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Purpose: Human epidermal growth factor receptor 2 (HER2)-low breast cancer, consisted of carcinomas with HER2 protein 1+ or 2+
without gene amplification, has been considered a biologically heterogeneous disease. Limited research separately investigated the
prognostic significance of HER2 2+ without gene amplification, and no evidence can be identified in older patients. In this dedicated
cohort of older patients with HER2-negative and high-risk breast cancer, we analyzed the real-world prognosis after standard adjuvant
chemotherapy, and investigated the associations of survival with HER2 2+ without gene amplification.

Patients and Methods: From January 2016 to December 2021, older patients (=65 years) with breast cancer were reviewed, and
HER2-negative/high-risk disease receiving standard adjuvant chemotherapy was included. HER2-negativity was defined as immuno-
histochemistry (IHC) score 0, 1+ or 2+ without gene amplification by fluorescent in situ hybridization (FISH). Cox proportional
hazards regression analyses were performed to assess the associations of HER2 2+/FISH-negativity with disease-free survival (DFS),
which was estimated by the Kaplan—-Meier method and compared by the Log rank test.

Results: This cohort consisted of 121 consecutive older patients. With a median follow-up of 46 months, 12 patients had a DFS event.
By univariate and multivariate analyses, HER2 2+/FISH-negativity was the only independent predictor for worse DFS (hazard ratio
5.56; P=0.046). Patients with HER2 2+/FISH-negativity had significantly poorer DFS compared with those with HER2 0 or 1+ (Log
rank test, P=0.029). In both hormone receptor (HR)-positive (Log rank test, P=0.052) and HR-negative (Log rank test, P=0.125)
subgroups, HER2 2+/FISH-negativity showed a marginally significant adverse influence on DFS.

Conclusion: In older patients with HER2-negative/high-risk breast cancer undergoing standard adjuvant chemotherapy, our findings
suggest that HER2 2+/FISH-negativity has an independent negative impact on prognosis.
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Introduction
Breast cancer is the most common cancer type and the leading cause of cancer death among females worldwide.' Ageing
is a predominant risk factor for female breast cancer in terms of incidence and mortality. The chronological age criterion
for defining breast cancer in older patients is variably reported, commonly >65 or 70 years. In China in 2008, 16.6% of
patients with breast cancer were aged 65 years or older, and by 2030, the proportion of this age group is estimated to be
27.0%.> A similar trend can be identified in group aged >70 years.*” Management of older patients with breast cancer
has become a routine part of clinical practice.

Older individuals are under-represented in clinical trials underpinning breast cancer treatment. Anticancer therapy is
largely based on retrospective analyses and extrapolation of prospective evidence from their younger counterparts.®®
Furthermore, older population is highly heterogeneous, and treatment effect might be influenced by multiple factors, such
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as competing comorbidities, organ function decline, cognitive impairments, and patient preferences.®® In real-world
scenarios, management of breast cancer in older patients lacks guideline-concordant care with a substantial degree of
variation in treatment strategies and clinical outcomes, implying potential undertreatment and relative poorer prognosis
compared with their younger counterparts.” "' In the aspect of adjuvant chemotherapy, the complexity of older patients
makes decision-making challenging and overcautious with a tendency to a more conservative approach. Nevertheless,
high-risk disease can derive survival benefit from adjuvant chemotherapy, which should not be contraindicated in fit older
individuals.®® The US Oncology Research Trial 9735 and Early Breast Cancer Trialists’ Collaborative Group
(EBCTCG) meta-analysis consistently demonstrated that the survival benefit of adjuvant chemotherapy is of the similar
magnitude in older and younger patients.'>'> However, despite of extensive studies in younger patients, prognostic
research for older population in real-world setting is lacking, and meaningful prognostic factors in older individuals with
breast cancer after adjuvant chemotherapy remain unclear.

Human epidermal growth factor receptor 2 (HER2) has been widely recognized as an unfavorable prognostic factor in
breast cancer. HER2 status is routinely assessed by immunohistochemistry (IHC) for protein expression and/or in situ
hybridization (ISH) for gene amplification."* According to elevated degrees of HER2 immunostaining, HER2-negative
disease has been categorized as IHC score 0, 1+ or 2+ without gene amplification by ISH (2+/ISH-negativity), and the
latter two constitute the category of HER2-low breast cancer. Compared with HER2 0 tumors, no definite molecular and
survival differences have been identified in HER2-low tumors, and HER2-low category has not been considered
a distinct molecular entity, but rather a heterogeneous group of tumors with a wide spectrum of HER2 expression.'>'
Among this heterogeneous disease, limited research has individually investigated the prognostic significance of HER2 2
+/ISH-negativity. In younger patients, different levels of HER2 expression showed distinct biological characteristics and
prognostic significance, and HER2 2+/ISH-negativity has a negative influence on survival outcomes in comparison with
HER2 0 and/or 1+ status.'”'” Nonetheless, to our knowledge, no prior research specially focused on the older
population, and no evidence can be found about the correlation of HER2 2+/ISH-negativity with prognosis in older
patients with HER2-negative breast cancer.

