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Background: Breast cancer (BC) is the most common malignant cancer. The

prognosis of patients differs according to the location of distant metastasis, with

pleura being a common metastatic site in BC. Nonetheless, clinical data of

patients with pleural metastasis (PM) as the only distant metastatic site at initial

diagnosis of metastatic BC (MBC) are limited.

Patient cohort and methods: The medical records of patients who were

hospitalized in Shandong Cancer Hospital between January 1, 2012 and

December 31, 2021 were reviewed, and patients eligible for the study were

selected. Survival analysis was conducted using Kaplan–Meier (KM) method.

Univariate and multivariate Cox proportional-hazards models were used to

identify prognostic factors. Finally, based on these selected factors, a

nomogram was constructed and validated.

Results: In total, 182 patients were included; 58 (group A), 81 (group B), and 43

(group C) patients presented with only PM, only lung metastasis (LM), and PM

combined with LM, respectively. The KM curves revealed no significant difference

in overall survival (OS) among the three groups. However, in terms of survival

after distant metastasis (M-OS), the difference was significant: patients with only

PM exhibited the best prognosis, whereas those with PM combined with LM

exhibited the worst prognosis (median M-OS: 65.9, 40.5, and 32.4 months,

respectively; P = 0.0067). For patients with LM in groups A and C, those with

malignant pleural effusion (MPE) exhibited significantly worse M-OS than those

without MPE. Univariate and multivariate analyses indicated that primary cancer

site, T stage, N stage, location of PM, and MPE were independent prognostic

factors for patients with PM without other distant metastasis. A nomogram

prediction model incorporating these variables was created. According to the

C-index (0.776), the AUC values of the 3-, 5-, and 8-year M-OS (0.86, 0.86, and

0.90, respectively), and calibration curves, the predicted and actual M-OSwere in

good agreement.

Conclusion: BC patients with PM only at the first diagnosis of MBC exhibited a

better prognosis than those with LM only or PM combined with LM. We identified
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fonc.2023.1104246/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1104246/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1104246/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2023.1104246&domain=pdf&date_stamp=2023-05-01
mailto:drzhiyongyu@aliyun.com
https://doi.org/10.3389/fonc.2023.1104246
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2023.1104246
https://www.frontiersin.org/journals/oncology


Abbreviations: BC, breast cancer; MBC, Metastatic BC;

MPE, malignant pleural effusion; LM, lung metastasis

diagnosis of distant metastasis.
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five independent prognostic factors associated with M-OS in this subset of

patients, and a nomogram model with good predictive efficacy was established.
KEYWORDS

breast cancer, metastatic breast cancer, first metastatic site, pleural metastasis, survival,
prognostic factors, nomogram model
1 Introduction

Breast cancer (BC) is the cancer with the highest prevalence

worldwide (1) and the leading cause of cancer-related deaths among

females (2). BC has a tendency for distant metastasis (3), and the

majority of BC-related deaths are due to metastasis (4). BC exhibits

heterogeneity in metastasis and prognosis (1). Even though patients

with distant metastases are all defined as MBC (5), different sites of

metastasis have variable impacts on clinical outcomes (6), and the

prognosis varies greatly. The metastatic sites should be taken into

consideration when assessing prognosis and making therapeutic

strategies for patients with MBC (5).

The lung and pleura are among the most common metastatic

sites of BC (7). Cummings MC et al. performed an autopsy

examination of women who died of BC and found that the most

common organs involved were lung/pleura, followed by bone, liver

and non-axillary lymph nodes (8). The lung is generally accepted as

one of the primary target visceral organs of BC metastasis (1), and is

anatomically related to pleura. Lung metastasis (LM) is the most

common accompanied organ metastasis site of pleural metastasis

(PM) in BC. Some studies on MBC did not distinguish between LM

and PM (8–11). Thus when interpreting these data, it must be noted

that LM are referred to as either including or excluding PM (12).

The site of first distant metastasis correlates with the survival of

patients with BC (13, 14). And lung metastasis (LM) is of particular

attention because of its high morbidity and association with high

mortality of patients (15). PM usually manifested as pleural

nodulations or pleural thickening (16), with or without malignant

pleural effusion (MPE) (17). However, PM often goes unnoticed

until the appearance of MPE. There is little evidence regarding the

prognosis of patients with MBC when pleura is the first recurrence

site. In the present study, we wanted to explore the prognostic

differences between pleural and lung when serving as the first site of

distant metastasis after radical surgery for primary BC, which could

help to supplement the vacancy of current data.

MPE is a common manifestation of PM (18) and a frequent

complication during the course of MBC (19). Approximately 11%

of the patients with BC eventually present with symptomatic pleural

effusions; at autopsy, 36%–65% of patients retrospectively suffered

from this condition (20, 21). Although MPE is rarely the initial

manifestation of cancer (20), it carries a significant symptom
PM, pleural metastasis;

; M-OS, survival after
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burden (22) and is considered to be associated with a dismal

prognosis (23). However, not all PM was accompanied by MPE

(24), especially when the initial diagnosis of MBC. Therefore, we

hypothesized that among BC patients with PM, the presence or

absence of MPE would lead to different prognoses. The diversity in

prognosis of BC patients is caused by the combined effect of

multiple pathological factors. An understanding of prognostic

factors is imperative for individualization of prognosis in patients

with BC. However, the prognostic factors in BC patients with PM

are unclear, particularly when no other distant metastases exist. In

addition, the prognosis plays a central role for patients with BC and

oncologists to choose optimally treatment in this era of

individualized therapy (25). Therefore, an accurate prediction

model is needed for this subset of patients.

