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Integrated Molecular Profiling of Young and Elderly Patients 
With Triple-Negative Breast Cancer Indicates Different 
Biological Bases and Clinical Management Strategies

Ding Ma, MD1,2,3; Yi-Zhou Jiang, MD1,2,3; Yi Xiao, MD1,2,3; Meng-Dan Xie, MD1,2,3; Shen Zhao, MD1,2,3; Xi Jin, MD1,2,3;  

Xiao-En Xu, PhD1,2,3; and Zhi-Ming Shao, MD, PhD 1,2,3

BACKGROUND: Age at the time of breast cancer diagnosis not only predicts clinical outcome but also indicates distinct molecular char-

acteristics that provide the rationale for appropriate treatment strategies. However, to the authors' knowledge, little is known regarding 

the molecular profile and biological basis of triple-negative breast cancers (TNBCs) occurring in young and elderly patients. METHODS: 

Using the study institution's largest, single-center, multiomics TNBC data set, the authors analyzed the clinical and genomic features of 

young (aged ≤39 years) and elderly (aged ≥65 years) patients with TNBC. RESULTS: In the current study, a total of 50 patients, 354 

patients, and 69 patients, respectively, were grouped as young, intermediate, and elderly patients with TNBC. Young patients with TNBC 

had worse short-term survival, upregulation of DNA repair, cell cycle and RNA metabolism gene sets, frequent pathogenic germline vari-

ants, and predominant homologous recombination deficiency-related mutational signatures. Several copy number alterations also were 

found to be enriched in young patients with TNBC. Nearly one-half of the TNBC cases in elderly patients were of the luminal androgen 

receptor subtype. TNBC in elderly patients was identified as being associated with severe fibrosis; a lower Ki-67 index; and somatic muta-

tions in PIK3CA, KMT2D, ERBB2, ERBB3, and their corresponding pathways. Elderly patients with TNBC also were more likely to harbor 

targetable mutations. CONCLUSIONS: The findings of the current study indicated that young patients with TNBC had an enhanced 

cell cycle, which may have helped to explain their inferior short-term survival, whereas the homologous recombination deficiency and  

enriched pathogenic germline variants observed among young patients with TNBC suggested the need for genetic counseling and 

testing, as well as the potential use of DNA damage agents and poly(adenosine diphosphate ribose) polymerase (PARP) inhibitors. 

Molecular characteristics of elderly patients with TNBC, although suggesting less response to chemotherapy, provided a rationale for the 

routine detection of actionable somatic mutations. Cancer 2020;126:3209-3218. © 2020 American Cancer Society. 
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INTRODUCTION
Triple-negative breast cancers (TNBCs) are a group of breast cancers that lack expression of estrogen receptors (ERs) and 
progesterone receptors (PRs) and do not overexpress human epidermal growth factor receptor 2 (HER2).1 In general, 
TNBCs are more aggressive, have higher proliferation activity, have more distant metastasis, and have lower responses to 
endocrine or anti-HER2 therapy, leading to an unfavorable prognosis.2-4 However, as a diagnosis of exclusion, TNBCs are 
highly heterogeneous.5,6 Over the past decade, studies have sought to subclassify TNBCs by either clinicopathological or 
molecular approaches, which have advanced our understanding and management of this complex disease.7

Patient age at the time of diagnosis has been shown to be valuable in prognosis prediction and therapeutic strat-
egy optimization in patients with breast cancer.8-10 The unfavorable prognostic role of younger age and the different 
response rates to therapeutics noted among age groups have suggested varying underlying biological characteristics. 
This idea already has been proven and expanded by molecular profiling studies.11 Recent studies have shown that the 
clinical significance of age may differ among breast cancer subtypes,12 and that the clinical significance of age among 
patients with TNBC remains controversial.13-16 It is interesting to note that some studies have shown that TNBC  
occurring in young patients has higher proliferation scores, whereas TNBC diagnosed in elderly patients demon-
strates varied expression of biomarkers such as Ki-67, Bcl-2, and cytokeratins.17 These findings raise the hypothesis 
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that TNBCs occurring in young and elderly patients 
might be unique disease entities. Nevertheless, our 
knowledge of the underlying biological bases of these 
entities remains rather fragmented.

