
Cancer Science. 2021;112:2821–2834.	﻿�    |  2821wileyonlinelibrary.com/journal/cas

 

Received: 16 October 2020  |  Revised: 14 March 2021  |  Accepted: 23 March 2021

DOI: 10.1111/cas.14919  

O R I G I N A L  A R T I C L E

Characteristics of Li-Fraumeni syndrome in Japan: A review 
study by the special committee of JSHT

Michinori Funato1  |   Yukiko Tsunematsu2  |   Fumito Yamazaki3  |   
Chieko Tamura2,4  |   Tadashi Kumamoto5  |   Masatoshi Takagi6  |   
Shunsuke Kato7  |   Haruhiko Sugimura8  |   Kazuo Tamura9 for the Li-Fraumeni 
syndrome special committee of the Japanese Society for Hereditary Tumors (JSHT)
1Department of Clinical Research, National Hospital Organization, Nagara Medical Center, Gifu, Japan
2Department of Pediatrics, Juntendo University School of Medicine, Tokyo, Japan
3Department of Clinical Genomics, National Cancer Center Research Institute, Tokyo, Japan
4Medical Information & Genetic Counseling Division, FMC Tokyo Clinic, Tokyo, Japan
5Department of Pediatric Oncology, National Cancer Center Hospital, Tokyo, Japan
6Department of Pediatrics and Developmental Biology, Graduate School, Tokyo Medical and Dental University (TMDU), Tokyo, Japan
7Department of Clinical Oncology, Juntendo University Graduate School of Medicine, Tokyo, Japan
8Department of Tumor Pathology, Hamamatsu University School of Medicine, Shizuoka, Japan
9Division of Genetic Medicine, Master of Science, Graduate School of Science and Engineering Research, Kindai University, Higashiosaka, Japan

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction 
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2021 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd on behalf of Japanese Cancer Association.

Correspondence
Kazuo Tamura, Division of Genetic Medicine, 
Master of Science, Graduate School of 
Science and Engineering Research, Kindai 
University, 3-4-1 Kowakae, Higashi-Osaka, 
Osaka 577-8502, Japan.
Email: tamura@life.kindai.ac.jp

Funding information
This study was supported in part by a grant 
from the Japanese Ministry of Education, 
Science, Sports and Culture (19K07763), the 
Health and Labor Sciences Research Grants 
of Research on Measures for Intractable 
Diseases (H23-nanchi-ippan-069), and 
Research on Cancer Control (H29-
gantaisaku-ippan-002) from the Ministry of 
Health, Labor, and Welfare.

Abstract
Li-Fraumeni syndrome (LFS) is a hereditary cancer predisposition syndrome, and the 
majority of patients with LFS have been identified with germline variants in the p53 
tumor suppressor (TP53) gene. In the past three decades, considerable case reports of 
TP53 germline variants have been published in Japan. To the best of our knowledge, 
there have been no large-scale studies of Japanese patients with LFS. In this study, we 
aimed to identify Japanese patients with TP53 germline variants and to reveal the char-
acteristics of LFS in Japan. We collected reported cases by reviewing the medical litera-
ture and cases diagnosed at the institutions of the authors. We identified 68 individuals 
from 48 families with TP53 germline pathogenic or likely pathogenic variants. Of the 48 
families, 35 (72.9%) had missense variants, most of which were located within the DNA-
binding loop. A total of 128 tumors were identified in the 68 affected individuals. The 
128 tumor sites were as follows: breast, 25; bones, 16; brain, 12; hematological, 11; soft 
tissues, 10; stomach, 10; lung, 10; colorectum, 10; adrenal gland, 9; liver, 4; and others, 
11. Unique phenotype patterns of LFS were shown in Japan in comparison with those 
in a large national LFS cohort study in France. Above all, a higher frequency of patients 
with stomach cancer was observed in Japanese TP53 germline variant carriers. These 
results may provide useful information for the clinical management of LFS in Japan.
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1  | INTRODUC TION

