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Abstract Background. Anecdotal reports suggest an
increased frequency of certain cancers in patients with
cystic fibrosis, the commonest genetic disorder of whites.
One third of patients with cystic fibrosis now reach adult-
hood, when cancer is more frequent, implying that cancer
rates in these patients will increase over time. We in-
vestigated the relation between cystic fibrosis and cancer
in North American and European patients with cystic fi-
brosis.

Methods. We performed a retrospective cohort study
of the occurrence of cancer in 28,511 patients with cystic
fibrosis from 1985 through 1992 in the United States and
Canada. The number of cases observed was compared
with the number expected, calculated from population-
based data on the incidence of cancer. We also analyzed
proportional incidence ratios to assess the association
between specific cancers and cystic fibrosis in Europe.

Results. Thirty-seven cancers were observed in the

YSTIC FIBROSIS is the commonest recessive ge-

netic disease of whites. About 2 to 4 percent of all
white persons carry the gene for cystic fibrosis, and
there are approximately 25,000 patients with this dis-
ease in the United States.! The disease has a broad
range of symptoms, including meconium ileus, recur-
rent suppurative lung infection, sinusitis, and pancreat-
ic insufficiency.

Because of improved care, the life span of patients
with cystic fibrosis is increasing. In the United States,
the median survival of these patients doubled between
1969 and 1990; one third of all patients now attain
adulthood.! With increasing survival, a predisposition
to cancer, previously obscured by the short life span of
these patients, may become evident.

Previous reports suggested that patients with cystic
fibrosis may have an increased risk of cancer, particu-
larly digestive tract cancers and leukemia.>!> To eval-
uate this risk, we conducted a retrospective cohort
study of the occurrence of cancer in more than 25,000
patients with cystic fibrosis who were followed at cen-
ters in the United States or Canada, and we studied
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North American cohort during 164,764 person-years of
follow-up, as compared with an expected number of
45.6, yielding a ratio of observed to expected cancers
of 0.8 (95 percent confidence interval, 0.6 to 1.1). Thir-
teen digestive tract tumors were observed, as com-
pared with an expected number of two, for a ratio of
observed to expected cancers of 6.5 (95 percent con-
fidence interval, 3.5 to 11.1). In Europe, 11 of 39 can-
cers originated in the digestive tract, yielding a positive
association between digestive tract tumors and cystic fi-
brosis (odds ratio, 6.4; 95 percent confidence interval,
2.9 to 14.0).

Conclusions. Although the overall risk of cancer in
patients with cystic fibrosis is similar to that of the general
population, there is an increased risk of digestive tract
cancers. Persistent or unexplained gastrointestinal symp-
toms in these patients should be carefully investigated.
(N Engl J Med 1995;332:494-9.)

the distribution of cancer in more than 18,000 patients
with cystic fibrosis from 17 European countries.

METHODS
U.S. and Canadian Cohorts

Patients

The incidence of cancer in two cohorts of patients with cystic fibro-
sis was analyzed. The U.S. cohort consisted of all patients with cystic
fibrosis who were registered and followed between 1985 and 1992 at
any of 115 centers in the United States accredited by the Cystic Fi-
brosis National Foundation (see the Appendix). This registry current-
ly includes nearly 20,000 living patients, representing 80 percent of
the estimated 25,000 patients with cystic fibrosis in the United
States.!

The Canadian cohort was obtained from the Canadian Cystic Fi-
brosis Foundation Registry, which includes nearly 3000 patients in 33
centers, representing over 93 percent of Canadian patients with cyst-
ic fibrosis.

Reporting of Cancers

All U.S. and Canadian centers responded to a questionnaire re-
questing the number of incident cancers that had occurred between
January 1, 1985, and December 31, 1992. Information supplied in-
cluded the patient’s date of birth, sex, and race; date of diagnosis of
the cancer; type and location of tumor and histologic verification;
and vital status.

