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Abstract

Purpose To investigate the recent Japanese prevalence of thyroid cancer and its characteristics in familial adenomatous
polyposis (FAP) patients, through the development of surveillance programs.

Methods The subjects of this study were 282 (93.1%) FAP patients for whom information on thyroid cancer was avail-
able, from among 303 patients registered in “the Retrospective Cohort Study of Familial Adenomatous Polyposis in Japan”
database. We evaluated the prevalence and risk factors for thyroid cancer and integrated and/or compared our findings with
those of previous reports, using a systematic review, including a meta-analysis.

Results Thyroid cancer was diagnosed in 16 women (11.4%) and 2 men (1.4%), at 17-41 years and 39-57 years of age,
respectively. The prevalence of thyroid cancer was 6.4%, with a female-to-male ratio of 8:1, which is comparable to reports
from other countries. A young age of <33 years at the FAP diagnosis and female gender were identified as independent risk
factors for thyroid cancer.

Conclusions FAP-associated thyroid cancer predominantly affects young women, both in Japan and other countries. Since
FAP is generally diagnosed when patients are in their 20 s or older, regular screening for thyroid cancer is recommended for
all FAP patients, but especially women, from their early 20 s.
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Introduction

Familial adenomatous polyposis (FAP) is an autosomal dom-
inant hereditary polyposis syndrome, caused by a germline
mutation of the APC gene on chromosome 5q21 [1-3]. Data
from national registries [4—6] suggest that its incidence varies
between 2.3 and 3.2 cases per 100,000 individuals. FAP is
characterized by numerous colorectal adenomas, which, if left
untreated, will inevitably progress to cancer: the leading cause
of death of these patients [3, 7]. Early diagnosis, prophylactic
proctocolectomy, intensive and continuous surveillance, as
well as familial studies, have all contributed to a decrease in
mortality from colorectal cancer [3, 8], and the management
of extracolonic manifestations of FAP has played a pivotal
role [9, 10].

Among the various extracolonic manifestations of FAP,
thyroid cancer has been reported in approximately 1.0-2.0%
of patients [11-15]. The majority of FAP-associated thyroid
cancers are papillary carcinomas, representing a specific histo-
logical subtype, referred to as the cribriform-morular variant-
papillary thyroid cancer (CMV-PTC) [16-18]. FAP-associ-
ated thyroid cancer is more common in women than in men
[11-15, 19-25] and is usually diagnosed eatlier than sporadic
thyroid cancer. However, to what extent other backgrounds,
such as geographical or racial differences affect the prevalence
and characteristics of extracolonic manifestations, including
thyroid cancers, in FAP patients has not been investigated
in depth. Furthermore, since few reports on FAP-associated
thyroid cancers in Japanese patients were published in the
1990s [13, 26], the recent prevalence has not been updated,
despite the development of surveillance programs and diag-
nostic modalities such as ultrasonography [US] and computed
tomography. For the appropriate surveillance to detect thyroid
cancer in patients with FAP, we should define the racial and
geographical differences and risk factors of thyroid cancer
occurrence, including age and sex. The present study first
investigated the incidence and risk factors for thyroid cancer
among Japanese patients with FAP, using “the Multicenter
Retrospective Cohort Study of FAP in Japan™ database sup-
ported by the Japanese Society for Cancer of the Colon and
Rectum. Then, we compared and/or integrated the findings
of previous reports with those of our own series, using a sys-
tematic review, including a meta-analysis, to demonstrate the
validity of the results we obtained and to consider the most
appropriate surveillance program and treatment strategy for
thyroid cancer in patients with FAP, both in Japan and in other
countries.

