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Abstract

Introduction: The prognostic capability of targeted sequencing of primary tu-
mors in patients with estrogen receptor-positive, human epidermal growth fac-
tor receptor-2-negative early-stage invasive breast cancer (EBC) in a real-world
setting is uncertain. Therefore, we aimed to determine the correlation between
a 22-gene mutational profile and long-term survival outcomes in patients with
ER+/ERBB2- EBC.

Patients and Methods: A total of 73 women diagnosed with ER+/ERBB2- EBC
between January 10, 2004, and June 2, 2008, were followed up until December
31, 2022. Univariate and multivariate Cox models were constructed to plot the
relapse-free survival (RFS) and overall survival (OS). The log-rank test derived
p-value was obtained. For external validation, we performed a survival analysis
of 1163 comparable patients retrieved from the Molecular Taxonomy of Breast
Cancer International Consortium (METABRIC) dataset.

Results: At follow-up, 16 (21.9%) patients had relapsed, while 21 (nearly 29%)
harbored mutant genes. Thirty-three missense mutations were detected in 14
genes. The median ages were 51 and 46years in patients with and without mu-
tations, respectively. Patients with any mutation had a 1.85-fold higher risk of
relapse (hazard ratio [HR]: 1.85, 95% confidence interval [CI]: 0.60-5.69) com-
pared to those without any mutation. Patients who harbored any of the six genes
(MAP2K4, FGFR3, APC, KIT, RB1, and PTEN) had a nearly 6-fold increase in the
risk of relapse (HR: 5.82, 95% CI: 1.31-18.56; p=0.0069). Multivariate Cox models
revealed that the adjusted HR for RFS and OS were 6.67 (95% CI: 1.32-27.57) and
8.31 (p=0.0443), respectively. METABRIC analysis also demonstrated a trend to
significantly worse RFS (p=0.0576) in the subcohort grouped by having a muta-
tion in any of the six genes.
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1 | INTRODUCTION

If current trends persist, the global burden of breast can-
cer is expected to increase, with the annual incidence
of newly diagnosed patients projected to reach approxi-
mately 3.2 million worldwide by 2040." This anticipated
40% increase in incidence holds true across nations re-
gardless of their Human Development Index.! Among
the various subtypes of early-stage invasive breast cancer
(EBC), estrogen receptor-positive, ERBB2-negative (ER+/
ERBB2-) breast cancer accounts for approximately 60%
of cases.” Unlike other breast cancer subtypes, such as
triple-negative and HER2-enriched breast cancer, which
commonly relapse within the first few years of follow-up,
ER-+/ERBB2- invasive breast cancer often presents with
a late recurrence, manifesting 5-10years or longer after
primary treatment.’

The prediction of late recurrence is based on specific
clinicopathological characteristics including tumor size,
lymph node involvement, tumor grade, and the level of
Ki-67 proliferation.4 However, a recent study aimed to
identify the significant prognostic factors of luminal B-
like/ERBB2-negative EBC in women reported that tradi-
tional clinicopathological factors such as age, menopausal
status, tumor size, progesterone receptor status, overall
histological grade, and Ki-67 index were not significantly
associated with subsequent relapse.’

Over the past two decades, the number of studies uti-
lizing genomic information, such as somatic mutational
profiles, for prognostication in breast cancer has in-
creased significantly. Leveraging targeted sequencing of
primary breast carcinoma to optimize prognostication
in early breast cancer, by adding molecular mutational
profiles to the current clinicopathological determinants,
is a prominent area of ongoing research. For example,
three recently published studies collectively emphasize
the importance of integrating molecular mutational
profiles with existing clinicopathological determinants
to improve prognostication in early breast cancer.”® In
these studies, key genomic alterations such as PIK3CA,
TP53, FGFR1, and MAP3K1 mutations play significant
roles in predicting disease outcomes and guiding treat-
ment decisions.

Conclusions: Our single-institution tissue bank study of Taiwanese women with
ER-+/ERBB2- EBC suggests that a novel combination of six gene mutations might
have prognostic capability for survival outcomes.

