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Clinical TP53 genetic testing is
recommended for HER2-positive breast
cancer patients aged 35 or younger

Check for updates

Jing Li1,2,3,4,7, Lili Chen1,2,3,7, Xuhui Chen5,7, Meng Huang6, Wenhui Guo1,2,3, Minyan Chen1,2,3, Yuxiang Lin1,2,3,
Yali Wang1,2,3, Weifeng Cai1,2,3, Yibin Qiu1,2,3, Peng He1,2,3, Qindong Cai1,2,3, Chuan Wang1,2,3 &
Fangmeng Fu1,2,3

Limited information is available for TP53 pathogenic variants (PVs) in early-onset breast cancer
patients in China. We investigated the prevalence and clinical relevance of TP53 PVs among 1492
BRCA1/2-negative early-onset breast cancer patients. Peripheral blood samples were collected for
TP53 genetic testing through next-generation sequencing. Finally, TP53 PVs were identified in 7
patients (0.47%). The variants p.R248P, p.I251F, and p.G266R were identified for the first time in
germlinemutations. TP53 carriers exhibited significantly younger diagnosis age (p = 0.003) and higher
prevalence of HER2-positive disease (p = 0.020). All carriers were diagnosed before age 35. In HER2-
positive patients ≤35 years, the prevalence of TP53 PVs was 2.3%, significantly higher than others
after adjusting for a family history of breast cancer and/or ovarian cancer and a personal history of
bilateral breast cancer (OR = 13.57, p = 0.002). These results support TP53 genetic testing
prioritization for HER2-positive patients under 35 years to guide clinical management, while validation
in diverse populations remains essential.

Themedian age for breast cancer diagnosis in China is 47 years, which is at
least 10 years younger than that in Western countries1,2. Early-onset breast
cancer, defined as breast cancer diagnosed at age of 40 years or younger,
accounts for >16%of cases, with an increasing trend inChina1,2. In contrast,
the prevalence of early-onset breast cancer in Western countries is sig-
nificantly lower, ranging only from 4–6%. In other words, the population of
early-onset breast cancer patients inChina is substantial, roughly equivalent
to the total number of early-onset breast cancer patients in Europe.Notably,
young age at breast cancer diagnosis is usually considered associated with a
higher frequency of carrying pathogenic variants (PVs) of breast cancer
susceptibility genes3–5. The BRCA1 and BRCA2 (BRCA1/2) genes are the
dominant genesmutated in early-onset breast cancer and genetic testing for
BRCA1/2 is recommended for all breast cancer patients with young onset.
However, BRCA1/2 mutations are only responsible for 40–60% of heredi-
tary breast cancer cases5–7, suggesting that otherpredisposing genes alsoplay
an important role in hereditary cases.

Though much rarer than BRCA1/2 mutations, pathogenic TP53 var-
iants are associated with a high risk of breast cancer8,9. Previous studies has

found that patients harbored TP53 PVs has higher risks of developing
bilateral breast cancer, higher rates of ipsilateral breast tumor recurrence
after breast-conserving therapy, and even worse overall survival10–12. More
importantly, TP53 PVs are strongly associated with Li-Fraumeni syndrome
(LFS) or Li-Fraumeni-like (LFL) syndrome13,14, a rare autosomal dominant
cancer predisposition syndrome characterized by an early age of onset and a
high lifetime risk of multiple primary cancers, including early-onset breast
cancer, osteosarcoma, soft tissue sarcoma, adrenocortical carcinoma, brain
tumors, and leukemias.Once thefirst cancer develops, nearlyhalf of patients
develop another cancer after amedian of 10 years15,16; thus,more attention is
needed to monitor the occurrence of other primary cancers after breast
cancer onset.

