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Editorial on the Research Topic

The essential role of multidisciplinary teams in breast cancer surgery:
collaboration for superior patient outcomes
Introduction

Breast cancer remains one of the most common and complex diseases affecting women

worldwide, and its management increasingly depends on the integration of multiple medical

disciplines. In recent years, advances in imaging, genetics, and surgical techniques have

significantly changed our approach, but the most important element has been the

development of multidisciplinary teamwork. The idea that no single specialty can fully

address the needs of breast cancer patients has evolved from concept to reality. Today,

successful treatment is not only about the precision of surgery or the accuracy of diagnosis,

but about the coordination, dialogue, and shared expertise that bring those elements together.

This Research Topic, “The Essential Role ofMultidisciplinary Teams in Breast Cancer Surgery:

Collaboration for Superior Patient Outcomes” was designed to explore how collaboration drives

progress in breast cancer care. The eleven papers gathered in this Research Topic reflect the

remarkable range of perspectives that define modern practice, from the operating room to the

radiology suite, from pathology and oncology to psychology and rehabilitation. Together, they

illustrate that true innovation arises when disciplines meet around the same patient.
The value of collaboration

Multidisciplinary care has become the cornerstone of comprehensive breast cancer

management. Team discussions allow for individualized treatment planning, the alignment

of oncologic and reconstructive goals, and improved communication with patients and
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their families. Beyond the practical aspects, these meetings foster a

shared culture of decision-making where every professional

contributes their expertise to a common purpose.

The articles included in this Research Topic demonstrate this

principle in different but complementary ways. Some highlight how

close collaboration between radiologists and pathologists prevents

misdiagnosis in rare entities, as in the reports of mucinous

carcinoma in a male patient or adenoid cystic carcinoma with

multiple metastases. Others, such as those describing benign lesions

initially suspected as malignancies, remind us how dialogue

between specialists can prevent unnecessary procedures and

anxiety for patients.

Technological advances also play a growing role within

multidisciplinary settings. Two studies in this Topic explore the

use of artificial intelligence and radiomics in ultrasound evaluation,

showing how computational models can assist clinicians in

predicting therapeutic response and improving diagnostic

accuracy. However, these studies also show that technological

progress reaches its real potential only when embedded in

multidisciplinary collaboration.

Surgical innovation is another area where collaboration proves

essential. Papers addressing complex postoperative complications,

such as refractory seroma, or describing multidisciplinary

management of chemotherapy extravasation, provide tangible

examples of how teamwork translates into better outcomes.

Similarly, the study exploring combined lung biopsy and microwave

ablation for suspected metastases expands the boundaries of breast

surgery, integrating thoracic expertise into oncologic care.

Finally, the human dimension of multidisciplinary care is

powerfully represented by the study on pain management from

the ARISE project. By involving anesthesiologists, oncologists,

psychologists, and rehabilitation specialists, it underscores that

addressing pain is not merely a technical issue but a holistic

challenge requiring shared responsibility.

Reading across all these papers, several lessons emerge.

Communication itself is therapeutic: regular, structured discussion

among specialists leads to earlier and more accurate decisions.

Innovation thrives on integration: new technologies, from AI to

image-guided surgery, succeed only when evaluated through

collective expertise. True personalization of breast cancer treatment

depends on teamwork, combining clinical, molecular, and

psychosocial insights. And sustained education in interdisciplinary

collaboration ensures that these advances endure across generations.

Taken together, this Research Topic goes beyond the technical

or academic level. It captures a shift in mindset: from isolated

excellence to collective intelligence, showing that progress in

breast cancer surgery is built on communication and trust

between disciplines.
Conclusion

The contributions gathered in this Research Topic collectively

affirm that multidisciplinary teamwork is no longer optional in
Frontiers in Oncology 026
breast cancer surgery: it is essential. Each article illustrates a

different facet of collaboration, whether in diagnosis, operative

strategy, complication management, or supportive care. Together,

they provide a snapshot of a field that continues to evolve toward

integration, precision, and humanity.

As Guest Editors, we are deeply grateful to the authors and

reviewers who have contributed to this project. Their commitment

and expertise reflect the very principles this Topic celebrates:

communication, cooperation, and shared purpose. We hope this

Research Topic will serve as both a scientific reference and an

inspiration for future endeavors, reminding us all that in breast

cancer surgery, the best outcomes are achieved when we work

together across disciplines, across institutions, and always in

partnership with our patients.
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Mucinous carcinoma in a
male breast with skin
ulcer: a case report
Xiaohui Lin, Tingting Liao, Yuting Yang, Jingzhi Zhou
and Jie Ma*

Department of Radiology, Shenzhen People’s Hospital, The Second Clinical Medical College of Jinan
University, Shenzhen, China
A case of pure mucinous carcinoma of the male breast presenting with skin

ulceration was reported. The patient, a 67-year-old male, inadvertently

discovered a subcutaneous mass with the size of a soybean near the areola on

the right side of his chest. Pathological analysis identified the mass as mucinous

adenocarcinoma. Differentiating between primary mucinous carcinoma of the

skin and mucinous carcinoma of the breast was challenging due to their

overlapping histological and immunohistochemical features. Ultimately, the

tumor was diagnosed as pure mucinous carcinoma of the male breast based

on the primary site and clinical history.
KEYWORDS

male breast tumor, magnetic resonance imaging, cutaneous mucinous carcinoma,
breast mucinous carcinoma, skin ulcer
Introduction

Male breast cancer is a rare disease, accounting for less than 1% of all breast cancer

cases worldwide (1, 2). Mucinous carcinoma, also known as colloid or gelatinous

carcinoma, is extremely rare in males. Differentiating between breast mucinous

carcinoma and cutaneous mucinous carcinoma (e.g., primary mucinous degeneration of

the skin or mucinous skin cancer) in males through radiological and histopathological

examinations can be challenging, particularly when the skin is ulcerated. This study aimed

to report a case of pure mucinous adenocarcinoma of the male breast with skin ulceration

and review the clinical and imaging features of this exceptionally rare tumor, providing

valuable information for the differential diagnosis of cutaneous mucinous carcinoma.
Case presentation

Patient’s information

The patient is a 67-year-old male who inadvertently discovered a subcutaneous nodule,

about the size of a soybean, near the areola on the right side of his chest in 2020. The patient

reported undergoing ultrasound and CT scans at a local hospital, although the specific
frontiersin.org018
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details were unclear. The nodule was initially suspected to be a

dermatofibroma and was left untreated. Recently, the patient

noticed rapid growth of the nodule into a mass accompanied by

skin erythema and ulceration. Seeking further treatment, he was

admitted to the breast surgery department of our hospital on July

28, 2022. He had no family history of breast cancer or

other malignancies.
Clinical finding

Physical examination revealed a large mass behind the nipple

on the right side of his chest, about 5.0 cm × 4.0 cm in size, with an

uneven surface, soft texture, unclear boundaries, poor mobility, and

no adhesion to the chest wall. The surface skin was dark red and

ulcerated (Figure 1). Enlarged lymph nodes, about 1.5 cm in size,

were palpable in the right axilla.
Imaging examinations

Ultrasound examination was performed on July 28, 2022. A

heterogeneous isoechoic mass was observed behind the right nipple,

approximately 60 mm × 43 mm in size, with a lobulated shape,

smooth edges, a distinct capsule, and slightly increased posterior

echoes. No lateral acoustic shadows were found (Figure 2A). Color

Doppler flow imaging (CDFI) displayed no significant blood flow

signals in the mass, while a small amount of blood flow signals was

visible around the periphery. The mass was classified as BI-

RADS 4B.

To further confirm the diagnosis, breast magnetic resonance

imaging (MRI) was performed on August 8, 2022. The MRI showed

the right breast exhibited increased volume, with a lobulated mass

of approximately 48 mm × 56 mm × 56 mm in size and clear

boundaries. The mass showed low signal intensity on T1-weighted

image (T1WI) (Figure 2B), and high signal intensity on T2-

weighted image (T2WI) (Figure 2C) and fat-suppressed T2WI

(Figure 2D). Diffusion-weighted imaging (DWI) with a b-value of
Frontiers in Oncology 029
800 s (Figure 2E) and apparent diffusion coefficients (ADCs)

(Figure 2F) demonstrated high signal intensity. The dynamic

contrast-enhanced scan revealed heterogeneous enhancement,

with slow and progressive enhancement gradually filling the

center of the lesion (Figure 2G). The time-signal intensity curve

(TIC) was type III (slow-persistent) (Figure 2H). The right nipple

displayed abnormal morphology, with indistinct boundaries near

the tumor and evidence of adjacent skin invasion. The lesion was

categorized as BI-RADS 6.
Pathological and
immunohistochemical results

Ultrasound-guided core needle biopsy (CNB) of the right breast

mass was performed on August 4, 2022. The biopsy indicated three

tissue strips with a mucinous appearance on the cut surface,

revealing atypical cells in a mucus-rich background. The findings

suggested the possibility of mucinous carcinoma.

The patient underwent breast surgery on August 11, 2022.

Postoperative pathology: Gross pathology showed that the

tumor’s cut surface was gray-white, gray-yellow, gel-like, with

moderate texture and unclear boundaries. Microscopically, the

tumor cells were trabecular, ribbon-like, and micropapillary,

containing a large amount of extracellular mucus (Figure 2I).

The cells had low-grade nuclei with rare nuclear division.

Immunohistochemical results were summarized as follows: ER

(approximately 70%, 2+), PR (approximately 60%, 2+), HER2

(1+), KI67 (approximately 5%+), E-Ca (+), P120 (+), P63 (-),

Calponin (-), CK5-6 (-), EMA B (+), Syn (-), WY-1 (+). Based on

the postoperative pathological results, the final diagnosis was

mucinous carcinoma, classic type, grade II. The tumor invaded

the skin of the areola papilla. Sentinel lymph node biopsy of the

right axilla showed no signs of metastasis (0/3).
Multidisciplinary expert consultation

A multidisciplinary consultation involving the departments of

breast surgery, oncology, radiology, ultrasound, and pathology

confirmed the diagnosis of primary mucinous carcinoma of the

male breast based on histopathological examination and

immunohistochemistry analysis of the excised tissue.
Final diagnosis

The pat i en t was d iagnosed wi th pure muc inous

adenocarcinoma of the male breast.
Therapeutic intervention and follow-up

The patient underwent modified radical mastectomy (Figure 3),

followed by tamoxifen hormone therapy. He was monitored for two

years, and no evidence of tumor recurrence was found.
FIGURE 1

A mass on the right side of the male patient’s chest.
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FIGURE 3

Right breast specimen.
FIGURE 2

The results of imaging and pathological examinations. (A) Ultrasound showing a heterogeneous isoechoic mass behind the right breast nipple,
with a lobulated shape and smooth edges. Breast MR images: (B) T1-weighted image (T1WI) demonstrating the mass with low signal intensity,
(C) T2-weighted image (T2WI) and (D) fat-suppressed T2WI showing significantly high signal intensity. (E) Diffusion-weighted imaging (DWI) with a
b-value of 800s showed high signal intensity. (F) the apparent diffusion coefficient (ADC) both showed high signal intensity. (G) The dynamic
contrast-enhanced scan revealed the mass with heterogeneous, slow, and progressive enhancement. (H) The time-signal intensity curve (TIC)
indicated type III (slow-persistent) enhancement. (I) Photomicrograph of histological image showing the tumor cells in trabecular, ribbon-like, and
micropapillary shapes, containing a large amount of extracellular mucus (HE × 100). T1WI, T1-weighted image; T2WI, T2 weighted image; MRI,
magnetic resonance imaging; DWI, diffusion-weightedimaging; TIC, time-signal intensity curve; ADC, apparent diffusion coefficient; HE, hematoxylin
and eosin.
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Discussion

Mucinous carcinoma, also referred to as colloid or gelatinous

carcinoma, is among the rarest types of breast cancer, accounting

for less than 2% of female breast carcinomas (3). Its occurrence in

the male breast is extremely rare. Histopathologically, mucinous

carcinoma is characterized by the presence of clusters of neoplastic

cells suspended in extensive extracellular mucin, and it can be

subclassified into pure and mixed types. Pure mucinous carcinoma

type contains mucinous carcinoma components, accounting for

more than 90% of the tumor, while the mixed type has both

mucinous and invasive ductal carcinoma components (4). In the

present case, diagnosis of pure mucinous carcinoma was made as no

conventional invasive ductal carcinoma component was present.

Pure mucinous carcinoma grows slowly, accompanying by

relatively favorable prognosis, low recurrence rate, and low

incidence of lymph node metastasis (5, 6). Its pathogenesis

remains elusive, however, studies suggested its link with genetics

and hormones (7, 8). Prior research demonstrated that

gynecomastia is not a risk factor for male breast cancer (9).

Pure mucinous carcinoma is typically associated with favorable

prognosis, and it is mainly misdiagnosed as a benign tumor on

imaging examination (10). Even in female breasts, metastasis and

invasion of contiguous structures are rare, typically presenting as a

solitary breast mass without skin involvement or noticeable changes.

However, in the present case, the tumor was found both in the skin

and at the base of the areola and nipple. This could be attributed to

the lower amount of fat in male breast tissue, which positions the

tumor closer to the skin and increases the likelihood of dermal and

basal infiltration. The histological and immunohistochemical

characteristics of primary mucinous carcinoma of the skin and

mucinous carcinoma of the breast overlap, complicating differential

diagnosis. According to previous studies, three-quarters of mucinous

carcinoma cases affecting the skin were found on the head, primarily

on the eyelid (44%), with only a small proportion (5%) occurring on

the chest (11, 12). Comparing the morphology and immune markers

of the tumor in this case, it was difficult to determine whether it

originated from the breast or chest wall skin. The primary site of the

tumor indicates tissue origin: if the tumor begins on the skin surface,

ruptures early, and then gradually grows into the breast, it is

considered to originate from the skin appendages of the chest wall.

Conversely, if the tumor originates deep within the breast tissue and

subsequently involves the skin, it suggests a more typical breast

origin. In the present case, the tumor was finally diagnosed as

primary mucinous carcinoma of the male breast based on its

primary site.

Pure mucinous carcinoma has imaging characteristics that may

mimic benign lesions. On mammography, it mainly presents as a

round or microlobulated, well-circumscribed high-density mass

without microcalcification (10). On ultrasound, it appears as an

isoechogenic mass with well-defined margins, relative to the

surrounding fat, accompanying by posterior echo enhancement

(13). MRI findings exhibit distinctive characteristics: on T1WI,

signal intensity varies from low to high based on protein

concentrations in the tumors. Mucinous carcinoma, owing to its
Frontiers in Oncology 0411
abundant mucin content, typically demonstrates high signal

intensity on T2WI (14). Early enhancement reveals gradual

circular enhancement surrounding the tumor periphery,

indicating that tumor cells are clustered around a central pool of

mucin. The TICs from dynamic contrast-enhanced MRI exhibit a

gradually enhancing pattern (15). Mucinous carcinoma needs to be

distinguished from myxoid fibroadenoma, mucocele-like lesions,

and encapsulated papillary carcinoma. Myxoid fibroadenoma and

mucocele-like lesions present as distinct high-signal masses on

T2WI, while they are mainly accompanied by coarse or

amorphous calcification on mammograms. Encapsulated papillary

carcinoma appears as a mixed solid and cystic mass with no

enhancement of the cystic component and obvious enhancement

of the solid component on enhanced scans. This case also needed

differentiation of metastasis from mucinous adenocarcinoma of

other sites, while no primary malignancy was found in this patient.

Although breast mucinous carcinoma and cutaneous mucinous

carcinoma both belong to the category of mucinous carcinomas,

there are some differences in their treatment methods. Primary

mucinous carcinoma of the skin, a rare malignancy of the sweat

glands, is characterized by low metastatic potential but a high

recurrence rate. Lymph node dissection is typically unnecessary, as

regional lymph node metastasis is rare in this type of carcinoma (16).

Treatment concentrates on wide excision of the lesion, which may

include standard local excision or Mohs micrographic surgery (17).

Radiotherapy and chemotherapy are generally not utilized due to the

resistance of cutaneous mucinous carcinoma to these modalities (18).

In contrast, the standard treatment for male breast mucinous

carcinoma involves modified radical mastectomy with sentinel

lymph node biopsy, followed by adjuvant therapy. Hormonal

therapy plays a pivotal role in treatment, given the high prevalence

of hormone receptor positivity in male breast carcinomas (19).

Patients with either type of carcinoma are recommended to

undergo regular follow-up to monitor for local tumor recurrence or

regional lymphadenopathy. However, standardized guidelines for the

duration and frequency of follow-up sessions have not yet been

provided (16, 20). The specific follow-up strategy should be based on

the patient’s individual circumstances and physician’s advice.

Male breast mucinous carcinoma is rare and exhibits imaging

characteristics similar to those of mucinous adenocarcinoma in

female breast. However, distinguishing between breast mucinous

carcinoma and primary mucinous carcinoma of skin on imaging is

difficult due to overlapping histopathological features. Therefore, a

definitive diagnosis mainly requires consideration of clinical

history. Given the differences in clinical behavior and treatment

strategies between mucinous carcinoma of the breast and primary

mucinous carcinoma of the skin, it is crucial to ensure an

accurate diagnosis.
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Exploring pain management
in breast cancer: key findings
from the ARISE study
Costanza M. Donati1,2, Alice Zamagni2,3, Arina A. Zamfir1*,
Cynthia Aristei4, Silvia Cammelli 1,2, Claudio Zamagni5,
Silvia Paolinelli 1,2, Milly Buwenge2, Romina Rossi6,
Marco Maltoni7, Alessio G. Morganti1,2† and Savino Cilla8†

1Radiation Oncology, Istituti di Ricovero e Cura a Carattere Scientifico (IRCCS) Azienda Ospedaliero-
Universitaria di Bologna, Bologna, Italy, 2Department of Medical and Surgical Sciences (DIMEC), Alma
Mater Studiorum University of Bologna, Bologna, Italy, 3Radiation Oncology Unit, Clinical Cancer
Centre, AUSL-Istituti di Ricovero e Cura a Carattere Scientifico (IRCCS) di Reggio Emilia, Reggio
Emilia, Italy, 4Radiation Oncology Section, University of Perugia and Perugia General Hospital,
Perugia, Italy, 5Addarii Medical Oncology, Istituti di Ricovero e Cura a Carattere Scientifico (IRCCS)
Azienda Ospedaliero-Universitaria di Bologna, Bologna, Italy, 6Palliative Care Unit, Istituti di Ricovero e
Cura a Carattere Scientifico (IRCCS) Istituto Romagnolo per lo Studio dei Tumori (IRST) “Dino
Amadori”, Meldola, Italy, 7Medical Oncology Unit, Department of Medical and Surgical Sciences
(DIMEC), University of Bologna, Bologna, Italy, 8Medical Physics Unit, Responsible Research Hospital,
Campobasso, Italy
Aims: This ARISE study secondary analysis aims to delve into the complexities of

pain management in breast cancer patients undergoing radiotherapy (RT) in Italy.

It aims to identify and analyze predictive variables for pain management

adequacy and establish the relationship between these variables and the

effectiveness of pain control.

Materials and methods: This observational study engaged 2,104 participants

from 13 Italian RT departments, focusing on 426 breast cancer patients reporting

pain. Advanced statistical methods, were employed to identify significant

predictive variables for pain management adequacy. Data collection involved a

standardized form capturing personal, health-related information, specifics

about cancer, pain intensity, and medication. The Pain Management Index

(PMI) was used to evaluate pain management adequacy, where negative PMI

values indicate inadequate or suboptimal pain management.

Results: The analysis showed that 61.7% of patients experienced inadequate pain

management (PMI<0). Factors identified as influencing pain management

adequacy included the type of pain, patient age, the objective of RT, and the

geographical location of the RT center. Notably, patients undergoing curative RT

exhibited a higher incidence of inadequate pain management (PMI<0) compared

to those undergoing palliative RT (82.9% versus 31.4%). Geographical variations

were evident, with patients treated in northern Italy showing better pain

management compared to those in central-southern Italy (72.0% versus 85.6%).

Conclusion: The ARISE study underscores a significant inadequacy in pain

management among breast cancer patients undergoing RT in Italy, influenced
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by a complex interplay of treatment-related, demographic, and regional factors.

The study findings emphasize the need for enhanced, personalized pain

management strategies and highlight the importance of considering a

multifaceted approach.
KEYWORDS

breast cancer, pain management, radiotherapy, patient outcomes, predictive variables,
ARISE study, healthcare disparities, pain measurement
Introduction

Pain significantly reduces the quality of life (QoL) in cancer

patients, impacting their physical, psychological, and spiritual well-

being (1–3). Furthermore, a negative impact on the QoL in cancer

patients can also be caused by pain of non-neoplastic origin (4).

Therefore, also proper treatment of this pain is relevant as

managing cancer-related pain. However, it has been repeatedly

observed that non-neoplastic pain therapy in cancer patients is

frequently inadequate (4–6). Challenges to effective pain control

encompass both the healthcare system and patient perspectives (7).

These include a lack of knowledge and skills among healthcare

professionals (8), and a hesitancy among patients to communicate

their pain (9). Recognizing the critical role of pain management is

vital for enhancing patient outcomes (10).

The widespread issue of pain has led to efforts to bolster

educational programs in universities and ongoing professional

training, focusing on supportive treatments (11, 12). Moreover,

educating patients about pain has become increasingly recognized

as a key component of effective pain management (13, 14).

Nevertheless, pain associated with breast cancer (BCa) often

receives insufficient attention, resulting in subpar management

outcomes compared to other cancers (5, 15, 16). Our prior ARISE

studies corroborate this pattern, showing a marked link between

BCa and suboptimal pain management (6).

To address the unclear reasons behind the generally less effective

pain management in BCa patients, we undertook a detailed sub

analysis of the ARISE study (6), focusing on BCa patients dealing

with pain in Italian radiotherapy (RT) centers. Utilizing advanced

statistical techniques,we sought to unravel the connectionbetween the

adequacy of pain management and various factors, such as the

geographic site of the RT center, the demographics of patients, and

the characteristics of pain.Moreover, our study seeks to fill this gap by

systematically analyzing pain management practices and outcomes,

utilizing patient-reported data to ensure a comprehensive assessment.

