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A B S T R A C T

Purpose
The development of high-grade dysplasia (HGD) on duodenal or jejunal adenomas and of late-stage
(stage IV) duodenal polyposis are major clinical events for familial adenomatous polyposis (FAP) patients.
Our aim was to determine their respective frequency, risk factors, and cumulative risk.

Patients and Methods
A prospective, optimized, endoscopic surveillance protocol was applied to 58 FAP patients in a university
hospital. The number, size, and histology of duodenojejunal polyps were assessed, and the
Spigelman’s score was calculated at each endoscopy. Cox regression and linear regression analysis
were used to determine risk factors for HGD development and the cumulative risk of stage IV
duodenal polyposis, respectively.

Results
During a median (� standard deviation) follow-up of 47.9 � 15.6 months, 35 patients with at least two
consecutive examinations had 107 duodenojejunal examinations. The Spigelman’s score increased in 21
patients (60.0%), and HGD developed in 12 patients (34.2%). High initial Spigelman’s score (� 7 points),
but not age or APC mutation site, was a risk factor for HGD development. Estimated cumulative risk of
developing stage IV duodenal polyposis was of 42.9% at age 60 (95% CI, 35.7% to 50.0%) and 50.0%
at age 70 (95% CI, 42.9% to 57.1%).

Conclusion
This prospective series shows a higher duodenal polyposis progression rate and cumulative risk of
late-stage (stage IV) duodenal polyposis in FAP patients compared with previous series. These results
suggest that current modalities for surveillance and management of these patients need revision.
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INTRODUCTION

Proximal small bowel cancer is one of the
two leading causes of death (the other being
desmoid tumors) in familial adenomatous
polyposis (FAP) patients with previous co-
lectomy [1,2]. Cancer of the proximal small
bowel in FAP develops from pre-existing
adenomas, which are present in approxi-
mately 100% of patients in the duodenum.
These duodenal adenomas can be classified
through macroscopic and histologic criteria
in five stages (0 to IV) following the
Spigelman’s classification. In a large series,
44% of FAP patients presented with a severe

duodenal polyposis (stage III or IV) and
were considered at higher risk of developing
duodenojejunal cancer. Currently, two
strategies are under discussion in FAP pa-
tients with duodenal polyposis. First, pa-
tients with advanced adenomas (larger than
1 cm) or with high-grade dysplasia (HGD)
may be referred for endoscopic treatment by
several means, the most common being mu-
cosectomy [3]. Second, these patients may
be simply followed up until they develop
very advanced duodenal polyposis (stage
IV) or duodenal cancer and treated at that
time by pancreaticoduodenectomy (PD)
[4,5]. The selection of the appropriate strat-
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egy depends on the rate at which patients develop indicators
of cancer risk, such as stage IV polyposis and/or HGD; high
frequency of these indicators would support the use of early
endoscopic treatment to avoid frequent high-risk surgery.

Regarding the natural history of duodenal adenomas,
most series show a rather low frequency of duodenal polyp-
osis progression with time. However, most series are retro-
spective and do not use the Spigelman’s score, which makes
the comparison difficult [6-8]. Moreover, in recent series,
there is a striking discrepancy between the slow progression
reported in the course of standardized endoscopic fol-
low-up and the actual development of advanced cancer,
mostly in patients with late-stage but also in patients with
early-stage polyposis [6,9]. Therefore, a prospective evalu-
ation is required to clarify the rate of duodenal polyposis
progression in FAP patients, the frequency at which HGD is
expected to appear within duodenal adenomas, and the
life-time risk for stage IV polyposis development. The
present study was undertaken to assess these rates and risks
using a standardized and optimized endoscopic follow-up.

