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Abstract

BACKGROUND & AIMS: Improved therapy has substantially increased survival of persons with 

cystic fibrosis (CF). But the risk of colorectal cancer (CRC) in adults with CF is 5–10 times 

greater compared to the general population, and 25–30 times greater in CF patients after an organ 

transplantation. To address this risk, the CF Foundation convened a multistakeholder task force to 

develop CRC screening recommendations.

METHODS: The 18-member task force consisted of experts including pulmonologists, 

gastroenterologists, a social worker, nurse coordinator, surgeon, epidemiologist, statistician, 

CF adult, and a parent. The committee comprised 3 workgroups: Cancer Risk, Transplant, 

and Procedure and Preparation. A guidelines specialist at the CF Foundation conducted an 

evidence synthesis February–March 2016 based on PubMed literature searches. Task force 

members conducted additional independent searches. A total of 1159 articles were retrieved. 

After initial screening, the committee read 198 articles in full and analyzed 123 articles to 

develop recommendation statements. An independent decision analysis evaluating the benefits 

of screening relative to harms and resources required was conducted by the Department of 
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Public Health at Erasmus Medical Center, Netherlands using the Microsimulation Screening 

Analysis model from the Cancer Innervation and Surveillance Modeling Network. The task force 

included recommendation statements in the final guideline only if they reached an 80% acceptance 

threshold.

RESULTS: The task force makes 10 CRC screening recommendations that emphasize shared, 

individualized decision-making and familiarity with CF-specific gastrointestinal challenges. We 

recommend colonoscopy as the preferred screening method, initiation of screening at age 40 

years, 5-year re-screening and 3-year surveillance intervals (unless shorter interval is indicated by 

individual findings), and a CF-specific intensive bowel preparation. Organ transplant recipients 

with CF should initiate CRC screening at age 30 years within 2 years of the transplantation 

because of the additional risk for colon cancer associated with immunosuppression.

CONCLUSIONS: These recommendations aim to help CF adults, families, primary care 

physicians, gastroenterologists, and CF and transplantation centers address the issue of CRC 

screening. They differ from guidelines developed for the general population with respect to the 

recommended age of screening initiation, screening method, preparation, and the interval for 

repeat screening and surveillance.
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Continued therapeutic advances have impressively increased longevity in cystic fibrosis 

(CF). More than half of the individuals with CF captured in the CF Foundation patient 

registry are over the age of 18 years. The current median predicted survival is 41 years, and 

persons born in 2015 have an estimated average life expectancy of 45 years.1 The increasing 

longevity of adults with CF puts them at risk for other diseases, such as gastrointestinal 

cancer.

Recent reports show that individuals with CF have an increased risk of colorectal cancer 

(CRC) compared to age-matched individuals without CF.2-5 The rising risk of CRC with age 

and the increasing lifespan of individuals with CF imply that the number of cases of CRC in 

this population will climb.

In 2013, Maisonneuve et al3 published a cohort study based on data from the CF Foundation 

patient registry covering the years 1990–2009. Based on incidence rates of cancer estimated 

using data on the general population from the Surveillance, Epidemiology and End Results 

Program of the National Cancer Institute, this study revealed a standardized incidence ratio 

of 6.2 for colon cancer (95% confidence interval, 4.2–9.0) in non-transplanted CF persons 

based on 26 cases. Our literature review disclosed multiple anecdotal published reports 

(single cases or case series) of CF patients with colon or rectal cancer. All publications 

found that nearly all CRC develop in persons less than age 50 years, implying that 

initiating screening at age 50 years, the current recommendation for the average risk non-CF 

population, may not be appropriate for the CF population. Limited data showed that the 

majority of tumors arose in the right colon.6-17
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Only sparse data exist on systematic colonoscopic screening of individuals with CF.18,19 

Colonoscopy screening of CF adults aged 40 years or older at the University of Minnesota 

found that approximately 25% of individuals had one or more advanced adenomas, as 

defined by size ≥1 cm and histologic findings.19 The majority of these individuals had 

more than 3 adenomatous polyps on their index screening colonoscopy. Furthermore, either 

rescreening or surveillance colonoscopies at 1- to 3-year intervals continued to show high 

incidence of adenomatous polyps, including those with advanced features. These results 

suggest earlier development and accelerated progression of adenomatous polyps in CF.

