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Abstract
Purpose  In the present study, we addressed the inconsistency between the testing criteria and diverse phenotypes for germline 
TP53 mutation in patients with breast cancer in the Chinese population.
Method  We proposed a new added item (synchronous or metachronous bilateral breast cancer) as one of the testing criteria 
(aimed at high-penetrance breast cancer susceptibility genes) and applied it for determining TP53 germline mutation status 
in 420 female patients with breast cancer using multigene panel-based next-generation sequencing, Sanger sequencing, and 
mass spectrometry.
Results  We found that 1.4% of patients carried a pathogenic or likely pathogenic germline TP53 mutation. Compared with 
BRCA​ mutation carriers (8.0%) and non-carriers (7.1%), TP53 mutation carriers (33.3%) developed breast cancer earlier. 
The majority of TP53 mutation carriers (66.7%) developed breast cancer after age 30 and had bilateral breast cancer (33.3%). 
Pedigree investigation of four TP53 carriers and a patient with a TP53 variant of unknown significance revealed that neither 
of their parents harbored the same mutations as the probands, indicating that the mutations might occur de novo.
Conclusion  Our study revealed distinguishing features of TP53 carriers among Chinese women with breast cancer, which is 
inconsistent with the currently used testing criteria; therefore, the newly proposed testing criteria may be more appropriate.

Keywords  TP53 mutation · Breast cancer · Pedigree analysis · De novo mutation · Mosaic mutation · Phenotype

Abbreviations
BCS	� Breast-conserving surgery
CIN	� Cervical intraepithelial neoplasia
ER	� Estrogen receptor
gDNA	� Genomic DNA
IDC	� Invasive ductal carcinoma
LFS	� Li-Fraumeni syndrome
MGPT	� Multiplex genetic panel testing
P/LP	� Pathogenic or likely pathogenic
PR	� Progesterone receptor
RT	� Radiation therapy
SLNB	� Sentinel lymph node biopsy
STS	� Soft-tissue sarcomas

TNBC	� Triple-negative breast cancer
VAF	� Variant allele frequency

Introduction

Germline TP53 mutations are associated with Li-Fraumeni 
syndrome (LFS), a rare autosomal dominant inherited cancer 
predisposition disorder characterized by elevated cancer risk 
[1]. The most frequent LFS-associated ‘core’ cancers are 
osteosarcoma, soft-tissue sarcomas (STS), premenopausal 
breast cancer, and brain tumors, beginning in infancy [2, 
3]. The reported cumulative cancer incidence among female 
TP53 carriers is approximately 50% at age 30 and nearly 
100% until age 70 [4]. Patients with TP53 germline muta-
tions are characterized by more aggressive disease and worse 
overall survival [5]. Therefore, it is important to identify 
TP53 carriers.

Previous studies have generally investigated ger-
mline TP53 mutations in affected individuals, such as 
women developing breast cancer before 31 years of age, 
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individuals who met the criteria for LFS or Li-Fraumeni-
like syndrome, or unaffected individuals from a family 
with a known TP53 pathogenic or likely pathogenic (P/
LP) variant [6, 7]. However, the extension of the scope 
from single-gene testing to multiplex genetic panel testing 
(MGPT), including TP53, has improved the detection rate 
of germline TP53 variants in patients with breast cancer 
even if they do not fulfill the clinical testing criteria in 
China [3]. Therefore, TP53 carriers have been identified 
in patients with breast cancer (not early_onset) or even in 
the proband in the absence of a typical family history of 
cancer. Sheng et al. reported that 50% of TP53 carriers had 
no family history suggestive of any cancer [8]. They also 
observed a mean onset age of 43.1 years, contrary to the 
threshold for early_onset breast cancer in TP53 carriers; 
TP53 mutation carriers were especially older at the ini-
tial diagnosis of breast cancer [9, 10]. Moreover, bilateral 
breast cancer is more common in TP53 carriers; however, 
it is neither one of the Chompret criteria for LFS nor one 
of the testing criteria for germline TP53 mutations [8]. 
These diverse phenotypes are inconsistent with previous 
testing criteria for patients with breast cancer with ger-
mline TP53 mutations [11].

