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Background: Visceral metastases in breast cancer demonstrate considerable molecular heterogeneity. This study examines changes in
receptor status and molecular subtypes between primary breast cancer and visceral metastases.

Methods: A retrospective analysis was conducted on 430 patients diagnosed with breast cancer and visceral metastases, including 138 with
lung metastases and 292 with liver metastases. Receptor statuses (estrogen receptor [ER], progesterone receptor [PR], human epidermal
growth factor receptor 2 [HER2]) were assessed in both primary and metastatic tumors. Discordance in molecular subtypes was assessed,
and factors influencing receptor changes were identified. Survival outcomes were estimated using Kaplan—Meier analysis.

Results: Receptor discordance was observed in 47.9% (206/430) of patients, with a higher frequency in liver metastases (51.0%) than
in lung metastases (41.3%). PR discordance was the most frequent (36.2%), followed by ER (18.9%) and HER2 (7.2%). Molecular
subtype discordance occurred in 36.1% of patients, with the highest rate in Luminal A tumors (85.7%). Multivariate analysis identified
pN3 stage and molecular subtype as independent predictors. Kaplan—Meier survival analysis showed that patients with ER gain had
significantly improved disease-free survival (DFS) compared with those with ER loss (75.4 vs 44.5 months, P = 0.0092). Moreover,
molecular subtype discordance was associated with longer DFS (63.9 vs 49.1 months, P = 0.0079).

Conclusion: This study emphasizes that there are significant differences in receptor expression and molecular subtypes between
primary breast tumors and their visceral metastases. The receptor is more likely to change in patients with liver metastasis and Luminal
A or Luminal B (HER2+) tumors, highlighting the importance of repeat biopsy in the metastatic environment. These findings can be
used to identify high-risk patients and provide them with better treatment plans.
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Introduction
Breast cancer remains the most prevalent malignancy among women globally and is a leading cause of cancer-related
mortality in this population.'” Despite substantial advancements in early detection and systemic treatment, approxi-
mately 20-30% of patients with early-stage disease eventually develop metastatic breast cancer (MBC).*> Among
metastatic sites, involvement of visceral organs, particularly the liver and lungs, is frequently associated with aggressive
disease behavior and a significantly poorer prognosis.®® Therapeutic decision-making in MBC is primarily guided by the
status of key molecular markers, including estrogen receptor (ER), progesterone receptor (PR), and human epidermal
growth factor receptor 2 (HER2). Critically, these biomarkers not only dictate treatment strategies but also serve as
essential prognostic indicators, underscoring their pivotal role in clinical management.®'°

However, mounting evidence highlights a phenomenon known as “receptor heterogeneity”, which refers to the
differences in biomarker expression between primary tumors and their matched metastatic lesions. This has crucial
clinical implications for disease management and patient prognosis.'®'? Specifically, such discordance can lead to
a reclassification of the molecular subtype, consequently affecting subsequent treatment selection and influencing both
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progression-free survival (PFS) and overall survival (OS).'*'* These changes further reflect the inherent heterogeneity of
tumors, posing difficulties in selecting treatment plans.'* '® Therefore, relying solely on the receptor characteristics of the
primary tumor to select treatment plans for metastatic lesions may not be ideal, which further emphasizes the clinical
necessity of reassessing the tumor receptor status during the metastasis process.'’'®

While previous studies have consistently reported notable discrepancies between primary breast tumors and their

matched metastases across various sites,>!?

the prevalence and prognostic significance of receptor discordance
specifically in visceral metastases remain critically underexplored.”*** Furthermore, the exact extent of receptor
discordance in highly aggressive sites like liver and lung metastases, and its direct impact on patient prognosis, remain
insufficiently defined.

This study utilized a large real-world cohort system to assess changes in receptor status (ER, PR, and HER2) between
primary breast tumors and their visceral metastases. Our main objective is to determine the probability and prognostic
impact of changes in this receptor and molecular subtype inconsistency. A key secondary objective is to describe

potential clinical and pathological factors associated with observed subtype changes.

