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There are an estimated 70 000 people with
cystic fibrosis (CF) globally, with the vast
majority in Caucasian populations. Over
the past 30 years, CF has been transformed
from a predominantly fatal disease in
children and young adults to one in which its
greatest impact is borne in adult life [1,2]. In
many countries, CF adults now outnumber
CF children as a result of improved therapies
in children and increased life expectancy of
adults, resulting in the need to re-structure
CF care systems and the development of
adult specialist care centers [3,4].
The median survival of patients with
CF in most parts of the world is close to
40 years of age, and even those patients
with advanced airflow obstruction (percent
predicted forced expiratory volume in
1 s <30%), which was previously thought
to forebode a high risk of death within
2 years, now generally have prolonged
survival [5]. For those patients with endstage lung disease and their families, lung
transplantation provides the opportunity and
hope of enhanced survival [6]. Despite such
developments, the vast majority of patients
with CF will die as a result of progressive

respiratory failure and the complications of
suppurative lung disease [7].
Alongside enhanced life expectancy,
a number of new complications in the
management of patients with CF have
emerged, and are now seen on a daily basis
in adult CF clinics. These include CF-related
diabetes, metabolic bone disease, chronic
renal impairment, multiple drug allergies
and intolerances, multi-drug resistant
pulmonary infections, and complications
of long-term vascular access devices
including thrombosis of large vessels [8,9].
Consequently, the management of adults in
CF specialist centers has become increasingly
complex, further complicated by the rapidly
growing adult CF population. Malignancy
remains an uncommon event; however, it
is yet another emerging complication in the
CF adult population.
In the US in 2011, out of a total
CF population of 27 213, there were
220 patients who underwent a lung
transplant, seven a liver transplant, and
seven a renal transplant [3]. In the UK,
where the CF patient population was 9749
in 2011, 47 patients had lung transplants
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(including four heart–lung transplants), two
patients had liver transplants, and another
two patients had renal transplants (one
of whom also had a pancreas transplant)
[4]. Survival after lung transplantation
has improved significantly since the
early 1990s, yet death from bronchiolitis
obliterans syndrome (BOS) and related
complications remains common [10,11].
There are a number of approaches to
reduce the incidence and progression of
BOS, including the use of higher levels of
immunosuppression than are generally
used in recipients of other solid organ
transplants [12,13]. Complications of longterm immunosuppressive therapy include
chronic renal insufficiency, enhanced risk of
infection, and malignancy [9,11].
Gastrointestinal
(GI)
complications
are protean in children and adults with
CF. Detailed reviews of each of these are
beyond the scope of this article but are
extensively discussed elsewhere [14–17].
Importantly, pancreatic insufficiency is a
complication in the vast majority of patients
with CF, and is often associated with nutrient
malabsorption and under-nutrition [17].
Effective exocrine pancreatic enzyme
replacement has contributed to improved
nutritional status of patients with CF over the
past two to three decades. Recurrent distal
intestinal obstruction syndrome (DIOS),
chronic constipation, bacterial overgrowth,
gastroesophageal reflux disease (GERD),
and hepatobiliary complications (including
biliary cirrhosis, cholelithiasis, and biliary
stenosis) are also frequently encountered
in CF. Patients who have at least one mild
CF transmembrane regulator (CFTR)
protein mutation (approximately 15% of
most CF populations) often have pancreatic
sufficiency, and this is usually associated
with better nutritional status than pancreatic
insufficiency but can lead to recurrent acute
pancreatitis resulting from some preservation
of pancreatic tissue. Acinar ductal
obstruction can also result in recurrent acute
pancreatitis [18,19].
Each of these GI complications of
CF may not only enhance the risk of the
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development of both GI and hepatobiliary
malignancies in the person with CF, but
may also lead to delays in diagnosis of GI
malignancy when chronic, and often lifelong, GI symptoms co-exist [20–23].
Many CF patients (especially males)
aged >30 years are overweight [4,24]. The
combination of obesity, diabetes, and, in
some patients, chronic renal insufficiency
may in the future contribute to more lifestyle
diseases (including malignancy) in the aging
CF population.
In this article, we aim to review the
literature relating to cancer in patients
with CF, with a particular focus on GI
malignancies, especially colon cancer, for
which the evidence is greatest. We will
discuss why GI malignancies might occur
and examine the evidence for potential risk
factors and the role of screening in “at-risk”
populations – including older age groups
and those being assessed for, or who have
undergone, lung and/or liver transplants –
within the CF population.