Li-Fraumeni syndrome (LFS) is an autosomal dominant cancer pre-
disposition syndrome with high penetrance, resulting in a high 
risk of developing various types of cancers from early childhood 
to adulthood. LFS was first proposed by Li and Fraumeni in 1969, 
and the causative gene was identified as the p53 tumor suppres-
sor (TP53) gene in 1990.1-3 The TP53 database of the International 
Agency for Research on Cancer (IARC) (http://p53.iarc.fr/) includes 
data on over 800 families worldwide.4 Previously published liter-
ature review studies, cohort studies, and hospital-based follow-up 
studies have shown that tumors arising from LFS are increasingly 
diverse,5-14 and the diagnostic criteria have changed over time8,15-18 
(Table  S1). Recently, TP53 germline variants were discovered 
through multigene cancer panel testing.19-21 The interpretation of 
the pathological significance of TP53 germline variants is sometimes 
difficult.22,23 However, the detection and precise diagnosis of LFS is 
now considered more important because the usefulness of whole-
body MRI as a cancer-screening technique for patients with LFS has 
been established.24-26

Since the first report in 1992 that identified TP53 germline 
variants in two cases from a family survey of children with ad-
renocortical cancer (ACC) in Japan, a considerable number of 
studies on families with a TP53 germline variant have been pub-
lished.27-54 However, no large-scale studies have been conducted 
on this syndrome in Japan, and the specific clinical and patho-
logical features of cancers occurring in the Japanese population 
with TP53 germline variants remain unknown. Genetic diagnosis 
of hereditary breast and ovarian cancers has frequently been 
conducted in Japan, and the search for TP53 germline variants 
is considered in patients with breast cancer negative for BRCA1 
and BRCA2.16

In 2016, the Japanese Society for Hereditary Tumors (JSHT) 
established the LFS Special Committee. Its members, belonging to 
various specialized fields, came together to determine the charac-
teristics of tumors that most commonly occur in Japanese families 
with LFS. Therefore, this study aimed to identify Japanese patients 
with TP53 germline variants and identify the characteristics of LFS 
in Japan, in order to contribute to TP53 genetic counseling, TP53 
germline testing, and healthcare management for LFS. We collected 
data on the affected TP53 germline variant carriers and their patho-
logical characteristics through a literature review. In addition, the 
characteristics of tumors occurring in the affected TP53 germline 
variant carriers tested at our member institutions were examined. 
The pathogenicity of these identified TP53 germline variants was 
assessed using widely accepted criteria for TP53 variants.55 Then, 

our Japanese study was compared with the French cohort study17 
because the French group had the world's largest series with TP53 
germline variants and reported the characteristics of the tumors that 
occurred in many of the individuals with TP53 germline variants in 
almost the same period as that of our study.17 Herein, we describe 
some findings of the LFS characteristics in Japan that were revealed 
in this study.

2  | MATERIAL S AND METHODS

2.1 | Families and patients

Information on families with a TP53 germline variant was obtained 
by searching PubMed (http://www.ncbi.nlm.nih.gov/pubmed), 
Japan Medical Abstracts Society (http://search.jamas.or.jp), and the 
IARC TP53 database R.18.4 We used the keywords “Li-Fraumeni,” 
“TP53,” and “Japan” for our search and collected data on families car-
rying a TP53 germline variant.27-54 Data on sex, age at tumor onset, 
tumor sites, histopathological diagnosis, presence or absence of si-
multaneous or metachronous cancers, and TP53 variant sites and 
types were obtained from the studies. Furthermore, unpublished 
data of the affected TP53 germline variant carriers who underwent 
genetic testing at three institutions, namely the Nagara Medical 
Center, Hamamatsu University School of Medicine, and Kindai 
University, were added. Duplicated cases were excluded from the 
analysis. In addition, cases found using a next-generation DNA se-
quencer were excluded because exhaustive research had the pos-
sibility of causing confusion in our phenotype-conscious study. A 
compiled list of the families and patients in the order of publication 
year is presented in Table S2. This study was approved by the Ethics 
Board of the Japanese Society for Hereditary Tumors. The genetic 
studies described below were also approved by the ethics boards of 
the three institutions.

