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Abstract

Background: More than one third of breast cancer patients including those that are diagnosed in early stages will
develop distant metastasis. Patterns of distant metastasis and the associated risks according to the molecular
subtypes are not completely revealed particularly in populations of patients with delayed diagnosis and advanced
stages.

Methods: Breast cancer patients (n = 1304) admitted to our institute (2014-2017) were evaluated to identify the
metastatic patterns and the associated risks. Metastatic breast cancers at diagnosis were found in 245 patients
(18.7%), and 1059 patients were then grouped into non-metastatic and metastatic groups after a median follow-up
of 3.8 years.

Results: Infiltration of the tumor to the skin and chest wall prevailed as the most powerful predictor for distant
metastasis (OR 2.115, 95% Cl 1.544-2.898) particularly in the luminal A-like subtype (OR 2.685, 95% Cl 1.649-4.371).
Nodal involvement was also significantly associated with the risk of distant metastasis (OR 1.855, 95% Cl 1.319-
2.611), and the risk was higher in the Luminal A-like subtype (OR 2.572, 95% Cl 1.547-4.278). Luminal A-like subtype
had a significant higher risk of bone metastasis (OR 1.601, 95% Cl 1.106-2.358). In respect to treatment, a
combination of anthracyclines and taxanes-based chemotherapy was significantly associated with lower distant
organ spread in comparison with anthracycline-based chemotherapy (OR 0.510, 95% Cl 0.355-0.766) and the effect
was stronger in Luminal A-like subtype (OR 0417, 95% Cl 0.226-0.769). Classification into Luminal and non-Luminal
subtypes revealed significant higher risks of bone metastasis in the Luminal subtype (OR 1.793, 95% Cl 1.209-2.660)
and pulmonary metastasis in non-Luminal breast cancer (OR 1.445, 95% Cl 1.003-2.083).
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predominantly diagnosed in late stages.

Conclusion: In addition to guiding the treatment plan, a comprehensive analysis of clinicopathological variables
including the molecular subtypes could assist in the determination of distant metastasis risks of breast cancer
patients. Our study offers new perspectives concerning the risks of distant metastasis in breast cancer subtypes in
order to plan intensive surveillance or escalation of treatment particularly in a setting where patients are
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Introduction

Breast cancer is ranked as the most frequently diagnosed
cancer among women worldwide [1]. The increasing in-
cidence of breast cancer is accompanied by significant
decreases in the mortality rate particularly in high-
income countries due to the recent implementation of
early detection and multidisciplinary treatment ap-
proaches involving individualized surgery, chemother-
apy, radiotherapy, hormonal therapy, and targeted
therapy [2]. However, the proportion of case fatality
rates in low- and middle-income countries (LMICs)
including in Indonesia is significantly higher than in
high-income countries [2, 3]. Several factors including
demographic, socioeconomic, and healthcare system fac-
tors are associated with the higher mortality rates in
LMICs [2-4]. In the clinical course of cancer, mortality
is primarily caused by distant metastasis [5, 6]. Among
breast cancer patients, approximately one third of them
will eventually develop distant spread including those
that are diagnosed in early stages [7]. Identification of
metastasis-associated risks is potentially useful to im-
prove breast cancer management.

Recent studies have revealed several intrinsic subtypes of
breast cancer according to the expression profiling, i.e., lu-
minal A, luminal B, HER-2 enriched, basal-like, and
normal-like subtypes which are useful to guide more pre-
cise treatments and to possibly predict relapse and survival
[8, 9]. Further studies showed that expression profiling-
based subclassification could be substituted by immune-
histochemical staining of estrogen receptors (ER),
progesterone receptors (PR), and human epidermal growth
factor receptor-2 (HER-2) [10, 11]. Epidemiological studies
have shown the association of distant metastasis risks
across different breast cancer subtypes [12]. For example,
the mortality rate of patients with ER negative is relatively
higher than those with ER positive [13, 14]. However, the
available evidence of distant metastasis risk factors is mainly
developed from patients in the early stages of breast cancer
after receiving concomitant treatment of surgery, chemo-
therapy, and hormonal therapy [7, 12]. There are relatively
limited studies reporting risks of distant metastasis among
patients with predominantly advanced stages.

Although incidence, clinical course, and survival of
breast cancer vary in different ethnic groups,

socioeconomic backgrounds, and geographic locations,
most studies concerning distant metastasis risks in dif-
ferent breast cancer subtypes are derived from European
and North American countries [11, 12]. Identification of
distant metastasis risk factors is potentially useful to de-
sign better surveillance programs as well as modification
of treatment intensification particularly for high-risk pa-
tients. Using a cohort of breast cancer patients from an
indigenous population of predominantly Javanese-
Indonesians, this study evaluated risk factors for the de-
velopment of distant metastasis after surgery in different
breast cancer molecular subtypes defined by expression
of ER, PR, and HER2.

Materials and methods

Study population and design

Overall, 1304 breast cancer patients were treated at the
Department of Surgery, Dr. Sardjito Hospital, in 2013—
2018 representing ~ 60% of all breast cancer patients di-
agnosed in Yogyakarta and the south part of Central Java
province. There were 245 patients (18.7%) diagnosed
with metastatic cancer at diagnosis, and the remaining
1059 (81.3%) patients without distant metastasis at diag-
nosis were then included in the analysis. Patients were
recruited according to the following eligibility criteria:
definitive diagnosis of breast cancer and received stand-
ard treatment, as well as follow-up at the Dr. Sardjito
Hospital. The study was approved by the Medical and
Health Research Ethics Committee Faculty of Medicine,
Public Health, and Nursing—Universitas Gadjah Mada
Yogyakarta (1143/EC/2017 and 1049/EC/2018).