In the current study, using what to our knowledge is 
the largest single-center cohort of patients with TNBC to 
date who were diagnosed and treated at Fudan University 
Shanghai Cancer Center (FUSCC),18,19 we analyzed the 
age-specific differences in prognosis, clinicopathologic 
variables, transcriptomic patterns, mutation profiling, 
and somatic copy number alterations (CNAs). The ob-
jective of the current comprehensive study was to provide 
clues regarding the unique biology of and potential ther-
apeutic strategies for TNBCs arising in young and elderly 
women.

MATERIALS AND METHODS
The current study included all the patients who par-
ticipated in the FUSCC TNBC project.18,19 We classi-
fied these patients into 3 groups according to their age 
at the time of diagnosis: young (those aged ≤39 years), 
elderly (those aged ≥65 years), and intermediate (patients 
aged 40-64  years). The cutoff points were set based on 
other historical studies.9,20,21 Detailed methods has been 
published previously,18 and also can be found in the 
Supporting Information.

Data From External Cohorts
We obtained data from the Surveillance, Epidemiology, 
and End Results (SEER) database (18 population-
based cancer registries [1973-2015]). A total of 21,217 
women were identified using the following inclusion 
criteria: female aged 15 to 85 years; known time of di-
agnosis from January 1, 2010, to December 31, 2015; 
not diagnosed at the time of autopsy/death; presence 
of unilateral breast cancer; breast cancer as the first and 
only cancer diagnosis; presence of only 1 primary tumor 
site; pathologic confirmation of infiltrating ductal car-
cinoma; ER-negative, PR-negative, and HER2-negative 
status; American Joint Committee on Cancer stages I to 
III disease; and a follow-up ≥6 months (or the patient 
had died of breast cancer within 6 months). Patients di-
agnosed with breast cancer before 2010 were excluded 
because the SEER data did not include HER2 status 
until 2010. Breast cancer-specific survival (BCSS), 
which is defined as a net survival measure representing 
survival of a specified cause of death in the absence of 
other causes of death (https://seer.cancer.gov/cause speci 
fic/), was measured in the current study.

Both clinical and genomic data from the Molecular 
Taxonomy of Breast Cancer International Consortium 
(METABRIC) cohort were downloaded from the cBio-
Portal for Cancer Genomics (http://www.cbiop ortal.org/) 
on July 22, 2018.22-25 Patients recorded as “-” for “ER 
status,” “PR status,” and “HER2 status” were defined as 
having TNBC in the current study. A total of 320 patients 
were enrolled.

Statistical Analyses
Frequency tabulation and summary statistics were used 
to characterize the data distribution. The Student t test, 
Mann-Whitney Wilcoxon test, and Kruskal-Wallis test 
were used to compare continuous variables and ordered 
categorical variables whereas the Pearson chi-square test 
or Fisher exact test were used for a comparison of un-
ordered categorical variables. Survival curves were con-
structed using the Kaplan-Meier method and compared 
using the log-rank test to obtain results regarding recur-
rence-free survival (RFS) and BCSS. When a multiple 
comparison test was performed, the Bonferroni correc-
tion (log-rank test, Pearson chi-square test, and Fisher 
exact test), Nemenyi post hoc test (Kruskal-Wallis test), 
or Benjamini-Hochberg procedure (limma) were used for  
P value correction. All analyses were performed using 
R statistical software packages (R version 3.4.2; R 
Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Prognosis and Clinical Features of Young  
and Elderly Patients With TNBC
A total of 473 patients with TNBC from the FUSCC 
TNBC project were included, of whom 50 patients, 354 
patients, and 69 patients were aged ≤39 years (young 
group), aged 40 to 64 years (intermediate group), and 
aged ≥65 years (elderly group), respectively (Fig. 1A). 
The study cohort had a median length of follow-up 
of 47 months (interquartile range, 29.3-73.5 months) 
with 66 RFS events and demonstrated a similar age 
distribution compared with the patients with TNBC 
in the SEER database (Fig. 1B), which included thou-
sands of cases with representative epidemiological 
characteristics.