Terminology
Two large cohort studies based on data
from the US-based CF Patient Registry
(CFPR) have reported cancer risk using
standardized incidence ratios (SIRs), a
measure of relative risk defined as the ratio
between the number of cancers observed to
the number of cancers expected [25,26]. The
expected numbers were determined from
the Surveillance, Epidemiology, and End
Results program of the US National Cancer
Institute [26].
Rare cancers in a small population
(e.g. in the CF population), in which risk
of cancer can appear high (large SIR),
may provide evidence for an increased risk
but yet affect only a very small number of
individuals (e.g. cholangiocarcinoma or
small intestine cancers). One approach to
mitigate this effect is to calculate absolute
risk rates over 20 years, for example the ratio
between the number of cancers observed in
the cancer group between 1990 and 2009
and the number of patients with CF for
whom data were available between 1990
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and 2009. However, there are limitations
to this approach, as the crude risk is likely
to be an underestimate given that not all
patients will have been followed for 20 years
(i.e. some patients will have entered the
cohort after 1990 and others may have left
the cohort before 2009). As these details
are not published, the use of the calculation
of absolute risk from CFPR data is not
practical [25,26]. It is important to recognize
that reliable estimates of absolute rates of
cancer would allow for a good estimate of
the extent of the risk of very rare cancers.

Non-GI malignancy
The data to support the observation of an
increased risk of non-GI cancers in patients
with CF remain mixed. Early studies,
including case series and cohort studies,
suggested that there was an increased rate
of malignancy in general, and specifically of
leukemia, testicular cancer, and endocrine
cancers including thyroid cancer [27,28].
Subsequently, Neglia et al., using a case–
control study design involving more than
38 000 patients from two CF cohorts
(one from Europe and one from North
America), revealed similar risks of non-GI
malignancy in CF patients when compared
with the general population [29]. In a
similar analysis of CFPR data, the numbers
of cancers observed in transplanted and
non-transplanted patients with CF were
compared with the number expected from
population-based cancer incidence data and,
from 202 999 person-years of observation
of non-transplanted patients with CF,
75 cancers were observed compared with
the expected number of 70 cases (SIR 1.1,
95% confidence interval [CI] 0.8–1.4) [25].
In a more recent analysis, Maisonneuve
and colleagues followed 41 188 patients in
the US from 1990 to 2009 and compared
the observed number of cancers in nontransplanted and transplanted patients
with that expected in the general US
population [26]. From 344 114 patientyears of observation of patients who had not
undergone any organ transplants, the overall
cancer risk in CF patients was similar to the
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background risk (SIR 1.1, 95% CI 1.0–1.3).
However, the study demonstrated an
increased risk of testicular cancer (SIR 1.7,
95% CI 1.0–2.7) and lymphoid leukemia
(SIR 2.0, 95% CI 1.2–3.1), and, interestingly,
a decreased risk of malignant melanoma
(SIR 0.4, 95% CI 0.2–0.9) in CF patients
compared with the general population.
The two studies by Maisonneuve and
colleagues demonstrated increased rates
of cancer in patients with CF who had
undergone transplantation compared with
those who had not [25,26]. The earlier
study, published in 2003, reported that 26
tumors were observed compared with the
expected 9.6 (SIR 2.7, 95% CI 1.8–3.9) from
8235 patient-years of observation [25].
Similarly, in the more recent analysis
published in 2013, 13 cancers were observed
compared with the expected 2.1 (SIR 6.3,
95% CI 3.4–10.8) from 2725 person-years
in 1063 transplanted patients [25,26]. In the
absence of accurate estimates of absolute
risk of cancer in post-transplant CF patients,
it is not possible to estimate the extent of
increased risk post-transplant compared
with CF patients who have not undergone an
organ transplant.
Screening of skin for malignant and
pre-malignant lesions during transplant
assessment is recommended, especially
in climates where skin cancers are
prevalent [30–32]. Urogynecological malignancy requires careful screening and
monitoring in females, both at assessment for
transplant and following transplantation [33].
In a large cohort of 166 females from Sydney,
NSW, Australia, who had undergone lung
transplantation in 1989–2001, there were
significant increases in the incidences of
cervical intraepithelium neoplasia (CIN) I
and pre-cancerous cervical epithelial changes
(CIN III; 42.2 per 1000 and 30.0 per 1000,
respectively) compared with a large reference
population (8.3 per 1000 and 6.2 per 1000,
respectively) [34]. Human papillomavirus
vaccination is advocated (and funded) for
adolescents in many healthcare settings
globally to reduce the risk of cervical and
uro-gynecological cancers.
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Post-transplant lymphoproliferative
disorder
The
immunosuppressive
therapy
setting increases the general risk of
malignancy [31,35]. Additionally, patients
who have not been exposed to Epstein–
Barr virus (EBV) infection and who receive
EBV-positive organs have a significantly
increased risk of developing post-transplant
lymphoproliferative
disease
(PTLD)
following a seroconversion illness [32].
PTLD is the most common post-transplant
malignancy in children and the second most
common, after skin cancer, in adults [36].
T cell suppression causes increased
proliferation of viruses such as EBV
and cytomegalovirus, resulting in B cell
proliferation and malignancy [37].
PTLD is further increased in the lung
transplantation setting because of higher
levels of immunosuppression compared
with other organ transplants [36]. A review
of 705 post-lung transplantation patients in
the US from 1991 to 2001 revealed 34 (4.8%)
cases with PTLD [37]. The median time
from transplant to diagnosis of PTLD was
11 months (range 11 days to 15 years).
Symptoms at presentation were non-specific
but included fatigue, pain, loss of body
weight, anemia, raised creatinine levels,
and abnormal liver function tests. PTLD
involving the GI tract was most common in
patients aged >11 months post-transplant.
Eight patients developed PTLD of the
GI tract with six of these presenting with
GI symptoms such as diarrhea, nausea,
dysphagia, or GI bleeding [37]. Sites of
involvement included the small intestine
(n=4), colon (n=2), stomach (n=1),
and esophagus (n=1). Thus, any new
GI symptoms in a post-transplant patient
should be investigated by a clinician and
PTLD considered as the cause.