2.2 | TP53 molecular analysis

For genetic analysis research in our facilities, written informed con-
sent and patient agreement were obtained before the examination. 
DNA was collected from peripheral blood samples of patients using 
the QIAamp DNA Mini Kit (Qiagen), and DNA sequencing analysis of 
the TP53 gene was performed using Big Dye Terminator Bidirectional 
Sequencing (Applied Biosystems), as previously reported.31,41 The se-
quenced reads were aligned to the human reference genome (hg38), 
and primer sequences are available upon request.

K E Y W O R D S

Japan, Li-Fraumeni syndrome, phenocopy, stomach cancer, TP53 germline pathogenic variant

http://p53.iarc.fr/
http://www.ncbi.nlm.nih.gov/pubmed
http://search.jamas.or.jp


     |  2823FUNATO et al.

2.3 | Interpretation of TP53 germline variants

We assessed the pathogenicity of TP53 germline variants based on the 
American College of Medical Genomics and Genetics/Association for 
Molecular Pathology (ACMG/AMP) guidelines for TP53 variants.55 The 
TP53 germline variants were evaluated to determine TP53 variant types 
and their known clinical significance using ClinVar (https://www.ncbi.
nlm.nih.gov/clinv​ar/); functional data based on the promoter-specific 
transcriptional activity measured in yeast assays56; a functional assay 
for loss of growth suppression and dominant-negative activities based 
on Z-scores57; population data of the Genome Aggregation Database 
(gnomAD) (https://gnomad.broad​insti​tute.org/), GEnome Medical 
Alliance Japan Whole Genome Aggregation (GEM-J WGA), ExAC 
(http://exac.broad​insti​tute.org/), human genetic variation database 
(HGVD) (http://www.hgvd.genome.med.kyoto​-u.ac.jp/), and Tohoku 
Medical Megabank Organization (ToMMo) (https://www.megab​ank.
tohoku.ac.jp/tommo); and in silico functional prediction algorithm of 
Align-GVGD (http://agvgd.hci.utah.edu/), BayesDel,58 SIFT (http://
prove​an.jcvi.org/index.php), Polyphen2 (http://genet​ics.bwh.harva​
rd.edu/pph2/), and MutationTaster (http://www.mutat​ionta​ster.org/). 
The information was evaluated on December 10, 2020, and the results 
are summarized in Table S3. After annotation, the families and patients 
with pathogenic or likely pathogenic variants of the TP53 germline 
were selected for further analysis.

2.4 | Genetic and phenotypic analysis

To analyze the characteristics of the tumor phenotypes, we counted 
all the tumors and sites affected in patients with the TP53 germline 
pathogenic and likely pathogenic variants. For cases with multiple 
primary cancers, each cancer type was counted. Breast cancer also 
included those on the contralateral side. Based on this informa-
tion, the effects and codon distribution of the TP53 germline vari-
ants, the age at tumor onset, and the frequency distribution of the 
tumor were compared with data from 322 individuals affected with 
the TP53 germline variants between 1993 and 2013, which was pro-
vided by the French LFS working group in 2015.17

2.5 | Statistical analysis

The statistical significance of the data on age at the first tumor 
onset in patients (female vs. male) and age at the first tumor onset 
according to the effect of TP53 germline variants (missense vari-
ants vs. others than missense variants and dominant-negative 
missense variants vs. others than dominant-negative missense 
variants) was evaluated using the two-tailed Student's t test. 
Statistical significance was set at P < .05. A chi-square test of inde-
pendence was performed by comparing the frequency of tumors 
associated with TP53 germline variants (our study [n = 128] vs. the 
French LFS working group study [n = 548]). Statistical significance 
was set at P < .05.