For women with breast cancer carrying germline TP53 
mutations, unnecessary radiation therapy (RT) is con-
traindicated [12]. Considering that the RT-associated can-
cer risk increases due to lack of restoration from tissue 
damage following DNA-damaging RT in TP53 carriers, 
mastectomy is the recommended surgical management 
for such patients, whereas RT is necessary for breast-con-
serving surgery (BCS) [12–14]. If a patient with breast 
cancer carrying a germline TP53 mutation is not identified 
because without typical family history or not early_onset 
breast cancer, inappropriate surgical management will 
bring severe adverse consequences.

The underidentification of patients with breast can-
cer may be related to the inconsistency between testing 
criteria for TP53 carriers with breast cancer and diverse 
phenotypes in the Chinese population. As discussed, the 
previous testing criteria for TP53 germline mutations are 
less accurate than expected. To address this issue, based 
on the testing criteria aimed at high-penetrance breast 
cancer susceptibility genes, we included other features as 
novel testing criteria for identifying TP53 carriers with 
breast cancer and summarizing their characteristics [1]. 
More importantly, we investigated the pedigrees of TP53 
mutation carriers to further explain why it is inconsistent 
between family history and TP53 variant proband. The 
aim of the present study was to propose a novel approach 
of determining more suitable testing criteria for germline 
TP53 mutations in Chinese breast cancer patients and to 
facilitate its implementation in clinical practice.

Methods

Ethics statement

The study was approved by the Ethics Committee of Peking 
Union Medical College Hospital (Approval No. ZS-1655) 
on July 24, 2018. Written informed consent was obtained 
from all participants [16]. The seven patients, presented as 
cases, provided written informed consent for the publication 
of any potentially identifiable data included in this article.

Participants and samples

Based on the testing criteria aimed at high-penetrance breast 
cancer susceptibility genes from the National Comprehen-
sive Cancer Network (NCCN) Guidelines (Supplemen-
tary Table 1), we added a new item to the testing criteria 
described in our previous study: (I) triple-negative breast 
cancer (TNBC) diagnosed at ≤ 60 years; (II) breast cancer 
diagnosed at ≤ 45 years; (III) breast cancer and at least one 
close blood relative with any cancer related to BRCA1/2; or 
(IV) synchronous or metachronous bilateral breast cancer [1, 
17]. As a result, 432 Chinese women with primary invasive 
breast cancer, between 2016 and 2021, were retrospectively 
enrolled from Peking Union Medical College Hospital (Bei-
jing, China) (Table 1). About 2–3 mL peripheral blood was 
obtained from all participants. They all underwent genetic 
testing. Subsequently, 12 patients were excluded owing to 
unqualified genomic DNA (gDNA) samples. Therefore, 420 
patients were included and analyzed. Only BRCA​ and TP53 
mutations were determined; however, the clinical character-
istics of all patients were obtained. Additionally, pedigree 
analysis was performed on the TP53 probands and their fam-
ily members. The personal information of the family mem-
bers was also obtained.

DNA extraction, next‑generation sequencing, 
Sanger sequencing, mass spectrometry, 
and quantitative polymerase chain reaction

Genomic DNA was extracted from peripheral mononuclear 
blood cells using the QIAamp DNA Blood Mini Kit (Qiagen, 
Hilden, Germany); the integrity, purity, and concentration of 
extracted DNA were detected and evaluated using agarose-
gel electrophoresis, the NanoDrop2000 spectrophotometer, 
and the Qubit 2.0 fluorimeter (Thermo Fisher, USA) [15]. 
DNA with clear and non-dispersive bands on agarose-gel 
electrophoresis, an OD260/280 ≥ 1.8, a concentration ≥ 50 
ng/µl, and a total content above 2 µg were sequenced [16]. 
DNA samples that do not meet the above quality criteria 
will result in inaccurate variant identification. Targeted DNA 
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was amplified and sequenced by Beijing Genomics Insti-
tute on the MGISeq-2000 platform (MGI Tech Co., Shen-
zhen, China) with coverage depths of 500 − 900 × (MGI, 
Shenzhen, China) [17]. Clean data were aligned to the hg19 
reference genome using GATK 4.0. (https://​gatk.​broad​
insti​tute.​org/​hc/​en-​us/​secti​ons/​36000​74078​51-4-​0-0-0). 
The details are outlined in our previous studies [17, 21]. 
Sanger sequencing in duplicate was performed to confirm 
all deleterious mutations. Unique variants were identified 
through mass spectrometry (Agena Bioscience, USA). The 
single-plex assay was designed using Assay Design Suite 
v2.0 (Agena Bioscience, USA) and synthesized by BGI 
Genomics (Beijing, China). Following standard procedures, 
1 μL of genomic DNA was mixed with every 5 μL of the 
PCR reaction mixture. The data were collected using Mass 
ARRAY Typer v4.0 (Agena Bioscience). Large genomic 

