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Abstract
Background: Multifocal (MF) and multicentric (MC) breast cancer cases have 
been increasingly diagnosed owing to the extensive use of improved preopera-
tive breast imaging. The current tumor-node-metastasis staging system uses the 
dimension of the largest tumor and recommends reporting the pathological fea-
tures of the largest tumor in MF/MC breast cancers.
Aim: This study aimed to explore whether the largest or aggregate dimensions of 
MF and MC breast cancers can better predict tumor behavior. We also attempted 
to study the histological and biological heterogeneities of separate foci in MF and 
MC breast cancers to determine whether it was necessary to examine each lesion.
Methods: We retrospectively analyzed 121 patients with MF/MC (103 with MF 
and 18 with MC) breast cancers and 484 patients with unifocal breast cancer 
who were treated at the First Affiliated Hospital of Nanjing Medical University. 
Two methods were used to record the T stage (using the dimensions of the larg-
est lesion and aggregate dimensions of all lesions). The histological grade, im-
munohistochemical parameters, and molecular subtypes of the largest lesion 
and other lesions in MF/MC breast cancers were studied to assess intertumoral 
heterogeneity.
Results: The use of aggregate dimensions upstaged 63 patients with MF/MC 
breast cancers to a more advanced stage and removed the independent effect of 
cancer multiplicity on lymph node positivity compared with the use of the largest 
dimension. Mismatches were found in the pathological type (9.9%), histological 
grade (4.1%), and molecular subtype (8.3%) among different foci.
Conclusion: The tendency of MF/MC breast tumors to metastasize may be re-
lated to tumor load, which can be better predicted by the aggregate dimensions of 
all foci. The use of the current staging systems may require further evaluation and 
modification. Intertumoral heterogeneity indicates the necessity for pathological 
and immunohistochemical assessments of each lesion in patients with MF/MC 
breast cancers.
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1   |   INTRODUCTION

Breast cancer is the most common malignant cancer 
worldwide, and its incidence rate increases annually.1 
Preoperative breast imaging, especially magnetic reso-
nance imaging (MRI), has been extensively used in recent 
years. Hence, multifocal (MF) and multicentric (MC) 
breast cancer cases are being increasingly diagnosed.2,3 
Generally, MF and MC breast cancers are defined as two 
or more separate foci in the same quadrant or in different 
quadrants of the same breast respectively.4,5 However, the 
definition of quadrant was not presented in the major-
ity of previous studies, and the definition of MF and MC 
breast cancers remains controversial.6 Owing to the lack 
of a standard definition and the different diagnostic meth-
ods, the incidence rates of multiple tumors with a wide 
range of 9–75% have been reported.7

Tumor size is a significant predictor of lymph node 
metastasis and can affect the final survival outcomes.8,9 
The current tumor-node-metastasis (TNM) staging sys-
tem and the 8th edition of the American Joint Committee 
on Cancer staging manual only use the dimension of the 
largest tumor and recommend the report of histological 
grade, pathological type, and other pathological features 
of the largest tumor in MF/MC breast cancers.10,11 These 
guidelines consider that prognosis mainly depends on the 
largest tumor, overlooking the total tumor load and het-
erogeneity of different lesions.

While formulating treatment plans such as radio-
therapy and chemotherapy, tumor size should not be 
neglected.12 It is important to determine whether using 
the dimension of the largest tumor for T staging would 
underestimate the real tumor size and load to influence 
the selection of correct treatment.13 Some scholars have 
demonstrated that the use of aggregate dimensions of all 
foci may accurately predict tumor behavior in MF/MC 
breast cancers.5,14 Moreover, several studies have high-
lighted the importance of independent assessment and 
reporting of each lesion because the treatment strategy 
and prognostic outcome can also be influenced by intertu-
moral heterogeneity.13,15–17

Only few studies have focused on MF/MC breast can-
cers, which leads to the neglect of the particularity of 
these patients. According to some researches, determin-
ing how to stage tumors and whether to assess all lesions 
were contested.15,16,18,19 These can guide clinical evalua-
tion and enable clinicians to formulate more accurate and 
comprehensive therapy plans for patients with MF/MC 
breast cancers. Hence, in this study, we attempted to ex-
plore whether the largest or aggregate dimensions could 
better predict tumor behavior. Moreover, we would like to 
observe the histological and biological heterogeneities of 
different lesions in MF and MC breast cancers to study the 

necessity of examining each lesion to guide clinicians in 
the treatment of MF and MC breast cancers.

