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Abstract:

Objective Little is known about the time from developing a first cancer to confirming the presence of a
mismatch repair (MMR) gene mutation for Lynch syndrome (LS) probands.

Methods This was a retrospective single center study. LS probands, who have an MMR gene mutation that
was confirmed first in a pedigree and thereafter developed at least one cancer, were included in this study.
Results There were 21 LS probands who had developed at least one cancer; 6 with MLHI mutations, 9
with MSH2 mutations, 4 with MSH6 mutations, and 2 with EPCAM deletions. The median ages at the first
cancer and the genetic diagnosis were 47 (34-71) and 62 (38-84) years old, respectively. The mean interval
between the first cancer and the genetic diagnosis was 11.0 (0-25) years, and 20 years or longer interval was
required for the 5 probands. Six (28.6%) probands were older than 70 years, and 3 (14.3%) were in their 80s
when they were diagnosed to have LS. The genetic diagnosis was confirmed at the first, second, third, and
fourth cancer or later in 5, 5, 6, and 5 probands, respectively. Of the 16 cancers examined, 2 (12.5%) were
microsatellite stable (MSS), both of whom had germline MSH6 mutations. All 17 LS probands who devel-
oped colorectal cancer met the revised Bethesda guidelines at the genetic diagnosis, but only 7 of 11 (63.6%)
met them at the first cancer. Twelve out of 21 (57.1%) met the revised Amsterdam criteria.

Conclusion It took 11 years for the LS probands from the first cancer to the diagnostic confirmation by ge-
netic tests. A quarter of the probands were in their 70s or 80s at genetic diagnosis.
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LS are often hampered by such factors as the fact that the

Introduction

Lynch syndrome (LS) is a hereditary cancer syndrome
caused by a germline mutation of the mismatch repair
(MMR) genes. MMR gene mutation carriers tend to develop
colorectal cancer (CRC), endometrial cancer (EMC), and
other LS-associated cancers earlier than the general popula-
tion. Past studies have demonstrated LS patients’ age at can-
cer diagnosis (1-4), whereas little is known about patient’s
age at the genetic diagnosis, i.e., confirmation of the patho-
genic germline MMR gene mutation. A genetic analysis is
necessary to confirm the LS diagnosis, but genetic tests for

cost is not covered by Japanese national health insurance
and genetic counseling is not available. In addition, LS pa-
tients are not always young, and often do not have any re-
markable family history. These atypical LS patients can be
missed by gastroenterologists, surgeons and gynecologists.
For probands, a genetic term referring to the first person
in a pedigree who was diagnosed to have a hereditary disor-
der, it usually takes a long time from developing symptoms
to genetic diagnosis confirmation than the second, third, or
other family members. If there is a patient with a confirmed
genetic mutation in a pedigree, then diagnosing other family
members tends to be quick and easy. Probands also have
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gene mutation analysis.

other difficulties. For example, past studies (5-7) and major
guidelines (8, 9) recommend subtotal colectomy as an op-
tion for colon cancer in LS cases. However, it is hard to
confirm the presence of an MMR mutation before surgery
for LS probands who developed CRC as the first cancer be-
cause it takes about a month to obtain the results of a muta-
tion analysis.

We have experienced LS probands for whom genetic di-
agnosis was confirmed in their 80s, and it took longer than
20 years from the initial cancer diagnosis. In this study, we
focused on the interval between the first cancer and the ge-
netic diagnosis in LS probands.

Materials and Methods

This was a single center retrospective observational study.
Eligible patients were LS probands, the first person in a
pedigree whom we have diagnosed as LS by confirming the
pathogenic germline MMR gene mutation, and who have
developed at least one cancer. Germline MMR gene muta-
tions were confirmed during the period from May 2010 to
March 2020. LS patients were identified from 2 cohorts in
this study, and Fig. 1 shows how we identified the LS pa-
tients. Firstly, we recommended an MSI analysis to CRC
and EMC patients meeting the revised Bethesda guidelines
or the revised Amsterdam criteria (standard clinical practice
cohort). If a cancer was found to be MSI-H, then we recom-
mended a germline MMR gene mutation analysis after ge-
netic counseling. We also recommended the MMR gene mu-
tation analysis to MSS cancer patients or patients with an
unknown MSI status (cancer tissue specimens were not
available), if their clinical features strongly suggested LS
(early onset, significant past or family history compatible
with LS).

In addition, we also conducted universal screening by the

A study flow chart. The yellow box indicates patients who underwent a germline MMR

MSI analysis for all newly diagnosed CRC patients at our
hospital during the period from 2016 to 2020. If a CRC was
MSI-H, then the methylation of the MLHI promoter was
analyzed by pyrosequencing. MSI-H CRC without MLH]I
methylation was subjected to a germline MMR mutation
analysis after genetic counseling.

