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Lynch syndrome

prevalence and penetrance of mismatch repair
gene mutations
Lynch syndrome is the most common hereditary colorectal
cancer (CRC) syndrome and it accounts for ∼1%–3% of all
CRC burden [1]. The syndrome is transmitted with an
autosomal-dominant pattern, and it is associated with
mutations in the mismatch repair (MMR) genes,MLH1, MSH2,
MSH6 and PMS2. These alterations lead to tumour DNA
microsatellite instability (MSI) and foster inactivating mutations
in tumour suppressors containing microsatellites in the coding
regions (i.e. TGFBR2 and BAX) [2]. Mutations in the MMR
genes may lead to a loss of expression of the corresponding
protein and be detected by immunohistochemistry techniques
(IHCs) [3, 4].
Overall, mutation carriers mainly have an increased risk of

CRC (lifetime risk 30%–70%) and endometrial cancer
(lifetime risk 30%–60%) [1]. Individuals with Lynch
syndrome also have an elevated risk of developing cancers of
the urinary tract (8%), small intestine, ovary (4%–12%),
gastric, pancreas (4%), biliary tract, brain and skin [5]. A
genotype–phenotype correlation has been observed in which
MLH1 mutation carriers are at higher risk of young onset
CRC cancer,MSH2 at higher risk of extracolonic cancers,
MSH6 at increased risk of endometrial cancer, and PMS2
carriers show a lower absolute lifetime risk of CRC and
endometrial cancer (15%–20%) compared with other
mutation carriers [6] (Figure 1).
The term Turcot syndrome refers to patients with MMR gene

mutations and brain tumours, and the term Muir–Torre

syndrome to patients with cutaneous gland tumours
(keratoacanthomas, sebaceous adenomas or adenocarcinomas).

referral for molecular screening
andmismatch repair gene testing
Several clinical criteria were developed for the clinical
suspicion of Lynch syndrome, such as the Amsterdam
criteria and the revised Bethesda guidelines (Table 1)
[2–4, 7, 8]. Nevertheless, several studies report that the
Amsterdam criteria lack sensitivity and specificity for
identification of individuals with Lynch syndrome and some
studies have shown that the Bethesda guidelines may miss
between 6% and 25% of mutation carriers [3]. Since >90% of
Lynch syndrome CRC cases show MSI and/or loss of the
corresponding protein by IHC, upfront molecular screening
might be a good strategy to identify candidates for germline
testing. Recently, a pooled-data analysis of four large
population-based cohorts of CRC probands has shown that
universal screening of CRC with tumour MMR testing was
more sensitive than the Bethesda guidelines (100% versus
87.8%) [9]. On the other hand, the strategy of selecting
patients younger than 70 years, along with those older than
70 years fulfilling one of the Bethesda guidelines, missed only
4.9% of Lynch syndrome cases, resulted in 34.8% fewer cases
of MMR tumour testing, and 28.6% fewer cases undergoing
germline genetic testing than universal screening. This
strategy should be considered for clinical purposes, as the
diagnostic yield was similar to universal screening (2.1%
versus 2.2%) [III, B].
Regarding MMR tumour testing, MSI analysis is equivalent

to IHC for case finding. The advantage of IHC is that it may
direct germline mutation analysis because loss of expression of
a protein is suggestive of an underlying genetic defect. If a
tumour with MMR deficiency is detected, germline genetic
testing would be indicated. Nevertheless, in ∼10%–15% of
sporadic CRC cases, MSI and loss of expression of MLH1 are
due to hypermethylation of theMLH1 gene promoter [10].
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These sporadic cases are also frequently associated with
the somatic BRAF V600Emutation. Therefore, if loss
of MLH1/PMS2 expression is observed, analysis of the
methylation of theMLH1 promoter in the tumour or
analysis for somatic BRAF V600Emutation should be
performed first [III, B]. On the other hand, analysis of
constitutionalMLH1 epimutations should be considered in

a patient with suspected Lynch syndrome with loss of
MLH1/PMS2 expression if no germline mutation is identified
in theMLH1gene [III, B] [11].
Prediction models that estimate the likelihood of finding

a MMR gene mutation constitute an effective clinical tool
to identify individuals at risk of Lynch syndrome
which may help in clinical decision-making for referral and
germline genetic testing, especially in cases when no
tissue is available from any CRC patient in the family
[III, B] [7, 12].