Over the past few years, nomograms have been widely

recognized as a predictive method for several diseases, including

BC (26). Nomograms can generate an individual probability of a

clinical event by integrating diverse determinant variables and meet

the requirement for biologically and clinically integrated models

(27). Evidence-based guidelines suggest using conservative

treatments in patients with limited life expectancy, whereas they

suggest offering more aggressive treatment modalities for patients

with better prognosis. Real-world data can inform the outcome

comparisons (28). Our study aimed to investigate whether patients

with BC in whom PM was the primary event of recurrence exhibit a

prognosis different than those with LM. Furthermore, we explored

the prognostic factors and created a nomogram model, which can

aid physicians in better evaluating the patient’s prognosis and

selecting patients for different treatment tactics.
2 Patients and methods

2.1 Study population and variables

This was a single-center retrospective cohort study. Patients

with MBC confirmed by pathology who were consecutively

hospitalized at Shandong Cancer Hospital between January 1,

2012 and December 31, 2021, were included in this study. The

inclusion criteria according to primary BC were as follows: (1)

female patients who had undergone radical surgery for BC; (2) T

stage was 1–3; and (3) unilateral BC. Patients with other

malignancies or diseases that severely affected the patient’s

survival and prognosis were eliminated. These diseases include

acute myocardial infarction/congestive heart failure, acute
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cerebrovascular disease, chronic obstructive pulmonary disease,

irreversible severe renal/hepatic impairment (such as severe

hepatitis, cirrhosis…), serious mental illness, diabetes mellitus

with severe complications. Tracing patient’s clinical data, and the

metastatic sites at the first diagnosis of MBC after surgery were

determined. Only those with PM or LM at first MBC diagnosis were

further screened, 182 patients were finally included in this study and

pertinent data were updated retrospectively using current tumor

classification criteria. The Flow chart of patient selection was shown

in Figure 1.

The diagnosis of PM was based on pleural biopsy results,

imaging, pleural fluid analysis, and medical thoracoscopy. Cancer

staging of the primary cancer was based on the TNM staging system

by the 8th American Joint Committee on Cancer (AJCC). HER2

was determined locally by IHC/FISH and determined positive by 3+

staining or FISH positivity (29). Cancers with estrogen receptor-

positive (ER+) and/or progesterone receptor-positive (PR+) were

considered hormone receptor-positive (HR+), while ER-negative

(ER-) and PR-negative (PR-) were considered HR-negative (HR-).

Distant metastasis-free interval was defined as the period after

radical surgery till the first diagnosis of MBC. Medical attention
Frontiers in Oncology 03
due to symptoms refers to the diagnosis of MBC was because of

symptoms such as chest pain, dyspnea and thoracic pressure, rather

than regular follow-up examinations. OS and survival time after

distant metastasis (M-OS) were defined as the time from the

diagnosis of BC or distant metastasis to death, respectively. The

follow-up cut-off was July 31, 2022. If the patient was alive at the last

censored follow-up, we considered her to have not reached the

study endpoint. Our study was approved by the Shandong Cancer

Hospital Ethical Committee.
2.2 Statistical analysis and model
construction

Chi-square tests were used to compare the clinicopathological

characteristics among groups. Comparisons of continuous variables

were performed using ANOVA. The Kaplan–Meier (KM) method was

used to calculate the survival end-points (OS and M-OS), and the log-

rank test was conducted to assess the differences among subgroups.

The factors independently associated with M-OS of patients with PM

were assessed using univariate and multivariate Cox regression

analyses, and hazard ratios (HRs) with 95% confidence intervals

(CIs) were calculated. A two-sided P value < 0.05 was considered

significant. A prediction nomogram based on the results of multivariate

logistic regression analysis was developed using the “rms” package. The

concordance index (C-index) was generated to measure the predictive

accuracy and discrimination capabilities. Receiver operating

characteristic (ROC) curves were depicted and the predictive

accuracy was examined with the area under the curve (AUC). A

calibration curve was plotted to test the association between the

expected probabilities and observed outcome frequencies.
3 Results

3.1 Patient baseline

We obtained the clinical data of these 182 patients and followed

them up. PM was the primary event at first MBC diagnosis in 58

(31.9%) patients (group A), 81 (44.5%) patients (group B) had LM

without other distant metastases, and 43 (23.6%) patients had LM

and PM (group C). The baseline features of these individuals

according to metastatic sites are given in Table 1. The median age

of patients at initial BC diagnosis was 42 years (range, 23–71 years)

and most patients were premenopausal (73.1%). In terms of

therapy, the majority of patients (91.2%) did not receive

neoadjuvant chemotherapy and 151 (83.0%) patients underwent a

mastectomy. Most patients were at histopathological grade II

(58.2%) or T2 stage (56.6%). Moreover, 23.1% of patients were at

the N0 stage, 36.8% at N1, 20.3% at N2, and 19.8% at N3. Luminal B

was the most common molecular subtype (33.5%), followed by

luminal A (26.9%), triple-negative (23.6%), and HER-2-enriched

type (16.0%). After surgery, 180 (98.9%) patients received

chemotherapy and 79 (43.4%) received radiotherapy. There was

no significant difference in the distribution of the described

variables among the three groups (Table 1).
FIGURE 1

Flow chart of patient selection. BC, Breast cancer; PM, Pleural
metastasis; LM, Lung metastasis.
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TABLE 1 Baseline characteristics of the entire cohort.

