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Abstract. Luminal subtypes and the 21-gene recurrence 
score (RS) are important factors in the decision-making 
process for adjuvant chemotherapy in patients with hormonal 
receptor (HR)-positive/human epidermal growth factor 
receptor 2 (HER2)-negative breast cancer. However, their 
effect on adjuvant chemotherapy decisions in the real world 
has not been thoroughly investigated, particularly for 
patients of the luminal A-like subtype with a high RS or the 
luminal B-like subtype with a low RS. The present study, a 
total of 772 HR+/HER2- patients who underwent 21-gene 
testing, were included in a retrospective analysis. The 
impact of clinicopathological factors and the 21-gene RS on 
chemotherapy recommendation was analyzed in the whole 
population and for patients of different luminal subgroups. 
The results revealed that chemotherapy was highly recom-
mended for patients of younger age, with larger tumor size, 
node involvement, higher grade, luminal B-like subtype and 
higher RS. A high RS was identified to be the most important 
impact factor for chemotherapy recommendation among all 
patients [odds ratio (OR), 62.54; 95% CI, 25.58-152.92], the 
luminal A-like group (OR, 435.05; 95% CI, 29.90-6331.06) and 
the luminal B-like group (OR, 57.20; 95% CI, 22.42-145.96). 
For patients of the luminal A-like subtype with a high RS or 
patients of the luminal B-like subtype with low RS, the 21-gene 
RS was demonstrated to be the most important independent 
factor for chemotherapy recommendation, with an adjusted 
OR of 134.52 (95% CI, 10.39-1741.89). In conclusion, luminal 
subtypes and the 21-gene RS were found to be associated 
with chemotherapy recommendation for HR+/HER2- patients. 

For patients with a discordant luminal subtype and 21-gene 
RS risk, the 21-gene RS score was found to be the most 
important factor that influences chemotherapy decision, which 
warrants further clinical evaluation.

Introduction

Breast cancer is the most commonly diagnosed malignant 
tumor among Chinese women. In 2015, the estimated inci-
dence of breast cancer was 304,000 new cases, with 70,000 
associated deaths, which accounted for 6.67% of all cases 
of mortality in China (1). Adjuvant chemotherapy improves 
survival in patients with early-stage breast cancer (2); however, 
it is associated with severe side effects and a negative impact on 
the quality of life, which may outweigh treatment benefits (3,4). 
Therefore, personalizing treatment based on tumor biology 
to reduce unnecessary chemotherapy is the main method of 
optimizing individualized patient care (5).

The recommendation of adjuvant chemotherapy is 
routinely based on tumor burden (tumor size and lymph node 
status), tumor biological characteristics (grade and immu-
nohistochemical markers) and patient factors (menopausal 
status, presence of comorbid conditions and patient prefer-
ence) (6). Along with the recognition of intrinsic biological 
subtypes within the breast cancer spectrum, a novel approach 
for the classification of patients for therapeutic purposes has 
been adopted (7). Patients were classified into four intrinsic 
subtypes: Luminal A, luminal B, HER2 enriched and Basal-like 
subtypes. Because of economic and technical reasons, a 
clinicopathological surrogate definition was widely adopted in 
clinical setting. For hormonal receptor (HR)+/HER2- patients, 
luminal A-like subtype is defined as estrogen receptor 
(ER)‑positive, with progesterone receptor (PR) ≥20% and 
Ki-67 <14% based on clinicopathological criteria, while 
other HR+/HER2- patients are classified as luminal B-like 
subtype (7). In general, systemic therapy recommendations are 
based on subtype classification (7). Therefore, luminal A‑like 
disease generally requires only endocrine therapy, whereas 
chemotherapy is considered for most patients with breast 
cancer of a luminal B-like subtype (7).

Previously, several multi-gene expression profiles have 
also been developed to guide adjuvant chemotherapy deci-
sion making for patients with HR+/HER2- early-stage breast 
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cancer (8,9). The 21-gene recurrence score (RS) has been tested 
using the reverse transcription-PCR method on sections of 
fixed, paraffin‑embedded tumor tissue, which was first reported 
in 2004, to quantify the likelihood of distant recurrence in 
tamoxifen-treated patients with node-negative, ER-positive 
breast cancer (10). Further validation studies demonstrated 
that it can predict the benefit of chemotherapy in node‑nega-
tive (11) and node-positive patients (12). Additionally, the latest 
prospective TAILORx and West German Study Group Plan B 
trials have indicated the prognostic value and chemotherapeu-
tical predictive value of RS in patients with HR+/HER2- breast 
cancer (8,9,13). Based on these findings, the 21‑gene RS has 
been recommended for use in patients with HR+/HER2-, lymph 
node-negative breast cancer by the National Comprehensive 
Cancer Network (NCCN) (14).

Utilization of the 21-gene RS can lead to a change in 
chemotherapy recommendation for 20-70% of cases, which 
has resulted in a 13-34% reduction in adjuvant chemotherapy 
usage (15). Results from validation studies of the 21-gene RS 
have indicated that RS and clinicopathological parameters, 
including tumor size and tumor grade, are independent 
prognostic factors based on multivariate cox regression anal-
ysis (9,10,13,16-18). In a clinical setting, treatment decisions 
for a specific patient should be based on clinical and genomic 
risk factors. According to the results of the MINDACT clin-
ical trial, while some patients can be classified into different 
risk groups using clinicopathological characteristics and 
genomic assays, for patients with a discordant risk of clini-
copathological features and a 70-gene prognosis signature, 
chemotherapy has no additional benefit (19). However, to 
the best of our knowledge, there is a dearth of data for the 
21-gene RS in this segment of patients. Therefore, it is impor-
tant to find out whether the chemotherapy recommendation 
for patients with different luminal subtypes will be affected 
by the 21-gene RS.