2   |   MATERIALS AND METHODS

2.1  |  Patients' selection

In the present study, the medical records of patients with 
unifocal (UF), MF, and MC breast cancers who were ad-
mitted to the First Affiliated Hospital of Nanjing Medical 
University from January 2010 to December 2016 and from 
September 2020 to June 2022 were retrospectively ana-
lyzed. MF was defined as two or more separate foci in the 
same quadrant, whereas MC was defined as two or more 
separate foci in different quadrants of the same breast. All 
patients underwent MRI examination before surgery to 
screen patients suspected of having MF/MC breast can-
cers. The final diagnosis was established based on pathol-
ogy. The main lesion should be invasive, whereas the other 
lesion could be invasive or carcinoma in situ when it was 
confirmed as an independent lesion by both pathology and 
imaging. We defined two foci as being in the same quad-
rant when they were connected to the nipple at an angle 
of <90°. These foci were separated from each other by un-
involved breast tissue including normal tissue or benign 
lesions, regardless of the distance between foci.20 Patients 
who previously had breast cancer or other types of cancer, 
multiple carcinomas in situ, and distant metastases and 
those who received neoadjuvant treatment and male were 
excluded from this study. Patients who were suspected to 
have MF/MC breast cancers by preoperative imaging and 
confirmed by pathology after surgery and did not meet any 
of the above exclusion criteria were included in this study. 
Patients with UF breast cancer were randomly selected via 
matching with patients with MF and MC breast cancers 
according to immunochemical type and menopausal sta-
tus in a 1:4 ratio (MF/MC: UF). In total, 605 patients (103, 
18, and 484 patients with MF, MC, and UF breast cancers, 
respectively) were included in the present study.

2.2  |  Data collection and evaluation

Clinicopathological data, such as age, menopausal status, 
lesion size, number of lesions, lymph node status, histo-
logical grade, lymphovascular/perineural invasion, path-
ological type, surgery, immunohistochemical parameters 
(including estrogen receptor [ER], progesterone receptor 
[PR], human epidermal growth factor receptor 2 [HER-2], 
Ki-67), fluorescence in situ hybridization (FISH), and mo-
lecular subtypes (luminal subtype), were obtained from 
electronic medical records or pathological data.
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A threshold of 1% stained breast cancer cells was used 
to define ER- or PR positivity.21 HER-2 was scored as 0, 1+, 
2+, or 3+, and a staining score of 3+ was defined as posi-
tive. Tumors with a 2+ score were retested using FISH to 
determine whether the HER-2 gene was amplified.22 Ki-67 
staining was labeled as “low proliferation” with a positive 
staining of ≤14% and as “high proliferation” with a positive 
staining of >14%. Molecular subtypes were classified as 
luminal A, luminal B, HER-2-positive, and triple-negative 
based on the immunochemistry results of ER, PR, HER-2, 
and Ki-67 as follows: luminal A subtype (ER-positive and 
PR > 20% positive, HER-2-negative, and low proliferation), 
luminal B subtype (HER-2-positive) (ER-positive and/or 
PR > 20% positive, and HER-2-positive, and/or high pro-
liferation), and luminal B subtype (HER-2-negative) (ER-
positive, HER-2-negative, at least one of the following 
criteria: PR < 20% positive or high proliferation), HER-2-
positive (ER-negative, PR-negative, and HER-2-positive), 
and triple-negative subtype (ER-negative, PR-negative, 
and HER-2-negative).23

According to the 8th edition of the TNM staging guide-
lines, only the largest tumor is considered when record-
ing the T stage and multiplicity is indicated using the 
suffix(m).10 In the present study, two methods were used 
to record the T stage: using the dimension of the largest 
invasive tumor (Tmax stage) and the aggregate dimensions 
of all invasive foci (Tsum stage). The pathological charac-
teristics of the largest invasive tumor were recorded, and 
the characteristics of the other lesions were reviewed to 
assess intertumoral heterogeneity. Mismatches in PR, 
ER, and HER-2 were defined when at least one of the le-
sions' positive or negative results was different from that 
of other lesions. At least one lesion of “high proliferation” 
with other lesions of “low proliferation” was defined as a 
mismatch in Ki-67.

