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factor receptor 2 (HER2) negative breast cancer patients by the expression level of ER, providing new
evidence for prognostic prediction and guiding precision endocrine therapy (ET) for those with different ER
expression levels. Methods A retrospective cohort study was conducted on 1 962 ER-positive/HER2-
negative breast cancer patients treated in our department from January 1, 2013 to December 31, 2018. X-tile
was used to calculate the optimal cutoff point of ER expression level, and then based on the results, they were
divided into low (1%~10%), moderate (11%~30%), and high expression (31%~100%) groups. After
propensity score matching (PSM) was performed to balance baseline characteristics, their prognostic outcomes
were compared and the responses to ET were analyzed in the groups. Cox proportional risk regression model
was applied to analyze the prognostic factors, and subgroup analysis was further performed. Results Afier
PAM, 129 (11. 5%) were assigned into a low ER expression group, 151 (13. 5%) and 840 (75%) into moderate
and high ER expression groups, respectively. Statistical differences were observed in disease-free survival
(DFS) and overall survival (0OS) among the 3 groups (P=8e-6, P=8e-14). In the low ER expression group, the
patients treated with selective estrogen receptor modulators (SERMs) showed no significant differences in DFS
and OS than those treated with aromatase inhibitors (Als) (P>0. 05). However, the patients from the moderate
and high ER expression groups demonstrated significantly better DFS when treated with Al than with SERM
(P=0. 02, P=0.03). Multivariate analysis showed that compared with the moderate ER expression group, the
high ER expression group exhibited significantly lower risk of disease recurrence/metastasis (HR=0. 62,
95%CI: 0.43~0.88, P=0.009) and risk of death (HR=0.49, 95%CI: 0.26~0.93, P=0.03). Subgroup
analysis revealed that when compared with the high ER expression group, the moderate ER expression group
exhibited notably worse DFS in the following subgroups: oral SERM, non-breast-conserving surgery, lymph
node metastasis, TNM stage I, and chemotherapy, and shorter OS in the subgroups of oral SERM, non-breast-
conserving surgery, lymph node metastasis, TNM stage I subgroup, and chemotherapy. Conclusion Taking
ER expression of 11%~30% as an independent stratification criterion can guide more accurate prognostic
assessment and more rational ET selection in ER-positive/HER2-negative breast cancer patients.
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prognosis
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A: Optimal cut-off value of ER expression determined by DFS; B: Optimal cut-off value of ER expression determined by OS.

ER: Estrogen receptor; DFS: Disease-free survival; OS: Overall survival
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Figure 1 Determination of the optimal cut-off value for ER expression level based on X-tile software
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Figure 2 Survival analysis of DFS (A) and OS (B) among the low, moderate and high ER expression groups after

propensity score matching
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& [HR=0.45(95%CI:0.27~0.75) , P=0. 002 ] . # %
1b97 #.& [ HR=0. 61 (95%CI : 0. 43~0. 88) , P=0. 008 ] ;
B2 ALY 2 32 ORI TR OGR4 i
% TNM 70300 - T3 K T3 | R 352 4k 97 & W4 1
DFS L & £ 5.

X OS B WAL Hr , [ 4 85 KR LT 4
HE RALERIZALN 0S4 T Rk dl : e AR e FL
i B 2H (540 %) [ HR=0. 34(95%CI ;0. 16~0. 70) , P=
0.004] | E £~ FL /& & 41 [HR=0.33 (95%CI: 0. 16~
0.66) , P=0.002] | ik [ &5 To#% 7% i & 41 [HR=0. 13
(95%CI:0. 03~0. 58) , P=0. 007 | 32 1bJ7 % [HR=
0.36(95%CI:0. 19~0. 70) , P=0. 002 ] ; =52 FL IR .
53U J5 %8 (SERM FAD) %2 R AL TR B 25568 |

Variable  Count Percent(%) Low Intermediate Pvalue P for interaction HR (95% CI)

age 0.802

<40 51 182 22(17.05) 29(19.21) 1> 0738 0.85 (0.3 10 2.20)

>40 229 818 107 (82.95) 122(80.79) W 0219 0.73(0.45 t0 1.20)

endocrinotherapy 0.163

SERM 160 571 66 (51.16) 94(62.25) i 0937 0.98 (0.56 t0 1.72)

A 120 429 63 (48.84) 57(37.75) W 0072 0.51(0.25 to 1.06)

BCS 0.459

yes 32 14 12(9.30) 20(13.25) Fe—————— 0589 1.87 (019 t0 17.95)

no 248 886 117 (90.70) 131(86.75) W 0212 0.75 (0.48 to 1.18)

Iymphnode 097

ves 158 564 79 (61.24) 79(5232) ™ 031 0.72(0.38 to 1.36)

no 122 436 50 (38.76) 72(47.68) 0317 0.74 (0.40 t0 1.34)

clinicalstages 0129

0~1 72 257 32 (24.81) 40(26.49) 066 0.78 (0.25 t0 2.41)

