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Abstract

Prior small reports have postulated a link between gastrointestinal polyposis and childhood and
young adulthood cancer (CYAC) treatment (therapy-associated polyposis; TAP), but this remains a
poorly understood phenomenon. The aim of this study is to describe the phenotypic spectrum of
TAP in a multi-institutional cohort. TAP cases were identified from 8 high risk cancer centers.
Cases were defined as patients with =10 gastrointestinal polyps without known causative germline
alteration or hereditary CRC predisposition syndrome who had a history of prior treatment with
chemotherapy and/or radiotherapy for CYAC.

34 TAP cases were included (original CYAC: 27 Hodgkin lymphoma, 3 neuroblastoma, 1 acute
myeloid leukemia, 1 medulloblastoma, 1 nephroblastoma, 1 non-Hodgkin lymphoma).
Gastrointestinal polyposis was first detected at a median of 27 years (interquartile range [IQR]
20-33) after CYAC treatment. 12/34 (35%) TAP cases had =50 colorectal polyps. 32/34 (94%) had
>1 histologic polyp type. 25/34 (74%) had clinical features suggestive of =1 CRC predisposition
syndrome (e.g., attenuated familial adenomatous polyposis (FAP), serrated polyposis syndrome,
extracolonic manifestations of FAP, mismatch repair deficient CRC, or hamartomatous polyposis)
including 8/34 (24%) with features of multiple such syndromes. TAP is an apparently acquired
phenomenon that should be considered in patients who develop significant polyposis without
known causative germline alteration but who have had prior treatment for a CYAC. TAP patients
have features that may mimic various hereditary CRC syndromes, suggesting multiple concurrent
biologic mechanisms, and recognition of this diagnosis may have implications for cancer risk and
screening.

Keywords
radiation; adenoma; secondary cancer; MSI-H; gastrointestinal malignancy

INTRODUCTION:

Survivors of childhood and young adulthood cancers (CYAC) are at increased risk for a
variety of neoplastic and non-neoplastic adverse effects years after original cancer treatment
(1-3), including colorectal adenomas and colorectal cancer (CRC) (4-7). Exposure to
abdominopelvic radiotherapy (RT) and/or alkylating chemotherapy has been associated with
an increased risk of developing such gastrointestinal neoplasia, although the biological
mechanisms remain poorly understood (4-6,8,9). Because of this increased risk, Children’s
Oncology Group (COG) long term follow up guidelines were recently updated to
recommend initiation of colonoscopy for CYAC survivors who received abdominopelvic RT
either at age 30 or 5 years after RT, whichever occurs later, and continue every 5 years, with
those without prior abdominopelvic RT recommended to begin CRC screening at age 45 and
continue at 10 year intervals (10).

We previously described a phenomenon of striking gastrointestinal polyposis developing in
5 CYAC survivors in the absence of identifiable germline or familial susceptibility (11). This
apparently acquired phenotype was postulated to have been induced by prior chemotherapy
and/or radiation exposure, and was therefore termed therapy-associated polyposis (TAP).
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More recently, Dutch investigators published an additional series of 3 apparent TAP cases in
CYAC survivors treated with prior radiotherapy (12). Notably, gastrointestinal polyposis is a
hallmark feature of rare hereditary CRC predisposition syndromes (including familial
adenomatous polyposis [FAP], attenuated FAP, MUT YH-associated polyposis, serrated
polyposis syndrome [SPS], hamartomatous polyposis syndromes, and others), and all 8 TAP
cases in the literature to date lacked an identifiable germline variant in the high-risk
polyposis genes Adenomatous Polyposis Coli (APC) and MutY Homolog (MUTYH).

Polyposis is also a known risk factor for the development of gastrointestinal cancers, and
patients with inherited polyposis syndromes may warrant earlier and more frequent cancer
screening and/or more invasive interventions. While in a large registry study of the general
population (unselected for history of childhood and adulthood cancer), adenomatous polyps
were seen in 26% of colonoscopies among 50-64 year old and 36% among those 65 and
older, and serrated polyps were detected in 9% of colonoscopies for both the 50-64 and 65
and older groups (13), the presence of multiple polyps, however, is much less frequent such
that multiple professional societies recommend that patients with polyposis be referred for
genetic evaluation and high risk assessment[ The recognition of a non-hereditary polyposis
phenomenon (such as TAP) would thus have important implications for management of
patients and their families. The primary aim of this study is therefore to further characterize
the phenotypic spectrum of TAP in a multi-institutional cohort.