Methods

Patient Characteristics

We retrospectively evaluated the clinical and pathological data of 430 patients with visceral metastatic breast cancer at
Shandong Cancer Hospital from 2020 to 2025, and analyzed and assessed the changes in receptor status and molecular
subtypes between the primary breast tumor and visceral metastasis.

Eligible participants were female patients aged 18 years or older who had undergone surgical treatment for primary
breast cancer. Inclusion required a confirmed pathological diagnosis of primary breast carcinoma and the availability of
postoperative immunohistochemical (IHC) data for HER2, ER, PR, and Ki-67. Only patients with histopathologically
confirmed visceral metastases limited to the lungs or liver were considered, based on imaging and biopsy, with no
evidence of metastases at other sites at the time of diagnosis. In addition, IHC data for the metastatic lesions (HER2, ER,
PR, Ki-67) and complete medical records detailing clinical examinations, treatments, and follow-up were required for
inclusion.

Patients were excluded if they had not undergone surgery for both the primary tumor and metastatic lesions, if they
had bilateral primary breast cancers, or if they were male. Cases of primary occult breast cancer (TO stage) and patients
with incomplete or missing medical records were also excluded. All patients signed informed consent forms, agreeing
that their clinicopathological data could be used for clinical research. This study was approved by the Medical Ethics
Committee of Shandong Cancer Hospital and Institute, Shandong First Medical University, and the Shandong Academy
of Medical Sciences. The ethics approval number: SDTHEC 202508037. The study was conducted in full compliance
with the principles of the Declaration of Helsinki.

Receptor Status Evaluation and Clinical Variable Collection
Receptor status was determined using [HC, following the American Society of Clinical Oncology (ASCO) guidelines.
ER and PR positivity were defined by nuclear staining in at least 1% of tumor cells. HER2 positivity was defined as [HC
3+, or IHC 2+ with confirmed HER2 gene amplification by fluorescence in situ hybridization (FISH). HER2-negative
status included IHC 1+ or IHC 2+ without FISH-confirmed amplification. Additionally, HER2-zero was defined as an
IHC score of 0, while HER2-low included IHC scores of 1+ or 2+ without HER2 gene amplification. Molecular subtypes
were classified according to the 2021 St. Gallen Breast Cancer Guidelines as Luminal A, Luminal B (HER2-negative),
Luminal B (HER2-positive), HER2-enriched, and triple-negative breast cancer (TNBC). According to the immunobhis-
tochemical instructions, the antibodies are as follows: CONFIRM™ anti-Progesterone Receptor (PR)(1E2) Rabbit
Monoclonal Primary Antibody (Ventana Medical Systems, USA).

CONFIRM anti-Estrogen Receptor (ER) (SP1) Rabbit Monoclonal Primary Antibody (Ventana Medical Systems,
USA); VENTANA ati-HER2/neu (4B5) Rabbit Monoclonal Primary Antibody (Ventana Medical Systems, USA); K167
Rabbit Monoclonal Primary Antibody (Qiming Gene Technology Co., Ltd, China).
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Assessment of Receptor and Molecular Subtype Discordance
Receptor discordance was defined as any change in ER, PR, or HER2 expression between the primary tumor and its
corresponding visceral metastases. These changes were categorized into three types: loss of expression (conversion from
positive to negative), gain of expression (conversion from negative to positive), and concordance (no change in status).
The frequencies of receptor and molecular subtype discordance were calculated, with further analysis stratified by
metastatic site (lung versus liver). Molecular subtype discordance was defined as any shift in subtype classification
between the primary and metastatic tumors.

Clinical and pathological variables extracted from patient records included age at diagnosis, type of breast surgery
(mastectomy or breast-conserving surgery), lymphovascular invasion (LVI), histological tumor grade (G1-G3), patho-
logical tumor (pT) stage, pathological nodal (pN) stage, receptor status (ER, PR, HER2), molecular subtype, time to

visceral metastasis, and follow-up information.

Statistical Analysis

Categorical variables were presented as frequencies and percentages, while continuous variables were reported as
medians with interquartile ranges (IQRs). Univariate and multivariate logistic regression analyses were performed to
identify factors associated with receptor discordance and molecular subtype shifts. Adjusted odds ratios (ORs) with
corresponding 95% confidence intervals (ClIs) were calculated. Kaplan-Meier survival analysis was used to evaluate
disease-free survival (DFS) in relation to receptor discordance, and survival curves were compared using the Log rank
test. A two-tailed P-value of less than 0.05 was considered statistically significant. All statistical analyses were conducted
using R software (version 4.2.2) and SPSS (version 26.0; IBM Corp., Chicago, IL, USA).