Characteristic Total (N=182) Group A (N=58) Group B (N=81) Group C (N=43) P Value

Age at BC diagnosis (years) 0.154

Median (range) 42 (23-71) 43 (26-71) 41 (28-65) 44 (23-70)

Mean (SD) 44 (9.4) 46 (10.3) 43 (8.2) 42 (10.0)

Menstrual status 0.820

premenopause 133 (73.1) 42 (72.4) 58 (71.6) 33 (76.7)

menopause 49 (26.9) 16 (27.6) 23 (28.4) 10 (23.3)

Neoadjuvant Chemotherapy 0.862

Received 16 (8.8) 5 (8.6) 8 (9.9) 3 (7.0)

Not received 166 (91.2) 53 (91.4) 73 (90.1) 40 (93.0)

Surgery type 0.812

Mastectomy 151 (83.0) 48 (82.8) 66 (81.5) 37 (86.0)

Lumpectomy 31 (17.0) 10 (17.2) 15 (18.5) 6 (14.0)

Molecular Subtype 0.539

Luminal A 49 (26.9) 16 (27.6) 21 (25.9) 12 (27.9)

Luminal B 61 (33.5) 23 (39.7) 23 (28.4) 15 (34.9)

Triple negative 43 (23.6) 9 (15.5) 25 (30.9) 9 (20.9)

HER2 enriched 29 (16.0) 10 (17.2) 12 (14.8) 7 (16.3)

Histopathological grading 0.863

I 24 (13.2) 7 (12.1) 11 (13.6) 6 (14.0)

II 106 (58.2) 35 (60.3) 44 (54.3) 27 (62.8)

III 52 (28.6) 16 (27.6) 26 (32.1) 10 (23.3)

T category 0.549

T1 61 (33.5) 15 (25.9) 29 (35.8) 17 (39.5)

T2 103 (56.6) 38 (65.5) 43 (53.1) 22 (51.2)

T3 18 (9.9) 5 (8.6) 9 (11.1) 4 (9.3)

N category 0.821

N0 42 (23.1) 14 (24.1) 15 (18.5) 13 (30.2)

N1 67 (36.8) 19 (32.8) 33 (40.7) 15 (34.9)

N2 37 (20.3) 13 (22.4) 16 (19.8) 8 (18.6)

N3 36 (19.8) 12 (20.7) 17 (21.0) 7 (16.3)

Adjuvant Chemotherapy 0.238

Done 180 (98.9) 58 (100) 79 (97.5) 43 (100)

Not done 2 (1.1) 0 (0) 2 (2.5) 0 (0)

Radiotherapy 0.956

Done 79 (43.4) 26 (44.8) 35 (43.2) 18 (41.9)

Not done 103 (56.6) 32 (55.2) 46 (56.8) 25 (58.1)
F
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Group A, PM without other distant metastases; Group B, LM without other distant metastases; Group C, LM and PM without other distant metastases. Data are presented as No. (%) or median
(range), unless otherwise indicated. SD, standard deviation.
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3.2 Survival analysis

At the end of the follow-up period, 158 (86.8%) patients died.

Meanwhile, 13 (22.4%), 7 (8.6%), and 4 (9.3%) patients were alive in

groups A, B, and C, respectively. The 3-, 5-, and 8-year cumulative

M-OS rates of patients in groups A, B, and C, respectively, were

79.3%, 61.7%, and 48.8%; 53.4%, 23.5%, and 30.2%; and 20.7%,

12.3%, and 4.6%. The prognosis of patients with only PM (group A)

was significantly better than that of patients with only LM (group B)

or LM with PM (group C) in terms of M-OS (median M-OS: 65.9

vs. 40.5 vs. 32.4 months, P = 0.0067; Figure 2A); however, the

difference in their OS was not significant (median OS: 119.8 vs.

111.2 vs. 108.2 months, P = 0.3638; Figure 2B). The M-OS was

significantly prolonged in group A compared with that in groups B

(median M-OS: 65.9 vs 40.5 months, P = 0.0060; Supplemental

Figure 1A) or C (median M-OS: 65.9 vs 32.4 months, P = 0.0077;

Supplemental Figure 1B). There was no significant difference in M-

OS between groups B and C (median M-OS: 40.5 vs 32.4 months,

P = 0.3789; Supplemental Figure 1C). Additionally, there was no

significant difference in OS between groups A and B, groups A and

C, and groups B and C (median OS: 119.8 vs. 111.2 months, P =

0.1223; 119.8 vs. 108.2 months, P = 0.5760; 111.2 vs. 108.2 months,

P = 0.6102, respectively; Supplemental Figures 1D–F).
Frontiers in Oncology 05
Given the high incidence of MPE in patients with PM (81.0% in

group A and 76.7% in group C), we compared the M-OS between

patients with and withoutMPE within the two groups.We observed a

significant difference in M-OS (median M-OS: 55.4 vs. 89.3 months

in group A, P = 0.0035; 24.8 vs. 64.0 months in group C, P = 0.0241)

between patients with and without MPE (Figures 3A, B).
3.3 Characteristics of PM patients without
other distant metastasis

Then, we analyzed the clinicopathological features of PM patients

without other distant metastasis. Overall, 35 of the 58 patients (60.3%)

were < 45 years at initial BC diagnosis. A total of 48.3% and 51.7% of

the cancers were lateralized to the left and right, respectively, andmost

were located in the inner quadrant of the breast (46.6%). As for local

treatment, mastectomy was performed in 82.8% of patients. At initial

BC diagnosis, these patients with a high proportion of AJCC stage III,

T2 stage, and pathohistological grade II, corresponding to 48.3%,

65.5%, and 60.3%, respectively. The majority of cancers were HR-

positive and HER2-negative (HR+HER2-) (67.2%), with the highest

frequency in the luminal B subtype (39.7%). Overall, 55.2%, 77.6%,

and 15.5% of patients received radiotherapy, endocrine therapy, and
BA

FIGURE 2

The Kaplan–Meier curve analysis of study cohorts. M-OS (A) and OS (B) curves according to different metastatic sites at the time of diagnosed of
metastatic breast cancer. M-OS, survival after distant metastasis; OS, overall survival.
BA

FIGURE 3

The Kaplan–Meier curve analysis of M-OS in PM with or without MPE. Patients with only PM (A); patients with PM and LM (B). PM, Pleural metastasis;
MPE, Malignant pleural effusion; LM, Lung metastasis.
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anti-HER2 therapy, respectively. In total, 40 (69.0%) patients were

diagnosed with distant metastasis within 5 years of radical surgery.