ER+/HER2-, multigene mutational panel, prognostication, relapse-free survival, targeted

However, gene expression assays are not yet widely
adopted for prognostication purposes in patients with
ER+/ERBB2- EBC. Thus, the potential of multigene mu-
tational panel testing to analyze specific cancer-related
gene hotspots using next-generation sequencing (NGS) for
prognostication in this group remains largely unexplored.
In addition, whether the somatic mutational profile of pri-
mary breast cancer impacts the prognosis of patients with
ER+/ERBB2- EBC remains unknown.

The emergence of efficient and cost-effective sequenc-
ing technology offers an opportunity to assess specimens
stored in tissue banks using multigene panel NGS, even
decades after the initial diagnosis. Consequently, this
study aimed to assess the prognostic value of a 22-gene
mutational profile obtained via targeted sequencing of
primary breast cancer specimens from patients with ER+/
ERBB2- EBC archived in the tissue bank under an ex-
tended follow-up.

2 | MATERIALS AND METHODS
This cross-platform study involved the diagnosis, treat-
ment, and follow-up of accrued patients, tissue bank
specimen procurement and storage, NGS, and cBio-
Portal dataset analysis. This study was approved by the
Institutional Review Boards (IRBs) of MacKay Memorial
Hospital (12MMHIS121) and Academia Sinica (AS-
IRB02-102086). All patients provided informed consent
for using their data and samples in research.

2.1 | Patient population and tissue bank

Between January 10, 2004, and June 2, 2008, 73 con-
secutive women with ER+/ERBB2- nonmetastatic EBC
provided their primary tumor specimens to the MacKay
Memorial Hospital Tissue Bank. We restaged the tu-
mors according to the Union for International Cancer
Control/American Joint Committee on Cancer (AJCC)
7th edition after its release in late 2011. Patients were
treated according to the Clinical Practice Guidelines
(CPG) and conformed to the National Comprehensive
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Cancer Network CPG. After obtaining IRB approval, tis-
sue samples were retrieved from the tissue bank for NGS
analysis.

2.2 | NGS methodology

We previously’ described the method for NGS. Briefly,
specific genomic DNA regions were enriched using a
microdroplet-based technique via a hotspot cancer panel
(RainDance Technologies). A proprietary pipeline was
used to design the primer library for this study. The func-
tional point mutations included 54 missense mutations
in 22 cancer-related genes (Table S1). This library, when
merged dropwise with sheared genomic DNA samples
on the RainDance ThunderStorm™ Panel, resulted in a
microdroplet-based polymerase chain reaction on these
genes, targeting over 13,000 known mutations from
the Catalog of Somatic Mutations in Cancer database.
The enriched samples were subsequently sequenced on
the MiSeq platform using Illumina, producing 250-bp
paired-end reads. The raw data were deposited under
the BioProject ID PRINA758602 in the National Center
for Biotechnology Information Sequence Read Archive.
Alignment of the reads against the University of California
Santa Cruz Hgl9 human reference genome was accom-
plished using BWA version 7.5a, enabling the identifica-
tion of SNPs and indels. Variant annotation was obtained
by combining the outputs from GATK software (v2.7-2)
and SAMtools (v0.1.19) with the ANNOVAR package.
The average sequencing depth was 5222-fold, ranging
from 2900 to 8633-fold.

For a deeper understanding of gene functionality, we
used the Ingenuity Pathway Analysis tool from QIAGEN.
Further, we validated the results using Sanger sequencing
on a 3500xL DX Genetic Analyzer (Life Technologies Co.)
to ensure the accuracy of our findings, especially concern-
ing APC mutations.