mutation detection
Approximately 80% of mutations are located in theMLH1 and
MSH2 genes, ∼10%–12% in theMSH6 gene, and PMS2may
account for 2%–3% [1]. Deletion of 30EPCAM leading to
subsequent somatic hypermethylation ofMSH2may account
for up to 20% of the tumours with loss of expression of MSH2
[13]. Pathogenic genetic alterations might be frameshift,
nonsense or splice site mutations that lead to truncating or
unstable proteins, but large deletions and rearrangements are
also common. Therefore, full germline genetic testing should
include both DNA sequencing and large rearrangement
analysis [III, A].

risk reduction: non-surgical preventive
options

surveillance
Studies have shown that the adenoma-carcinoma sequence is
faster in patients with Lynch syndrome. Colonoscopy at 3-year
intervals has demonstrated reduction in CRC incidence and
CRC-related mortality [III] [14]. However, cancers occurring
during this interval have been detected in observational studies.
We recommend initiating colonoscopy at age 20–25 years and
repeating every 1 to 2 years [III, C]. No specific upper limit is
established, and it should be based on the individual’s health
status.
Endometrial and ovarian cancer screening may be carried out

on an annual basis from age 30–35 years with gynaecological
examination, pelvic ultrasound, Ca125 analysis and aspiration
biopsy [III, C].
For gastric cancer, the search for the presence of Helicobacter

Pylori and subsequent eradication is recommended in mutation
carriers. In case of a high incidence of gastric cancer in some
populations, some experts recommend upper gastrointestinal
endoscopy every 1–3 years.
Surveillance for other Lynch-associated cancers is not

recommended due to the low sensitivity and specificity of the
surveillance techniques [IV, C].

chemoprevention
Recent data from the Colorectal Adenoma/Carcinoma
Prevention Program (CAPP2) have shown in a randomised,
placebo-controlled trial a significant 60% reduction in the
incidence of CRC and other Lynch syndrome-associated
cancers among those using 600 mg of aspirin per day for at least
2 years [15]. The rate of adverse events among patients taking

Figure 1. Algorithm for molecular diagnosis of Lynch syndrome.

Table 1. The Revised Bethesda Guidelines for testing colorectal tumours
for microsatellite instability (MSI) [2]

Tumours from individuals should be tested for MSI in the following
situations:

1) Colorectal cancer diagnosed in a patient who is <50 years of age.
2) Presence of synchronous, metachronous colorectal or other

Lynch-associated tumours,a regardless of age.
3) Colorectal cancer with the MSI-H histologyb diagnosed in a patient

who is <60 years of age.c

4) Colorectal cancer diagnosed in one or more first-degree relatives with a
Lynch-related tumour, with one of the cancers being diagnosed under
age 50 years.

5) Colorectal cancer diagnosed in two or more first- or second-degree
relatives with Lynch-related tumours, regardless of age.

aLynch syndrome-related tumours include colorectal, endometrial, stomach,
ovarian, pancreas, ureter and renal pelvis, biliary tract and brain (usually
glioblastoma as seen in Turcot syndrome) tumours, sebaceous gland
adenomas and keratoacanthomas in Muir–Torre syndrome, and carcinoma
of the small bowel.
bPresence of tumour infiltrating lymphocytes, Crohn’s-like lymphocytic
reaction, mucinous/signet-ring differentiation or medullary growth pattern.
cThere was no consensus among the workshop participants on whether to
include the age criteria in guideline 3 above; participants voted to keep <60
years of age in the guidelines.
Umar A, Boland CR, Terdiman JP, et al. Revised Bethesda Guidelines for
hereditary nonpolyposis colorectal cancer (Lynch syndrome) and
microsatellite instability. J Natl Cancer Inst. 2004 Feb 18; 96(4): 261–268.
By permission of Oxford University Press.

clinical practice guidelines Annals of Oncology

vi | Balmaña et al. Volume 24 | Supplement 6 | October 2013

 by guest on January 15, 2015
http://annonc.oxfordjournals.org/

D
ow

nloaded from
 

http://annonc.oxfordjournals.org/


aspirin or placebo did not differ. This study, along with earlier
data, supports the use of aspirin in the chemopreventive
treatment of patients with Lynch syndrome, although the dose
and timing of use have not been established [I, C].

risk reduction: prophylactic surgical
options

prophylactic colectomy
There are no data to support carrying out a prophylactic
colectomy in healthy mutation carriers and it is not
recommended [IV, D].

prophylactic hysterectomy and bilateral
salpingo-oophorectomy
A retrospective observational study showed an absence of
gynaecological cancers in women with Lynch syndrome who
underwent a prophylactic hysterectomy and/or bilateral
salpingo-oophorectomy, compared with a 33% and a 5%
incidence of endometrial and ovarian cancer, respectively,
among women who did not have surgery [16]. Prophylactic
gynaecological surgery might be an option in female carriers
from age 35 and after childbearing is completed [IV, C].