METHODS:

For the purposes of this analysis, we defined TAP cases as individuals who developed
polyposis without known genetic predisposition, in the setting of prior exposure to
chemotherapy and/or radiotherapy for a CYAC. Polyposis was defined as cumulative
lifetime incidence of =10 gastrointestinal polyps of any type, inclusive of the entire
gastrointestinal tract. We included individuals with CYAC diagnosed at age <30 years or
individuals diagnosed with CYAC between ages 31-45 years, if their first gastrointestinal
polyp were identified =10 years after initial CYAC treatment. Individuals known to have a
personal or family diagnosis of pathogenic or likely pathogenic germline variants in any
gene(s) linked to inherited CRC susceptibility were excluded. Potential TAP cases were
ascertained from IRB-approved registries at 8 cancer genetics programs (Supplementary
Table 1). Investigators from individual sites identified cases with suspected TAP based on
the above criteria.

Clinical data were obtained from medical record review and querying of cancer genetics
registry data, including original CYAC diagnostic and treatment history; endoscopic,
surgical, and pathologic findings; genetic testing results; family history of cancer and
polyps; and other medical history. Quantification of polyp data were obtained from
pathology reports and endoscopic records, when available, and from text descriptions
included in provider notes. If number of polyps were documented as a numeric range, the
lowest end of this range was used for quantification of lifetime polyp burden. If only
qualitative descriptions of polyp burden were provided, “few” was coded as 3 polyps,
“many” as 5 polyps, and “numerous” as 10 polyps. Tubular, villous and tubulo-villous were
all categorized as “adenomas” for this study.
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Each TAP case was assessed for clinical features of inherited CRC predisposition
syndromes, even though none of the cases (by definition) had a known personal or familial
diagnosis of any genetically defined syndrome. Patients with thyroid cancer, osteomas,
hepatoblastoma, desmoid tumors, duodenal polyps, or epidermoid cysts were classified as
having extracolonic features of FAP. While fundic gland polyps are part of the spectrum of
FAP, these polyps typically present in large numbers (>30) in FAP (14), and we elected to
consider fundic gland polyps separately given limited data available on the number of fundic
gland polyps seen in our cohort. The presence of =10 colorectal adenomas was considered a
feature of attenuated FAP. Individuals whose polyp history fulfilled the World Health
Organization (WHO) 2010 SPS criterion 1 (=5 serrated polyps proximal to the sigmoid
colon, =2 of which were =1 cm) or criterion 3 (>20 serrated polyps anywhere in the
colorectum) were classified as having features of SPS[ Individuals with >3 hamartomatous
polyps of the gastrointestinal tract were classified as having features of a hamartomatous
polyposis syndrome. Cases with mismatch repair deficient (MMR-D) or microsatellite
instability-high (MSI-H) CRC were also considered to have features of Lynch syndrome.

RESULTS:

Thirty-four TAP patients were identified from 8 institutions (Table 1, Supplementary Table
1). Twenty-seven had previously been treated for Hodgkin lymphoma, 3 for neuroblastoma,
1 for acute myeloid lymphoma, 1 for medulloblastoma, 1 for nephroblastoma [Wilms’
tumor], and 1 for non-Hodgkin lymphoma). Subjects’ median age at the time of their
original CYAC diagnosis was 18 years (interquartile range (IQR) 14-24 years). 20/34 TAP
cases (59%) received known alkylating chemotherapy for their initial CYAC, 21 (62%)
received abdominopelvic RT, and 12 (35%) received both alkylating chemotherapy and
abdominopelvic RT (Table 1, Supplementary Table 2).

Among the 34 TAP cases, gastrointestinal polyposis was first detected at a median age of 49
years (IQR 37-54) and at a median of 27 years (IQR 20-33) after initial CYAC treatment
(Table 2). Patients had gastrointestinal surveillance data available from a median of 4 (IQR
2-6) colonoscopies obtained over 6 (IQR 3-9) years.

Of the 21 patients who received abdominopelvic RT, 5 (24%) had polyps detected prior to
the age they would have been recommended to start colonoscopic screening by COG
guidelines. Of the 10 cases who did not receive abdominopelvic RT, 3 (30%) had a polyp
detected < age 45 (the age that would be recommended by COG to initiate colonoscopy).
Three patients had unknown radiation exposure, but all had first polyp detected after age 45.
Similarly, of the 9 patients who developed CRC and had known RT exposure, 3 (33%) were
diagnosed prior to the COG recommended age to start colonoscopy screening (2 with history
of abdominopelvic RT, 1 without abdominopelvic RT).