Patients and methods
Study design

A total 303 patients with a clinical or genetic diagnosis
of FAP, who had undergone initial surgery for colorec-
tal lesions between 2000 and 2012, were registered in 23
institutions in the Multicenter Retrospective Cohort Study
of patients with FAP in the Japan database [27]. We inves-
tigated the incidence and risk factors for thyroid cancer in
282 of these patients with FAP (93.1%), for whom infor-
mation regarding thyroid cancer was available. We also
studied the following details about thyroid cancer from
the database; presence or absence of thyroid cancer, date
of its diagnosis, number of occurrences, histology, treat-
ment, surgical procedure, and date of surgery. All patient
data were collected anonymously from each institution.
The Ethical Review Board of the Japanese Society for
Cancer of the Colon and Rectum and the institutional eth-
ics committees approved the study protocol. Research was
conducted in accordance with the 1964 Declaration of Hel-
sinki and its later amendments.

Statistical analysis

Quantitative variables and categorical values are presented
as the median with the range, and numbers with percentage,
respectively. A univariate analysis was performed using the
Fisher’s exact test. A multivariate analysis was performed
using logistic regression to establish the independent risk
factors for thyroid cancer in patients with FAP. Significant
variables in the univariate analysis were included in the mul-
tivariate analysis. All statistical analyses were conducted
using the Statistical Package for the Social Sciences for Win-
dows software program, version 22.0 (IBM Corp., Armonk,
NY, USA). A two-tailed p <0.05 was considered significant.

Meta-analysis

We searched the National Library of Medicine database,
MEDLINE (provider PubMed), without date restrictions.
Limits were applied to text availability, in relation to
“abstract available”. The terms “FAP,” “familial adenoma-
tous polyposis,” “thyroid cancer,” and “thyroid” were used in
combination with the Boolean operators “AND” and “OR.”
The date of the last search was June 30, 2015. The titles
and abstracts of all identified manuscripts were examined
to identify potential hits. First- and second-level screening
was carried out in an unbiased manner by two independ-
ent authors (TH and HS) with conflicts of opinion resolved
through discussion.
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Pooled odds ratios (ORs) and 95% confidence intervals
were calculated and the outcomes of individual studies were
compared using the fixed-effect model. Forest plots were
constructed for visual display of ORs of individual studies.
Heterogeneity between individual studies was assessed using
the /7 statistic as a measure of the proportion of total vari-
ation in estimates that could be attributed to heterogeneity,
where 7 values of 25, 50 and 75% corresponded to cut-off
points for low, moderate, and high degrees of heterogeneity,
respectively. To assess publication bias in the comparison
of sexual differences in the incidence of thyroid cancer in
FAP patients, we measured the funnel plot asymmetry using
Egger’s regression test. A quantitative meta-analysis was
performed using the R 3.0.2 statistical software program
(R Foundation for Statistical Computing, Vienna, Austria).

Results
Patient clinical characteristics

We screened 282 (93.1%) of the 303 patients included from
the Multicenter Retrospective Cohort Study of FAP in Japan
database, for thyroid cancer (140 women, 49.6% and 142
men, 50.4%). The median age at diagnosis of FAP was 31
(range 10-75) years old and the median age at initial surgery
for colorectal lesions was 33 (range 12—75) years old. Thy-
roid cancer was diagnosed in 18 patients (6.4%): 16 women
(11.4% of all female patients) and 2 men (1.4% of all male
patients) (Table 1). Germline APC mutations were identified
in 31 of the 282 patients (11.0%). Three of the 18 patients
with thyroid cancer were analyzed for germline mutations
of APC, which were confirmed in all of them.