Studies on TP53mutations in young breast cancer patients have been
conducted inWestern countrieswith amutation rate rang from0%to12.1%
depending on different ethnicities, age groups and sample sizes17,18. The
POSH study identified 0.31% of TP53 carriers in a large early-onset breast
cancer cohort of 2882 participants in theUK19, Couch et al. identified 0.40%
TP53-carriers in 8009 early-onset patients in America20 and Giacomazzi
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et al. reported 12.1% TP53-carriers in 403 patients younger than 45 years in
Brazil17. In contrast, research on the spectrum of TP53 mutations among
young breast cancer patients in Asian populations is limited.

Given the epidemiological patterns of breast cancer susceptibility
gene variants vary by race and space, the research on the spectrumofTP53
gene mutation among young breast cancer patients in China holds sig-
nificant implications for this demographic. The identification of carriers
of TP53 PVs among early-onset breast cancer patients is critical not only
for the secondary prevention of breast cancer in patients but also for
hereditary riskmanagement in their relatives. In the face of a large number
of early-onset breast cancer patients in China, which is a developing
country, genetic testing for all young patients would impose a substantial
healthcare burden. Information about the spectrum and characteristics of
mutation carriers may guide the selection of appropriate individuals for
genetic testing.

The objective of this studywas to determine the prevalence of germline
PVs in TP53 among Chinese women with early-onset breast cancer who
tested negative for BRCA1/2 PVs and to further explore the clin-
icopathological characteristics of mutation carriers to guide genetic testing
strategies for young patients.

Results
Characteristics of the patients screened for this study
A total of 1492 patients diagnosed with early-onset breast cancer between
2005 and 2023 and unselected for family history were screened for this
study. The median age at diagnosis of first primary breast cancer was
36 years, ranging from 33–38 years, in the overall cohort. Additionally, 214
(14.3%) of the patients were diagnosed at age 30 years or younger, and 1278
(85.7%)were agedbetween31and40 years.A familyhistoryof breast cancer
and/orovarian cancerwas recorded in98 (6.6%)patients.Themajority of all
youngpatients (70.6%, 1054/1492)werediagnosedwithHR+breast cancer;
among them, 1031 patients had ER+ disease and 877 patients had PR+
disease. HER2+ breast cancer comprised 27.6% (412/1492) of the overall
patient cohort. Invasive ductal carcinoma is themost common pathological
type (83.9%). More details of the baseline characteristics of the overall
patient cohort are displayed in Table 1.

PVs identified in patients with early-onset breast cancer
Seven patients (0.47%) carried TP53 PVs, including four pathogenic var-
iants (p.R175H, p.R248P, p.G266R and p.E286K), two pathogenic or likely
pathogenic variants (p.R273C and p.R337C), and one likely pathogenic
variant (p.I251F) (Table 2). All variants were missense mutations and
identified only once for each. No other types of mutations, including non-
sense, indels, and splice variants, were detected. Notably, 43% (3/7) of the
mutationswere identified for the first time in germlinemutations, including
p.R248P, p.I251F, and p.G266R.

Associations of demographic characteristics with PVs
The median age at diagnosis was 30 years among patients harboring
TP53 PVs, which was significantly younger than the 36 years among
non-carriers (p = 0.003). The prevalence of TP53 PVs was 1.9% (4/214)
among patients at or below age 30, which was significantly higher than
0.23% (3/1278) at age 31–40 (p = 0.010) (Table 1). TP53-carriers had a
higher likelihood of a positive family history of breast cancer and/or
ovarian cancer than non-carriers (28.6% vs. 6.5%), while the difference
was close to statistical significance for TP53 PVs (p = 0.072). Only one
TP53-carrier was diagnosed with bilateral breast cancer (14.3%,
p = 0.197) (Tables 1 and 3).

Noneof the sevenTP53-carriersmet classic LFS criteria, while fourmet
the Chompret 2015 of breast cancer diagnosis age younger than 31 years
without other LFS-related tumors or a family history suggestive of LFS, and
only one met the criteria of Chompret 2009 (c.796 G >A, p.G266R), who
had tibial sarcoma at age 17 years and was diagnosed with unilateral breast
cancer at age 33 years, and the proband’s father was diagnosed with mye-
lodysplastic syndrome at age 55 years (Fig. 1).