Statistical Analysis

To calculate the number of cancers expected, the period during
which patients were at risk was defined as the time from the organ-
ization of the cohort to death or to the end of the calendar year in
which a patient visited a cystic fibrosis center. The time at risk for
patients born after the establishment of the cohort began at that
person’s birth date. Two starting dates were chosen: January I,
1985, and January 1, 1988. The first was chosen because the U.S.
Cystic Fibrosis Registry was standardized as of that year. The sec-
ond was chosen to exclude potential underreporting of cases in the
carliest years of the study, while still allowing a five-year period of
ascertainment. Data on all persons alive and actively followed were
censored as of December 31, 1992. Data on persons reported as not
seen during a calendar year or reported as lost to follow-up during
that year were censored as of the end of the previous year.
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The number of cancers expected during both at-risk periods was
determined by applying age-, sex-, and race-specific incidence rates
from the Surveillance, Epidemiology, and End Results (SEER) Pro-
gram of the National Cancer Institute for 1984 to 1988 to the total
person-years accumulated in the corresponding categories (five-year
blocks).'® Because of the similarities of the cohorts and cancer rates
in the United States and Canada, person-years accumulated by both
the Canadian and U.S. cohorts were pooled. Ninety-five percent
confidence intervals for the ratio of the number of cancers observed
to the number expected were calculated on the basis of a Poisson
model."”

For both periods, we calculated the expected number of all cancers
as well as the expected numbers of three subgroups of cancer: diges-
tive tract cancers, leukemias and lymphomas, and all other tumors.
We also calculated the numbers of cancers expected for the following
groups: 9 years of age and younger, 10 to 19 years, 20 to 29 years, 30
to 39 years, and 40 years and older.

Case—Control Study

We conducted an exploratory case—control study matching North
American patients with cystic fibrosis who had cancer to a maximum
of four patients with cystic fibrosis who were cancer-free. The pa-
tients were matched for age (within three years), sex, race, and cen-
ter. Patients older than 40 years were matched for age within five
years. The chi-square test was used to determine statistical signifi-
cance.

European Cohorts

Patients

From data bases maintained by European cystic fibrosis organiza-
tions, we compiled a list of 377 centers or physicians who treat pa-
tients with cystic fibrosis in 17 European countries. The countries in-
cluded in the study, and the estimated numbers of patients with cystic
fibrosis in each country in 1992 as reported to the International Cyst-
ic Fibrosis Association, were as follows: Austria, 500; Belgium, 600;
Denmark, 330; France, 5500; Germany, 3850; Hungary, 450; Iceland,
6; Ireland, 1000; Italy, 2400; the Netherlands, 800; Norway, 210; Ro-
mania, 120; Spain, 1510; Sweden, 350; Switzerland, 800; and the
United Kingdom, 6000. For Finland, the estimated number of pa-
tients with cystic fibrosis was less than 100. The number of patients
under treatment in these 17 countries was approximately 24,500.

The North American survey questionnaire was mailed to all iden-
tified physicians or treatment centers. Responses were received from
physicians treating approximately two thirds of all patients with cyst-
ic fibrosis in the 17 study countries (see the Appendix). For the Unit-
ed Kingdom, Italy, Germany, Sweden, and Denmark, the overall rate
of response was 88 percent. The study period extended from January
1, 1982, through March 1, 1994.

Statistical Analysis

Because there was no well-defined cohort of European patients
with cystic fibrosis, we used proportional incidence ratios to measure
the association between cystic fibrosis and any particular type of can-
cer. The data were analyzed as if arising from a case—control study
in which the reference population included all patients with cancer,
with cystic fibrosis as the exposure variable.!® Case patients with
cystic fibrosis were defined as patients with tumors of the types under
study; controls with cystic fibrosis were identified as patients with
other types of cancer. Case patients and controls without cystic fibro-
sis were obtained from published data on the incidence of cancer ac-
cording to age, sex, and country.! If the odds ratio indicated an as-
sociation between any particular type of cancer and cystic fibrosis,
patients with that type of cancer were then excluded from both the
group with cystic fibrosis and the referent group before an analysis
was performed for other types of cancer. Logistic-regression analysis
was used to calculate a summary odds ratio and 95 percent confi-
dence interval for each type of cancer, adjusted for age (in five-year
increments), sex, and country.