We evaluated the clinical outcome of patients in the 
different age groups. In the current study cohort, young 
patients had a worse 2-year (24 months) RFS (log-rank 
P  =  .031) compared with patients in the intermediate 
age group (adjusted P  =  .043) (Fig. 1C), although no 
difference was observed throughout the entire follow-up 
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period (log-rank P =  .316). We further investigated the 
prognostic value of age in patients with TNBC using the 
SEER database. Because the median life expectancy of  
patients with TNBC who experience disease recurrence 
or metastasis is approximately 1 year,26 we defined 3 years 
(36  months) after surgery as a short-term period for 
BCSS. Both young and elderly patients with TNBC had 
worse RFS compared with the intermediate group within 
3 years after surgery (adjusted P <  .001) (Fig. 1D) (see 
Supporting Fig. 1A-C). This result lasted throughout the 
entire follow-up period.

Other clinicopathological features of these age 
groups also were studied. Although patients with 
TNBC who were diagnosed at different ages demon-
strated similar tumor size, lymph node status, histology 
grade, and histology type (P  >  .05) (Table 1), elderly 
patients demonstrated a significantly lower Ki-67 index 
(P < .001) (Table 1), and were more likely to have severe 
fibrosis (P = .005).

Transcriptomic Features of Young and Elderly 
Patients With TNBC
Transcription-based subtyping has played a dominant 
role in untangling the heterogeneity of TNBC, and each 
messenger RNA-based subtype has been matched with 
unique biologic characteristics and therapeutic strategies. 
We found that TNBCs diagnosed at different ages have 
distinct subtype distributions (P < .001 for the FUSCC 
subtype and P =  .004 for the Lehmann/Pietenpol sub-
type) (Fig. 2A,B).7 It is interesting to note that we found 
that nearly one-half of the elderly patients had tumors 
that were of the luminal androgen receptor (LAR) subtype 
(49% of the FUSCC subtype and 42% of the Lehmann/ 
Pietenpol subtype).

To further elucidate the biological features of young 
and elderly patients with TNBC, we performed gene 
set variation analysis to study their enriched gene sets. 
In the young patients with TNBC, 414 gene sets were 
found to be significantly upregulated (false discovery rate, 

Figure 1. Distribution of age at the time of diagnosis among patients with triple-negative breast cancer (TNBC) and its clinical 
relevance. (A) Distribution of age at diagnosis and the definitions of age groups used in the study cohort. (B) Distribution of age 
groups in the Fudan University Shanghai Cancer Center (FUSCC) TNBC and the Surveillance, Epidemiology, and End Results (SEER) 
TNBC cases. (C and D) Prognosis of patients with TNBC in different age groups. (C) Overall and 24-month recurrence-free survival 
(RFS) in the FUSCC TNBC cases. (D) Overall and 36-month breast cancer-specific survival (BCSS) in patients with TNBC (data from 
the SEER database). Pairwise comparisons were performed for short-term survival (24 months for RFS and 36 months for BCSS) 
using Bonferroni correction, and annotated as *P < .05; **P < .01; ***P < .001; or not significant (ns) (P > .05).
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q < 0.15) (see Supporting Table 1). Gene sets involved 
in DNA repair (eg, KEGG homologous recombination), 
cell cycle (eg, Kalma E2F1 targets), and RNA metabolism 
(eg, reactome mRNA decay by 3′ to 5′ exoribonuclease) 
were repeatedly observed (Fig. 2C,D)7 (see Supporting 
Table 1). In the elderly patients, 1360 gene sets were 
found to be significantly enriched (false discovery rate, 
q  <  0.15) (see Supporting Table 2), most notably the 
steroid hormone–related gene sets (eg, Nelson response 
to androgen up) (Fig. 2C,D)7 (see Supporting Table 2). 
A similar pattern could be observed in the METABRIC 
TNBC cases (see Supporting Tables 3 and 4).

