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significance
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This study aimed to investigate the clinical importance and prognostic value of nonmass lesions
(NMLs) identified via preoperative magnetic resonance imaging (MRI) in patients with breast cancer,
with an emphasis on understanding how these lesions affect treatment decisions and survival
outcomes. A retrospective analysis was conducted on 6971 patients diagnosed with breast cancer
who underwent surgery at Asan Medical Center, Seoul, between January 2000 and December 2021.
Patients were categorized based on the presence or absence of NMLs on preoperative MRI. Various
clinicopathological parameters were compared, and survival outcomes, such as overall survival (OS),
distant metastasis-free survival (DMFS), regional recurrence-free survival (RFS), and local recurrence-
free survival (LFS), were analyzed using Kaplan-Meier and Cox regression methods. Subgroup analyses
were performed based on the type of surgery and the administration of neoadjuvant chemotherapy
and adjuvant radiation therapy. Of the total cohort, 21.9% (n=1524) had NMLs. The presence of
NMLs was associated with a significant improvement in OS (P=0.017) for the entire patient group.
Multivariate analysis revealed the presence of NMLs as a favorable prognostic factor (hazard ratio
0.47, 95% confidence intervals 0.25-0.90, P=0.022). Subgroup analyses demonstrated significantly
improved OS, DMFS, and RFS outcomes for patients with NMLs who underwent mastectomy after
neoadjuvant chemotherapy. NMLs on preoperative MRI in patients with breast cancer are associated
with improved overall survival (OS) and serve as an independent prognostic factor. However, further
research is needed to elucidate the underlying reasons for these outcomes.
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Breast cancer, recognized as the most frequently diagnosed malignancy worldwide, has undergone significant
advancements in both diagnostic and therapeutic modalities over the past several decades'. These advancements
have elevated the importance of radiological imaging, especially magnetic resonance imaging (MRI), as
an indispensable tool in the comprehensive assessment of breast malignancies. MRI findings offer crucial
information not only for the detection but also for the characterization of various pathological features of breast
tumors?~S.

In the past, research predominantly aimed at separating benign from malignant nonmass lesions (NMLs)
to increase the specificity of MRI>’~!2. Recent studies have focused on the pathological characterization of
NMLs after core needle biopsy (CNB), the results of which indicate the incidence of cancer®!?, Furthermore,
other studies have examined the MRI patterns of NMLs to determine their correlation with malignancy,
emphasizing the key role that pathological correlation and thorough imaging provide in the precise diagnosis
and treatment of breast cancer”!'2, However, knowing the clinical implications of NMLs extends beyond mere
detection and classification. Prognostic information inferred from NMLs can guide treatment decisions and
patient counseling, ensuring a more tailored approach to breast cancer management”!*1>, Figure 1. presents
representative MRI images of cases with and without NML, illustrating key radiological features to facilitate
the accurate identification and understanding of NMLs by readers. Previous studies have demonstrated that
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Captions

Fig. 1. Representative magnetic resonance imaging (MRI) images of breast cancer with and without nonmass
Lesions (NMLs). (A,B) Preoperative MRI images of breast cancer patients with NMLs showing characteristic
enhancement patterns. (C,D) Preoperative MRI images of breast cancer patients without NMLs demonstrating
absence of enhancement indicative of NMLs.

patients who had NMLs detected on preoperative MRI and underwent breast conserving surgery (BCS) after
neoadjuvant chemotherapy exhibited worse local-regional recurrence free survival'®. Another study found that
in cases where NMLs extended to the nipple and resolved after neoadjuvant chemotherapy, pathologic analysis
confirmed that tumor invasion of the nipple was rare!>. The above studies were limited to the group that received
neoadjuvant chemotherapy, and the analysis of recurrence was also limited to local-regional recurrence.

This study aimed to determine the clinical implications of NMLs on preoperative MRI in breast cancer
patients, focusing on their significance as prognostic indicators by expanding the analysis to include all patients
with preoperative MRI and incorporating a survival analysis.