2 144 514 66 (51.16) 78(51.66) > 0648 117 (0.60 to 2.28)

3 64 29 31(24.03) 33(21.85) M 0.026 0.45 (0.23 10 0.91)

chemotherapy 0.927

no 34 121 19 (14.73) 15(9.93) w—> 073 0.66 (0.06 t0 7.23)

yes 26 879 110 (85.27) 136 (90.07) W 0154 0.72(0.46 t0 1.13)

Overall 280 100 129 151 ] 022 0.76 (0.49 to 1.18)
5 10 15

AEAAT TNM 730 ] AR SZ AT 3 A1 OS To i 3 25 5 .
LT A 0 ER Fh IR0 0S4 TR dkikdl . 1
fIk SERM V40 [ HR=0. 34(95%CI:0. 15~0. 77) ,P=0. 01] |
AR FL 41 [ HR=0. 50(95%CI : 0. 25~1.00) , P=0. 049
Wk L4555 7% 58 5 20 [ HR=0. 43(95%C1: 0. 21~0. 88) ,
P=0.022] . TNM 43 3 11 1§ [ HR=0. 31 (95%CI: 0. 11~
0.85) , P=0.023] . 4% 3Z fb.J7 & 35 W 20 [HR=0. 50
(95%CI:0. 26~0. 94) , P=0. 032],

X PSM J& B E [ DFS#E4T T Cox HLRI R M EZ R
AT (F2) . RRE SRR ERIRISEE S ER
e F 3R BB TSR K B RS RS 7 T JC 103 25 7 o
{HER = 35 8 H W 2 & sl 78 AU I KT ER h
Fik B H[HR=0. 61(95%CI: 0. 42~0. 87) , P=0. 007 ] .

Variable Count percent(%) Intermediate  High Pvalue P for interaction HR (95% CN)

age 0.425

<40 m 13 29 (19.21) 142 (16.90) +—t 0.044 0.45 (0.20 t0 0.98)
40 820 827 122(80.79) 698 (83.10) t—i 0032 0.64 (0.43 t0 0.96)

endocrinotherapy 0233

SERM 576 581 94 (62.25) 482(57.38) 0.003 051(0.33t0 0.79)

A 415 419 57(37.75) 358 (4262) =i 0563 0.83 (0.43t0 1.58)

BCS 0.476

yes 16 117 20(13.25) 96(1143) —e—t 0879 091 (0.26 t0 3.19)

no 875 883 131(86.75) 744 (88.57) 0.003 0.57(0.39 t0 0.83)

lymphnode 0.101

yes 557 562 79 (52.32) 478(56.90) tt 0.003 041 (0.23t0 0.74)

no 434 438 72 (47.68) 362(43.10) remt 026 0.7 (0.48 0 1.22)

clinicalstages 0.183

0-2 256 258 40 (26.49) 216 (25.71) et 0131 0.48(0.19 t0 1.24)

2 518 523 78 (51.66) 440(52.38) t—4 0.002 045 (0.27 t0 0.75)

3 27 219 33 (21.85) 184(21.90) i 0708 0.89 (0.49 t0 1.62)

chemotherapy 0831

no 120 121 15(9.93) 105 (12.50) 0524 0.48 (0.05 to 4.61)

yes 871 879 136(90.07)  735(87.50) e 0.008 0.61(0.43 t0 0.88)

Overall 991 100 151 840 * 0.005 0.60 (0.42 to 0.86)

12 3 a

B3 RFREESHREA . PREAETRIEZEADFS HILHDHT

Figure 3 Comparison of disease-free survival (DFS) between the low and moderate ER expression groups and between the

moderate and high ER expression groups

Variable  Count Percent(%) Low Intermediate Pvalue P for interaction HR (95% C1)

age o

<40 51 182 22(17.05) 29(19.21) W 0298 0.47 (0.1 t0 1.96)
>40 229 818 107(8295)  122(80.79) W 0.004 0.34(0.16 t0 0.70)
endocrinotherapy 045

serm 160 571 66 (51.16) 94 (62.25) ™ 0.054 0.44(0.19t0 1.02)
A 120 429 63 (48.84) 57(37.75) w 0.021 027 (0.09 t0 0.82)
BCS 0317

yes 2 14 12 (930) 20(13.25) H—————— 0,897 117 (011 t0 12.98)
no 248 886 117(90.70)  131(86.75) W 0.002 033 (0.16 t0 0.66)
lymphnode 0138

no 158 564 79 (61.24) 79(52.32) ™ 0.007 0.13(0.03t0 0.58)
ves 122 436 50 (38.76) 72(47.68) ™ 0.062 0.48 (0.22 t0 1.04)
clinicalstages 0299

