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Abstract: Familial adenomatous polyposis (FAP) is an autosomal dominant cancer predisposition syndrome marked by extensive 
colorectal polyposis and a high risk of colorectal cancer (CRC). Having access to screening and enrollment programs can improve 
survival for patients with FAP by enabling them to undergo surgery before the development of colorectal cancer. Provided that there 
are a variety of surgical options available to treat colorectal polyps in patients with adenomatous polyposis, the appropriate surgical 
option for each patient should be considered. The gold-standard treatment to reduce this risk is prophylactic colectomy, typically by the 
age of 40. However, colectomy is linked to morbidity and constitutes an ineffective way at preventing extra-colonic disease 
manifestations, such as desmoid disease, thyroid malignancy, duodenal polyposis, and cancer. Moreover, extensive studies have 
been conducted into the use of chemopreventive agents to prevent disease progression and delay the necessity for a colectomy as well 
as the onset of extracolonic disease. The ideal chemoprevention agent should demonstrate a biologically plausible mechanism of action 
and provide safety, easy tolerance over an extended period of time and a lasting and clinically meaningful effect. Although many 
pharmaceutical and non-pharmaceutical products have been tested through the years, there has not yet been a chemoprevention agent 
that meets these criteria. Thus, it is necessary to develop new FAP agents that target novel pathways, such as the mTOR pathway. The 
aim of this article is to review the prior literature on FAP in order to concentrate the current and future perspectives of diagnosis and 
treatment. In conclusion, we will provide an update on the diagnostic and therapeutic options, surgical or pharmaceutical, while 
focusing on the potential treatment strategies that could further reduce the risk of CRC. 
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Introduction
Familial adenomatous polyposis (FAP), inherited in an autosomal dominant manner, is marked by the occurrence of 
hundreds to thousands of colorectal adenomatous polyps from early adolescence until the third decade of life, resulting in 
almost certain colorectal cancer development by the age of fifty years in the absence of prophylactic surgery.1–3 Based on 
the available data, the prevalence of FAP is 2.29–3.2 cases per 100,000 individuals.4 Moreover, FAP is responsible for 
almost 0.5% to 1% of all cases of colorectal cancer and affects both men and women equally.5,6 Adenomatous polyposis 
was first described histologically in 1881 by Sklifasowski.3 He described the case of a 51-year-old merchant who had 
been suffering from bloody diarrhea and abdominal pain for seven years. Adenomas were identified after histological 
examination of large polyps, removed during an operation.7 As a variant of FAP disease, attenuated FAP (aFAP) usually 
affects individuals over 40 years of age and has less than a hundred colonic adenomas. Milder aFAP phenotype is 
characterized by fewer late-onset adenomas that can be managed endoscopically, and as a result, surgery can be delayed 
for a significant amount of time.1
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FAP is a hereditary syndrome with potential manifestations alongside the whole gastrointestinal system.8 The most 
commonly seen extracolonic malignancy in patients with FAP is duodenal cancer, which is the leading cause of death 
after prophylactic colectomy. The cumulative risk of duodenal cancer in patients with FAP is approximately 4.5% at 57 
years old and rises to 18% at 75 years old8. Patients with FAP can also develop other extraintestinal complications, such 
as congenital hypertrophy of the retinal pigment epithelium (CHRPE) (60%), desmoid tumors (20%), thyroid papillary 
carcinomas (1–2%), medulloblastomas (1–2%), hepatoblastomas (1–2%), osteomas (20%), and benign skin lesion.9–11 In 
aFAP, the development of extraintestinal malignancies is less likely compared to classic FAP.5 There are even rare cases 
where FAP or aFAP coexist with uncommon disease entities, such as multiple GIST, highlighting the need for more 
research in this field.12

FAP and aFAP result from pathogenic (P) or likely pathogenic (LP) germline mutations of the APC (Adenomatous 
polyposis coli) gene on chromosome 5q2, contributing to approximately 1% of colorectal cancers.2,13 A dominant 
inheritance pattern is observed in classic FAP, and the penetration of the mutation reaches 100%.2,5,14,15 To date, over 
1500 different mutations in the APC gene have been found till now.16 The APC mutation is detected in about 80% of 
patients with FAP who undergo protein-truncating tests,17 while genetic testing identifies it in 85% of patients.18

The APC protein is a 312-kDa tumor suppressor, which is implicated in many cellular processes, such as intercellular 
adhesion, signal cascades, multiplication, cell death, and migration, having a crucial role in Wnt signaling. Wnt proteins 
are associated with many developmental events during embryogenesis as well as in tissue homeostasis in adult 
organisms.3 One of the significant roles of APC gene is the regulation of intracellular levels of β-catenin, a protein 
responsible for cell adhesion and extracellular signal transduction, having a negative regulatory effect on Wnt 
signaling.19 In particular, expression of APC gene is associated with phosphorylation, ubiquitination, and subsequent 
proteolytic degradation of b-catenin.20,21 Furthermore, APC expression was associated with inhibited cell growth by 
inducing cell apoptosis in the study of Morin et al.22