The aim of the present study was to assess the influence 
of the 21-gene RS on the chemotherapy decision-making 
process for patients with different luminal subtypes in a real 
world population, particularly for patients with discordance in 
the luminal and 21-gene RS risk categories (luminal A-like 
subtype with high RS or luminal B-like subtype with low RS).

Materials and methods

Study population. The present study retrospectively reviewed 
data on consecutive patients with breast cancer undergoing 
21-gene RS testing between January 2014 and December 2016 
at Ruijin Hospital (Shanghai, China). This included a total 
of 772 female patients with ages ranging from 26 to 88 
(mean ± standard deviation, 57.15±12.53). Male patients, and 
patients with special subtypes (carcinomas other than inva-
sive ductal carcinoma, including invasive lobular carcinoma, 
carcinoma with medullary features, metaplastic carcinoma 
and mucinous carcinoma), HER2-positive tumors and patients 
with >3 lymph nodes involved were excluded from the study. 
All medical records were retrieved from the Shanghai Jiaotong 
University Breast Cancer database. Performance status 
and comorbidities were evaluated using Charlson comor-
bidity index (CCI), a weighted index that takes into account 
patient age, and the number and seriousness of comorbid 

diseases (20). Patients with a higher CCI score have a worse 
performance status. Luminal‑like subtypes were defined based 
on the 2013 St. Gallen Expert Consensus (21). The definition of 
luminal A‑like tumor was as follows: ER‑positive, PR ≥20%, 
HER2-negative and Ki-67 <14%. Luminal B-like tumors 
can be divided into two groups: Luminal B-like/HER2- and 
luminal B-like/HER2+. Since HER2-positive patients were 
not included in the present study, luminal B-like tumors in 
the study were defined as ER‑positive, HER2‑negative and 
PR <20% or Ki‑67 ≥14%. Since the usage of the 21‑gene RS 
in lymph node-positive patients remains controversial, lymph 
node status was evaluated to help distinguish the influence 
of the 21-gene RS on chemotherapy. The study protocol was 
approved by the Ethic Committees of Ruijin Hospital.

Evaluation of ER, PR, HER2 and Ki‑67 index status. Tumors 
were classified histologically according to the World Health 
Organization Classification of Tumors guidelines (22). Tumor 
staging was assessed according to American Joint Committee 
on Cancer (AJCC) Cancer Staging Handbook (23). Histological 
grade was evaluated according to Elston and Ellis scoring 
system (24). The pathology and immunohistochemistry (IHC) 
staining methods used in the present study were previously 
described (25). Briefly, IHC staining was performed on 4 µm 
slices of formalin-fixed paraffin-embedded (FFPE) tissue 
sections. Following dewaxing and antigen retrieval, the tissue 
sections were incubated with the peroxidase-blocking solution 
(ready-to-use, cat. no. S2023; Dako; Agilent Technologies, 
Inc.) for 10 min at room temperature. IHC staining of ER, PR, 
HER2 and Ki-67 was routinely carried out by using the Ventana 
BenchMark XT system (Ventana Medical Systems, Inc.). All 
procedures were performed automatically in the BenchMark. 
The following antibodies were used for the IHC assay: ER 
(cat. no. IR657, clone 1D5; 1:100; mouse monoclonal; Dako; 
Agilent Technologies, Inc.), PR (cat. no. IR068, clone PR636, 
mouse monoclonal; 1:100; Dako; Agilent Technologies, Inc.), 
HER2 (cat. no. 790-2991, clone 4B5, rabbit monoclonal; 1:100; 
Roche Diagnostics) and Ki-67 (cat. no. IR626, clone MIB-1, 
mouse monoclonal; 1:100; Dako; Agilent Technologies, Inc.). 
The tissue sections were incubated with primary antibody of 
ER, PR and Ki67 for 32 min at 42˚C and of HER2 for 16 min 
at 42˚C. Sections were incubated in secondary goat anti‑mouse 
(cat. no. P0447; 1:100; Dako; Agilent Technologies, Inc.) 
or goat anti-rabbit (cat. no. P0448; 1:100; Dako; Agilent 
Technologies, Inc.) antibodies for 30 min at room temperature. 
All histological and IHC tumor slides were evaluated by two 
pathologists with a light microscope at magnification of x100. 
Positive staining for ER/PR was defined as nuclear staining in 
≥1% of the tumor cells. The Ki‑67 index was characterized as 
the proportion of cells with positive nuclear staining among 
≥1,000 tumor cells in the area counted. Negative HER2 status 
was considered as a score of between 0 and 1+, using IHC, or a 
negative result upon fluorescence in situ hybridization (FISH).

FISH was performed using the PathVysion HER-2 DNA 
FISH kit, (Vysis, Inc.; Abbott Pharmaceutical) according 
to the manufacturer's instructions. Acid pretreatment and 
protease digestion were performed (Vysis paraffin pretreat-
ment kit; Vysis, Inc.), followed by standard saline citrate 
(SSC) and formamide denaturation (72˚C for 5 min). After 
dehydration, the HER2/CEP 17 probe mixer was added. Slides 
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were incubated in a moist chamber overnight at 37˚C under 
a coverslip. On the following day, slides were washed in a 
stringency buffer (SSC, NP40), air-dried in the dark and incu-
bated with 4,6 diamidino-2-phenylindole (DAPI) for nuclear 
identification.