Associations of clinical characteristics with PVs
TP53 PVs were enriched among HER2-positive breast cancer (71.4%),
significantly higher than HER2-negative breast cancer (28.6%, p = 0.020).
Likewise, patients diagnosed with HER2-positive breast cancer also had a
higher frequency of TP53 PVs (5/412, 1.2%) than HER2-negative breast
cancer patients (2/1080, 0.19%). Furthermore, themost commonmolecular
subtype among TP53 carriers was HER2+ /HR- (3/7, 42.9%), followed by
HER2+ /HR+ (2/7, 28.6%) andHER2-/HR+ (2/7, 28.6%), andnone of the
TP53 carriers was TNBC (p = 0.044) (Table 1 and Table 3).

In addition, among patients with HER2-positive disease, TP53 PVs
were identified in 4 of 68 (4.4%) patients aged 30 years or younger, 2 of 150
(1.3%) patients aged 31–35 years, and none of 194 (0%) patients aged
36–40 years. In total, TP53 PVs accounted for 4.4% (3/68) of patients aged
30 years or younger, 2.3% (5/218) of patients aged 35 years or younger, and
1.2% (5/412) of patients aged 40 years or younger (Table 4). Given that 40%
(2/5) of HER2-positive TP53 carriers were between the ages of 31 and
35 years, we further analyzed the subgroup mutation risk in patients at or
younger than 35 years, rather than 30 years, compared with others in this
early-onset cohort. After adjusting for a family history of breast cancer and/
or ovarian cancer and a personal history of bilateral breast cancer, the
prevalence of TP53 PVs was significantly increased in HER2-positive
patients with a diagnosis age of 35 or younger (OR 13.57, p = 0.002).

Invasive ductal carcinoma was observed in all 7 TP53 PV carriers
(Table 1). Patients carried TP53 PVs were weakly associated with more
aggressive pathological features than non-carriers, including higher histo-
logic grade (57.1% vs. 35.0%), larger tumor size (71.4% vs. 55.3%), and
higher Ki-67 index (85.7% vs. 75.0%), although the differences were non-
significant (Table 1).

Discussion
Given that the large population of young breast cancer patients remains a
substantial health burden for China and the limited data available for TP53
PVs of that population, we investigated the germline TP53 PVs with data
derived from 1492 patients with early-onset breast cancer unselected for
family history to inform efficient strategies for genetic testing. To our
knowledge, this is the largest study to date that provides insight into the
prevalence and clinical characteristics of TP53 PVs in early-onset breast
cancer in China.

Seven patients were found to be carriers of TP53 PVs with mutation
rates of 0.47% in this study, which was lower than 1.0% reported by Sheng
et al. in the corresponding age subgroups of another large unselected breast
cancer cohort in China11, but slightly higher than the rate of 0.31% in UK19

and 0.40% in America20. Additionally, given the rare mutation frequency of
0.47% among our early-onset breast cancer cohort, the onset age con-
tributed limited to TP53 gene testing.

One of the variants detected in this study is TP53 1009 C > T
(p.R337C), a pathogenic or likely pathogenic variant commonly associated
with LFS. It should be noted that this variant differs from p.R337H (TP53
1010 G >A)17, a variant that has been identified in 12.1% of patients diag-
nosedwithbreast cancer at or before age 45, regardless of their familyhistory
of cancer. The p.R337H is identified as a founder mutation in the Brazilian
population, representing 70.3% of all TP53 PVs in Brazil21. However, no
recurrent variants were found in our study. Although the identification of
founder mutations allows targeted detection of single mutations and saves
testing costs, current research has not found any founder mutations in the
Chinese population.