Unlike previous research, which often focuses on broad oncological

populations or singular interventions, our work integrates a

multifaceted approach to the quality of pain management.

Finally, Italy is conventionally divided into three macro-regions:

North, Center, and South, which differ for cultural, economic, and

social reasons. Our previous analysis on the ARISE study (6) had
0214
shown that the geographic location of the RT center had a very

significant impact on the adequacy of pain therapy. Therefore, in

the present analysis we wanted to verify whether this phenomenon

was also recorded in the subgroup of patients affected by BCa.
Materials and methods

Study design

Our investigation was set up as a cross-sectional, observational

study aimed at evaluating the prevalence of pain and the adequacy

of its management in RT departments (6, 17). This analysis focused

specifically on BCa patients reporting pain or those taking analgesic

drugs regardless of reported pain.
Setting

The study was conducted across 13 Italian RT departments

(Table 1). Patients were evaluated during their RT visits in October

and November 2019.
Participants

Inclusion criteria were as follows: (1) BCa cancer patients

(regardless of tumor stage and RT aim), (2) treated in RT

departments, and (3) aged ≥ 18 years. Patients with comorbidities

(psychiatric disorders or neurosensory deficits) preventing data

collection or informed consent were excluded. Eligible

participants were those using analgesic drugs solely for pain

management, excluding those on medications for non-pain-

related purposes (e.g., opioids for cough sedation or dyspnea) (18).
Variables

The primary outcome of the study was the adequacy of pain

management, assessed using the previously validated Pain

Management Index (PMI) (4, 5, 15, 16, 20–27). Predictive
frontiersin.org
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variables analyzed included patient demographics (age, ECOG-PS),

cancer stage (metastatic vs. non-metastatic), nature of pain (cancer-

related, non-neoplastic, or mixed), aim of RT, geographic location

of the RT facility (North, Central, or South Italy), and timing of the

visit (during RT or at the end of RT).
Data sources/measurement

All patients who met the enrollment criteria and who

underwent a clinical visit at least once in the RT departments of

participating centers in the period October–November 2019 were

included. The evaluation was performed regardless of the visit

timing (ongoing RT visits or clinical evaluation at the end of

treatment). However, each patient was evaluated only once. Data

collection utilized a standardized form (Supplementary Material 1)

capturing personal and health-related information, cancer specifics,

pain intensity (measured using the Numeric Rating Scale, NRS),

and medication details. The Pain Management Index (PMI) was

used to evaluate pain management adequacy, where negative PMI

values indicate inadequate pain management. Pain was categorized

as cancer-related, non-cancer-related, or mixed based on clinical

evaluation and diagnostic imaging. The intensity of pain was

recorded as the average experienced by patients during the week

before their assessment.
Bias

Selection bias may have been introduced as participation was

voluntary, potentially underrepresenting patients with more severe
Frontiers in Oncology 0315
pain or those less engaged in care. Recall bias is also a possibility due

to reliance on patient-reported data for pain intensity.
Study size

The study engaged 2,104 participants across all RT

departments, focusing on 426 BCa patients reporting pain

(Figure 1). The sample size was deemed sufficient for statistical

analysis and predictive modeling but may limit the ability to detect

smaller clinically relevant effects.
Quantitative variables

We assigned a pain score by using the following values: 0 (NRS: 0,

no pain), 1 (NRS: 1–4, mild pain), 2 (NRS: 5–6, moderate pain), and 3

(NRS: 7–0, intense pain). In addition, based on the therapy the

patients took, we defined an analgesic score as follows: no analgesics:

0, non-opioid analgesics: 1, “weak”opioids: 2, and “strong” opioids: 3.

The Pain Management Index (PMI) was calculated by subtracting the

pain score from the analgesic score, considering prescriptions with a

negative value as inadequate (6, 17–19).
Statistical methods

The Least Absolute Shrinkage and Selection Operator (LASSO)

algorithm and Classification and Regression Tree (CART) analysis

were employed to identify predictive variables and construct

predictive models. LASSO filtered variables for inclusion in the
FIGURE 1

Flowchart of study cohort selection in the ARISE study.
TABLE 1 Participating centers in the ARISE study, categorized by
geographic area, along with the number of patients enrolled in
the analysis.

Location of the
radiotherapy center

Radiotherapy
center

Number
of patients

1 North of Italy Bologna 50

2 Verona 10

3 Forlì 10

4 Center of Italy Campobasso 15

5 Roma 29

6 South of Italy Rionero in Vulture 30

7 Cosenza 34

8 Chieti 43

9 Messina 38

10 San Giovanni Rotondo 61

11 Bari 34

12 Brindisi 30

13 Napoli 42
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model, and CART was used for decision tree-based modeling.

Model robustness was ensured through cross-validation (5-fold,

repeated 100 times), and predictive performance was evaluated

using Receiver Operating Characteristic (ROC) curves and the Area

Under the Curve (AUC) statistic.
Results

The ARISE study encompassed 2,104 participants across 13

Italian RT departments, with 1,387 individuals reporting pain or on

analgesic medication. Among the latter, this analysis centered on

426 BCa patients, with demographic and clinical specifics outlined

in Table 2. The PMI served as the tool to evaluate pain management

effectiveness, indicating that 61.7% of the patients experienced

suboptimal management. Employing LASSO analysis, we

identified crucial determinants for a PMI below zero. Particularly,

we identified the following variables as related to the study endpoint

(PMI): type of pain, patient age, RT aim, and geographical location

of the RT center (Figure 2). On the contrary, ECOG-PS, tumor

stage, and timing of the assessment were not correlated with

negative PMI values. In fact, the PMI assessment of pain

management adequacy revealed significant disparities among

patients and varied depending on the characteristics of

the treatment.

Specifically, patients receiving curative RT exhibited a higher

incidence of PMI<0 compared to those undergoing palliative RT

(82.9% versus 31.4%). Additionally, within the curative RT group, a

lower incidence of PMI<0 was observed in patients treated in

northern Italian centers than in those from central-southern Italy

(72.0% versus 85.6%). Within this latter group, patients

experiencing non-neoplastic pain had a higher frequency of

PMI<0 compared to those with neoplastic pain (86.9% versus

76.9%). Conversely, in the palliative RT cohort, a greater

incidence of PMI<0 was noted in patients older than 70 years

compared to their younger counterparts (54.4% versus 27.9%).

Within this younger subgroup, those with mixed pain (both

neoplastic and non-neoplastic) exhibited a lower rate of PMI<0 in

contrast to those with solely neoplastic or non-neoplastic pain

(12.9% versus 32.1%).

Furthermore, acknowledging the evidence of inferior pain

management in cancer patients with non-neoplastic pain (4–6), a

specialized analysis was conducted focusing solely on BCa patients

with non-neoplastic pain. This analysis resulted in a model

highlighting the geographical location of the RT center and age as

significant factors influencing pain management adequacy

(Figure 3). Specifically, patients treated in northern Italy

demonstrated a lower incidence of PMI<0 in comparison to those

in central-southern Italy (67.7% versus 86.6%). Within the latter

group, patients younger than 50 years experienced a higher rate of

PMI<0 relative to their older counterparts (92.9% versus 85.4%).

However, among patients treated in northern Italy, those older than

70 years exhibited a lower incidence of PMI<0 compared to younger

patients (54.5% versus 75.0%).
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The classification performances of the CART models are

reported in Figure 4 in terms of AUCs with 95% confidence

intervals, demonstrating excellent generalizability. Considering all
TABLE 2 Patients characteristics (426).

Number (%)

Age, years

≤ 70 315 74.0

71-80 90 21.0

> 80 21 5.0

ECOG-PS

0-1 307 72.0

2 82 19.0

3 34 8.0

4 3 1.0

Aim of treatment

Curative 251 59.0

Palliative 175 41.0

Tumor stage

Metastatic 190 45.0

Non-Metastatic 236 55.0

Type of Pain

Cancer Pain or
mixed pain

216 51.0

Non-cancer Pain 210 49.0

Pain score

(NRS: 0) 0 4 1.0

(NRS: 1 – 4) 1 198 46.5

(NRS: 5 – 6) 2 155 36.5

(NRS: 7 – 10) 3 69 16.0

Analgesic score

(No therapy) 0 156 37.0

(Analgesics) 1 180 42.0

(Weak Opioids) 2 44 10.0

(Strong Opioids) 3 46 11.0

Location of the radiotherapy center

Nord of Italy 70 16.0

Center of Italy 44 10.0

South of Italy 312 74.0

Timing of visit

During Therapy 209 49.0

End of Therapy 217 51.0
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patients, the CART model showed AUC values of 79.1% (95%CI:

0.767-0.815) and 77.1% (95% CI: 0.695-0.847) in the training and

validation datasets, respectively. With respect to BCa patients with

non-neoplastic pain, the CARTmodel showed AUC values of 68.8%

(95% CI: 0.643-0.732) and 65.6% AUC: 0.656 (95% CI: 0.589-0.723)

in the training and validation datasets, respectively.
Discussion

The ARISE study comprehensive examination of pain

management in BCa patients undergoing RT in Italy reveals a

nuanced landscape of pain control efficacy. Despite the recognition

of pain multifaceted impact on cancer patients’ lives, our findings

underscore a prevalent inadequacy in pain management, with

61.7% of the studied cohort experiencing suboptimal care. The

application of advanced statistical methods, including LASSO and

CART analysis, has brought to light significant disparities in pain

management adequacy.

The LASSO algorithm was chosen for its ability to perform both

variable selection and regularization, which is critical in avoiding

overfitting in datasets with high-dimensional predictors. By

shrinking some coefficients to zero, LASSO identifies the most

relevant variables influencing pain management adequacy,

enhancing model interpretability. CART analysis complements

LASSO by providing an intuitive and visual decision-making
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framework, allowing for the exploration of interactions between

variables and the identification of thresholds critical for

clinical decisions.

However, we acknowledge certain limitations of these methods.

LASSO assumes linear relationships and may struggle to capture

complex, non-linear interactions without appropriate

transformation or feature engineering. CART, while interpretable,

is prone to overfitting, particularly in the presence of noisy data. To

mitigate these issues, we utilized cross-validation and pruning

techniques to ensure model robustness and generalizability. These

methods were selected to balance interpretability and predictive

accuracy, aligning with the study’s goals to provide actionable

insights for clinical practice.

The disparities recorded in our analysis are not random but are

closely associated with age, nature of pain, RT aim, and

geographical location of RT centers.

The lesser adequacy in the management of non-neoplastic pain

may derive from concerns that treatment of chronic-benign pain

with opioids could result in drug addiction, as well as from

potentially less attention by physicians to symptoms not directly

caused by cancer. We acknowledge the complexity in quantifying

how these two factors specifically impacted our results. However, it

is noteworthy to mention the stark contrast in inadequacy of non-

neoplastic pain management between patients undergoing curative

and palliative RT (86.9% vs 32.1%, respectively). Nevertheless, also

this difference may stem both from greater physician attention to

patients with advanced disease, irrespective of the pain origin, and

from differing risks of opioid drug addiction in these two distinct

patient populations.

Particularly striking is the difference in pain management

effectiveness between patients undergoing curative and palliative

RT, and the further influence of regional practices, as evidenced by

the variations between northern and central-southern

Italian centers.

Our analysis aligns with existing literature in several aspects,

confirming the suboptimal pain management in BCa patients

(5, 16, 20), particularly in those undergoing curative therapy

compared to palliative therapy (6, 25), the inferior management

of non-neoplastic pain (4–6), geographic disparities in pain

management effectiveness (5, 6), and the adverse influence of
FIGURE 2

Predictive model for inadequate pain management: red numbers represent the proportion of patients with inadequate pain management (PMI < 0);
all patients with breast cancer were included.
FIGURE 3

Predictive model for inadequate pain management: red numbers
represent the proportion of patients with inadequate pain
management (PMI < 0); only patients with breast cancer and non-
neoplastic pain were included.
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younger age on pain management adequacy (6, 16). However, our

findings indicate a complex relationship between age and PMI<0,

differing from previous reports. While earlier studies suggested

poorer pain management among younger patients (6, 16), our

analysis across all pain types shows a higher incidence of PMI<0

among older patients (>70 years) receiving palliative RT. This could

imply that healthcare professionals might prioritize pain

management more in younger, symptomatic BCa patients, or it

may reflect younger patients’ greater likelihood to report pain

symptoms compared to their older counterparts. Additionally, it

is important to consider that clinicians might often exhibit

reluctance in prescribing opioids to older patients due to potential

adverse effects, particularly cognitive impairment and increased risk

of falls. These concerns can heavily influence prescribing practices,

especially in contexts where the risk of these side effects might

outweigh the benefits of pain relief.

Moreover, the complexity of pain management in patients

under 70 years undergoing palliative RT is highlighted by the

finding that pain management is more adequate in patients with

mixed pain compared to those with only neoplastic or non-

neoplastic pain. This contrasts with previous studies, which

generally found an intermediate quality of pain management in

patients with mixed pain (6).

Regarding the differential adequacy of pain management in

patients undergoing palliative versus curative RT, we propose the

following hypotheses: Firstly, it is plausible that in palliative care

settings, clinicians prioritize quality of life, thereby focusing more

attentively on symptom relief, including the provision of adequate

pharmacological therapy. In contrast, the focus in curative

treatment settings might lean more towards clinical outcomes,

potentially at the expense of optimal symptom management.
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Secondly, patients receiving palliative RT might more frequently

be under the care of clinicians specialized in supportive and

palliative therapies, who are perhaps better experienced in

prescribing effective pain management regimens.

The intricacies of pain management in BCa are further

underscored by our secondary analysis focusing exclusively on

patients with non-neoplastic pain. In fact, this study confirms

better symptomatic treatment in patients in northern Italy,

possibly due to superior clinical management by northern

healthcare professionals or a reluctance among southern patients

to report pain. This reluctance could be related to different

psychological profiles shaped by varying socio-economic

conditions (28–30).

In younger patient groups from both northern and central-

southern Italy, poorer pain management was noted. The age

threshold for this disparity was 70 years in the north and 50 years

in the south, suggesting regional differences in pain management

effectiveness between younger or middle-aged patients and older

adults. This raises questions about whether these variations are due to

different sensitivities of healthcare professionals towards patient age

or if they reflect regional influences on patients’ psychological

profiles, affecting their likelihood to report pain. Undoubtedly,

additional research is needed to enhance the current unsatisfactory

state of pain management in BCa patients. Specifically, it is crucial to

discern the extent to which the documented disparities stem from the

attitudes of healthcare providers versus those of the patients

themselves. Pursuing this line of inquiry, future studies could

incorporate the utilization of well-designed questionnaires. These

instruments should be capable of differentiating between pain that

patients spontaneously report during routine clinical interactions

with their oncology healthcare providers, and pain revealed in

response to specific, direct inquiries about the intensity and nature

of pain posed by interviewers. This approach would provide a more

nuanced understanding of the dynamics influencing pain reporting

and management in the clinical setting.

The ARISE-breast study, with its extensive cohort of 426

participants across 13 Italian RT departments, offers a robust,

observational insight into the complexities of pain management

in BCa patients. A notable strength of our study is the application of

advanced statistical methods, such as LASSO and CART analysis,

which enabled the identification of significant predictive variables

for pain management adequacy. This methodological rigor offers a

comprehensive understanding of the multifactorial nature of pain

management, encompassing patient demographics, pain

characteristics, treatment objectives, and even geographical

discrepancies in treatment practices.

However, the study is not without limitations. The observational

nature of the study, while offering real-world insights, limits our

ability to infer causality. The reliance on patient-reported outcomes

for pain intensity and management adequacy may introduce

subjective biases, potentially influenced by individual pain

thresholds and communication barriers. Furthermore, the study

utilized a single definition of pain (average pain). Additionally, the

opioids prescribed were not categorized as long-acting or short-

acting. The specific pharmacological agents used in the analgesic
FIGURE 4

ROC curves and AUC values of the two CART models. The solid
blue and red curves are the average ROC for the training and
validation sets in the model including all patients. Dotted blue and
red curves are the average ROC for the training and validation sets
in the model including only patients with non-neoplastic pain.
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drugs were not documented, and there is no available information

regarding which clinician or specialist prescribed the analgesic

therapy. Moreover, the study focuses on a single country, Italy,

which, while providing in-depth regional insights, may limit the

generalizability of our findings to other healthcare systems with

different cultural, socio-economic, and medical practice landscapes.

In fact, to the best of our knowledge, this is the first study dedicated to

the analysis of pain adequacy in BCa patients. This has limited our

ability to comparewith studies conducted in other settings (other than

RT) or in other countries. Additionally, our study assessment was

based on a single time point, evaluating a single pain score, whichmay

not fully capture the dynamic nature of pain management across

different stages of treatment. The number of radiation therapy

fractions varied among patients, introducing another layer of

complexity and potential variability in pain outcomes. We

acknowledge that these factors, along with the exclusion of certain

patient groups and variations in healthcare provider training and

experience across regions, could have influenced the results. These

elements shouldbe carefully consideredwhen interpreting thefindings

and their application to broader contexts. Finally, our study was based

on the analysis of the PMI, the limitations of which have been

previously recognized and discussed (6). In particular, although this

tool was previously used in analyses of non-neoplastic pain (4–6), it

must be recognized that in this context this tool is not entirely suitable.

In fact, for patients with pain that is related to active treatment, even in

the curative setting, contemporary guidelines (31) stress the

importance of using opioids for the management of strong pain. In

stark contrast, the guidelines for survivorship pain emphasize the risk

of aberrant behaviors and strongly suggest using opioids only as a last

resort, and even then, only in patients who have a low risk of abuse

behaviors (31).

Therefore, we hypothesize that the percentage of patients with a

negative PMI may be influenced, at least in part, by a reluctance to

prescribe opioids for non-cancer pain. Unfortunately, our dataset

does not enable us to quantify this percentage. Additionally, it is

important to consider that this percentage might be higher in

countries where, unlike Italy, there is a significant concern

regarding an ‘opioid epidemic.’ This factor could affect opioid

prescription practices and consequently the management of pain

across different healthcare settings.

To further address the limitations of this study,we acknowledge that

the sample size, while sufficient for our analyses, may limit the statistical

power to detect smaller but clinically relevant effects. Future studies with

larger, more diverse cohorts would be valuable in validating and

extending our findings. We also recognize the potential for selection

bias, as participation was voluntary, and patients with more severe pain

or those less engaged in their care may have been underrepresented.

Lastly, while our study design provides a snapshot of current practices, a

longitudinal approach would better capture the evolution of pain

management strategies over time and their outcomes at different

treatment stages. These additional considerations further underscore

the need for cautious interpretation and the importance of follow-up

research to build upon our findings.

Future research should aim to address these limitations,

potentially incorporating more objective pain measurement tools
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and considering multi-national cohorts to enhance the

generalizability and applicability of the findings. Furthermore,

integrating qualitative methods could provide a more nuanced

understanding of the interplay between healthcare provider

approaches, patient attitudes, and systemic healthcare factors in

the context of pain management in BCa care.

From a practical point of view, considering the availability of

national guidelines for the management of cancer pain in Italy

(32), largely based on WHO guidelines, the poor adequacy of pain

management recorded in this and previous analyses suggests the

need to improve the education and continuing training of

physicians on this topic, especially in the setting of RT.

Furthermore, considering that the worse results demonstrated

by our and other studies (5, 15, 16) regarding BCa cancer patients

can hardly be justified by a different respect of guidelines by

physicians in these subjects, our analysis should stimulate greater

attention to this patient population, since we cannot exclude that

they have a lower propensity to report to physicians the intensity

of their pain.
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Solid subtype of adenoid cystic
carcinoma of the breast with
multiple distant metastases: a
case report and literature review
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Hunan, China, 4Department of Breast Surgery, Zhuzhou Hospital Affiliated to Xiangya School of
Medicine, Central South University, Zhuzhou, Hunan, China, 5Department of Pathology, Liaocheng
People's Hospital, Liaocheng, Shandong, China
Objective: To present a rare case of adenoid cystic carcinoma of the breast

(ACCB), solid subtype, with multiple distant metastases, and to analyze its clinical

management and differentiation from typical triple-negative breast cancer

(TNBC), highlighting the lack of standardized guidelines for this rare entity and

providing insights for future therapeutic strategies.

Methods: A 46-year-old female with ACCB was followed for 9 years,

documenting metastatic progression, treatment responses, and survival

outcomes. A literature review was conducted to compare ACCB and TNBC in

terms of clinicopathological features, immunohistochemical profiles, metastatic

patterns, and therapeutic strategies.

Results: The patient exhibited aggressive behavior with metastases to the brain,

lungs, liver, and kidneys. Systemic chemotherapy (albumin-bound paclitaxel and

capecitabine) combined with radiotherapy stabilized the disease, achieving a 9-

year survival with preserved quality of life.

Conclusion: ACCB requires differentiation from TNBC due to its unique

biological behavior and favorable prognosis. Breast-conserving surgery with

radiotherapy may be preferable for localized disease, while systemic

chemotherapy should be considered for metastatic solid subtypes. This case

underscores the urgent need for consensus guidelines and further research on

molecular profiling to refine therapeutic approaches.
KEYWORDS

adenoid cystic carcinoma of the breast, triple-negative breast cancer, distant

metastasis, treatment, follow-up
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1 Introduction

For Adenoid cystic carcinoma of the breast (ACCB) is a rare

subtype of invasive breast cancer, with an incidence of approximately

0.92 per million people (1), that accounts for less than 0.1% of all breast

cancer cases (2). ACCB primarily occurs in postmenopausal women,

although cases in men have also been reported (3, 4). Its

histopathological features are similar to those of adenoid cystic

carcinoma (ACC) found in other tissues, such as the salivary glands

and skin. However, ACCB is typically characterized by local growth

and low invasiveness, with rare metastasis to axillary lymph nodes or

distant organs (5). Classic ACCB typically exhibits favorable biological

behavior, whereas the solid and high-grade transformation types are

more prone to local recurrence and distant metastasis (6–8). Therefore,

it is crucial to recognize these more aggressive forms of ACCB. ACCB

is associated with a favorable prognosis, with 5-year, 10-year, and 15-

year survival rates of 98%, 95%, and 91%, respectively (9). Surgery is

the mainstay of treatment for ACCB, followed by radiotherapy, while

the role of adjuvant chemotherapy remains controversial.

