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Differences in distant metastasis
risk of breast cancer originating
from various primary sites: a
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Breast cancer’s primary site diversity may influence distant metastasis, yet research is scant. This study
explores primary site impacts on metastasis and patient survival. We included 240,943 female breast
cancer patients in the Surveillance, Epidemiology, and End Results Program (SEER) data between

2010 and 2019. The primary sites were classified as upper-inner quadrant (UIQ, C50.2), lower-inner
quadrant (LIQ, C50.3), upper-outer quadrant (UOQ, C50.4), lower-outer quadrant (LOQ, C50.5), axillary
tail (C50.6), overlapping region (C50.8), and the central and nipple portion (TCNP, C50.0-C50.1). The
distant metastatic organs include bone, brain, liver, and lung. Chi-square tests were used to compare
patient characteristics, logistic regression for identifying predictive factors. Cox regression was utilized
to compare the survival among patients with different primary sites and different metastatic sites.
Breast cancer’s primary site affects distant metastasis patterns and survival. Compared to the UOQ,
tumors located in the axillary tail are associated with a higher risk of bone metastasis (P=0.003) and
lung metastasis (P=0.006); tumors in the UIQ are linked to a lower risk of bone metastasis (P=0.028),
while TCNP presents a higher risk of both bone metastasis (P <0.001) and liver metastasis (P=0.001).
Moreover, metastatic patterns affect patient survival, with brain metastasis generally indicating a
poorer prognosis compared to bone metastasis (P <0.001). When metastasis occurs in the same organ,
the impact of primary site on survival prognosis becomes less significant (P>0.05). Differences in the
primary site of breast cancer shows variations in the patterns of metastasis to distant organs, which
may assist in focusing attention and implementing preventive measures on organs more susceptible to
distant metastasis at the early stage of breast cancer diagnosis.
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Female breast cancer has surpassed lung cancer as the most commonly diagnosed cancer, with an estimated
2.3 million new cases. Its incidence and mortality rates continue to rise, posing a serious threat to women’s
health and lives. It is reported that 20-30% of breast cancer patients may develop metastasis during diagnosis
and treatment?, with bone metastasis being the most common (75%), followed by metastasis to the lungs,
liver, and brain®. The 5-year overall survival rate for breast cancer patients without metastasis exceeds 80%?.
However, distant metastasis can lead to a dramatic reduction of this rate, dropping to only approximately 25%*.
Therefore, understanding the factors influencing metastasis and its incidence in breast cancer patients is of
critical importance for assessing prognosis and survival outcomes.

The primary site of cancer within the same organ can influence its metastatic pattern, thereby affecting patient
prognosis. For example, proximal gastric cancer is more likely to metastasize to the liver, while distal gastric
cancer tends to spread to the peritoneum?; patients with lower esophageal cancer are more prone to develop
liver metastasis, while those with upper esophageal cancer are more likely to develop lung metastasis®. Previous
studies have shown that breast cancer patients exhibit similar probabilities of distant organ metastasis regardless
of whether the primary tumor is located in the left or right breast’, however, this study did not investigate
the detailed anatomical subsite of the tumor. Further research indicates that, akin to other malignancies, the
primary site within the breast may similarly impact metastatic patterns and patient prognosis®. For instance,
compared to breast cancers in other regions, tumors located in the axillary tail demonstrate a higher propensity
for metastasis to axillary lymph nodes’. Compared to UOQ, patients with TCNP demonstrate a higher rate of
axillary lymph node positivity!, which may be associated with an increased risk of distant organ metastasis.
These findings imply that breast cancers originating from different primary sites may exhibit distinct metastatic
propensities, thereby influencing patient prognosis''2. It has also been confirmed that the primary site is one of
the strongest predictive factors for survival in breast cancer patients'®. The above studies indicate that different
primary sites of breast cancer may affect patient prognosis by influencing the risk of distant organ metastasis.
However, the specific differences in distant organ metastatic patterns among different primary sites still lack in-
depth investigation. In fact, breast cancer can arise from various primary sites within the breast, including the
upper-outer quadrant (UOQ), lower-outer quadrant (LOQ), upper-inner quadrant (UIQ), lower-inner quadrant
(LIQ), axillary tail, overlapping region, the central and nipple portion (TCNP). Furthermore, breast cancer
patients exhibit significant variation in tumor histology, size, hormone receptor status, and other factors, which
in turn affect metastasis and survival outcomes'*. Therefore, this study aims to explore the potential association
between the primary site of breast cancer and distant organ metastasis, and further analyze the impact of this
association on patient survival.

To investigate the impact of different primary sites of breast cancer on distant organ metastasis, it is crucial
to utilize a large, well-structured database that offers standardized data recording, strict parameter classification,
and long-term follow-up. The Surveillance, Epidemiology, and End Results (SEER) database is particularly
valuable in this regard, as it spans a long period, includes a large sample size, and provides detailed records of
key factors influencing metastasis, such as patient age and molecular subtypes. Importantly, the SEER database
precisely distinguishes between the primary sites of breast cancer (C50.0-C50.6, C50.8). Since 2010, it has
included detailed information on metastasis of distant organs such as bone, brain, liver, and lung. Given these
advantages, we have chosen the SEER database for this study. Our goal is to analyze the association between
different primary sites and distant organ metastasis, thereby providing solid data support for extending survival
and improving the prognosis of breast cancer patients.