The aim of the current study was to investigate the prognostic impact of HER2 2+ without gene amplification in older
patients with HER2-negative and high-risk breast cancer undergoing standard adjuvant chemotherapy.

Materials and Methods

Eligibility

Older patients with breast cancer diagnosed and treated in our center from January 2016 to December 2021 were
reviewed. Patients were eligible if they met the following criteria: (1) female; (2) age 65 years or older”® with a Charlson
comorbidity index <2;*' (3) confirmed HER2-negative invasive disease by IHC and/or fluorescent in situ hybridization
(FISH); (4) no distant metastasis; (5) completion of upfront radical surgery; (6) high-risk tumor determined by one of the
following risk factors on postoperative pathology: tumor size >2 cm, axillary lymph node metastasis, histological grade

3, negativity of estrogen receptor (ER), or Ki67 score >30%;2%>* 24

(7) completion of predetermined cycles of standard
adjuvant chemotherapy containing taxanes and/or anthracyclines, and relative-dose intensity should be 85% or more; (8)
available data of clinicopathological parameters and follow-up. This study was approved by the Ethics Committee of
Sichuan Cancer Hospital (No. SCCHEC-02-2023-030) and was conducted in accordance with the Declaration of

Helsinki. Informed consent was obtained from all individual participants included in the study.

Treatment

Breast conservation or mastectomy was performed based on individual characteristics of patients. Sentinel lymph node
biopsy (SLNB) was conducted in patients with clinically node-negative axilla, and axillary lymph node dissection
(ALND) can be omitted for those with no axillary metastasis or limited nodal involvement, which met the criteria of
ACOSOG Z0011 trial.*> For biopsy-proven node-positive disease, ALND was performed directly. All included patients
were required to complete all prescribed cycles of standard adjuvant chemotherapy containing taxines and/or anthracy-
clines and relative-dose intensity lower than 85% was not allowed. Adjuvant radiotherapy was recommended for patients
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with nodal metastasis or treated with breast-conserving surgery. Adjuvant endocrine therapy was recommended for
patients with positive status of estrogen and/or progesterone receptor (PR).

Pathology

Pathological information of each included patient was reviewed based on postoperative pathology, respectively. HER2-
negativity was defined as THC score 0, 1+ or 2+ without gene amplification by FISH.'* ER and PR were judged as
positive if >1% of tumor cells had nuclear staining.”® Hormone receptor (HR) was defined as positive if ER and/or PR
was positive, while negativity for both ER and PR was considered as HR-negativity.*® Histological grade was assigned
according to the Scarff-Bloom—Richardson classification modified by Elston and Ellis.?” The Ki67 score was determined
as the percentage of nuclear stained cells among at least 1000 tumor cells counted.

Statistical Analysis

Statistical analyses were performed using SPSS 26.0 (SPSS Inc., Chicago, IL, USA) and GraphPad Prism 9 (GraphPad
Software, San Diego, CA, USA). The endpoint of the current study was disease-free survival (DFS), which was defined
as the interval between pathological diagnosis and local recurrence, distant metastasis, death from any cause, or
termination of follow-up. Univariate and multivariate Cox proportional hazards regression analyses were conducted to
investigate the correlation of DFS with clinicopathological characteristics. The Kaplan-Meier method was employed to
draw DFS curves, and DFS was compared by the Log rank test. All P values were two-sided, and statistical significance
was defined as P < 0.05.

Results

Patients

From January 2016 to December 2021, a total of 440 breast cancers in older patients were reviewed comprehensively,
and 121 consecutive patients met the criteria for inclusion in this study. Patient characteristics of the entire population are
summarized in Table 1. Median age was 67 years (range 65—75). Most tumors (62.8%) were pathological T2-3 stage, and
46 patients (38.0%) had pathological nodal metastasis. Histologically, 92.6% of tumors were invasive carcinoma of no
special type, and 45 patients (37.2%) had tumors with grade 3. The Ki67 score ranged from 5% to 90%, and 68 tumors
(56.2%) had Ki67 >30%. HR status was positive in 68.6% of patients. For HER2 expression, 62 tumors (51.2%) showed
HER?2 2+/FISH-negativity, compared with 59 tumors (48.8%) for IHC score 0 or 1+.

