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Abstract
Introduction: Characterized by the development of hundreds to thousands of colonic adenomas, classic familial adenomatous polyposis 
(FAP) is one of the most common hereditary syndromes associated with an increased risk of colorectal cancer. Several studies have 
attempted to correlate specific APC mutations with clinical phenotype.6 However, there is considerable variability in the expression of 
specific phenotypes within families and among individuals with identical mutations.7

Case presentation: A 30 year-old Hispanic female presented to the emergency department with a 2-week history of persistent, 
worsening, left lower quadrant abdominal pain. She had no family history of malignancy. Sigmoidoscopy revealed innumerable polyps 
in the rectum and sigmoid colon and a large mass in the sigmoid colon. Biopsy of the mass revealed a moderately differentiated adeno-
carcinoma invading the subserosa. Endoscopy revealed innumerable polyps. Genetic testing of the patient via southern blot revealed a 
germline APC mutation 3927del5, resulting in a premature truncation of the APC protein at amino acid position 1312.
Conclusion: Genetic information has only recently started being incorporated into clinical care. More research and randomized clinical 
trials need to be conducted to definitively characterize random mutations. Once these mutations are further understood, FAP patients 
may be able to be risk stratified and this may ultimately improve the screening, diagnosis, and treatment of this rare condition.

Keywords: familial adenomatous polyposis, FAP, colon cancer, sporadic mutation

Video Abstract Available from http://la-press.com/t.php?i=10178

http://dx.doi.org/10.4137/CMO.S10178
http://www.la-press.com
http://www.la-press.com
http://www.la-press.com/clinical-medicine-insights-oncology-journal-j42
http://www.la-press.com
mailto:simonzeichner@gmail.com
http://la-press.com/t.php?i=10178


Zeichner et al

316 Clinical Medicine Insights: Oncology 2012:6

Introduction
Characterized by the development of hundreds to 
thousands of colonic adenomas, classic familial ade-
nomatous polyposis (FAP) is one of the most common 
hereditary syndromes associated with an increased 
risk of colorectal cancer. FAP occurs once in every 
10,000–30,000 live births,1 has a relatively equal 
worldwide distribution, and occurs equally among 
males and females. Colon cancer occurs in approxi-
mately ninety percent of affected individuals by 
age 45. These patients are also at an increased risk for 
extra-colonic malignancies, such as duodenal amp-
ullary cancer, follicular or papillary thyroid cancer, 
childhood hepatoblastoma, and medullablastoma.

FAP is inherited in an autosomal dominant fashion 
by germ line mutations in the adenomatous polyposis 
coli (APC) gene located on chromosome 5q21-22.2 
More than 800 mutations of the APC gene associated 
with FAP have been described and the majority of 
these mutations involve frame shifts and premature 
stop codons, which results in truncated, non-func-
tional APC gene products.3,4 In most FAP patients, 
the expression of the APC mutation involves an 
inherited mutation of one APC allele, with a “second 
hit” deletion of the other allele.5 Several studies have 
attempted to correlate specific APC mutations with 
clinical phenotype.6 However, there is considerable 
variability in the expression of specific phenotypes 
within families and among individuals with identical 
mutations.7

We report a case of newly diagnosed FAP in a 
patient without any family history of the syndrome or 
its associated malignancies.

case presentation
A 30 year-old Hispanic female presented to the 
emergency department with a 2-week history of 
persistent, worsening, left lower quadrant abdominal 
pain with increasing constipation. Her past medical 
history was significant for iron deficiency anemia and 
migraines. She was a non-smoker and drank alcohol 
socially. She had two brothers and had no children. 
There were no 1st, 2nd, or 3rd degree relatives with a 
history of colon cancer or any other malignancies. The 
patient’s family had frequent follow-up medical care 
with adherence to current cancer screening guideline 
recommendations. On admission, the patient was 
afebrile with stable vital signs. Physical exam revealed 