3  | RESULTS

3.1 | Japanese families and patients with LFS 
selected in this study

By reviewing the literature through 2016, we found a total of 128 
Japanese families who met the diagnostic criteria for LFS or Li-
Fraumeni like syndrome (LFL) and/or individuals with a TP53 ger-
mline variant: 28 in PubMed, 62 in the Japan Medical Abstracts 
Society, 24 in the IARC TP53 database, and 14 in our facility. After 
excluding duplicated cases, 88 Japanese families who met the crite-
ria of LFS/LFL and/or carrying a TP53 germline variant were identi-
fied. First, we excluded 29 families not verified for any TP53 germline 
variants and one family with one Japanese-born Brazilian boy with 
p.Arg337His, whose parents were from the Brazilian state of Paraná 
(Figure 1). Among the remaining 58 families, we identified 38 dis-
tinct TP53 germline variants (Table 1 and Table S3). We attempted to 
interpret each of these 38 variants of the 58 families based on the 
ACMG/AMP guidelines for TP53 variants; 10 families with 12 indi-
viduals carrying p.Val31Ile, p.Asp49His, p.Ser106Arg, p.Ala189Val, 
p.Arg156His, and p.Glu285Gln were excluded (Table 1 and Table S3). 
Finally, among the 58 families with TP53 germline variant carriers, 48 
families with 68 affected individuals were found to have a germline 
pathogenic or likely pathogenic variant (Table 1 and Figure 1).

3.2 | Potency of the clinical criteria

Of the 48 families, six families (12.5%) met the classic LFS criteria, 
and 29 (60.4%) met the 2015 version of the Chompret criteria for 
TP53 testing. Fifteen families (31.3%) had individuals with significant 
family history in the 2015 version of the Chompret criteria, seven 
(14.5%) had individuals with multiple primary cancers, 10 (20.8%) 
had individuals with ACC or choroid plexus cancer (CPC) without 
a significant family history, and eight (16.7%) had individuals with 
early diagnosis of breast cancer. Overall, 32 families (66.7%) tested 
positive for a TP53 germline pathogenic or likely pathogenic variant 
meeting either classic diagnostic criteria or the 2015 version of the 
Chompret criteria for TP53 testing (Table 1 and Table S2).

3.3 | Patterns of pathogenic or likely 
pathogenic variants

Among the 48 families with a TP53 germline pathogenic or likely 
pathogenic variant, 32 distinct TP53 germline variants were identi-
fied, corresponding to 23 missense variants, three nonsense vari-
ants, two splice variants, and four frameshift variants, including two 
deletions and two insertions (Figure S1). Among the 48 families, 35 
(72.9%) had missense, six (12.5%) nonsense, four (8.3%) frameshift, 
and three (6.3%) splice variants. Among the 48 families with a TP53 
germline pathogenic or likely pathogenic variant, 41 families car-
ried a single-base substitution of missense and nonsense variants. 

https://www.ncbi.nlm.nih.gov/clinvar/
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Among the 41 families, sites of the variants in 39 families (95.1%), ex-
cept two families with missense variants in codon 337, were located 
in the DNA-binding loop of TP53 (Figure S2).

3.4 | LFS tumor onset in Japan

Among the 68 individuals affected with TP53 germline variants (34 
females and 34 males), a total of 128 tumors developed. The mean 
age at first tumor onset was 19.9 years (range: 8 months to 65 years), 
and the median age at first tumor onset was 16.5 years. Of the 68 
affected individuals (both sexes), 14 (20.6%) firstly developed cancer 
by 5 years of age, and 50 (73.5%) and 67 (98.5%) individuals were 
aged by 30 and 60  years, respectively (Figure  S3). Although we 
found a tendency for low cancer incidence in women during the first 
decade of life, no significant difference was observed between men 
and women according to the age at tumor onset (P = .42) (Figure 2).