rearrangements (LGR) were confirmed using quantitative 
polymerase chain reaction (qPCR) assays, as shown in 
Fig. 5.

Variant interpretation

Variants were filtered to clear synonymous variants, ger-
mline variants in the Single Nucleotide Polymorphism data-
base, and variants with a population frequency > 0.1% in 
the Exome Sequencing Project database [18]. The disease-
causing potential of the variations was assessed based on 
the classification guidelines established by the American 
College of Medical Genetics and Genomics in 2015 [19]. In 
particular, the ClinGen TP53 Variant Curation Expert Panel 
was used for TP53 germline mutation classification [20]. A 
positive family history was defined as the existence of close 

Table 1   Clinical characteristics of breast cancer patients tested for germline mutations

† : Here, non-carriers indicate that individuals with breast cancer carried neither germline BRCA​ nor TP53 mutations

Characteristics Non-carriers† 
No. (%)
(n = 326)

BRCA​ mutation carriers 
No. (%)
(n = 88)

TP53 mutation carriers 
No. (%)
(n = 6)

Mean age at first diagnosis, year (range)
 ≤ 30
 > 30

45.6 (22–81)
23 (7.1)
303 (92.9)

40.7 (22–60)
7 (8.0)
81 (92.0)

32.5 (27–37)
2 (33.3)
4 (66.7)

Pathological type
Invasive carcinoma
Carcinoma in situ

310 (95.1)
16 (4.9)

86 (97.7)
2 (2.3)

6 (100.0)
0 (0)

Tumor grade
I
II
III
Unknown

77 (23.6)
126 (38.7)
107 (32.8)
16 (4.9)

1 (1.1)
32 (36.4)
43 (48.9)
12 (13.6)

1 (16.7)
3 (50.0)
2 (33.3)
0 (0)

Tumor stage
0
1
2
3
4

14 (4.3)
131 (40.2)
151 (46.3)
25 (7.7)
5 (1.5)

2 (2.3)
41 (46.6)
40 (45.5)
5 (5.7)
0 (0)

0 (0)
5 (83.3)
1 (16.7)
0 (0)
0 (0)

Lymph node stage
0
1
2
3

150 (46.0)
61 (18.7)
57 (17.5)
58 (17.8)

39 (44.3)
24 (27.3)
15 (17.0)
10 (11.4)

3 (50.0)
2 (33.3)
0 (0)
1 (16.7)

Hormone receptor status
Positive
Negative

122 (37.4)
204 (62.6)

40 (45.5)
48 (54.5)

3 (50.0)
3 (50.0)

HER2 status
Positive
Negative

23 (7.1)
303 (92.9)

3 (3.4)
85 (96.6)

2 (33.3)
4 (66.7)

Family history of breast cancer
Yes
No

54 (61.4)
34 (38.6)

2 (33.3)
4 (66.7)

Bilateral breast cancer
Yes
No

9 (2.8)
317 (97.2)

5 (5.7)
83 (94.3)

2 (33.3)
4 (66.7)

https://gatk.broadinstitute.org/hc/en-us/sections/360007407851-4-0-0-0
https://gatk.broadinstitute.org/hc/en-us/sections/360007407851-4-0-0-0
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blood relatives who developed a history of LFS-associated 
and BRCA-associated ‘core’ cancers, such as breast cancer, 
ovarian cancer, STS, and brain tumor [1].

