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Abstract
Background and aims—The choice of
colorectal surgery in patients with famil-
ial adenomatous polyposis lies between
the morbidity of proctocolectomy and
ileum-pouch-anal anastomosis (IPAA)
and the mortality from rectal cancer after
total colectomy and ileorectal anastomo-
sis (IRA). The aims of the present study
were: (1) to assess the risk of dying from
rectal cancer after IRA, (2) to compare the
life expectancy between patients with an
IRA and those with an IPAA, and (3) to
investigate whether regular endoscopic
examination of the rectum leads to detec-
tion of cancer at an earlier stage.
Methods—Clinical and pathological data
on 659 patients who underwent colectomy
and ileorectal anastomosis were collected
from four national polyposis registries—
that is, in Denmark, Finland, Sweden, and
the Netherlands. Data were analysed using
survival analysis methods. Decision
analysis was used to compare the life
expectancy between patients with an IRA
and those with an IPAA.
Results—A total of 47 patients developed
rectal cancer after IRA. The risk of dying
from rectal cancer was 12.5% (95% confi-
dence interval 7.1–17.9%) by age 65. Com-
pared with IRA, IPAA would lead to an
increase in life expectancy of 1.8 years.
Seventy five per cent of patients with rec-
tal cancer had a negative rectoscopy
within 12 months before the diagnosis.
Conclusion—IRA is associated with sub-
stantial mortality due to rectal cancer.
Follow up examinations of the rectum
does not have suYcient preventive eVect
on morbidity and mortality of rectal
cancer.
(Gut 2001;49:231–235)
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Familial adenomatous polyposis (FAP) is an
autosomal dominant disease characterised by
the development of numerous adenomas in the
colorectum and various other extracolonic
manifestations, such as adenomas in the upper
gastrointestinal tract, desmoids, and retinal
lesions.1 The syndrome is caused by mutations
in the APC (adenomatous polyposis coli)

gene.2 3 Most patients develop colorectal ad-
enomas in their second decade of life and if not
treated promptly, they will develop colorectal
cancer in the third and fourth decades of life.1

The establishment of polyposis registries in
various countries encouraged genealogical
studies in FAP families and, consequently,
identification of family members at risk for the
disease.4 These activities led to the detection of
polyposis at an earlier, often premalignant
stage,5 6 and to improvement in prognosis.7

Although medical treatment with non-
steroidal anti-inflammatory drugs (NSAIDs) is
eVective in reducing the number and/or size of
the adenomas,8–11 the only curative treatment of
colonic polyposis is surgical. Until a decade
ago, colectomy with an ileorectal anastomosis
(IRA) was the most frequently used surgical
procedure for the treatment of FAP. This
surgical option is attractive because it is a rela-
tively simple procedure with good functional
results. However, a major disadvantage is the
need for continuous endoscopic follow up and
the remaining risk of rectal cancer that
increases over time.12–14 In addition, in a signifi-
cant number of cases a secondary proctectomy
is needed because of uncontrollable polypo-
sis.14 15

These disadvantages may be the reason that
an increasing number of patients are treated
with the alternative surgical option—that is,
proctocolectomy and ileal-pouch-anal anasto-
mosis (IPAA). However, this surgical proce-
dure also has various disadvantages, including
a risk of severe postoperative complications, in
the worst case necessitating removal of the
pouch and construction of an ileostomy.
Another disadvantage is poorer functional out-
come compared with IRA.16

For patients with a large number of rectal
adenomas or rectal cancer and those who will
not comply with follow up examinations after
IRA, an IPAA seems the procedure of first
choice. However, there is no agreement on the
best surgical option for patients with a limited
number of rectal adenomas. In deciding
between the two procedures, the risk of devel-
oping rectal cancer after IRA is important but
even more crucial is the risk of dying of rectal
cancer.

