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Background:Hereditary pancreatitis is
an autosomal-dominant disease, with a
variable expression and an estimated
penetrance of 80%. The gene for this
disease has recently been mapped to
chromosome 7q35, and the defect is be-
lieved to be caused by a mutation in the
cationic trypsinogen gene. Acute at-
tacks of abdominal pain begin early in
life and the disease often progresses to
chronic pancreatitis. Although the risk
of pancreatic cancer is thought to be
increased in more common types of
chronic pancreatitis, the frequency of
pancreatic cancer in the inherited type
of pancreatitis is uncertain. Purpose:
The aim of this study was to assess the
frequency of pancreatic cancer and
other tumors in patients with heredi-
tary form of pancreatitis. Methods:To
determine the natural history of he-
reditary pancreatitis, we invited all
members of the American Pancreatic
Association and the International Asso-
ciation of Pancreatology to participate
in a longitudinal study of this rare form
of pancreatitis. The initial criteria for
patient eligibility were as follows: early
age (<30 years) at onset of symptoms,
positive family history, and absence of
other causes. From April 1995 through
February 1996, 37 physicians from 10
countries contributed medical records
of 246 (125 males and 121 females) pa-
tients thought to have hereditary pan-
creatitis as the most likely diagnosis.

This group included 218 patients where
the diagnosis appeared to be highly
probable and 28 additional patients
where the diagnosis of hereditary pan-
creatitis was less certain: 25 patients
who had relatively late onset of disease
and a positive family history and three
patients with onset of disease before
age 30 years but with an uncertain fam-
ily history. We reviewed all causes of
death and compared the observed to
the expected frequency of cancer in this
historical cohort of patients with he-
reditary pancreatitis. The strength of
the association between pancreatitis
and pancreatic cancer was estimated
by the standardized incidence ratio
(SIR), which is the ratio of observed
pancreatic cancer cases in the cohort to
the expected pancreatic cancers in the
background population, adjusted for
age, sex, and country.Results: The
mean age (6standard deviation [SD])
at onset of symptoms of pancreatitis
was 13.96 12.2 years. Compared with
an expected number of 0.150, eight
pancreatic adenocarcinomas developed
(mean age6 SD at diagnosis of pancre-
atic cancer: 56.96 11.2 years) during
8531 person-years of follow-up, yielding
an SIR of 53 (95% confidence interval
[CI] = 23-105). The frequency of other
tumors was not increased: SIR = 0.7
(95% CI = 0.3-1.6). Eight of 20 re-
ported deaths in the cohort were from
pancreatic cancer. Thirty members of
the cohort have already been tested for
the defective hereditary pancreatitis
gene: all 30 carry a mutated copy of the
trypsinogen gene. The transmission
pattern of hereditary pancreatitis was
known for 168 of 238 patients without
pancreatic cancer and six of eight with
pancreatic cancer. Ninety-nine of the
238 patients without pancreatic cancer
and six of the patients with pancreatic
cancer inherited the disease through
the paternal side of the family. The es-
timated cumulative risk of pancreatic
cancer to age 70 years in patients with
hereditary pancreatitis approaches

40%. For patients with a paternal in-
heritance pattern, the cumulative risk
of pancreatic cancer is approximately
75%. Conclusions: Patients with he-
reditary pancreatitis have a high risk of
pancreatic cancer several decades after
the initial onset of pancreatitis. A pa-
ternal inheritance pattern increases
the probability of developing pan-
creatic cancer. [J Natl Cancer Inst
1997;89:442-6]

Hereditary pancreatitis is characterized
by recurrent attacks of abdominal pain be-
ginning early in life and affects several
family members in different generations.
The inheritance pattern is believed to be
autosomal dominant, with an estimated
penetrance of 80% (1). Many afflicted in-
dividuals eventually develop chronic pan-
creatitis. The gene for this disorder, which
has been mapped to chromosome 7q35,
has recently been cloned (2-4).