Statistical analysis

This was a retrospective study with case presentations. Cat-
egorical variables were analyzed using Pearson’s χ2 test 
or Fisher’s exact test, and continuous variables were ana-
lyzed using Student’s t test or the Mann–Whitney U test to 
compare differences in clinicopathological characteristics 
among patients with TP53 germline mutations, patients with 
BRCA​ germline mutations, and noncarriers, as described in 
our previous study [21].

Results

Retrospective assessment of TP53 germline 
mutations in patients with breast cancer

Eighty-eight patients (21.0%, 88/420) were found to carry 
a likely pathogenic or pathogenic mutation in BRCA1 or 
BRCA2, among whom only one carried both BRCA1 likely 
pathogenic and BRCA2 pathogenic mutation. Six patients 
carried a TP53 likely pathogenic/pathogenic mutation (1.4%, 
6/420) (Case 1–6, Table 2). The clinicopathological charac-
teristics of the 420 participants are shown in Table 1. The 
mean age of breast cancer onset in TP53 mutation carriers 
tended to be lower than that in BRCA​ mutation carriers and 
non-carriers (who did not carry BRCA​ or TP53 mutations) 
(mean age [range] in years: 32.5 [27–37] vs. 40.7 [22–60] 
vs. 45.6 [22–81], respectively). Compared to 8.0% (7/88) in 
BRCA​ mutation carriers and 7.1% (23/326) in non-carriers, 
although 33.3% (2/6) of TP53 mutation carriers developed 
breast cancer before age 30 years, more (66.7%, 4/6) TP53 
carriers developed breast cancer after the age of 30 years. 
It seemed that TP53 mutation carriers tended to develop 
HER2-positive breast cancer (33.3%, 2/6) more often than 
did BRCA​ mutation carriers (3.4%, 3/88) and non-carriers 
(7.1% (23/326). Notably, five (5.7%, 5/88) BRCA​ carriers 
and two (33.3%, 2/6) TP53 carriers developed bilateral 
breast cancer. The majority of BRCA​ carriers (61.4%, 54/88) 
had a family history of breast cancer, whereas only two TP53 
carriers (33.3%, 2/6) did (Table 1). However, only two of six 
TP53 mutation carriers had a family history suggestive of 
LFS (Table 2). One patient was found to have a TP53 VUS, 
but the clinical manifestation conformed to a TP53 deleteri-
ous mutation. The details of the patients with TP53 variants, 
including six with deleterious mutations and one with VUS, 
are shown in Table 2. We investigated the pedigrees of five 
patients, including four TP53 carriers (Case 1–4) and one 
TP53 VUS (Case 7). Unfortunately, pedigrees could not be 

investigated for Case 5 and Case 6, as blood samples could 
not be obtained. Surprisingly, neither the paternal nor mater-
nal sides harbored the same variants as did the probands, 
both in Case 1–4 and Case 7.

Case presentations

Case 1 was a 41-year-old female, developing bilateral 
metachronous breast cancer at age 37 and 41 respectively. 
Similar pathology was observed in bilateral breast cancer, 
which showed invasive ductal carcinoma (IDC), categorized 
as estrogen receptor (ER)-negative, progesterone receptor 
(PR)-negative, and HER2-positive, with three involved 
lymph nodes in the right axilla and none in the left axilla. 
She had a history of cervical intraepithelial neoplasia (CIN 
III) and cervical conization. Her sister suffered from cervi-
cal cancer at age 31. Her grandmother’s brother developed 
pelvic liposarcoma in his 40 s. A germline frameshift muta-
tion in TP53 (NM_000546.5: c.216_217insC, p.Val73fs), 
which can cause gene product deficiency, was detected in 
her blood sample (Fig. 1A and B) [22]. Therefore, it was 
classified as ‘pathogenic’ according to the ClinGen TP53 
Variant Curation Expert Panel guidelines [20]. The variant 
allele frequency (VAF) was 29.3%. The patient’s pedigree 
is shown in Fig. 1C. Because of this finding, the patient’s 
parents, siblings, and daughter were tested for the TP53 
c.216_217insC mutation; however, none harbored this vari-
ant (Fig. 1D).

