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Purpose
This retrospective study aimed to evaluate the distribution pattern and prognostic value of
21-gene recurrence score (RS) in Chinese patients with mucinous breast cancer (MC) and
compared with infiltrating ductal carcinoma (IDC).    

Materials and Methods
Patients diagnosed with MC or IDC from January 2010 to January 2017 were retrospectively
recruited. Reverse transcriptase–polymerase chain reaction assay of 21 genes was con-
ducted to calculate the RS. Univariate and multivariate analyses were performed to assess
the association between RS and clinicopathological factors. Survival outcomes including
disease-free survival (DFS) and overall survival (OS) were estimated by Kaplan-Meier method
and compared by log-rank test.

Results
The MC cohort included 128 patients and the IDC cohort included 707 patients. The pro-
portions of patients with a low (RS < 18), intermediate (18-30), or high risk (RS > 30) were
32.0%, 48.4%, and 19.5% in MC cohort, and 26.9%, 46.8% and 26.3% in IDC cohort. The
distribution of RS varied significantly according to different Ki-67 index and molecular sub-
type in both cohorts. Moreover, the receipt of chemotherapy was associated with RS in both
cohorts. Among patients with MC, tumor stage was related to the DFS (p=0.040). No signif-
icant differences in DFS and OS were found among MC patients in different RS risk groups
(OS, p=0.695; DFS, p=0.926).   

Conclusion
RS was significantly related to Ki-67 index and molecular subtypes in MC patients, which is
similar in IDC patients. However, RS was not able to predict DFS and OS in patients with
MC.
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Introduction

Over recent years, facilitated by substantial advances in
high-throughput analyses, multigene expression profiling
has gained rapid development and become powerful tools
for predicting the risk of relapse and mortality in patients
with breast cancer. 

The 21-gene recurrence score (RS) assay (Oncotype Dx, 
Genomic Health, Redwood City, CA) was calculated based
on the results of a reverse transcriptase–polymerase chain 
reaction (RT-PCR) assay of 21 prospectively selected genes
in paraffin-embedded tumor tissues [1]. Previous studies
have validated the ability of 21-gene assay to provide addi-
tional prognostic information beyond classical clinicopatho-
logical features in patients with estrogen receptor (ER)–posi-
tive, human epidermal growth factor receptor-2 (HER2)–neg-
ative and node-negative invasive breast cancer treated with
adjuvant tamoxifen or anastrozole alone [1,2]. Additionally,
21-gene assay was validated to be capable of predicting ben-
efit from adjuvant chemotherapy in node-negative and node-
positive patients according to the analyses of the NSABP
B-20 and SWOG-8814 trials [3,4]. As a result of its excellent
prognostic and predictive ability, 21-gene RS has been
widely used by clinicians to help predict outcomes and make
therapeutic decisions. 

Mucinous breast cancer (MC) is a rare subtype of invasive
breast cancer, with an incidence of 1%-6% in all primary
breast cancer [5-10]. Prior series indicated that the majority
of MC were ER-positive, HER2-negative tumors without
node metastasis [11-14], which matches the main criteria of
21-gene genomic test. However, the retrospective studies
aimed at validating the prognostic value of RS did not dis-
tinguish among histological subtypes and the study cohorts
were mainly compromised by infiltrating ductal carcinoma
(IDC) [1,3]. Given the relatively low incidence of MC, no
study to date has explicated the prognostic significance of RS
in MC. 

Therefore, the objective of the current study was to evalu-
ate the distribution pattern and prognostic value of RS in
Chinese patients with MC compared to IDC.

Materials and Methods

1. Study population and follow-up

Patients who were diagnosed with MC or IDC from Janu-
ary 2010 to January 2017 at Shanghai Jiao Tong University
Affiliated Ruijin Hospital were retrospectively reviewed. The

detailed inclusion criteria are as follows: (1) female sex; (2)
MC or IDC proven by core needle biopsy or open excision
biopsy; (3) underwent surgical procedure; (4) ER-positive
and HER2-negative tumors; (5) available fixed, paraffin-em-
bedded tumor tissue for RS test; (6) complete clinical and fol-
low-up data. Women with T1a or T4 tumor, metastatic breast
cancer, or treated with neoadjuvant treatment were exclu-
ded. 