Overall, medical attention due to symptoms was recorded in 17

(29.3%) patients, and 14 (24.1%) patients had a chest wall

recurrence. Most PM (79.3%) were located ipsilateral to the primary

BC, and 47 (81.0%) patients presented with MPE. Supraclavicular

lymph node metastasis was observed in 20 (34.5%) patients (6 patients

were identified at the time of surgery for the primary BC, and 14 were

diagnosed concomitantly with the PM). Detailed patient

characteristics are given in Table 2.
TABLE 2 Characteristics of patients with PM as the only site of distant
metastasis at first MBC diagnosis.

Variable Number Percent

Age at initial BC diagnosis (years)

<45 35 60.3%

≥45 23 39.7%

Laterality

Left 28 48.3%

Right 30 51.7%

Primary tumor site

Outer quadrant 18 31.0%

Inner quadrant 27 46.6%

The areolar region/central axis 13 22.4%

Surgery type

Mastectomy 48 82.8%

Lumpectomy 10 17.2%

Two diameter ratio

<1.4 28 48.3%

≥1.4 30 51.7%

AJCC stage at initial BC diagnosis

I 7 12.1%

II 23 39.6%

III 28 48.3%

T category of primary BC

T1 15 25.9%

T2 38 65.5%

T3 5 8.6%

N category of primary BC

N0 14 24.1%

N1 19 32.8%

N2 13 22.4%

N3 12 20.7%

(Continued)
F
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TABLE 2 Continued

Variable Number Percent

Histopathological Grade of primary BC

I 7 12.1%

II 35 60.3%

III 16 27.6%

Molecular Subtype of metastases

Luminal A 16 27.6%

Luminal B 23 39.7%

Triple negative 9 15.5%

HER2 enriched (HR +/HR -) 10 17.2%

Subtype

HR+Her2+ 6 10.3%

HR+Her2- 39 67.2%

HR-Her2+ 4 6.9%

HR-Her2- 9 15.5%

ER

Negative 13 22.4%

Positive 45 77.6%

PR

Negative 19 32.8%

Positive 39 67.2%

Ki-67

≤20% 36 62.1%

>20% 22 37.9%

Radiotherapy

Received 32 55.2%

Not received 26 44.8%

Endocrine therapy

Received 45 77.6%

Not received 13 22.4%

Anti-HER2 therapy

Received 9 15.5%

Not received 49 84.5%

Distant metastasis free interval

≤ 5 yrs. 40 69.0%

> 5 yrs. 18 31.0%

Chest wall recurrence

Yes 14 24.1%

No 44 75.9%

(Continued)
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3.4 Screening of prognostic variables

The prognostic factors of patients with only PM at first MBC

diagnosis assessed using Cox regression analyses are presented in

Table 3. It is worth mentioning that the AJCC stage, to some extent,

corresponds to the T and N stage categorization. Thus, to avoid

repetition, only T and N stage classifications were included in our

univariate analysis. Six variables (primary cancer site, T stage, N

stage, molecular subtype, location of PM, and MPE) that were

significantly associated with M-OS (P < 0.05) in univariate analysis

were further included in the multi-factor Cox regression model.

Based on the multivariate analysis, we ultimately ascertained that

primary cancer in inner quadrant (vs. outer quadrant; HR: 3.65;

95% CI: 1.52–8.79; P = 0.004), T2/3 stage (vs. T1 stage; HR: 2.68;

95% CI: 1.11–6.43; P = 0.028), N3 stage (vs. N0 stage; HR: 5.30; 95%

CI: 1.40–19.99; P = 0.014), PM located contralateral/bilateral to the

primary BC (vs. ipsilateral; HR: 3.41; 95% CI: 1.42–8.19; P = 0.006),

and MPE (vs. without MPE; HR: 4.42; 95% CI = 1.39–14.05; P =

0.012) were significantly correlated with poor M-OS of patients with

PM (Table 3). Additionally, the KM curves confirmed the above

statistical findings. Patients whose primary cancer was located in

the inner quadrant were more likely to survive for a shorter time

than those whose primary cancer was located in the outer quadrant

(P = 0.0160; Figure 4A). Survival rates declined with high T stage

(T2/3 vs. T1 stage, P = 0.0031; Figure 4B) and N stage (N3 vs. N0

stage, P = 0.0024; Figure 4C). Patients whose PM was located
Frontiers in Oncology 07
ipsilateral to the primary BC and without MPE tended to have a

high survival probability (location of PM: P = 0.0287, Figure 4D;

MPE: P = 0.0035, Figure 3A). In summary, primary cancer site, T

stage, N stage, location of PM, andMPE were significant factors that

were associated with M-OS.
3.5 Construction and validation of a 3-, 5-,
and 8-year M-OS predicting nomogram

The screened five factors were used to develop a nomogram for

patients with only PM at first MBC diagnosis (Figure 5A), and all

the predictors were integrated to predict the 3-, 5-, and 8-year M-

OS of patients. The nomogram exhibited favorable accuracy in

predicting the M-OS with a C-index of 0.776 (95% CI = 0.740–

0.812). The above outcomes corresponded with the ROC curves and

AUC values (Figure 5B). The AUC values of 3-, 5-, and 8-year M-

OS were 0.86, 0.86, and 0.90, respectively, which were > 0.70,

indicating that the constructed nomogram has good predictive

efficiency for M-OS. The calibration curves revealed that the

predictive outcomes were in good accordance with the actual 3-,

5-, and 8-year M-OS (Figures 5C–E).
4 Discussion

Tumor metastasis contributes to high cancer mortality (30), BC

has variable aggressiveness and a high propensity to develop distant

metastases (31). Extensive studies have proven that BC exhibits

metastatic heterogeneity with distinct metastatic precedence to

various organs, leading to differences in responses to therapy and

prognoses (1). Recent studies have revealed that BC subtypes differ

not only in primary tumor characteristics but also in their

metastatic behavior (32). In our study, although there was no

significant difference in the molecular subtype of primary cancer

among the three groups, PM, LM, and PM combined with LM

mainly originated from luminal B (39.7%), triple negative (30.9%),

and luminal B (34.9%) types, respectively.