GI malignancy
In a study based on CFPR data from 1990 to
1999, non-transplant patients with CF had
a significantly increased risk of cancers of
the GI tract (SIR 5.1, 95% CI 3.2–7.6) [25].
The mean age at diagnosis was 39 years,
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with one patient diagnosed before the age of
20 years. An excess absolute risk of 153 per
100 000 patients per year for patients aged
40–49 years, and 401 per 100 000 patients per
year for those aged >50 years, highlights the
risk of GI cancer in aging patients with CF.
Previously, GI disorders were not associated
with an increased risk of GI cancer in CF.
In their follow-up analysis, Maisonneuve
et al. reported an elevated risk of digestive
tract cancer in patients with CF (SIR 3.5,
95% CI 2.6–4.7) [26]. Similarly, the risk of
digestive tract cancers was particularly high
in CF patients who underwent a transplant
(SIR 17.3, 95% CI 10.7–26.5), with most cases
arising in the colon [25].

Luminal GI malignancy
Esophageal and gastric malignancy
There is an increased risk of esophageal and
gastric malignancies in CF; however, there
are no detailed case reports in the literature.
Maisonneuve et al. described five esophagogastric malignancies (two esophageal and
three gastric) over 20 years and across
344 114 patient-years of observation in CF
patients who had not undergone a transplant,
giving an SIR of 3.1 (95% CI 1.1–6.8) [26].
It is likely that GERD has a significant
role in the etiology of gastroesophageal
cancers. This is supported by recent
reports of the anatomical location of
these malignancies. Three cases of gastric
cancer were described that were located
at the gastroesophageal junction, and the
esophageal malignancies were associated
with Barrett’s esophagus and also located
at the gastroesophageal junction [26].
GERD is a well-recognized and frequent
complication of CF owing to cough and
therapies such as prednisolone. GERD may
contribute to the increased occurrence of
esophageal malignancy. Barrett’s esophagus
is considered to be a pre-malignant lesion,
with an estimated annual transition rate of
0.12–0.5% [38].
The diagnosis of gastric and esophageal
malignancies can be challenging in light
of the frequency of GERD symptoms.
Epigastric pain, nausea, vomiting, and
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difficulty with maintaining body weight
are common issues in patients with CF,
and overlap with the presenting symptoms
of these malignancies. Clinicians should
consider upper GI endoscopies if symptoms
are persistent or poorly responsive to
therapy, or if alarm symptoms, such as
persistent dysphagia and unexplained weight
loss, are present.
Surgical resection may be hazardous in
patients with even moderate lung disease, and
many tumors will not be amenable to surgery.
Chemotherapy presents substantial challenges
by increasing the frequency and severity of
infective exacerbations. Radiotherapy is likely
to be similarly challenging from a pulmonary
and nutritional perspective.
The increased incidence of esophageal
and gastric malignancy in CF patients posttransplantation is likely multifactorial. There
is a very high incidence of GERD in CF
patients post-transplantation, and this is one
likely explanation for the greatly increased
incidence of gastroesophageal malignancies
seen post-transplantation by Maisonneuve
et al. [26]. In the post-transplant setting,
high doses of prednisolone and other agents,
such as tacrolimus, contribute to the greatly
increased incidence of GERD in patients
with CF, which is increasingly being
managed by fundoplication. Additionally,
immunosuppression itself contributes to
the increased risk of malignancy [31]. The
SIR for gastroesophageal cancers is 13.2
(95% CI 2.2–43.8) and the SIR specifically
for esophageal cancers is 35.8 (95% CI
6.0–118.0) [26]. Vigilance is required when
investigating any persistent upper GI
symptoms in CF patients post-transplant.
Small intestine malignancy
Small intestine malignancy represents only
1% of digestive organ cancers in the general
population [39]. There is a significant
increase in the risk of adenocarcinoma of
the ileum in CF [26]. Five cases of small
intestine malignancy were described
between 1982 and 1995 [39–43], and these
findings were supported by the more
recent data from Maisonneuve et al., who
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determined an SIR of 11.5 (95% CI 4.2–25.4)
for carcinoma of the small intestine [26].
The rarity of small intestine malignancy
in the general population has been
postulated to be related to the rapid transit
times of gut material leading to short contact
time for potential carcinogens with the
mucosa [39]. There are also effective local
immune defenses and an alkaline pH, which
may retard carcinogenesis, alongside mucosal
enzymes that destroy some carcinogens [39].
Some theories also cite the lack of bacteria in
the small intestine as potentially reducing the
production of carcinogens from gut material.
In CF, it has been postulated that slower
small intestinal transit times, altered bowel
flora, and raised fecal bile acid concentrations
may contribute to an increased risk of
malignancy [39,41]. Furthermore, patients
with malabsorption from other causes are
known to be predisposed to small intestine
malignancy [39].
Presenting symptoms are often nonspecific but may include abdominal pain and
nausea with vomiting [44]. This often leads
to delayed diagnosis and the presence of latestage disease when diagnosis is confirmed.
The management of small intestine
malignancy is surgical, with minimal
evidence to support adjuvant therapy,
including chemotherapy or radiotherapy [44].
When chemotherapy is considered, the
regimens are usually based upon those used
for colon carcinoma.
A significant increase in the incidence
of small intestine tumors is seen in CF
patients post-transplantation – Maisonneuve
et al. report an SIR of 52.5 (95% CI
8.8–175) [26]. Again, abdominal symptoms
in a post-transplant patient with CF should
be investigated carefully.
Large intestine malignancy
Numerous case reports suggest there are
increased rates of colonic malignancy in
patients with CF. Neglia and colleagues
reported increased rates of colonic
malignancy in two cohorts, one from Europe
(CF patients registered in 1992) and one
from North America (CF patients registered
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Figure 1. A 52-year-old woman with cystic
fibrosis who had a colonic adenocarcinoma
diagnosed after a routine colonoscopy during
an assessment for transplantation. Computed
tomography shows a semi-annular infiltrative
mass at the splenic flexure (black arrow) and
multiple hepatic metastases (gray arrow).

