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Nonsteroidal anti-inflammatory drugs (NSAIDs) reduce mortality in patients with cancer, especially breast cancer, but their influence on second cancer risk is uncertain. This study aimed to examine whether NSAID use is associated with second cancer risk in patients with breast cancer. This population-based propensity score-matched cohort study using Taiwan’s National Health Insurance Research Database enrolled patients with newly diagnosed breast cancer (n = 7356) with and without (n = 1839) NSAID therapy from 2000 to 2009. They were followed up until the diagnosis of second cancer, death, or end of 2011. Cox proportional hazard models were used to estimate adjusted hazard ratios (aHR). The NSAID cohort had a lower incidence rate of second cancer than the non-NSAID cohort (5.57 vs. 9.19 per 1,000 person-years), with an aHR of 0.63 (95% confidence interval (CI) 0.46–0.87). When compared with the non-NSAID cohort, the second cancer incidence was lower in patients taking non-cyclooxygenase 2 inhibitors (aHR 0.67, 95% CI 0.47–0.94) and in those receiving multiple NSAIDs during follow-up (aHR 0.55, 95% CI 0.37–0.84). A dose–response relationship existed in NSAID cumulative days. The findings demonstrate that NSAID use reduces second cancer risk in a dose-dependent manner in patients with primary breast cancer.
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Introduction

Breast cancer is one of the rapidly growing cancers in developed countries. In Taiwan, with the increase in breast cancer incidence and its associated medical-resource utilization (1), the chance of early breast cancer detection has increased significantly owing to the implementation of the national policy on mammography screening (2). In addition to resection surgery, patients with breast cancer usually receive adjuvant chemotherapy, radiotherapy, and hormone therapy after surgery. Chemotherapeutic drugs, hormone-based drugs, and radiation contribute to the long-term survival benefit of patients with breast cancer. However, these treatments have some inevitable long-term side effects, especially the increased risk of second cancer development (3). Therefore, with the increase in the long-term survival of patients with breast cancer, the problem of second cancer should be focused on during the follow-up of long-term survivors.

Nonsteroidal anti-inflammatory drugs (NSAIDs) include aspirin and cyclooxygenase (COX) inhibitors. COX inhibitors are further divided into COX-2 selective and non-selective (non-COX-2) classes. In recent years, aspirin and NSAIDs have been suggested to have inhibitory effects on the pathogenesis of cancerization (4, 5), and evidence in this regard has been accumulating from basic and clinical research (6–9). Some studies have revealed that the use of aspirin or NSAIDs reduce the risk of breast cancer in the general population (10, 11) and in individuals with a family history of breast cancer (12). This cancer-preventive effect has also been observed in certain populations such as patients with chronic dialysis (13), women with obesity (14), and persons without smoking habits (15). Furthermore, reduced cancer-related mortality has been shown in patients with cancer using NSAIDs (16–18). Especially, the use of NSAIDs after breast cancer diagnosis could reduce mortality in patients with breast cancer (19–21). However, to the best of our knowledge, no study has so far examined whether NSAID use has any effect on second cancer risk in patients with breast cancer.

Performing randomized clinical trials with NSAIDs is challenging because these are old patent-off drugs. Conducting clinical trials is a time-consuming and expensive affair. Unlike new anti-cancer drugs, recruiting a sufficient number of patients to participate in NSAID-related clinical trials is difficult. The Taiwan National Health Insurance Research Database (NHIRD) has collected rich information on drug use history, hospitalization history, and disease event in Taiwanese patients over the past 20 years (22), which serves as a data resource for biomedical research (23). This study aimed to investigate the association of NSAID use with the incidence of second cancer in patients with primary breast cancer by using the NHIRD data.



Materials and Methods


Data Sources

We collected data from the NHIRD, derived from Taiwan’s single-payer compulsory National Health Insurance Program, which covers up to 99% of the 23 million Taiwanese citizens. The NHIRD contains inpatient, and outpatient visit dates, medical diagnosis, expenditure, and prescription details. This retrospective cohort study used the Registry of Catastrophic Illness Patient Database (RCIPD), a part of the NHIRD. The insurants in the RCIPD were individuals with fatal illnesses, including 30 categories of diseases requiring long-term extensive care, such as cancer. The disease record system in the NHIRD was built based on the International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM). This study was approved by the Research Ethics Committee of China Medical University (CMUH-104-REC2-115-R4), and the need for informed consent was waived. This study adheres to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting observational studies.



Study Subjects

A population-based cohort study was conducted to explore the association of NSAID use with second cancer risk in patients with primary breast cancer. We established a breast cancer cohort of 64,263 women (aged ≥20 years) with newly diagnosed breast cancer (ICD-9-CM 174) from 2000 to 2009.