The mechanisms responsible for increased risk of CRC in CF are unclear. However, the 

CFTR gene is a tumor suppressor gene in the intestinal tract in mice, where loss of CFTR 

is associated with intestinal tumor formation.20,21 CFTR promotes secretion of chloride 

and bicarbonate, and plays critical roles in epithelial homeostasis in the gastrointestinal 

tract.22,23 Decreased level of hydration of the mucus layer likely contributes to bacterial 

overgrowth at the mucosal surface, which might result in greater tonic stimulation of 

epithelia.24-26 Absence of CFTR is associated with dysregulation of the immune response, 

intestinal stem cells, and growth signaling regulators.20 Notably, loss of CFTR expression in 

early stage human CRC in non-CF patients is associated with markedly decreased disease-

free survival.20

Based on available evidence, the average age of onset of CRC in CF persons is 

approximately 40 years, or about 20 to 30 years younger than in the non-CF population.2 

Furthermore, when compared to US data from Surveillance, Epidemiology and End Results 

Program studies, the incidence of CRC in the CF population at age 40–49 years is similar to 

the incidence of CRC in 65- to 69-year-old persons in the non-CF population.27

Recognizing the urgency and importance that the combination of increased life expectancy 

and a large age-related increased risk of CRC creates, the CF Foundation created a task 

force to develop CRC screening recommendations for adults with CF, including both the 

transplant and non-transplant population.

Methodology

The CRC screening task force convened in April 2015 at the CF Foundation Headquarters. 

The 18-member task force consisted of pulmonologists, gastroenterologists, a social worker, 

nurse coordinator, surgeon, epidemiologist, statistician, adult with CF, and a parent of a 

child with CF. The committee was divided into 3 workgroups: Cancer Risk, Transplant, and 

Procedure and Preparation.

At the initial meeting, the task force determined the scope of the document; developed 

(PICO) Population, Intervention, Comparison, and Outcome questions; and determined 

relevant search terms. The American Gastroenterological Association Governing Board 

reviewed and approved the PICO questions.

PubMed was searched for relevant, published, articles in February–March 2016. The search 

terms used can be found in the Supplementary Material. Task force members also conducted 

their own independent searches.
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A total of 1159 articles were retrieved. Of these articles, 198 articles were read at the 

full-text level. In total, 50 articles were included in the final manuscript (Figure 1).

The initial review of the literature at the title level was conducted by a guidelines specialist 

at the CF Foundation and task force members. Task force members then reviewed the 

relevant abstracts and full articles. After a thorough review of the records, each workgroup 

drafted recommendation statements based on their PICO questions. Ten recommendation 

statements were considered and voted on, and an 80% agreement threshold was agreed on 

before the meeting.

Modeling

The CF Foundation collaborated with the Department of Public Health of Erasmus Medical 

Center, University Medical Center Rotterdam, Netherlands, to conduct modeling on CRC 

screening strategies for adults with CF. The goal of the modeling was to provide estimates 

of the benefits and costs of screening in the CF population given that life expectancy 

and CRC risk differ from the general population. Data including age distribution and life 

expectancy used for this modeling came were calculated using 2010–2014 CF Foundation 

Patient Registry data.28 Most of the excess mortality risk in CF is not due to CRC. The 

modeling was conducted using the MISCAN-Colon model, which is part of the Cancer 

Intervention and Surveillance Modeling Network.29

In addition to the 10 listed recommendations drawn up by the task force, the modeling 

group developed a unique program to determine the most effective strategy for screening 

this high-risk population. A brief description of the methodology and main findings of the 

modeling procedures are presented here, more detailed information is available in a separate 

report in this journal.30

Microsimulation Screening Analysis-Colon Model

The existing Microsimulation Screening Analysis-Colon model for the general US 

population was adjusted to reflect the increased CRC risk and the elevated all-cause 

mortality in CF patients. Two versions of this model were developed: one for CF patients 

with an organ transplant and the other for CF patients without an organ transplant. 

Subsequently, we used these models to predict the benefits, harms, and resources associated 

with implementation of 101 different screening strategies that varied by test (colonoscopy 

or fecal immunochemical test [FIT]), age to begin and end screening, and screening 

interval. We used incremental cost-effectiveness analysis to determine the impact of various 

screening strategies for the CF population with and without organ transplant.