Table 1 Backgrounds of patients

Variable
Sex
Male 142 (50.4%)
Female 140 (49.6%)
Median age at diagnosis of FAP (range) 31 (10-75)
Median age at the first operation for colonic lesion 33 (12-75)
(range)
Colonic phenotype
Sparse 148 (52.5%)
Profuse 68 (24.1%)
Attenuated 32 (11.3%)
Unknown 34 (12.1%)
Thyroid cancer
Yes 18 (6.4%)
No 264 (93.6%)

FAP familial adenomatous polyposis

@ Springer

The median age at the diagnosis of FAP among the 18
patients with thyroid cancer was 30 (range 16-55) years old
and the median age at the diagnosis of their thyroid cancer
was 27.5 (range 17-57) years old. After the exclusion of one
patient (5.6%) with multiple systemic metastases from colon
cancer, 17 patients (94.4%) underwent surgical intervention,
including total thyroidectomy (n=11; 64.7%), subtotal thy-
roidectomy (n=1; 5.9%), and lobectomy (n=4; 23.5%),
within several years of the diagnosis of thyroid cancer. The
median age at initial surgery for thyroid cancer was 27.5
(range 17-41) years old. Thyroid cancer was diagnosed in
the two men at 39 and 57 years of age, respectively. In the
women, thyroid cancer was diagnosed at a relatively young
age. Pathological findings revealed papillary thyroid cancer
in all 15 patients, and CMV-PTC was noted in 8 (53.3%)
(Table 2).

Three women (patients no 7, 15 and 18 in Table 2) under-
went surgery for thyroid cancer prior to the diagnosis of
FAP. The diagnosis of FAP was made 2 years after thyroid
surgery in one patient with CMV-PTC, but 4 and 15 years,
respectively, had passed from the initial thyroid surgery to
the FAP diagnosis in the patients with unreported CMV-
PTC. Thyroid cancer was diagnosed within 2 years after the
diagnosis of FAP in six women and two men, and more than
2 years after the diagnosis of FAP in four women (Table 2).

Risk factors for the development of thyroid cancer
in patients with familial adenomatous polyposis

Univariate and multivariate analyses identified female
gender and a young age of <33 years at the diagnosis of
FAP as independent risk factors for thyroid cancer in Japan
(Table 3). Consistent with this result, the diagnosis of FAP
in female patients increased approximately linearly, while
the incidence of thyroid cancer occurring in female patients
with FAP plateaued around the 40 s (Fig. 1).

Meta-analysis search results

In total, 203 records were identified from primary searches
of the electronic database. First-level screening identified
29 potentially eligible articles. A full-text review excluded
16 articles. Thirteen articles met the selection criteria and
were included in our analysis of the incidence of thyroid
cancer in patients with FAP. Ten articles were selected to
evaluate the sex differences in FAP patients with thyroid
cancer (Table 4). The search history is summarized in Fig. 2.

Incidence of thyroid cancer in FAP patients
We selected 13 articles published between 1987 and 2014 to

investigate the incidence of thyroid cancer in patients with
FAP. A meta-analysis, including present research revealed that
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Table 2 Clinicopathological features of thyroid cancer associated with familial adenomatous polyposis in Japan

Case No. Sex Age Age at TC Age at Age at thyroid operation Number of TC Histo- CMV-PTC Survival
atFAP diagnosis colorectal logical
diagnosis operation diagnosis