Materials and methods

Study population

This retrospective study was conducted on patients who underwent breast cancer surgery at Asan Medical
Center, Seoul, between January 2000 and December 2021. From an initial cohort of 7660 patients with available
preoperative MRI data, we included those diagnosed with breast cancer who underwent surgical treatment.
These patients were diagnosed with breast cancer through ultrasound (US) or mammography (MMG) guided
biopsy before preoperative initial MRI. The following patients were excluded from the study: (i) patients who
underwent vacuum-assisted breast excision (VABE), (ii) those who underwent surgical excision due to suspected
benign lesions prior to breast cancer surgery, and (iii) patients with stage IV breast cancer. Because MRI is highly
sensitive, there are often instances of enhancement immediately after surgery or VABE due to reactive changes
from hematoma or inflammation. These cases were excluded from the analysis because it was challenging to
determine whether NMLs were present around the carcinoma before surgery or VABE. After applying these
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criteria, our final cohort comprised 6971 patients. BCS was defined as a lumpectomy procedure, irrespective of
whether an oncoplastic technique was performed. Patients were categorized as having undergone mastectomy if
they underwent simple, skin-sparing, or nipple-sparing mastectomy, with or without immediate reconstruction.
All procedures involving human participants were performed per the ethical standards of the institutional and/
or national research committee, in line with the tenets of the 1964 Helsinki declaration and its later amendments
or comparable ethical standards. This study was reviewed and approved by the Institutional Review Board of
Asan Medical Center (2022-0282). Given that the study was based on retrospective clinical data, the need for
informed consent was waived by Asan Medical Center institutional review board, and the data were analyzed
anonymously.

MRI acquisition

Bilateral MRI scans were conducted using either a 1.5T or 3.0T MR scanner, including models such as Avanto
and Skyra from Siemens Medical Solutions (Erlangen, Germany) and Ingenia from Philips (Amsterdam,
Netherlands). During the scan, patients lay in a prone position, and an 18-channel phased-array breast coil,
specifically from Siemens Medical Solutions, was utilized. The imaging protocols included a T2-weighted short
tau inversion recovery turbo spin-echo sequence. For the 1.5T scanner, the parameters used were as follows:
repetition time (TR)/echo time (TE) of 1300/131 ms, matrix size of 384 x 384, field of view (FOV) of 340 x 340
mm?, and slice thickness of 1.5 mm. For the 3.0T scanner, the parameters differed slightly, with a TR/TE
of 1100/131 ms, a matrix size of 256 x 416, an FOV of 341x210 mm?, and a section thickness of 1.5 mm.
Furthermore, a dynamic contrast-enhanced fat-saturated axial three-dimensional T1-weighted sequence was
applied. For the 1.5T scanner, the parameters were as follows: a TR/TE of 5.0/2.4 ms, a matrix size of 384 x 384,
an FOV of 340 x 340 mm?, and a section thickness of 0.9 mm. The 3.0T scanner had parameters set at a TR/TE of
5.6/2.5 ms, a matrix size of 384 x 384, an FOV of 360 x 360 mm?, and a section thickness of 0.9 mm, comprising
both unenhanced and five contrast-enhanced phases. The contrast agents used were gadoterate meglumine
(UNIRAY', Dongkook Pharmaceutical Co., Seoul, Korea), which was administered at 0.2 mL/kg using a power
injector (Spectris, Medrad, Pittsburgh, PA, USA) at a flow rate of 1 mL/s immediately followed by a saline flush
of 20 mL.

MRI interpretation and pathologic assessment of NMLs

In this study, the MRI interpretations were performed independently by several radiologists who specialize in
breast imaging. All MRI were reviewed on a Picture Archiving and Communication System (PACS) workstation
(Petavision, Asan Medical Center). NMLs on MRI were defined using the Breast Imaging Reporting and Data
System (BI-RADS) lexicon. According to BI-RADS, NMLs on breast MRI is defined as an area wherein internal
enhancement characteristics do not have distinct features of a mass and can be distinguished from the normal
surrounding breast parenchyma. NMLs is characterized by various distributions such as focal area, linear, ductal,
segmental, regional, multiple regions, and diffuse enhancement, and internal enhancement patterns including
homogenous, heterogeneous, clumped, stippled, and reticular. These definitions were consistently applied to
all images to enhance the consistency and reproducibility of the study. Each patients images were evaluated
independently. With in this research, tumors+ NML refers to patients diagnosed with breast cancer who also
have NMLs on MRI. It does not specifically refer to breast cancer confirmed by biopsy or surgery of the NMLs
alone, but rather to the coexistence of breast cancer and NMLs as identified on MRI.

The final pathology of NMLs is difficult to determine precisely. During the post-operative diagnosis, the
pathologist reports the extent of carcinoma but does not specify it by comparing it with the area identified as
NMLs on MRI. In the case of BCS, while it is confirmed that the resection margin is negative for malignancy,
it is challenging to ascertain whether all the NMLs seen on MRI have been removed. Therefore, in the final
pathology, the NMLs seen on the initial MRI could range from benign to malignant.

Statistical analysis

To understand the clinical implications of NMLs in breast cancer MRI, we categorized patients into two distinct
cohorts: those who manifested NMLs and those who did not. To compare the baseline characteristics between
these two groups, we investigated several parameters. This included age; pathological T and N stage; overall stage;
method of breast surgery; axillary staging method; histologic and nuclear grades; presence of lymphovascular
invasion; hormone receptor status; and administration status of radiotherapy (RT), endocrine therapy,
neoadjuvant chemotherapy, and adjuvant chemotherapy. Continuous variables, such as age, were statistically
analyzed using the independent sample ¢ test. Categorical variables were examined for significant differences
between the groups using the chi-square test. Overall survival (OS) was calculated by measuring the period from
diagnosis to death, regardless of the cause. Distant metastasis-free survival (DMFS) was defined as the duration
from the initial operation to the time of the first occurrence of cancer spreading to distant organs or tissues or
to the date of the last follow-up in the absence of distant metastasis. Regional recurrence-free survival (RFS) was
defined as the period subsequent to initial breast cancer operation during which no cancer reappeared in the
regional lymph nodes. LFS was defined as the duration of time from the initial operation on the breast cancer
site during which no cancer was found in the breast tissue or chest wall. We utilized the Kaplan-Meier method
to construct survival curves. Differences in survival rates between the two cohorts were discerned using the log-
rank test. To isolate factors that potentially influenced OS and DMFS while adjusting for potential confounders,
we employed the Cox proportional hazards model.

All our statistical evaluations were two-sided, and we set our threshold for statistical significance at p <0.05.
The analyses were carried out using SPSS statistics version 21 (IBM Corp., New York, USA), and to bolster
the rigor and precision of our statistical findings, both the primary investigator and a dedicated biostatistician
reviewed the results.
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Results

Patient demographics and clinicopathological characteristics

A cohort of 6,971 patients with breast cancer was analyzed, and 50.7% (1 = 3537) of the patients were < 50 years old
(Table 1). Regarding TNM staging, 49.6% of patients (n=3461) were classified as T1 stage, and 70.7% (n=4929)
were classified as NO stage. Furthermore, 47.5% of patients (n=3313) were classified as having pathologic Stage
1 disease, and 64.3% (n=4483) underwent BCS. A predominant proportion of patients were found to have
histologic or nuclear grade 2 (63.1%, n=4400 and 68.7%, n=4787, respectively). Lymphovascular invasion
was absent in 78.6% (n= 5481) of the patients, hormone receptor status was 70.7% (n=4926) of the patients
were estrogen receptor (ER) positive, and 56.3% (n=3924) were progesterone receptor (PR) positive. Most
patients received RT (77.1%, n=5376) and endocrine therapy (70.8%, n=4938). Neoadjuvant chemotherapy
was administered to 34.9% (n =2436) of the patients, while 57.0% (1 =3971) underwent adjuvant chemotherapy.

Comparison between patients with and without NMLs

Among the total patients, 1524 (21.9%) were identified to have NMLs (NML+), and 5447 (78.1%) did not have
NMLs (NML-) (Table 1). No significant differences were found between the two groups in terms of sex (P=0.592)
or age (P=0.393). However, significant disparities were observed in the pathological T stage (P<0.001), with a
notably greater percentage of patients with T1mi in the NML + group (14.2%) than in the NML- group (3.9%).
Moreover, the proportion of patients with pathological T2-weighted images was greater in the NML (-) group
than in the NML (+) group. Regarding pathologic N stage, a significantly greater percentage of patients with NO
disease were found in the NML (+) group (73.2%) than in the NML () group (70.0%) (P=0.033). The type of
breast surgery also differed significantly between the groups (P<0.001), with an especially greater percentage of
patients undergoing mastectomy in the NML (+) group (65.2%) than in the NML (-) group (27.4%). Regarding
axillary staging, a greater proportion of patients in the NML (+) group did not undergo staging (P=0.006).
Histologic grade 3 (P=0.003) and nuclear grade 3 (P=0.005) were more prevalent in the NML (+) group,
whereas lymphovascular invasion was more common in the NML (-) group (P<0.001). A greater percentage
of patients in the NML (-) group were positive for estrogen and progesterone receptors (P=0.004 and 0.001,
respectively). Human epidermal growth factor receptor 2 (HER2) positivity was more common in the NML (+)
group (P<0.001).