Other more common adult types of
chronic pancreatitis have been associated
with an increased risk of pancreatic can-
cer (5-8). Although hereditary pancreatitis
is rare, there are anecdotal case reports of
pancreatic cancer developing several de-
cades after the onset of symptoms of ab-
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dominal pain in childhood (9,10). These
reports suggest that the cumulative risk of
pancreatic cancer might be substantial in
patients with hereditary pancreatitis, be-
cause in many patients, the natural history
of the disease is characterized by recur-
rent attacks of abdominal pain beginning
in childhood, with eventual progression to
chronic pancreatitis in adulthood. The aim
of this report was to study the natural his-
tory of this disease and to assess the risk
of pancreatic and other types of cancer.

Methods

Subjects

In April 1995, to identify patients with this rare
type of pancreatitis, we wrote to 571 current mem-
bers of the American Pancreatic Association and the
International Association of Pancreatologists. Our
initial letter invited all members to join a collabora-
tive study aimed at investigating the natural history
of this rare disease. Cancer was not mentioned in the
original letter. We also asked for the approximate
number of available patient records and the approxi-
mate number of kindreds. Those physicians who re-
sponded positively to the initial letter were sent data
collection forms to record patient information.
Thirty-nine physicians responded to our initial invi-
tation. Three physicians who would have contrib-
uted a total of approximately six patients subse-
quently withdrew from the study: two who were
unable to contact the families and one who had re-
tired from active practice. Thirty-seven physicians
in 10 countries contributed patients to this study
aimed at clarifying the natural history of hereditary
pancreatitis. The closure date for patient accrual was
February 29, 1996. For each patient, we obtained
information about demography, family history of
pancreatitis, onset of disease, initial and most recent
symptoms, medications, operations, vital status, and
presence or absence of cancer. We excluded nine
patients: three because the diagnosis was question-
able and six with incomplete information. The final
cohort consisted of 246 patients from 10 countries:
United States—175 patients, Italy—19, Federal Re-
public of Germany—11, Japan—11, Sweden—8,
France—7, Spain—6, Switzerland—4, U.K.—4,
and Greece—1. All patients but three were born in
the same country where the disease was initially
diagnosed. After the closure date for the cohort, re-
cords for two additional patients, a father and a son,
both of whom had hereditary pancreatitis and pan-
creatic cancer, were submitted to us from the United
States. These two additional patients were not in-
cluded in the calculation of person-years or in the
analysis of cancer risk.

Calculation of Person-Years

Since hereditary pancreatitis is a genetic disease
and since early symptoms of this disease are easily
overlooked, we used the year of birth as the initial
date for the accrual of person-years. The final date
was the date of last contact or the date of death.

Diagnosis of Hereditary Pancreatitis

The initial criteria for entry in the cohort were as
follows: early onset of pancreatitis, a positive family

history of pancreatitis, and the absence of other
known causes of pancreatitis. Two hundred thirty-
seven (96%) patients gave a positive family history
for one or more family members with pancreatitis:
213 (87%) patients had one or more relatives in a
different generation who had been diagnosed as hav-
ing pancreatitis; the other 24 (10%) patients had one
or more siblings with pancreatitis but no other af-
flicted relatives. The reported age at onset of pan-
creatitis was as follows: less than or equal to 21
years, 207 (84%) patients; less than or equal to 30
years, 221 (90%) patients; and greater than 30 years,
25 (10%) patients. On the basis of onset and family
history, we classified 218 patients as the most likely
to have hereditary pancreatitis and 28 patients as
possible cases of hereditary pancreatitis. The 28 pa-
tients classified as possible cases included 25 pa-
tients who were somewhat older at onset of symp-
toms (mean age, 34.8± 8.4 years) but who had one
or more afflicted family members in another gen-
eration and three additional patients with an uncer-
tain family history, with onset of symptoms at ages
25, 26, and 28 years, respectively. These 28 patients
contributed 1518 person-years to the cohort; none
developed pancreatic cancer during the follow-up
period. No other cause for pancreatitis could be
demonstrated for any of the 246 members of the
final cohort. Four patients in this report who did not
develop pancreatic cancer had been included in our
previous study of pancreatitis and pancreatic cancer
(5).

