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Aim

This retrospective cohort study evaluated whether metformin use in patients with type 2 diabetes mellitus might reduce the risk of biliary tract cancer (BTC); and explored whether metformin use might affect the overall survival in patients who developed BTC.



Methods

New-onset type 2 diabetes patients aged 25–75 years during 1999–2005 were enrolled from the Taiwan’s National Health Insurance and followed up until December 31, 2011. A total of 287,995 ever users and 16,229 never users were identified (unmatched original cohort) and a 1:1 matched pairs of 16,229 ever users and 16,229 never users based on propensity score (PS) were created (matched cohort). Hazard ratios were estimated by three Cox regression models: 1) adjusted for PS; 2) incorporated with the inverse probability of treatment weighting using PS; and 3) all covariates treated as independent variables. Overall survival was compared between ever users and never users of metformin who developed BTC.



Results

In the unmatched cohort, 73 never users and 523 ever users developed BTC, with respective incidence of 100.36 and 38.06 per 100,000 person-years. An overall risk reduction was observed in metformin users in all three regression models with respective hazard ratio (95% confidence interval) of 0.442 (0.344-0.568), 0.377 (0.295-0.481), and 0.477 (0.370-0.615). The tertile analyses showed a dose-response pattern with a neutral effect in the first tertile when metformin use was <2 years and a significant risk reduction in the second and third tertiles. Findings in the matched cohort were consistent with those observed in the unmatched cohort. The overall survival did not differ significantly between ever and never users of metformin among patients who developed BTC.



Conclusions

Metformin significantly reduces the overall risk of BTC by 50%–60%. A dose-response effect is observed and users of approximately 2 years show significantly reduced risk. However, metformin does not affect the overall survival in patients with BTC.
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Introduction

Biliary tract cancer (BTC) arises from the epithelium of the biliary tree and can be classified as intrahepatic cholangiocarcinoma, extrahepatic cholangiocarcinoma, and gallbladder cancer according to its anatomical location. BTC is highly malignant and is always diagnosed at an advanced stage, with 5-year survival <10% for all subtypes (1, 2). Metabolism reprogramming with a shift from oxidative phosphorylation to glycolysis (Warburg effect or aerobic glycolysis) is a major feature of BTC (3).

Although the risk factors of BTC are not well characterized (3), patients with type 2 diabetes mellitus may have an increased risk of various types of cancer including BTC (4–7). Metformin is now considered the first-line therapy for type 2 diabetes mellitus because it exerts multiple beneficial effects beyond glycemic control, such as anti-inflammation, anti-atherosclerosis, anti-cancer and anti-aging (4). Despite a myriad of studies investigating the role of metformin use in diabetes patients in risk reduction of various cancers (8, 9), to our knowledge, only one previous clinic/hospital-based case-control study investigated the risk of BTC associated with metformin use (5). In this study the investigators estimated a 60% risk reduction with an odds ratio of 0.4 (95% confidence interval 0.2–0.9, P=0.04).

Because of the highly malignant nature of BTC, metformin does not provide a useful therapeutic benefit or improve the survival of the patients once BTC is diagnosed (10–12). However, in in vitro studies, metformin does inhibit the proliferation and viability of BTC and promote the apoptosis of BTC through various mechanisms. These may include the suppression of nuclear translocation of signal transducer and activator of transcription 3 and nuclear factor-kappa B through the activation of 5’-adenosine monophosphate-activated protein kinase (AMPK) (13), the inhibition of p-Akt and Bcl-2, probably through upregulation of the chloride intracellular channel 1 (14), or arrest of cell cycle by regulating the expression of Drosha-mediated multiple carcinogenic microRNAs (15). A recent in vitro study by Tang et al. suggested that metformin may alter cellular metabolism with the suppression of the Warburg effect by decreasing the expression of lactate dehydrogenase A in cholangiocarcinoma cell cultures (16). Furthermore, metformin may sensitize the anticancer effect of cisplatin on BTC through activating the oxidative stress-mediated mitochondrial cell death pathway (17). Therefore, even though metformin may not be useful as a therapeutic agent for BTC, its beneficial effect to prevent the early development of such a highly malignant cancer is worthy of investigation. The beneficial effect observed by Chaiteerakij et al. (5) should better be confirmed in different ethnicities with additional consideration of common methodological biases such as prevalent user bias, immortal time bias and confounding by indication.