Case 2 was a 32-year-old woman who underwent right 
mastectomy with axillary LN dissection at age 30. Pathol-
ogy revealed that the tumors were polycentric (intraductal 
carcinoma in situ and IDC), with one LN involvement cat-
egorized as ER-negative, PR-negative, and HER2-negative. 
Only half a year later, she was found to develop left primary 
breast cancer with ER-positive, PR-negative, and HER2-
negative IDC but without LN involvement. Unfortunately, 
she quickly developed gastric adenocarcinoma half a year 
later at age 31 and pulmonary invasive adenocarcinoma at 
age 32. Notably, she had teratoma at the age of 18 and recur-
rent malignant breast phyllodes tumors (PTs) between age 27 
and 28. Her aunt on her father’s side developed lung cancer 
at age 55. The grandfather on her mother’s side developed 
nasopharyngeal carcinoma in his 40 s. She was recom-
mended to undergo NGS testing, and a TP53 missense vari-
ant was detected (NM_000546: c.711G > A, p.Met237Ile; 
VAF 49.8%; Fig. 2A). Reportedly, this missense mutation 
can cause the amino acid 237 of the protein encoded by this 
gene to change from methionine to isoleucine, resulting in a 
decrease in TP53 transcriptional activity [23]. This mutation 
was classified as ‘likely pathogenic.’ The pedigree is shown 
in Fig. 2B. Due to these findings, all parents and siblings of 
the patient were tested for the TP53 c.711G > A mutation; 
however, none of them harbored the variant (Fig. 2C).
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Case 3 was a 33-year-old female who developed unilateral 
breast cancer and underwent BCS and sentinel lymph node 
biopsy (SLNB). Pathology indicated ER-positive, PR-posi-
tive, and HER2-negative IDC. Her aunt on the father’s side 
had a history of breast cancer at age 50, so did her grand-
mother’s sister on her father’s side. NGS revealed that both 
the patient and her aunt on the father’s side carried a likely 
pathogenic TP53 mutation (NM_000546.5; c.459delC, 
p.Gly154Alafs*16; VAF 16.4%; Fig. 3A). The pedigree is 
shown in Fig. 3B. This mutation was detected neither in her 
father’s nor in her mother’s peripheral blood using Sanger 
sequencing (Fig. 3C). Interestingly, the mutation failed to be 
detected via Sanger sequencing (sequencing depth: W571/
M101, read ratio: 15.03%) both for her and her aunt on the 
father’s side, but was successfully confirmed via mass spec-
trometry (Fig. 3D).

Case 4 was a 28-year-old woman. Her right breast tumor 
was detected at age 27. Pathological examination showed 
invasive ER-positive, PR-positive, and HER2-negative IDC. 
Both BCS and SLNB were performed on this unmarried 
patient. After surgery, she underwent postoperative radio-
therapy. Two years later, she was suspected of developing 
recurrent sarcoma on her right breast. She subsequently 
received MGPT, and a likely pathogenic TP53 mutation was 
detected (NM000546.5; c.817C > T; VAF 41.6%; Fig. 4A). 
The missense mutation may cause the amino acid 273 of the 
encoded TP53 protein to change from arginine to cysteine. 
Only her aunt on her mother’s side had a history of lym-
phoma (Fig. 4B). None of the relatives harbored this variant 
(Fig. 4C).

Case 7 had a specific TP53 VUS, with clinical manifes-
tations that seemed to harbour a deleterious TP53 muta-
tion. The woman was diagnosed with metachronous bilat-
eral IDC at age 26 and 33. Immunohistochemical results 
revealed right TNBC and left breast cancer with ER-positive, 
PR-positive, and HER2-negative. Although she underwent 
mastectomy for both breasts, she still developed recurrent 
sarcoma on the chest wall four times from age 26 to 33. She 
had no family history suggestive of LFS (Fig. 5A). NGS 
was recommended, and a duplication mutation was detected 
(NM_000546: EX2_6 Dup). The mutation resulted in the 
duplication of exons 2–6 of the gene. However, functional 

