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Purpose: This study aimed to evaluate the influence of hepatitis B virus (HBV) infection status on the initial metastatic pattern and
prognosis in metastatic breast cancer (MBC).

Methods: MBC patients admitted to Chongqing University Cancer Hospital between January 2011 and December 2019 were
enrolled. The association of HBV infection status with clinicopathological features was analyzed. The impact of HBV infection status
on initial metastatic pattern and survival was evaluated.

Results: A total of 1124 patients with MBC, including 310 with de novo (cohort A) and 814 with relapsed metastatic disease (cohort B),
were eligible for this study. Seropositive HBsAg was identified in 28 (9.0%) and 68 (8.4%) patients in cohort A and B, respectively. The
clinicopathological features are similar between HBsAg-positive and HBsAg-negative patients. There was no significant association of
HBYV infection status with the rate of metastasis at each site in de novo and relapsed MBC. HBsAg-positive patients tended to have longer
metastasis-free survival (MFS) and/or overall survival (OS) time, but it was not the independent prognostic factor.

Conclusion: In conclusion, HBV infection status does not influence the initial metastatic pattern and the prognosis of MBC patients.
Keywords: hepatitis B virus, infection status, metastatic breast cancer, initial metastatic pattern, prognosis

Introduction

The incidence rates of breast cancer continue to increase by about 0.5% per year,' and breast cancer has become the first
cancer worldwide.” Of these, about 5% to 15% of breast cancer patients present with distant metastasis at diagnosis.’
However, surgery-based comprehensive treatment can cure some patients with early-stage breast cancer. Recurrence and
metastasis are still unavoidable and are the leading causes of death for breast cancer patients.* ® Therefore, exploring
breast cancer metastasis factors can provide ideas and scientific basis for clinical intervention.

Hepatitis B virus (HBV) infection is a significant public health problem worldwide. The infection rate is especially
high in some developing countries, such as China.” HBV infection has long been known to play a role in the development
of cholangiocarcinoma and hepatocellular carcinoma (HCC).®? Furthermore, increasing studies show that HBV exists in
extrahepatic tissues, including the colon, kidneys, pancreas, lymph nodes, bone marrow, vessel walls, and skin.!!!
Previous studies indicated that HBV infection was related to a higher risk of extrahepatic malignancies, including
pancreatic cancer, non-Hodgkin’s lymphoma and breast cancer.'* '® Some studies also proposed a hypothetical mechan-
ism for the development of breast cancer as a result of HBV infection: persistence of occult infection and continuous

replication of HBV lead to long-term subtle liver damage, and long-term necro-inflammatory damage to the liver may
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result in persistently high levels of estrogen, which is mainly deactivated in the liver and is a dominant risk factor for
breast cancer.'”"' HBV may also directly affect the breast cells through its cis and trans effects of HBx, which may act as
oncoprotein. '

Some studies have reported the impact of HBV infection on metastasis patterns of HCC, colorectal cancer (CRC), and
pancreatic cancer.”>?* In HCC with HBV infection, intrahepatic metastasis happened less frequently than extrahepatic
metastasis.”* Moreover, HBV infection decreases the risk of liver metastasis in patients with CRC.**** These findings
suggest that HBV infection may serve an essential role in the development of certain non-liver malignancies. However,
pancreatic cancer patients who were HBsAg positive had significantly more liver metastases than those who were HBsAg
negative.”’ Meanwhile, HBV infection was found to affect the prognosis of HCC, CRC, pancreatic cancer, and
nasopharyngeal carcinoma patients,”>*>*>?7 but these studies reported inconsistent conclusions in different tumors.
Notably, there was little research on the influence of HBV infection on the initial metastatic pattern of breast cancer, and
the impact of different HBV infection statuses on breast cancer survival has not been adequately investigated. Thus, we
embarked on this study to explore whether HBV infection was associated with initial metastatic pattern and survival in
metastatic breast cancer (MBC).