Among the variations detected in this study, p.R175H is a hotspot of
TP53PVs amongbreast cancer andLFS patients in bothWestern andAsian
populations11,22. Specifically, while codons 248 and 273 are acknowledged
TP53 hotspots11,16,22, with p.R248Q, p.R248W, and p.R273H mutations
frequently reported, our cohort uniquely identified p.R248P mutations
within these codons, andp.R273Chasnotbeenpreviously reported inbreast
cancer patients. Additionally, p.R248P, p.I251F had not been identified in
breast tumors before and are also being reported for the first time as
germline mutations. The p.G266R mutation was identified as a somatic
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Table 1 | Characteristic of overall population and comparisons between TP53 carriers vs. non-carriers

Variable n (%) All cases (n = 1492) Non-TP53 (n = 1485) TP53 carriers (n = 7) p

Age at first BC diagnosis, years

Median age (range) 36.0 (33.0–38.0) 36.0 (33.0–38.0) 30.00 (28.5–33.5) 0.003

≤30 214 (14.3) 210 (14.1) 4 (57.1) 0.010

>30 1278 (85.7) 1275 (85.9) 3 (42.9)

FH of BC/OC 0.072

None 1394 (93.4) 1389 (93.5) 5 (71.4)

Yes 98 (6.6) 96 (6.5) 2 (28.6)

bilateral BC 0.197

No 1446 (96.9) 1440 (97.0) 6 (85.7)

Yes 46 (3.1) 45 (3.0) 1 (14.3)

HER2 status 0.020

negative 1080 (72.4) 1078 (72.6) 2 (28.6)

positive 412 (27.6) 407 (27.4) 5 (71.4)

ER status 0.683

negative 461 (30.9) 458 (30.8) 3 (42.9)

positive 1031 (69.1) 1027 (69.2) 4 (57.1)

PR status 0.456

negative 615 (41.2) 611 (41.1) 4 (57.1)

positive 877 (58.8) 874 (58.9) 3 (42.9)

HR status 0.425

negative 438 (29.4) 435 (29.3) 3 (42.9)

positive 1054 (70.6) 1050 (70.7) 4 (57.1)

Molecular subtypes 0.044

HER2+ /HR- 193 (12.9) 190 (12.8) 3 (42.9)

HER2+ /HR+ 219 (14.7) 217 (14.6) 2 (28.6)

HER2-/HR+ 835 (56.0) 833 (56.1) 2 (28.6)

HER2-/HR- 245 (16.4) 245 (16.5) 0 (0)

Ki-67 1.000

<20% 362 (24.9) 361 (25.0) 1 (14.3)

≥20% 1090 (75.1) 1084 (75.0) 6 (85.7)

unknown 40 40 0

Tumor size 0.471

≤2 cm 653 (44.6) 651 (44.7) 2 (28.6)

>2 cm 811 (55.4) 806 (55.3) 5 (71.4)

unknown 28 28 0

Lymph node status 0.714

negative 709 (47.5) 705 (47.5) 4 (57.1)

positive 783 (52.5) 780 (52.5) 3 (42.9)

Histological Grade 0.249

I+II 906 (64.9) 903 (65.0) 3 (42.9)

III 490 (35.1) 486 (35.0) 4 (57.1)

unknown 96 96 0

Morphology 0.606

IDS 1197 (83.9) 1190 (83.8) 7 (100.0)

Others 230 (16.1) 230 (16.2) 0 (0)

unknown 65 65 0

Abbreviations:BCbreast cancer,FH family history,OC ovarian cancer,HER2humanepidermal growth factor receptor-2,ER estrogen receptor,PRprogesterone receptor,HR hormone receptor,Ki-67 cell
proliferation antigen protein, IDC invasive ductal carcinoma.
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mutation in breast tumor specimens in a Japanese study23, and it has not
been previously reported as a germline mutation. Our research findings
revealed the specific TP53 PVs in Chinese patients with early-onset breast
cancer and reflected the necessity of investigating diverse populations to
better understand unique genetic variations.