01 2 257 32 (24.81) 40(2649) —————————— 0999 0.00 (0.00 to Inf)
2 14 514 66 (51.16) 78(51.66) w4 0116 046 (0.17 to 1.21)
3 64 229 31(24.03) 33(21.85) 0.027 0.36 (0.15 t0 0.89)
chemotherapy 0996

no 3 121 19 (14.73) 15(9.93) ————— 0999 0.00 (0.00 to Inf)
yes 246 87.9 110(85.27) 136 (90.07) M 0.002 036 (0.19t0 0.70)
Overall 280 100 129 151 [} 0.002 0.36 (0.19 t0 0.69)

T T T
024681012

Variable  Count Percent(%) Intermediate High Pvalue P for interaction HR (95% CI)

age 0.579

<40 m 173 29(19.21) 142 (16.90) Fe——1 0121 0.32 (0.08 t0 1.35)
20 820 827 122(80.79) 698 (83.10) +e—i 0.082 053 (0.26 0 1.09)

endocrinotherapy 0202

SERM 576 58.1 94 (62.25) 482(57.38) re—t 001 034(0.15t00.77)

A a5 419 57 (37.75) 358 (42.62) +—e—t 0677 079 (0.27 t0 2.35)

8Cs 0.81

yes 16 117 20 (13.25) 96(1143) Fe——t 0.265 0.38 (0.07 t0 2.08)

no 875 883 131(86.75)  744(88.57) +——i 0.049 0.50 (0.25 to 1.00)

lymphnode 0394

no 557 562 79(52.32) 478 (56.90) —e——————— 0866 0.88 (0.19 t0 4.01)

yes 434 438 72 (47.68) 362 (43.10) e 0.022 0.43(0.21t0 0.88)

clinicalstages 0.089

01 256 258 40 (26.49) 216 (25.7) ——————  0.998 87392259.02 (0.00 to Inf)

2 518 523 78 (51.66) 440 (52.38) +e—t 0.023 031 (0.1 t0 0.85)

3 217 219 33 (21.85) 184 (21.90) +=— 0101 0.48 (0.20 t0 1.15)

chemotherapy 1

no 120 121 15(9.93) 105 (12.50)

yes 871 879 136 (90.07)  735(87.50) re— 0032 0.50 (0.26 t0 0.94)

Overall 991 100 151 840 L = 0.027 0.49 (0.26 to 0.92)
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Figure 4 Comparison of overall survival (OS) between the low and moderate ER expression groups and between the

moderate and high ER expression groups
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IR E G LRI 0- T I 1. 6 414%[HR=
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JRURS: 25 v T AR 2 A7 & [ HR=5. 03(95%CI : 2. 23~
11.33),P<0.001], Xf iR @ EFWERE T ZNER S
B & B, ER B R IB 4 09 2 R s R KU IR T rh s
ZH[HR=0. 62(95%CI: 0. 43~0. 88) ,P=0. 009 ], TNM %3
3 I3 A o 5 R B B KU AT 85 01 48] =i [ HR=4. 49
(95%CI: 2. 48~8. 11) , P<0. 001 ] , $ 52 ALy 7 AT 2 5 Wi

DFS () # & [N & [HR=3. 19 (95%CI: 1. 39~7. 34) , P=
0.006], e EH T o) kKA G R uUER . SR, k45K
AR TNM G330 T &R AR 95000 5 & 35 7% 1

E 3 A1

XF DC R £ 5 A OS EAT T Cox HLR R AN R 43
Br(23). R RR, ER LKL B E MK T
FERBETET G S = [ HR=2. 91(95%CI: 1. 52~5. 59),
P=0.001], i ER = 3k B Z 0T XU AL T ik 1
#Z[HR=0.49(95%CI ;0. 26~0. 94) ,P=0. 031, #kEL45
R [HR=2.45(95%CI: 1. 53~3.92) ,P<0.001] . TNM
A3y [HR=6. 21 (95%CI: 3. 01~12. 83) , P<0. 001 ]
K % 5% 4k 97 [HR=5.38 (95%CI: 1.32~21.90) , P=
0. 019 1% B BB T XUt 25 iy o % b s fnb 25 [
T EZ N E T KB, ER IRk B F A0 T KUG 5
s TR RA B E [HR=3. 03(95%CI: 1. 57~5. 84) , P<
0.001 ], 1M ER i 3k BB & S0 T KBS AT (IR T 35k
% [HR=0.49(95%CI 0. 26~0.93) , P=0. 03], TNM 61\
01T 300 £ 3 A B0 T XU i 35 T T R 3 [ HR=5. 74
(95%CI:2. 13~15. 48) , P<0. 001 | , T bk EL &5 1R 245 Ak