Materials and Methods

Study Population

Data of patients treated at Breast Cancer Center of Chongqing University Cancer Hospital (Chongqing, China) between
January 2011 and December 2019 who were diagnosed with breast cancer were retrospectively screened. This cancer
center is one of the largest in southwest China (covering a population of 32.05 million residents who live in an
approximately 82,402.95 km? area). The following eligibility criteria were used to recruit patients: female patients
with a definitive diagnosis of breast cancer, with at least one distant site metastasis, with complete information of
molecular typing and available test results for HBV infection. Patients with bilateral breast cancer and other tumor
diseases were excluded. Occult breast cancer (OBC) is a type of breast cancer that presents as metastatic axillary lymph
node with undetectable breast lesions on all diagnostic modalities. Due to the low incidence and unique clinical
manifestations, the diagnosis, treatment, and prognosis of OBC are still unclear. Moreover, the prognosis and prognostic
factors for OBC remain controversial.*® Thus, we excluded OBC from our analysis in the present study to reduce some
confusion. Patients have signed an informed consent about allow their information to be stored and used in the hospital
database. This study was performed in accordance with the Declaration of Helsinki and approved by the medical ethics
committee of the Chongqing University Cancer Hospital.

Data Collection

Information including demographic data, clinical and tumor characteristics, and treatment scheme were obtained from
patient electronic medical records. Data on survival were collected from this center’s follow-up registry. The TNM stages
were evaluated in accordance with the guidelines of the seventh Edition of the American Joint Committee on Cancer
(AJCC).” Histopathology was based on the World Health Organization (WHO) international histological classification.
The modified Scarff-Bloom and Richardson system (mSBR) was used to determine the histological grade of the primary
tumor.>' If staining of the nuclear tumor cells was more than 1% of the total tumor cells, estrogen receptor (ER) and
progesterone receptor (PR) were confirmed to be positive. If the IHC staining was 3+ and IHC 2+, human epidermal
growth factor receptor 2 (HER2) was considered positive, and ambiguous results were considered positive if the
fluorescence in situ hybridization (FISH) showed amplification. Some patients with HER2 IHC 2+ but with the absence
of FISH results were considered HER2 negative.

The time with the diagnosis of distant organ metastasis, including bone, lung/pleura, liver, and central nervous system
(CNS), was recorded. CNS metastasis was defined as those with either metastasis in the brain parenchyma and/or
metastasis in the leptomeninges. Metastatic status was evidenced with imaging/pathology examinations and/or radiologic
abnormalities confirmed by computed tomography (CT) imaging or magnetic resonance imaging (MRI) or whole-body
bone scan. Oligometastasis and polymetastasis were respectively defined as only one and >2 organ metastasis.
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Metastasis-free survival (MFS) was defined as the time from the initial diagnosis of breast cancer to the date with the
diagnosis of distant metastasis. Overall survival (OS) was defined as the time from the date of diagnosis to the date of
death or last follow-up.

Information and Category of HBV Infection

Serum samples were collected and separated to test HBV by enzyme-linked immunosorbent assay at the Clinical
Laboratories of Chongqing University Cancer Hospital. HBV serological markers including hepatitis B surface antigen
(HBsAg), hepatitis B surface antibody (HBsAb), hepatitis B e antigen (HBeAg), hepatitis B e antibody (HBeAb) and
hepatitis B core antibody (HBcAb) were recorded at the time of patients’ first hospitalization in our hospital. Based on
the HBV infection status, patients were divided into active HBV group, resolved HBV group, and HBV negative group.
Active HBV group was characterized by HBsAg positive, no matter of the status for HBeAg. Resolved HBV was defined
as HBsAg negative and at least one of HBeAb and HBcAb positive, which indicated previous HBV infection, but the
virus had previously been eradicated. HBV negative referred to HBsAg, HBeAg, HBeAb, and HBcAb negative,
regardless of the status of HBsAb, and implied no history of HBV infection based on the blood test result.’**
A further categorization classified patients into two groups, HBsAg positive (HBsAg+) and HBsAg negative (resolved
HBV + HBV negative).

Statistical Analyses

The statistical analyses were performed by SPSS version 17.0 software (SPSS, Chicago, IL). The chi-square test,
Student’s #-test, or Kruskal-Wallis H-test were used as appropriate to assess differences in baseline values between the
HBsAg-positive and -negative groups. A two tailed p value <0.05 was considered significant, and a Bonferroni correction
for multiple testing was performed. The Kaplan—-Meier method was used to plot survival curves, and the Log rank test
was used to assess the differences. For both univariate and multivariate analysis, a Cox regression was used. The Cox
proportional-hazards model was used to calculate the hazard ratio (HR) and 95% confidence interval (95% CI).
Significant variables in the univariate analysis were included for the multivariable analysis using the forward stepwise
method.