Data collection

Information of demographic data, clinical and tumor
characteristics including age, cancer stages, tumor size,
lymph node involvement, regional extension, and distant
metastasis, histological grades, vascular and perineural
infiltration, and delivered treatment (surgery, chemo-
therapy, radiotherapy, and hormonal therapy) were ex-
tracted from the medical records. The staging of breast
cancer was determined using the tumor-node-metastasis
(TNM) system following the guidelines of the 7th Edi-
tion of American Joint Committee on Cancer (AJCC)
[15]. Histological type of breast cancer was classified
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based on the World Health Organization (WHO) guide-
lines [16]. Additionally, histological grade of the primary
tumor was determined using the modified Scarff-Bloom
and Richardson system (mSBR) [17]. Records of invasion
to surrounding soft tissues including vascular, lymphatic,
and neural system were extracted from the pathology re-
ports. Expressions of ER, PR, HER2, and Ki-67 were ana-
lyzed using immunohistochemistry staining and graded
as previously described [18]. ER and PR were determined
as positive if staining of the nuclear tumor cells was
more than 1% of total tumor cells. HER2 was considered
positive if the IHC staining was 3+. HER2 2+ or ambigu-
ous results were considered positive if fluorescence in
situ hybridization (FISH) showed amplification. In the
absence of FISH or CISH data, HER2 2+ was considered
negative.

Intrinsic subtypes of breast cancer were classified
based on the modified criteria of St. Gallen Consensus
2013 [11, 19] using receptor and proliferation markers
into luminal A-like (positive expression of ER or PR,
HER2", and Ki67 < 20% or low grade), luminal B-like
(positive expression of ER or PR, HER2", and Ki67
> 20% or high grade), HER2-enriched (ER"/PR"/HER2"),
and triple-negative (ER"/PR"/HER2").

Risk factors were assessed from interviews during the
diagnosis of breast cancer. Measurements of weight and
height were obtained from the patients’ medical records
as part of standard clinical procedures to calculate body
surface area (BSA) prior to chemotherapy or drug dose
calculation. Body mass index (BMI) was classified ac-
cording to the World Health Organization criteria into
underweight (< 18.5 kg/m?), normal weight (18.5-24.9
kg/m?), overweight (24.9-29.9 kg/m?), and obese (> 30
kg/m?). Menarche was classified into early menarche (<
12 years), normo-menarche (13-14 years), and late me-
narche (> 15 years). Menopause was classified according
to the age at which the period ceased (< 50/> 50 years
old). Breastfeeding was determined as yes, if performed
for at least 1 year, or no, if less than 1year. The resi-
dence of patients was classified into urban (kota) and
rural (desa) according to the patients’ address shown in
their identity card at the time of diagnosis and formal
governmental administrative status of the residence. Par-
ity was grouped into null- or multi-parity according to
the history of full-term pregnancies. Education levels
were determined according to the government education
system of elementary (6 years), junior and high school
(3 years each), and graduate school.

Follow-up

The main outcome of the study was evidence of distant
metastasis, defined as the presence of cancer spread to
the lung, bone, liver, and brain indicated with clinical
manifestations and confirmed with imaging/pathology
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examination and/or radiologic changes confirmed with
computed tomography imaging with contrast or whole-
body bone scan. Surveillance of the patients was
performed according to the institutional guidelines.
Follow-up visits after acute treatment of surgery, chemo-
therapy, and radiotherapy were scheduled at least once a
month in the first 6 months and then every 6 months
afterward unless any unscheduled admission was indi-
cated. Comprehensive examinations including a thor-
ough clinical examination, breast sonography and/or
mammography, abdominal ultrasonography, chest X-ray,
and bone scan were performed following the national
recommendations. Any documented cancer progression,
cancer-related mortality, and significant clinical findings
were recorded until the last date of the follow-up study
in July 2019.

Statistical analysis

Frequency tables were presented to compare attributable
clinicopathological risk factors of distant metastasis
across different breast cancer subtypes. Continuous vari-
ables were presented in means or medians + standard
deviation (SD) or standard error (SE). Categorical vari-
ables were compared using the y” tests, and continuous
variables were compared using the Mann-Whitney U
tests. The association was then analyzed using multivari-
able logistic regression with distant metastasis during
follow-up as the dependent variable and clinicopatholog-
ical determinants as covariates overall and stratified by
breast cancer subtype. We additionally assessed the ad-
vanced stage at diagnosis as the dependent variable with
sociodemographic determinants as covariates. We also
performed univariable and multivariable logistic regres-
sion analyses of overall and site-specific distant metasta-
sis by breast cancer subtype. When analyzing each
metastasis site, the remaining patients without distant
metastasis to a given site were used as the controls. All
statistical analyses were performed using SPSS 17.0
software (SPSS Inc., Chicago). All comparisons were
two-sided, and P < 0.05 was used as the cut-off for a
statistically significant difference.

Results

Baseline characteristics of participants

We presented baseline characteristics for the main
population of 1304 breast cancer patients, who had a
median age at diagnosis of 51 years old and a mean BMI
of 24 kg/m> The majority of patients were of Javanese
ethnicity (n = 1273, 97.6%), lived in the rural area (n =
979, 75.1%), diagnosed in the late stages (III-1V, n =
952, 73%), and had hormonal receptor-positive tumors
(n = 751, 57.6%) (Table 1). The median age for menar-
che was 14 years old with 17.3% of women reported hav-
ing menarche at the age of less than 12 years old. The
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Table 1 Characteristics of study participants. Distribution of demographic and clinicopathological variables of overall breast cancer
patients and the characteristics by tumor subtypes

