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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

] . o and pancreatic cancer was estimated
Background: Hereditary pancreatitis is . . .
. . . by the standardized incidence ratio
an autosomal-dominant disease, with a

variable expression and an estimated (SIR), Wh'Ch Is the rat|q of observed
penetrance of 80%. The gene for this pancreatic cancer cases in the cohort to

disease has recently been mapped tothe expected pancreatic cancers in the

chromosome 7g35, and the defect is be- background population, adJuste.d for
: L age, sex, and country.Results: The
lieved to be caused by a mutation in the -

o : mean age (+standard deviation [SD])
cationic trypsinogen gene. Acute at-

: h . . at onset of symptoms of pancreatitis
tacks of abdominal pain begin early in was 13.94 122 rs. Compared with
life and the disease often progresses to as o. _t d ' yeg s fooplasg iaht
chronic pancreatitis. Although the risk an expected number of ©. » €19
of pancreatic cancer is thought to be . :
increased in more common types of (Méanagex SD atdiagnosis of pancre-

chronic pancreatitis, the frequency of &iC cancer: 56.9+ 11.2 years) during
pancreatic cancer in the inherited type 8931 person-years of follow-up, yielding
of pancreatitis is uncertain. Purpose: 20 SIR of 53 (95% confidence interval
The aim of this study was to assess the [C!] = 23-105). The frequency of other
frequency of pancreatic cancer and tumors was not mcreaged: SIR = 0.7
other tumors in patients with heredi- (95% CI = 0.3-1.6). Eight of 20 re-
tary form of pancreatitis. Methods: To  Ported deaths in the cohort were from

determine the natural history of he- Pancreatic cancer. Thirty members of
reditary pancreatitis, we invited all the cohort have already been tested for
members of the American Pancreatic the defective hereditary pancreatitis
Association and the International Asso- gene: all 30 carry a mutated copy of the
ciation of Pancreatology to participate trypsinogen gene. The transmission
in a longitudinal study of this rare form  pattern of hereditary pancreatitis was

of pancreatitis. The initial criteria for ~ known for 168 of 238 patients without
patient eligibility were as follows: early ~pancreatic cancer and six of eight with
age (=30 years) at onset of symptoms, pancreatic cancer. Ninety-nine of the
positive family history, and absence of 238 patients without pancreatic cancer
other causes. From April 1995 through and six of the patients with pancreatic
February 1996, 37 physicians from 10 cancer inherited the disease through
countries contributed medical records the paternal side of the family. The es-
of 246 (125 males and 121 females) pa-timated cumulative risk of pancreatic

tients thought to have hereditary pan- cancer to age 70 years in patients with
creatitis as the most likely diagnosis. hereditary pancreatitis approaches
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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-
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Hereditary pancreatitis is characterizeg
by recurrent attacks of abdominal pain bez
ginning early in life and affects several?
family members in different generations2
The inheritance pattern is believed to b§
autosomal dominant, with an estimateg
penetrance of 80%§. Many afflicted in- 2
dividuals eventually develop chronic panz
creatitis. The gene for this disorder, whicl§
has been mapped to chromosome 7935
has recently been cloned (2-4). =1

Other more common adult types of
chronic pancreatitis have been associatéd
with an increased risk of pancreatic carf2

[

e

pancreatic adenocarcinomas developed cer (5-8). Although hereditary pancreatitiss

is rare, there are anecdotal case reportsg@f
pancreatic cancer developing several d§
cades after the onset of symptoms of alf*
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dominal pain in childhood9,10). These history of pancreatitis, and the absence of othereported by regional registries. For Greece, we sub-
reports suggest that the cumulative risk olfnown (gzg/s)es ?f p;cmcreatitis. Tv_vt(_) h;mdr_:adht_hitrty;ttitl:ted incidendc?j (:at:l fortrl]talé. Fo_r”the Uréit(_eél