Methods

Variables

Data for this retrospective cohort study were extracted from the Surveillance, Epidemiology, and End Results
(SEER) database (https://seer.cancer.gov/). The specific SEER dataset used, released in April 2024 (based on data
submitted in November 2023), covers cases from 2000 to 2021 across 17 population-based cancer registries,
with detailed demographic and clinical characteristics recorded. Demographic information includes age, year of
diagnosis, race, and marital status. Clinical characteristics encompass grade, primary site, laterality, metastatic
sites, breast subtype, tumor size, lymph node status, survival time, treatment modalities (surgery, chemotherapy,
and radiotherapy), and vital status. Regarding the determination of the primary site of breast cancer, based
on the ICD-O-3 coding system (https://seer.cancer.gov/icd-0-3/) and previous literature'>, we restricted the
sites to the seven most common and well-defined anatomical quadrants: upper-inner quadrant (UIQ, C50.2),
lower-inner quadrant (LIQ, C50.3), upper-outer quadrant (UOQ, C50.4), lower-outer quadrant (LOQ, C50.5),
axillary tail (C50.6), overlapping region (C50.8), and the central and nipple portion (TCNP, C50.0-C50.1). No
significant inconsistencies across years were observed in the demographic and clinical characteristics of breast
cancer patients, except for tumor grade. For tumor grading, we merged the “Grade Recode (thru 2017)” and
the “Derived Summary Grade 2018 (2018 +)” to obtain the final grade. Due to variations in the classification
descriptions across different periods, we harmonized the grade classifications according to the SEER-based
coding guidelines'® (page 18)!7 (page 33-34 and page 114), as shown in Table 1.

Inclusion and exclusion criteria

Based on the following inclusion criteria, we identified potential eligible patients: female gender, age between 18
and 80 years, years of diagnosis from 2010 to 2019, and an International Classification of Diseases for Oncology
(ICD-0), 3rd Edition codes of 8500/3, indicating an infiltrating ductal carcinoma (IDC) as the pathological
type. We excluded patients with breast cancer as a non-first primary tumor, cases derived from autopsy or death
certificate only, and those lacking relevant clinical information (Fig. 1).
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Grade | Derived Summary Grade 2018 (2018+) | Grade Recode (thru 2017)

I LA L Well differentiated; Grade I

11 2,B,M Moderately differentiated; Grade II
il 3,C,H Poorly differentiated; Grade IIT

v 4,D Undifferentiated; anaplastic; Grade IV

Table 1. Comparison and unification criteria for tumor grading in the SEER database.

Patients (from 17 registries) with breast cancer in SEER
database, ICD-O-3 8500/3, aged 18-80 years, from 2010-2019
(n=425411).

Exclusions: (n=119,147)

1. Non-first primary cancer (n=112,849)

2. Only autopsy or death certificate available (n=29)
3. Metastatic status unknown(n=3,759)

. Laterality unknown(n=280)

5. Male gender (n=2,230)

A\ 4

=

v

Female patients with breast invasive ductal
carcinoma (n=306,264).

Exclusions: (n=33,904)

1. Race unknown (n=2,818)

2. Breast subtype unknown (n=15,178)

3. No evidence of primary tumor (n=208)
4. Tumor grade unknown(n=15,700)

\ 4

A 4

Female patients with breast invasive
ductal carcinoma (n=272360)

Exclusions: (n=31,417)
1.Primary site not specified (n=26,918)
2.Tumor size unknown(n=4,499)

A\ 4

A4

Eligible patients with female breast invasive
ductal carcinoma (n=240,943)

Fig. 1. The patient selection flowchart.

Statistical analysis

Breast cancer specific survival (BCSS) was defined as the interval from the date of diagnosis to the date of
death due to breast cancer. Overall survival (OS) was defined as the interval from the date of diagnosis to the
date of death from any cause. The results were reported using hazard ratios (HRs) with 95% ClIs. We used
X-tile to determine the optimal cut-off point of age as 72 years old. We categorized the continuous variable
of age into two levels: <72 years old and =72 years old (Supplementary Fig. 1). Similarly, we determined the
optimal cut-off point of tumor size as 29 mm, and categorized the continuous variable of tumor size into two
levels: <29 mm and =29 mm (Supplementary Fig. 2). Chi-square tests were used to compare the differences in
clinical characteristics between patients with bone, brain, liver, and lung metastasis and those without metastasis.
Logistic regression analysis was conducted to explore the impact of different primary sites on distant organ
metastasis. The Cox proportional hazards regression model was used to compare survival between different
metastatic sites and primary sites. Statistical analyses were performed using SPSS version 26.0. Two-sided tests
were applied, with P<0.05 considered statistically significant.

Results

Patient characteristics

A total of 240,943 female breast cancer patients were included in this study, among which 5,009 had bone
metastasis, 509 had brain metastasis, 2,178 had liver metastasis, and 2,406 had lung metastasis. The baseline
characteristics of the patients are shown in Table 2. The analysis results also revealed that patients with distant
metastasis had a median survival time shorter than the overall median survival time. Among the overall
population, the median survival time was approximately 65 months (95% CI: 39.09, 97.97). For patients with
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Distant metastasis group
Entire group N=240,943 | Bone N=5009 Brain N=509 Liver N=2178 Lung N =2406