This article presents a case of ACCB with widespread systemic

metastasis and shares our experience with its treatment and follow-

up. Followed by a review of the previous literature, we discuss the

clinical presentation, histological features, immunohistochemical

results, treatment strategies, and prognosis of ACCB, aiming to

provide a deeper understanding of the disease and offer evidence to

guide clinical management. Due to the rarity of ACCB and the lack

of consensus guidelines, clinicians often extrapolate treatment

strategies from TNBC, risking overtreatment. This case highlights

the need for tailored management and underscores the importance

of distinguishing ACCB from conventional TNBC.
2 Case description

A 46-year-old Han Chinese female, with a BMI of 24.24 kg/m²

(height 156 cm, weight 59 kg), was admitted to the hospital in

December 2021 due to intermittent headaches for one week. She

had no family history of breast cancer and completed high school

education. In January 2016, she underwent radical surgery for a

breast mass, and the postoperative pathological diagnosis was

adenoid cystic carcinoma of the breast (ACCB), solid type

(Figure 1A). After surgery, she received three cycles of adjuvant

chemotherapy with docetaxel (75 mg/m²) and cyclophosphamide

(600 mg/m²). Upon admission, relevant examinations were

performed. MRI of the head revealed an intracranial mass

(Figure 1B), and CT of the chest revealed a left lung mass

(Figure 1C), both of which were suspected to be metastatic tumors.

In December 2021, we resected the left frontal lobe tumor. The

histopathological report described the tumor as being composed of

two cell types: basaloid cells (nonluminal cells) and glandular

epithelial cells (luminal cells). The tumor primarily showed a

solid arrangement, with some areas exhibiting tubular, trabecular,

and sieve-like patterns of growth. The basaloid tumor cells were

round or oval, with scant cytoplasm and prominent mitotic figures

(Figure 1D). Immunohistochemical profile: ER, PR, HER-2, and
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GATA3 were all negative, while CD117, P63, CK7, CK, P40, and

SOX10 were positive, and Ki67 was 30% positive. Postoperatively,

the patient received whole-brain radiotherapy.

In January 2022, we performed a CT-guided biopsy of the left

lung mass. Microscopic examination revealed basaloid tumor cells

arranged in a solid pattern, with areas of sieve-like structures. The

tumor cells had large, deeply stained nuclei with marked atypia and

mitotic figures (Figure 1E). The immunohistochemical profile was

negative for ER, PR, and HER-2 but positive for CD117, P63, CK7,

and PAS. On the basis of the histological morphology,

immunohistochemical findings, and history of breast cancer, the

diagnosis was confirmed as ACCBmetastasis to the brain and lungs.

After diagnosis, the patient received six cycles of systemic

chemotherapy with albumin-bound paclitaxel and capecitabine,

with follow-up indicating stable disease.

In February 2024, the patient was readmitted due to right upper

abdominal pain. A follow-up CT scan revealed multiple low-density

lesions in both the kidney (Figure 1F) and the liver (Figure 1G),

suggestive of metastatic tumors. The patient received ten cycles of

systemic chemotherapy with albumin-bound paclitaxel and

carboplatin. After completing chemotherapy, the patient was

maintained on daily oral capecitabine. As of January 2025, the

patient has survived 9 years since the diagnosis of ACCB, with

satisfactory quality of life, and is still under follow-up.
3 Discussion

ACCB is a rare subtype of TNBC, accounting for approximately

0.1% of all breast cancer cases (2). It predominantly affects

postmenopausal women, with a median age of onset between 50

and 60 years (10, 11). ACCB differs from other forms of TNBC in

both clinical characteristics and prognosis. Typically, ACCB is

characterized by local growth and low invasiveness, with rare

metastasis to the axillary lymph nodes or distant organs. The

prognosis is generally favorable, with 5-year, 10-year, and 15-year

survival rates of 98%, 95%, and 91%, respectively (9).

ACCB often presents as a palpable, solitary breast mass, with a

minority of patients experiencing breast pain (12, 13). Symptoms such

as nipple inversion, nipple discharge, and skin retraction may also

rarely occur (1). The disease typically exhibits slow, indolent growth,

with an average diameter of 2–3 cm, although it can reach up to 15 cm

(12, 14). A case of giant ACCB with a diameter of 30 cm has been

reported, where the mass gradually increased over a span of more than

20 years. Despite the lack of treatment, there are no regional lymph

node or distant metastases (15). Although pain is not a typical feature

of ACCB, it can serve as an important diagnostic clue (13, 16). Studies

have shown that approximately 14% of ACCB patients experience

breast pain associated with the mass, possibly due to nerve invasion by

tumor cells and the contraction of myoepithelial cells (17). The

radiological findings of ACCB lack specificity, and CT scans play an

essential role in the follow-up of ACCB patients, as the lungs are the

most common site of distant metastasis (16). In the present case, a

routine follow-up chest CT revealed a pulmonary mass, and a biopsy

confirmed ACCB metastasis to the lungs.
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ACCB is primarily composed of glandular epithelial,

myoepithelial, and basaloid cells arranged in classic tubular, sieve-

like, or solid structures. Invasive growth is commonly observed

under a microscope, and some tumors exhibit perineural invasion

(12). According to the fifth edition of the WHO classification of

breast tumors, ACCB is divided into three histological subtypes:

classic, solid, and high-grade transformation. The classic type of

ACCB is characterized by glandular epithelial and myoepithelial

cells surrounding true and pseudoglandular lumens, with

pseudoglandular lumens containing basement membrane-like

material. The solid type of ACCB builds upon the classic type,

featuring solid cell nests made of basaloid cells, marked cytologic
Frontiers in Oncology 0324
atypia, frequent mitoses, and necrosis. The high-grade

transformation type develops further from the classic type and is

characterized by high-grade malignant tumor components (4, 18).

ACCB typically does not express ER, PR, or HER-2. Unlike

other TNBCs, ACCB displays a unique immunophenotype.

Glandular epithelial cells commonly express CK7, CK8, CK18,

and CD117, whereas myoepithelial and basaloid cells typically

express p63, S-100, CK5, CK6, CK14, and CK17 (4, 18, 19). The

expression of p63 and CD117 via immunohistochemistry can help

distinguish ACC from invasive cribriform carcinoma and ductal

carcinoma in situ (19). Ki-67 expression is relatively low in ACCB

(8, 20), with increased expression only in the solid subtype with
FIGURE 1

(A) MRI shows an intracranial space-occupying lesion. (B) CT shows a space-occupying lesion in the left lung. (C) Hematoxylin and eosin (HE) staining of
the breast tumor shows basaloid cells with deeply stained nuclei. (D) HE staining of the brain tumor shows a mixture of basaloid cells and glandular
epithelial cells, primarily arranged in a solid pattern. (E) HE staining of the lung tumor shows basaloid tumor cells arranged in a solid pattern, with focal
sieve-like structures. (F) CT shows multiple space-occupying lesions in the liver. (G) CT shows multiple space-occupying lesions in both kidneys.
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basaloid cell features, which is consistent with the findings of this

study (21). Although ACCB is classified as TNBC, some studies

have reported rare cases of hormone receptor-positive ACCB (11).

Surgery is the primary treatment for ACCB. In a single-center

study with a follow-up period of 17 years, all ACCB patients

underwent surgical treatment (1). Gomez et al. (22) evaluated the

benefits of radiotherapy in ACCB patients and reported that

postoperative radiotherapy could improve overall survival (OS).

Fewer studies have evaluated the value of adjuvant chemotherapy

in ACCB. Some studies suggest that ACCB patients do not benefit

from adjuvant chemotherapy (23). However, Liu et al. (12) indicated

that adjuvant chemotherapy may be beneficial for ACCB patients

with distant metastasis. In the present case, the patient underwent

radical surgery and adjuvant chemotherapy, which was in accordance

with the recommended treatment protocol for TNBC. Further studies

with larger sample sizes are needed to better define the treatment

strategy for ACCB. Wenig et al. (24) reported two ACCB patients

with IDH2 and FGFR2 mutations who were treated with enasidenib

and erdafitinib targeted therapies, both of which showed clinical

benefit, suggesting that genetic testing plays an important role in the

treatment of rare malignant tumors. This case reinforces the

importance of differentiating ACCB from conventional TNBC and

adopting individualized treatment. It also highlights the potential role

of genetic testing in guiding targeted therapies for metastatic ACCB.

Distant metastasis is rare in ACCB, with an incidence of 2.2%

(25). Even after metastasis occurs, the disease tends to progress

slowly, allowing for long-term follow-up. Classic ACCB generally

has a better prognosis than solid and high-grade transformed

ACCB. Li et al. (26) found that tumor size, regional lymph node

metastasis, histological grade, AJCC stage, and radiotherapy are

important prognostic factors for ACCB patients. Additionally, Tang

et al. (3) reported nine male ACCB patients, three of whom

developed distant metastasis, suggesting that male ACCB patients

may have more aggressive behavior and a greater tendency for

distant metastasis.
4 Conclusion

In conclusion, ACCB is a distinct subtype of TNBC with a

favorable prognosis, and its clinical characteristics differ from those

of other pathological types of TNBC. Therefore, treatment strategies

should be differentiated from those used for TNBC. Clinicians must

recognize and distinguish ACCB from other types of TNBC to avoid

misclassifying and treating ACCB as TNBC. Breast-conserving

surgery followed by postoperative radiotherapy may be a suitable

treatment option for ACCB. This case highlights the necessity of

genetic profiling in metastatic ACCB. Recent studies identified IDH2

and FGFR2 mutations in ACCB, suggesting potential targeted

therapies such as enasidenib or erdafitinib. Collaborative efforts

through platforms like the Adenoid Cystic Carcinoma Research

Foundation (ACCRF) are critical to accelerate clinical trials for rare

cancers. Regular imaging follow-up is essential to exclude distant

metastasis. Our findings support the use of breast-conserving surgery

combined with radiotherapy for localized ACCB, as it achieves
Frontiers in Oncology 0425
comparable survival to mastectomy while preserving quality of life.

However, for solid subtypes with high Ki-67 (e.g., 30% in this case),

adjuvant chemotherapy may be warranted despite limited evidence.

Furthermore, larger sample studies are needed to identify the most

appropriate treatment strategies for ACCB.
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Combination of ultrasound-
based radiomics and deep
learning with clinical data to
predict response in breast
cancer patients treated with
neoadjuvant chemotherapy
Wu Tenghui1†, Liu Xinyi2†, Si Ziyi2, Zhang Yanting2, Ma Ziqian3*,
Zhu Yiwen2* and Gan Ling2*

1Department of Nuclear Medicine, Xiangyang No. 1 People’s Hospital, Hubei University of Medicine,
Xiangyang, China, 2Department of Ultrasound, Xiangyang No.1 People’s Hospital, Hubei University of
Medicine, Xiangyang, China, 3Department of Oncology, The People’s Hospital of Zouping City,
Zouping, China
Objectives: Accurate assessment of NAC efficacy is crucial for determining

appropriate surgical strategies and guiding the extent of surgical resection in

breast cancer. Therefore, this study aimed to design an integrated predictive

model combining ultrasound imaging, deep learning features, and clinical

characteristics to predict pCR in breast cancer patients undergoing NAC.

Methods: A retrospective study was conducted, including 643 pathologically

confirmed breast cancer patients who underwent NAC between January 2022 to

February 2024 from two institutions (Center 1: 372 cases; Center 2: 271 cases).

Ultrasound images before and after NAC were collected for each patient. A total

of 2,920 radiomics features and 4,096 deep learning features were extracted

from the ultrasound images. Multiple machine learning algorithms were

employed to model and validate the diagnostic performance of different types

of features. Finally, clinical data, radiomics, and deep learning features were

integrated to form a fusion model, which was evaluated using receiver operating

characteristic (ROC) analysis.

Results: The combined model achieved the highest predictive performance for

pathological complete response (pCR) across both cohorts. In the internal

validation cohort, it reached an accuracy of 0.892 (95% CI: 0.862–0.912) and

an AUC of 0.901 (95% CI: 0.854–0.948). In the external cohort, it maintained

strong performance with an accuracy of 0.857 (95% CI: 0.822–0.928) and an

AUC of 0.891 (95% CI: 0.848–0.934), significantly outperforming the individual

models (DeLong test, p < 0.01).The deep learning model showed solid

performance with accuracies of 0.875 and 0.833 in the internal and external

cohorts, respectively, and AUCs of 0.870 and 0.874. The radiomics model

displayed moderate accuracy and AUC in both cohorts, while the clinical

model showed the lowest predictive capability among the models, with

accuracy and AUC values around 0.67 in both cohorts.
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Conclusions: The combined model, integrating clinical, radiomics, and deep

learning features, demonstrated superior predictive accuracy for pCR following

neoadjuvant chemotherapy (NAC) in breast cancer patients, outperforming

individual models. This integrated approach highlights the value of combining

diverse data types to improve prediction, offering a promising tool for guiding

NAC response assessment and personalized treatment planning.
KEYWORDS

ultrasound, deep learning, breast cancer, neoadjuvant chemotherapy, radiomics
1 Introduction

Breast cancer remains one of the most prevalent malignancies

among women worldwide and is a leading cause of cancer-related

mortality (1). Neoadjuvant chemotherapy (NAC) is widely

employed as a first-line treatment strategy to downstage tumors

before surgical intervention. Achieving a pathological complete

response (pCR) following NAC is considered an effective

surrogate endpoint for predicting long-term prognosis in breast

cancer patients. Those who attain pCR have reported 5-year

survival rates as high as 85–90% (2, 3).

Despite its benefits, the effectiveness of NAC varies significantly

due to tumor heterogeneity, leading to considerable differences in

pCR rates among different molecular subtypes of breast cancer,

especially in advanced stages or in patients resistant to therapy (4–

6). Approximately 30–50% of breast cancer patients achieve pCR

after completing NAC, as defined by postoperative pathology

(ypT0/is ypN0). Conversely, about 29% of patients exhibit no

response to NAC, and 7.9% experience disease progression post-

treatment, which adversely affects prognosis and increases mortality

rates in advanced cases (2, 3). These disparities not only affect

individual prognoses but also complicate treatment planning and

decision-making processes. Consequently, there is a pressing need

to understand the factors influencing NAC responsiveness and to

develop reliable methods for predicting pCR in order to tailor

individualized treatment strategies effectively.

The choice of surgical options after NAC largely depends on

whether the patient achieves pCR. Some researchers suggest that

patients who reach pCR may opt for breast-conserving surgery to

improve quality of life and outcomes, with some even proposing the

possibility of completely avoiding mastectomy. However, accurately

identifying which patients are suitable for such conservative

treatments remains a challenge in clinical practice. Currently, the

assessment of NAC efficacy in clinical practice predominantly relies

on subjective evaluations using ultrasound (US) and magnetic

resonance imaging (MRI). While these imaging modalities

provide valuable information, they have limitations in accurately

predicting pCR due to factors like inter-observer variability and

limited sensitivity and specificity. Moreover, the gold standard for

determining pCR remains the pathological examination of surgical
0228
specimens obtained after NAC, which is invasive and only available

postoperatively. This highlights a critical gap in preoperative

assessment tools that can non-invasively and accurately predict

NAC outcomes, enabling clinicians to optimize treatment plans

before surgical intervention.

The emergence of deep learning and radiomics has opened new

avenues for developing such predictive tools. Radiomics involves

extracting a vast array of high-dimensional features from medical

images, capturing subtle textural and spatial characteristics that are

often imperceptible to traditional manual analysis (7). By modeling

and integrating these features, robust predictive models can be

established. Deep learning, with its powerful automated learning

capability, effectively handles complex non-linear data relationships,

further enhancing the model’s ability to capture abstract and spatial

features, thereby improving the model’s predictive accuracy and

robustness. With advancements in computational power and the

accumulation of large-scale datasets, deep learning–based radiomics

models have demonstrated substantial potential for clinical

applications. The significance of this integration is that the two can

play their relative advantages to describe different types of texture

features, and finally achieve more accurate diagnostic efficiency

through feature combination.

Several studies have demonstrated the feasibility of such

approaches using other imaging modalities. For instance, Huang

et al. (8) developed a predictive model using multimodal

longitudinal MRI images for different pathological subtypes of

breast cancer, achieving excellent diagnostic performance (AUC =

0.89), Song et al. also verified the feasibility of the method in

prostate cancer (9). However, the reliance on MRI images across

multiple time points limits the model’s applicability, given the

higher cost, longer scanning time, and reduced accessibility of

MRI compared to other imaging modalities.In clinical practice,

ultrasound is the most commonly used and recommended modality

for monitoring and evaluating NAC response in breast cancer due

to its accessibility, cost-effectiveness, and real-time imaging

capabilities. Despite these advantages, the quality of evidence for

using ultrasound data to predict the efficacy of NAC in different

pathological subtypes is still poor, and the method using radiomics

combined with deep learning has not been explored (10). Therefore,

the aim of this study is to develop a predictive model based on
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radiomics and deep learning using US images to predict patients’

pCR status. This model seeks to provide a non-invasive, practical

tool that can assist clinicians in making more informed decisions

regarding surgical planning and personalized treatment strategies.
2 Materials and methods

2.1 Patient information and clinical data

This retrospective study adhered to the Declaration of Helsinki

and received ethical approval from Xiangyang First People’s

Hospital and Zou Ping Hospital, with informed consent waived

due to its retrospective nature. Data collection at Xiangyang First

People’s Hospital involved 372 patients between January 2022 and

February 2024, including 146 patients who achieved pathological

complete response (pCR) and 226 patients who did not. These

patients were divided into a training cohort and an internal

validation cohort in a 7:3 ratio using stratified random sampling.

Zou Ping Hospital collected data from 271 patients between March

2022 and February 2024, comprising 107 pCR and 164 non-pCR

patients, which served as an external test cohort.

Inclusion criteria were as follows: (a) confirmed diagnosis of

invasive breast cancer; (b) completion of NAC treatment followed

by surgery; (c) availability of US data both before and at the

midpoint of NAC; and (d) comprehensive clinical and

pathological data. Although histological subtyping (e.g., ductal vs.

lobular carcinoma) was not explicitly used as an inclusion criterion,

the vast majority of patients were diagnosed with invasive

ductal carcinoma.
Frontiers in Oncology 0329
Exclusion criteria included: (a) diagnosis of bilateral breast

cancer; (b) incomplete or non-standardized NAC treatment or

surgery; (c) poor US quality or absence of US data; and (d)

presence of metastatic disease or a secondary malignancy.

Patient demographic data, including age and clinical symptoms,

were obtained from medical records. Collected clinical data

included: (a) age; (b) clinical stage; (c) estrogen receptor (ER)

status; (d) progesterone receptor (PR) status; (e) HER-2 status;

and (f) Ki-67 status. The comprehensive data screening and

collection workflow is illustrated in Figure 1.
2.2 Experimental methods

2.2.1 Data processing
Breast ultrasound examinations were conducted by five

radiologists with over 10 years of experience in breast ultrasound

imaging, both prior to intervention and at the midpoint of NAC.

Imaging was performed using four different ultrasound systems

(Resona 7, Mindray, China; Philips Healthcare, USA; LOGIQ E20,

GE, USA; and Samsung, Korea), each equipped with a linear array

transducer. To ensure consistency, all images were acquired at the

largest cross-sectional area of the tumor.

To reduce variability introduced by different ultrasound

machines, all images were rescaled to a uniform resolution of 512

× 512 pixels using linear interpolation. The 3-sigma method was

applied to remove outlier pixel values. All segmentation was

manually performed by two radiologists under the supervision of

a senior breast imaging expert using 3D Slicer software. Radiologists

were blinded to outcomes, and delineation was performed in
FIGURE 1

Diagram of the experimental inclusion-exclusion criteria.
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consensus. The largest cross-sectional images from both pre-NAC

and mid-NAC were used for segmentation and saved as ROI-

original images.

To train the deep learning model, ROI-original images were

further resampled to 128 × 128 pixels to generate a uniform dataset

(ROI-resample) for input. This standardization ensured a

consistent representation of tumor morphology and enhanced

model generalizability.

2.2.2 pCR prediction model
To construct the clinical model, clinical variables showing

statistical significance (p < 0.05) in univariate analysis of the

training cohort were selected and input into eight supervised

machine learning algorithms. The radiomics model was developed

by extracting features from the ROI-original images using the

PyRadiomics library. Filters such as Laplacian of Gaussian and

wavelets were applied to generate derivative images, from which

1,216 features per ROI were extracted. Categories included shape-

based, first-order, GLCM, GLRLM, GLSZM, GLDM, and NGTDM

features. Each patient contributed two ROIs (pre- and mid-NAC),

resulting in 2,438 radiomics features per patient.

To construct the deep learning model, a ResNet-50 architecture

was trained using the ROI-resample dataset. Probability-based

predictions were generated through a softmax activation function

in the final layer. The model with the best internal validation

performance was selected. Deep features were extracted from the

final fully connected layer for further integration.

To address class imbalance between pCR and non-pCR groups

(~39% vs. ~61%), the Synthetic Minority Oversampling Technique

(SMOTE) was applied to the training cohort. For algorithms that

support class weighting, such as logistic regression and XGBoost,

balanced class weights were also utilized.

The composite (Combine) model was constructed by

integrating clinical, radiomics, and deep learning features using

early feature-level fusion. Eight machine learning algorithms were

employed for model building. All models were trained on the

training cohort and evaluated on both internal and external test

sets. Model calibration was assessed using calibration curves and

Brier scores. Clinical utility was evaluated using decision curve

analysis (DCA). The complete experimental workflow is

summarized in Figure 2.