Since all cancers included in the final study occurred during or af-
ter 1982, recent country-specific data on the incidence of cancer in
Europe were used to obtain the number of cases occurring in case pa-
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tients and controls without cystic fibrosis.!” For Austria, we substitut-
ed data from Switzerland. Non-melanoma skin cancers were exclud-
ed from the comparison group without cystic fibrosis. For countries
with more than one cancer registry, all reported cases of cancer from
individual registries were combined.

For both Europe and North America, the International Classification
of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) was used to
classify cancers into various groups.

RESULTS
North American Study
Characteristics of the Cohort

During the study period, 28,511 patients with cystic
fibrosis were reported to the U.S. and Canadian cystic
fibrosis registries. Of these, 15,161 were male (53.2
percent) and 13,350 were female (46.8 percent). Nine-
ty-five percent of the cohort was described as white and
2.8 percent as black. The age at entry into the cohort
ranged from birth to 64 years (median, 7).

From January 1, 1985, to December 31, 1992, a total
of 164,764 person-years of follow-up was recorded. For
the five-year period from January 1, 1988, to December
31, 1992, 24,869 persons contributed a total of 103,916
person-years of follow-up.

Reported Cancers

Between 1985 and 1992, 41 cancers were reported in
the North American cohort. Four cancers that were not
reportable on the basis of SEER data were excluded
from the analysis: three carcinomas in situ and one
basal-cell skin cancer. Thus, the study included 37 his-
tologically confirmed cancers (32 in the United States
and 5 in Canada) (Fig. 1). These consisted of 13 diges-

Europe North America
(n=39) (n=37)
Age, =40 yr
o0 Male 000
<) Female o +
Age, 30-39 yr
+ 00 Male O DOo + + + +

+ Female + + +

Age, 20-29 yr
Male

++++o00000 0og 0O0o +
+ o000 Female 0O 0o + +
Age, 10-19 yr
+ 0 0 0 0 O Male o + +

+ o Female o

Age, <10 yr
+ 4+ +0 0 Male + +
+ + 4+ + 0 Female o o +

Figure 1. Cancers among 76 Patients with Cystic Fibrosis, Ac-
cording to the Patient's Age at Diagnosis of the Cancer, Sex,
Type of Tumor, and Geographic Location.

The diamonds denote digestive tract cancers (ICD-9-CM codes
150 to 159), circles hematopoietic cancers (ICD-9-CM codes
200 to 208), and plus signs all other types of tumors.
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tive tract cancers (esophagus, 1; stomach, 1; small in-
testine, 2; large intestine, 3; liver or biliary tract, 5; and
pancreas, 1), 8 cases of leukemia and lymphoma (in-
cluding 1 post-transplantation lymphoma), 5 central
nervous system tumors, 4 testicular cancers, 2 cervical
cancers, 2 breast cancers, | cancer of the tongue, 1 can-
cer of the thigh (rthabdomyosarcoma), and 1 malignant
melanoma. All cancers occurred in white patients.
Tables 1 and 2 and Figure 1 compare the demographic
characteristics of the patients and the distribution of
cancer among the North American and European
groups.

Ratios of Observed to Expected Cases

From 1985 to 1992, a total of 45.6 cancers would
have been expected in the North American cohorts
with cystic fibrosis, on the basis of age-, sex-, and race-
specific SEER rates (Table 3). Thirty-seven cancers
were reported, yielding a ratio of observed to expected
cases of 0.8 (95 percent confidence interval, 0.6 to 1.1).
For digestive tract cancer, the ratio of observed to ex-
pected cases was 6.5 (95 percent confidence interval,
3.5 to 11.1). For leukemias and lymphomas, the ratio of
observed to expected cases was 0.7 (95 percent confi-
dence interval, 0.3 to 1.3). For all other tumors (after
the exclusion of digestive tract cancers, leukemias, and
lymphomas), the ratio of observed to expected cases
was 0.5 (95 percent confidence interval, 0.3 to 0.8).