Table | Patient Characteristics

Characteristic No. (n=121) %
Age, years

<67 73 60.3

>67 48 39.7
Pathological T Stage®

TI 45 372

T2-3 76 62.8
Pathological N Stage®

NO 75 62.0

NI-3 46 38.0
Histology

No special type 112 92.6

Others 9 74
Histological grade

3 45 372

1-2 76 62.8

(Continued)
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Table | (Continued).

Characteristic No. (n=121) | %
Ki67 score
230% 68 56.2
<30% 53 43.8
HR status
Negative 38 314
Positive 83 68.6
HER?2 status
2+/FISH-negativity 62 51.2
o/1+ 59 48.8
Surgery of the breast
Mastectomy 76 62.8
Breast conservation 45 372

Surgery of the axilla

SLNB 80 66.1

ALND 41 33.9
Adjuvant chemotherapy

AC/TC 63 52.1

AC-T 58 47.9
Adjuvant endocrine therapy

Yes 78 64.5

No 43 355
Adjuvant radiotherapy

Yes 67 55.4

No 54 44.6
Survival event

Yes 12 9.9

No 109 90.1

Notes: * T and N stage assessed using the 8th edition of
American Joint Committee on Cancer TNM staging system.
Abbreviations: HR, hormone receptor; FISH, fluorescent
in situ hybridization; SLNB, sentinel lymph node biopsy;
ALND, axillary lymph node dissection; AC, anthracycline plus
cyclophosphamide; TC, taxane plus cyclophosphamide; AC-T,
anthracycline plus cyclophosphamide followed by taxane.

Regarding surgery, most patients underwent mastectomy (62.8%) or SLNB (66.1%). For adjuvant chemotherapy, 58
patients (47.9%) received an anthracycline plus cyclophosphamide followed by a taxane (AC-T), 51 patients (42.1%)
underwent a taxane plus cyclophosphamide (TC), and 12 patients (9.9%) were treated with an anthracycline plus
cyclophosphamide (AC). Adjuvant treatment was performed in 78 patients (64.5%) for endocrine therapy, and in
55.4% of patients for radiotherapy, respectively. Over a median follow-up of 46 months (range 15-83), DFS events
occurred in 12 patients, consisted of 3 local recurrences and 9 distant metastases.

Prognostic Impact of HER2 2+/FISH-Negativity

Univariate and multivariate Cox proportional hazards regression analyses were employed to investigate the prognostic
impact of clinicopathological characteristics on DFS (Table 2). Univariate analysis suggested that HR-negativity (hazard
ratio 3.69; 95% CI 1.17-11.63; P=0.026) and HER2 2+/FISH-negativity (hazard ratio 4.66; 95% CI 1.02-21.26;
P=0.047) were significantly associated with poorer DFS. Adjuvant endocrine therapy (hazard ratio 0.24; 95% CI
0.07-0.78; P=0.018) showed a significant favorable influence on DFS. Age, pathological T stage, pathological
N stage, tumor histology, histological grade, Ki67 score, adjuvant chemotherapy, and radiotherapy had no significant

788 https: Breast Cancer: Targets and Therapy 2024:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Wang et al

Table 2 Associations of Clinicopathological Characteristics with DFS in Cox Proportional Hazard Regression

Analyses
Characteristics Univariate Analysis Multivariate Analysis
Hazard Ratio 95% P Hazard Ratio 95% P
Cl value Cl value
Age, years (<67 vs >67) 0.62 0.20-1.93 | 0.409 1.32 0.29-6.02 | 0.721
Pathological T stage (T| vs T2-3) 0.83 0.25-2.76 | 0.762 0.99 0.25-3.95 | 0.992
Pathological N stage (NO vs N[-3) 0.54 0.17-1.67 | 0.282 0.44 0.09-2.08 | 0.300
Histology (No special type vs others) 0.90 0.12-6.98 | 0.920 0.84 0.10-7.19 | 0.872
Histological grade (3 vs 1-2) 1.80 0.58-5.58 | 0.309 1.27 0.29-5.54 | 0.751
Ki67 score (230% vs <30%) 245 0.66-9.06 | 0.179 1.35 0.28-6.47 | 0.709
HR status (Negative vs Positive) 3.69 1.17-11.63 | 0.026 1.73 0.14-21.27 | 0.670
HER?2 status (2+/FISH-negativity vs 0/1+) 4.66 1.02-21.26 | 0.047 5.56 1.03-30.06 | 0.046
Adjuvant chemotherapy (AC/TC vs AC-T) 1.01 0.33-3.13 | 0.989 2.09 0.50-8.69 | 0.309
Endocrine therapy (Yes vs No) 0.24 0.07-0.78 | 0.018 0.29 0.02-3.66 | 0.338
Radiotherapy (Yes vs No) 1.68 0.51-5.58 | 0.397 0.97 0.23-4.13 | 0.964