a soft, moderately distended abdomen with hypoactive 
bowel sounds and tenderness to palpation over the left 
lower quadrant. Pertinent laboratory findings included 
white blood cell count 12.8 × 103/µL, hemoglobin 
9.2 g/dL, hematocrit 29.5%, mean corpuscular volume 
67.7 fL, red blood cell distribution width 17.9, and 
carcinoembryonic antigen 1.25 ng/mL. Computed 
tomography of the abdomen and pelvis with oral and 
intravenous contrast revealed innumerable polypoid 
filling defects within the transverse and descending 
colon (Fig. 1). Sigmoidoscopy revealed innumerable 
polyps in the rectum and sigmoid colon with a 
large mass (5.0 cm by 2.0 cm) in the sigmoid colon 
(Figs. 2 and 3). Biopsy of the mass revealed a moderately 
differentiated adenocarcinoma (Fig. 4A) invading the 
subserosa (Fig. 4B). Immunohistochemistry staining 
revealed homogenous proliferative activity with ki-67 
(Fig. 4C) and variable intensity P53 staining (Fig. 4D). 
The tumor cells were negative for MSH2 and positive for 
MLH1, PMS2 and MSH6 by immunohistochemistry. 
The tumor was classified as MSI-High, indicating a 
high probability of microsatellite instability. Endoscopy 
revealed innumerable polyps and “coffee ground” blood 
in the fundus, body, and cardia of the stomach (Fig. 5). 
The patient’s hospital course was complicated by the 
development of a rapidly growing colonic abscess that 
was successfully drained. Genetic testing of the patient 
via southern blot revealed no abnormalities. However, 
subsequent gene sequencing analysis of the exons and 
adjacent intrinsic regions of the APC gene revealed 
a germline APC mutation 3927del5, resulting in a 
premature truncation of the APC protein at amino acid 
position 1312 with the absence of a MYH mutation. 
A definitive diagnosis of classical familial adenomatous 
polyposis was made and the patient underwent a total 
proctocolectomy. Post-surgery, there was no evidence 
of tumor in 57 nodes reviewed. The patient tolerated 
the procedure well and plans were made for an ileal-
pouch-anal anastomosis. The patient was also started 
on celoximib 400 mg twice per day to prevent both the 
recurrence of polyps in the ileal pouch and progression 
of duodenal adenomas. The patient’s family underwent 
genetic counseling and although recommended, they 
refused genetic testing at the time.

Discussion
This case highlights many important genetic and clini-
cal questions regarding a very rare condition. Why did 
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Figure 1. Computed tomography of the abdomen and pelvis with oral 
and intravenous contrast revealed innumerable polypoid filling defects 
within the transverse and descending colon.

Figure 2. Sigmoidoscopy revealed innumerable polyps in the rectum and 
sigmoid colon.

Figure 3. Sigmoidoscopy revealed a large mass (5.0 cm by 2.0 cm) in 
the sigmoid colon.

this patient with no family history of cancer present 
with a classically autosomal dominant condition? 
What is the significance of mismatch repair genes and 
of this patient’s specific genetic mutation? What are 
the genetic conditions that present similarly to classi-
cal FAP? What are the recommended screening pro-
cedures and treatments? Can genetic information be 
further incorporated into treatment?

Mismatch repair genes
Our patient was classified as MSI-High, indicat-
ing a high probability of microsatellite instability 
in her mismatch repair genes. These critical growth 
regulatory genes are responsible for correcting the 
nucleotide base mis-pairings that occur during DNA 
replication.9–12 Several of these genes exist, including 
human mutS homolog 1, 2, 3, and 6, and human post 

meiotic segregation 1 and 2. A tumor is classified as 
MSI-H when at least two of these genes are affected by 
instability.13 The prevalence and incidence of microsat-
ellite instability in FAP patients has not been defined. 
One study suggested that microsatellite instability was 
only detectable in a small proportion of FAP adenocar-
cinomas and that these cases may constitute a distinct 
subgroup among FAP neoplasms.14 The majority of 
patients with hereditary non-polyposis colorectal can-
cer (HNPCC), another common hereditary syndrome, 
have MSI-H tumors, whereas only approximately 
15 percent of sporadic tumors are MSI-H. In contrast 
to microsatellite-stable CRCs, sporadic tumors with 
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MSI-H tend to occur in the proximal colon, have a 
greater mucinous component, contain lymphocytic 
infiltration, are more frequently poorly differentiated, 
and are associated with longer survival.

ApC gene
Most colon cancers arise when there is an inactiva-
tion of the APC gene and the regulation of adenoma 

epithelial renewal is disrupted. The normal APC pro-
tein prevents the accumulation of cytosolic and nuclear 
beta-catenin by mediating its phosphorylation and 
 degradation. The majority of mutations in the APC gene 
(both germline and somatic) lead to premature trunca-
tion of the APC protein and loss of its beta-catenin 
regulatory domains. Loss of functional APC results in 
the nuclear accumulation of beta-catenin, which acti-
vates the transcription factor Tcf-4.15–17 It is proposed 
that beta-catenin/Tcf-4 acts as a switch controlling 
proliferation in the intestinal crypt epithelial cells18,19 
and the activation of this pathway prevents cell dif-
ferentiation and induces apoptosis resistance.20 The 
genetic events occurring after the APC gene mutation 
are dependent on the underlying genetic instability—
chromosomal instability, germ line mutations in DNA 
mismatch repair enzymes, and CpG island hyper-
methylation phenotype [CIMP+].21

The process of gene sequencing has become rela-
tively simple with newer technologies.22 The process 
begins by breaking chromosomes into shorter pieces. 
These fragments, differing in length from each other 
by a single base, are used as templates to be identified. 
The fragments are then separated by gel electropho-
resis and the final base at the end of each fragment 
is identified, recreating the original sequence of As, 
Ts, Cs, and Gs for each short piece generated in the 
first step. Automated sequencers analyze the data and 
the output consists of a four-color chromatogram 
showing peaks that represent each of the four DNA 
bases. After the bases are “read,” computers are used 
to analyze for errors, gene-coding regions, and other 
characteristics.

It is hypothesized that new germline APC muta-
tions account for approximately one third of FAP 
patients who have no family history of the disease.23 
Our patient had a germ line APC mutation 3927del5, 
resulting in premature truncation of the APC protein 
at amino acid position 1312. In a review of 417 FAP 
cases in the literature, the frequency of 3927del5 muta-
tions was 8.9%.24,25 In a study by Hadjisavvas et al, 
the most common APC gene mutation was 2307delA, 
followed by 1242, and 3927del5.24 Another study 
noted that the 3927del5 mutation was associated with 
a patient presentation of polyposis, but no family his-
tory of the disease.26,27

Little is known about the function of specific 
APC mutations, including 3927del5, and why certain 

Figure 4. Biopsy of the mass revealed a moderately differentiated adeno-
carcinoma (A) invading the subserosa (B). Immunohistochemistry stain-
ing revealed homogenous proliferative activity with ki-67 (c) and variable 
intensity p53 staining (D).

Figure 5. endoscopy revealed innumerable polyps and “coffee ground” 
blood in the fundus, body, and cardia of the stomach.
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mutations occur more frequently than others. However, 
several studies have attempted to correlate specific 
APC mutations with clinical phenotypes (Table 1). 
Mutations between codons 169 to 1578 were generally 
associated with the classic form of FAP.6,7,28 Mutations 
between codons 1445 and 1578 were associated with 
desmoid tumors,29–31 whereas mutations between 
codons 279 to 1309 correlated with the development 
of duodenal polyposis.32

Clinical presentation
Classical FAP typically develops in the second or 
third decade of life and patients generally seek medi-
cal attention because of nonspecific abdominal com-
plaints, anemia, or an established family history of 
FAP. FAP is traditionally diagnosed based on the 
presence of more than 100 adenomatous colorectal 
polyps. Genetic testing is now standard for the diag-
nosis of FAP.33–36

FAp differential diagnosis
Attenuated FAP (AFAP) is a variant of classical FAP 
and is characterized by a widely variable presentation 
with fewer colonic adenomas (10 to 100), a lower (up 
to 80 percent) lifetime risk of colon cancer, a more 
proximal distribution of adenomas, and a later age 
of diagnosis of both colonic polyps (average age of 
40 to 45) and colon cancer (average age of 50).37–39 
Consideration of genetic testing for AFAP (APC gene) 
is recommended in patients with more than 10 to 20 
cumulative colonic adenomas.