Abbreviations used in this paper: IPAA,
ileum-pouch-anal anastomosis; IRA, ileorectal
anastomosis; FAP, familial adenomatous polyposis;
NSAIDs, non-steroidal anti-inflammatory drugs.
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The aims of the present study therefore were
to assess the risk of dying from rectal cancer in
a large series of IRA patients and to determine
if frequent follow up of the rectum leads to
detection of rectal cancer at an early stage. In
addition, using the technique of decision
analysis, we evaluated whether there is a diVer-
ence in life expectancy between the two surgi-
cal procedures.

Methods
Four national polyposis registries (in Finland,
Denmark, Sweden, and the Netherlands)
participated in the study. Clinical information
was collected on 659 patients who underwent a
colectomy with an IRA for FAP between 1940
and 1997. The registered data included
information on the mode of diagnosis, age at
diagnosis, pathology, age at surgery, type of
surgery, age at death, and causes of death. A
total of 193 of 659 patients (29%) presented
with symptoms (probands) and 418 patients
(63%) were identified by family screening (call
up cases). For the remaining patients the mode
of diagnosis was not known.

For risk assessment, patients who underwent
an IRA were studied with respect to their risk
of dying due to rectal cancer. Data were
analysed using survival analysis methods.
Observation time was from the date of surgery
up to the date of last contact, death, the date of
rectal excision for other reasons, or closing date
of the study (31 December 1997).

A decision model was developed to estimate
the potential health eVects (life expectancy) of
the two surgical options. Calculations were
applied to a hypothetical polyposis patient aged
25 years who was found to have hundreds of
adenomas in the colon and only a few in the
rectum. Age 25 years was chosen because this

is approximately the mean age at surgery. The
first step was to identify the outcomes of both
surgical options and to construct a decision
tree displaying these events in their correct
time sequence. The decision model for both
strategies is shown in fig 1. Points where the
tree branches (“nodes”) are indicated by a
square when they are under the control of the
physician and by a round symbol when they are
not. The software program “Decision maker”
was used to calculate life expectancies.

Results
MORTALITY

Ninety seven patients died at a mean age of 48
years (range 21–80). The main cause of death
in the total group of patients was metastatic
colorectal cancer. In the screen detected group,
rectal cancer was the main cause of death. The
causes of death are listed in table 1. A total of
47 patients developed rectal cancer after IRA.
Mean age at diagnosis of rectal cancer was 44.5
years (range 21–46). Dukes’ stages of the
tumours are shown in table 2. Dukes’ A
cancers were more frequently observed among
patients with rectal cancer after an IRA than in
patients with sporadic colorectal cancer regis-
tered at the Dutch Cancer Registry.17 Twenty
eight (75%) patients had no evidence of cancer
at the previous endoscopic examination within
one year before a diagnosis of rectal cancer.
The majority of these patients (19 of 28) had
Dukes’ stage A or B colorectal cancer (table 3).
Five year survival for patients with Dukes’ A
tumours (n=8) was 100%, for patients with
Dukes’ B tumours (n=19) 83%, for patients
with Dukes’ C tumours (n=12) 75%, and the
five year survival for patients with distant
metastases (n=5) was 20%. The risk of dying
from rectal cancer was 8% by age 55, 9% by

Figure 1 Decision tree for a 25 year old patient with familial adenomatous polyposis.
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age 60, and 12.5% (95% confidence interval
7.1–17.9%) by age 65. The probabilities of
dying from rectal cancer for patients operated
on before and after 1980 were 5.1% and 2.1%
at 10 years after surgery, respectively.

DECISION ANALYSIS

A summary of the data used in the decision
analysis is shown in table 4. Assessment of the
risk of developing rectal cancer or the risk of a
secondary proctectomy for other reasons was
the subject of a previous study performed by
the Dutch-Scandinavian collaborative group.
This analysis indicated that the estimated risks
of a secondary proctectomy because of rectal
cancer or because of other reasons by age 65
years were 26% and 34%, respectively.18

Mean ages at proctectomy because of rectal
cancer or other reasons were derived from the
current data. The life expectancy of males and
females at birth in the Netherlands and Scandi-
navian countries is 75 and 80 years, respectively
(mean 77 years). We assumed that the life
expectancy of a patient with polyposis is
shortened by seven years because of death due
to extracolonic lesions such as desmoid tumours
and duodenal cancers.19 Hence the life expect-
ancy of a hypothetical 25 year old polyposis
patient is 45 years. As reports on the develop-
ment of cancer in the pouch after IPAA are rare,
we assumed that this risk was negligible.

Using these data, we calculated the life
expectancy for each patient. For example, the
life expectancy of our 25 year old patient if he
develops local rectal cancer is: 20
years+(0.90×25 years)+(0.10×5 years)=43
years. We then worked our way back through
the decision tree by “folding it back” from right
to left. By multiplying the life expectancy by
the probabilities of their occurrence and
summing them for each node, we could assign
life expectancies to the various nodes. For
example, the life expectancy for chance node
A2 (37.9 years) was the life expectancy of a
patient with local cancer (43 years) times the
probability of presenting with this state (0.61)
plus the life expectancy of a patient with meta-
static cancer (30 years) times the probability of
presenting with such a stage (0.39). We found
that the option of IPAA would lead to an
increase in life expectancy of 1.8 years.

Discussion
The present study revealed that patients with
an IRA have a higher risk of dying from rectal
cancer than has been suggested previously.12 In
contrast with other studies19 20 that showed that
desmoid tumours and duodenal cancers are
the most frequent causes of death in screen
detected cases, in the present study rectal can-
cer was the most frequent cause of death in this
group. Interestingly, none of the patients with
an IRA in the combined series died from a
desmoid tumour. The high incidence of rectal
cancer cannot be attributed to failure of
compliance as 75% of patients had undergone
an endoscopic examination within 12 months
prior to the diagnosis of rectal cancer. Al-
though periodic examination led to detection
of more Dukes’ A cancers compared with
symptomatic sporadic colorectal cancer, it did
not prevent the development of advanced
stages of rectal cancer. Using decision analysis
we found that IPAA would lead to an increase
in life expectancy of 1.8 years. We did not
adjust the life expectancies for quality of life as
a recent study from our group did not reveal
any diVerences in quality of life between IRA
and IPAA.21

For the analysis we assumed that the risk of
developing cancer from residual rectal mucosa
after IPAA was negligible. In this respect it
should be noted that a recent international col-
laborative study revealed that patients with an
IPAA have a significant risk of adenoma, espe-
cially after a double stapled procedure.22

Reports of cancers that developed after IPAA
in the literature are rare23–26 but follow up after

Table 1 Mortality observed in 659 patients with ileorectal anastomosis (IRA)

Cause of death

Screen detected group Total group

n % n %

Rectal cancer after IRA 12 2.9 28 4
Non-FAP related 6 1.4 17 2.6
Duodenal cancer 4 0.9 8 1.2
Other cancer 4 0.9 10 1.5
Postoperatieve complications 2 0.4 4 0.6
Metastatic primary colorectal cancer 0 0 22 3.3
Unknown 2 0.4 8 1.2

FAP, familial adenomatous polyposis.

Table 2 Comparison of Dukes’ stages between patients
with rectal cancer after ileorectal anastomosis (IRA) and
patients with sporadic colorectal cancer

Dukes’ stage

Rectal cancer after IRA
Sporadic colorectal
cancer (%)*n %

A 8 17 8
B 19 40 43
C 12 25 22
Distant metastases 5 11 12
Unknown 3 6 13

*Data from the Dutch Cancer Registry.15

Table 3 Interval since last negative endoscopy in patients
diagnosed with rectal cancer

Time (months) No patients (%)

0–6 13 (35)*
6–12 15 (40)**
12–18 5 (13)
18–24 1 (3)
>24 3 (8)
? 10
Total 47

*Two Dukes’ A, eight Dukes’ B, one Dukes’ C cancers, and two
colorectal cancers with distant metastases.
**Two Dukes’ A, seven Dukes’ B, four Dukes’ C, and two
colorectal cancers with distant metastases.

Table 4 Data used for the decision analysis

x Risk proctectomy rectal cancer by age 65=0.26
x Risk proctectomy other reasons by age 65=0.34
x Mean age proctectomy for rectal cancer=45 years
x Mean age proctectomy for other reasons=36 years
x Perioperative mortality=0.00532

x Risk local rectal cancer=0.61
x Risk metastatic rectal cancer=0.39
x 10 year survival local rectal cancer=0.90
x 10 year survival metastatic disease=0.25
x Life expectancy 25 year old FAP patient=45 years
x Risk of pouch excision after IPAA<0.0516 33

IPAA, ileum-pouch-anal anastomosis; FAP, familial adenoma-
tous polyposis.

Decision analysis in the surgical treatment of FAP 233

www.gutjnl.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.49.2.231 on 1 A

ugust 2001. D
ow

nloaded from
 

http://gut.bmj.com/


this surgical procedure is still relatively short
(15–20 years). Also, adenomas in the pouch
have been reported similar to adenomas above
the anastomosis after IRA.27 One study re-
ported adenomas in the ileal pouch in 11
(42%) of 26 patients.28

The current study included patients who
underwent surgery over a long period of time.
Since the introduction of IPAA in 1980 an
increasing number of patients are selected for
this procedure (fig 2). Over the course of time
the indications for surgery may have changed.
Today, patients with a moderate number of
rectal polyps would probably be selected for an
IPAA procedure while in the past such patients
would have undergone IRA rather than the
only alternative at that time (that is, procto-
colectomy with a rather mutilating ileostomy).
As a consequence, the risk of cancer in patients
that are now selected for IRA (patients with a
relatively mild polyposis) may be lower than the
risk in patients selected for an IRA 20 years
ago. Indeed, a subanalysis showed a higher risk
of dying from rectal cancer in patients who
underwent surgery before 1980 (risk 5.1% at
10 years after surgery) compared with those
with surgery after 1980 (risk 2.1% at 10 years
after surgery).

A striking finding in the present study was
that follow up examinations and polypectomies
did not prevent the development of cancer.
The question is, how can the eVectiveness of
endoscopic surveillance of the rectum in this
group of patients be improved? The increasing
use of flexible sigmoidoscopy instead of rigid
rectoscopy may improve early detection of rec-
tal cancer. Nugent and Phillips suggested
shortening the interval between examinations
from six to four months in selected cases.13

Another possibility is to use the technique of
fluorescence endoscopic imaging to identify
non-polypoid adenomatous areas in the rectal
mucosa.29 Several studies showed that treat-
ment with NSAIDs leads to disappearance or
reduction in the size of rectal adenomas. On
the other hand, patients who developed cancer
while receiving sulindac treatment have been
reported.30 31 Long term follow up studies are
needed to assess if the risk of cancer develop-
ment is decreased by treatment with NSAIDs.
Until such studies are available frequent follow
up of the rectum should also continue in
patients in which the adenomas disappeared
after treatment.

The results of the present study can be used
in the decision making of surgical manage-
ment. The significant mortality due to rectal
cancer after IRA and the shortened life expect-
ancy after IRA compared with IPAA can be
considered arguments against IRA. Probably
the only appropriate indication for an IRA pro-
cedure is a patient with few or no rectal adeno-
mas from a family with a similar mild
phenotype of the disease.

1 Bussey HJ. Familial polyposis coli. Baltimore: Johns Hopkins
University Press, 1975.

2 Groden J, Thliveris A, Samowitz W, et al. Identification and
characterization of the familial adenomatous polyposis coli
gene. Cell 1991;66:589–600.

3 Kinzler KW, Nilbert MC, Vogelstein B, et al. Identification
of a gene located at chromosome 5q21 that is mutated in
colorectal cancers. Science 1991;251:1366–70.

4 Bulow S, Burn J, Neale K, et al. The establishment of a
polyposis register. Int J Colorectal Dis 1993;8:34–8.

5 Vasen HF, GriYoen G, OVerhaus GJ, et al. The value of
screening and central registration of families with familial
adenomatous polyposis. A study of 82 families in the Neth-
erlands. Dis Colon Rectum 1990;33:227–30.

6 Jarvinen HJ. Epidemiology of familial adenomatous polypo-
sis in Finland: impact of family screening on the colorectal
cancer rate and survival. Gut 1992;33:357–60.

7 Bulow S, Bulow C, Nielsen TF, et al. Centralized
registration, prophylactic examination, and treatment
results in improved prognosis in familial adenomatous
polyposis. Results from the Danish Polyposis Register.
Scand J Gastroenterol 1995;30:989–93.

8 Labayle D, Fischer D, Vielh P, et al. Sulindac causes
regression of rectal polyps in familial adenomatous polypo-
sis. Gastroenterology 1991;101:635–9.

9 Giardiello FM, Hamilton SR, Krush AJ, et al. Treatment of
colonic and rectal adenomas with sulindac in familial
adenomatous polyposis. N Engl J Med 1993;328:1313–16.

10 Winde G, Schmid KW, Schlegel W, et al. Complete
reversion and prevention of rectal adenomas in colect-
omized patients with familial adenomatous polyposis by
rectal low-dose sulindac maintenance treatment. Advan-
tages of a low-dose nonsteroidal anti-inflammatory drug
regimen in reversing adenomas exceeding 33 months. Dis
Colon Rectum 1995;38:813–30.

11 Steinbach G, Lynch PM, Phillips RKS, et al. The eVect of
celecoxib, a cyclooxygenase-2 inhibitor, in familial adeno-
matous polyposis. N Engl J Med 2000;342:1946–52

12 De Cosse JJ, Bulow S, Neale K, et al. Rectal cancer risk in
patients treated for familial adenomatous polyposis. The
Leeds Castle Polyposis Group. Br J Surg 1992;79:1372–5.

13 Nugent KP, Phillips RK. Rectal cancer risk in older patients
with familial adenomatous polyposis and an ileorectal
anastomosis: a cause for concern. Br J Surg 1992;79:1204–6.

14 Vasen HF, van der Luijt RB, Slors JF, et al. Molecular
genetic tests as a guide to surgical management of familial
adenomatous polyposis. Lancet 1996;348:433–5.

15 Heiskanen I, Jarvinen HJ. Fate of the rectal stump after
colectomy and ileorectal anastomosis for familial adenoma-
tous polyposis. Int J Colorectal Dis 1992;12:9–13

16 van Duijvendijk P, Slors JFM, Taat CW, et al. Functional
outcome after colectomy and ileorectal anastomosis
compared to proctocolectomy and ileo-pouch-anal anasto-
mosis in familial adenomatous polyposis. Ann Surg
1999;230:648–54.

17 Coebergh JWW, van der Heijden LH, Janssen-Heijnen
MLG, eds. Cancer incidence and survival in the Southeast of
the Netherlands 1955–1994. Eindhoven: Comprehensive
Cancer Centre South, 1995.

18 Bulow C, Vasen HF, Jarvinen H, et al. Ileorectal anastomo-
sis is appropriate for a subset of patients with familial
adenomatous polyposis. Gastroenterology 2000;119:1454–
60.

19 Arvanitis ML, Jagelman DG, Fazio VW, et al. Mortality in
patients with familial adenomatous polyposis. Dis Colon
Rectum 1990;33:639–42.

20 Nugent KP, Spigelman AD, Phillips RK. Life expectancy
after colectomy and ileorectal anastomosis for familial
adenomatous polyposis. Dis Colon Rectum 1993;36:1059–
62.

21 van Duijvendijk P, Slors JF, Taat CW, et al. Quality of life
after total colectomy with ileorectal or proctocolectomy
and ileoanal anastomosis for familial adenomatous polypo-
sis. Br J Surg 2000;87:590–6.

22 van Duijvendijk P, Vasen HF, Bertario L, et al. The cumula-
tive risk of developing polyps or malignancy at the ileal
pouch-anal anastomosis in patients with familial adenoma-
tous polyposis. J Gastrointest Surg 1999;3:324–30.

23 Hoehner JC, Metcalf AM. Development of invasive adeno-
carcinoma following colectomy with ileoanal anastomosis
for familial polyposis coli. Report of a case. Dis Colon Rec-
tum 1994;37:824–8.

24 von Herbay A, Stern J, Herfarth C. Pouch-anal cancer after
restorative proctocolectomy for familial adenomatous poly-
posis. Am J Surg Pathol 1996;20:995–9.

25 Bassuini MM, Billings PJ. Carcinoma in an ileoanal pouch
after restorative proctocolectomy for familial adenomatous
polyposis. Br J Surg 1996;83:506

Figure 2 Number of Dutch patients who underwent ileorectal anastomosis (IRA) or
ileum-pouch-anal anastomosis (IPAA) over the past five decades.

1955–1957 1958–1962 1963–1967 1968–1972 1973–1977 1978–1982 1983–1987 1988–1992 1993–1997

60

50

40

30

20

10

0

N
o

 p
at

ie
n

ts

IRA
IPAA
IRA converted to IPAA

234 Vasen, van Duijvendijk, Buskens, et al

www.gutjnl.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.49.2.231 on 1 A

ugust 2001. D
ow

nloaded from
 

http://gut.bmj.com/


26 Wiltz O, Hashmi HF, Schoetz DJJ, et al. Carcinoma and the
ileal pouch-anal anastomosis. Dis Colon Rectum 1991;34:
805–9.

27 Nugent KP, Spigelman AD, Nicholls RJ, et al. Pouch adeno-
mas in patients with familial adenomatous polyposis. Br J
Surg 1993;80:1620.

28 Wu JS, McGannon EA, Church JM. Incidence of neoplastic
polyps in the ileal pouch of patients with familial adenoma-
tous polyposis after restorative proctocolectomy. Dis Colon
Rectum 1998;41:552–6.

29 Wang TD, Van Dam J, Crawford JM, et al. Fluorescence
endoscopic imaging of human colonic adenomas. Gastroen-
terology 1900;111:1182–91.

30 Lynch HT, Thorson AG, Smyrk T. Rectal cancer after pro-
longed sulindac chemoprevention. A case report. Cancer
1995;75:936–8.

31 Niv Y, Fraser GM. Adenocarcinoma in the rectal segment in
familial polyposis coli is not prevented by sulindac therapy.
Gastroenterology 1994;107:854–7.

32 Nugent KP, Northover J. Total colectomy and ileorectal
anastomosis. In: Phillips RKS, Spigelman AD, Thompson
JPS, eds. Familial adenomatous polyposis. London: Edward
Arnold, 1994:79–91.

33 Parc YR, Möslein G, Dozois RR, et al. Familial adenoma-
tous polyposis. Results after ileal pouch anal anastomosis in
teenagers. Dis Colon Rectum 2000;43:893.

Browse the Archive

www.gutjnl.com

Gut online has an archive of content dating back to 1966.

Full text from 1997; abstracts from 1975; table of contents from 1966

Browse the Archive

Gut through the ages

Decision analysis in the surgical treatment of FAP 235

www.gutjnl.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.49.2.231 on 1 A

ugust 2001. D
ow

nloaded from
 

http://gut.bmj.com/