21‑gene RS testing. The tests were performed on formalin‑fixed, 
paraffin‑embedded tissues, as previously described (10,25). In 
brief, fixed tissues were incubated for 5‑10 h in 10% neutral‑buff-
ered formalin prior to being alcohol-dehydrated and embedded 
in paraffin. Hematoxylin and eosin-stained slides were 
reviewed to assess the percentage of invasive breast cancer in 
the overall area. RNA was extracted from two 10‑µm unstained 
sections from sufficient (invasive component ≥50%) invasive 
breast cancer with RNeasy FFPE Kit (cat. no. 73504; Qiagen, 
Inc.) according to the manufacturer's protocol. Total RNA 
content was measured, and the absence of DNA contamina-
tion was verified. Reverse transcription of the purified RNA 
was carried out with the Omniscript RT kit (Qiagen, Inc.) at 
65˚C for 5 min and 37˚C for 60 min. Probes for PCR were 
designed using Primer Express (Applied Biosystems; Thermo 
Fisher Scientific, Inc.) and Primer3 programs, as previously 
reported (26). The sequences of all probes are shown in 
Table SI. Gene‑specific reverse transcription was performed 
followed by standardized quantitative PCR reactions in 96-well 
plates with TaqMan (DRR390A, Takara Biotechnology Co., 
Ltd.) using Applied Biosystems (Thermo Fisher Scientific, 
Inc.) 7500 Real-Time PCR system. The thermocycling condi-
tions of the PCR were as follows: 95˚C for 10 min, 95˚C for 
20 sec, and 60˚C for 45 sec (for 40 cycles). The expression of 
each gene was measured in triplicate and normalized relative 
to a set of 5 reference genes. The RS values, ranging between 0 
and 100, were derived from the reference-normalized expres-
sion measurements of 16 cancer-associated genes (Ki-67, 
aurora kinase A, survivin (SURV), cyclin B1, MYB proto- 
oncogene-like 2, growth factor receptor bound protein 7, 
HER2, ER, PR, B-cell lymphoma 2, Cub and EGF Like Domain 
Containing 2 protein, matrix metallopeptidase 11, cathepsin V, 
glutathione S‑transferase µ1, cluster of differentiation 68 and 
BCL2-associated athanogene 1). These 16 cancer-related genes 
were selected as these were consistently univariately associ-
ated with clinical outcome in all three clinical association 
studies (27‑29), and the selected five reference genes (actin β, 
GAPDH, glucuronidase β, ribosomal protein lateral stalk 
subunit P0 and transferrin receptor) consistently had a low 
variation in their expression and lacked any association with 
the clinical outcome in each clinical study (10). The expression 
levels of each gene were measured in triplicate. Patients were 
subsequently divided into low-risk (RS <18), intermediate-risk 
(RS, 18-30) and high-risk (RS >30) groups.

Adjuvant chemotherapy recommendation. Adjuvant treatment 
decisions for each patient with breast cancer were made by a 
multidisciplinary team comprising breast surgeons, medical 
oncologists, pathologists, radiation oncologists and special-
ized breast nurses. The recommended chemotherapy regimens 
included EC [epirubicin, 90 mg/m2 intravenously (IV) on 
day 1; and cyclophosphamide, 600 mg/m2 IV on day 1, every 
21 days for 4 cycles], EC-T (epirubicin, 90 mg/m2 IV on day 1; 
and cyclophosphamide, 600 mg/m2 IV on day 1, every 21 days 

for 4 cycles; followed by docetaxel, 80-100 mg/m2 IV on day 1, 
every 21 days for 4 cycles) and TC (docetaxel, 75 mg/m2 IV 
on day 1; and cyclophosphamide, 600 mg/m2 IV day 1, every 
21 days for 4 cycles).

Statistical analysis. The χ2 test was applied to evaluate the 
distribution of each RS risk category and chemotherapy 
recommendation among patients with different luminal 
subtypes and lymph node statuses. Fisher's exact test was 
performed when necessary (sample size <40 or minimum 
theoretical frequency <5). Logistic regression was used in 
the multivariate analyses to identify factors associated with 
chemotherapy recommendation. Expression of gene was 
measured in triplicate. Continuous variables were presented as 
mean ± standard deviation. P<0.05 was considered to indicate 
a statistically significant difference. Statistical analysis was 
performed using SPSS version 17.0 (SPSS, Inc.).

Results

Patients and baseline clinicopathological features. Between 
January 2014 and December 2016, 899 patients underwent 
21-gene RS testing at Ruijin Hospital. A total of 772 patients 
with HR+/HER2- and N0-1 invasive ductal carcinoma for whom 
21-gene RS testing results were available were included in the 
present study.

The baseline clinicopathological features of the patients 
are shown in Table I. Among the patients, 235 (30.44%) were 
<50 years of age, 244 (31.61%) had T2 tumors and 173 (22.41%) 
were diagnosed with N1 tumors. A total of 254 cases (32.90%) 
were classified as luminal A‑like subtype and 518 (67.10%) 
were classified as luminal B‑like subtype. The mean value of 
RS in the whole population was 23.51±9.24, with 184 patients 
(23.83%) in the low risk RS category, 430 patients (55.70%) in 
the intermediate risk RS category and 158 patients (20.47%) in 
the high risk RS category (data not shown).