All TAP cases had colorectal polyps, with a median lifetime aggregate of 32 polyps (IQR
16-52). 23/34 TAP cases (68%) had a lifetime aggregate of =20 colorectal polyps, and 12
(35%) had =50 colorectal polyps (Figure 1). 32/34 TAP cases (94%) had more than one
histologic type of colorectal polyps (the remaining two (Figure 1, cases 16 and 31) did not
have polyp histology data available). Of the 23 patients known to have undergone an EGD,
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7(30%) had gastric and/or duodenal polyps with one patient having an upper
gastrointestinal-predominant phenotype (Figure 1, case 34). Including fundic gland polyps,
19/23 (74%) patients who underwent EGD had upper gastrointestinal polyp findings.

32/34 TAP cases (94%) had prior germline genetic testing. 22/34 (65%) had multi-gene
panel testing (including APCand MUTYH among other genes); none had pathogenic or
likely pathogenic variants in any tested gene (Supplementary Table 2). The remaining 10/34
(29%) had only single-gene testing including APC and MUT Y'H although one patient had
testing performed after allogenic stem cell transplant with thereby uninformative results.
Only 1 TAP case had a first- or second-degree relative with CRC diagnosed prior to age 50
and 2 cases (6%) had one first-degree relative with a reported history of =10 colorectal

polyps.

25/34 (74%) TAP cases had clinical features of an inherited gastrointestinal cancer
syndrome (Table 2): 18 (53%) had a colorectal adenomatous polyp burden consistent with
attenuated FAP; 10 (29%) met WHO 2010 SPS criteria; 6 (18%) had extracolonic FAP
related neoplasia; 3(9%) had an MMR-D/MSI-H CRC; and 1 (3%) had hamartomatous
polyposis. 8/34 (24%) had features of =1 syndrome. If we included the presence of fundic
gland polyps as an extracolonic feature of FAP, 31/34 (94%) would have met criteria for a
hereditary syndrome, and 15/34 (44%) met more criteria for =1 hereditary CRC
predisposition syndrome.

10/34 (29%) TAP cases were diagnosed with CRC. Seven CRC cases were diagnosed on the
individuals’ first ever colonoscopy, with 6/7 cases (86%) detected in patients less than age
50. The majority had early stage disease (7 had stage 0/I), with only 1 each with Stage lla
and Stage Illa CRC (1 with stage unknown). MMR-D was identified in 3 cases of CRC, all
of whom had negative germline testing for the five Lynch syndrome genes. Two MMR-D
CRC cases (one with loss of MSH6 and the other with loss of MSHZ/MSH6) were
ultimately identified to have biallelic somatic MMR gene inactivation identified on paired
tumor/germline testing). The third case had loss of MLH1/PMS2but did not have available
MLHI promoter hypermethylation testing or paired somatic testing data.

14/34 TAP (41%) cases underwent some degree of colorectal surgical resection
(Supplementary Table 3); 7 were performed as treatment for a CRC and 7 were performed
for management of polyposis alone.

25/34 (74%) TAP cases had other medical history suggestive of treatment-related
complications: 17/34 (50%) had non-colorectal neoplastic conditions; and 16/34 (47%) had
non-neoplastic sequelae of prior treatment (Table 3).

DISCUSSION

In this multi-institutional study, we present 34 patients with TAP, an apparently acquired
gastrointestinal polyposis phenomenon manifesting years after chemotherapy and/or
radiotherapy exposure. While there already is robust literature on the development of at least
one adenoma or advanced lesion in childhood and young adulthood cancer survivors
(4,6,15), the identification of frank polyposis after CYAC treatment has only been described
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in 8 patients in the literature to date[ Importantly, despite the absence of larger studies, we
suspect that this is underrecognized, and other survivor cohorts may also include potential
TAP cases even if not characterized as such. For example, in an analysis of 101 Dutch
Hodgkin lymphoma survivors who underwent their first colonoscopy, 6 (6%) met WHO
2010 criteria for SPS; as they were only assessed for the presence of at least one adenoma
(and only had results from the first colonoscopy), it is possible that some of these patients
may have met TAP criteria (6). As the default is often to manage polyposis patients as if
there were a familial syndrome present, which would lead to increased screening and/or
other invasive interventions for both patients and relatives, it is therefore critical to better
identify patients with TAP. In our expanded cohort, nearly all TAP patients actually had
features mimicking specific hereditary CRC predisposition syndromes in spite of the
apparently acquired biology, and almost half of TAP cases demonstrated manifestations of
multiple such syndromes.