Mutation Profile of Young and Elderly Patients 
With TNBC
Somatic mutations can play a crucial role in human can-
cers, whereas some also may act as biomarkers and thera-
peutic targets. In the current study, we observed that 
elderly patients with TNBC harbored significantly more 

nonsynonymous somatic mutations in PIK3CA (young 
vs intermediate vs elderly patients: 0.0% vs 17.4% vs 
31.0% [P =  .004]), KMT2D (4.0% vs 2.4% vs 11.9% 
[P = .020]), ERBB2 (0.0% vs 0.9% vs 7.1% [P = .037]), 
ERBB3 (0.0% vs 0.5% vs 7.1% [P = .015]), and NCOR2 
(0.0% vs 0.9% vs 7.1% [P  =  .035]), whereas young  
patients with TNBC were found to have more COL3A1 
mutations (young vs intermediate vs elderly patients: 
12.0% vs 4.7% vs 0.0% [P  =  .005]) (Fig. 3A) (see 
Supporting Table 5). To obtain a more comprehensive 
view of the mutation profile, we studied the mutational 
profile by pathways and gene groups (Fig. 3B). Elderly 
patients with TNBC harbored significantly more non-
synonymous somatic mutations in PI3K-AKT-mTOR 
signaling (young vs intermediate vs elderly patients: 8.0% 
vs 29.2% vs 54.8% [P < .001]), lysine methyltransferase 
(16.0% vs 11.8% vs 28.6% [P = .022]), and Notch sign-
aling (4.0% vs 9.4% vs 21.4% [P = .048]), and margin-
ally more mutations in the RTK signaling family (0.0% vs 

TABLE 1. Clinical Features of Patients With TNBC Who Were Diagnosed at Different Ages

Clinical Characteristics

Young (Aged ≤39 Years Intermediate (Aged 40-64 Years) Elderly (Aged ≥65 Years

PN = 50 (%) N = 354 (%) N = 69 (%)

Tumor size, cm       .891a

Median 2.3 2.5 2.5  
IQR 2.0-3.4 2.0-3.0 2.0-3.0  

Lymph node status       .921
Negative 29 (58.0) 219 (61.9) 41 (59.4)  
Positive 19 (38.0) 135 (38.1) 28 (40.6)  
Unknown 2 (4.0) 0 (0) 0 (0)  

Tumor grade       .510
1-2 6 (12.0) 67 (18.9) 15 (21.7)  
>2 36 (72.0) 256 (72.3) 49 (71)  
Unknown 8 (16.0) 31 (8.8) 5 (7.2)  

Histology       .173
Invasive carcinoma of no special type 47 (94.0) 311 (87.9) 57 (82.6)  
Other 3 (6.0) 43 (12.1) 12 (17.4)  

Ki-67 index, %       <.001a

Median 60 60 37.5  
IQR 48.8-80.0 30.0-70.0 20.0-62.5  

Necrosis       .233
No 14 (28.0) 155 (43.8) 24 (34.8)  
Yes 17 (34.0) 105 (29.7) 29 (42)  
Unknown 19 (38.0) 94 (26.6) 16 (23.2)  

Fibrosis       .005
No 13 (26.0) 96 (27.1) 15 (21.7)  
Low (score 1-2) 15 (30.0) 136 (38.4) 21 (30.4)  
High (score 3) 3 (6.0) 28 (7.9) 17 (24.6)  
Unknown 19 (38.0) 94 (26.6) 17 (24.6)  