2.3  |  Statistical analyses

Statistical analyses were performed using the Statistical 
Package for the Social Sciences version 25 software (IBM). 
MC and MF tumors were compared with UF tumors as 
a group (MF/MC). Categorical variables were compared 
using contingency tables and the chi-squared or two-tailed 
Fisher's exact test. Continuous variables were investigated 
using the Kolmogorov–Smirnov test to determine whether 
they were normally distributed. Abnormally distributed 
continuous variables were analyzed using a nonparamet-
ric test (Mann–Whitney U test). Factors significantly as-
sociated with lymph node positivity were evaluated using 
univariate and multivariate logistic regression analyses. 
Differences were considered statistically significant at 
p ≤ 0.05.

3   |   RESULTS

3.1  |  Multifocal and Multicentric 
breast cancers were more aggressive than 
unifocal breast cancer

In total, 103 patients with MF breast cancer (87 patients 
had 2 foci, 11 had 3 foci, 3 had 4 foci, 1 had 5 foci, and 1 
had 7 foci) and 18 patients with MC breast cancer (9 pa-
tients had 2 foci, 8 had 3 foci, and 1 had 4 foci) were en-
rolled in this study. Among these 121 patients, 22 (18.2%) 
had luminal A subtype, 70 (57.9%) had luminal B subtype, 
21 (17.4%) had HER-2 positivity, and 8 (6.6%) had triple-
negative subtype. There were 71 (58.7%) premenopausal 
and 50 (41.3%) postmenopausal breast cancer cases. A 
total of 484 patients with UF breast cancer were identified 
in a 1:4 ratio with patients with MF/MC breast cancer.

The clinicopathological characteristics of the MF, MC, 
and UF groups are shown in Table 1. No significant dif-
ference was observed after comparing UF with MF/MC 
in terms of age, Tmax stage, and pathological type. Patients 
in the MF and MC groups were more likely to have histo-
logical grade 3 (MF/MC and UF groups, 64.5% and 53.7%, 
respectively; p = 0.033), lymph node metastases (MF/MC 
and UF groups, 53.7% and 37.2%, respectively; p = 0.001) 
and lymphovascular/perineural invasion (MF/MC and 
UF groups, 32.2% and 18.2%, respectively; p = 0.001) than 
patients in the UF group. Patients with UF breast cancer 
preferred to undergo breast-conserving surgery over mas-
tectomy (MF/MC and UF groups, 13.2% and 47.3%, re-
spectively; p < 0.001).

3.2  |  Using the aggregate dimensions of 
all foci elevated T stage of 63 patients and 
removing the independent effect of cancer 
multiplicity on lymph node positivity

First, we followed the current TNM staging system and 
identified 59 (48.8%) patients in the T1 stage, 59 (48.8%) 
in the T2 stage, and 3 (2.5%) in the T3 stage. The staging 
method was adjusted to use the aggregate dimensions 
of all the lesions. We found that staging changed in 63 
(52.1%) patients, of whom 46 (73.0%) changed from T1 
to T2, and 17 (27.0%) changed from T2 to T3. Overall, 13 
(10.7%) patients were in the T1 stage, 88 (72.7%) were in 
the T2 stage, and 20 (16.5%) were in the T3 stage. There 
were more patients with MF/MC breast cancer in the T2 
and T3 stages after adjusting for the staging method.

When Tmax was used for staging of patients with MF/
MC breast cancer, the rate of lymph node metastasis was 
similar in the MF/MC and UF groups in the Tmax2 and 
Tmax3 stages. Patients with MF/MC breast cancer in Tmax1 
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stage had more lymph node positivity (44.1% vs. 25.2%, 
p = 0.004) than patients with UF breast cancer. However, 
when using Tsum stage, the difference in lymph node pos-
itivity rates between the MF/MC and UF groups was no 
longer observed (Table 2).

