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Abstract

BACKGROUND

Colonic adenomatous polyposis of unknown etiology (CPUE) is an adenomatous
polyposis phenotype that resembles Familial Adenomatous Polyposis (FAP) even
though no germline pathogenic variant is identified.

AIM
We sought to better characterize the clinical features and outcomes in a cohort of
CPUE patients.

METHODS

This is a retrospective case series of patients 18 years old or older with aden-
omatous oligopolyposis (between 10-100 adenomas) and negative genetic testing,
identified through the Hereditary Gastrointestinal Cancer Database at
Massachusetts General Hospital, a tertiary academic referral center. A
retrospective chart review was performed with a focus on demographics, alcohol
and tobacco use, medication use, familial malignancy and polyp burden, genetic
testing information, endoscopic surveillance data including the corresponding
histopathology, colonic and extracolonic malignancies, mortality events, and their
etiology. Spearman correlation and Pearson Chi-square test (or Fisher's exact test)
were used for continuous and categorical variables respectively.

RESULTS
CPUE patients were primarily male (69%) and presented for genetic counseling at
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63.7 years. Only 2 patients (2.9%) reported a first-degree relative with polyposis. During an
average surveillance period of 12.3 years, 0.5 colonoscopies per year were performed. Patients
developed 2.3 new adenomas per year. 4 (5.7%) were diagnosed with colorectal cancer (CRC) at a
mean age of 66 years, and 3 were diagnosed prior to the onset of oligopolyposis. 7 (10%) required
colectomy due to advanced dysplasia or polyp burden. With respect to upper gastrointestinal
manifestations, 1 patient had a gastric adenoma, but there were no cases of gastric or small bowel
polyposis. During surveillance, 10 (14%) patients died at a mean age of 72, and none were due to
CRC.

CONCLUSION
CPUE is distinct from familial adenomatous polyposis (FAP) syndrome and the use of FAP
surveillance guidelines may result in unnecessarily frequent upper and lower endoscopies.

Key Words: Colonic polyposis of unknown etiology; Multigene cancer panel; Colorectal cancer; Colectomy;
Surveillance; Mortality

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Colonic adenomatous polyposis of unknown etiology (CPUE) resembles familial adenomatous
polyposis (FAP) syndrome, but no genetic alterations are identified. The optimal management of CPUE is
uncertain. Patients with CPUE are typically older males that exhibit a low rate of new adenoma formation
without upper gastrointestinal polyposis during long-term surveillance. 10% required colectomy for
polyposis, and none died from colon cancer. The clinical behavior of CPUE is distinct from FAP, and the
current application of FAP surveillance guidelines for CPUE may result in unnecessarily frequent upper
and lower endoscopies.
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INTRODUCTION

Colorectal cancer (CRC) is the 4th most frequently diagnosed cancer and the second leading cause of
cancer death in the United States[1,2]. Most CRCs are considered sporadic and the lifetime cumulative
risk for CRC in the general risk population is estimated as 5%[3]. Approximately 5% of CRCs are attrib-
utable to a hereditary CRC syndrome. These are broadly classified into polyposis and nonpolyposis
syndromes.

Current clinical guidelines suggest a minimal set of genes that should be tested in all patients
suspected of hereditary CRC or polyposis, preferably by using a multigene panel because of
overlapping clinical phenotypes, inconsistent definitions for oligopolyposis, challenges with accurately
classifying polyp histology, and variable modes of inheritance[4,5]. Adenomatous polyposis syndromes
are the most common polyposis syndromes and typically result from a germline mutation in APC or bi-
allelic variants in MUTYH. Rarely, adenomatous polyposis that may be phenotypically indistin-
guishable from APC/MUTYH-related polyposis, can be observed secondary to germline mutations in
AXIN2, GREM1, NTHL1, POLE, POLD1, or MSH3[5-7]. Germline mutations in one of these genes are not
always identified, and the term “colonic adenomatous polyposis of unknown etiology (CPUE)” has
been coined to describe cases of adenomatous polyposis in which no pathogenic variant is found in a
polyposis gene. This occurs in as many as 30-50% of all polyposis cases[8,9]. APC promoter 1B
mutations[10] and somatic mosaicism for APC[11] are possible mechanisms, but this is likely to account
for only a small fraction of these cases. Recent data also suggested that missed germline mutations can
be potentially revealed by retesting[12].

CPUE appears to be more common in those with lower polyp numbers. 48% of cases of polyposis
with over 100 adenomas were explained by a germline mutation, most commonly in APC or MUTYH.
However, only 13.6% of individuals with 20-99 adenomas and 6.4% of those with 10-19 adenomas
exhibited a germline mutation in a polyposis gene. Thus, a diagnosis of CPUE is more common in
individuals who exhibit oligopolyposis (10-99 adenomas)[13].

The clinical features of individuals with adenomatous oligopolyposis of unknown etiology are not
well-defined, and management recommendations are largely extrapolated from guidelines for familial
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adenomatous polyposis (FAP) syndrome[14]. Previous reports of CPUE are mostly small and hetero-
geneous. While some have described a benign course[6], others found duodenal adenomas and fundic
gastric polyposis in addition to an approximately 30% risk of extracolonic malignancies including skin
cancer, leukemia, breast, bladder, and prostate cancer[9,15,16]. We sought to better describe the clinical
characteristics and outcomes in a large cohort of CPUE patients.

MATERIALS AND METHODS

Study population

The study population of CPUE patients was identified through the Hereditary Gastrointestinal Cancer
Database at Massachusetts General Hospital. Patients 18 years old or older who were documented to
have at least 10 cumulative adenomas and less than 100 adenomas and completed sequencing of at least
APC and the 2 common mutations (Y179C and G396D) of MUTYH without evidence of a pathogenic
germline mutation were included.