1 F 32 32 32 32 1 PTC + 37 y.o., alive

2 F 34 35 34 36 3 PTC + 39 y.o., alive

3 F 23 24 25 25 1 PTC + 27 y.o., alive

4 F 20 25 20 25 2 PTC + 33 y.o0., alive

5 F 31 41 31 41 1 PTC + 41 y.o., alive

6 M 55 57 54 No operation 1 PTC N.R 58 y.o., dead(CRC)
7 F 24 22 24 22 1 PTC + 24 y.o., alive

8 F 30 34 30 34 1 PTC + 38 y.o., dead(CRC)
9 M 39 39 39 39 1 PTC - 46 y.o., alive

10 F NR. 29 29 29 N.R PTC N.R. 29 y.o., alive

11 F 16 25 27 25 N.R. N.R. N.R. 28 y.o., alive

12 F 23 24 24 24 N.R. PTC N.R. 29 y.o., alive

13 F NR. N.R. 29 N.R. N.R. N.R. N.R. 33 y.0., alive

14 F 31 31 31 33 1 PTC - 31 y.o., alive

15 F 21 17 26 17 N.R. N.R. N.R. 29 y.o., alive

16 F 26 26 23 26 Multiple PTC + 36 y.o0., alive

17 F 30 N.R 30 30 N.R. PTC N.R. 34 y.o0., dead(CRC)
18 F 32 17 39 17 1 PTC N.R. 43 y.o., alive

N.R. not reported, FAP familial adenomatous polyposis, 7C thyroid cancer, PTC papillary thyroid cancer, CMV-PTC cribriform-morular variant-
PTC, y.o. years old, CRC colorectal cancer

Table 3 Risk factors for thyroid

. Variable Thyroid cancer + Thyroid cancer — p value p value
cancer in Japan R B
(N=18) (N=264) (Univariate (Multi-
analysis) variate
analysis)
Sex
Male 2 (11.1%) 140 (53.0%) <0.001 0.006
Female 16 (88.9%) 124 (47.0%)
Age at diagnosis
<33 13 (81.3%) 129 (54.0%) 0.039 0.048
>33 3 (18.8%) 110 (46.0%)
Colonic phonotype
Sparse 13 (81.3%) 141 (59.0%) 0.116
Profuse 1 (6.3%) 68 (28.5%)
Attenuated 2 (12.5%) 30 (12.6%)

the incidence of thyroid cancer in patients with FAP in this ~ Sex differences in the incidence of thyroid cancer
study was 1.6% (Fig. 3). When compared chronologically, it in familial adenomatous polyposis patients

was apparent that the prevalence of thyroid cancer in FAP

patients in studies published from 2002 was higher than that ~ Ten articles were selected to examine the sex differences in
in studies published in 1998 or earlier. the incidence of thyroid cancer among patients with FAP.
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Fig.1 The cumulative prevalence of familial adenomatous polyposis (FAP) and FAP-associated thyroid cancer. The cumulative prevalence of
thyroid cancer in women with FAP peaks and plateaus at around 40 years of age. Overall (a), female patients (b), male patients (c)

A meta-analysis revealed a female-to-male OR of 6.9:1
(Fig. 4). In a sub-group analysis of study characteristics,
including the year of publication and the location of the
study, the female-to-male OR was 6.8:1 in articles published
between 1987 and 1999 vs. 6.9:1 in articles published since
2000. The female-to-male OR was 7.7:1 in Asian popula-
tions and 6.3:1 in Western populations. There was no obvi-
ous heterogeneity in sexual differences in the incidence
(I*=0%) and Egger’s regression asymmetry test revealed
no significant publication bias (bias=0.9; p=0.07).

Discussion
The prevalence of thyroid cancer in patients with FAP has
been reported to range from 0.4 to 11.8% [11-15, 19-25,

28]. The prevalence in our meta-analysis was 1.6%, but
it was apparently higher in reports published from 2002

@ Springer

onward than those published in 1998 or earlier. In the three
latest articles, published since 2010 [23-25], the prevalence
of thyroid cancer ranged from 4.0 to 6.1%, which is com-
parable to the incidence of 6.4% in the current cohort study
of patients with FAP between 2000 and 2012. Furthermore,
the prevalence of thyroid cancer in patients with FAP has
increased over time in Japan, from 1.1% in 1993 [13] to 6.4%
in the present study.

There are several potential explanations for this increase.
First, it is likely that advances in imaging modalities for
the diagnosis of thyroid cancer, including the widespread
use of US, has improved the ability to detect subclinical
thyroid cancer in patients with FAP, which could affect the
prevalence. The use of US for thyroid cancer screening was
described in the three latest reports included in our meta-
analysis [22, 23, 25], and this might have affected the thyroid
cancer detection rate. However, we cannot confirm that the
increased prevalence was caused by the shift in screening
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Table 4 Characteristics of the studies included in the analysis

