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CHOLECALCIFEROL AND CANCER
WEIGHT OF EVIDENCE EVALUATION

Summary 

The Applicant disagrees with the proposed classification of cholecalciferol as a Carcinogen, Category 2. Under Regulation 528/2012, Cholecalciferol is intended for use as a rodenticide therefore typical rodent carcinogenicity studies would not be conducted.  Moreover, considerable epidemiological evidence is available. The regulatory strategy recognised that for cholecalciferol, the epidemiological data in human is more relevant than data generated in animals. 
The CLH classification proposal basis is confined to the results of one published investigative experiment in rats with cholecalciferol and another but with a cholecalciferol metabolite. The proposal ignores the relevant epidemiological data available on this essential vitamin. Incorporation of the epidemiological and experimental data into a weight of evidence approach leads to the conclusion that no classification for carcinogenicity is appropriate. 
Namely:  
· Cholecalciferol is an essential vitamin (D3) in humans for its role in calcium homeostasis and skeletal health, and is primarily synthesized in the body. 
· Tolerable upper intake levels have been defined by the European Food Safety Agency (2012) at 100µg/day (approximately 1.25 µg/kg/day). 
· The published investigative experiment in Crl:CD rats used Cholecalciferol levels 100, 200 or 400 fold above the EFSA upper intake levels. 
· The experiment design was not run according to regulatory standards i.e. not OECD test guideline compliant, lasted only 26 weeks, and compliance with GLP was not claimed. 
· The mid and high doses provoked a decrease in bodyweight gain of 25-82%, marked hypercalcaemia and adrenal chromaffin cell proliferation but with only a single incidence of pheochromocytoma in each group (1/10 and 1/9 respectively). 
· A single pheochromocytoma (1/20) was observed in the 1-year experiment with a single dose level of the metabolite (24R,25 (OH)2VitD3) concurrent with evidence of calcium dysregulation.  
· The proliferative lesions and the benign pheochromocytoma are secondary to the known primary mode of action i.e. calcium dysregulation (hypercalcaemia). The occurrence of pheochromocytomas under toxic conditions in animal experiments is to be assessed as a secondary effect (Greim et al 2009). 
Therefore these two studies are considered insufficient evidence of a primary carcinogenic effect and do not support classification for carcinogenicity under CLP. 
· Epidemiological data have been recently and intensively reviewed e.g. the EFSA Panel on Dietetic Products, Nutrition and Allergies (2012) which stated ‘no studies reported an association between vitamin D intake and increased risk for adverse long-term health outcomes.’ Similar conclusions are reached by UK Scientific Advisory Panel on Nutrition (SACN, draft 2015).  None of these reviews conclude an increased cancer risk.
· There is increasing information about the possible role of Vitamin D3 in cancer prevention in humans:
· intervention and observational epidemiology studies indicate protective or no associations with overall and site-specific cancer risks (i.e., not an increased hazard)
· these extensive epidemiological data on cholecalciferol cover numerous studies, involving hundreds of thousands of human subjects in total
· numerous mechanistic studies in vitro show anti-proliferative and pro-differentiation effects thought to be protective against cancer
· Cholecalciferol remains under study in numerous clinical trials for various health benefits including cancer protection.
Since cholecalciferol (vitamin D3) is beneficial to health at physiological exposure levels, and appears possibly protective of cancer at physiological dose levels, the animal tumours (of secondary origin, seen at excessive doses irrelevant to human, without statistical significance, in studies inadequate for carcinogenicity assessment) are not reason for classification. The extensive epidemiology data (of high relevance to human), together with mechanistic data supporting a protective effect, are considered sufficiently meaningful that classification for carcinogenicity is not appropriate. 