Factors related to lymph node positivity were also 
investigated. Patients with MF/MC breast cancer, 
lymphovascular/perineural invasion, high histologi-
cal grade, and T stage (both Tmax and Tsum) were more 
likely to have lymph node metastases in the univariate 
analysis (Table 3). Statistically significant factors in the 

univariate analysis were assessed using a multivariate 
logistic regression model. Lymphovascular/perineural 
invasion positivity (p < 0.001) and high T stage (both 
Tmax and Tsum) (p < 0.001) were independent factors 
of lymph node metastasis. Importantly, we found that 
cancer multiplicity was an independent factor affecting 
lymph node status when using the largest dimension to 
define T stage, whereas when using the aggregate di-
mensions, cancer multiplicity was no longer associated 
with lymph node positivity (p = 0.016 for Tmax, p = 0.559 
for Tsum) (Table 4).

T A B L E  1   Clinical and pathological characteristics of patients with multifocal (MF), multicentric (MC), and unifocal (UF) breast tumors.

MF MC MF/MC UF

p value (MF/
MC versus 
UF)

Number, n 103 18 121 484

Age, n (%)

≤50 66 (64.1) 8 (44.4) 74 (61.2) 274 (56.6) 0.366

>50 37 (35.9) 10 (55.6) 47 (38.8) 210 (43.4)

Tmax, n (%)

T1 52 (50.5) 7 (38.9) 59 (48.8) 246 (50.8) 0.679

T2 48 (46.6) 11 (61.1) 59 (48.8) 220 (45.5)

T3 3 (2.9) 0 (0) 3 (2.5) 18 (3.7)

Tumor diameter (the largest 
tumor) (mm)

23.86 (1.4–80) 26.28 (10–43) 24.22 (1.4–80) 23.40 (2.5–90) 0.837

Tsum, n (%)

T1 13 (12.6) 0 (0) 13 (10.7) <0.001

T2 76 (73.8) 12 (66.7) 88 (72.7)

T3 14 (13.6) 6 (33.3) 20 (16.5)

Tumor diameter (sum) (mm) 36.70 (2.5–96) 46.06 (25–75) 38.09 (2.5–96) <0.001

Lymph node positivity, n (%)

Positive 53 (51.5) 12 (66.7) 65 (53.7) 180 (37.2) 0.001

Negative 50 (48.5) 6 (33.3) 56 (46.3) 304 (62.8)

Histological grade (misssing, 22), n (%)

I–II 35 (34.0) 4 (22.2) 39 (32.2) 206 (42.6) 0.033

III 68 (66.0) 14 (77.8) 78 (64.5) 260 (53.7)

Lymphovascular/perineural invasion, n (%)

(+) 31 (30.1) 8 (44.4) 39 (32.2) 88 (18.2) 0.001

(−) 72 (69.9) 10 (55.6) 82 (67.8) 396 (81.8)

Pathological type, n (%)

IDC 95 (92.2) 15 (83.3) 110 (90.9) 445 (91.9) 0.879

ILC 1 (1.0) 1 (5.6) 2 (1.6) 9 (1.9)

Other 7 (6.8) 2 (11.1) 9 (7.4) 30 (6.2)

Surgery, n (%)

Mastectomy 87 (84.5) 18 (100) 105 (86.8) 255 (52.7) <0.001

BCS 16 (15.5) 0 (0) 16 (13.2) 229 (47.3)

Abbreviations: BCS, Breast conserving surgery; DCIS, Ductal carcinoma in situ; IDC, Invasive ductal carcinoma; ILC, Invasive lobular carcinoma.
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3.3  |  Mismatches among different foci 
were found in pathological type, histological 
grade, estrogen receptor, progesterone 
receptor, human epidermal growth factor 
receptor 2, Ki-67, and molecular subtype

We reviewed the pathology reports of both the largest 
lesion and other lesions in patients with MF/MC breast 

cancer. Mismatches among different foci were also found 
in pathological type (9.9%), histological grade (4.1%), ER 
(5.0%), PR (4.1%), HER-2 (0.8%), Ki-67 (3.3%), and molecu-
lar subtype (8.3%) (Table 5). Twelve patients had different 
pathological lesion types. The main lesion in 10 patients 
were invasive ductal cancer (IDC), followed by ductal car-
cinoma in situ (DCIS). One patient had an invasive papil-
lary carcinoma with intraductal papillary carcinoma. One 
patient had intracystic papillary carcinoma with IDC. The 
histological grade differed among five patients. The histo-
logical grade of the largest lesion in one patient was lower 
than that of the other lesions. In addition, six patients had 
a mismatch in ER, of whom three patients had ER positiv-
ity in the other lesions, while ER negativity was found in 
the largest lesion. One patient had a difference in HER-2 
status, in which the largest lesion was found to be HER-2-
negative and the other was HER-2-positive.