Chemotherapy       <.001
Yes 49 (98.0) 343 (96.9) 55 (79.7)  
No 0 (0.0) 2 (0.6) 8 (11.6)  
Unknown 1 (2.0) 9 (2.5) 6 (8.7)  

Radiotherapy       .015
No 27 (54.0) 249 (70.3) 54 (78.3)  
Yes 23 (46.0) 104 (29.4) 15 (21.7)  

Abbreviations: IQR, interquartile range; TNBC, triple-negative breast cancer.
aIndicates P value was determined using the Kruskal-Wallis test, whereas others were derived using the Pearson chi-square test or Fisher exact test (when the 
Pearson chi-square test was not applicable).
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Figure 2. Transcriptomic characteristics of young and elderly patients with triple-negative breast cancer (TNBC). (A and B) TNBC 
subtypes in each age group. (A) The Fudan University Shanghai Cancer Center TNBC subtypes included: 1) luminal androgen receptor 
(LAR); 2) immunomodulatory (IM); 3) basal-like immune-suppressed (BLIS); and 4) mesenchymal (MES). (B) TNBC subtypes as 
defined by Lehmann et al7 included: 1) LAR; 2) IM; 3) basal-like 1 (BL1); 4) basal-like 2 (BL2); 5) mesenchymal (M); 6) mesenchymal 
stem-like (MSL); and 7) an unstable group (UNS). (C) Enriched gene sets in young and elderly patients with TNBC. Gene sets that 
were upregulated in (Left) young TNBC patients and (Right) elderly TNBC patients were evaluated. The top 100 significant gene sets 
in each test were reviewed manually, in which recurrently altered gene set classifications were highlighted using different colors and 
representative gene sets were annotated further in the figure. (D) Heatmap according to gene set variation analysis (GSVA) scores 
of the gene sets highlighted in panel C. Pairwise comparisons regarding messenger RNA (mRNA) subtypes were performed using 
Bonferroni correction. *P < .05; **P < .01; ***P < .001; not significant (ns) P > .05.
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5.7% vs 14.3%). Similar trends could be observed in the 
METABRIC database (Fig. 3B).

To further investigate the potential impact of the 
somatic mutation profile on the clinical management of 
different TNBC age groups, we next focused on the targ-
etable and/or potentially targetable mutations recorded in 
the OncoKB database. Elderly patients with TNBC more 
frequently were found to harbor at least 1 targetable and/
or potentially targetable mutation (59.5% vs 28.8% vs 
8% [P < .001]) (Fig. 3C).

Despite the above mentioned discrepancies regard-
ing specific mutated genes, TNBCs occurring among 
patients of different age groups had comparable somatic 
mutation loads (median somatic mutation load: 82.0 vs 
71.5 vs 73.5 [P  =  .668]) (see Supporting Table 6). To 
gain further insight into the underlying mechanism of 
mutation generation, we analyzed the mutation subtypes, 

which have been defined in our previous publication,18 
among different age groups. We found that patients with 
the homologous recombination deficiency (HRD) sub-
type were the predominant group among both the young 
and intermediate-aged patients with TNBC, but not in 
the elderly patients (HRD subtype percentage: 59.1% vs 
49.7% vs 15.4%) (Fig. 4A). Conversely, the elderly pa-
tients with TNBC had a higher percentage of clock-like 
tumors (clock-like subtype percentage: 18.2% vs 20.1% 
vs 43.6%) (Fig. 4A). Investigation regarding specific  
mutational signatures validated these findings, in which 
elderly patients with TNBC demonstrated higher weights 
for clock-like signatures (median weight of signature 
1 plus signature 5: 0.094 vs 0.118 vs 0.396; elderly vs 
young patients: P  =  .013 and elderly vs intermediate  
patients: P = .007) (Fig. 4B), and lower weights for HRD 
signatures (median weight of signature 3 plus signature 8: 