External Review

The manuscript and recommendation statements were distributed to the CF Community, 

Lung Transplant Community, and Gastrointestinal Community through CF Foundation, 

International Society of Heart and Lung Transplantation and American Gastroenterological 

Association listservs reviewers were given 2 weeks to submit comments and feedback using 

an online survey tool, Survey Monkey.31 Committee chairs reviewed and responded to 

comments and updated the manuscript.
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Results

The task force found limited information on CRC screening in adults with CF, and available 

reports consisted mostly of retrospective reviews of patient records and case–control studies. 

The task force identified no randomized clinical trials comparing results in screened 

vs nonscreened patients or reports comparing results of colonoscopy with results of less-

invasive screening procedures.

The task force developed ten recommendations (Table 1). Based on the quality and limited 

number of studies, the recommendations represent the consensus opinion of the task force. 

All but 2 statements reached 100% agreement; recommendations 4 and 7 reached 94% 

agreement. The American Gastroenterological Association reviewed and agrees with the 

recommendations in this statement.

Results of Microsimulation Screening Analysis–Colon Cancer Model for Colonoscopy

The Microsimulation Screening Analysis-Colon model predicted that in non-transplant CF 

patients, the optimal colonoscopy strategy was colonoscopy every 5 years between age 40 

and 75 years. This strategy resulted in 44 extra years of life per 1000 CF patients screened 

at a net cost of $0.7 million compared to no screening. The incremental costs per life-year 

gained (LYG) compared to a similar strategy that ended screening at age 70 were $84,000 

per LYG.30

For CF patients with an organ transplant, the optimal colonoscopy strategy was colonoscopy 

every 3 years from age 35 to 55 years. Age 55 years was utilized because of the small 

population of individuals over the age of 55 years. The recommendations below have no 

upper age limit. This strategy resulted in 56 extra life-years per 1000 patients screened at a 

net cost of $1.3 million compared to no screening. The incremental costs per LYG compared 

to colonoscopy every 5 years in the same age range were $71,000. However, the optimal 

colonoscopy interval was sensitive to the age of transplant (optimal interval of 5 and 10 

years for organ transplant ages of 25 and 20 years, respectively, and beginning screening 

at 30 years). The task force additionally considered the modeling projection that 64 extra 

life-years were gained compared to no screening if colonoscopy was started at age 30 years. 

This more than doubled cost to $166,000 per LYG. Because transplantation is already an 

expensive and high-risk procedure, the committee judged that improving the likelihood 

of achieving the potentially high benefit by reducing deaths from CRC was consistent 

with the original intent to undergo transplantation. In both cohorts (organ transplant and 

non-transplant), the upper age limit was a result of a small number of individuals in these 

age groups rather than lack of efficacy based on modeling.30

Recommendations

1. The Cystic Fibrosis Foundation recommends that all decisions on 
colorectal cancer screening and surveillance in individuals with cystic 
fibrosis be based on shared decisions between the provider and individual 
with cystic fibrosis about treatment, comorbidities, safety, and quality of life.
—The decision to proceed with screening is more complicated in the CF population than in 
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the non-CF population. The complexity arises from several issues: (1) although individuals 

with CF are at considerably higher risk of developing CRC than non-CF persons, all other 

factors being equal, the overall survival may be limited in certain subgroups of people 

with CF due to serious concurrent comorbidities32; (2) preparation for colonoscopy (see 

below) is more time-consuming in individuals with CF than in other populations18; (3) the 

risk associated with colonoscopy in the general population is low but may be increased in 

individuals with CF33; and (4) other modalities, such as FIT, which may be suitable for the 

general population, have not been evaluated in the CF population. Given these complexities, 

the task force members unanimously agreed that individuals with CF and their providers 

should engage in a shared decision-making process to carefully assess the risks and benefits 

of CRC screening and its impact on the health and quality of life for the adult with 

CF. Importantly, screening and surveillance recommendations presented in this manuscript 

were developed for asymptomatic CF patients. Physicians should recognize that CF is a 

colon cancer syndrome and consider diagnostic evaluation when patients present with new, 

suggestive symptoms or laboratory abnormalities.