cancer treatment

colorectal surgery
In Lynch syndrome there is an increased risk of synchronous
and metachronous CRC. A 16% risk of developing a second
CRC after 10 years of follow-up has been reported. Therefore,
the need for intensive surveillance after surgery versus the
option of an extended colectomy should be discussed at the
time of diagnosis of a CRC, especially in young patients [IV, C].

chemotherapy
Although some preclinical and clinical data suggest that the MSI
status may play a role as a predictive factor of chemosensitivity
(i.e. resistance to 5-fluorouracil and sensitivity to irinotecan),
current evidence does not allow definitive recommendations to
be given regarding chemotherapy regimens based on the MSI
status [II, C] [17, 18]. Studies that have assessed the impact of
MSI status in the adjuvant setting were based on chemotherapy
regimens which differ from current standard practice and,
therefore, do not translate into clinical practice.

familial colorectal cancer X syndrome
This syndrome represents the 40% of families who fulfil the
Amsterdam-I criteria and who do not exhibit tumour MMR
deficiency or a germline MMR gene defect [19]. The cancer risk in
these families seems to impact only the colorectum, and the
genetic basis has not been identified. Surveillance would include
colonoscopy at 3–5 year intervals, starting 5–10 years earlier than
the age at diagnosis of the youngest case in the family [IV, C].

APC-associated familial adenomatous
polyposis
Familial adenomatous polyposis (FAP) is an autosomal-
dominant disorder characterised by the presence of multiple
adenomas distributed in the colon and rectum [1]. It is
responsible for ≤1% of all CRC cases.
In many patients, extracolonic manifestations are present, in

particular gastric and duodenal polyps, desmoid tumours,
thyroidal and brain tumours, osteomas, congenital hypertrophy
of the retinal pigmented epithelium, supernumerary teeth and
epidermoid cysts among others [20]. Combination of colorectal
and extracolonic manifestations is known as Gardner’s
syndrome, whereas association between the colorectal polyposis
and brain tumours corresponds to Turcot’s syndrome.

diagnosis
Clinical diagnosis of classical FAP is based on the identification
of more than 100 colorectal adenomas. Attenuated FAP
(AFAP) is characterised by the presence of fewer adenomas
and a later onset of the disease. Clinical definition of AFAP is
controversial and should be considered in any patient with
10–99 adenomas, although a precise diagnosis is often difficult
in a single patient [21]. APC-associated AFAP can mimic
MUTYH-associated polyposis (MAP, see below) or even
sporadic polyp development. Examination of multiple family
members can often determine the phenotype.

genetics
In a recent large cross-sectional study, APC mutations were
found in 80% (95% CI, 71%–87%) of individuals with more
than 1000 adenomas, 56% (95% CI, 54%–59%) in those with
100–999 adenomas, 10% (95% CI, 9%–11%) in those with 20–
99 adenomas and 5% (95% CI, 4%–7%) in those with 10–19
adenomas [22]. There is a genotype–phenotype correlation with
potential implications for clinical management (i.e. mutations
between codons 1250 and 1464, especially those in codon 1309,
are associated with a severe form). In 30%–40% of cases, no
family history of FAP is present, thus suggesting a de novo
origin.
Gene testing should commence by investigating an affected

individual. If the causative mutation is detected, then
presymptomatic diagnosis can be offered to at-risk family
members (Figure 2).

screening
CRC screening is justified by the disease’s high penetrance,
since virtually all patients with classic FAP will develop a
carcinoma at the age of 40–50 years if the colon is left in place
[23]. CRC penetrance in AFAP is incomplete, and tumours
usually appear at the age of 50–60 years if no intervention is
done. Gene testing allows carrying out the most cost-effective
screening by driving colorectal examinations to gene carriers.
However, when the causative mutation is not identified, all at-
risk family members should undergo colorectal screening.
In families with classic FAP, flexible sigmoidoscopy is an

adequate technique because of the almost universal distribution
of adenomas [23]. This examination should be carried out every
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2 years, starting at the age of 12–14 years and be continued
lifelong in mutation carriers. In at-risk individuals from families
without an identified APCmutation, surveillance should be
carried out every 2 years until age 40, every 3–5 years between
40–50 years, and may be discontinued at age 50 if no polyposis
has developed. Once adenomas are detected, colonoscopy
should be carried out annually until colectomy is planned (see
Surveillance) [III, A].
In AFAP cases, since adenomas can be localised in the right