Figure 3. Somatic mutation profile in each age group of patients with triple-negative breast cancer (TNBC). (A) Somatic mutation 
profile of patients with TNBC diagnosed at different ages. Known cancer-related genes that were found to be mutated in at least 5% 
of patients in at least 1 age group were listed. (B) Differentially distributed mutation classifications among age groups in (Left) the 
Fudan University Shanghai Cancer Center (FUSCC) TNBC cohort and (Right) the Molecular Taxonomy of Breast Cancer International 
Consortium (METABRIC) cohort. (C) Actionable and/or potentially targetable somatic mutations among age groups. *P  <  .05; 
**P < .01; ***P < .001; # borderline with a P = .054; † borderline with a P = .071; not significant (ns) (P > .05). Pairwise comparisons 
regarding the percentage of cases with targetable mutations were performed using Bonferroni correction.
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0.556 vs 0.503 vs 0.118; elderly vs young: P = .004 and 
elderly vs intermediate: P < .001) (Fig. 4B).

Pathogenic germline variants in BRCA1, BRCA2, 
and other cancer susceptibility genes have been found 
to be related to the HRD subtype, and potentially in-
dicate sensitivity to platinum-based chemotherapy and 
poly (adenosine diphosphate ribose) polymerase (PARP) 

inhibitors. We found that young patients with TNBC 
were more likely to harbor known pathogenic germline 
variants and likely pathogenic germline variants identi-
fied by Characterization of Germline Variants27 (34.4% 
vs 15.8% vs 4.3%; young vs intermediate: P = .031 and 
young vs elderly: P = .004) (Fig. 4C). The BRCA1 mu-
tation demonstrated the most significant difference be-
tween the age groups (young vs intermediate vs elderly: 
28.0% vs 7.6% vs 0.0% [P = .002]) (Fig. 4C), although 
the RAD51D mutation, which has been reported to be 
enriched in East Asian patients with breast cancer,28 
demonstrated a similar frequency among different age 
groups (3.2% vs 2.6% vs 2.2% [P = .839]). Furthermore, 
germline variants found in young patients were more 
likely to demonstrate biallelic inactivation in the corre-
sponding tumor samples (see Supporting Table 7).

Somatic CNAs According to Patient Age
We first investigated the CNA loads between different 
age groups, and found that TNBCs among different 
age groups were similar with regard to the fraction of 
genome altered and CNA-derived HRD parameters, 
with the exception that young patients with TNBC had 
a higher level of large-scale state transitions compared 
with elderly patients with TNBC (adjusted P =  .043) 
(see Supporting Fig. 2A-E). CNAs have been proven 
to have a significant impact on gene expression in pa-
tients with breast cancer. To search for more potential 
“driver” events in different age groups, we examined 
CNAs in TNBCs occurring among different age groups 
using focal amplification and deletion peaks identified 
by Geographic Information System (GIS) Technology 
Innovation Center (GISTIC).

Figure 4. Somatic mutational signatures and pathogenic 
germline variants in each age group of patients with triple-
negative breast cancer. (A) Mutational signature-based 
subgroups among different age groups. The upper part of the 
panel shows the somatic mutation load in each case denoted 
by bar plots; middle, known cancer-related genes mutated in 
at least 5% of patients in at least 1 age group; lower, weights 
of different mutational signatures. (B) Differentially distributed 
mutational signatures among age groups. (Left) Aging 
signature weights (Catalogue of Somatic Mutations in Cancer 
[COSMIC] mutational signature 1+ to COSMIC mutational 
signature 5). (Right) Homologous recombination deficiency 
(HRD) signature weights (COSMIC mutational signature 3+ to 
COSMIC mutational signature 8). (C) Pathogenic and/or likely 
pathogenic germline variants among different age groups. 
Pairwise comparisons were performed using either (A and C) 
Bonferroni correction or (B) the Nemenyi post hoc test. *P < .05; 
**P < .01; ***P < .001; † borderline with a P value between .05 
and .07, not significant (ns) (P > .05). APOBEC, apolipoprotein 
B mRNA editing enzyme, catalytic polypeptide-like.

