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Abstract

Background: The 21-gene recurrence score (RS) can predict chemotherapy benefit in estrogen receptor-positive,
human epidermal growth factor receptor-2-negative (ER+/HER2-) early breast cancer patients. Age would influence
the interaction between RS and chemotherapy effect. The current study aimed to determine RS thresholds which
were predictive of chemotherapy benefit in young and old women, respectively.

Methods: Patients diagnosed with pN0–1, ER+/HER2- breast cancer between 2009 and 2016 were retrospectively
reviewed. Propensity score matching was performed according to chemotherapy usage. After stratifying patients
with different cutoffs of age, the RS threshold indicating chemotherapy benefit in each age strata were determined
by cox proportional hazard models.

Results: A total of 1227 patients were included. The median age was 58 years and the median RS was 24. After
matching, the RS thresholds suggesting chemotherapy benefit varied with age. For patients ≤55 years,
chemotherapy benefit was observed in those having RS > 25 (P = 0.03), with 4-year invasive disease-free survival
(IDFS) of 97.0 and 89.3% in patients receiving chemotherapy or not. While patients derived no benefit from
chemotherapy if they had RS ≤25 (P = 0.66, 4-year IDFS: 95.3% vs. 94.6%). For patients > 55 years, adjuvant
chemotherapy was associated with better prognosis in those with RS > 36 (P = 0.014, 4-year IDFS: 94.7% vs. 76.2%),
but not in those having RS ≤36 (P = 0.13, 4-year IDFS: 92.3% vs. 95.8%).

Conclusions: Old patients need higher RS thresholds to demonstrate the chemotherapy benefit. Further efforts are
warranted to investigate the association between age and predictive RS thresholds.
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Background
Breast cancer is biologically heterogeneous. Multigene
assays for specific molecular subtype trace the intrinsic
characteristics of tumors and contribute to risk assess-
ment [1]. Among those assays, the 21-gene recurrence
score (RS) testing is well-acknowledged and increasingly
used for estrogen receptor-positive, human epidermal
growth factor receptor-2-negative (ER+/HER2-) breast
cancer patients [2].
The 21-gene RS is measured by the quantitative re-

verse transcriptase-polymerase chain reaction (RT-PCR)
method, and classified as low-risk (< 18), intermediate-
risk (18–30), and high-risk (> 30). It could quantify the
risk of distant relapse as well as predict chemotherapy
benefit in ER+/HER2-, lymph node (LN)-negative pa-
tients [3, 4]. The SWOG 8814 study then broadened the
range of application to 1–3 LN-positive population [5].
The TAILORx and WSG Plan-B prospective trial used
different cutoff values for risk stratification and consoli-
dated the role of this genomic tool in guiding chemo-
therapy usage [6, 7].
Despite the multigene assay was established regardless

of age, the difference in tumor biology and clinical fea-
tures lead to distinct conditions between young and old.
As shown in the subsequent report of the TAILORx
trial, patients with midrange RS (11–25) derived no sig-
nificant benefit from adjuvant chemotherapy. Whereas,
subset analysis indicated that young patients (≤50 years)
with RS 16–25 had a lower rate of distant recurrence
with chemo-endocrine therapy [8]. Meanwhile, a post-
hoc analysis of MINDACT also showed different
absolute chemotherapy benefit in young versus old [9].
Those all indicate that age has an effect on the inter-
action between genomic risk and chemotherapy efficacy.
At present, the 21-gene RS is widely recommended by

international guidelines [10, 11]. However, when taking
age into account, the clear bound of RS to demonstrate
chemotherapy benefit had only been evaluated in young
patients (≤ 50 years) but not in older women. Mean-
while, most of the conclusions were drawn from the
western population, and there were limited data on the
prognostic and predictive value of RS in Asians. In the
current study, we included a large cohort of Chinese pa-
tients and aim to figure out the specific RS threshold
which can predict the chemotherapy benefit in young
and old patients, respectively.