Abbreviations: DFS, disease-free survival; HR, hormone receptor; FISH, fluorescent in situ hybridization; AC, anthracycline plus cyclophosphamide;
TC, taxane plus cyclophosphamide; AC-T, anthracycline plus cyclophosphamide followed by taxane; Cl, confidence interval.

associations with DFS. In multivariate analysis, HER2 2+/FISH-negativity was the only independent predictor for
unfavorable DFS (hazard ratio 5.56; 95% CI 1.03-30.06; P=0.046).

Disease-free survival was significantly worse among patients with HER2 2+/FISH-negativity than among those with
HER?2 0 or 1+ (Log rank test, P=0.029; Figure la). Exploratory subgroup analysis according to HR status indicated that,
in both HR positive (Log rank test, P=0.052; Figure 1b) and HR negative (Log rank test, P=0.125; Figure 1c) subgroups,
tumors with HER2 2+/FISH-negativity had shorter DFS compared with those with HER2 0 or 1+, and survival
differences showed a tendency toward statistical significance.

Discussion

Although little research reported that HER2 2+/ISH-negativity had associations with unfavorable survival in younger
breast cancer, no evidence can be identified in older individuals. In this cohort of older patients with HER2-negative
/high-risk breast cancer undergoing standard adjuvant chemotherapy, survival analyses suggested a significant negative
impact of HER2 2+/FISH-negativity on prognosis. To our knowledge, our study first reported the prognostic significance
of HER2 2+/FISH-negativity for breast cancer in the older population.

Despite the prevalence of breast cancer in older individuals, clinical trials traditionally included 15% or less of
patients older than 65 years, and solid trial-level evidence for clinical decisions is relatively sparse.®® Additionally, the
heterogeneity and frailty of older patients makes treatment decisions full of complexity, particularly in the application of
adjuvant chemotherapy. In routine practice, extrapolation of therapeutic principles from other age populations occurs
frequently, and undertreatment does exist.®® Real-world evidence has indicated an inferior treatment for older patients
with breast cancer even in high-risk disease, which might be the reason for poorer relative survival compared with
younger counterparts.”**° However, fit older individuals can tolerate and benefit from standard chemotherapy.®®
Therefore, we analyzed the clinicopathological data of older patients with breast cancer in our center, and intended to
report the real-world prognosis of high-risk patients completing standard adjuvant chemotherapy. Over a median follow-
up of 46 months, 9.9% of this high-risk population underwent local recurrence or distant metastasis, suggesting
a generally favorable outcome after standard adjuvant chemotherapy.

For older patients, breast cancer with high risk of recurrence and/or metastasis can benefit from chemotherapy.
Despite substantial research on risk factors for prognosis in younger patients, precise high-risk population of breast
cancer in older patients has been poorly investigated without consensus. Based on previous related investigations and
established risk factors for younger patients, for defining high-risk disease in our study, parameters about tumor stage and
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Figure | DFS curves of patients with HER2 2+/FISH-negativity versus HER2 0/1+ in the (a) entire population, (b) HR-positive subgroup, and (c) HR-negative subgroup.
Abbreviations: DFS, disease-free survival; FISH, fluorescent in situ hybridization; HR, hormone receptor.

aggressive biological behavior were taken into account.”’*** In younger counterparts with HR-positive/HER2-negative
disease, gene expression profiling has been proved to be an important tool for determining prognosis and survival benefit
from adjuvant chemotherapy.*® Nonetheless, due to insufficient evidence in older population, results of gene expression
signatures were not judged as risk factors in our study.”’