To determine whether the risk of cancer increases
with age, the number of cases observed and the number
expected in the North American cohort were calculated
for five age groups (0 to 9 years, 10 to 19 years, 20 to
29 years, 30 to 39 years, and =40 years) for the full co-
hort (1985 to 1992). The age-specific ratios of observed
to expected cases for all cancers were as follows: 0 to
9 years, 0.4 (95 percent confidence interval, 0.1 to
1.03); 10 to 19 years, 0.49 (95 percent confidence inter-
val, 0.1 to 1.3); 20 to 29 years, 1.0 (95 percent confi-
dence interval, 0.5 to 1.7); 30 to 39 years, 1.2 (95 per-
cent confidence interval, 0.6 to 2.1); and =40 years, 0.9
(95 percent confidence interval, 0.3 to 2.1). A marked

Table 1. Comparison of North American and European Patients
with Cystic Fibrosis and Cancer.

NORTH AMERICA EUROPE TotAL GROUP

'VARIABLE (N=37) (N=139) (N=176)
Age at cancer diagnosis — yr*

All cancers 269*134 21.5*=159 242+14.9

Digestive tract 32.5+9 31.7x16 322+12.6

Hematopoietic 21.9%17.6 204£16.8 21.0£16.6

Other 24.7*13.1 15.3*£11.9% 20.0£13.2
Sex — no. (%)

Male 22 (59) 26 (67) 48 (63)

Female 15 (41) 13 (33) 28 (37)
Type of tumor — no. (%)

Digestive tract 13 (35) 11 (28) 24 (32)

Hematopoietic 8 (22) 12 31) 20 (26)

Other 16 (43) 16 (41) 32 (42)
Positive biopsy — no. (%) 37 (100) 37 (95) 74 (97)
Mortality rate — no. (%) 20 (54) 22 (56) 42 (55)

*Values are means *SD.

TP =0.04 for the comparison with the North American group.
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Table 2. Distribution of Cancer in 37 North American and 39 Eu-
ropean Patients with Cystic Fibrosis, According to Age, Sex, and
Type of Tumor.

TYPE OF TUMOR AGE GROUP
<10 YR 10-19 YR 20-29 YR 30-39 YR 40-49 YR TOTAL
Digestive tract
Male 0 0 8 5 5 18
Female 1 0 5 0 0 6
Total 1 0 13 5 5 24
Hematopoietic
Male 2 6 2 1 1 12
Female 2 2 2 0 2 8
Total 4 8 4 1 3 20
Other
Male 5 3 5 5 0 18
Female 5 1 3 4 1 14
Total 10 4 8 9 1 32
All tumors
Male 7 9 15 11 6 48
Female 8 3 10 4 3 28
Total 15 12 25 15 9 76

elevation of the risk ratio for digestive tract tumors was
seen for the age range of 20 to 29 years (ratio of ob-
served to expected cases, 23.2; 95 percent confidence
interval, 10.6 to 44.0).

Because of possible underreporting of all cancers in
the earliest years of the study, the number of cases ob-
served and the number expected were also analyzed for
the most recent five-year period for which data were
available (January 1988 through December 1992).
During this period, 29 cancers were observed and 29.8
were expected (ratio of observed to expected cases,
0.97; 95 percent confidence interval, 0.7 to 1.4). No
change was seen in the ratio of observed to expected
cases of digestive tract cancer: 9 were observed and
1.36 were expected, yielding a ratio of 6.6 (95 percent
confidence interval, 3.0 to 12.6). The statistically signif-
icant deficit of other types of cancers observed in the
tull cohort disappeared. No significant difference was
noted between sexes in the pattern of observed and ex-
pected cases of cancer.

Case—Control Study

Exploratory analysis of the 37 case patients and 131
matched controls in the North American cohort did not
suggest any characteristics associated with an in-
creased risk of cancer (P>0.10). The variables assessed
included the age at diagnosis of cystic fibrosis; present-
ing signs and symptoms of cystic fibrosis, such as stea-
torrhea, malnutrition, meconium ileus, rectal prolapse,
and liver disease; and subsequent clinical characteris-
tics, such as malnutrition, decreased lung function,
pancreatic insufficiency, cirrhosis, diabetes, distal bow-
el obstruction, rectal prolapse, and pancreatitis.

