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Abstract

[bookmark: _GoBack]To assess cancer incidence in the UK cystic fibrosis (CF) population and determine the associated risk factors, we undertook a nested case-control study of patients with CF, registered with the UK CF Registry. Each case with a first reported cancer between 1999 and 2017 was matched with up to 4 controls: by age (±2-years) and year of cancer diagnosis. Conditional logistic regressions were adjusted for sex, lung function (FEV1%), CF related diabetes (CFRD), F508del status, transplant status, DIOS, gastro-oesophageal reflux disease, meconium ileus, Pseudomonas aeruginosa infection, pancreatic insufficiency, proton pump inhibitor (PPI) use, IV antibiotic days and BMI. Results: From 12,886 registered patients, 146 (1.1%) cases of malignancy were identified with 14.3% of cases occurring post solid organ transplant. Site of primary cancer was available for 98 patients: 22% were gastro-intestinal in origin (77% lower, 23% upper GI), 13% skin, 13% breast and 11% lymphomas/leukaemia. In univariable analysis, transplantation increased the odds of reporting any cancer by 2.4 times (95%CI: 1.3-4.6). An increased risk of reporting any cancer was found for CFRD (OR 2.35; 95% CI: 1.37-4.00) and PPI use (OR 2.0; 1.28-3.19). In the multivariable model significant associations with CFRD and transplant remained, while PA infection, PPI use and being overweight showed increased, but statistically insignificant risks. The incidence of GI cancer was strongly associated with CFRD (OR=4.04; 1.30-12.0). Conclusions: We observed a high incidence of lower GI cancers in our cohort which was significantly affected by the presence of CFRD. Screening for gastrointestinal cancers could benefit patients at higher risk.




· What is the key question?
Which are the most common cancers in the UK cystic fibrosis population and what factors are associated with the incidence of all cancers and in particular gastrointestinal malignancies?
· What is the bottom line?
The types of cancer in people with CF are varied but reflect those found in the general population. Any cancer and particularly GI cancer appear to be peaking at a younger age, while CFRD is confirmed as a risk factor alongside transplantation.
· Why read on?
This is the largest study conducted in the UK CF population exploring patterns of cancer incidence and factors associated with it. We observed a high incidence of GI cancers, skin and breast cancers compared to other cancer types. Screening for gastrointestinal cancers could benefit patients at higher risk.

Background
Individuals with cystic fibrosis (CF) are known to develop complications in multiple organ systems, including respiratory, gastrointestinal, and reproductive tracts. Early detection, improvements in nutrition, airway clearance therapy, and organ transplantation have led to a marked increase in life expectancy over the past 30 years.1 Consequently, as the proportion of individuals surviving into adulthood increases, non-respiratory complications such as cancer are more common. In 1993, Sheldon et al. conducted the first cohort study of the association of CF with malignancy2 and observed a possible association of CF with adenocarcinoma of the pancreas and terminal ileum, but only a single case was observed in each organ. 

Previous studies have suggested that people with CF did not have elevated overall cancer risk, but did demonstrate a 3–6 fold increased risks for cancers of the digestive tract.3-6 A recent systematic review with meta-analysis of 6 cohort studies that included a total of 99,925 individuals, confirmed that people with CF have a significantly higher risk of gastrointestinal cancer than the general population, including cancers of the small bowel, colon, biliary tract, and pancreas.7 Initial studies focused on transplanted CF populations in whom there is an increased risk of malignancy due to immunosuppression.  Maisonneuve et al. in the US reported an elevated cancer risk among people with CF who received a lung transplant, with nearly a 3-fold increased risk for cancer overall and 17-fold increased risk for digestive tract cancers. The authors reported a 6-fold increased risk of colon cancer among people with CF without a transplant and a 30-fold increase following lung transplant6. 