2.3 | Patient-level data extraction

Patient demographic data, including date of birth, men-
opausal status, date of diagnosis, 7th edition AJCC stage,
date of last follow-up, relapse, and death from cancer
specific or other causes, were extracted. The treatment
details included primary-site surgery, adjuvant endo-
crine therapy, radiotherapy, and adjuvant chemother-
apy. Pathological details, including histotypes (invasive
carcinoma of no special type (ductal), invasive lobular
carcinoma, and mucinous carcinoma), overall tumor
grade, tumor size, nodal involvement, and tumors,
were retrospectively assigned to either luminal A- or
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B-like and luminal B-like subtypes using tumor grade,
ER, PgR, HER2 immunohistochemistry, or fluorescent
in situ hybridization. In 2004 and 2008, the Ki-67 index
was not standardized at our institution, thus, the mul-
tigene Oncotype Dx testing was not applicable for this
cohort of patients.

2.4 | Selection of Six Candidate Genes for
Exploratory Analysis

We selected three oncogenes (MAP2K4, FGFR3, KIT)
and three tumor suppressor genes (APC, retinoblastoma
tumor suppressor gene (RB1, PTEN) based on their in-
volvement in the phosphatidylinositol-3-kinase (PI3K)
pathway or their significance in univariate survival anal-
ysis (Table S2; Figure S3). The ultimate selection of the
candidate genes was based on their involvement in sign-
aling pathways such as PI3K, MAPK, RTK-RAS, WNT,
DNA damage response and repair, and cell cycle regula-
tion. Although the individual effects of these genes were
not statistically significant for prognostication, when
considered together in an integrated manner, MAP2K4
and FGFR3 may serve as pivotal points connecting the
PI3K signaling pathway with other pathways critical
for the proliferation and survival of ER+ breast cancer
tumors.'® Variant calling and its allele frequency of the
six select genes of the primary tumors are presented in
Table S4. We employed NGS to identify and analyze so-
matic mutations in six genes critically linked to cancer
development within primary tumors. To ensure the va-
lidity of our findings, benign variants were excluded by
comparing their frequencies with data from the Taiwan
Biobank and The Cancer Genome Atlas database. This
comparison focused on validating high-frequency loss-
of-function mutations. Our comprehensive analysis
strategy accurately reflects the functional impacts of
these mutations, emphasizing their significant roles in
cancer pathogenesis. In addition, a filtering threshold of
1% was applied. Our lockdown data and statistical mod-
eling were based on the filtered NGS results.

2.5 | Validation of the select six mutated
genes in the METABRIC dataset

We retrieved the mutational profiles of 1163 women with
ER+/ERBB2- EBC from the Molecular Taxonomy of Breast
Cancer International Consortium (METABRIC) dataset!!
using the cBioPortal platform for Cancer Genomics.'* The
METABRIC trial collected patient characteristics, breast
tumor expression data, CNV profiles, and SNP geno-
types. The patient selection criteria were similar to those
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of our cohort. Relapse-free survival (RFS) was compared
between patients in the altered and unaltered groups
using the log-rank test. Survival analysis was performed
using the ER+/HER2-negative EBC data retrieved from
the METABRIC dataset. The RFS curves for 320 months
(26.7years) were plotted.