Multiple primary cancers (n = 2-7) were observed in 32 of the 
68 affected individuals (47.0%). Two individuals (2.9%) had simulta-
neous cancers at the onset, 30 (44.1%) had second primary cancers, 

and 14 (20.6%) had third or more primary cancers (Figure S4). The 
mean and median latency periods to the second tumor occurrence 
in 30 affected individuals were 6.8 and 5 years, respectively (range: 
0-20 years) (Figure S5).

3.5 | LFS tumor distribution in Japan

The distribution of the 128 tumors is summarized in Table  2. The 
tumor sites were as follows: breast, 25; bones, 16; brain, 12; hema-
tological, 11; soft tissues, 10; stomach, 10; lung, 10; colorectum, 10; 
adrenal gland, 9; liver, 4; and others, 11 (Table 2).

A total of 25 breast cancers were observed in 15 affected indi-
viduals, all female, with mean and median ages of 31.9 and 32 years 
(range: 19-47 years) at onset, respectively. Two of the 15 individu-
als with breast cancer had bilateral primary cancers at onset, and 
four had contralateral breast cancers during the clinical course. 
Seventeen out of 25 (68.0%) breast cancers were identified as sec-
ond or more primary cancers. Four out of 15 (26.7%) individuals 
with breast cancer had phyllodes breast tumors. Limited histological 

F I G U R E  1   Flow diagram of this study 
population
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information, including hormone receptors and/or HER2-positive 
breast cancer, was available.

The mean and median ages of bone tumor onset were 16.3 and 
14.5 years (range: 8-39 years), respectively, and all were histologi-
cally classified as osteosarcoma. Fourteen of the 16 (87.5%) individ-
uals with bone tumors developed bone tumor as first primary cancer. 
In addition, three of them (18.8%) developed tumors at rare sites 
such as the cranial bone or maxillary sinus. A brain tumor was found 
in 12 individuals with mean and median ages of 20.7 and 20.5 years 
(range: 1-51 years) at onset, respectively, and 11 of 12 (91.7%) in-
dividuals with brain tumors developed brain tumor as first primary 
cancer. Five of 12 (41.7%) individuals with brain tumors had astro-
cytoma, three (25.0%) individuals had CPC, and none had medul-
loblastoma. Hematological malignancy was found in 10 individuals 
with mean and median ages at onset of 20.3 and 13 years (range: 
1-70 years), respectively. Of the 10 individuals with hematological 
malignancies, five (50.0%) had acute leukemia, three (30.0%) had 
malignant lymphoma, and three (30.0%) had myelodysplastic syn-
drome. Six out of 10 (60.0%) individuals with hematological malig-
nancies developed these malignancies as second or more primary 
cancers. No chromosomal findings were reported in two individuals 
who developed lymphocytic leukemia. Soft tissue sarcomas were 
observed in eight individuals at mean and median ages of 15.7 and 
15.5 years (range: 1-36 years) at onset, respectively, and four out of 
10 (40.0%) tumors in eight individuals indicated embryonal rhabdo-
myosarcoma. Intriguingly, a 10-year-old girl presented with primary 
ameloblastic fibrosarcoma, a rare malignant odontogenic tumor. 
All nine (100%) individuals indicated ACC as their first cancer, with 
mean and median ages at onset of 8.4 and 3 years (range: 8 months 
to 31 years), respectively.

Stomach, lung, and colorectal cancers that generally occur 
at older ages were observed in 10 individuals at a median age of 
43  years (range: 20-46  years), 10 individuals at a median age of 
38.5 years (range: 14-52 years), and nine individuals at a median age 
of 27.5 years (range: 11-52 years). The mean age of onset of these 
stomach, lung, and colorectal cancers was 38.8, 37.3, and 29.6 years, 

respectively. We found that eight out of 10 (80.0%) lung cancers in 
10 individuals were identified as the second or more primary can-
cers. Liver cancer was also found in four individuals with mean and 
median ages of 13.8 years (range: 7-26 years), respectively, and two 
of four (50%) indicated liver sarcoma.