. . .| -seven 6) patients gave a positive family histonStates, we used data from the Surveillance, Epide-

par}creatlc_cancer n_“ght be SUbStfa_ntlal Iﬁor one or more family members with pancreatitis:miology, and End ResuftProgram (12). The stan-

patlent.s with here_d|tary pancreatltls., beniz (87%) patients had one or more relatives in @ardized incidence ratio (SIR)—the ratio of ob-

cause in many patients, the natural historyfifferent generation who had been diagnosed as haserved to expected pancreatic cancers—was used to
of the disease is characterized by recurrg pancreatitis; the other 24 (10%) patients had onestimate the relative risk. The 95% confidence in-
rent attacks of abdominal pain beginningfl_r tmgre Isitt?lings_l\_/ﬁith panctredatitis butt no otth(:r afr-\g:r\;a:L(CILfor ths SIR Wa? calculafteltlj by;ss;ming

in childhood, with eventual progression to icted relatives. The rep.ore age at onset of panthat the observed cases of cancer followed a Poisson
. o . creatitis was as follows: less than or equal to 2Mistribution. We used the Kaplan—Meier procedure
chro_nlc pancreatitis in adulthood. The alMyears, 207 (84%) patients; less than or equal to 3fr calculating the cumulative incidence of pancre-
of this report was to study the natural hisyears, 221 (90%) patients; and greater than 30 yearatic cancer. For this statistical routine and all other
tory of this disease and to assess the ris¥ (10%) patients. On the basis of onset and familgtatistical tests, including chi-squared tests, Fisher's

of pancreatic and other types of Cancer.history, we classified 218 pat?e_nts as the mo;t Iikel)exaf:t ‘test, and calculation of means and standqrd
to have hereditary pancreatitis and 28 patients adeviations (SDs), we used SAS Institute (SAS Insti-

Methods possible cases of hereditary pancreatitis. The 28 paute, Inc., Cary, NC) statistical software, release 7.07
tients classified as possible cases included 25 p#13). All reportedP values are two-sided. For con-
Subjects tients who were somewhat older at onset of symptinuous data, such as age, we report the mean and

toms (mean age, 3488.4 years) but who had one the SD.

In April 1995, 4t.0 identify patients with this rare or more afflicted family members in another gen-
type of pancreatitis, we wrote to 571 current mems, .o ang three additional patients with an uncerTesting for Pancreatitis Gene
bers of the American Pancreatic Association and thFain family history, with onset of symptoms at ages
_In_tfrr;elt;?nal.l Atssdoul?tlon %f Pettncrgatologlllsti. Ou%S. 26, and 28 years, respectively. These 28 patients Genetic testing has been performed for 30 (120/3
'tf“ & ted er I.nV'g ta_ mertr) etfs otrj10|n atco lah_otra— contributed 1518 person-years to the cohort; nonenembers of this cohort. The methods used for ide&
've study aimed at investigaling the natural nis Orydeveloped pancreatic cancer during the follow-ugifying the locus of the hereditary pancreatitis gen§3

Of.th.ls rare disease. Cancer was not mentlone(_j n theeriod. No other cause for pancreatitis could ben chromosome 7¢35 and the subsequent charactgr-
original letter. We also asked for the approximat A

. . emonstrated for any of the 246 members of thézation of the mutation in the cationic trypsinogert”
number of available patient records and the approxi y P 9 ﬁi

final cohort. F tients in thi t who did notgene have been previously describ8d4{.
mate number of kindreds. Those physicians who re—Ina conort. Four patients In this report wno did no 9 P y “
develop pancreatic cancer had been included in our

sponded positively to the initial letter were sent dat . - .

