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Figure 2. Comparison of the cumulative cancer risk between patients with suspected familial colorectal cancer type X (s-FCCTX) and patients with Lynch syndrome
(LS) according to cancer type. (A) colorectal cancer; (B) endometrial cancer; (C) gastric cancer; (D) extracolonic LS-associated cancer.

included in the category of ‘FFCCTX because of a lack in examination
of the tumor tissues. Therefore, we used ‘suspected FCCTX’ in this
study.

The cancer risk of patients with LS was 40-80% for colorectal can-
cer, 25-60% for endometrial cancer and 1-4% for urinary tract can-
cer (20). However, whether gastric cancer is an LS-associated cancer
remains controversial. In East Asia, it is believed that gastric cancer is
common in patients with LS (10). Reportedly, European patients with
LS lack the MMR protein corresponding to the germline mutation,
and exhibit microsatellite instability (21). Our data demonstrated
that gastric cancer is significantly more frequent with LS than with
s-FCCTX. This finding suggests that gastric cancer is an LS-associated
cancer.

With respect to cancer incidence, it was reported that only the in-
cidence of colorectal cancer is higher, whereas the incidence of
LS-associated cancer is lower, in patients with FCCTX than in patients
with LS (8). This study showed that the frequencies of LS-associated
cancers, including gastric cancer, were lower in patients with
s-FCCTX than in patients with LS. These results are consistent with

reports from Western countries. Moreover, the number of organs
with LS-associated cancer was lower in patients with s-FCCTX than
in patients with LS. These data support the theory that s-FCCTX is
a completely different syndrome from LS.

The median age at diagnosis of cancer is reportedly 43-435 years in
patients with LS (22). A difference in median age at diagnosis between
patients with s-FCCTX and patients with LS is evident for every
organ. For example, the median age at diagnosis of colorectal cancer
was 47-50 years and that of endometrial cancer was 54 years (23),
and the median age at diagnosis of colorectal cancer is lower in men
than in women (24). Patients meeting the Amsterdam Criteria I with
dMMR tend to develop colorectal cancer at a younger age than those
meeting the Amsterdam Criteria I without dMMR (8). In our study,
we demonstrated a later onset of LS-associated cancer in patients
with s-FCCTX compared with that in patients with LS. However,
the median age at diagnosis of cancer remained young with
s-FCCTX compared with sporadic cases. These findings suggest that
s-FCCTX is a hereditary syndrome. Gene alterations and expressions
were different in FCCTX than in LS (13,25). Recently, studies to
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identify the causative genes of FCCTX have been conducted, and some
candidate genes have been proposed, such as CENPE, CDHI18,
GREM1, BCR, KIF24, GALNT12, ZNF367, HABP4, GABBR2
and BMP4 (26). However, the causative genes of FCCTX have yet
to be identified. In this study, additional investigation to detect
causative gene of FCCTX was not performed yet. Further study is
warranted.

This is first report of Japanese s-FCCTX patients. It is difficult to
compare Japanese s-FCCTX patients to Western FCCTX patients dir-
ectly. As mentioned above, however, both cancer incidence and me-
dian age at diagnosis of colorectal cancer in Japanese s-FCCTX
patients were very similar to those in Western FCCTX patients.

The limitations of this study include low statistical power due to
the limited number of cases of s-FCCTX (7 =25) and LS (n=69),
and the lack of data on PMS2 mutation. In this study, we did not ana-
lyze PMS2 mutation, because of the low frequency of PMS2 mutation
and the number of pseudogenes of PMS2 (27). However, we consider
the influence of this on the overall results to be small. Nonetheless,
considering that there are only a few publications on FCCTX and
s-FCCTX, and none from Asia, we believe that our findings will
help researchers and physicians clarify the nature of s-FCCTX.

In conclusion, our study indicated that, among Japanese patients
with colorectal cancer, extracolonic LS-associated cancer occurred
less frequently in patients with s-FCCTX than in patients with LS,
the median age at diagnosis of extracolonic LS-associated cancer
was greater in patients with s-=FCCTX than in patients with LS, the
number of organs with LS-associated cancer was lower in patients
with s-FCCTX than in patients with LS, and the cumulative incidence
of extracolonic LS-associated cancer was lower in patients with
s-FCCTX than in patients with LS. A significant difference in extraco-
lonic LS-associated cancer was evident between s-FCCTX and LS.
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