Hereditary syndromes provide important biologic models for understanding pathways of
colorectal carcinogenesis and the role of benign polyp precursors. In FAP, adenomatous
polyps undergo malignant transformation via activation of Whtsignaling pathway (due to
germline APC mutations) and the resultant chromosomal instability (16,17); the majority of
sporadic colorectal tumors (due to somatic APC mutations) arise from adenomatous polyps
via this same adenoma-carcinoma sequence (18-20). Early case reports of familial
hyperplastic polyposis (now known as serrated polyposis syndrome) suggested the
cancerous potential of serrated polyps (21-23); we know now that serrated polyps can be
precursors for sporadic MSI-H CRC via activating BRAF mutations and the CpG island
hypermethylation phenotype (CIMP) as part of the serrated neoplasia pathway (24,25).
Conversely, Lynch syndrome-associated MSI-H CRC (by definition in the setting of
germline alterations in MMR genes) have classically been thought to arise in adenomatous
polyps via the microsatellite instability pathway (26-29). While these inherited CRC
predisposition syndromes are typically associated with a single histologic polyp type, the
polyps seen in TAP actually varied between and even within cases (Figure 1). For example,
case 10 developed both 22 adenomas and 28 serrated polyps, meeting our criteria for
attenuated FAP and SPS respectively, in addition to having an extracolonic manifestation of
FAP (thyroid cancer). In fact, all TAP patients with available polyp histology data had more
than one histologic type of polyp identified. We thus speculate that the development of
multiple histologic polyp types in TAP may be driven by more than one molecular pathway,
and that these appear to be co-occurring within the same individual.

The varying polyp histologies occurred in patients both with and without abdominopelvic
radiation exposure, suggesting that any biological mechanism is not exclusive to radiation
injury. It is well established that prior exposure to radiation and/or chemotherapy in CYAC
survivors is associated with a broad range of late organ effects (1,2). We found that almost
75% of TAP cases also developed other non-polyposis medical conditions (e.g., secondary
cancers, endocrinologic disorders, early-onset cardiac disease) and we therefore speculate
that TAP patients might possess a systemic susceptibility to treatment-related toxicities,
rather than a specific susceptibility to polyposis alone.
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Clinical concern for an inherited polyposis syndrome, however, may be how TAP patients
are first identified, especially given that distinctive features of inherited CRC syndromes are
frequently present. The diagnosis of TAP may also therefore have significant implications
for the screening and CRC risk of family members. In fact, whereas multiple professional
society guidelines recommend early initiation of colonoscopy for relatives in suspected high-
risk polyposis families (as early as age 10 for first-degree relatives of individuals with
suspected FAP) (30-32), we suspect that a diagnosis of TAP may not be associated with
risks of gastrointestinal neoplasia for relatives, given its presumed acquired nature. In fact,
we did not find any early-onset CRC in first-degree relatives of TAP patients, although this
result must be qualified by the limitations of a descriptive study. Thus, it remains unclear
whether relatives of TAP cases require any early or enhanced screening for gastrointestinal
neoplasia.

For childhood and young adulthood cancer survivors overall, however, CRC screening
guidelines by the COG were revised in 2018 to recommend earlier and more frequent
colonoscopy screening, especially among those treated with abdominopelvic RT. In our
cohort, almost 20% had polyps first detected at an age prior to the COG recommended start
time for colonoscopy screening, as were 33% of colon cancers; both patients with and
without prior abdominopelvic fell outside of the COG screening guidelines. We emphasize
that our data are insufficient to develop definitive screening recommendations, but we would
propose that COG guidelines be expanded to include individuals who received
chemotherapy (without abdominopelvic radiation), and that initiation of screening begin at
age 35 or 10 years after age of chemotherapy, whichever occurs first. With these guidelines,
none of the patients in this cohort would have been missed. Additionally, COG guidelines do
not currently address upper gastrointestinal tract screening among CYAC survivors. Given
that almost a third of TAP cases who underwent EGD screening had polyps in the stomach
or duodenum, we would propose consideration of at least a baseline EGD at the age when
colorectal polyposis is first identified.