: . ) ; revious study of pancreatitis and pancreatic canc
collection forms to record patient |nformat|on.ap yorp P Results
Thirty-nine physicians responded to our initial invi-

tation. Three physicians who would have contrib- _The diagnosis of pancreatitis was b.ased enacom- The final cohort consisted of 246 pas
bination of several different findings: recurrent at-

uted a total of approximately six patients subser, . .~ ¢ upper abdominal pain (225 [95%] of 238tlel’1tS: 175 from the United States, 6

quently withdrew from the study: two who were patients); hyperamylasemia (123 [53%)] of 234 pa]‘rom Europe, and 11 from Japan. Therg

unable to contact the families and one who had "Sients); calcification of the pancreas (49 [21%] ofwere 125 males and 121 females. Tl”%

tired from active practice. Thirty-seven physicians, ) . =
2 tient ted t h It =
in 10 countries contributed patients to this study, 33 patients); computed tomography or ultrasoungnean ageX SD) at onset of symptoms OfQ

. o . .. “findings (40 [17%] of 238 patients); diabetes (24 iti i

aimed at clarifying the natural history of hereditary 10%]gof(238[ patic]ents)' andpjaundi():e (16 [7%](of pancreatitis for all patients was '13-9 yeary
pancreatitis. The closure date for patient accrual wa§38 atients) ’ + 12.2 years. The mean duration &D)
February 29, 1996. For each patient, we obtaine P ' of follow-up for all patients was 14.&

pancreatitis, onset of disease, initial and most recent . o1
symptoms, medications, operations, vital status, and All pancreatic cancers were confirmed histologi-free of pancreatic cancer, the mean a
presence or absence of cancer. We excluded nimally and occurred between 1977 and 1993. Thét SD) at onset of symptoms was 13.
patients: three because the diagnosis was questiomean calendar year for the diagnosis of pancreatigears+ 12.3 years; for the eight patients
able and six with incomplete information. The final cancer was 1987. who eventually developed pancreatic Cai%

cohort consisted of 246 patients from 10 countries: ; i »
P ; cer, the mean age SD) at diagnosis was
United States—175 patients, Italy—19, Federal ReParent of Origin Analysis 17.3+ 6.9 9 T(f? zi'ff 9 betweeR
public of Germany—11, Japan—11, Sweden—S8, L e years. eda erenge e eem
France—7, Spain—6, Switzerland—4, U.K.—4 For each patient in the cohort, we analyzed availgge at onset of symptoms in the tw

and Greece—1. All patients but three were born ff.PI€ Parent of origin data. If the father or any Pargroups was not significantP(= .40). &
C

. . | relative (uncle, aunt, or grandparent) had pan: .
the same country where the disease was initiall{ =
y greatitis, the disease was considered paternal iﬁorty percent (n= 81) of adult subjects 2

diagnosed. After the closure date for the cohort, re-

cords for two additional patients, a father and a sor0rigin; similar criteria were used to assign maternatOnsumed alcohol in some amount, ar@

both of whom had hereditary pancreatitis and pan®"9in- For this analysis, we included a father andd3% (n = 87) of adult patients were ei-"

creatic cancer, were submitted to us from the Unite§©n With both hereditary pancreatitis and biopsyther current or former smokers. There was
States. These two additional patients were not in?"OVen pancreatic cancer who had been excludeg,jjence of disease progression during

cluded in the calculation of person-vears or in tmJrom the main analysis because their data forms ar ) . .
analysis of cancer risk P y rived shortly after closure of data collection in the follow up perIOd' an additional 35

March 1996. These additional patients belonged to 614%0) patients developed diabetes and

peojuMo(

0"0IWapeoe,

Zyv19/6

Calculation of Person-Years large U.S. kindred with well-documented hereditaryanother 32 (13%) patients developed pan-
Since hereditary pancreatitis is a genetic diseaét)eancreamls' Cre?mC _caIC|f|cat|on du”ng the course of

and since early symptoms of this disease are easilgtatistical Analysis their disease. One hundred forty-two

overlooked, we used the year of birth as the initial (58%) patients required surgery on the

date for the accrual of person-years. The final date We used published age-stratified data accordinpancreas or biliary tract.
was the date of last contact or the date of death. to 5-year age groups (0-4, 5-9, . . . 80-8485), sex- Eight patients with pancreatic cancers