Results

Patient Characteristics

A total of 430 women with visceral metastases from breast cancer were analyzed, comprising 138 patients with lung
metastases and 292 with liver metastases. All patients underwent histopathological evaluation of both primary and
metastatic tumor sites, including assessment of ER, PR, and HER2 status. The median follow-up duration was 55
months, and the median age at diagnosis was 46 years (range, 32—78 years). The most prevalent molecular subtype was
Luminal B (HER2-negative), identified in 230 patients (53.5%), followed by Luminal B (HER2-positive) in 59 (13.7%),
triple-negative breast cancer (TNBC) in 56 (13.0%), Luminal A in 49 (11.4%), and HER2-enriched in 36 (8.4%).
Baseline demographic and clinicopathological features are summarized in Tables 1 and 2.

Table 1 Demographic and Clinicopathologic Baseline Characteristics

Variables Total Cohort | Liver Metastasis Cohort | Lung Metastasis Cohort
(N=430) (N=292) (N=138)

Mean age at diagnosis (SD) 46 (9.47) 46 (9.25) 46(9.95)

Surgery

MRM 406(94.4%) 274(93.8%) 132(95.6%)

BCS 24(5.6%) 18(6.2%) 6(4.4%)

Lvi

Yes 69(16.0%) 47(16.0%) 22(15.9%)

No 361(84.0%) 245(84.0%) 1 16(84.1%)

Grade

| 5(1.2%) 2(0.7%) 3(2.2%)

I 309(71.9%) 212(72.6%) 97(70.3%)

n 116(26.9%) 78(26.7%) 38(27.5%)

(Continued)
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Table | (Continued).

Variables Total Cohort | Liver Metastasis Cohort | Lung Metastasis Cohort
(N=430) (N=292) (N=138)

pT stage

Tl 133(30.9%) 93(31.9%) 40(29.0%)

T2 241(56.1%) 156(53.4%) 85(61.6%)

T3 47(10.9%) 34(11.6%) 13(9.4%)

T4 9(2.1%) 9(3.1%) 0(0%)

pN stage

NO 117(27.2%) 64(21.9%) 53(38.4%)

NI 120(27.9%) 83(28.4%) 37(26.8%)

N2 83(19.3%) 57(19.5%) 26(18.8%)

N3 90(20.9%) 74(25.4%) 16(11.6%)

Not determined 20(4.7%) 14(4.8%) 6(4.4%)

ER status breast

Positive 323(75.1%) 236(80.8%) 87(63.0%)

Negative 107(24.9%) 56(19.2%) 51(37.0%)

PR status breast

Positive 281(65.3%) 205(70.2%) 76(55.1%)

Negative 149(34.7%) 87(29.8%) 62(44.9%)

Ki6é7 status breast

<14 86(20.0%) 60(20.5%) 26(18.8%)

>14 344(80.0%) 232(79.5%) 112(81.2%)

Her-2 status breast

Positive 95(22.1%) 59(20.2%) 36(26.1%)

Negative 335(77.9%) 233(79.8%) 102(73.9%)

ER status metastasis

Positive 278(64.7%) 203(69.5%) 75(54.3%)

Negative 152(35.3%) 89(30.5%) 63(45.7%)

PR status metastasis

Positive 259(60.2%) 178(61.0%) 81(58.7%)

Negative 171(39.8%) 114(39.0%) 57(41.3%)

Ki6é7 status metastasis

<14 55(12.8%) 35(12.0%) 20(14.5%)

>14 375(87.2%) 257(88.0%) 118(85.5%)

Her-2 status metastasis

Yes 98(22.8%) 63(21.6%) 35(25.4%)

No 332(77.2%) 229(78.4%) 103(74.6%)

Neoadjuvant therapy

Yes 76(17.7%) 53(18.2%) 23(16.7%)