Variables Category Overall Luminal (N = 750) Non-luminal (N = 554) P value
Luminal A-like Luminal B-like Her2-enriched ~ TNBC
Age (year old) 1304 (100%) 592 (45.4%) 159 (12.2%) 210 (16.1%) 343 (26.3%)
Mean (range) 509 (23.90) 51.5 (27.90) 49 (30.72) 51 (24.78) 506 (23.83)
<35 85 (6.5%) 33 (5.6%) 12 (7.5%) 15 (7.2%) 25 (7.3%) 0.059
36-40 148 (11.4%) 49 (8.3%) 24 (15.1%) 22 (10.1%) 53 (15.5%)
41-55 637 (48.8%) 312 (52.7%) 75 (47.2%) 103 (49.8%) 147 (42.9%)
56-65 333 (25.6%) 150 (25.3%) 39 (24.5%) 56 (26.6%) 88 (25.6%)
> 65 101 (7.7%) 48 (8.1%) 9 (5.7%) 14 (6.3%) 30 (8.7%)
Ethnicity Javanese 1273 (97.6%) 578 (97.6%) 156 (98.1%) 206 (98.1%) 333 (97.1%) 0.808
Non-Javanese 31 (2.4%) 14 (24%) 3 (1.9%) 4 (1.9%) 10 (2.9%)
Menarche (year old) <12 225 (17.3%) 90 (15.2%) 25 (15.7%) 39 (18.6%) 71 (20.7%) 0.369
13-14 605 (46.4%) 275 (46.5%) 77 (48.4%) 94 (44.8%) 159 (46.4%)
215 474 (36.3%) 227 (38.3%) 57 (38.5%) 77 (36.7%) 113 (32.9%)
Menopause age (year old) <50 715 (76%) 356 (79.6%) 75 (70%) 114 (72.2%) 170 (73.6%) 0.009
> 50 226 (24%) 91 (20.4%) 31 (30%) 43 (27.8%) 61 (26.4%)
Parity Nulliparous 138 (10.6%) 62 (10.5%) 23 (14.5%) 17 (8.2%) 36 (10.5%) 0.288
Multiparous 1166 (89.4%) 530 (89.5%) 136 (85.5%) 193 (91.8%) 307 (89.5%)
Breastfeeding No 252 (19.3%) 120 (20.3%) 34 (21.4%) 34 (16.4%) 64 (18.7%) 0.576
Yes 1052 (80.7%) 472 (79.7%) 125 (78.6%) 176 (83.6%) 279 (81.3%)
BMI <185 172 (13.2%) 80 (13.5%) 23 (14.5%) 28 (13.3%) 41 (12.0%) 0.956
18.5-25 661 (50.7%) 298 (48.3%) 76 (47.8%) 109 (51.9%) 178 (51.9%)
25-30 348 (26.7%) 158 (27.9%) 48 (30.2%) 54 (25.7%) 88 (25.7%)
> 30 123 (94%) 56 (10.3%) 12 (7.5%) 19 (9.0%) 36 (10.5%)
Family history Yes 234 (17.9%) 98 (16.6%) 27 (17%) 44 (21.0%) 65 (19%) 0449
No 1070 (82.1%) 494 (83.4%) 132 (83%) 166 (79.0%) 278 (81%)
Histology grade | 8 (0.7%) 3 (0.5%) 2 (1.3%) 0 (0%) 3 (0.9%) 0411
Il 247 (18.9%) 122 (20.6%) 29 (18.2%) 38 (18.1%) 58 (16.9%)
Il 1049 (80.4%) 467 (78.9%) 128 (80.5%) 172 (81.9%) 282 (82.2%)
Stage I 11 (0.9%) 6 (1%) 1 (0.6%) 2 (1%) 2 (0.6%) 0.005
Il 343 (26.3%) 187 (31.6%) 31 (19.5%) 50 (23.8%) 75 (21.9%)
Il 705 (54.2%) 292 (49.3%) 90 (56.6%) 118 (56.2%) 205 (59.8%)
v 245 (18.8%) 107 (18.1%) 37 (23.3%) 40 (19.0%) 61 (17.8%)
Tumor size <2am 57 (4.3%) 31 (5.3%) 7 (4.4%) 10 (4.8%) 9 (2.6%) 0.077
2-5cm 345 (26.5%) 169 (28.5%) 39 (24.5%) 58 (27.6%) 79 (23%)
>5cm 902 (69.2%) 392 (66.2%) 113 (71.1%) 142 (67.6%) 255 (74.4%)
Node status NO 308 (23.6%) 161 (27.2%) 28 (17.6%) 46 (21.9%) 73 (21.3%) 0.054
N1 687 (52.7%) 312 (52.7%) 84 (52.8%) 106 (50.5%) 185 (53.9%)
N2 250 (19.2%) 92 (15.5%) 38 (23.9%) 47 (22.4%) 73 (21.3%)
N3 59 (4.5%) 27 (4.6% 9 (5.7%) 11 (5.2%) 12 (3.5%)
Endocrine therapy No 555 (42.6%) 11 (1.9%) 1 (0.6%) 206 (98.1%) 337 (98.3%) 0.118
Tamoxifen 389 (29.8%) 294 (49.7%) 87 (54.7%) 2 (1%) 6 (1.7%)
Aromatase inhibitor 360 (27.6%) 287 (48.5%) 71 (44.7%) 2 (1%) 0 (0%)
Chemotherapy No 203 (15.6%) 91 (15.4%) 21 (13.2%) 35 (16.7%) 56 (16.3%) 0.772
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Table 1 Characteristics of study participants. Distribution of demographic and clinicopathological variables of overall breast cancer

patients and the characteristics by tumor subtypes (Continued)

Variables Category Overall Luminal (N = 750) Non-luminal (N = 554) P value
Luminal A-like Luminal B-like Her2-enriched ~ TNBC
Yes 1101 (84.6%) 501 (84.6%) 138 (86.8%) 175 (83.3%) 287 (83.7%)
Radiotherapy No 490 (37.6%) 225 (38%) 60 (37.7%) 89 (42.4%) 116 (33.8%) 0.118
Yes 814 (62.4%) 367 (62%) 99 (62.3%) 121 (57.6%) 227 (66.2%)
Surgery Mastectomy 1069 (82%) 473 (79%) 124 (78%) 180 (85.7%) 292 (85.1%) 0172
BCT 99 (7.6%) 49 (8.3%) 13 (8.2%) 14 (6.7%) 23 (6.7%)
Biopsy 136 (10.5%) 70 (11.8%) 22 (13.8%) 16 (7.6%) 28 (8.2%)

majority of patients were diagnosed after menopause
(m = 941, 72%), and 24% of them reported having
menopause after age 50. Most patients had primary
tumors larger than 5cm (n = 902, 69.2%) and positive
axillary lymph node (N1-3, n = 996, 76.4%) at diag-
nosis. The majority of tumors were luminal A-like
subtype (45.4%, n = 592) followed by triple-negative
breast cancer (TNBC) (26.3%, n = 343), Her2-
enriched (16.1%, n = 210), and luminal B-like (12.2%,
n = 159). Distributions of baseline age, ethnicity, age
at menarche, age at menopause, parity, breastfeeding
practice, family history, BMI, histological grades,
tumor size, and axillary lymph node infiltration were
not significantly different among intrinsic breast can-
cer subtypes (Table 1).

Metastatic breast cancer at diagnosis was found in 245
(18.7%) patients. After a median follow-up of 3.8 years,
the distant spread was further detected in 271 patients
(25.6%) from the remaining cohort (m = 1059) and
included in subsequent analyses.

Associations of sociodemographic and clinicopathological
factors with advanced stage at diagnosis

We presented the correlation of sociodemographic
variables with advanced breast cancer stages at diag-
nosis in Table 2. Education lower than high school
was significantly associated with late-stage breast can-
cer diagnosis (OR 2.288, 95% CI 1.740-3.007), with P
< 0.0001. In addition, residence in a rural area was
also significantly correlated with an advanced stage of
breast cancer diagnosis (OR 5.558, 95% CI 4.171-
7.046), with P < 0.0001. The multivariable regression
analysis showed that the variables were significantly
associated with a breast cancer diagnosis at an ad-
vanced stage, F(11, 1191) = 157.9, with P < 0.0001,
and R? = 0.192. Residence in a rural area and lower
education were significantly correlated to advanced
stage at diagnosis with 62% and 42.7% efficiency,
respectively.

Associations of sociodemographic and clinicopathological
factors with distant metastasis during follow-up

With regard to distant metastasis, having menopause older
than 50 years old and younger than 40 years old at diagno-
sis were significantly correlated with higher risks of distant
metastasis (OR 1.577, 95% CI 1.121-2.137, and OR 1.548,
95% CI 1.121-2.137), with P = 0.008, respectively, as shown
in Tables 3 and 4. Additionally, living in a rural area was
also associated with a higher risk of distant metastasis (OR
1.548, 95% CI 1.121-2.137), with P = 0.008.

Although larger tumor did not directly correlate with
distant spread, tumor larger than 5cm or with infiltra-
tion to the skin or chest wall (T3-4) was significantly as-
sociated with distant metastasis (OR 1.429, 95% CI
1.015-2.012), with P = 0.041. Infiltration to the skin or
chest wall (T4) was the most robust predictor for distant
metastasis (OR 2.605, 95% CI 1.505-2.835), with P <
0.001. Distant metastasis rate was higher in histologically
high grade in comparison with low and moderate grade
(26% vs 23%) although the association was not statisti-
cally significant (OR 1.164, 95% CI 0.814—1.664), with
P = 0.405 (Tables 3 and 4).

Surgery type was not significantly different in patients
who later developed distant spread or without metastasis
(89.6% vs 90.1% for mastectomy and 9.3% vs 9.4% for
breast conservation surgery). In respect to the clinical
stages, the extent of surgery types did not correlate with
the risk of metastasis (Tables 3 and 4).

In total, 84.6% patients received chemotherapy and the
patients were then stratified according to the regimens:
70.3% received anthracyclines-based chemotherapy (n =
745), 20.8% received anthracycline and taxanes-based
chemotherapy (n = 220), 0.3% received schedule without
anthracyclines (n = 2), and 8.7% did not receive chemo-
therapy (n = 92). Administration of the combination of
anthracyclines and taxanes-based chemotherapy was as-
sociated with lower distant metastasis risk (OR 0.510,
95% CI 0.355-0.766), with P = 0.001 particularly in lu-
minal A-like subtype (OR 0.417, 95% CI 0.226-0.769),
with P = 0.005, as shown in Tables 3 and 4.
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Table 2 Odds ratios and confidence intervals for advanced stages at diagnosis in 1059 breast cancer patients

Variable Category Stage Univariable analysis Multivariable analysis
Advance (n) Early (n) OR (95% Cl) P value OR (95% Cl) P value

Age < 40 years old 116 69 1.230 (0.884-1.709) 0.220 0.868 (0.544-1.384) 0.551
> 40 years old 589 285 Ref Ref

Breastfeeding Yes 566 281 0.945 (0.688-1.298) 0.745 0.897 (0.556-1.445) 0.654
No 139 73 Ref Ref

Marital status Not married 43 19 Ref Ref
Married 662 335 0.873 (0.501-1.522) 0.625 0.858 (0473-1.557) 0614

Education Lower than high school 339 102 2.288 (1.741-3.008) < 0.0001 1.533 (1.132-2.075) 0.006
High school and graduate 366 252 Ref Ref

Parity Nulliparity 75 42 0.884 (0.592-1.321) 0.559 0.923 (0.505-1.668) 0.779
Multiparity 630 312 Ref Ref