Results

Baseline Characteristics

After preliminary screening, 1398 breast cancer patients with distant metastasis were further screened, of whom 13 were
excluded because of the male gender, 101 patients were eliminated due to non-available HBV infection information, and
three patients were excluded with hepatitis C virus (HCV) infection. Forty-three patients were eliminated with insuffi-
cient pathological diagnosis or molecular typing information. Other 114 patients were further excluded for combined
with other primary cancer. Finally, a total of 1124 cases were qualified for the analyses, including 310 (27.6%) patients
with distant metastasis at diagnosis (termed as cohort A) and the remaining 814 (72.4%) patients with relapsed distant
metastasis (termed as cohort B). The flowchart of the patient selection process is shown in Figure 1.

In the whole population, seropositive HBsAg was identified in 96 (8.5%) patients. Resolved HBV (HBsAg negative
and either HBeAb or HBcAb positive) was identified in 530 (47.2%) patients (143 in cohort A and 387 in cohort B).
HBYV negative (HBsAg, HBeAb, and HBcAb negative) was identified in 498 (44.3%) patients (139 in cohort A and 359
in cohort B). Thus, 96 patients (28 in cohort A and 68 in cohort B) were assigned to the HBsAg-positive group, while
1028 patients (282 in cohort A and 746 in cohort B) were assigned to the HBsAg-negative group (resolved HBV + HBV

34736 and our data analysis (data not shown) indicating that de novo and recurrent MBC

negative). Due to previous studies
represent different MBC populations, we further analyzed the distribution of the rate of metastasis at each site according
to HBV infection status in breast cancer patients with de novo and relapsed distant metastasis. The results are shown in
Table 1 and Figure 2. As the comparisons of baseline characteristics listed in Table 1, HBsAg-positive and HBsAg-
negative patients are similar in most clinicopathological features. However, for cohort A, the results showed that the

index of HER2 and body mass index (BMI) were significantly associated with HBV infection status. These differences
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Figure | Flow diagram of patient selection into the study cohort.

might be a chance finding due to the imbalance in the baseline characteristics and sample size between the groups. In
addition, HBsAg-positive patients tended to be younger at diagnosis, but the difference was not significant. Moreover,
there were no additional significant differences in patient characteristics between the HBsAg-positive and -negative
groups.

HBV Infection Status and Metastatic Pattern

In cohort A, CNS, liver, lung/pleura, bone and polymetastasis metastasis were respectively found in 3 (10.7%), 6
(21.4%), 11 (39.3%), 18 (64.3%) and 14 (50.0%) patients in active HBV group, 10 (7.0%), 36 (25.2%), 53 (37.1%), 66
(46.2%) and 49 (34.3%) patients in resolved HBV group, and 15 (10.8%), 33 (23.7%), 54 (38.8%), 75 (54.0%) and 58
(41.7%) patients in HBV negative group (Figure 2A). In cohort B, CNS, liver, lung/pleura, bone and polymetastasis
metastasis were respectively found in 6 (8.8%), 15 (22.1%), 35 (51.5%), 36 (52.9%) and 31 (45.6%) patients in active
HBYV group, 31 (8.0%), 109 (28.2%), 178 (46.0%), 165 (42.6%) and 159 (41.1%) patients in resolved HBV group, and
22 (6.1%), 90 (25.1%), 142 (39.6%), 168 (46.8%) and 134 (37.3%) patients in HBV negative group (Figure 2B). No
significant difference in intrahepatic and extrahepatic metastasis rate at each site was found between active HBV group,
resolved HBV group, and HBV negative group (Figure 2A and B). We further compared the rate of metastasis at each
site between HBsAg-positive group and HBsAg-negative group. However, no significant difference was observed. The
detailed information is shown in Figure 2C and D.

The Associations Between HBV Infection Status and Survival

At the time of this analysis (September 17, 2021), 176 (56.8%) of the patients with de novo MBC and 454 (55.8%) of
the patients with relapsed MBC had died. In cohort A population, active HBV group and resolved HBV group tended
to have longer median OS time than HBV negative group (38.27 vs 25.20 months, P=0.0317; 34.53 vs 25.20 months,
P=0.0308, respectively, P<0.05/3=0.017 was considered as significant; Table 2 and Figure 3A). However, in the
multivariate analysis, significant difference was not found (Table 3). In cohort B population, the median OS time for
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Table | Comparison of Baseline Characteristics Between HBsAg-Positive and HBsAg-Negative Group in de novo and Relapsed

