J Soc Colon Rectal Surgeon (Taiwan) June 2025

DOI: 10.6312/SCRSTW.202506_36(2).11336
I

Original Article

Optimizing Diagnosis, Timing, and Surgical
Approach in Patients with Familial
Polyposis Coli: A Single-institution

Experience of 151 Patients

Ai-Lun Lo'

Chun-Kai Liao'?

Yu-Chen Lin'

Yu-Jen Hsu'

Jy-Ming Chiang'*

I Colorectal Surgery Section, Department of
Surgery, Chang Gung Memorial Hospital,

d College of Medicine, Chang Gung
University, Taoyuan, Taiwan

Key Words

Colorectal cancer;

Polyposis;

Familial polyposis coli;
Familial adenomatous polyposis

Purpose. Familial polyposis coli (FPC) is diagnosed in patients with
more than 100 colorectal polyps. Molecular genetic testing aids diag-
nosis, especially when histopathological findings are unclear. However,
optimal timing and surgical approaches for FPC remain debated. This
study explores two questions: why are germline mutations sometimes
undetected in FPC patients, and what are the optimal timing and surgical
strategies?

Methods. We analyzed 151 patients with clinically diagnosed FPC who
underwent surgery at our institution between 1995 and 2020. The analysis
included molecular genetic testing and long-term follow-up.

Results. Among 151 patients, 7 (4.6%) had less than 100 polyps and no
detectable mutations. Of the remaining 144 patients with more than 100
polyps from 89 unrelated families, 72 families had APC germline muta-
tions, 8 had non-APC mutations, and 9 had no detectable mutations.
Younger age at surgery (< 30 years) and cancer staging were significantly
associated with overall survival (OS). The type of surgery — ileorectal
anastomosis (IRA) vs. ileal pouch-anal anastomosis (IPAA) — and the
presence of desmoid tumors did not significantly impact OS. Rectal stump
cancer developed in 6.2% of IRA patients.

Conclusions. Colonoscopy to detect more than 100 polyps is essential for
identifying germline mutations, and multi-gene panels should be used due
to the varied polyposis syndromes. For APC mutation carriers, surgery be-
fore age 30 is recommended. IRA and IPA A do not differ in terms of OS or
desmoid risk, but thorough follow-up after IRA is crucial to minimize rec-
tal stump cancer risk.

[J Soc Colon Rectal Surgeon (Taiwan) 2025;36:127-140]

q ccording to Bussey in 1975, patients with famil- ~ (FAP) was linked to mutations in the adenomatous
ial polyposis coli (FPC) have more than 100 co-  polyposis coli (APC) gene in 1991.> However, the use

lorectal polyps in the colon and rectum.

Importantly,  of these terms is not consistent and they are sometimes

the pathogenesis of familial adenomatous polyposis  misapplied. This confusion may stem from challenges
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in differentiating rare polyposis syndromes, such as
hamartomatous polyposis syndrome caused by non-
APC genes, from adenomatous polyposis based solely
on macroscopic colonoscopy findings.** Moreover, it
is challenging to differentiate among various types of
hamartomatous polyps.’

Molecular diagnostics can address these challenges
and have thus become essential.”> However, approxi-
mately 30% of families with FAP have 4PC muta-
tion-negative polyposis patients based on conven-
tional molecular diagnosis.>*’” Although most clini-
cally defined cases of polyposis coli are due to germ-
line mutations in APC, various other types of poly-
posis coli caused by different molecular alterations,
are now recognized.>>® Consequently, genetic testing
for polyposis colorectal syndrome is shifting from
phenotype-directed, single-gene testing to multigene
testing using next-generation sequencing (NGS). How-
ever, the optimal number of genes that should be in-
cluded in the panel for effective patient counseling re-
mains unclear.

Most patients with classic FAP are recommended
to undergo surgery between the ages of 20 and 25 years.
However, there is no consensus among clinicians re-
garding the optimal age and type of surgery for pa-
tients with FAP.!? In general, the older the patient at
the time of colectomy, the higher the risk of malignant
polyp transformation and advanced neoplasia.”!' Ad-
ditionally, desmoid tumors have been reported in 15-
20% of patients’ post-surgery.'*!* Surgery-related
complications include reduced postoperative quality
of life (bowel frequency and incontinence) and infer-
tility, that can vary depending on the type of proce-
dure, such as ileorectal anastomosis (IRA) or ileal
pouch-anal anastomosis (IPAA).'? Some surgeons opt
for earlier surgery when the polyps are still manage-
able. Balancing survival outcomes and quality of life
presents a considerable clinical challenge.