colon, colonoscopy is recommended instead of sigmoidoscopy
[23]. In this setting, examination should be carried out every 2
years until polyposis is diagnosed. Screening should start at the
age of 18–20 years and continue lifelong because of the more
heterogeneous penetrance of AFAP. Again, once adenomas are
detected, colonoscopy should be carried out annually
(see Surveillance) [III, B].
Screening for extracolonic manifestations should start when

colorectal polyposis is diagnosed or at the age of 25–30 years,
whichever comes first.
Gastroduodenal endoscopy using both front and side-view

scopes, with special attention to the papillary area, should be
carried out every 5 years until adenomas are detected [III, B]
[24, 25]. Although high-resolution endoscopy, chromoendoscopy
or narrow band imaging improve the quality of endoscopic
imaging, the benefit of adding these techniques for the evaluation
of duodenal adenomatosis is uncertain [IV, C] [26]. Since
gastrointestinal adenomas may also develop in the jejunum and
ileum, it has been suggested to carry out regular screening by

barium contrast series or wireless capsule endoscopy [IV, C].
Screening for thyroid cancer should be carried out with annual
cervical ultrasonography [IV, C]. Development of desmoid
tumours is mainly related to a positive family history and
abdominal surgery. In this setting, regular physical examination
and abdominal computed tomography (CT) or magnetic
resonance imaging (MRI) should be carried out [IV, B].
Screening for other extracolonic manifestations is not justified
because of their low prevalence and/or limited clinical impact.

treatment
The goal of colorectal therapy is to prevent CRC and includes
both endoscopic polypectomy and surgery. Whereas surgical
resection is the standard of care in patients with classical FAP,
the former can be considered in some patients with AFAP. Most
patients with classical FAP undergo surgery between the age of
15 and 25 years.
Surgical resection includes both proctocolectomy with ileal

pouch-anal anastomosis (IPAA) and total colectomy with
ileorectal anastomosis (IRA). IRA is a relatively simple and
straightforward operation, compared with IPAA. The
complication rate is low, and the bowel function after surgery is
usually good. For IPAA, more extensive surgery is needed
(including pelvis dissection), causing reduction of fertility and
worse bowel function. The decision on the type of surgery
depends on many factors including age, severity of polyposis
(i.e. involvement of the rectum), risk of developing desmoids,

Figure 2. Algorithm for genetic diagnosis in Polyposis syndromes.
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the wish to have children and the site of the mutation (see
above). When a diffuse distribution or severe phenotype is
present, IPAA is recommended. On the contrary, when no or
only scarce adenomas are detected in the rectum and a mild
familial phenotype is observed, including AFAP, total colectomy
with IRA can be carried out. Because of the need of endoscopic
surveillance of the rectum in the latter context (see below),
proctocolectomy should be considered in patients reluctant to
undergo regular follow-up [III, B].
Duodenal adenomas are usually managed with endoscopic

polypectomy based on the Spigelman stage (see Surveillance)
[25]. In patients with advanced duodenal disease (Spigelman
stage III/IV, see below), intensive surveillance and treatment
may lead to reduction of duodenal cancer-related mortality
[IV, B]. Surgical options include duodenotomy with
polypectomy, pancreas-sparing duodenectomy and duodenal-
pancreatectomy [23].
Because of the high recurrence rate of desmoid tumours,

surgical resection should be delayed unless complications
appear. The first line of treatment in patients with large or
growing intra-abdominal or abdominal wall tumours is
sulindac (300 mg), usually in combination with tamoxifen
(40–120 mg), toremifene (180 mg) or raloxifene (120 mg)
[III, C]. In patients with progressive intra-abdominal
tumours that do not respond to this treatment, chemotherapy
(e.g. doxorubicin and dacarbazine or methotrexate and
vinblastine) or radiation therapy is indicated. [III, B] [23].
The role of surgery in intra-abdominal desmoids is
controversial [III, B].

surveillance
The risk of rectal adenoma and cancer remains after colectomy
with IRA and even in the pouch after IPAA. Accordingly,
regular endoscopic surveillance every 12 months after surgery is
needed to detect adenoma recurrence early. Some patients with
AFAP can be conservatively managed with annual colonoscopy
and polypectomy [III, B].
Surveillance of duodenal adenomatosis will depend on its

extension based on the Spigelman classification, since the risk of
cancer appears to be related to stage. When it corresponds to
Spigelman stage I or II, upper endoscopy can be carried out
every 5–3 years, respectively, whereas in more advanced forms,
intervals between examinations should be shortened to every 1
to 2 years (Spigelman stage III) or to 6 months (Spigelman IV)
[III, B] [23].

chemoprevention
Primary chemoprevention has never been demonstrated to
delay the appearance of FAP.
Secondary chemoprevention with the use of non-steroidal

anti-inflammatory drugs has been shown to reduce the number
and extent of colorectal adenomas and, less reliably, duodenal
adenomas. Accordingly, sulindac and celecoxib can be
considered as adjuvant treatment when adenoma recurrence is
detected after surgery. As cardiovascular side-effects have
recently been reported in patients receiving selective COX-2
inhibitors, caution is warranted [II, B].

MUTYH-associated polyposis
MAP is inherited as an autosomal recessive trait with high
penetrance [27]. Clinically, MAP resembles AFAP, with an
average age of onset around the mid-50s with often fewer than

Table 2. Surveillance recommendations

Lynch syndrome

Colon and rectum Colonoscopy every 1 to 2 years, starting at age
20–25 or 5 years before the youngest case in
the family. No upper limit is established.

Endometrium and ovary Gynaecological examination, pelvic ultrasound,
Ca125 analysis, and aspiration biopsy every
year, from age 30–35 years. Consider

prophylactic hysterectomy and salpingo-
oophorectomy when childbearing is
completed.

Gastric cancer For gastric cancer, the search for the presence of
Helicobacter Pylori and subsequent
eradication is recommended in mutation
carriers. In case of a high incidence of gastric
cancer in some populations, some experts
recommend upper gastrointestinal endoscopy
every 1–3 years.

Other Lynch-associated
cancers

Surveillance is not recommended due to the low
sensitivity and specificity.

Classic Familial Adenomatous Polyposis

Colon and rectum Sigmoidoscopy every 2 years, starting at age
12–14 years and continued lifelong in
mutation carriers. Once adenomas are
detected, annual colonoscopy should be
carried out until colectomy is planned.

Gastroduodenal
adenomas

Gastroduodenal endoscopy using both front and
side-view scopes starting when colorectal
polyposis is diagnosed or at age 25–30 years,
whichever comes first. Surveillance intervals
are based on the Spigelman stage.

Thyroid cancer Annual cervical ultrasonography, starting at age
25–30 years.

Desmoid tumours Computed tomography (CT) scan or magnetic
resonance imaging (MRI), if risk factors
(positive family history for desmoids and site
of the mutation in APC).

Attenuated Familial Adenomatous Polyposis

Colon and rectum Colonoscopy every 2 years, starting at age 18–20
years and continued lifelong in mutation
carriers. Once adenomas are detected,
colonoscopy should be carried out annually.

Gastroduodenal
adenomas

Gastroduodenal endoscopy using both front and
side-view scopes starting when colorectal
polyposis is diagnosed or at age 25–30 years,
whichever comes first. Surveillance intervals
are based on the Spigelman stage.

Thyroid cancer Annual cervical ultrasonography, starting at age
25–30 years.

Desmoid tumours CT scan or MRI, if risk factors (positive family
history for desmoids and site of the mutation
in APC).
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100 adenomas, and, accordingly, patient management is very
similar. Of note, up to one-third of biallelicMUTYHmutation
carriers identified in population-based CRC studies developed
CRC without a colorectal polyposis [28].

genetics
Biallelic mutations in theMUTYH gene are responsible for this
disorder. In the Caucasian population, >80% of mutations
correspond to the G396D and Y179C missense variants
(formerly annotated as G382D and Y165C, respectively) [29].
Initial studies showed that biallelicMUTYHmutations
accounted for 10%–20% of classical FAP cases without an APC
mutation, and for 30% of AFAP cases [27]. However, a recent
study found biallelicMUTYHmutations in 2% (95% CI,
0.2%–6%) of patients with >1000 adenomas, 7% (95% CI, 6%–
8%) of patients with 100–999 adenomas, 7% (95% CI, 6%–8%)
of patients with 20–99 adenomas and 4% (95% CI, 3%–5%) of
patients with 10–19 adenomas [12]. Due to the presence of
founder mutations among ethnic groups, differences in the
frequency of MAP are likely to exist. The frequency ofMUTYH
heterozygotes in the general European population is 1%–1.5%.
Gene testing should commence with the investigation of an
affected individual. If the causative mutation is detected, then
presymptomatic diagnosis can be offered to at-risk family
members (i.e. siblings, because of the recessive nature of the
disease).

screening
Because of the similarity with AFAP, individuals should
undergo total colonoscopy every 2 years, starting at the age of
18–20 years and continuing lifelong. Gene testing allows the
most cost-effective screening to be carried out by driving
colorectal examinations only to gene carriers. However, when
the causative mutation is not identified, all at-risk family
members should undergo colorectal screening [III, B].
Although less frequently than in FAP, patients with MAP

may develop extracolonic manifestations, i.e. duodenal
adenomas. Accordingly, upper endoscopy starting at the age of
25–30 years is recommended, following the same strategy
described for APC-associated FAP [III, B].
CRC risk associated with monoallelicMUTYH carriers is still

under debate. The magnitude of the association has been
recently estimated, with a pooled odds ratio of 1.15 (95%
CI = 0.98–1.36) [30, 31]. In such a context, it has been suggested
that the Y179C mutation confers a much stronger pathogenicity
compared with the G396D mutation. To date, CRC screening as
recommended for first-degree relatives of a patient with
sporadic CRC is advised [IV, C].

treatment
Colorectal management is similar to that proposed for patients
with AFAP. Because of the small number of adenomas, in some
patients endoscopic polypectomy can be considered. However,
when polyp burden exceeds the number that could be safely

Table 3. Summary of recommendations

(i) Tumour testing with immunohistochemistry for MMR proteins and/or MSI should be considered in all CRC patients. As an alternate strategy, tumour
testing should be carried out in individuals with CRC younger than 70 years, or those older than 70 years who fulfil any of the Revised Bethesda
guidelines.

(ii) If loss of MLH1/PMS2 is observed in the tumour, analysis of BRAF V600Emutation or analysis of the methylation of theMLH1 promoter should be
carried out first to rule out a sporadic case.

(iii) If loss of any of the other proteins (MSH2, MSH6, PMS2) is observed, germline genetic testing should be carried out.
(iv) Full germline genetic testing should include DNA sequencing and large rearrangement analysis.
(v) Follow-up recommendations in mutation carriers include colonoscopy every 1 to 2 years, and gynaecological examination (with transvaginal

ultrasound, Ca125 and aspiration biopsy) on a yearly basis. Prophylactic gynaecological surgery might be an option in female carriers from age 35
and after childbearing is completed.

(vi) Individuals with Familial CRC X syndrome are recommended colonoscopy at 3–5 year intervals, starting 5–10 years earlier than the youngest case in
the family.

(vii) Patients with multiple colorectal adenomas (>10) should be considered for germline genetic testing of APC and/orMUTYH.
(viii) Full germline genetic testing of APC should include DNA sequencing and large rearrangement analysis.
(ix) Germline testing ofMUTYH can be initiated by screening for the most common mutations (G396D, Y179C) in the Caucasian population, followed by

analysis of the entire gene in heterozygotes. Founder mutations among ethnic groups should be taken into account.
(x) In families with classic-FAP, sigmoidoscopy should be carried out every 2 years starting at the age of 12–14 years and continued lifelong in mutation

carriers. Surgery is indicated if there are large numbers of adenomas, including adenomas showing a high degree of dysplasia.
(xi) In families with attenuated-FAP, colonoscopy should be carried out every 2 years starting at the age of 18–20 years and continued lifelong in mutation

carriers. Surgery is indicated if there are large numbers of adenomas, including adenomas showing a high degree of dysplasia. Some patients with
AFAP can be conservatively managed with annual colonoscopy and polypectomy.

(xii) The decision on the type of colorectal surgery in FAP (total colectomy + IRA versus proctocolectomy + IPAA) depends on the age of the patient, the
severity of rectal polyposis, the wish to have children, the risk of developing desmoids and possibly the site of the mutation in the APC gene.

(xiii) After colorectal surgery, surveillance of the rectum or pouch should be carried out.
(xiv) In both classic and attenuated FAP, screening for extracolonic manifestations (gastroduodenal polyposis, thyroid cancer, desmoid tumours) should

start when colorectal polyposis is diagnosed or at the age of 25–30 years, whichever comes first.
(xv) The suggested surveillance protocol for MAP patients is similar to that for patients with AFAP.
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managed by endoscopy, total colectomy with IRA should be
offered. However, if rectal polyposis is severe, an IPAA is advised.
Duodenal adenomas are usually managed as in AFAP [III, B].

surveillance
After total colectomy, regular endoscopic surveillance of the
rectum every 12 months is recommended. In patients
conservatively managed with endoscopic polypectomy,
colonoscopy should be carried out annually [III, B].
The suggested protocol for surveillance of duodenal

adenomatosis in MAP patients is similar to that for AFAP [III, B].