PATIENTS AND METHODS

Study Design and Patients

In 1995, we initiated a prospective follow-up study of duode-
nojejunal polyposis in FAP patients that included all consecutive
patients. The study was approved by the review board of the
Federation des Specialites Digestives of the E. Herriot Hospital in
Lyon, France. Written informed consent was obtained from all
patients before endoscopic examination. Fifty-eight patients from
41 different families were included. The diagnosis of FAP was
based on the presence of more than 100 colonic polyps (all pa-
tients), the presence of extracolonic manifestations of FAP (all
patients), a family history of FAP (all but four patients), and the
knowledge of a genetic defect within the APC gene (33 of 41
families, 80%). Descriptive data on the severity of the duodenal
polyposis and its relationship with age and patient genotype have
been reported previously for the first 41 patients [10]. Among the
58 patients, eight were offered a treatment (endoscopic, five pa-
tients; surgical, three patients) of the duodenal polyposis after the
first endoscopy (presence of large adenomas with HGD in all eight
patients), whereas 15 patients have only been examined once to
date. Thus, the present report focuses on the 35 patients (median
age, 39 years; range, 21 to 63 years; 20 different families) who have
undergone at least two consecutive examinations of the duode-
num and proximal jejunum. Of these 35 patients, seven patients
were referred to us for the surveillance of advanced duodenal or
rectal polyposis, and 28 were not referred but had been observed at
our institution for several years. The site of the APC mutation was
identified in 29 patients (82.8%). As described elsewhere [10], 18
patients had a mutation between codons 279 and 1309, and 11
patients had a mutation outside this region, including two patients
with complete deletion of the APC gene.

Endoscopic Protocol

All endoscopies of the proximal small bowel were performed
under general anesthesia (total intravenous anesthesia, a common
procedure in France for complex gastrointestinal endoscopic pro-

cedures), using a side-viewing endoscope (TJF 140; Olympus,
Hamburg, Germany) for the examination of the duodenal papilla
and then a forward-viewing enteroscope (SIF-100; Olympus)
without use of an overtube. Indigo-carmine (0.5%) dye was sys-
tematically used. At each endoscopy, the number and maximal
size of small bowel polyps were recorded from the following three
different segments: proximal duodenum (first and second parts),
distal duodenum (third and fourth parts), and proximal jejunum
(two to three first jejunal loops within reach of the enteroscope).
The size of the largest polyp in each segment was estimated with
the use of open-biopsy forceps. The number and maximal size of
polyps in these three segments were reported on standardized data
collection forms at the time of endoscopy, which included a sche-
matic diagram of the proximal small bowel. Biopsies were system-
atically obtained from the duodenal papilla (on the apex) and
from large (at least 10 mm) polyps and from most polyps of more
than 5 mm in diameter. Histologic results were subsequently
reported. The stage of small bowel polyposis was graded using the
Spigelman’s score (range, zero to 12 points) and classification
(stage 0 to IV, Table 1). The polyposis in the proximal duodenum
(first and second part) was staged according to the Spigelman’s
classification [11]. According to the updated Vienna classification
of gastrointestinal epithelial neoplasia (low-grade dysplasia or
HGD) [12], the Spigelman’s score was modified by attributing one
point for low-grade and three points for HGD. Cases showing
HGD were reviewed blindly by two different pathologists, and all
the histologic material available for each patient was retrospec-
tively reviewed and graded by our reference pathologist (J.-
Y.S.); only those patients with a concordant diagnosis of HGD
were retained. Patients were hospitalized for 24 hours after
endoscopy, blood amylase levels were routinely checked 24
hours after biopsies of the duodenal papilla, and results were
reviewed retrospectively. Other complications of endoscopy
were recorded prospectively.

Expression of the Results and Statistical Analysis

Age, number of examinations, length of follow-up, and
Spigelman’s score were presented as mean (� standard deviation).
Complications of endoscopy were presented as the proportion
(percentage) of total number of examinations. Endoscopic find-
ings (number, size, and histology of polyps) were presented as
proportion (percentage) of patients. Independent predictive fac-
tors of increasing score and of occurrence of HGD were assessed.
Tested factors included age at first examination (all 2-year inter-
vals between 32 and 40 years were tested), genetic APC back-
ground (considering two groups with or without APC mutation
within the 279 to 1309 codon interval, previously shown to corre-
late with severity of the duodenal polyposis in FAP patients) [10],

Table 1. Modified Spigelman’s Score and Classification

Factor

Score

1 Point 2 Points 3 Points

No. of polyps 1-4 5-20 � 20
Polyp size, mm 1-4 5-10 � 10
Histology Tubulous Tubulovillous Villous
Dysplasia Low grade — High grade