Survival analysis

The differences in survival outcomes between patients with and without NMLs (-) were evaluated and are
illustrated in Fig. 2. Compared to those in the NML (-) group, the OS in the NML (+) group significantly
improved (P=0.017). Specifically, the 3-year survival rate was 98.2% in the NML (-) group and 99.2% in the
NML (+) group. Although Kaplan-Meier curves for DMFS, RFS, and LFS were constructed, the present study
did not find any significant differences between the NML (+) and NML (-) groups.

Multivariate Cox regression analysis for overall survival

Multivariate Cox regression analysis was performed to evaluate the independent prognostic impact of various
clinicopathological variables on OS in patients with breast cancer. The presence of NMLs was identified as a
strong favorable prognostic factor related to improved OS. Specifically, compared with patients without NML,
patients with NML exhibited a hazard ratio (HR) of 0.47 (95% confidence interval (CI) 0.25-0.90, P=0.022)
(Table 2). These findings corroborate the Kaplan-Meier survival analysis, which also demonstrated a greater
survival outcome in the NML (+) group.

Subgroup analysis: survival outcomes based on surgery type

A subgroup analysis of patients who had undergone different types of breast surgery was carried out to elucidate
the effect of NMLs on survival outcomes in various clinical circumstances. Among patients who underwent
total mastectomy, the NML (+) group had a better prognosis than the NML (-) group did. The 3-year OS rates
were compared between the NML (-) and NML (+) groups, revealing a 96.3% survival rate in the NML (-)
group versus a 98.8% survival rate in the NML (+) group (P=0.001) (Fig. 3). Similarly, the 3-year DMES rate
was 91.4% in the NML () group and 96.2% in the NML (+) group (P<0.001). RFS also differed significantly
between the two groups, with 95.3% 3-year RES for the NML (-) group compared to 98.2% for the NML (+)
group (P=0.001). However, the LFS rates at 3 years were similar between the groups, with 96.6% for NML (-)
patients and 97.7% for NML patients (P=0.166). In contrast, the outcome of a subgroup analysis limited to
individuals who underwent BCS revealed no significant differences in OS, DMEFS, RES, or LFS based on the
presence of NMLs (Fig. 3).

Subgroup analysis: survival outcomes of patients who underwent mastectomy following
neoadjuvant chemotherapy

In the cohort that received neoadjuvant chemotherapy followed by surgery, the presence of NMLs was associated
with significantly improved survival outcomes (Fig. 4). The 3-year OS rate was notably greater in the NML (+)
group (98.1%) than in the NML (-) group (95.7%) (P=0.039). Similarly, the 3-year RFS was more favorable in
the NML (+) group (98.1%) than in the NML (-) group (94.8%) (P=0.004). However, DMFS and LFS were not
significantly different between the two groups. Conversely, in the upfront surgery group, the survival outcomes
did not exhibit any substantial variation with respect to NML status. Consequently, the analysis was further
refined by subdividing the patients into subgroups to specifically evaluate patients who underwent mastectomy
following neoadjuvant chemotherapy. The 3-year OS rate was notably greater in the NML (+) group (97.5%)
than in the NML (-) group (93.7%) (P=0.013) (Fig. 5). Similarly, the 3-year DMFS was more favorable in
the NML (+) group (92.1%) than in the NML (-) group (86.5%) (P=0.008). Moreover, the 3-year RFS was
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NML (-) NML (+)
n=>5447 n=1524

Parameter Total (%) n (%) n (%) Pvalue
Age 0.393
=50 years 3434 (49.3) | 2698 (49.5) | 736 (48.3)

<50 years 3537 (50.7) | 2749 (50.5) | 788 (51.7)
Pathologic T stage <0.001
TO 669 (9.6) | 512 (9.4) 157 (10.3)

T1 3461 (49.6) | 2787 (51.2) | 674 (44.2)

T2 1866 (26.8) | 1553 (28.5) | 313 (20.5)

T3 281 (4.0) | 194 (3.6) |87 (5.7)

T4 28 (0.4) | 22(0.4) 6(0.4)

T1mi 429 (6.2) | 213 (3.9) 216 (14.2)

Tis 237 (3.4) | 166 (3.0) | 71 (4.7)

Pathologic N stage 0.033
NO 4929 (70.7) | 3814 (70.0) | 1115 (73.2)

N1 1522 (21.8) | 1226 (22.5) | 296 (19.4)

N2 372 (5.3) | 297 (5.5) 75 (4.9)

N3 148 (2.1) | 110 (2.0) 38 (2.5)