The early CALGB 49907 study demonstrated the survival benefit of AC,?* and subsequent research suggested that TC
avoided the cardiotoxicity of anthracyclines®* with a superior survival benefit, compared with AC.'? Besides, evidence
also supports that AC-T can be considered for high-risk patients.””* AC, TC or AC-T can be considered in the adjuvant
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treatment based on individual risks and benefits.”** Taxanes and/or anthracyclines are still the cornerstone of adjuvant
chemotherapy for breast cancer in older patients. Therefore, standard adjuvant chemotherapy in the present study was
restricted to taxane- and/or anthracycline-based regimens, and completing predetermined cycles of chemotherapy with
a relative dose intensity of 85% or more was compulsory, which was crucial for achievement of expected survival benefit
and accuracy of prognostic analysis.

HER?2 status carries a pivotal prognostic and therapeutic significance in breast cancer. Survival outcomes of HER2-
positive disease, defined as IHC 3+ or 2+ with gene amplification by ISH, have been significantly improved by targeted
therapy, such as trastuzumab, pertuzumab, and antibody-drug conjugates (ADC).*> HER2-negative disease consists of
carcinomas with different degrees of HER2 expression, the highest end of which is HER2 2+ without gene amplification.
Long-standing hypothesis exists that greater signaling without gene amplification can also lead to an aggressive
biological behavior. Further research indicated that, even in the HER2-low category, HER2 2+/ISH-negative carcinomas
had a distinct distribution of intrinsic subtypes and gene expression profiles.>*>” In younger population, several studies
have reported a correlation between HER2 2+/ISH-negativity and adverse histopathological characteristics.'”'® All these
evidence supports that HER2 2+/ISH-negativity might be biologically different with a possible adverse influence on
survival.

In younger population, limited evidence has shown that the survival of patients with HER2 2+/ISH-negativity is
worse than that of HER2 0 or 1+ patients.'’ ' Nevertheless, previous investigations had several limitations and
unsolved issues. Firstly, and most importantly, none of these researches was specially designed for older patients, and
the cohorts consisted of younger patients mostly with no subgroup analyses for older individuals. Prognostic
significance of HER2 2+/ISH-negativity in older patients with HER2-negative breast cancer has been unknown.
Furthermore, despite consistent unfavorable impact on prognosis for HER2 2+/ISH-negativity in HR-positive/HER2-
negative disease, contradictory results existed about its prognostic significance in HR-negative/HER2-negative subtype.
Lastly, chemotherapy in these studies has not been standardized, which might have an adverse and uncontrolled
influence on survival analyses. Thus, we systemically studied the associations of HER2 2+/FISH-negativity with long-
term survival in older patients undergoing standard adjuvant chemotherapy. Univariate and multivariate analyses
indicated that HER2 2+/FISH-negativity was the only independent predictor of poorer DFS. Our study suggests that
HER2 2+/FISH-negativity has an adverse prognostic significance in older patients with high-risk breast cancer, and
standard adjuvant chemotherapy might be insufficient for patients with HER2 2+/FISH-negativity. Escalating systemic
treatment, such as ADC, can be verified in subsequent studies for fit older patients with HER2 2+/FISH-negativity. In
addition, HER2 2+/FISH-negativity consistently predicted shorter DFS in the exploratory subgroup analyses of both
HR-positive and HR-negative subtypes. However, due to the limitation of sample size, the results of subgroup analysis
did not reach statistical significance. Future studies should focus on the prognostic significance of HER2 2+/FISH-
negativity in carcinomas with different HR status.

We acknowledge that the current study has several limitations. Firstly, the relatively small number of patients
included may affect statistical analyses, particularly in the subgroup analysis, which did not show statistical significance.
In real-world practice, receiving standard chemotherapy remains uncommon for older patients with breast cancer. For
standardizing adjuvant chemotherapy, strict inclusion criteria of our study resulted in a limited sample size but
a relatively homogenous population. Secondly, the retrospective design and the limited follow-up of our study emphasize
the need for further prospective studies with longer periods of observation. Thirdly, as the aim of the present study was to
investigate the associations of HER2 2+/FISH-negativity with survival, we compared HER2 2+/FISH-negativity with
HER2 0 or 1+. The prognostic impact of HER2 0, 1+, or 2+/FISH-negativity separately needs future research with
a larger sample size.

Conclusions

HER2 2+/FISH-negativity is an independent predictor of unfavorable prognosis after standard adjuvant chemotherapy in
older patients with HER2-negative and high-risk breast cancer. Our findings may help predict survival outcomes and
guide the individualized decision-making of adjuvant treatment in HER2-negative older population.

