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Abbreviations used in this paper: CT, computed tomography; DT, desmoid
tumors; FAP, familial adenomatous polyposis; IPAA, ileal pouch-anal
anastomosis; IRA, ileorectal anastomosis; MRI, magnetic resonance
imaging.
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BACKGROUND & AIMS:
 Desmoid tumors (DT) are an important cause of morbidity and mortality in patients with fa-
milial adenomatous polyposis (FAP). DT development might be related to the type and
approach of colectomy. We aimed to compare DT development after colectomy with ileorectal
anastomosis (IRA) and proctocolectomy with ileal pouch-anal anastomosis (IPAA).
METHODS:
 We performed an international historical cohort study in patients with FAP who underwent IRA
or IPAA between 1961 and 2020. The primary outcome was the incidence of abdominal DT
(either mesenteric, retroperitoneal, or abdominal wall). Patients with a DT diagnosis before or
at colectomy were excluded. Time to DT was considered censored at an eventual secondary
proctectomy after IRA. We used multivariable Cox regression modelling to adjust for potential
confounders.
RESULTS:
 We analyzed data from 852 patients: 514 after IRA and 338 after IPAA (median follow-up, 21
and 16 years, respectively). DTs were diagnosed in 64 IRA patients (12%) and 66 IPAA patients
(20%). The cumulative DT incidence at 5 and 10 years was 7.5% and 9.3% after open IRA and
4.7% and 10.9% after laparoscopic IRA. These estimates were 13.6% and 15.4% after open
IPAA and 8.4% and 10.0% after laparoscopic IPAA. The postoperative risk was significantly
higher after IPAA (P < .01) in multivariable analysis, whereas approach did not significantly
influence the risk.
CONCLUSIONS:
 The risk of developing an abdominal DT was found to be significantly higher after IPAA than
after IRA. Postoperative DT risk should be taken into account when choosing between IRA and
IPAA in FAP.
Keywords: Familial Adenomatous Polyposis; Colectomy; Desmoid Tumors.
Patients with familial adenomatous polyposis (FAP)
undergo colectomy at a young age followed by

lifelong endoscopic surveillance, which helps to prevent
colorectal cancer in most patients.1 After colectomy,
desmoid tumors (DT) are among the most common
causes of death in patients with FAP.2 DT are myofi-
broblastic proliferations that occur in 10%–20% of pa-
tients with FAP and most often develop in the small
bowel mesentery or abdominal wall.3,4 DT are benign
nonmetastasizing tumors but they can invade into sur-
rounding tissues, which can cause major morbidity and
mortality. Figure 1 shows an example of an intra-
abdominal DT on cross-sectional imaging and a photo-
graph of a resected DT.

Reported risk factors for the development of DT in
FAP include female sex, a germline pathogenic variant on
the 3’ end of the APC gene, a family history of DT, and a
history of abdominal surgery.3,5 Of these factors,
abdominal surgery might be the only modifiable factor.
Although refraining from colectomy is not feasible in
most patients with FAP, choosing the type of colectomy
and subsequent restorative procedure may be informed
by the subsequent DT risk.

In daily practice, patients generally undergo a total
colectomy with ileorectal anastomosis (IRA) or procto-
colectomy with ileal pouch-anal anastomosis (IPAA). Up
to 85% of DT in FAP are diagnosed after colectomy.3

Usually, these tumors arise shortly after surgery, after
a median of 3.2 years,3,5 implying a relationship to
surgery.
One could argue that a more extensive procedure,
including both abdominal and pelvic surgery and length-
ening maneuvers with stretching of the mesentery when
constructing an IPAA, could trigger DT formation. Two
meta-analyses demonstrated no difference in the DT inci-
dence in patients undergoing either IPAA or IRA. These
meta-analyses pooled reported incidence ratios and did not
adjust for confounders.6,7 Because the etiology of DT in FAP
is multifactorial, it is of importance to take into account
other known risk factors when studying the relationship
between type of colectomy and DT risk. Three studies re-
ported a multivariable analysis in which IPAA was associ-
ated with DT formation when adjusting for other
variables.8–10 Patients who underwent laparoscopic sur-
gery were found to have a lower risk of developing DT.8,10

These studies were relatively small or did not adjust for all
known DT risk factors. We believed that a large multicenter
study could add robust evidence on DT risk after different
types of colectomy. We compared total colectomy and IRA
with proctocolectomy and IPAA in terms of postoperative
intraabdominal, retroperitoneal, and abdominal wall DT
risk, taking into account all known risk factors.
Methods

Design and Study Population

We performed a multicenter historical cohort study in
7 expert centers for FAP, located in the Netherlands,



What You Need to Know

Background
Patients with familial adenomatous polyposis (FAP)
undergo colectomy and ileorectal anastomosis (IRA)
or proctocolectomy with ileal pouch-anal anasto-
mosis (IPAA) to prevent colorectal cancer. Patients
are also at risk of desmoid tumors (DT), usually
developing after surgery. The aim of this study was
to compare IRA to IPAA in terms of post-operative
abdominal DT risk.