Ethnicity Javanese 690 347 0.928 (0.375-2.297) 0.998 0.506 (0.190-1.350) 0.174
Non-Javanese 15 7 Ref Ref

BMI <25 450 212 1.182 (0.909-1.536) 0211 1.060 (0.794-1416) 0.693
> 25 255 142 Ref Ref Ref

Menarche < 14 years old 456 237 Ref Ref Ref
> 14 years old 249 117 1.106 (0.844-1.449) 0464 1.058 (0.788-1.420) 0.631

Menopause < 50 years old 397 185 1.164 (0.820-1.653) 0.396 1.120 (0.855-1.468) 0409
> 50 years old 118 64 Ref Ref Ref

Family history Yes 126 70 0.883 (0.638-1.222) 0465 0.877 (0.623-1.246) 0.508
No 579 284 Ref Ref

Residence Rural 586 166 5577 (4.185-7.431) < 0.0001 5.096 (3.765-6.896) < 0.0001
Urban 119 188 Ref Ref

Association of sociodemographic variables with advance stages at diagnosis were analyzed using univariable and multivariable binary logistic regression

Ref reference, OR odd ratio, CI confidence interval, BMI body mass index

More than 60% of patients received radiotherapy. In
respect to the intrinsic breast cancer subtypes, there was
no significant difference in the delivery of radiotherapy.
Not receiving radiotherapy was associated with higher
distant metastasis (OR 1.788, 95% CI 1.269-2.521), with
P = 0.001 (Table 3). In stage III breast cancer, no radio-
therapy was associated with an increased risk of distant
spread (OR 2.059, 95% CI 1.079-3.927), with P = 0.028.

A multivariable regression analysis of clinicopathologi-
cal variables showed significant association with the risk
of distant metastasis (Table 4), F(15, 1148) = 56.23, with
P < 0.0001, and R*> = 0.076. Tumor infiltration to skin
and chest wall and combination of chemotherapy were
significantly correlated to the risk of distant metastasis
with 63.5%, and 24.1% efficiency, respectively.

Stratification analysis of distant metastasis by breast
cancer subtype

The majority of patients had tumor size larger than 5 cm
(69.2%), and this varied according to subtypes in which
TNBC had a higher proportion of larger tumors (74.4%).
More than 80% of tumors were histologically graded IIL

Infiltration to the axillary lymph node of the axilla
(ALN) at diagnosis was significantly higher in breast
cancer patients who later developed metastasis (81.8% vs
69.9%). Metastasis into the regional axillary lymph nodes
was higher in the non-luminal subtypes compared to the
luminal subtype (75.6% vs 70.6%). Association between
clinicopathological variables with risk of distant metasta-
sis varied by intrinsic subtypes of breast cancer. For in-
stance, the risk associated with T4 was significantly
higher in the luminal A-like subtype (OR 2.685, 95% CI
1.649-4.371), with P < 0.0001 (Tables 3 and 4).

The positive axillary lymph node was significantly
associated with a higher risk of developing metastasis
(OR 1.855, 95% CI 1.319-2.611), with P < 0.0001 and
the association was higher in luminal A-like subtype
(OR 2.571, 95% CI 1.548-4.274), with P < 0.0001
(Tables 3 and 4).

Association between breast cancer subtypes and distant
metastasis

Among different intrinsic subtypes, TNBC had the high-
est rates of distant metastasis (27.3%). Non-luminal
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subtype had higher distant metastatic rates than the lu-
minal subtype (26.3% vs 25.0%). ER-positive tumor had a
lower frequency of distant metastasis than ER-negative
tumor (25.2% vs 26.1%). Distant metastasis was lower in
Her-2-positive tumor compared with Her-2-negative
tumor (24.2% vs 26.1%). Using a univariate binary logis-
tic regression, we did not find a direct association of dis-
tant metastasis risk in any specific breast cancer subtype
(Table 5). A multivariable regression analysis with ad-
justment of age, stage, tumor size, and nodal status also
did not show a significant association between particular
breast cancer subtypes with the overall risk of distant
metastasis.

Among 435 events of distant spread in 271 patients,
the lung was the most common site (12.7%), followed by
the bone (12.3%), pleura (8.8%), liver (5.5%), and brain
(1.9%) (Table 3 and 4). Our cohort showed that 71%
(n = 191) of patients had single-site metastasis and 29%
(n = 78) had multiple metastatic sites.

The rates of pulmonary metastasis according to the in-
trinsic breast cancer subtypes were 11.9%, 7.3%, 15.3%,
and 15.3% in lumina A-like, luminal B-like, Her2-
enriched, and TNBC, respectively. Frequency of lung me-
tastasis in luminal and non-luminal subtypes were 10.7%
(n = 65) and 14.8% (n = 67), respectively. Non-luminal
subtypes had a significant higher risk of pulmonary metas-
tasis than the luminal subtypes (OR 1.445, 95% CI 1.003—
2.083), with P = 0.048 as shown in Table 6.