Weight of Evidence Requirement
The CLH Report for cholecalciferol proposes classification as a carcinogen Cat 2 based on animal data, despite essential endogenous exposure in humans and substantial epidemiology that does not indicate carcinogenicity. Article 1.1.1.4 of Annex 1 to the CLP Regulation (EC 1272/2008) includes the wording: 
“Where evidence is available from both humans and animals and there is a conflict between the findings, the quality and reliability of the evidence from both sources shall be evaluated in order to resolve the question of classification. Generally, adequate, reliable and representative data on humans (including epidemiological studies, scientifically valid case studies as specified in this Annex or statistically backed experience) shall have precedence over other data.” 
This paper assesses scientific weight of voluminous and occasionally conflicting data in humans and animals by critical evaluation of the scientific robustness, statistical power and demonstrates that Cholecalciferol does not meet criteria for carcinogenicity as defined in the regulation (EC) 528/2012. It also shows that the proposed classification is based on questionable animal data that has no relevance for classification, and contradicts substantial human experience. 
Evaluation of Animal Data 
The current proposal to classify cholecalciferol as a Category 2 carcinogen is based on the results of two mechanistic rat studies:
1. Tischler et al, 1999
In a 26-week study, 10 male rats/dose received daily dose of Cholecalciferol by gavage at 0.125, 0.25, or 0.5 mg/kg bw/day with the objective to understand the early events in the pathogenesis of focal proliferative lesions in the rat adrenal medulla using cholecalciferol as a model. Knowing that the human EU upper intake level is 100 µg/day (approximately 1.25 µg/kg/day), the tested doses in this mechanistic study were equivalent to 100, 200 and 400-fold the human upper limit of intake (from EFSA 2012). 
Results showed marked decreased body weight gain (by more than 80 and 25% at the high and mid dose), markedly increased of blood calcium and phosphorus levels and urinary/calcium creatinine ration mainly at the two highest doses levels. Histopathology examination revealed dose-related changes in the two highest dose groups in the two organs examined, i.e. kidney (nephrocalcinosis) and adrenals (increased incidence of hyperplastic nodules and one pheochromocytoma in each of the high and the middle dose groups). 
The biological significance of these limited effects observed in the adrenals should be carefully interpreted and it is important to consider that:
· The study was not intended as a study for carcinogenicity but was designed as a mechanistic study to investigate the effect of cholecalciferol on adrenal proliferative changes and progression. There was no histology examination in any other organs except the duodenum. Therefore the extensive list of organs required by the regulatory guidelines was not investigated and the overall tumour incidence in these animals was not measured. 
· Doses were higher than would be tested in a rat carcinogenicity study; bodyweight gains were retarded to a level (approximately 80% at the top dose, 25% at the mid dose) far exceeding the MTD limit of 10% and the physiology of the rats was significantly abnormal for approximately 25% of their lifespan (26 weeks). These levels would be expected to distort the normal homeostasis of the rat, and potentially confound tumour interpretation (hence the necessity for taking into account the MTD concept in carcinogenicity testing, as expressed in OECD guidance). 
· The number of animals is small (only 10 male rats per group at the start of the study and only 9 rats at the top dose were taken to the end - instead of the 50 animals/sex/group as required by the OECD Guidelines for carcinogenicity). 
· There was no pheochromocytoma at the lowest dose level which did not exceed the MTD. A single benign pheochromocytoma was observed in each of two highest doses without clear dose-progression despite a 2-fold increase in dose. Overall, the incidence of pheochromocytoma was not statistically significant. 
· Proliferative lesions as measured by BrdU hot-spots is a highly sensitive endpoint not used in carcinogenicity studies, and the 26-week period of the study is not a common rat study duration. No appropriate background control data are available to assess the relevance of the findings observed in this mechanistic study
· Based on the limitation of the design of this mechanistic study the applicant considers that the biological relevance of the single occurrence of a benign pheochromocytoma at dose levels far exceeding the MTD and human upper limit of cholecalciferol intake is insufficient with respect to carcinogenicity classification purposes.