Variables (N, %) (N, %) (N, %) (N, %) (N, %)
Survival months (M, 95%CI) | 64.88 (39.09, 97.97) 32.22 (14.36,53.59) | 12.08 (3.37,30.23) | 25.21 (8.52, 46.80) | 25.70 (9.60, 45.59)
Age at diagnosis P=0.298 P=0.001 P=0.000 P=0.000
<72 years 207,063 (85.94) 4330 (86.4) 464 (91.2) 1941 (89.1) 2004 (83.3)
>72 years 33,880 (14.06) 679 (13.6) 45 (8.8) 237 (10.9) 402 (16.7)
Race P=0.000 P=0.002 P=0.000 P=0.000
White 186,558 (77.43) 3773 (75.3) 382 (75.0) 1577 (72.4) 1700 (70.7)
Black 26,564 (11.03) 775 (15.5) 80 (15.7) 384 (17.6) 465 (19.3)
Other® 27,821 (11.54) 461 (9.2) 47 (9.2) 217 (10.0) 241 (10.0)
Marital status P=0.000 P=0.000 P=0.000 P=0.000
Unmarried® 89,207 (37.02) 2394 (47.8) 259 (50.9) 1012 (46.5) 1224 (50.9)
Married 141,957 (58.92) 2386 (47.6) 225 (44.2) 1065 (48.9) 1059 (44.0)
Unknown 9779 (4.06) 229 (4.6) 25 (4.9) 101 (4.6) 123 (5.1)
Year of diagnosis P=0.183 P=0.978 P=0.403 P=0.515
2010-2014 103,521 (42.96) 2106 (42.0) 219 (43.0) 955 (43.8) 1018 (42.3)
2015-2019 137,422 (57.04) 2903 (58.0) 290 (57.0) 1223 (56.2) 1388 (57.7)
Breast subtype P=0.000 P=0.000 P=0.000 P=0.000
HR + /HER2- 169,170 (70.21) 3140 (62.7) 213 (41.8) 855 (39.3) 1207 (50.2)
HR+/HER2 + 29,197 (12.12) 962 (19.2) 98 (19.3) 566 (26.0) 463 (19.2)
HR-/HER2 + 12,015 (4.99) 387(7.7) 78 (15.3) 395 (18.1) 271 (11.3)
HR-/HER2- 30,561 (12.68) 520 (10.4) 120 (23.6) 362 (16.6) 465 (19.3)
Primary site P=0.000 P=0.000 P=0.000 P=0.000
uoQ 94,769 (39.33) 1819 (36.3) 183 (36.0) 837 (38.4) 860 (35.7)
LIQ 15,073 (6.26) 278 (5.6) 27 (5.3) 108 (5.0) 139 (5.8)
UIQ 35,705 (14.82) 503 (10.0) 49 (9.6) 192 (8.8) 239 (9.9)
LOQ 20,836 (8.65) 400 (8.0) 47 (9.2) 184 (8.4) 205 (8.5)
Axillary tail 1210 (0.50) 39(0.8) 3(0.6) 13 (0.6) 22(0.9)
Overlapping 61,558 (25.55) 1526 (30.5) 158 (31.0) 669 (30.7) 753 (31.3)
TCNP© 11,792 (4.89) 444 (8.9) 42 (8.3) 175 (8.0) 188 (7.8)
Laterality P=0.000 P=0.941 P=0.002 P=0.000
Left 121,959 (50.62) 2553 (51.0) 254 (49.9) 1095 (50.3) 1236 (51.4)
Right 118,976 (49.38) 2453 (49.0) 255 (50.1) 1082 (49.7) 1168 (48.5)
Bilateral 8(0.00) 3(0.1) 0(0.0) 1(0.0) 2(0.1)
Grade P=0.000 P=0.000 P=0.000 P=0.000
I 52,259 (21.69) 356 (7.1) 20 (3.9) 75 (3.4) 115 (4.8)
I 100,457 (41.69) 2310 (46.1) 176 (34.6) 775 (35.6) 870 (36.2)
I/IvV 88,227 (36.62) 2343 (46.8) 313 (61.5) 1328 (61.0) 1421 (59.1)
Tumor size P=0.000 P=0.000 P=0.000 P=0.000
<29 mm 187,432 (77.79) 1426 (28.5) 144 (28.3) 608 (27.9) 503 (20.9)
>29 mm 53,511 (22.21) 3583 (71.5) 365 (71.7) 1570 (72.1) 1903 (79.1)
Node status P=0.000 P=0.000 P=0.000 P=0.000
Negative 130,188 (54.03) 424 (8.5) 46 (9.0) 174 (8.0) 194 (8.1)
Positive 100,564 (41.74) 2706 (54.0) 223 (43.8) 1197 (55.0) 1209 (50.2)
Unknown 10,191 (4.23) 1879 (37.5) 240 (47.2) 807 (37.1) 1003 (41.7)
Surgery P=0.000 P=0.000 P=0.000 P=0.000
Yes 229,173 (95.12) 1535 (30.6) 93 (18.3) 610 (28.0) 652 (27.1)
No/Unknown 11,770 (4.88) 3474 (69.4) 416 (81.7) 1568 (72.0) 1754 (72.9)
Radiotherapy P=0.000 P=0.000 P=0.000 P=0.000
Continued
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Distant metastasis group

Entire group N=240,943 | Bone N=5009 Brain N=509 Liver N=2178 Lung N =2406
Variables (N, %) (N, %) (N, %) (N, %) (N, %)
Yes 146,392 (60.76) 2031 (40.5) 349 (68.6) 583 (26.8) 661 (27.5)
No/Unknown 94,551 (39.24) 2978 (59.5) 160 (31.4) 1595 (73.2) 1745 (72.5)
Chemotherapy P=0.000 P=0.000 P=0.000 P=0.000
Yes 111,758 (46.38) 3362 (67.1) 335 (65.8) 1718 (78.9) 1702 (70.7)
No/unknown 129,185 (53.62) 1647 (32.9) 174 (34.2) 460 (21.1) 704 (29.3)

Table 2. Baseline characteristics of patients with different metastatic status. *Including American Indian/
Alaskan native, Asian/Pacific Islander, and others-unspecified. bIncluding divorced, separated, single (never
married), unmarried, domestic partner, and widowed. “Including the central and nipple portion. *P values
indicated differences in the distribution of patient characteristics between the entire cohort and each distant
metastasis subgroup.

bone, brain, liver, and lung metastasis, the median survival times were approximately 32 months (95% CI: 14.36,
53.59), 12 months (95% CI: 3.37, 30.23), 25 months (95% CI: 8.52, 46.80), and 25 months (95% CI: 9.60, 45.59),
respectively. Furthermore, patients with distant metastasis were younger, mostly white, unmarried, and mostly
had the HR +/HER2- molecular subtype, followed by HR +/HER2 +and TNBC, with HR-/HER2 + being the
least common. The majority of patients with distant metastasis have their primary site in the UOQ, primarily
on the left side, with a higher grade, larger tumor size, and more frequent positive regional lymph nodes. In
terms of treatment, a higher proportion of patients across all groups underwent surgery for the primary tumor;
however, after metastasis, there was a marked decrease in the number of patients receiving surgical treatment.
For radiotherapy, patients with brain metastasis were more likely to receive radiotherapy, whereas patients with
bone, liver, and lung metastasis were less inclined to undergo radiotherapy. Regarding chemotherapy, a higher
proportion of patients with distant organ metastasis received chemotherapy compared to those who did not.