We recognize that there are other limitations to our study. First, there is an inherent
ascertainment bias and the specific age and polyp cutoffs used to define TAP cases were
somewhat arbitrary. Cases were identified from high risk or cancer genetics clinics by
individual providers rather than systematically from a CYAC survivor registry and we are
also therefore unable to infer the prevalence of TAP. Due to the descriptive nature of this
study and size of the cohort, we were unable to assess predictive factors that might suggest a
CYAC survivor is at risk for TAP or would benefit from earlier colonoscopic screening.

Medical records were also incomplete regarding specific childhood and young adulthood
cancer treatments, pathology reports, as many TAP patients were treated at least a decade
prior to our study and/or underwent colonoscopies at outside centers. We relied on historical
reports and documentation in clinic notes as available. Accordingly, we were unable to
determine the anatomic location of colorectal polyps or determine if polyposis was present
within radiation fields (although polyposis clearly did occur in patients without any prior
abdominopelvic radiation exposure.) There also was no centralized pathologic review of
polyps so it is possible that histology types may have been misclassified, particularly with
regard to differentiating between hyperplastic polyps and sessile serrated polyps given the
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known intra-observer variability (33) and changes in WHO classification in 2010 (34). We
also did not specifically have data on the frequency of advanced adenomas or other high-risk
features within out cohort.

Importantly, due to limited records we did not have reliable data on the indications for
colonoscopies (whether obtained for COG-based screening or diagnostic and related to
patients’ symptoms), so we cannot directly assess effectiveness of these guidelines. We also
could not control for unknown lifestyle factors (cigarette smoking, alcohol use, obesity
and/or aspirin for example) that may also impact the risk of polyp formation.

A key limitation is that the majority of cases did not have genetic testing for all genes with
known possible associations to polyposis nor did we have full germline panels for all
patients. We recognize that it is therefore is possible that we may have inadvertently
included cases with an inherited polyposis or cancer predisposition syndrome. Additionally,
while a known history of genetic predisposition was an exclusion criterion, we did include
two patients without documented negative APC and MUT YH testing, as they otherwise
appeared similar to TAP patients and did not have any concerning family history. The
presence of somatic APC mosaicism, which has been identified in small series of patients
with unexplained polyposis (35), could not be excluded as a potential cause of adenomatous
polyposis in this cohort, although this would not account for the mixed histologic types we
saw in 94% of patients We were also limited by the lack of molecular-based polyp or CRC-
tissue testing, so we are currently only able to speculate about the biology of TAP, though
we plan to investigate this in future studies.

In conclusion, this series demonstrates that TAP should be considered in patients with
significant polyposis, no known pathologic germline variant and/or family history of
gastrointestinal neoplasia, and a history of prior CYAC treatment. TAP appears to be an
acquired phenomenon that may mimic biologically distinct forms of inherited CRC
predisposition syndromes; this raises the potential for misdiagnosis, with concomitant
implications for both patient- and family-specific cancer screening recommendations. The
heterogenous phenotypes and varied histologic polyp types may also suggest that multiple
diverse biologic pathways are involved in TAP. Further work is needed to better understand
the underlying mechanisms for polyposis development, as this may in turn inform
management of TAP and other treatment-related sequelae.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

APC Adenomatous Polyposis Coli

COG Children’s Oncology Group

CRC colorectal cancer

CYAC childhood and young adulthood cancer

FAP familial adenomatous polyposis

IQR interquartile range

MMR-D mismatch repair deficient

MSI-H microsatellite instability-high

MUTYH MutY Homolog

RT radiotherapy

SPS serrated polyposis syndrome

TAP therapy-associated polyposis

WHO World Health Organization
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Figure 1:
Colorectal polyps per TAP case, stratified by histologic type of polyp (if known).
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Table 1:

Clinical characteristics and original cancer history of TAP patients (n=34)

N

Gender

Male 21 (62)

Female 13 (38)
Type of original cancer

Hodgkin lymphoma 27 (79)

Neuroblastoma 3 9)

Acute myeloid leukemia 1 ?3)

Medulloblastoma 1 ?3)

Nephroblastoma 1 3)

Non-Hodgkin lymphoma 1 3)

Median age (years) at original cancer diagnosis (IQR)  18(14-24)