Approximately 10 to 30 percent of patients with 
classical FAP, and 90 percent of individuals with 
attenuated FAP do not have a detectable APC 
 mutation.40 Many of these individuals have MUTYH 
associated polyposis (MAP), an autosomal recessive 
polyposis syndrome caused by biallelic mutations in 
the MUTYH gene.41 The two most common MUTYH 
gene mutations found in MAP in the Caucasian 
population are Y179C and G396D.40 The clinical 
spectrum of MAP is variable, ranging from a clini-
cal phenotype similar to AFAP42 to one of classic 
FAP.43,44 A large-scale meta-analysis showed that 
MAP patients demonstrated a 28-fold increase in 
colon cancer, had a higher frequency of right sided 
tumors, and had a mean age of 45 at diagnosis.45 
Extra-colonic features associated with MAP include 
gastroduodenal polyps, duodenal carcinoma, osteo-
mas, breast cancer in female carriers, congeni-
tal hypertrophy of the retinal pigment epithelium, 
dental cysts, and sebaceous gland tumors.46 MAP 
patients are also at increased risk for extra-intestinal 
cancers including ovarian, bladder, skin, and breast 
cancer.45,47

Screening and treatment
Fundic gland polyps of the proximal stomach, present 
in 30 to 100 percent of FAP patients,48,49 are thought 
to have a very low risk of progression to cancer, 
whereas duodenal polyps, present in 45 to 90 percent 
of FAP patients, are usually adenomatous and are more 
likely to progress to cancer. Patients with FAP have 
an approximately 4 to 12 percent lifetime risk of can-
cer of the duodenum or papilla of Vater. Adenomas in 
the distal small bowel and in the stomach occur in 20 
to 40 percent of patients with FAP, but have a much 
lower cancer risk than duodenal adenomas. Cancer 
has been reported to occur in the ileostomy following 
colectomy.50,51 In a sample of 167 patients who were 
followed for up to 15 years following colectomy, the 
risk for developing one or more adenomas in the ileal 
pouch was 7, 35, and 75 percent at 5, 10, and 15 years 
follow-up,  respectively.51 FAP patients are also at an 
increased risk for developing intra-abdominal desmoid 
tumors and have a lifetime prevalence of 20 percent 
with a peak incidence around 30 years of age.52 These 
tumors are benign, slowly growing fibroblastic neo-
plasms that tend to recur locally and destroy adjacent 
vital structures.

Table 1. ApC mutations and their corresponding 
phenotypes.

Mutation phenotype
Between codons  
1250 and 1464

profuse colorectal polyposis  
(typically several hundred to  
thousands of adenomas)20

Between codons  
1445 and 1578

Desmoid tumors21,22

Between codons  
279 to 1309

Duodenal polyposis24

Between codons  
463 to 1444

retinal lesions (congenital 
hypertrophy of the retinal  
pigment epithelium)7,20,21,61

Downstream from  
codon 1051

Severe periampullary lesions62

Between codon 158 to  
codon 1596

AFAp40
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Screening of the upper gastrointestinal tract with 
upper endoscopy for gastric and duodenal polyps 
has been recommended, although the benefit has not 
been proven in clinical trials.53–55 It is recommended 
that FAP gene carriers or high-risk family members 
engage in screening of the lower gastrointestinal 
tract with a flexible sigmoidoscopy or colonos-
copy every 12 months from the age of 10–12 until 
35–40 years old if results are persistently negative. 
Screening recommendations for extra-intestinal 
lesions in FAP, including hepatoblastoma and thy-
roid cancer, include serum alpha-fetoprotein testing 
with abdominal palpation (every six months until 
the age of six) and annual palpation of the thyroid, 
respectively.56