Desmoid tumors are nonmetastatic, mostly sporadic, yet locally invasive tumors, which are similar to fibromatoses 
like Dupuytren’s contracture.1,23 However, 7.5–16% of FAP cases are hereditary, affecting 20% of patients.1,24 FAP- 
related types tend to manifest with larger, multifocal tumors and show greater recurrence and mortality rates.1 The 
majority of them seem to be triggered by surgical trauma, although they can occur “spontaneously”.24 They are most 
commonly found in the small intestine mesentery, while large fibrous masses develop in many cases.1

Carcinogenesis cascade resembles that of sporadic colorectal cancer (CRC). Several mechanisms can contribute to 
colorectal cancer, including chromosomal and microsatellite instability, as well as methylation of CpG islands. As 
a matter of fact, in the chromosomal instability pathway involving 85% of the sporadic tumors, carcinogenesis starts with 
mutations in the APC gene, followed by mutations in the KRAS (Kirsten Rat Sarcoma Viral) gene and subsequently in the 
TP53 (Tumor p53) gene.25 APC mutations are present in about 80% of FAP tumors, and 60% lack the full-length APC 
protein. Similarly, in FAP, the development of adenomas is caused by the damage to a second previously normal allele. 
Progression from adenoma to CRC occurs after APC gene inactivation, in the presence of mutations in other genes such 
as KRAS and TP53 at a later stage of carcinogenesis.2

Most of these germline mutations are found in a hot spot region of the APC gene between codons 1055 and 1309 in 
the 5` of exon 15. As distinct from the germline hotspot region, somatic mutations are observed in the mutation cluster 
region (MCR), which contains codons between 1250 and 1450.2 The number of colonic adenomas depends on where 
mutations occur in the APC gene5 (Figure 1). In patients with aFAP, APC gene mutations are located in 3 distinct 
locations: the far proximal (5′) end of the gene (5 first exons, codon 78 to 167), the far distal (3′) end of the gene (codon 
1581 to 2843), or in locations of exon 9 (codon 312 to 412). There is evidence that mutations in the 3′ APC gene are 
associated with higher incidence of desmoid tumors2,5 (Figure 1). In patients with FAP, mutations located beyond codon 
1309 and codon 1444 increased the risk of desmoid tumor development 17-fold and 12-fold, respectively, compared with 
mutations located in genetic loci close to the far proximal end of the APC gene.26

Nowadays, there are still many patients diagnosed with cancer on a background of FAP for three main reasons: 1. adoption 
and non-paternity (unknown family history), 2. non-compliance to screening and scheduled follow-up sessions in the context 
of a positive family history or after a prophylactic surgery (development of malignancy in the remaining rectum or in the 
ileoanal pouch or rectal cuff) and finally 3. de novo mutations (absence of family history).1
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The aim of the present review is to present the new perspectives in the field of Familial Adenomatous Polyposis 
diagnosis and overall management (surgical management and chemoprevention).

Diagnosis of FAP
The suspicion of FAP diagnosis arises in the presence of primarily developed adenomas (no less than 100 in number) in 
the large intestine.27 The number of patients who get diagnosed with FAP between 10 and 20 years of life has been 
increased over time thanks to genetic testing and detection of the specific variant of the family, or screening family 
members at risk using endoscopy.28 Diagnosis of FAP or aFAP is based on the detection of a P/LP variant in the APC 
gene.27 More specifically, mutations in the APC gene, located between codons 1250 and 1464 (especially codon 1309) 
are associated with more severe diseases in contrast with mutations in the C-terminal domain.29

According to National Comprehensive Cancer Network (NCCN) guidelines, single-site testing is suggested in case of 
a known P/LP variant in the APC gene in the family. The use of multi-gene panels is preferred to test for a hereditary 
polyposis syndrome, when it is suspected, and a familial P/LP variant is not detected. A germline test should be used for 
the screening of extracolonic symptoms, counseling, risk assessment and family testing, as well as it is essential for the 
differential diagnosis between FAP and other disorders, such as MUTYH-related Polyposis (MAP), or POLD1 and POLE 
related polyposis (DNA polymerase genes).27 Moreover, a recent study supports that the effectiveness of clinical exome 
sequencing (CES) as regards the detection of P/LP variants or variants of unknown significance (VUS) is not 
significantly different when compared to multi-gene panel testing for the diagnosis of hereditary polyposis syndromes 
or colorectal cancer. Nevertheless, this study was not designed exclusively for the diagnosis of FAP.30

Also, somatic mosaicism has been encountered in patients with FAP and therefore genetic testing in biological 
samples other than blood, such as a polyp, is recommended in several cases.31

In case that the P/LP variant has already been detected in a family, counseling, and screening of the remaining at-risk 
individuals are suggested. Generally, genetic testing for FAP diagnosis in a population of at-risk underage family 
members should begin in the age of 10 to 15 years old, when endoscopic surveillance begins.27

The diagnosis of classic FAP is set in the presence of heterozygosity for one pathogenic variant in the APC gene, as 
detected with genetic testing, and one of the following criteria:

1. Over than (or equal) 100 adenomatous polyps in the colon or rectum (younger patients or patients with 
colectomies may present with less than 100 colorectal adenomatous polyps),

2. A large number, but less than 100 adenomatous polyps in the colon or rectum and a verified diagnosis of FAP in 
a family member.4

Similarly, the diagnosis of aFAP is set in the presence of heterozygosity for one pathogenic variant in the APC gene, as 
detected with genetic testing, and:

Figure 1 Loci of mutations in the APC gene and genotype-phenotype associations.
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1. A family member with verified aFAP, and/or
2. Less than 100 adenomatous polyps in the colon/rectum or
3. More than 100 adenomatous polyps in the colon/rectum for patients older than 40 years old.4

Even though conventional endoscopy is the method commonly used in clinical practice for the diagnosis of FAP and the 
follow-up of the patients, there are also other methods with promising results, as presented below.32 According to 
Mortensen et al, fluorescence endoscopy has been demonstrated to increase the diagnostic value of conventional 
endoscopy in terms of detecting neoplasia, adenomas, and evaluating tumor invasion, although more studies of higher 
quality are needed to produce more firm results.33 Worth mentioning is fluorescence molecular endoscopy, a combination 
of fluorescence endoscopy with the use of cancer-specific probes (for example, labeled monoclonal antibodies), which is 
a very promising alternative with great potential for the future.34

In a study where fluorescence endoscopy was compared to chromoendoscopy, a different endoscopic technique that 
uses dyes to highlight suspected neoplasms in the GI tracts’ mucosa, the first had a significantly higher diagnostic 
accuracy for depth of cancerous invasion (89% vs 68%).35 With chromoendoscopy using indigo carmine uniformly 
sprayed on the mucosa of the duodenum and a dedicated catheter, the mucosal abnormalities are highlighted. Numerous 
studies have shown the effectiveness of this inexpensive, easy-to-use method.36 For instance, there is evidence that indigo 
carmine chromoendoscopy improved the diagnosis of adenomas of the duodenum, allowing the Spigelman stage to be 
raised in 51 cases of FAP in a monocentric prospective study.37

Surveillance of FAP
The role of active surveillance is important and can even constitute a viable alternative to immediate treatment in some 
cases.24 According to several guidelines, surveillance in FAP by sigmoidoscopy/colonoscopy should be performed every 
one to three years starting at the age of 10 to 14 years.38 Affected individuals without P/LP variants detected in both their 
test and their family are subject to the same surveillance as untested individuals (for instance, those who refuse for 
personal reasons to be tested) with known P/LP variant in their family. In the context of surveillance, children between 
the ages of 10 and 15 years should undergo high-quality colonoscopies (preferably) or flexible sigmoidoscopies every 12 
months. Following 15 years of age, surveillance intervals should be increased to every 2 years if results remain negative. 
Depending on clinical judgment, the interval may be prolonged further in case of multiple surveillance exams without 
adenomas.27 The basic principles of genetic testing and surveillance of asymptomatic family members with a known 
pathogenic APC variant in their family are illustrated in the diagram (Figure 2).27

Regarding duodenal polyposis there are four different stages, ranging from stage 0 to IV, determined by the 
Spigelman stage.38 The Spiegelman duodenal surveillance score was evaluated by Sourrouille et al in 2017, especially 
in relation to high-grade dysplasia. As indicated by a multivariate analysis, high-grade dysplasia was independently 
associated with age at the first endoscopy as well as alterations to the papilla (size and gross aspect).39

According to international guidelines from NCCN and European Society of Gastrointestinal Endoscopy (ESGE), it is 
recommended carry out forward and side view esophagogastroduodenoscopy to accurately assess the ampullary and 
periampullary regions beginning at age 20–25 years old (as upper gastrointestinal polyps typically develop 7–10 years 
after colon polyps),29 or earlier in case that colectomy is performed before the age of 20, then a follow-up endoscopy 
should be performed based on the Spigelman stage.8 Nonetheless, the concept of early screening for FAP is supported by 
some reports describing upper gastrointestinal (GI) tract involvement in FAP children.40,41 As the prevalence of duodenal 
adenomatosis increases with age, the vast majority of FAP patients will obtain duodenal adenomas during their 
lifetimes.42 Due to the evidence that duodenal involvement occurs earlier than expected in children, suitable surveillance 
strategies should be implemented, considering Spigelman staging, thus aiming to halt the progression of duodenal lesions 
to adenocarcinomas.43

Further surveillance of the small bowel may be advised in cases of advanced Spigelman stage. Nevertheless, 
performing capsule endoscopy (CE) or magnetic resonance enteroclysis in all FAP patients, including patients with non- 
clinically significant small bowel polyps, does not seem reasonable, until the importance of non-duodenal polyps is 
illustrated.8 According to the American College of Gastroenterology (ACG), it is not clear whether the use of Computed 
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Tomography (CT) enterography, balloon enteroscopy, or CE examinations of the small intestine outside the range of the 
upper endoscope is indicated, when upper endoscopy reveals severe duodenal polyposis; however, the guidelines do not 
provide specific indications of surveillance.44

An abdominal MRI should be performed after colectomy every 3 to 5 years in patients with a family history of 
desmoid tumors. It is also crucial that patients with FAP undergo thyroid cancer surveillance, as they are more likely to 
develop papillary thyroid cancer (particularly cribriform-morular variant), which is more likely to occur in female 
patients, so thyroid tests or ultrasounds should begin at an early age. If more than 1 to 2 adenomatous polyps are present 
in childhood, regardless of family history, testing for underlying APC variants is suggested.29

Figure 2 Genetic testing and surveillance of individuals with a known pathogenic APC variant in their family.
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In order to identify hepatoblastoma, which has a small correlation with FAP, abdominal ultrasound surveillance and 
serum a-fetoprotein measurements should be performed in children from the first month after birth and every three to six 
months until the age of 4 years old and have also been recommended in certain families with a history of 
hepatoblastoma.45