Therefore, in this retrospective study, we com-
bined molecular genetic testing and long-term clinical
follow-up to address two clinical questions: why are
APC germline mutations not detectable in patients
with clinically diagnosed FPC, and what is the best
timing and type of prophylactic surgery for these pa-
tients?

Materials and Methods

The colorectal cancer registry at the Chang Gung
Memorial Hospital was established in 1985 as a clini-
cal database for research on sporadic and hereditary
colorectal cancer and was updated in 1995 to a com-
puterized version. This prospective database com-
prised records of postoperative patients who were con-
secutively and actively followed up. Data collection
included five significant components: detailed family
history, demographic information, preoperative eva-
luations, surgical records, and postoperative follow-
ups. All data were gathered through patient interviews
and clinical and pathological records, then converted
into numeric codes for entry into a computerized sys-
tem for subsequent analysis. Follow-up data were up-
dated annually by reviewing patient records medical
charts. If patients’ medical records were unavailable,
telephone interviews or mail questionnaires were con-
ducted. All patients underwent formal cancer risk co-
unseling, and detailed medical and family histories
were obtained. Pedigree charts were constructed for
each family.'s

This database, included 191 patients from 101 un-
related families who were clinically diagnosed with
FPC and underwent surgery between January 1995
and January 2020. Blood samples were collected after
patients were provided detailed explanations and ob-
tained their informed consent. Genomic DNA was ex-
tracted using a Wizard Genomic DNA Extraction Kit
(Promega, Madison, WI, USA) and stored in a tumor
bank for future use. This study was approved by the
Institutional Review Board of the Chang Gung Me-
morial Hospital, Lin-Kou Medical Center (IRB2018
01201B0).

Surgical procedures were categorized as [PAA,
performed with hand-sewn sutures following rectal
mucosal stripping, or stapled sutures preserving the
rectum as in IRA, or other procedures such as total
proctocolectomy with permanent ileostomy.

Blood samples were obtained from patients with
FAP registered in the Hereditary Colorectal Cancer
Database. Germline mutations in APC were analyzed
prior to 2020."> All APC codons were first analyzed
for mutations using single-strand conformational po-
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lymorphisms or protein truncation test assays. Poly-
morphisms and truncated protein variations were con-
firmed using DNA sequencing. Multiplex ligation-de-
pendent probe amplification was used to analyze large
deletions in APC in families that did not show any ap-
parent changes in APC.

In 2020, we designed an NGS colorectal cancer
susceptibility gene panel for all patients with FAP and
those who were not diagnosed using traditional me-
thods. This panel included 30 genes, as described pre-
viously.'® Of these, 13 genes (MLHI, MSH2, MSHG,
PMS2, EPCAM, TP53, MLH3, CHEK2, CDH1, ATM,
BRCAI, BRCA2, and RPS20) were associated with
nonpolyposis syndrome, ten genes (STK1I, PTEN,
BMPRI1A4,SMAD4, GREM1, RNF43, BLM, GALNTI2,
AKTI, and PIK3CA) were associated with nonadeno-
matous polyposis diseases, and seven genes (4PC,
MUTYH, POLE, POLDI, NTHLI, AXIN2, and
CTNNAI) were associated with the adenomatous po-
lyposis syndrome.

Variant calling was done through the platform-
specific pipeline of “Variant Callerv 5.10” (Life Tech-
nologies). Variant annotation was performed by up-
loading VCF files from the Variant Caller to the Ion
Reporter (Thermo Fisher Scientific) and wANNOVAR
(Wang Genomics Lab, http://wannovar.wglab.org/).
Pathogenic and likely pathogenic variants were iden-
tified using the ClinVar (https://www.ncbi.nlm.nih.
gov/clinvar/) and VarSome (https://varsome.com/)
databases. All filtered variants were confirmed by
Sanger sequencing.

Statistical analysis

Clinical characteristics and follow-up status were
analyzed to assess changes related to treatment out-
comes. The analysis included the effect of clinical fea-
tures such as age at the time of surgery, follow-up du-
ration, type of surgical procedure, follow-up status,
and presence of extracolonic tumors. All parameters
were analyzed using SPSS software (version 26.0;
IBM Corp., Armonk, NewYork). Categorical variables
were compared using Pearson’s chi-square test or Fi-
sher’s exact test, whereas continuous variables were
compared using the independent samplet-test. Survival

analysis was performed using Kaplan-Meier curves
and the log-rank test. The Cox proportional hazards
model was used to investigate the effect of clinical
variables on survival, adjusting for other explanatory
factors. p < 0.05 was considered statistically signifi-
cant.