Association between patient characteristics and distant metastasis sites

As can be seen from the aforementioned table, among all patients with distant metastasis, those with primary
sites in the UOQ of the breast were the most numerous. In bone metastases, 36% of cases originated from the
UOQ. Similarly, 36% of brain metastases, 38% of liver metastases, and 36% of lung metastases originated from
the UOQ (Fig. 2). Then, we observed the ratio of tumor metastases to the number of patients with tumors
originating from different primary sites; the results are shown in Fig. 3. Overall, the axillary tail region and
TCNP region are more prone to metastasis, while regardless of the primary site, bone metastasis was the most
common, followed by lung metastasis and liver metastasis, and brain metastasis.

To further investigate the factors that may influence distant organ metastasis, we first performed univariate
logistic regression analysis on patients with metastasis (Supplementary Table 1). The results showed that race,
marital status, breast subtype, primary site, tumor grade, tumor size, and lymph node status were potential
factors influencing bone metastasis. Brain, liver, and lung metastasis were primarily affected by age, race, marital
status, breast subtype, primary site, tumor grade, tumor size, and lymph node status.

We included variables with a P<0.05 from the univariate logistic regression analysis into the multivariate
logistic regression analysis (Table 3). The results are as follows:

Bone Metastasis: Marital status, breast subtype, primary site, tumor grade, tumor size, and lymph node status
were independent predictors of bone metastasis. Compared to the UOQ, the risk of bone metastasis was higher
in the LIQ (OR=1.150; 95% CI, 1.004-1.318; P<0.05), axillary tail (OR=1.718; 95% CI, 1.209-2.440; P<0.05),
overlapping region (OR =1.220; 95% CI, 1.134-1.313; P<0.05), and TCNP (OR=1.486; 95% CI, 1.325-1.666;
P<0.05), while the risk of bone metastasis was lower in the UIQ (OR=0.889; 95% CI, 0.800-0.987; P<0.05).

Brain metastasis: Age, marital status, breast subtype, tumor grade, tumor size, and lymph node status were
independent predictive factors for brain metastasis. Compared to the UOQ, TCNP (OR =1.484; 95% CI, 1.054-
2.090; P<0.05) is more likely to develop brain metastasis.

Liver metastasis: Marital status, breast subtype, primary site, tumor grade, tumor size, and lymph node status
are independent predictive factors for liver metastasis. Compared to the UOQ, the risk of liver metastasis is
higher in the overlapping region (OR=1.165; 95% CI, 1.048-1.296; P<0.05) and TCNP (OR=1.333; 95% CI,
1.123-1.583; P<0.05). The risk of liver metastasis is lower in the UIQ (OR=0.762; 95% CI, 0.648-0.895; P< 0.05).

Lung metastasis: Age, race, marital status, breast subtype, primary site, tumor grade, tumor size, and lymph
node status were independent predictive factors for lung metastasis. Compared to the UOQ, the risk of lung
metastasis is higher in the LIQ (OR=1.247; 95% CI 1.033-1.505; P<0.05), LOQ (OR=1.207; 95% CI 1.209-
1.415; P<0.05), axillary tail (OR=1.903; 95% CI 1.204-3.008; P<0.05), overlapping region (OR =1.265; 95% CI
1.142-1.402; P<0.05), and TCNP (OR=1.322; 95% CI 1.118-1.563; P<0.05).

Our study results suggest that the primary site of breast cancer is a significant factor influencing distant organ
metastasis in female patients with invasive ductal carcinoma (IDC). Overall, for bone, liver, and lung metastasis,
the overlapping region and TCNP are the most common regions for metastasis, while the axillary tail is more
likely to metastasize to the bone and lung.

To assess the robustness of the findings, we constructed two additional models (Supplementary Table 2).
The first was a multivariate logistic regression model adjusted only for demographic variables (Model 1). The
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Fig. 2. Proportion of primary sites in different distant organ metastases. UOQ, upper-outer quadrant; LOQ,
lower-outer quadrant; UIQ, upper-inner quadrant; LIQ, lower-inner quadrant; overlapping, overlapping
region; TCNP, the central and nipple portion. The percentages represent the proportion of patients from each
primary site among those with metastasis to a specific organ.

4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Metastasis Rate (%)

HBone
M Brain
W Liver

Hlung

Lo Lo L L

1.41
0.14
0.54
0.67

1.84
0.18
0.72
0.92

1.92
0.19
0.88
0.91

f

Axillary Tail
3:22
0.25
1.07
1.82

Ls

!