Fig. 1   Germline TP53 mutation identified in Case 1. A Sequenc-
ing data showing the TP53 variant (NM_000546, c.216_217insC, 
p.Val73Argfs*76). B Pedigree of the family in Case 1. The proband 
is indicated with an arrow. A pink dot denotes a TP53 carrier. The 
red color denotes the manifestation of breast cancer (BC); blue color, 
cervical cancer (CC); and yellow colour, liposarcoma. C Sanger 
sequencing of the TP53 c.216_217insC mutation in the family 
showed that nobody harboured the variant. D PCR-Sanger confirmed 
the variant c.216_217insC as pathogenic via both the Forward Primer 
and Reverse Primer. The red arrows indicate the presence of a muta-
tion. mut, mutant; WT, wild-type

▸
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Fig. 2   Germline TP53 muta-
tion identified in Case 2. A 
Sequencing data showing the 
TP53 variant (NM_000546, 
c.711G > A, p.Met237Ile). B 
Pedigree of the family in Case 
2. The proband is indicated with 
an arrow. The pink dot denotes 
a TP53 carrier. The red colour 
denotes the manifestation of 
breast cancer (BC); blue, gastric 
cancer (GC); yellow, lung can-
cer (LC); green, nasopharyngeal 
carcinoma; and grey, teratoma. 
C Sanger sequencing of the 
TP53 c.711G > A mutation in 
the family showed that nobody 
harboured the variant. The red 
arrows indicate the presence of 
the mutation. mut, mutant; WT, 
wild-type
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studies on the clinical significance of this mutation have 
not yet been reported. Therefore, the mutation was consid-
ered to be of uncertain significance. However, due to both 
bilateral metachronous breast cancer and recurrent sarcoma, 
we believe that the mutation has potential pathogenic sig-
nificance. Still, the same mutation was not detected in her 
parents via qPCR (Fig. 5B).

Discussion

The present study revealed the underidentification of 
germline TP53 mutations in patients with breast cancer, 
which was associated with inconsistency between diverse 

phenotypes and testing criteria. To the best of our knowl-
edge, this is the first such study in the Chinese population. 
In particular, pedigree analysis was used to investigate the 
underlying cause of the inconsistency.

We adopted testing criteria aimed at high-penetrance 
breast cancer susceptibility genes from NCCN Guide-
lines (supplementary Table 1) [1]. Therefore, we aimed to 
investigate this high-risk population. Moreover, we added 
a new testing criterion, bilateral breast cancer, which is 
more common in both TP53 carriers and BRCA​ carriers 
[19, 23]. We found that the rate of deleterious TP53 muta-
tion was higher (1.4%) in our high-risk population than in 
unselected populations (0.5%) [8]. Furthermore, the rate 
of BRCA1/2 carriers (21.0%) in our study population was 

Fig. 3   Germline TP53 muta-
tion identified in Case 3. A 
Sequencing data showing the 
TP53 variant (NM_000546.5, 
c.459delC, p.Gly154Alafs*16). 
B Pedigree of the family in Case 
3. The proband is indicated 
with an arrow. The pink spot 
denotes a TP53 carrier. The red 
color denotes the manifesta-
tion of breast cancer (BC). C 
The TP53 c.459delC mutation 
is not detected in her parents’ 
peripheral blood samples but 
detected in her aunt’s sample 
using Sanger sequencing. D 
Mass spectrometry confirms 
that the TP53 c.459delC muta-
tion is carried by both her and 
her aunt. mut, mutant; WT, 
wild-type. (Color figure online)
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Fig. 4   Germline TP53 muta-
tion identified in Case 4. A 
Sequencing data showing the 
TP53 variant (NM_000546.5, 
c.817C > T, p.Arg273Cys). B 
Pedigree of the family in Case 
4. The proband is indicated with 
an arrow. A pink dot denotes 
a TP53 carrier. The red color 
denotes the manifestation of 
breast cancer (BC) and the blue 
color denotes lymphoma. C 
Mass spectrometry confirmed 
the presence of the TP53 variant 
(NM_000546.5; c.817C > T), 
and Sanger sequencing showed 
that nobody harbored the 
variant in the family. The red 
arrows indicate the presence of 
the mutation. mut, mutant; WT: 
wild-type. (Color figure online)
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Fig. 5   Germline TP53 mutation identified in Case 7. A Pedigree of 
the family in Case 7. The proband is indicated with an arrow. The 
orange spot denotes a TP53 variant of unknown significance (VUS). 
The red color denotes the manifestation of breast cancer (BC) and 