between 1985 and 1992) [29]. The European
cohort demonstrated an increased odds ratio
for colon cancer of 9.3 (95% CI 3.5–25.0). In
a large follow-up study, the SIR for colon
cancer was 7.4 (95% CI 3.7–13.2) [25]. This
study also examined those patients who had
undergone transplantation and the SIR for
these patients was estimated to be 30.3 (95%
CI 3.7–109.0). The wide confidence intervals
reflect a smaller number of cases and the
historical nature of data from the 1990s,
as noted for many of the cancers discussed
earlier in this review.
The more recent registry analysis
provides further data to support the earlier
studies, using a larger observation set over
20 years. Between 1990 and 2009, the risk
of colon cancer in CF increased (SIR 6.2,
95% CI 4.2–9.0) but the risk of rectal cancer
did not (SIR 0.7, 95% CI 0.1–2.3) [26].
Two interesting additional findings were
reported for colon cancer risk. Firstly, there
were higher SIR estimates in males with CF
(SIR 8.4, 95% CI 5.4–12.4) compared with
females with CF (SIR 4.6, 95% CI 2.2–8.3).
Secondly, the increase in SIR was clearly
seen in the CF population aged ≥30 years
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Figure 2. A 26-year-old man with cystic fibrosis
who presented with several months of loss of
body weight and anorexia. Thickening of the
descending and sigmoid colon is noted (black
arrow) on computed tomography with large
hepatic metastases (gray arrow).

but was not significantly greater than the
general population for the 20–29-years age
group. While the SIR was highest in the
<20-years age group, the number of cases
in this age group was very small. This study
also updated estimates of the risks posttransplantation of developing bowel cancer
(SIR 30.1, 95% CI 15.8–52.2) [26].
How does this compare with other
scenarios in which increased risks of bowel
cancer would be expected and have been
reported? The reported SIRs for the risks
of bowel cancer for patients with ulcerative
colitis (UC) is 4.1 (95% CI 2.7–5.8), for
patients with Crohn’s disease is 2.5 (95% CI
1.7–3.5), and for patients with celiac disease
is 1.6 (95% CI 0.7–3.0) [45–47]. Furthermore,
this compares with an SIR of 2.2 (95% CI 2.1–
2.4) for an individual with any first degree
family history of colon cancer, and an SIR of
2.0 (95% CI 1.8–2.3) for an individual with a
sibling with colon cancer [48].
The increased risk of common cancers
in CF patients with lung transplants has
also been reported for other solid-organ
transplant (including liver and kidney)
CF recipients. The SIRs are lower than
those reported above, suggesting that the
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Figure 3. Hematoxylin and eosin stain at ×100
magnification shows invasive tumor (black arrow)
and luminal necrosis within malignant glands
(gray arrow). Luminal necrosis is a characteristic
feature of colonic adenocarcinoma.