. .. *Ak
Treatment received for original cancer

Chemotherapy (any) 29 (85)

Alkylating chemotherapy 20 (59)
Radiation (any) 28 (82)

Abdominopelvic Radiation 21 (62)
Unknown 3 9)

Family history

FDR with CRC before age 50 0 0)
FDR with = 10 polyps 2 (6)
SDR with CRC before age 50 1¢ ?3)
SDR with = 10 polyps 0 0)

CRC: colorectal cancer, FDR: first-degree relative; IQR: interquartile range; SDR: second-degree relative
*

Percentages listed are of total cohort (n=34)
Hok

Categories not mutually exclusive. Please see Supplementary Table 2 for more details

17tMaternaI grandmother with rectal cancer at age 42
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Table 2:
Gastrointestinal polyposisand other clinical manifestations of TAP (n=34)

n ()"

Median time (years) from initial cancer treatment to first colorectal polyp (IQR)  27(20-33)

Median age (years) at first polyp (IQR) 49(37-54)

Median number of colonoscopies (IQR) 4(2-6)

Median number of colorectal polyps (IQR) 32(16-52)
At least 20 colorectal polyps 23 (68)
At least 50 colorectal polyps 12 (35)

Clinical features suggestive of other inherited GI cancer syndromes 25 (74)
Attenuated adenomatous polyposis (= 10 colorectal adenomas) 18 (53)
Serrated polyposis syndrome (WHO 2010 criteria) 10 (29)
Extracolonic FAP-related neoplasia ** 6 (18)
Lynch syndrome-like (MMR-D/MSI-H colorectal cancer) 3 9)
Hamartomatous polyposis (=3 GI hamartomatous polyps) 1 ®3)
More than one of the above 8 (24)

Presence of gastroduodenal polyps F 7 (30) #
Gastric hamartoma 2 9) #
Gastric hyperplastic polyps 2 9) 4
Duodenal adenoma 1 4) ?
Duodenal hyperplastic/serrated polyp 1 ()] 4
Duodenal inflammatory polyp 1 4) #

Colorectal cancer diagnosis 10 (29)

Median age (years) at colorectal cancer diagnosis (IQR) 46(33-57)

CRC: colorectal cancer; FAP: familial adenomatous polyposis; GlI: gastrointestinal; IQR: interquartile range; MMR-D: mismatch repair deficient;
MSI-H: microsatellite instability-high; WHO: World Health Organization

*
Percentages listed are of 34, unless otherwise specified
HA
Includes: thyroid cancer (n=5,15%); desmoid tumor (n=2,6%); duodenal adenoma (n=1,3%); osteoma (n=1,3%)

fDoes not include fundic gland polyps (n=17,50%)

JtPercentage out of 23 with known EGD.
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Table 3:

Other (non-polyposis) medical comorbidities and sequelae of original anti-cancer treatment (n=34)

n % *

Non-colorectal neoplasns** 17 (50)
Barrett’s esophagus 5 (15
Non-melanomatous skin cancer 5 (15)
Breast cancer 4 (12)
Meningioma 2 (6)
Prostate cancer 2 (6)
Schwannoma 2 (6)
Melanoma 1
Non-small cell lung cancer 1 ?3)
Pancreatic adenocarcinoma 1 @)
Renal cell carcinoma 1 3)
Non-neoplastic conditions 16 (47)
Cardiovascular

early onset coronary artery disease 3 9

cardiomyopathy 2 (6)

heart block 2 (6)

valvular heart disease 1 @3

early cardiac disease (unknown type) 1 (3
Endocrine

hypothyroidism 7 (21

hypogonadism 4 (12
Gynecologic

endometriosis/polyps 2 (6)

uterine fibroids 2 (6)
Neurologic

cataracts 1 @3

cognitive impairment 1 (3
Pulmonary

pulmonary fibrosis 2 (6)
Any of the above (neoplastic and/or non-neoplastic) 25  (74)

*
Percentages listed are of total cohort (n=34)

Ak
Does not include thyroid cancers (n=5) or desmoid tumors (n=2) as these were included in Table 2 as “Extracolonic FAP-related neoplasia”

Cancer Prev Res (Phila). Author manuscript; available in PMC 2020 September 01.



	Abstract
	INTRODUCTION:
	METHODS:
	RESULTS:
	DISCUSSION
	References
	Figure 1:
	Table 1:
	Table 2:
	Table 3:

