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[ Abstract ] Background and purpose: Systematic treatment for breast cancer largely depends on the status of estrogen receptor
(ER), progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2). Discordance in ER, PR and HER2 status
between primary breast cancer and distant metastases has been observed in a proportion of patients in previous studies. Liver is one
of the frequent metastatic sites of breast cancer. Currently, limited data are available on the receptor conversion between primary
breast cancer and matched liver metastases. This study aimed to investigate the prevalence, risk factors and prognostic impact of
receptor conversion between primary breast cancer and paired liver metastases. Methods: The data of breast cancer patients who
had pathologically confirmed liver metastases from January 2013 to May 2020 at Fudan University Shanghai Cancer Center were

retrospectively collected. A total of 353 patients with ER, PR and HER?2 status available on both primary breast cancer and matched
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liver metastases were finally included in this study. ER, PR and HER?2 status were interpreted according to the most updated
American Society of Clinical Oncology (ASCO)/College of American Pathologists (CAP) guidelines. The evolution of receptor status
and phenotype from primary to metastatic breast cancer was illustrated using Sankey diagrams. Kappa coefficient and McNemar’s
test were used to assess the agreement on receptor status between primary breast cancer and liver metastases. The Kaplan-Meier
curves were plotted and survival differences across each group were assessed by log-rank test. Multivariate analyses were performed
based on the COX proportional hazard regression model. Results: The total discordance rate of ER, PR and HER2 was 19.5%, 39.4%
and 4.8%, respectively (Kappa coefficient: 0.569, 0.258 0.876). In de novo stage IV patients, the discordance rate of ER, PR and
HER?2 was 15.2%, 28.3% and 2.2%, respectively. Multivariate analysis showed that previous endocrine therapy before liver re-biopsy
was an independent risk factor of PR discordance. None of the variables of interest was found to be associated with discordance in
ER or HER?2 status. Additionally, 37.9% of the HER2-0 tumors converted to HER2-low. A trend of increase in triple-negative and
decrease in hormone receptor (HR)+/HER2- cases were observed in liver metastases. Patients with HR+/HER2- primary breast
cancer who converted to triple-negative in liver metastases had a significantly shorter overall survival (OS) than those with consistent
HR+/HER2- subtype. Patients with the same subtype in liver metastases shared similar OS. Conclusion: This study confirmed
discordance in ER, PR and HER?2 status between primary breast cancer and liver metastases. The prognosis of breast cancer patients
was determined mainly by the subtype in metastases rather than that in primary disease. Our study underlined the necessity of liver
re-biopsy in de novo stage IV patients with liver metastases. Over one-third of HER2-0 patients converted to HER2-low in liver
metastases after reassessment, which enabled them to be treated with new antibody-drug conjugate (ADC).

[ Key words | Breast cancer; Liver metastases; Tumor heterogeneity; Prognosis; Molecular subtype
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Breast cancer patients who had pathologically confirmed liver
metastasis at Fudan University Shanghai Cancer Center from
January 2013 to May 2020 (n=468)

| Patients with unknown receptor status on
primary breast cancer (n=100)

_ | Patients with unevaluable ER or PR, or HER2
| status on liver metastasis (n=8)

—>| Patients with multiple malignancies (n=7) |
\ 4

Patients with ER, PR, and HER2 status available on both
primary tumor and matched liver metastasis (n=353)
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Fig. 1 Flow chart of patient selection
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Tab. 1 Baseline characteristics of the included patients

[n(%)]

Characteristic Patients (N=353)

Characteristic Patients (N=353)

Age at diagnosis of primary breast cancer/year

Median (Q1-Q3) 46 (39-54)
Range 22-82
TNM stage
I 42 (11.9)
I 130 (36.8)
] 135(38.2)
I\ 46 (13.0)
Histological type
Invasive ductal 323 (91.5)
Invasive lobular 8(2.3)
Other or not reported 22 (6.2)
Primary breast cancer subtype
HR-/HER2- 43 (12.2)
HR-/HER2+ 52 (14.7)
HR+/HER2- 217 (61.5)
HR+/HER2+ 41 (11.6)
Liver metastasis subtype
HR-/HER2- 69 (19.5)
HR-/HER2+ 58 (16.4)
HR+/HER2- 190 (53.8)
HR+/HER2+ 36 (10.2)

Time between diagnosis of primary and metastatic

disease/month
<3 25(7.1)
=3 328 (92.9)
DFI
De novo stage IV 46 (13.0)
<24 months 134 (38.0)
>24 months 173 (49.0)
Number of metastatic sites at initial diagnosis of
metastatic breast cancer
One site 173 (49.0)
Two or more sites 180 (51.0)
Visceral metastasis at initial diagnosis of metastatic
breast cancer
Yes 318 (90.1)
No 35(9.9)
Previous endocrine therapy before re-biopsy
Yes 229 (64.9)
No 124 (35.1)
Previous anti-HER?2 therapy before re-biopsy
Yes 56 (15.9)
No 297 (84.1)
Previous chemotherapy before re-biopsy
Yes 310 (87.8)
No 43 (12.2)
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Fig.2 Sankey diagrams of changes in ER, PR and HER2 status between primary breast cancer and liver metastases

A: ER conversion; B: PR conversion; C: HER2 conversion (stratified by HER2-positive and HER2-negative); D: HER2 conversion (stratified by

HER2-0, HER2-low and HER2-positive).
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Fig.3 Changes in molecular typing of primary breast cancer and

paired liver metastases
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Tab.2 The receptor status of primary breast cancer and liver metastases in patients who underwent second liver re-biopsies

Receptor status of

Receptor status of first

Time point of first liver

Receptor status of Timepoint of second

Patient primary breast cancer liver re-biopsy re-biopsy” second liver re-biopsy liver re-biopsy”
1 ER+/PR+/HER2- ER+/PR-/HER2- 100 ER-/PR-/HER2- 127
2 ER+/PR+/HER2- ER+/PR+/HER2- 34 ER+/PR-/HER2- 43
3 ER+/PR+/HER2- ER+/PR+/HER2- 22 ER+/PR-/HER2- 51
4 ER+/PR+/HER2- ER-/PR+/HER2- 9 ER-/PR-/HER2- 19
5 ER+/PR+/HER2- ER+/PR-/HER2- 25 ER+/PR+/HER2- 42
6 ER+/PR+/HER2- ER+/PR-/HER2- 56 ER+/PR-/HER2- 84
7 ER+/PR+/HER2- ER+/PR+/HER2- 97 ER+/PR+/HER2- 138
8 ER+/PR+/HER2- ER-+/PR+/HER2- 31 ER-/PR-/HER2- 47
9 ER-/PR-/HER2+ ER-/PR-/HER2- 38 ER-/PR-/HER2- 55

" Refer to the interval between liver biopsy and the pathological diagnosis of primary breast cancer.
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Tab.3 Univariate analyses of factors associated with receptor discordance
ER status PR status HER?2 status
Characteristic
Concordant Discordant P value Concordant Discordant P value Concordant Discordant P value
Age at initial diagnosis 0.202 0.683 0.370
<50 184 39 137 86 214 9
>50 100 30 77 53 122 8
DFI 0.730 <0.001 0.379
<24 months 107 27 96 38 129 5
>24 months 138 35 85 88 162 11
De novo stage IV 39 7 33 13 45 1
Histological type 0.678 0.023 0.198
Invasive ductal 259 64 190 133 306 17
Other 25 5 24 6 30 0
<3 22 3 19 6 25 0
=3 262 66 195 133 311 17
P:z/]i(i)gss?ndocrine therapy before 0.728 <0.001 0305
No 101 23 102 22 120 4
Yes 183 46 112 117 216 13
P;:j/ti)(i)::;se;nti-HERZ therapy before 0.728 0227 0.117
No 238 59 176 121 285 12
Yes 46 10 38 18 51 5
PEZ;OSI;,S chemotherapy before re- 0.807 0.100 0.115
No 34 9 31 12 43 0
Yes 250 60 183 127 293 17
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Fig.4 The influence of receptor conversion on OS

A: The Kaplan-Meier plot of triple-negative primary breast cancer; B: The Kaplan-Meier plot of HR+/HER2- primary breast cancer; C: The Kaplan-Meier
plot of HR +=/HER2+ primary breast cancer; D: The Kaplan-Meier plot of triple-negative metastatic breast cancer; E: The Kaplan-Meier plot of HR+/HER2-
metastatic breast cancer; F: The Kaplan-Meier plot of HR &-/HER2+ metastatic breast cancer. The dashed line indicates the median OS of each group.
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