combination of pre-existing risk (underlying
CF-related disease) within the setting of
long-term high-level immunosuppression
may account for the increased risk
[26,31,35,49–51].
While several potential factors have
been suggested, the pathogenic mechanisms
underlying the increased risk colon cancer
in CF is unknown. Colon cancer is more
common in patients with CF who are
homozygous for the ΔF508 mutation, while
those who are heterozygous for the ΔF508
mutation have an intermediate risk, and
those who do not have the ΔF508 mutation
have the lowest risk [25]. This was not as
clearly demonstrated in the follow-up study
by Maisonneuve et al.; while SIR rates were
reported, the rates for non-ΔF508 patients
were similar to those for ΔF508-homozygous
patients [26].
An
association
between
mucin
(MUC) genes and the development of GI
malignancies has been postulated [52].
Mucin glycoprotein production is influenced
by MUC gene expression and it is postulated
that mucins may play a role in CF [53–55].
Linkage analyses have demonstrated that
the CFTR gene is found in the chromosome
band adjacent to the MUC3, MUC11, and
MUC12 genes [25]. It has been suggested that
decreased expression of these three MUC
genes may explain the increased risk of
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Figure 4. Immunohistochemical stain of colonic
biopsy for MSH6 MMR protein, which shows
positivity in the tumor nuclei (i.e. no loss of
staining); therefore, the MMR proteins are
expressed and probably functioning, and not,
or very unlikely to be, indicative of an MSI-H
tumor status.

MMR: mismatch repair; MSH6: MutS homolog 6 (Escherichia
coli); MSI-H: microsatellite instability-high.

colon cancers and other GI malignancies in
patients with CF.
Persistent GI epithelial inflammation in
UC is thought to be a contributing factor to
increased rates of GI cancer, especially cancer
of the colon. GI tract inflammation occurs
in patients with CF and may also be a factor
in the development of GI malignant disease
[56]. The consequences of the accumulation
of toxic bile salts and the administration
of pancreatic enzymes may also be factors,
though these potential mechanisms are
speculative [57]. Similarly, the presence of an
abnormal GI microbiome, which may include
ingested airway bacteria and altered bowel
flora under intense antimicrobial pressure,
requires further study [58].
A diagnosis of colon cancer can be delayed
in the person with CF for a number of reasons
including the low index of suspicion because
of the relatively young age of the patient and
the overlap of symptoms with previous GI
diagnoses (e.g. recurrent DIOS or severe
constipation); these may distract the clinician
from considering a new and more sinister
diagnosis (Figures 1– 4) [21,23].
Once a diagnosis of colon cancer is made,
careful consideration of the appropriate
management, including standard screening,
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should be undertaken in order to stage the
tumor and then plan treatment. Surgery
is the treatment of choice to attempt cure
(and to perform surgical staging) although
incurable disease has commonly been
reported. Prevention of bowel obstruction
by the tumor should be considered in a
standard manner. However, the co-existence
of chronic pulmonary infection is likely
to influence the course of recovery if
chemotherapy is required for treatment of
the cancer. Chemotherapy for consolidation
and for palliation should be considered
although complications of chemotherapy
are common, especially their impact on
lung infections.
There are currently limited reports
detailing survival rates for colon cancer in
patients with CF. Five-year survival rates for
large intestine malignancies are dramatically
lower in solid-organ transplant recipients
suggesting that, in this setting, tumors
are biologically more aggressive than in
the general population [59]. This analysis,
based on the Israel Penn International
Transplant Tumor Registry, indicates that
for several common cancers (including colon,
non-small-cell lung cancer, breast cancer,
prostate cancer, bladder and kidney cancers,
and melanoma), transplant patients have
worse cancer-specific survival rates than the
general population. This study demonstrated
that transplantation and tumor stage at
diagnosis had the most significant negative
impacts on survival. The extent to which
immunosuppression and other pre-existing
comorbidities (such as the indication that
leads to organ transplant) contribute to the
worse outcome is not known. Decreasing the
level of immunosuppression cautiously is
standard management in patients in whom
the allograft function is stable.

