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Cancerr risk in Peutz-Jeghers syndrome 

Abstract t 

Peutz-Jegherss syndrome (PJS) is an autosomal dominant gastrointestinal polyposis 
syndromee with an increased risk of developing cancer. However, few studies assessing the cancer 
riskk in PJS exist and the associated cancer risk and tumour spectrum remain not well defined. 
Therefore,, we compared the cancer incidence in a cohort of well documented Dutch PJS patients 
too the general population. PJS-patients and their families were investigated in a registry-based 
manner.. Information was obtained by interview, questionnaires and chart review. Malignancies 
weree confirmed by examination of pathology reports and revision of slides, if available. Probands 
andd their family members were studied for STKI1 mutations. The relative risk of cancer in PJS 
comparedd to available incidence rates of the general population was calculated as the ratio of 
observedd and expected eases, by person-year analysis adjused for age, gender and calender time. 
922 PJS patients from 30 families contributed 2883 person years of follow-up. STK1I mutations 
weree identified in 22 families. Twenty-six cancers occurred in 25 PJS patients. Fifteen carcinomas 
originatedd in the gastrointestinal tract. Extraintestinal cancer occurred in the breast, pancreas, 
ovary,, testis (seminoma), skin (melanoma), kidney (nephroblastoma) and nasal cavity. In two 
metastaticc cases, the site of origin was not determined. The mean age of cancer diagnosis was 
45.00 years. The cumulative risk of cancer for both sexes was estimated to be 59*6% until the age 
off  60 years. Compared to the general population, the relative risk of cancer was until the age of 74 
yearss was 13.9 for males and 30.2 for females. Benign tumours were found in the ovary, breast, 
pancreass and nasal cavity. Consistent with previous reports, PJS patients have a very high risk of 
cancerr at intestinal and extra-intestinal sites. Close surveillance is required, although the wide 
tumourr spectrum makes it a difficult task. 

Introduction n 

Thee hereditary gastrointestinal polyposis and mucocutaneous pigmentation disorder 
Peutz-Jegherss syndrome (PJS) has been associated with an increased risk of developing both 
gastrointestinall  and extra-intestinal malignancies 2. As gastrointestinal polyps in PJS are benign 
hamartomass without dysplasia, PJS has longtime been ignored as hereditary cancer syndrome. 
However,, several reports have shown an increased risk of gastrointestinal cancer in patients with 
PJSS 1_3, and malignant degeneration of hamartomatous polyps has been demonstrated 4i 5. 
Remarkably,, there also seems to be an increased risk of developing cancers outside the 
gastrointestinall  tract'"2. The extra-intestinal tumour spectrum of PJS is thought to include 
commonn malignancies of the breast and pancreas, but also unusual types like the Sertoli cell 
tumourr of the testis, sex cord tumour with annular tubules of the ovary and adenoma malignum of 
thee cervix6' \ Taken together, although a limited number of studies addressing the cancer 
incidencee in PJS has been conducted ' ~x 8'9, a high predisposition to cancer in PJS appears 
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established.. This is consistent with the identification of the PJS geneSTK.il/LKBl as a potential 
tumourr suppressor gene l0. 

Ass PJS is a rare disorder, lack of sufficient data renders it difficult to define the associated 
tumourr spectrum and to determine the cancer risk. To assess the magnitude of the gastrointestinal 
andd extra-intestinal cancer risk in PJS, we compared the incidence of cancer in established and 
welll  documented PJS patients to the incidence of the general population. 

Methods s 

PJSS patients from the Netherlands PJS-regisfry in Rotterdam, and the Centre for Human 
Geneticss at the Free University Hospital in Amsterdam were included in the present study. The 
protocoll  was approved by the Medical Ethical Committee of the Erasmus University, Rotterdam. 
Alll  included subjects had a definite diagnosis of PJS defined as (i) more than one intestinal Peutz-
Jegherss hamartoma, or (ii) one intestinal hamartoma with a positive family history of PJS, or (iii ) 
aa germline mutation in STK11. Patients and their families were initially contacted or referred via 
theirr physician; further information was obtained by interview, questionnaires and chart review. 
Malignanciess were confirmed by examination of pathology reports and revision of slides, if 
available.. Probands were investigated for germline STKll gene mutations, after informed consent 
wass given. If a mutation was identified, genetic testing was offered to all relatives of the proband. 