chemoprevention
So far, there is no evidence of the usefulness of any primary or
secondary chemoprevention strategy in this setting.

note
Tables 2 and 3 provide summaries of recommendations. Levels
of evidence and grades of recommendations have been applied
using the system shown in Table 4.
Statements without grading were considered justified

standard clinical practice by the experts and the ESMO faculty.

conflict of interest
The authors have declared no potential conflicts of interest.

references
1. Lynch HT, de la Chapelle A. Hereditary colorectal cancer. N Engl J Med 2003;

348: 919–932.
2. Umar A, Boland CR, Terdiman JP et al. Revised Bethesda Guidelines for hereditary

nonpolyposis colorectal cancer (Lynch syndrome) and microsatellite instability.
J Natl Cancer Inst 2004; 96: 261–268.

3. Hampel H, Frankel WL, Martin E et al. Screening for the Lynch syndrome
(hereditary nonpolyposis colorectal cancer). N Engl J Med 2005; 352:
1851–1860.

4. Pinol V, Castells A, Andreu M et al. Accuracy of revised Bethesda guidelines,
microsatellite instability, and immunohistochemistry for the identification of
patients with hereditary nonpolyposis colorectal cancer. JAMA 2005; 293:
1986–1994.

5. Win AK, Lindor NM, Winship I et al. Risks of colorectal and other cancers after
endometrial cancer for women with Lynch syndrome. J Natl Cancer Inst 2013;
105: 274–279.

6. Senter L, Clendenning M, Sotamaa K et al. The clinical phenotype of Lynch
syndrome due to germ-line PMS2 mutations. Gastroenterology 2008; 135:
419–428.

7. Barnetson RA, Tenesa A, Farrington SM et al. Identification and survival of carriers
of mutations in DNA mismatch-repair genes in colon cancer. N Engl J Med 2006;
354: 2751–2763.

8. Boland CR, Shike M. Report from the Jerusalem workshop on Lynch syndrome-
hereditary nonpolyposis colorectal cancer. Gastroenterology 2010; 138: 2197
e1–2197 e7.

9. Moreira L, Balaguer F, Lindor N et al. Identification of Lynch syndrome among
patients with colorectal cancer. JAMA 2012; 308: 1555–1565.

10. Parsons MT, Buchanan DD, Thompson B et al. Correlation of tumour BRAF
mutations and MLH1 methylation with germline mismatch repair (MMR) gene
mutation status: a literature review assessing utility of tumour features for MMR
variant classification. J Med Genet 2012; 49: 151–157.

11. Hitchins MP, Wong JJ, Suthers G et al. Inheritance of a cancer-associated MLH1
germ-line epimutation. N Engl J Med 2007; 356: 697–705.

12. Kastrinos F, Steyerberg EW, Mercado R et al. The PREMM(1,2,6) model predicts
risk of MLH1, MSH2, and MSH6 germline mutations based on cancer history.
Gastroenterology 2012; 140: 73–81.

13. Ligtenberg MJ, Kuiper RP, Chan TL et al. Heritable somatic methylation and
inactivation of MSH2 in families with Lynch syndrome due to deletion of the
30 exons of TACSTD1. Nat Genet 2009; 41: 112–117.

14. Jarvinen HJ, Aarnio M, Mustonen H et al. Controlled 15-year trial on screening for
colorectal cancer in families with hereditary nonpolyposis colorectal cancer.
Gastroenterology 2000; 118: 829–834.

15. Burn J, Gerdes AM, Macrae F et al. Long-term effect of aspirin on cancer risk in
carriers of hereditary colorectal cancer: an analysis from the CAPP2 randomised
controlled trial. Lancet 2011; 378: 2081–2087.

16. Schmeler KM, Lynch HT, Chen LM et al. Prophylactic surgery to reduce the risk
of gynecologic cancers in the Lynch syndrome. N Engl J Med 2006; 354:
261–269.

17. Bertagnolli MM, Niedzwiecki D, Compton CC et al. Microsatellite instability predicts
improved response to adjuvant therapy with irinotecan, fluorouracil, and leucovorin
in stage III colon cancer: Cancer and Leukemia Group B Protocol 89803. J Clin
Oncol 2009; 27: 1814–1821.

18. Popat S, Hubner R, Houlston RS. Systematic review of microsatellite instability and
colorectal cancer prognosis. J Clin Oncol 2005; 23: 609–618.