Breast Cancer: Targets and Therapy 2024:16 https: 791

Dove:


https://www.dovepress.com
https://www.dovepress.com

Wang et al Dove

Data Sharing Statement

The data presented in the current study are available from the corresponding author upon reasonable request.

Funding
This work was supported by Sichuan Science and Technology Program (No. 2023YFS0103) and Wu Jieping Medical
Foundation (No. 320.6750.2023-18-116).

Disclosure
The authors report no conflicts of interest in this work.

References

1.

“n AW

© %

1

—_

20.

2

—_

22.

23.

24.

Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in
185 countries. CA a Cancer J Clin. 2021;71(3):209-249. doi:10.3322/caac.21660

Giaquinto AN, Sung H, Miller KD, et al. Breast cancer statistics, 2022. C4 a Cancer J Clin. 2022;72(6):524-541. doi:10.3322/caac.21754

Fan L, Strasser-Weippl K, Li JJ, et al. Breast cancer in China. Lancet Oncol. 2014;15(7):279-¢289. doi:10.1016/s1470-2045(13)70567-9

Chen W, Zheng R, Baade PD, et al. Cancer statistics in China, 2015. C4 a Cancer J Clin. 2016;66(2):115-132. doi:10.3322/caac.21338

Lei S, Zheng R, Zhang S, et al. Breast cancer incidence and mortality in women in China: temporal trends and projections to 2030. Cancer Biol
Med. 2021;18(3):900-909. doi:10.20892/j.issn.2095-3941.2020.0523

Elomrani F, Zine M, Afif M, et al. Management of early breast cancer in older women: from screening to treatment. Breast Cancer.
2015;7:165-171. doi:10.2147/bett.s87125

Biganzoli L, Battisti NML, Wildiers H, et al. Updated recommendations regarding the management of older patients with breast cancer: a joint
paper from the European Society Of Breast Cancer Specialists (EUSOMA) and the International Society of Geriatric Oncology (SIOG). Lancet
Oncol. 2021;22(7):¢327-e340. doi:10.1016/s1470-2045(20)30741-5

Trapani D. Adjuvant chemotherapy in older women with early breast cancer. J Clin Oncol. 2023;41(9):1652—1658. doi:10.1200/jc0.22.02477

. Sun SX, Hollenbeak CS, Leung AM. Deviation from the standard of care for early breast cancer in the elderly: what are the consequences? Ann

Surg Oncol. 2015;22(8):2492-2499. doi:10.1245/s10434-014-4290-5

. Derks MGM, Bastiaannet E, Kiderlen M, et al. Variation in treatment and survival of older patients with non-metastatic breast cancer in five

European countries: a population-based cohort study from the EURECCA breast cancer group. Br J Cancer. 2018;119(1):121-129. doi:10.1038/
s41416-018-0090-1

. Matar R, Sevilimedu V, Gemignani ML, Morrow M. Impact of endocrine therapy adherence on outcomes in elderly women with early-stage breast

cancer undergoing lumpectomy without radiotherapy. Ann Surg Oncol. 2022;29(8):4753—4760. doi:10.1245/s10434-022-11728-5

. Jones S, Holmes FA, O’Shaughnessy J, et al. Docetaxel with cyclophosphamide is associated with an overall survival benefit compared with

doxorubicin and cyclophosphamide: 7-year follow-up of US oncology research trial 9735. J Clin Oncol. 2009;27(8):1177-1183. doi:10.1200/
j€0.2008.18.4028

. Peto R, Davies C; EBCTCG. Comparisons between different polychemotherapy regimens for early breast cancer: meta-analyses of long-term

outcome among 100 000 women in 123 randomised trials. Lancet. 2012;379(9814):432—-444. doi:10.1016/s0140-6736(11)61625-5

. Wolff AC, Hammond MEH, Allison KH, et al. Human epidermal growth factor receptor 2 testing in breast cancer: American society of clinical

oncology/college of American pathologists clinical practice guideline focused update. J Clin Oncol. 2018;36(20):1C0.2018.77.873. doi:10.1200/
jc0.2018.77.8738

. Tarantino P, Viale G, Press MF, et al. ESMO expert consensus statements (ECS) on the definition, diagnosis, and management of HER2-low breast

cancer. Ann Oncol. 2023;34(8):645—659. doi:10.1016/j.annonc.2023.05.008

. Ko HC, Seager RJ, Pabla S, et al. Comprehensive assessment of immune phenotype and its effects on survival outcomes in HER2-low versus

HER2-zero breast cancer. Breast Cancer. 2024;16:483—495. doi:10.2147/bctt.s476394

