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                                                                                        5. Discussion

                                                                5.4 Warfarin use and cancer incidence

                                
                    Based on our findings from PPaper I, we asked the question if warfarin could influence on 
 cancer incidence in humans. To address this we performed a register based cohort 
 study, using data from the comprehensive Norwegian health registries. The free, 
 universal health care system in Norway ensures that these registries have broad 
 coverage and are well suited to be basis for a population study. The vitamin-K antagonist  
 warfarin is a drug that is commonly administered in the adult population, most 
 prevalent over 50 years of age, and as described in the introduction, with increasing 
 prevalence with increasing age.299  


The most widespread effect of increased AXL expression is related to cancer progression 
 and metastatic dissemination. AXL overexpression could also be important in the 
 process of tumor initiation.  Asiedu et al published in 2014 results demonstrating that 
 AXL expressing cells is more tumorigenic than AXL-negative cells.286 This is in line with 
 demonstrated effects on tumorigenesis also in other cancers, such as pancreatic cancer, 
 prostate cancer and glioblastoma.103,263,352 After primary tumor is established, effects 
 on tumor growth have been demonstrated in many tumor forms, such as PDACs and 
 glioblastomas. In other tumors, primary tumor growth is less or not affected.353


Several reports have been published on warfarin use and cancer, both clinical trials and 
register-based studies. The results have been somewhat conflicting. In 2011, Pengo et 
al published a report assessing the effect of warfarin treatment on cancer incidence and 
survival in a cohort of 76,008 persons. They found a Hazard ratio (HR) of newly 
diagnosed cancer of any type in the exposed group of 0.88, and a HR of 0.69 in prostate 
cancer.354 These findings correspond to our findings in PPaper II, with an IRR of 0.84 in 
all-site cancer, and 0.69 in prostate cancer (PPaper II, Table 2). Contradictory, Kinnunen 
et al evaluated the risk of prostate cancer in warfarin users in a Finnish population of 


78,615 men. In this study they reported an elevated risk of prostate cancer in warfarin 
 users compared to non-users, with  an adjusted HR of 1.11.355 To define warfarin users, 
 they took into consideration any use of warfarin prior to cancer diagnosis, also 
 prescriptions made shortly before diagnosis, when it is likely that the cancer was already 
 established. This could be a source to overestimation of cancer cases in the user group. 


Due to the wide definition of a warfarin user, they define 16.7 % of their population as 
 warfarin users, compared to 7.4 % in the population in our study (PPaper II, Table I). An 
 estimate of 16.7 % users in the investigated population is high also considering the 
 prevalence in the general population, which has been reported to be approximately 3 


% in a general population, and 9 % in a population older than 65 years.298  


The opportunity to perform a register based population study, with a large cohort gives 
 a unique possibility to investigate the question of anti-cancer effects of warfarin in a 
 large scale. One of the major limitations of a study based on the major health registries 
 in Norway is the lack of information of possible confounding factors in the material. The 
 available information includes demographic information, and information extracted 
 from the registries in question, the CRN and NorPD. The registries do not contain any 
 information regarding lifestyle factors as food intake, physical activity, smoking or 
 alcohol use. These are factors that potentially could influence on the risk of cancer 
 development. However, the properties of broad-covering registries allow inclusion of a 
 great number of individuals, which makes it possible to perform analyses, also on rarely 
 occurring cancer forms.356 This is a major advantage with large cohorts, and it has to be 
 considered together with the concurrent limitation of lack of information on life style 
 factors.  


In PPaper II, we observed an overall cancer protective effect, although the effect was not 
consistent for every included cancer site in the material. We observed that our findings 
corresponds to cancers with a known close relation to AXL, such as lung, prostate and 
breast.157,234,263 In PPaper II, table 2, we see that there is no significant warfarin protective 
effect for overall Bone-marrow related cancer, or leukemia as a group of diseases. 


Nevertheless, for AML, we observe a significant IRR of  0.82. Up-regulation of AXL is 
 shown to be closely related to a worsened prognosis and poor survival in AML.218 AXL 
 upregulation is shown in a much lesser extent in the lymphoid leukaemias.220 Based on 
 the hypothesis of the warfarin-AXL relationship, we did not expect a major reduction of 
 the incidence of lymphatic leukaemias after warfarin treatment. Consistent with this, in 
 the results from PPaper II, we observe a cancer-protective effect of warfarin in AML, and 
 on the other hand, there is no significant difference in the incidence of CLL in warfarin 
 users compared to non-users. (PPaper II, Table 2).  


It is known that thromboembolic disease, such as venous thromboembolism and 
pulmonary embolism, is associated with an elevated cancer risk. The risk is highest the 
first year after diagnosis, but an increased risk has been shown also later.357 This was an 
important confounding factor in our study, which needed to be addressed. Thus, we 
also evaluated the cancer risk in a subgroup of the warfarin-users, which were 
prescribed warfarin after atrial fibrillation or flutter. This group lacked the preexisting 
occult malignancy risk of the thromboembolic patients. In this group, we observed an 
overall IRR in the users of 0.62 (PPaper II, Supplementary Table 2). This reduction in IRR 
was expected, and in line with the knowledge of an increased cancer risk in the 
thromboembolic patients.  
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