2. The Cystic Fibrosis Foundation recommends that all colorectal cancer 
screening and surveillance for individuals with cystic fibrosis are jointly 
managed by cystic fibrosis health care professionals and an endoscopist.—
Ideally, colonoscopic screening is performed by a CF-trained endoscopist familiar with 

the multiple gastrointestinal challenges in the CF patient population. However, many 

CF Foundation–accredited care centers do not have a dedicated adult gastroenterologist. 

Individuals with CF are often referred to an endoscopist who may have limited experience in 

CF and may be unfamiliar with the unique preparation required for CRC screening. Further 

management may be provided by a gastroenterologist, endoscopist, and other care providers. 

To ensure CF-specific CRC screening issues are addressed, the task force recommends 

that close cooperation between the CF care provider and an endoscopist must precede and 

continue after completion of the CRC screening.

3. The Cystic Fibrosis Foundation recommends colonoscopy as the 
screening examination for colorectal cancer in individuals with cystic fibrosis.
—Recommendations for the method of screening differ depending upon the risk category 

of the person or group selected for screening34 Colonoscopy, unlike other screening 

procedures, can detect as well as remove polyps. This is one of the main reasons why 

colonoscopy is the screening procedure of choice for other high-risk groups, for example, 

Lynch syndrome.35 Similar reasoning applies to CF, which is another genetically determined 

high-risk group. In addition, there are no published data of utilization of other modalities in 

individuals with CF.

4. The Cystic Fibrosis Foundation concludes that the evidence is insufficient 
to recommend the use of computed tomography colonography, stool-based 
tests, or flexible sigmoidoscopy in individuals with cystic fibrosis for the 
purpose of colorectal cancer screening.—The task force found no published 

evidence on the utility of any of these procedures in CRC screening for individuals with 

CF. Given the high prevalence of polyps in the CF population, the pretest probability of 
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requiring a colonoscopy after any other type of screening procedure is high. Stool-based 

tests, such as FIT, or perhaps multitargeted stool DNA testing, might be valuable as a 

first-line test, as suggested by the results obtained by modeling, but they have never been 

evaluated in the CF population. Until further data are available, the task force cannot 

recommend for or against FIT testing. If FIT test characteristics (ie, specificity and 

sensitivity) are similar to the general population, these tests could be useful for the CF 

population. Sigmoidoscopy alone examines only the descending colon and is unsuitable 

in the CF population because of the increased frequency of polyps and cancers beyond 

the reach of this instrument.3,36 Similarly, computed tomography colonography cannot be 

recommended.

5. The Cystic Fibrosis Foundation recommends that colorectal cancer 
screening begin at age 40 years in individuals with cystic fibrosis with 
continued re-screening every 5 years.—Colonoscopic screening starting at age 

40 years has demonstrated high frequency of adenomatous polyps, including advanced 

adenomas.19 Although starting screening at age 30 years may uncover polyps and even some 

tumors, screening has to balance the risk of screening with the benefits of early detection. 

With respect to the screening interval, approximately half of the patients with negative index 

screening colonoscopies developed adenomatous polyps including advanced adenomas, 

within 5 years.19 Given the high recurrence rate of adenomas and advanced adenomas, 

an interval of 5 years for re-screening, compared to 10 years in the general population, 

is recommended for individuals with CF. The recommendation to initiate screening with 

colonoscopy at age 40 years is consistent with and supported by the modeling estimates.

6. The Cystic Fibrosis Foundation recommends that individuals with cystic 
fibrosis who have undergone a colonoscopy that had any adenomatous 
polyps have surveillance colonoscopy in 3 years, unless a shorter interval is 
indicated by individual findings, with subsequent intervals based on the most 
recent endoscopic examination.—The shorter intervals (3 years) for most surveillance 

examinations recommended for individuals with CF vs 5 years in the general population 

are similar to recommendations for patients with other genetic colon cancer syndromes.35 

However, the CF Foundation recommendation for a 3-year interval for surveillance of 

patients with multiple or advanced polyps does not differ from the general population with 

the same findings.37 The recommendation takes into consideration the burden of a more 

intensive bowel preparation regimen that is necessary for colonoscopic examinations in 

CF patients and additional commonly present comorbidities. The endoscopist should also 

consider quality of the colon preparation and level of confidence that all polyp tissue has 

been resected in providing individualized recommendations for surveillance interval and 

utilize a shorter interval when appropriate.