2. Ikezaki, 1999
In a 57-week study, 20 male rats/dose (CAR, IIIA 6.5/02), were offered 24R,25-dihydroxy cholecalciferol (24R,25(OH)2D3) a derivative of cholecalciferol, at a single concentration of 5 ppm (approximately 0.23 mg/kg bw/day), with the objective to assess the influence of 24R,25(OH)2D3 on calcium homeostasis and the occurrence of adrenal proliferative lesion. 24R,25(OH)2D3 is formed in conditions of cholecalciferol excess, as an alternative (detoxification) pathway.
Results showed that 24R,25(OH)2D3 had no effects on body weight, on food consumption and on serum calcium, although  urinary calcium was well increased above the control levels since the 3rd week of administration. Femur and adrenal medulla weight were increased and associated with histopathology findings, e.g. thickening of cortical bones in the femurs, increased PCNA labelling indices, medullary hyperplasia (6/20 rats) and a single benign pheochromocytoma (1/20 rats) in the adrenals. 
The biological significance of these limited effects observed in the adrenals should be carefully interpreted and it is important to consider that:
· The study was not intended as a study for carcinogenicity, but was designed to examine the effects of cholecalciferol derivative on the bones and the adrenals. Proliferative changes in other tissues were not reported; several tissues were examined histologically for evidence of calcification, but not the extensive list required by the regulatory guidelines. In contrast to a carcinogenicity study, the overall tumour incidence in these animals is therefore not measured.
· The choice of the dose level tested was not justified in the publication and was not mentioned to be relevant to human exposure. Knowing that cholecalciferol metabolism is highly regulated under normal physiological conditions there is uncertainty that this dose level has relevance for the assessment of the carcinogenic potential of cholecalciferol. While the metabolic profile of cholecalciferol itself is reasonably well understood, the metabolic fate of 24R,25-(OH)2D3 particularly at excessive doses, is not; and may have no relevance to cholecalciferol itself
· The number of animals is small (20 males/group – instead of the 50 animals/sex/group as required by the OECD Guidelines for carcinogenicity). Proliferative lesions were confined to the adrenals with the occurrence of a single benign pheochromocytoma at the 1-year sacrifice. No appropriate background control data are available. Particularly, as the proliferative response measured by PCNA is a sensitive endpoint not used in carcinogenicity studies it is not possible to assess the degree of abnormality of this type of lesion in the absence of appropriate historical control data. 
· The CLH report notes that the benign pheochromocytoma occurred in the absence of hypercalcaemia. However, hypercalcuria was shown, and disturbance of calcium levels was also implied from thickening of cortical bone. Individual data are not presented (only group mean data being shown), so it is not possible to determine if the single animal with the tumour was in fact hypercalcaemic as an individual. Pheochromocytoma is attributed to disturbed calcium homeostasis in the case of the sugar alcohols (Lynch 1996), also in the absence of hypercalcaemia. It follows that in contrast to the inference of the CLH report, hypercalcaemia is not an essential requirement for rat adrenal medullary cell proliferation.

In conclusion the applicant considers the changes observed in this mechanistic study are not relevant with respect to carcinogenicity classification because the study is not conducted with cholecalciferol itself, but with one of its metabolite for which relevance is not clear. 


Relevance of adrenal medullary pheochromocytoma for human
Tischler et al (1999) specifically discusses in his paper reporting the results of the 26-week mechanistic study with cholecalciferol that the pheochromocytoma associated with cholecalciferol in rats do not represent a risk to man. Tischler also noted that in some carcinogenicity studies, the frequency of pheochromocytoma correlates with the severity of chronic progressive glomerulonephrosis, and that this association might result from disorders in calcium homeostasis occurring secondarily to the kidney disease. Tischler et al (1999) suggests the rat adrenal medulla to be unusually susceptible to perturbation of calcium homeostasis. Tischler considered the proliferative effect of cholecalciferol on the rat adrenal medulla to be secondary, since neither cholecalciferol nor the active metabolite 1,25-(OH)2-D3 induced chromaffin cell proliferation in vitro. Isobe (2012), using infusion of a calcium salt, then demonstrated adrenal medullary cell proliferation is stimulated by calcium. This supports the pheochromocytoma to occur by a secondary process, further diminishing the relevance to classification
Adrenal medullary pheochromocytoma in the rat is a tumour of questionable predictive relevance to man (as discussed by Greim et al, 2009) and is seldom a basis for regulatory decisions (Lynch et al, 1996). Greim et al (2009) notes that pheochromocytomas occur with relatively higher frequency in male rats, especially when conditions such as hypoxia, uncoupling of oxidative phosphorylation, disturbance in calcium homeostasis, and disturbance of the hypothalamic endocrine axis are involved. The underlying biochemical mechanisms suggest that other substances that interfere with these biochemical endpoints also produce pheochromocytomas. Such endpoints include enzymes involved in catecholamine synthesis, receptor tyrosine kinase, hypoxia-inducible factor (HIF), succinate dehydrogenase, fumarate hydratase, and pyruvate dehydrogenase. To date, there is no indication that the substances inducing pheochromocytomas in animal experiments also induce corresponding tumours in humans. Greim et al (2009) considered such secondary pheochromocytomas as not relevant for classification and human risk assessment. The Tischler et al (1999) study was included in the analysis by Greim et al (2009). This view is in line with the more recent expert review by Edler et al (2014) on carcinogenicity risk assessment in which the human relevance of specific rodent tumour types and the modes of action by which they can be induced was discussed. 