Metastatic Breast Cancer

Characteristics

Cohort A (N=310) Patients with de novo Distant

Cohort B (N=814) Patients with Recurrent

Metastasis Distant Metastasis
HBsAg Positive HBsAg Negative P-value HBsAg Positive HBsAg Negative P-value
(N=28) No. (%) (N=282) No. (%) (N=68) No. (%) (N=746) No. (%)
Age at diagnosis 51.0 52.2 0.572 478 49.1 0.317
(mean), years
<50 13 (46.4) 128 (45.4) 0916 46 (67.6) 420 (56.3) 0.070
=50 15 (53.6) 154 (54.6) 22 (32.4) 326 (43.7)
<35 I (3.6) 14 (5.0) 0.743 3 (44 47 (6.3) 0.721
235 27 (96.4) 268 (95.0) 65 (95.6) 699 (93.7)
Age at metastasis 51.0 52.2 0.572 51.2 52.0 0.535
(mean), years
<50 13 (46.4) 128 (45.4) 0916 34 (50.0) 324 (43.4) 0.296
=50 15 (53.6) 154 (54.6) 34 (50.0) 422 (56.6)
Laterality 0.612 0.398
Left 16 (57.1) 147 (52.1) 40 (58.8) 399 (53.5)
Right 12 (42.9) 135 (47.9) 28 (41.2) 347 (46.5)
Menopausal status 0.858 0.214
Pre- 14 (50.0) 136 (48.2) 45 (66.2) 436 (58.4)
Post- 14 (50.0) 146 (51.8) 23 (33.8) 310 (41.6)
BMI (>25 vs <25), kg/ 0.005 0.621
m?
<185 0 (0.0) 8 (2.8) I (1.5) 27 (3.6)
18.5-25 I (39.3) 174 (61.7) 39 (57.4) 429 (57.5)
25-30 12 (42.9) 75 (26.6) 26 (38.2) 240 (32.2)
>30 5(17.8) 18 (6.4) 2 (5.9) 41 (5.5)
Unknown 0 (0.0) 7 (2.5) 0 (0.0 9(1.2)
Family history of 0.236 0.693
cancer
Yes 7 (25.0) 41 (14.5) Il (16.2) 135 (18.1)
No 21 (75.0) 241 (85.5) 57 (83.8) 611 (81.9)
Histology (lobular + 0.271 1.000
other vs ductal)
Invasive ductal 28 (100.0) 261 (92.6) 63 (92.7%) 695 (93.2)
Invasive lobular 0 (0.0) 13 (4.6) 2 (2.9) 20 (2.7)
Other 0 (0.0) 8 (2.8) 3 (44) 31 42)
Nuclear grade (l1l vs I-II) 0.215 0.215
| 0 (0.0) 0 (0.0 0 (0.0 17 (2.3) 0.178
1l 6(21.4) 34 (12.0) 30 (44.1) 325 (43.6)
1 3(10.7) 21 (7.5) 18 (26.5) 135 (18.1)
Unknown 19 (67.9) 227 (80.5) 20 (294) 269 (36.1)
ER status 0.257 0.661
Positive 14 (50.0) 172 (61.0) 40 (58.8) 459 (61.5)
Negative 14 (50.0) 110 (39.0) 28 (41.2) 287 (38.5)
PR status 0.637 0.703
Positive 12 (42.9) 134 (47.5) 34 (50.0) 355 (47.6)
Negative 16 (57.1) 148 (52.5) 34 (50.0) 391 (52.4)
HER?2 status 0.009 0.121
Positive 3 (10.7) 99 (35.1) 30 (44.1) 259 (34.7)
Negative 25 (89.3) 183 (64.9) 38 (55.9) 487 (65.3)
(Continued)
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Table | (Continued).

Characteristics Cohort A (N=310) Patients with de novo Distant Cohort B (N=814) Patients with Recurrent
Metastasis Distant Metastasis
HBsAg Positive HBsAg Negative P-value HBsAg Positive HBsAg Negative P-value
(N=28) No. (%) (N=282) No. (%) (N=68) No. (%) (N=746) No. (%)

Molecular subtypes

HR+HER2-* 17 (60.7) 140 (49.6) 0.354 27 (39.7) 349 (46.8) 0.920

HER2 positive® 3(10.7) 99 (35.1) 0.011 30 (44.1) 260 (34.9) 0.322

TNBC 8 (28.6) 43 (15.3) I (16.2) 137 (18.4)
Primary T stage (T1-2 0.651 0.708
vs T3-4)

TI 2 (7.1) 22 (7.8) 5(74) 99 (13.3)

T2 10 (35.7) 85 (30.1) 40 (58.8) 371 (49.7)

T3 3(10.7) 32 (11.3) 10 (14.7) 92 (12.3)

T4 13 (46.4) 139 (49.3) 5(74) 84 (11.3)

Unknown 0 (0.0 4 (1.4) 8 (11.8) 100 (13.4)
Regional N stage (NO-I 0.474 0.204
vs N2-3)

NO 4 (14.3) 31 (11.0) 21 (30.9) 215 (28.8)

NI 5(17.9) 42 (14.9) 21 (30.9) 186 (24.9)

N2 9 (32.1) 72 (25.5) 14 (20.6) 182 (24.4)

N3 10 (35.7) 137 (48.6) 12 (17.6) 163 (21.9)

Notes: HR+HER2- vs TNBC, ®"HER2 positive vs TNBC.

Abbreviations: BMI, body mass index; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; TNBC, triple-negative breast
cancer; HR, hormone receptor.

patients with active HBV, resolved HBV, and HBV negative were 83.27 months, 72.03 months, and 75.13 months,
respectively. However, significant difference in OS among these three groups was not found (Figure 3B). When the
cohort was separated into two groups, both in cohort A and cohort B, the median OS of patients in HBsAg-positive

A B

& 80 = & 80- =
s De novo MBC (n=310) CNS Metastasis 3 Relapsed MBC (n=814) CNS Metastasis
s 60 & == Liver Metastasis 2 == Liver Metastasis
o -1 o
3 50.0 62 840 mm  Lung/pleura Metastasis 3 == Lung/pleura Metastasis
_z 404 39.3 3741 333417 ™m Bone Metastasis _z mm Bone Metastasis
® 343 [
% - mm  Polymetastasis '] = Polymetastasis
é 20d 2 1 5 P>0.05 g P>0.05
5 10.7 70 10.8, s
-] g
g o- £
&
&
(‘@z o@\w
v ¥
80 = 80 =
De novo MBC (n=310) CNS Metastasis Relapsed MBC (n=814) CNS Metastasis

64.3

S 2
2 == Liver Metastasis 2 60 == Liver Metastasis
o o '
b = Lung/pleura Metastasis b 515 529 . = Lung/pleura Metastasis
= ] 45,
° mm Bone Metastasis K] mm Bone Metastasis
[} 7]
% mm Polymetastasis % mm Polymetastasis
o] 0]
5 P>0.05 s P>0.05
£ £
s s
Q Q
2 2
HBsAg+ (n=28) HBsAg- (n=282) HBsAg+ (n=68) HBsAg- (n=746)

Figure 2 The distribution of the rate of metastasis at each site according to HBV infection status in breast cancer patients with de novo distant metastasis (A and C) and
relapsed distant metastasis (B and D).
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Table 2 Univariable Cox Regression Analysis for Overall Survival in Breast Cancer Patients with de novo and Recurrent Distant