The exclusion criteria of the study were as follows: preexisting cancers other than breast cancer, history of using NSAIDs before the diagnosis of breast cancer, and second cancer within 2 years of newly diagnosed breast cancer. Cancer takes time to develop; hence, we determined that the second cancer must occur at least two years after the primary breast cancer. This definition was intended to clearly define that these two events did not occur simultaneously. A total of 17,269 patients with newly diagnosed breast cancer who were NSAID-naïve at diagnosis and did not have other preexisting cancers were selected. Patients with NSAID treatment 2 years after the newly diagnosed breast cancer were further excluded (n = 3,379). In this study, the NSAID cohort was defined as patients with NSAID treatment within 730 days (2 years) of the initial date of breast cancer diagnosis to avoid immortal time. Day 731 after the diagnosis date of breast cancer was defined as the index date. The flowchart is shown in Figure 1.




Figure 1 | Flowchart of the propensity score-matched cohort study.





Covariates

The distribution of age and baseline comorbidities was compared between patients with and without NSAID treatment (n = 11,436 and 2,454, respectively) (Table 1). Sixteen baseline comorbidities were identified in our study, including congestive heart failure (ICD-9-CM codes 398.91, 425, and 428), dementia (ICD-9-CM codes 290.0-290.4, 294.1, and 331.0-331.2), chronic obstructive pulmonary disease (ICD-9-CM codes 491, 492, and 496), rheumatic disease (ICD-9-CM odes 710, 714, 725, and A430), peptic ulcer disease (ICD-9-CM codes 531-534), cirrhosis (ICD-9-CM codes 571, A347), hypertension (ICD-9-CM codes 401-405, A260, and A269), diabetes (ICD-9-CM code 250), hypercholesterolemia (ICD-9-CM code 272.0), hyperlipidemia (ICD-9-CM codes 272.2 and 272.4), ischemic heart disease (ICD-9-CM codes 410-414 and 429), atrial fibrillation and flutter (ICD-9-CM code 427.3), cardiovascular disease (ICD-9-CM codes 410-414, 428, 430-438, and 440-448), peripheral vascular disease (ICD-9-CM code 440-444), chronic kidney disease (ICD-9-CM codes 580-589 and A350), and depression (ICD-9-CM codes 296.2, 296.3, 296.82, 300.4, 309.0, 309.1, 309.28, and 311). The criterion of at least one inpatient or two outpatient admissions for such diseases before the initial date of breast cancer diagnosis was used to enhance diagnostic precision.


Table 1 | Distribution of age, comorbidity, breast cancer-related treatment, and second cancer between the non-NSAID and NSAID cohorts.



Breast cancer-related treatments, including chemotherapy, hormone therapy, target therapy, and surgery, were also identified. Chemotherapy was defined as the administration of one of the following drugs: docetaxel, paclitaxel, doxorubicin, and epirubicin, which are essential components in various chemotherapeutic regimens. Hormone therapy was defined as the administration of one of the following hormone-based drugs: tamoxifen, anastrozole, letrozole, and exemestane. Target therapy was defined as treatment with trastuzumab. Surgical treatment was defined as having undergone any of the following procedures: partial mastectomy (ICD-9-CM code 85.2-85.25), total mastectomy, and modified radical mastectomy (ICD-9-CM code 85.4-85.48).



Study Cohorts With Propensity Score Matching (PSM)

Patients with NSAID therapy within 2 years were older and had a higher proportion of baseline comorbidity, chemotherapy, hormone therapy, target therapy, and surgery than those without NSAID therapy (Table 1). In this study, 1:4 PSM was performed to identify the non-NSAID cohort. The propensity score was estimated by logistic regression for the controlling of breast cancer year, age, and baseline comorbidities. Following PSM, 7,356 patients with and 1,839 patients without NSAID treatment were included in this study. Both cohorts were followed up until the occurrence of a secondary cancer (ICD-9-CM 140–208, except for breast cancer), death, or end of 2011.

In the NSAID cohort, NSAID products and their dosage were retrieved based on the treatment history during the follow-up. Three different NSAIDs were specified in the study cohort, namely, aspirin, COX-2 inhibitors, and non-COX-2 inhibitors. The NSAID dosage was grouped based on cumulative days: <7, 8–28, 29–90, and >90 days.



Statistical Analysis

Categorical variables were presented as numbers (percentage), and continuous variables were expressed as means (standard deviation). Cox proportional hazards regression model analyses were performed to assess the hazard ratio (HR) of second cancer for the NSAID cohort in comparison with the non-NSAID cohort. Death could be a competing risk for second cancer; hence, competing risk analysis was conducted by using Fine and Gray’s proportional hazards regression analysis (24) to estimate the subdistribution HR (SHR) and 95% confidence interval (CI). Age- and comorbidity-stratified SHR of second cancer were also estimated for the NSAID cohort. Data management and statistical analyses were performed using SAS software 9.4 (SAS Institute, Cary, NC, USA). The significance level was set at P < 0.05 using two-tailed tests.