Methods
Study population and follow up information
Patients diagnosed with invasive breast cancer and
underwent surgical treatment between January 2009 and
December 2016 at Shanghai Ruijin hospital were retro-
spectively reviewed. Data on clinicopathological parame-
ters including age, menopausal status, tumor size, lymph

node status, histology, and tumor grade, treatment,
and follow-up information, were retrieved from
prospectively-maintained Shanghai Jiao Tong Univer-
sity Breast Cancer Database (SJTU-BCDB). The study
was limited to ER+/HER2- breast cancer patients with
0–3 axillary lymph nodes involved. Exclusion criteria
were: 1) de novo stage IV disease; 2) patients who
had received neoadjuvant treatment; 3) patients with
incomplete data of baseline characteristic or follow-up
information; 4) patients without available reports of
the 21-gene test. Clinical end points of interest in-
cluded Invasive Disease-Free Survival (IDFS) and Dis-
tant Disease Free Survival (DDFS) according to the
STEEP system [12]. The current study was approved
by the Ethical Committees of Shanghai Ruijin
Hospital.

Pathological, immunohistochemical (IHC) analysis and the
21-gene RS assay
Pathological and IHC analysis was performed at the
Department of Pathology, Ruijin Hospital. IHC staining
was performed on 4-μm-thick FFPE tissue section with
the following antibodies: ER (clone 1D5; 1:100; rabbit
monoclonal; Dako), HER2 (clone 4B5, rabbit monoclo-
nal; 1:100; Roche). ER positivity was defined as nuclear
staining in ≥1% of tumor cells. HER2 was considered
negative with 0–1 by IHC or negative by FISH. The 21-
gene RS assay was performed on FFPE tissues as
described in our previous study [13]. Total RNA was ex-
tracted from three 10-μm unstained sections using the
RNeasy FFPE RNA kit (Qiagen, Germany) after identify-
ing the absence of DNA contamination. Gene-specific
reverse transcription was performed on the Omniscript
RT kit (Qiagen, Germany) followed by standardized
qPCR with Premix Ex TaqTM (Takara Bio, Inc.) in
Applied Biosystems 7500 Real-Time PCR system (Foster
City, CA). The expression levels of 16 cancer-related
genes were measured in triplicate and normalized by 5
reference genes. The RS, ranging from 0 to 100, was
then calculated by using a specific algorithm [3].

Statistical analysis
Baseline characteristics were compared between patients
receiving adjuvant chemotherapy or not by the Chi-
square test. The prognostic value of RS was evaluated by
using the Kaplan-Meier method and compared using the
log-rank test. When analyzing the chemotherapy benefit,
a one-to-one propensity score matching (PSM) was per-
formed between women receiving chemotherapy or not
using the nearest-neighbor matching method with a cali-
per distance of 0.3 [14]. Cox proportional hazard models
were used to judge if the RS value was predictive of
chemotherapy benefit. This was accomplished by deter-
mining the statistical significance of the interaction term
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with the likelihood ratio test in a model that included
chemotherapy, the RS groups, and the interaction be-
tween chemotherapy and RS groups. We then stratified
the patients according to different ages (range, 30–65
years). In each age group, interaction analysis as above
mentioned was performed for each specific RS cutoff
(range, 5–40). Two-sided P value ≤0.05 was considered
statistically significant. Analyses were performed using R
software (version 3.6.3; www.r-project.org).

Results
Baseline characteristics before and after PSM
A total of 1227 patients were included eventually. The
median RS was 24 (interquartile range, 17–31). There
were 311 (25.3%) patients having RS of 0–17, 586
(47.8%) having RS of 18–30, and 330 (26.9%) having RS
≥31, respectively. Baseline characteristics were presented
in Table 1. The median age of patients was 58 years
(interquartile range, 44 to 66) and 436 (35.5%) of

patients were premenopausal. Only 71 (5.8%) had 1–3
lymph nodes involvement. A total of 477 (38.9%) pa-
tients received tamoxifen-containing adjuvant endocrine
therapy, and 750 (61.1%) patients received aromatase
inhibitors. Ovarian function suppression (OFS) was
administrated in 51 patients.
There were 617 (50.3%) out of 1227 patients having adju-

vant chemotherapy. Patients who received chemotherapy
were more likely to be younger (35.3% vs. 24.8%, P < 0.001),
have larger tumors (37.8% vs. 24.8%, P < 0.001), have hist-
ology of IDC (94.3% vs. 78.2%, P < 0.001), and have poorly
differentiated tumors (34.4% vs. 8.5%, P < 0.001). As
expected, more patients diagnosed with the node-positive
disease in the chemotherapy-treated group (9.7% vs. 1.8%,
P < 0.001). Those who received chemotherapy also showed
a trend for receiving tamoxifen (43.1% vs. 34.6%, P = 0.002).
Variables significantly differed between patients re-

ceiving chemotherapy or not were put into the PSM
algorithm. After PSM, the chemotherapy and no