No 354(82.3%) 239(81.8%) 115(83.3%)

Chemotherapy

Yes 392(91.2%) 259(88.7%) 133(96.4%)

No 38(8.8%) 33(11.3%) 5(3.6%)

Radiotherapy

Yes 224(52.1%) 157(53.8%) 67(48.6%)

No 206(47.9%) 135(46.2%) 71(51.4%)

Endocrinotherapy

Yes 290(67.4%) 210(71.9%) 80(58.0%)

No 140(32.6%) 82(28.1%) 58(42.0%)

Targeted therapy

Yes 83(19.3%) 47(16.1%) 36(26.1%)

No 347(80.7%) 245(8.9%) 102(73.9%)

Abbreviations: HER2, Human epidermal growth factor receptor 2; MRM, Modified radical mastectomy; BCS, Breast-Conserving Surgery.
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Table 2 Tumor Subtypes and Discordance

Variables Total Cohort Liver Metastasis Cohort Lung Metastasis Cohort
(N=430) (N=292) (N=138)
Primary tumor subtype
Luminal A 49(11.4%) 33(11.3%) 16(11.6%)
Luminal B (HER2-) 230(53.5%) 169(57.9%) 61(44.2%)
Luminal B (HER2+) 59(13.7%) 39(13.4%) 20(14.5%)
HER2-enriched 36(8.4%) 20(6.8%) 16(11.6%)
TNBC 56(13.0%) 31(10.6%) 25(18.1%)
Metastasis subtype
Luminal A 19(4.4%) 12(4.1%) 7(5.0%)
Luminal B (HER2-) 225(52.3%) 166(56.9%) 59(42.8%)
Luminal B (HER2+) 44(10.2%) 29(9.9%) 15(10.9%)
HER2-enriched 54(12.6%) 34(11.6%) 20(14.5%)
TNBC 88(20.5%) 51(17.5%) 37(26.8%)
Metastasis subtype discordance
Luminal A 42(85.7%) 29(87.9%) 13(81.3%)
Luminal B (HER2-) 63(27.4%) 42(24.9%) 21(34.4%)
Luminal B (HER2+) 30(50.8%) 21(53.8%) 9(45.0%)
HER2-enriched 5(13.9%) 3(15.0%) 2(12.5%)
TNBC 15(26.8%) 10(32.3%) 5(20.0%)
Overall discordance
Discordance (for any receptor) Discordant 206(47.9%) Discordant 149(51.0%) Discordant 57(41.3%)
Concordant 224(52.1%) Concordant 143(49.0%) Concordant 81(58.7%)
Discordance (leading to a different subtype) Discordant 155(36.0%) Discordant 105(36.0%) Discordant 50(36.2%)
Concordant 275(64.0%) Concordant 187(64.0%) Concordant 88(63.8%)
Receptor discordance
Receptor ER PR HER2 ER PR HER2 ER PR HER2
Primary tumor receptor status +) 323(75.1%) 281(65.3%) 95(22.1%) 236(80.8%) 205(70.2%) 59(20.2%) 87(63.0%) 76(55.1%) 36(26.1%)
(-) 107(24.9%) 149(34.7%) 335(77.9%) 56(19.2%) 87(29.8%) 233(79.8%) 51(37.0%) 62(44.9%) 102(73.9%)
Metastasis tumor receptor status +) 278(64.7%) 171(39.8%) 98(22.8%) 203(69.5%) 114(39.0%) 63(21.6%) 75(54.3%) 57(41.3%) 35(25.4%)
-) 152(35.3%) 259(60.2%) 332(77.2%) 89(30.5%) 178(61.0%) 229(78.4%) 63(45.7%) 81(58.7%) 103(74.6%)
Receptor discordance
Overall discordance expression 81(18.9%) 156(36.2%) 31(7.2%) 57(19.5%) 119(40.8%) 22(7.5%) 24(17.4%) 37(26.8%) 9(6.5%)
Gain of expression 18(4.2%) 23(5.3%) 17(3.9%) 12(4.1%) 14(4.8%) 13(4.4%) 6(4.4%) 9(6.5%) 4(2.9%)
(% of receptor negative primary tumors)
Loss of expression 63(14.7%) 133(30.9%) 14(3.3%) 45(15.4%) 105(36.0%) 9(3.1%) 18(13.0%) 28(20.3%) 5(3.6%)
(% of receptor positive primary tumors)
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Receptor Status Discordance