Patients were divided into MC cohort and IDC cohort 
according to pathology. The baseline clinicopathological
characteristics were obtained from the prospectively main-
tained Shanghai Jiao Tong University Breast Cancer Data-
base (SJTU-BCBD). Demographic and clinical data including
age, type of surgery, pathology, tumor grade, tumor size,
progesterone receptor (PR) status, and Ki-67 index were col-
lected. Treatment and follow-up information was obtained
by phone calls and/or outpatient medical record. 

Disease-free survival (DFS) was defined as time from dia-
gnosis to the earliest of disease recurrence including local/
regional recurrence and distant metastasis in any site, second
primary cancer, or death of any cause. Overall survival (OS)
was defined as time from diagnosis to death as a result of
any cause. The last follow-up was conducted in March 2018. 

The current study has been approved by the Ethical Com-
mittees of Shanghai Ruijin Hospital. The results of this study
do not affect the treatment decision of any patient included. 

2. Sample preparation and RS calculation

The methods of sample preparation and RS calculation
were similar to that previously described [15,16]. Briefly,
hematoxylin and eosin–stained slides were reviewed by
pathologists to make sure that the paraffin section used for
21-gene RS analysis contained sufficient tumor tissue. After
RNA extraction and DNase I treatment, the RT-PCR reac-
tions in 96 well plates were performed using Applied Biosys-
tems (Foster City, CA) 7500 Real-Time PCR System. Expre-
ssion of 16 cancer-related genes was measured in triplicate
and normalized relative to a set of five reference genes. The
recurrence score, scaled from 0 to 100, was then calculated
for each patient using the algorithm previously described in
detail [1]. Patients were classified by the pre-specified cut-
off points into low-risk (RS < 18), intermediate-risk (18-30),
and high-risk (RS > 30) groups.

3. Pathological assessment 
   
The immunohistochemistry (IHC) assessment of biomark-

ers, including ER, PR, Ki-67, and C-erb B2, were conducted
according to previously described protocols [17,18]. ER/PR
status was defined as positive if there are at least 1% positive
tumor nuclei in the sample according to the recommendation
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of the American Society of Clinical Oncology (ASCO) and
College of American Pathologists (CAP) [19]. IHC assess-
ments of Ki-67 were made from paraffin-embedded tumor
samples and MIB-1 (mouse monoclonal, Dako) was the anti-
body used for IHC test. To calculated the Ki-67 index, the cell
distribution over the whole slice was reviewed at first. If 
Ki-67 expression was uniformly distributed over the entire
slide, 500-2,000 cells were chosen from different microscope
views; otherwise, 1,000 cells were equally counted in both
hotspot and negative areas in slice. Ki-67 index was charac-
terized as the proportion of positively nuclear staining cells
among at least 1,000 tumor cells in the area counted and
recorded as mean percentage of positive cells. In this retro-
spective analysis, the median Ki-67 index in each cohort was
set as the cut-off to distinguish between high and low Ki-67
index. HER2 status was considered as negative if it scored 0
to 1+ by IHC. Fluorescent in situ hybridization was per-
formed to all IHC 2+ and 3+ to determine the HER2 gene 

amplification. 
Patients were classified into luminal A and luminal B 

according to the IHC-based surrogate subtypes. Based on 
international recommendations and the specific laboratory
protocols at department of pathology in Ruijin Hospital, the
surrogate subtype classifications were described as follows:
(1) luminal A-like, HER2 negative, PR positive, and low 
Ki-67 index; (2) luminal B-like, HER2 negative, high Ki-67
index, or PR negative. 

4. Statistical analysis

The Pearson chi-square or Fisher exact test when necessary
was performed to compare the distribution of clinicopatho-
logical characteristics in MC cohort versus IDC cohort and
to assess the distribution of RS in patients with different clin-
icopathological characteristics. Multi-variable logistic regres-
sion model was used to determine independent factors

Jiayi Wu, Recurrence Score in Breast Cancer 

Table 1.  Clinicopathological characteristics and treatment information of the included patients

Values are presented as number (%). MC, mucinous breast cancer; IDC, infiltrating ductal carcinoma; BCS, breast-conserving
surgery; PR, progesterone receptor.