Table 1 Base characteristics of patients before and after propensity score matching

Before propensity score matching n = 1227 After propensity score matching n = 700

Total
population
N (%)

Chemotherapy
N (%)

No
Chemotherapy
N (%)

P Total
population
N (%)

Chemotherapy
N (%)

No
Chemotherapy
N (%)

P

Age <.001 .065

< 50 369 (30.1) 218 (35.3) 151 (24.8) 198 (28.3) 88 (25.1) 110 (31.4)

≥50 858 (69.9) 399 (64.7) 459 (75.2) 502 (71.7) 262 (74.9) 240 (68.6)

Menopausal status <.001 .111

Pre- 436 (35.5) 256 (41.5) 180 (29.5) 240 (34.3) 110 (31.4) 130 (37.1)

Post- 791 (64.5) 361 (58.5) 430 (70.5) 460 (65.7) 240 (68.6) 220 (62.9)

Tumor size, cm <.001 .621

≤2 843 (68.7) 384 (62.2) 459 (75.2) 490 (70.0) 242 (69.1) 248 (70.9)

> 2 384 (31.3) 233 (37.8) 151 (24.8) 210 (30.0) 108 (30.9) 102 (29.1)

Node
involvement

<.001 .135

Negative 1156 (94.2) 557 (90.3) 599 (98.2) 670 (95.7) 331 (94.6) 339 (96.9)

Positive 71 (5.8) 60 (9.7%) 11 (1.8) 30 (4.3) 19 (5.4) 11 (3.1)

Histology <.001 .489

IDC 1059 (86.3) 582 (94.3) 477 (78.2) 629 (89.9) 319 (91.1) 310 (88.6)

ILC 50 (4.1) 21 (3.4) 29 (4.8) 37 (5.3) 17 (4.9) 20 (5.7)

Other 118 (9.6) 14 (2.3) 104 (17.0) 34 (4.8) 14 (4.0) 20 (5.7)

Grade <.001 .171

Well 116 (9.4) 26 (4.2) 90 (14.8) 46 (6.6) 25 (7.1) 21 (6.0)

Moderately 683 (55.7) 342 (55.4) 341 (55.9) 463 (66.1) 229 (65.4) 234 (66.9)

Poorly 264 (21.5) 212 (34.4) 52 (8.5) 119 (17.0) 67 (19.1) 52 (14.9)

Unknown 164 (13.4) 37 (6.0) 127 (20.8) 72 (10.3) 29 (8.3) 43 (12.3)

Endocrine therapy .002 .211

TAM 477 (38.9) 266 (43.1) 211 (34.6) 262 (37.4) 123 (35.1) 139 (39.7)

AI 750 (61.1) 351 (56.9) 399 (65.4) 438 (62.6) 227 (64.9) 211 (60.3)
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chemotherapy group consisted of 350 patients, re-
spectively. As shown in Table 1, clinicopathological
characteristics were well-balanced after matching. The
distribution patterns of the propensity score were
similar between patients with or without chemother-
apy (Figure S1), and the standardized difference for
all covariates met the criteria of < 20% (Fig. 1).

Recurrence score and prognosis
The median follow-up was 41.7 months (interquartile
range, 18.1 to 93.1 months). A total of 87 events were
observed, including 18 invasive local/regional recur-
rences, 13 contralateral breast cancers, 21 distant metas-
tases, 20 s primary invasive cancers, and 15 deaths. The
Kaplan-Meier estimates for IDFS and DDFS were shown
in Fig. 2. The categorical RS was significantly prognostic
for IDFS (P = 0.0028; Fig. 2A) and DDFS (P = 0.041; Fig.
2B) in overall patients, as well as in the 1156 lymph
node-negative patients (IDFS, P = 0.0083; Fig. 2C; and
DDFS, P = 0.01; Fig. 2D). Meanwhile, when analyzed as
continuous variable, univariate analysis also demon-
strated that RS was a significant predictor for IDFS
(HR = 1.013, 95% CI 1.002–1.025, P = 0.024) and DDFS
(HR = 1.025, 95% CI 1.010–1.040, P = 0.001).