2.2.3 Statistical analysis
Statistical analysis and model construction were performed

using R (version 4.1.3) and Python (version 3.6.2). For

continuous variables, the Kolmogorov-Smirnov test was employed

to assess normality. Depending on the distribution, either the t-test

or the Mann-Whitney U test (using SciPy version 1.7.0) was used to

compare differences between the two cohorts. For multivariate

analysis, logistic regression was applied to evaluate associations

between clinical variables and outcomes. The p-values were

adjusted using the Benjamini-Hochberg correction to control for

multiple comparisons, ensuring statistical rigor. Categorical

variables were analyzed with the chi-square test to identify

significant associations.
Frontiers in Oncology 0430
To assess the agreement between predicted probabilities and

actual outcomes, model calibration was evaluated using calibration

curves and Brier scores. Calibration curves were generated by

plotting the predicted probabilities against observed event rates.

The optimal classification threshold was determined based on the

Youden index, maximizing the sum of sensitivity and specificity on

the ROC curve. To further explore the clinical value of the model

across different probability thresholds, DCA was performed, which

estimates the net benefit of using the model in clinical decision-

making compared to treating all or no patients.

To evaluate model performance, 95% confidence intervals (CIs)

for the AUC were calculated using a bootstrapping approach with

1,000 iterations, providing robust interval estimates. Using the

selected clinical features, a predictive model was developed using

machine learning algorithms optimized for diagnostic

accuracy.ROC curves were used to visually demonstrate the

predictive ability of each model—the clinical, deep learning,

radiomics, and composite models. Each model was tested on both

internal and external validation sets to assess generalizability and

predictive performance across different datasets. The DeLong test

was conducted to compare the AUCs between models, allowing for

statistical validation and comparison of their predictive capabilities.
3 Results

3.1 Baseline characteristics of patients

Between January 2022 and February 2024, a total of 372 patients

were included in the primary cohort from Xiangyang First People’s

Hospital, and 271 patients were included in the external validation

cohort from Zou Ping Hospital (March 2022 to February 2024). In the

primary cohort, 146 patients (39.2%) achieved pathological complete

response (pCR), while 226 patients (60.8%) did not. Similarly, in the

validation cohort, the pCR rate was 39.5% (107 out of 271), with the

remaining 164 patients (60.5%) not achieving pCR.

Table 1 summarizes the clinical characteristics of all patients in

this study. The primary and validation cohorts exhibited similar

baseline characteristics, with no significant differences observed in

age or clinical stage between pCR and non-pCR patients across both

cohorts (p = 0.631 and p = 0.682 in the primary cohort; p = 0.317

and p = 0.231 in the validation cohort, respectively). However,

significant differences were noted in several molecular markers,

including estrogen receptor (ER), progesterone receptor (PR),

human epidermal growth factor receptor 2 (HER2), and Ki-

67 status.

ER and PR positivity were more prevalent among non-pCR

patients. In the primary cohort, ER positivity was observed in 69.9%

of non-pCR patients compared to 44.5% in pCR patients (p < 0.01).

Conversely, HER2 positivity was significantly higher in the pCR

group, with rates of 67.8% in the primary cohort and 72.9% in the

validation cohort (p < 0.01). Additionally, Ki-67 positivity, an

indicator of cellular proliferation, was more common among pCR

patients, showing significant differences in both cohorts (p = 0.036

in the primary cohort and p = 0.01 in the validation cohort).
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Regarding molecular subtypes, the HER2-positive subtype had

the highest pCR rate, with 66.4% of pCR patients in the primary

cohort belonging to this subtype, whereas the hormone receptor-

positive/HER2-negative (HR+/HER2−) subtype had the lowest pCR

rate, accounting for only 11.6% of pCR patients (p < 0.01). These

findings highlight significant associations between ER, PR, HER2,

and Ki-67 status with pCR, underscoring the importance of these

biomarkers in predicting NAC response.
3.2 Model performance

Achieved an accuracy (ACC) of 0.892 (95% CI: 0.862–0.912)

and an area under the curve (AUC) of 0.901 (95% CI: 0.854–0.948).

This model consistently outperformed the individual models. The

deep learning model recorded an ACC of 0.875 (95% CI: 0.818–

0.932) and an AUC of 0.870 (95% CI: 0.833–0.907), while the

radiomics model had an ACC of 0.797 (95% CI: 0.791–0.913) and

an AUC of 0.831 (95% CI: 0.788–0.873). The clinical model showed

the lowest predictive capability, with an ACC of 0.674 (95% CI:

0.628–0.741) and an AUC of 0.682 (95% CI: 0.629–0.736).

In the external validation cohort, the combined model

maintained high performance, achieving an ACC of 0.857 (95%

CI: 0.822–0.928) and an AUC of 0.891 (95% CI: 0.848–0.934).
Frontiers in Oncology 0531
The deep learning model demonstrated robust external

generalizability with an ACC of 0.833 (95% CI: 0.791–0.875)

and an AUC of 0.874 (95% CI: 0.838–0.909). The radiomics

model also performed well, with an ACC of 0.801 (95% CI:

0.788–0.859) and an AUC of 0.822 (95% CI: 0.778–0.866).

However, the clinical model recorded the lowest external

validation performance, with an ACC of 0.655 (95% CI: 0.601–

0.709) and an AUC of 0.666 (95% CI: 0.612–0.721).

DCA was also conducted to assess the net clinical benefit across

a range of threshold probabilities. The combined model provided

the highest net benefit in both validation cohorts, supporting its

clinical utility in decision-making contexts (Figure 3). To evaluate

the reliability of probability-based predictions, calibration analysis

was performed using calibration curves (Figure 4). The combined

and deep learning models demonstrated good calibration

performance, with curves closely aligned to the ideal diagonal and

low Brier scores in both internal and external validation sets (see

Supplementary File S1).

For final model comparisons, DeLong’s test was used to

compare the AUCs among the clinical, ResNet50, radiomics, and

combined models. The results showed that the combined model

significantly outperformed the clinical model (p < 0.01), and also

demonstrated superiority over the radiomics and standalone deep

learning models (see Figure 5, Table 2).
FIGURE 2

Flow chart. The flowchart shows the study design.
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FIGURE 3

Decision Curve Analysis (DCA) for Predictive Models. (A) DCA curves of six algorithms in the internal validation cohort; (B) DCA results in the external
validation cohort. The y-axis represents the net benefit, and the x-axis denotes the threshold probability.
TABLE 1 Characteristics of patients in the training and test cohort.

Characteristics Primary cohort (N=372) Validation cohort 1 (N=271)

pCR (n=146) N-pCR (n=226) P Value pCR (n=107) N-pCR (n=164) P Value

Age 48.93 ± 8.73 49.21 ± 9.66 0.631 47.91 ± 10.31 49.13.39 ± 9.78 0.317

Clinical Stage (%) 0.682 0.231

I 2 (1.37%) 1 (0.44%) 1 (0.9%) 2 (1.2%)

II 97 (66.4%) 152 (67.3%) 67 (62.6%) 108 (65.9%)

III 47 (32.2%) 73 (32.3%) 39 (36.4%) 54 (32.9%)

ER Status (%) <0.01 <0.01

Positive 65 (44.5%) 158 (69.9%) 63 (58.9%) 121 (73.8%)

Negative 67 (45.9%) 82 (36.3%) 44 (41.1%) 43 (26.2%)

PR status (%) <0.01 <0.01

Positive 71 (48.6%) 159 (70.4%) 61 (57.0%) 122 (74.4%)

Negative 68 (46.6%) 74 (32.7%) 46 (43.0%) 42 (25.6%)

HER-2status (%) <0.01 <0.01

Positive
Negative

99 (67.8%)
33 (22.6%)

71 (31.4%)
169 (74.8%)

78 (72.9%)
29 (27.1%)

47 (28.7%)
117 (71.3%)

Ki-67 Status (%) 0.036 0.01

Positive 106 (72.6%) 172 (76.1%) 86 (80.4%) 118 (72.0%)

Negative 26 (17.8%) 68 (23.9%) 21 (19.6%) 46 (28.0%)

Cancer subtype (%) <0.01 <0.01

HR+/Her2- 17 (11.6%) 131 (58.0%) 13 (12.1%) 94 (57.3%)

Her2+ 97 (66.4%) 69 (30.5%) 78 (72.9%) 50 (30.5%)

TN 21 (14.4%) 37 (16.4%) 16 (14.9%) 20 (12.2%)
F
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P-value is derived from the univariable association analyses between the clinicopathologic variables and Bone status. The data marked with * are averaged.
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4 Discussion

Accurate prediction of pathological complete response (pCR)

following neoadjuvant chemotherapy (NAC) is essential for

optimizing surgical planning and improving outcomes for breast

cancer patients. Reliable pCR prediction enables clinicians to make

informed decisions about the feasibility of breast-conserving

surgery, potentially avoiding unnecessary mastectomies and their

associated morbidity (11–13). However, traditional reliance on

imaging modalities like MRI and postoperative pathological

examination presents limitations, including limited accessibility,

high costs, and delayed diagnostic timing. Therefore, developing a

convenient, non-invasive, and accurate method to assess pCR

before surgery is a crucial objective in current breast cancer

treatment strategies.
Frontiers in Oncology 0733
Recent advances in radiomics and deep learning have opened

new avenues for enhancing the prediction of treatment response.

Radiomics involves extracting high-dimensional quantitative

features from medical images, capturing subtle textural, spatial,

and morphological characteristics that may not be discernible

through conventional imaging analyses (7). Deep learning,

particularly convolutional neural networks (CNNs), can model

complex non-linear relationships within imaging data, thereby

improving predictive accuracy and robustness (14). Integrating

these technologies with ultrasound imaging—a widely available,

cost-effective, and non-invasive modality—offers a practical

solution to overcome the limitations of traditional methods.

Despite this potential, few studies have focused on using

ultrasound-based radiomics models for predicting pCR in

breast cancer.
FIGURE 5

ROC curves for six classification models in both cohorts. (A) ROC curves in the internal validation cohort. (B) ROC curves in the external
validation cohort.
FIGURE 4

Calibration Curve Analysis. (A) Calibration curves for six classifiers in the internal validation set; (B) Dashed diagonal line indicates perfect calibration.
A curve closer to the diagonal suggests better agreement between predicted probability and actual observed frequency of pCR. The XGBoost and
MLP models showed the highest calibration accuracy across both datasets.
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In our study, we aimed to address this gap by developing a

predictive model based on ultrasound images, leveraging the

strengths of deep learning and radiomics to offer a practical and

accessible tool for clinicians. Our model demonstrated strong

performance in predicting pCR, with area under the curve (AUC)

values of 0.907 and 0.862 across different validation cohorts. The

use of ultrasound expands the applicability of predictive models to a

broader patient population, including those in resource-limited

environments or with contraindications to MRI. Beyond its

accessibility, ultrasound’s real-time imaging capability enables

dynamic monitoring of treatment response, further enhancing its

clinical utility. By focusing on a widely available and user-friendly

modality, our approach simplifies the predictive process, reduces

methodological complexity, and facilitates more efficient clinical

implementation. This not only improves workflow efficiency but

also increases the likelihood of broader adoption in clinical practice,

where ease of use is a critical factor for integrating new technologies.

In our cohort, the pCR rate following NAC was approximately

38%, which is slightly higher than the 26–35% typically reported in

previous studies. This discrepancy may be attributed to the

retrospective nature of our study, where patients were selected

based on real-world clinical decisions. As a result, individuals

with more favorable baseline characteristics—such as earlier-stage

disease or molecular subtypes known to be more responsive to NAC

—were more likely to be included. Moreover, the relatively limited

sample size may have contributed to this deviation through

statistical variability.Despite this potential selection bias, the

reliability of our ultrasound-based radiomics model remains

robust, as it leverages high-dimensional imaging features that are

less influenced by subjective clinical judgment. This objectivity

supports the model’s potential for broader clinical applicability

and generalizability.

Currently, clinical evaluation of NAC response often includes

biomarkers such as estrogen receptor (ER), progesterone receptor

(PR), and human epidermal growth factor receptor 2 (HER2) status,

which significantly influence treatment outcomes. Research has

shown that molecular subtypes like triple-negative and HER2-

positive breast cancers are more likely to achieve pCR compared

to hormone receptor-positive tumors (15–20). Accordingly, our
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study incorporated these molecular subtypes as key clinical

variables in the model development process. Univariate and

multivariate logistic regression analyses revealed significant

associations between molecular subtype, tumor grade, and the

likelihood of achieving pCR (P < 0.05, Table 1), aligning with

findings from previous research. However, predictive models

based solely on traditional clinical indicators demonstrated

limited accuracy (AUC of clinical feature model = 0.73, 0.69).

This limitation could be due to the inherent complexity of tumor

biology, where molecular and imaging markers alone may not fully

capture the heterogeneity of treatment response. Additionally,

certain clinical parameters, such as Ki-67 proliferation index and

histological grade, may not always be reliably assessed due to

sampling errors or variability in pathological interpretation (21,

22). These challenges underscore the necessity for advanced

imaging-based models that integrate both clinical and imaging

data to enhance predictive accuracy.

Radiomics research, leveraging high-throughput data and

advancements in CNN-based deep learning, has significantly

enhanced the non-invasive prediction of tumor biological

behavior. Traditional radiomics approaches have demonstrated

promise in identifying imaging features correlated with treatment

outcomes, such as predicting pCR following NAC (10, 23, 24).

However, our study introduces several methodological and clinical

innovations that improve predictive accuracy and applicability

beyond prior efforts.

Firstly, our model utilizes ultrasound imaging instead of MRI,

which many existing models rely upon. Ultrasound offers

substantial practical advantages due to its widespread availability,

cost-effectiveness, and non-invasive nature, making it highly

suitable for routine clinical practice. By integrating radiomics

with deep learning, our model captures high-dimensional imaging

features that are often undetectable through conventional analyses,

enhancing the precision of pCR prediction in breast cancer patients

undergoing NAC. The model’s strong performance metrics, with

AUC values of 0.907 and 0.862 across different validation cohorts,

underscore its effectiveness and potential for clinical application.

Secondly, we address the limitations of traditional radiomics

models in capturing abstract and non-linear relationships within
TABLE 2 Predictive model performance effectiveness.

Model Accuracy AUC Delong test*

Internal validation
cohort

External
Validation

Internal validation
cohort

External
Validation

Internal validation
cohort

External
Validation

Combine 0.892
(0.862,0.912)

0.857
(0.822,0.928)

0.901
(0.854,0.948)

0.877
(0.834,0.919)

0.002 0.003

Deep
learning

0.875
(0.818,0.932)

0.833
(0.791,0.875)

0.870
(0.833,0.907)

0.834
(0.808,0.889)

0.002 0.014

Radiomics 0.797
(0.791,0.913)

0.801
(0.788,0.859)

0.831
(0.788,0.873)

0.822
(0.778,0.866)

0.019 0.029

Clinic 0.674
(0.628,0.741)

0.655
(0.601,0.709)

0.682
(0.629,0.736)

0.666
(0.612,0.721)

– –
1. DeLong test is performed with Clinic as the benchmark, and the 95% confidence interval is listed for AUC and ACC, respectively. 2. All results show the best model results in internal validation
cohort AUC.
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imaging data by incorporating CNNs. CNNs have the unique ability

to extract complex spatial features from medical images through

convolutional and pooling operations, analyzing relationships

between distant pixels (25, 26). This capability provides deeper

insights into tumor heterogeneity—a significant challenge in

predicting treatment response in breast cancer. Furthermore, we

enhanced the robustness and reliability of our predictive model

through ensemble learning by combining radiomics and deep

learning-derived features. In performing ensemble learning, we

tested a variety of model structures, and the results showed that

the XGBoost algorithm model had the highest accuracy in the

internal validation set (Supplementary File S1). Employing the

XGBoost algorithm, known for effectively handling non-linear

and complex data interactions (27, 28), we developed the

combined model. This ensemble model achieved impressive

AUCs of 0.901 and 0.891 across two independent centers,

demonstrating both its generalizability and clinical strength. The

multicenter validation significantly enhances the external validity of

our results. The DeLong test (P < 0.05) revealed significant

differences between our ultrasound-based model and traditional

clinical risk models, emphasizing the necessity of incorporating

advanced imaging techniques into predictive modeling.

To address the “black box” nature of deep learning, we

incorporated Gradient-weighted Class Activation Mapping (Grad-
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CAM) into our study to visually interpret which tumor regions the

model prioritized for prediction (Figure 6). This technique

generates heatmaps that indicate the areas most influential in the

model’s decision-making. For interpretability, we further utilized

SHAP plots (Figure 7) to reveal the decision-making process of the

optimal model (internal validation set). As a novel visualization

tool, SHAP showed that among the top 20 features, clinical features

were all considered and prioritized by the model, with molecular

phenotypes like Ki-67 and HER2 positively correlated with pCR

probability, consistent with previous research. Notably, both deep

learning and radiomic features were among the top 20, validating

our integrated learning strategy that combines different types of

features. Importantly, clinical reviewers who evaluated the SHAP

plots confirmed not only the intuitive alignment of high-impact

variables—such as HER2 and Ki-67—with their clinical

expectations, but also found the explanations actionable in

supporting individualized treatment discussions. Feedback

indicated that the clear ranking and directionality of feature

contributions could help reinforce clinical decision-making,

particularly when used alongside other interpretable tools like

Grad-CAM.

In addition to evaluating discriminative performance via AUC,

we assessed the calibration of our model’s predicted probabilities.

Calibration curves showed a strong agreement between predicted
FIGURE 6

Grad-CAM Visualization of Deep Learning Model Attention in Pre- and Post-NAC Ultrasound Images. This figure demonstrates the deep learning
model’s attention maps using Gradient-weighted Class Activation Mapping (Grad-CAM) on tumor ultrasound images before and after neoadjuvant
chemotherapy (NAC). (A1, A2) Pre- and post-NAC ultrasound and Grad-CAM images, respectively, of a 53-year-old patient who did not achieve pCR.
The Grad-CAM heatmap (A2) highlights strong peripheral activations, particularly on the upper tumor border.B1, B2 Corresponding post-NAC
ultrasound and Grad-CAM images of the same non-pCR patient. The attention remains at the edge but appears more diffuse, indicating persistent
residual tumor.C1, C2 Pre-NAC ultrasound and Grad-CAM visualization of a 49-year-old patient who achieved pCR. The heatmap (C2) shows
dispersed and weak activations across the tumor, suggesting limited model attention toward aggressive patterns.(D1, D2) Post-NAC ultrasound and
Grad-CAM of the same pCR patient. The model’s attention in D2 is minimal and centrally located, aligning with radiologic signs of tumor
regression.Dashed lines represent the maximal tumor diameters measured during routine clinical evaluation. Tumor sizes were A = 2.24 cm, B = 2.61
cm (non-pCR case), and C = 1.08 cm, D = 0.68 cm (pCR case), respectively. These measurements further validate model attention correlates with
tumor shrinkage patterns.
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and actual pCR probabilities across both internal and external

cohorts, suggesting that the model not only distinguishes

outcomes effectively but also provides reliable probability

estimates. Furthermore, DCA demonstrated that our integrated

model yielded a greater net clinical benefit across a wide range of

threshold probabilities, compared with models based solely on

clinical or radiomic features. These findings underscore the

practical value of our approach, indicating that the model’s high

discriminative power is matched by strong calibration and tangible

clinical utility.

In addition to visual interpretability, we conducted calibration

curve analyses (Figure 4) and decision curve analysis (DCA,

Figure 7) to further evaluate the clinical reliability and practical

value of our model. Calibration curves demonstrated that the

predicted probabilities aligned well with the actual outcomes in

both internal and external validation sets, as reflected by Brier

scores of 0.102 and 0.109, respectively, supporting the model’s

reliability. Moreover, DCA showed that the combined model

consistently provided the highest net benefit across a wide range

of threshold probabilities, confirming its strong clinical utility in

decision-making scenarios. Notably, the optimal probability

threshold for distinguishing pCR from non-pCR cases may vary

depending on the clinical context. In our analysis, threshold values

between 0.4 and 0.7 offered the best balance between sensitivity and

specificity, as observed from DCA performance, and corresponded

to the range where net clinical benefit was maximized across most

patient scenarios. This range was selected based on maximizing
Frontiers in Oncology 1036
clinical utility while maintaining interpretability for real-

world application.

Our model demonstrated excellent performance in predicting

pCR, providing a more accessible and cost-effective alternative to

MRI-based models. This is particularly important in routine clinical

settings where resource constraints or contraindications to MRI

may limit its use. Additionally, the use of ultrasound imaging has

the potential to expand the applicability of predictive models to a

broader patient population, including those in resource-limited

settings. Beyond its accessibility, ultrasound enables clinicians to

monitor treatment response dynamically, further enhancing its

clinical utility.

Furthermore, our model demonstrates not only excellent

performance in terms of discrimination and calibration but also

delivers consistent net benefit and clinical interpretability through

robust visual explanation tools. This positions the model as a

promising, scalable, and user-friendly solution for preoperative

pCR prediction, particularly in resource-limited or MRI-

constrained clinical environments. By focusing on ultrasound—a

widely accessible and low-cost modality, we further simplify model

deployment and enhance feasibility for routine integration into

clinical workflows.

Despite the promising results of our study, several limitations

should be acknowledged. First, the model relies on manual tumor

segmentation for feature extraction, which introduces potential

variability due to operator dependency. In this study, all

segmentations were performed in consensus by two experienced
FIGURE 7

SHAP Plot. The SHAP values illustrate each feature’s contribution to the prediction outcome, providing insight into feature importance and the
model’s interpretability.
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radiologists to mitigate inter-observer variability. However, we

acknowledge that inter-observer agreement was not formally

quantified, which may impact reproducibility. This limitation has

been noted, and future studies will incorporate quantitative

evaluation of segmentation consistency using standard metrics

such as the Dice Similarity Coefficient. Moreover, although

manual delineation remains common in radiomics research, the

development of automatic or semi-automatic segmentation

methods will be critical to improve reproducibility, reduce labor,

and enhance clinical applicability. We plan to explore these

approaches in subsequent work.

Second, while our use of ultrasound imaging offers practical

advantages such as accessibility and cost-effectiveness, ultrasound is

inherently operator-dependent, and variations in image acquisition

and quality could affect radiomic feature extraction and model

performance. This variability underscores the importance of

standardizing ultrasound scanning protocols and ensuring

adequate training across institutions to promote consistency and

reduce noise in future multicenter implementations. Notably, in our

preprocessing, we implemented uniform image resampling and

pixel normalization strategies to reduce inter-equipment

variability, thus improving the consistency of feature extraction.