As polyps continue to accumulate in the retained rectum after ileorectal or ileosigmoid anastomosis (IRA/ISA), and in 
the pouch after ileal pouch-anal anastomosis (IPAA), patients remain at risk for cancer development after colectomy. 
Monitoring disease progression, removing lesions before they become malignant, and preventing surgical procedures that 
could otherwise be avoided remain the primary goal of lifelong endoscopic surveillance. As a standard of care, rectum or 
pouch polyposis should be monitored every half a year to three years, based on the severity of the polyposis, during a GI 
tract endoscopy of a patient with FAP. The most commonly observed gastric lesion is a fundic gland polyp, which occurs 
in 65 to 88% of cases.38 Although the possibility of cancer development is low in these lesions, Mankaney et al reported 
that the number of patients diagnosed with FAP and gastric malignancy has been increased.46 As of yet, there is no 
consensus on the best time to resect gastric adenomas in FAP or the preferred technique to use.38

Surgical Management of FAP
Managing families and individuals affected by FAP by endoscopic and imaging techniques aims to prevent cancer, while 
surgery’s primary purpose is to treat cancer and prevent death associated with colorectal cancer with no effect on life 
quality. Surgery in FAP will be as necessary as in any other cancer.1,47 Currently, there are no standardized guidelines 
regarding the type and exact operation time in patients with FAP.47

Colorectal adenomas can be safely monitored exclusively with endoscopy, a decision depending on factors like age, 
size, number, and histology.38 Such factors also influence the decision to perform prophylactic surgery. Multiple polyps 
with a size over 10mm, polyps with a high-grade dysplastic character, and rapid multiplication of polyps warrant 
colectomy. Polyps exceeding 5mm in size, villous components, or high-grade dysplasia, however, may not require 
surgery.47 Nevertheless, the decision whether to undergo a colectomy is also dependent on other socioeconomic factors 
or the risk of developing a desmoid tumor.38,47

The age limit for preventive surgery is generally lowered from three decades in English-speaking countries to twenty 
years in Europe because of the elevated cancer risk after that age.47 As a result, in a recent study, researchers propose 
preventive surgery before 27 years of age for people with classic FAP to minimize the possibility of colorectal cancer. 
The risk increases from 10% to 25% between 28 and 32 years of age. On the contrary, prophylactic surgery before the 
age of 31 years old is recommended in cases of aFAP, where cancer development peaks later.48

The surgical options are 1. subtotal or total colectomy with ileorectal or ileosigmoid anastomosis, 2. restorative 
proctocolectomy (ileal pouch-anal anastomosis), and 3. proctocolectomy with end ileostomy.27,38,47 Removal of the 
rectum is not obligatory in the case of colorectal cancer. Overall, there is a 6.1–11.2% chance of rectal cancer following 
an ileorectal anastomosis in FAP. It is estimated that 1.1–1.9% of patients who undergo proctocolectomy will develop 
cancer, with the majority of malignancies occurring in the rectal cuff.38 In Table 1, indications, as well as advantages and 
disadvantages of each surgical procedure are presented based on the most recent NCCN guidelines (2022).27

When surgery is decided in case that colorectal cancer is absent and the number of polyps is less than 1000 in the 
colon and less than 5 in the rectum, total colectomy with ileorectal anastomosis is recommended in both the classic and 
attenuated forms of FAP. Treatment is individualized, and the type of operation is under discussion in individuals with 
a number of polyps between 5 and 19 in the rectum.47

According to the American Society of Colorectal Surgeons, restorative proctocolectomy (with ileo-anal anastomosis) 
is indicated in the presence of 1. mutation in the “MCR” between codons 1250 and 1450 of the APC gene, 2. the presence 
of a number greater than 500 colonic adenomas, or 3. over 20 rectal adenomas and finally 4. rectal adenomas not 
approachable with endoscopy. For example, in the case of a patient with less than 20 rectal adenomas, which can all be 
endoscopically extracted and have mutations outside the “mutation cluster region”, colectomy with ileorectal anasto
mosis is the optimal surgical procedure.1

Other long-term outcomes should be considered in addition to cancer risk and reoperation after colectomy when 
choosing the appropriate surgery type. Among the crucial aspects are the effects on urological and bowel function, 
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fertility, sexual function, and the overall quality of life. As for several complications, sexual dysfunction, and dietary 
restriction, Aziz et al concluded that there was no significant difference between ileorectal and ileal pouch-anal 
anastomosis in patients with FAP. Furthermore, they reported that rectal cancer had only developed in the group of 
patients with ileorectal anastomosis, but this group of patients seemed to have better fecal continence.49

Despite the association between total colectomy with ileorectal anastomosis and development of rectal cancer, there is 
less possibility of desmoid tumor development in this type of operation.47 However, based on the results of a recent meta- 
analysis, there is no statistically significant difference between patients with ileorectal anastomosis and a group of 
patients with ileal pouch-anal anastomosis as regards desmoid tumor development.50 On the other hand, in two multi
variate analyses, it was found that ileal pouch-anal anastomosis increases the risk of development of desmoids (when 
other confounders are also taken into account).51,52