Predictive value of RS on chemotherapy and in patients
of different ages after PSM
The efficacy of chemotherapy was evaluated in the
matched cohort. Overall, the interactions between
chemotherapy and RS groups for IDFS were obvious

when RS ≥31, and there was a trend for interaction
(P < 0.1) when RS = 26 (Figure S2), which was consist-
ent with previous studies.
Then patients were stratified by different cutoffs of

age, and RS thresholds suggesting chemotherapy benefit
were identified separately in young (≤age cutoff; Fig. 3A)
and old (>age cutoff; Fig. 3B) cohorts. As was shown, the
RS thresholds with predictive value were different across
age groups. When setting 55 years as the age cutoff, pre-
dictive RS thresholds could be observed in both cohorts.
We selected the RS value that reached the highest statis-
tical significance in manifesting the interaction with
chemotherapy, which was 25 in the young cohort and 36
in the old cohort.
IDFS of patients according to chemotherapy usage

were compared in specific strata defined by age and RS.
Kaplan-Meier curves illustrated that patients with age ≤
55 years and RS ≤25 derived no benefit from additional
chemotherapy (P = 0.66; Fig. 4A), and 4-year invasive
disease-free survival (IDFS) was 95.3 and 94.6% in pa-
tients receiving chemotherapy or not. Whereas signifi-
cant benefit of chemotherapy was observed in young
patients who had RS > 25 (P = 0.03; Fig. 4B), with 4-year
IDFS of 97.0 and 89.3%, respectively. Furthermore, for
patients older than 55 years, adjuvant chemotherapy was
associated with better prognosis in those who had RS >
36 (P = 0.014; Fig. 4D), with 4-year IDFS of 94.7 and
76.2% respectively. No apparent benefit was seen in
those older than 55 years and having RS ≤36 (P = 0.13,
4-year IDFS: 92.3% vs. 95.8%; Fig. 4C; Table 2).

Fig. 1 Adjustment for imbalances in baseline covariates by propensity score matching. The red squares represent the standard difference of
propensity score between chemotherapy and no-chemotherapy groups before PSM. The blue squares represent the standard difference of
propensity score between two groups after PSM. The standardized difference for all covariates met the criteria of < 20% after PSM
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Discussion
In the current study, we demonstrated the distribution
of RS in a cohort of 1227 Chinese breast cancer patients
and validated the prognostic value of RS. Notably, the
RS thresholds that can indicate the chemotherapy bene-
fit varied with age. For example, young patients (≤55
years) derived no apparent benefit of chemotherapy un-
less they had RS > 25, whereas old patients (> 55 years)
could benefit from adjuvant chemotherapy when the RS
was > 36.
Regarding the distribution of RS, data from Surveil-

lance, Epidemiology, and End Results (SEER) showed
that patients who had RS of 0–17, 18–30, and > 30
accounted for 56.52, 35.74, and 7.74% [15]. In Europe,
the distribution was 55.2, 35.2, and 9.6%, respectively
[16]. In our study, only 25.3% of patients had low-risk

RS, and more patients were classified as intermediate-
(47.7%) or high-risk RS (26.9%) than other studies. There
may be two possible reasons. First, only 30% of eligible
ER-positive patients in the United States and 20% in
Europe received the 21-gene RS testing [16, 17]. For pa-
tients with clinical unfavorable characteristics, such as
having lymph node involvement or poorly differentiated
nuclear grade, physicians may find sufficient evidence in
recommending chemotherapy directly. Hence, a consid-
erable number of patients with a high risk of relapse
forgo this testing, who were originally enriched for inter-
mediate to high RS. However, all eligible patients con-
secutively underwent this multigene assay in our center,
and our results may better reflect the real-world RS dis-
tribution. Another reason may be the racial disparity.
Actually, the median age at diagnosis in China is nearly