Third, although our cohort included only patients with

confirmed invasive breast cancer who underwent NAC, we did

not further stratify cases based on molecular subtypes such as

hormone receptor (HR) or HER2 status. Certain subtypes—such

as HER2-negative Luminal A—are less responsive to NAC and are

often not recommended for such treatment. However, since this

was a retrospective study, all patients had already received NAC

based on clinical judgment and established treatment guidelines.

This real-world selection process likely excluded low-response

subtypes and reduced potential molecular-level bias. This is

supported by our data: while HR+/HER2− patients accounted for

approximately 38.5% of the total cohort, they represented only

11.6% of the pCR group, consistent with their known lower

chemosensitivity. In contrast, HER2-positive and triple-negative

breast cancer (TNBC) patients accounted for 46.8% and 15.0% of

the cohort, respectively, and demonstrated significantly higher pCR

rates, in alignment with existing clinical evidence. These

distributions are highly consistent with real-world NAC-treated

populations, suggesting that our cohort is representative and

clinically relevant. Nevertheless, future studies should consider

incorporating molecular subtyping more explicitly into model

development to further improve performance across

heterogeneous tumor biology.

Finally, while our model demonstrated strong predictive

performance across two independent centers, the relatively

limited sample size and geographic diversity may restrict its

generalizability to broader populations. To address this, we plan

to expand our external validation to include geographically and

ethnically diverse cohorts across multiple clinical centers.

Preliminary collaborations have already been initiated with two

additional tertiary hospitals outside our current regional network,

and ethics approval processes are underway. This will ensure the

robustness and scalability of our model in real-world applications.
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Additionally, future research should continue to explore strategies

that enhance interpretability—such as explainable artificial

intelligence (XAI)—and develop intuitive clinical decision support

tools that facilitate seamless integration into clinical workflows.
5 Conclusions

In this study, we developed a deep learning-based radiomics

model using ultrasound imaging to predict pCR in breast cancer

patients undergoing NAC. Integrating CNN allowed for the

extraction of complex, non-linear imaging features, addressing the

limitations of traditional radiomics approaches in capturing tumor

heterogeneity. By employing ultrasound, we ensured that our model

is both accessible and cost-effective, making it suitable for

widespread clinical application. Additionally, ensemble learning,

through the combination of radiomics and deep learning-derived

features, further enhanced the predictive accuracy and robustness of

the model. The multicenter validation demonstrated strong

generalizability across independent datasets, confirming the

potential of our model in clinical practice.
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Optimizing breast cancer
ultrasound diagnosis:
a comparative study of
AI model performance
and image resolution
Yunqing Yin1†, Junkui Fang1†, Wei Zhang2* and Xinying Shen2*

1The Second Clinical Medical College, Jinan University, Shenzhen, China, 2Department of
Interventional Radiology, Shenzhen People’s Hospital, Shenzhen, China
Objectives: To determine the optimal combination of artificial intelligence (AI)

models and ultrasound (US) image resolutions for breast cancer diagnosis and

evaluate whether this combination surpasses the diagnostic accuracy of

senior radiologists.

Materials and methods: We systematically compared lightweight (MobileNet,

Xception) and dense neural networks (ResNet50, DenseNet121) using three

image resolutions (224 × 224, 320 × 320, 448 × 448 pixels). A retrospective

cohort of 4,998 patients was divided into training/validation (8:2 ratio, n = 3,578)

and independent testing sets (n = 1,410). Diagnostic performance was assessed

via AUC, sensitivity, specificity, and analysis speed, with direct comparisons

against senior radiologists.

Results: MobileNet with 224 × 224 input achieved the highest AUC (0.924, 95%

CI: 0.910–0.938) and accuracy (87.3%) outperforming senior US (AUC: 0.820,

accuracy: 79.1%) and mammography doctors (AUC: 0.819, accuracy: 83.6%) (p <

0.05). After excluding BI-RADS 4c and 5 nodules, the diagnostic efficacy of

MobileNet_224 is better than that of senior doctors (p < 0.05), can reduce 60.1%

false positives of US, and 46.6% of mammography. MobileNet_224 and

MobileNet_320 had the fastest analysis speed.

Conclusion:MobileNet_224 represents a novel, efficient AI framework for breast

cancer diagnosis demonstrating superior accuracy and speed compared to both

complex AI models and experienced clinicians. This work highlights the critical

role of optimizing model architecture and resolution to enhance diagnostic

workflows and reduce unnecessary biopsies.
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Introduction

Breast cancer (BC) has emerged as the most prevalent

malignancy worldwide and is a leading cause of death among

women (1, 2). Surpassing lung cancer, it now accounts for over

2.3 million new cases annually representing 30% of all female

cancers and 11.7% of all cancers. This malignancy increasingly

affects a younger demographic posing a serious threat to women’s

health (3).

Currently, clinical diagnosis of BC incorporates various

methods, including palpation, digital mammography (DM),

magnetic resonance imaging (MRI), and ultrasound (US).

Mammography, while widely used, often suffers from high rates

of false positives and negatives, particularly in women with dense

breast tissue, leading to missed diagnoses (4, 5). MRI is

recommended for high-risk BC patients, but its high cost, false-

positive rate, and time intensity limit its use to a supplementary role

in mammography. US, an important tool for BC screening, is not

constrained by mammary gland tissue types and has been shown to

increase BC detection rates by 17% while reducing unnecessary

biopsies (6, 7). However, US is limited by its reliance on the acoustic

impedance difference in tumor tissues making it challenging to

differentiate diagnoses, especially in cases of non-mass BC (8). The

operator-dependent nature of US also means that diagnostic

outcomes can vary significantly based on the experience of the

practitioner (9).

The Breast Imaging Reporting and Data System (BI-RADS) has

significantly improved the standardization and accuracy of breast

tumor diagnosis (10). However, BI-RADS classification relies on

visual recognition, which can miss subtle image features. Thus,

there is an urgent need for an objective method that minimizes

operator dependence and accurately reflects tumor characteristics

for BC screening and diagnosis (11).

Advances in AI-driven breast cancer classification have

demonstrated significant potential in reducing diagnostic

variability and improving clinical workflows. Recent studies, such

as those employing convolutional neural network for ultrasound-

based classification (12–14), underscore the feasibility of AI in

standardizing diagnoses. Furthermore, ensemble machine learning

techniques (15, 16) demonstrate improved accuracy through model

aggregation. However, these works often lack systematic

comparisons across model architectures limiting insights into

optimal computational frameworks. While capsule networks (17)

show promise in capturing spatial hierarchies within tumor

morphology, their computational inefficiency hinders real-time

clinical deployment compared to lightweight CNNs. Lightweight

architectures, like MobileNet variants (18, 19) have emerged as

efficient alternatives in cancer classification, yet prior investigations

rarely explore resolution-specific trade-offs or benchmark against

both complex models [e.g., ShuffleNet (20), EfficientNet (21)] and

human expertise. Concurrently, multi-resolution approaches for

medical image segmentation (22, 23) highlight the importance of

scale optimization, though their focus remains isolated from end-

to-end diagnostic pipelines.
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Our study addresses these gaps by systematically comparing

lightweight and dense neural networks across resolutions to identify

the optimal AI–image combination for breast cancer detection,

while directly benchmarking diagnostic efficiency against senior

radiologists—thereby advancing clinical standards through

technically validated innovation.
Materials and methods

Study population

This retrospective study was conducted following approval

from the institutional review board of Shenzhen People’s

Hospital, with a waiver for informed consent due to its

retrospective nature. The Na-exclusion criteria for this study were

as follows:

Inclusion criteria: (1) Breast tumors were detected by US,

which were classified as 0, 3, 4a, 4b, 4c, or 5 according to BI-

RADS. (2) At least 3.0-mm breast tissue can be displayed around

the nodule. (3) No intervention or operation was performed on the

nodule to be evaluated before ultrasonic examination. (4) Patients

underwent surgery or biopsy within 1 week of ultrasonic data

collection and obtained pathological results.

Exclusion criteria: (1) BIRADS 1 and 2; (2) Have a history of

breast surgery or intervention; (3) Poor image quality; (4) The

clinical data of cases are incomplete, and the pathological results are

not tracked.

In this study, following the inclusion and exclusion criteria, a

cohort of 4,998 patients with breast tumors was established. These

patients were then randomly divided into the following three

groups: a training set, a test set, and an independent validation

set. The training and validation sets were allocated in an 8:2 ratio,

with the training set comprising 2,778 patients (774 with malignant

tumors) and the validation set including 800 patients (217 with

malignant tumors). The independent test set consisted of 1,410

patients of whom 579 had malignant tumors (Table 1). All patients

underwent biopsy or surgical procedures for pathological

diagnosis (Figure 1).
Human examination

The US and mammography diagnosis were made by two senior

doctors, with more than 10 years of experience in mammography

diagnosis, who made the classification diagnosis of benign and

malignant tumors under the condition of independent double blind,

and gave the BI-RADS classification of tumors. In case of

inconsistency, the third chief physician shall be invited for

arbitration (Supplementary Material). In a comparison of diagnostic

performance, BI-RADS classifications 3 and 4A are defined as benign

lesions, and 4B, 4C, and 5 are defined as malignant lesions. Diagnostic

results from ultrasound doctors and mammography doctors are based

on the doctor’s experience.
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AI model construction

Model selection was guided by (1) computational efficiency for

clinical deployment, (2) prior evidence in medical imaging, and (3)

architectural diversity to benchmark lightweight against dense networks.

MobileNet and Xception were prioritized for their parameter efficiency
Frontiers in Oncology 0342
and validated performance in resource-constrained tasks. DenseNet121

and ResNet50 served as benchmarks for hierarchical feature extraction.

These models employ architectural innovations like depthwise

separable convolutions to minimize computational burden while

retaining diagnostic accuracy. Conversely, dense models, like

DenseNet121 and ResNet50—known for their complex hierarchical
FIGURE 1

Flow chart and results of this study. The optimal model: MobileNet_224, senior ultrasound doctors, senior mammography doctors. MobileNet_224,
MobileNet with 224 × 224-pixel image input; US_BI-RADS, senior ultrasound doctors’ diagnostic results; DM_BI-RADS, senior mammography
doctors’ diagnostic results.
TABLE 1 Patient information in this study.

Characteristics
Training set Validation set Testing set

Benign Malignant Benign Malignant Benign Malignant

Patients 2,004 774 583 217 831 579

Tumor size (mm) 22.88 ± 9.88 23.17 ± 9.89 22.44 ± 10.07

Age (year)

<40 372 106 131 30 154 68

40–49 619 157 203 50 315 135

50–59 602 182 171 52 279 100

60–69 557 150 179 48 338 143

≥70 628 179 116 37 324 133
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structures (e.g., residual blocks in ResNet50, dense connectivity in

DenseNet121)—were included to evaluate their ability to capture

nuanced tumor features in ultrasound images. By comparing these

fundamentally distinct architectures, we aimed to identify the optimal

balance between computational efficiency and diagnostic precision for

breast cancer detection. By comparing these models, we aimed to assess

which architecture is more effective for the task of diagnosing BC from

US images.

We employed the following three different image resolutions: 224 ×

224, 320 × 320, and 448 × 448 pixels (illustrated in Figure 2). This

variation in resolution was intended to examine the impact of image

quality on the diagnostic accuracy of the AI models. Higher-resolution

images typically provide more detailed information but also require

more computational resources to process. Conversely, lower-resolution

images are faster to process but may lack some detailed information.

Understanding the trade-off between resolution and diagnostic accuracy

is crucial for the practical application of AI in medical imaging,

particularly in settings where computational resources are limited.
Training protocol

Models were implemented in TensorFlow 2.5.0, trained on an

NVIDIA RTX 3090 GPU, and evaluated on an edge-computing device

(Jetson AGX Xavier) to simulate clinical deployment. Images were

standardized to 224 × 224, 320 ×3 20, or 448 × 448 pixels. Training

employed AdamW optimization (lr = 1e−4) with cosine annealing, and

cross-entropy loss weighted for class imbalance (SupplementaryMaterial).

To ensure the integrity and non-overlapping nature of our data,

we carefully allocated images from the same patient exclusively to

one dataset—either the training set or the validation set. This

approach was critical to prevent data leakage and ensure that the

models were tested on completely unseen data, thereby providing a

reliable assessment of their generalizability.

The independent testing set was crucial for evaluating the real-world

applicability of the AI models. It consisted of the following three main

components: 1) Comparative Evaluation: We assessed the diagnostic

effectiveness between different AI models to identify the optimal model

and image resolution combination. 2) Comparison with Senior Doctors:

The optimal AI model’s diagnostic efficacy was compared with that of

experienced senior US and mammography doctors. This comparison

aimed to benchmark the AI models against the current gold standard in

clinical practice. 3) Exclusion of Certain Tumor Types: We specifically

excluded BI-RADS 4c and 5 tumors to focus on challenging cases where

AI models could potentially offer the most significant benefit. This step

was crucial to understand the potential of AI in improving diagnostic

specificity and reducing false positives.
Statistical analysis

Continuous variable data are expressed as mean ± standard

deviation. Categorical variable data are expressed as a percentage.

The paired-sample t-test was used to compare the differences within

the group. R 3.6.3 was used for the statistical analysis. Diagnostic
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performance was evaluated using receiver operating characteristic

(ROC) curves generated in R 3.6.3 (pROC package). The area under

the curve (AUC), reflecting overall discriminative ability, was calculated

via the non-parametric DeLongmethod, with 95% confidence intervals

(95% CI) derived from 2,000 stratified bootstrap replicates to account

for variability. Sensitivity, specificity, and accuracy were computed

from confusion matrices. Statistical significance of AUC differences

between models and radiologists was assessed via DeLong’s test

(p < 0.05).
Code availability

The updated code repository and Jupyter notebook was hosted

on GitHub—https://github.com/wukaiyeah/ultrasound_breast_

malignant_classification.git.
Results

Diagnostic performance of AI models vs.
radiologists

MobileNet_224 demonstrated superior diagnostic accuracy

compared to both other AI models and senior radiologists. In the

independent testing set, MobileNet_224 achieved an AUC of 0.924

(95% CI: 0.910–0.938) significantly outperforming senior ultrasound

radiologists (AUC: 0.820, p < 0.001) and mammography specialists

(AUC: 0.819, p < 0.001). Its accuracy (87.3%) surpassed radiologists’

performance by 8.2% (ultrasound) and 3.7% (mammography). Dense

networks, such as DenseNet121_448, showed lower efficacy (AUC:

0.890; accuracy: 82.8%) highlighting the advantage of lightweight

architectures (Tables 2, 3, Figures 2, 3).

The interpretability analysis (Figure 4) demonstratesMobileNet_224’s

alignment with radiological diagnostic criteria. For benign lesions (A),

SHAP values identified smoothmargins and homogeneous echotexture as

primary contributors to classification, while Grad-CAM heatmaps (C)

confirmed focused attention on lesion boundaries. In malignant cases (B),

SHAP attributed high malignancy probability to spiculated margins and

heterogeneous internal echoes corroborated by Grad-CAM’s emphasis on

irregular tumor peripheries (D).
Impact of image resolution on model
performance

Lower-resolution inputs (224 × 224 pixels) consistently

outperformed higher resolutions (320 × 320, 448 × 448) across all

models. MobileNet_224 achieved the highest AUC (0.924) at 224 × 224,

while its performance declined at 448 × 448 (AUC: 0.909). Similarly,

Xception_224 (AUC: 0.918) surpassed Xception_448 (AUC: 0.909),

despite the latter utilizing more detailed imaging data. This suggests

that lower resolutions prioritize clinically decisive features over

extraneous textures optimizing both accuracy and computational

efficiency (Table 2).
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Reduction of false positives and clinical
implications

MobileNet_224 significantly reduced false-positive diagnoses

compared to radiologists: False positives decreased from 286 to

114 cases (60.1% reduction) for ultrasound, and false positives
Frontiers in Oncology 0544
dropped from 204 to 109 cases (46.6% reduction) for

mammography. Notably, after excluding BI-RADS 4c/5 cases

(high malignancy likelihood), the model maintained superior

specificity (88.8% vs. radiologists ’ 65.6%, p < 0.001)

demonstrating its ability to resolve diagnostically challenging

lesions (Figures 5, 6).
FIGURE 2

Comparison of diagnostic efficacy between LW-CNNs in the testing set. AUC, area under the curve; 95% CI: 95% confidence interval. (a) Xception_224:
Xception with 224 × 224-pixel image input, (b)MobileNet_224, (c) Xception_320, (d)MobileNet_320, (e) Xception_448, (f)MobileNet_448.
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TABLE 3 Results of MobileNet_224 and ultrasound/mammography in testing set.

Modality AUC (95% CI) Cut-off Sensitivity (%) Specificity (%) Accuracy (%) p-Value

Model
0.924
(0.910–0.938)

0.555 85.1 88.8 87.3 NA

Ultrasound
0.820
(0.803–0.837)

NA 98.4 65.6 79.1 0.000

Mammography
0.819
(0.799–0.838)

NA 79.7 85.1 83.6 0.000

Model
0.886
(0.854–0.917)

0.467 78.9 86.3 85.2

0.000

US_BI-RADS
0.820
(0.803–0.837)

NA 98.4 65.6 79.1

Model
0.915
(0.892–0.937)

0.467 84.1 86.7 86.2

0.000

DM_BI-RADS
0.745
(0.714–0.777)

NA 73.9 75.2 74.9
F
rontiers in Oncology
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AUC, area under the curve; AUC, area under the curve; 95% CI, 95% confidence interval; MobileNet_224, MobileNet with 224 × 224-pixel image input; US_BI-RADS, senior ultrasound doctors'
diagnostic results; DM_BI-RADS, senior mammography doctors' diagnostic results; p, p-value of MobileNet_ 224 compared with other models; NA, not applicable.
TABLE 2 Comparison of the efficacy of AI model in the independent testing set.

Modality AUC (95% CI) Cut-off Sensitivity (%) Specificity (%) Accuracy (%) p-Value

Xception_224
0.918
(0.903–0.932)

0.483 84.6 85.4 85.1 0.230

Xception_320
0.903
(0.887–0.919)

0.290 83.6 82.8 83.1 0.003

Xception_448
0.909
(0.893–0.925)

0.518 82.2 86.5 84.8 0.013

MobileNet_224
0.924
(0.910–0.938)

0.555 85.1 88.8 87.3 NA

MobileNet_320
0.891
(0.874–0.909)

0.209 84.1 80.4 81.9 0.000

MobileNet_448
0.909
(0.894–0.924)

0.670 83.2 83.0 83.1 0.033

ResNet50_224
0.801
(0.778–0.825)

0.214 74.8 71.5 72.8 0.000

ResNet50_320
0.867
(0.848–0.886)

0.466 80.1 78.1 78.9 0.000

ResNet50_448
0.862
(0.843–0.881)

0.319 80.8 76.5 78.3 0.000

DenseNet121_224
0.862
(0.843–0.881)

0.406 80.3 84.0 82.5 0.000

DenseNet121_320
0.870
(0.851–0.890)

0.462 77.9 83.5 81.2 0.000

DenseNet121_448
0.890
(0.872–0.907)

0.460 81.9 83.4 82.8 0.000
AUC, area under the curve, 95% CI, 95% confidence interval; MobileNet_224, MobileNet with 224 × 224-pixel image input, others the same; p, p-value of MobileNet_ 224 compared with other
models; NA, not applicable.
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FIGURE 3

Comparison of diagnostic efficacy between DNNs in the testing set. AUC, area under the curve; 95% CI, 95% confidence interval. (a) ResNet50_224:
ResNet50 with 224 × 224-pixel image input, (b) DenseNet121_224, (c) ResNet50_320, (d) DenseNet121_320, (e) ResNet50_448,
(f) DenseNet121_448.
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FIGURE 4

Interpretability analysis of MobileNet_224 predictions for benign and malignant breast lesions. (A) Benign lesion: prediction probability (0.999 for
benign, 0.001 for malignant) with SHAP values highlighting key image regions contributing to the benign classification. (B) Malignant lesion:
prediction probability (0.999 for malignant, 0.001 for benign) with SHAP values emphasizing tumor margin irregularity and microcalcifications.
(C, D) Grad-CAM heatmaps for the benign (C) and malignant (D) lesions illustrating the model’s focus on clinically relevant anatomical features
(e.g., smooth margins in benign vs. spiculated regions in malignant).
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Computational efficiency

MobileNet_224 exhibited the fastest inference speed (0.02 s per

image), 3.8× faster than DenseNet121_448 (0.076 s) and 500× faster

than manual radiologist review (~10 s per case). This efficiency did

not compromise accuracy reinforcing its suitability for real-time

clinical workflows (Table 4).
Discussion

AI has demonstrated remarkable versatility across diverse

domains, from anemia detection using palm and conjunctiva

images (24–26) to macroeconomic forecasting via time-series

models (27). In healthcare, lightweight convolutional neural

networks (CNNs) are increasingly applied to resource-constrained

tasks, such as MobileNet for diabetic retinopathy screening (28) and

Xception for COVID-19 detection (29). Our study extends this

paradigm to breast cancer ultrasound diagnosis, where optimizing

existing architectures—rather than developing novel models—

proves critical for clinical translation.

This study selects four models: Xception, MobileNet,

DensNet121, and ResNet50, and 224 × 224-, 320 × 320-, and

448 × 448-pixel image input to explore the accuracy of breast

tumors with US images. The results show that MobileNet_224 is

superior to the other 11 models and the combination of input

images, with an AUC of 0.924 and an accuracy of 87.3%, which are

superior to those of senior US and mammography doctors (AUC:

0.820 and 0.819; accuracy: 79.1% and 83.6%).

The application of AI in medical images mainly uses convolutional

neural network (CNN) to extract useful information from images.