. . . " specific data, and country-specific cancer incidence,. .
Diagnosis of Hereditary Pancreatitis data to determine the expected number of Cance@ve males and three females) were diag-

The initial criteria for entry in the cohort were as (11). For countries where national incidence datd10S€d in six kindreds. The expected num-
follows: early onset of pancreatitis, a positive familywere unavailable, we averaged the incidence figurdder of pancreatic cancers was 0.150,
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yielding an SIR of 53 (95% CE 23_105) Table 1. Numbers of patients, person-years, and observed and expected pancreatic cancer cases in

(Table 1). The risk of developing pancre- patients with hereditary pancreatitis (HP)

atic cancer was not significantly different Pancreatic cancer

for males and females or for patients di- No. of SIR¥

agnosed in the United States or in Europ&roup HP patients Person-years*  Observed Expected? (95% CI)

For the eight patients who developed pandnited States 175 5677 5 0.0736 68 (22-159)

creatic cancer, the mean age §D) at JE:TZE@ 6132 Zggg Hg 0-8%%071 44 (9-127)

onset of pancreatic cancer was 5&9 pl 105 4351 . 0'1083 46 (15.108)
ales . -

]}1.2 years, a?d the mean anmeer of y?_aia—%males 121 4180 3 0.0414 73 (15-212)

rom onset of symptoms of pancreatitis . 246 8531 8 0.1497 53 (23-105)

until diagnosis of pancreatic cancer was
39.6+ 9.7 years. *Person-years are calculated from birth to time of last follow-up or time of death.
The cumulative risk of pancreatic can- tExpected number of pancreatic cancer cases using national age- and sex-stratified incidence data for th

cer in these patients to age 70 years Wat@;'Od 1983 thfdou?jh 138771d o )
SIR = standardized incidence ratio; Gt confidence interval
0, 0 = Qo 0
FO % |‘$95 A]bCI 9/(]: 135/0) (Elg. L A)h 8Includes: ltaly (19 cases), Federal Republic of Germany (11 cases), Sweden (eight cases), Francecgseve
or the subgroup o patients wit al:ases) Spain (six cases), Switzerland (four cases), U.K. (four cases), and Greece (one case).
paternal parent of origin, the cumulative |spain (two cases) and U.K. (one case).

risk of cancer to age 70 years was ap-

proximately 75% (95% Ck 32%-100%)

(Fig. 1, B). Pancreatic calcification andinherited through the paternal side of thesite unknown), and three skin cancer
diabetes were found more often in pafamily (P = .025; two-tailed Fisher's ex- The expected number of nonpancreatl
tients with pancreatic cancer than in paact test when compared with patientsioncutaneous cancers was 8.1 (SR ©
tients without pancreatic cancer. Informawithout pancreatic cancer). 0.7; 95% Cl= 0.3-1.6). Twenty patlentsm
tion about these variables was known for  Nine other histologically confirmed tu- died during the follow-up period: all elghtm
six of the eight patients with pancreaticmors were diagnosed during the study pewith pancreatic cancer; four with cancer§
cancer. All six patients with pancreaticriod: one at each of the following sites—of the ampulla of Vater, lung, bone, and
cancer had pancreatic calcificatioR &  the ampulla of Vater, stomach, lung, cerstomach; four from diseases related t®
.002; Fisher's exact test, compared Witlix, breast, bone (metastatic or primarypancreatitis (three with diabetes and ore