Study Year Location Years included Patients with ~ Rate of thyroid = Number of Patients
FAP (n) cancer (%) with thyroid
cancer(F:M)
1 Plail et al. [11] 1987 UK 1925-1987 998 0.7 7:0
2 Biilow et al. [19] 1988 Denmark 1943-1985 245 0.8 2:0
3 Giardiello et al. [12] 1993 UsS 1969-1987 1391 04 4:1
4 Iwama et al. [13] 1993 Japan -1990 1050 1.1 9:2
5 Biilow et al. [14] 1997 UK 1959-1995 3727 1.2 44:1
6 Perrier et al. [20] 1998 [ON 1949-1995 2754 0.5 11:1
7 van der Linde et al. [21] 1998 Netherlands 1985-1995 601 0.7 4:0
8 Ho et al. [28] 2002 Hong Kong 1995-2001 70 5.7 4:0
9 Truta et al. [15] 2003 North America 1980-2003 1194 1.3 16:0
10 Herraiz et al. [22] 2007 UsS 1994-2007 51 11.8 6:0
11 Jarrar et al.? [23] 2011 [ON 2008-2009 192 2.6 8:2
12 Steinhagen et al.? [24] 2012 [ON 2001-2010 66 6.1 4:0
13 Steinhagen et al.* [25] 2014 us 2010-2012 50 4.0 2:0
14 Present research 2014 Japan 2010-2012 303 6.4 16:2

FAP familial adenomatous polyposis, F female, M male

*Prospective study

Fig.2 Study selection flow-
chart. A total of 203 records
were identified by a primary
search of the electronic data-
base. Thirteen articles met

the selection criteria and were
included in the analysis of the
incidence of thyroid cancer in
FAP patients, and 10 articles
were selected for the investiga-
tion of sex differences related to
thyroid cancer in FAP patients

modality from physical examination alone to US because
the details of screening methods were not specified in the
other 10 publications or in this database. Thus, the detection
rate according to imaging modality should be investigated

| Literature search Medline |

v

| Search results (n=203) |

“FAP” “Thyroid cancer”

“familial adenomatous polyposis” “Thyroid” were used in
combination with the Boolean operators AND and OR

| Article screened based on title and/or abstract(n=203) |

174 articles excluded
Not relevant 68
Not English 20
Letter 4
Review 50
Case reports 32

Article screened based on full

text (N=29)

y
| Article analysis 1* (n=13) |

16 articles excluded

Total number of patients<50 8

Not reporting comparison group 6
Study of CMV based on PTC 1

Not reporting on number of male or female
in patients with thyroid cancer 1

\4

Not reporting on number of male or
female in total population 3

| Article analysis 2**(n=10) |

*incidence of thyroid cancer
** rate of sex differences

in future studies. Second, routine surveillance of thyroid
cancer in FAP patients was previously considered unneces-
sary because of the favorable prognosis of thyroid cancer
compared with that of gastrointestinal malignancies [13, 19].

@ Springer
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Study Events Total
Plail, 1987 7 998 +
Bulow, 1988 2 245 +—
Giardiello, 1993 5 1391 =
lwama, 1993 11 1050 *
Bulow, 1997 45 3727
Perrier, 1998 12 2754 7
van der Linde, 1998 4 601 +
Ho, 2002 4 70—
Truta, 2003 16 1194 =
Herraiz, 2007 6 51 ::
Jarrar, 2011 10 192 +
Steinhagen, 2012 4 66 \—————
Steinhagen, 2014 2 50
Present reseach 18 282 1 ———
Fixed effect model 12671 ¢!
Random effects model -