2.6 | Statistics and software

The patients were divided into two subcohorts accord-
ing to the mutation detected. Univariate and multi-
variate Cox proportional hazard model-derived hazard
ratios (HRs) with the corresponding 95% confidence in-
tervals (CIs) were calculated to compare the RFS and
overall survival (OS) rates. The Nelson-Aalen cumula-
tive hazard was used to compare the cumulative relapse
rate between the two groups. Taking all considerations
with a two-sided 5% type I error, the sample size of 73
patients will have 93.7% power to detect an effect size
by the hazard ratio rate of 4.0 for a two-sample com-
parison of survival functions by the select six-gene
signature. Statistical analyses were performed using
GraphPad Prism software version 10.0.2 (GraphPad
Software, La Jolla, CA, USA). The STATA 18 software
(StataCorp 2023, Stata Statistical Software: Release 18,
College Station, TX: StataCorp LLC) was used to plot
the Nelson-Aalen cumulative hazards. Descriptive sta-
tistics of clinical and pathological variables are reported
using frequencies for categorical variables or medians
with minimum/maximum frequencies for continu-
ous variables. Group-wise comparisons of categorical
data were evaluated using the chi-squared test with
two-tailed p-values generated using Fisher's exact test.
Unpaired t-tests and Mann-Whitney U-tests were used
to analyze the intergroup differences between age sub-
groups and follow-up times. A p-value <0.05 was con-
sidered statistically significant. For univariate survival
analysis, Kaplan-Meier survival curves for OS and RFS
were plotted and compared using the log-rank test with
reported p-values. Patients without endpoint events at
the last follow-up visit were censored. In the unadjusted
baseline setting, the assumption of proportional hazards
was validated using the Schoenfeld residual plot and
the log-minus-log survival plot (Figure S1). For multi-
variate prognosis, multiple Cox proportional hazards re-
gression models were constructed based on the clinical
and molecular variables identified as being significantly
associated with survival in the univariate analysis. The
corresponding effects of multivariate adjustments for
clinical variables on the HRs, 95% CIs, and p-values
of the baseline model of the six genes were evaluated.
The Bonferroni correction was applied for multiple

comparisons of RFSs in patient subgroups with or with-
out a mutated gene of interest (Table S6).

3 | RESULTS

In total, 73 women were diagnosed with ER+/ERBB2- EBC
between January 10, 2004, and June 2, 2008, and followed
up prospectively until December 31, 2022. The longest
follow-up reached 18.8years (median=163.2months),
during which 16 patients relapsed. Twenty-one of the 73
(28.8%) patients had tumors with at least one mutation. A
total of 33 missense mutations were detected in 14 genes.
ESR1 mutations were not assessed in the 22-gene panel
because resistance to aromatase inhibitors in an adjuvant
setting was not considered. Patients were grouped ac-
cording to whether their primary breast tumor harbored
a mutation in any of the 14 genes or not (n=21; n=52,
respectively) (Table 1). The median age was 48years; the
youngest patient was aged 29years old, while the oldest
patient was aged 84 years old. Premenopausal, perimeno-
pausal, and postmenopausal women accounted for 34%,
29%, and 37% of the cohort, respectively. Invasive lobular
and mucinous carcinomas accounted for 7% and 4% of the
cohort, respectively; other patients had invasive carcino-
mas of no special type. According to stage distribution,
34% of the patients had stage I, 51% had stage 2, and 15%
had stage III tumors. Approximately 18% of the tumors
that demonstrated grade III characteristics or PgR nega-
tivity were classified as luminal B-like tumors."® Figure S2
shows the distribution of the mutated genes according to
the number of somatic mutations in one specimen and
each gene of interest. One patient harbored four syn-
chronous mutations: PIK3CA, TP53, RB1, and KIT. One
patient had three mutations: PIK3CA, TP53, and MSH2.
Seven patients had two mutations, while 12 patients had
only one mutation.

The RFS for the entire cohort was 142months (95%
CI: 84.0-182.0months). Patients with any mutation
in the 14 genes had a nonsignificant 73% increase in
the HR (1.73, 95% CI: 0.56—5.29, Log-rank p=0.2829)
with a numerically worse RFS of 106 months (95% CI:
59.0—182.0 months) compared to those without any mu-
tation (RFS: 151.5months, 95% CI: 83.0—190.0 months)
(Figure 1 and Table 1). When grouped by mutation in
any of the six genes, FGFR3, RBI, APC, KIT, PTEN,
and MAP2K4, the unadjusted HR was 5.82 (95% CL
1.31—18.56) with a p=0.0069 (Table 2). The median PFS
durations were 40.0 months for women with mutations in
any of the six genes and 157.0 months for women who did
not have mutations in any of the six genes (Table 2). The
Nelson-Aalen cumulative hazard for relapse between the
groups with or without mutations in any of the six genes is
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TABLE 1 Demographic data distribution and prospective survival outcomes of the cohort of women with estrogen receptor-positive,

human epidermal growth factor receptor-2-negative early-stage invasive breast cancer whose primary tumors were examined by targeted

sequencing for mutations.