astolier
Highlight



Original Article

3216 Cancer  July 15, 2020

With regard to amplifications, we observed that the 
Chr1p34 amplification was the only peak enriched in 
young patients with TNBC (26.6% vs 10.2% vs 16.1% 
[P  =  .016]) (see Supporting Fig. 2F) (see Supporting 
Table 8). The “peak” region of Chr1p34 contained 
5 genes: PTPRF, ST3GAL3, ARTN, KDM4A, and 
LOC100132774, of which ARTN and KDM4A have been 
reported to be “drivers” in breast cancer.

Copy number deletion at Chr1p36, Chr4p14, 
Chr5q21, Chr10q23, and Chr15q13 was found to be 
significantly enriched in young patients (P  <  .05) (see 
Supporting Fig. 2F) (see Supporting Table 9). With the 
exception of Chr10q23, which had PTEN in the “peak” 
region, we noted that Chr15q13 loss or deletion might 
affect the FAN1 gene in the “peak” region, which has been 
reported to be involved in DNA double-strand break  
repair. No GISTIC peak was found to be enriched in  
elderly patients with TNBC.

DISCUSSION
The results of the current study confirmed that TNBCs 
arising among young compared with elderly patients 
can be quite different entities. Young patients with 
TNBC were characterized by a higher incidence of 
early metastasis or disease recurrence, upregulated 
DNA repair, cell cycle and RNA metabolism gene sets, 
frequent pathogenic germline variants, a HRD-related 
mutational signature, and several focal CNAs. TNBCs 
in elderly patients were associated with the LAR sub-
type; severe fibrosis; a lower Ki-67 index; and somatic 
mutations in PIK3CA, KMT2D, ERBB2, ERBB3, and 
their corresponding pathways, as well as more frequent 
actionable mutations.

The prognostic effect of age at diagnosis in TNBC 
has been controversial. In the current study, a younger age 
at the time of diagnosis, although not necessarily lead-
ing to worse RFS in the long term, was significantly cor-
related with more early disease recurrence and metastasis 
in patients with TNBC. This might be explained by the 
upregulated cell cycle gene set analysis, because activated 
cell cycle and proliferation can give rise to the early recur-
rence of breast cancer.29 We confirmed the relationship 
between unfavorable short-term prognosis and younger 
age in patients with TNBC using the SEER database. 
Furthermore, using this large cohort, we also found that 
both young and elderly patients with TNBC demon-
strated inferior BCSS compared with intermediate-aged 
patients, and this result emphasized the significance of 
our efforts in trying to provide further insight into TNBC 
occurring in young and elderly patients. Other studies 

have found that when restricted to ER-negative or TNBC 
populations, elderly patients have an outcome that is 
much worse than that of others, which is different from 
our observation.13 An important source of this discrep-
ancy was that we only included patients aged <85 years. 
Our consideration was that the dismal BCSS of very old 
patients could have been caused by the underuse of cura-
tive treatment in these individuals,30,31 which would not 
reliably reflect the biological behavior of the disease itself.

Although higher androgen receptor expression in 
postmenopausal women with TNBC has been reported 
in former studies, it still is impressive that nearly one-
half of the elderly patients with TNBC in the current 
study were classified as having the LAR subtype. Studies 
have reported different response rates to neoadjuvant 
chemotherapy among patients with different TNBC 
subtypes, with lower response rates noted among those 
with the LAR subtype.32 Furthermore, the Ki-67 index 
was found to be significantly lower in the elderly pa-
tient group.33 It also has been reported that severe fibro-
sis in patients with breast cancer is associated with less 
response to chemotherapy, which might be the result 
of the poorer penetration of chemotherapeutic agents. 
All of these findings justified the more prudent use of 
chemotherapy in elderly patients with TNBC. Other 
therapeutic strategies, such as antiandrogen therapy tar-
geting LAR tumors, should be considered in this age 
group.34