Fig. 2 Kaplan-Meier estimates for IDFS and DDFS according to RS group. Rate of Invasive disease-free survival (a) and Distant disease-free survival
(b) for the entire cohort. Rate of Invasive disease-free survival (c) and Distant disease-free survival (d) for the lymph node-negative cohort. The
box under each graph presents the number of patients at risk at each time point

Yu et al. BMC Cancer          (2021) 21:707 Page 5 of 10



a decade younger than that in the United States, and
advanced-stage breast cancer is more frequently pre-
sented [18]. Those indicate that breast cancer in China
may be more aggressive than that in western countries.
We further compared the RS distribution with other
Asian cohorts. In a Japanese study, the three risk groups
represented 48%, 20%, and 33% [19]. We noticed that
the authors only enrolled patients who received tamoxi-
fen but not chemotherapy, and their distribution was
close to that in the NSABP B-14 trial. In another
Chinese cohort by Yang et al., the distribution of
three RS groups was 33.8, 45.5, and 20.7%, which is
similar to our results [20].
The prognostic value of RS was initially validated in

ER-positive lymph node-negative breast cancer patients
who received tamoxifen. The NSABP B-20 further
showed that RS can predict the difference in distant re-
lapse rate, both in the chemotherapy-treated and un-
treated cohort [4]. Furthermore, the TransATAC study
and the ECOG E2197 study demonstrated that RS was
predictive for the recurrence risk, regardless of the nodal
status [21, 22]. In the current study, we have analyzed
patients’ survival according to RS stratification in the
whole patients and the lymph node-negative patients.
Consistent with the previous study, our results showed
the robust prognostic value of RS, which would not be
eliminated by the administration of chemotherapy or the
lymph node status. Whereas, only 5.8% of the patients
had 1–3 LN metastasis. This proportion would increase
in the future, especially in postmenopausal patients,
since the results of the prospective RxPONDER trial
have just been released [23].

In TAILORx, there was an interaction between age
and chemotherapy for disease outcomes [8]. In addition,
Kizy et al. using SEER data showed that chemotherapy
could bring about survival improvement in young but
not older patients (≥70 years) with high-risk RS [24].
These suggested that the chemotherapy efficacy was dif-
ferent among young and old women. While, there was
limited data on chemotherapy benefit, as being inter-
preted by RS, in old patients. In the current study, we
also observed that the RS thresholds indicating chemo-
therapy benefit were different across ages. A plausible
explanation was that for old patients, the benefit of
chemotherapy is directly due to cytotoxic action, while
young patients especially premenopausal women can
also benefit from chemotherapy-induced ovarian sup-
pression [25]. Indeed, in TAILORx, the chemotherapy
benefit was most evident in premenopausal patients at
45–50 years, consistent with the effect of chemotherapy-
induced-amenorrhea (CIA) [26]. Another reason is that
the fragility and morbid condition may call for more tol-
erable but less effective regimens in old patients. Besides,
several studies demonstrated that breast cancer of young
patients was biologically more aggressive than that in
old women [27, 28]. The intrinsic oncological difference
between young and old may alter the performance of the
21-gene RS, as young patients tend to have a higher pro-
portion of high-risk RS [29]. From the above, we prompt
that adjuvant chemotherapy guided by the 21-gene RS
should be discussed separately in young and old
patients.
The NSABP B-20 showed that the absolute chemo-

therapy benefit seems to increase continuously with

Fig. 3 Interaction between different RS cutoffs and chemotherapy in young and old patients. The size of the point in Figure 3 represents the
negative logarithm of interaction P-value. The bigger the point, the less the P-value, which means the higher the statistical significance. Blue
points represent the interaction P-value ≥0.05. The red points represent that although the P-value < 0.05, the 95% confidence interval of the
hazard ratio for chemotherapy ranges 0 to infinite, due to the few numbers of patients or events. Only the yellow points represent the valid RS
thresholds, which have significant interaction with chemotherapy usage. The selection of RS thresholds followed this process: 1) Selecting an age,
which has valid RS values (yellow points) both in A and B. 2) Choosing the RS threshold with the highest statistical significance, which is 25 in A
and 36 in B (indicated by the arrow)
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Fig. 4 Prognosis of patients according to chemotherapy usage at 55 years of age. Rates of Invasive disease-free survival according to
chemotherapy usage in (a) patients ≤55 years with RS ≤25, (b) patients ≤55 years with RS > 25, (c) patients > 55 years with RS ≤36, and (d)
patients > 55 years with RS > 36