Entire
cohort Patients without Patients with any mutation
(n=73) mutation (n=>52) (n=21) p-Value
Age, median (min-max) 48 (29-84) 46 (29-78) 51 (36-84) 0.0444
Menopausal state 0.1057
Pre-menopausal 25 (34%) 21 (40%) 4(19%)
Peri-menopausal 21 (29%) 15 (29%) 6 (29%)
Post-menopausal 27 (37%) 16 (31%) 11 (52%)
Histotype 0.4248
Invasive carcinoma of no special type 65 (89%) 45 (87%) 20 (95%)
(ductal)
Lobular carcinoma 5(7%) 5(10%) 0(0%)
Mucinous 3 (4%) 2 (4%) 1(5%)
Tumor grade, overall 0.3585
Grade I 16 (22%) 13 (25%) 3 (14%)
Grade II 48 (70%) 34 (65%) 17 (81%)
Grade III 3 (4%) 2 (4%) 1(5%)
Missing 3 (4%) 3(6%) 0 (0%)
Stage by AJCC ver. 7th 0.0268
Stage I 25 (34%) 22 (42%) 3 (14%)
Stage I 37 (51%) 25 (48%) 12 (57%)
Stage I11 11 (15%) 5(10%) 6 (29%)
Luminal A-like or B-like* 60 (82%) 43 (83%) 17 (81%) p>0.9999
Luminal B-like* 13 (18%) 9 (17%) 4 (19%)
Follow-up time, median (min, max) 163.2 (3.8, 178.4 (6.0, 225.9) 152.4 (3.8, 219.0) 0.1269
225.9)
Relapse-free survival (mo.), median (95% 142.0 151.5 (83.0-190.0) 106.0 (59.0-182.0) 0.2829
(el (84.0-182.0)
Overall survival (mo.), median (95% CI) 163.0 178.5 (121.0-195.0) 152.0 (60.0-189.0) 0.8436

(106.0-190.0)

Categorizing luminal type into A-like or B-like was due to a lack of Ki-67 index data in the cohort initially diagnosed between January 10, 2004, and June 28,

2008.

Abbreviations: AJCC, American Joint Commission of Cancer; CI, confidence interval; mo., months.

presented in Figure 2B. The adjusted HR was 6.67 (95% CI:
1.32-27.57; p=0.0111) when the multivariate Cox model
was adjusted for age, menopausal state, histotype, tumor
grade, overall stage, and the retrospective intrinsic sub-
type approximation.

The OS of the entire cohort was 163.0months (95%
CI: 106.0-190.0months). Patients with tumors harbor-
ing any of the somatic mutations had numerically worse
OS than patients with wild-type tumors (152.0 months
[95% CI: 60.0-189.0months] vs. 178.5months [95% CI:
121.0-195.0months]) (Table 1). However, patients with
any mutation in the highlighted six genes harbored a 9-
fold increased risk of death with an unadjusted HR of 9.07
(95% CI: 1.29—42.70; p=0.0090) (Table 2). Multivariate

Cox model 2 showed an adjusted HR of 8.31 (p=0.0443)
(Table 2).

PIK3CA mutation was the most common somatic mu-
tation in the entire cohort, accounting for approximately
20% (12/73) of all cases (Figure 2). However, this gene did
not show prognostic capability. Nevertheless, the RBI mu-
tation had a detrimental effect on both RFS and OS, as
shown in Figure S3A,B. Moreover, patients with APC mu-
tation had a much poorer RFS of 39.69 months, with an
adjusted HR of 40.60 (95% CI: 1.52-1.105; p=0.0114) than
patients without APC mutation (Table S3 and Figure S3E).