Finally, proctocolectomy with end ileostomy is preferred in several cases, such as a postpartum woman with problems 
of incontinence or in cases where there is a high risk of dysfunctional anastomosis.1 A final ileostomy is preferred in 
some rare cases of locally advanced cancer of the rectum, the presence of a large desmoid in the mesentery, or defective 
anal sphincter function.38

Total colectomy with ileorectal anastomosis is the first-line operation in most patients with aFAP without any signs of 
rectal involvement or polyposis which can be managed with endoscopy. In several patients with aFAP in which a large 
number of proximal polyps are present, the degree of resection is defined by the number and the location of the present 

Table 1 Comparison of Three Different Operations, Used in FAP Management (Indications, Contraindications, Advantages, 
Disadvantages) According to the Most Recent NCCN Guidelines (2022)27

Total Colectomy with Ileorectal 
Anastomosis

Proctocolectomy with Ileal Pouch- 
Anal Anastomosis

Proctocolectomy with End 
Ileostomy

Indications Polyps approachable for surveillance and 

removal

● Extensive disease in the colon/ rectum
● Manageable rectal cancer
● Rectal disease- non-manageable after 

total colectomy with ileorectal 

anastomosis

● Advanced rectal cancer
● presence of ileal pouch-anal 

anastomosis with pure function
● Non-compliance to endoscopic 

surveillance
● patient’s preference

Contraindications ● Large number and size of polyps
● Non-compliance to follow-up

● Intra-abdominal desmoid tumors
● Coexistence of Crohn’s disease or 

sphincter dysfunction
● Ability of postoperative endoscopic 

surveillance

Advantages ● Technically simple with low risk of com

plication occurrence (such as infertility, 

sexual disorders, incontinence)
● absence of permanent stoma

● Low risk of rectal cancer development
● Absence of permanent stoma
● Satisfactory post-operational bowel 

function

● Elimination of colorectal cancer 

risk
● Requirement of one single 

operation

Disadvantages Increased risk of metachronous cancer ● Complicated procedure
● Temporary stoma in most cases
● High rates of postsurgical complica

tions (infertility, sexual disorders, 

bladder dysfunction, fecal 
incontinence)

● High rates of postsurgical com

plications (infertility, sexual dis
orders, bladder dysfunction)

● presence of a permanent stoma

Abbreviations: FAP, familial adenomatous polyposis; CRC, colorectal cancer; aFAP, attenuated familial adenomatous polyposis; CHRPE, congenital hypertrophy of the 
retinal pigment epithelium; P, pathogenic; LP, likely pathogenic; MCR, mutation cluster region; MAP, MUTYH, associated polyposis; CES, clinical exosome sequencing; VUS, 
variants of unknown significance; GI, gastrointestinal tract; CE, capsule endoscopy; ACG, American College of Gastroenterology; CT, computed tomography; IRA, ileorectal 
anastomosis; ISA, ileosigmoid anastomosis; IPAA, ileal pouch-anal anastomosis; CAPP1, Colorectal Adenoma/Carcinoma Prevention Programme 1; COX, cyclooxygenase; 
DFMO, difluoromethylornithine; NSAID, non-steroid anti-inflammatory drugs; ODC, ornithine decarboxylase; anti, EGFR, anti-epidermal growth factor receptor; Min, 
multiple intestinal neoplasia; AE, adverse event; EPA, eicosapentaenoic acid; IBD, inflammatory bowel disease; UC, ulcerative colitis; OCA, obeticholic acid; KRAS, Kirsten 
Rat Sarcoma Viral; TP53, tumor p53; APC, adenomatous polyposis coli; NCCN, National Comprehensive Cancer Network; ESGE, European Society of Gastrointestinal 
Endoscopy.
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adenomas. It is not recommended for patients with an excessive number of rectal polyps to undergo this type of 
operation.27

Chemoprevention of FAP
Prophylactic colectomy and endoscopic surveillance currently constitute the best choice for cancer prevention in FAP. 
However, drugs that can prevent CRC has received a lot of attention from researchers in recent years. Chemopreventive 
medicines work to reduce or delay the risk of cancer by targeting the pathways that lead to cancer development. 
Hereditary disorders are an appropriate environment for chemoprevention because chemopreventive effects may have 
a bigger impact on high-risk diseases. Several clinically significant endpoints for FAP chemoprevention have been 
identified over the years, including the number of polypectomies, the number of patients undergoing surgery, the total 
number of polyps (larger than 10 mm) removed, duodenal cancer, a decrease in the frequency of surveillance 
colonoscopies, and the number of patients who required polypectomies for polyps larger than 10 mm.53

Aspirin
According to recent ACG clinical guidelines on CRC screening, aspirin is suggested as a chemopreventive drug in the 
average risk population between 50 and 69 years old.5 CAPP1 trial (Colorectal Adenoma/Carcinoma Prevention 
Programme 1) constitutes the largest clinical trial for the use of aspirin, in which 227 patients with familial adenomatous 
polyposis were randomized to aspirin, aspirin plus resistant starch, resistant starch alone and placebo. The 133 patients 
who included in the primary analysis had no benefit of 600 mg of aspirin, 30 g of fermentable fiber, or both, as compared 
with placebo, regarding polyp burden. The only difference (p = 0.02) was the size reduction of the largest polyp among 
patients taking aspirin for more than 1 year.54 However, the early completion of the study constitutes a major limitation 
about its results.55 J-FAPP IV, a new randomized controlled clinical trial of 104 FAP patients with intact colon treated 
with aspirin/mesalazine, aspirin/mesalazine placebo, mesalazine/aspirin placebo, and placebo/placebo low-dose aspirin, 
revealed a significant reduction in the recurrence of polyps greater than 5 mm.56 Nevertheless, there is no well- 
documented recommendation for aspirin as a chemopreventive agent for FAP.