7. The Cystic Fibrosis Foundation recommends that individuals with cystic 
fibrosis who are 30 years of age and older and have adequately recovered 
after receiving a solid organ transplant begin colorectal cancer screening 
within 2 years of transplantation except when they have had a negative 
colonoscopy within the past 5 years.—Although the absolute risk of CRC in 
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individuals with CF is extremely low for patients younger than 30 years, the risk of CRC in 

individuals with CF greatly increases after lung transplantation, with the risk being 25–30 

times the age-adjusted baseline.2-4,19,36 Median survival of transplant patients, especially 

those patients that survive the first postoperative year, has now increased beyond 10 years.38 

Increased post-transplantation survival means that many transplant patients will enter older 

age groups where there is an increased risk of cancer. Screening should be performed after 

recovery from the operation and within 2 years after the procedure, unless they have had a 

negative colonoscopy within the previous 5 years.

8. The Cystic Fibrosis Foundation recommends continued colorectal cancer 
rescreening every 5 years in individuals with cystic fibrosis who have 
received a solid organ transplant.—There is a paucity of data on the re-screening 

of individuals with CF after lung transplant and an initial screen that discovers no adenomas 

or CRC, except for one single center study.19 Based on generally more-intensive screening 

recommendations for other high-risk populations,34 the task force voted to recommend 

rescreening every 5 years (see Figure 2).

9. The Cystic Fibrosis Foundation recommends that individuals with cystic 
fibrosis who have undergone a solid organ transplant and had colonoscopy 
that had any adenomatous polyps have surveillance colonoscopy in 3 years, 
unless a shorter interval is indicated by individual findings, with subsequent 
intervals based on the most recent endoscopic examination.—Limited data9,19 

suggest that there is an increased risk of recurrent high-grade polyps in individuals with CF, 

therefore surveillance should be performed every 3 years. However, in cases with extremely 

high-risk findings, such as very large polyps or multiple polyps, the standard surveillance 

interval of 3 years may have to be shortened, potentially requiring retesting within 1 year.39

10. The Cystic Fibrosis Foundation recommends that adults with cystic 
fibrosis undergoing a colonoscopy receive intensive regimens for bowel 
preparation to allow for optimal examination. The intensive regimen should 
include: three to four washes (minimum of 1-liter purgative per wash) with 
the last wash occurring within 4–6 hours before the examination.—An adequate 

bowel preparation is necessary for a quality colonoscopy and optimal detection of colon 

polyps40,41; however, bowel preparation is difficult in CF patients. Groups that reported 

systematic results of colonoscopies in CF patients used intensive CF-specific bowel 

preparation regimens.9,18,19 The main elements to a better preparation include split prep 

regimens, that is, several smaller volume washes are superior to a single larger-volume 

wash; performance of the examination soon after the last wash; and (3) patient education to 

emphasize the importance of bowel preparation for the examination and different elements 

involved. A sample CF-specific preparation from the Minnesota Cystic Fibrosis Center is 

included in Supplementary Material.

Conclusions

The CF CRC screening task force recommends screening with colonoscopy beginning at 

age 40 years for non-transplanted patients with CF and age 30 years for persons who 
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have undergone and successfully recovered from a transplantation procedure. All decisions 

around CRC screening should be made in concert with the adult with CF. These discussions 

should include the consideration of comorbidities, safety, treatments, and quality of life. 

These recommendations are similar to the guidelines for screening in the non-CF population, 

where the recommended age for initial screening is about 10 years earlier than the average 

age of onset of cancer. The task force recommendations assume selection of patients whose 

anticipated life expectancy is sufficient to benefit from a screening procedure. We do not 

recommend a specific lung function below which colonoscopy is not recommended, as 

survival depends on many more factors, best assessed by the CF health care team. At 

present, we have insufficient information to assess the utility of screening procedures other 

than colonoscopy; such modalities could be extremely valuable, especially for individuals 

with CF with reduced lung function. In addition, current age recommendations are based on 

best-available evidence and efforts to balance the burden of frequent potentially unnecessary 

screening vs the benefit of early identification of malignant polyps. These recommendations 

will need to be updated when additional information becomes available about the potential 

benefit of alternative screening procedures, and the role of other risk factors, such as sex, 

mutational status, and family history.