19. Lindor NM, Rabe K, Petersen GM et al. Lower cancer incidence in Amsterdam-I
criteria families without mismatch repair deficiency: familial colorectal cancer type
X. JAMA 2005; 293: 1979–1985.

20. Groen EJ, Roos A, Muntinghe FL et al. Extra-intestinal manifestations of familial
adenomatous polyposis. Ann Surg Oncol 2008; 15: 2439–2450.

21. Nielsen M, Hes FJ, Nagengast FM et al. Germline mutations in APC and MUTYH
are responsible for the majority of families with attenuated familial adenomatous
polyposis. Clin Genet 2007; 71: 427–433.

22. Grover S, Kastrinos F, Steyerberg EW et al. Prevalence and phenotypes of APC and
MUTYH mutations in patients with multiple colorectal adenomas. JAMA 2012;
308: 485–492.

Table 4. Levels of evidence and grades of recommendation (adapted from
the Infectious Diseases Society of America US Public Health Service Grading
Systema)

Levels of evidence

I Evidence from at least one large, randomised, controlled trial of good
methodological quality (low potential for bias) or meta-analyses
of well-conducted randomised trials without heterogeneity

II Small randomised trials or large randomised trials with a suspicion
of bias (lower methodological quality) or meta-analyses of such trials
or of trials with demonstrated heterogeneity

III Prospective cohort studies
IV Retrospective cohort studies or case–control studies
V Studies without control group, case reports, experts opinions

Grades of recommendation

A Strong evidence for efficacy with a substantial clinical benefit,
strongly recommended

B Strong or moderate evidence for efficacy but with a limited clinical
benefit, generally recommended

C Insufficient evidence for efficacy or benefit does not outweigh the risk or
the disadvantages (adverse events, costs,…), optional

D Moderate evidence against efficacy or for adverse outcome, generally not
recommended

E Strong evidence against efficacy or for adverse outcome, never
recommended

aDykewicz CA. Summary of the guidelines for preventing opportunistic
infections among hematopoietic stem cell transplant recipients. Clin Infect
Dis 2001;33:139–144. By permission of the Infectious Diseases Society of
America.

Annals of Oncology clinical practice guidelines

Volume 24 | Supplement 6 | October 2013 doi:10.1093/annonc/mdt209 | vi

 by guest on January 15, 2015
http://annonc.oxfordjournals.org/

D
ow

nloaded from
 

http://annonc.oxfordjournals.org/


23. Vasen HF, Moslein G, Alonso A et al. Guidelines for the clinical management of
familial adenomatous polyposis (FAP). Gut 2008; 57: 704–713.

24. Bulow S, Bjork J, Christensen IJ et al. Duodenal adenomatosis in familial
adenomatous polyposis. Gut 2004; 53: 381–386.

25. Brosens LA, Keller JJ, Offerhaus GJ et al. Prevention and management of
duodenal polyps in familial adenomatous polyposis. Gut 2005; 54: 1034–1043.

26. Dekker E, Boparai KS, Poley JW et al. High resolution endoscopy and the additional
value of chromoendoscopy in the evaluation of duodenal adenomatosis in patients
with familial adenomatous polyposis. Endoscopy 2009; 41: 666–669.

27. Sieber OM, Lipton L, Crabtree M et al. Multiple colorectal adenomas, classic
adenomatous polyposis, and germ-line mutations in MYH. N Engl J Med 2003;
348: 791–799.

28. Balaguer F, Castellvi-Bel S, Castells A et al. Identification of MYH mutation carriers
in colorectal cancer: a multicenter, case–control, population-based study. Clin
Gastroenterol Hepatol 2007; 5: 379–387.

29. Nielsen M, Joerink-van de Beld MC, Jones N et al. Analysis of MUTYH genotypes
and colorectal phenotypes in patients with MUTYH-associated polyposis.
Gastroenterology 2009; 136: 471–476.

30. Jones N, Vogt S, Nielsen M et al. Increased colorectal cancer incidence in obligate
carriers of heterozygous mutations in MUTYH. Gastroenterology 2009; 137:
489–494, 494.e1; quiz 725–726.

31. Win AK, Hopper JL, Jenkins MA. Association between monoallelic MUTYH
mutation and colorectal cancer risk: a meta-regression analysis. Fam Cancer
2011; 10: 1–9.

clinical practice guidelines Annals of Oncology

vi | Balmaña et al. Volume 24 | Supplement 6 | October 2013

 by guest on January 15, 2015
http://annonc.oxfordjournals.org/

D
ow

nloaded from
 

http://annonc.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