Findings
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United Kingdom, Denmark, Spain, and Italy, all members
of the European FAP Consortium. Patients with FAP who
had undergone total colectomy and IRA or proctocolec-
tomy and IPAA between 1968 and 2022 were included. A
diagnosis of FAP was confirmed genetically by the
presence of a germline pathogenic variant in the APC
gene or clinically by the presence of at least 100 colo-
rectal adenomas. Patients who were diagnosed with an
intraabdominal or abdominal wall DT before or during
colectomy were excluded. The institutional review
boards of all centers approved the study. Informed
consent of patients was required only in centers in the
Netherlands, Denmark, and Italy.
After IRA, 12% of patients developed an abdominal
DT compared to 20% of patients after IPAA. After
adjusting for potential confounders in multivariable
analysis, the post-operative risk of developing DT
was significantly higher after IPAA, while surgical
approach (open or laparoscopic) did not significantly
influence DT risk.

Implications for patient care
In FAP, performing IRA instead of IPAA is preferred
in terms of post-operative DT risk. However, an IRA
should only be performed when the rectal polyposis
can be safely managed endoscopically.
Data Collection

Demographics and details on FAP diagnosis, including
the pathogenic variant site, were collected. Mutation site
was classified into 3 groups: at the 5’ end of codon 1250,
in between codon 1250 and 1450, and at the 3’ end of
codon 1450. A patient with a pathogenic variant at the 3’
end of codon 1450 was considered to be at increased risk
of developing DT.5 Surgical data included the type of
colectomy (IRA or IPAA) and approach of colectomy
(open or laparoscopic). The total number of abdominal
operations was also collected.

An abdominal DT diagnosis was defined as a radio-
logic diagnosis, a histologic diagnosis, or an optical
diagnosis of DT during abdominal surgery. Data on DT
included the year of diagnosis, and the location of the DT
divided into intraabdominal DT (mesenteric or retro-
peritoneal) and abdominal wall DT. A positive family
history of DT was defined as having 1 or more first-
degree relatives with a DT diagnosis.

In patients without a diagnosis of DT, information
was collated on whether they had had imaging,
computed tomography (CT), or magnetic resonance im-
aging (MRI) for any indication at least 5 years after
colectomy without signs of DT. Because DT develop
usually shortly after (procto)colectomy, we thereby
aimed to lower the chance of labelling patients as having
no DT while they might have asymptomatic DT. In none
Figure 1. An intraabdominal desmoid
tumor on cross-sectional imaging (left)
and a photograph of a resected des-
moid tumor (right).
of the participating hospitals do patients with FAP have
(regular) CT or MRI scans to actively screen for DTs.
However, cross-sectional imaging was performed in
some patients for other reasons, such as the develop-
ment of new symptoms, or because of concern due to a
family history of DT.
Statistical Analysis

The proportion of patients developing DT was esti-
mated using the Kaplan-Meier method in 4 groups: after
open/laparoscopic IRA versus open/laparoscopic IPAA.
For patients with IRA who underwent a secondary
proctectomy, time to event was considered censored at
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the time of proctectomy. A multivariable Cox propor-
tional hazard regression analysis was performed to
evaluate differences between groups, adjusting for the
following potential confounders: sex, APC pathogenic
variant site, family history of DT, number of undergone
abdominal operations, age at (procto)colectomy, and
country. In the first model we included 4 groups: open
IRA, laparoscopic IRA, open IPAA, and laparoscopic IPAA.
In the second model we excluded approach and only
included IRA and IPAA. To study the potential effect of
abdominal operations on DT risk, the number of previous
surgeries was included as a time-dependent variable. All
analyses were performed using SPSS version 28.0 (IBM
SPSS Statistics for Windows, Armonk, NY).