Association between clinicopathological features and adjuvant 
chemotherapy recommendation for the whole population. 
More than half of all patients (444/772 patients; 57.51%) were 
recommended to receive adjuvant chemotherapy, which was the 
general recommendation for patients of younger age, premeno-
pausal status, with less comorbidities, larger tumor size, lymph 
node involvement, higher tumor stage, higher tumor grade, low 
PR expression, high Ki-67 level, luminal B-like subtype and 
higher RS (all P<0.05; Table I). In the multivariate analysis, lower 
CCI score, lymph node involvement, higher tumor grade, lower 
PR level, higher Ki-67 level and higher RS score were found to 
be independently associated with chemotherapy being recom-
mended (Table II). Patients with high-risk RS were more likely 
to be recommended for chemotherapy, compared with those 
with low-risk RS [odds ratio (OR), 62.54; 95% CI, 25.58-152.92; 
P<0.001; Table II; Fig. 1].

When dividing RS into five intervals (0‑10, 11‑17, 18‑25, 
26-30 and >30), the proportion of patients for whom chemo-
therapy was recommended had the tendency to increase along 
with the 21-gene RS. For patients with an RS of 0-10 and 11-17, 
the proportion of patients that were not recommended for 
chemotherapy was 79.31 and 82.54%, respectively, whereas 
only 50.15% of patients with a RS of 18-25 did not receive 
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a chemotherapy recommendation. The proportion of chemo-
therapy recommended patients further increased to 83.92% in 

RS 26-30 patients, and to 93.04% in patients with an RS >30 
(Fig. S1).

Table I. Clinicopathological characteristics of patients and chemotherapy recommendation.

 Chemotherapy recommendation
 --------------------------------------------------------------------------------------------------------
Variable Patients, n No chemotherapy, n (%) Chemotherapy, n (%) P-value

Age, years    <0.001
  <50 235 76 (32.34) 159 (67.66) 
  ≥50 537 252 (46.93) 285 (53.07) 
Menopausal status    <0.001
  Premenopausal 272 92 (33.82) 180 (66.18) 
  Postmenopausal 500 236 (47.20) 264 (52.80) 
Charlson comorbidity index    <0.001
  0 204 65 (31.86) 139 (68.14) 
  1-2 328 112 (34.15) 216 (65.85) 
  ≥3 240 151 (62.92) 89 (37.08) 
Surgery    0.525
  Mastectomy 437  190 (43.48) 247 (56.52) 
  BCS 335  138 (41.19) 197 (58.81) 
T size stage    <0.001
  T1 528 255 (48.30) 273 (51.70) 
  T2 244  73 (29.92) 171 (70.08) 
N stage    <0.001
  N0 599  302 (50.42) 297 (49.58) 
  N1 173 26 (15.03) 147 (84.97) 
Stage    <0.001
  I 461 243 (52.71) 218 (47.29) 
  II-III 311 85 (27.33) 226 (72.67) 
Grade    <0.001
  I 96  71 (73.96) 25 (26.04) 
  II 489  230 (47.03) 259 (52.97) 
  III 187  27 (14.44) 160 (85.56) 
ER    0.102
  <50% 26  7 (26.92) 19 (73.08) 
  ≥50% 746 321 (43.03) 425 (56.97) 
PR    <0.001
  <20% 261  69 (26.44) 192 (73.564) 
  ≥20% 511  259 (50.68) 252 (49.32) 
Ki-67    <0.001
  <14% 378  229 (60.58) 149 (39.42) 
  ≥14% 394  99 (25.13) 295 (74.87) 
Subtypes    <0.001
  Luminal A-like 254  176 (69.29) 78 (30.71) 
  Luminal B-like 518  152 (29.34) 366 (70.66) 
RS categories    <0.001
  Low 184  150 (81.52) 34 (18.48) 
  Intermediate 430 167 (38.84) 263 (61.16) 
  High 158   11   (6.96) 147 (93.04) 

χ2 test was applied to evaluate the association between chemotherapy recommendation and clinicopathological characteristics of patients. 
BCS, breast-conserving surgery; T, tumor; N, node; ER, estrogen receptor; PR, progesterone receptor; RS, recurrence score.
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There were 3 patients who received capecitabine alone, due 
to age and comorbidities. Among the 441 patients who received 
standard intravenous chemotherapy, the chemotherapy regi-
mens and cycles recommended were associated with 21-gene 
RS. Among patients in the low RS category, 94.1% received 
fewer cycles of chemotherapy, and the regimens included 
either anthracycline or taxane. On the other hand, among 
patients in the high RS category, 36.8% received more cycles 
of chemotherapy, for which both anthracycline and taxane 
were used (P<0.001; Table SII).

Chemotherapy recommendation for patients with 
luminal A‑like subtype breast cancer. A total of 254 patients 
with luminal A-like breast cancer were included in the present 
study. Based on the 21-gene RS test results, 35.83% (91/254) 
of luminal A‑like subtype patients were classified in the low 
RS category, 58.27% (148/254) in the intermediate RS cate-
gory and 5.91% (15/254) in the high RS category (Table III). 
Chemotherapy was recommended for the majority of patients 
with a high RS (93.33%), but was recommended for only 
37.84% patients with an intermediate RS and 8.79% of patients 
with a low RS (Table III).