o} TCNP
2.48 347
0.26 0.36
1.09 1.48
122 1.59

Primary Site

Fig. 3. Probability of distant organ metastasis in breast cancer by different primary sites. UOQ, upper-outer
quadrant; LOQ, lower-outer quadrant; UIQ, upper-inner quadrant; LIQ, lower-inner quadrant; overlapping,
overlapping region; TCNP, the central and nipple portion. The percentages represent the proportion of patients
with metastasis to each distant organ among those with a specific primary site.
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Bone metastasis Brain metastasis Liver metastasis Lung metastasis
Variables OR (95% CI) [P or@s%CD [P [or@s%CD [P [or@s%CD [P
Age
<72 years REF REF REF REF
>72 years - - 0548 (0.401-0.749) [ 0.000 | 0.775 (0.672-0.893) [ 0.000 [ 1.249 (1.113-1403) | 0.000
Race
White REF REF REF REF
Black 1.028 (0.943-1.121) | 0.527 | 0.821 (0.639-1.055) | 0.124 | 1.084 (0.961-1.222) | 0.188 | 1.205 (1.077-1.347) | 0.001
Other® 0.727 (0.656-0.805) | 0.000 | 0.756 (0.556-1.027) | 0.074 | 0.803 (0.693-0.930) | 0.003 | 0.876 (0.761-1.009) | 0.065
Marital status
Unmarried® REF REF REF REF
Married 0.807 (0.758-0.859) | 0.000 | 0.708 (0.589-0.852) | 0.000 | 0.856 (0.781-0.939) | 0.001 | 0.752 (0.688-0.821) | 0.000
Unknown 0.917 (0.792-1.062) | 0.247 | 0.950 (0.626-1.440) | 0.809 | 1.010 (0.816-1.250) | 0.926 | 1.022 (0.840-1.244) | 0.824

Breast subtype
HR+/HER2- | REF REF REF REF
HR+/HER2+ | 1.143 (1.054-1.239) | 0.001 | 1.521 (1.187-1.949) | 0.001 | 2.377 (2.122-2.661) | 0.000 | 1.309 (1.166-1.469) | 0.000
HR-/HER2+ | 0.957 (0.850-1.077) | 0.467 | 2.566 (1.945-3.384) | 0.000 | 3.581 (3.143-4.093) | 0.000 | 1.575 (1.362-1.822) | 0.000
HR-/HER2- | 0.554 (0.499-0.615) | 0.000 | 1.782 (1.391-2.282) | 0.000 | 1.349 (1.178-1.545) | 0.000 | 1.172 (1.038-1.323) | 0.010

Primary site

UoQ REF REF REF REF

LIQ 1.150 (1.004-1.318) | 0.043 | 1.102 (0.732-1.660) | 0.641 | 0.984 (0.800-1.212) | 0.883 | 1.247 (1.033-1.505) | 0.022
UIQ 0.889 (0.800-0.987) | 0.028 | 0.874 (0.635-1.202) | 0.407 | 0.762 (0.648-0.895) | 0.001 | 0.922 (0.794-1.071) | 0.289
LOQ 1.075 (0.957-1.207) | 0.222 | 1.272 (0.919-1.760) | 0.147 | 1.084 (0.919-1.279) | 0.339 | 1.207 (1.029-1.415) | 0.021
Axillary tail 1.718 (1.209-2.440) | 0.003 | 1.102 (0.347-3.502) | 0.869 | 1.151 (0.651-2.035) | 0.628 | 1.903 (1.204-3.008) | 0.006
Overlapping 1.220 (1.134-1.313) | 0.000 | 1.235 (0.995-1.532) | 0.056 | 1.165 (1.048-1.296) | 0.005 | 1.265 (1.142-1.402) | 0.000
TCNP© 1.486 (1.325-1.666) | 0.000 | 1.484 (1.054-2.090) | 0.024 | 1.333 (1.123-1.583) | 0.001 | 1.322 (1.118-1.563) | 0.001
Grade

I REF REF REF REF

11 1.967 (1.747-2.215) | 0.000 | 2.320 (1.448-3.717) | 0.000 | 2.528 (1.983-3.223) | 0.000 | 1.919 (1.568-2.348) | 0.000
1/IvV 1.754 (1.549-1.986) | 0.000 | 2.830 (1.754-4.566) | 0.000 | 3.000 (2.347-3.836) | 0.000 | 2.349 (1.913-2.884) | 0.000
Tumor size

<29 mm REF REF REF REF

>29 mm 5.707 (5.333-6.107) ‘ 0.000 | 3.790 (3.089-4.651) ‘ 0.000 | 4.153 (3.759-4.587) ‘ 0.000 | 6.940 (6.250-7.707) ‘ 0.000
Node status

Negative REF REF REF REF

Positive 5.144 (4.633-5.711) ‘ 0.000 | 4.085 (2.961-5.637) ‘ 0.000 | 5.633 (4.793-6.619) ‘ 0.000 | 4.694 (4.024-5.477) ‘ 0.000

Table 3. Multivariate analysis of factors associated with distant metastasis sites in breast cancer. “Including
American Indian/Alaskan native, Asian/Pacific Islander, and others-unspecified. bIncluding divorced,
separated, single (never married), unmarried, domestic partner, and widowed. “Including the central and
nipple portion.

second was a multivariate logistic regression model adjusted for all variables, with the cut-off points for age
and tumor size modified to clinically more common thresholds (age cut-off point set to 50 years; tumor size
cut-off point set to 20 mm) (Model 3). The results across these four models, the two newly constructed models
along with the univariate and original multivariate logistic models, were largely consistent. In the model before
modifying the cut-off points for age and tumor size (Model 2), compared to the UOQ, the LIQ showed a higher
risk of bone metastasis, while the overlapping region did not show a higher risk of brain metastasis. In contrast,
after modifying the cut-off points (Model 3), LIQ no longer demonstrated a higher risk of bone metastasis
compared to UOQ, while the overlapping region showed a higher risk of brain metastasis. All other statistical
results remained consistent across models. These sensitivity analyses confirm that our findings are robust.