Hepatobiliary malignancy
Hepatocellular carcinoma
Three detailed case reports of hepatocellular
carcinoma (HCC) in CF patients have been
documented, with the first case published
in 2004 [60]. All occurred in young patients
(aged 18 years, 32 years, and 34 years,
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respectively) with co-existent macronodular
cirrhosis, and all were found to have new
hepatic lesions detected on ultrasound
computed tomography (CT) scans of the
abdomen [60–62]. Two of the patients had
the lesions discovered after routine scanning
of their livers, and the other patient's lesion
was found during an investigation for fatigue,
abdominal pain, and substantial loss of body
weight. Maisonneuve et al. reported a small
increase in the risk of HCC in patients with
CF (SIR 1.5, 95% CI 0.3–5.1) [26].
Chronic liver disease and cirrhosis are
known risk factors for HCC in the general
population, suggesting that patients with
CF who have macronodular cirrhosis are at
an increased risk of HCC. CF-associated
liver disease (CFLD) is characterized
by macronodular cirrhosis and portal
hypertension, occurs in 5–10% of patients
with CF, and typically peaks in adolescence
and progresses slowly in adult life [15].
There are some potential diagnostic
challenges for HCC in the setting of CF
given the frequent occurrence of non-specific
abdominal symptoms. A new lesion, or growth
of an existing lesion within the cirrhotic
liver, should prompt further investigation
by modalities such as contrast-enhanced
CT or magnetic resonance imaging (MRI).
Consultation with a hepatologist is indicated,
a tissue biopsy should be obtained, and a
discussion with the local liver transplantation
service should be considered.
Management of an HCC in a CF
patient can be challenging. Single lesions
<3 cm in diameter may be considered for
surgical resection, although this may not
be practical for patients in whom there is
evidence of portal hypertension and severe
lung disease [63]. Liver transplantation
may be considered, although the severity
of lung disease may well preclude this in
many patients with CF. Image-guided
tumor ablation may be considered for earlystage HCC. Patients with large lesions
or multifocal lesions may be considered
for trans-catheter tumor treatment with
chemotherapeutic agents, embolic particles,
or radioactive materials.
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For
advanced
HCC,
an
orally
administered
multikinase
inhibitor
(sorafenib) with antiproliferative and
antiangiogenic activity may slow disease
progression [63]. One case report of CF and
HCC details therapy with sorafenib that was
well-tolerated, with only a marginal increase
in size at 21 months after diagnosis [62].
Surveillance for HCC needs to be
heightened as the risk of liver malignancy
has been documented to be raised above
expected levels in post-transplant CF
patients [26]. In the review by Maisonneuve
et al. of malignancy in post-transplant
patients with CF in the US over 20 years,
two liver tumors were seen post-transplant,
giving an SIR of 11.3 (95% CI 0.6–55.4).

Cholangiocarcinoma
Although cholangiocarcinomas are rare
in the general population, their incidence
is significantly increased in the CF
population. There are three case reports of
cholangiocarcinoma in CF in the literature,
with right upper quadrant pain, weight loss,
and abnormal liver function tests identified
as common presenting features [40,63,64].
Maisonneuve et al. calculated an SIR of 11.4
(95% CI 3.6–27.4) for gallbladder malignancy
and cholangiocarcinoma [26].
Risk factors for cholangiocarcinoma
in
the
general
population
include
primary biliary sclerosis, hepatolithiasis,
gallbladder polyps, obesity, infectious
liver diseases, non-infectious chronic liver
disease such as cirrhosis, calcification
of the gallbladder wall, and congenital
abnormalities of the biliary tree [66]. There
is a strong link between hepatolithiasis and
cholangiocarcinoma [67]. It is thought that
recurrent damage to the epithelium of the
ductal structures predisposes individuals to
cholangiocarcinoma.
CFTR is highly expressed in the
biliary tree, and important for alkalinizing
bile and maintaining the solubility of
bile components. A case series of five CF
patients with hepatolithiasis, a complication
of cholangiocarcinoma, was reported [65].
The authors postulated that protein
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malnutrition may produce a decrease in bile
glucaro-1:4-lactone, an inhibitor of bacterial
β-glucuronidase. An increase in activity of
this enzyme leads to increased deconjugation
of bilirubin and results in lithogenesis. Only
14 cases of hepatolithiasis in CF had been
reported prior to this series.
MR cholangiopancreatography (MRCP)
may be required if a high clinical suspicion
of cholangiocarcinoma exists, as some of
the patients described in the case reports
presented with normal liver function
tests and an unremarkable appearance of
the biliary tree on ultrasound scan [66].
Treatment options, including surgical
resection and radiation, are usually limited
by the frequently advanced nature of this
malignancy at diagnosis. Treatment in the
setting of CF is likely to be determined by
co-existent liver and pulmonary disease.
A case report was published in 2008
describing a patient with CF and posttransplant
cholangiocarcinoma
[66].
Maisonneuve et al. demonstrated a
particularly high incidence of gallbladder
malignancy and cholangiocarcinoma posttransplantation, with an SIR of 31.9 (95% CI
1.6–159) [26].