/:sdnPWdly peapeojumo

0

patients without pancreatic cancer). Dia- =
betes was known to have occurred in four >
of six patients with pancreatic cancer ( 5
= .04; Fisher’s exact test, compared with 70 T >
patients without pancreatic cancer). A | >
We observed an unusual parental ing eor : £
heritance pattern. A family history for the § i §
parental source of pancreatitis was avail € ! 5
able for 168 (71%) of the 238 patients il & d g
this cohort who remained free of cancer] % ! 3
99 patients had a father or paternal reld- & |L g
tive with pancreatitis compared with 69 £ IL =
who had a mother or maternal relativg < >
Fig. 1. A) Cumulative incidence (%) of ™

with pancreatitis P = .024). A family

history of the parental-source pancreatiti
was known for six of the eight patients ga}-
with hereditary pancreatitis in the cohort

100~ pancreatic cancer since birth in entire>
cohort of 246 patients with hereditary@

. . . . (%]
pancreatitis.B) Cumulative incidence —
(%) of pancreatic cancer in 105 pa-Q

°2}
i

1
1
4
|
4
. 80 ! . , e
who eventually developed pancreatic car}- 3= 21 tients with a paternal inheritance pat'
cer: in all six patients, the paternal family| 5 7or- : ;%m- Veft"tla' d?“e" “d”e? 15% Coft‘r'].
e _c 1 laence Intervals, ana numbers witnin
had pancreatitis. Subsequent to .the glc g sof ] graph indicate patients at risk.
sure date for the cohort, we received int '3 !
. . . = -
formation confirming a paternal source of = 3° ;
pancreatitis for two new patients, a fathe[ .= 4o} |
and son, both of whom had hereditary 2 a0l T 1
pancreatitis and pancreatic cancer. Add- & i
ing these two patients to the originall ~ 20 [a]]

group of six patients with pancreatitis ang ol . EQT: i
pancreatic cancer yields a total of eighf R ! !

. . " . fa— T T
patients with pancreatitis, pancreatic can

cer, and a known parental inheritance pa
tern: in all eight patients, pancreatitis wad

T T
£
L]
n
O

o

L]

T
&
<
-
o
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with acute pancreatitis); and four frompatients without pancreatic cancer withchromosome 7935, and the specific mu-
other causes—two from heart failure, onéncomplete follow-up lived until the end tation appears to be an Arg-His substitu-
from a motor vehicle accident, and oneof the study period but remained free oftion at residue 117 of the cationic tryp-

from liver failure. pancreatic cancer. This assumption addsnogen gene (3,4). To date, 30 patients
_ _ 592 patient-years and lowers the SIR tincluded in our cohort have been tested
Discussion 39.2 (95% Cl= 17-77), but the results for this gene; all have tested positive. Af-