European Study

From January 1982 through March 1994, 41 patients
with cystic fibrosis were given a diagnosis of cancer in
the European centers (Fig. 1). Two patients were ex-
cluded: one with non-melanoma skin cancer and one
with carcinoma in situ of the cervix. The following
countries contributed 1 or more patients to the study:
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Table 3. Number of Cancers Observed and the Number Expect-
ed among North American Patients with Cystic Fibrosis.

TyPE OF TUMOR* NoO OBSERVED/ Risk RATIO
(ICD-9-CM CoDE) STuDY PERIOD No. EXPECTED (95% CI)t
Digestive tract (150—159) 1985-1992 1372 6.5 (3.5-11.1)
1988-1992 9/1.36 6.6 (3.0-12.6)
Hematopoietic (200—208) 1985-1988 8/11.85 0.7 (0.3-1.3)
1988-1992 6/7.5 0.8 (0.3-1.7)
All other tumors 1985-1988 16/31.8 0.5 (0.3-0.8)
1988-1992 14/20.1 0.7 (0.4-1.2)
Total 1985-1992 37/45.6 0.8 (0.6-1.1)
1988-1992 29/29.8 1.0 (0.7-1.4)

*For the period 1985 to 1992, the specific tumors diagnosed consisted of 13 digestive tract
cancers (esophagus, 1; stomach, 1; small intestine, 2; large intestine, 3; liver or biliary tract, 5;
pancreas, 1), 8 hematopoietic cancers (lymphoma, 4; leukemia, 4), and 16 other types of tu-
mors (tongue, 1; rhabdomyosarcoma, 1; malignant melanoma, 1; breast, 2; cervix, 2; testis, 4;
brain, 5).

TCI denotes confidence interval.

the United Kingdom, 12; Italy, 10; Germany, 7; France,
3; Sweden, 2; Denmark, 2; and Austria, Hungary, and
Spain, 1 each. The diagnosis of cancer was confirmed
histologically in all but two patients, one with a clinical
diagnosis of neuroblastoma and another with a diagno-
sis of a craniopharyngioma. Eleven of the 39 cancers
(28 percent) originated in the digestive tract: 1 in the
esophagus, | in the small intestine, 6 in the large intes-
tine, 2 in the pancreas, and 1 in the retroperitoneum.

Analysis of the European data yielded findings simi-
lar to those of the North American study (Table 4). For
digestive tract cancers the odds ratio was significantly
elevated (odds ratio, 6.4; 95 percent confidence inter-
val, 2.9 to 14.0). Significant associations were found for
cancer of the esophagus, cancer of the small and large
intestine, and cancer of the pancreas. For subjects who
were 20 to 29 years of age, the odds ratio for all diges-
tive tract cancers was 20.2 (95 percent confidence in-
terval, 6.1 to 67). The single case of multiple myeloma
and the three endocrine tumors were also statistically
associated with cystic fibrosis. No significant associa-
tion was found for the broader group of lymphatic and
hematopoietic neoplasms (ICD-9-CM codes 200 to
208) or for the miscellaneous other tumors (odds ratio,
1.4 and 0.7, respectively).

Genotype Information

Genotype information was available for 21 patients
(15 European and 6 North American). Fourteen pa-
tients (67 percent) were homozygous for the AF;,, mu-
tation.

DISCUSSION

In this study of more than 38,000 persons with cystic
fibrosis, there is clear evidence of an excess of digestive
tract cancers and no evidence of an increased risk of
any other cancers. The digestive tract cancers included
cancers of the esophagus, stomach, small and large in-
testine, colon, liver, biliary tract, pancreas, and rectum.
Many of these patients were only in their third decade
at the time of the diagnosis of cancer.

There have been only two other analyses of the risk
of cancer in cystic fibrosis. One study of 712 patients
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with cystic fibrosis did not show an excess risk,'* but
another report involving 412 patients demonstrated a
significant excess of pancreatic and small-intestine
cancers."