Pancreatic cancer
Several
cases
of
pancreatic
adenocarcinoma
in
patients
with
CF
have
been
reported
[68–71].
Most of the patients presented with
epigastric or right upper quadrant pain [72].
Importantly, not all of the patients had
abnormal liver function tests at the
time of diagnosis. In most of the cases,
an ultrasound scan of the abdomen
revealed a mass within the pancreas. A
case of mucinous cystadenocarcinoma
in a long-standing pancreatic cyst in a
young woman has also been reported [73].
Interestingly, Maisonneuve et al. identified
no substantially increased risk of pancreatic
cancer in their non-transplanted cohort (SIR
0.8, 95% CI 0.0–4.2] [26].
Chronic
pancreatitis
has
been
reported as a risk factor for pancreatic
adenocarcinoma [74]. CFTR mutations (a
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CF carrier state) have also been described
as increasing the risk of pancreatic
adenocarcinoma [75].
The presenting symptoms of pancreatic
cancer often overlap with many of the
abdominal symptoms that are frequently
seen in patients with CF. Loss of body
weight, epigastric pain, nausea, vomiting,
and lethargy are frequently seen at
presentation. Ultrasound scans will often
reveal a mass, although MRI or MRCP may
be the investigations of choice.
Management of pancreatic cancer
is
challenging,
with
many
tumors
diagnosed at an advanced stage and
only a minority amenable to surgical
resection. The suitability of radiotherapy or
chemoradiotherapy is dependent upon the
severity of co-existent lung disease.
One case report of an 18-year-old CF
female with pancreatic adenocarcinoma
post-lung
transplantation
has
been
documented [76]. At 6 years post-transplant,
recurrent episodes of cholestasis were
noted and a CT scan of the abdomen
showed an enlarged pancreatic head.
A Whipple’s procedure was performed
and the patient survived for an 8-month
period postoperatively before succumbing
to
metastatic
disease.
Recently,
a
similar case was seen in our CF center
(The Prince Charles Hospital, Brisbane,
QLD, Australia).

Screening for GI malignancy
Large intestine screening
The strongest evidence base to support
screening for GI malignancy exists for large
intestine malignancy. Screening for bowel
cancers in the general population reduces the
incidence and mortality of colorectal cancer.
Various tests are available to identify and
allow for the removal of pre-cancerous lesions
(polyps) and early occult cancers. Early bowel
cancer detection generally relies on stoolbased tests such as the fecal occult blood test
(FOBT), fecal immunochemical tests, and
stool DNA testing. The guaiac FOBT (guaiac
refers to the coating of α-guaiaconic acid on
the FOBT cards) reduce mortality by 15–33%
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in randomized controlled trials and may
reduce incidence if polyps are detected and
subsequently removed [77–79].
The sensitivity of the FOBT is increased
by repeat testing, and a positive test should
lead to a colonoscopy being performed, but
concerns about adherence to both followup FOBT and colonoscopy remain. Other
stool tests have unresolved issues that
prevent their routine clinical use, including
the required number of stool samples per
patient, the sample processing methods,
which of the commercially available tests is
superior, and cost-effectiveness [79].
Structural examinations by direct
visualization
with
colonoscopy
or
sigmoidoscopy, or by imaging with barium
enemas or CT colonography, have been
shown to be effective for the detection of
adenomas and have the potential to result
in cancer prevention. Their disadvantages
include high upfront costs, and the need for
bowel preparation and hospital attendance
for the examination. The US Preventive
Services Task Force (USPSTF) recently
made extensive recommendations for
screening for colorectal cancer [80]. The
USPSTF recommends screening using
FOBT, sigmoidoscopy, or colonoscopy,
beginning at 50 years of age and
continuing until 75 years of age [80]. A
comprehensive description of the risks and
benefits are provided in the Task Force
recommendations. The USPSTF concludes
that there is insufficient evidence at present
to assess the role of CT colonoscopy or fecal
DNA testing as screening tools [80]. Areas
of uncertainty, in addition to the optimum
screening investigation, include the age at
which to start screening, particularly when
considering sex and race differences, the age
at which to stop screening, and the approach
needed for detection of “flat adenomas” [77].
A beneficial role of screening for
colorectal cancer in CF is unproven, and falsepositive FOBTs can be anticipated in many
patients because of small sample volumes
and even occult hemoptysis. A beneficial role
of colonoscopy screening is also unproven
although, in some centers, all patients
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aged >40 years are offered this procedure.
The age and indication for screening of
patients being assessed for, and following,
lung transplantation are unclear; however,
colonoscopy is increasingly becoming part
of the transplantation assessment process.
This is likely to become a more important
issue as the age of patients undergoing
transplantation increases [9]. Reporting on
a single-center series, Meyer and colleagues
noted that four patients developed bowel
cancer in the CF post-transplant cohort
(n=70), all presenting with advanced disease,
compared with just one of 287 transplant
recipients with indications other than CF [21].
They reported that of 20 patients with CF
who underwent screening colonoscopies, 35%
had colonic polyps, highlighting the need to
consider surveillance of this high-risk cohort
following transplantation, and for further
multicenter studies to confirm these findings.
Our experience suggests that standard bowel
preparation is frequently inadequate because
of retention of stool adherence to the bowel
mucosa limits vision during colonoscopy,
and so more intense preparation of the bowel
is now a routine in order to reduce the need
for repeat procedures. The beneficial role
of CT colonography is also unproven in
patients with CF; it requires an adequate level
of colon preparation and delivers a large dose
of radiation.
In their latest report, Maisonneuve et al.
recommend a targeted approach to screening
for bowel cancer in CF patients pre-transplant
as the background absolute risk is low,
but they suggest screening for higher-risk
groups, including those CF patients with
inflammatory bowel disease and those who
have undergone lung transplantation [26].
If there is a strong family history of bowel
cancer, consideration for an earlier procedure
could also be made. Of the 425 adults with
CF managed at our center since January
2001, we have diagnosed six bowel cancers
in five patients and we advocate considering
a colonoscopy as the primary screening
investigation for polyp and colorectal cancer
detection in patients with CF >40 years of age
or those preparing for a transplantation listing
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at an earlier age. We also advocate a low
threshold for patients with persistent and /or
atypical GI symptoms.