NOTE. Classification: no polyp, stage 0; 1 to 4 points, stage I; 5 to 6
points, stage II; 7 to 8 points, stage III; 9 to 12 points, stage IV.
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and original Spigelman’s score (all values from 6 to 9 were tested,
Table 1). Independent factors of occurrence of HGD were tested
first using Kaplan-Meier cumulative analysis and log-rank tests
and then using a Cox multivariate model. A mover-stayer regres-
sion model was used to estimate both the probability associated
with increased Spigelman score and the efficacy of the predictors
[13]. In this model, we hypothesized that patients with a stable
score during the follow-up would remain stable on a long-term
basis. Attention was paid to patient origin, by distinguishing pa-
tients referred for management of duodenal polyposis from pa-
tients who were observed in our institution for several years; the
latter group was considered as representative of the general popu-
lation of FAP patients in terms of age and Spigelman’s score. The
mover-stayer regression model does not make any a priori as-
sumption; for each patient, the probability to be a stayer (stable
score over time) or a mover (increasing score) is estimated using
the patient’s series of scores and the overall trend of both the stayer
and the mover groups of other patients. The Markov Chain Monte
Carlo method has been used for this analysis [14]. Because several
surgical and medical teams support the idea that FAP patients with
stage IV duodenal polyposis should be treated with PD [5,9,15],
the life-time cumulative risk of developing advanced (stage IV)
duodenal polyposis was estimated using the results of the above
mover-stayer regression model. SAS software (SAS/STAT User’s
Guide, Version 6, 1990; SAS Institute, Cary, NC) was used for all
standard analyses. BUGS software (BUGS: Bayesian inference us-
ing Gibbs sampling; MRC Biostatistics Unit, Cambridge, United
Kingdom) was used for the mover-stayer regression model. A
P value � .05 was considered significant.

RESULTS

Since 1995, 35 patients with FAP underwent at least two
consecutive examinations of the duodenojejunum. The
mean (� standard deviation) age of the cohort was 37 �
10.2 years. Patients had a mean of 3.1 � 0.8 examinations
(total, 107 examinations). One examination (0.9%) re-
sulted in a delayed (72 hours) cervical hematoma and per-
foration justifying emergency surgery, which was resolutive
without sequel. No complications related to general anes-
thesia were observed. No patient developed symptoms of
pancreatitis, despite systematic biopsies at the site of the
duodenal papilla, but an asymptomatic amylase increase

(� 2 � the normal range) was observed in 18 (30%) of 60
available tests.

Duodenal and Jejunal Polyposis Progression

The 28 nonreferred patients had a mean original
Spigelman’s score of 7.0 (95% CI, 6.4 to 7.7). The mean
baseline score interval between the seven referred and the 28
nonreferred patients was of 1.9 (95% CI, 0.4 to 3.4; P � .02).
During a mean follow-up of 47.9 � 15.6 months, the mean
Spigelman’s score of all 35 patients increased from 6.9 � 1.6
to 7.9 � 2.1. The Spigelman’s score increased in 21 patients
(60%; six of seven referred v 15 of 28 nonreferred patients;
P � not significant). The mean annual score increase was of
0.35 (95% CI, 0.26 to 0.48) in these 21 patients. Table 2
shows the Spigelman’s score and stage progression in the 35
patients. During the follow-up, the polyp count in the dif-
ferent segments of the proximal small bowel increased in 12
patients (34.2%; in the proximal duodenum of eight pa-
tients, in the distal duodenum of six patients, and in the
jejunum of seven patients). Polyp size increased in 18 pa-
tients (51.4%; at the duodenal papilla of six patients, in the
proximal duodenum distinct from the duodenal papilla of
13 patients, in the distal duodenum of five patients, and in
the jejunum of one patient). Large (� 1 cm) adenomas were
present at first examination in six patients (17.1%); during
the follow-up, none of these large adenomas regressed, two
of these six patients developed large adenomas in another
segment of the proximal small bowel, and large adenomas
developed in 11 patients (31.4%). A diagnosis of HGD was
made in 13 patients (37.1%), on biopsy specimens of a
5-mm duodenal adenoma at first examination in one pa-
tient who refused endoscopic mucosectomy and was fol-
lowed up for 50 months until an increase in size of the
adenoma and endoscopic resection and during the fol-
low-up in 12 patients (34.2%); HGD was localized at one
site in 10 of these patients (duodenal papilla, three patients;
proximal duodenum, five patients; distal duodenum, one
patient; and first jejunal loop, one patient) and was present
at several sites in two patients (proximal duodenum and
jejunum in both patients). Except for the patient with HGD

Table 2. Patients in the Different Stages of Duodenal Polyposis, According to the Spigelman’s Classification, at Original and Last Examination:
Evolution of Score, Stage, and Degree of Dysplasia on Adenomas

Stage I Stage II Stage III Stage IV

No. % No. % No. % No. %

All patients
Stage at first examination 3 8.5 11 31.4 16 45.7 5 14.2
Stage at last examination 3 8.5 6 17.1 11 31.4 15 42.8