Distant spread into the pleura was detected in 8.8%
(m = 93) of all breast cancer patients. Frequency of
pleural metastasis was higher in TNBC (10.6%, n =
30) in comparison with luminal A-like (8.6%, n = 42),
luminal B-like (7.3%, n = 9), and Her2-enriched
(7.1%, n = 12) although the binary logistic regression
did not show significant risk (OR 1.345, 95% CI
0.851-2.127), with P = 0.204 as shown in Table 6.
Non-luminal subtypes also showed higher frequency
of pleural metastasis (9.2%, n = 42) compared to lu-
minal subtypes (8.4%, n = 51) although the difference
was not significant (OR 1.117, 95% CI 0.727-1.712),
with P = 0.613.
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The bone was the second most common site of distant
spread in our cohort. Distribution across different intrin-
sic subtypes of breast cancer was 15.05%, 13.9%, 9.4%,
and 8.5% in luminal A-like, luminal B-like, Her2-
enriched, and TNBC subtype, respectively. Evaluating
the associated bone metastatic risk for each breast can-
cer subtypes using binary logistic regression analysis, we
found that luminal A-like subtypes had significantly ele-
vated risk (OR 1.601, 95% CI 1.106-2.358), with P =
0.013, and TNBC had a significantly lower risk (OR
0.587, 95% CI 0.368—0.935), with P = 0.025. Differenti-
ation subtypes into luminal and non-luminal also
showed a higher risk of bone metastasis in luminal sub-
types (OR 1.793, 95% CI 1.209-2.660), with P = 0.005
(Table 6). A multivariable logistic regression analysis
with adjustment of age, stage, tumor size, and nodal
status confirmed a significant association between the
luminal A-like subtype with a risk of bone metastasis
(OR 1.872, 95% CI 1.044-3.357), with P = 0.035.

Liver metastasis was differently distributed among
intrinsic breast cancer subtypes ranging from 3.9% (n =
11) in TNBC, 5.9% (n = 10) in Her2-enriched, 6% (1 =
29) in luminal A-like subtype, and 6.5% (n = 8) in lu-
minal B-like. In addition, luminal subtypes had higher
rates of liver metastasis compared to non-luminal sub-
types (5.9% vs 4.6%). Using univariable and multivariable
binary logistic regression analyses, no specific type of
breast cancer was significantly correlated for liver
metastasis.

Brain metastasis was identified in 20 patients (1.9%)
and was distributed in different rates according to the
intrinsic breast cancer subtypes, ie., 1.2% (1 = 2) in
Her2-enriched, 1.7% (n = 2) in luminal B-like, 2.06% (n
= 10) in luminal A-like, and 2.1% (n = 6) in TNBC. The
frequency of brain metastasis in luminal and non-
luminal subtypes was 2% and 1.8%, respectively. Univari-
able and multivariable binary logistic regression analyses
did not show a significant association of certain breast
cancer subtype with brain metastasis.

The Her-2 positive expression did not show direct as-
sociation with an increased risk of distant metastasis as

Table 5 Odds ratios and 95% confidence intervals showing the association of distant metastasis risk among different breast cancer

subtypes using binominal logistic regression

Molecular subtype Metastasis No metastasis OR 95% Cl P value Reference

Luminal A-like 123 (25.4%) 362 (74.6%) 0973 0.737-1.283 0.849 Non-luminal A-like
Luminal B-like 29 (23.8%) 93 (76.2%) 0.892 0.574-1.389 0.615 Non-luminal B-like
Her2-enriched 42 (24.7%) 128 (75.3%) 0.946 0.647-1.383 0.773 Non-Her2-enriched
TNBC 77 (27.3%) 205 (72.7%) 1.125 0.826-1.531 0454 Non-TNBC
Luminal 152 (25.0%) 455 (75.0%) 0.935 0.708-1.235 0.635 Non-luminal

ER positive 149 (25.2) 443 (74.8%) 0.951 0.721-1.255 0.724 ER negative

Her-2 positive 70 (24.2%) 219 (75.8%) 0.905 0.661-1.238 0.532 Her2 negative

OR odd ratio, CI confidence interval, TNBC triple negative breast cancer, ER estrogen receptor
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Table 6 Odds ratios and 95% confidence intervals of site-specific distant metastasis by breast cancer subtype
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Organ site metastasis Breast cancer subtype OR 95% Cl P value Reference
Pulmonal metastasis
Molecular subtype
Luminal A-like 0.886 0.615-1.277 0518 Non-luminal A-like
Luminal B-like 0516 0.255-1.044 0.066 Non-luminal B-like
Her2-enriched 1.306 0.821-2.076 0.259 Non-Her2-enriched
TNBC 1.248 0.840-1.853 0.273 Non-TNBC
Luminal 0.692 0.480-0.997 0.048 Non-luminal
Her2 positive 0.893 0.590-1.353 0.594 Her2-negative
Axillary node positive 1.938 1.210-3.150 0.006 Axillary node negative
Pleural metastasis
Luminal A-like 0.969 0.632-1.485 0.883 Non-luminal A-like
Luminal B-like 0.807 0.395-1.649 0.556 Non-luminal B-Like
Her2-enriched 0.758 0.404-1422 0.388 Non-Her2-enriched
TNBC 1.345 0.851-2.127 0.204 Non-TNBC
Luminal 0.895 0.584-1.374 0613 Non-luminal
Her2 positive 0.709 0424-1.188 0.192 Her2-negatuve
Axillary node positive 1.886 1.081-3.290 0.025 Axillary node negative
Bone metastasis
Luminal A-like 1.601 1.106-2.358 0.013 Non-luminal A-like
Luminal B-like 1.178 0.680-1.584 2.039 Non-luminal B-Like
Her2-enriched 0.706 0407-1.226 0216 Non-Her2-enriched
TNBC 0.587 0.368-0.935 0.025 Non-TNBC
Luminal 1.793 1.209-2.660 0.005 Non-luminal
Her2 positive 0.894 0.603-1.362 0.603 Her2-negative
Axillary node positive 2.093 1.285-3411 0.003 Axillary node negative
Liver metastasis
Luminal A-like 1.231 0.722-2.100 0.446 Non-luminal A-like
Luminal B-like 1.086 0.482-2452 0.843 Non-luminal B-Like
Her2-enriched 1.117 0.553-2.257 0.758 Non-Her2-enriched
TNBC 0.645 0.329-1.263 0201 Non-TNBC
Luminal 1.332 0.769-2.309 0.307 Non-luminal
Her2 positive 1212 0.683-2.150 0.511 Her2-negative
Axillary node positive 1.185 0.639-2.196 0639 Axillary node negative
Brain metastasis
Luminal A-like 1.179 0.487-2.857 0.715 Non-luminal A-like
Luminal B-like 0.855 0.196-3.732 0.835 Non-luminal B-Like
Her2-enriched 0.575 0.132-2.500 0.750 Non-Her2-enriched
TNBC 1.184 0451-3.113 0.731 Non-TNBC
Luminal 1.119 0454-2.761 0.807 Non-luminal
Her2 positive 0.661 0.219-1.996 0.501 Her2-negative
Axillary node positive 1.123 0404-3.118 0.824 Axillary node negative