Development of nomograms for predicting distant organ metastasis

To facilitate the clinical use of patient characteristics in predicting the risk of distant organ metastasis, we
integrated multiple variables to construct nomograms for predicting distant organ metastasis in breast cancer
patients (Supplementary Fig. 3). Based on variables with independent predictive value from the aforementioned
multivariate logistic analysis, we ultimately selected key factors including age, race, marital status, breast subtype,
primary site, grade, lymph node status, and tumor size for inclusion in the nomograms. These integrated models
are presented graphically, allowing for quantification of individualized metastasis risk for each patient. These
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Metastasis pattern N Median OS, months (95% CI) | HR(95% CI) P
Bone* 2846 38.00 (43.27-45.57) REF

Brain* 89 13.00 (15.62-26.85) 3.024 (2.392-3.822) | 0.000
Liver* 713 31.00 (37.71-42.64) 1.140 (1.026-1.267) | 0.015
Lung* 850 30.00 (35.52-39.61) 1.311 (1.190-1.443) | 0.000
Bone + Brain 115 15.00 (20.38-30.53) 2.465 (2.000-3.037) | 0.000
Bone + Liver 698 26.50 (30.20-34.33) 1.703 (1.541-1.882) | 0.000
Bone + Lung 743 29.00 (31.61-35.56) 1.548 (1.401-1.709) | 0.000
Brain + Liver 15 11.00 (9.30-45.10) 2.251 (1.276-3.972) | 0.005
Brain +Lung 53 11.00 (12.05-25.84) 3.819 (2.867-5.089) | 0.000
Liver + Lung 192 22.00 (25.01-33.15) 2.016 (1.703-2.388) | 0.000
Bone + Brain + Liver 62 18.00 (17.64-28.26) 2.538 (1.893-3.401) | 0.000
Bone + Brain + Lung 70 10.50 (14.94-28.43) 2.805 (2.144-3.669) | 0.000
Brain + Liver + Lung 23 6.00 (5.69-17.01) 6.969 (4.576-10.615) | 0.000
Bone + Liver + Lung 393 20.00 (23.79-28.94) 2.420 (2.149-2.725) | 0.000
Bone + Brain + Liver + Lung | 82 6.00 (10.91-19.62) 4.563 (3.609-5.768) | 0.000
Other 233,999 | 66.00 (70.15-70.44) 0.115 (0.109-0.121) | 0.000

Table 4. Cox analysis of OS in patients with different metastatic types. *The bone, brain, liver, and lung
metastases noted here refer to isolated metastasis.

Bone metastasis Brain metastasis Liver metastasis Lung metastasis

Primary site | HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
UuoQ REF REF REF REF

LIQ 0.909 (0.733-1.127) | 0.383 | 0.470 (0.166-1.333) | 0.156 | 0.757 (0.471-1.218) | 0.251 | 1.132(0.782-1.640) | 0.511
UIQ 0.936 (0.791-1.106) | 0.437 | 2.086 (1.080-4.030) | 0.029 | 0.912 (0.640-1.298) | 0.608 | 1.016 (0.761-1.357) | 0.915
LOQ 0.918 (0.765-1.102) | 0.358 | 0.365 (0.110-1.213) | 0.100 | 1.073 (0.780-1.477) | 0.664 | 0.778 (0.562-1.077) | 0.130
Axillary tail | 0.928 (0.536-1.608) | 0.790 - - - - 0.853 (0.234-3.107) | 0.810
Overlapping | 0.983 (0.872-1.107) | 0.773 | 1.716 (0.939-3.138) | 0.079 | 1.231 (0.979-1.546) | 0.075 | 1.138 (0.927-1.395) | 0.216
TCNP? 1.137 (0.952-1.356) | 0.156 | 0.726 (0.255-2.064) | 0.547 | 1.170 (0.788-1.737) | 0.436 | 1.069 (0.757-1.509) | 0.704

Table 5. Analysis of OS in breast cancer with specific distant organ metastasis and primary sites. *Including
the central and nipple portion. "The number of patients was not enough for further calculation.

will assist clinicians in rapidly identifying high-risk patients, enabling more proactive and targeted follow-up
strategies and interventions, thereby achieving more precise prevention and management.

Impact of primary site on distant organ metastasis in different breast subtypes

We then performed a subgroup analysis based on the molecular subtypes of the patients. The results are shown
in Supplementary Table 3. Regardless of the molecular subtype, the UIQ was less likely to develop distant organ
metastasis compared to the UOQ. In contrast, the axillary tail, overlapping region, and TCNP had a higher
tendency for distant metastasis, consistent with the overall study findings.

Impact of site and number of different organ metastases on patient survival

We further analyzed the OS of patients with metastasis to different organs (Table 4). Among the 240,943 patients
included, those with isolated bone metastasis had significantly better survival (Median OS 38.00 months) than
those with isolated metastasis to other distant organs (P<0.05), especially those with brain metastasis (Median
OS 13.00 months, HR =3.024; 95% CI 2.392-3.822; P<0.05). Overall, the more distant metastasis sites, the worse
the prognosis. The BCSS results were consistent with the overall survival results (Supplementary Table 4).

Survival differences in metastatic breast cancer patients with different primary sites

We further investigated the prognosis of breast cancer patients with different primary sites. First, we analyzed
whether the primary site affects the overall survival (OS) of IDC patients with metastasis to the same distant
organ. Kaplan-Meier survival curves analysis (Supplementary Fig. 4) revealed that, except for patients with brain
metastasis, there were no significant differences in overall survival (OS) or breast cancer-specific survival (BCSS)
among different primary sites for patients with metastasis to other distant organs (bone, liver, lung) (P>0.05).
Further multivariate Cox regression analysis (Table 5) demonstrated similar results. Only among patients with
brain metastasis, compared to those with a primary site in the UOQ, patients with their primary site in the UIQ
had worse OS, whereas patients with primary site in other regions showed similar OS. Similarly, among patients
with metastasis to other distant organs (bone, liver, lung), the primary site showed no significant impact on OS.
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E::tl:stasis Brain metastasis Liver metastasis Lung metastasis