Patients in the same stage
Increasing score 0 0 5 45.4 12 75.0 4 80.0
Increasing stage 0 0 5 45.4 9 56.2 — —
Development of high-grade dysplasia 0 0 1 9.0 8 50.0 3 60.0

High-Risk Duodenal Adenomas in FAP
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at initial examination, HGD was always diagnosed within
large (� 1 cm) adenomas. The 13 patients with confirmed
HGD underwent endoscopic resection (ampullectomy in
four patients and mucosectomy in eight patients) or surgi-
cal resection (jejunal resection in one patient); histologic
examination of the resected specimens confirmed the pres-
ence of HGD in all patients but did not reveal any evidence
of invasive carcinoma. The number of patients with increas-
ing polyp number, size, or worsening dysplasia was not
statistically different when comparing referred and nonre-
ferred patients.

Risk of HGD

The development of HGD is an important component
of the Spigelman’s classification (Table 1) and a decisive
criterion for decision of endoscopic resection of duodenal
adenomas [3,16,17]. In an attempt to identify factors pre-

dictive of HGD development, we did not observe any sig-
nificant association with patient age at first examination
(any value between 32 and 40 years of age) or with APC
mutation site (18 patients whose mutation was located be-
tween codons 279 and 1309 were compared to 11 patients
with a mutation outside this interval). However, an original
Spigelman’s score equal to or greater than 7 (P � .032) or 8
(P � .035) was predictive of HGD development (Fig 1).

Risk of Advanced Duodenal Polyposis

The present prospective data were used for calculating
the life-time risk of developing stage IV duodenal polyposis.
The regression model predicted a proportion of patients
with a stage IV duodenal polyposis of 42.9% at age 60 (95%
CI, 35.7% to 50.0%) and of 50.0% at age 70 (95% CI, 42.9%
to 57.1%).

DISCUSSION

The data presented here provide information on the pro-
gression of duodenal polyposis in FAP patients in a single-
center prospective study with an optimized surveillance
protocol. The Spiegelman’s score, which quantifies the se-
verity of this duodenal polyposis, increased during the fol-
low-up in 50% of patients, and HGD developed in 32% of
the patients. This rate of progression seems to be higher
than reported in previous series published on this topic
(Table 3) [6,7,15]. This discrepancy may result from differ-
ences in populations under study and/or from a different
methodology of duodenal examination. However, the
group of FAP patients studied here does not seem to differ
from previous reports regarding patients’ mean age (37
years v 42 years, respectively), male to female ratio, position
of APC mutations, and even the proportion of patients with
advanced duodenal polyposis at first examination as de-
tailed in three of six series (stage III, 45.7% v 35.9% to 38.5%
in previous series; stage IV, 14.2% v 7% to 14% in previous
series). Some of our patients were referred from primary

Fig 1. Probability, for familial adenomatous polyposis patients, of remaining
free of high-grade dysplasia on duodenal adenoma biopsy specimens during
the follow-up, as a function of the Spigelman’s score (according to the study
definition) calculated at original examination. P value was calculated using
the log-rank test.

Table 3. Selected Studies of Duodenal Polyposis Progression in Familial Adenomatous Polyposis Patients

Characteristic
Current
Study

Björk et
al [9]

Groves
et al [6]

Nugent
et al [15]

Burke
et al [7]

Matsumoto
et al [8]

Study type P R P P R R
No. of subjects 35 180 99 70 114 18
Mean age, years 37 — 42 42 — —
Male sex, % 57.1 — 55.2 55.7 — 38.8
Mean follow-up, months 47.9 72 — 40 51 196
Stage progression, % of patients 40.0 — 16.6 14.3 — —
Stage IV polyposis*

Initial examination, % 14 7.8 9.6 14.3 — —
Final examination, % 35 — 14.0 17.1 — —