Celecoxib and Rofecoxib
It is well established that cyclooxygenase (COX), and more specifically COX-2, is essential for the development of 
gastrointestinal polyps.57 In colonic adenomas, COX-2 expression is increased, which is linked to adenoma character
istics indicative of malignant transformation.57 Celecoxib as well as rofecoxib are two of the most studied drugs among 
COX-2 inhibitors in FAP. In patients with polyposis syndromes, the COX-2 enzyme is upregulated in colonic cells and 
has a significant connection with APC and Wnt/β-catenin signaling: In APC knockout mice, this pathway was blocked to 
reduce the number of polyps.58,59 The use of celecoxib was first investigated for use in patients with FAP by Steinbach 
et al.60 Later, several clinical trials tested its efficacy, such as one double-blind, placebo-controlled study of 77 patients 
who were given celecoxib (100 or 400 mg twice daily) or placebo for six months resulting in a significant reduction in 
the number of polyps in a tattooed area of the colon.61 Also, a Phase I, dose-escalation trial in 2010 studied 18 pediatric 
patients that showed a significant reduction in the number of polyps when treated with celecoxib at a dose of 16 mg/kg/ 
day.62 Of note, the endpoints of polyp burden and polyp number do not indicate changes in rates of colorectal cancer, 
colectomy, or death. A recent study concerning celecoxib’s efficacy of Yang et al showed that celecoxib’s bioavailability 
varies between normal and polyp tissues and that it may have an impact on how FAP patients respond clinically.63 

However, other studies showed that selective COX-2 inhibitors have significant toxicities when used for a long time. 
A long-term, multicenter, randomized, placebo-controlled, double-blind trial of rofecoxib (25 mg daily) in comparison 
with placebo for prevention of colorectal cancer indicated a higher rate of thrombotic events after 18 months of treatment 
with COX-2 inhibitor in a group of patients aged above 40 years and having ≥1 colorectal adenoma removed in the 3 
months prior to treatment initiation.64 Study data are compatible with an early increase in risk that persists for one year 
after stopping treatment. Another multicenter, randomised, placebo-controlled, double-blind trial (APPROVe study) 
proved that rofecoxib is associated with increased risk of cardiovascular and other adverse events.65 Based on these 
findings, Merck voluntarily withdrew rofecoxib (Vioxx) off the American market in 2004. Along with rofecoxib, 
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celecoxib has been blamed for similar adverse events in the past. A meta-analysis of 6 placebo-controlled trials 
comparing celecoxib (3 dose regimens: 400 mg QD, 200 mg BID, or 400 mg BID) with placebo for conditions other 
than arthritis with a planned follow-up of at least 3 years revealed differential cardiovascular risk as a function of 
celecoxib dose regimen and baseline cardiovascular risk.66 There are no recent safety trials to study celecoxib in FAP as 
most of new research is focusing on other agents’ efficacy and safety.67 A recent meta-analysis of randomized controlled 
trials of Ye SY et al68 regarding the efficacy and safety of celecoxib combined with standard cancer therapy indicated that 
adding celecoxib to palliative therapy had a good safety profile. This leaves space for more research in the field of safety 
in case of celecoxib in the future. Finally, despite celecoxib ultimately being approved by the Food and Drug 
Administration for the treatment of colorectal polyps in patients with FAP, for now there are notable limitations that 
precluded widespread adoption of celecoxib as a long-term prophylactic agent.

Sulindac
Sulindac, a less-selective cyclooxygenase inhibitor with non-COX pathway effects, has been used for the clinical 
management of colorectal polyposis in FAP patients since 1993, when Giardiello et al69 performed the first randomized 
trial using sulindac alone. Although there was a reduction in polyp number and size, later studies failed to show 
a statistically significant benefit.70

Combination Therapies Using Cyclooxygenase Inhibitors
Difluoromethylornithine (DFMO) and erlotinib in combination with NSAIDs, particularly celecoxib and sulindac, 
constitute a regimen that has recently been tested for efficacy in patients with FAP.67 It inhibits polyamine metabolism, 
specifically ornithine decarboxylase – ODC. Erlotinib is an anti-EGFR drug approved for lung cancer, and several studies 
had demonstrated that the EGFR signaling in colonic crypts of APCMin ± mice had been upregulated.71 Also, erlotinib 
has been studied in association with sulindac in clinical trials regarding FAP syndrome.