Table 2 Survival of breast cancer patients receiving adjuvant chemotherapy or not stratified by age and the 21 gene Recurrence
Score

Chemoendocrine therapy Endocrine therapy P-value

4-year IDFS rate (%) 95% CI (%) 4-year IDFS rate (%) 95% CI (%)

≤55 years

RS ≤25 95.3 90.7–100.0 94.6 89.6–100.0 0.66

RS > 25 97.0 91.3–100.0 89.3 82.0–97.3 0.03

> 55 years

RS ≤36 92.3 87.7–97.2 95.8 92.1–99.6 0.13

RS > 36 94.7 87.9–100.0 76.2 52.1–100.0 0.014
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rising RS (up to 50), suggesting that there may be a cut-
off point for RS to demonstrate the effect of chemother-
apy [4]. A retrospective study using SEER data showed
that this RS threshold was approximately 26 [30]. In the
current study, RS of 26 also displayed a marginally
significant interaction with chemotherapy. When taking
age into account, we observed that the RS threshold to
demonstrate chemotherapy benefit was 25 in patients
≤55 years. Liu et al. included 2721 patients younger than
40 years and found that the receipt of chemotherapy was
associated with better breast cancer-specific survival in
patients with RS > 25 (hazard ratio = 0.369, P = 0.028,
[31]). And results of the Young Women’s Breast Cancer
Study showed no survival difference in mid-range RS
(11–25) patients receiving chemotherapy or not [32].
These indicated that RS of 25 tends to be a robust value
that can reflect the chemotherapy benefit in young
patients. Besides, approximately 34% of patients in the
TAILORx were premenopausal, and only 12.5% of them
received OFS. In the current study, the proportion were
35.5 and 11.7%, correspondingly. Since OFS could also
address the risk of relapse [33, 34], the RS threshold to
predict chemotherapy benefit in those patients warrant
cautious interpretation.
On the other end of the spectrum, we found that the

RS threshold indicating the chemotherapy benefit was
36 in patients older than 55 years, which has never been
defined in previous studies. We postulate the higher RS
threshold for chemotherapy in old patients was due to
the less magnitude of benefit. Of note, determining this
clear bound of RS is particularly necessary since elders
were more likely to have ER-positive breast cancer and
comprise the majority of patients who receive the 21-
gene RS testing [35]. Meanwhile, conservative
treatment-prescribing was always favored in them, be-
cause the toxicity and mortality due to chemotherapy
could overweigh the absolute benefit of therapy. Our re-
sult suggests that old patients with an RS of 25 to 36
might avoid cytotoxicity from unnecessary chemother-
apy, or at least could consider using less aggressive
regimens.
The strength of this research was that we conducted

the study in a population-based Chinese breast cancer
series and defined the RS threshold for chemotherapy
recommendation in young and old patients separately.
Still, there were several limitations. First, selection bias
may serve as an inevitable defect of the retrospective
study, although we consecutively performed the 21-gene
RS testing in eligible patients and used the propensity
score matching to narrow the confounding effect.
Second, the follow-up period is relatively short since the
luminal breast cancer carries a consistent risk of recur-
rence for 15 years [36], whereas the effect of adjuvant
chemotherapy was mostly seen in the first few years

after surgery [37]. Last but not least, therapeutic efficacy
due to different chemotherapy regimens as well as the
administration of OFS was not considered in the current
study, which deserves more detailed research.

Conclusions
We investigate the prognostic and predictive value of
21-gene RS in a large cohort of Chinese luminal breast
cancer patients with 0–3 lymph nodes involved. Mean-
while, we found that the RS value to demonstrate
chemotherapy benefit was higher in old patients than in
young ones. The relationship between age and predictive
RS value warrants further evaluation.
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