MSI was analyzed by fluorescent PCR using 5 microsat-
ellite markers (BAT-26, BAT-25, BAT-40, D2S123, DI7S
250). A mutation of 2 or more markers was judged to be
MSI-H. A germline mutation of MMR genes (MLHI, MSH
2, MSH6, and PMS2) was analyzed by Sanger sequencing,
and a large deletion was analyzed by the multiplex ligation-
dependent probe amplification (MLPA) method. Written in-
formed consent was obtained, and all probands underwent
genetic counseling before and after the MMR gene mutation
analysis.

Results

The standard clinical cohort included 82 patients, whereas
112 CRC patients participated in the universal screening
(Fig. 1). MMR mutations were analyzed in 21 patients of
the standard clinical cohort (14 MSI-H, 2 MSS and 5 un-
known MSI status but LS was strongly suspected), and 2 of
9 MSI-H CRC patients from the universal screening cohort
(yellow box in Fig. 1). A pathogenic MMR germline muta-
tion was identified in 19 from the standard clinical practice
cohort and 2 from the universal screening cohort. As a re-
sult, a total of 21 probands, who developed at least one can-
cer, were thus diagnosed as having LS. Male: female ratio
was 4:17; this female predominance was probably due to the
fact that a significant number of cases were referred from
gynecologists after surgery for endometrial or ovarian can-
cer. The mutated MMR genes were as follows; 6 probands
with MLHI, 9 with MSH2, 4 with MSH6, and 2 with EP-
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Figure 2. Mutated mismatch repair genes in the Lynch syndrome probands.

Figure 3. The type of mutation.

CAM deletion (Fig. 2). Regarding type of mutation, large (1-
several exons) deletion and splice site mutation were most
common (n=8, each), followed by small (2-5 bases) dele-
tions (n=3), and nonsense mutations (n=2). Neither any in-
sertion or missense mutations were observed (Fig. 3). The
first cancer was CRC in 11 probands, two of whom had
synchronous multiple CRCs (Table). Eight probands devel-
oped gynecological malignancies as the first cancer; 5 EMC,
2 EMC and ovarian, and 1 ovarian. The other first cancers
were skin cancer (n=1, diagnosed as Muir-Torre syndrome),
and urothelial cancer (n=1). Sixteen (76%) probands devel-
oped at least 2 metachronous cancers, while 5 (24%) devel-
oped 4 or more metachronous malignancies (Table).

The median age at first cancer was 47 years (range 34 to
71), whereas the median age at the genetic diagnosis (con-
firmation of germline MMR mutation) was 62 years (range
38 to 84) (Fig. 4). There was no proband who developed a
first cancer before 30 years of age, whereas 4 (19%) of 21
probands developed the first cancer at 60 years of age or
later (Fig. 4, Table). The median and mean interval between
the development of the first cancer and genetic confirmation
were 11 and 10.95 years (range 0 to 25), respectively. The
interval was O (i.e. MMR gene mutation was confirmed
within a year of the first cancer diagnosis) in 3 (14%) pro-
bands, whereas 20 years or longer interval was required for
the 5 (24%) probands. Six (28.6%) probands were older
than 70 years of age, and 3 (14.3%) were in their 80s when
they were diagnosed to have LS. The genetic diagnosis was
confirmed at the first, second, third, and fourth cancer or
later in 5, 5, 6, and 5 probands, respectively.

Fourteen (87.5%) of the 16 cancers examined were MSI-
H, whereas 2 (12.5%) were MSS. Both the 2 MSS cancer
patients had MSH6 mutations (Table). Although there was
no proband who had an MMR gene mutation confirmed be-
fore the first colectomy, MSI-H was confirmed before the
first colectomy in 2 probands. One proband with transverse

Non-
sense

colon cancer chose total colectomy, whereas another with
cecal cancer underwent a standard ileocecal resection. Of
the 17 LS probands we are currently following up, 16 pro-
bands are alive without cancer. One patient (#18 in Table)
died of metastatic brain tumors of an unknown primary can-
cer.

All 17 (100%) and 7 of 11 (63.6%) probands met the re-
vised Bethesda guidelines at the genetic diagnosis and at the
first cancer, respectively, while 12 of 21 (57.1%) met the re-
vised Amsterdam criteria (Table). Of the 21 probands, 17
(81%) had at least one first degree relative with LS associ-
ated malignancies. Therefore, 4 (19%) probands either did
not have any cancer family history or their family history
was not informative (Table). Probands with longer than a 20
year-interval (long interval group, n=5) were compared with
those with less than a 5 year-interval (short interval group, n
=8). The first cancer age was younger in the short interval
group than in the long one (median 45 years vs. 51). Al-
though the number is small, other profiles including the Am-
sterdam criteria, MSI, and mutated genes, were similar be-
tween the two groups.

