2014), nasopharyngeal cancer (Song et al., 2019), head and neck cancer (Lin et al., 2015), lung cancer (Shen & Wen, 2018), gastric cancer (Hung et al., 2017), liver cancer (Liao et al., 2015), pancreatic cancer (Kuo et al., 2018), or metastatic prostate cancer (Liu et al., 2016). Our data analysis has revealed a highly significant reduction in mortality risk among chemotherapy recipients who used TCM compared with those who did not, with Kaplan-Meier 5-year cumulative incidence mortality rates of 30 and 50%, respectively (Log-rank test, p < 0.0001); this mortality benefit with TCM persisted from the end of the second year of follow-up to the end of year 5.
Several limitations surround this study. First, in relation to patient conditions, the LHID2000 data contain details of age, comorbidities, and patients' past medical histories, although as our population was Asian, we could not analyze the data for racial differences. Second, we were limited to ICD-9-CM codes for our analyses, as ICD-10-CM diagnosis codes were not adopted by the NHIRD until 2016. Third, as the LHID2000 cannot provide information on cancer staging at the time of diagnosis, we considered death as a competing risk to minimize the effect of the stage of cancer. We used the Fine and Gray model to estimate the subdistribution hazard ratios (sHRs) of stroke by considering death as a competing risk. Moreover, we applied the Aalen-Johansen estimator to compare Kaplan-Meier analyses with competing risk cumulative incidence curves. Fourth, we did not obtain all necessary data on stroke etiology. The LHID2000 cannot provide data on cigarette smoking and alcohol intake, body weight, height, dietary nutrition and physical activity. However, we were able to consider most of the major vascular risk factors that could reflect background etiology. Furthermore, our Fine and Gray analysis adjusted for medications such as aspirin and the hypercoagulation status of cancer patients, such as coagulopathy (ICD-9-CM code 286.9) and disseminated intravascular coagulopathy (ICD-9-CM code 286.6), to reduce the influence of mediators and confounders on the incidence of stroke. Finally, the CHMs that are commonly used in cancer patients receiving chemotherapy were selected for our analysis by the order of prescription frequency; the accuracy of their purported pharmacological mechanisms or clinical efficacy for reducing the risk of stroke in patients with malignant neoplasms should be evaluated in basic studies or prospective clinical trials.
CONCLUSION
In summary, cancer with chemotherapy is a risk factor for stroke. TCM appears to be a safe treatment option that is associated with a reduced risk of stroke and mortality when administered concurrently with chemotherapy in Taiwan. Our findings deserve to be explored in further pharmacological investigations and prospective clinical trials.
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