Data collection

Patient charts were reviewed utilizing the EPIC Electronic Health Record from the first available
endoscopic surveillance documentation through November, 2021. Data were retrospectively collected
including demographics (age, gender, race maternal and paternal ethnicities), self-reported tobacco and
alcohol use, metabolic comorbidities (diabetes mellitus, obesity, metabolic syndrome), and medication
usage (as documented at the time of genetic counseling) associated with possible chemoprevention
effect (Statins, Aspirin, and Glucophage). Genetic data and relevant family history were collected and
included the date and age at the time of genetic consultation, results of genetic testing, and family
history of polyps and malignancy up to 3* degree relatives.

Data from colonoscopies, sigmoidoscopies, esophagogastroduodenoscopies, and video capsule
endoscopies (VCE) including indication, quality of bowel preparation, polyps, and other significant
findings were recorded. Histopathology reports were reviewed. Colonic and extra-colonic mali-
gnancies, mortality, and causes of death were also documented.

A Research Electronic Data Capture platform, a secure, password-protected database, was utilized to
store data, and these data were later exported as Excel sheath files (saved on encrypted drives) for
analysis.

Data analysis
Categorical variables were described as frequencies and percentages. Pearson Chi-square test (or
Fisher's exact test if > 20% of cells had expected count < 5) were used to test correlations of dichotomous
and categorical variables. Continuous variables were described as a mean * standard deviation (SD),
median, and range. Student's t-test and non-parametric Mann-Whitney U test were used to compare
means or mean ranks across scale variables of two independent samples. A univariate logistic regression
analysis was performed to assess the impact of a set of predictors on extra colonic malignancies
(dependent variable). Limited by the low number of cases observed we did not have the power to
estimate their confounding effect using multiple regression. All statistical tests were two-sided and P <
0.05 was considered as statistically significant. SPSS software [IBM SPSS Statistics for Windows, ver.
28.0.1.0(142)] was utilized for statistical analysis. A statistical review of the study was performed by a
biomedical statistician.

This study was approved by the institutional review board and was carried out in accordance with
the ethical principles described in the Helsinki Declaration.

RESULTS

Patient demographics

70 patients met the inclusion criteria and comprised our cohort of CPUE patients with oligopolyposis.
The last clinical surveillance was documented at a mean age of 69.3 (range 30.6 - 85.5. median 70.6). 48
(69%) patients were male and 62 (89%) were Caucasian, predominantly represented by Irish and English
ancestry. 29 patients (41.4%) were diagnosed with any metabolic comorbidity. 34 patients (49%)
reported any history of alcohol usage. 7 patients (21.2%) were documented to consume more than 1
alcoholic beverage per day. 14 of these patients (42.4%) consumed between 1-7 drinks per week. 41
patients (58.6%) reported any smoking history. Data concerning current use of tobacco could be
retrieved in 39 patients, and 15 of these patients (38.4%) were reported as active smokers. 17/41 (41.4%)

patients who smoked had reported a mean of 30.1 packs/year (range 0.5 - 100 packs/year, median 25)
(Table 1).
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Table 1 Colonic adenomatous polyposis of unknown etiology cohort characteristics, n (%)

Cohort characteristics Number (% of cohort)
Male 48 (69%)
Ethnicity

White non-Hispanic 62 (88.5%)
Hispanic or Latino 5(7.1%)
Black or African American 2(2.9%)
Asian 1(1.4%)
Paternal lineage

Irish 25 (24%)
English 14 (13%)
French 12 (11%)
Scottish 11 (10%)
Ttalian 9 (9%)
Maternal lineage

Irish 20 (23%)
English 14 (16%)
Italian 14 (16%)
Canadian 6 (7%)
Scottish 6 (7%)
German 5(6%)
Any metabolic comorbidity reported (Obesity/diabetes mellitus) 29 (41.4%)
Any alcohol usage 34 (49%)
1-7 drinks/week 14 (20%)
More than 1 drink/day 7 (10%).
Any smoking history 41 (58.5%)
Active smokers 15 (21.4)
Mean pack years 17 (30.1)

Data include demogr

aphic and clinical features for all 70 patients in the cohort. Leading five paternal and maternal lineages are presented (Full data in

supplementary table). Presence of metabolic comorbidities were combined. Data concerning alcohol consumption and smoking were available for 69

patients. Detailed data concerning smoking burden (Pack/years) were available for 17 patients.
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Genetic test results

All 70 CPUE patients had genetic counseling and testing at a mean age of 63.7 years (range 27 - 83,
median 65.5). Each patient had documentation of at least 10 adenomas as an indication for counseling,
and most presented with a cumulative polyp burden of 10-20 polyps (36 patients; 51.4%), followed by
21-30 polyps (18 patients; 25.7%), 31-50 polyps (12 patients; 17.1%) and 4 patients (5.7%) with 51-100
polyps.

All patients had sequencing of the APC (full) and MUTYH genes (24% had sequencing of the 2
common mutations Y179C and G396D, 76% had full sequencing). 26 patients (37%) had sequencing of
only these 2 genes, 5 patients (7%) had 4-7 additional genes analyzed (including BRCA1, BRCA2, MLH]1,
MSH2, MSH6, PMS2, and EPCAM), and the majority (39 patients, 56%) had multi-gene panels with a
mean of 35.2 (3.6) genes tested (range 12 - 91; Median 28). The CRC-related genes that were sequenced
are described in Table 2 (full list in Supplementary Table 1).