Screening for other GI cancers
Given the frequency of upper GI symptoms in
patients with CF and the low incidence rates
of esophageal and gastric malignancies, it is
difficult to make recommendations regarding
screening for these cancers in the general
CF population. Patients with persistent and
unexplained upper GI symptoms, including
GERD, should be investigated with upper
GI endoscopy. Any patient with Barrett’s
esophagus should be screened for esophageal
adenocarcinoma
according
to
local
gastroenterologist advice. Surveillance for
Barrett’s esophagus in the general population
is dependent upon histopathology and is
reviewed elsewhere [81].
Regular examination of the abdomen
is advised in adults with CFLD [82].
Annual liver function tests and coagulation
profiles are recommended in patients with
CF [15]. An annual ultrasound scan and
α-fetoprotein test is also recommended in
patients with cirrhosis in order to screen for
HCC. There is no evidence to support CT or
MRI in screening programs for the general
population (or for patients with CF) with
cirrhosis [83].
There is little evidence to support
screening for pancreatic cancer in the
general population because of the low
incidence of the tumor, the difficulties in
successfully treating the malignancy, and the
lack of a low-cost, high-sensitivity, and highspecificity screening test [84]. Endoscopic
ultrasound and MRI are suggested if clinical
suspicion of pancreatic cancer is high.
The paucity of literature and relative
rarity makes recommendations for screening
for small intestine malignancy and biliary
malignancy difficult. Persistent symptoms
should be assessed on an individual basis.

Potential risk of cancer due to
lifetime radiation exposure
Increased lifespan, and more aggressive
treatments and investigations has inevitably
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increased lifetime exposure to radiation
for patients with CF. The mean cumulative
effective radiation dose per patient in a CF
center in Ireland increased over 17 years
from 0.39 mSv in the early- to mid-1990s
to 1.67 mSv in the mid- to late-2000s [85].
This was associated with an almost six-fold
increase in the number of CT scans
performed per patient (predominantly
thoracic
and
abdominal).
This
is
an important consideration as median
survival rates rise, and imaging is being
performed earlier, in young children with
CF (albeit now using lower radiation
protocols) [86].

CFTR carrier status and malignancy
The association between CFTR mutant
carrier status and disease has been reported
for recurrent acute pancreatitis, male
infertility, chronic rhinosinusitis, and
idiopathic bronchiectasis [87–91]. Several
studies have suggested that being a CFTR
mutant gene carrier may increase, or even
decrease, the rates of certain cancers [74,
91–94]. The role of CFTR mutant carrier
status in pancreatic cancer has been
reported to vary from an increased risk to
no impact. In the 1990s, after the initial
description of a possible link between
leukemia and CF, a study by Padua et al.
failed to confirm any link between CFTR
mutant gene carriage and leukemia [92].
Unconfirmed and sometimes contradictory
results have been reported regarding the
association between CFTR mutant carrier
status and lung cancer, breast cancer,
pancreatic cancer, thyroid cancer, and
malignant melanoma [74,91–94]. Similar
to many association studies, interpretation
is influenced by the size of the population
studied and the lack of replicated and
confirmatory studies.
Owing to a lack of evidence, there
appears to be little role for screening for
common cancers in people who are known
to be CFTR mutant gene carriers. Similarly,
there is no role for screening of patients
with these cancers for evidence of a CFTR
gene mutation.
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Conclusion
There
is
an
increased
risk
of
GI malignancies in people with CF, and
this is especially high for some types of
GI malignancy, including tumors of the
esophago-gastric region, small intestine,
colon, and biliary tree. Clinicians need to
consider these risks as the median age of
people living with CF continues to increase.
Immunosuppression further increases the
risk of malignancy and, hence, transplant
physicians need to be especially vigilant
in managing CF patients with persistent
GI symptoms following transplantation.
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