Individualss were considered at risk for cancer from birth until death. Person years at risk 
weree calculated from the date of birth until the date of cancer diagnosis, date of death, date of last 
contactt or the closing date of the study. The contribution of the years in which a subject entered 
andd left the cohort were each considered 0.5 person year. To adjust for possible differences of the 
associatedd risk for different time periods and age groups, the person years were subdivided into 5-
yearr age groups and 5-year calendar time periods. The number of person years contributed by 
eachh subject to each time, age and sex stratum were isolated, and the sums of the person years in 
eachh stratum were totalled tö give the overall time at risk for that category. The expected numbers 
off  cancers were calculated by multiplying the person years with the corresponding gender-, age-, 
calendar-time-- and tumour-specific incidence rates of the general Dutch population, which were 
derivedd from data from cancer registries in the Netherlands M'i7. As these incidence rates were not 
fullyy available for the person years and cancer cases scored in earlier calendar time periods 
(beforee 1950), we decided to include only the person years and cancer cases for which all 
incidencee rates were available, that is from 1950 to 1999 (closing date of the study). The relative 
riskrisk of developing cancer, i.e. the ratio of observed and expected numbers of cancer were 
calculated.. Survival analysis was performed using Kaplan-Meier estimates. 

Results s 

StudyStudy population 
Ninety-twoo PJS patients from 30 Dutch families contributed to 2883 person years of 

follow-up;; 44 males (1607 person years) and 48 females (1276 person years). Eleven patients died 
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withoutt having developed a malignancy, 52 patients were withdrawn alive with no evidence of 
cancerr at the closing date of the study and 4 patients were lost to follow-up. In 22 families, all 
differentt gerraline mutations in the PJS gene STK11 could be detected (results not shown). In 5 
families,, no STK11 mutation could be detected and 3 families did not participate in genetic 
testing. . 

Tablee 1 Characteristics of the cancers observed in PJS patients 

Sexx Age of cancer diagnosis Cancer site and histology 

F F 

M M 

M M 
M M 

M M 

F F 

F F 

M M 

F F 

F F 

M M 
F F 

M M 

F F 

M M 

M M 

F F 

M M 

M M 

M M 

M M 

F F 

F F 

F F 

M M 

4 4 

30 0 

31 1 

33 3 

35 5 

36 6 

36 6 

39 9 

40 0 

40 0 

41 1 

41 1 

43 3 

47 7 

49 9 

50 0 

51 1 

53 3 

53 3 

54 4 

61 1 

62 2 

62 2 

69 9 

76 6 

nephroblastomaa of kidney 

adenocarcinomaa of stomach 

adenocarcinomaa of digestive tract 

seminomaa of testis 

adenocarcinomaa of unknown primary origin 

adenocarcinomaa of pancreas 

adenocarcinomaa of digestive tract 

adenocarcinomaa of unknown primary origin 

serousserous cystadenoma of ovary 

adenocarcinomaa of colon 

adenocarcinomaa of duodenum 

melanomaa of skin 

adenocarcinomaa of colon 

adenocarcinomaa of breast 

adenocarcinomaa of stomach 

adenocarcinomaa of colon (sigmoid) 

squamouss cell carcinoma of paranasal sinus 

adenocarcinomaa of colon and of stomach 

adenocarcinomaa of digestive tract 

adenocarcinomaa of jejunum 

adenocarcinomaa of stomach 

ductall  adenocarcinoma of breast 

adenocarcinomaa of colon (sigmoid) 

adenocarcinomaa of breast 

adenocarcinomaa of colon (sigmoid) 

CancerCancer spectrum 
Twenty-sixx cancers occurred in 25 of the 92 PJS patients (27%) (Table 2). Fifteen of these 

cancerss (58%) were known to have originated in the gastrointestinal tract, six of which were 
locatedd in the colon, four in the stomach, one in the duodenum, and one in the jejunum. From 7 
cancers,, which had already metastasized extensively at the time of diagnosis, the primary site of 
originn was not retraceahle. However, 5 of these cases were histologically analysed to have 
originatedd in the gastrointestinal tract (Table 2). The remaining 9 cancers (33%) were located 
outsidee the gastrointestinal tract; three in the breast, one in the pancreas, one in the ovary, one in 
diee testis, one in the skin and one in the nasal cavity (Table 2). One childhood cancer occurred; a 
nephroblastomaa (Wilm's tumour) of the kidney in a 4-year old female. Interestingly, the majority 
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off  gastrointestinal cancers (69%) occurred in men while the majority of nongastrointestinal 
cancerss (89%) occurred in women. 