OR odd ratio, C/ confidence interval, TNBC triple negative breast cancer, ER estrogen receptor
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well as with organ-specific metastasis (Table 6). Our pre-
vious results showed that positive axillary lymph nodes
were the strongest predictor for distant metastasis. Pro-
portions of positive axillary lymph node were higher in
pulmonary metastasis (82.6% vs 71.3%), pleural metasta-
sis (82.4% vs 69.7%), bone metastasis (83.7% vs 71.2%),
liver metastasis (75.4% vs 72.6%), and brain metastasis
(75% vs 72.7%). Binary logistic regression analysis also
revealed the significant association of positive lymph
node as a risk factor for pulmonary metastasis (OR
1.938, 95% CI 1.210-3.150), with P = 0.006; pleural me-
tastasis (OR 1.886, 95% CI 1.081-3.290), with P = 0.025;
and bone metastasis (OR 2.093, 95% CI 1.285-3.411),
with P = 0.003 as shown in Table 6.

Discussion

In this study, more than half of the cases were diagnosed
in advanced stage (stage III) and around one fifth of pa-
tients were found with metastatic disease (stage IV). In
contrast to our findings, 64% of breast cancer patients in
the USA were diagnosed in early stages, and 27% and 6%
were found in advanced and metastatic diseases, respect-
ively [20]. In comparison with other Asian countries,
18.7% of breast cancer patients in China were diagnosed
in stage III disease while more than half of the patients
in India were found in stages III-IV disease [21]. Our
study, therefore, indicated that the proportions of breast
cancer patients diagnosed in an advanced stage and
metastatic disease in Indonesia are relatively higher. We
then analyzed some potential factors associated with
advanced-stage presentation in our cohort. In Table 2,
we showed that lower education levels and residence in
a rural area were associated with advanced stage at diag-
nosis. The delayed breast cancer diagnosis might reflect
the socioeconomic disparity in Indonesia as another
study suggests that improving education and healthcare
access is associated with a gradual reduction of advanced
stages at diagnosis [22]. Our previous study found that
education levels and lower household expenditure corre-
lated with awareness and cancer screening participation
of Indonesian women [23] indicating the potential inter-
action between cancer awareness and late stages at diag-
nosis. To some extent, lower socioeconomic status is a
risk factor for late presentation and advanced breast can-
cer stages at diagnosis worldwide and the odds ratio is
higher in low-income countries [24—26].

Demographic variables were distributed evenly among
intrinsic breast cancer subtypes (Table 1). Diagnosis of
breast cancer in women younger than 40 years old corre-
lated with a higher risk of metastasis (Table 3and 4) con-
firming our previous report of aggressive behavior in
younger patients [27, 28]. In relation to distant metasta-
sis, younger age and late menopause were associated
with increased risks and the odds ratio was higher in the
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luminal subtype for women younger than 40 years old
and in TNBC for women with menopause older than 50
years old. Abubakar et al. did not find any specific asso-
ciation of age at diagnosis and menopause with recur-
rence and mortality rates of breast cancer patients [29].
Younger age at diagnosis is correlated with higher dis-
tant metastasis [30] although Purushotham et al. showed
the inverse correlation [31]. Specific measures might be
addressed to younger women with breast cancer as the
proportion is relatively high as well as a higher risk of
distant metastasis [32]. Patient age has also been incor-
porated in the treatment plans by considering aggressive
therapy, physical functioning, quality of life, and body
image [32, 33].

Identification of risk factors associated with distant
spread is very crucial in designing breast cancer treat-
ment and surveillance plan after acute treatment. There-
fore, identification of determinants associated with an
elevated risk of distant metastasis according to breast
cancer subtypes as well as some potential interventions
to lower the risk has emerged as an important study
field in oncology. Distant metastasis involves a complex
interaction of primary tumor milieu and systemic factors
including cancer cell proliferation, differentiation, angio-
genesis, and the microenvironment [34]. Several clinico-
pathological factors affect specific clinical outcomes of
breast cancer management. Tumor size is an established
predictor for breast cancer survival rates [35]. The
epidemiological studies showed a consistent association
between tumor size between 1 and 5cm with distant
metastasis and lymph node infiltration [35, 36]. The
most commonly accepted concept of the association be-
tween tumor size and metastasis risk is that during can-
cer progression, cancer cells accumulate specific
accessional genetic events resulting in the additional
ability to further spread into regional lymph nodes and
distant organs [37]. In this study, we found that infiltra-
tion to the skin and chest wall (T4a-c) had a higher risk
for distant metastasis particularly in the luminal A-like
subtype although direct comparison of tumors larger
and smaller than 5cm did not show different risks of
metastasis (Table 3 and 4). Although skin infiltration
represents the extension of breast cancer, some studies
did not show its direct impact on patients’ survival and
prognosis [38, 39] rather than accompanied by axillary
nodal infiltration [40].