Our data show an excess of cancer in an organ sys-
tem known to be disrupted by the cystic fibrosis disease
process. Organ-specific risks of cancer may be associ-
ated with the differential localization and expression of
the cystic fibrosis transmembrane conductance regula-
tor (CFTR) gene. High levels of CFTR expression,
which are maintained throughout life, are found in
many fetal and adult digestive tissues, such as pancre-
atic ducts, bile ducts, gallbladder epithelium, and intes-
tinal crypts.2®2! In contrast, the expression of CFTR in
respiratory tissue, although present in primordial lung
epithelia, is greatly reduced at birth; in adult respirato-
ry epithelia, the expression of CFTR is localized to the
serous submucosal glands and a few cells in gland
ducts, with little expression in other respiratory epithe-
lia.??® Furthermore, the response of different organ
systems to the absence of CFTR function appears to
vary. Therefore, the differential risk of cancer in vari-
ous organs may be partly explained by the level of
CFTR expression and by varying sensitivities of indi-
vidual organs.

Another possible explanation for our findings is that
the excess risk of digestive tract cancer is caused by the
effect of the cystic fibrosis disease process on digestive
tract organs. Barrett’s syndrome, a disease known to be
associated with esophageal cancer, has been reported
in patients with cystic fibrosis.?® Hepatobiliary tract
cancers often occur in patients with gallstones, and
gallstones are frequently found in patients with cystic
fibrosis.?” Persistent pathologic alterations in digestive
tract organs, leading to increased cell turnover, might

Table 4. Association between Cystic Fibrosis and Various Types
of Cancer in European Patients.

TyPE OF TUMOR CASE Opps RATIO
(ICD-9-CM CoDE) PATIENTS CONTROLS* (95% CI)t
Digestive tract (150—158) 11 28 6.4 (2.9-14.0)
Esophagus (150) 1 28 14.3 (1.4-148)
Bowel (152—154) 7 28 9.3 (3.5-25)
Pancreas (157) 2 28 31.5 (4.8-205)
Retroperitoneum (158) 1 28 3.4 (0.4-29)
Lymphatic or hematopoietic 12 16 1.4 (0.6-3.2)
(200-208)
Lymphoma (200-202) 5 23 1.1 (0.4-3.0)
Myeloma (203) 1 27 17.2 (1.9-159)
Leukemia (204-208) 6 22 1.3 (0.5-3.4)
All other sites 16 12 0.7 (0.3-1.6)
Oral cavity (140-149) 1 27 2.4 (0.3-19.5)
Lung (162) 1 27 1.4 (0.1-16.8)
Bone or soft tissue (170-171) 2 26 0.7 (0.2-3.1)
Ovary (183) 1 27 0.9 (0.1-7.9)
Testis (186) 2 26 0.7 (0.1-3.3)
Eye (190) 1 27 2.0 (0.2-16.6)
Brain or nervous system 3 25 0.7 (0.2-2.5)
(191-192)
Thyroid (193) 2 26 2.6 (0.5-21.1)
Endocrine (194) 3 25 5.4 (1.5-19.8)

*For digestive tract, bowel, and pancreatic tumors, the controls are patients with cystic fi-
brosis and all other types of cancer. For tumors at other sites, the controls are patients with
cystic fibrosis and all other types of non—digestive tract cancer.

FCI denotes confidence interval.
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explain the excess risk of digestive tract cancer. Also,
patients with cystic fibrosis frequently have steatorrhea,
which has been linked to small-bowel cancer in patients
with celiac disease.?? Patients with cystic fibrosis and
persistent malabsorption have also been found to have
deficiencies of the antioxidants selenium and vitamin E,
which may offer some protection from cancer.?*°

Despite the excess number of digestive tract cancers,
the total number of cancers was not increased. Warren
and coworkers suggested that the cystic fibrosis gene
may protect against some tumors, such as melanoma.’!
However, even with the large numbers of patients and
person-years included in the North American study, the
small numbers of expected cancers limited our ability
to detect minor age-specific or site-specific changes in
the frequency of cancer. Prospective ascertainment of
cancers over longer periods in these cohorts will be
necessary to determine whether there are any other ex-
cesses or deficits.

Genetic data were only available for 21 of the 76
study patients with cancer. In this small group, the fre-
quency of the AF,,, mutation was similar to that in can-
cer-free patients with cystic fibrosis.*? More detailed
genotypic analysis, including an examination of genes
known to be associated with the risk of cancer, could
yield potentially useful information.