. Rossi V, Sarotto I, Maggiorotto F, et al. Moderate immunohistochemical expression of HER-2 (2+) without HER-2 gene amplification is a negative

prognostic factor in early breast cancer. Oncol. 2012;17(11):1418-1425. doi:10.1634/theoncologist.2012-0194

. Eggemann H, Ignatov T, Burger E, et al. Moderate HER2 expression as a prognostic factor in hormone receptor positive breast cancer. Endocr

Relat Cancer. 2015;22(5):725-733. doi:10.1530/erc-15-0335

. Kim MH, Kim GM, Kim JH, et al. Intermediate HER2 expression is associated with poor prognosis in estrogen receptor-positive breast cancer

patients aged 55 years and older. Breast Cancer Res Treat. 2020;179(3):687-697. doi:10.1007/s10549-019-05505-4
Muss HB, Polley MYC, Berry DA, et al. Randomized trial of standard adjuvant chemotherapy regimens versus capecitabine in older women with
early breast cancer: 10-year update of the CALGB 49907 trial. J Clin Oncol. 2019;37(26):2338-2348. doi:10.1200/jc0.19.00647

. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity in longitudinal studies: development and

validation. J Chronic Dis. 1987;40(5):373-383. doi:10.1016/0021-9681(87)90171-8

Perrone F, Nuzzo F, Rella FD, et al. Weekly docetaxel versus CMF as adjuvant chemotherapy for older women with early breast cancer: final results
of the randomized Phase III ELDA trial. Ann Oncol. 2015;26(4):675-682. doi:10.1093/annonc/mdu564

von Minckwitz G, Conrad B, Reimer T, et al. A randomized Phase 2 study comparing EC or CMF versus nab-paclitaxel plus capecitabine as
adjuvant chemotherapy for nonfrail elderly patients with moderate to high-risk early breast cancer (ICE II-GBG 52). Cancer. 2015;121
(20):3639-3648. doi:10.1002/cncr.29506

Coates AS, Winer EP, Goldhirsch A, et al. Tailoring therapies—improving the management of early breast cancer: St Gallen international expert
consensus on the primary therapy of early breast cancer 2015. Ann Oncol. 2015;26(8):1533—1546. doi:10.1093/annonc/mdv221

792 https: Breast Cancer: Targets and Therapy 2024:16

Dove!


https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21754
https://doi.org/10.1016/s1470-2045(13)70567-9
https://doi.org/10.3322/caac.21338
https://doi.org/10.20892/j.issn.2095-3941.2020.0523
https://doi.org/10.2147/bctt.s87125
https://doi.org/10.1016/s1470-2045(20)30741-5
https://doi.org/10.1200/jco.22.02477
https://doi.org/10.1245/s10434-014-4290-5
https://doi.org/10.1038/s41416-018-0090-1
https://doi.org/10.1038/s41416-018-0090-1
https://doi.org/10.1245/s10434-022-11728-5
https://doi.org/10.1200/jco.2008.18.4028
https://doi.org/10.1200/jco.2008.18.4028
https://doi.org/10.1016/s0140-6736(11)61625-5
https://doi.org/10.1200/jco.2018.77.8738
https://doi.org/10.1200/jco.2018.77.8738
https://doi.org/10.1016/j.annonc.2023.05.008
https://doi.org/10.2147/bctt.s476394
https://doi.org/10.1634/theoncologist.2012-0194
https://doi.org/10.1530/erc-15-0335
https://doi.org/10.1007/s10549-019-05505-4
https://doi.org/10.1200/jco.19.00647
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1093/annonc/mdu564
https://doi.org/10.1002/cncr.29506
https://doi.org/10.1093/annonc/mdv221
https://www.dovepress.com
https://www.dovepress.com

Dove Wang et al

25.

26.

217.

28.

29.

30.

31.

32.

33.

34

35.

36.

37.