Pathologic stage <0.001
Stage 0 222(3.2) | 155(2.8) 67 (4.4)

Stage 1 3313 (47.5) | 2534 (46.5) | 779 (51.1)

Stage 2 2175 (31.2) | 1800 (33.0) | 375 (24.6)

Stage 3 642 (9.2) | 485 (8.9) 157 (10.3)
Pathologic CR 619 (8.9) | 473 (8.7) 146 (9.6)

Breast surgery <0.001
Mastectomy 2488 (35.7) | 1494 (27.4) | 994 (65.2)

Breast conserving surgery | 4483 (64.3) | 3953 (72.6) | 530 (34.8)

Axillary staging 0.006
No operation 96 (1.4) | 88 (1.6) 8(0.5)

SNB 5159 (74.0) | 4018 (73.8) | 1141 (74.9)
SNB+ALND 1479 (21.2) | 1150 (21.1) | 329 (21.6)

ALND 237 (3.4) | 191 (3.5) | 46 (3.0)

Histologic grade 0.003
1 272(3.9) | 230 (4.2) 42 (2.8)

2 4400 (63.1) | 3468 (63.7) | 932 (61.2)

3 2029 (29.1) | 1538 (28.2) | 491 (32.2)

Unknown 270 (3.9) | 211 (3.9) 59 (3.9)

Nuclear grade 0.005
1 87(1.2) | 69 (1.3) 18 (1.2)

2 4787 (68.7) | 3791 (69.6) | 996 (65.4)

3 2097 (30.1) | 1587 (29.1) | 510 (33.5)

LVI <0.001
Absent 5481 (78.6) | 4232 (77.7) | 1249 (82.0)

Present 1490 (21.4) | 1215 (22.3) | 275 (18.0)

ER 0.004
Negative 2045 (29.3) | 1553 (28.5) | 492 (32.3)

Positive 4926 (70.7) | 3894 (71.5) | 1032 (67.7)

PR 0.001
Negative 3047 (43.7) | 2323 (42.6) | 724 (47.5)

Positive 3924 (56.3) | 3124 (57.4) | 800 (52.5)

HER?2 status <0.001
Negative 5162 (74.0) | 4219 (77.5) | 943 (61.9)

Positive 1535 (22.0) | 1017 (18.7) | 518 (34.0)

Unknown 274 (3.9) | 211 (3.9) 63 (4.1)

Ki67 (%) 0.842
202 3376 (48.4) | 2628 (48.2) | 748 (49.1)
Continued
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NML (-) | NML (+)

n=>5447 n=1524
Parameter Total (%) n (%) n (%) Pvalue
20 < 3295 (47.3) | 2583 (47.4) | 712 (46.7)
Unknown 300 (4.3) | 236 (4.3) 64 (4.2)
Radiation therapy <0.001
No 1595 (22.9) | 901 (16.5) | 694 (45.5)
Yes 5376 (77.1) | 4546 (83.5) | 830 (54.5)
Endocrine therapy 0.001
No 2033 (29.2) | 1537 (28.2) | 496 (32.5)
Yes 4938 (70.8) | 3910 (71.8) | 1028 (67.5)
Neoadjuvant chemotherapy 0.646
No 4535 (65.1) | 3536 (64.9) | 999 (65.6)
Yes 2436 (34.9) | 1911 (35.1) | 525 (34.4)
Adjuvant chemotherapy <0.001
No 3000 (43.0) | 2283 (41.9) | 717 (47.0)
Yes 3971 (57.0) | 3164 (58.1) | 807 (53.0)

Table 1. Comparison of baseline characteristics between patients with and without nonmass lesions. All
the data are expressed as numbers (percentages). NML, nonmass lesion; LVI, lymphovascular invasion; ER,
estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2.

significantly greater in the NML (+) group (97.8%) than in the NML (-) group (92.9%) (P=0.002). However,
LFS was not significantly different between the two groups (P=0.137).

Subgroup analysis: proportion of NML (+) patients receiving adjuvant RT in the neoadjuvant
chemotherapy and upfront surgery groups

Table 3 presents a detailed stratification of the patients, focusing on the proportion receiving adjuvant RT,
considering the combined tumor and NML size (>5 cm vs. <5 cm) as a criterion for postmastectomy radiation
therapy (PMRT). Patients were further categorized by the administration of neoadjuvant chemotherapy
versus upfront surgery. Among those who received neoadjuvant chemotherapy, 75.8% of patients who had
tumors + NML > 5 cm, which is the criterion for PMRT, underwent RT. In contrast, in the upfront surgery group,
only 27.6% of patients with tumors+NML>5 cm underwent RT. Similar results were found when examining
patients who underwent mastectomy. In the group that underwent mastectomy following neoadjuvant
chemotherapy, 71.1% of patients with tumors+NML>5 cm underwent RT, but in the group that underwent
upfront mastectomy, only 12.3% of patients with tumors + NML >5 cm underwent RT.