There are several potential sources of bias in this
study. The European study depended on the ability of
physicians to report information about patients with
cancer over a 12-year period. An apparent excess of di-
gestive tract tumors would be observed if physicians
were more likely to remember and report digestive
tract tumors and to overlook non-—digestive tract tu-
mors. Such a differential bias seems unlikely, since the
findings were nearly identical in the North American
cohort. Five patients with cancer in the European se-
ries, including three with digestive tract tumors, were
previously included in a cohort study. When these pa-
tients were excluded, the excess risk of digestive tract
cancer persisted (odds ratio, 5.8; 95 percent confidence
interval, 2.4 to 14.0).

The European study could be biased by an excess of
non—digestive tract tumors in countries with a low re-
sponse rate. Thirty-three of 39 cancers were reported
from the United Kingdom, Italy, Germany, Sweden,
and Denmark. When we restricted the analysis to
these countries, where the overall rate of response was
88 percent, the excess risk of digestive cancer persist-
ed (odds ratio, 6.7; 95 percent confidence interval, 2.9
to 15.4).

The risk of digestive tract cancers might have been
overestimated in the North American cohort if cancer-
free adult patients with cystic fibrosis were more likely
to be lost to follow-up. Data from the U.S. Cystic Fibro-
sis Foundation show that approximately 600 persons
are lost to follow-up each year at a median age of 16
years. Given this, the expected number of total cancers
could be expected to increase by less than one case. It
is also possible that occult cancers were missed in liv-
ing patients because of the severity of cystic fibrosis
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and the similarity of the gastrointestinal symptoms of
cancer and cystic fibrosis; if so, our results are conser-
vatively biased. Finally, for both the North American
and European studies, increased surveillance might
have led us to detect more cancers in the patients than
are detected in the general population. This seems un-
likely since the elevated risk of cancer was restricted to
a single organ system, with no apparent overall in-
crease in the risk of cancer.

Despite these possible biases, it appears that cystic
fibrosis can be added to the growing list of genetic de-
fects that are related to cancer. As the life span of pa-
tients with cystic fibrosis increases, more digestive tract
cancers will occur. Although cancer will continue to be
an uncommon diagnosis for patients with cystic fibro-
sis, the increased risk of digestive tract cancer in these
patients suggests that persistent or unexplained gastro-
intestinal symptoms deserve careful investigation.
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about cases in the United Kingdom; to Cathleen Morrison and Ian
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mation about the Canadian cases; to Michelle Roche, International
Ciystic Fibrosis Association, for help with the European data; to Ken-
neth J. Rothman, Ph.D,, for suggestions about the analysis of the Eu-
ropean study; to Drs. John D. Potter and Garry R. Cutting for their
review of the manuscript; and to Nancy A. Riekert and Doris B. Lo-
wenfels for management of the data base.

APPENDIX

The following physicians contributed one or more cases to the
study:

Canada — E.R. Ecclestone, Children’s Hospital of Western On-
tario, London, Ont.; and H. Levison, Hospital for Sick Children,
Toronto.