Metastasis
Variables Cohort A (N=310) Patients Cohort B (N=814) Patients
with de novo Distant with Recurrent Distant
Metastasis Metastasis
HR 95% CI P value | HR 95% CI P value
Age at diagnosis (250 vs <50 years) 1.252 | 0.926-1.693 0.144 1.443 | 1.199-1.737 0.000
Age at metastasis (250 vs <50 years) 1.252 | 0.926-1.693 0.144 0.963 | 0.799-1.161 0.694
Laterality (right vs left) 1.054 | 0.784-1.418 0.726 0.754 | 0.625-0.908 0.003
Menopausal status (post- vs pre-) 1.184 | 0.879-1.594 0.267 1.345 | 1.117-1.619 0.002
BMI (>25 vs <25), kg/m? 0.857 | 0.624-1.176 0.339 0.890 | 0.733-1.081 0.239
Family history of cancer (yes vs no) 0.978 | 0.653-1.466 0916 0.824 | 0.646-1.051 0.119
HBYV status
HBsAg+ vs HBsAg- 0.636 | 0.361-0.122 0.118 I.158 | 0.845-1.586 0.361
Active HBV vs resolved HBV 0.773 | 0.428-1.396 0.393 1.159 | 0.834-1.611 0.378
Active HBV vs HBV negative 0.532 | 0.296-0.955 0.035 I.168 | 0.840-1.625 0.355
Resolved HBV vs HBV negative 0.789 | 0.585-1.065 0.121 0.993 | 0.818-1.206 0.945
Active HBV + resolved HBV vs HBV negative 0.678 | 0.504-0.912 0.010 1.023 | 0.850-1.231 0.812
Histology (invasive lobular + other vs invasive ductal) 1.033 | 0.574-1.859 0913 1.546 | 1.059-2.258 0.024
ER status (positive vs negative) 0.663 | 0.489-0.899 0.008 0.605 | 0.501-0.729 0.000
PR status (positive vs negative) 0.686 | 0.505-0.932 0.016 0.664 | 0.551-0.799 0.000
HER?2 status (positive vs negative) 1.053 | 0.770-1.442 0.745 1.133 | 0.931-1.380 0.212
Molecular subtypes
HR+HER2- vs TNBC+ HER2+ 0.648 | 0.478-0.878 0.005 0.606 | 0.502-0.731 0.000
HR+HER2- vs HER2+ 0.777 | 0.554-1.091 0.146 0.693 | 0.560-0.858 0.001
HR+HER2- vs TNBC 0.439 | 0.291-0.663 0.000 0.440 | 0.344-0.562 0.000
HER2+ vs TNBC 0.525 | 0.344-0.802 0.003 0.623 | 0.482-0.804 0.000
Nuclear grade (Il vs I-l) 3.019 | 1.385-6.579 0.005 1.291 | 1.007-1.656 0.044
Primary T stage (T4 vs T1-T3) 1.683 | 1.245-2.275 0.001 1.564 | 1.195-2.049 0.001
Regional N stage (NI-3 vs NO) 0.988 | 0.632-1.547 0.959 1.344 | 1.094-1.650 0.005
Breast surgery
Breast surgery vs none / / / 0.326 | 0.224-0.473 0.000
Breast conservation vs none / / / 0.521 | 0.213-1.276 0.154
Radical mastectomy vs none / / / 0.319 | 0.220-0.464 0.000
Local lumpectomy vs none / / / 0.686 | 0.283-1.666 0.406
Palliative surgery vs none / / / 0.505 | 0.210-1.215 0.127
Breast conservation+ radical mastectomy vs none / / / 0.320 | 0.220-0.466 0.000
Breast conservation+ radical mastectomy+ local lumpectomy vs none / / / 0.324 | 0.223-0.470 0.000
Liver metastasis (yes vs no) 1.805 | 1.302-2.504 0.000 1.629 | 1.328-1.999 0.000
Bone metastasis (yes vs no) 1.048 | 0.778-1.412 0.759 0.891 | 0.740-1.072 0.222
Lung/Pleura metastasis (yes vs no) 1.223 | 0.899-1.664 0.201 0.980 | 0.815-1.180 0.834
CNS metastasis (yes vs no) 2207 | 1.364-3.573 0.001 1.331 | 0.950-1.864 0.096
Polymetastasis vs oligometastasis 1.717 | 1.265-2.329 0.001 1.170 | 0.972-1.409 0.097
MFS (>1 year vs <I year) / / / 0.303 | 0.243-0.378 0.000

Abbreviations: BMI, body mass index; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; TNBC, triple-negative breast
cancer; HR, hormone receptor; CNS, central nervous system; MFS, metastasis-free survival; HR, hazard ratio; 95% Cl, 95% confidence interval.

group was longer than that in HBsAg-negative group, but the difference was not significant (38.27 vs 28.70 months,
P =0.115; 83.27 vs 73.00 months P = 0.360, respectively, Figure 3C and D). In cohort B, patients with three HBV
infection statuses, including active HBV, resolved HBV, and HBV negative, had no significant difference in the
median MFS time (30.0 months, 25 months, and 27 months, respectively, Figure 3E). Although HBsAg-positive
patients had longer median MFS time than HBsAg-negative patients, the difference was not significant (30.0 vs 25.0
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Figure 3 Kaplan—Meier survival curves showing overall survival (A-D) in de novo MBC (A and C) and relapsed MBC (B and D) patients with different HBV infection
statuses; Kaplan—Meier survival curves showing metastasis-free survival (E and F) in relapsed MBC patients according to different HBV infection categories.

months, P = 0.265, Figure 3F). Table 3 summarizes the prognostic factors associated with OS. For patients with de
novo MBC, nuclear grade (HR: 3.496, 95% CI: 1.394-8.767, P=0.008), liver metastasis (HR: 9.742, 95% CI: 2.060—
46.080, P=0.004) and CNS metastasis (HR: 23.070, 95% CI: 2.827-188.278, P=0.003) at initial diagnosis were
identified to be independent prognostic factors that increased the death risk. For patients with relapsed MBC, later
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Table 3 Multivariable Cox Regression Analysis for Overall Survival in Breast Cancer Patients with de novo and Recurrent Distant
Metastasis