Results

From our cancer registry database, we identified
177 patients diagnosed with FPC who underwent sur-
gery in our department between 1995 and 2020. DNA
samples from these patients were used for genetic test-
ing for germline mutations. Among them, 151 pati-
ents had complete clinicopathological and follow-up
data. Of these 151 patients, 75 were female, and 76
were male. The median age at surgery was 36 years
(18-69 years). After a detailed review of colonoscopy
and double-contrast barium enema records, the num-
ber of polyps did not exceed 100 in 7 patients, ac-
counting for 4.6% (7/151 patients).

Germline mutation of 151 patients with FPC

Germline mutations were analyzed in 151 patients
with FPC. Among these, 7 patients had a polyp count
less than 100 and were from different families, and no
known gene mutations were detected in this group.

The remaining 144 patients with FPC with a defi-
nite number of more than 100 polyps were from 89
unrelated families. Of these, APC germline mutations
were detected in 72 (80.9%) families, whereas non-
APC germline mutations were detected in 8 (9.0%;
8/89). The 8 non-4APC germline mutations were in
ATM, GALNT12, BMPRIA, BRCA2, PTEN, NTHLI,
POLE, and RNF43 (Supplementary Table 1). Addi-
tionally, double germline mutations were found in one
family with APC and TP53 mutations. Details of the
genetic mutations are listed in Supplementary Table 1.
The remaining 9 families had no known mutations
(9/89, 10.1%). Among patients with FPC and a con-
firmed polyp count more than 100, 89.9% (80/89) of
the families exhibited germline mutations. Of these,
90.0% (72/80) of the families had APC gene muta-
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tions, whereas 10.0% (8/80) had non-4PC gene muta-
tions.

Comparisons of clinical features among 144
patients with FPC with different germline
mutations

Table 1 depicts that, after excluding patients with
<100 polyps, the clinical and histological characteris-
tics of these 144 patients with FPC were compared
among subgroups with APC gene mutation, non-4PC
mutation, and no known mutation. Age at diagnosis,
type of surgery, incidence of malignancy, and distri-
bution of stages were not significantly different among

the three subgroups. However, Table 2 shows that
extracolonic tumors significantly differed among the
various germline mutation subgroups. Desmoid tu-
mors, which were exclusively present in the subgroup
of APC germline mutations (24 of 113 patients, 21.2%,
p <0.05). In this study, thyroid cancer ranked as the
second most common tumor. 7 out of 113 patients
(6.1%) exhibited APC gene mutations, compared to 1
of 17 patients (5.8%) without such mutations. No ex-
tracolonic tumors were detected during follow-up in
patients with polyposis without known germline mu-
tations. The family with an NTHL I germline mutation
included one early-onset breast cancer, one ampullary
carcinoma, and one colorectal tumor (Table 2).

Table 1. Clinical characteristics of 144 familial polyposis coli patients

.. .. Patient number
Clinical characteristics

APC gene mutation

Non-APC(+) mutation No mutation

(N =144) N=113) N=17) N=14)

Age

<20 14 7 4 3

20-39 94 80* 10 4

40-59 33 23 3 7

> 60 3 3 0 0
Sex

M 73 53 10 10

F 71 60 7 4
Patients in same family

N2>2 75 65 10 0

N=1 69 48 7 14
Final pathologic staging

0-1 19 11 6 2

I 22 17 2 3

I 27 22% 4 1

v 7 6 1 0

Benign 69 57 4 8
Location of malignancy

Colon 37 24 10

Rectum 42 34 5
Type of operation

IPAA 63 50 6 7

IRA 64 51 5 8

Other 17 12 3 2
Rectal stump cancer 5 4 1 0
Follow-up

Alive 112 85 13 14

Dead 30 26 1 3

Loss follow-up 2 2 0 0

* Statistically significant differences (p value < 0.05) were identified between mutation groups (APC gene mutation group, Non-APC
mutation group, and No mutation group) within the same clinical characteristics through logistic regression analyses.
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Table 2. Associated extra-colonic tumors among 144 FPC patients

Total patient

(N = 144)

No mutation

(N=14)

Non-APC mutation

(N=17)

APC gene mutation
N=113)

N =46
24

Patients No. with extra-colonic tumor
Desmoid tumor
Epidermal inclusion cyst
Thyroid cancer
Ampullar vater cancer
Breast Ca

Adrenal carcinoma
Endometrial Ca

Lung

Oral Ca

Pilometrixoma
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N=4
0
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N=41
24
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Comparison of age at surgery with the
incidence of malignancy and tumor stage

We analyzed the relationship between age at sur-
gery, incidence of malignant tumors, and tumor stage.
The median age at surgery was 33 years (12-69 years).
As presented in Fig. 1, the mean age at surgery for pa-
tients across different tumor stages was 36.76, 41.24,
38.38, and 39.86 years for stages I, II, III, and IV re-
spectively. There were significant difference in mean
age among these subgroups. However, patients with
benign lesions had a significantly younger mean age
at surgery (28.05 years) compared to those with ma-
lignant tumor, regardless of stage, with the difference
being statistically significant.