The first site of distant metastasis is associated with the

prognosis of BC patients (6). Although pleura is a common

metastatic site of BC (7), PM has rarely been reported as the first

metastatic site in patients with BC. The proportion of such patients

may be underestimated because of the time lag in follow-up

examinations or the lack of accurate and effective means of

examination. In our research, 29.3% of patients did not visit the

hospital until presenting with symptoms related to PM. The

prognosis of BC patients with single-site metastasis was

significantly better than that of patients with multiple metastatic

sites (33). In addition, the presence of visceral metastases has a

significant negative prognostic impact on patients (28). Schröder J

et al. revealed that patients with bone-only metastasis showed better

survival than visceral with or without bone metastases (34). Our

results indicated that the prognosis of patients with PM not

complicated by other distant sites is indeed better than that of

patients combined with LM or whose lung serve as the single distant

metastatic site. Despite no significant advantage was observed in M-
TABLE 2 Continued

Variable Number Percent

Age at diagnosis of MBC (years)

<50 29 50.0%

≥50 29 50.0%

Female hormone levels

Premenopausal status 27 46.6%

Menopausal status 31 53.4%

hether the patient came to medical attention because of symptoms

Yes 17 29.3%

No 41 70.7%

Location of PM

Ipsilateral 46 79.3%

Contralateral/Bilateral 12 20.7%

MPE

Yes 47 81.0%

No 11 19.0%

Supraclavicular lymph node metastasis

Yes 20 34.5%

No 38 65.5%
BC, breast cancer; PM, pleural metastasis; MPE, malignant pleural effusion; MBC, metastatic
breast cancer; HR+, hormone receptor-positive; HR-, hormone receptor-negative.
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OS for patients with only LM compared with patients with

combined PM, the survival rates at 3-, 5- years were all superior.

Despite improvements in treatment, MBC has a poor prognosis and

an overall 5-year survival rate of only 27% for patients in the United

States (35). However, LM has a relatively good prognosis in visceral

metastasis as the first distant metastasis of BC (6, 13). Redig AJ et al.

tested the relationship between site of metastasis and outcome, and

the best prognosis was observed among patients with lung as first

anatomic site of distant metastasis, followed by those with first
Frontiers in Oncology 08
metastatic involvement of bone, liver and central nervous system

(6). Combined the existing data, it might be inferred that PM has a

better prognosis than visceral metastasis. However, further

validation with clinical data is required and the underlying

mechanism should be elucidated.

PM most commonly originates from metastatic lung

carcinomas and breast carcinomas (36); the mechanisms include

hematogenous spread, direct invasion from a neighboring cancer,

and retrograde lymphatic spread from the mediastinum (37). Breast
TABLE 3 Cox analysis of prognostic factors in patients with PM as the only site of distant metastasis at first diagnosis of MBC.

Variable
Univariable analysis Multivariable analysis

HR* (95% CI) p value HR *(95% CI) p value

Age at initial BC diagnosis (yrs.) (≥45 vs. <45) 1.47 (0.79-2.74) 0.223 – –

Primary tumor site (vs. Outer quadrant) 0.014

Inner quadrant 2.59 (1.18-5.65) 0.017 3.65 (1.52-8.79) 0.004

The areolar region/central axis 3.35 (1.35-8.29) 0.009 2.07 (0.70-6.13) 0.189

Surgery (Breast-conserving surgery vs. Mastectomy) 0.76 (0.35-1.66) 0.489 – –

Two diameter ratio (≥1.4 vs. <1.4) 1.42 (0.78-2.61) 0.254 – –

T Stage of primary BC (T2/3 vs. T1) 2.94 (1.40-6.20) 0.005 2.68 (1.11-6.43) 0.028

N Stage of primary BC (vs. N0) 0.078

N1 2.49 (1.06-5.88) 0.037 1.82 (0.58-5.76) 0.307

N2 4.35 (1.67-11.36) 0.003 3.14 (0.86-11.49) 0.084

N3 4.02 (1.65-9.82) 0.002 5.30 (1.40-19.99) 0.014

Histopathological Grade of primary BC (vs. I)

II 1.60 (0.61-4.22) 0.342 – –

III 2.24 (0.78-6.43) 0.134 – –

Molecular Subtype of metastases (vs. Luminal A) 0.644

Luminal B 3.86 (1.74-8.58) 0.001 1.50 (0.52-4.32) 0.449

HER2 enriched (HR +/HR -) 1.68 (0.63-4.45) 0.300 1.05 (0.30-3.68) 0.938

Triple negative 2.25 (0.78-6.50) 0.134 0.75 (0.24-2.38) 0.625

ER (P vs. N) 1.51 (0.67-3.40) 0.323 – –

PR (P vs. N) 0.99 (0.51-1.95) 0.990 – –

HER-2 (P vs. N) 1.17 (0.48-2.81) 0.732 – –

Radiotherapy (Not done vs. Done) 1.24 (0.68-2.28) 0.484 – –

Distant metastasis free interval (> 5 yrs. vs. ≤ 5 yrs.) 0.56 (0.28-1.11) 0.098 – –