Colectomy near the time of initial diagnosis is 
strongly recommended in patients with multiple large 
adenomas or adenomas with villous histology and/
or high-grade dysplasia. The preferred operation in 
classical FAP patients is a total proctocolectomy with 
ileoanal anastomosis. A subtotal colectomy with ongo-
ing surveillance or a total colectomy is reasonable in 
patients with attenuated adenomatous polyposis who 
have minor rectal involvement. One study suggested 
that the specific APC genotype may be useful in 
predicting which patients would be better suited for 
ileorectal anastomosis versus total proctocolectomy 
with ileal-pouch-anal anastomosis.57 Various medical 
therapies have been researched as an adjuvant to sur-
gery in order to decrease the overall GI tract polyp 
burden. Celecoxib, a cyclooxygenase-2 inhibitor, has 
been shown to reduce the number of colonic polyps 
(28–44 percent reduction) in adults with FAP.58,59 
NSAIDs are also being used to slow the develop-
ment of adenomas prior to colectomy and to delay 
new polyp formation in the rectum after subtotal 
colectomy.60

conclusion
Genetic information has only recently been incor-
porated into clinical care. Our case of a rare genetic 
condition highlights the importance of understand-
ing sporadic mutations and how genetic mutations 
can have widely variable phenotypes. Much more 
research and randomized clinical trials need to be 
conducted with FAP patients in order to more defini-
tively characterize random mutations. The hope is 
that one day it will be possible to risk stratify patients 

with FAP and improve the screening, diagnosis, and 
treatment for this condition.

Author contributions
Conceived and designed the experiments: SZ, NR. 
Analysed the data: SZ. Wrote the first draft of the 
manuscript: SZ, NR. Contributed to the writing of the 
manuscript: SZ, NR. Agree with manuscript results and 
conclusions: SZ, NR, MC, MF, AH. Jointly developed 
the structure and arguments for the paper: SZ, NR, 
MC, MF, AH. Made critical revisions and approved 
final version: SZ, NR, MC, MF, AH. All authors 
reviewed and approved of the final manuscript.

Funding
Author(s) disclose no funding sources.

competing Interests
Author(s) disclose no potential conflicts of interest.

Disclosures and ethics
As a requirement of publication author(s) have pro-
vided to the publisher signed confirmation of compli-
ance with legal and ethical obligations including but 
not limited to the following: authorship and contribu-
torship, conflicts of interest, privacy and confidential-
ity and (where applicable) protection of human and 
animal research subjects. The authors have read and 
confirmed their agreement with the ICMJE author-
ship and conflict of interest criteria. The authors have 
also confirmed that this article is unique and not under 
consideration or published in any other publication, 
and that they have permission from rights holders 
to reproduce any copyrighted material. Any disclo-
sures are made in this section. The external blind peer 
reviewers report no conflicts of interest.

References
1. Wennstrom J, Pierce ER, McKusick VA. Hereditary benign and malignant 

lesions of the large bowel. Cancer. 1974;34(Suppl 3):850–7.
2. Burt RW, DiSario JA, Cannon-Albright L. Genetics of colon cancer: impact 

of inheritance on colon cancer risk. Annu Rev Med. 1995;46:371–9.
3. Laurent-Puig P, Béroud C, Soussi T. APC gene: database of germline and 

somatic mutations in human tumors and cell lines. Nucleic Acids Res. 1998; 
26:269–70.

4. Moisio AL, Järvinen H, Peltomäki P. Genetic and clinical characterisation of 
familial adenomatous polyposis: a population based study. Gut. 2002;50(6): 
845–50.

5. Lamlum H, Ilyas M, Rowan A, et al. The type of somatic mutation at APC 
in familial adenomatous polyposis is determined by the site of the germline 
mutation: a new facet to Knudson’s ‘two-hit’ hypothesis. Nat Med. 1999;5(9): 
1071–5.

http://www.la-press.com


A de novo germline ApC mutation (3927del5)

Clinical Medicine Insights: Oncology 2012:6 321

 6. Järvinen HJ, Peltomäki P. The complex genotype-phenotype relationship in 
familial adenomatous polyposis. Eur J Gastroenterol Hepatol. 2004;16(1): 
5–8.