Characteristic MC (n=128) IDC (n=707) p-value
Age (yr)

< 55 43 (33.6) 349 (49.4) 0.001
! 55 85 (66.4) 358 (50.6)

Surgery
Mastectomy 77 (60.2) 399 (56.4) 0.434
BCS 51 (39.8) 308 (43.6)

T category
T1 70 (54.7) 494 (69.9) 0.001
T2-3 58 (45.3) 213 (30.1)

Node status
Negative 120 (93.8) 614 (86.8) 0.028
Positive 8 (6.2) 93 (13.2)

PR
Positive 109 (85.2) 599 (84.7) 0.900
Negative 19 (14.8) 108 (15.3)

Ki-67 group
Low 59 (46.1) 398 (56.3)
High 69 (53.9) 309 (43.7) 0.033

Molecular subtype
Luminal A-like 51 (39.8) 297 (42.0) 0.648
Luminal B-like 77 (60.2) 410 (58.0)

Chemotherapy
Yes 17 (13.3) 381 (53.9) < 0.001
No 111 (86.7) 326 (46.1)

Radiation
Yes 48 (37.5) 320 (45.3) 0.104
No 80 (62.5) 387 (54.7)
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related to RS groups. Kaplan-Meier analyses were conducted
to estimate the rate, and log-rank tests were performed to
compare the survival curves. Multivariate Cox proportional
hazards models were used to identify the independent prog-
nostic factor for DFS and OS. All Statistical analyses were
conducted with the statistical package STATA ver. 14.0 for
Windows 10 (College Station, TX). A p-value of less than 0.05
(two-sided) was considered to indicate a significant result.

5. Ethical statement

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of the
independent Ethical Committee/Institutional Review Board
of Ruijin Hospital (14411950200) and with the 1964 Helsinki
declaration and its later amendments or comparable ethical
standards. Informed consent was exempted due to the retro-
spective format of this study.

Results

1. Clinicopathological features 

The MC cohort included 128 patients, with 85 patients
aged 50 and above (66.4%), while the IDC cohort included
707 patients, with 358 patients aged 50 and above (50.6%).
Patients with MC were significantly older than patients with
IDC (p=0.001). The baseline clinicopathological features of
both cohorts were outlined in Table 1.

Compared with IDC, patients with MC had less T1 tumors
(MC vs. IDC, 54.7% vs. 69.9%; p < 0.001) and less lymph node
involvement at diagnosis (MC vs. IDC, 6.2% vs. 13.2%;
p=0.028). In MC cohort, the mean and median Ki-67 index
were 11.9% and 10%, while in IDC cohort, the mean and 
median Ki-67 index were 19.3% and 15%. The percentage of
PR-positive tumors was similar between patients with MC
and IDC (85.2% vs. 84.7%, p=0.900). With respect to the mole-
cular subtype, there was no significant difference between
the two cohorts (p=0.648), with 39.8% of luminal A-like 

Cancer Res Treat. 2020;52(3):671-679

MC cohort (n=128) IDC cohort (n=707)
Characteristic Low risk Intermediate High risk p-value Low risk Intermediate High risk p-value(RS < 18) risk (RS 18 to 30) (RS ! 31) (RS < 18) risk (RS 18 to 30) (RS ! 31)
Age (yr)

< 55 9 (20.9) 23 (53.5) 11 (25.6) 0.132 88 (25.2) 163 (46.7) 98 (28.1) 0.465
! 55 32 (37.6) 39 (45.9) 14 (16.5) 102 (28.5) 168 (46.9) 88 (24.6)

Surgery
Mastectomy 27 (35.1) 36 (46.8) 14 (18.2) 0.704 115 (28.8) 183 (45.9) 101 (25.3) 0.403
BCS 14 (27.5) 26 (51.0) 11 (21.6) 75 (24.4) 148 (48.1) 85 (27.6)

T category
T1 20 (28.6) 38 (54.3) 12 (17.1) 0.349 145 (29.4) 234 (47.4) 115 (23.3) 0.008
T2-3 21 (36.2) 24 (41.4) 13 (22.4) 45 (21.1) 97 (45.5) 71 (33.3)

Node status
Negative 38 (31.7) 58 (48.3) 24 (20.0) 1.000 171 (27.9) 282 (45.9) 161 (26.2) 0.293
Positive 3 (37.5) 4 (50.0) 1 (12.5) 19 (20.4) 49 (52.7) 25 (26.9)