Chest wall recurrence (Yes vs. ≤ No) 0.91 (0.45-1.84) 0.784 – –

Age at diagnosis of MBC (yrs.) (≥50 vs. <50) 1.10 (0.60-2.02) 0.749 – –

Female hormone levels (Menopausal status vs. Premenopausal status) 1.21 (0.66-2.21) 0.537 – –

Whether the patient came to medical attention because of symptoms (Yes vs. No) 1.61 (0.82-3.14) 0.166 – –

Location of PM (Contralateral/Bilateral vs. Ipsilateral) 2.15 (1.07-4.33) 0.033 3.41 (1.42-8.19) 0.006

MPE (Yes vs. No) 3.01 (1.24-7.28) 0.015 4.42 (1.39-14.05) 0.012

Supraclavicular lymph node metastasis (Yes vs. No) 1.55 (0.80-2.99) 0.192 – –
-, negative; HR*, hazard ratio; BC, breast cancer; MBC, metastatic breast cancer; HR+, hormone receptor-positive; HR-, hormone receptor-negative; PM, pleural metastasis; MPE, malignant
pleural effusion.
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FIGURE 4

The Kaplan–Meier curve analysis of M-OS in subgroups based on multivariate analysis. Subgroup of primary site (A); T stage (B); N stage (C); location
of PM (D). PM, Pleural metastasis.
B

C D E
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FIGURE 5

Prognostic nomograms of 3-, 5-, and 8-year M-OS in patients with only PM at first MBC diagnosis. Points are defined based on the prognostic
contribution of the factors. Points summing the contribution of Primary tumor site, T Stage, N Stage, Location of PM, and MPE are translated to the
survival probability at 3, 5 and 8 years (A); ROC curve with AUC for 3-, 5-, and 8-year M-OS rate in patients with solitary PM at first MBC diagnosis
(B); Calibration curves of the nomogram for 3-, 5-, and 8-year M-OS prediction (C–E).
Frontiers in Oncology frontiersin.org09

https://doi.org/10.3389/fonc.2023.1104246
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Li et al. 10.3389/fonc.2023.1104246
carcinoma is the most common metastatic malignancy identified in

pleural effusion specimens from women (38). PM is often

accompanied by MPE (39), but not all tumors metastasizing to

the pleura cause MPE (40). In our results, the incidence of MPE in

patients with PM (81.0% in group A and 76.7% in group C) was

high. On the one hand, MPE is consider an unfavorable

complication that restricts life quality (41) and related to poor

prognosis (42). Consistently, our study reported that in BC, MPE

was an independent risk factor for patients with PM. On the other

hand, Poe RH et al. reported that the median survival of BC patients

in whomMPE was the initial and only recurrent site was 48 months,

compared with 12 months for patients associated with other

metastatic diseases (43). The MPE is more commonly unilateral

and ipsilateral to the primary BC (18), Poe RH et al. suggested that

this indicated that MPE was a regional rather than systemic disease,

probably accounting for the better outlook in patients with effusion

alone (43). Similarly, our data showed that the majority of initial

PM was located ipsilateral and had a better prognosis. PM located

contralateral/bilateral to the primary BC is a factor that worsens the

prognosis. Differently, the patients with MPE without other distant

metastases at the initial diagnosis of MBC exhibited a better

prognosis compared with LM patients with or without PM, but

without significant difference (Supplemental Figure 2). Whereas the

M-OS of PM patients without MPE was substantially longer

(median M-OS:89.3 months in group A; 64.0 months in group

C). Thomas et al. (44) speculated that in BC, the laterality of PM is

because of lymphatic dissemination. Similarly, Agalioti T et al. (39)

stated that BC may invade the pleura because of local proximity

rather than through the bloodstream. This may be one of the

reasons for its better prognosis than other distant metastases.

Moreover, pleura is of itself innocuous and once thought to be

biologically inert (45). Oncogene signals and/or transcription factor

activation in tumor cells determine paracrine gene expression. The

balance between vasoactive mediators and possible protective

molecules in the pleural space dictates the occurrence of

vasoactive signaling with subsequent MPE development. In turn,

this signal cocktail exert a multitude of effects on tumor cells (46).

To some extent, tumor colonization of the pleura but not causing

MPE may be a manifestation of its poor malignant biological

behavior. This is also reflected by other clinical features of these

patients. Patients with ipsilateral PM without MPE as their only

evidence of distant metastasis may could to be staged as limited

disease. However, our data are limited and potentially biased. More

clinical data and the specific mechanism investigation are needed in

the future for further elucidation.

Our study classified patients into three groups according to

primary cancer location: outer quadrant, inner quadrant, and

areolar area/central axis. Pokieser W et al. (47) reported that

invasive ductal carcinomas located in the inner quadrants were

significantly associated with increased pleural effusion as the first

site of metastasis, which may be associated with a higher rate of

internal mammary lymph node metastasis. Similarly, our study

reported that 46.6% of patients had primary cancers located in the

inner quadrant. Furthermore, our results indicated that primary

cancer location in the inner quadrant is a poor prognostic factor for

patients. Some studies demonstrated that BC situated in inner
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quadrants have a worse prognosis (48–51), which may cause by

the anatomical accessibility of the tumor to the internal mammary

lymph node (49, 52). Additionally, growing evidence suggests

differences in metastatic spread among BC biologic subtypes (6).

Smid M et al. suggested that the majority of pleural relapse occurred

in both luminal subtypes (53), which is consistent with our findings.