The diagnosis of pancreatitis was based on a com-
bination of several different findings: recurrent at-
tacks of upper abdominal pain (225 [95%] of 238
patients); hyperamylasemia (123 [53%] of 234 pa-
tients); calcification of the pancreas (49 [21%] of
233 patients); computed tomography or ultrasound
findings (40 [17%] of 238 patients); diabetes (24
[10%] of 238 patients); and jaundice (16 [7%] of
238 patients).

Diagnosis of Pancreatic Cancer

All pancreatic cancers were confirmed histologi-
cally and occurred between 1977 and 1993. The
mean calendar year for the diagnosis of pancreatic
cancer was 1987.

Parent of Origin Analysis

For each patient in the cohort, we analyzed avail-
able parent of origin data. If the father or any pater-
nal relative (uncle, aunt, or grandparent) had pan-
creatitis, the disease was considered paternal in
origin; similar criteria were used to assign maternal
origin. For this analysis, we included a father and
son with both hereditary pancreatitis and biopsy-
proven pancreatic cancer who had been excluded
from the main analysis because their data forms ar-
rived shortly after closure of data collection in
March 1996. These additional patients belonged to a
large U.S. kindred with well-documented hereditary
pancreatitis.

Statistical Analysis

We used published age-stratified data according
to 5-year age groups (0-4, 5-9, . . . 80-84,ù85), sex-
specific data, and country-specific cancer incidence
data to determine the expected number of cancers
(11). For countries where national incidence data
were unavailable, we averaged the incidence figures

reported by regional registries. For Greece, we sub-
stituted incidence data for Italy. For the United
States, we used data from the Surveillance, Epide-
miology, and End Results1 Program (12). The stan-
dardized incidence ratio (SIR)—the ratio of ob-
served to expected pancreatic cancers—was used to
estimate the relative risk. The 95% confidence in-
terval (CI) for the SIR was calculated by assuming
that the observed cases of cancer followed a Poisson
distribution. We used the Kaplan—Meier procedure
for calculating the cumulative incidence of pancre-
atic cancer. For this statistical routine and all other
statistical tests, including chi-squared tests, Fisher’s
exact test, and calculation of means and standard
deviations (SDs), we used SAS Institute (SAS Insti-
tute, Inc., Cary, NC) statistical software, release 7.07
(13). All reportedP values are two-sided. For con-
tinuous data, such as age, we report the mean and
the SD.

Testing for Pancreatitis Gene

Genetic testing has been performed for 30 (12%)
members of this cohort. The methods used for iden-
tifying the locus of the hereditary pancreatitis gene
on chromosome 7q35 and the subsequent character-
ization of the mutation in the cationic trypsinogen
gene have been previously described (3,4).

Results

The final cohort consisted of 246 pa-
tients: 175 from the United States, 60
from Europe, and 11 from Japan. There
were 125 males and 121 females. The
mean age (± SD) at onset of symptoms of
pancreatitis for all patients was 13.9 years
± 12.2 years. The mean duration (±SD)
of follow-up for all patients was 14.6±
11.2 years. For patients who remained
free of pancreatic cancer, the mean age
(± SD) at onset of symptoms was 13.7
years± 12.3 years; for the eight patients
who eventually developed pancreatic can-
cer, the mean age (± SD) at diagnosis was
17.3± 6.9 years. The difference between
age at onset of symptoms in the two
groups was not significant (P 4 .40).
Forty percent (n4 81) of adult subjects
consumed alcohol in some amount, and
43% (n4 87) of adult patients were ei-
ther current or former smokers. There was
evidence of disease progression during
the follow-up period: an additional 35
(14%) patients developed diabetes and
another 32 (13%) patients developed pan-
creatic calcification during the course of
their disease. One hundred forty-two
(58%) patients required surgery on the
pancreas or biliary tract.