3.6 | Comparing the characteristics of the affected 
individuals in Japan and in France

To clarify the characteristics of individuals affected with TP53 ger-
mline pathogenic or likely pathogenic variants in Japan, Japanese 
data were compared with data from the French LFS working 
group.17 Both our study and the study of the French LFS work-
ing group showed some similarities regarding codon distribu-
tion and the effect of the TP53 germline variants, age at the first 
tumor onset, frequency of patients with multiple primary tumors, 
and time of occurrence of second tumors. However, a compari-
son of the frequency distribution of the 128 tumors included in 
this study with that of the 548 tumors from the French LFS study 
group showed that the frequency of stomach cancer was sig-
nificantly higher in Japan (7.8% vs. 1.3%; P  =  .03). Moreover, a 
high-frequency distribution was also observed for lung, colorec-
tal, and liver cancers in Japan (7.8% vs. 3.3%; P  =  .17, 7.8% vs. 
2.2%; P =  .08, and 3.1% vs. 0%; P =  .08, respectively) (Figure 3). 
Conversely, the frequency distribution of soft tissue sarcomas was 
lower in Japan than in France (7.8% vs. 19.0%; P = .03) (Figure 3). 
In addition, a low-frequency distribution of breast cancer in Japan 
was also found (19.5% vs. 31.4%; P = .10) (Figure 3).

Moreover, when comparing the mean and median ages at the 
onset of each tumor between the Japanese and French, the mean 
and median ages at tumor onset of soft tissue sarcoma, lung cancer, 
and colorectal cancer in Japan was earlier (16/16 vs. 29/31, 37/39 vs. 
42/44, 30/28 vs. 40/40, respectively) than those in France (Table 2). 
In contrast, the mean and median ages at brain tumor onset in Japan 
were older (21/21 vs. 15/11) than those in France (Table 2).

3.7 | LFS genotype-phenotype correlations in Japan

Several genotype-phenotype correlations have been reported in 
families with TP53 germline variants. One is the correlation between 
genotype and age at tumor onset. Missense variants have been re-
ported to be associated with earlier tumor onset.59,60 This study of 
68 individuals affected with TP53 germline pathogenic or likely path-
ogenic variants demonstrated that the average age at first tumor 
onset indicated no significant differences between missense variants 
(age 21.6 years [n = 48]) and nonsense or other types of variants (age 
15.9 years [n = 20]) (P = .15) (Figure S6). In addition, a recent French 
report indicated that the average age at tumor onset in dominant-
negative missense variants was 5 years earlier than in other types 
of alterations than the dominant-negative missense variants.17 
However, based on two systematic studies of dominant-negative 

F I G U R E  2   Age at first tumor onset in individuals affected with 
TP53 germline pathogenic or likely pathogenic variants according 
to sex (women [n = 34] and men [n = 34]). The X-axis shows age 
in years at the first tumor onset. The Y-axis shows the cumulative 
number of patients
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effects,61,62 this study indicated no significant differences between 
the dominant-negative missense variants (age 21.5 years [n = 31]) 
and types of alterations other than the dominant-negative missense 
variants (age 18.6 years [n = 37]) (P = .42) (Figure S7).

Moreover, correlations between cancer types and TP53 germ-
line variants at the DNA-binding site or dominant-negative missense 
variants have also been described.17,63 In this study, the TP53 ger-
mline pathogenic or likely pathogenic variants at the DNA-binding 
site were identified in all 10 (100%) individuals with hematological 
malignancies, all those (100%) with stomach cancer, and in eight 
out of nine (88.9%) individuals with colorectal cancer (Table S4). In 
addition, in Japan, we found that the dominant-negative missense 
variants were detected in seven of 10 (70.0%) individuals with he-
matological malignancies and seven of 10 (70.0%) individuals with 
stomach cancer (Table S4). In contrast, our study also indicated that 
seven of nine (77.8%) individuals with ACC and seven of 10 (70.0%) 
individuals with lung cancer showed other types of alterations than 
dominant-negative missense variants (Table S4).