In previous studies, the frequencies of TP53 PVs among patients aged
30 years or younger were ranging from <2%–8%16,18,24–26. In our study, the
mutation rate of TP53 PVs in the corresponding population was 1.9%,
which is found to be significantly higher than the frequency in breast cancer
patients aged 31–40 years (p = 0.01). The comparison underscored the
higher propensity for TP53 PVs in the patients with younger age.

Some previous studies have found a significant association between
TP53 PVs and bilateral breast cancer9,11,20,27, leading to the recommendation
of bilateral mastectomy for affected patients28,29. Furthermore, Couch et al.
reported thatTP53PVswere only associatedwith a family history of ovarian
cancer, but not with a family history of breast cancer in a larger nationwide
sample of unselected breast cancer20. Conversely, Siraj et al. did not observe
any associationbetweenTP53PVs and familyhistory of breast cancer or any
cancer among early onset Middle Eastern breast cancer patients27. In our
current study, we did not find a significant association between TP53 PVs
and personal history of bilateral breast cancer or family history of breast
cancer and/or ovarian cancer. This suggests that these two factors may not
be appropriate decision criteria forTP53 genetic testing in younger patients.

Sheng et al. indicated that breast cancer patients with germline TP53
mutations have a poorer prognosis compared to non-carriers11. Addition-
ally, TP53 carriers are at an increased risk of developing radiation-induced
secondary malignancies after adjuvant radiotherapy25,28. Consequently,
mastectomy may be more appropriable for TP53 carriers to avoid the need
for radiotherapy following breast-conserving surgery. The decision to use
radiotherapy post-mastectomy also warrants careful consideration. The

European Reference Network for Genetic Tumour Risk Prediction (GEN-
TURIS) guidelines emphasize the importance of identifying TP53 carriers
before the initiation of treatment to potentially avoid radiotherapy in
carriers30. Moreover, asymptomatic carriers in the families of TP53 muta-
tion patients face a significantly increased risk of cancer, necessitating reg-
ular surveillance, particularly in pediatric carriers25,29. Therefore, the
identification ofTP53 carriers among breast cancer patients not only aids in
optimizing treatment strategies for patients but also enhances cancer sur-
veillance in at-risk family members.

In clinical practice, BRCA1/2 gene testing is recommended for young
breast cancer patients, with emphasis on testing forHER2-negative patients
because it accounts for themajority ofBRCA1/2PVs.However, themajority
of TP53 carriers were HER2-positive patients (71.4%) in our study, con-
sistent with 67%–83% from previous studies31,32. Consistent with the
majority of previous studies, our research found a significant association
between TP53 mutations and HER2-positive status31–33. Compared to
HER2-negative disease, patients with HER2-positive status have a sig-
nificantly higher frequency ofTP53 PVs (1.2%) in the whole cohort, similar
to the 1.4%-1.5% found in previous studies of early-onset patients6,33. In
addition, we observed that the prevalence of TP53 PVs in HER2-positive
patients aged 35 years or younger was 2.3%, which is approximately
13 times higher than that of the remaining cohort after adjustment for
family history and personal history of bilateral breast cancer. Although the
prevalence of TP53 PVs can be as high as 4.4% in HER2-positive patients
aged 30 years or younger, it should be highlighted that 40% of TP53 PVs
occurred in patients between age 31 and 35 years old, which should not be
omitted. Consequently, our findings recommend that TP53 genetic testing
could serve as a crucial supplement for HER2-positive patients with early-
onset, particularly in patients younger than 35 years old.