CancerCancer risk 
Thee mean age at diagnosis of all cancers was 45,0 years (sd 14,9) and similar for both 

sexes;; males 46,3 (sd 12,9), females 42,8 (sd 17,7). Without the childhood cancer the mean age 
forr all cancers was 46,5 years (sd 12,6) and for females 46,3 (sd 13,4). The mean age at diagnosis 
off  the gastrointestinal carcinomas was 47,3 years (sd 13,4) and for the nongastrointestinal 
carcinomass 41,6 (sd 16,9); without the childhood cancer, the mean age for non-GI cancer was 
45,33 (sd 12,1) years (Table 1). 

Al ll  but two of the reported malignancies metastized. Twenty-three patients died because 
off  metastasized malignancy, the mean age of cancer death being 45,6 years (sd 12,7). The Wtlm's 
tumourr in the 4-year old child was resected successfully and the patient was still free of cancer at 
377 years of age. In one 62-year old female, a sigmoid carcinoma in situ was diagnosed at 
surveillancee endoscopy. This lesion was resected and the patient remained well at the age of 71 
years,, at the closing date of the study. Two suspected cases of small bowel carcinoma in a 15-year 
oldd female and a 36-year old male patient could be attributed to pseudo-invasion at revision of the 
histopathologicall  specimens, and therefore were not included among the true cancerr cases, 

Tablee 2: Age-specific distribution of person-years, and observed and expected cases of cancer in PJS patients. The relative risk (£R) 
untill  the age of 74 was calculated as the ratio of observed and expected cases of cancer in the PJS study cohort. Cancer cases 
occurringg between 1950 and 1999 are included. M, male; F, female. 

Agee group (years) 

0 - 1 4 4 

15-29 9 

3 0 - 4 4 4 

4 5 - 5 9 9 

6 0 - 7 4 4 

Total l 

Sex x 

M M 
F F 

M M 
F F 

M M 
F F 

M M 
F F 

M M 
F F 

M M 
F F 

Personn years 

391 1 
483.5 5 

352.5 5 
341.5 5 

263 3 
189.5 5 

151.5 5 
63 3 

19 9 
14.5 5 

1177 7 
1092 2 

Expectedd cancer cases 

0.0491 1 
0,0238 8 

0.0424 4 
0.0212 2 

0.0674 4 
0.0737 7 

0.3420 0 
0.1090 0 

07184 4 
0.0704 4 

]Q.7188 8 
07980 0 

Observedd cancer cases 

0 0 
1 1 

0 0 
0 0 

6 6 
4 4 

4 4 
1 1 

0 0 
3 3 

10 0 
9 9 

RRR (observed/expected) 

13.9 9 
30.2 2 

Thee cumulative risk of developing cancer for both sexes was estimated to be 4% until the 
agee of 30 years, 19% until the age of 40 years, 39% until the age of 50 years and 63% until the 
agee of 60 years in the patients studied (Figure 1). This is increased compared to the risk for all 
sitess of developing cancer in the Dutch general population, which is estimated to be 0.4% until the 
agee of 25 years, 2.7% until the age of 50 years and 25.5% until the age of 75 years. Results of the 
personn year analysis are shown in table 2 and 3. The relative risk of cancer until the age of 74 
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yearss was 13.9 for male and 30.2 for female PJS patients compared to the general population 
(Tablee 2). The relative risk of site-specific cancers is shown in Table 3. 

BenignBenign tumours 
Severall  extra-intestinal benign rumours were found. Four patients had ovarian cysts, one 

off  enormous size weighing 3 pounds, and one female patient had a pancreatic cyst. A benign 
breastt tumour was found in a 41 year old woman who eventually developed breast cancer. Nasal 
polyposiss was present in 8 PJS patients, in addition to a lung polyp and an unspecified airway 
polyp.. Furthermore, a three-year old boy had gynecomastia with normal sized testes, and a 
femalee patient had a late menarche at 17 years, suggesting the presence of benign genital tract 
tumours. . 

Discussion n 
Ann increased relative risk of cancer was found in PJS patients compared to the general 

population.. The mean age of cancer diagnosis was close to 45 years, which is strinkingly younger 
thann the average age of cancer diagnosis in general'M7. Young age of cancer diagnosis in PJS 
patientss was also reported by others 2'8'9. This early onset of cancer is consistent with an 
inheritedd predisposition. 