Eight patients with pancreatic cancers
(five males and three females) were diag-
nosed in six kindreds. The expected num-
ber of pancreatic cancers was 0.150,

Journal of the National Cancer Institute, Vol. 89, No. 6, March 19, 1997 REPORTS 443

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/89/6/442/2526949 by guest on 21 August 2022



yielding an SIR of 53 (95% CI4 23-105)
(Table 1). The risk of developing pancre-
atic cancer was not significantly different
for males and females or for patients di-
agnosed in the United States or in Europe.
For the eight patients who developed pan-
creatic cancer, the mean age (± SD) at
onset of pancreatic cancer was 56.9±
11.2 years, and the mean number of years
from onset of symptoms of pancreatitis
until diagnosis of pancreatic cancer was
39.6 ± 9.7 years.

The cumulative risk of pancreatic can-
cer in these patients to age 70 years was
40% (95% CI4 9%-71%) (Fig. 1, A).
For the subgroup of 105 patients with a
paternal parent of origin, the cumulative
risk of cancer to age 70 years was ap-
proximately 75% (95% CI4 32%-100%)
(Fig. 1, B). Pancreatic calcification and
diabetes were found more often in pa-
tients with pancreatic cancer than in pa-
tients without pancreatic cancer. Informa-
tion about these variables was known for
six of the eight patients with pancreatic
cancer. All six patients with pancreatic
cancer had pancreatic calcification (P 4
.002; Fisher’s exact test, compared with
patients without pancreatic cancer). Dia-
betes was known to have occurred in four
of six patients with pancreatic cancer (P
4 .04; Fisher’s exact test, compared with
patients without pancreatic cancer).

We observed an unusual parental in-
heritance pattern. A family history for the
parental source of pancreatitis was avail-
able for 168 (71%) of the 238 patients in
this cohort who remained free of cancer:
99 patients had a father or paternal rela-
tive with pancreatitis compared with 69
who had a mother or maternal relative
with pancreatitis (P 4 .024). A family
history of the parental-source pancreatitis
was known for six of the eight patients
with hereditary pancreatitis in the cohort
who eventually developed pancreatic can-
cer: in all six patients, the paternal family
had pancreatitis. Subsequent to the clo-
sure date for the cohort, we received in-
formation confirming a paternal source of
pancreatitis for two new patients, a father
and son, both of whom had hereditary
pancreatitis and pancreatic cancer. Add-
ing these two patients to the original
group of six patients with pancreatitis and
pancreatic cancer yields a total of eight
patients with pancreatitis, pancreatic can-
cer, and a known parental inheritance pat-
tern: in all eight patients, pancreatitis was

inherited through the paternal side of the
family (P 4 .025; two-tailed Fisher’s ex-
act test when compared with patients
without pancreatic cancer).

Nine other histologically confirmed tu-
mors were diagnosed during the study pe-
riod: one at each of the following sites—
the ampulla of Vater, stomach, lung, cer-
vix, breast, bone (metastatic or primary

site unknown), and three skin cancers.
The expected number of nonpancreatic,
noncutaneous cancers was 8.1 (SIR4
0.7; 95% CI4 0.3-1.6). Twenty patients
died during the follow-up period: all eight
with pancreatic cancer; four with cancers
of the ampulla of Vater, lung, bone, and
stomach; four from diseases related to
pancreatitis (three with diabetes and one

Table 1. Numbers of patients, person-years, and observed and expected pancreatic cancer cases in
patients with hereditary pancreatitis (HP)

Group
No. of

HP patients Person-years*

Pancreatic cancer
SIR‡

(95% CI)Observed Expected†

United States 175 5677 5 0.0736 68 (22-159)
Europe§ 60 2496 3\ 0.0690 44 (9-127)
Japan 11 358 0 0.0071 —

Males 125 4351 5 0.1083 46 (15-108)
Females 121 4180 3 0.0414 73 (15-212)

Total 246 8531 8 0.1497 53 (23-105)

*Person-years are calculated from birth to time of last follow-up or time of death.
†Expected number of pancreatic cancer cases using national age- and sex-stratified incidence data for the

period 1983 through 1987 (7).
‡SIR 4 standardized incidence ratio; CI4 confidence interval.
§Includes: Italy (19 cases), Federal Republic of Germany (11 cases), Sweden (eight cases), France (seven

cases), Spain (six cases), Switzerland (four cases), U.K. (four cases), and Greece (one case).
\Spain (two cases) and U.K. (one case).