 7. Giardiello FM, Krush AJ, Petersen GM, et al. Phenotypic variability of 
familial adenomatous polyposis in 11 unrelated families with identical APC 
gene mutation. Gastroenterology. 1994;106(6):1542–7.

 8. Comprehensive COLARIS AP: APC analysis and MYH mutation panel. 
myriad genetic laboratories. Accessed Mar 18, 2012.

 9. Chung DC, Rustgi AK. DNA mismatch repair and cancer. Gastroenterology. 
1995;109(5):1685–99.

 10. Papadopoulos N, Nicolaides NC, Liu B, et al. Mutations of GTBP in geneti-
cally unstable cells. Science. 1995;268(5219):1915–7.

 11. Baker SM, Bronner CE, Zhang L, et al. Male mice defective in the DNA 
mismatch repair gene PMS2 exhibit abnormal chromosome synapsis in 
meiosis. Cell. 1995;82(2):309–19.

 12. Papadopoulos N, Nicolaides NC, Wei YF, et al. Mutation of a mutL homolog 
in hereditary colon cancer. Science. 1994;263(5153):1625–9.

 13. Boland CR, Thibodeau SN, Hamilton SR, et al. A National Cancer Institute 
Workshop on Microsatellite Instability for cancer detection and familial 
predisposition: development of international criteria for the determination 
of microsatellite instability in colorectal cancer. Cancer Res. 1998;58(22): 
5248–57.

 14. Michalopoulos NV, Saetta A, Lazaris ACh, Voutsinas G, Davaris PS. 
Detection of genetic abnormalities in neoplasms from Greek patients with 
FAP. Eur J Surg Oncol. 2003;29(1):38–43.

 15. Korinek V, Barker N, Morin PJ, et al. Constitutive transcriptional activation 
by a beta-catenin-Tcf complex in APC-/- colon carcinoma. Science. 1997; 
275(5307):1784–7.

 16. Morin PJ, Sparks AB, Korinek V, et al. Activation of beta-catenin-Tcf sig-
naling in colon cancer by mutations in beta-catenin or APC. Science. 1997; 
275(5307):1787–90.

 17. Goss KH, Groden J. Biology of the adenomatous polyposis coli tumor 
 suppressor. J Clin Oncol. 2000;18(9):1967–79.

 18. van de Wetering M, Sancho E, Verweij C, et al. The beta-catenin/TCF-4 
complex imposes a crypt progenitor phenotype on colorectal cancer cells. 
Cell. 2002;111(2):241–50.

 19. Shih IM, Wang TL, Traverso G, et al. Top-down morphogenesis of colorectal 
tumors. Proc Natl Acad Sci U S A. 2001;98(5):2640–5.

 20. Kim PJ, Plescia J, Clevers H, et al. Survivin and molecular pathogenesis of 
colorectal cancer. Lancet. 2003;362(9379):205–9.

 21. Noffsinger AE. Serrated polyps and colorectal cancer: new pathway to 
malignancy. Annu Rev Pathol. 2009;4:343–64.

 22. Facts about Genome Sequencing, Human genome project: united states 
department of energy. Accessed Jul 26, 2012.

 23. Hadjisavvas A, Papasavva T, Loizidou M, Malas S, Potamitis G, 
Christodoulou C, et al. Novel germline mutations in the APC gene of Cypriot 
patients with familial and sporadic adenomatous polyposis. Clin Genet. 
2006;69(5):404–9.

 24. Nagase H, Nakamura Y. Mutations of the APC (adenomatous polyposis 
coli) gene. Hum Mutat. 1993;2(6):425–34.

 25. Lynch HT, Tinley ST, Shaw TG, Lynch JF, Howe JR, Attard TM. 
Challenging colonic polyposis pedigrees: differential diagnosis, surveil-
lance, and management concerns. Cancer Genet Cytogenet. 2004;148(2): 
104–17.