None of the patients carried a pathogenic APC or MUTYH mutation, and no other polyposis-related
gene mutations were identified when tested as part of a multi-gene panel. 2 patients were identified as
carriers of a non-polyposis associated pathogenic variant [APC I11307K and CFTR (TG)11-5T]. 5 patients
(7.1%) carried a VUS (in RAD 50, ATM, BARD1 or APC).

https:/ /www.wjgnet.com 6953 December 28,2022 | Volume?28 | Issue48 |
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Table 2 Genes sequenced in the colonic adenomatous polyposis of unknown etiology cohort

Gene name Number of patients tested Percentage (%)
APC 70 100
MUTYH (full seq.) 53 75.7
MLH1 43 61.4
MSH?2 43 614
MSH6 4 60.0
PMS2 42 60.0
EPCAM 5| 58.6
CHEK2 39 55.7
TP53 39 55.7
BMPRIA 38 543
CDH1 38 543
PTEN 38 543
SMAD4 38 54.3
STK11 38 543
GREM1 36 514
POLD1 36 514
POLE 36 51.4
ATM 33 471
AXIN? 28 40.0
MUTYH (Y179C and G396D mutations only) 17 243
NTHL1 15 214
MSH3 13 18.6
BLM 7 10.0
GALNTI2 7 10.0
RPS20 4 5.7
MLH3 3 43
RNF43 1 14

Colorectal cancer related genes sequenced in the colonic adenomatous polyposis of unknown etiology cohort. All had at least APC and MUYTH sequenced.

Full list of genes tested in Supplementary Table 1.

Jaishideng®

Family history of cancer and polyps

At the time of initial genetic consultation, 54 patients (77.1%) reported a family history of any
malignancy in a first-degree relative (FDR). There was a total of 113 cases of malignancy in FDRs in our
cohort. Of these, the most prevalent were CRC (25 cases, 22.1%), breast (20 cases, 17.7%), and prostate
(14 cases, 12.4%) cancer (Table 3). 14 patients (20%) had at least 1 FDR with CRC and 6 patients (8.6%)
had at least 1 FDR and 1 second-degree relative (SDR) with CRC. The mean age of CRC diagnosis in a
FDR was 66 (range 44 - 97, median 66). Most of these patients (30) had only 1 FDR (55.6%) with any
cancer. With respect to SDRs, 94 cases of any malignancy were found in our cohort, mostly represented
by 17 cases of CRC (18%) and 11 cases (11%) of breast cancer.

22 patients (31.4%) were reported to have a FDR with any colon polyp, and most of these patients
were reported to have 1 or 2 FDR (36% and 41%, respectively) with any colonic polyp. Only 2 patients
(2.9%) were reported to have a family history of multiple polyps in a FDR. In one patient, the father
required a partial colectomy for multiple polyps.

Polyp and adenoma burden during colonoscopy surveillance
Among the 70 patients, 430 colonoscopy reports were reviewed, resulting in a calculated mean of 6.1 +
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Table 3 Malignancies in first-degree relatives of patients with colonic adenomatous polyposis of unknown etiology

Type of cancer in FDR

Number of cases (Total = 113) Percentage (%)

CRC 25 22.1
Breast 20 17.6
Prostate 14 123
Non-melanoma skin cancer 10 8.8
Lung 8 7.0
Gastric 4 35
Bladder/Ureter 4 3.5
Brain 4 35
Renal 8 2.6
Melanoma 3 2.6
Cervical 3 2.6
Pancreas 2 1.7
Unknown type 2 1.7
Leukemia 2 1.7
Ovarian 2 1.7
Thyroid 2 17
Lymphoma 1 0.8
Liver 1 0.8
Malignant meningioma 1 0.8
Esophageal 1 0.8
Liposarcoma 1 0.8

54 patients reported a family history of cancer. Highest frequencies were noted for CRC (22.1%), Breast (17.6%) and Prostate (12.3%). 10 patients (18.5%)
had 2 FDRs, 8 patients (14.8%) had 3 FDRs, 1 patient (1.9%) had 4 FDRs, 4 patients (7.4%) had 5 FDRs and 1 patient (1.9%) had 7 FDRs with any
malignancy. FDR: First-degree relative; CRC: Colorectal cancer.

Jaishideng®
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3.4 colonoscopies (range 1 - 15; median 6) performed per patient. The first documented colonoscopy was
in March 1992 and the last one was documented in November 2021. Among the 63 patients who had
more than one colonoscopy performed over more than one year of surveillance, 418 colonoscopies were
documented, with a calculated mean of 6.6 £ 3.2 colonoscopies (range 2 - 16, median 6) per patient,
during a mean surveillance period of 12.3 + 6.2 years (range 1.3 - 24.8, median 11.8 years). The calculated
average frequency of colonoscopy surveillance among this group was 0.5 colonoscopies per year.

For these 63 patients, there was a total of 2547 documented polyps in 408 colonoscopies and 1826
documented adenomas in 394 colonoscopies, with a mean total cumulative burden of 39 + 24.7 polyps
(range 10 - 111; median 29) and 29.0 + 18.9 adenomas (range 10 - 102; median 24). Over the entire
surveillance period, this translates to a mean of 3.2 polyps diagnosed per year and 2.3 adenomas per
year.

With respect to the distribution of polyps and adenomas in the colon, the right colon was the most
prevalent location (75% and 54%, respectively), followed next by the transverse colon (49.7% and 38.8%,
respectively). For polyps in general, the next most prevalent locations were the sigmoid colon (41.6%),
left colon (39.0%), and rectum (26.6%), while for adenomatous polyps the locations and prevalence were
left colon (31.1%), sigmoid colon (22.4%) and the rectum (10.5%).