the blue color denotes–sarcoma. B Sanger sequencing (NM_000546, 
EX2_6 Dup) of the family showed that nobody harbored this variant. 
WT: wild-type. (Color figure online)
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equal to that reported in patients with familial breast can-
cer (18.1%) [24, 25].

Previously, a TP53 test was recommended for patients 
with breast cancer aged < 31 years [6, 26]. Although TP53 
mutation carriers seemed to develop breast cancer earlier 
than did BRCA​ mutation carriers and non-carriers in the pre-
sent study, most of them (66.7%, 4/6) still developed breast 
cancer after 31 years. By contrast, only 33.3% (2/6) of TP53 
carriers had a family history suggestive of LFS (Table 2), 
which was also inconsistent with current guidelines [11]. 
Furthermore, bilateral breast cancer was more common in 
TP53 carriers than in BRCA​ carriers, demonstrating that the 
previous TP53 testing criteria may not be precisely suitable 
for Chinese patients with breast cancer. Therefore, a new set 
of criteria should be adopted in clinical practice, especially 
for Chinese patients, as it is necessary to identify as many 
patients with breast cancer with TP53 mutations as possible.

The latest 2021 guidelines recommend that patients at 
high risk undergo breast cancer susceptibility gene panel 
testing [1]. However, another study reported that it is rare for 
TP53 carriers to lack a family history of cancer; therefore, 
it is unreasonable that TP53 testing is offered to patients 
with early_onset breast cancer without a family history of 
cancer [27]. In contrast, in the present study, more Chinese 
TP53 carriers (4/6) lacked a family history suggestive of 
LFS. Likewise, in Case 4, the patient did not receive genetic 
testing for TP53 screening even though she developed early 
onset breast cancer in the absence of a typical family his-
tory at initial diagnosis. Therefore, the age of onset may be 
more important than a typical family history as the testing 
criteria for identifying germline TP53 mutations, especially 
when selecting surgical management. In agreement with our 
findings, Bakhuizen et al. reported that the majority (5/8) 
lacked the family history suggestive of LFS in a cohort of 
eight TP53 carriers with breast cancer [26]. Rana HQ et al. 
also suggested that potential TP53 carriers can be identi-
fied in nonclassical LFS families even if phenotypes are not 
obvious [10]. We assumed that a family history suggestive of 
LFS would not be highly necessary as a testing criterion for 
identifying germline TP53 mutations in patients with breast 
cancer, especially in the Chinese population.

Furthermore, we explored the potential cause of the 
inconsistency through pedigree analysis. We investigated the 
mutation status in the pedigrees of four TP53 carriers and 
ultimately found that none of the family members harbored 
the same TP53 mutation as did the probands. We assumed 
that the mutations might occur de novo [28]. This could 
explain why there was a lack of family history suggestive of 
LFS for TP53 carriers. Renaux-Petel et al. estimated that the 
rate of de novo mutations in TP53 reached 14% (48/336), 
nearly 20% of which occur during embryonic development 
[29]. According to Gonzalez et al., the frequency of de novo 
mutations in TP53 might reach 20% [28]. However, a low 