Heterogeneity: 12=86.6%, tau2=0.008, p<0.00013

Proportion 95%-Cl W(fixed) W(random)
0.007 [0.003;0.014] 7.9% 9.3%
0.008 [0.001;0.029] 1.9% 6.9%
0.004 [0.001;0.008] 11.0% 9.6%
0.010 [0.005;0.019] 8.3% 9.3%
0.012 [0.009; 0.016] 29.4% 10.1%
0.004 [0.002;0.008] 21.7% 10.0%
0.007 [0.002; 0.017] 4.7% 8.6%
0.057 [0.016; 0.140] 0.6% 3.8%
0.013 [0.008; 0.022] 9.4% 9.4%
0.118 [0.044; 0.239] 0.4% 3.0%
0.052 [0.025; 0.094] 1.5% 6.3%
0.061 [0.017;0.148]  0.5% 3.6%
0.040 [0.005; 0.137] 0.4% 3.0%
0.064 [0.038; 0.099] 2.2% 7.2%
0.007 [0.006; 0.009] 100% -
0.016 [0.009; 0.024] - 100%

T 1T 1

0.05 0.1

015 0.2

Prevalence (%)

Fig.3 Meta-analysis of the incidence of thyroid cancer in familial adenomatous polyposis patients. A meta-analysis of the 13 studies published
from 1987 to 2014 revealed an incidence of thyroid cancer of 1.6% in familial adenomatous polyposis patients in Japan

Experimental Control Odds Ratio
Study Events Total Events Total ) OR 95%-Cl W(fixed) W(random)
Present reseach 16 140 2 142 — 9.03 [2.04, 40.07] 18.4% 19.8%
Stelnhagen, 2014 2 19 o 3 ——f-— 9.00 [0.41, 198.21) 3.5% 4.6%
Stelnhagen, 2012 4 36 0 30 S B E— 8.45 [0.44, 163.52) 5.0% 5.0%
Jarrar, 2011 8 104 2 88 ———— 3.58 (0.74; 17.34] 21.0% 17.7%
Herraiz, 2007 6 32 0 19 At 9,57 [0.51;180.10)  5.2% 5.1%
Ho, 2002 4 33 o 37 et 11.44 [0.59, 221.07] 4.3% 5.0%
van der Linde, 1998 4 262 0 339 ——f—*— 11.82 [0.63; 220.53) 4.5% 5.1%
Iwama, 1993 9 463 2 587 —— 5.80 (1.25; 26.97] 18.1% 18.6%
Glardiello, 1993 4 711 1 680 —ﬁ—f— 3.84 [0.43; 34.46] 10.7% 9.1%
Bulow, 1988 2 107 0 138 e — 6.56 [0.31,138.17) 4.5% 4.7%
Plail, 1987 7 456 0 542 —t—— 18.10 [1.03;317.84) 4.7% 5.3%
Fixod offect model 2363 2633 <’:$' 7.29 [3.79; 14,04] 100% -
Random offects model <> 6.85 [3.53; 13.29] - 100%
Heterogenelly: I-squared=0%, tau-squared=0, p=0.9969 '
I | | 1
001 0.1 1 10 100
male female

Fig.4 Meta-analysis of the sex differences related to thyroid cancer in familial adenomatous polyposis patients. A meta-analysis of the sex dif-
ferences in the rate of thyroid cancer among familial adenomatous polyposis patients revealed that the female-to-male odds ratio was 6.85:1

However, prophylactic gastrointestinal surgery and intensive
surveillance programs have contributed to better survival,
which may increase the detection of thyroid cancer in later
studies. Third, the prevalence of thyroid cancer is reported
[29] to be increasing in the general population, which may
also influence the incidence of FAP-associated thyroid can-
cer. Although the increasing prevalence can be attributed to
the early detection of subclinical diseases by US, the pos-
sibility that other environmental factors could be influenc-
ing the true incidence of both sporadic and FAP-associated
thyroid cancers cannot be excluded [22].