The risk factors for developing cancer in the general population have been extensively examined, with obesity and type 2 diabetes being well recognized risk factors8. There are few published data investigating potential risk factors for developing cancer in the CF population.
The aim of this study was to describe the patterns and types of cancer reported in the UK CF population, using data obtained over a 17-year period from the UK Cystic Fibrosis Registry. An additional aim was to determine factors that affect the incidence of cancer in people with CF and in particular gastrointestinal types of cancer. Such information could identify those individuals at higher risk of developing cancer who might benefit from screening. 

Methods
Study subjects and design
This is a nested case-control study of people with CF registered with the UK CF Registry.  These individuals are seen  in one of 60 specialist CF centres (comprising 27 adult and 33 paediatric clinics) for a comprehensive annual review, including evaluation of clinical status and use of major CF related therapies. This dataset captures information on all major complications including cancer.  Other variables include demographics, diagnostic and laboratory data, nutrition, pulmonary function, respiratory and microbiology. The UK Cystic Fibrosis Registry is believed to include 99% of people with CF in the UK; further details about the registry can be found in its data resource profile.9

Identification of cases
The study population included people with CF whose details were recorded in the Registry between 1999 (first cancer case identified) and 2017, whether alive or deceased. The total number of individuals with data recorded was 12,886, ranging in age from 0-82 years. Cancer cases are recorded as a yes/no variable, from 2016 a variable for type of cancer variable was available. The free text variable for ‘complications’ was also searched for mention of cancer and specific cancer names and sites. In addition, the free text field for ‘cause of death’ was also searched with the same strategy to attempt to capture all cancer cases. Gastrointestinal (GI) cancer cases were defined as those that reported colon, rectal, bowel, ileum, or oesophagus cancers.

Selection of controls
For each case (n=146), four controls with no history of cancer (n=575) were selected from the UK CF Registry database matched by age (within a 2-year window), pancreatic insufficiency status and by the year cancer was first recorded for the cases. They were not matched by sex.

Statistical analysis
Data are summarized using mean ± standard deviation (SD) or median (IQR) for continuous variables and number (%) for categorical variables. T-tests were performed to assess the mean differences in continuous normally distributed variables, Wilcoxon rank sum tests for skewed data and chi-square tests for categorical. To estimate the risk of cancer compared to controls, conditional logistic regression models were applied adjusted for sex, lung function (forced expiratory volume in 1 second recorded as % predicted according to GLI reference equations (FEV1%), smoking, cystic fibrosis related diabetes (CFRD), F508del mutation status, past transplant status, Distal Intestinal Obstructive Syndrome (DIOS), gastro-oesophageal reflux disease (GORD), meconium ileus (MI), pancreatic insufficiency, iv antibiotics (home and hospital) and BMI; the results are expressed as odds ratios (OR) with 95% confidence intervals (CI) . To assess the shape of the association between age and cancer, and estimate hazard ratios we used restricted cubic splines with 5 knots and the reference value of 25 years of age.  

Results
A hundred and forty-six cases of cancer were reported as occurring for the first time in the year prior to an annual review; 98 of them had information regarding the type of cancer. Types of cancer and age of acquisition are shown in Table 1. Of the 98 cancer types identified, 22% were cancers of the gastro-intestinal tract (n=22), reproductive organ cancers across both sexes accounted for 18% (n=18, with 6 being testicular). Overall 13 cases of skin cancer were recorded with melanoma (n=5) and basal cell carcinoma (n=2) mentioned independently.  Breast cancer was recorded across the adult age groups, peaking in the 26-35 year olds (n=13).  One patient reported a second type of cancer within four years of the first (melanoma in 2012 and caecal cancer in 2016). Cancers in children were rare (n=8, 5% of the total cancers) and consisted of those known to occur in childhood such as leukaemia and brain tumours. Fifty percent of the identified cancers were observed between the ages of 26-45 years.

The 146 cancer cases were matched with 575 controls. Of the cases, 135 were perfectly matched with 4 controls each by year of diagnosis and age, the remaining were matched with a minimum of two controls and 6 needed to be matched to within 2 years of diagnosis rather than 1. The groups were well matched for age and year of annual review with the mean age being 40.6 years (41 years for cases, 40.3 for controls). Table 2 shows characteristics in the year of diagnosis of cancer. The groups showed no differences in gender, genotype, or smoking. 

Risk of all cancers
In univariable analysis, having received a previous lung transplant increased the odds of reporting any cancer by 2.4 times (95%CI: 1.31-4.62). An increased odds of reporting any cancer was also found in those with CFRD (OR=2.3, 95% CI: 1.37-4.0) and for those using a proton pump inhibitor (OR=2.02, 95%CI 1.28-3.19). When these common risk factors were added into the model, backward stepwise selection showed that only CFRD and past transplant remained as important risk factors for developing any cancer (OR=1.9; 95%CI: 1.1-3.4 and OR=2.2; 95%CI: 1.1-4.6, respectively) (Table 3).
The hazard ratio for developing any cancer increased with age, this is shown graphically in the cubic spline figure 1. We observed a non-linear relationship between age and risk of cancer; specifically cancer incidence increased with age after the age of 25, peaked at the age of 40, decreased by the age of 50 and then started to rise again, with wide confidence intervals in the older age range reflecting smaller numbers.

Risk of GI cancers
In univariable analysis, the strongest risk factors for GI cancers were past transplant, CFRD, and GORD. (Table 3) The multivariable model showed previous transplant, GORD, DIOS, MI, chronic Pseudomonas and higher BMI were associated with an increased risk of GI cancers, however these associations were found to be statistically insignificant, leaving only the association with CFRD remaining (OR= 3.83; 95%CI: 1.29-11.3).


Discussion
We observed a high incidence of GI cancers, skin and breast cancers compared to other cancer types in our cohort. These occurred in young age groups with a median age at diagnosis of 40 years (IQR=32-50).
Gastro-intestinal tract cancers
[bookmark: _Hlk16665273]Gastro-intestinal complications are common in CF and may be implicated in the increased risk of gastro-intestinal cancer. Gastro-oesophageal reflux, for example, is common and is linked to oesophageal cancers. This may explain the univariable association with proton pump inhibitors in our study. Pro-inflammatory states are also linked to GI cancer and an association with CF is not surprising as it is a disease of exuberant inflammation; there is direct evidence of increased inflammation in the CF gut with studies showing increased levels of the inflammatory biomarker calprotectin in CF stool samples.10  It has also been postulated that the risk for developing colon cancer post lung transplant may be related to masking of symptoms of GI cancers in this group because of the side effects of the immunosuppression drugs that can mimic warning signs of GI cancer.11 A study of the US Transplant registry has shown a 24 fold increase in colorectal cancer for individuals with CF post lung transplant.12


A single centre study prospectively performed colonoscopies in 88 people with CF, age ≥ 40 between 2008-2015. Adenomas, which can be a precursor to cancer were identified in 43 (49%) at initial screening colonoscopies, CFRD and the homozygous F508del genotype were statistically significant risk factors, and there was a trend toward significance with lung transplantation. Three were diagnosed with colonic malignancy, all homozygous F508del with documented CFRD.13 

Other cancer types
In 2016, the year with the highest skin cancer incidence in our cohort there were four new cases representing 41 cases per 100,000, this appears to be higher than the general population with data from 2012 showing 21.6 new cases per year per 100,000 in the US and 13.2 new cases per year, per 100,000 in Europe.14,15 We know that some commonly used drugs in CF such as azole antifungals and ciprofloxacin cause photosensitivity and there is a link to squamous cell carcinoma with long term use.16 The thirteen cases of breast cancer reported in our cohort, indicates a rate of 46.5 cases per 100,000 of the population, compared to 14.5 cases reported by the UK Office of National Statistics (ONS) in 2017 for the general population, again suggesting there may be a higher incidence than in the general population, although there needs to be caution in this interpretation because of the small numbers in our cohort.
Twelve percent of the identified cases were lymphomas and leukaemia cancers which are frequent  post lung transplant. These numbers appear high when compared to the study by Maisonneuve et. al. who found the absolute increase remained very low (approximately 2 per 100,000 ); the authors suggested that this might be due to the life-threatening nature of CF itself, that gave their study a low incidence.6 There are concerns about the possible risk of radiation-induced cancer in CF with a lifetime of multiple radiological examinations  from childhood including radiographs and computed tomography. In particular, exposure to postnatal diagnostic x-rays has been associated with an increased risk of childhood acute lymphoblastic leukaemia17,18. Apart from lymphoblastic cancers, it is also possible that some of the colon tumours in CF might be associated with excess radiation because in people with inflammatory bowel disease, repeated exposure to x-ray (small bowel radiographs or barium enemas) has been shown to potentially increase the risk of colorectal neoplasia19. However, our analysis does not confirm that DIOS or neonatal MI are independent risk factors for GI cancers, and it would be this group that were most likely to have multiple abdominal x-rays leading to increased abdominal radiation exposure.

There was a low incidence of cancer of the respiratory tract and renal cancers (Table 1), possibly attributable to the low prevalence of smoking reported in the CF population at only 2.79%. 

Common cancer risk factors 
We found an increased association between CFRD and cancer. Associations between type II diabetes and cancer in the general population have been established through past epidemiological studies such as The National Health and Nutrition Examination Survey I (NHANES I) where it was reported that men with diabetes had a 39% increased risk of developing cancer overall, specifically colorectal and prostate cancer.20 The Nurses’ Health Study reported a 17% increased risk of breast cancer  (HR 1.17, CI 1.01–1.35) in women with diabetes.21 This association remained after adjustment for multiple factors and was found to be independent of age and obesity. One of the largest cohorts with the longest duration of follow up is the CPS II cohort.22 After following these group for 26 years, an increased risk of death from liver, pancreatic, colon, and breast cancer was observed in both men and women with diabetes. Many other studies and meta-analyses have shown increased cancer incidence and mortality in people with diabetes, compared with the general population.8
We found no increase in risk of cancer in association with homozygosity for F508del mutation. This is in line with a Swedish registry study that assessed 884 people with CF from 1968 to 2003 and 3,033 of their first-degree relatives which did not find a heterozygote advantage for CF gene mutations in relation to cancer risk.23 
There are multiple potential metabolic abnormalities that occur in diabetes that may explain the associated increased cancer risk. Developing fields of research include the role of the insulin receptor signalling and, interestingly, how changes in the intestinal microbiome may lead to obesity, diabetes, and cancer. The abnormalities of the gut microbiome are now becoming better understood in CF and this needs to be an area of further research in CF to establish if there is a link with the increased bowel cancer seen.24-26 

Potential mechanisms
The underlying mechanism that drives GI or colon carcinogenesis remain speculative, Assis et al.27 suggested it may be related to persistent inflammation generated or exacerbated by the absence or reduced function of CFTR protein in epithelial tissues. The malignancies reported in CF seem to originate in locations where CFTR is highly expressed, a PI children with CF have been shown to have increased intestinal cell turnover, raising the possibility that this contributes to malignancy later in life.28 This is in line with findings of studies identifying apoptosis as a prognostic risk factor of various cancer types in the general population.29,30

CFTR has been identified as a potential driver of colorectal carcinoma, the dysfunction of CFTR affects the hydration of the mucus layer, changes the composition of microbiota, and can then affect epithelial function further. There are dysregulated genes that act as tumour suppressors (such as Kcnq1) and are associated with gastrointestinal malignancies these are thought to be linked to CFTR deficiency.31 Further, CFTR participates in maintenance of tight junctions, and may contribute to epithelial cell polarization.32,33 Another suggested mechanism is the increase in oxygen free radical generation from activated neutrophils, which is increased in CF populations34 and has been linked with the development of cancer in the general population.35 

Public health implications
The finding of high levels of potentially pre-cancerous adenomas in the single centre US study13 has led the Cystic Fibrosis Foundation Task Force there to recommend  initiating colon cancer screening at age 40 years, with repeat screening every 5 years thereafter, or 3 yearly surveillance endoscopies if pre-cancerous changes are found. Some UK CF centres have already started colon cancer screening although this is not yet a national requirement. There are 15 cases of known lower GI bowel cancer reported in the over 40 age group in this study. There are 1037 adults with CF above 40 years of age reported in the 2017 UK CF Registry.36 Yearly there are between 15 and 20 new cancers of all types reported for the 10,500 active individuals within the UK CF Registry. The implications for individuals and health services in repeated colonoscopies and the financial costs of implementing this type of programme will need careful consideration. Targeted surveillance programmes may be a more viable option, for example the early introduction of colonoscopies for those at high risk such as those diagnosed with CFRD or even those with poor diabetic control. Implementation of the nationwide faecal occult blood (FOB) or faecal immunochemical test (FIT) screening may be a better, more cost effective approach although, again, more research is needed: the rates of FOB or FIT positive samples in people with CF in general is not known and this needs to be established before widespread screening should start.   

Limitations
All 146 cases of cancer were used for the nested case control study to ascertain risk factors for all types of cancer in people with CF, however, we cannot ignore the fact that one third of the cases did not have the type of cancer recorded. This is in part due to early versions of the Registry capturing cancer as a yes/no variable, despite this there were 41 cancer types were picked up from the free text fields. It is reasonable to assume that the proportions of cancers identified in the remaining 98 people are likely to be representative of the whole cohort and that 25% fairly reflects the proportion of GI cancers. Eight of the GI cancers were listed as “bowel” cancer, which as a colloquialism usually refers to the lower GI tract, but may not differentiate between rectal and colonic.  It is possible that some cases of cancer were never reported to the CF Registry. This is particularly true for those post-transplant who may be followed-up at transplant centres rather than returning to the CF care centres, meaning there maybe some under-reporting of cases; further links with the UK Cancer Registry would be helpful in clarifying the numbers, although it is known that the UK registry has good data completeness.36 This is a UK population study and therefore rates in other countries may vary.

Conclusions
This study adds to the literature by showing that the types of cancer in people with CF are varied and have a prevalence of 1.1%. They appear to peak at a younger age than the general population. Although GI cancer is the most prevalent, it still only accounts for 22% of the total cancers.  CFRD has been confirmed as a risk factor alongside being post transplantation. As survival improves cancer is likely to become a more prevalent complication of CF. 
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	Table 1. Cases (n) of cancer by type and age group

	
	
	Age groups
	
	