"PJS:: anyc ancer General ppuktion: any cancer Figuree 1: Risk of cancer from birth until a 
certainn age in Peutz-Jeghers syndrome 
comparedd to the general population. 

Ttii  11 inii 111 ii M i ii i in iiiiiiii i ii ii iiiiiimf i ii in in mi ii i i i i i i ininir m 

II  6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 

age(yeais) ) 

Thee majority of cancers encountered in our study were located in the gastrointestinal tract. 
Onlyy two verified small bowel carcinomas were found, one of which originated in the jejunem, 
whichh has only been reported sporadically in PJS 3'1718. Although the relative risk of small bowel 
carcinomaa seems increased, the majority of gastrointestinal cancers in PJS were found in the 
colon,, consistent with previous reports 3'l9. This corresponds to the distribution of gastrointestinal 
cancerr in the general population, and not to the most common location of hamartomatous polyps 
inn PJS, e.g. the small intestine. If hamartomatous polyps in PJS are true precursor lesions, one 
wouldd expect the highest incidence of gastrointestinal malignancies in the small intestine, where 
hamartomass can be found in ~80% of PJS patients20. This discrepancy indicates that, in addition 
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too inactivation of the PJS gene STKJ1, which is found m -65% of hamartomatous polyps21, other 
factorss modulate careinogeneis in PJS. Of note, altough some of reports of small intestinal 
carcinomaa in PJS undoubtly represent true cases, some may represent benign pseudoinvaded 
smalll  bowel polyps. Due to mechanical forces, PJS polyps in the small bowel are inclined to cause 
epitheliall  displacement, giving the impression of invading carcinoma at macroscopic and 
microscopicc evaluation. This 'pseudoinvasion' in PJS can closely mimiek adenocarcinoma 22 22>> On 
histologicall  revision, we found two cases of pseudoinvasion in the small bowel in our study. 

Observedd Expected RR p-vahie 

Alll  cancers (botit sexes) 

Colon n 

Stomach h 

Pancreas s 

Breastt cancer (female) 

Ovaryy (female) 

19 9 

4 4 

2 2 

1 1 

2 2 

1 1 

1.0168 8 

0,0627 7 

0.0865 5 

0.0564 4 

0.0819 9 

0.0245 5 

18.7 7 

95.7 7 

34.7 7 

27.5 5 

24.4 4 

40.8 8 

<0T0001 1 

<< 0.0001 

<0.01 1 

<0.05 5 

<0.0l l 

<0.05 5 

Tablee 3: Relative risk (RR) of site specific 
cancerr in PJS patients compared to the general 
population.. Observed cases (PJS patients) and 
expectedd cases (according to cancer incidence 
inn the general population are listed. Relative 
riskrisk (RR) is ratio of observed and expected 
cases.. Site specific cancers encountered in the 
studyy cohort (PJS patients) are listed if accurate 
incidencee rate» from the general population are 
available.. Cancer cases occurring between 
19SQQ and 1999 are included. P-varues were 
estimatedd assuming a Poisson-distribution. 

Nongastrointestinall  cancers in PJS occurred predominantly in the female breast. In 
additon,, cases of testicular (seminoma), ovary (cystadenoma), pancreatic, skin (melanoma), 
kidneyy and nasal cavity cancer were encountered. Several rare tumours have been attributed to 
PJS,, such as adenoma malignum of the cervix, sex cord tumour with annular tubules (SCTAT) of 
thee ovary, and Sertoli cell tumour of the testes. None of these were detected in the 92 patients 
studied-- Overestimation of the frequency of these tumours by ascertainment bias is likely, and 
largerr cohorts of patients are needed to assess the true risk of those lesions in PJS. Also, SGTAT 
havee been reported to occur silently in PJS, often being found accidentally during laparotomy23. 
Thus,, SCTAT could have been present in PJS patients without being detected. 

Inn conclusion, PJS patients have an increased risk of cancer. Besides inducing the 
formationn of hamartomatous polyps and melanin pigmentation, inherited mutations in STKll 
predisposee to a variety of intestinal and extra-intestinal malignancies. This wide tumour spectrum 
makess screening and surveillance a difficult task, although it seems essential to reduce cancer 
mortality.. Thé development of screening protocols based on available reports of cohorts of 
patientss seems warranted 
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