VAF was still observed in our study. Due to the diverse cap-
ture and/or amplification efficiency during library construc-
tion, VAF can be distributed over a wide range, 30%–50%, 
for most situations or even lower in some cases. In case 1, 
the VAF had a distribution of 29.3% (Table 2), which can 
be considered reasonable. Conversely, a low VAF may also 
suggest constitutional mosaicism, as Renaux-Petel et al. 
reported mosaic mutations in 8 of 48 patients with de novo 
TP53 mutations [29]. Notably, in Case 3, the aunt on the 
father’s side harbored the same mutation as did the proband 
(Fig. 3). We assumed that this may be due to a germline 
mosaic mutation in her father. Unfortunately, the patients 
refused further testing using other non-blood-derived DNA 
samples to address this possibility. The low VAF of the vari-
ants could have arisen from clonal hematopoiesis [30, 31]. 
Approximately 23 − 38% of low-VAF TP53 variants would 
originate from clonal hematopoiesis [30]. Considering that 
de novo mutations/mosaicism may contribute to non-classic 
LFS families for TP53 carriers, medical laboratories should 
ensure the detection of de novo/mosaic mutations. More 
importantly, variants might arise due to clonal hematopoie-
sis, which can confound germline TP53 mutations and lead 
to erroneous conclusions in clinical practice [32].

We also found that TP53 carriers were more likely to 
develop bilateral breast cancer than both BRCA​ carriers and 
non-carriers (Table 2), similar to previous findings [8, 33]. 
Considering the radiation exposure from post-BCS radio-
therapy in pathogenic/likely pathogenic TP53 variant carri-
ers, bilateral mastectomy should be favored in risk reduction 
of sarcoma development [13]. Furthermore, TP53 mutation 
is an independent unfavorable prognostic factor for patients 
with breast cancer [8, 33]. In the present study, patients with 
TP53 germline mutations were more likely to develop two 
or even three primary cancers. Since multigene assay testing 
has become routine in China, the testing criteria for TP53 
should be appropriately expanded to avoid omission.

Intriguingly, Case 7 also carried a TP53 duplication vari-
ant (EX2_6 Dup), which was defined as ‘uncertain signifi-
cance,’ and her phenotype (early onset bilateral breast cancer 
and recurrent chest wall sarcomas) was highly consistent 
with that of TP53 carriers, which suggests the variant is 
associated with cancer predisposition. Unfortunately, our 
study showed that functional verification is required for the 
reclassification of a VUS, which is very difficult to achieve. 
[34] Considering the specificity of the therapy for patients 
with breast cancer with deleterious TP53 mutations, we 
treated her clinically as a TP53 carrier. This variant war-
rants further research and validation to establish whether we 
can consider patients with breast cancer with specific TP53 
VUSs as TP53 carriers in clinical practice.

The present study had several limitations. First, the sam-
ple size of TP53 carriers was relatively small. Therefore, we 
will continue to expand the sample size to further evaluate 
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the relevant features. Second, we determined the TP53 ger-
mline mutation status in a high-risk population; therefore, 
clinicopathological characteristics should be discussed in a 
high-risk population. Furthermore, we did not investigate 
the pedigrees of all TP53 carriers; therefore, the possible 
contribution of de novo and mosaic TP53 mutations might 
be greater than expected. Moreover, other non-blood-derived 
DNA samples need to be used to confirm de novo/mosaic 
mutations. The possible variants arising due to clonal hemat-
opoiesis may need attention. Finally, LGR of gene TP53 may 
not be detected or verified using MGPT and Sanger sequenc-
ing, which may result in underestimation.

Conclusions

There are distinct features of TP53 carriers in Chinese breast 
cancer patients. They can develop breast cancer after age 31, 
and bilateral breast cancer is also common. Chinese patients 
with breast cancer with TP53 mutations usually originate 
from non-classic LFS families. Considering the inconsist-
ency between the diverse phenotypes and testing criteria for 
germline TP53 mutations, the contribution of de novo and 
mosaic TP53 mutations might be the potential cause. How-
ever, the variants could also arise owing to clonal hemat-
opoiesis. Nonetheless, the currently used testing criteria for 
germline TP53 carriers might not be entirely appropriate for 
Chinese patients with breast cancer. More attention should 
be paid to age and individual tumor history when consider-
ing TP53 gene testing. To avoid the underidentification of 
germline TP53 mutations in such patients, we propose a new 
testing criterion (paragraph 2.2). Owing to the difficulty of 
upgrading TP53 VUSs and treatment specificity, it might be 
preferable to consider a Chinese breast cancer patient with a 
specific TP53 VUS as a TP53 carrier in clinical practice, if 
the clinical manifestation of the patient conforms to that of 
a deleterious TP53 mutation.
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