Discussion

Herein, we elucidated the clinical implications of NMLs identified via preoperative MRI in patients with breast
cancer, with a focus on their prognostic potential. Our study revealed a notable association between the presence
of NMLs and OS enhancement, which was substantiated through multivariate Cox regression analyses (HR 0.45,
95% CI0.24-0.85, P=0.013). Similarly, the NML was identified as a significant factor according to Kaplan-Meier
survival and multivariate Cox regression analyses, underscoring its potential role as an independent prognostic
factor in breast cancer. The subsequent subgroup analysis stratified based on breast surgery (mastectomy vs.
BCS) and neoadjuvant chemotherapy (neoadjuvant vs. upfront surgery) further reinforced this association.
Notably, when patients were segregated into groups based on the type of surgery (mastectomy or BCS) and
subsequently categorized based on the presence of NMLs, a distinct pattern emerged in survival outcomes. In
contrast to those in the mastectomy cohort, in which the NML (+) cohort demonstrated significantly superior
survival outcomes to the NML (-) cohort, the BCS group, which may retain NMLs, did not show a significant
difference in survival outcomes depending on NML status.

An additional analysis focused on the administration of neoadjuvant chemotherapy was also performed to
determine the underlying factors that resulted in the significant differences observed within the mastectomy
group. This subgroup analysis, categorized based on whether neoadjuvant chemotherapy was administered,
yielded noteworthy results. Specifically, within the cohort that underwent neoadjuvant chemotherapy followed
by mastectomy, the NML (+) subset demonstrated significantly superior outcomes in terms of OS, DMFS, and
RFS. In the mastectomy group, the improved prognosis associated with NMLs may be attributable to several
factors. First, it is possible that patients with NMLs on preoperative MRI were more likely to receive PMRT, as
clinical staging based on the combined tumor and NML size may have classified them as T3. This might have
contributed to enhanced local-regional control. Additionally, the presence of NMLs could reflect specific tumor
biology or microenvironmental characteristics that are more responsive to systemic therapies such as neoadjuvant
chemotherapy. While further investigation is required, these factors might partly explain the improved outcomes
observed in this cohort. Consequently, the presence/absence of NMLs emerges as a crucial factor, especially in
the context of patients who are strategized for surgery after neoadjuvant chemotherapy, in view of the potential
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Fig. 2. Kaplan-Meier curves for the entire patient cohort comparing (a) overall survival (OS), (b) distant
metastasis-free survival (DMES), (c) regional recurrence-free survival (RFS), and (d) local recurrence-free
survival (LFS) based on the presence or absence of nonmass lesions (NMLs).

causes that might explain the observed disparities in outcomes between patients who underwent upfront surgery
with mastectomy and those who received neoadjuvant chemotherapy followed by mastectomy. One of the
critical factors in deciding on neoadjuvant chemotherapy and subsequent adjuvant therapy is the clinical T stage,
which is determined using ultrasound, mammography, and MRI. This process includes measuring the longest
dimension of the malignant mass, including the surrounding NMLs, for accurate clinical T staging, indicating
a potential impact of NMLs on PMRT. Based on previous researches, PMRT is administered in patients with
clinical stage T3 (>5 cm) or above'®~%. According to these criteria, among the mastectomy patients, 71.1% of
the patients who received PMRT with a tumor+NML>5 cm on initial MR imaging were in the group that
underwent neoadjuvant chemotherapy, and 12.3% were in the group that underwent upfront surgery. Therefore,
in the upfront surgery group, although the initial MRI showed a tumor+NML>5 cm, the actual tumor size
was less than 5 cm upon mastectomy, resulting in a decreased proportion of patients receiving PMRT. Both
groups received treatment according to the NCCN guidelines. However, as previously described, in patients
receiving neoadjuvant chemotherapy, those with NMLs may have been staged as clinical T3 instead of what
would have been pathologic T2 if they had undergone upfront surgery. Therefore, it can be inferred that the
patients who were deemed suitable for receiving PMRT owing to an initial MRI finding of tumor + NML >5 cm
but subsequently receiving neoadjuvant chemotherapy did include those whose actual tumor size was less than
5 cm. This difference in clinical staging could potentially explain the improved overall survival in patients with
NMLs due to more active treatment.
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oS
Variables HR (95% CI) Pvalue
NML (no vs. yes) 0.47 (0.25-0.90) 0.022
Age 1.02 (1.00-1.03) | 0.107
Breast surgery (mastectomy vs. BCS) 0.71 (0.42-1.21) 0.205
Pathologic tumor size 1.11 (1.06-1.24) 0.001
Pathologic node metastasis 1.05 (1.02-1.07) | 0.050
Nuclear grade (1,2 vs. 3) 1.13 (0.72-1.78) 0.606
Lymphovascular invasion (neg. vs. pos.) | 1.66 (1.03-2.68) 0.037
Estrogen receptor (neg. vs. pos.) 0.46 (0.25-0.82) | 0.009
Progesterone receptor (neg. vs. pos.) 0.27 (0.13-0.56) | <0.001
HER?2 status (neg. vs. pos.) 0.27 (0.13-0.50) | <0.001
KI-67 (20 <vs. 20>) 1.96 (1.15-3.33) 0.013
Radiation therapy (no vs. yes) 0.45 (0.28-0.71) 0.001
Neoadjuvant chemotherapy (no vs. yes) | 3.94 (2.45-6.36) | <0.001
Adjuvant chemotherapy (no vs. yes) 0.60 (0.27-1.32) | 0.207
Endocrine therapy (no vs. yes) 0.67 (0.28-1.57) 0.352