For patients with breast cancer of the luminal A-like 
subtype, chemotherapy was recommended for 30.71% (78/254). 
Clinicopathological factors, including age, CCI score, tumor 
size, lymph node status, tumor grade and RS category, were 
found to be associated with chemotherapy recommendation 
upon univariate analysis. In the multivariate analysis, chemo-
therapy recommendation was found to be associated with a 
younger age (OR, 5.98; 95% CI, 1.04-34.99; P=0.046), lower 
CCI (≥3 vs. 0; OR, 0.25; 95% CI, 0.03‑2.08; P=0.019), lymph 
node involvement (OR, 39.40; 95% CI, 12.75-121.73; P<0.001), 
grade III (OR, 14.21; 95% CI, 1.48-136.37; P=0.047) and the 
high-risk RS category (OR, 435.05; 95% CI, 29.90-6331.06; 
P<0.001) (Table III). Notably, the chemotherapy recommenda-
tion rate in the high-risk RS category was 10 times higher than 
that in the low risk RS category for patients with luminal A-like 
subtype breast cancer (Fig. 2).

Chemotherapy recommendation for patients with 
luminal B‑like subtype breast cancer. Among the 518 patients 
with luminal B-like breast cancer, 17.95% were categorized 
as low RS, 54.44% as intermediate RS and 27.61% as high RS 
(Table IV). In the group of patients with luminal B-like subtype 
breast cancer, adjuvant chemotherapy was recommended for 
93.01% of patients in the high-risk RS category, whereas adjuvant 
chemotherapy was recommended for only 27.96% of patients in 
the low-risk RS category (Fig. 2). In addition to age, CCI score, 
tumor size, lymph node status, tumor grade and Ki-67 expression, 
RS was also associated with chemotherapy recommendation 
upon univariate analysis (Table IV). Belonging to the high-risk 
RS category was an important independent influencing factor 
for chemotherapy decision compared with belonging to the low 
risk RS category (OR, 57.20: 95% CI, 22.42-145.96; P<0.001).

Table II. Multivariate analysis for factors influencing 
chemotherapy recommendation.

Variables OR 95% CI P-value

Age, years   0.151
  ≥50 1.00  
  <50 2.22 0.75-6.59 
Charlson comorbidity index   <0.001
  0 1.00  
  1-2 0.64 0.38-1.08 
  ≥3 0.11 0.06‑0.20 
T size stage   0.201
  T1 1.00  
  T2 1.37 0.85-2.22 
N stage   <0.001
  N0 1.00  
  N1 16.09 8.49-30.50 
Grade   <0.001
  I 1.00  
  II 2.36 1.23-4.55 
  III 7.48 3.13-17.90 
ER   0.574
  ≥50% 1.00  
  <50% 0.674 0.17-2.67 
PR   <0.001
  ≥20% 1.00  
  <20% 2.99 1.81-4.92 
Ki-67   <0.001
  ≤14% 1.00  
  >14% 4.54 2.82-7.31 
Subtypes   0.172
  Luminal A-like 1.00  
  Luminal B-like 1.94 0.75-5.01 
RS categories   <0.001
  Low 1.00  
  Intermediate 9.04 5.18-15.77 
  High 62.54 25.58-152.92 

Factors associated with chemotherapy recommendation in the multi-
variate analyses were identified using logistic regression analysis. 
T, tumor; N, node; ER, estrogen receptor; PR, progesterone receptor; 
RS, recurrence score; OR, odds ratio; CI, confidence interval.

Figure 1. Chemotherapy recommendation according to RS categories in the 
whole population. RS, recurrence score; Chemo, chemotherapy.
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Chemotherapy recommendation for patients stratified by 
lymph node status. The association between clinicopathological 
features and chemotherapy recommendation stratified by 

lymph node status was further analyzed (Tables SIII and SIV). 
Among lymph node-negative patients, chemotherapy was 
recommended for 91.60% in the high-risk RS category, whereas 
the percentage rose to 97.44% for patients with node-positive 
breast cancer (Fig. S2). Lower CCI score, higher Ki-67 level 
and higher risk RS category were independent factors that influ-
enced chemotherapy recommendation for both node-negative 
and node-positive patients according to multivariate analyses, 
whereas higher tumor grade and lower PR level were associ-
ated with chemotherapy recommendation only in node-negative 
patients (Tables SIII and SIV). The high risk RS category was 
found to be impact factor with highest OR value for node-negative 
(OR, 84.04; 95% CI, 31.11-227.05; P<0.001) and node-positive 
patients (OR, 20.83; 95% CI, 2.06-210.59; P=0.002).

Chemotherapy recommendation for patients with 
luminal A‑like subtype breast cancer and a high RS or patients 
with luminal B‑like subtype breast cancer and a low RS. A total 
of 15 patients with breast cancer with luminal A-like subtype 

Figure 2. Chemotherapy recommendation according to RS categories strati-
fied by luminal subtype. RS, recurrence score; Chemo, chemotherapy.

Table III. Clinicopathological features and chemotherapy recommendation in patients with luminal A-like subtype breast cancer.

 Univariate analysis 
 ------------------------------------------------------------------------------------------------- Multivariate analysis
 No chemotherapy, Chemotherapy, -------------------------------------------------------------------------
Variables n (%) n (%) P-value OR 95% CI P-value