PR
Positive 37 (33.9) 52 (47.7) 20 (18.3) 0.437 180 (30.1) 284 (47.4) 135 (22.5) < 0.001
Negative 4 (21.1) 10 (52.6) 5 (26.3) 10 (9.3) 47 (43.5) 51 (47.2)

Ki-67
Low (< 10, < 15) 26 (44.1) 24 (40.7) 9 (15.3) 0.028 111 (32.2) 178 (51.6) 56 (16.2) < 0.001
High (! 10, ! 15) 15 (21.7) 38 (55.1) 16 (23.2) 79 (21.8) 153 (42.3) 130 (35.9)

Subtype
Luminal A-like 23 (45.1) 21 (41.2) 7 (13.7) 0.035 106 (35.7) 150 (50.5) 41 (13.8) < 0.001
Luminal B-like 18 (23.4) 41 (53.2) 18 (23.4) 84 (20.5) 181 (44.1) 145 (35.4)

Values are presented as number (%). RS, recurrence score; MC, mucinous breast cancer; IDC, infiltrating ductal carcinoma;
BCS, breast-conserving surgery; PR, progesterone receptor.

Table 2. Distribution of RS by clinicopathological factors in MC cohort and IDC cohort
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tumors in MC cohort and 42% of luminal B-like tumors in
IDC cohort. 

In our series, the percentage of patients underwent breast-
conserving surgery and received radiation was similar in MC
cohort and IDC cohort. However, chemotherapy was signif-
icantly less common in patients with MC (13.3%) than in 
patients with IDC (53.9%, p < 0.001). All patients received
appropriate endocrine treatment.

2. Distribution of RS 

With regard to RS category, the proportions of patients
with low-, intermediate-, and high-risk RS were 32.0%, 48.4%,
and 19.5% in MC cohort, 26.9%, 46.8%, and 26.3% in IDC 
cohort. The distribution of RS according to different clinico-
pathological factors are shown in Table 2.

In MC cohort, RS varied significantly according to different
Ki-67 index (p=0.028) and molecular subtypes (p=0.035). 
Patients with high Ki-67 index and luminal B subtype tumors
were more likely to have high-risk RSs. Similarly, RS was
correlated to different Ki-67 index and molecular subtype in
IDC cohort (p < 0.001). In IDC cohort, tumor size was asso-
ciated with RS group as well (p < 0.001). The percentage of
patients having high-risk RS is higher in patients with T2 or
T3 tumors (33.3%) than in patients with T1 tumors (23.3%).

Multivariate regression analyses including age, patholog-
ical T category, and molecular subtype revealed that molec-
ular subtype was independently related to the distribution
of RS in both MC and IDC cohorts (Table 3). In MC cohort,
luminal B-like tumors were significantly associated with
higher likelihood of having intermediate-risk RSs (hazard
ratio [HR], 2.67; 95% confidence interval [CI], 1.15 to 6.21;
p=0.023) and high-risk RSs (HR, 3.28; 95% CI, 1.10 to 9.76;
p=0.032) compared to low-risk RSs. Likewise, patients with
luminal B-like tumors in IDC cohort were more likely to have
intermediate-risk RSs (HR, 1.50; 95% CI, 1.04 to 2.15; p=0.028)
and high-risk RSs (HR, 4.28; 95% CI, 2.72 to 6.73 p < 0.001)
rather than low-risk RSs. It was also indicated that T2 or T3
tumors in IDC cohort were more likely to have high-risk RSs
compared to low-risk RSs (HR, 1.84; 95% CI, 1.16 to 2.92;
p=0.010).

As for treatment, the receipt of chemotherapy was core-
lated with RS in MC cohort (p=0.019) and in IDC cohort (p <
0.001). The percentage of patients receiving chemotherapy in
the low-, intermediate-, and high-risk RS group was 2.4%,
16.4%, and 24.0% in MC cohort, respectively, while the per-
centage was 21.6%, 58.3%, and 79.0% in IDC cohort.