Among the 430 patients with visceral metastases, receptor discordance—defined as a change in at least one receptor
status (ER, PR, or HER2) between the primary and metastatic tumors—was observed in 206 patients (47.9%). Within the
liver metastasis subgroup, receptor discordance was seen in 149 of 292 patients (51.0%), with a molecular subtype
discordance rate of 36.0% (105 of 292). In the lung metastasis subgroup, 57 of 138 patients (41.3%) exhibited receptor
discordance, and 50 of 138 (36.2%) showed molecular subtype discordance. Detailed receptor discordance rates across
ER, PR, and HER2 are shown in Table 2 and visualized in Figure 1. Analysis of ER, PR, and the proliferation marker
Ki67 revealed significant differences between primary and metastatic tumors. ER expression showed no significant
difference across the overall cohort (p > 0.05). However, PR expression was significantly lower and Ki67 expression
significantly higher in metastatic tumors than in their primary counterparts (p < 0.0001). Subgroup analyses for liver and
lung metastases demonstrated similar expression trends. These findings are illustrated in Figure 2, while changes in
HER? status are presented in Figure 3.

Specifically, ER discordance occurred in 81 of 430 patients (18.9%), with loss of ER expression (positive to negative)
in 63 patients (14.7%) and gain of ER expression (negative to positive) in 18 patients (4.2%). PR discordance was most
frequent, observed in 156 patients (36.2%), with 133 (30.9%) showing a loss and 23 (5.3%) showing a gain in PR
expression. HER2 discordance was the least common, found in 31 patients (7.2%), including 17 (3.9%) with loss and 14
(3.3%) with gain of expression. In the liver metastasis subgroup, ER discordance was found in 57 of 292 patients
(19.5%), with 45 (15.4%) showing loss and 12 (4.1%) showing gain. PR discordance occurred in 119 patients (40.8%),
with 105 (36.0%) experiencing loss and 14 (4.8%) showing gain. HER2 discordance was identified in 22 patients (7.5%),
with 9 (3.1%) showing loss and 13 (4.4%) showing gain. In the lung metastasis subgroup, ER discordance was observed
in 24 of 138 patients (17.4%), including 18 (13.0%) with loss and 6 (4.4%) with gain. PR discordance was noted in 37
patients (26.8%), with 28 (20.3%) showing loss and 9 (6.5%) showing gain. HER2 discordance occurred in 9 patients
(6.5%), including 5 (3.6%) with loss and 4 (2.9%) with gain. Overall, PR exhibited the highest discordance rate among
receptors, while HER2 exhibited the lowest. Across all receptors, loss of expression was more common than gain.

Molecular Subtype Discordance
Molecular subtype discordance—defined as reclassification due to receptor status changes—was observed in 155 of 430
patients (36.0%) in the overall cohort. Subgroup analyses revealed subtype discordance in 105 of 292 patients (36.0%)
with liver metastases and in 50 of 138 patients (36.2%) with lung metastases. The probability of subtype change varied
according to the molecular profile of the primary tumor, as shown in Table 2 and Figure 4.

Patients initially diagnosed with Luminal A had the highest rate of subtype discordance, observed in 42 of 49 cases
(85.7%), followed by Luminal B (HER2-positive) in 30 of 59 cases (50.8%). The discordance rates for Luminal
B (HER2-negative), TNBC, and HER2-enriched subtypes were 63 of 230 (27.4%), 15 of 56 (26.8%), and 5 of 36

A 1007 ram 3090% | [R2eA] B 1007 5 360% | [BIE] C 1007 e 203% | 388
| 3.3% | M—
8 g 3 o . Concordant
S 80{ & S 804 (A% S 80 =1 Gain of expression
o - ° 6.5%
S ] 5 = Loss of expression
o 5.3% o ]
T 601 5 601 [ a8% | 2 60+
$ S $
=% o =%
8 404 3 40 8 40
e e e
s k] s
[} ) [ 4
= 201 w 201 5 20
o o 4
81.1% 63.8% 92.8% 80.5% 59.2% 92.5% 82.6% 73.2% 94.5%
0 T T T 0 T T T 0 I I I
Q- N v
& & & & & & IR %