Fig. 1. A) Cumulative incidence (%) of
pancreatic cancer since birth in entire
cohort of 246 patients with hereditary
pancreatitis.B) Cumulative incidence
(%) of pancreatic cancer in 105 pa-
tients with a paternal inheritance pat-
tern. Vertical dotted lines4 95% con-
fidence intervals, and numbers within
graph indicate patients at risk.
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with acute pancreatitis); and four from
other causes—two from heart failure, one
from a motor vehicle accident, and one
from liver failure.

Discussion

The main finding in this cohort study
of a large group of patients with heredi-
tary pancreatitis was an exceptionally
high risk of pancreatic cancer. This excess
risk was observed in both sexes and in
patients from different geographic re-
gions. The absence of any excess of other
tumor types implies that the genetic ab-
normality responsible for this disease
does not increase overall susceptibility to
cancer. The risk of pancreatic cancer was
considerably higher than has been previ-
ously observed in several studies (5-8) of
patients with other forms of chronic pan-
creatitis. The high risk in patients with
hereditary pancreatitis may be related to
the early onset of pancreatitis, so that over
a prolonged time period, there is progres-
sion of disease, tissue destruction, and,
eventually, development of defects in cel-
lular repair. This sequence of events has
been described in other organs (14).

There are several biases that might
lead to a spuriously high risk of pancre-
atic cancer. An excess risk would arise if
centers with cases of pancreatic cancer
were more likely to join the study than
centers without this cancer. The aim of
the project as outlined in the original let-
ter to all centers was to study the natural
history of a rare form of pancreatitis; can-
cer was not mentioned. Furthermore, the
3% prevalence of pancreatic cancer in our
cohort is the same as the prevalence of
pancreatic cancer reported in follow-up
data of patients with hereditary pancreati-
tis from the Mayo Clinic and lower than
the 6% prevalence of pancreatic cancer in
literature reports collected prior to 1985
(15). Underestimation of pancreatic can-
cer in the background population would
yield inflated risk ratios. However, even if
half of the pancreatic cancers in the gen-
eral population were unrecognized, our
findings would still be highly statistically
significant. If patients who eventually de-
veloped pancreatic cancer were followed
more closely than patients who did not
develop pancreatic cancer, our results
would be spuriously elevated. To estimate
the possible extent of this bias, we have
performed an analysis assuming that all

patients without pancreatic cancer with
incomplete follow-up lived until the end
of the study period but remained free of
pancreatic cancer. This assumption adds
592 patient-years and lowers the SIR to
39.2 (95% CI4 17-77), but the results
are still statistically significant. None of
these biases would account for the ob-
served paternal inheritance pattern ob-
served in patients with pancreatic cancer.

The results of the actuarial analysis
must be interpreted cautiously because
follow-up intervals for most patients were
shorter than follow-up times for patients
who developed pancreatic cancer. More
complete follow-up is needed before we
can conclude that the high actuarial rates
are real.

Because there were so few pancreatic
cancers, we were unable to evaluate the
importance of smoking—a strong and
consistent risk factor for this neoplasm.
However, since hereditary pancreatitis ap-
pears to be associated with pancreatic
cancer, it would be unwise for these pa-
tients to smoke, since there could well be
an interaction between these two caus-
ative factors. Also, since heavy alcohol
consumption is the most common cause of
pancreatitis, these patients should be ad-
vised to drink only small quantities of al-
cohol, if they drink at all.

A paternal inheritance pattern appears
to be a strong predictor for the develop-
ment of pancreatic cancer. This finding
was entirely unexpected and could repre-
sent a chance finding. If this finding is
real, one explanation could be genetic
imprinting—a term used to describe dif-
ferential expression of maternally or pa-
ternally inherited copies of a gene. Im-
printing is known to be necessary for
normal development (16) and has been
linked to altered DNA methylation in can-
cer (17). Imprinting has not been de-
scribed in pancreatic cancer but has been
reported in various other neoplasms, in-
cluding Wilms’ tumor, retinoblastoma,
osteosarcoma, paraganglioma, and other
tumors (18,19). As in this report, a pater-
nal inheritance pattern is usually ob-
served. We plan additional studies to
evaluate the evidence for genomic im-
printing observed in this cohort.