The most prevalent adenoma histology found was tubular adenoma with low-grade dysplasia (90%).
High-grade dysplasia in a tubular adenoma or tubulovillous adenoma was seen in 11 exams (3.2%)
(Supplementary Table 2). In 142 of the 428 colonoscopies (33%), at least one non-adenomatous polyp
was reported. Except for one colonoscopy in which only an inflammatory polyp was described, serrated
polyps were reported in 141 of these 142 colonoscopies (99%), and these included hyperplastic polyps
(74%), sessile serrated polyps/adenomas (24%) and traditional serrated adenoma (1.3%). Most of the
serrated polyps were located in the sigmoid colon (33.3%) followed by the right colon (22.5%), rectum
(20%), transverse colon (13.3%), and left colon (10.7%). No hamartomas were reported.

December 28,2022 | Volume?28 | Issue48 |
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Incidence of invasive CRC

Four patients were diagnosed with invasive CRC (5.7%; mean age 66). Three underwent colectomy and
one had a malignant polyp that was resected endoscopically. Among these four cases, three patients
were diagnosed with CRC prior to the development of oligopolyposis. The first was a male diagnosed
with rectal carcinoma at the age of 63 along with 4 adenomas; this patient later developed 23 more
adenomas over 17 years of surveillance. The second patient was a male diagnosed at the age of 70 with a
malignant polyp (TINOMO, well-differentiated adenocarcinoma) in the sigmoid colon that was
completely resected at colonoscopy. He presented with a polyp burden of only 6 adenomas over a 15-
year period prior to the diagnosis of CRC. The third patient was a female diagnosed with a sigmoid
colon CRC at the age of 71 at her first colonoscopy with a polyp burden at that time of 5 adenomas. This
patient later developed 33 adenomas over 4.5 years of surveillance. The fourth patient was a female
diagnosed with transverse colon CRC at the age of 69, one year after her first colonoscopy with a
cumulative burden of approximately 30 adenomas. Immunohistochemical stains for DNA mismatch
repair proteins were available for two of these patients, and both demonstrated preserved expression of
all proteins (hMLH1, hMSH2, hMSH6, and hPMS2).

Rates of colectomy for high polyp burden or advanced dysplasia
Four additional patients (5.7%, mean age 64) underwent colectomy due to a high polyp burden without
cancer. Two had a subtotal colectomy for multiple tubular and tubulovillous adenomas, some of which
were large and unresectable endoscopically. Another had a subtotal colectomy due to a cumulative
burden of approximately 50 adenomas as well as recurrent diverticulitis. One had a total procto-
colectomy due to a cumulative burden of more than 80 adenomas in addition to adenomatous polyps
with high-grade dysplasia. These patient characteristics are summarized in Table 4. Three patients
(4.3%, mean age 52) were diagnosed with intramucosal carcinoma during colonoscopy, and all
underwent colectomy.

When comparing these 11 patients who had a significant clinical outcome (intramucosal cancer,
invasive cancer, or risk-reducing colectomy for polyposis) to the rest of the cohort (59 patients), no
difference was found in any clinical parameters including gender, tobacco use, metabolic comorbidities,

familial malignancy burden, personal malignancy burden or duration of colonoscopy surveillance
(Supplementary Table 3).

Extracolonic findings

With respect to upper gastrointestinal findings, 39 patients (55.7%) had at least 1 upper endoscopy
performed (first exam at mean age 62.3, range 22 - 83, median 65). 10 patients (14%) were found to have
any gastric polyp. In 11 gastroscopies, there were up to 5 polyps documented and none was above 1 cm.
Among cases in which histologic sampling was performed, the most common histology was fundic
gland polyp without dysplasia (72%) followed by hyperplastic polyp (22%), and there was one case of 1
gastric adenoma that also exhibited high-grade dysplasia (6%). This patient also had low-grade
dysplasia that arose in a background of chronic gastritis and intestinal metaplasia secondary to H.
pylori.

No duodenal adenomas were detected. 4 patients (5.7%) had a formal small bowel evaluation with
VCE, and no small bowel polyps were identified.

A total of 49 extra colonic malignancies (ECM) were documented in 35 patients (50%), and 9 patients
(20%) had more than 1 ECM. The mean age of first ECM diagnosis was 60 (range 23- 82, median 62)
with non-melanoma skin cancer (51%) and prostate cancer (12%) as the most common. (Table 5).
Gender, age, and cumulative adenoma burden were evaluated by univariate logistic regression analysis
for their potential contribution to the development of an ECM. Age was found to have a correlation with
breast cancer and melanoma occurrence with an odds ratio of 0.8 (P = 0.01) and 0.9 (P =0.01). Otherwise,
cumulative adenoma burden was not found to be a predictor. (Supplementary Table 4). No correlation
was found between the cumulative adenoma burden and the total number of extra colonic malignancies
reported (P = 0.18).

Mortality

10 patients (14%) died during follow-up. The mean age of death was 72 (range 61 - 78, median 73.5). 5
patients (50%) died of malignancy, but none was from CRC. The mean age of death from cancer was
74.4 (range 71 - 77, median 75) and 5 patients (50%) died from non-malignancy causes at a mean age of
69.6 (range 61 - 78, median 69). None of these causes were directly related to the underlying polyposis (
i.e., complications from colonoscopy or colectomy) (Table 6).