CNN has the following two characteristics: (1) can effectively reduce

the dimension of images and (2) can effectively preserve features of

images. There are many models derived from this, which are mainly

divided into the following two categories: (1) dense neural network

(DNN) such as ResNet, DenseNet, and EfficientNet (30, 31); (2)
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lightweight revolutionary neural networks (LW-CNNs) (32) such as

MobileNet, Xception, and ShuffleNet. Large-scale network has a large

amount of computation, but the processing speed is slow. LW-CNNs

has designed a more efficient network computing method, which not

only reduces the number of network layers and parameters but also

preserves the performance. It can be used for fast reasoning of

embedded and mobile systems. It has a CNN structure with high

computational efficiency, adopts point-to-point grouping convolution

and channel shuffling, which greatly reduce the amount of

computation while maintaining accuracy, and maximize operation

speed and accuracy (33, 34). In this study, the diagnostic efficiency of

the two LW-CNNs is generally higher than that of the DNNs.

MobileNet (35) was based on a streamlined architecture, and a

lightweight deep neural network is constructed using longitudinally

separable convolution. Its core idea is that the deep separable

convolution replaces the standard convolution and reduces the

number of parameters (36, 37). In this study, MobileNet_224

shows the best diagnostic efficiency in different models and images.

Generally, image dimensionality reduction will not affect the

final result, such as a picture of 1,000 × 1,000 pixels was reduced to

200 × 200 pixels, which has no obvious impact on the computer

recognition results. Among MobileNet with different image

resolutions, MobileNet_224 is superior to MobileNet_320 (AUC:

0.891) and MobileNet_448 (AUC: 0.909). The results suggest that

MobileNet can still extract the information needed for diagnosis

after the image dimension is reduced, which is consistent with the

original intention of model design and other studies (38, 39).

A high-resolution image contains more information and larger

pixel matrix, but it takes up more memory. In the convolution

operation, the large size consumes more computing time than the

small size. This study found that the resolution has an impact on the

time consumption of the model, and the time consumption of high-

resolution model analysis increases, which is consistent with other

studies (40). On the contrary, small images consume less

computational resources, but may lose some information and may

produce misleading results. Therefore, deep learning needs to
FIGURE 5

Comparison of diagnostic efficacy between the optimal model and senior doctors in the testing set. MobileNet_224, MobileNet with 224 × 224-pixel
image input; AUC, area under the curve; 95% CI, 95% confidence interval. (A) The optimal model: MobileNet_224, (B) senior ultrasound doctors, (C) senior
mammography doctors.
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compromise the contradiction between computational efficiency and

recognition accuracy (41). The DNNs, such as DenseNet, ResNet50,

and EfficientNetB0, have dense connections between layers and are

more memory and time consuming (42). This study shows that
Frontiers in Oncology 1049
DenseNet121_224 takes the longest time in analyzing a single

picture, which is 0.07 s, while MobileNet _224 takes less than 0.02 s.

According to BI-RADS classification, Class 0 is a lesion that cannot

be determined qualitatively, which has not been diagnosed but has been
FIGURE 6

Comparison of diagnostic efficacy between the optimal model and senior doctors after excluding BIRADS 4c and 5 nodules. MobileNet_224,
MobileNet with 224 × 224-pixel image input; AUC, area under the curve; 95% CI, 95% confidence interval. (A) MobileNet_224, (B) senior ultrasound
doctors, (C) MobileNet_224, (D) senior mammography doctors.
TABLE 4 The average time of analyzing a single ultrasound image with different AI models (s).

Modality 224* 320* 448* Mean ± SD p-Value

MobileNet 0.019 0.020 0.021 0.020 ± 0.001 0.0004

Xception 0.031 0.034 0.035 0.033 ± 0.002 0.001

DenseNet121 0.075 0.076 0.077 0.076 ± 0.001 0.0001

ResNet50 0.034 0.036 0.037 0.036 ± 0.001 0.0006
Asterisks (*) indicate the image resolution used for model input.
frontiersin.org

https://doi.org/10.3389/fonc.2025.1536365
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Yin et al. 10.3389/fonc.2025.1536365
suspected by doctors, and the possibility of malignancy of BI-RADS 3,

4a, and 4b tumors is less than 2%, 2%–10%, and 10%–50%,

respectively. According to BI-RADS 3, follow-up is recommended,

and biopsy is recommended for 4a and 4b. If benign tumors can be

further screened by AI method, unnecessary puncture and injury can

be reduced. A study (43) reported that using the trained AI model to

identify benign and malignant breast tumors was higher than the

diagnostic level of doctors, the AUC of which were 0.87 (95% CI: 0.79–

0.95) and 0.51 (95% CI: 0.50–0.53), respectively. In this study, the AUC

of MobileNet_224 [0.886 (95% CI: 0.854–0.917)] is higher than that of

senior US doctors [0.820 (95% CI: 0.803–0.837]]. Compared with

senior mammography, the AUC of MobileNet_224 [0.915 (95% CI:

0.892–0.937)] is higher than that of senior mammography doctors

[0.745 (95% CI: 0.714–0.777)]. To further clarify the diagnostic

efficiency of AI technology, this study selected breast tumors that are

difficult to diagnose using US and mammography for analysis and

found that when the cut-off value of MobileNet_224 is 0.467, the

diagnostic accuracy is higher than that of senior doctors in US and

mammography. The model significantly reduced false positives in both

ultrasound (60.1% reduction) and mammography (46.6% reduction),

while improving specificity and overall accuracy (AUC increase: 6.6%

for ultrasound; accuracy increase: 6.1%). The application of

MobileNet_224 demonstrated significant improvements in diagnostic

performance. Specifically, the number of false positives in ultrasound

(US) imaging was reduced from 286 to 114 cases representing a 60.1%

reduction. For mammography, the model increased the AUC and

accuracy by 17% and 11.3%, respectively. Furthermore, the model

reduced false positives in mammography from 204 to 109 cases, a

decrease of 46.6%. These results highlight MobileNet_224’s capability

to diagnose early-stage breast cancer (BC), minimize false positives,

and reduce unnecessary biopsies. Contrary to the assumption that

higher image resolution universally improves diagnostic accuracy, our

findings reveal that MobileNet_224 achieves superior performance at a

224 × 224 resolution. This challenges the prevailing trend inmedical AI

toward computationally intensive high-resolution frameworks.

The use of AUC, sensitivity, and specificity is widely accepted in

oncology AI studies, while analysis speed addresses practical

deployment needs. By excluding BI-RADS 4c/5 cases (high

malignancy likelihood), we specifically tested the model’s ability

to resolve ambiguous diagnoses—a key clinical challenge.

Our study has several limitations. First, this study is a single-

center and retrospective study. In the future, a multi-center

prospective AI study should be carried out to confirm the

reliability of the screening model of this study. Second, this

study does not distinguish the types of US instruments and

equipment, but only analyzes the static US images. The

accuracy and reliability of AI technology for video data analysis

need to be studied further. Last, our study focused on evaluating

existing lightweight models for clinical deployment capability

rather than proposing novel architectures, which limits direct

comparisons with cutting-edge frameworks but prioritizes real-

world practicality. Future research could expand comparisons to

hybrid models, such as CNN-Transformer frameworks, to

evaluate their potential for multi-scale feature extraction in

breast cancer diagnosis.
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Conclusion

This study systematically evaluates the diagnostic performance of

lightweight AI models (MobileNet, Xception) versus dense networks

(ResNet50, DenseNet121) across ultrasound image resolutions (224 ×

224, 320 × 320, 448 × 448) for breast cancer detection. Using a

retrospective cohort of 4,998 patients, we demonstrate that

MobileNet_224, despite its computational simplicity, achieves superior

clinical utility as follows: 1) Speed–Accuracy Balance: MobileNet_224

processes images in 0.02 s—300× faster than manual review—while

maintaining 87.3% accuracy addressing critical workflow bottlenecks. 2)

False-Positive Reduction: The model reduces unnecessary biopsies by

60.1% in ultrasound and 46.6% in mammography directly impacting

patient outcomes and healthcare costs. 3) Resolution Optimization

Framework: Lower resolutions (224 × 224) suffice for accurate

diagnosis challenging the need for resource-intensive high-resolution

pipelines. These findings advocate for redefining clinical AI benchmarks

toward deployment capability rather than theoretical performance

offering a pragmatic framework for healthcare translation.
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Institut de Cancé rologie de l’Ouest (ICO),
 
France
 
Cherry Bansal,
 
Tantia University, India
 

*CORRESPONDENCE 

Giuseppe De Palma 

g.depalma@oncologico.bari.it 

†These authors have contributed 
equally to this work and share 
first authorship 

RECEIVED 25 November 2024 
ACCEPTED 25 June 2025 
PUBLISHED 18 July 2025 

CITATION 

Calabrò C, Iacovelli S, De Palma G, 
Carravetta G, Garofalo D, Giotta F, Latorre A, 
Nardulli P, Ressa CM, Vitale E, De Santis V and 
Mastrandrea G (2025) Case Report: A 
successful multidisciplinary approach to 
doxorubicin extravasation from a PICC-port 
in a patient with breast cancer. 
Front. Oncol. 15:1534112. 
doi: 10.3389/fonc.2025.1534112 

COPYRIGHT 

© 2025 Calabrò, Iacovelli, De Palma, 
Carravetta, Garofalo,  Giotta, Latorre, Nardulli,  
Ressa, Vitale, De Santis and Mastrandrea. This is 
an open-access article distributed under the 
terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or 
reproduction in other forums is permitted, 
provided the original author(s) and the 
copyright owner(s) are credited and that the 
original publication in this journal is cited, in 
accordance with accepted academic 
practice. No use, distribution or reproduction 
is permitted which does not comply with 
these terms. 

Frontiers in Oncology 
Case Report: A successful 
multidisciplinary approach to 
doxorubicin extravasation from a 
PICC-port in a patient with 
breast cancer 
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Agnese Latorre4, Patrizia Nardulli 1, Cosmo Maurizio Ressa5, 
Elsa Vitale6, Valerio De Santis5 and Giovanni Mastrandrea3 

1Pharmacy Unit, IRCCS Istituto Tumori “Giovanni Paolo II” Bari, Bari, Italy, 2Institutional BioBank,
 
Experimental Oncology and Biobank Management Unit, IRCCS Istituto Tumori “Giovanni Paolo II” Bari,
 
Bari, Italy, 3Anaesthesia, Resuscitation and Postoperative Intensive Care Unit, IRCCS Istituto Tumori
 
“Giovanni Paolo II” Bari, Bari, Italy, 4Medical Oncology Unit, IRCCS Istituto Tumori “Giovanni Paolo II” Bari,
 
Bari, Italy, 5Plastic and Reconstructive Surgery Unit, IRCCS Istituto Tumori “Giovanni Paolo II” Bari, Bari, Italy,
 
6Scientific Directorate, IRCCS Istituto Tumori “Giovanni Paolo II” Bari, Bari, Italy 
Background: Infusion of chemotherapy drugs through central venous catheters 
in the bloodstream facilitates direct access to disseminated cancer sites to 
interrupt the growth and/or spread of abnormal cells. To represent the 
significance of a rapid, multidisciplinary intervention codified by a hospital-
adopted procedure for the treatment of this specific type of extravasation. 

Methods: A case of a 63-year-old female patient with no comorbidities but 
overweight who was admitted to our hospital in 2023 was discussed. The 
oncologist requested the placement of a long-term central venous access for 
chemotherapy, expected to last at least 5–6 months. This case report describes a 
massive anthracycline extravasation through a PICC-port. Such a serious 
complication requires not only the prompt administration of dexrazoxane but, 
more importantly, a multidisciplinary approach. Without comprehensive and 
timely intervention, the patient would have likely lost the upper limb. 

Clinical implications: Following the surgical and pharmacological treatment, the 
patient achieved a restoration of normal limb function, thus resuming all regular 
activities. This outcome was made possible primarily due to the timely and 
professional intervention of the multidisciplinary team, which minimized the 
severe complications that doxorubicin extravasation can cause. Tunneling of 
the catheter, which moves the extravasation site (port pocket) away from the 
venipuncture site, is equally important. Another noteworthy element is the 
resumption of chemotherapy treatment, which might have been interrupted 
due to the severe complication resulting from the extravasation. 
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1 Introduction 

Infusion of intravenous chemotherapy drugs in the bloodstream 
facilitates direct access to disseminated cancer sites to interrupt the 
growth and/or spread of abnormal cells. To reduce complication 
and to facilitate this infusion, the most preferred options are central 
vascular access devices, including peripherally inserted central 
catheters (PICCs) and totally implantable vascular access devices 
(TIVADs) with chest insertion (chest port) or peripheral insertion 
(arm port or PICC port) (1, 2). Also, in economic studies published 
in the last 5 years, the TIVADs are starting to be considered more 
cost-effective than CVCs and PICCs in breast cancer chemotherapy 
patients (3–7). 

Moreover, the cosmetic and psychological advantage has led to 
a more frequent use of peripherally inserted TIVADs in breast 
cancer: the additional scar in a hidden area of the body, the non-
need to uncover and use the chest, and the non-need to carry out 
weekly PICC medications justify breast cancer patients preferring 
these devices (1). Weekly maintenance includes the use of needle-
free connectors, sutureless securement devices, and transparent 
semipermeable dressings. In addition, PICCs require a weekly 
flush to ensure catheter patency and prevent occlusions (8). 

In order to reduce the incidence of injury during the peripheral 
insertion of TIVADs, various studies close to the Italian healthcare 
system recommend using ultrasound guidance in real time, 
maximum barrier protection, the micro-Seldinger technique for 
the venipuncture in the proximal third of the upper arm, close to 
the axilla, and the tunneling up to a pocket for the port chamber 
located in the “green zone” of the zone insertion method (ZIM) 
used for PICCs (1–7, 9–13). 

Extravasation is a complication related to the infusion of 
chemotherapy drugs in peripherally inserted TIVADs because it 
is clearly connected to the greater mobility of the arm compared to 
the chest (13). 

Extravasation is one of the most feared events related to the 
chemotherapy drug infusion. Inadvertent administration of a 
solution or drug into the tissue surrounding the intravenous 
catheter can, in fact, result in serious complications. In particular, 
if it is a solution or a non-vesicant drug, it is called infiltration; when 
it comes to a vesicant drug, it is called extravasation. Both 
infiltration and extravasation can have serious consequences: the 
patient may require surgery that causes large scarring, experience 
functional limitations, or even require amputation (14). 
Chemotherapy extravasation remains an accidental complication 
of chemotherapy administration and may result in serious damage 
to patients (15). 

A recent study evaluated a total of 739,812 infusions and 
identified 673 extravasation events. Incidence for all extravasation 
events was 0.09% (16). 

More specifically, chemotherapy agents may be classified by 
their potential to cause tissue necrosis. Vesicants are agents that can 
cause blistering, sloughing of the skin, and varying degrees of 
localized tissue damage. Non-vesicants do not impair or destroy 
the tissue when they infiltrate into the tissue (17). Vesicant 
chemotherapy agents can be divided into two categories: DNA 
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binding and DNA non-binding. Vesicants that bind to nucleic acids 
in DNA (e.g., anthracyclines) bind to the DNA in the cells of 
healthy tissue when they extravasate from the vein and promptly 
cause cell death. DNA-doxorubicin complexes are released from 
dead cells in the tissue and are taken up by adjacent healthy cells by 
endocytosis. This process of cellular uptake of extracellular 
substances sets up a continuing cycle of tissue damage as the 
anthracycline is retained in the tissue for a long period of time 
and recirculated in the surrounding area (18). 

To  prevent  serious  and  permanent  damage  due  to  
extravasations, early identification has particular importance. 
Generally, the optimal treatment of anthracycline extravasation 
includes local tissue cooling, elevation of the afflicted extremity, 
dexrazoxane administration, and possibly topical DMSO (19). 

According to our hospital procedure, dexrazoxano must be used 
in case of anthracycline extravasation. Dexrazoxano works with two 
different mechanisms: first, the iron chelation caused by its open-
ring metabolite, which can reduce iron-dependent oxidative stress 
that is responsible for anthracycline cardiotoxicity; second, 
dexrazoxano causes topoisomerase II inhibition. 

The relative contribution of each mechanism to the prevention of 
tissue damage following anthracycline extravasation remains unclear. 

Dexrazoxano must be administered once a day for three 
consecutive days, according to the following scheme: Day 1: 1,000 
mg/m2; Day 2: 1,000 mg/m2; and Day 3: 500 mg/m2. The first 
infusion must start as soon as possible and, in any case, within the 
first 6h of the event. Days 2 and 3 treatment should begin at the 
same time as Day 1 (± 3h). When extravasation involves central 
venous access, the hospital procedure requires the nurse to block the 
infusion and aspirate the utmost possible quantity of solution 
through the catheter. 

In this case report, we want to report our experience in treating 
anthracycline doxorubicin extravasation related to a PICC-port in a 
patient with breast cancer to provide further evidence of the need 
for tunneling as protection of the vascular nervous axis of the arm 
and to save healthy tissue useful in the skin reconstruction phase. 
This antineoplastic chemotherapeutic agent is known to cause 
severe and progressive tissue necrosis. Extravasation may also 
produce pain and/or a burning sensation in the area where 
doxorubicin was administered intravenously. Doxorubicin 
extravasation creates a severe tissue necrosis, which is unusual 
because it may not appear until several weeks later and may 
continue to worsen for several months (20). 

Furthermore, we aim to highlight the importance of a rapid, 
multidisciplinary intervention, as defined by a hospital-adopted 
procedure for the management of this specific type  of
extravasation. In particular, for the PICC-port, this intervention 
begins with the careful planning of the device placement, including 
appropriate tunneling. 
2 Case description 

A 63-year-old female patient was, with no comorbidities but 
overweight, admitted to our hospital in 2023. She had previously 
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undergone a left mastectomy with axillary dissection. The 
oncologist requested the placement of a long-term central venous 
access for chemotherapy, expected to last at least 5–6 months. 

After a consultation and the patient examination, it was agreed 
to place a PICC-port. An ultrasound study of the venipuncture site 
was performed according to the Rapid Peripheral Vein Assessment 
(RaPeVA) protocol. The venipuncture site was marked with a black 
dermatographic pen laterally to the ultrasound probe, in the upper 
proximal area of the arm. At this level, it was generally possible to 
identify a brachio-axillary vein with a diameter of at least 0.5 cm 
capable of accommodating a 5 Fr PICC port catheter, which was the 
PICC port catheter size. 

Afterwards, the feasibility of tunneling and creating a 
subcutaneous pocket in the “green zone” of Dawson’s ZIM

system to place the reservoir was evaluated. Given the size of the 
arm and the subcutaneous tissue, it was decided to perform 
tunneling parallel to the vascular-nervous bundle for about 7 cm 
in order to position the reservoir in the median area of the arm on 
the medial side. 

Using maximum barrier protections, aseptic technique, and 
real-time ultrasound guidance, after local anesthesia with 2% 
lidocaine, venipuncture was performed with a micro-introduction 
kit and indirect Seldinger technique. Next, the venous catheter was 
introduced, and its length was evaluated using tip location and tip 
navigation systems. This was followed by the creation of the pocket 
for the reservoir and retrograde tunneling, still under local 
anesthesia. Finally, after testing the catheter’s functionality,

suturing was performed with separate inverted intradermal 
stitches using a 4–0 absorbable monofilament thread, and 
adhesive (cyanoacrylate) was applied. The procedure concluded 
with medium-pressure dressing, and the patient was given an 
appointment for 4–5 days later, before the first chemotherapy 
infusion,  for  reevaluation  of  the  surgical  wound  and  
catheter functionality. 

The patient presents to the chemotherapy clinic for scheduled 
treatment with doxorubicin and cyclophosphamide. A Huber 
needle was placed, and the catheter’s functionality was verified. 
About an hour after the start of therapy, an alteration in the 
anatomical profile of the arm with edema and redness was noted. 
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The patient complains of burning, and the Huber needle was found 
to have dislodged from the reservoir. The institutional procedure 
for extravasation was started immediately. The needle was removed, 
and the oncologist, plastic surgeon, and anesthesiologist have been 
contacted. The patient was taken to the operating room where the 
PICC-port was removed (Figure 1A), a short-term triple-lumen 
CVC was placed with ultrasound-guided access in the left jugular, 
and a diffuse extravasation with a diameter of about 20 cm was 
observed. Apparently, the 7 cm of tunneling was not enough to 
protect the vascular-nervous bundle of the arm. 

The patient was properly medicated and treated with the 
dexrazoxano (Savene®) antidote according to institutional 
procedure: the extent of the lesion at the venipuncture site was 
reduced; lesions from vesicant chemotherapy appeared (Figure 1B); 
reduced venous compressibility was noted, antibiotic therapy 
continued, and thromboembolic prophylaxis therapy (chemical 
phlebitis) was initiated. 

The necrotic area began to demarcate and was removed through 
surgical debridement; thromboembolic prophylaxis continued 
(Figures 2A, B). A thoracic port was placed on the left side for 
the continuation of therapy. 

The patient continued to receive regular care, including surgical 
debridement; thromboembolic prophylaxis was ongoing (Figure 2C). 

Continued dressings and surgical debridement were ongoing; 
thromboembolic prophylaxis was progressively reduced, and 
vacuum-assisted closure (VAC) therapy was initiated (Figures 2D, E). 

After 10 months of wound healing among different pathways 
without any real advantage, we had a wound about 6 cm × 4 cm. The 
patient had a real discomfort caused by perilesional skin irritation 
and for continuous liquid secretions. So, in this case, we have planned 
a plastic surgery procedure with a local skin flap based on a safe vessel 
apport. This skin flap was obtained from the portion of skin that 
contained the venipuncture site (Figure 3). The same skin flap was 
saved from the necrotizing action of the extravasated drug due to the 
presence of tunneling. This provides further evidence of the need for 
tunneling as protection of the vascular nervous axis of the arm and to 
save healthy tissue useful in the skin reconstruction phase. 

Previously, we performed an escharotomy surgery of the wound, 
and after that, previous to a skin marking, we made a skin incision 
FIGURE 1 

(A) Intact PICC-port after removal; (B) Edematous and reddened limb post PICC-port removal. Note the diameter of the extravasation spread and 
the visible venipuncture site, apparently included in the area affected by the extravasation. 
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until the muscle fascia, and we have rotated a cutaneous and 
subcutaneous flap. All the environment was full of scars and of 
cicatricial adherences, probably the result of chemotherapy 
extravasation. Even if we have found this obstacle, we have been 
provided with good tissue and good coverage of the wound with our 
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flap (Figure 3). After the surgery, we got 15 days for final closure 
without any complications. We had the patient in follow-up for 6–12 
months with optimal results of the scar (Figure 4). 
3 Discussion 

Venous access ports positioned in the upper arm are a safe 
device for administering chemotherapy in breast cancer patients. 
This type of device is usually well accepted, especially if the 
positioning is done in a personalized way. In this case, it is often 
preferred to both the PICC and the chest port (1, 2, 6, 9). 