The incidence of malignancy in patients with FPC
increased with age at the time of surgery. Fig. 2 dem-
onstrates that 20.9% of the patients who underwent
surgery before the age of 30 years had malignancies.

Additionally, 68.8% (11/16) of these 16 patients un-
der 30 years with malignancies at the time of surgery
had early-stage malignancies (Table 3). Of the 75 pa-
tients with malignant tumors, 78.6% (59/75) were over
the age of 30 years at the time of surgery. Table 3 also re-
veals that all patients with FPC older than 60 years who
underwent surgery presented with malignant tumors.

Overall survival related to age and type of
surgical treatments

Figs. 3a and 3b illustrate that the relationships be-

p=0.0272

p = 0.0001

p < 0.0001

|
|
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Fig. 1. Mean age of operation related to benign lesion and
varied stages of malignancies.
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Fig. 2. Cumulative probabilities of occurrence of malig-
nancy related to operation age.

Table 3. Stage distribution of malignancies related to age at

operation

Agerange Averageage 0-1 1I 11 IV Benign
<20 17 1 1 0 0 12%*
20-29 24.1 6 3 4 1 30%
30-39 343 6 9 15 2 18
40-49 43.8 4 5 5 3 7
50-59 53.8 2 2 1 2
260 67.7 0 2 1 0 0

* Statistically significant differences (p value < 0.05) in tumor
stages (0-1, I, 111, IV, Benign) were identified between groups
within the same age range through logistic regression analyses.

tween age at surgery, pathological stage, and overall
survival were statistically significant. (The younger, <
30 years vs. the older > 30 years; p <0.001) and (early
stage, I/II vs. late stage, I1I/IV; p < 0.001) subgroups
who underwent colectomy exhibited significantly bet-
ter overall survival (OS). Comparing 64 patients who
underwent total colectomy with IRA to 63 patients
who underwent IPAA, however, the type of surgery
(IPAA or IRA) did not significantly influence the sur-
gical outcome in terms of OS (p = 0.407) (Fig. 4). Ad-
ditionally, the presence of postoperative desmoid tu-
mors did not significantly impact overall survival, as
the postoperative development of desmoid tumors
was not significantly associated with OS (p = 0.443)
(Fig. 5). At amean of 9.3 years (2-17.3 years) postop-
erative follow-up, patients who underwent IRA faced
a 7.8% (five out of 64 patients) risk of developing
rectal stump cancer.
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Fig. 3. (a) Overall survival related to age of operation
among 144 FAP patients. (b) Overall survival re-
lated to tumor stages among 144 FPC patients.

Discussion

In this study, the detection rate of germline muta-
tions in patients with FPC was 89.9% (80/89 fami-
lies), which is consistent with previous studies.® Our
results underscore several key factors influencing
germline mutation rates. It is specifically employed in
clinical practice when the number of polyps in a pa-
tient with FPC exceeds 100. The number of polyps did
not exceed 100 in seven of 151 patients (4.6%), and
none of the 30 gene panels used in this study, includ-
ing the MUTY gene, were mutated in these seven pa-
tients. Clinically, if the number of polyps does not ex-
ceed 100, it may not be adequate to classify them as
FPC, because they may not result from germline mu-
tations. Thus, our study demonstrates that accurate
polyp counting is clinically critical as it may affect the
detection rate of germline mutations.

A polyp counts more than 100 was first proposed
for FPC by Bussey in 1975.! Since that time, various
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Fig. 4. Overall survival related to types of operation.

histological types of colonic polyposes have been
identified. Definitions of polyp numbers may vary
among different types of polyposis coli syndrome.
However, when diagnosing a patient with FAP, it
should be associated with the type of adenomatous
polyposis based on the histological findings. There-
fore, pending the precise histology of the polyps,'’
were commend using FPC clinically to characterize
these patients. Upon histological confirmation, FPC is
defined as FAP or any other less common polyposis
syndrome. For instance, in this study, two out of 144
patients were diagnosed with hamartomatous poly-
posis syndrome and one out of 144 with serrated poly-
posis syndrome. Additionally, these results under-
score that the rate of germline mutation detection var-
ies with the number of genes included in the testing
panel.>>!'7 Here, using a 30-gene panel commonly
mutated in colorectal cancer, as opposed to a single
APC gene, the detection rate increased from 80.9%
(72/89 families) to 89.8% (80/89 families). Moreover,
delaying colectomy may be considered over annual
colonoscopic surveillance when genetic testing in pa-
tients without germline mutations or when non-4PC
genes are detected. Genetic testing for these patients
can yield further information for optimal clinical man-
agement.