are still statistically significant. None of ter appropriate genetic counseling, other
The main finding in this cohort study these biases would account for the obmembers of the cohort and their relatives
of a large group of patients with heredi—served .pater.nal inh_eritance pgttern Obmay wish to be tested. Also, it may be
tary pancreatitis was an exceptlonallyserved in patients with pancreatic canceprudent to screen young patients who
high risk of pancreatic cancer. This excess The results of the actuarial analysishave recurrent attacks of pancreatitis or
I‘ISk. was observgd in both sexes _and imust be llnterpreted caut|ous_ly becausgnexplained bouts of abdominal pain ac-
patients from different geographic re-follow-up intervals for most patients Werecompanied by hyperamylasemia to deter-
gions. The absence of any excess of othehorter than follow-up times for patientsyine if they carry the mutant gene. Even-
tumor t_ypes |mpl|e§ that the gene_tlc abwho developed pan_creatlc cancer. Mor@ua"y, it may be worthwhile to search for
normallty_ responsible for this o!ls_e_asecomplete follow-up is n_eeded bef_ore We similar genetic defect in more commory
does not increase overall su_sceptlblllty tean conclude that the high actuarial rateg, s of pancreatitis o in sporadic cases
cancer. The risk of pancreatic cancer waare real. of pancreatic cancer
considerably higher than has been previ- Because there were so few pancreatic
ously observed in several studigsg) of cancers, we were unable to evaluate th
patients with other forms of chronic pan-importance of smoking—a strong and
creatitis. The high risk in patients with consistent risk factor for this neoplasm. _ _ o
hereditary pancreatitis may be related télowever, since hereditary pancreatitis ap-(1) S'ZG\VIEJIR- He’:;détary pa”le;’at_';'S_i” Egg'la”
the early onset of pancreatitis, so that ovepears to be associated with pancreatic,_ 279 Wales.J Med Genet 1978;15:189-201.
| d ti iod. th . . d b . f h (2) Le Bodic L, Bignon JD, Raguenes O, Mercier
a prolonged time period, there is progreseancer, it would be unwise for these pa-"" 5 Georgelin T, Schnee M, et al. The hereditarg.
sion Of d|Sease, tissue deStrUCtlon, and',ents to Smoke, since there COU|d We” be pancrea{itis gene maps to |0ng arm of ChrOng
eventually, development of defects in celan interaction between these two caus- some 7. Hum Mol Genet 1996;5:549-54.
lular repair. This sequence of events haative factors. Also, since heavy alcohol (3) Whitcomb DC, Preston RA, Aston CE, Sos8
been described in other organs (14).  consumption is the most common cause of Se”hef'mehr M"LgtBama PS, f,:‘_ang Y. ett alr} &
There are several biases that mighpancreatitis, these patients should be ad- 9°"® 'or nereditary pancreatitis maps ‘o chre=.
. . . . . . mosome 7q35. Gastroenterology 1996;11C%
lead to a spuriously high risk of pancre-vised to drink only small quantities of al- ;147550
atic cancer. An excess risk would arise itohol, if they drink at all. (4) Whitcomb DC, Gorry MC, Preston RA, Furey%
centers with cases of pancreatic cancer A paternal inheritance pattern appears W, Sossenheimer MJ, Ulrich CD, et al. Heredig
were more likely to join the study thanto be a strong predictor for the develop-  tary pancreatitis is caused by a mutation in thé:
centers without this cancer. The aim ofment of pancreatic cancer. This finding iitllloﬂcstrypsmogen gene. Nat Genet 1996§
the project as outlined in the original let-was entirely une_xpe_cted and_ co_uld_ repre (5) Lowenfels AB, Maisonneuve P, Cavallini G,
ter to all centers was to study thg_ naturaent a chance f|nd_|ng. If this finding IS " Ammann RW, Lankisch PG, Andersen JR, eb
history of a rare form of pancreatitis; can-real, one explanation could be genetic  al. Pancreatitis and the risk of pancreatic car2
cer was not mentioned. Furthermore, thenprinting—a term used to describe dif-  cer. International Pancreatitis Study Group. lﬁg
3% prevalence of pancreatic cancer in ouflerential expression of maternally or pa-  Engl J Med 1993;328:1433-7. g
cohort is the same as the prevalence dérnally inherited copies of a gene. Im- (6) Ekbom A, McLaughlin JK, Karlsson BM, 5
tic cancer reported in follow-ugprinting is known to be necessary for " Gridley G, Adami HO, et al. Pancre-3
pancrea . ) p . Fp 9 y atitis and pancreatic cancer: apopulation-basg:d
data of patients with hereditary pancreatinormal development (16) and has been  gstdy. J Natl Cancer Inst 1994:86:625-7. &