United States — D. Borowitz, Children’s Hospital of Buffalo, Buf-
falo, N.Y.; W. Burke, University of Washington, Seattle; D.B. Caplan,
Emory University, Atlanta; J.L. Colombo, University of Nebraska
Medical Center, Omaha; G. Cropp, University of California, San
Francisco; J.C. Cunningham, Cook Ft. Worth Children’s Medical
Ceenter, Fort Worth, Tex.; S.H. Davis, Tulane University School of
Medicine, New Orleans; C.F. Doershuk, Rainbow Babies and Chil-
dren’s Hospital, Cleveland; T.F. Dolan, Jr., Yale University School of
Medicine, New Haven, Conn.; N.S. Eid, University of Louisville
School of Medicine, Kosiar Children’s Hospital, Louisville, Ky.;
H. Eigen, James Whitcomb Riley Hospital for Children, Indianapo-
lis; G.W. Fernald, University of North Carolina, Chapel Hill; A.L.
Frank, Capital Pediatric Group Association, Austin, Tex.; J.D. Gor-
voy, Schneider Children’s Hospital of Long Island Jewish Medical
Center, New Hyde Park, N.Y.; D. Hicks, Children’s Hospital of Or-
ange County, Orange, Calif.; D.S. Holsclaw, Jr., Hahnemann Medical
College and Hospital, Philadelphia; K. McCoy, Children’s Hospital,
Columbus, Ohio; R. McDonald, University of California, Davis, Sac-
ramento; D.E. Michel, Deaconess Hospital, Evansville, Ind.; W.J.
Morgan, Arizona Health Sciences Center, Tucson; R. Moss, Packard
Children’s Hospital at Stanford, Palo Alto, Calif.; E. Nussbaum, Me-
morial Miller Children’s Hospital, Long Beach, Calif.; D.M. Oren-
stein, Children’s Hospital of Pittsburgh, Pittsburgh; B.W. Ramsey,
Children’s Hospital and Medical Center, Seattle; R.J. Rothbaum, St.
Louis Children’s Hospital, St. Louis; T.F. Scanlin, Children’s Hospi-
tal of Philadelphia, Philadelphia; R.A. Schmoucher, Children’s Hos-
pital, Birmingham, Ala.; W,J. Warwick, University of Minnesota
Health Center, Minneapolis; R.L. Zanni, Monmouth Medical Center,
Long Branch, N.]J.; and V. Zivkovich, Des Moines, Iowa.

Europe — N. Ansaldi, Ospedale Infantile, Turin, Italy; M. Antonel-
li, Istituto Clinica Pediatrica, Rome; A. Battistini, Universita Degli
Studi di Parma, Parma, Italy; J. Dapena, Hospital Infantil Virgen Del
Rocio, Seville, Spain; J. Derelle, Hopitaux de Brabois, Nancy, France;
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G. Dockter, Universititsklinik, Hamburg, Germany; J.C. Elian, Insti-
tut A. Calmette, Camiers, France; H. Ellemunter, University of Inns-
bruck, Innsbruck, Austria; A. Ellis, James Paget Hospital, Norfolk,
United Kingdom; T.J. Evans, Royal Hospital for Sick Children, Glas-
gow, Scotland; A. Giunta, Istituto Policattedra di Pediatria, Milan, It-
aly; K. Gyurkovits, Somogy Megyei Tiidé — Es Szivkérhaz, Mosdos,
Hungary; G. Hambleton, Royal Manchester Children’s Hospital,
Manchester, United Kingdom; L. Hjelte, University Hospital, Hud-
dinge, Sweden; M.E. Hodson, Royal Brompton National Heart and
Lung Hospital, London; V. Joss, Milton Keynes General Hospital,
Milton Keynes, United Kingdom; C. Koch, Rigshospitalet, Copen-
hagen, Denmark; R. Kornfilt, University Hospital, Lund, Sweden;
H. Lindemann, Universitits-Kinderklinik, Giessen, Germany; G.A.
Loeuille, Hopital General, Dunkerque, France; G. Magazzu, Poli-
clinico Universitario, Messina, Italy; L. Marianelli, Pediatria e Pato-
logia Neonatale Ospedale, Florence, Italy; G. Mastella, Ospedale
Civile Maggiore, Verona, Italy; R K.L. Miihlenberg, Stiddt Kranken-
anstalten, Krefeld, Universitit Diisseldorf, Germany; R. Nelson, Roy-
al Victoria Infirmary, Newcastle upon Tyne, United Kingdom;
H. Posselt, Zentrum der Kinderheilkunde, Frankfurt, Germany; F.A.
Rhtjen, Universitits-Kinderklinik, Essen, Germany; C. Romano,
Gaslini Institute, Genova, Italy; J. Schriever, Kreiskrankenhaus,
Mechernich, Germany; B. Stack, Western Infirmary, Glasgow, Scot-
land; B. Strandvick, Oestra Sjukhuset, Gotheburg, Sweden; M. Super,
Royal Manchester Children’s Hospital, Manchester, United King-
dom; M. Téufel, Des Kreiskrankenhauses, Béblingen, Germany; and
H.G. Wiesemann, Universitits-Kinderklinik, Essen, Germany.
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