Discussion

There is no past study focusing on the probands’ age at
the genetic diagnosis for LS. Our study for the first time
demonstrated that it took more than a decade from develop-
ing the first cancer to confirming the genetic diagnosis for
LS probands. The 11 year-interval was longer than we ex-
pected, so we would like to speculate on some of the plausi-
ble reasons for this time gap.

First, a substantial number of LS patients do not show a
typical clinical presentation as hereditary cancer syndrome;
namely, they are either not so young or have no particular
family history. Our study also demonstrated that 19% of the
LS probands developed the first cancer at 60 years of age or
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Figure 4. The ages at the genetic diagnosis and first cancer in the Lynch syndrome probands.

older, and 19% did not have a cancer family history. Such
atypical LS patients can be missed by gastroenterologists,
surgeons, or gynecologists. We also tend to have problems
in identifying LS patients in our clinical practice. Our inter-
view of cancer patients regarding their past and family his-
tory is often insufficient. For example, we tend to check
only the type of cancer family member suffered, without
asking the age at cancer diagnosis. In addition, when a co-
lon cancer patient says his (her) mother has a history of
“uterine cancer”’, we often fail to confirm whether it was
cervical or endometrial. It can also be an obstacle to obtain
accurate past history that LS patients often had surgery for
previous cancer at other hospital many years previously.

Second, there are hurdles in the genetic diagnosis of
Lynch syndrome. For example, genetic tests are expensive
and not covered by the Japanese national medical insurance
system at present. A MMR gene mutation analysis costs ap-
proximately ¥100,000-150,000 ($1,000-$1,500) for probands
in Japan. In addition, genetic counseling is necessary for LS
diagnostic confirmation, but the number of hospitals provid-
ing genetic counseling is still insufficient in Japan.

MSH6 and PMS2 mutation carriers generally show an at-
tenuated phenotype, such as a later onset and a lower pene-
trance than MLHI and MSH2 carriers (3, 4). LS patients
with MSH6 and PMS2 mutations thus might be missed more
frequently than those with MLHI or MSH2 mutations. In
our study, MSH6 mutation carriers account for 19% (4/21)
of all probands, and there were no PMS2 mutation carriers.
Although the number is small, the mean interval between
the first cancer and the genetic diagnosis for LS probands
according to mutated gene was 14.8 years for MLHI, 10.1
years for MSH2, 11.3 years for MSH6, and O years for EP-
CAM in this study. It is thus unlikely that the study results
were influenced by a mutated MMR gene.

In general practice, we should make an effort to shorten
the 11-year interval as well as not to miss LS patients. Tra-
ditional methods to identify LS patients are based on the

Amsterdam criteria (10) and the Bethesda guidelines (11).
However, the sensitivity of the revised Amsterdam criteria is
as low as 20-30%. The revised Bethesda guidelines have an
improved sensitivity of 80-90%, but the Bethesda guidelines
can be applicable only for patients who developed CRC. In
our study, all LS probands who developed CRC met the re-
vised Bethesda criteria at genetic diagnosis, but it dropped
to 63.6% at the first cancer diagnosis. Therefore it might be
difficult to identify all LS probands at the first cancer based
on the Bethesda guidelines. Several prediction models for
LS are also available (12-14), but they are only useful when
we suspect LS and obtain a precise past and family history.
Recently, the American gastroenterological association rec-
ommended universal screening, in which ALL newly diag-
nosed CRC patients should be tested mismatch repair status
either by a MSI analysis or immunohistochemistry (15). Al-
though the cost-efficiency of this strategy has not yet been
fully estimated, such universal screening might be helpful to
shorten the interval between the first cancer and the genetic
diagnosis of LS probands.

One limitation associated with this study is the retrospec-
tive study design and the small number of patients. It is dif-
ficult to conclude from our results that an early diagnosis
leads to a better survival for LS probands and their family
members. However, the benefits of an early diagnosis by
surveillance colonoscopy in LS has been demonstrated in
past studies (16-19). We therefore believe that an early diag-
nosis is beneficial both to the probands and family members
of LS patients.

We herein demonstrated that it takes more than a decade
from the first cancer to genetic diagnosis confirmation for
LS probands in current general practice. We should therefore
increase our efforts, such as by conducting careful inter-
views regarding the patients’ past and family history, obtain-
ing pathology reports and surgical specimens (for MSI
analysis or IHC) from patients at other hospitals who have
undergone surgery for previous cancers. Finally, universal
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screening also might be useful for shortening the interval.
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