Table 2. Multivariate Cox regression analysis for overall survival in patients with breast cancer. All the data are
expressed as numbers (percentages). NML, nonmass lesion; HER2, human epidermal growth factor receptor 2;
BCS, breast conserving surgery; OS, overall survival; HR, hazard ratio; CI, confidence interval.

A previous retrospective study examined 443 CNBs for NMLs on breast MRI in 411 patients%; most biopsies
(68.0%) were found to be benign, while 11.5 and 20.5% were atypical and malignant, respectively. Similar results
were observed in another study in which the majority (61.5%) of the “worst” lesions identified in NMLs were
benign alterations or lesions'®. However, 22.3% (29 out of 130 patients) were diagnosed with ductal carcinoma
in situ (DCIS) or invasive carcinoma, with invasive cancer being the primary lesion in only 5.4% (7 out of 130
patients). Conversely, some studies have reported a higher incidence of malignancy in biopsy results of NMLs.
In a previous study by Jansen et al.’, the majority of NMLs (81.2%, 212 of 261) correlated with malignant lesions.
Additionally, in a study by Bartella et al., among the 94 patients exhibiting NMLs, histological analysis revealed
invasive ductal carcinoma in 42 patients (44.7%) and DCIS in 15 patients (16.0%)%°. Therefore, MRI reveals that
NMLs are associated with a wide range of histological outcomes, from benign lesions to malignant lesions, as
determined by a combination of previous and current findings.

Essentially, this further supports and implies that individuals who would have been classified as T2 instead
of T3 if they had undergone upfront surgery are included in the cohort that received PMRT. This discrepancy
is believed to explain why various survival indicators were more favorable in the group with NMLs. It can be
concluded that PMRT may be beneficial for some high-risk patients even in clinical stage T2 patients. Previously,
PMRT was primarily recommended for patients with N2 or above?’. However, through extensive research and
clinical studies, its application has been extended to include N1 high-risk patients?!. Moreover, another study
has shown that in some patients diagnosed with pathologic T1-2NO disease following upfront mastectomy,
particularly those in the high-risk group, PMRT has been effective at reducing locoregional recurrence, distant
recurrence, and breast cancer mortality?®. This increase in treatment guidelines reflects a growing understanding
of the benefits of PMRT across different stages and risk profiles. The potential impact of NMLs on treatment
planning, especially in the context of PMRT, necessitates a re-evaluation of the existing criteria and guidelines to
ensure optimal therapeutic outcomes for patients with breast cancer. Future studies should focus on identifying
the molecular and biological characteristics of NMLs, which might provide a way to develop more individualized
and precision-based therapeutic approaches for the management of breast cancer.