 26. Aretz S, Uhlhaas S, Caspari R, et al. Frequency and parental origin of de 
novo APC mutations in familial adenomatous polyposis. Eur J of Hum 
Genet. 2004;12(1):52–8.

 27. Armstrong JG, Davies DR, Guy SP, Frayling IM, Evans DG. APC 
mutations in familial adenomatous polyposis families in the Northwest of 
England. Hum Mutat. 1997;10(5):376–80.

 28. Nagase H, Miyoshi Y, Horii A, et al. Correlation between the location of 
germ-line mutations in the APC gene and the number of colorectal polyps in 
familial adenomatous polyposis patients. Cancer Res. 1992;52(14):4055–7.

 29. Caspari R, Olschwang S, Friedl W, et al. Familial adenomatous polyposis: 
desmoid tumours and lack of ophthalmic lesions (CHRPE) associated 
with APC mutations beyond codon 1444. Hum Mol Genet. 1995;4(3): 
337–40.

 30. Soravia C, Berk T, Madlensky L, et al. Genotype-phenotype correlations 
in attenuated adenomatous polyposis coli. Am J Hum Genet. 1998;62(6): 
129–1301.

 31. Touriño R, Conde-Freire R, Cabezas-Agrícola JM, et al. Value of the 
congenital hypertrophy of the retinal pigment epithelium in the diagnosis of 
familial adenomatous polyposis. Int Ophthalmol. 2004;25(2):101–12.

 32. Saurin JC, Ligneau B, Ponchon T, et al. The influence of mutation site 
and age on the severity of duodenal polyposis in patients with familial 
adenomatous polyposis. Gastrointest Endosc. 2002;55(3):342–7.

 33. Statement of the American Society of Clinical Oncology: genetic testing 
for cancer susceptibility, Adopted on Feb 20, 1996. J Clin Oncol. 1996; 
14(5):1730–6; discussion 1737–40.

 34. NCCN colorectal cancer screening practice guidelines. National 
Comprehensive Cancer Network. Oncology (Williston Park). 1999;13:152.

 35. Burt R, Neklason DW. Genetic testing for inherited colon cancer. 
 Gastroenterology. 2005;128(6):1696–716.

 36. American Gastroenterological Association. American Gastroenterological 
Association medical position statement: hereditary colorectal cancer and 
genetic testing. Gastroenterology. 2001;121(1):195–7.

 37. Lynch HT, Smyrk T, McGinn T, et al. Attenuated familial adenomatous 
polyposis (AFAP). A phenotypically and genotypically distinctive variant 
of FAP. Cancer. 1995;76(12):2427–33.

 38. Galiatsatos P, Foulkes WD. Familial adenomatous polyposis. Am J 
Gastroenterol. 2006;101(2):385–98.

 39. Knudsen AL, Bisgaard ML, Bülow S. Attenuated familial adenomatous 
polyposis (AFAP). A review of the literature. Fam Cancer. 2003;2(1):43–55.

 40. Russell AM, Zhang J, Luz J, et al. Prevalence of MYH germline mutations 
in Swiss APC mutation-negative polyposis patients. Int J Cancer. 2006; 
118(8):1937–40.

 41. 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(9):791–9.

 42. Wang L, Baudhuin LM, Boardman LA, et al. MYH mutations in patients 
with attenuated and classic polyposis and with young-onset colorectal 
cancer without polyps. Gastroenterology. 2004;127(1):9–16.

 43. Balaguer F, Castellví-Bel S, Castells A, et al. Identification of MYH muta-
tion carriers in colorectal cancer: a multicenter, case-control, population-
based study. Clin Gastroenterol Hepatol. 2007;5(3):379–87.

 44. Terdiman JP. MYH-associated disease: attenuated adenomatous polyposis of 
the colon is only part of the story. Gastroenterology. 2009;137(6):1883–1886.  
Epub Oct 29, 2009.

 45. Theodoratou E, Campbell H, Tenesa A, et al. A large-scale meta-analysis 
to refine colorectal cancer risk estimates associated with MUTYH variants.  
Br J Cancer. 2010;103(12):1875–84. Epub Nov 9, 2010.