Lack of genotoxic potential 
The proposal for classification as Carcinogenic Category 2 also relies on a Comet assay which is considered as positive by the RMS, whereas the Study Director and the applicant considered that the biological significance of the weak effect observed in the liver of highly intoxicated animals is limited and irrelevant to genotoxicity. 
The applicant considers that Cholecalciferol poses no concern with respect to genotoxicity. The overall biological significance of the weak effects observed in the Comet assay at excessive dose levels is limited and irrelevant with respect to genotoxicity. This conclusion, which differs from the RMS’s opinion, is further detailed in a separate document which reviews all the available data and analyses all the results in the light of systemic toxicity.
Review of experimental and observational evidence in humans
The current evidence on cholecalciferol and cancer risk has been reviewed by regulatory agencies and authoritative groups, including the most recent report by the UK’s Scientific Advisory Committee on Nutrition (SACN, draft 2015), the Institute of Medicine (IOM, 2011), the European Food Safety Authority (EFSA, 2012), and a systematic review for the Nordic Nutrition Recommendations (Lamberg-Allardt et al., 2013).  As part of the IOM’s review of Dietary Reference Intakes for Calcium and Vitamin D3, experts reviewed the evidence on cholecalciferol and risk of all cancers, breast cancer, colorectal cancer, and prostate cancer.  SACN (draft, 2015) reviewed new evidence on vitamin D and various health outcomes published subsequent to the IOM report, including cancer, cardiovascular disease, infectious diseases and autoimmune diseases.  Among the new evidence considered by the SACN, randomized controlled trials (RCTs) were given preference followed by prospective cohort studies.  EFSA, in their Scientific Opinion on the Tolerable Upper Intake Levels of Vitamin D3 (EFSA, 2012), and Lamberg-Allardt et al. (2013), in their systematic literature review for the 5th edition of the Nordic Nutrition Recommendations (NNR5), considered long term health outcomes, including cancer, of vitamin D3 intake.  
A very brief summary of these reviews concerning cholecalciferol and cancer outcomes, including limitations of the data, is presented in Appendix A.
 
Reviews of the evidence on cholecalciferol and risk of cancers by regulatory agencies and authoritative groups consistently report that RCTs have not shown an effect of cholecalciferol supplements on overall cancer risk.  Numerous authors maintain cholecalciferol to be protective against cancer. Reviews by SACN (draft, 2015), the Institute of Medicine (2011), EFSA (2012), and Lamberg-Allardt et al (2013), note an inverse association (i.e, a protective effect) between serum 25(OH)D3 concentration and risk of colorectal cancer. Further, the SACN concludes that there is no strong evidence of associations with cholecalciferol status and risk of cancer at other sites.  
· There are considerable relevant epidemiological data available between Vitamin D3 supplementation and cancer. 
· SACN (draft, 2015) carefully reviewed the data and concluded: “Evidence from observational studies suggests an inverse association between serum 25(OH)D concentration and colorectal cancer risk. Since these studies might be confounded by other factors that affect cancer risk they do not provide compelling evidence of a protective effect of vitamin D on colorectal cancer risk. Observational studies on other cancers do not suggest an association with serum 25(OH)D concentration.”
· Cholecalciferol shows multiple activities in-vitro and in-vivo that are theoretically protective against cancer, and continues to be investigated in clinical trials as an anti-cancer (protective) agent.
· In contrast to the animal data, the epidemiological data include robust statistical analyses.
Review of laboratory studies of cholecalciferol and cancer
Cholecalciferol has shown numerous properties in laboratory studies that suggest it should be anti-carcinogenic. Bikle (2014) reviewed the results of various in-vivo and in-vitro studies in six principle areas of activity (Table 1):
Table 1: Experimental anti-cancer activities of cholecalciferol (after Bikle, 2014)
	Activity
	Mechanism(s)

	Antiproliferation 
	1. Arrest of cell cycle in the Go/G1 and G1/S stages of the cell cycle

	
	2. Dephosphorylation of FOXO transcription factors

	
	3. decreased levels of myc, fos, jun

	
	4. decreased activity of growth factors: IGF-1, IHH, EGF

	
	5. increased activity of TGFβ

	
	6. decreased activity of wnt/β-catenin signaling

	Apoptosis
	1. increased expression GOS 2 and Bax, decreased expression Bc12 and Bc1-XL

	
	2. increased expression DAP-3, CFKAR, FADD, decreased caspases

	
	3. increased expression PTEN

	
	4. increased autophagy

	DNA repair
	1. increased clearance of CPDs and 6,4-PPs (in UVB-irradiated skin)