Results

After the PSM, the baseline characteristics were well balanced between the NSAID and non-NSAID cohorts (Table 1). The incidence rate per 1,000 person-years for second cancer was 5.57 in the NSAID cohort and 9.19 in the non-NSAID cohort (Figure 2). After adjusting for age, comorbidities, and breast cancer-related treatment, the adjusted SHR of NSAID use was 0.63 (95% CI 0.46–0.87) for second cancer incidence.




Figure 2 | Incidence and hazard ratio of second cancer for NSAID treatment, NSAID type, and dosage.



The association of second cancer risk with NSAID type and dosage is shown in Figure 2. When compared with the non-NSAID cohort, the second cancer incidence was significantly lower in patients taking non-COX-2 inhibitors (adjusted SHR 0.67, 95% CI 0.47–0.94) and in those receiving multiple NSAIDs during follow-up (adjusted SHR 0.55, 95% CI 0.37–0.84). Higher cumulative days of NSAID use was associated with a lower incidence of second cancer in a dose–response manner (p for trend 0.001), and the adjusted SHR was 0.43 (95% CI 0.27–0.69) in patients using NSAID for >90 days. The dose–response relationship was also observed for a specific NSAID type. Patients using non-COX-2 inhibitors for >28 days and COX-2 along with non-COX-2 inhibitors for >90 days had a lower incidence of second cancer, with adjusted SHR of 0.62 (95% CI 0.40–0.95) and 0.24 (95% CI 0.09–0.61), respectively.

The association of comorbidity with second cancer is shown in Supplementary Figure 1. Patients with liver cirrhosis (adjusted SHR 1.52, 95% CI 1.06–2.18) had a higher HR for second cancer. Furthermore, the association of NSAID treatment with second cancer stratified by age and comorbidities is depicted in Figure 3. NSAID treatment was associated with a lower second cancer incidence in patients with hypertension (adjusted SHR 0.37, 95% CI 0.20–0.68) but not in those without hypertension (adjusted SHR 0.74, 95% CI 0.51–1.10), and the hypertension–NSAID interaction reached a borderline significance (p = 0.077).




Figure 3 | Incidence and hazard ratio of second cancer for NSAID stratified by age, comorbidity, and breast cancer-related treatment.



The association of NSAID treatment with different types of second cancer is shown in Figure 4. The NSAID cohort demonstrated lower HR for hepatic, biliary tract, gallbladder, and pancreatic cancers (adjusted SHR 0.26, 95% CI 0.09–0.76) than the non-NSAID cohort. However, NSAID use did not have a protective effect in case of a subsequent gynecologic cancer (adjusted SHR 0.84, 95% CI 0.38–1.88). The statistical power of such second cancer stratified analyses could be limited because of the small sample size for each specific second cancer.




Figure 4 | Incidence and hazard ratio of specific second cancer for NSAID.  PY, person-years; IR, incidence rate, per 1000-per years; SHR, subdistribution hazard ratio; CI, confidence interval.





Discussion

In this nationwide population-based cohort study of patients with primary breast cancer, PSM was used to establish the NSAID and non-NSAID cohorts that were similar in terms of baseline characteristics, and their subsequent second cancer risk was investigated. This study also evaluated the sub-classifications of NSAIDs, their combined use, and NSAID dosage in cumulative days with respect to the patients’ carcinogenicity. This study showed that the NSAID cohort had a lower incidence of second cancer than the non-NSAID cohort. The risk was particularly lower for patients undergoing non-COX-2 treatments, those receiving non-COX-2 along with COX-2 during the follow-up, and those receiving NSAID dosage for a cumulative period of >90 days.

In our study, drug subgroup analysis unexpectedly revealed that the protective effect of NSAID is often derived from non-COX-2 drugs. The use of aspirin and COX-2 drugs had no lowering effect on the incidence of second cancer in patients with primary breast cancer. Aspirin was the most disputed drug among all NSAIDs. The reason for the increased attention was that aspirin exerted a protective effect in the normal population based on the findings of clinical studies (25–27). However, this drug could not reduce breast cancer-specific mortality in patients with primary breast cancer, as reported by many clinical studies (28–30). Strasser-Weippl et al. also showed that COX-2 combined with aspirin has no effect on the disease-free survival of patients with breast cancer (31). Our study suggested that non-COX-2 and COX-2 drugs have different effects in reducing the incidence of second cancer in patients with breast cancer. Such inconsistent findings might reflect the actual drug consumption frequency among the people in Taiwan (aspirin N = 67, COX-2 N = 115, and non-COX-2 N = 5348). The fact that >90% of the patients were in the non-COX2 cohort made the number of patients in the other two cohorts (aspirin and COX-2) too small to reveal their statistical effect. Furthermore, many studies have shown that non-selective COX-2 drugs have better anti-cancer activity than selective COX-2 agents (12, 32, 33).