&2 PSMGEEDFSBEEZMEZEZH

Table 2 Univariate and multivariate analysis of disease-free survival (DFS) after propensity score matching

Univariate analysis

Multivariate analysis

Variable
HR(95%CI)

P HR(95%CI) P

Agelyears

<40 _

>40 0.90(0. 63~1.28)
Lymph node metastasis

No _

Yes 2.39(1.80~3.18)
TNM stage

0-1 _

I 1.64(1.06~2.53)

11 5.27(3.44~8.09)
Endocrine therapy

SERM _

Al 0.93(0.70~1.22)

BCS

Yes 0.63(0.38~1.03)
Chemotherapy

No _

Yes 5.03(2.23~11.33)

ER expression

0.57

<0. 001 0.97(0. 65~1.45) 0. 88

0. 026 1.47(0.90~2. 39) 0.12
<0.001 4.49(2.48~8.11) <0.001

0.59

0. 067

<0. 001 3.19(1.39~7.34) 0. 006

Moderate
Low

High

1.36(0.88~2.11)
0.61(0. 42~0. 87)

0.16
0. 007

0. 62(0. 43~0. 88) 0. 009

SERM: Selective estrogen receptor modulators; Al: Aromatase inhibitors; BCS: Breast-conserving surgery; ER: Estrogen receptor
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I XU B3 (P>0. 05) , 324354 1] Cox HL
JRUBSASE AR R4 XU PR 28 40 # o
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X 2 B PSM i i 8 5 TPTW i 19 B8 3 54548 —
AR T S5 R A Rada

BT 45 4 R B B N 43 IR 9T ROR AT HE— 24y
Mo WFIELs %M ER (KR35 B E T8 H52 SERM Jf
ZIA = ALJT RN IR YT 1E DES F1OS J7 T 4 K 42
P E 25 (K 5A B). M2 ALIRYT I ER 3Rk
B DFS i 0T SERM 41.(P=0. 02, K] 5C) , [Al Kt
ez ALVRYT 1Y ER = 3Rk A DFS W 24 T SERM
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Table 3 Univariate and multivariate analysis of overall survival (OS) after propensity score matching

Univariate analysis

Multivariate analysis

Variable

HR(95%CI) P HR(95%CI) P

Agelyears

=40 _ _ _ _

>40 0.98(0.54~1.78) 0.95 _ _
Lymph node metastasis

No _ _ _ —

Yes 2.45(1.53~3.92) <0.001 0.94(0. 48~1. 83) 0. 85
TNM stage

0-1 _ _ _ _

I 1. 67(0.79~3.55) 0.18 _ _

I 6.21(3.01~12.83) <0. 001 5.74(2.13~15.48) <0. 001
Endocrine therapy

SERM _ _ _ _

Al 1.29(0. 82~2.02) 0.27 _ _

BCS

No _ _ _ _

Yes 0.69(0.32~1. 49) 0.35 _ _
Chemotherapy

No _ _ _ _

Yes 5.38(1.32~21.90) 0.019 3.32(0.78~14.04) 0.10
ER Expression

Intermediate _ _ _ _

Low 2.91(1.52~5.59) 0. 001 3.03(1.57~5.84) <0.001

High 0. 49(0.26~0. 94) 0. 031 0.49(0.26~0.93) 0.03

SERM: Selective estrogen receptor modulators; Al: Aromatase inhibitors; BCS: Breast-conserving surgery; ER: Estrogen receptor

R4 FHEMEIEEESTE R

Table 4 Comparison of primary analysis results before and after IPTW

After PSM

After IPTW

Comparison Group Outcome HR(9SHCT) P R(9SHCT) P
Low s Moderate 0S 3.03(1.57~5. 84) <0. 001 2.18(1.44~3. 14) <0. 001
Moderate vs High DFS 0. 62(0. 43~0. 88) 0. 009 0. 44(0. 23~0. 67) <0. 001
Moderate vs High 0S 0. 49(0. 26~0. 93) 0.03 0.38(0. 22~0. 63) <0. 001

PSM: Propensity score matching; IPTW : Inverse probability of treatment weighting; DFS: Disease-free survival; OS: Overall survival
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A: DFS in the low ER expression group treated with SERM versus Al; B: OS in the low ER expression group treated with SERM versus Al; C: DFS in the

moderate ER expression group treated with SERM versus Al; D: OS in the moderate ER expression group treated with SERM versus Al; E: DFS in the

high ER expression group treated with SERM versus Al; F: OS in the high ER expression group treated with SERM versus Al. DFS: Disease-free

survival; OS: Overall survival; ER: Estrogen receptor; SERM: Selective estrogen receptor modulators; Al: Aromatase inhibitors
El5 &HEEEZSERM K AIANS AT HIDFS K OS 3Lk
Figure 5 Comparison of DFS and OS between SERM and Al in different ER expression groups.
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