3. Univariate and multivariate analyses of DFS and OS

After a median follow-up of 26.4 months (range, 2.9 to
105.4 months), there were nine DFS events and two OS

Jiayi Wu, Recurrence Score in Breast Cancer 

M
C 

co
ho

rt 
(n

=1
28

)
ID

C 
co

ho
rt 

(n
=7

07
)

Cl
in

ic
op

at
ho

lo
gi

ca
l

In
te

rm
ed

ia
te

 v
s. 

lo
w

 ri
sk

H
ig

h 
vs

. l
ow

 ri
sk

In
te

rm
ed

ia
te

 v
s. 

lo
w

 ri
sk

H
ig

h 
vs

. l
ow

 ri
sk

fe
at

ur
e

p-
va

lu
e

O
R

95
%

 C
I

p-
va

lu
e

O
R

95
%

 C
I

p-
va

lu
e

O
R

95
%

 C
I

p-
va

lu
e

O
R

95
%

 C
I

A
ge

 (y
r)

< 
55

0.
22

4
1

0.
27

1
1

0.
54

5
1

0.
29

1
1

! 
55

0.
52

0.
23

-1
.2

0
0.

56
0.

23
-1

.2
5

0.
90

0.
63

-1
.2

8
0.

80
0.

52
-1

.2
1

T 
ca

te
go

ry
T1

0.
14

7
1

0.
82

5
1

0.
20

4
1

0.
01

0
1

T2
-3

0.
54

0.
23

-1
.2

5
0.

90
0.

31
-2

.5
2

1.
31

0.
87

-1
.9

7
1.

84
1.

16
-2

.9
2

M
ol

ec
ul

ar
 su

bt
yp

e
Lu

m
in

al
 A

-li
ke

0.
02

3
1

0.
03

2
1

0.
02

8
1

< 
0.

00
1

1
Lu

m
in

al
 B

-li
ke

2.
67

1.
15

-6
.2

1
3.

28
1.

10
-9

.7
6

1.
50

1.
04

-2
.1

5
4.

28
2.

72
-6

.7
3

RS
, r

ec
ur

re
nc

e s
co

re
; M

C,
 m

uc
in

ou
s b

re
as

t c
an

ce
r; 

ID
C,

 in
fil

tra
tin

g 
du

ct
al

 ca
rc

in
om

a;
 O

R,
 o

dd
s r

at
io

; C
I, 

co
nf

id
en

ce
 in

te
rv

al
. 

Ta
bl

e 
3.

M
ul

tiv
ar

ia
te

 a
na

ly
sis

 o
f i

nd
ep

en
de

nt
 v

ar
ia

bl
es

 a
ss

oc
ia

te
d 

w
ith

 R
S 

in
 M

C 
co

ho
rt 

an
d 

ID
C 

co
ho

rt

VOLUME 52 NUMBER 3 JULY 2020  675



events in MC cohort while 40 DFS events and 15 OS events
in IDC cohort. 

With respect to DFS, the results of univariate analyses
showed that pathologic T category was the only factor sig-
nificantly associated with DFS among patients with MC
(p=0.040). The 3-year DFS rates for patients with T1 tumors
and patients with T2-3 tumors was 97.1% and 87.9%, respec-
tively (Table 4). According to multivariate Cox model, the
differences in DFS between pathologic T categories were
marginally significant (p=0.060). No significant correlations
were founded between RS category and DFS in both univari-
ate and multivariate analyses (Table 4, Fig. 1A). The 3-year

DFS rates for patients with low-, intermediate-, and high-risk
RS were 92.7%, 95.2%, and 88.0% in MC cohort, respectively
(Table 4). While in the IDC cohort, the results of univariate
analyses indicated that pathologic T category (p=0.006), 
Ki-67 index (p=0.038), molecular subtype (p=0.045), and RS
category (p=0.023) were all significantly associated with DFS
(Table 4). According to multivariate analyses, only patho-
logic T category was identified as an independent prognostic
factor for DFS (HR, 2.03; 95% CI, 1.08 to 3.81; p=0.028). The
3-year DFS rates for patients with low-, intermediate-, and
high-risk RS were 96.8%, 95.8%, and 89.2% in IDC cohort, 
respectively (p=0.023) (Table 4, Fig. 2A) but RS category