	Type of Cancer
	
	<16
	
	16-25
	
	26-35
	
	36-45
	
	46-55
	
	>55
	
	Total

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Colon
	
	0
	
	0
	
	0
	
	2
	
	5
	
	0
	
	7 

	Rectal
	
	0
	
	0
	
	1
	
	0
	
	0
	
	0
	
	1 

	Bowel
	
	0
	
	0
	
	3
	
	1
	
	1
	
	3
	
	8 

	Ileum
	
	0
	
	0
	
	1
	
	0
	
	0
	
	0
	
	1 

	Oesophagus
	
	0
	
	0
	
	0
	
	3
	
	2
	
	0
	
	5 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Liver
	
	0
	
	0
	
	0
	
	0
	
	2
	
	0
	
	2 

	Pancreas
	
	0
	
	0
	
	3
	
	1
	
	1
	
	0
	
	5 

	Renal
	
	0
	
	0
	
	0
	
	0
	
	0
	
	2
	
	2 

	Gallblader
	
	0
	
	0
	
	0
	
	0
	
	1
	
	1
	
	2 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Lymphoma
	
	0
	
	0
	
	3
	
	1
	
	1
	
	2
	
	7 

	Leukaemia
	
	1
	
	1
	
	0
	
	1
	
	0
	
	1
	
	4 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Breast
	
	0
	
	1
	
	1
	
	6
	
	1
	
	4
	
	13 

	Testicular
	
	1
	
	1
	
	1
	
	3
	
	0
	
	0
	
	6 

	Prostate
	
	0
	
	0
	
	0
	
	0
	
	0
	
	4
	
	4 

	Ovarian
	
	0
	
	0
	
	0
	
	2
	
	0
	
	0
	
	2 

	Cervical
	
	0
	
	1
	
	3
	
	2
	
	0
	
	0
	
	6 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Lung
	
	0
	
	0
	
	3
	
	0
	
	0
	
	2
	
	5 

	Skin
	
	0
	
	1
	
	2
	
	4
	
	3
	
	3
	
	13 

	Brain
	
	1
	
	0
	
	0
	
	1
	
	0
	
	0
	
	2 

	Haemangioendothelioma
	
	0
	
	0
	
	1
	
	0
	
	0
	
	0
	
	1 

	Sarcoma
	
	0
	
	0
	
	1
	
	0
	
	0
	
	0
	
	1 

	Teratoma
	
	0
	
	1
	
	0
	
	0
	
	0
	
	0
	
	1 

	Other (unrecorded type)
	
	5
	
	2
	
	7
	
	16
	
	14
	
	4
	
	48

	Total
	
	8
	
	8
	
	30
	
	41
	
	30
	
	26
	
	146



	Table 2. Baseline characteristics of people with CF  reported to have cancer and their matched controls who had no history of cancer
	

	
	
	Cancer (N=146)
	
	Matched controls 
(N=575)
	p-value

	Variables
	
	N recorded
	
	N (%)
	
	N recorded
	
	N (%)
	

	Demographics*
	
	
	
	
	
	
	
	
	-

	Gender*
	
	146
	
	
	
	575
	
	
	0.49

	Males (%)
	
	
	
	81 (55)
	
	
	
	337 (58)
	

	Age†(matching variable) (mean, sd)
	
	146
	
	41.4 (16)
	
	575
	
	40 (16)
	-

	Ethnicity* 
	
	132
	
	
	
	518
	
	
	0.58

	Caucasian (%)
	
	
	
	129 (97)
	
	
	
	499 (98)
	

	Smoking status*
	
	105
	
	
	
	368
	
	
	0.11

	Current/ex-smoker (%)
	
	
	
	3 (2.8)
	
	
	
	13 (3.5)
	

	CF-related diabetes (%)*
	
	125
	
	75 (60)
	
	457
	
	205 (45)
	0.003

	BMI continuous, median (IQR)
	
	141
	
	22.6 (20-25)
	
	551
	
	23 (20-26)
	0.08

	Clinical characteristics
	
	
	
	
	
	
	
	
	

	FEV predicted (%) (mean, sd)
	
	133
	
	61 (24)
	
	529
	
	60 (25)
	0.6

	F508del*
	
	143
	
	
	
	571
	
	
	0.99

	Homozygous
	
	
	
	52 (36)
	
	
	
	208(36)
	

	Other
	
	
	
	39 (27)
	
	
	
	157 (27)
	

	Pancreatic insufficiency* (matching variable)
	
	140
	
	115 (82)
	
	551
	
	453 (82)
	-

	Meconium Ileus*
	
	146
	
	13 (9)
	
	575
	
	60 (10)
	0.58

	GORD (%)*
	
	146
	
	34 (23)
	
	575
	
	106(18)
	0.18

	DIOS (%)*
	
	141
	
	26(18)
	
	568
	
	115 (20)
	0.63

	Pseudomonas (%)*
	
	138
	
	91 (66)
	
	536
	
	359 (67)
	0.05

	Pseudomonas status*
	
	70
	
	
	
	300
	
	
	0.03

	Chronic (%)
	
	
	
	57 (81)
	
	
	
	247 (82)
	

	Intermittent (%)
	
	
	
	13 (18)
	