4  | DISCUSSION

This study analyzed the characteristics of families with a TP53 
germline variant in Japan, which was examined by the LFS Special 
Committee of the Japanese Society for Hereditary Tumors (JSHT) 
through a literature review until 2016. Target families with LFS also 
included unpublished families tested at the authors' facilities. Of the 
Japanese families with LFS, 32 distinct TP53 germline pathogenic 
or likely pathogenic variants were identified in 48 families with 68 
patients. A total of 68 patients developed 128 tumors. Of the 68 pa-
tients, 32 (47.0%) had multiple primary cancers. We then compared 
the genetic and clinical characteristics of these Japanese families 
with LFS, mainly using data obtained from the French LFS working 
group study. Some similarities, such as genotype patterns and age 
at onset, were observed. In addition, our study indicated that the 
unique phenotypic patterns of LFS, the high frequency of stomach, 
colorectal, lung, and liver cancers, and the low frequency of breast 
cancer and soft tissue sarcoma, are observed in Japan.

F I G U R E  3   The frequency distribution 
of tumors associated with TP53 germline 
variants in our study (n = 128) and the 
French LFS working group study (n = 548). 
The X-axis shows the tumor site. The 
Y-axis shows the frequency distribution of 
the tumor
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In this study, we described that the LFS in Japan is mainly charac-
terized by the frequent occurrence of stomach cancer in TP53 germ-
line variant carriers. Recently, Ikenoue et al reported a high incidence 
of stomach cancer in Lynch syndrome in Japan, with similar charac-
teristics.64 In addition, Ariffin et al reported the frequent occurrence 
of stomach cancer in Asian patients, particularly in Japanese patients, 
with a TP53 germline variant based on the IARC TP53 database R.16 
in 2012, and reported that the frequent occurrence of stomach can-
cer in the general population might phenotypically determine the 
frequency of this cancer in Asian TP53 germline variant carriers.65 
Ariffin et al suggested that the frequent occurrence of stomach can-
cer in Asian populations compared with Western populations is due 
to a combination of dietary (high-salt diet), environmental (chronic 
Helicobacter pylori infection), and genetic susceptibility risk factors.65 
Currently, the global frequency of cancer incidence in each popula-
tion from 2003 to 2007 can be observed using the database man-
aged by the IARC (http://ci5.iarc.fr/CI5-X/Pages/​regis​try_summa​
ry.aspx).66 The associated results are shown in Figures S8 and S9. We 
also speculate that the frequent occurrence of stomach cancer in the 
Japanese general population might partly explain the characteristic 
patterns in patients with TP53 germline variants in Japan.

Similarly, when we consider the frequency of other cancer inci-
dences, the frequent occurrence of colorectal and liver cancers in the 
Japanese general population may explain the high-frequency distri-
bution of colorectal and liver cancers in patients with TP53 germline 
variants in Japan. In addition, the low-frequency distribution of breast 
cancer and soft tissue sarcoma in patients with TP53 germline vari-
ants in Japan may also be explained by the low frequency of breast 
cancer and soft tissue sarcoma in the general Japanese population in 
comparison with the general French population. In contrast, resolving 
the reason for the high frequency of lung cancer is difficult because 
no simple phenocopy was observed in the general population. In our 
study, eight of 10 patients with lung cancer in TP53 germline variant 
carriers developed lung cancer as second or more primary cancers. Of 
the eight patients, three (patients 31, 55, and 66) of five patients with 
breast cancer had lung cancer after radiation therapy. Therefore, we 
speculate that the frequent occurrence of lung cancer in Japan may 
be due to treatment-related risk factors such as radiation (Table S2).