When treating patients with FPC, surgeons face
two clinical challenges: the optimal age of the patient
for surgery and the optimal type of operation. The ad-
equate timing of prophylactic surgery has not been
strictly defined.”"* Conventionally, surgery is recom-
mended to be performed after the age of 18 years.

0 5 10 15 20 25 30

Fig. 5. Overall survival related to occurrence of desmoid
tumor.

Many surgeons recommend early intervention follow-
ing diagnosis because of the potential development of
cancer, and an increase in advanced colon cancer is
significantly associated with older age at surgery.”'?
The increasing number and size of adenomas compli-
cate follow-up examinations.'® Furthermore, our study
and existing literature indicate that older the patient
undergoing colectomy have a higher chance of polyp
malignancy and tumor stage.”!! Therefore, the timing
of prophylactic surgery is influenced by the age at di-
agnosis and the colonoscopy findings. However, some
postoperative complications may include reduced
quality of life (bowel frequency and incontinence), in-
fertility,'>!” and the development of desmoid tumors.'>
To balance survival and quality of life, some surgeons
opt to delay surgery if they believe that the patient’s
polyps are still under control. Our study demonstrated
a statistically significant difference in survival of pa-
tients who underwent surgery before and after 30 years
of age (Fig. 2). The incidence of malignant tumors
was 20.1% in patients who underwent surgery before
the age of 30; however, this rapidly increased there-
after (Fig. 2). These findings align with those of pre-
vious studies, which documented notably low cancer
rates — specifically, 0.5% in patients who underwent
surgery before the age of 20 years and 6.9% in those
operated on before the age of 25." Although the timing
of colectomy primarily relies on the clinician’s per-
sonal experience and patient preference, we recom-
mend not delaying colectomy in patients with FAP af-
ter the age of 30 years.
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The choice of surgical approach for patients with
FPC remains controversial. Traditionally, total proc-
tocolectomy with IPAA has been the standard treat-
ment for FAP.""?22 Two key concerns regarding the
type of surgery are the incidence of desmoid tumors
and rectal stump cancer. Surgical trauma, a major fac-
tor affecting survival, is considered the primary trig-
ger for desmoid tumor development. Previous stud-
ies'*!* have reported that 15-25% of patients with FAP
develop desmoid tumors, and in our study, 20% (24 of
120) of patients with APC germline mutations devel-
oped desmoid tumors post-surgery (Table 2). How-
ever, the true risk might be higher, as suggested by a
cumulative risk of up to 30% over 50 years for des-
moid tumors.?® Our finding showed no statistically
significant difference in OS between the IRA and [PAA
groups (Fig. 4). Additionally, no significant differ-
ence in OS between patients with and without des-
moid tumors post-surgery was observed (Fig. 5). These
results are consistent with those of other studies.” In
this study, the incidence of desmoid tumors was simi-
lar following both IRA surgery (17.2% [11 of 64]) and
IPAA surgery (20.6% [13 of 63]), with no clear evi-
dence that one procedure was more likely to lead to
desmoid tumors. However, conflicting reports exist in
the literature regarding this issue.?

Despite opting for IRA over IPAA to enhance
quality of life, rectal stump cancer remains a potential
complication following IRA. Three primary factors
were evaluated: the length of the preserved rectum,?**
the status of rectal polyps,? and the follow-up inter-
val. Data regarding the incidence of rectal stump can-
cer post-IRA show variability.!'*** We reviewed two
long-term follow-up studies from Mayo Clinic** and
St. Mark Hospital. According to the Mayo Clinic data,
the incidence of rectal stump cancer was significant:
46 of 143 patients (32%) developed rectal stump can-
cer. Conversely, the long-term follow-up report from
San Marco’s Hospital indicated a lower incidence rate
of 6.6% (166 rectal cancers in 11 of 2 patients).?® Cu-
mulative rates increased over time. Mayo Clinic re-
ported cumulative rates of 13%, 26%, and 55% at 10,
20, and 30 years, respectively, while St. Mark Hospi-
tal reported rates of 6%, 10%, and 18%. In line with
St. Mark’s findings and other large recent cohort stud-

ies,?+?2% we detected rectal cancer in five out of 144

patients (3.5%). The relatively low incidence in this
study could be attributed to factors such as the ease of
access to follow-up care in Taiwan for patients with
polyposis and the typically short rectal length of < 15
cm.??7 Additionally, recent research suggests that re-
gular long-term follow-up with colonoscopy can re-
duce the incidence of rectal stump cancer without im-
pacting patient survival.!**

This retrospective, observational, single-center
study presented limitations due to its small sample
size and selection bias.