Age, years    <0.001    0.046
  ≥50 131 (79.39) 34 (20.61)  1.00  
  <50   45 (50.56) 44 (49.44)  5.98 1.04-34.99 
Charlson comorbidity index   <0.001    0.019
  0   39 (50.65) 38 (49.35)  1.00  
  1-2   67 (68.37) 31 (31.63)  1.53 0.28-8.37 
  ≥3   70 (88.61)   9 (11.39)  0.25 0.03‑2.08 
T size stage   0.036    0.422
  T1 139 (72.77) 52 (27.23)  1.00  
  T2   37 (58.73) 26 (41.27)  1.46 0.58-3.70 
N stage   <0.001    <0.001
  N0 160 (80.00) 40 (20.00)  1.00  
  N1   16 (29.63) 38 (70.37)  39.40 12.75-121.73 
Grade   <0.001    0.047
  I   54 (83.08) 11 (16.92)  1.00  
  II 120 (67.04) 59 (32.96)  2.49 0.88-7.03 
  III     2 (20.00)   8 (80.00)  14.21 1.48-136.37 
ER   0.555 -  0.999
  ≥50% 173 (68.92) 78 (31.08)    
  <50%   3 (100.00)   0   (0.00)    
RS categories   <0.001    <0.001
  Low   83 (91.21)   8   (8.79)  1.00  
  Intermediate   92 (62.16) 56 (37.84)  7.93 2.64-23.83 
  High     1   (6.67) 14 (93.33)  435.05 29.90-6331.06 

Association between chemotherapy recommendation and clinicopathological characteristics was evaluated using the χ2 test. Fisher's exact 
test was performed when total number of cases was <40 or minimum theoretical frequency was <5. Factors associated with chemotherapy 
recommendation in the multivariate analyses were identified using logistic regression. T, tumor; N, node; ER, estrogen receptor; RS, recurrence 
score; OR, odds ratio; CI, confidence interval.
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tumors were identified to have a high RS (5.91%), whereas 
93 patients with the luminal B‑like subtype were identified to 
have a low RS (17.95%). Chemotherapy was recommended for 
93.33% (14/15) of patients with luminal A-like subtype breast 
cancer and a high RS, and for 27.96% (26/93) of patients 
with luminal B-like subtype breast cancer and a low RS. 
For these 108 patients, age (P=0.026), CCI score (P=0.003), 
lymph node status (P<0.001), luminal subtypes (P<0.001) and 
RS category (P<0.001) were associated with chemotherapy 
decision according to the univariate analysis (Table V). In the 
multivariate analysis, lymph node involvement (OR, 55.04; 
95% CI, 9.07‑333.89; P<0.001), lower CCI (≥3 vs. 0; OR, 0.90; 
95% CI, 0.05-16.43; P=0.034) and the high RS category 

(OR, 134.52; 95% CI, 10.39-1741.89; P<0.001) were found to 
be independently associated with chemotherapy recommenda-
tion (Table VI).

Discussion

The present study assessed the influence of the 21‑gene RS 
on chemotherapy decision for patients with HR+/HER2- breast 
cancer of different luminal subtypes. The present study 
revealed that the 21-gene RS was independently associated 
with adjuvant chemotherapy recommendation in patients with 
breast cancer, regardless of their luminal subtype and lymph 
node status. For patients with luminal A-like subtype breast 

Table IV. Clinicopathological features and chemotherapy recommendation in patients with luminal B-like subtype breast cancer.

 Univariate analysis
 ---------------------------------------------------------------------------------------------------- Multivariate analysis
 No chemotherapy, Chemotherapy, ----------------------------------------------------------------------
Variables n (%) n (%) P-value OR 95% CI P-value

Age, years   0.011   0.979
  ≥50 121 (32.53) 251 (67.47)  1.00  
  <50   31 (21.23) 115 (78.77)  1.02 0.25-4.22 
Charlson comorbidity index   <0.001   <0.001
  0   26 (20.47) 101 (79.53)  1.00  
  1-2   45 (19.57) 185 (80.43)  1.00 0.50-1.99 
  ≥3   81 (50.31)   80 (49.69)  0.17 0.08‑0.35 
T stage   0.001   0.281
  T1 116 (34.42) 221 (65.58)  1.00  
  T2   36 (19.89) 145 (80.11)  1.38 0.77-2.45 
N stage   <0.001   <0.001
  N0 142 (35.59) 257 (64.41)  1.00  
  N1   10   (8.40) 109 (91.60)  10.60 4.59-24.51 
Grade   <0.001   0.001
  I   17 (54.84)   14 (45.16)  1.00  
  II 110 (35.48) 200 (64.52)  2.42 0.95-6.17 
  III   25 (14.12) 152 (85.88)  6.80 2.28-20.27 
ER   0.198   0.859
  ≥50% 148 (29.90) 347 (70.10)  1.00  
  <50%     4 (17.39)   19 (82.61)  1.16 0.23-5.70 
PR   0.143   0.112
  ≥20%   83 (32.30) 174 (67.70)  1.00  
  <20%   69 (26.44) 192 (73.56)  1.87 0.87-4.03 
Ki-67   <0.001   0.031
  ≤14%   53 (42.74)   71 (57.26)  1.00  
  >14%   99 (25.13) 295 (74.87)  1.94 1.06-3.53 
RS categories   <0.001   <0.001
  Low   67 (72.04)   26 (27.96)  1.00  
  Intermediate   75 (26.60) 207 (73.40)  11.77 6.10-22.72 
  High   10   (6.99) 133 (93.01)  57.20 22.42-145.96 

Association chemotherapy recommendation and clinicopathological characteristics were evaluated using the χ2 test. Factors associated with 
chemotherapy recommendation in the multivariate analyses were identified using logistic regression. T, tumor; N, node; ER, estrogen receptor; 
PR, progesterone receptor; RS, recurrence score; OR, odds ratio; CI, confidence interval.
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cancer with a high RS or luminal B-like subtype with a low 
RS, high RS was identified to be the most important factor 
influencing adjuvant chemotherapy decision when compared 
with low RS (adjusted OR, 134.52).