 46. Vogt S, Jones N, Christian D, et al. Expanded extracolonic tumor spec-
trum in MUTYH-associated polyposis. Gastroenterology. 2009;137(6): 
1976–85. e1–10. Epub Sep 2, 2009.

 47. Hamilton SR, Bussey HJ, Mendelsohn G, et al. Ileal adenomas after colec-
tomy in nine patients with adenomatous polyposis coli/Gardner’s syndrome. 
Gastroenterology. 1979;77(6):1252–7.

 48. Jagelman DG, DeCosse JJ, Bussey HJ. Upper gastrointestinal cancer in 
familial adenomatous polyposis. Lancet. 1988;1(8595):1149–51.

 49. Wallace MH, Phillips RK. Upper gastrointestinal disease in patients with 
familial adenomatous polyposis. Br J Surg. 1998;85(6):742–50.

 50. Primrose JN, Quirke P, Johnston D. Carcinoma of the ileostomy in a patient 
with familial adenomatous polyposis. Br J Surg. 1988;75:384.

 51. Parc YR, Olschwang S, Desaint B, et al. Familial adenomatous polyposis: 
prevalence of adenomas in the ileal pouch after restorative proctocolectomy. 
Ann Surg. 2001;233:360.

 52. Groen EJ, Roos A, Muntinghe FL, et al. Extra-intestinal manifesta-
tions of familial adenomatous polyposis. Ann Surg Oncol. 2008;15(9): 
2439–50.

 53. Lindor NM, Greene MH. The concise handbook of family cancer syndromes. 
Mayo Familial Cancer Program. J Natl Cancer Inst. 1998;90(14):1039–71.

 54. Heiskanen I, Kellokumpu I, Järvinen H. Management of duodenal ade-
nomas in 98 patients with familial adenomatous polyposis. Endoscopy. 
1999;31(6):412–6.

http://www.la-press.com


Zeichner et al

322 Clinical Medicine Insights: Oncology 2012:6

 55. Attard TM, Cuffari C, Tajouri T, et al. Multicenter experience with upper 
gastrointestinal polyps in pediatric patients with familial adenomatous 
 polyposis. Am J Gastroenterol. 2004;99(4):681–6.

 56. Hughes LJ, Michels VV. Risk of hepatoblastoma in familial adenomatous 
polyposis. Am J Med Genet. 1992;43(6):1023–5.

 57. Nieuwenhuis MH, Mathus-Vliegen LM, Slors FJ, et al.  Genotype- phenotype 
correlations as a guide in the management of familial adenomatous 
 polyposis. Clin Gastroenterol Hepatol. 2007;5(3):374–8.

 58. Steinbach G, Lynch PM, Phillips RK, et al. The effect of celecoxib, a 
cyclooxygenase-2 inhibitor, in familial adenomatous polyposis. N Engl J 
Med. 2000;342(26):1946–52.

 59. Lynch PM, Ayers GD, Hawk E, et al. The safety and efficacy of celecoxib 
in children with familial adenomatous polyposis. Am J Gastroenterol. 
2010;105(6):1437–43.

 60. Cruz-Correa M, Hylind LM, Romans KE, et al. Long-term treatment with 
sulindac in familial adenomatous polyposis: a prospective cohort study. 
Gastroenterology. 2002;122(3):641–5.

 61. Soravia C, Berk T, Madlensky L, et al. Genotype-phenotype correlations 
in attenuated adenomatous polyposis coli. Am J Hum Genet. 1998;62(6): 
1290–301.

 62. Björk J, Akerbrant H, Iselius L, et al. Periampullary adenomas and 
adenocarcinomas in familial adenomatous polyposis: cumulative risks and 
APC gene mutations. Gastroenterology. 2001;121(5):1127–35.

http://www.la-press.com


A de novo germline ApC mutation (3927del5)

Clinical Medicine Insights: Oncology 2012:6 323

supplementary Data

A video abstract by the authors of this paper is 
available. video-abstract10178.mov

http://www.la-press.com