	
	
	53 (17)
	

	Medication/Therapy
	
	
	
	
	
	
	
	
	

	Transplants
	
	146
	
	21 (14.3)
	
	575
	
	37(6.4)
	<0.00

	Hospital IV days (mean, sd)
	
	145
	
	18 (35)
	
	556
	
	9.5 (21)
	<0.00

	Home IV days (mean, sd)
	
	142
	
	10 (20)
	
	553
	
	9 (18)
	0.44

	PPI (%)*
	
	146
	
	84 (57)
	
	575
	
	248 (43)
	0.002

	*Categorical variables are presented as frequencies and percentages (%)
-Reference categories: smoking (), Ethnicity (Caucasians), Gender (Males)
T-tests performed for continuous and normally distributed variables, Wilcoxon ranksum test for asymmetrical distributions*, chi2 tests for categorical variables
-CF related diabetes; CFRD, Gastro-oesophageal reflux disease; GORD, Distal Intestinal Obstruction Syndrome; DIOS, DF508, Proton Pump Inhibitor; PPI, meconium ileus; MI, pseudomonas presence, Home IV days and Hospital IV days













	Table 3. Univariable and fully adjusted models of risk factors and the risk of total and GI cancers in people with CF 

	Risk factors
	
	OR (95%CI)

	All cancers
	
	Univariable analysis
	
	Multivariable*

	Female
	
	1.15 (0.77-1.70)
	
	-

	BMI
	
	0.95 (0.91-0.99)
	
	-

	FEV1 
	
	1.00 (0.99-1.00)
	
	-

	F508del Homozygous
	
	0.95 (0.58-1.55)
	
	-

	GORD
	
	1.43 (0.90-2.26)
	
	-

	DIOS
	
	0.99 (0.47-2.08)
	
	-

	MI
	
	0 .87 (0.43-1.76)
	
	-

	Pseudomonas
	
	0 .95 (0.63-1.41)
	
	-

	CFRD
	
	2.35 (1.37-4.00)
	
	1.9 (1.1-3.4)

	PPI
	
	2.02 (1.28-3.19)
	
	-

	Home IV days
	
	1.00 (0.99-1.01)
	
	-

	Hospital IV days
	
	1.01 (1.00-1.01)
	
	1.0 (1.0-1.0)

	Previous transplant
	
	2.46 (1.31-4.62)
	
	2.2 (1.1-4.6)

	
	
	
	
	

	GI cancers
	
	
	
	

	Female
	
	1.59 (0.87-2.89)
	
	-

	BMI
	
	0.95 (0.88-1.03)
	
	-

	FEV1 
	
	1.00 (0.99-1.01)
	
	-

	F508del Homozygous
	
	1.27 (0.61-2.68)
	
	-

	GORD
	
	2.40 (1.22-4.70)
	
	-

	DIOS
	
	1.60 (0.65-3.94)
	
	-

	MI
	
	1.13 (0.45-2.81)
	
	-

	Pseudomonas
	
	1.25 (0.66-2.34)
	
	-

	CFRD
	
	4.04 (1.47-11.1)
	
	4.04 (1.3-12)

	PPI
	
	2.09 (1.01-4.36)
	
	-

	Home IV days
	
	1.00 (0.99-1.01)
	
	-

	Hospital IV days
	
	1.01 (1.00-1.02)
	
	1.01 (1.01-1.02)

	Previous transplant
	
	2.88 (1.09-7.64)
	
	-

	*Backward stepwise selection results; Models adjusted for: previous transplants, sex, bmi, CF related diabetes (CFRD), gastro-oesophageal reflux disease (GORD), distal intestinal obstruction syndrome (DIOS), F508del, proton pump inhibitor (PPI) therapy, meconium ileus (MI), pseudomonas presence, home IV days and hospital IV days









Figure 1.  Restricted cubic splines showing the increase in cancer risk across years of age
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Solid line: Hazard ratio over age. Dashed line 95% CI
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