	
	2. decreased oxidative DNA damage by increased expression of antioxidant enzymes

	
	3. increased expression of DNA repair enzymes XPC and DDB2

	Prostaglandin metabolism
	1. decreased Cyclooxygenase 2 expression

	
	2. decreased PG receptors

	
	3. increased 15-PDGH expression

	Angiogenesis
	1. decreased proliferation of endothelial cells

	
	2. decreased Vascular Endothelial GF expression

	Metastasis
	1. decreased cell migration and invasion capacity

	
	2. decreased expression of laminin and its receptors

	
	3. increased expression of E-cadherin

	
	4. decreased expression of CEACAMI


Cholecalciferol regulates the activity of some hundreds of genes.
Additionally there is considerable data that cholecalciferol and its analogues promote differentiation of neoplastic cells, as reviewed by Gocek and Studzinsky (2009). Differentiation is a process whereby the cells become less neoplastic and less able to proliferate. Cholecalciferol is stated to induce re-differentiation of neoplastic cells to near normal keratinocytes, and clear evidence of differentiation is cited for colon, breast, and bone tumour cells.
In-vitro data can be poorly translatable to the in-vivo situation. In this weight of evidence assessment these data, although extensive, are therefore concluded as weak evidence in favor of non-classification.
Weight of the evidence: Animal vs Human
The current proposal to classify cholecalciferol as a carcinogen Category 2 is only based on the results of two mechanistic studies not designed primarily as carcinogenicity studies, conducted with cholecalciferol or a metabolite and which revealed a very low incidence of pheochromocytoma. In the study conducted with cholecalciferol pheochromocytomas were observed in 1/10 animals in each group at the two high dose levels which were equivalent to 200 to 400-fold the recommended human upper limit of intake and which exceeded the MTD by a large margin (with bodyweight gain  decreases of 80 and 25% compared to the control groups). The incidence was non-dose-related and non-statistically different from the control group. No pheochromocytoma was reported in animals treated at the low dose level which was equivalent to 100-fold the recommended human upper limit of intake and which induced moderate toxicity.
Reviews of the scientific literature on cholecalciferol and cancer outcomes in humans report four RCTs and more than 20 prospective cohort studies representing a range of populations and ages in the U.S., EU, and throughout the world.  The RCTs involve 45,000 participants followed-up for 2-7 years with risk estimates based on 4,333 incident cases of any cancer (SACN, draft 2015) while the prospective cohort studies involve over 500,000 individuals that have been followed for 6 years to over 20 years.  
Overall, the epidemiological data provide robust evidence based among diverse populations for the lack of an association between dietary intake or markers of cholecalciferol status and overall cancer risk.        
Overall Conclusion
In the CLH report classification for carcinogenicity Category 2 is proposed based on the information from two mechanistic studies, one with cholecalciferol and the second with a metabolite (24R,25-dihydroxy cholecalciferol), neither of these studies being an adequate assay for carcinogenesis.  
The key study in Crl:CD rats used Cholecalciferol levels 100, 200 or 400 fold above the EFSA upper intake levels. 
· The experiment design was not run according to regulatory standards i.e. not OECD test guideline compliant, lasted only 26 weeks, and compliance with GLP was not claimed. 
· The mid and high doses provoked a decrease in bodyweight gain of 25-82%, marked hypercalcaemia and adrenal chromaffin cell proliferation but with only a single incidence of pheochromocytoma in each group (1/10 and 1/9 respectively). 
· A single pheochromocytoma (1/20) was observed in the 1-year experiment with a single dose level of the metabolite (24R,25 (OH)2VitD3) concurrent with evidence of calcium dysregulation.  
The benign pheochromocytoma are secondary to the known primary mode of action i.e. calcium dysregulation (hypercalcaemia). The occurrence of pheochromocytomas under toxic conditions in animal experiments is to be assessed as a secondary effect (Greim et al 2009). 
These two studies are considered insufficient evidence of a primary carcinogenic effect and do not support classification for carcinogenicity under CLP. 
On the contrary, there is extensive epidemiological data on cholecalciferol in numerous studies, involving hundreds of thousands of human subjects in total. These epidemiological data have been recently and intensively reviewed by multiple senior scientific committees including the EFSA Panel on Dietetic Products, Nutrition and Allergies (2012) which stated ‘no studies reported an association between vitamin D intake and increased risk for adverse long-term health outcomes.’ Therefore, the existing extensive epidemiology data support no classification.
· There is increasing information about the possible role of Vitamin D3 in cancer prevention in humans:
· intervention and observational epidemiology studies indicate protective or no associations with overall and site-specific cancer risks (i.e., not an increased hazard)
· these extensive epidemiological data on cholecalciferol cover numerous studies, involving hundreds of thousands of human subjects in total
· numerous mechanistic studies in vitro show anti-proliferative and pro-differentiation effects thought to be protective against cancer
· Cholecalciferol remains under study in numerous clinical trials for various health benefits including cancer protection.
Since cholecalciferol (vitamin D3) is beneficial to health at physiological exposure levels, and appears possibly protective of cancer at physiological dose levels, the animal tumours (of secondary origin, seen at excessive doses irrelevant to human, without statistical significance, in studies inadequate for carcinogenicity assessment) are not reason for classification. The extensive epidemiology data (of high relevance to human), together with mechanistic data supporting a protective effect, are considered sufficiently meaningful that classification for carcinogenicity is not appropriate. 
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Appendix A 
Epidemiological studies 