DISCUSSION

CPUE is a colonic adenomatous polyposis syndrome in which no germline mutation is detected. Our
relatively large CPUE cohort is comprised primarily of older white males without a family history of
polyposis but a modest family history of colon cancer and personal history of tobacco use. The adenoma
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Table 4 Clinical features of 11 patients with a significant clinical outcome (cancer, advanced dysplasia, or colectomy)

Colectomy (age)  Colectomy - Surveillance (No.yrto  Total adenoma No. FDR with No. SDR with
ID (Gender) s
(yr) indication colectomy; Total yr) burden CRC CRC
26 (F) RHC (62) IMC 12;16 Multiple (at least 34) 0 0
29(M) SIG (52) IMC 0;12 Multiple at least 15 0 0
76(F) IPAA (42) IMC 0; 14 Multiple (at least 15) 0 0
32(M) IRA (64) Polyp burden 0;1 Multiple (>30, many 0 0
>1cm)
46(M) IRA (65) Polyp burden + 15; 24 Multiple (at least 47) 0 0
recurrent diverticulitis
72(M) IRA (69) Polyp burden 12; No data post colectomy Multiple (at least 31) 0 0
62(F) IPAA (58) Polyp burden 3,85 Multiple (approx. 0 1 (65)
83)
37(M) APR (63) Rectal CRC a 0;17 27 1 (66) 0
56(F) SIG (71) Sigmoid CRC' 0;4.5 38 1 (68) 0
68(F) Colectom’(69) Transverse CRC’ 1; No data post colectomy  Multiple (at least 28) 1 (70) 0
82(M) None(70) SigmoidMP* 15;16 16 0 0

1CRC diagnosed at 1% colonoscopy.

2CRC diagnosed at 3™ colonoscopy.

3No data about the type of colectomy.

#Resected endoscopically.

Adenoma burden, surgical data and familial burden of CRC (1% and 2" degree relatives) of 11 patients who had a significant clinical outcome. CRC:
Colorectal cancer; F: Female; M: Male; MP: Malignant polyp; IMC: Intramucosal carcinoma; RHC: Right hemicolectomy; IRA: Subtotal colectomy with
ileorectal anastomosis; IPAA: total proctocolectomy with ileal pouch anal anastomosis; APR: abdominoperineal resection; SIG: sigmoidectomy; FDR: First-

degree relative.

Table 5 Extra colonic malignancies in the colonic adenomatous polyposis of unknown etiology cohort

Type of malignancy Number % Incidence rate (Per 1000 person-years)
Non-melanoma skin cancer 25 51 5.1
Prostate 6 12.2 12
Melanoma 5 10.2 1
Breast 4 8.2 0.8
Lung 2 41 04
Uterine 1 2 0.2
Non-Hodgkin's Lymphoma 1 2 0.2
Gallbladder 1 2 0.2
Ovary 1 2 0.2
Bladder 1 2 0.2
Pancreas 1 2 0.2
Merkel cell tumor 1 2 0.2

35 patients reported an extra-colonic malignancy. Highest frequencies were noted for Non-melanoma skin cancer (51%), Prostate (12.2%) and Melanoma
(10.2%)

burden is modest and is characterized by a relatively low rate of adenoma growth (average of 2.3
adenomas per year). However, 15.7% were considered to have a significant outcome, which included
colectomy due to polyp burden, advanced polyp histology of intramucosal carcinoma, or a diagnosis of
CRC. There were no deaths related to CRC or polyposis.
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Table 6 Causes of death in the colonic adenomatous polyposis of unknown etiology cohort

Malignancy causes (n = 5) Age of death (yr)
Lung 71
Unknown (suspected) malignancy 72
Metastatic Merkle cell carcinoma 75
Gallbladder 77
Pancreas 77

Non- malignancy causes (1 = 5)

Pulmonary failure. 61
Ruptured aortic aneurysm 78
Unknown 65
Shock and multi-system organ failure. 69
Cardiac arrest 73

There were 10 deaths among CPUE patients. 5 (50%) were secondary to malignancy. CRC was not reported as a cause of death. CPUE: Colonic

adenomatous polyposis of unknown etiology cohort; CRC: Colorectal cancer.

Jaishideng®

Interestingly, three patients had a CRC diagnosis before developing at least ten cumulative
adenomas, However, all did exhibit colonic adenomas either prior to or at the time of CRC diagnosis,
demonstrating that a predisposition to polyp formation was present at the same time. These findings
reveal the heterogeneity of disease presentation associated with CPUE.

Although CPUE is often considered an attenuated variant of FAP, our findings in a large CPUE
cohort over an extended period of surveillance (12.3 +/-6.2 years) suggest that CPUE is quite dissimilar
from FAP given the gender distribution, age of onset, absence of family history, low rate of colon
adenoma growth, and absence of upper gastrointestinal (GI) and other extra-colonic manifestations.
Others have described CPUE cohorts to have higher rates of colon polyp formation, family history of
polyposis and CRC, and upper GI polyposis. For example, CRC was observed in 19.3% of a different
CPUE cohort. However, more comprehensive multi-gene panel testing was not performed. A low rate of
upper GI findings in CPUE was also observed[17], consistent with our findings. The relatively high rates
of metabolic co-morbidities as well as alcohol and tobacco use in our cohort suggest that there may be
significant environmental and lifestyle contributors in patients with CPUE.

Because data are limited with respect to clinical features and outcomes in CPUE, it has been difficult
to formulate definitive management recommendations. The National Comprehensive Cancer Network
describes CPUE as a potential attenuated subgroup of familial adenomatous polyposis with possible
FAP-related extra colonic manifestations. In addition to recommending short colonoscopy intervals
(every 1-2 years), consideration is given to the evaluation of the upper GI tract, with specific attention to
the duodenum and the ampullary area[5]. Our findings suggest that most with CPUE do not exhibit
features suggestive of a FAP-related syndrome. Annual colonoscopy and routine upper GI surveillance
may therefore not be required.