The present study aimed at investigating whether metformin use might reduce the risk of BTC in Taiwanese patients with type 2 diabetes mellitus. Furthermore, we also explored whether the use of metformin might affect the overall survival in patients who developed BTC during follow-up.



Materials and Methods

The Taiwan’s National Health Insurance (NHI) is a compulsory, universal and unique healthcare system that has been implemented since March 1995. It has a high coverage of over 99% of the whole population and has contracts with 93% of medical settings and with all in-hospitals nationwide. All disease diagnoses, prescribed medications and performed procedures are recorded as computerized database. The database can be used for academic research after approval by an ethics review board. The present study was approved with a number of 99274.

Disease diagnoses were coded by the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) during the study period. Diabetes was coded 250.XX and BTC included 155.1 (malignant neoplasm of intrahepatic bile ducts) and 156 (malignant neoplasm of gallbladder and extrahepatic bile ducts).

Figure 1 shows the procedures followed in creating the unmatched original cohort used in the study. In brief, 423,949 patients with new-onset diabetes mellitus during 1999-2005 and ≥2 prescriptions of antidiabetic drugs in the outpatient clinics were first identified. After excluding patients with type 1 diabetes mellitus (n=2,400), missing data (n=746), with cancer diagnosis before entry (n=44,303), aged <25 years (n=21,006), aged >75 years (n=43,316), and with follow-up duration <180 days (n=7,954), a total of 304,224 patients were selected into the analyses. Among them, 287,995 patients had ever been prescribed metformin and 16,229 had never been treated with metformin (the unmatched original cohort). The Greedy 8→1 digit match algorithm was used to create a PS matched-pairs cohort (the matched cohort) of ever and never users according to the methods described by Parsons (18). These methods have also been used in our previous papers (19, 20). The PS was created by logistic regression with all the characteristics (collected until the end of follow-up) listed in Table 1 and the date of entry treated as independent variables.




Figure 1 | The procedures in creating the unmatched original cohort of ever and never users of metformin by using the reimbursement database of the National Health Insurance of Taiwan.




Table 1 | Characteristics in metformin never users and ever users in the unmatched original cohort and in the propensity score matched cohort.




Cumulative duration of metformin therapy (months) was calculated and its tertiles were used to evaluate the dose-response relationship. Potential confounders were categorized into demographic data (age and sex), occupation, living region, major comorbidities (hypertension, dyslipidemia, and obesity), diabetes-related complications (nephropathy, eye disease, stroke, ischemic heart disease, and peripheral arterial disease), antidiabetic drugs (insulin, sulfonylurea, meglitinide, acarbose, rosiglitazone, and pioglitazone), potential risk factors of cancer (chronic obstructive pulmonary disease, tobacco abuse, alcohol-related diagnoses, gallstone, history of Helicobacter pylori infection, Epstein-Barr virus-related diagnoses, hepatitis B virus infection, hepatitis C virus infection, and disease of pancreas), and medications that are commonly used in diabetes patients or may affect cancer risk (angiotensin converting enzyme inhibitor/angiotensin receptor blocker, calcium channel blocker, statin, fibrate, and aspirin). The living region and occupation were classified as detailed elsewhere (21). In brief, the living region was classified as Taipei, Northern, Central, Southern, and Kao-Ping/Eastern. Occupation was classified as class I (civil servants, teachers, employees of governmental or private businesses, professionals and technicians), class II (people without a specific employer, self-employed people or seamen), class III (farmers or fishermen), and class IV (low-income families supported by social welfare, or veterans). The ICD-9-CM codes for the related diagnoses are provided below: hypertension (401–405), dyslipidemia (272.0–272.4), obesity (278), nephropathy (580–589), eye disease (250.5: diabetes with ophthalmic manifestations, 362.0: diabetic retinopathy, 369: blindness and low vision, 366.41: diabetic cataract, and 365.44: glaucoma associated with systemic syndromes), stroke (430–438), ischemic heart disease (410–414), peripheral arterial disease (250.7, 785.4, 443.81, and 440–448), chronic obstructive pulmonary disease (a surrogate for smoking; 490–496), tobacco abuse (305.1, 649.0, and 989.84), alcohol-related diagnoses (291, 303, 535.3, 571.0–571.3, and 980.0), gallstone (574.00, 574.01, 574.10, 574.11, 574.20, 574.21, and A348), diagnoses related to Epstein-Barr virus infection (075, 710.3, and 710.4), hepatitis B virus infection (070.22, 070.23, 070.32, 070.33, and V02.61), hepatitis C virus infection (070.41, 070.44, 070.51, 070.54, and V02.62), and disease of pancreas (577). History of Helicobacter pylori infection was defined based on one of the following two criteria (22): 1) having received an eradication therapy for Helicobacter pylori (defined as a combination use of proton pump inhibitors or H2 receptor blockers, plus clarithromycin, metronidazole or levofloxacin, plus amoxicillin or tetracycline, with or without bismuth, in the same prescription order for 7–14 days); and/or 2) Helicobacter pylori infection diagnosis (041.86).