A difference in molecular subtype was found in 10 pa-
tients, of whom eight had MF breast cancer and two had 
MC breast cancer (Table 6). Among these patients, nine 
had the same histological grade and seven had the same 
pathological type. One patient with a difference in both 
histological grade and pathological type had the largest 
lesion of the luminal B subtype and another lesion of the 

T A B L E  2   Lymph node positivity in different T stages 
in patients with MF and MC breast tumors using different 
measurement methods and with UF breast tumors.

Lymph node positivity (%)

p valueMF/MC UF

T stage (using the largest tumor diameter)

T1 26/59 (44.1) 62/246 (25.2) 0.004

T2 37/59 (62.7) 109/220 (49.6) 0.072

T3 2/3 (66.7) 9/18 (50.0) 1.000

T stage (using the aggregate tumor diameter)

T1 3/13 (23.1) 62/246 (25.2) 1.000

T2 46/88 (52.3) 109/220 (49.6) 0.665

T3 16/20 (80.0) 9/18 (50.0) 0.087

T A B L E  3   Univariate analysis of lymph node positivity.

Lymoh node 
positivity, n (%)

Univariable analysis

Odds 
ratio

95% Cl for 
odds ratio p value

Pathological type 0.941

IDC 224/555 (40.4) Referent

ILC 5/11 (45.5) 1.231 0.371–4.084 0.734

Other 16/39 (41.0) 1.028 0.531–1.989 0.935

Lymphovascular/perineural invasion

(−) 158/478 (33.1) Referent

(+) 105/127 (82.7) 4.405 2.894–6.705 <0.001

Histological grade

I–II 81/245 (33.1) Referent

III 160/338 (47.3) 1.809 1.285–2.545 0.001

Tmax stage (using the largest tumor diameter) <0.001

T1 88/305 (28.9) Referent

T2 146/279 (52.3) 2.512 1.788–3.529 <0.001

T3 11/21 (52.4) 3.185 1.297–7.823 0.012

Tsum stage(using the aggregate tumor diameter) <0.001

T1 65/259 (25.1) Referent

T2 155/308 (50.3) 3.103 2.167–4.443 <0.001

T3 25/38 (65.8) 4.576 2.253–9.295 <0.001

Multiplicity

UF 180/484 (37.2) Referent

MF/MC 65/121 (53.7) 1.960 1.311–2.931 0.001
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luminal A subtype. One of the two patients who differed 
only in pathological type had luminal B subtype (HER-2-
positive) and HER-2 positivity, and the other had luminal 
A and B subtypes.

4   |   DISCUSSION

With the development of imaging and pathology, the 
detection rates of MF and MC breast cancers have in-
creased24; however, there are still some unsolved 
challenges. It remains controversial whether the aggres-
siveness of MF/MC breast cancers is caused by special bio-
logical characteristics or high tumor burden.6 The current 
staging systems that only record the dimension and stage 
of the largest lesion underestimate the tumor burden25,26 
and neglect intertumoral heterogeneity. In our study, the 
mean dimensions of the largest lesion and the stage of 

MF/MC breast cancer were identical to those of UF breast 
cancer. However, the mean dimensions of all lesions were 
larger in MF/MC breast cancer than in UF breast cancer. 
While using the aggregate dimensions of all foci, staging 
in 63 patients upgraded and more patients with MF/MC 
breast cancer were in the T2 and T3 stages. Although we 
only found differences in lymph node positivity in the T1 
stage (lesion size <20 mm), there was no difference after 
adjusting the staging method to use the sum size.