tis from the Mayo Clinic and lower than linked to altered DNA methylation in can- (7) Fernandez E, La Vecchia C, Porta M, Negri E2
the 6% prevalence of pancreatic cancer iner (17). Imprinting has not been de-  d'Avanzo B, Boyle P. Pancreatitis and the risl%
literature reports collected prior to 1985scribed in pancreatic cancer but has been ‘;‘;Sth; pancreatic cancer. Pancreas 1995;1
(15). Underestimation of pancreatic canfeported in various other neoplasms, in- 8) Bansal P Sonnenberg A. Pancreatitis is a risk
cer in the background population wouldcluding Wilms' tumor, retinoblastoma, factor for pancreatic cancer. Gastroenterology
yield inflated risk ratios. However, even if osteosarcoma, paraganglioma, and other 1995;109:247-51.
half of the pancreatic cancers in the gentumors (18,19). As in this report, a pater- (9) Kattwinkel J, Lapey A, Di SantAgnese PA,
eral population were unrecognized, ounal inheritance pattern is usually ob- ~ Edwards WA. Hereditary pancreatitis: three
findings would still be highly statistically served. We plan additional studies to Kindreds and a critical review of the lit-
naing . ghly y - pla Ies erature. Pediatrics 1973:51:55-69.
significant. If patients who eventually de-evaluate the evidence for genomic imv10) wmiller AR, Nagorney DM, Sarr MG. The sur-
veloped pancreatic cancer were followegbrinting observed in this cohort. gical spectrum of hereditary pancreatitis in
more closely than patients who did not This cohort study suggests that an au- adults. Ann Surg 1992;215:39-43.
develop pancreatic cancer, our resultdssomal-dominant genetic disorder, he(ll) Parkin DM, Muir CS, Whelan SL, Gao YT,
Id be spuriously elevated. To estimateeditary pancreatitis, may markedly in- Ferlay J, Powell J, editors. Cancer incidence in
wou . p y . N yp ) ! y . Yy five continents. Vol. VI. IARC Sci Publ No.
the possible extent of this bias, we haverease the risk of pancreatic cancer. The 120, Lyon: International Agency for Research
performed an analysis assuming that aljene for this disease has been located on on Cancer, 1992.
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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-
*Editor's note: SEER is a set of geographically group of patients with high-risk disease
defined, population-based central tumor registries ipemains low. In recent years, there has
the United States, operated by local nonprofit 0r98heen interest in the potential clinical
nizations under contract to the National Cancer In- fd bl ind dif .
stitute (NCI). Each registry annually submits itsqse of drugs able to induce ' erenF'a'
cases to the NCI on a computer tape. These contion of neuroblastoma cells. Since ®is-
puter tapes are then edited by the NCI and madgetinoic acid induces better and more
available for analysis. sustained differentiation of neuroblas-
The International Hereditary Pancreatitis Studfoma in VIthO than other retinoic aCId.
Group—United States: G. Aranha, Maywood, IL; P.isomers, this may be a more appropri-
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Minneapolis, MN; G. Lehman, Indianapolis, IN; work was to compare th? Ion'g t,erm ,ef
S. P. Martin, Cincinnati, OH; J. Potts Iil, Houston, f€Cts Of allirans- and 9-cisretinoic acid
TX; S. Sherman, Indianapolis; C. D. Ulrich Il, Cin- on neuroblastoma differentiation using
cinnati; P. Yakshe, Minneapolis; P. Yeaton, Chargp N-type (neuroblastic) cell line,
lottesville, VA. Japan: Y. Hamanaka, Yamaguchi;SH SY 5Y. as an in vitro model. In addi-
M. Koizumi, Sendai; T. Tomioka, Nagasaki City; T. . ' . ) .
tion, we wanted to find out whether 9<¢is-
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F.R.G.; P. Layer, Essen, F.R.G.; J. Triantafillidis, . .

Nicea, Greece; P. Boyle, Milan, Italy; G. Cavallini, WN€ther the effects of either Sis- or all-
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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<¢is-
retinoic acid for 5 days and cultured
for 9 days (4 days after washout) but
not in cells cultured in the continuous
presence of Seis-retinoic acid. This ef-
fect was specific to 9eis-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. 3
However, apoptosis was dependent ong
removal of 9-cis-retinoic acid from the
culture medium. Implications: Since
both differentiation and apoptosis are
involved in tumor regression, 9<¢is-
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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