In the METABRIC dataset, a total of 1163 patients had
ER+/ERBB2- EBC. Among them, 195 (16.8%) patients
had primary tumors with at least one mutation in the six
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(A)
Any one of the 14 mutations detected in 21 patients
100_5 —— Negative (n=52)
] —— Positive (n=21)
g
3 ]
E 50—:
=3
7] b
1 Log-rank HR=1.73
1 P=0.2829 95% Cl = 0.56-5.29
0 T T T T 1
0 50 100 150 200 250
Relapse-free survival (months)
(B) Grouped by mutation in any of the six genes (1) or not (0)
1.00
2
% 0.80 HR=5.82; 95% Cl= 1.31-18.56; p=0.0069
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3
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o
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Months
Number at risk
60 41 34 15 0
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FIGURE 1 Comparison of relapse-free survival (RFS) between
the two subcohorts of women with ER+/ERBB2- early-stage
invasive breast cancer grouped based on the presence of specific
mutation(s) in genes of interest. (A) Patients with tumors harboring
any of the 14 mutations (n=21) had a nonsignificant 73% increased
risk of relapse. (B) Patients with tumors harboring any mutation in
the six genes (MAP2K4, FGFR3, APC, KIT, RBI, and PTEN) (n=7)
had a 5.8-fold increased risk of relapse compared with those who
did not have mutations in the six genes (n=66). The graph was
derived from the Nelson-Aalen cumulative hazard function.

genes. The frequencies and types of genetic alterations
in these six genes were MAP2K4 (4% mutation), FGFR3
(0.5% copy number amplification), APC (2.1% mutation),
KIT (0.3% copy number amplification), RBI (1.7% muta-
tion), and PTEN (4.3% mutation). Patients in the altered
group had a much worse RFS (168.23 months, 95% CI:
143.90—not reached) than those in the unaltered group
(252.27months, 95% CI: 208.97—not reached) with a
trend to significance (p-value=0.0576) (Figure 3).

4 | DISCUSSION

This study addresses the imperative need for improved
prognosis in patients with ER+/ERBB2- EBC. Despite sig-
nificant advancements in breast cancer research, the abil-
ity to predict survival outcomes accurately using clinically
available targeted sequencing of primary tissues in real-
world settings remains a subject of ongoing investigation.
In this context, our study sought to investigate the prog-
nostication capability of a 22-gene mutational profile ob-
tained through targeted sequencing in women with ER+/
ERBB2- EBC, whose primary breast cancer specimens
were retrievable from a tissue bank. Our findings shed
light on the potential effect of specific gene mutations on
the long-term prognosis of these patients.

Our study reveals critical insights into the potential role
of specific gene mutations in predicting long-term out-
comes for patients with ER+/ERBB2- EBC. Notably, we
identified six specific gene mutations, namely MAP2K4,
FGFR3, APC, KIT, RB1, and PTEN, which were strongly
associated with a significantly higher risk of relapse and
poorer overall survival. The HRs for RFS and OS associated

TABLE 2 Multivariate Cox proportional hazard model-derived hazard ratio and 95% confidence interval (CI) comparing the relapse-free

survival and overall survival in women whose primary breast cancer harbored mutations in any of the six genes (FGFR3, RBI1, APC, KIT,

PTEN, and MAP2K4) compared with patients who did not harbor mutations in any of those genes.

ANY MUTATION months, NO MUTATION months,
median median Hazard Ratio 95% CI p Value
Relapse-Free Survival
Univariate 40.0 157.0 5.82 1.31-18.56 0.0069
Model 1 5.60 1.21-19.30 0.0118
Model 2 6.67 1.32-27.57 0.0111
Overall Survival
Univariate 42.0 176.0 9.07 1.29-42.70 0.0090
Model 1 9.95 1.17-68.53 0.0200
Model 2 8.31 0.90-277? 0.0443

Model 1, Multivariate adjustment for age and stage, as seen in Table 1. Model 2, multivariate adjustment for age, menopausal status, histotype, tumor grade,

stage by AJCC, and intrinsic subtype approximation.