Prognosis of metastatic breast is confirmed to be affected by a

combination of factors such as molecular features (54). The

prognostic role exerted by pathological factors varies in different

disease contexts. Although we observed significant differences in M-

OS among the four molecular subtypes of BC (Supplemental

Figures 3A, B), multivariate Cox results revealed that it was not

an independent prognostic factor for patients with only PM.

Similarly, Yang Y et al. suggested that the prognosis of patients

with cancer with MPE was independent of histology (41). This may

be caused by the particularities of the studied patients or by data

bias. In addition, BC is highly heterogeneous, and patients with the

same molecular subtype also have distinct molecular features,

responses to treatment, and prognosis (55, 56). Global burden of

molecular mutations into primary tumor and metastatic samples

seemed to be independent of the molecular subtype of primary

tumor and metastatic sites in the study of Callens C et al. (54). By

contrast, one study by Schrijver et al. showed different molecular

mutational signatures for different metastatic sites (57). This may be

one of the reasons why molecular subtypes did not appear as a

predictor of survival in PM patients without other distant

metastases, and the mechanisms remain to be further investigated

and elucidated. Furthermore, the lymph node status and tumor size

were independent predictors of death due to BC (58). Several

studies have reported that the higher the T/N stage, the worse the

prognosis of patients with BC (59), which was consistent with

our results.

Evidence-based guidelines suggest the use of conservative

treatments for patients with limited life expectancy, whereas they

suggest offering more aggressive treatment modalities for patients

with better prognoses. In this study, we focused on analyzing the

survival of patients with PM without other distant metastasis at the

time of first MBC diagnosis and identifying the prognostic factors.

Identifying these characteristics and understanding their prognostic

value in diseases could enable customized treatments for this

patient group. The nomogram model constructed in this study

included all the independent risk factors that we screened, and it

provided a visual and user-friendly tool for risk evaluation and

prognostic prediction of patients with BC with only PM, facilitating

tailored management strategy for these patients.

However, inevitable the study has some limitations. (1) Our study

was a single-center retrospective analysis with a limited number of

cases, which may have caused some restrictions and biases in the

results. (2) Although the nomogram achieved ideal prediction

efficacy; it lacked external validation to further enforce the reliability.
5 Conclusion

BC with PM without additional distant metastasis at the time of

first MBC diagnosis exhibited a better prognosis than those with
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combined LM or LM alone. For patients with PM, the prognosis of

patients with MPE was worse. Primary cancer site, T stage, N stage,

location of PM, and MPE were identified as independent prognostic

factors for predicting M-OS in patients with PM as the only distant

metastatic site. The nomogram provided a quantitative method for

predicting individual survival in this subset of patients.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Author contributions

SL, ZY, and CL contributed to the conception and design of the

study. SL collected data, performed the statistical analysis, and

wrote manuscript. CL, WS, XL, and LS wrote sections of the

manuscript. ZY reviewed and revised the manuscript, and acts as

guarantor. All authors listed have read the final manuscript and

agree to its publication.
Funding

The only funds used were those provided by the authors’

institution.
Frontiers in Oncology 11
Acknowledgments

The authors would like to thank the institution and patients for

their support to our study.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1104246/

full#supplementary-material
References
1. Liang Y, Zhang H, Song X, Yang Q. Metastatic heterogeneity of breast cancer:
molecular mechanism and potential therapeutic targets. Semin Cancer Biol (2020)
60:14–27. doi: 10.1016/j.semcancer.2019.08.012

2. Kabil MF, Mahmoud MY, Bakr AF, Zaafar D, El-Sherbiny IM. Switching
indication of PEGylated lipid nanocapsules-loaded with rolapitant and deferasirox
against breast cancer: enhanced in-vitro and in-vivo cytotoxicity. Life Sci (2022)
305:120731. doi: 10.1016/j.lfs.2022.120731

3. Kennecke H, Yerushalmi R, Woods R, Cheang MC, Voduc D, Speers CH, et al.
Metastatic behavior of breast cancer subtypes. J Clin Oncol Off J Am Soc Clin Oncol
(2010) 28(20):3271–7. doi: 10.1200/JCO.2009.25.9820

4. YousefiM, Nosrati R, Salmaninejad A, Dehghani S, Shahryari A, Saberi A. Organ-
specific metastasis of breast cancer: molecular and cellular mechanisms underlying
lung metastasis. Cell Oncol (Dordrecht) (2018) 41(2):123–40. doi: 10.1007/s13402-018-
0376-6

5. Wang R, Zhu Y, Liu X, Liao X, He J, Niu L. The clinicopathological features and
survival outcomes of patients with different metastatic sites in stage IV breast cancer.
BMC canc (2019) 19(1):1091. doi: 10.1186/s12885-019-6311-z

6. Gerratana L, Fanotto V, Bonotto M, Bolzonello S, Minisini AM, Fasola G, et al.
Pattern of metastasis and outcome in patients with breast cancer. Clin Exp metastasis
(2015) 32(2):125–33. doi: 10.1007/s10585-015-9697-2

7. Takeda Y, Tsuta K, Shibuki Y, Hoshino T, Tochigi N, Maeshima AM, et al.
Analysis of expression patterns of breast cancer-specific markers (mammaglobin and
gross cystic disease fluid protein 15) in lung and pleural tumors. Arch Pathol Lab Med
(2008) 132(2):239–43. doi: 10.5858/2008-132-239-AOEPOB

8. Cummings MC, Simpson PT, Reid LE, Jayanthan J, Skerman J, Song S, et al.
Metastatic progression of breast cancer: insights from 50 years of autopsies. J pathology
(2014) 232(1):23–31. doi: 10.1002/path.4288