Children with CPC of the brain and ACC were reported to have 
a high likelihood of carrying a TP53 germline variant, even in the 
absence of any family history.17,67-70 Our analysis also showed 
that two children with CPC and six patients with ACC without any 
strong family history of cancer had TP53 germline pathogenic or 
likely pathogenic variants (Table  1 and Table  S2). Furthermore, 
phyllodes tumors in breast cancer and liver sarcoma in liver cancer 
were found to be the most frequent. Birch et al and Giacomazzi 
et al reported the greatest increase relative to the general popu-
lation rates for phyllodes tumors.9,10 Moreover, in liver sarcoma, 
one of 16 patients aged 1-21 years was a member of a family with 
LFS.71 Therefore, we believe that at least patients in adolescence 
with phyllodes tumor and children with liver sarcoma in Japan may 
be considered for TP53 germline variant testing even in the ab-
sence of a distinct family history.

The development of clinical surveillance programs for LFS is 
ongoing. As a leading study, Villani et al reported a survival rate of 
88.8% in patients with TP53 germline variants undergoing compre-
hensive screening compared with a 59.6% survival rate in those with-
out surveillance.26 They developed a practical surveillance protocol 
based on the available data, their own experience, and detection 
strategies for patients with sporadic LFS component tumors.25 We 
speculate that there may be individual unusual LFS characteristics in 
different countries and regions, as they show different tumor charac-
teristics in the general population of different countries and regions. 
Our study indicated the frequent occurrence of stomach, colorectal, 
and liver cancers, the frequent occurrence of lung cancer as second 
or more primary cancers, and the occurrence of distinctive tumor 
tissues, such as the phyllodes tumor and liver sarcoma, which may 
provide useful information for clinical LFS management in Japan. 
Furthermore, in our study, 6 of 15 (40.0%) patients with breast can-
cer showed simultaneous or metachronous bilateral primary cancers. 
This finding may also provide benefits for screening to reduce an ele-
vated risk of contralateral breast cancer or considering the option of 
bilateral mastectomies, which are consistent with those of patients 
with breast cancer carrying BRCA 1/2 germline pathogenic variants.72

The findings of this study have several limitations. First, this study 
must be interpreted based on the method of collection of study sub-
jects. Although previous reports on the spectrum and frequency of 
cancers in patients with TP53 germline variants have provided de-
tailed information through registration or follow-up studies,8,17 our 
analysis was mainly based on a heterogeneous group of collected 
cases through searching databases and self-analyzed cases. Thus, 
there is ascertainment bias in our study, and an old piece of infor-
mation was not available in detail. However, we believe that most 
cases of TP53 germline variants have been reported from inquiring 
about LFS experiences in Japan before the widespread use of next-
generation DNA sequencing. In addition, the LFS Special Committee–
related parties have been consulted for the majority of patients with 
LFS in Japan and have performed genetic testing. Next, in our study, 
the data of 128 cancers between 1992 and 2016 were compared with 
those of the French LFS working group comprising 548 cancers be-
tween 1993 and 2013. In this respect, we do not expect this limitation 
to have biased our results because both studies had some similarities, 
such as codon distribution and effect of TP53 germline variants, age 
at the first tumor onset, frequency of patients with multiple primary 
tumors, and time of occurrence of second tumors. In the future, the 
variable phenotype, diverse tumor spectrum, diagnostic tumor tissue 
patterns, and other characteristics should be further investigated by 
accumulating many cases with TP53 germline variants through pa-
tient registration, which will result in better LFS management.

In conclusion, we described TP53 variant patterns and tumor char-
acteristics in patients with TP53 germline variants in Japan. Although 
we could recognize some unique findings of the LFS characteristics 
in Japan through this study, these need to be further investigated 
through clinical cohort studies and basic research on LFS. These find-
ings will provide clues for clinical management measures, such as ge-
netic counseling, genetic testing, and healthcare management.

http://ci5.iarc.fr/CI5-X/Pages/registry_summary.aspx
http://ci5.iarc.fr/CI5-X/Pages/registry_summary.aspx
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