777 means the upper limit of the 95% CI cannot be calculated.
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with these mutations surpassed those previously reported
for this breast cancer subtype, suggesting the substantial
prognostic capability of this six-gene panel. Moreover,

(A)
100 —— PIK3CA mutation
Negative (n=61)
9 —— Positive(n=12)
5
s 50
=
7]
P =0.3622
0 1 1 I I 1 1
0 50 100 150 200 250
Relapse-free survival (months)
(B)
100 -’m —— PIK3CA mutation
Negative (n=61)
9 —— Positive(n=12)
T
S 50-:
=
(7]
P =0.8786
o

1 1 1 I 1
0 50 100 150 200 250

Overall survival (months)
FIGURE 2 Both relapse-free survival (RFS) and overall
survival (OS) based on the presence (n=12) or absence (n=61) of
PIK3CA mutation showed no impact on the prognosis of women

with ER+/ERBB2- early-stage invasive breast cancer. (A) RFS
graph. (B) OS graph.

100%

90%

80%

70%

60%

50%-

Relapse Free

40%-

30%

20%4 Numberof |Number |MedianMonths
° Cases, Total | of Events |Relapse Free (95% Cl)

the median progression-free survival (PFS) was markedly
shortened by 84 months with a trend to statistical signifi-
cance using the survival data of 1163 comparable patients
from the METABRIC database.

However, we did not delve into the mechanistic aspects
of why these specific gene mutations were associated with
significantly poorer long-term outcomes. Nonetheless, in-
sights can be gleaned from basic scientific research which
has provided a plethora of evidence on the mechanistic
possibilities of the adverse impact of these select mutant
genes on patients’ long-term outcomes. Three of the six
genes (MAP2K4, FGFR3, PTEN) have been known to play
a vital role in phosphoinositide 3-kinase/Akt/phospha-
tase and tensin homolog/mammalian target of rapamycin
(PI3K/Akt/PTEN/mTOR) signaling."*'® FGFR3 is report-
edly involved in tamoxifen and fulvestrant resistance."
RBI is a cell cycle regulator, implicated in coordinating
multiple pathways leading to the disease progression of
ER+ breast cancer and is related to the CDK4/6 activity—
RB dependency integrated signature.'” KIT is the master
regulator controlling the switching to a permissible sce-
nario for tumor proliferation.'® Lastly, the APC alteration
causes resistance to doxorubicin when administered in the
neoadjuvant or adjuvant setting.'* Moreover, alterations,
including mutation, in these genes might contribute to
more aggressive disease behavior and reduced survival in
patients with ER+/ERBB2- EBC. In addition, alterations
in MAP2K4, FGFR3, and APC genes have been linked to

Logrank Test P-Value: 0.0576

M Altered group
Control

B Unaltered group
HR: 0.795 (95% Cl: 0.615 - 1.027 )

168.23 (143.90 - NA)
252.27 (208.97 - NA)

Altered group 195
10%
Unaltered group 968
0% T T T T T T
0 20 40 60 80 100 120
Number at risk (n)
Altered group 195 180 156 135 117 103 83
Unaltered group 968 893 795 712 619 529 425

140 160 180 200 220 240 260 280 300 320

Relapse Free Status (Months)

63 46 30 20 13 5 5 1 0 0

346 286 224 150 113 76 36 10 4 1

FIGURE 3 Comparison of relapse-free survival (RFS) between the two groups of women with ER+/ERBB2- early-stage invasive

breast cancer with or without genetic alteration in the six genes (MAP2K4, FGFR3, APC, KIT, RB1, and PTEN). Patient data were from the
METABRIC dataset assessable on the cBioPortal platform. Somatic mutation was the commonly detected genetic alteration. The altered
group comprised 195 patients, while the unaltered group comprised 968 patients. With up to 320 months of follow-up, the altered group had
a numerically poorer median RFS (168.23 months) compared with the unaltered group (257.27 months). The unaltered group has an hazard
ratio of 0.795 (95% CI, 0.615—1.027) with a trend to significance (p-value =0.0576).
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cancer progression and treatment.'**>** These cell-line
studies suggest that these genetic alterations drive more
aggressive disease behavior, contributing to an elevated
risk of relapse and reduced survival.