Discussion and Areas for Future Research

Raising Awareness of Colorectal Cancer Risk and Acceptability of Screening

Because of the absence of any information on other screening procedures, the task force 

recommends colonoscopy screening as the current best screening procedure. Thus, a key 

issue is acceptability of this procedure by the CF community. One member of the task force 

contacted several CF care centers and found a high degree of compliance when colonoscopy 

was recommended, with level of patient education on bowel preparations being a key factor 

for acceptance. Because many patients and center directors appear to be unaware of the 

increased risk of CRC in CF patients, an educational component will be required to increase 

compliance with the listed recommendations.

Importance of Other Potential Risk Factors

There are many other risk factors within the CF population for which there is insufficient 

evidence to determine the impact on overall CRC risk. These factors include family history 

of CRC, sex, age of CF diagnosis, presence or absence of meconium ileus, diabetes, distal 

intestinal obstruction syndrome, and pancreas function status. Further information will be 

required to determine the potential importance of all these potential modifying factors.

With respect to mutational status, a recent cohort study found patients with severe genotypes 

had a somewhat higher risk of CRC than patients with milder mutations.3 However, milder 

mutations are present in a small minority of patients with CF (<10%) and therefore too 

few data exist to make any different recommendations for that group at this time. In any 

case, such patients have longer survival, thus possibly longer time to develop CRC. In an 

Australian screening study,9 all 4 CRCs and 1 ileal tumor developed in CF persons who 

were Delta F508 homozygotes. However, additional studies must be conducted to determine 

the cancer risk in older patients with milder CF mutations.
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Role of Fecal Immunochemical Test Testing and Other Screening Modalities

The task force did not recommend FIT testing, but the modeling results suggest that 

screening with FIT, assuming that the method is both sensitive and specific, may be even 

more cost-effective in individuals with CF than screening with colonoscopy.30

Considering both screening modalities, the model found that the optimal screening strategy 

for non-transplant CF patients is annual FIT from age 35 to 75 years. This strategy was 

both more effective (46 vs 44 LYG) and less costly ($2.5 vs $2.6 million) than the optimal 

colonoscopy strategy. For post-transplantation patients with CF, the optimal strategy of 

annual FIT was slightly less effective than the optimal colonoscopy strategy (54 vs 56 LYG), 

but the task force decided the incremental resources required for the colonoscopy strategy 

($1.3 million with colonoscopy vs $1.0 million for FIT) was acceptable.

Although FIT screening remained the optimal strategy in most sensitivity analyses, 

evidence for the performance of FIT in CF patients is currently lacking. The model 

findings of performance of FIT should therefore be confirmed in clinical studies before 

recommendations for FIT screening can be made in CF patients. Important information 

about the suitability of FIT testing and other screening modalities in the CF population 

could be obtained from a study combining and comparing synchronous screening using 

the testing modality and colonoscopy screening. Another test of potential value would be 

a stool-based test for tumor DNA. Although noninvasive procedures would have several 

potential advantages, any positive test would require a confirmatory colonoscopy.

Comparison of Modeling Results and Task Force Recommendations

The recommendations of the task force were consistent with the model recommended 

strategies for non-transplant CF patients to begin colonoscopy screening at age 40 years with 

repeat colonoscopy every 5 years assuming negative screenings. The modeling provided 

insights into how to balance the LYG with screening to the burden of screening for 

non-transplant and transplant CF patients.30 The model considered age to begin screening, 

intervals of repeat screening, and surveillance intervals for those with adenomas or cancers. 

For non-transplant patients, screening beginning at age 40 years with 5-year interval 

provided the best balance between LYG and burden of screening for the non-transplant 

subjects with incremental cost-effectiveness ratios below the commonly used threshold of 

$100,000. For transplant patients, Microsimulation Screening Analysis modeling suggested 

starting colonoscopy screening at age 35 years, given that transplant had occurred at age 

30 years if the incremental cost-effectiveness ratio level of $100,000 was used. If transplant 

occurred before age 30 years, the model suggested that patients should receive colonoscopy 

starting at age 30 years. The task force elected to also recommend colonoscopy screening 

fairly soon after recovery from transplantation for patients transplanted at age 30 years to 

increase the efficacy of transplantation itself (Figure 2).