In the univariate and multivariate logistic regression 
analyses of factors associated with lymph node positiv-
ity, which was associated with aggressiveness and poor 
outcome, lymphovascular/perineural invasion positiv-
ity, and high T stage (both Tmax and Tsum) were found to 
be independent factors for lymph node metastases. All 
of these factors were identified as high-risk factors that 
should be considered when making clinical decisions.27 
Importantly, cancer multiplicity was not found to be an 
independent risk factor for lymph node metastases after 
using the sum size to stage. The size of the lesion directly 
affects the radiotherapy.12 In our hospital, patients with 
tumors ≥5 cm and lymph node metastases are generally 
recommended to undergo radiotherapy. Using the dimen-
sions of the largest invasive lesion may underestimate the 
T stage and the possibility of metastasis, which may cause 
patients to miss the opportunity to undergo radiotherapy. 
Therefore, we inferred that the aggressiveness of MF/MC 
breast cancers could be due to the total tumor load, which 
could be properly predicted by the aggregate dimensions 
of all invasive foci.14,25,28,29

In addition to increasing the tumor load, the other 
lesions were also found to have heterogeneity with the 
largest lesion (Tables 5 and 6). Among the five patients 
with different histological grades, one had a higher 
grade of another lesion. Molecular subtype-based 

T A B L E  4   Multivariate analysis of lymph node positivity.

Multivariable analysis

Using the largest tumor diameter Using the aggregate tumor diameter

Odds ratio
95% Cl for odds 
ratio p value Odds ratio

95% Cl for odds 
ratio p value

Lymphovascular/perineural invasion

(+) versus (−) 3.723 2.390–5.800 <0.001 3.667 2.352–5.716 <0.001

Histological grade

III versus I–II 1.202 0.826–1.749 0.337 1.210 0.831–1.761 0.321

T stage <0.001 <0.001

T2 versus T1 2.290 1.581–3.316 <0.001 2.643 1.776–3.934 <0.001

T3 versus T1 2.458 0.946–6.386 0.065 3.193 1.454–7.009 0.004

Multiplicity

Multifocal versus unifocal 1.722 1.107–2.681 0.016 1.149 0.722–1.929 0.559

T A B L E  5   Heterogeneity of different parameters in MF and MC 
breast tumors.

MF MC MF + MC

Sum 103 18 121

Mismatch in pathological type, 
n (%)

10 (9.7) 2 (11.1) 12 (9.9)

Mismatch in histological grade, 
n (%)

5 (4.9) 0 5 (4.1)

Mismatch in ER status, n (%) 6 (5.8) 0 6 (5.0)

Mismatch in PR status, n (%) 5 (4.9) 0 5 (4.1)

Mismatch in HER-2 status, n (%) 0 1 (5.6) 1 (0.8)

Mismatch in Ki-67 status, n (%) 3 (2.9) 1 (5.6) 4 (3.3)

Mismatch in molecular subtypes, 
n (%)

8 (7.8) 2 (11.1) 10 (8.3)
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differences were found in 10 patients, with the seven 
patients' treatment possibly changing if we valued each 
focus. Moreover, in these 10 cases patients, seven had 
no pathological type or histological grade heterogeneity. 
Consequently, paying attention to the largest lesion may 
deprive patients of the opportunity to undergo appro-
priate therapies (e.g., endocrine and targeted therapies, 
and chemotherapy). To provide effective treatments, it 
is essential to fully characterize all lesions, especially 
the molecular subtype, regardless of the pathological 
type and histological grade of the largest and additional 
foci.15–17,30,31

Fushimi et al.32 studied 136 (18.5%) patients with 
MF/MC breast cancer. After adopting the sum size of 
each lesion, the T stage of the 36 patients with MF/MC 
was upstaged. They found that MF/MC was upstaged 
by the modified T stage, which was associated with 
worse disease-free survival than non-upstaged MF/MC 
(p = 0.004). According to the results of multivariate anal-
ysis, upstaged MF/MC was an independent factor for poor 
prognosis. Coombs et al.5 also found that the use of aggre-
gate dimensions reclassified a significant number of MF 
breast tumors at a more advanced stage and eliminated 
the association between cancer multiplicity and lymph 
node positivity. In a subsequent study,29 at a median fol-
low-up time of 10.4 years, for tumors that were >20 mm, 
using aggregate tumor size eliminated the significant dif-
ference in 10-year survival rate between MF and UF breast 
tumors (p = 0.008 and p = 0.49 respectively). Thus, these 
two studies have demonstrated that the tendency of breast 
tumors to metastasize is related to the total tumor load 
and that the use of current guidelines to stage MF breast 
tumors may require modification.