Our study had several strengths that enhance the sig-
nificance of our findings. First, the extended follow-up
period spanning almost two decades provides a compre-
hensive view of the long-term outcomes of patients with
ER+/ERBB2- EBC, a subgroup known for late recur-
rences. This extended follow-up, in conjunction with tis-
sue bank-derived somatic mutational profiles, contributes
to the uniqueness of our research. Additionally, using
archived primary breast cancer specimens from a tissue
bank enriches the retrospective analysis, making it ambi-
spective by combining both retrospective patient data and
prospective NGS testing results.

Compared with previous studies, our findings in-
dicate a substantial enhancement in the prognostic ca-
pability of specific gene mutations. Notably, the HRs for
RFS and OS associated with these mutations were sig-
nificantly higher than those previously reported.* These
selected somatic mutational sequencing results highlight
the potential add-on benefits of mutational profiling to
conventional prognostic factors in this specific patient
population. In the context of the current literature, the po-
tential of multigene mutational panel testing for prognos-
tic capability in patients with ER +/ERBB2- EBC remains
largely unexplored. Previous studies have predominantly
focused on examining the gene expression profiles to de-
termine breast cancer prognosis.®*° Our research bridges
this gap by applying widely available targeted sequencing
to select cancer-related genes and shows promise in iden-
tifying high-risk patients who may benefit from more in-
tensive surveillance or targeted interventions.

Nevertheless, our study had some limitations. The rel-
atively small sample size may limit the generalizability
of our findings. Additionally, our study only focused on
specific gene mutations. Other genetic alterations such as
copy number variations can also play a significant role in
prognosis. Moreover, selection bias may also be present as
our analysis relied on archived tissue bank specimens de-
spite our consecutive patient approach. Due to the study's
retrospective nature and limited number of patients, the
potential impact on the point estimate of the hazard ratio
from treatment variation and adjuvant drug compliance
issues cannot be fully controlled in the multivariate anal-
yses, even though oncologists achieved consensus on in-
stitutional treatment guidelines. Therefore, large-scale
studies with diverse patient populations are warranted to
validate the prognostic significance of these six gene mu-
tations. In vitro and in vivo experiments are required to
elucidate the mechanistic underpinnings of these muta-
tions in breast cancer prognosis. Exploring the potential

23-25

therapeutic implications of targeting these mutations is a
valuable avenue for future research.

There has been substantial discourse in the literature
on applying genetic mutations, whether germline or so-
matic, to enhance personalized treatment strategies.®*>"
While our study provides novel insights into the genetic
mutations associated with relapse and survival in ER-
positive, ERBB2-negative EBC, translating these findings
into clinical practice is not straightforward. The identifica-
tion of specific gene mutations, such as MAP2K4, FGFR3,
APC, KIT, RB1, and PTEN, which are linked to higher re-
lapse risks and show a trend toward significance in the
large METABRIC cohort, underscores the importance of
further research before these genetic markers can be used
to enhance patient stratification and personalized treat-
ment strategies. By integrating these genetic insights into
routine clinical assessments through targeted or compre-
hensive genome sequencing, oncologists can consider this
novel combination to better identify patients at higher risk
of relapse, thereby optimizing follow-up schedules. This
approach not only aims to improve patient outcomes but
also to refine treatment plans based on individual genetic
profiles, paving the way for more precise and effective
management of breast cancer.

5 | CONCLUSIONS

Our single-institution tissue bank study of Taiwanese
women with ER+/ERBB2- EBC suggests that we should
leverage the mutational profile of the primary tumor for
prognostic capability and discover valid somatic mutation
signatures that can predict long-term outcomes. Our six-
gene hypothesis calls for further investigation to examine
its role in the prognostic capability and the potential im-
pact on long-term outcomes. Meanwhile, identifying these
mutations in clinical practice should allocate more atten-
tion and resources from the care team to refine patient
risk stratification and therapeutic strategies. Targeted se-
quencing of primary tissues in a real-world setting offers
exciting prospects for improving patient care.
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