In any case, each type of implantable device must be monitored 
and managed in relation to the specific placement. 

As for the positioning of the PICC, a feasibility study of 
venipuncture with the support of the ultrasound technique must 
also be carried out for the PICC port in order to choose a caliber 
that respects the venous heritage. This evaluation allows us to 
prevent the thrombotic event, which is particularly related to 
multiple venipunctures and positioning in small-caliber vessels. 

As for the positioning of the chest port, another assessment must 
be performed to evaluate the better surgery site and the tunnelization, 
which appears to play a crucial role in the successful management of 
extravasation, as demonstrated by our clinical experience. 

In this specific case report, tunneling played a protective role at 
the infusion site, preventing the extravasated chemotherapeutic 
FIGURE 3 

The patient has taken medication regularly. After 10 months, 
reconstructive plastic surgery was scheduled using a local skin flap 
based on the tunneling zone, including the indicated venipuncture site. 
FIGURE 2 

(A) Phase 1. About a week later, a reduction in inflammation due to the caustic properties of the vesicant chemotherapy was noted. (B) Phase 2. 
Approximately 1 month later, stabilization of the cutaneous and subcutaneous necrosis was observed. Initially, the dressing included cortisone and 
antibiotic creams (Clobesol and Gentamicin) and Phytostimoline. (C) Phase 3. Two months later, definition of the necrosis with tissue ulceration 
down to the muscle fascia was observed, exposing the biceps muscle. (D) Phase 4. Three months later, surgical cleansing and debridement were 
performed, followed by application of VAC Therapy for 60 days, interrupted 3 times for dressings with gauze soaked in Betadine due to allergy to 
the VAC patch. (E) Phase 5: Four months later, cleansing was performed with Noruxol and dressings with Phytostimoline in anticipation of 
scheduling surgical intervention for decontamination and repair with grafts or flaps. The venipuncture site is indicated. 
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agent from infiltrating deeper tissues and causing extensive damage 
that could have impaired function or even resulted in limb loss. The 
skin flap spared from exposure to the drug was later utilized by the 
plastic surgeon during the reconstructive phase, as shown 
in Figure 3. 

It must be considered the reservoir size and the specific arm 
anatomy. The best choice of the surgery site could prevent error 
during the introduction of the Huber needle and the possible 
consequent extravasation. It is easy to understand how the Huber 
needle is more likely to dislocate during infusion when the reservoir 
is positioned at the level of the upper limb, which in itself is more 
mobile than the chest. 

The multidisciplinary team should also pay attention to the 
administration phase with the PICC port. Therefore, when 
chemotherapy is administered, the patient must be adequately 
involved and motivated to keep the arm still and to report any 
pain or burning felt at the infusion site. 

A PICC port could favor the necrotizing effect of the extravasated 
drug, in particular in skinny patients and in the absence of 
tunnelization because of the injury of the neurovascular bundle. 
From this perspective, early removal of the device and tunneling 
are recommended. 

Past studies indicated that the overall estimated incidence of 
chemotherapy extravasation ranges from 0.01% to 7% (21). Other 
authors report an incidence of chemotherapy extravasation ranging 
from 0.1% to 6% for peripheral venous access devices and from 
0.26% to 4.7% for central venous access devices (15). Data on the 
incidence is scant due to the absence of a centralized register of 
chemotherapy extravasation events. 

There have been several reports of extravasation with the use of 
chest ports in breast cancer (22), in Ewing’s sarcoma  (23), and in acute 
lymphoblastic leukemia patients (24), in a pediatric patient receiving 
paclitaxel, likely for a solid tumor (25), and in a neonate requiring 
calcium chloride infusion through a central venous port (26). 

In another study, 1,320 patients were included, with 794 in the 
PORT group and 526 in the PICC group. The overall complication 
rate was significantly lower in the PORT group (p = 0.05). Catheter 
malfunction occurred less frequently in the PORT group compared 
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to the PICC group (p < 0.01). Moreover, thrombotic events were 
significantly less common in the PORT group (p = 0.02). No 
significant differences were observed between the two groups in 
terms of operative complications, catheter migration, malposition, 
extravasation, infections, or complications requiring catheter 
removal (27). 

Nevertheless, to the best of our knowledge, this is the first report 
of a documented doxorubicin extravasation from a PICC-port in a 
patient with breast cancer. 

The positioning technique of the arm port or PICC port 
changes the degree of safety in the use of the device. As well as 
reducing the incidence of catheter-related complications such as 
thrombosis and infection (1), the tunneling increases the chances of 
protection of the arm nerve bundle in case of overflow. In order to 
fulfill safe tunneling, it would be necessary to perform a feasibility 
assessment of the reservoir pocket prior to making the sterile field 
and after locating the venipuncture site using  the real-time

ultrasound guidance. In fact, the venipuncture site, tunnel 
placement, and pocket realization site should also be well 
identified to carry out the sterile field for performing the placement. 

As placement and management of arm ports and PICC ports 
require the activation of a multidisciplinary team, so too does the 
management of extravasation complications require prompt 
multidisciplinary intervention. In most hospitals where 
chemotherapy is administered, the use of central venous catheters 
is now widespread to try to limit extravasation as much as possible. 

The Italian Ministry of Health published the Raccomandazione 
14 on the prevention of errors in treatments with antineoplastic 
drugs (28). In Raccomandazione 14, section 4.6.e., correct 
manipulation of venous access, it is recommended that for patients 
who have to perform a program of periodic infusions of antineoplastic 
drugs, implantation of central and peripheral venous catheters 
is considered useful to reduce the risk of extravasation. Shared 
procedures should be adopted among the operating units involved 
for the insertion of the medical device, and considering the relevance 
for the prevention of healthcare-related infections, it is essential to 
ensure proper management of venous access at all times. In any case, 
these medical devices are not sufficient to avoid the danger, so much so 
that Raccomandazione 14 itself calls for the preparation of a specific 
and updated procedure for the management of extravasation. This 
document should be immediately accessible to the health professionals 
involved  and should indicate the  first intervention measures. Therefore, 
it is essential to carry out training of all involved operators and to 
create a dedicated kit with identified antidotes for each type of 
chemotherapy drug. This kit should include at least cannula 
needles and needles of different calibers, water for injectable 
preparations, 10 ml vials of 25% sodium thiosulfate, hyaluronidase, 
vials of 99% dimethyl sulfoxide (DMSO), 1% hydrocortisone cream, 
sterile gauze and sterile syringes, hot and cold pack systems, and a 
black dermographic marker. It should be remembered that local heat 
treatments are used to reduce the local reaction and absorption of the 
infiltrate. Cooling the site (with ice packs) facilitates vasoconstriction, 
theoretically limiting drug dispersion. 

In addition to specific antidotes, some general measures are 
recommended, including immediately stopping the infusion, taking 
FIGURE 4 

Follow up of the patient at 6 months. 
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care to leave the cannula in place. This will, in fact, make it possible to 
aspirate as much of the extravasated drug as possible. If extravasation 
has involved a limb, it is advisable to elevate and immobilize it. In 
some cases, it may be necessary to consult a surgeon. 

It would be recommended for every hospital managing 
oncology patients to produce local protocols that facilitate the 
treatment of extravasation when necessary. Collaboration and 
proper information for the patient and caregiver would facilitate 
the reduction of the magnitude of the complication of extravasation 
because it would allow faster secondary prophylaxis. 
4 Patient perspective 

Following the surgical and pharmacological treatments described 
above, the patient regained full limb functionality and was able to 
resume all regular activities. This favorable outcome was primarily 
due to the prompt and skilled intervention of the multidisciplinary 
team, which effectively minimized the serious complications typically 
associated with doxorubicin extravasation. Since the incident 
occurred during the first cycle of adjuvant therapy with 
doxorubicin and cyclophosphamide, the patient was deemed 
ineligible to continue with anthracycline. As a result, the treatment 
plan was modified, and she proceeded with the trastuzumab/ 
Paclitaxel regimen for 12 cycles, followed by 6 additional cycles of 
trastuzumab monotherapy, completing a total of 18 administrations. 
The entire course of therapy was successfully completed. 
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Efficacy and safety of biosimilar
trastuzumab (HLX02) in patients
with HER2-positive advanced
breast cancer: a retrospective
real-world analysis
Xuan Ye1,2†, Linlin Wang3†, Wensheng Liu1,2, Mengmeng Wang1,2,
Zihan Guo1,2, Han Shan1,2, Qing Zhai1,2* and Qiong Du1,2*

1Department of Pharmacy, Fudan University Shanghai Cancer Center, Shanghai, China, 2Department
of Oncology, Shanghai Medical College of Fudan University, Shanghai, China, 3Department of
Pharmacy, Fudan University Shanghai Cancer Center Xiamen Hospital, Xiamen, China
Background:HLX02 is the first China-manufactured trastuzumab biosimilar. Few

data are currently available about HLX02 in clinical practice. This study was

designed to evaluate the real-world safety and efficacy of HLX02 in patients with

HER2-positive metastatic breast cancer (MBC), as well as assessed the

effectiveness of switching from trastuzumab originator (Herceptin
®
) to HLX02

during treatment.

Methods: Between April 2021 and October 2022, all patients with HER-2-

positive MBC who received at least one cycle of HLX02 at Fudan University

Shanghai Cancer Center were included in a retrospective analysis. Patients were

divided into two groups: the naïve group (patients treated with HLX02 from the

beginning) and the switched group (patients who switched from Herceptin
®
to

HLX02). Efficacy evaluation and adverse events were compared between the

two groups.

Results: A total of 124 eligible patients were finally included, with 80 patients

(64.5%) in the naïve group, 44 patients (35.5%) in the switched group. The follow-

up ranged from 0.7 to 40.2 months, the effectiveness rates were 57.5% in the

naïve group and 54.5% in the switched group, respectively (P=0.751). The

estimated median progression-free survival (PFS) were 13.70 (95% CI: 8.634–

18.766) months and 14.70 (95% CI: 6.684–22.716) months in the naive and

switched groups, respectively (P=0.192). Multivariate cox regression analysis

suggested that brain metastasis and the current number of treatment lines

were independent predictors of MBC PFS. Compared with first-line treatment,

second-line treatment and third- or later-line treatment increased the disease

risk by 2.095 times (95% CI: 1.043-4.210, P=0.038) and 3.035 times (95%

CI:1.751-5.262, P<0.001), respectively. The incidence and distribution of

treatment-emergent adverse events (TEAEs) occurrence between the two

groups were relatively similar, with no significant statistical difference.
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Conclusions: HLX02 demonstrated favorable efficacy and safety in real-world

practice comparable to those observed in previous HLX02 studies. Switching

between trastuzumab originator and biosimilar for MBC treatment had no impact

on efficacy and did not increase safety risks.
KEYWORDS

HLX02, trastuzumab, biosimilar, metastatic breast cancer, real-world study
1 Introduction

Breast cancer remains one of the most common malignancies

worldwide. In 2022, 2.3 million women were diagnosed with breast

cancer, and 670,000 women died from the disease (https://

www.who.int/news-room/fact-sheets/detail/breast-cancer).

Human epidermal growth factor receptor (HER2), a growth

factor receptor gene, women with breast cancers that overexpress

HER2 have an aggressive form of the disease, with significantly

shortened disease-free survival and overall survival (1).

Trastuzumab (Herceptin®, Genentech/Roche, Inc.), a humanized

monoclonal antibody directed against the extracellular domain of

HER2, specifically acts on HER2 on cancer cell surfaces and has

significantly improved patient prognosis, was approved for

treatment of HER2-positive breast cancer and for the treatment

of HER2-positive metastatic gastric or gastroesophageal junction

adenocarcinoma (2). However, its high cost makes it unaffordable

for patients in developing countries such as China (3, 4).

The main advantages of biosimilars were cost savings and lower

prices, it is essential to provide oncologists with comprehensive data

on the safety and effect, and real-world evidence of biosimilars (5).

Biosimilars are developed by different manufacturers, replicating

the complex structures and maintaining similar therapeutic efficacy

and safety profiles as the original innovator drugs is important (6).

At present, many countries are committed to the development of

trastuzumab biosimilars, comparing the biosimilars with

trastuzumab originator (Herceptin®) (7–12). HLX02 (Zercepac®,

Henlius, Inc.), launched in China in 2020, was the first China-

manufactured trastuzumab biosimilar (13–16). It is more cost-

effective than Herceptin® in China based on willingness-to-pay

thresholds (17). A multicenter real-world has shown HLX02 and

Herceptin® to have equivalent efficacy and adverse events in HER-

2-positive breast cancer (18). However, real-world data on the safety

and efficacy of HLX02 still remain limited, especially regarding

switching from Herceptin® to HLX02.

This study aimed to evaluate HLX02’s efficacy and safety based

in HER2-positive metastatic breast cancer (MBC), and assess the

effectiveness of switching from Herceptin® to HLX02 during

treatment. It seeks to provide evidence for the clinical substitution

of biosimilars in China.
0261
2 Materials and methods

2.1 Study design and patients

This study was a retrospective, single-center, non-intervention

real-world study. Patients who started therapy naïve to HLX02 and

who switched from Herceptin® were collected at Fudan University

Shanghai Cancer Center between April 2021 to October 2022. The

major inclusion criteria were (a) patients with a pathological

diagnosis of HER-2-positive metastatic breast cancer (MBC),

HER2 positivity was defined as immunohistochemistry (ICH) 3+

or 2+/fluorescence in situ hybridization (FISH) amplification;(b)

patients older than 18 years; (c) Eastern Cooperative Oncology

Group (ECOG) performance score 0–2. The main exclusion criteria

were (a) patients with incomplete medical records, with missing

values exceeding 30%; (b) patients with prior or concurrent

malignancies (other than thyroid cancer or cancer in situ of

other organs).

This study was approved by the Ethics Committee of Fudan

University Shanghai Cancer Center (No.2021-121-2424).
2.2 Data collection

Data variables collected from the patient’s medical records

included the following categories: (a) demographic and clinical

characteristics, such as sex, age, menopausal status, estrogen

receptor status, Ki67 level, metastasis, comorbidities and ECOG

performance score; (b) drugs and outcomes, such as trastuzumab

utilization patterns, efficacy evaluation; (c) abnormal clinical or

laboratory findings, such as nausea, diarrhea, leukopenia,

lymphopenia, thrombocytopenia etc. Data and follow-up records

were updated as of September 30, 2024.
2.3 Treatment and dosage information

In salvage treatment of MBC, the initial loading dose of HLX02

or Herceptin® was 8mg/kg, and the maintenance dose is 6mg/kg

once a time, and it is administered once every 3 weeks. The salvage
frontiersin.org
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treatment regimen of HLX02 combined with other anti-tumor

drugs was determined by the clinical doctor. The study did

not intervene.
2.4 Assessments and definition of
outcomes

Efficacy endpoints were assessed based on imaging reports

following Response Evaluation Criteria in Solid Tumors (RECIST

1.1 version). The outcomes were effectiveness rate and the

progression-free survival (PFS). In HLX02-naïve patients, if the

best overall response of complete response (CR) or partial response

(PR) was achieved, HLX02 was considered “effective”. In patients

who switched from Herceptin® to HLX02, if the best overall

response remains the same as before the switch or improved

somewhat, HLX02 was considered “effective” (19). PFS was

defined as the time from initiation of HLX02 or Herceptin®

treatment until disease progression, including any recurrence or

death from any cause.

Safety endpoints were assessed and grated based on National

Cancer Institute Common Terminology Criteria for Adverse Events

v5.0 grading. The evaluation of adverse events included general

adverse events and adverse event of special interest. The predefined

adverse event of special interest was cardiotoxicity (such as

palpitation, ventricular arrhythmia and reduced left ventricular

function) and infusion-related reaction.
Frontiers in Oncology 0362
2.5 Statistical analysis

Normally distributed continuous variables were expressed as mean

± standard deviation, and were calculated by an independent samples t

test. Non-normally distributed variables were summarized as median

values, range, and were compared by Mann–Whitney U test.

Differences between categorical variables were assessed using the chi-

square test or Fisher’s exact test. The Kaplan-Meier method was used

for PFS analysis, and the log-rank test was used to determine

statistically significant variables. Univariate and multivariate analyses

were performed with the Cox proportional hazards regression model.

Hazard ratios (HR) and 95% confidence interval (95% CI) were

determined. A two-sided P-value<0.05 was considered statistically

significant. Survival analysis was performed using the Kaplan-Meier

method, and comparisons between groups were conducted with the

log-rank test. A p-value of less than 0.05 was considered statistically

significant. Statistical plotting was performed using GraphPad Prism

software (version 10.1.2, GraphPad Software, San Diego, CA, USA).

Statistical analyses were performed using SPSS software (version 25.0,

SPSS Inc., Chicago, IL, USA).
3 Result

3.1 Patient characteristics

From April 2021 to October 2022, 359 patients received at least

one dose of HLX02 were screened (Figure 1). Among them, 124
FIGURE 1

Flow-chart of patient inclusion.
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MBC patients were included in our study. Patients were classified

into two groups according to their prior trastuzumab treatment

status: 80 patients (64.5%) were naïve to HLX02, 44 patients

(35.5%) switched from the originator Herceptin® to HLX02,

respectively. In the switched group, the median exposure time of

Herceptin® and HLX02 was 5.4 months (range, 0.8-51.3) and

5.1 months (range, 0.8-35), respectively. The median cycles of

Herceptin® and HLX02 were 7 and 7, respectively.

The demographics and clinical characteristics of the population

are presented in Tables 1 and 2. All patients were female, the

median age was 53 (range, 27-79) years. 78 (62.9%) patients were

postmenopausal, 58 (46.8%) patients were ER positive, 46 (37.1%)

patients were PR positive. Among them, 77 patients (62.1%) had 1

or 2 sites metastases, 47 patients (37.9%) had 3 or more sites

metastases. 76 patients (61.3%), 16 patients (12.9%), 32 patients

(25.8%) had who had previously received first-line, second-line, and

third- or later-line treatments, respectively. The trastuzumab,

pertuzumab and taxanes (THP) was the most commonly used

dual-target therapy regimen. There were no significant statistical

differences in demographics and clinical characteristic between the

naïve group and switched group.
Frontiers in Oncology 0463
3.2 Efficacy results

The follow-up ranged from 0.7 to 40.2 months, based on the

RECISTv1.1 criteria for clinical efficacy evaluation, no patients

achieved CR, 73 patients (58.9%) achieved the best response of

PR, 44 patients (35.5%) achieved SD. Among them, 7 patients

(5.6%) had PD and one patient eventually died due to disease

progression. HLX02 was rated as “effective” in 46 (57.5%) of naïve

patients and in 24 (54.5%) of switched patients (P=0.751) (Table 3).

The median PFS is shown in Figure 2, which was 14.2 months (95%

CI: 10.5 - 17.9). The results of univariate analysis indicated that the

number of metastases, brain metastasis, the number of current

treatment lines (second-line vs. first-line, third- or later-line vs.

first-line), and treatment regimens (TCbHP vs. THP) were the

influencing factors for the survival period of MBC. However,

trastuzumab switching during treatment had no impact on the

survival period, as shown in Table 4. Multivariate Cox analysis

suggested that brain metastasis and the number of current

treatment lines were the independent predictors of MBC PFS.

Compared with first-line treatment, second-line treatment and

third- or later-line above treatment increased the disease risk by
TABLE 1 Demographic and clinical characteristics of patients.

Characteristics Total (n=124) Naïve group (n=80)
Switched

group (n=44)
P

Age, n (%)

0.191<53y 59 (47.6) 35 (43.8) 24 (54.5)

≥53y 65 (52.4) 45 (56.2) 20 (45.5)

Menopausal status, n (%) 0.298

Premenopausal 46 (37.1) 27 (33.8) 19 (43.2)

Postmenopausal 78 (62.9) 53 (66.2) 25 (56.8)

ER status, n (%) 0.239

Positive 58 (46.8) 41 (50.6) 17 (39.5)

Negative 66 (53.2) 40 (49.4) 26 (60.5)

PR status, n (%) 0.249

Positive 46 (37.1) 33 (40.7) 13 (30.2)

Negative 78 (62.9) 48 (59.3) 30 (69.8)

Ki-67 0.745

≦14% 11 (8.9) 8 (10.0) 3 (6.8)

>14% 113 (91.1) 72 (90.0) 41 (93.2)

HER-2 status, n (%) 0.087

IHC 3+ 90 (72.6) 54 (67.5) 36 (81.8)

IHC 2+ and
FISH amplification

34 (27.4) 26 (32.5) 8 (18.2)

(Continued)
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2.095 times (95% CI: 1.043-4.210, P = 0.038) and 3.035 times (95%

CI: 1.751-5.262, P < 0.001), respectively.
3.3 Safety

During the study period, a total of 375 treatment-emergent

adverse events (TEAEs) were occurred, involving 112 patients

(90.3%). The severity of most TEAEs was grade 1-2, and 36

patients (29.0%) occurred 120 episodes of grade 3–4 TEAEs. As

shown in Table 5, the incidence of any-grade TEAEs between the

naïve group and the switched group were similar, and there were no

significant differences (72 patients [90.0%] vs. 40 patients [90.9%],

P=0.870). The incidence of grade 3–4 TEAEs was higher in the

naïve group than that in the switched group, but the difference was

not statistically significant (26 patients [32.5%] vs. 10 patients

[22.7%], P=0.251). The most common (≥10%) TEAEs were

hematological toxicity and liver function abnormalities, exhibiting

anemia (51.2% vs 65.9%, P=0.115), increased ALT (37.5% vs 36.4%,

P=0.900), leukopenia (31.2% vs 18.2%, P=0.115), increased AST

(28.8% vs 29.5%, P=0.926), neutropenia (25.0% vs 20.5%, P=0.660),

but there was no significant difference between the two groups. One
Frontiers in Oncology 0564
death case was occurred due to disease progression, but it was

recorded as not related to HLX02. No new safety signals detected

during the real-world practice.