Analyses were conducted in both the unmatched original cohort and the matched cohort. The difference in age between never and ever users was compared by Student’s t test and Chi-square test was used to compare the differences of other variables. Standardized difference proposed by Austin and Stuart was calculated for each covariate and a value >10% was considered as potential confounding from the variable (23).

Incidence densities for never users, ever users and each tertile of cumulative duration of metformin therapy were calculated. The numerator was the case number of new-onset BTC identified during follow-up. The denominator was the person-years of follow-up, which ended at the time of BTC diagnosis or on the date of death, the last reimbursement record or December 31, 2011.

Kaplan-Meier curves for BTC-free probability for ever versus never users of metformin in the unmatched cohort and the matched cohort were plotted. Log-rank test was used to test the difference between ever and never users.

In main analyses, hazard ratios and their 95% confidence intervals for different subgroups of metformin exposure versus never users were created by three Cox regression models: 1) adjusted for PS; 2) incorporated with inverse probability of treatment weighting (IPTW) using the PS [as recommended by Austin to reduce confounding from the differences in characteristics (24)]; and 3) treating all covariates in Table 1 as independent variables (traditional Cox model).

The following two sensitivity analyses were then conducted in the unmatched cohort. First, patients who happened to be treated with incretin-based therapies during follow-up were excluded. Incretin-based therapies including the dipeptidyl peptidase 4 inhibitors and the glucagon-like peptide 1 receptor agonists were introduced into Taiwan after the enrollment of the patients. On March 1, 2009 sitagliptin was the first incretin-based therapy approved for reimbursement by the NHI and it has been shown to reduce the risk of breast cancer in our population (25). Second, patients who developed cancers other than BTC during follow-up were excluded. These patients were excluded because the occurrence of other cancers might have shortened the lifespan of the patients leading to biased estimates of follow-up time. Furthermore, patients who developed other cancers might have different propensity for the risk of developing BTC.

To examine whether there might be interactions between metformin use and other potential confounders, multivariate traditional Cox regression models were created by entering metformin and all variables listed in Table 1 (age divided into two subgroups: < 65 and ≥65 years) as independent variables together with the interaction term of metformin and each of the variables one at a time for estimating the P value of interaction. Because it was not known whether the follow-up duration might modify the effect, a similar model was created by adding follow-up duration (divided into two subgroups: <5 years and ≥5 years) as an additional independent variable together with the interaction term of metformin and follow-up duration for the estimation of the P-interaction.

To investigate whether the prognosis among incident cases of BTC might be different between ever and never users of metformin, the overall survival curves comparing ever versus never users were plotted for the unmatched cohort and the matched cohort, respectively. Log-rank test was used to test whether overall survivals could be significantly different between ever and never users.

SAS statistical software (version 9.4, SAS Institute, Cary, NC) was used for statistical analyses. P < 0.05 was considered statistically significant.