Currently, two methods are used to determine breast cancer 
subtypes: Multigene-based assays and IHC-based markers. 
Based on a previous study conducted by Prat et al (30), the 
definition of the luminal A-like subtype was updated as 
ER‑positive, PR ≥20%, HER2‑negative and Ki‑67 <14% (21). 
Additionally, the 2013 St. Gallen expert consensus added 
a ‘recurrence risk of ‘low’ based on multi-gene-expression 
assay (if available)’ to the definition of the luminal A‑like 
subtype (21). In clinical trials (8,9,13), chemotherapy has been 
assigned strictly based on the study design. For example, 
in a prospective clinical trial of TAILORx for the 21-gene 
RS, patients with a score of 0-10 were assigned to receive endo-
crine therapy alone, and those with a score ≥26 were assigned 
to receive chemotherapy plus endocrine therapy (8). However, 
in the real world, treatment decisions are usually developed 

based on a comprehensive consideration of all types of clini-
copathological characteristics. In the present study, adjuvant 
treatment decisions for each patient with breast cancer were 
made by a multidisciplinary team that took all-sided patient 
characteristics into consideration, which may help assess the 
associations among clinicopathological features, the 21-gene 
RS and chemotherapy recommendation for HR+/HER2- 
patients.

The cutoff points were pre‑specified prior to the validation 
study of the RS (10), which categorized patients into low-risk 
(RS <18), intermediate‑risk (RS ≥18 and <31) and high‑risk 
(RS ≥31) groups. Low‑risk patients have a good prognosis 
and benefit little from additional chemotherapy, whereas for 
high-risk patients, chemotherapy is highly recommended. 
This cutoff point has been widely used in subsequent valida-
tion studies of the 21-gene RS (11,12,17). The aforementioned 
cutoff points were also pre-specified in the present study. 
Since the prospective clinical trials for the 21-gene RS used 
different cutoff values, including RS <11 (≤11 in Plan B 

Table V. Chemotherapy recommendation in patients with breast cancer with luminal A-like subtype and low RS or luminal B-like 
subtype and high RS tumors.

Variables Patients, n No chemotherapy, n (%) Chemotherapy, n (%) P-value

Age, years    0.026
  ≥50 71 50   (70.42) 21 (29.58) 
  <50 37 18  (48.65) 19 (51.35) 
Charlson comorbidity index    0.003
  0 30 16   (53.33) 14 (46.67) 
  1-2 37 18   (48.65) 19 (51.35) 
  ≥3 41 34   (82.93)   7 (17.07) 
T size stage    0.961
  T1 78 49   (62.82) 29 (37.18) 
  T2 30 19   (63.33) 11 (36.67) 
N stage    <0.001
  N0 88 64   (72.73) 24 (27.27) 
  N1 20   4   (20.00) 16 (80.00) 
Grade    0.078
  I 8   6   (75.00)   2 (25.00) 
  II 73 50   (68.49) 23 (31.51) 
  III 27 12   (44.44) 15 (55.56) 
ER    0.529
  ≥50% 106 66   (62.26) 40 (37.74) 
  <50% 2   2 (100.00)   0   (0.00) 
Subtypes    <0.001
  Luminal A-like 15   1   (6.67) 14 (93.33) 
  Luminal B-like 93 67 (72.04) 26 (27.96) 
RS categories    <0.001
  Low 93 67 (72.04) 26 (27.96) 
  High 15   1   (6.67) 14 (93.33) 

Association between chemotherapy recommendations and clinicopathological characteristics was evaluated using the χ2 test. Fisher's exact 
test was performed when total number of cases was <40 or minimum theoretical frequency was <5. T, tumor; N, node; ER, estrogen receptor; 
RS, recurrence score.
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study), 11-25 and RS >25, the present study also analyzed 
the change in the chemotherapy recommended along with 
21-gene RS intervals. The results revealed that a similar 
proportion of patients with RS 0-10 and 11-17 were spared 
from chemotherapy (79.31 and 82.54%), whereas RS 26-30 
and RS >30 patients had a high proportion of chemotherapy 
recommendation (83.92 and 93.04%).

The recommendation of multi-gene profiles for clini-
cally low-risk patients may have certain challenges. The 
70-gene prognosis signature has limited value in HR+/HER2-, 
node-negative patients with low clinical risk, since these 
patients have excellent outcomes even with a genomic high-risk 
cancer and omitting chemotherapy (19,31). However, to the 
best of our knowledge, there is a lack of data regarding the 
role of the 21-gene RS in low clinical risk patients, including 
patients with luminal A disease. In the present study, a total 
of 15 patients with luminal A-like subtype breast cancer were 
classified as high RS (5.91%). Despite the small percentage of 
high RS patients with luminal A-like subtype breast cancer, 
93.3% of them were recommended to receive adjuvant chemo-
therapy. In addition, the high RS category was revealed to be 
the most influential factor for chemotherapy recommendation 
in patients with luminal A-like breast cancer (OR, 435.05; 
P<0.001).

Although the 2013 St. Gallen Consensus recommends 
the usage of multigene signatures, particularly in luminal B 
disease, for the selection of patients who should receive adju-
vant chemotherapy (21), few studies have focused on the role 

of the 21-gene RS in luminal B breast cancer (32,33). In the 
prospective Plan B study, 12% of luminal B (Ki‑67 ≥20%) 
tumors were found to be of low risk (RS ≤11) and 48% were 
found to be of intermediate risk (RS, 12-25) according to the 
21-gene RS (34). Similarly, in the present study, 17.95% of 
luminal B-like tumors were identified to be of low risk 
(RS <18) and 54.44% were identified to be of intermediate 
risk (RS, 18-30). Additionally, 72.04% of low-risk RS patients 
with luminal B-like subtype breast cancer were not recom-
mended to receive adjuvant chemotherapy, which indicated 
that physicians are more confident using the 21‑gene RS score 
to guide adjuvant chemotherapy decisions rather than routine 
clinicopathological features.