Cancer Res Treat. 2020;52(3):671-679

MC IDC
Characteristic DFS OS DFS OS

Survival rate (%) p-value Survival rate (%) p-value Survival rate (%) p-value Survival rate (%) p-value
Age (yr)

< 55 91.2 0.470 100 0.381 94.0 0.996 98.9 0.030
! 55 95.4 95.6 94.7 96.9

Surgery
Mastectomy 90.9 0.842 98.7 0.457 94.2 0.815 97.0 0.174
BCS 96.1 98.0 94.5 99.0

T category
T1 97.1 0.040 100 0.123 95.7 0.006 98.2 0.303
T2-3 87.9 96.6 91.1 97.2

Nodal status
Negative 92.5 0.518 98.3 0.741 93.8 0.389 98.9 0.868
Positive 100 100 97.8 97.7

PR
Positive 92.7 0.705 98.2 0.525 95.0 0.073 97.8 0.836
Negative 94.7 100 90.7 98.1

Ki67
Low 91.5 0.979 100 0.135 95.7 0.038 98.5 0.196
High 94.2 97.1 92.6 97.1

Subtype
Luminal A-like 92.2 0.936 100 0.215 96.3 0.045 98.7 0.153
Luminal B-like 93.5 97.4 92.9 97.3

Chemotherapy
Yes 100 0.263 100 0.556 93.4 0.123 97.6 0.381
No 91.9 98.2 95.4 98.2

Radiation
Yes 97.9 0.312 100 0.378 95.9 0.205 99.1 0.144
No 90.0 97.5 93.0 96.9

RS category
Low 92.7 0.926 97.6 0.695 96.8 0.023 98.9 0.296
Intermediate 95.2 98.4 95.8 98.5
High 88.0 100 89.2 95.7

DFS, disease-free survival; OS, overall survival; MC, mucinous breast cancer; IDC, invasive ductal carcinoma; BCS, breast-
conserving surgery; PR, progesterone receptor; RS, recurrence score. 

Table 4. Univariate prognostic analyses of DFS and OS in MC cohort (n=128) and IDC cohort (n=707)
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failed to predict DFS according to multivariate analyses
(p=0.160; intermediate risk vs. low risk: HR, 1.42; 95% CI,
0.54 to 3.37; high risk vs. low risk: HR, 2.31; 95% CI, 0.90 to
5.90).

With respect to OS, neither different pathologic T category
(p=0.123) nor RS category (p=0.695) was associated with OS
among patients with MC, according to the results of univari-
ate analyses (Table 4, Fig. 1B). This may be due to limited
number of events. The 3-year OS rates for patients with low-,
intermediate-, and high-risk RS were 97.6%, 98.4%, and
100%, respectively (Table 4). Similarly, in IDC cohort, neither
different pathological T category (p=0.303) nor RS category
(p=0.296) can significantly predict OS according to univariate
analyses (Table 4, Fig. 2B). The 3-year OS rates for patients
with low-, intermediate-, and high-risk RS were 98.9%,
98.5%, and 95.7%, respectively (Table 4).

Discussion

The current study evaluated the distribution pattern and
prognostic significance of 21-gene RS in a cohort of 128 Chi-
nese MC patients and assessed the factors associated with RS
in a cohort of 707 Chinese IDC patients for comparison. RS
has been proved to have both prognostic and predictive
power in ER-positive, HER2-negative, and node-negative 
patients with invasive breast cancer [1,3]. MC met the criteria
of 21-gene test. But up to now, the utility of RS has not been
studied in MC cohort. To our knowledge, our study repre-
sents the first study focused on the distribution pattern and
prognostic value of 21-gene RS in MC.

Based on the traditional RS category, the proportion of 
patients having high-risk RS was 19.5% in current MC 
cohort, lower than the percentage of 27% and 25.2% observed
in validation studies of RS conducted in patients from
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Fig. 1.  Kaplan-Meier survival curves in mucinous breast cancer patients according to different recurrence score risk groups.
Disease-free survival (DFS) (A) and overall survival (OS) (B).
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NSABP B-14 and B-20 trial [1,3]. Whereas, the proportion of
patients with high-risk RS was 26.3% in current IDC cohort,
which was in line with the percentage of high-risk RS group
mentioned above. The disparity in the distribution of RS risk
groups among different pathological subtypes was in con-
cordance with a previous finding, which indicated that 
patients with MC had a lower likelihood of having a high-
risk RS compared with patients with IDC [20]. Likewise, 
invasive lobular carcinoma, in which ER-positive and HER2-
negative tumors were the majority, mainly had low-risk RS
(60%) and intermediate-risk RS (38%). Consistent with the
previous study, the predominance of low- and intermediate-
risk RS in MC cohort was also found in our study, suggesting
better prognosis of MC.