Giuliano AE, Ballman KV, McCall L, et al. Effect of axillary dissection vs no axillary dissection on 10-year overall survival among women with
invasive breast cancer and sentinel node metastasis: the ACOSOG Z0011 (Alliance) randomized clinical trial. JAMA. 2017;318(10):918-926.
doi:10.1001/jama.2017.11470

Hammond MEH, Hayes DF, Dowsett M, et al. American society of clinical oncology/college of American pathologists guideline recommendations
for immunohistochemical testing of estrogen and progesterone receptors in breast cancer. J Clin Oncol. 2010;28(16):2784-2795. doi:10.1200/
j€0.2009.25.6529

Elston CW, Ellis 10. pathological prognostic factors in breast cancer. I. The value of histological grade in breast cancer: experience from a large
study with long-term follow-up. Histopathology. 1991;19(5):403—410. doi:10.1111/j.1365-2559.1991.tb00229.x

Ring A, Harder H, Langridge C, Ballinger RS, Fallowfield LJ. Adjuvant chemotherapy in elderly women with breast cancer (AChEW): an
observational study identifying MDT perceptions and barriers to decision making. Ann Oncol. 2013;24(5):1211-1219. doi:10.1093/annonc/mds642
Jensen JD, Cold S, Nielsen MH, et al. Trends in breast cancer in the elderly in Denmark, 1980-2012. Acta Oncol. 2016;55(sup1):59—64.
doi:10.3109/0284186x.2015.1115118

Sparano JA, Gray RJ, Makower DF, et al. Adjuvant chemotherapy guided by a 21-gene expression assay in breast cancer. N Engl J Med. 2018;379
(2):111-121. doi:10.1056/nejmoal804710

Battisti NML, Glas ND, Soto-Perez-de-Celis E, et al. Chemotherapy and gene expression profiling in older early luminal breast cancer patients: an
international society of geriatric oncology systematic review. Eur J Cancer. 2022;172:158-170. doi:10.1016/j.ejca.2022.05.039

Du XL, Xia R, Liu C, et al. Cardiac toxicity associated with anthracycline-containing chemotherapy in older women with breast cancer. Cancer.
2009;115(22):5296-5308. doi:10.1002/cncr.24621

Caparica R, Bruzzone M, Poggio F, Ceppi M, de Azambuja E, Lambertini M. Anthracycline and taxane-based chemotherapy versus docetaxel and
cyclophosphamide in the adjuvant treatment of HER2-negative breast cancer patients: a systematic review and meta-analysis of randomized
controlled trials. Breast Cancer Res Treat. 2019;174(1):27-37. doi:10.1007/s10549-018-5055-9

. Battisti NML, Joshi K, Nasser MS, Ring A. Systemic therapy for older patients with early breast cancer. Cancer Treat Rev. 2021;100:102292.

doi:10.1016/j.ctrv.2021.102292

Monteiro MR, Nunes NCC, da Junior AA, et al. Antibody-drug conjugates in breast cancer: a comprehensive review of how to selectively deliver
payloads. Breast Cancer. 2024;16:51-70. doi:10.2147/bctt.s448191

Schettini F, Chic N, Braso-Maristany F, et al. Clinical, pathological, and PAMS50 gene expression features of HER2-low breast cancer. Npj Breast
Cancer. 2021;7(1):1. doi:10.1038/541523-020-00208-2

Shirman Y, Lubovsky S, Shai A. HER2-low breast cancer: current landscape and future prospects. Breast Cancer Targets Ther. 2023;
Volume 15:605-616. doi:10.2147/bctt.s366122

Breast Cancer: Targets and Therapy Dove

Publish your work in this journal

Breast Cancer - Targets and Therapy is an international, peer-reviewed open access journal focusing on breast cancer research, identification of
therapeutic targets and the optimal use of preventative and integrated treatment interventions to achieve improved outcomes, enhanced survival
and quality of life for the cancer patient. The manuscript management system is completely online and includes a very quick and fair peer-review
system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/breast-cancer—targets-and-therapy-journal

Breast Cancer: Targets and Therapy 2024:16 v in g Dove 793


https://doi.org/10.1001/jama.2017.11470
https://doi.org/10.1200/jco.2009.25.6529
https://doi.org/10.1200/jco.2009.25.6529
https://doi.org/10.1111/j.1365-2559.1991.tb00229.x
https://doi.org/10.1093/annonc/mds642
https://doi.org/10.3109/0284186x.2015.1115118
https://doi.org/10.1056/nejmoa1804710
https://doi.org/10.1016/j.ejca.2022.05.039
https://doi.org/10.1002/cncr.24621
https://doi.org/10.1007/s10549-018-5055-9
https://doi.org/10.1016/j.ctrv.2021.102292
https://doi.org/10.2147/bctt.s448191
https://doi.org/10.1038/s41523-020-00208-2
https://doi.org/10.2147/bctt.s366122
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Eligibility
	Treatment
	Pathology
	Statistical Analysis

	Results
	Patients
	Prognostic Impact of HER2 2+/FISH-Negativity

	Discussion
	Conclusions
	Data Sharing Statement
	Funding
	Disclosure