The epidemiological evidence base for cholecalciferol and cancer outcomes in humans is large, including the four RCTs that have measured these outcomes.  RCTs that are double-blinded and placebo-controlled are the gold standard for testing causation and isolating the effects of one variable on a health outcome in a defined population.  In these experimental designs, participants are randomly allocated to a treatment or intervention and compared to a group of participants receiving alternative control therapy.  In the case of cholecalciferol, the intervention is supplementation with cholecalciferol and/or calcium.  Based on this design, and assuming adherence to study protocol and treatment regimens, RCTs minimize residual confounding by controlling for unmeasured factors through the randomization process.  There are some considerations with RCTs when interpreting results and generalizing to larger populations.  Due to practical constraints, RCTs are typically conducted in smaller populations and generally impose very limited dietary changes with restricted follow-up time and duration of treatment.  Also, the statistical power of the study to detect a true effect when one does exist is based on the calculated sample size, which in turn is based in part on the a priori defined primary and often secondary outcomes of the trial.  In the case of cholecalciferol, to our knowledge there are currently no RCTs that were designed a priori to have the statistical power to detect small differences in risk estimates for cancer outcomes, because these were not the primary measured outcome.  For more frequent cancer outcomes such as breast cancer, the trials may be sufficiently powered to detect a significant protective effect; for outcomes that are less frequent such as pancreatic cancer, RCT results may be limited by the design and should be interpreted as such.  
Meta-analyses are frequently used as a statistical method to overcome the limitations discussed above by combining several trials together.  Meta-analyses increase statistical power to detect small differences or effect sizes compared to smaller individual studies that may be too small.  Further, the use of meta-analyses that combine several trials together can improve the precision of an estimated intervention effect by including more information, variables, and data points.  With the inclusion of more variables and different populations or interventions, meta-analyses can answer questions that an individual study was perhaps not designed to answer and investigate differences in effects or inconsistent findings.  Meta-analyses of the relationship between cholecalciferol and cancer are useful for providing additional evidence when there are a limited number of experimental data available.  A recent meta-analyses by Keum and Giovannucci (2014) combining RCTs reported that cholecalciferol supplementation was not associated with an increased risk of overall cancer (4 RCTs, RR=1.00; 95%CI: 0.94-1.06) but significantly reduced total cancer mortality (3 RCTs, RR=0.88; 95%CI:0.78-0.98).  The three RCTs that were included in the mortality analysis had each individually reported non-significant reductions in cancer mortality, but were based on a small number of cases (the number of cancer deaths ranged from 63 to 344) and were not designed to be sufficiently powered to detect a significant reduction if one truly did exist.  When the three RCTs were combined in the Keum and Giovannucci (2014) meta-analysis, the effect size (i.e., the reduction in cancer mortality) was similar to the measure estimated in the individual RCTs but with the increased statistical power of the meta-analysis, the reduction was now statistically significant. It is important to note that several of the RCTs used to investigate the relationship between cholecalciferol and cancer outcomes included both cholecalciferol and calcium together so it is not possible in these trials to differentiate the independent effect of cholecalciferol on cancer risk.  Extensive in-vitro MoA data of moderate relevance support plausible negative associations in epidemiological studies and do not raise a carcinogenicity concern.
Observational studies with a prospective cohort design can be used to directly quantify the association between cholecalciferol and risk of cancer based on reported dietary intake of cholecalciferol or measured serum 25(OH)D levels and follow-up for cancer events.  Observational studies are typically conducted among a large cohort of individuals and can be very general or specific (i.e., disease status, age, sex, etc.).  Observational studies are prone to residual bias from unmeasured confounders in the study population and in the case of dietary factors, measurement error of dietary intake, which tend to overestimate and underestimate, respectively, the true association.  While observational studies cannot provide evidence of direct causation, only association, they are not to be disregarded.  Evidence from observational epidemiological studies, including large prospective cohort studies, are often viewed as indirect evidence for a relationship or the lack of a relationship between dietary intake and health risks.   Adjustment in the statistical analyses of these trials for dietary intake of other foods and nutrients also helps to tease out the independent effect of cholecalciferol on cancer outcomes.   In the case of cholecalciferol, the numerous prospective cohort studies provide a robust evidence base among diverse populations for the lack of an association between dietary intake or markers of cholecalciferol status and overall cancer risk.        