@ Springer

It is also important to consider who should be offered
intensive surveillance for FAP-associated thyroid cancer.
The incidence of thyroid cancer is higher in women [30,
31], and the tendency is more remarkable in patients with
FAP than in the general population. The incidence of thyroid
cancer in the general population in Japan was reported to be
2.8 and 0.7% in women and men, respectively [31], whereas
that among the FAP patients in our series was 11.4 and 1.4%,
respectively, the female-to-male ratio being 8:1. A meta-
analysis of sex differences in the risk factors for thyroid can-
cer in the present study also revealed a female-to-male ratio
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of 6.9:1, with little difference between Asian and Western
countries or between years of publication. With respect to
age, FAP-associated thyroid cancer is generally reported to
develop at a relative young age [23, 32], suggesting that US
screening should be started in the teen years. Consistent with
these reports from the United States, the incidence of thyroid
cancer in the general population of Japan was reported to
peak in the 60 s [30], whereas it developed in FAP patients
at a much younger age in our Japanese cohort study. The
diagnosis was made in most female patients when they were
in their 20 s or older, with two being diagnosed at 17 years
of age. The current Japanese cohort study also revealed that
female sex and a young age of <33 years at FAP diagnosis
were independent risk factors for thyroid cancer in a multi-
variate analysis. Given the relatively favorable prognosis and
age at diagnosis, thyroid cancer screening with US is recom-
mended for women with FAP, from their early 20s. Accord-
ing to a recent report from Japan, ERa expression might be
associated with the development of thyroid cancer in FAP
patients [33]. These authors also suggested the possibility of
spontaneous regression of thyroid cancer. This raises a very
important issue as to when surveillance for thyroid cancer
in FAP patients should start and stop. In our study, thyroid
cancer was found in FAP patients as young as 17 years of
age and plateaued in the fourth decade of life. This seems
compatible with when menstruation starts and stops. Since
the natural history of thyroid cancer in FAP patients is still
unclear, it might be reasonable to perform surveillance for
thyroid cancer in female FAP patients from the start of men-
struation until menopause. Although the mechanism remains
unclear, the prevalence of thyroid cancer plateaued in female
FAP patients in their 40s. In contrast, FAP-associated thy-
roid cancer in women > 40 years of age and in men was less
frequent. Therefore, it may not be as important to perform
surveillance with US for thyroid cancer in these populations.

The diagnostic context was also an important finding of
the current study. A recent report on the incidence, preva-
lence and sexual difference of CMV-PTC, a histological
feature characteristic of FAP, among all thyroid carcinomas
developing in FAP patients, revealed a higher incidence
than reported previously. The incidence in younger female
patients was also higher than that in another Japanese sin-
gle institution study by Uchino et al. [33]. Consistent with
that study, in which CMV-PTC was observed in 8 of 11
FAP patients with thyroid cancer, we identified eight cases
of CMV-PTC among ten cases for which histology records
were available in the database. However, there were also
eight cases for which the histology was not reported. Despite
the impact of these excluded cases, the frequency of CMV-
PTC was 80% (eight cases of CMV-PTC among ten cases of
PTC) when these cases were excluded from the analysis, and
this was comparable to the frequency of CMV-PTC in the
previous report from Japan. Thyroid cancer was diagnosed

and treated surgically in three women prior to their FAP
diagnosis and the interval between the diagnoses of thyroid
cancer and of FAP seemed dependent on the pathological
findings of CMV-PTC, which may be a clue for detecting
FAP. However, in two of these patients, it was unknown
whether CMV-PTC had been diagnosed and it was also dif-
ficult to investigate further because our multicenter database
was anonymized in a way that prevented data from being
linked to any patient. Thus, we are unable to clarify whether
a histological diagnosis of CMV-PTC before the diagnosis
of FAP could help diagnose FAP before the occurrence of
the colonic features of FAP in general practice. Conversely,
thyroid cancer was diagnosed within 2 years after the FAP
diagnosis in eight patients, and 4, 5, 9, and 10 years after
the FAP diagnosis in another four. Because of the nature of
the study, data were also unavailable about whether thyroid
cancer screening was performed at the first diagnosis of FAP
or whether colonoscopy was performed at the first diagno-
sis of thyroid cancer, especially thyroid cancer presenting
with a CMV-PTC phenotype. However, the results of our
series suggest that physicians should consider starting thy-
roid screening with US from the time of the FAP diagnosis,
especially for young women.