Results

Patient Characteristics

Table 1 summarizes the characteristics of the
included patients. In total, 852 patients (52% female sex)
without an abdominal DT diagnosis before or at time of
(procto)colectomy were included, of which 514 had un-
dergone total colectomy with IRA and 338 proctocolec-
tomy with IPAA. Sixteen patients with a DT diagnosis
before (procto)colectomy (n ¼ 5) or at time of (procto)
colectomy (n ¼ 11) were excluded. A pathogenic variant
at the 3’ end of codon 1450 was present in 35 (9%) IRA
Table 1. Patient Characteristics

IRA (n

Female sex, n (%) 274 (5

Known pathogenic variant in APC, n (%) 482 (9

Pathogenic variant location, n (%)
5’ end of codon 1250 319 (8
Between codon 1250 and 1450 42 (1
3’ end of codon 1450 35 (9

Median age at (procto)colectomy (IQR) 21 (1

Year of (procto)colectomy, n (%)
1968–1980 38 (7
1981–1990 150 (2
1991–2000 91 (1
2001–2010 105 (2
2011–2022 130 (2

Approach of (procto)colectomy, n (%)
Open 316 (6
Laparoscopic 185 (3

Total number of abdominal operations, n (%)
1 operation ([procto]colectomy) 282 (5
2 operations 93 (1
3 or more operations 139 (2

First-degree relative with DT, n (%) 123 (2

Median duration of follow-up, y 21 (1

DT, desmoid tumors; IPAA, ileal pouch-anal anastomosis; IQR, interquartile range
and 41 (16%) IPAA patients. The IPAA group underwent
surgery at a significantly higher age than the IRA group
(median, 27 years vs 21 years; P < .01). Laparoscopic
surgery was performed in 185 (37%) IRA patients and
114 (37%) IPAA patients. Two hundred and thirty-two
(45%) and 231 (68%) patients underwent 1 or more
other abdominal operations before or after (procto)
colectomy in the IRA and IPAA group, respectively. Of
note, closure of an ileostomy after IPAA was also counted
as abdominal operation. Significantly more IRA than
IPAA patients had 1 or more first-degree relatives with
DT: 123 (24%) versus 45 (13%). The median duration of
follow-up was significantly longer in the IRA group (21
vs 16 years; P < .01). One patient in the IRA group and 1
patient in the IPAA group were diagnosed with an
extraabdominal DT before surgery.

Abdominal Desmoid Diagnosis After Ileorectal
Anastomosis Versus Ileal Pouch-Anal
Anastomosis

Table 2 shows the characteristics of diagnosed DTs.
Within the entire cohort, 130 patients (15%) were
diagnosed with 1 or more abdominal DT after (procto)
colectomy: 64 (12%) in the IRA group and 66 (20%) in
the IPAA group. Five of 96 (5%) patients developed a DT
in Spain/Italy, 5/78 (6%) in Denmark, 25/196 (13%) in
the Netherlands, and 95/481 (20%) in the United
¼ 514) IPAA (n ¼ 338) P value

3) 165 (49) .22

4) 310 (92) .45

1) 165 (63)
1) 55 (21) < .01
) 41 (16)

7–32) 27 (19–35) < .01

) 4 (1) < .01
9) 37 (11) < .01
8) 89 (26) < .01
0) 117 (35) < .01
5) 91 (27) .60

3) 194 (63) 1.00
7) 114 (37)

5) 107 (32) < .01
8) 121 (36)
7) 110 (33)

4) 45 (13) < .01

0–32) 16 (9–25) < .01

; IRA, ileorectal anastomosis.



Table 2. Characteristics of DT Diagnosed After (Procto)Colectomy

IRA (n ¼ 514) IPAA (n ¼ 338) P value

Postoperative abdominal DT, n (%) 64 (12) 66 (20) < .01

Location of abdominal DT
Mesentery 57 52 .81
Retroperitoneal 0 2
Abdominal wall 27 25

Abdominal symptoms and intraabdominal DT, n (%)a 38 (59) 44 (67) .39

Imaging screening for DT, n (%) 8 (2) 11 (3) .15

No DT diagnosis and CT/MRI >5 y after surgery without DT, n (%) 144/450 (32) 116/272 (43) < .01