Conclusions

In conclusion, our findings highlight that colono-
scopy is crucial for detecting > 100 polyps and plays a
critical role in identifying patients with germline mu-
tations. A multigene panel is recommended due to the
genetic heterogeneity of polyposis syndromes. For
patients with APC germline mutations, the age at sur-
gery should not exceed 30 years. Furthermore, the
choice between IRA or IPAA, does not affect the risk
of desmoid tumor development or OS. The risk of rec-
tal stump cancer remains low with adequate post-IRA
follow-up.
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Supplementary Material

Supplementary Table 1.

FAP Family Names of mutation Codon Nucleotide change Mutation type
No. fragments

1 FAP-1-1 APCE 15-11 1309-1311 gaaaagatt—gatt Sbp deletiion (aaaga)
1 FAP-1-2 APCE 15-11 1309-1311 gaaaagatt—gatt Sbp deletiion (aaaga)
2 FAP-2-1 APCE 15-11 1309-1311 gaaaagatt—gatt Sbp deletiion (aaaga)
2 FAP-2-2 APCE 15-11 1309-1311 gaaaagatt—gatt Sbp deletiion (aaaga)
2 FAP-2-3 APCE 15-11 1309-1311 gaaaagatt—gatt Sbp deletiion (aaaga)
2 FAP-2-4 APCE 15-11 1309-1311 3927-3931 del AAAGA Sbp deletiion (aaaga)
3 FAP-3-1 APCE 15-11 1309-1311 gaaaagatt—gatt Sbp deletiion (aaaga)
3 FAP-3-2 APCE 15-11 1309-1311 3927-3931 del AAAGA Sbp deletiion (aaaga)
3 FAP-3-3 APCE 15-11 1309-1311 3927-3931 del AAAGA Sbp deletiion (aaaga)
4 FAP-4-1 APCE 13 554 cga—tga (Arg—>Stop) 1bp substition

4 FAP-4-2 APCE 13 554 cga—tga (Arg—>Stop) 1bp substition

5 FAP-5 APCE 15-13 1451 cga—tga (Arg—Stop) 1bp substition

6 FAP-6 APCE 15-7 1061-1063 aaacaaag—>aag Sbp deletiion (acaaa)
7 FAP-7-1 APCF 8 302 cga—tga (Arg—>Stop) 1bp substition

7 FAP-7-2 APCF 8 302 cga—tga (Arg—>Stop) 1bp substition

7 FAP-7-4 APCF 8 302 cga—tga (Arg—Stop) 1bp substition

7 FAP-7-5 APCF 8 302 cga—tga (Arg—Stop) 1bp substition

8 FAP-8-1 APCE 15-11 L1342X T4025A stopgain

8 FAP-8-2 APCE 15-11 L1342X T4025A stopgain

9 FAP-9 No mutation unknown

10 FAP-10 APC9-2 436 aat—at 1bp deletiion

11 FAP-12 No mutation unknown

12 FAP-13 APCE 15-12 1372 4118 del T

13 FAP-14-1 APCE 6 R232X C694T stopgain

13 FAP-14-2 APCE 6 R232X C694T stopgain

14 FAP-15 APCE 15-11 1307-1309 ataaaagga—>atga Sbp deletiion (aaaag)
15 FAP-16-1 APCE-8 283 cga—tga (Arg—>Stop) 1bp substition

15 FAP-16-2 APCE-8 283 cga—tga (Arg—>Stop) 1bp substition

16 FAP-18 APCE 15-6 935-936 tacaat—>tt 4bp deletiion (acaa)
17 FAP-19 APCE-12 535 1603insA

18 FAP-20-1 APCE 15-7 1061-1063 aaacaaag—>aag Sbp deletiion (acaaa)
18 FAP-20-3 APCE 15-7 1061-1063 aaacaaag—>aag Sbp deletiion (acaaa)
19 FAP-21-1 APCE 15-12 1377 tatgtt—>tgtt 2bp deletion(at)

19 FAP-21-2 APCE 15-12 1377 tatgtt—>tgtt 2bp deletion(at)

19 FAP-21-3 APCE 15-12 1377 tatgtt—>tgtt 2bp deletion(at)

19 FAP-22-1 APCE 15-10 1221 tcatct—catcatct 2bp insertion(ca)
19 FAP-22-2 APCE 15-10 1221 tcatct—catcatct 2bp insertion(ca)
19 FAP-22-3 APCE 15-10 tcatct—catcatct 2bp insertion(ca)
20 FAP-23 EXON 1-15 MLPA