Generally, modeling strategies consider age to begin and age to end screening; however, we 

did not designate an age to end screening for individuals with CF because there were few 

differences in effectiveness by end age. (See modeling paper and its appendices).30 As with 
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the non-CF population, a prudent approach would be to stop screening in adults with CF 

who have less than a 10-year life expectancy.

Discussion of Special Considerations In The Transplant Population

All data on organ transplants relate to lung transplant, as it accounts for >90% of 

transplantation procedures in CF patients. In addition, no data exist on liver transplant 

recipients (second most common), and occasional other solid organ transplants for 

individuals with CF. Liver transplant recipients use lower immunosuppression and likely 

have lower CRC risk; however, they have improved survival and thus a longer time to 

develop CRC.42 Based on this, the recommendations are for all solid organ transplant 

recipients with CF1,43 (As of September 30th, 2016, 5039 organ transplants have been 

performed for CF: 4622 lung transplants, 358 liver transplants, and 59 heart-lung 

transplants; https://optn.transplant.hrsa.gov/data/). Re-transplant patients should follow the 

same recommendations as first transplants.

Careful evaluation of the patient’s CRC risk and survival likelihood should be taken into 

account each time point that screening is considered. In cases where expected survival is 

limited (ie, <10 years), screening should not be performed. For adults appropriately selected, 

lung transplantation usually increases survival probability. Therefore, a lung transplantation 

candidate with a short life expectancy is likely to become a screening candidate before and 

after transplantation at the appropriate ages described here because the potential survival 

then increases to approximately 10 years.32,38

A particularly difficult situation will arise in patients with severe disease who cannot 

undergo screening before lung transplantation. In this case, careful consideration should 

be given to factors like age, risk factors, and risk of colonoscopy. The CF and lung 

transplantation team should discuss any other screening options acknowledging their 

limitations, including the option of delaying screening until after lung transplantation.

Discussion About Colonoscopy: Preparation Details, Poor Preparation Repeat Procedures, 
Right-Side Lesions, and Rapid Regrowth

A high-quality bowel preparation is essential for optimal detection of colon polyps.44-46 The 

physicochemical characteristics of stool and intestinal mucus complicate bowel preparation. 

A number of Food and Drug Administration–approved preparations exist, but given the 

increased-intensity regimens needed in CF patients, different preparations need to be 

tested for results and patient acceptability. In addition, non-Food and Drug Administration–

approved preparations, such as over-the-counter polyethylene glycol combined with sport 

drinks, are commonly used in the general population.47-49 These have the advantage of 

greater patient tolerability and may have a role in CF patients, but careful attention needs to 

be paid to potential electrolyte shifts if such preparations are intensified in volume.50

Surveillance and Rescreening

At this time, we recommend a 3-year surveillance interval for those with adenomas detected 

and a 5-year rescreening interval for adults with CF who have prior negative findings. This 

ensures simplicity for implementation and following of the recommendations. Decisions 
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should always be based on last colonoscopy. As more data become available, it is possible 

that different sub-populations will need more or less frequent schedules for rescreening 

and surveillance. Our recommendations are making an effort to balance the risk of missing 

advanced CRC and minimizing the burden and risk of too frequent examinations.

Prevention of Cancer in the Cystic Fibrosis Population

At present, screening appears to offer the best way to lower the risk of developing 

CRC in CF persons. Lifestyle modification by avoiding known CRC risk factors, such 

as smoking and obesity are unlikely to be effective because these factors are usually 

absent in individuals with CF. There is the possibility that chemopreventive agents, such 

as cyclooxygenase inhibitors (eg, aspirin) and 3-hydroxy-3-methylglutaryl-coenzyme A 

reductase inhibitors (statins) could be helpful.51 Finally, CFTR modulators, which increase 

the expression of the CFTR protein, might also decrease the likelihood of CRC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Search strategy diagram.
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Figure 2. 
Clinical decision support tool for CRC screening with colonoscopy in adults with CF. 

*Negative = no adenomatous polyps on examination with good to excellent bowel 

preparation (score ≥6 on the Boston Bowel Preparation Scale). Testing should be repeated if 

the bowel preparation is not considered good. ‡Screen = screening colonoscopy.
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