All Cancers
The SACN reported four RCTs that have investigated the relationship between cholecalciferol and cancer outcomes.  The most recent meta-analysis of these four trials involving 4333 cancer cases and 45,151 participants (Keum and Giovannucci, 2014) concludes that there is little effect of cholecalciferol intake on total cancer risk with a relative risk (RR) at exactly 1.0 (95%CI: 0.94-1.06) with cholecalciferol supplementation rates ranging from 10-27.5 µg/day for 2-7 years. This is consistent with systematic reviews of intervention trials by Chung and colleagues (2009), the International Agency for Research on Cancer (IARC) (2008), and World Cancer Research Fund International (WCRF)/American Institute for Cancer Research (AICR) (2007) which indicate no significant effect on cancer incidence with cholecalciferol supplementation.  The SACN review concludes that the “RCTs have not shown an effect of vitamin D supplements on overall cancer risk” (UK SACN, draft 2015).  
EFSA discussed the findings of prospective cohort studies that have evaluated the relationship between 25 (OH)D and total cancer mortality.  There are two cohort studies that have reported an increased risk of total cancer mortality in Swedish elderly men (Michaëlsson et al. 2010) and US men (Freedman et al., 2010) with high 25(OH)D concentrations (>80 nmol/L).  However, the majority of the cohort studies report no association or an inverse association between 25(OH)D level and cancer mortality risk (Cawthon et al., 2010; Eaton et al., 2011; Hutchinson et al., 2010; Melamed et al., 2008 as cited in EFSA, 2012).  EFSA’s review highlights the lack of consistent evidence of an association between cholecalciferol intake or serum 25(OH)D level and total cancer mortality risk.  Lamberg-Allardt et al. (2013) also concludes inconsistent evidence of an association between cholecalciferol status and total cancer risk.   
Breast Cancer
There was no strong evidence of a positive association between serum 25(OH)D concentration and risk of breast cancer reported in the UK SACN review. Among the experimental data, a meta-analysis of two RCTs reported no significant effect of cholecalciferol supplementation in the range of 20-27.5 µg/day on breast cancer risk among 5,372 women (Sperati et al., 2013).  Among the observational data, a meta-analysis of 14 cohort studies reported a non-significant protective effect on the incidence of breast cancer among participants in the highest (>77 nmol/L) vs lowest (<45 nmol/L) quantile of serum/plasma 25(OH)D concentration (Kim & Je, 2014), and a subsequent observational study by Kim and colleagues (2014) reporting an inverse association between breast cancer risk per 25 nmol/L incremental increase in plasma 25(OH)D concentration.  EFSA also highlights the lack of an association between 25(OH)D level and breast cancer, referencing an updated meta-analysis by Chung and colleagues (2011) and 3 RCTs (Chlebowski et al., 2008; Lappe et al., 2007; Wactawski-Wende et al., 2006), while Lamberg-Allardt and colleagues (2013), due to lack of good quality studies and heterogeneity between studies, conclude that there is little or no evidence of a (protective) effect of cholecalciferol on breast cancer.  
Colorectal Cancer
Observational data from epidemiological studies on cholecalciferol and colorectal cancer in humans are abundant.  SACN concludes that studies examining the association between cholecalciferol status and colorectal cancer incidence generally support an inverse association.  Observational studies indicate an inverse association between serum 25(OH)D concentration and risk of colorectal cancer.  Although two studies have reported a non-significantly higher risk of colorectal cancer among subjects with the highest category of 25(OH)D concentration  (Lee et al., 2011; Weinstein et al., 2011), SACN’s conclusion is supported by numerous studies concluding an inverse association, including a meta-analysis of eight studies reporting an inverse association between serum 25(OH)D concentration and risk of colorectal cancer (Gandini et al., 2011), two subsequent studies reporting significantly lower risk for participants in the highest category of serum 25(OH)D concentration (Neuhouser et al., 2012; Weinstein et al., 2014), and a study by Woolcott and colleagues (2010) noting an inverse trend with doubling of the plasma 25(OH)D concentration.  