This study has several limitations. First, this study was retrospective in nature and conducted at a single
institution. Inevitably, it incorporated possible biases, making it less reliable than a prospective design. Future
research, ideally multicenter and prospective in design, will be necessary to further validate these conclusions.
Second, although our data indicate an association between the presence of NMLs and favorable survival
outcomes in patients who underwent neoadjuvant chemotherapy followed by mastectomy, we were unable to
provide statistical evidence that PMRT had a direct impact on these results. Third, because of the retrospective
nature of the study, it was not feasible to include a suitable control group to demonstrate that PMRT improved
survival outcomes for patients who, although clinically classified as T3, were at high risk (T2) with neoadjuvant
chemotherapy and mastectomy. Fourth, as the study focused on patients who received neoadjuvant chemotherapy,
we could not predict the pathological stage when upfront surgery was initially performed. Fifth, we could not
conclusively confirm the differential effect of ipsilateral NMLs based on PMRT administration, although we did
identify a trend in this direction. This limitation highlights the need for caution when interpreting our results
and emphasizes the significance of additional prospective research to support our findings. Sixth, while different
types and grades of NMLs could theoretically affect the histologic results, if biopsies were conducted solely on
NMLs, this study did not differentiate between them. Instead, we focused on the overall prognosis in patients
diagnosed with breast cancer accompanied by NMLs on MRI, regardless of these variations. Finally, during the
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Fig. 3. Kaplan-Meier curves for the mastectomy and BCS groups. (a) OS, (b) distant metastasis-free survival
(DMEFS), (c) regional recurrence-free survival (RFS), and (d) local recurrence-free survival (LFS) for the
mastectomy group; (e) OS, (f) DMFS, (g) RFS, and (h) LES for the BCS group; based on the presence or

absence of nonmass lesions (NMLs).
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Fig. 4. Kaplan-Meier curves for the upfront surgery and neoadjuvant chemotherapy groups. (a) OS, (b)
distant metastasis-free survival (DMFS), (c) regional recurrence-free survival (RFS), and (d) local recurrence-
free survival (LFS) for the upfront surgery group; (e) OS, (f) DMES, (g) RFS, and (h) LES for the neoadjuvant
chemotherapy group; based on the presence or absence of nonmass lesions (NMLs).
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Fig. 5. Kaplan-Meier curves for patients who underwent mastectomy following neoadjuvant chemotherapy.
(a) Overall survival (OS), (b) distant metastasis-free survival (DMFS), (c) regional recurrence-free survival

(RFS), and (d) local recurrence-free survival (LFS) based on the presence or absence of nonmass lesions

(NMLs).
Neoadjuvant Chemotherapy Upfront Surgery
<5cm >5cm Total Pvalue | <5cm >5cm Total Pvalue
All breast surgery 0.099 <0.001
Yes | 131 (69.3%) | 276 (75.8%) | 407 (73.6%) 369 (61.4%) | 128 (27.6%) | 497 (46.7%)
Adjuvant RT
No | 58 (30.7%) | 88 (24.2%) | 146 (26.4%) 232(38.6%) | 335 (72.4%) | 567 (53.3%)
Mastectomy <0.001 0.577
Yes | 49 (45.8%) | 214 (71.1%) | 263 (64.5%) 26 (10.8%) |46 (12.3%) | 72 (11.7%)
Adjuvant RT
No | 58 (54.2%) | 87 (28.9%) | 145 (35.5%) 215 (89.2%) | 329 (87.7%) | 544 (88.3%)

Table 3. Proportion of nonmass lesion (NML) (+) patients receiving adjuvant radiation therapy in the
neoadjuvant chemotherapy and upfront surgery groups stratified by combined tumor and NML size (>5 cm vs.
<5 cm) as a criterion for postmastectomy radiation therapy. All data are expressed as numbers (percentages).

NML, nonmass lesion; RT, radiation therapy.
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analysis, different neoadjuvant therapies were not categorized independently, making it difficult to determine
the respective effects of various neoadjuvant therapies.

This study is the first to investigate NMLs as prognostic factors. Previous research on NMLs has focused
primarily on analyzing the enhancement patterns observed via MRI to determine their correlation with cancer
or on assessing the proportion of malignant lesions in tissue samples taken from NMLs.

Conclusion

Our research offers an advanced perspective on the prognostic value of NMLs in breast cancer, especially when
they are found on preoperative MRI. The results demonstrated a direct relationship between improved OS and
NML presence, establishing the NML as a possible independent prognostic factor. Furthermore, the findings
of the present study suggested that PMRT, which is traditionally recommended for patients with stage T3 or
higher breast cancer, may also potentially benefit certain high-risk patients with stage T2 disease. This indicates
a possible need to re-evaluate the current treatment guidelines.

Data availability
The datasets generated and analyzed during the current study are not publicly available but are available from the
corresponding author upon reasonable request.
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