21 FAP-24-1 RNF43-exon9 A365T G1093A nonsynonymous SNV
21 FAP-24-2 RNF43-exon9 A365T G1093A nonsynonymous SNV
21 FAP-24-3 RNF43-exon9 A365T G1093A nonsynonymous SNV
21 FAP-24-6 RNF43-exon9 A365T G1093A nonsynonymous SNV
21 FAP-24-7 RNF43-exon9 A365T G1093A nonsynonymous SNV
22 FAP-25-1 APCE 5 213 637 Cga—>Tga (Arg—Stop) 1bp substition

22 FAP-25-2 APCE 5 213 637 Cga—>Tga (Arg—Stop) 1bp substition

22 FAP-25-3 APCE 5 213 637 Cga—Tga (Arg—Stop) 1bp substition
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Supplementary Table 1. Continued

FAP Names of mutation

No. Family fragments Codon Nucleotide change Mutation type

22 FAP-25-4 APCE 5 213 637 Cga—>Tga (Arg—Stop) 1bp substition

22 FAP-25-6 APCE 5 213 637 Cga—>Tga (Arg—Stop) 1bp substition

22 FAP-25-7 APCE 5 213 637 Cga—Tga (Arg—Stop) 1bp substition

22 FAP-25-8 APCE 5 213 637 Cga—Tga (Arg—Stop) 1bp substition

22 FAP-25-16 APCE 5 213 637 Cga—>Tga (Arg—Stop) 1bp substition

22 FAP-25-18 APCE 5 213 637 Cga—>Tga (Arg—Stop) 1bp substition

22 FAP-25-19 APCE 5 213 637 Cga—>Tga (Arg—Stop) 1bp substition

22 FAP-25-20 APCE 5 213 637 Cga—>Tga (Arg—Stop) 1bp substition

22 FAP-25-21 APCE 5 213 637 Cga—>Tga (Arg—Stop) 1bp substition

22 FAP-25-22 APCE 5 213 637 Cga—>Tga (Arg—Stop) 1bp substition

23 FAP-26 No mutation No mutation detected

24 FAP-27 No mutation No mutation detected

25 FAP-28 APCE 15-6 947-948 2840delTGTTC Sbp del(tgttc)

26 FAP-32 PTEN-exon6 V166fs 498dupA frameshift insertion

27 FAP-33 No mutation No mutation detected

28 FAP-34 Deletion of promoter region

29 FAP-35 APCF 8 302 904 CGA-TGA (Arg-Stop)

30 FAP-36 no mutation detected

31 FAP-37-1 APCE 5 R213X C637T stopgain
APCE 15-13 T1493fs 4479delG frameshift deletion

31 FAP-37-2 APCE 5 R213X C637T stopgain
APCE 15-13 T1493fs 4479delG frameshift deletion

31 FAP-37-3 APCE 5 R213X C637T stopgain
APCE 15-13 T1493fs 4479delG frameshift deletion

31 FAP-37-4 APCE 5 R213X C637T stopgain
APCE 15-13 T1493fs 4479delG frameshift deletion

31 FAP-37-5 APCE 5 R213X C637T stopgain
APCE 15-13 T1493fs 4479delG frameshift deletion

31 FAP-37-6 APCE 5 R213X C637T stopgain
APCE 15-13 T1493fs 4479delG frameshift deletion

31 FAP-37-7 APCE 5 R213X C637T stopgain
APCE 15-13 T1493fs 4479delG frameshift deletion

32 FAP-38 APC Exon 10 460 1378delG

33 FAP-39 APCE 15-21 2032 6094delAG insT

34 FAP-40 APCE 12 541 1621insA

35 FAP-42 APCE 12 527 1579insA

36 FAP-43 Chromo 16&2

37 FAP-44 APCE 15-12 1413 4238insT

38 FAP-45 APCE 10 464 1393delC

39 FAP-46-1 APCE 15-11 1309 3927delAAAGA

39 FAP-46-2 APCE 15-11 1309 3927delAAAGA

40 FAP-47 Deletion of exon 1-15

41 FAP-48 APCE 15-7 1061-1063 3181delACAAA

42 FAP-49 No mutation no mutation detected

43 FAP-50 No mutation no mutation detected

44 FAP-51 APCE 15-11 1309 3927delAAAGA

45 FAP-53 No mutation no mutation detected

46 FAP-54 APCE 15-11 1309 3927 del AAAGA

47 FAP-55 APCE 15-7 1061-1063 3181 del ACAAA

48 FAP-56 APCE 10 460 1378 del G

49 FAP-64-1 APC 15-12 1413 4238ins T

50 FAP-67 APC 15-11 1309 3927 del AAAGA Sbp deletiion (aaaga)

51 FAP-71-1 APCE 15-11 1342 ttatct—tttatct 1bp insertion (t)
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Supplementary Table 1. Continued