9. Emi Y, Kitamura K, Shikada Y, Kakeji Y, Takahashi I, Tsutsui S. Metastatic breast
cancer with HER2/neu-positive cells tends to have a morbid prognosis. Surgery. (2002)
131(1 Suppl):S217–21. doi: 10.1067/msy.2002.119580

10. Lin S, Mo H, Li Y, Guan X, Chen Y, Wang Z, et al. Clinicopathological
characteristics and survival outcomes in patients with synchronous lung metastases
upon initial metastatic breast cancer diagnosis in han population. BMC canc (2021) 21
(1):1330. doi: 10.1186/s12885-021-09038-2

11. Viot J, Bachour M, Meurisse A, Pivot X, Fiteni F. Follow-up of patients with
localized breast cancer and first indicators of advanced breast cancer recurrence: a
retrospective study. Breast (Edinburgh Scotland) (2017) 34:53–7. doi: 10.1016/
j.breast.2017.05.005

12. Klebe M, Fremd C, Kriegsmann M, Kriegsmann K, Albrecht T, Thewes V, et al.
Frequent molecular subtype switching and gene expression alterations in lung and
pleural metastasis from luminal a-type breast cancer. JCO Precis Oncol (2020) 4. doi:
10.1200/PO.19.00337

13. Chen MT, Sun HF, Zhao Y, Fu WY, Yang LP, Gao SP, et al. Comparison of
patterns and prognosis among distant metastatic breast cancer patients by age groups: a
SEER population-based analysis. Sci Rep (2017) 7(1):9254. doi: 10.1038/s41598-017-
10166-8

14. Tseng LM, Hsu NC, Chen SC, Lu YS, Lin CH, Chang DY, et al. Distant
metastasis in triple-negative breast cancer. Neoplasma. (2013) 60(3):290–4. doi:
10.4149/neo_2013_038

15. Medeiros B, Allan AL. Molecular mechanisms of breast cancer metastasis to the
lung: clinical and experimental perspectives. Int J Mol Sci (2019) 20(9):2272. doi:
10.3390/ijms20092272

16. Cagle PT, Allen TC. Pathology of the pleura: what the pulmonologists need to know.
Respirology (Carlton Vic) (2011) 16(3):430–8. doi: 10.1111/j.1440-1843.2011.01957.x

17. Jung JI, Kim HH, Park SH, Song SW, Chung MH, Kim HS, et al. Thoracic
manifestations of breast cancer and its therapy. Radiographics Rev Publ Radiological Soc
North America Inc (2004) 24(5):1269–85. doi: 10.1148/rg.245035062

18. Connolly JEJr, Erasmus JJ, Patz EFJr. Thoracic manifestations of breast
carcinoma: metastatic disease and complications of treatment. Clin radiology (1999)
54(8):487–94. doi: 10.1016/S0009-9260(99)90844-9

19. Changchien CY, Chang HH, Dai MS, Tsai WC, Tsai HC, Wang CY, et al.
Distinct JNK/VEGFR signaling on angiogenesis of breast cancer-associated pleural
fluid based on hormone receptor status. Cancer science (2021) 112(2):781–91. doi:
10.1111/cas.14772
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2023.1104246/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1104246/full#supplementary-material
https://doi.org/10.1016/j.semcancer.2019.08.012
https://doi.org/10.1016/j.lfs.2022.120731
https://doi.org/10.1200/JCO.2009.25.9820
https://doi.org/10.1007/s13402-018-0376-6
https://doi.org/10.1007/s13402-018-0376-6
https://doi.org/10.1186/s12885-019-6311-z
https://doi.org/10.1007/s10585-015-9697-2
https://doi.org/10.5858/2008-132-239-AOEPOB
https://doi.org/10.1002/path.4288
https://doi.org/10.1067/msy.2002.119580
https://doi.org/10.1186/s12885-021-09038-2
https://doi.org/10.1016/j.breast.2017.05.005
https://doi.org/10.1016/j.breast.2017.05.005
https://doi.org/10.1200/PO.19.00337
https://doi.org/10.1038/s41598-017-10166-8
https://doi.org/10.1038/s41598-017-10166-8
https://doi.org/10.4149/neo_2013_038
https://doi.org/10.3390/ijms20092272
https://doi.org/10.1111/j.1440-1843.2011.01957.x
https://doi.org/10.1148/rg.245035062
https://doi.org/10.1016/S0009-9260(99)90844-9
https://doi.org/10.1111/cas.14772
https://doi.org/10.3389/fonc.2023.1104246
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Li et al. 10.3389/fonc.2023.1104246
20. Molina S, Martinez-Zayas G, Sainz PV, Leung CH, Li L, Grosu HB, et al. Breast
and lung effusion survival score models: improving survival prediction in patients with
malignant pleural effusion and metastasis. Chest. (2021) 160(3):1075–94. doi: 10.1016/
j.chest.2021.03.059

21. Schrijver W, Schuurman K, van Rossum A, Droog M, Jeronimo C, Salta S, et al.
FOXA1 levels are decreased in pleural breast cancer metastases after adjuvant
endocrine therapy, and this is associated with poor outcome. Mol Oncol (2018) 12
(11):1884–94. doi: 10.1002/1878-0261.12353

22. Holling N, Patole S, Medford ARL, Maskell NA, Bibby AC. Is systemic anticancer
therapy associated with higher rates of malignant pleural effusion control in people with
pharmacologically sensitive tumors?: a retrospective analysis of prospectively collected
data. Chest. (2021) 160(5):1915–24. doi: 10.1016/j.chest.2021.05.027

23. Karpathiou G, Benli J, Désage AL, Jacob M, Tiffet O, Peoc'h M, et al. Prognostic
role of immune microenvironment in pleural metastases from breast and lung
adenocarcinomas. Ann Trans Med (2022) 10(8):430. doi: 10.21037/atm-21-6326
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