Our study has some limitations. Due to its retrospective nature, complete endoscopic and pathology
data in some patients could not be retrieved, and not all endoscopy reports reliably quantified polyp
burden. Thus, our results might reflect an underestimation of the cumulative polyp burden. In addition,
approximately 40% had only APC and MUTYH genes sequenced, so alternative genetic etiologies for
polyposis may not have been recognized. However, the frequency with which mutations in these other
novel intermediate-risk genes are identified is very low[13,18], and it is unlikely that a significant
number of these cases would be explained by one of these mutations. Finally, our cohort was comprised
mostly of Caucasian men of Irish and English descent and may not be representative of the broader
CPUE population. This may result in a selection bias that could be attributable to lower rates of referrals
for genetic counseling and testing in non-white populations[19-20].

CONCLUSION

Most individuals with CPUE in our cohort exhibited a relatively benign course, characterized by a
generally modest colonic adenoma burden, dominance of non-advanced histology, low rates of CRC
during surveillance, negligible upper GI involvement, and low rates of mortality due to polyposis or
CRC. We suggest that colonoscopy surveillance intervals could be extended, and that routine upper GI
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screening may not be required.

ARTICLE HIGHLIGHTS

Research background

Colonic polyposis syndromes typically result from germline mutations in the APC or MUTYH genes
and less commonly from other low/intermediate-risk genes. When no pathogenic variant is identified, a
diagnosis of colonic polyposis of unknown etiology (CPUE) is made.

Research motivation
The existing literature on CPUE is limited, and the precise clinical features and long-term outcomes are
not well-defined.

Research objectives
To characterize the natural history of CPUE by defining the malignancy risk, long-term colonic
adenoma burden, and risk of extra-colonic tumors over an extended period of surveillance.

Research methods

We performed a retrospective detailed chart review of demographic, lifestyle habits, endoscopic,
genetic, and clinical data of patients aged 18 years old or older meeting the criteria for CPUE in the
Hereditary Gastrointestinal Cancer Database at Massachusetts General Hospital.

Research results

70 patients met the inclusion criteria and were predominantly Caucasian males. During an extended
surveillance period, a very low cumulative colonic adenoma burden was observed, with no evidence for
duodenal adenomas. 4 patients were diagnosed with colorectal cancer (CRC), but none had extra-
colonic malignancies that are typically seen in familial adenomatous polyposis (FAP) syndrome (i.e.,
gastric, duodenal, or thyroid cancer). There was no mortality attributable to CRC.

Research conclusions

Individuals with CPUE exhibited a relatively mild course with respect to polyp burden and cancer risk,
which differs significantly from the FAP syndrome. The modest colonic burden implies colonoscopy
surveillance intervals could be extended, and regular gastroscopic exams may not be necessary.

Research perspectives

CPUE is an underdiagnosed and heterogeneous clinical entity. The current findings should be validated
in large-scale multi-center prospective studies, with greater representation of non-Caucasian
populations in order to better define this unique condition in an evidence-based approach.

FOOTNOTES

Author contributions: Feldman D contributed to conceptualization and design, formal analysis and interpretation,
investigation, resources and acquisition of data, methodology, visualization, writing, revising, and editing the draft
critically for important intellectual content; Rodgers-Fouche L contributed to conceptualization, resources and
acquisition of data, writing, revising, and editing the draft critically for important intellectual content; Hicks S
contributed to conceptualization, resources and acquisition of data, writing, revising, and editing the draft critically
for important intellectual content; Chung DC contributed to conceptualization and design, formal analysis and
interpretation, investigation, methodology, resources and acquisition of data, supervision, visualization, writing -
original draft, writing, revising, and editing the draft critically for important intellectual content; All authors have
read and approve the final manuscript.

Institutional review board statement: IRB approval (No. 2016P000516) was obtained by the Massachusetts General
Hospital (MGH), For Retrospective Review and analysis of data, specimens, and/or records using the Hereditary GI

Cancer Database.

Informed consent statement: Because of the retrospective and anonymous character of this study, the need for

informed consent was waived by the institutional review board.
Conflict-of-interest statement: All authors declare no conflicts-of-interest related to this article.

Data sharing statement: Data are not available due to patient privacy restrictions and the absence of consent for
public sharing.

WJG | https://www.wjgnet.com 6959 December 28,2022 | Volume?28 | Issue48 |



Feldman D et al. Outcomes in CPUE

Jaishideng®

STROBE statement: The authors have read the STROBE Statement — checklist of items, and the manuscript was
prepared and revised according to the STROBE Statement — checklist of items.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by
external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-
NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license
their derivative works on different terms, provided the original work is properly cited and the use is non-
commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/

Country/Territory of origin: United States

ORCID number: Dan Feldman 0000-0002-7842-4941; Linda Rodgers-Fouche 0000-0002-3956-5821; Stephanie Hicks 0000-
0002-0485-0008; Daniel C Chung 0000-0001-8226-7005.