Although in the era of genomic profiling and increased
feasibility of incorporating deep sequencing for cancer
management [41], the nodal status remains the most im-
portant risk factor of survival and metastasis as we also
showed in our study. Therefore, node status is also an
important determinant in the decision-making for breast
cancer treatment. In addition to tumor size and nodal
status, the risk of metastasis to a large extent has also
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been associated with intrinsic breast cancer subtypes.
We found positive axillary lymph nodes (N1-3) had a
higher risk of distant metastasis, particularly in the lu-
minal A-like breast cancer subtype. In other subtypes,
T4 and N1-3 did not significantly correlate with distant
metastasis suggesting that small size of the tumor and
negative nodal status in non-luminal types also had a
high risk of distant spread.

Breast cancer has been viewed as a heterogeneous dis-
ease with substantial underlying differences in the mo-
lecular alterations and clinical course. However, specific
subtypes of breast cancer in our cohort did not show a
significant association with the risk of distant metastasis
(Table 5). Several studies have shown a higher risk of
distant metastasis in Her-2-enriched [42] and TNBC
subtype [43] and a lower risk of distant spread in the lu-
minal subtype [42]. In this study, we showed specific risk
factors of distant metastasis in luminal A-subtype, i.e.,
advanced stages (OR 2.160), tumor infiltration to skin
and chest wall (OR 2.685), and positive axillary lymph
nodes (OR 2.571). In addition, chemotherapy using a
combination of anthracycline-taxane showed relative
benefits to reduce the risk of distant metastasis in the
luminal A-like subtype (OR 0.417) compared to
anthracycline-based chemotherapy. Patients with luminal
A-like subtype generally have better disease-free and
overall survival than other subtypes although in the con-
text of neoadjuvant chemotherapy, it has the lowest rates
of pathological complete response [44]. Luminal A-like
subtype develops mainly through the estrogen pathway;
thus, adjuvant endocrine therapy remains the gold
standard for treatment. Recent clinical trials have sug-
gested omitting chemotherapy in node-negative luminal
A subtype if the risk is lower [45]. In a high-risk luminal
A, however, 30-50% of patients relapse and develop dis-
tant metastasis particularly in cases with node-positive
tumors and younger patients [46]. Some retrospective
studies reported that standard anthracycline-based
chemotherapy was not effective in luminal A-subtype
[47-49]. However, chemotherapy showed some benefits
in high-risk luminal subtypes particularly with positive
lymph nodes [47]. Since the majority of our cohort have
positive lymph nodes, we revealed specific attributable
factors of distant metastasis risks in the luminal A-like
subtype. In a meta-analysis involving more than 100,000
breast cancer patients, adding taxanes to anthracycline
has been associated with significantly decreased risk of
recurrence and cancer-associated death [50] as con-
firmed by our study. In addition, luminal breast cancer
patients who effectively received chemotherapy and con-
tinued to receive effective treatment after distant metas-
tasis were reported to have longer survival [51].

The four intrinsic breast cancer subtypes show differ-
ent predilections for organ-specific metastasis. In our

Page 13 of 16

study, non-luminal breast cancer subtypes and positive
node had a higher risk of pulmonary metastasis (OR
1.445 and 1.938, respectively). In accordance with our
study, distant spread to the lung has been found more
frequently in non-luminal triple-negative breast cancer
[42, 52, 53]. The bone was found as the predilection of
metastasis in the luminal A subtype (OR 1.601) that sup-
ported previous reports [54, 55]. The most common
sites for distant metastasis from breast cancer are the
bone (65%), followed by the liver, lung, and brain [56].
Distant spread to certain organs is an orderly process
known as metastatic organotropism and is regulated by
a number of factors including intrinsic breast cancer
subtypes, metabolic changes, molecular alterations of the
cancer cells, host immune responses, and tumor micro-
environment [34, 57]. Coordinated activation of several
pathways including Notch, Wnt/{3-catenin, and Hedge-
hog, as well as proteins including COX2, metalloprotein-
ases, and vascular endothelial growth factor (VEGEF)
collectively facilitate the release of cancer cells and the
infiltration into distant organs [53]. In terms of organ-
specific metastasis, growth factors, interleukin, RANKL,
and Scr pathways are activated in luminal breast cancer
to mediate bone metastasis [57]. Chemokines, interleu-
kin, HIF, and Wnt signaling are activated in Her2-
enriched and luminal breast cancer subtypes to mediate
liver metastasis [57]. In addition, growth factors, tumor
growth factor-beta (TGEP), and COX2 are responsible
for lung metastasis in non-luminal breast cancer sub-
types [34]. Future studies to understand more details of
the association of molecular subtypes and organ-specific
metastasis will improve the future clinical management,
mode of surveillance, and new targeted treatment for
breast cancer patients.

Distant metastasis has long been associated as the main
cause of mortality in breast cancer. Although breast can-
cer has emerged as a significant health burden in
Indonesia due to the increasing incidence and large pro-
portion of advanced stages at presentation, no previous
study has evaluated the attributable clinicopathological
risks of distant spread. Research that evaluates current
clinical practice and surveillance of breast cancer in our
population is also limited. However, our study had some
limitations associated with the naturally retrospective
case-control design and shorter follow-up. The analysis of
dynamic transition into a metastatic state, direct evalu-
ation of treatment effects, and contribution of comorbidi-
ties could also not be performed. Larger studies involving
multiple centers or population-based studies with longer
follow-up are required to confirm our study.

Conclusion
We identified tumor infiltration to the skin and chest
wall and positive axillary lymph nodes as risk factors of
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distant metastasis in breast cancer. Certain intrinsic sub-
types of breast cancer have different patterns and tro-
pisms for organ-specific distant metastasis. In addition,
we found a significant association of lower education
levels and residence in a rural area with more advanced
stages of breast cancer diagnosis in Indonesia. Improving
clinical management and surveillance plans are war-
ranted for patients with a higher risk of distant metasta-
sis. In addition, public health interventions and health
system improvements to reduce breast cancer diagnosis
in advanced stages are also required.
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