Results

Table 1 compares the characteristics between never and ever users of metformin. In the unmatched original cohort, age and sex differed significantly. The mean age was older (63.63 ± 10.42 versus 61.39 ± 10.22 years, P<0.0001) and the proportion of men was higher (57.31% versus 53.87%, P<0.0001) in never users. All other variables, except hypertension, pioglitazone, Epstein-Barr virus-related diagnoses and hepatitis B virus infection, also differed significantly in the unmatched original cohort. However, in the matched cohort, except for age, obesity, eye disease, insulin and sulfonylurea, all other variables were not different significantly. None of the standardized differences in the matched cohort had a value >10%, suggesting that the two groups were well matched.

The Kaplan-Meier curves for BTC-free probability comparing ever versus never users of metformin are shown in Figure 2. The log-rank test suggested that ever users had a significantly lower risk of BTC by approximately 60% in either the unmatched cohort (Figure 2A) or the matched cohort (Figure 2B).




Figure 2 | Kaplan-Meier curves for biliary tract cancer-free probability in never and ever users of metformin in the unmatched cohort (A) and matched cohort (B). HR, hazard ratio; CI, confidence interval.



The incidence of BTC and the hazard ratios by metformin exposure in the main analyses are shown in Table 2. The overall hazard ratios suggested a significant reduction of BTC risk by approximately 50%–60% in most models. In the tertile analyses, the risk was neutral when metformin was used within a short period of approximately 2 years in the first tertile in all models. However, a significantly lower risk of BTC could be seen in the second and third tertiles in all models when metformin had been used for approximately 2 or more years. There was a trend of decreasing risk of BTC with increasing cumulative duration of metformin therapy.


Table 2 | Incidence rates of biliary tract cancer and hazard ratios by metformin exposure in the main analyses.



Table 3 shows the incidence rates and hazard ratios in the sensitivity analyses after excluding patients who happened to be treated with incretin-based therapies and patients who developed other cancers during follow-up, respectively. The findings were consistent with the main analyses shown in Table 2, suggesting a significantly lower risk of BTC associated with metformin use in a dose-response pattern.


Table 3 | Sensitivity analyses in the unmatched cohort.



Subgroup analyses and the P values of interaction are shown in Table 4. Except for Helicobacter pylori infection, no significant interaction between metformin use and any of the other variables was observed. For patients with a history of Helicobacter pylori infection, the protective effect of metformin was attenuated and not significant.


Table 4 | Subgroup analyses and P-values for the interactions between metformin and each of the variables.




Figure 3 shows the overall survival in ever versus never users among those who had incident BTC in the unmatched cohort (Figure 3A) and the matched cohort (Figure 3B), respectively. The findings suggested that metformin did not affect the overall survival in patients with BTC after the diagnosis of the cancer.




Figure 3 | Overall survival in patients with incident biliary tract cancer in ever users and never users of metformin in the unmatched cohort (A) and the matched cohort (B). HR, hazard ratio; CI, confidence interval.





Discussion

The findings supported that metformin use in patients with type 2 diabetes mellitus was associated with a significantly lower risk of BTC in a dose-response pattern, which could be demonstrated in different regression models in either the main analyses (Table 2) or the sensitivity analyses (Table 3). Except for Helicobacter pylori infection, no significant interaction was observed for any of the other potential confounders (Table 4). Although metformin use was associated with a lower risk of BTC (Figure 2, Tables 2–4), the prognosis did not differ significantly between ever and never users once the patients developed BTC (Figure 3).

In our previous studies, metformin use was also associated with a lower risk of other types of cancer and the overall hazard ratios in well-matched cohorts were 0.72 (0.58–0.88) for lung cancer (19), 0.62 (0.53–0.74) for colorectal cancer (20), and 0.52 (0.31–0.89) for cervical cancer (26). Here the lowest overall hazard ratio of 0.414 (0.273–0.627) for BTC was observed in the corresponding Cox regression model incorporated with IPTW using the PS in the matched cohort (Table 2). Although metformin provided the most effective prevention on BTC, it might not be a useful therapeutic agent because its use was not associated with a better prognosis among incident cases of BTC (Figure 3). This is compatible with most previous studies that consistently showed a null effect when metformin was used for the treatment of BTC (10–12). Because BTC is highly malignant (1, 2), the more remarkable effect of metformin on the prevention of BTC renders a chance to reduce a greater burden of this life-threatening cancer if metformin is used for early prevention. A confirmation of such a chemopreventive effect of metformin on BTC by clinical trials, especially in high risk people, is urgently needed.