Figure | The rate of receptor discordance in ER, PR, and HER2 statuses. (A) Receptor discordance total cohort. (B) Receptor discordance Liver metastasis cohort. (C)
Receptor discordance Lung metastasis cohort.
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Abbreviation: ns, not significant.
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(13.9%), respectively. In the liver metastasis group, Luminal A subtype showed the highest discordance rate at 29 of 33
(87.9%), followed by that of Luminal B (HER2-positive) at 21 of 39 (53.8%). Discordance rates for TNBC, Luminal
B (HER2-negative), and HER2-enriched subtypes were 10 of 31 (32.3%), 42 of 169 (24.9%), and 3 of 20 (15.0%),
respectively. In the lung metastasis group, Luminal A remained the most discordant (13 of 16; 81.3%), followed by
Luminal B (HER2-positive) (9 of 20; 45.0%), Luminal B (HER2-negative) (21 of 61; 34.4%), TNBC (5 of 25; 20.0%),
and HER2-enriched (2 of 16; 12.5%). Molecular subtype crossover patterns are visualized in Figure 5. Notably, patients
with initial Luminal A or Luminal B (HER2-positive) subtypes were more likely to undergo molecular subtype
conversion during metastatic progression, particularly in the liver and lung. Conversely, HER2-enriched tumors showed
the lowest likelihood of subtype change.

Factors Associated with Receptor Discordance

Univariate logistic regression analysis in the overall visceral metastasis cohort showed pN stage, Ki67 index, and primary
molecular subtype were significantly associated with discordance. Multivariate analysis identified pN3 stage and
molecular subtype as independent predictors of molecular subtype discordance. Compared to pNO, patients with pN3
stage had a significantly higher likelihood of subtype discordance (OR = 0.512, P =0.050). Compared with Luminal A,
discordance was significantly associated with Luminal B (HER2-negative) (OR = 0.051, P < 0.001), Luminal B (HER2-
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Figure 5 Visualizes molecular subtype crossover. Legend: Width of the bands indicates number of patients crossing over. (A) Total cohort. (B) Liver metastasis cohort. (C)
Lung metastasis cohort.

positive) (OR = 0.135, P = 0.001), HER2-enriched (OR = 0.025, P < 0.001), and TNBC (OR = 0.045, P < 0.001). Full
logistic regression results are presented in Table 3.

Survival Analysis

Kaplan—Meier analysis for ER status revealed a median DFS of 55.0 months (95% CI: 48.8-61.2) in the receptor-
concordant group, 44.5 months (95% CI: 21.0-67.9) in the ER-loss group, and 75.4 months (95% CI: 11.8-138.9) in the
ER-gain group. The difference in DFS between the ER-gain and ER-loss groups was statistically significant (P = 0.0092).

Table 3 Univariate and Multivariable Logistic Regression Analysis Based on Molecular
Subtype Discordance for Visceral Metastasis Cohort

Variables Univariate Analysis Multivariate Analysis

OR(CI95%) | Pvalue | OR(CI95%) | P value

Age 0.992(0.972,1.013) 0.466 - -
Surgery

MRM Reference - -
BCS 0.881(0.368,2.108) 0.776 - -
Lvi

No Reference - -
Yes 0.867(0.503,1.495) 0.609 - -
Grade

| Reference - -

[ 2.306(0.255,20.886) | 0.457 - -
i 2.187(0.237,20217) | 0491 - -

pT stage

TI Reference - -
T2 1.007(0.651,1.559) 0.975 - -
T3 0.507(0.237,1.086) 0.080 - -
T4 0.830(0.199,3.467) 0.798 - -

(Continued)
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Table 3 (Continued).