Variables Cohort A (N=310) Patients with de Cohort B (N=814) Patients with
novo Distant Metastasis Recurrent Distant Metastasis
HR 95% CI P value HR 95% ClI P value
Age at diagnosis (250 vs <50 years) / / / 1.010 0.686—1.486 0.962
Laterality (right vs left) / / / 0.839 0.654-1.077 0.169
Menopausal Status (post- vs pre-) / / / 1.122 0.759-1.658 0.564
Histology (Invasive lobular+other vs invasive ductal) / / / 0413 0.127-1.337 0.140
ER status (positive vs negative) 0.786 0.184-3.369 0.746 0.782 0.580-1.056 0.108
PR status (positive vs negative) 0.814 0.220-3.015 0.758 0.812 0.598-1.102 0.181
Nuclear grade (lll vs I-1) 3.496 1.394-8.767 0.008 1.245 0.947-1.637 0.116
Primary T stage (T4 vs TI-T3) 0.949 0.365-2.464 0914 1.517 1.021-2.253 0.039
Regional N stage (N1-3 vs NO) / / / 1.036 0.784—1.368 0.803
Breast surgery (yes vs none) / / / 0.028 0.003-0.243 0.000
Liver metastasis (yes vs no) 9.742 2.060—46.080 0.004 1.299 0.995-1.698 0.055
CNS metastasis (yes vs no) 23.070 2.827-188.278 0.003 / / /
HbsAg+ vs HbsAg- 1.278 0.345-4.741 0.713 / / /
MFS (>1 year vs <1 year) / / / 0.364 0.272-0.488 0.000

Abbreviations: ER, estrogen receptor; PR, progesterone receptor; CNS, central nervous system; MFS, metastasis-free survival; HR, hazard ratio; 95% Cl, 95% confidence
interval.

primary T staging was an independent risk factor for poor prognosis (HR: 1.517, 95% CI: 1.021-2.253, P=0.039).
However, breast surgery independently decreased the death risk (HR: 0.028, 95% CI: 0.003—0.243, P<0.0001), and
patients with longer MFS time had a favorable prognosis (HR: 0.364, 95% CI: 0.272-0.488, P<0.0001) (Table 3).

Discussion

To the best of our knowledge, the present study is the first large-scale study to investigate the influence of HBV infection
on initial metastatic patterns and the prognosis of MBC patients with de novo and relapsed metastatic disease. The main
finding of this study is that HBV infection status did not impact the initial metastatic patterns in MBC population,
regardless of intrahepatic or extrahepatic metastasis. Moreover, although patients with HBV infection had a longer
survival time, HBV infection was not the independent prognostic factor for MBC. Furthermore, we observed that in
recurrent MBC, young BC patients (less than 50 years old) tended to account for a higher proportion of HBV infection
patients than those who were 50 years old or above. To some extent, these results were consistent with the other study,
which showed that young breast cancer was associated with an increased prevalence of HBV infection.'®!”

HBYV infection has also been connected to an increased risk of breast cancer morbidity, aside from HCC. Serum
HBsAg monitoring is still one of the most critical elements in determining the status of HBV infection.’’ > Positivity
for serum HBsAg identifies patients who have been exposed to HBV and have an acute or chronic HBV infection.***
China has the world’s highest rate of HBV infection, with an estimated 70 million HBsAg carriers and a prevalence of
5% to 6% in the general population.*'** The prevalence of HBsAg in patients with MBC was 8.5% in the current

study, which was consistent with earlier studies that found 8-15% in breast cancer patients'¢**4

and basically
consistent with the general population in western China.*> Our findings revealed that MBC was not associated with
elevated prevalence of HBV infection, which was in line with previous studies that HBV was not a breast cancer risk
factor,' %4346