Another important study finding was that using more than one NSAID during the follow-up had variable effects in reducing the incidence of second cancer as the use of COX-2 along with non-COX-2 drugs during the follow-up could reduce second cancer risk. However, aspirin combined with either COX-2 or non-COX-2 drug did not reduce second cancer risk. He et al. also found that the use of aspirin combined with COX-2 reduces COX-2 chemopreventive effects in colorectal cancer (34). Additionally, gastrointestinal studies have demonstrated that the concomitant use of aspirin and COX-2 reduces the gastrointestinal benefit of COX-2 (35, 36). Our study reveals that the NSAID dosage is proportional to the reduction in the incidence of second cancer risk. Other studies have also demonstrated that the cancer-preventive effect of NSAID is dose-dependent (7, 13, 16), including an intake duration of at least 90 days (6, 37–39), 180 days (15, 39), or longer (years) (14, 33).

Our study showed that NSAID treatment is associated with a lower second cancer incidence in patients aged 40–64 years (SHR = 0.60, p-value = 0.011) as well as in patients aged >65 years (SHR = 0.59, though not reached statistical significance) (Figure 3). This result implies that both pre-menopausal and post-menopausal women with breast cancer can derive chemopreventive benefit by using NSAID. Previous studies have also shown that NSAID exhibits its chemopreventive effect in pre- and post-menopausal women (12, 25, 32); nonetheless, some studies have shown that post-menopausal women could particularly benefit from the NSAID anti-cancer effect (26, 27, 33).

This study observed that liver cirrhosis is associated with increased second cancer incidence (see Supplementary Figure 1). Globally, Taiwan was a country with a high prevalence of hepatitis B and hepatitis C (40), which caused a higher incidence of liver cirrhosis and lead to an increased cancer incidence (41, 42). In our study, the protective influence of NSAID on second cancers was more predominant in patients with hypertension. Such patients have been well-educated to take antihypertensive drugs periodically, and previous studies have proposed that antihypertensive drugs might increase cancer risk (43–45). The interactive effect between NSAIDs and antihypertensive drugs needs to be explored further.

Although NSAID use decreased second cancer in many organ systems, only hepatic, biliary tract, and pancreatic cancers showed significance (Figure 4). Previous studies in Taiwan have also found that NSAID use decreased hepatocellular carcinoma risk in patients with chronic hepatitis B and infection (6, 16, 37).

A key strength of this study is the novelty of examining the association between NSAID use and second cancer incidence in patients with primary breast cancer. The use of a nationwide representative cohort design with large sample sizes and the application of PSM to consider a range of comorbidities and breast cancer-related treatments and to balance their distributions in the two cohorts with and without NSAID therapy are other important advantages. Furthermore, this study has provided empirical evidence for the association of NSAID use with second cancer risk reduction in a dose–response manner.

However, this study also has several limitations. First, the study is relatively old and has a relatively short study period, i.e., from 1997 to 2011. It takes at least 4–5 years for second cancer to develop in primary breast cancer survivors. We selected women with newly diagnosed breast cancer from 2000 to 2009 and then followed them up in 2011. A longer follow-up period might allow more cases of primary breast cancer to fit into our study and allow more second cancer events to appear, making statistical evidence more meaningful. Second, the patient’s tumor, lymph node, metastasis stage, body mass index, and family history could not be obtained because of the limitation of the NHIRD. This study only explored recordable risk factors based on reliable clinical classifications. Although the distributions of these factors, including covariates, were significantly different between the two groups (patients with and without NSAID therapy), they were well balanced after PSM. Third, on the pathologic subtypes of primary breast cancer was not available. We assumed indirectly that patients who ever received hormone therapy were estrogen-receptor or progesterone-receptor positive, and those who received target therapy had human epidermal growth factor receptor 2 overexpression. The triple negative breast cancer might have been missed in this type of analysis. Finally, a causal relationship between NSAID consumption and second cancer risk could not be inferred directly owing to the observational nature of our study.

In conclusion, with a large collection of approximately 10,000 patients with breast cancer in Taiwan, this population-based cohort study showed that those taking non-COX-2 inhibitors and those receiving multiple NSAIDs during follow-up had a lower second cancer incidence in a dose-dependent manner. To the best of our knowledge, this study is the first to investigate the relationship between NSAID use and second cancer incidence in patients with primary breast cancer. Studies with a prospective design, larger sample size, and longer follow-up period are needed to further verify our findings.
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