Variables Univariate Analysis Multivariate Analysis

OR (CI 95%) | Pvalue | OR (CI 95%) | P value

pN stage

NO Reference Reference

NI 1.026(0.612,1.718) 0.923 1.017(0.574,1.800) 0.954
N2 0.669(0.372,1.205) 0.102 0.787(0.413,1.500) 0.466
N3 0.422(0.229,0.778) 0.006 0.512(0.262,0.999) 0.050
ER

Negative Reference - -
Positive 1.441(0.900,2.308) 0.128 - -
PR

Negative Reference - -
Positive 1.487(0.973,2.272) 0.067 - -
Ki67

<l4 Reference Reference

>14 0.279(0.171,0.456) <0.001 1.265(0.567,2.824) 0.566
Her-2

Negative Reference - -
Positive 1.045(0.651,1.677) 0.855 - -
Molecular subtype

Luminal A Reference Reference

Luminal B (HER2-) 0.063(0.027,0.147) <0.001 | 0.051(0.016,0.164) | <0.001
Luminal B (HER2+) 0.172(0.067,0.445) <0.001 | 0.135(0.040,0.455) 0.001
HER2-enriched 0.027(0.008,0.093) <0.001 | 0.025(0.006,0.109) | <0.001
TNBC 0.061(0.023,0.165) <0.001 | 0.045(0.012,0.164) | <0.001
Neoadjuvant therapy

No Reference - -
Yes 1.195(0.718,1.988) 0.493 - -
Chemotherapy

No Reference - -
Yes 1.425(0.686,2.959) 0.342 - -
Radiotherapy

No Reference - -
Yes 1.010(0.681,1.498) 0.959 - -
Endocrinotherapy

No Reference - -
Yes 1.419(0.923,2.182) 0.110 - -
Targeted therapy

No Reference - -
Yes 1.143(0.697,1.872) 0.596 - -

When stratified by molecular subtype concordance, the discordant group showed a median DFS of 63.9 months (95% CI:
49.9-77.8), compared to 49.1 months (95% CI: 43.0-55.3) in the concordant group. This difference was also statistically
significant (P = 0.0079). Kaplan—-Meier DFS curves for patients with visceral metastases are presented in Figure 6.

Discussion

This study highlights a profound biological divergence in receptor status and molecular subtypes between primary breast
tumors and corresponding visceral metastatic tumors, a phenomenon with critical implications for therapeutic optimiza-
tion and patient prognosis. Receptor discordance was identified in 47.9% of the cohort, predominantly driven by shifts in
PR status (36.2%), followed by ER (18.9%) and HER2 (7.2%). Notably, patients with Luminal A or Luminal B (HER2+)
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Figure 6 (A) Kaplan-Meier Disease-Fee Survival curves based on molecular subtype discordance in patients with visceral metastasis. (B) Kaplan-Meier Disease-Fee Survival
curves based on ER receptor discordance in patients with visceral metastasis.

subtypes exhibited a higher propensity for discordance, reflecting significant intra-patient receptor heterogeneity during
metastatic progression. These findings underscore the clinical imperative of reassessing biomarker expression at meta-
static sites, reinforcing the necessity of repeat biopsies to refine treatment strategies and improve clinical outcomes.

Receptor discordance defined as any change in ER, PR, or HER2 status between primary and metastatic tumors. PR
discordance was most common (36.2%), with PR loss (30.9%) occurring more frequently than PR gain (5.3%). ER
changes followed a similar trend, with ER loss (14.7%) more prevalent than ER gain (4.2%). Given that PR expression is
transcriptionally regulated by intact ER signaling, loss of PR likely reflects early disruption of estrogen pathway activity
rather than an isolated biomarker fluctuation. Accordingly, PR discordance may serve as a sensitive surrogate indicator of
impaired hormone responsiveness and emerging endocrine resistance, where ER expression appears to be preserved by
immunohistochemistry. In such settings, Prolonged estrogen deprivation or selective estrogen receptor modulation may
promote the expansion of ER-negative or functionally inactive subclones.'”?® Beyond its biological implications,
receptor discordance also carries substantial prognostic relevance. Survival analyses further demonstrated that patients
who acquired ER expression in metastatic lesions experienced significantly prolonged disease-free survival, whereas loss
of ER expression was associated with poorer prognosis. These findings suggest that reacquisition of hormone receptor
expression may partially restore endocrine treatment sensitivity,**® while receptor loss reflects more aggressive tumor
biology and therapeutic resistance.”?’ By contrast, HER2 status exhibited relatively high concordance between primary
and metastatic tumors, supporting the concept that HER2 amplification represents a genomically more stable oncogenic
driver.®*® Concomitant with receptor alterations, Ki67 expression was significantly higher in metastatic lesions than in
primary tumors. Elevated Ki67 provides functional evidence of increased proliferative capacity accompanying receptor
loss. Importantly, the simultaneous occurrence of hormone receptor loss—particularly PR—and increased Ki67 expres-
sion indicates a coordinated biological shift toward a more proliferative and less hormone-dependent phenotype.?’
Notably, receptor inconsistency observed in liver metastasis is more common than in lung metastasis (51.0% vs
41.3%), indicating that organ specific metastatic microenvironment may lead to changes in molecular typing. The unique
immune, metabolic, and interstitial environment of the liver may promote receptor instability. Overall, these findings
emphasize that changes in receptor status are not only driven by intrinsic tumor factors, but also influenced by the tumor
microenvironment of the target organ at the site of metastasis.>'>'3