The protective effect of metformin on BTC was well demonstrated in the matched cohort (Table 2). The difference in age was small and slightly older in ever users in the matched cohort (Table 1). This might only have underestimated the beneficial effect of metformin because older age can be a risk factor of BTC. The slightly higher prevalence of obesity (2.71% vs. 2.15%), eye disease (18.55% vs. 17.15%) and insulin use (8.32% vs. 6.22%) in never users and the slightly higher prevalence of sulfonylurea use (75.43% vs. 72.69%) in ever users in the matched cohort were unlikely to cause significant residual confounding because all of their standardized differences were <10%.

The mechanisms explaining a reduced risk of BTC associated with metformin use may be multifactorial. The development and proliferation of BTC is favored by an alteration of cellular metabolism from oxidative phosphorylation to glycolysis (the Warburg effect) (3). The in vitro study by Tang et al. suggested that metformin may alter cholangiocarcinoma cancer cell metabolism and reverse the Warburg effect by reducing the expression of lactate dehydrogenase A (16). Metformin inhibits the mammalian target of rapamycin (mTOR) through an AMPK-dependent or an AMPK-independent pathway (27) and upregulation of mTOR is always observed in BTC (28). Metformin may also reduce inflammation, another feature of BTC (28), through the improvement of metabolic disturbances such as hyperglycemia, insulin resistance and dyslipidemia (29, 30). Transforming growth factor beta 1 plays an important role in the initiation and growth of BTC (31) and metformin has been identified as a suppressor of this growth factor in an in vitro study (32). Inactivation of tumor suppression function of FoxO3 is related to human development of BTC (33) and metformin activates the AMPK-FoxO3 pathway resulting in a reduction of intracellular reactive oxygen species (34). Lysophosphatidylcholine may cause cholangiocyte senescence which is potentially related to the development of BTC (35). It is interesting that metformin reduces lysophosphatidylcholine levels in human hepatocytes, which is related to the reduced secretion of Apo B (36).

Whether the anticancer effects of metformin on BTC may share similar mechanisms with many other types of cancer remains to be explored. However, because metformin has been consistently shown to reduce the risk of various types of cancer in the Taiwanese population, including cancers of the gastrointestinal system (20, 21, 37–40), gynecology-related cancers (26, 41–43), prostate cancer (44), cancers of the urinary system (45, 46), thyroid cancer (47), nasopharyngeal cancer (48), lung cancer (19), skin cancer (49), and non-Hodgkin lymphoma (50), it is possible that the anticancer effects of metformin may involve some common pathophysiological mechanisms relating to the development of various cancers. Hanahan and Weinberg pointed out six common hallmarks of cancer in 2000, including “sustaining proliferative signaling, evading growth suppressors, resisting cell death, enabling replicative immortality, inducing angiogenesis, and activating invasion and metastasis” (51). In 2011, they added two emerging hallmarks to the list, i.e., “reprogramming of energy metabolism and evading immune destruction” (52). It is interesting that metformin does show multi-faceted effects targeting most of these common cancer hallmarks relating to cancer development, proliferation and metastasis (52). Specifically, metformin inhibits cancer stem cells formation, inhibits epithelial-to-mesenchymal transition which is associated with cancer metastasis, influences the expressions of many microRNAs that may exert epigenetic effects on cancer development (53, 54), blocks the Warburg effect in energy metabolism that usually exists in cancer cells (53) and inhibits cellular senescence (53). Activation of mTOR is commonly observed in many types of cancer cells (51) and metformin is well recognized for its effects on the activation of AMPK, followed by the inhibition of mTOR (27).