S-Editor: Liu GL
L-Editor: A
P-Editor: Liu GL

REFERENCES

1 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin 2019; 69: 7-34 [PMID: 30620402 DOI:
10.3322/caac.21551]

2 American cancer Society. Cancer facts & figures 2021. Atlanta: American Cancer Society; 2021. [Internet] [accessed
2021]. Availabe from: https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-
facts-and-figures/202 1/cancer-facts-and-figures-2021.pdf

3 Druliner BR, Wang P, Bae T, Baheti S, Slettedahl S, Mahoney D, Vasmatzis N, Xu H, Kim M, Bockol M, O'Brien D, Grill
D, Warner N, Munoz-Gomez M, Kossick K, Johnson R, Mouchli M, Felmlee-Devine D, Washechek-Aletto J, Smyrk T,
Oberg A, Wang J, Chia N, Abyzov A, Ahlquist D, Boardman LA. Molecular characterization of colorectal adenomas with
and without malignancy reveals distinguishing genome, transcriptome and methylome alterations. Sci Rep 2018; 8: 3161
[PMID: 29453410 DOI: 10.1038/s41598-018-21525-4]

4 Heald B, Hampel H, Church J, Dudley B, Hall MJ, Mork ME, Singh A, Stoffel E, Stoll J, You YN, Yurgelun MB, Kupfer
SS; Collaborative Group of the Americas on Inherited Gastrointestinal Cancer. Collaborative Group of the Americas on

Inherited Gastrointestinal Cancer Position statement on multigene panel testing for patients with colorectal cancer and/or
polyposis. Fam Cancer 2020; 19: 223-239 [PMID: 32172433 DOI: 10.1007/s10689-020-00170-9]

5 Weiss JM, Gupta S, Burke CA, Axell L, Chen LM, Chung DC, Clayback KM, Dallas S, Felder S, Gbolahan O, Giardiello
FM, Grady W, Hall MJ, Hampel H, Hodan R, Idos G, Kanth P, Katona B, Lamps L, Llor X, Lynch PM, Markowitz AJ,
Pirzadeh-Miller S, Samadder NJ, Shibata D, Swanson BJ, Szymaniak BM, Wiesner GL, Wolf A, Yurgelun MB, Zakhour
M, Darlow SD, Dwyer MA, Campbell M. NCCN Guidelines® Insights: Genetic/Familial High-Risk Assessment:
Colorectal, Version 1.2021. J Natl Compr Canc Netw 2021; 19: 1122-1132 [PMID: 34666312 DOI:
10.1164/jncen.2021.0048]

6 Yang J, Gurudu SR, Koptiuch C, Agrawal D, Buxbaum JL, Abbas Fehmi SM, Fishman DS, Khashab MA, Jamil LH, Jue
TL, Law JK, Lee JK, Naveed M, Qumseya BJ, Sawhney MS, Thosani N, Wani SB, Samadder NJ. American Society for
Gastrointestinal Endoscopy guideline on the role of endoscopy in familial adenomatous polyposis syndromes. Gastrointest
Endosc 2020; 91: 963-982.e2 [PMID: 32169282 DOI: 10.1016/j.gie.2020.01.028]

7 van Leerdam ME, Roos VH, van Hooft JE, Dekker E, Jover R, Kaminski MF, Latchford A, Neumann H, Pellisé M,
Saurin JC, Tanis PJ, Wagner A, Balaguer F, Ricciardiello L. Endoscopic management of polyposis syndromes: European
Society of Gastrointestinal Endoscopy (ESGE) Guideline. Endoscopy 2019; 51: 877-895 [PMID: 31342472 DOI:
10.1055/a-0965-0605]

8 Horpaopan S, Spier I, Zink AM, Altmiiller J, Holzapfel S, Laner A, Vogt S, Uhlhaas S, Heilmann S, Stienen D, Pasternack
SM, Keppler K, Adam R, Kayser K, Moebus S, Draaken M, Degenhardt F, Engels H, Hofmann A, N6then MM, Steinke V,
Perez-Bouza A, Herms S, Holinski-Feder E, Frohlich H, Thiele H, Hoffmann P, Aretz S. Genome-wide CNV analysis in
221 unrelated patients and targeted high-throughput sequencing reveal novel causative candidate genes for colorectal
adenomatous polyposis. Int J Cancer 2015; 136: ES78-E589 [PMID: 25219767 DOIL: 10.1002/ijc.29215]

9 Grover S, Kastrinos F, Steyerberg EW, Cook EF, Dewanwala A, Burbidge LA, Wenstrup RJ, Syngal S. Prevalence and
phenotypes of APC and MUTYH mutations in patients with multiple colorectal adenomas. JAMA 2012; 308: 485-492
[PMID: 22851115 DOI: 10.1001/jama.2012.8780]

10 Kadiyska TK, Todorov TP, Bichev SN, Vazharova RV, Nossikoff AV, Savov AS, Mitev VI. APC promoter 1B deletion in
familial polyposis--implications for mutation-negative families. Clin Genet 2014; 85: 452-457 [PMID: 23725351 DOL:
10.1111/cge.12210]

11 Ciavarella M, Miccoli S, Prossomariti A, Pippucci T, Bonora E, Buscherini F, Palombo F, Zuntini R, Balbi T, Ceccarelli
C, Bazzoli F, Ricciardiello L, Turchetti D, Piazzi G. Somatic APC mosaicism and oligogenic inheritance in genetically
unsolved colorectal adenomatous polyposis patients. Eur J Hum Genet 2018; 26: 387-395 [PMID: 29367705 DOI:
10.1038/s41431-017-0086-y]

12 Dettwyler SA, Koeppe ES, Jacobs MF, Stoffel EM. Outcomes of retesting in patients with previously uninformative cancer
genetics evaluations. Fam Cancer 2022; 21: 375-385 [PMID: 34545504 DOI: 10.1007/s10689-021-00276-8]