Primary site | HR(95%CI) | P | HR(95%CI) P HR(95%CI) P HR(95% CI) P

UoQ REF 2.821 (1.986-4.008) | 0.000 | 1.065 (0.897-1.265) | 0.472 | 1.241 (1.054-1.461) | 0.009
LIQ REF 1.265 (0.465-3.444) | 0.645 | 0.867 (0.530-1.419) | 0.571 | 1.518 (1.021-2.256) | 0.039
UIQ REF 7.279 (4.074-13.006) | 0.000 | 1.042 (0.733-1.480) | 0.820 | 1.314 (0.982-1.759) | 0.066
LOQ REF 0.821 (0.261-2.579) | 0.736 | 1.238 (0.894-1.713) | 0.199 | 1.021 (0.730-1.429) | 0.901
Axillary tail | REF -b - - - 0.759 (0.216-2.670) | 0.668
Overlapping | REF 5.841 (3.534-9.656) | 0.000 | 1.349 (1.113-1.635) | 0.002 | 1.444 (1.216-1.714) | 0.000
TCNP? REF 1.664 (0.616-4.495) | 0.315 | 1.120 (0.753-1.666) | 0.577 | 1.174 (0.826-1.669) | 0.372

Table 6. Analysis of OS in breast cancer with specific primary site and different distant metastasis sites.
*Including the central and nipple portion. ®The number of patients was not enough for further calculation.

The results for BCSS are presented in Supplementary Table 5, indicating no significant influence of primary site
on BCSS in patients with bone, brain, liver, or lung metastasis. These findings suggest that when breast cancer
patients develop metastasis to the same distant organ, the impact of primary site on survival is limited.

Finally, we studied whether metastasis to different distant organs from the same primary site affects the
OS of IDC patients (Table 6). For patients with a primary site in the UOQ, those with brain or lung metastasis
had worse overall survival compared to those with bone metastasis. In patients with a primary site in the
UIQ, those with brain metastasis (HR=7.279; 95% CI 4.074-13.006; P<0.05) had significantly poorer overall
survival compared to those with bone metastasis. For patients with a primary site in the LIQ, those with lung
metastasis had worse overall survival than those with bone metastasis. For Patients with a primary site in the
overlapping region, compared to those with bone metastasis, those with brain, liver, or lung metastasis had
poorer overall survival, especially those with brain metastasis (HR=5.841; 95% CI 3.534-9.656; P<0.05) . No
significant differences in overall survival were observed for other groups. The BCSS results were consistent with
the OS results (Supplementary Table 6). This result suggests that, among breast cancer patients with metastasis
to different distant organs from the same quadrant, those with brain metastasis have significantly poorer survival
compared to those with metastasis to other distant organs.

Discussion

This study, based on a large-scale, retrospective cohort, shows that breast cancer has the highest incidence in the
UOQ and the lowest incidence in the axillary tail. These results are consistent with previous studies!*!8. There
is a strong correlation between different primary sites of breast cancer and distant organ metastasis. Regardless
of the primary site, breast cancer patients are most likely to develop bone metastasis. Compared to the UOQ,
the UIQ is less prone to distant metastasis, while other regions are more likely to develop bone, brain, liver, and
lung metastasis. The survival analyses indicated that the more distant metastasis sites, the worse their OS. Once
metastasis occurs, the primary site has minimal impact on survival. Among patients with metastasis to the bone,
brain, liver, or lung, those with bone metastasis tended to have a longer survival period compared to patients
with metastasis to other organs.

The study results indicate that bone metastasis remains the most common form of metastasis in breast cancer,
which is consistent with previous research findings!>?°. A study by Liu et al. also found that, even when distant
lymph node metastasis was included, bone was the most frequent metastatic site (42.5%), followed by the lung
(19.8%), distant lymph nodes (18.4%), liver (15.4%), and brain (3.9%)?!. Moreover, the primary site of breast
cancer influences the pattern of distant metastasis. Tumors located in TCNP and the axillary tail of the breast are
more likely to develop distant organ metastasis compared to those in the UOQ, whereas tumors in the UIQ are
less likely to metastasize distantly than those in the UOQ.

The exact reasons for the distinct patterns of distant organ metastasis across different primary sites remain
unclear. The association between the primary site and distant metastasis likely originates from a multilevel,
interrelated biological framework, in which the ultimate metastatic risk results from a complex interplay between
local tumor characteristics and host physiological status?2.

First, the relationship between the primary site of breast cancer and distant metastasis may be closely
related to the anatomical location of the primary tumor. The axillary tail region is adjacent to the thoracic wall
vasculature?®, which may facilitate the spread of tumor cells via the vascular system, thereby increasing the risk
of metastasis to other organs from this region. This may explain why breast cancer located in the axillary tail
exhibit a higher metastatic propensity.

Second, the pattern of lymphatic drainage from the primary site may also affect the risk of distant metastasis.
The axillary lymph nodes are generally considered as the primary sentinel lymph nodes for the entire breast*.
The distance and pathway from the primary site to the axillary sentinel lymph node thus become one of the
key factors influencing lymph node metastasis and, subsequently, distant organ metastases®>®.Studies have
suggested that the shorter the distance from the primary site to the sentinel lymph node, the higher the
likelihood of lymph node metastasis?’. Therefore, patients with invasive breast cancer originating in the axillary
tail demonstrate a higher risk of axillary lymph node positivity?, which may subsequently lead to a higher risk of
distant metastasis. This finding is consistent with our results. Similarly, since the sentinel lymph nodes for breast
cancers in the UIQ are also predominantly located in the axilla?*?8, the lymphatic vessels from the UIQ must
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traverse the lymphatic network of the UOQ before reaching the axilla?®. Therefore, compared to the more direct
route from the UOQ, the longer and less efficient drainage pathway from the UIQ may result in a slower and less
extensive spread of tumor cells to distant organs, thereby contributing to a lower metastatic risk. In summary,
the distance between the primary site and the axillary sentinel lymph nodes may partially explain our findings:
compared to the UOQ, tumors in the UIQ are associated with a lower risk of distant organ metastasis, while
those in the axillary tail carry a higher risk.