Similar to breast cancer, EFSA notes the absence of a significant relationship between cholecalciferol supplementation and colorectal cancer risk from three gold standard RCTs by Chlebowski et al. (2008), Lappe et al (2007), and Wactawski-Wende et al. (2006).  Lamberg-Allardt et al., (2013) also concludes the availability of some evidence supporting an inverse association between cholecalciferol status and risk of colorectal cancer. Their conclusion is based on systematic reviews of observational studies reporting an inverse association (Chung et al., 2009; Yin et al., 2009; IRAC, 2008) and the WCRF/AICR (2007) review noting inconsistent evidence.  Finally, Chung et al (2011) updated their 2009 meta-analysis and reported a 6% reduced risk (95%CI: 3%-9%) for colorectal cancer with each 10 nmol/L increase.       
Prostate Cancer
The IOM reported an absence of RCTs on prostate cancer and cholecalciferol and a lack of consistent evidence of an association between cholecalciferol intake or serum 25(OH)D level and prostate cancer incidence in observational studies.  Specifically, among those observational studies reviewed in the systematic review of Chung et al., 2009, all reported either no association between baseline 25(OH)D level and prostate cancer or an increased risk among individuals with low baseline 25(OH)D concentrations.  Similarly, a meta-analysis by Huncharek and colleagues (2008) and an observational study by Faupel-Badger (2007) also reported no association between serum 25(OH)D and prostate cancer incidence.       
In their review of published papers subsequent to the IOM report, the UK SACN concluded that prospective studies on cholecalciferol intake or serum 25(OH)D level and prostate cancer incidence show inconsistent associations.  The RCTs show no strong evidence of an association between serum 25(OH)D concentration and risk of prostate cancer.  This conclusion was based primarily on a meta-analysis of 14 observational studies reporting no association between serum 25(OH)D and prostate cancer (Gilbert et al., 2011), 3 cohort studies noting no association between prostate cancer risk and serum 25(OH)D concentration (Brandstedt et al., 2012; Kristal et al., 2014; Schenck et al., 2014), and 2 studies reporting a significantly increased risk of prostate cancer among men with higher serum 25(OH)D concentrations (Albanes et al., 2011; Meyer et al., 2013).  EFSA also highlights the lack of an association between 25(OH)D level and prostate cancer, referencing the meta-analysis by Chung et al (2011), while Lamberg-Allardt et al (2013), relying on systematic reviews by Chung et al (2009) and the International Agency for Research on Cancer Working Group (2008), concludes that there is little or no evidence of a protective effect of cholecalciferol on prostate cancer (with most studies reporting no association between 25(OH)D level and risk of prostate cancer).  In the updated meta-analysis conducted by Chung and colleagues (Chung et al., 2011), there was no statistically significant relationship between blood 25(OH)D and prostate cancer using data from 8 nested case-control studies.
Other Cancers
In their review of published papers subsequent to the IOM report, SACN concludes that there is no strong evidence of an association between serum 25(OH)D level and risk of cancer at other sites; no association or an inverse association between serum 25(OH)D concentration and cancers of the bladder, endometrium, esophagus and stomach, kidney, larynx and oropharynx, liver, lung, and ovary have been reported.  SACN also notes that while higher serum 25(OH)D levels have been associated with an increased risk of cancers of the skin, including basal cell carcinoma, melanoma, and non-melanoma, higher serum 25(OH)D levels may be a marker of high sun exposure, a known risk factor for skin cancer.  Increased risk of pancreatic cancer and cancer of the bladder among subjects with high serum 25(OH)D levels was also reported in the SACN review, but was noted to be based on limited evidence.  SACN reports that two observational studies did not find an association between cholecalciferol status and pancreatic cancer (Skinner et al, 2006; Giovannucci et al., 2006).  There was one reported study which found a 3-fold increase in risk of pancreatic cancer for the highest (65.5 nmol/L) compared to the lowest (<32 nmol/L) quintiles of serum 25(OH)D concentrations (Stolzenberg-Solomon et al., 2006).  The same researchers followed this up with a pooled analysis of prospective cohort studies, and again found a significantly increased risk of pancreatic cancer with 25(OH)D concentrations >100nmol/L versus 50-75 nmol/L (Stolzenberg-Solomon et al., 2010).  The UK SACN notes that the association reported in this pooled analysis could be an artefact of the cut-point selection and when the two highest serum 25(OH)D groups are combined, the association is null (SACN, draft, 2015)       
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