Receptor discordance has crucial prognostic implications, possibly leading to reclassification of the tumor’s molecular
subtype and necessitate alterations in therapeutic strategies. Notably, Luminal A tumors showed the highest propensity
for subtype conversion, followed by Luminal B (HER2+) tumors, whereas HER2-overexpressing tumors demonstrated
the greatest stability during metastatic progression. This is attributed to the increased possibility of ER, PR and HER2
deletion in metastatic lesions, as well as the corresponding increase in Ki67 levels, which contributes to the shift in
molecular classification. Notably, PR receptors have the highest frequency of deletions. Therefore, in metastatic lesions,
Luminal A tumors are more likely to be converted to Luminal B (HER2-) molecular typing, and Luminal B (HER2-)
tumors also tend to develop TNBC molecular typing. These insights have enhanced our understanding of the clinical

management of metastatic tumors. As disease evolution proceeds, loss of hormone receptor expression or functional
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inactivation of estrogen signaling pathways may facilitate a transition toward more aggressive molecular phenotypes.'®*°

In contrast, the molecular typing of HER2 overexpressing tumors is relatively stable, and HER2 amplification is
a powerful oncogenic driver on the genome, making it less susceptible to changes during metastasis and spread.’'
Importantly, molecular subtype discordance is not merely a descriptive phenomenon but may substantially influence
therapeutic decision-making.*> Of particular clinical relevance, metastatic biopsy evaluation may be particularly bene-
ficial for patients diagnosed with Luminal A or Luminal B (HER2+) breast cancer. Collectively, these findings under-
score that molecular subtype should be regarded as a dynamic rather than static characteristic, with direct implications for
precision treatment selection in metastatic breast cancer.

Although this study provides valuable insights into the inconsistency between receptors and molecular subtypes, it
has some limitations. Due to its retrospective study design, this research focuses more on the frequency and prognosis of
receptor and molecular typing inconsistencies in clinical immunohistochemistry. Therefore, it lacks functional verifica-
tion at the protein level and research on the molecular mechanisms of receptor inconsistencies. In addition, retrospective
studies of cohorts may also have selection bias and limit causal inference. Therefore, it is necessary to conduct
prospective studies, including the assessment of ESR1 mutations in ER loss cases, to clarify the biological drivers of
receptor instability and optimize treatment strategies. Despite these limitations, we also found significant differences in
receptor expression and molecular typing between primary breast tumors and their visceral metastases. The rate of
receptor inconsistency is higher in patients with liver metastases and Luminal A or Luminal B (HER2+) tumors,
highlighting the importance of repeated biopsies in metastatic environments. These findings can be used to identify high-
risk patients and provide them with better treatment plans.

Conclusion

This study emphasizes that there are significant differences in receptor expression and molecular subtypes between
primary breast tumors and their visceral metastases. The receptor is more likely to change in patients with liver
metastasis and Luminal A or Luminal B (HER2+) tumors, highlighting the importance of repeat biopsy in the metastatic
environment. These findings can be used to identify high-risk patients and provide them with better treatment plans.
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