Onisai et al.26 studied 31 patients with MF breast can-
cer and six with MC breast cancer. Several mismatches 
between the index and secondary tumors were detected, 
including 3 (8.1%) patients with histopathological mis-
match, 13 (35.1%) with different grades of differentiation, 
11 (29.8%) with ER status mismatch, 12 (32.4%) with PR 
status mismatch, 8 (21.6%) with molecular phenotype 
mismatch, and 17 (45.9%) with variable Ki-67 expression 
levels. Secondary tumors in five patients were dominant, 
which would cause changes in the therapeutic decision. 
Buggi et al.33 also found mismatches in ER and PR status, 
tumor grade, proliferative index (Ki-67), and HER-2 sta-
tus, in which 14 (12.4%) patients received different adju-
vant treatments.

In contrast, Hilton et al.34 used several methods to 
measure tumor size; however, using alternative methods 
to measure tumor size did not provide additional prog-
nostic information to treat patients with early-stage breast 
cancer. Kanumuri et al.19 found that the histology and 
receptor status of the primary and secondary foci were 

highly consistent. Hence, they support a selective rather 
than a universal examination of each focus. East et al.18 
supported the guidelines recommending that additional 
foci be tested if they are of different histology or grade. In 
our study, among the 10 patients with molecular subtype 
heterogeneity, only three had additional foci of different 
histology or grade.

The results of our study further confirm that the aggre-
gate dimension has advantages in staging MF/MC breast 
cancer and in determining therapeutic methods. We also 
focused on the differences in pathologies and molecular 
types of different lesions, which may help us provide a 
more appropriate treatment for patients.

Over the decades, the definition of MF and MC 
breast cancers has not reached a worldwide consensus 
and has varied in different studies. The classic defini-
tion is based on the anatomical quadrant of the breast, 
which is divided by the clock position (3:00, 6:00, 9:00, 
or 12:00). Some scholars used anatomical quadrants,35 
but the definition of quadrants was not mentioned in 
multiple studies. Alternatively, they used the tissue dis-
tance between each lesion to differentiate between MF 
and MC breast cancers. The distance between lesions 
was defined as 5 mm–5  cm.16,36,37 Some scholars have 
demonstrated that all the lesions are invasive tumors 
and that the tissue between each lesion must be be-
nign,33,38 whereas others included carcinoma in situ into 
the definition.25 When all lesions are invasive tumors, 
tissue between each lesion can be carcinoma in situ.30,39 
Previous studies mainly combined MF and MC breast 
cancers because of the ambiguity in their definition and 
the difficulty in distinguishing them.32,40 In our study, 
we followed the classic definition with no distance spec-
ification so that more cases of MF/MC cancers could be 
studied to learn their special biological characteristics. 
We included carcinomas in situ because they are inde-
pendent lesions in preoperative MRI evaluation, which 
was later confirmed by pathology. However, without fol-
lowing the anatomical method to divide the quadrant, 
we defined two foci as being in the same quadrant when 
they were connected to the nipple at an angle of <90°.

Our study used a retrospective study design that could 
have some sources of bias when collecting patients' clin-
icopathological data because the levels of pathology, 
imaging detection, and medical record systems 10 years 
previously were lower than those at present. Thus, a pro-
spective study is required to obtain more precise results. 
The sample size also needs to be expanded to enhance the 
generalizability of our findings. To date, few studies have 
concentrated on MF/MC breast cancers despite their high 
incidence rates. Our study may change the inherent view 
of MF/MC breast cancers, and assist clinicians in devel-
oping more effective treatments for patients with MF/MC 
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breast cancers. We are currently collecting more patient 
information and conducting follow-up studies. We hope 
that this study can guide clinicians in the treatment of pa-
tients with MF/MC breast cancer.

In conclusion, the comparison of the two methods for 
measuring MF/MC tumor size reveals that the tendency 
of breast tumors to metastasize can be related to the total 
tumor load, which can be better predicted by the aggre-
gate dimensions of all foci. The use of the current staging 
systems may require further evaluation and modification. 
Moreover, intertumoral heterogeneity can influence treat-
ment strategies and outcomes. Therefore, pathological 
and immunohistochemical assessment of each lesion in 
patients with MF/MC breast cancer is essential.
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