Invasive carcinoma, No. 0 5 6 3 1 0

Abbreviations: P, prospective; R, retrospective.
�See Table 1.
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centers, but this is also likely to be the case in other studies
performed in reference centers. Some patients with attenu-
ated disease may not have medical follow-up; our series, like
previous ones, reflects only the situation of classical FAP.
However, there are important methodologic differences be-
tween our series and others. First, our series uses a prospec-
tive study design, which is the case for only two of the five
previously published series. It is noteworthy that these two
other series were reported by the same team, were prospec-
tive, and most likely correspond to a single group of patients
[6,15]. Thus, most of the results available on the progres-
sion of duodenal polyposis in FAP patients are retrospec-
tive, and the largest series are derived from cancer registra-
tion in different countries [5,9]. Second, the type of
endoscope used in our study, as well as the endoscopic
procedure, is more sophisticated than in most other studies,
which have used either a simple forward-viewing [5,9] or a
lateral-viewing endoscope [6,15,18]. Only one series is
based on the use of axial and lateral-viewing endoscopes
during the same examination [7]. Importantly, no series
other than ours makes use of indigo-carmine coloration
and general anesthesia. There is accumulating evidence that
indigo-carmine dye is a powerful method to detect flat
neoplastic lesions [19,20], as are most duodenal adenomas
in FAP patients, although its usefulness in FAP patients has
not been demonstrated. As for general anesthesia, which is a
requirement in France for all difficult endoscopic proce-
dures, we consider, as suggested in the more recent prospec-
tive series published on the topic [6], that it allows a precise
and comfortable examination of all segments of the duode-
num and proximal jejunum in this difficult situation of
duodenal polyposis. A randomized prospective study com-
paring duodenal examination in FAP patients with or with-
out general anesthesia is required to confirm this hypothe-
sis. Thus, the important differences concerning the
percentages of patients with late-stage polyposis, mostly at
the end of the follow-up, compared with previous series are
explained by these methodologic differences. However, we
believe that this does not represent an overestimation of
polyposis severity, but rather, it indicates better identifica-
tion of true neoplastic lesions.

The use of an optimized methodology for duodenal
polyposis surveillance in FAP patients deserves further jus-
tification because no consensus has emerged from previous
studies on this matter [7,16,21]. The use of a lateral-viewing
endoscope is generally recommended to examine and bi-
opsy the duodenal papilla, which is a major site of neoplas-
tic progression in this disease. Moreover, the use of lateral-
and axial-viewing endoscopes at the same time under gen-
eral anesthesia has been recommended at least for patients
with advanced polyposis. Because the main objective of
these surveillance programs is prevention or at least early
detection of cancer, results of previous series are rather

troubling. Among four recent series (including two pro-
spective studies from the same hospital and two retrospec-
tive studies, Table 3), a total of 15 patients with duodenal
cancer were reported; in most cases, these patients were not
diagnosed at screening but at onset of symptoms, and 11
(73.3%) of these patients had at least locally advanced dis-
ease because they died as a result of cancer [6,9,15]. More-
over, these advanced cancers developed in four (36.3%) of
11 patients with duodenal polyposis who were evaluated at
stage III or lower stages. One explanation for such poor
results is that simple surveillance of duodenal polyposis in
FAP patients is not sufficient and that surgery is justified in
advanced cases (stage IV, maybe stage III when considering
the reported occurrence of cancers at early stages). This is in
contrast with the efficiency of colonic surveillance in patients
with Lynch syndrome, despite the fact that these patients are
also prone to develop flat adenomas that rapidly progress into
cancer [22]. Another interpretation, as suggested by some au-
thors [6], would be that these surveillance programs are not
satisfying, which argues in favor of a more extensive approach,
such as the one developed here. We plan to confirm the suit-
ability of our approach by extending the follow-up of the
present series. To date, none of our patients developed duode-
nal adenocarcinoma during a 48-month median follow-up,
and complete resection of large adenomas with HGD using
mucosectomy or surgery never revealed invasive carcinoma.

Therapeutic decisions concerning duodenal polyposis
in FAP patients involve complex issues. A decision analysis
model has been developed, based on retrospective data
from polyposis registries in the Netherlands and Denmark
[5]. In this model, the cumulative risk of developing stage
IV duodenal polyposis was evaluated at 11%, a low rate
justifying prophylactic PD in this situation, despite the 5%
death rate of PD (only death, and not severe morbidity
related to PD, was considered in the analysis) [23]. The
cumulative risk of stage IV duodenal polyposis has been
evaluated at 20% [9] and 30% [6] at ages 60 and 65 years,
respectively, in two recent series and reaches 40% at age 60
and 50% at age 70 in our study. These results argue in favor
of a new decision analysis model because the clinical com-
plications of PD may overcome the benefit of surgery when-
ever approximately one third to half of patients with FAP
should undergo prophylactic PD. Far beyond the scope of
this study is the evaluation of therapeutic endoscopy in FAP
patients with advanced duodenal polyposis. However, the
high cumulative risk of stage IV polyposis supports further
studies on endoscopy as an alternative to surgery in the
prevention of duodenal cancer.
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