IliItP Family Namgsa;;?;tsatlon Codon Nucleotide change Mutation type
51 FAP-71-2 APCE 15-11 1342 ttatct—tttatct 1bp insertion (t)
51 FAP-71-3 APCE 15-11 1342 ttatct—tttatct 1bp insertion (t)
52 FAP-72-1 APC 15-7 1061-1063 3183 del ACAAA Sbp deletiion (acaaa)
52 FAP-72-2 APC 15-7 1061-1063 3183 del ACAAA Sbp deletiion (acaaa)
53 FAP-73-1 APCE 8 302 904 CGA-TGA (Arg-Stop)
53 FAP-73-2 APCE 8 302 904 CGA-TGA (Arg-Stop)
53 FAP-73-3 APCE 8 302 904 CGA-TGA (Arg-Stop)
53 FAP-73-4 APCE 8 302 904 CGA-TGA (Arg-Stop)
53 FAP-73-5 APCE 8 302 904 CGA-TGA (Arg-Stop)
54 FAP-75 No mutation no mutation detected
55 FAP-77 No mutation no mutation detected
56 FAP-78 No mutation no mutation detected
57 FAP-81 APC 15-7 1061-1063 3181 del ACAAA Sbp deletiion (acaaa)
58 FAP-82-1 No mutation detected
58 FAP-83-1 APCE 15-11 1309 3927~3931 del AAAGA Sbp deletiion (aaaga)
59 FAP-84 APCE 15-11 1343 4,029 ins T
60 FAP-85 APCE 12 542 1,624 CAG GIn >TAG Stop
61 FAP-86 No mutation no mutation detected
62 FAP-87 APCE 8 302 904 Cga—Tga (Arg—Stop)
63 FAP-88 APCE 10 463 1389 del A
64 FAP-89 BMPR1A-exon-10 R361X C1081T
65 FAP-90 APCE 9-2 421 1262 tGg—>tAg (Trp—Stop)
66 FAP-91 APC 15-12 1381 4143delA
67 FAP-92 APCE 15-4 849 2547-2550 del TAGA
68 FAP-93-1 APCE 15-11 1309 3927-3931 del AAAGA Sbp deletiion (aaaga)
69 FAP-94 APCE 10 463 1389 del A
70 FAP-95 ATM-exon-50 E2446G A7337G
71 FAP-96 APC 15-7 1067 3200dupA NGS
72 FAP-97 APCE 15-13 1450 4348 Cga—Tga (Arg—Stop) NGS
73 FAP-100-1 APCE 15-12 1406 4216 Cag a Tag (Gln a stop)
73 FAP-100-2 APCE 15-12 1406 4216 Cag a Tag (Gln a stop)
74 FAP-102 APCE 9-2 423 1268 tGg—>tAg (Trp—Stop)
75 FAP-104 GALNTI12 GALNTI2
76 FAP-105 APCF 8 302 904 Cga—>Tga (Arg—Stop)
77 FAP-106 APCE 5 213 637 Cga—>Tga (Arg—Stop) NGS
78 FAP-107-1 POLE 61 exon-2, p.G61A
78 FAP-107-2 POLE 61 exon-2, p.G61A unknown
78 FAP-107-3 POLE 61 exon-2, p.G61A unknown
79 FAP-108 MUTYH-exon-2 G25D G74A
PISL C53T
80 FAP-109 APC 6 R216X C646T NGS
81 FAP-110 APCE 15-11 1305 3913 del G
82 FAP-112-1 NTHL1-exon-3 1176T T527C
82 FAP-112-2 NTHL1-exon-3 1176T T527C
83 FAP-113 APCE 15-9 1127 Cag—Tag (Gln—Stop)
84 FAP-114 APCE 15-12 del G 1394 4180 del G
85 FAP-116 APCF 8 302 904 Cga—Tga (Arg—Stop)
86 FAP-117 APCE 15-7 1061-1063 3183 del ACAAA Sbp deletiion (acaaa)
87 FAP-118-1 APC 10 460 1378 del G
87 FAP-118-2 APC 10 460 1378 del G
88 FAP-119 AXIN2-exon-8 T689Dfs*17 2063dupT frameshift insertion
89 FAP-120 BRCA2-11929V exonll AS5785G p 11929V
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