Finally, Several studies have found that inflammation also plays a crucial role in the development and
metastasis of breast cancer®®*!. Some research has shown that blocking inflammatory feed-forward loops can
inhibit the occurrence of breast cancer and its metastasis to the liver and lung®?. Additionally, studies have
suggested that certain areas may be more prone to inflammation, such as periductal mastitis (PDM), which
is more common in the central areola region, and granulomatous lobular mastitis (GLM), which primarily
affects the peripheral quadrants of the breast’3, Therefore, the increased incidence of inflammation in these
regions may explain why breast cancer patients in the axillary tail and TCNP are more likely to develop bone,
brain, liver, and lung metastasis. Our study also found that elderly patients are more likely to develop lung
metastasis, which could be associated with the higher prevalence of chronic pulmonary inflammation, such
as chronic obstructive pulmonary disease (COPD), in older patients®. Several studies have suggested that in
mouse models, the potential mechanism involving inflammatory cells, particularly neutrophils, supports the
initiation of metastasis and promotes the awakening of dormant cancer cells in the lungs®®*’. Moreover, the
microenvironment in distant organs may be more susceptible to metastasis due to the presence of a pro-tumor
inflammatory environment, which suppresses immune defenses in the microenvironment?. This may contribute
to the increased likelihood of distant organs being affected by metastasis.

The aforementioned mechanisms may collectively influence distant metastasis of tumors. This integrated
multi-line reasoning framework provides a more comprehensive and profound biological explanation for
understanding the findings of this study and their clinical relevance.

In this study, we further analyzed the relationship between the primary site and distant organ metastasis
across different molecular subtypes of breast cancer. Our findings reveal that, for patients with triple-negative
breast cancer (TNBC), the risk of metastasis to bone, brain, liver, and lung differs according to the primary site.
A study by Raghavendra AS et al. suggested that TNBC patients show a higher risk of brain metastasis*$, which
is consistent with our results. However, another study on TNBC found that the primary site had no effect on
the metastasis to bone, brain, liver, or lung”, which is inconsistent with our findings. This discrepancy may
be attributed to the fact that our study exclusively included patients with IDC. It is noteworthy that the risk of
metastasis is generally higher in the axillary tail and TCNP compared to the UOQ. Given that metastasis is the
leading cause of breast cancer-related mortality’, this could potentially impact patient survival prognosis*:2.

Consistent with other studies, our research found that among patients with metastasis to a single organ,
those with brain metastasis had the shortest survival, while those with bone metastasis had relatively longer
survival and better prognosis**-*. Our study also found that patients with metastasis to more organs had a
shorter survival compared to those with fewer metastatic sites. Furthermore, we observed that any involvement
of the brain in distant metastasis was associated with a generally poorer prognosis, even worse than in patients
with multiple metastases that did not involve the brain. This conclusion is similar to the results of previous
research>46,

We also assessed the survival of female breast cancer patients with different primary tumor sites and distant
metastasis locations. According to previous studies, factors such as older age, TNBC, and higher grade are
considered risk factors for survival'®. However, the impact of different primary tumor sites on the survival
of patients with metastasis has not been extensively studied. We first evaluated the effect of different primary
sites on survival in patients with metastasis to the bone, brain, liver, and lung. The results indicated that once
metastasis occurs to the same distant organ, the impact of primary site on survival is minimal. This suggests
that predicting the metastasis pattern in breast cancer patients is particularly important. We further analyzed
survival differences in patients with the same primary site but different distant metastasis organs. We found
that for patients with primary sites in the UIQ, UOQ, and overlapping region, those with brain metastasis had
significantly poorer survival compared to those with bone metastasis. This aligns with previous conclusions that
brain metastasis is associated with the worst survival outcomes*®. However, for patients with a primary site in the
LIQ, those with lung metastasis had the worst survival, rather than brain metastasis.

The findings of this study suggest that during the diagnosis and treatment process, special attention should
be given to early screening for breast cancer, as well as the prediction of distant organ metastasis during
disease progression, as these factors may significantly impact patient survival. However, this study has several
unavoidable limitations: 1. Although the SEER database is subject to quality control and integrity assessment,
due to its large scale, certain potential confounding factors are not incorporated into the analysis, including
dietary patterns, physical activity habits, smoking and alcohol consumption, accessibility to medical resources,
treatment adherence, variations in adjuvant treatment regimens, and psychological stress levels, and other
factors. 2. The data used in this study are only updated through 2019, which may not fully reflect the latest
advances in breast cancer treatment. 3. We lack validation from multi-center datasets. Therefore, future studies
need to incorporate multi-center, large-sample, prospective cohort data to verify the reliability of the findings.
4. The data in this study originate from the United States. Due to differences across countries in ethnicity, diet,
climate, geographic environment, and other factors, we recommend that readers interpret and reference these
results with prudence, and remain attentive to future relevant research data derived from other populations for
validation.
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Conclusion

The aim of this study was to explore the relationship between the primary site in breast cancer and distant organ
metastasis, as well as its impact on prognosis. Our findings suggest that the primary site of breast cancer is a
significant factor influencing the occurrence of distant organ metastasis. Breast cancer located in the axillary
tail, overlapping region, and TCNP is more likely to metastasize to distant organs. Regardless of the molecular
subtype, the overlapping and TCNP are more prone to metastasis to the bone, brain, liver, and lung. Metastasis
to different distant organs affects patient survival, but once metastasis to a particular organ occurs, the primary
site no longer plays a significant role in survival outcomes. Additionally, the number of distant metastasis sites is
inversely correlated with survival; patients with more metastasis sites generally have shorter survival. However,
once brain metastasis occurs, patients have the poorest survival outcomes.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable
request.
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Clinical significance

This large-scale cohort study identified significant associations between primary site in breast cancer and
patterns of distant metastasis, with bone metastasis being the most prevalent. Notably, our findings suggest that
the inflammatory tumor microenvironment may facilitate metastasis. Predicting metastatic sites holds critical
clinical value for guiding targeted therapies and improving patient prognosis.
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