It is also important to investigate the mortality rate asso-
ciated with thyroid cancer in FAP patients because thyroid
cancers are generally thought to be less life-threating than
colorectal cancer or other neoplasms related to FAP, such as
duodenal or desmoid tumors. In this study, there were three
deaths from colorectal cancer among the FAP patients with
thyroid cancer, whereas none of the patients died of thyroid
cancer itself. Among 4830 patients whose prognosis was
clearly stated, only 2 (0.04%) died of thyroid cancer [14,
20]. As the clinical impact of thyroid cancer screening is
still unclear, we do not know whether surgery is required or
if observation of the disease course is sufficient. To address
this issue, it is important to understand the natural history
of thyroid cancer associated with FAP by performing inten-
sive surveillance of these patients from their early 20 s, as
proposed in this study.

This study had several limitations. First, because our
multicenter database was anonymized to prevent data
being linked to the patients and protect the privacy of indi-
vidual human genetic information, we could neither access
blank data or carry out further investigations. This limita-
tion made it especially difficult to determine the actual fre-
quency of PTC-CMYV and the impact of specific imaging
modalities on the prevalence of thyroid cancer. Second, the
screening and diagnostic methods for thyroid cancer may
not have been consistent between the participating insti-
tutions of the present registry. In particular, the screen-
ing methods and indications for fine-needle aspiration of
thyroid nodules for the cytological diagnosis of thyroid
cancer may have varied between institutions. Third, both
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the presence and position of a mutation in the APC gene
were examined in only 11.0% of the current Japanese
FAP cohort, as this examination is not always essential
for a diagnosis of FAP. However, APC gene testing may be
helpful for deciding on surveillance and therapeutic strate-
gies, as some studies [34—36] have reported genotype—phe-
notype correlations in FAP patients. A genetic abnormality
at the 5’ end of exon 15 (outside the APC mutation cluster
region spanning codons 1286—1513) has been reported to
be responsible for thyroid cancer in patients with FAP [15,
34]. Future studies directly analyzing the genotype—phe-
notype correlations in patients with FAP-associated thy-
roid cancer using next-generation sequencing technologies
should be conducted. Fourth, the present registry excluded
patients who had not undergone colorectal surgery. To
avoid duplicate registration, FAP patients were registered
on the condition that they had undergone initial surgery
for colorectal lesions between 2000 and 2012; however,
some patients with FAP may have been awaiting prophy-
lactic colectomy. If there was a delay in surgery or surgery
was not performed, then these patients would not have
been included in the analysis. Fifth, because the follow-up
period was relatively short, patients with FAP in whom
thyroid cancer developed a long time after the initial sur-
gery may have been excluded. Our meta-analysis of prior
studies shows a consistent sex difference related to the risk
of thyroid cancer, as does our study. We believe this lends
credibility to our data.

In conclusion, the recent prevalence of thyroid cancer
in Japanese patients with FAP was 6.4%, which is com-
parable to that in reports from Western countries since
2000. The female-to-male ratio was 8:1, which is com-
parable to that in other reports, regardless of the study
periods or geographical locations. Furthermore, a young
age of <33 years at the diagnosis of FAP was consid-
ered a risk factor for thyroid cancer in Japan. In contrast,
no apparent benefit of intensive thyroid cancer screening
could be demonstrated for women > 40 years of age, or
for men. Given that FAP-associated thyroid cancer occurs
predominantly in young women and that it is diagnosed in
the majority of Japanese patients with FAP in their 20s or
older, as in the present study, routine surveillance includ-
ing US, is recommended for Japanese patients with FAP,
especially women, from their early 20s and/or from the
time of their FAP diagnosis.
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