Evidence for the utility value of the 21-gene RS in 
node-positive disease is mostly derived from retrospective 
analysis, making it less robust than that in the node-negative 
population. As a result, recommendations of major cancer 
associations currently differ, with the American Society 
of Clinical Oncology recommending the 21-gene RS for 
node-negative patients only, whereas the NCCN recommends 
the 21-gene RS for patients with limited node positivity 
(1-3 involved nodes) (14,31). However, the 21-gene RS remains 
one of the few multigene assays that have been validated 
for prediction of the likelihood of chemotherapy benefit for 
node-positive patients (12). Additionally, in the transATAC 
study, node-positive patients with a low RS exhibited good 
prognosis without receiving chemotherapy (the rate of 
disease recurrence at 9 years was 17% for RS <18) (17). In 
the Plan B study, disease-free survival in pN1 patients with 
low RS reached 97% without chemotherapy (97.9% for 
RS <12 and 97.2% for RS 12-25), which is similar to that of 
pN0 patients (98.6% for RS <12 and 98.5% for RS 12-25) (9). 
In the present study, 39.3% of node-positive patients with 
a low RS were not recommended to receive chemotherapy. 
After adjusting for clinicopathological factors, the 21-gene 
RS was found to be the most important impact factor for 
chemotherapy recommendation for node-positive patients 
(OR, 20.83; P=0.002).

In a clinical setting, patients may be classified into 
different risk groups based on clinicopathological character-
istics and genomic assays. In the MINDACT clinical trial, 
8.85% (592/6,693) of patients were of a low clinical risk and 
high genomic risk, whereas 23.16% (1,550/6,693) of patients 
were of a high clinical risk and low genomic risk (19). The 
results show that patients with high clinical risk and low 
genomic risk receive little benefit from additional chemo-
therapy (19). However, to the best of our knowledge, for patients 
with a discordant risk of the 21-gene RS and clinicopatho-
logical characteristics, including luminal subtypes, there is no 
solid evidence to guide the treatment decision. In the present 
study, 5.91% (15/254) of patients with luminal A-like breast 
cancer were categorized as high RS, while chemotherapy was 
recommended for 93.33% of them; whereas 17.95% (93/518) 
of patients with luminal B-like breast cancer were catego-
rized as low RS, and chemotherapy was recommended for 
only 27.96% of them. Multivariate analyses demonstrated 
that the 21-gene RS is the most important impact factor for 
chemotherapy recommendation for all patients, regardless of 
luminal subtype or node status, with an adjusted OR of 62.54 
(P<0.001).

Table VI. Multivariate analysis of chemotherapy decision 
influencing factors in patients with luminal A‑like subtype and 
low RS or luminal B-like subtype and high RS tumors.

Variables OR 95% CI P-value

Age, years   0.096
  ≥50 1.00  
  <50 9.56 0.67-136.85 
Charlson comorbidity   0.034
index
  0 1.00  
  1-2 6.09 0.44-84.95 
  ≥3 0.90 0.05‑16.43 
N stage   <0.001
  N0 1.00  
  N1 55.04 9.07-333.89 
Grade   0.005
  I 1.00  
  II 1.78 0.08-41.90 
  III 20.78 0.81-531.84 
RS categories   <0.001
  Low 1.00  
  High 134.52 10.39-1741.89 

Factors associated with chemotherapy recommendation in the multi-
variate analyses were identified using logistic regression. T, tumor; 
N, node; RS, recurrence score; OR, odds ratio; CI, confidence interval.
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The present study has several limitations. First, it is a 
retrospective study. Patients were from a single-center and 
enrollment bias may exist. Second, some N1 patients were 
included. The prognostic and predictive value of the 21-gene 
RS for node-positive patients was not validated through 
prospective clinical trials (12). The updated ASCO guidelines 
state that the 70-gene prognosis signature can be applied 
to HR+/HER2- patients with one positive node, but not to 
those with 2-3 positive nodes. Third, various clinicopatho-
logical characteristics were taken into consideration when 
the multidisciplinary team developed the treatment decision, 
but some of these, including patient performance status 
and comorbidities, were not discussed in the present study. 
Additionally, it should be noted that in the present study, 
IHC-based markers were used to determine breast cancer 
subtypes rather than PAM50 multigene-based assays. Finally, 
there was no long-term follow-up data in the study in order to 
analyze whether chemotherapy can improve disease outcome 
for these luminal subtypes and RS discordant cases. The find-
ings may not be generalized at present, since further research 
and studies have to be conducted to reduce the limitations 
previously mentioned.

In conclusion, the present study demonstrated that the 
luminal subtypes and 21-gene RS are associated with chemo-
therapy recommendation for patients with HR+/HER2- breast 
cancer. The RS was found to be independently associated 
with adjuvant chemotherapy recommendation in patients 
with breast cancer, regardless of luminal subtype and lymph 
node status. For patients of the luminal A-like subtype with a 
high RS or patients with luminal B-like subtype breast cancer 
with a low RS, a high RS is the most important independent 
factor that has an influence on the adjuvant chemotherapy 
decision.
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