We further searched for potential drivers and ther-
apeutic targets specific to elderly patients with TNBC 
using our genomic data. A significantly higher mutation 
prevalence of PIK3CA, KMT2D, ERBB2, and ERBB3 was 
observed in elderly patients, and similar patterns could 
be observed in their corresponding pathways. It is im-
portant to note that approximately 59.5% of the elderly 
patients with TNBC harbored at least 1 actionable mu-
tation. These results suggested that elderly patients with 
TNBC, rather than individuals of young or intermediate 
age, had a distinct pattern of oncogenic genomic alter-
ation that can be easily captured by exome sequencing 
and even targeted sequencing. Taken together, although 
both clinical and molecular evidence demonstrated that 
elderly patients with TNBC might be less responsive to 
conventional chemotherapy, they might benefit from 
antiandrogen therapy and more personalized regimens 
based on actionable mutations.

Mutational signatures are genomic footprints that 
demonstrate the diversity of mutational progress, thereby 
suggesting cancer etiologies and underlying biological 
characteristics. In the current study, approximately 59% 
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of the young patients with TNBC were identified as hav-
ing the HRD mutation subtype, whereas only 15% of 
the elderly patients with TNBC were classified into this 
group. Conversely, there was a preponderance of clock-like 
signatures among the elderly patients with TNBC. One 
interesting hypothesis is that young and elderly patients 
with TNBC might have experienced different evolution-
ary processes. Although mutations in elderly patients with 
TNBC may have undergone long-term selection and fil-
tering, a significant number of the mutations observed in 
the young patients with TNBC simply might be the con-
sequence of HRD. This hypothesis is consistent with the 
observation that TNBC among the elderly patients was 
associated with more known oncogenic mutations despite 
their similar mutation rate. Another interesting result is 
that in the current study cohort, approximately 34.4% of 
the young patients with TNBC had at least 1 pathogenic 
and/or likely pathogenic germline variant. Genetic coun-
seling can be useful for young patients with TNBC rather 
than patients of other age groups. Pathogenic BRCA1 and 
BRCA2 variants have been related to the early onset of 
TNBC, as well as long-term sensitivity to platinum-based 
chemotherapy and PARP inhibitors.35 The clinical signif-
icance of pathogenic variants in other genes and the HRD 
signatures deserves further study.

TNBC is a C-class tumor with prominent CNAs.25,36 
We observed several CNAs that were differentially distrib-
uted among age groups, including Chr1p34 amplification 
(ARTN and KDM4A) and Chr10q23 deletion (PTEN). 
We also identified that the Chr15q13 deletion, with FAN1 
in the peak, was enriched in young patients with TNBC. 
Because FAN1 encodes an important DNA repair nucle-
ase named FANCD2 and FANCI-associated nuclease 1, 
this recurrent alteration might have helped in promoting 
HRD in young patients with TNBC. It is interesting to 
note that although we have observed a clear association 
between age at diagnosis and HRD mutational signature 
in patients with TNBC, CNA-derived HRD parameters 
demonstrated little difference between these age groups. 
These “BRCAness” parameters should be used with cau-
tion until more definitive evidence has been obtained.

The current study has limitations. First, the age-spe-
cific clinical and molecular features found in this study 
were based on a retrospectively collected cohort. Second, 
although to our knowledge the current study cohort is 
the largest single-center, multiomic cohort of patients 
with TNBC presented to date, it was not large enough 
to achieve satisfying statistical power when investigating 
infrequent genomic events in specific age groups. Further 
validation in a prospective cohort with a larger sample size 

and higher statistical power will be useful. Specifically, 
these potential strategies require clinical validation before 
they can be used for the clinical management of patients 
with TNBC. Nevertheless, the results of the current study 
provide a clearer portrait of the heterogeneity of TNBC, 
and help to refine precision medicine for its treatment.
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