13 Stanich PP, Pearlman R, Hinton A, Gutierrez S, LaDuca H, Hampel H, Jasperson K. Prevalence of Germline Mutations in

WJG | https://www.wjgnet.com 6960 December 28,2022 | Volume?28 | Issue48 |


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-7842-4941
http://orcid.org/0000-0002-7842-4941
http://orcid.org/0000-0002-3956-5821
http://orcid.org/0000-0002-3956-5821
http://orcid.org/0000-0002-0485-0008
http://orcid.org/0000-0002-0485-0008
http://orcid.org/0000-0002-0485-0008
http://orcid.org/0000-0001-8226-7005
http://orcid.org/0000-0001-8226-7005
http://www.ncbi.nlm.nih.gov/pubmed/30620402
https://dx.doi.org/10.3322/caac.21551
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2021/cancer-facts-and-figures-2021.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2021/cancer-facts-and-figures-2021.pdf
http://www.ncbi.nlm.nih.gov/pubmed/29453410
https://dx.doi.org/10.1038/s41598-018-21525-4
http://www.ncbi.nlm.nih.gov/pubmed/32172433
https://dx.doi.org/10.1007/s10689-020-00170-9
http://www.ncbi.nlm.nih.gov/pubmed/34666312
https://dx.doi.org/10.1164/jnccn.2021.0048
http://www.ncbi.nlm.nih.gov/pubmed/32169282
https://dx.doi.org/10.1016/j.gie.2020.01.028
http://www.ncbi.nlm.nih.gov/pubmed/31342472
https://dx.doi.org/10.1055/a-0965-0605
http://www.ncbi.nlm.nih.gov/pubmed/25219767
https://dx.doi.org/10.1002/ijc.29215
http://www.ncbi.nlm.nih.gov/pubmed/22851115
https://dx.doi.org/10.1001/jama.2012.8780
http://www.ncbi.nlm.nih.gov/pubmed/23725351
https://dx.doi.org/10.1111/cge.12210
http://www.ncbi.nlm.nih.gov/pubmed/29367705
https://dx.doi.org/10.1038/s41431-017-0086-y
http://www.ncbi.nlm.nih.gov/pubmed/34545504
https://dx.doi.org/10.1007/s10689-021-00276-8

Jaishideng®

14

15

16

19

20

Feldman D et al. Outcomes in CPUE

Polyposis and Colorectal Cancer-Associated Genes in Patients With Multiple Colorectal Polyps. Clin Gastroenterol
Hepatol 2019; 17: 2008-2015.e3 [PMID: 30557735 DOI: 10.1016/j.cgh.2018.12.008]

Long JM, Powers JM, Stanich PP, Katona BW. Clinical Management of Oligopolyposis of Unknown Etiology. Curr Treat
Options Gastroenterol 2021; 19: 183-197 [DOI: 10.1007/s11938-021-00335-0]

Tieu AH, Edelstein D, Axilbund J, Romans KE, Brosens LA, Wiley E, Hylind L, Giardiello FM. Clinical Characteristics of
Multiple Colorectal Adenoma Patients Without Germline APC or MYH Mutations. J Clin Gastroenterol 2016; 50: 584-588
[PMID: 26485104 DOI: 10.1097/MCG.0000000000000416]

Bisgaard ML, Ripa R, Knudsen AL, Biilow S. Familial adenomatous polyposis patients without an identified APC
germline mutation have a severe phenotype. Gut 2004; 53: 266-270 [PMID: 14724162 DOI: 10.1136/gut.2003.019042]
Kallenberg FGJ, Latchford A, Lips NC, Aalfs CM, Bastiaansen BAJ, Clark SK, Dekker E. Duodenal Adenomas in
Patients With Multiple Colorectal Adenomas Without Germline APC or MUTYH Mutations. Dis Colon Rectum 2018; 61:
58-66 [PMID: 29215473 DOI: 10.1097/DCR.0000000000000868]

Jelsig AM, Byrjalsen A, Busk Madsen M, Kuhlmann TP, van Overeem Hansen T, Wadt KAW, Karstensen JG. Novel
Genetic Causes of Gastrointestinal Polyposis Syndromes. App! Clin Genet 2021; 14: 455-466 [PMID: 34866929 DOI:
10.2147/TACG.S295157]

Inra JA, Steyerberg EW, Grover S, McFarland A, Syngal S, Kastrinos F. Racial variation in frequency and phenotypes of
APC and MUTYH mutations in 6,169 individuals undergoing genetic testing. Genet Med 2015; 17: 815-821 [PMID:
25590978 DOI: 10.1038/gim.2014.199]

Canedo JR, Miller ST, Myers HF, Sanderson M. Racial and ethnic differences in knowledge and attitudes about genetic
testing in the US: Systematic review. J Genet Couns 2019; 28: 587-601 [PMID: 30663831 DOIL: 10.1002/jgc4.1078]

WJG | https://www.wjgnet.com 6961 December 28,2022 | Volume?28 | Issue48 |


http://www.ncbi.nlm.nih.gov/pubmed/30557735
https://dx.doi.org/10.1016/j.cgh.2018.12.008
https://dx.doi.org/10.1007/s11938-021-00335-0
http://www.ncbi.nlm.nih.gov/pubmed/26485104
https://dx.doi.org/10.1097/MCG.0000000000000416
http://www.ncbi.nlm.nih.gov/pubmed/14724162
https://dx.doi.org/10.1136/gut.2003.019042
http://www.ncbi.nlm.nih.gov/pubmed/29215473
https://dx.doi.org/10.1097/DCR.0000000000000868
http://www.ncbi.nlm.nih.gov/pubmed/34866929
https://dx.doi.org/10.2147/TACG.S295157
http://www.ncbi.nlm.nih.gov/pubmed/25590978
https://dx.doi.org/10.1038/gim.2014.199
http://www.ncbi.nlm.nih.gov/pubmed/30663831
https://dx.doi.org/10.1002/jgc4.1078

JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: bpgoffice@wijgnet.com
Help Desk: https://www.t6publishing.com/helpdesk

https:/ /www.wjgnet.com

© 2022 Baishideng Publishing Group Inc. All rights reserved.


mailto:bpgoffice@wjgnet.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