CT, computed tomography; DT, desmoid tumors; IPAA, ileal pouch-anal anastomosis; IRA, ileorectal anastomosis; MRI, magnetic resonance imaging.
aAbdominal symptoms at time of DT diagnosis that might have been caused by the DT.
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Kingdom. The median time from surgery to DT diagnosis
was 6 years after IRA and 4 years after IPAA. Of the 163
abdominal DTs that were diagnosed in this cohort, 109
(67%) were located in the mesentery, 52 (32%) in the
abdominal wall, and 2 (1%) in the retroperitoneal
space. At time of DT diagnosis, 38 (67%) IRA patients
and 44 (83%) IPAA patients had abdominal symptoms
that may have been caused by DT. One hundred forty-
four (32%) IRA patients and 116 (43%) IPAA pa-
tients without a diagnosis of DT had undergone 1 or
more CT/MRI scans at least 5 years after IRA/IPAA that
did not show DTs.

Fourteen patients (2%) developed an extraabdominal
DT after a median of 18 years after surgery. Given the
median time to extraabdominal DT development, we
believe that they are unlikely to be related to surgery and
therefore have not been included in further analyses.
Figure 2. Proportion of patients diag-
nosed with abdominal DT.
Figure 2 shows the Kaplan-Meier curves, reflecting
the estimated proportion of patients diagnosed with
abdominal DT after open IRA, laparoscopic IRA, open
IPAA, and laparoscopic IPAA. The unadjusted pro-
portions at 5 and 10 years were 7.5% and 9.3% in the
open IRA group and 4.7% and 10.9% in the laparoscopic
IRA group. Within the IPAA group, the unadjusted pro-
portions at 5 and 10 years were nonsignificantly higher
in the open group: 13.6% and 15.4% in the open IPAA
group and 8.4% and 10.0% in the laparoscopic IPAA
group.

Adjustment for Potential Confounders

In the first Cox proportional hazard regression model,
including the different type of operations (open IRA,
laparoscopic IRA, open IPAA, and laparoscopic IPAA),
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approach (open or laparoscopic) did not significantly
influence the DT risk in both the IRA group and in the
IPAA group. When not including approach in the second
model, the risk of an abdominal DT diagnosis was
significantly higher after IPAA than after IRA (hazard
ratio, 1.75; 95% confidence interval, 1.12–2.75; P ¼ .02).
In this analysis, the risk was found to be also higher in
case of a pathogenic variant at the ‘3 end of the APC gene
and having a first-degree relative with DT (Table 3).
Discussion

In this large multicenter study, we evaluated the risk
of abdominal DT after colectomy with IRA and procto-
colectomy with IPAA. The 5-year risk varied between 5%
and 14%. The risk of an abdominal DT diagnosis was
significantly higher after IPAA than after IRA, whereas
approach (open or laparoscopic) did not significantly
influence this risk. Highest DT risks were observed in
patients with a pathogenic variant at the 3’ end of APC
gene and in patients with a family history of DT. Most
DTs were observed in the mesentery and were diagnosed
in the first years after surgery. Most patients had
abdominal complaints at time of DT diagnosis that may
have been caused by the DT; these were the primary
reason to perform imaging.

Overall, 15% of patients in our study cohort were
diagnosed with 1 or more abdominal DT after IRA/IPAA.
The previously reported incidences of DT after IRA/IPAA
vary. In a large study from Nieuwenhuis et al,3 a com-
parable percentage of 11% (163/1546 patients) devel-
oped DT after IRA/IPAA, whereas in a recent study 29%
(100/345) developed DT after IRA/IPAA when only
including abdominal DT with abdominal symptoms. This
is a high incidence keeping in mind that more recent
studies might have lower DT incidences because of more
laparoscopic procedures, because laparoscopic surgery
was shown to result in a lower DT risk.8,11 The higher
incidence in the Sommovilla et al10 study might be
caused by a study population that is more prone to
develop DT, such as epidemiologically or because of the
expertise of the center (referral bias).
Table 3.Multivariable Cox Proportional Hazard Regression Ana

Female sex

Pathogenic variant at 3’ end of APC gene

First-degree relative with DT

Number of undergone abdominal operations (increasing by 1)

IPAA vs IRA

NOTE. Besides the variables included in the table, the model adjusted for age at
CI, confidence interval; DT, desmoid tumors; IPAA, ileal pouch-anal anastomosis
In 3 other studies including a multivariable analysis,
undergoing IPAA was found to be significantly associated
with developing a DT after surgery.8–10 Whether surgical
approach (open or laparoscopic) influences DT risk is
debatable. Two studies found that laparoscopic surgery
resulted in lower DT risks,8,11 whereas 2 other studies
including this study did not find differences between
open and laparoscopic procedures.10

There were several differences in baseline charac-
teristics between the IRA and IPAA group in our study.
The IRA group was significantly younger than the IPAA
group at time of (procto)colectomy. There has been
discussion on whether the timing of colectomy influences
DT risk and studies show contrary results.3,5,9,12 Most
studies did not show such an association in a multivar-
iable analysis, except for Durno et al,12 who found that in
female patients, early colectomy (�18 years) is associ-
ated with DT development.

We found a higher risk of an abdominal DT diag-
nosis after IPAA. IPAA surgery policies differ between
centers, which might also influence DT risk. Some
centers advocate a 1-stage IPAA to lower the number of
operations, whereas other centers prefer a 2-stage
IPAA with temporary loop ileostomy to lower the risk
for early anastomotic leakages and mitigate the
severity of morbidity related to these early leaks.
Closure of the ileostomy in a 2-stage IPAA might result
in additional surgical trauma and therefore increase DT
risk.

The introduction of transanal minimal invasive
surgery during proctocolectomy has resulted in a less
invasive procedure and thereby might result in a lower
DT risk. More studies on different IPAA techniques and
the influence on DT risk should be performed to
minimize DT risk in patients who require IPAA
surgery.

Some centers consider DT risk when choosing the
type of colectomy, most preferring IRA in patients at
increased risk of developing DT,13 such as young female
patients with a positive family history of DT or a path-
ogenic variant on the ‘3 end of the APC gene. This might
result in selection bias and could partly explain the
observed differences in baseline characteristics between
lysis Adjusting for Potential Confounders

Hazard ratio 95% CI P value

1.50 0.99–2.27 .06

2.28 1.27–4.09 < .01

3.00 1.96–4.62 < .01

1.17 0.88–1.55 .29

1.91 1.26–2.90 < .01

(procto)colectomy and country of the centers.
; IRA, ileorectal anastomosis.
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our IRA and IPAA group. A multivariable analysis,
considering these factors, is crucial to reduce bias in
documenting the effect of colectomy type and approach
on DT risk. Yet, we acknowledge that residual con-
founding should be considered when interpreting our
findings.

We cannot be certain that all DT diagnosed in our
cohort developed after surgery. There is a chance that
(small) DT were not detected during (procto)colectomy
and were diagnosed years later. In that case, surgery was
not the trigger for DT development in the first place,
although it might have triggered further progression.
Another limitation is that not all patients had CT/MRI
after surgery. We cannot claim that patients without a DT
diagnosis did not have asymptomatic DT, which might
have resulted in an underestimation of DT incidence.
Performing imaging in every patient before undergoing
(procto)colectomy and at 5 years after surgery could
attenuate these limitations. Although this would help in
further studying DT development after surgery in FAP
and might result in earlier detection of DTs, it also re-
sults in an additional burden for the patient and costs.
Another limitation might be that we did not have infor-
mation on pregnancy or other causes of hormonal
changes that might influence DT risk. Although in studies
in FAP there is no robust evidence that these factors
result in higher DT risk with even 1 study showing an
improved desmoid course after pregnancy,14–16 studies
in the sporadic setting suggest an increased desmoid
risk.17

Postoperative DT risk is a factor to take into account
when deciding between IRA and IPAA. Nevertheless,
rectal polyp burden and colorectal cancer risk probably
remain the most important factors when choosing the
type of surgery. Traditionally, for patients with FAP,
having >20 rectal polyps at time of colectomy was an
indication to perform IPAA. Recent studies show a low
risk of rectal cancer in patients with IRA,1,18 even in a
cohort of patients with up to 50 rectal polyps at time of
surgery.1 When high-quality postoperative endoscopic
surveillance is available and patients are motivated, it
might be possible to safely perform IRA in patients with
>20 rectal polyps at time of surgery, which might be
favorable in patients with FAP in general but especially
for those patients at risk of DT having a high rectal polyp
burden. Before providing recommendations, further
research is needed to evaluate whether this is a safe
strategy.

DT are a major cause of morbidity and mortality in
patients with FAP. Minimizing the risk of developing DT
should be an element in the clinical management of
these patients. Abdominal surgery is the only known
modifiable risk factor for DT. We observed differences
in risk after the respective surgical procedures, with a
significantly higher risk of postoperative DT detection
after IPAA. Additional efforts are needed to understand
how to reduce postoperative DT risk in patients with
FAP.
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