Combined treatment with sulindac plus erlotinib was firstly tried by Baker et al72 in 2016 where it was shown that 
duodenal polyposis could be reduced by blocking EGFR and COX-2. Two years later, Delker et al73 revealed molecular 
evidence that the drug combination sulindac/erlotinib reached the intended tissue and was active in the expected 
pathways. Furthermore, drug-induced activation of innate immune pathways may have contributed to polyp regression. 
Additionally, in FAPEST trial which randomized 91 FAP patients to sulindac plus low-dose erlotinib versus placebo to 
assess differences in duodenal polyp burden at 6 months, sulindac plus erlotinib scheme showed a reduction in duodenal 
burden as well as a reduction in colorectal and pouch burden.74,75 However, several adverse events were reported limiting 
the use of this medical regimen at the dosing schedule applied in this study. Given that erlotinib’s pharmacokinetics may 
result in a lower side effect profile when dosed once per week, in 2022 it was conducted a Phase II trial of weekly 
erlotinib dosing in order to evaluate the Adverse Event (AE) profile, while still providing efficacy with respect to reduced 
polyp burden, in participants with FAP.76 After 6 months of management, the data demonstrated a decreased duodenal 
polyp burden and a moderately reduced lower GI polyp burden, with AEs of lower grade and well tolerated in 75% of the 
participants.

Although DFMO was firstly tested in association with sulindac in 2008 in a study that 375 patients with sporadic 
colorectal polyps showed a reduction in the recurrence of adenomas,77 this regimen was tested for the first time in FAP in 
2020 in a clinical trial that there was not found any significant difference in preventing disease progression among 
different combinations of the drugs.78 In particular, Meyskens et al52 in 2008 proved that a low dose of DFMO plus 
sulindac at a dose one half the usual therapeutic dose significantly reduced the recurrence of all adenomas (70% 
decrease), advanced adenomas (92% decrease), and recurrence of more than one adenoma (95% decrease) in patients 
at moderately high risk for sporadic adenomas, while Burke et al53 in 2020 did not prove treatment benefit with 
combination therapy in the subgroup of patients who had duodenal polyposis, as well as there was no observed 
significantly lower incidence of FAP progression with the combination of eflornithine and sulindac than with either 
drug alone. Finally, a post-hoc analysis of a randomized clinical trial of the same year, where patients received either 
eflornithine (750 mg), sulindac (150 mg), or both once daily for up to 48 months, showed that the combination therapy 
compared to each drug alone offered an 80% risk reduction for disease progression.54 Also, patients who underwent 
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major polypectomies (>10 mm) and had been administrated the combination therapy (750 mg eflornithine plus 150 mg 
sulindac) had a 100% risk reduction for disease progression, as none of these patients required a major surgery during 
a 48-month time period.79

When the combination between celecoxib and DFMO was tested in a randomised clinical chemoprevention trial in 
adults with FAP by Lynch et al, a significant reduction of colonic polyp burden at 6 months was found, while there was 
not noticed any significant difference in polyp count.80 Celecoxib plus DFMO also proved to have a manageable toxicity 
profile, thus setting a promising chemopreventive treatment, which, however, needs further clinical research.55

Fish Oil
Fish oil contains an omega-3 polyunsaturated fatty acid called Eicosapentaenoic acid (EPA), which has proved to have 
a remarkable antitumorigenic activity in vitro. In particular, EPA competitively binds to COX-2 enzyme producing pro- 
apoptotic and anti-inflammatory prostaglandins and reducing arachidonic acid metabolism, which is supposed to have 
a pro-tumorigenic and pro-inflammatory activity.81 When fish oil tested for 6 months in patients with FAP and ileorectal 
anastomosis, it significantly reduced the number of polyps and polyp burden between the treatment and the placebo 
group within a specific target area of the rectum.82 In our days, a randomized, double-blind, placebo-controlled study is 
planned to determine the efficacy in reduction of polypectomies and clinical disease progression, safety, and tolerability 
of EPA in FAP patients with ileorectal anastomosis for a longer period (24 months) (NCT03806426).

Turmeric
Curcumin, a polyphenolic compound derived from the spice called turmeric, is well known in traditional Asian medicine 
for its antioxidant, anti-inflammatory and anti-apoptotic properties. It inhibits the polyamine metabolism and slows 
cancer development and progression.83 In a pilot research, curcumin and quercetin were used to treat 5 FAP patients who 
had ileorectal anastomosis and an ileal pouch. Quercetin was utilized to improve curcumin absorption because of its poor 
absorption in the gut. All patients’ polyp size and number significantly decreased following the treatment time.84 

A recent clinical trial who studied the curcumin consumption as a therapy by 44 FAP patients with either intact colon, 
ileorectal anastomosis and ileal pouch in comparison with placebo did not found significant differences in mean polyp 
number and size between the two groups.85

Ascorbic Acid
Ascorbic acid, or Vitamin C, has been associated with antineoplastic properties due to its antioxidant properties.86 

Nonetheless, no studies have shown that ascorbic acid supplementation has a therapeutic advantage in reducing color
ectal cancer in FAP patients. Several studies like the ones of Bussey et al87 and DeCosse et al88 failed to find statistically 
significant differences in number of polyps between groups when ascorbic acid compared alone with placebo. Key role in 
ascorbic acid failure played the fact that the toxicity to colorectal cancer cells is partially mediated through a KRAS or 
BRAF mutation.89 Yun et al90 found that therapy with ascorbic acid only decreased the frequency and size of intestinal 
polyps in mice with the KRAS mutation. As a result, ascorbic acid may be useful in individuals with FAP only after the 
KRAS mutation has been acquired. Ascorbic acid has limited usefulness as a chemoprevention medication in patients 
with FAP until this effect in individuals with KRAS mutations is proven in a clinical trial.