HBYV infection mainly injures the liver and causes necrosis and inflammation of liver cells.*’ The impact of HBV
infection on cancer metastatic patterns, such as CRC, HCC, and pancreatic cancer, has gotten a lot of attention in recent
years, and the results have been inconsistent. Regarding breast cancer, the effect of HBV infection on liver metastasis was
also inconsistent in different populations. Yu et al reported that HBV infection independently increased the risk of liver

metastasis and thus worsened the hepatic metastasis-free survival (HMFS) of patients who received modified radical
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mastectomy or breast conserving surgery. However, HBV infection was not associated with extrahepatic metastases.*® On
the contrary, Xiao et al found that HBV infection did not independently affect HMFS of patients with non-metastatic
breast cancer.'® Li et al reported that, for very young patients with curatively resected breast cancer, HBsAg did not
increase the rate of liver metastases.*® The results of current study provide the first evidence that HBV infection does not
impact the rate of intrahepatic and extrahepatic metastasis in MBC. This was the first study to investigate the impact of
HBYV infection on MBC metastatic pattern. Thus, these findings and the results of our study imply that more research on
whether HBV infection affects the likelihood of intrahepatic and extrahepatic metastases in breast cancer is warranted.

HBYV infection has been proven to be associated with the survival of various malignancies. The association of HBV infection
with poor prognosis was reported in nasopharyngeal carcinoma,®” lung cancer,*’ pancreatic cancer,”' and ovarian cancer.’® HBV
infection was an independent positive predictive factor for survival in patients with operable esophageal cancer.’' Previous
investigations on the impact of HBV infection on CRC survival have reached to conflicting conclusions.”**>2® This discrepancy
could be explained in part by the diversity and heterogeneity of different cancers. Concerning the impact of HBV infection on
breast cancer, Li et al recently reported that, in very young patients with curatively resected breast cancer, HBsAg is an
independent negative prognostic factor for disease-free survival (DFS) and OS.** Xiao et al demonstrated that chronic HBV
infection predicts a worse prognosis in stage II/IIl BC patients, but not stage I BC.'® However, Gao et al>* and Yu et al*®
respectively found that HBV infection had no association with DFS and OS of breast cancer patients. In the present study, we
found that HBV infection did not influence the survival of MBC, no matter in patients with de novo or relapsed metastatic
disease. However, a larger sample size study should be carried out to verify the influence of HBV infection on breast cancer
prognosis, and the genetic or biological mechanisms underlying prognosis remain to be elucidated.

It is worth noting that these patients with previous HBV infection may receive less intensive therapy, resulting in
a worse time to metastatic relapse. For patients with current or resolved HBV infection, HBV reactivation may occur
when they are exposed to various anti-cancer therapies.”> HBV reactivation could lead to the interruption of the therapy
schedule. The liver dysfunction attributed to HBV reactivation may also influence the choice of treatment, which makes
the prognosis for cancer management uncertain.”* Due to the limitations of this investigation, there is a lack of data on
the occurrence of HBV reactivation with the use of several systemic treatments for breast cancer, such as chemotherapy,
endocrine therapy, and targeted therapy, which may affect patient management and survival.

However, there are certain limitations to this study that should be mentioned. First, the number of HBsAg-positive group
was far less than that of the HBsAg-negative group, as only 28 and 68 patients were HBsAg positive in de novo MBC and
relapsed MBC group, respectively. The imbalances in baseline characteristics between two groups existed in original data,
resulting in analytical bias and affecting the reliability of the results. In particular, the observed imbalance at HER2 status
can also impact the time from diagnosis to metastasis or death, which will make the correlation analysis of HBV infection
status with the prognosis bias. Second, HBcAb positive was assumed to denote a history of transient HBV infection, HBV-
DNA which would show the severity of HBV infection was frequently detected in this crowd with HBcAb positive, but
HBsAg negative.”® Besides, in pancreatic cancer, it had been reported that HBV infection with active replication could
promote liver metastasis.”’ However, we were unable to assess the effect of HBV-DNA levels on the metastatic pattern and
prognosis of patients with breast cancer due to the retrospective nature of this investigation. Therefore, whether breast
cancer patients with different HBV infection burdens have different metastatic patterns and survival remains unknown.
Third, some patients with relapsed metastatic breast cancer did not consult a doctor in our hospital until their disease
progressed. Thus, we were unable to collect the accurate HBV infection information during the time at initial diagnosis of
breast cancer or between diagnosis and relapse, confusing some analysis results.

Conclusion

In conclusion, our study discovered that HBV infection status did not influence the initial metastatic pattern of MBC
patients with de novo and relapsed metastatic disease. HBsAg-positive patients tended to have longer MFS and/or OS
time, but it was not the independent prognostic factor for MBC. Further prospective studies with a large sample size
are warranted to confirm the prognostic value of HBsAg status in MBC. Furthermore, other HBV infection indicators,
such as HBV-DNA level and other possible clinicopathologic factors for breast cancer, should be taken into
consideration.
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