This cohort study suggests that an au-
tosomal-dominant genetic disorder, he-
reditary pancreatitis, may markedly in-
crease the risk of pancreatic cancer. The
gene for this disease has been located on

chromosome 7q35, and the specific mu-
tation appears to be an Arg-His substitu-
tion at residue 117 of the cationic tryp-
sinogen gene (3,4). To date, 30 patients
included in our cohort have been tested
for this gene; all have tested positive. Af-
ter appropriate genetic counseling, other
members of the cohort and their relatives
may wish to be tested. Also, it may be
prudent to screen young patients who
have recurrent attacks of pancreatitis or
unexplained bouts of abdominal pain ac-
companied by hyperamylasemia to deter-
mine if they carry the mutant gene. Even-
tually, it may be worthwhile to search for
a similar genetic defect in more common
forms of pancreatitis or in sporadic cases
of pancreatic cancer.
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Background: The overall survival rate
for patients with neuroblastoma has
improved over the past two decades,
but long-term survival for the sub-
group of patients with high-risk disease
remains low. In recent years, there has
been interest in the potential clinical
use of drugs able to induce differentia-
tion of neuroblastoma cells. Since 9-cis-
retinoic acid induces better and more
sustained differentiation of neuroblas-
toma in vitro than other retinoic acid
isomers, this may be a more appropri-
ate retinoid for use in neuroblastoma
therapy. Purpose:The purpose of this
work was to compare the long-term ef-
fects of all-trans- and 9-cis-retinoic acid
on neuroblastoma differentiation using
an N-type (neuroblastic) cell line,
SH SY 5Y, as an in vitro model. In addi-
tion, we wanted to find out whether 9-cis-
retinoic acid would induce programmed
cell death (apoptosis) in these N-type
neuroblastoma cells and to determine
whether the effects of either 9-cis- or all-
trans-retinoic acid are dependent on
their continued presence in the culture
medium. Methods: SH SY 5Y cells
were incubated in either the continued
presence of all-trans- or 9-cis-retinoic
acid or for 5 days with retinoic acid
followed by culture in the absence of
retinoid for up to 13 days. Morphologic
changes were observed using phase-
contrast and scanning electron micros-
copy. Apoptosis was determined by
flow cytometry of propidium iodide-
stained cells and by using terminal de-
oxynucleotidyl transferase to end-label

DNA fragments in situ in apoptotic
cells.Results:Culture of SH SY 5Y cells
with all-trans- or 9-cis retinoic acid for
5 days induced morphologic differen-
tiation and inhibited cell growth. These
effects were maintained in the continu-
ous presence of each retinoic acid iso-
mer but were more profound in cells
treated with 9-cis-retinoic acid. The dif-
ferentiation of cells treated with all-
trans-retinoic acid was reversible once
retinoic acid was removed from the me-
dium. Conversely, apoptosis was in-
duced in cells treated with 9-cis-
retinoic acid for 5 days and cultured
for 9 days (4 days after washout) but
not in cells cultured in the continuous
presence of 9-cis-retinoic acid. This ef-
fect was specific to 9-cis-retinoic acid.
Conclusions: Previous studies have
demonstrated differential responses to
all-trans-retinoic acid in N- and S-type
(substrate-adherent or Schwann-like)
neuroblastoma cells: Apoptosis is in-
duced in S-type cells, whereas differen-
tiation occurs in N-type cells. The present
results show that, unlike all-trans-
retinoic acid, 9-cis-retinoic acid induces
both differentiation and apoptosis in N-
type SH SY 5Y neuroblastoma cells.
However, apoptosis was dependent on
removal of 9-cis-retinoic acid from the
culture medium. Implications: Since
both differentiation and apoptosis are
involved in tumor regression, 9-cis-
retinoic acid may be a more appropri-
ate retinoid for clinical trials in neuro-
blastoma. The dependence of apoptosis
on treatment and subsequent removal
of 9-cis-retinoic acid implies that drug
scheduling may be an important pa-
rameter affecting therapeutic efficacy.
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