Rapamycin
Rapamycin, or sirolimus, is an immunosuppressive drug extensively used in transplant medicine whose function focuses 
on inhibiting mTOR pathway (mammalian target of rapamycin), which normally regulates cell division and cell 
proliferation enhancing cancer development and progression.38,91 Rapamycin is considered as a remarkable choice due 
to its immunomodulating activity even at a low dosage. In a pediatric study, two patients with FAP were administrated 
rapamycin obtaining reduction in size and grade of dysplasia of duodenal and colonic polyps. No adverse events were 
observed.92 Recently, a pilot study included 4 FAP patients with ileorectal anastomosis and ileal pouch with satisfactory 
results in reduction of the polyp number. However, there were several adverse events that downgraded its results.93
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Mesalazine
First suggestion that a collision of phenotypes may influence the mutual presentation of inflammatory bowel diseases 
(IBD), especially Ulcerative Colitis (UC) and FAP, referred in 2012. Both of these conditions independently increase the 
risk of colorectal cancer.94 Mesalazine is the gold standard drug for treatment of UC. Recently, a study published by 
Ishikawa et al described 4 cases of FAP patients with UC that showed reduction of intestinal polyp diameter by 
mesalazine treatment, thus increasing its potential to suppress intestinal polyp development in FAP.95 Further studies 
need to be carried out in order to derive a reliable result. Last but not least, as mentioned above, mesalazine was also used 
as a treatment in J-FAPP IV study, which compared drug combinations of mesalazine with aspirin and placebo in FAP 
patients with intact colon and demonstrated a substantial reduction in the frequency of polyps larger than 5 mm in size.56

Metformin
Metformin has been used frequently for more than 50 years as an oral diabetic drug, is considered to be generally safe, 
and has recently gained interest due to its antineoplastic effects. Previous meta-analyses showed that people with type II 
diabetes who took metformin had a decreased risk of colorectal cancer.96,97 Given that metformin activates AMPK, 
which inhibits the mTOR pathway,98 a clinical trial was designed where a 7-month metformin treatment was given to 
patients with FAP syndrome. In comparison to placebo that regimen had no effect on the quantity or size of polyps in the 
colorectum or duodenum of FAP patients. These findings do not support the use of metformin to induce intestinal 
adenoma regression in FAP patients. However, colon polyps removed from the metformin-treated individuals had 
considerably lower mTOR signal (p-S6) expression than those removed from placebo-treated patients, which indicates 
a potential in this therapeutic model.99

Apart from the mTOR pathway which needs more research to yield a successful result, there are other ongoing trials 
studying treatment targets in FAP patients. In 2022, TUPELO trial examines the efficacy and safety of REC-4881, 
a MAP kinase inhibitor (NCT05552755) and another one is testing obeticholic acid (OCA), a drug similar to a bile acid 
the body makes (NCT05223036). Although in vitro and pre-clinical studies have shown that chemoprevention has 
a prospective and persuasive role in the treatment of FAP, according to the existing scientific literature reliable clinical 
data are still missing. As a result, FAP patients cannot receive any chemoprevention advice. To gather more clinical 
evidence, larger, well-predicted studies must be done in the future.

Conclusion
FAP is responsible for almost 1% of all CRC cases. Α patient with FAP has a very high probability of developing CRC 
but also may develop other extra colonic manifestations. This demonstrates the importance of early and accurate 
diagnosis and active surveillance, thus making the further improvement of diagnostic tools a necessity. Studies 
specifically designed to compare multi-gene panels and CES in the diagnosis of FAP are needed and the effort to 
identify more P/LP variants that remain currently unknown should continue. On the field of endoscopy, new methods 
such as fluorescence endoscopy, chromoendoscopy and even fluorescence molecular endoscopy have shown promising 
results, but more studies comparing the endoscopic techniques along with cost-benefit studies are needed to determine the 
role of each one in the diagnostic process. Furthermore, more research determining the significance of extracolonic 
manifestations of FAP and its associations with other disease entities may produce data that will impact the surveillance 
and treatment strategies in the future.

Many factors determine the choice of a specific surgical procedure, including the size of the polyps, the number of 
polyps in the colon or rectum, and the histology. The type and exact time of the operation in patients with FAP are not 
standardized at this time. Genetics and other socioeconomic factors should be considered when determining surgical 
management for each patient.

Regarding chemoprevention, any drug tested in a clinical trial to date, including aspirin, celecoxib, sulindac, 
combination sulindac/DFMO, combination celecoxib/DMFO, combination sulindac/erlotinib, fish oil, turmeric, and 
ascorbic acid, has failed to meet the ideals for an appropriate chemopreventive agent in FAP. Although mesalazine has 
shown encouraging results in reducing polyps in UC, more research is needed to prove its effectiveness in FAP. Targeting 
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novel pathways, such as mTOR pathway, using rapamycin or metformin, has been shown to reduce the grade of dysplasia 
despite poor results and adverse events in clinical practice. The mTOR pathway along with two new treatment targets, 
REC-4881 and obeticholic acid, which are being investigated by an ongoing clinical study, are promising targets for the 
future. However, more clinical studies are needed to prove their efficacy in FAP.

Disclosure
The authors report no conflicts of interest in this work.
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