In our series, the Ki-67 index and molecular subtype was
associated with the distribution of RS, and molecular subtype
can independently predict RS in both MC and IDC cohorts.
In high Ki-67 group, the proportion of patients having high-
risk RSs was 23.2% in MC cohort and 35.4% in IDC cohort,
which were significantly higher than those in low Ki-67
group. In concordance with our results, Ki-67 index was also
reported to be associated with RS in WSG Plan B trial [21].
PR status was associated with RS in current IDC cohort. Like-
wise, PR status was also defined as a predictor for RS accord-
ing to the previous analyses among patients in Plan B and
NASBP B20 [3,21]. In current MC cohort, the proportion of
patients categorized into low-, intermediate-, and high-risk
groups were 33.9%, 47.7%, and 18.3% in patients with PR-
positive tumors, while 21.1%, 52.6%, and 26.3% in those with
PR-negative tumors. RS distributed differently according to
PR status but the difference did not meet statistical signifi-
cance, which may be resulted from the insufficient sample
size. Moreover, both PR status and Ki-67 index were identi-
fied as independent predictors for RS in our previous study
in 980 Chinese estrogen receptor–positive, HER2-negative
breast cancer patients [15]. Multivariate analyses in our cur-
rent study showed that molecular subtype defined by Ki-67
and PR level was an independent predictor for RS in both
MC and IDC cohorts. Luminal B-like tumors were more
likely to have high-risk RSs. These facts indicated that rou-
tine clinical and pathologic parameters might be of help in
predicting RS.

The DFS rates and OS rates were relatively high in current
study, with only nine DFS events and two OS events with 
3-year estimated DFS rates of 92.7%, 95.2%, and 88.7%, and
3-year estimated OS rates of 97.6%, 98.4%, and 100% for low,
intermediate, and high RS risk categories in MC cohort.
However, the differences of survival outcomes among dif-
ferent RS risk groups were not statistically significant. Sub-
group analyses conducted in patients without chemotherapy
also confirmed this finding.

The possible reason for the negative results may lie in the

favorable clinicopathological features and good prognosis in
MC cohort. Previous study conducted in 11,400 patients with
MC indicated that patients with pure MC had better out-
comes than IDC patients [22], with 10-, 15-, and 20-year sur-
vival rates were 89%, 85%, and 81%, respectively, compared
to 82% (5 years), 72% (10 years), 66% (15 years), and 62% (20
years) for IDC. Another possible reason may be that the fol-
low-up was not long enough and the sample size was small
to observe the differences in survival. 

According to our analyses, the percentage of patients of 
receiving chemotherapy was higher in the high-risk RS
group compared with low- and intermediate-RS group, but
the survival outcomes were not significantly different bet-
ween patients with or without chemotherapy in each RS
group (p > 0.05). The potential benefit of chemotherapy in
MC cohort may need longer follow-up and further investi-
gation.

Pathological tumor size remained the significant predictor
for DFS according to univariate analyses and was marginally
significantly associated with DFS according to multivariate
analyses which was possibly caused by the relatively short
follow-up and limited number of events, indicating that tra-
ditional TNM (tumor size, nodal status, metastasis) classifi-
cation system remained fundamental for tumor staging and
prognosis prediction in patients with MC. Traditional clini-
copathological factors that described tumor burden were of
great value in predicting outcomes and making therapeutic
decisions in MC, which were dominated by ER-positive,
HER2-negative tumors. Based on the current study, RS did
not possess a distinct advantage over tumor burden in MC
cohort.

In conclusion, patients with MC tend to have low- and 
intermediate-risk RS. Molecular subtype defined by PR sta-
tus and Ki-67 index can independently predict high-risk RS
among patients with MC, as well as in patients with IDC.
Further research is necessary to evaluate the use of RS in pre-
dicting outcomes among patients with MC. 
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