The overall 50%–60% risk reduction in the present study (Tables 2 and 3) was comparable to that observed by Chaiteerakij et al. who used a clinic/hospital based case-control design to evaluate the risk of intrahepatic cholangiocarcinoma associated with metformin use (5). The investigators enrolled 612 cases of intrahepatic cholangiocarcinoma who were seen at the Mayo Clinic, Rochester, MN in the USA and 594 controls matched on age, sex, ethnicity, and residential area selected from participants in the Mayo Clinic Biobank. The effect of metformin was analyzed in the subgroup with diabetes mellitus. Because of its case-control design, only odds ratios could be estimated and the study did not evaluate a dose-response relationship. Additionally, the methodological problems associated with pharmacoepidemiological studies such as prevalent user bias, immortal time bias and confounding by indication were not addressed.

Basically, the present study has carefully addressed the limitations observed in the early study (5) by showing a dose-response relationship in various regression models (Tables 2 and 3). The potential risk of prevalent user bias, immortal time bias and confounding by indication have all been fully considered and will be discussed below.

Prevalent user bias can be introduced when prevalent users of a drug are enrolled to investigate its association with a certain clinical outcome (55). This bias has been avoided in the present study by enrolling patients with new-onset type 2 diabetes mellitus and new users of metformin (55).

Immortal time refers to the follow-up period when the researched outcome cannot happen (56). When treatment status and follow-up time are inappropriately assigned to the patients, immortal time bias can be introduced (56). In the present study, the diagnosis of diabetes mellitus and the assignment of treatment status would not be erroneous because only patients who had been diagnosed as having diabetes together with the prescription of antidiabetic drugs for 2 or more times were enrolled (Figure 1). Because the NHI is a universal healthcare system and it keeps all longitudinal information of the patients, never users without any prescription of metformin during the whole study period could also be easily and accurately identified. The immortal time during the period between diabetes diagnosis and the use of antidiabetic drugs were not included in the calculation of the follow-up time and the inappropriate assignment of follow-up time during the initial period of antidiabetic treatment had been avoided by excluding patients with a short follow-up duration of <180 days (Figure 1). Lévesque et al. discussed another source of potential immortal time bias that could be introduced during the wait period for getting the prescribed drugs when the patients were discharged from the hospital (56). It should be stressed that this would not happen in Taiwan because all prescribed drugs at discharge can be obtained directly and immediately from the hospital on the date when the patients are discharged.

Confounding by indication was less likely in the matched cohort with balanced confounders as indicated by all values of standardized difference <10% (Table 1). The use of Cox regression incorporated with IPTW using the PS was also aimed at reducing such a potential confounding by indication. Consistent findings in all regression models (Tables 2–4) strengthened the beneficial effect of metformin on BTC risk.

This study has several strengths. First, because of the high coverage rate, large sample size and nationwide basis of the NHI reimbursement database, the findings can be readily generalized to the whole population. Second, the inclusion of the unmatched cohort and matched cohort and the consistency in the findings across different methodological approaches in both study cohorts supported the robustness of the findings. Third, the use of medical records can reduce the potential bias related to self-reporting. Fourth, detection bias resulting from disparity in healthcare accessibility and socioeconomic status are less likely in Taiwan because the NHI is a compulsory and universal healthcare system with very low drug cost-sharing and most copayments can be waived in patients with cancer.

Study limitations may include the lack of measurement data on some potential risk factors such as anthropometric factors, smoking, alcohol drinking, lifestyle, physical activity, nutritional status, eating habits (such as raw or uncooked food), family history, and genetic markers. Because of lack of clinico-pathological features/parameters, the present study could not evaluate the impacts of the pathology, grading and staging of BTC. Because this study is retrospective in nature, further confirmation by prospective study or clinical trials is warranted. Finally, the findings observed in the diabetes patients should not be generalized to the nondiabetic people without additional confirmation.

In summary, this study supports a beneficial effect of metformin on the prevention of BTC in patients with type 2 diabetes mellitus in Taiwan. However, metformin may not affect the survival in patients with BTC. Because metformin is a cheap antidiabetic drug that is commonly used in clinical practice with few contraindications and without severe side effects, its beneficial effect on the prevention of a highly malignant cancer such as BTC in either the diabetes patients or the nondiabetic people is worthy of additional confirmation by clinical trials.
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