There are some limitations to our study. First, although this study has
the largest sample size of patients with early-onset breast cancer to date, the
rare mutation rate of breast cancer susceptibility genes led to a limited
number of identified carriers, potentially reducing the statistical power of
our analyses. Therefore, the results should be interpreted with caution.
Additionally, this study focused on Chinese patients with early-onset breast
cancer. Due to the regional and ethnic specificity of genetic mutations, the
TP53mutation spectrumobserved in this cohortmaynotbe generalizable to
other populations, and further validation is needed. Second, although we
collected LFS-related family history for individuals carrying TP53 muta-
tions, we did not collect such information for all study participants, which
may have limited our ability to comprehensively evaluate the association
between TP53 mutations and LFS-associated malignancies. Third, long-
term follow-up was not available for all individuals, and the survival data
were immature. Previous studies have reported that TP53 carriers have a
high rate of ipsilateral breast tumor recurrence after breast-conserving
surgery18. Therefore, further prognostic analysis is necessary to estimate the
impact of different treatment options on survival in PV carriers and non-
carriers, so as to offer optimal management for carriers. Finnally, this study
did not include a control group of young individuals who are not affected by

Table 2 | Pathogenic variants of TP53 identified in this cohort

Exon HGVS.c HGVS.p Mutation type Classification

5 c.524 G > A p.Arg175His (p.R175H) missense P

7 c.743 G >C p.Arg248Pro (p.R248P) missense P

7 c.751 A > T p.Ile251Phe (p.I251F) missense LP

8 c.796 G > Aa p.Gly266Arg (p.G266R) missense P

8 c.817 C > T p.Arg273Cys (p.R273C) missense P/LP

8 c.856 G > A p.Glu286Lys (p.E286K) missense P

10 c.1009 C > T p.Arg337Cys (p.R337C) missense P/LP
aPatient met the criteria of Chompret 2009.
Abbreviations: P Pathogenic; LP Likely Pathogenic.

Table 3 | Characteristic of TP53 PVs identified in patients with
early-onset breast cancer

Dx FH with
BC/OC

HER2
Status

ER/PR
Status

Grade Bilateral BC

30 None + + / + III No

34 An aunt (BC) + − / − III No

30 Mother (BC) + + / + III No

34 None − + / + II No

26 None − + / − III No

33a None + − / − II No

27 None + − / − I Yes
a Patient met the criteria of Chompret 2009.
Abbreviations: Dx age at initial diagnosis of breast caner, FH family history, BC breast cancer, OC
ovarian cancer, HER2 human epidermal growth factor receptor-2, ER estrogen receptor, PR
progesterone receptor, + positive, − negative.

https://doi.org/10.1038/s41525-025-00496-2 Article

npj Genomic Medicine |           (2025) 10:53 4

www.nature.com/npjgenmed


breast cancer, limiting our ability to evaluate the risk for the development of
early breast cancer in young carriers of TP53 PVs.

In conclusion, we demonstrated that the prevalence of TP53 PVs were
0.47% in the largest early-onset breast cancer cohort inChina.TP53PVs are
significantly associated with younger age at diagnosis and HER2-positive
status. Multivariate logistic regression results indicated that the prevalence
of TP53 PVs was significantly increased in HER2-positive patients with a
diagnosis age of 35 or younger; thus,we emphasized that targetTP53 genetic
testing needs to be considered in that population.

Methods
Study population and data collected
In a cohort of women with early-stage breast cancer diagnosed at Fujian
Medical University Union Hospital (Fuzhou, China) between 2005 and
2023, patients who met all the following eligibility requirements were
screened for the study: (1) diagnosis of breast cancer at age 40 or younger;
(2) confirmation of invasive breast cancer by histopathology; and (3)
negativity for BRCA1 and BRCA2 PVs. All the procedures performed in
studies involving human participants adhered to the ethical standards of
the institutional and/or national research committee and with the

Declaration of Helsinki and its later amendments or comparable ethical
standards.

Demographic data, including age atfirst diagnosis of breast cancer, sex,
personal history of breast cancer and family history of breast cancer and/or
ovarian cancer, were obtained by face-to-face questionnaires during their
clinic visits. A positive family history of breast and/or ovarian cancer is
defined ashavingoneormorefirst- or second-degree relativeswith ahistory
of breast or ovarian cancer. The criteria for LFS and LFL syndrome were
determinedwith reference to the classical LFS criteria and the 2009 and2015
versions of the Chompret criteria14,16,34.

Clinical data, including tumor size, lymph node status, histologic type,
histologic grade, and immunohistochemical characteristics, were extracted
frommedical records. Immunohistochemistry (IHC) was used to detect the
presence of the estrogen receptor (ER) and progesterone receptor (PR).
Nuclear staining in >10% of cells was used as the criterion to define ER-
positive (ER+ ) and PR-positive (PR+ ) cases. Hormone receptor (HR)-
positive cases were defined as ER+ and/or PR+ cases. Immunohisto-
chemical stainingwitha scoreof 3+and/orfluorescence in situhybridization
(FISH) amplification of the human epidermal growth factor receptor-2
(HER2) gene was used to identify HER2-positive (HER2+ ) cases.

Fig. 1 | Pedigrees of the familywithTP53 c.796 G > A (p.G266R).The proband ismarkedwith an arrow. Individuals with cancer are indicatedwith filled symbol quadrants.
Abbreviations: y, years, age of onset. Written consent was obtained for publication of this pedigrees. (This figure was created using WPS Office software).

Table 4 | Prevalence of TP53 PVs based on diagnosis age and HER2 status

HER2-positive HER2-negative All

total (n) TP53 carriers
(n; frequency)

total (n) TP53 carriers
(n; frequency)

total (n) TP53 carriers
(n; frequency)

Dx group 1

≤30 68 3 4.4% 146 1 0.68% 214 4 1.9%

31–35 150 2 1.3% 336 1 0.30% 486 3 0.62%

36–40 194 0 0 598 0 0 692 0 0

Dx group 2

≤30 68 3 4.4% 146 1 0.68% 214 4 1.9%

≤35 218 5 2.3% 482 2 0.41% 700 7 1.0%

Total 412 5 1.2% 1080 2 0.19% 1492 7 0.47%

Abbreviations: Dx age at initial diagnosis of breast caner, HER2 human epidermal growth factor receptor-2.
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DNA extraction and NGS
Peripheral blood samples were obtained from patients at the time of breast
cancerdiagnosis, andwholebloodgenomicDNAwas subsequently isolated.
Sequencing of all coding regions and exon‒intron boundaries of the TP53
genes was performed throughNGS (Illumina NovaSeq) by Shanghai AITA
Genetics Technology Co., Ltd and AmoyDx Biomedical Technology Co.,
LTD. The sequencing results were then aligned to theTP53 (NM_000546.5)
sequences using the Burrows-Wheeler Aligner (BWA) tool. Base quality
score recalibration, indel realignment, and variant calling were performed
using the Genome Analysis Toolkit (GATK). All the variants were anno-
tatedwithANNOVAR(http://www.openbioinformatics.org/annovar/) and
subsequently validated by Sanger sequencing. Novel mutations were iden-
tified by excluding variants with a population frequency >0.1% in the
gnomAD and ExAC databases and confirming their absence in ClinVar
(ncbi.nlm.nih.gov/clinvar/) and the IARC TP53 database (p53.iarc.fr/). The
pathogenicity of mutations was predicted using PolyPhen-2 and SIFT, and
variants were classified according to the ClinVar and American College of
Medical Genetics and Genomics (ACMG) criteria35. Both pathogenic and
likely pathogenic mutations were recorded as PVs in this study.

Statistical analysis
The Fisher’s exact test for categorical variables and the Mann-Whitney test
for continuous variables were performed to compare characteristics
between pathogenic mutation carriers and non-carriers. Multivariate
logistic regression was used to determine the risk factors for mutation
carriers and calculate the odds ratio (OR) and 95% confidence interval (CI).
A difference was considered statistically significant if the p-value was <0.05.
Statistical analysis was performed with R software (version 4.3.0). WPS
Office (version 12.1.0) were used to create the pedigree charts.

Data availability
The data that support the findings of this study are available from the
corresponding author upon reasonable request.
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