It is worth noting that infusion-related reaction and

cardiotoxicity were reported, a total of 12 patients developed

infusion-related reactions, with 7 patients (8.8%) in the naïve

group, and 5 patients (11.4%) in the switched group (P=0.753). A

total of 5 patients reported cardiotoxicity, with 2 patients (2.5%) in

the naïve group and 3 patients (6.8%) in the switched group, and

there was no significant difference between the two

groups (P=0.346).
4 Discussion

This study evaluated the efficacy and safety of HLX02 in

patients with MBC based on real-world clinical data, and

provided evidence for the effectiveness of trastuzumab switching

during treatment.

As the first China-manufactured trastuzumab biosimilar,

HLX02 is approved in Europe (EU) and China, Zhou et al.

confirmed that HLX02 is bioequivalent to the originator
TABLE 1 Continued

Characteristics Total (n=124) Naïve group (n=80)
Switched

group (n=44)
P

Site of metastatic disease, n (%)

Brain 25 (20.2) 14 (17.5) 11 (25.0) 0.319

Lung 55 (44.4) 39 (48.8) 16 (36.4) 0.184

Bone 63 (50.8) 38 (47.5) 25 (56.8) 0.321

Liver 40 (32.3) 30 (37.5) 10 (22.7) 0.092

Distant lymph node 71 (57.3) 42 (52.5) 29 (65.9) 0.149

Number of metastases, n (%) 0.516

1-2 77 (62.1) 48 (60.0) 29 (65.9)

≥3 47 (37.9) 32 (40.0) 15 (34.1)

Comorbidity, n (%) 0.632

No 84 (67.7) 53 (66.2) 31 (70.5)

Yes 40 (32.3) 27 (33.8) 13 (29.5)

Baseline electrocardiogram, n (%) 0.405

Normal 86 (69.4) 54 (73.0) 32 (80.0)

Abnormal 28 (22.6) 20 (27.0) 8 (20.0)

Missing 10 (8.1) / /

ECOG, n (%) 0.137

0 17 (13.7) 9 (11.2) 8 (18.2)

1 97 (78.2) 62 (77.5) 35 (79.5)

2 10 (8.1) 9 (11.2) 1 (2.3)

LVEF, % 66.5 ± 3.67 67.1 ± 3.66 65.9 ± 3.62 0.142
frontiersin.org
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Herceptin®, with similar safety and immunogenicity profiles (16).

Xu et al. shows that the objective response rate (ORR) at week 24

(71.3%), PFS (11.7 months), and OS (not reached) observed in the

HLX02 treatment group (18). In addition, after a median follow-up

duration of 35.0 months, 39.5% patients had died in the HLX02

group, median overall survival (OS) was 37.3 months, with a 3-year

OS rate of 57.5%. Median PFS at this long-term follow-up

assessment was 11.7 (95% CI 11.5, 12.1) months for the HLX02

group (15).

However, there are few studies on the real-world clinical

application of HLX02 in the treatment of HER-2 positive MBC,
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especially in combination with other antitumor agents, such as

pertuzumab. Deng et al. demonstrated that 32 patients (86.5%)

achieved CR, 2 patients (5.4%) achieved PR in the HLX02 group

(20). However, as the majority (6/96, 93.8%) of the included

patients were in the early stage, this study has certain limitations

for MBC. Our study focused on patients with MBC, and the results

showed that 73 patients (58.9%) achieved PR, but no patients

achieved CR. After a median follow-up of 0.7-40.2 month, the

median PFS for HLX02 first-line treatment was 18.8 months, and

the median PFS for second-line treatment was 10.3 months, the

median PFS of third- or later-line treatment was 7.3 months. In

previous phase III studies, the median PFS of trastuzumab or

trastuzumab biosimilar combined with taxanes in first-line

treatment of MBC was 10.6-12.8 months (8, 12, 18, 21, 22). At

present, there are few efficacy data about second-line or later

treatment of HLX02 in MBC. In the Phase II clinical trial of

HLX02, 45 patients with HER-2 positive MBC were enrolled to

receive HLX02, pertuzumab and physician selection chemotherapy,

12 patients (26.7%) were treated with second-line therapy, 33

patients (73.3%) were treated with third- or later-line treatment

(23). Median follow-up was 1.2-43.9 months, the median PFS for

second-line treatment was 6.26 months (range: 0-18.9), and the

median PFS for third- or later-line treatment was 7.6 months

(range: 4.8-10.3) (23). The results of our study were slightly

different from the Phase II/III trial. The possible reasons are as

follows: (1) the efficacy results might be affected by the

characteristics of the enrolled patients, previous treatment

experiences, and methodological factors (such as dosing regimens

and efficacy assessment); (2) in the treatment regimen of the phase

III trial, pertuzumab was not added. However, in real-world
TABLE 2 Treatment characteristics of patients.

Characteristics Total (n=124) Naïve group (n=80)
Switched group

(n=44)
P

Current number of treatment lines, n (%) 0.600

1 76 (61.3) 47 (58.8) 29 (65.9)

2 16 (12.9) 10 (12.5) 6 (13.6)

≥3 32 (25.8) 23 (28.8) 9 (20.5)

Target therapy, n (%) 0.688

Single-target 18 (14.5) 11 (13.8) 7 (15.9)

Trastuzumab + Pertuzumab 93 (75.0) 59 (73.8) 34 (77.3)

Trastuzumab + Pyrotinib 13 (10.5) 10 (12.5) 3 (6.8)

Combined chemotherapy regimens, n (%) 0.254

THP 50 (40.3) 27 (33.8) 23 (52.3)

TCbHP 22 (17.7) 17 (21.2) 5 (11.4)

HP+others 20 (16.1) 14 (17.5) 6 (13.6)

H+Pyrotinib+Others 14 (11.3) 11 (13.8) 3 (6.8)

H+Others 18 (14.5) 11 (13.8) 7 (15.9)
T, taxanes, including albumin-bound paclitaxel and paclitaxel; H, trastuzumab; P, pertuzumab; Cb, carboplatin.
TABLE 3 Efficacy outcomes of two groups.

Outcome
Parameter

Total
(n=124)

Naïve
group (n=80)

Switched
group (n=44)

Best overall response, n (%)

PR 73 (58.9) 46 (57.5) 27 (61.4)

SD 44 (35.5) 28 (35.0) 16 (36.4)

PD 7 (5.6) 6 (7.5) 1 (2.3)

Effectiveness
Rate

70 (56.5) 46 (57.5) 24 (54.5)*

95% exact CI 50.1%-67.7% 46.4%-68.6% 46.4%-76.3%

Estimated
median PFS
(95% CI)

14.2
(10.5-17.9)

13.7
(8.63-18.77)

14.7
(6.68-22.72)
PR, partial response; SD, stable disease; PD, progressive disease.
*HLX02 was considered to be “ineffective” for 3 patients who reported disease progression
after switched to HLX02.
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practice, more than 75% of patients received “trastuzumab plus

pertuzumab” dual-targeted therapy, which to some extent increased

the PFS.

In this study, 44 patients (35.5%) MBC patients experienced

switching between trastuzumab originator and biosimilar. At

present, the available research data are limited regarding whether

the switching between the originator and biosimilar would have an

impact on efficacy and safety. The LILAC study reported that

among 342 HER-2 positive EBC patients who received

neoadjuvant Herceptin® treatment, 171 patients switched to

trastuzumab biosimilar ABP 980 during the postoperative

adjuvant treatment (24). In terms of prognosis, there was no

significant statistical difference in disease progression, recurrence

or mortality between the switched group and the non-switched

group (HR = 0.48, 95% CI: 0.181 - 1.292); in terms of safety, there

was no significant statistical difference in the overall AE incidence

(26.3% vs. 22.8%, P > 0.05) and the incidence of severe AEs (7.6%

vs. 6.4%, P > 0.05) between the two groups after a follow-up of 12.0

months; in terms of immunogenicity, the positive rate of anti-drug

antibodies in the switched group was 1.2%, which was higher than

0.6% in the non-switched group (24). Overall, after the one-way

switch (originator→biosimilar), the efficacy, safety and

immunogenicity indicators of HER-2 positive breast cancer

patients did not undergo significant changes. We also conducted

a preliminary exploration on the impact of trastuzumab switching

on outcome indicators during the research. No significant

differences were observed in effectiveness rates for patients in the
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naïve group or in the switched group. Furthermore, the univariate

analysis showed that trastuzumab switching had no impact on

PFS (P=0.195).

One strength of our study is that it included the heterogeneous

characteristics of clinical practice, that is more representative of

entire patient population than the carefully selected individuals in

clinical trials. A network meta-analysis evaluated efficacy and

serious adverse reactions among various trastuzumab biosimilars

and trastuzumab originator. The cumulative ranking curve

(SUCRA) probability indicated that the ORR from best to worst

was CT-P6, Herceptin, HLX02, PF-05280014, R-TPR-016, BCD-

022, MYL-1401O, SB3. There was no statistical difference in both

ORR and pathological complete response (pCR) of various

trastuzumab biosimilars and Herceptin except SB3 (25).

According to the result, HLX02 performs might be an optional

trastuzumab biosimilar compared with others in China.

The SUCRA probability indicated that severe AEs from best to

worst was MYL-1401O, Herceptin, PF-05280014, SB3, HLX02,

BCD-22, CT-P6 (25). Our study showed that the safety profiles

were comparable with the known safety profiles of trastuzumab in

patients with breast cancer (18, 20). Anemia, increased ALT and

AST, leukopenia, neutropenia, increased alkaline phosphatase and

thrombocytopenia were the most common TEAEs identified in this

study. These events were also consistent with previous studies of

trastuzumab biosimilars (8, 12, 19, 20). There were no notable

differences between the naïve group and the switched group

regarding the type, incidence, or severity of TEAEs. Trastuzumab
FIGURE 2

(A) Overall cohort. (B) Patients stratified by trastuzumab treatment status. (C) Patients stratified by current number of treatment lines. (D) Patients
stratified by brain metastasis. mo, months.
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has been reported in most research as related to increased risks of

cardiac toxicity (26, 27). Thus, cardiotoxicity in the two groups were

carefully assessed. The frequency of related events was low and

similar between the two groups (2 vs. 3 patients), and without

significant differences in this study.

The irrational use can be found both in resource-abundant

regions and in resource-limited regions in China. A study showed
Frontiers in Oncology 0867
the patients who lived in areas with a relatively high gross domestic

product were more likely to receive trastuzumab originator than

those in areas with a lower gross domestic product (28). In

developing countries such as China, where biopharmaceuticals

often limit patient access due to high costs, biosimilars provide an

additional treatment option for enabling patient access, the

introduction of biosimilars into clinical practice is necessary to
TABLE 4 Univariate and multivariate analysis for PFS in MBC patients.

Variables HR 95%CI P

Univariate analysis

Age (≥53y vs. <53y) 1.338 0.831-2.155 0.231

Menopausal status (Postmenopausal vs. Premenopausal) 1.137 0.692-1.868 0.612

ER (Negative vs. Positive) 0.949 0.589-1.528 0.829

PR (Negative vs. Positive) 1.056 0.643-1.734 0.830

Ki-67 (≦14% vs. >14%) 0.861 0.372-1.990 0.726

HER-2 status (IHC 3+ vs. IHC 2+ and FISH amplification) 1.346 0.811-2.234 0.251

Brain metastasis (Yes vs. No) 2.354 1.383-4.008 0.002

Lung metastasis (Yes vs. No) 1.198 0.746-1.926 0.455

Bone metastasis (Yes vs. No) 1.236 0.770-1.984 0.381

Liver metastasis (Yes vs. No) 1.154 0.695-1.916 0.580

Metastatic site number (≥3 vs. 1~2) 2.372 1.470-3.829 <0.001

Comorbidity (Yes vs. No) 1.138 0.689-1.880 0.613

ECOG score

(1 vs 0) 2.074 0.941-4.574 0.071

(2 vs 0) 2.593 0.870-7.729 0.087

Number of current treatment lines

(Second-line vs. First-line) 2.431 1.232-4.798 0.010

(Third-or later-line vs. First-line) 3.345 1.955-5.723 <0.001

Treatment regimen

(TCbHP vs. THP) 2.072 1.086-3.952 0.027

(HP+Others vs THP) 1.274 0.593-2.736 0.534

(H+Others vs THP) 1.437 0.701-2.944 0.322

(H+Pyrotinib vs THP) 1.362 0.629-2.950 0.433

Trastuzumab treatment status

(Naïve group vs. Switched group) 0.715 0.430-1.188 0.195

Multivariate analysis

Brain metastasis (Yes vs. No) 1.827 1.052-3.172 0.032

Number of current treatment lines

(Second-line vs. First-line) 2.095 1.043-4.210 0.038

(Third- or later-line vs. First-line) 3.035 1.751-5.262 <0.001
PR, progesterone receptor; ER, estrogen receptor; PFS, progression-free survival; HR, hazard ratio; CI, confidence interval; T, taxanes, including albumin-bound paclitaxel and paclitaxel; H,
trastuzumab; P, pertuzumab; Cb, carboplatin.
Bold values indicate P-value < 0.05, representing statistically significant differences.
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sustainably reduce the healthcare burden. Treatment with

biosimilars is not only a direct cost-saving approach, but also

drives the clinical practice of new therapies and drugs (29). This

study offers reliable real-world evidence for assessing the quality

and safety of HLX02 as a crucial foundation for future evaluations.

Switching to different trastuzumab combinations regimens for

cancer treatment had no effects on PFS and did not increase

safety risks. These real-world findings could help to optimize

HER-2 therapy in advanced breast cancer, especially in regions

with limited access to these expensive targeted drugs.

This study has several limitations. Firstly, as it utilizes

retrospective real-world data with limited sample of patients

using HLX02. Limited sample may lead to low statistical power of

the association analysis, so it is necessary to expand the sample size

and conduct a large-scale clinical trial with multi-center

cooperation. Future studies with larger sample sizes also could

validate stratified analysis based on the co-administered drugs, such

as adjunctive medications, target therapy or combined with

different chemotherapy. Secondly, patients are recruited from

single centers and only included Chinese populations. As such,
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the findings are probably representative in this region, may not be

generalizable globally. Finally, the patients received trastuzumab in

combination with other drugs during the treatment, it may interfere

whether some adverse events were caused by trastuzumab.
5 Conclusion

This study provided the real-world use of trastuzumab

originator and its biosimilars (HLX02), the safety and efficacy of

biosimilars were confirmed. These findings offered valuable

information for implementation of switching from trastuzumab

originator to a biosimilar.
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Investigation of the efficacy and
safety of lung biopsy plus
microwave ablation for a solitary
suspected malignant pulmonary
nodule after radical mastectomy
Chao Xing †, Peishun Li †, Sen Yang, Qirong Man,
Xusheng Zhang, Qianqian Yuan, Miaomiao Hu,
Yunling Bai and Kaixian Zhang*

Department of Oncology, Tengzhou Central People’s Hospital, Tengzhou, Shandong, China
Purpose: To evaluate the safety and efficacy of CT-guided lung biopsy combined

with microwave ablation (MWA) for solitary suspected malignant pulmonary

nodules in post-radical surgery breast cancer patients.

Materials and methods: This retrospective study included 37 post-radical

surgery breast cancer patients with solitary suspected malignant pulmonary

nodules, treated with CT-guided lung biopsy and MWA between January 2014

and December 2018. Institutional review board approval was obtained. Clinical

outcomes and complications were analyzed.

Results: Pathological results identified primary lung cancer in 5 patients (13.5%, 5/

37) and metastatic invasive ductal carcinoma (breast origin) in 30 patients (81.1%,

30/37). Major complications included pneumothorax (n=8, 21.6%), chest pain

(n=6, 16.2%), and hemoptysis (n=4, 10.8%). For metastatic cases, 2-, 3-, and 5-

year survival rates were 86.2%, 58.3%, and 35.3%, respectively. The median

progression-free survival after MWA was 35 months (range: 4–72; 95% CI:

24.53–46.48), and median overall survival was 44 months (95% CI: 32.55–55.45).

Conclusion: CT-guided lung biopsy combined with MWA is a safe and effective

approach for managing solitary suspected malignant pulmonary nodules in post-

radical surgery breast cancer patients.
KEYWORDS

lung biopsy, microwave ablation (MWA), pulmonary nodule, breast cancer,
lung metastases
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Introduction

Breast cancer is one of the most common prevalent tumors

among women, with a mortality-to-incidence ratio of 15% (1). Lung

metastases are frequently witnessed in breast cancer patients (2). As

a result, when intrapulmonary nodules are detected in breast cancer

patients, they are frequently misdiagnosed as lung metastases.

Nevertheless, studies have indicated that the incidence of primary

lung cancer in breast cancer patients is approximately 1% (3–5),

while the incidence of concurrent double primary cancer (with a

time difference between diagnoses of no more than 6 months) is

about 0.6% in breast cancer patients (4). Identifying a solitary

pulmonary nodule in patients with breast cancer poses a

diagnostic challenge. For such nodules, surgical resection is a

feasible option. However, many patients are either unable or

unwilling to undergo surgery due to factors such as advanced age,

poor cardiopulmonary function, or other reasons. Recent studies

(6–10) have demonstrated that lung biopsy combined with

microwave ablation (MWA) for the solitary pulmonary nodule

can yield outcomes similar to surgical resection.

However, there is scarce research exploring the application of

this technology in breast cancer patients who have undergone

radical surgery and subsequently developed a solitary pulmonary

nodule. To fill this gap, we conducted a retrospective study to assess

the efficacy of a concurrent diagnostic and therapeutic approach.

This approach entailed conducting a CT-guided biopsy,

immediately followed by MWA of the solitary pulmonary nodule

suspected of malignancy in patients with a history of radical breast

cancer surgery.
Materials and methods

Subjects

This retrospective study included 37 patients who underwent

CT-guided lung biopsy combined with microwave ablation for

suspected malignant solitary pulmonary nodules after radical

mastectomy from January 2014 to December 2018. All patients

had histopathologically confirmed invasive ductal carcinoma and

underwent radical mastectomy. Chest computed tomography (CT)

imaging demonstrated the existence of a newly identified solitary

pulmonary nodule. The baseline imaging comprised chest and

abdominal computed tomography (CT), enhanced cranial MRI,

whole-body bone scan ECT, and, if accessible, positron-emission

tomography (PET) CT. All patients were regarded as ineligible for

reoperation or declined to undergo surgical resection.

Exclusion criteria encompassed the following: (1) Uncontrolled

infectious inflammation around the lesion; (2) Skin infection or

ulceration at the puncture site; (3) Severe pulmonary fibrosis,

especially drug-induced fibrosis (11, 12); (4) Patients with a marked

bleeding propensity and coagulation disorders; (5) Cachexia; (6) Severe

cardiopulmonary insufficiency.
Frontiers in Oncology 0272
All cases were reviewed by an interdisciplinary oncology

committee consisting of thoracic surgeons, respiratory physicians,

medical oncologists, radiation oncologists, diagnostic and

interventional radiologists, pathologists, and anesthesiologists.

The flow chart is shown in Figure 1.
Instrumentation

A Siemens Light Speed 64V spiral CT scanner (Germany)

guided biopsy and MWA. Under CT guidance, transthoracic core

biopsies used an 18G Argon coaxial system (MCXS1820LX semi-

automatic). MWA employed an ECO-100A1 system (SFDA

20172011470; Nanjing ECO) with 2,450 ± 20 MHz frequency and

0-150W adjustable power. The 16G-20G microwave antenna (150-

200mm length) featured a 15-mm active tip and water-cooled

system to reduce surface temperature.
Procedure of the operation

Prior to treatment, patients underwent thorough clinical

evaluation, including laboratory tests, imaging, and pulmonary

function assessments. Blood work included coagulation studies.

Anticoagulants were held 1 week pre-procedure to minimize

bleeding risk.

Patients were positioned supine or prone based on nodule

location, secured with a vacuum-negative pressure pad, and the

puncture site was marked on the skin.

An 18-gauge biopsy core needle was inserted into the center of

the tumor through a coaxial cannula before initiating MWA. A

biopsy was performed first to obtain two or three specimens from a

single core needle. The tissue samples were preserved in 10%

formalin and later evaluated pathologically after H&E staining.

All biopsy specimens underwent immunohistochemical testing

(including ER, PR, and HER-2). A CT scan was done to monitor

for biopsy-related complications.

Under CT guidance, the MWA probe was accurately positioned

in the pulmonary tumor. Limited pneumothorax without

progression during MWA was acceptable. However, chest tube

insertion was required for progressive pneumothorax interfering

with probe placement or causing clinical symptoms. Ablation

power was typically 30-50W for 3-10 minutes. CT scans

monitored probe targeting, adjusted depth/angle, and ensured the

intended ablation zone. Continuous monitoring of vital signs (BP,

HR, ECG, SpO2) was performed throughout the procedure.

An immediate post-MWA CT scan frequently displayed

ground-glass opacity (GGO) 0.5 to 1.0 cm in width at the

periphery of the pulmonary nodule, indicating complete ablation

(13, 14). The CT scan was also employed to assess for complications

such as pneumothorax, hemothorax, or pleural effusion. If a

progressive pneumothorax was detected, chest tube insertion

would be indicated to manage the situation.
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This retrospective study was approved by the Ethics Committee of

Tengzhou Central People’s Hospital (Ethics Review No. 2018-

Ethics Review-08). All participants provided written informed

consent after detailed explanation of the procedures.
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Assessment of therapeutic efficacy and
follow-up

Patients underwent enhanced CT scans at 1, 3, 6, and 12 months

after MWA in the first year, and then every 6 months thereafter.

Enhancement at the lesion site was considered indicative of incomplete

treatment. Regions that remained unenhanced and were larger than the

treated metastases were regarded as representing complete ablative

necrosis and thus considered fully effective for the treatment.

The primary response rate was defined as the percentage of

target tumors successfully eliminated during the initial ablation

session. The assessment of the local efficacy of MWAwas conducted

by a single oncologist and two radiologists.

Survival outcomes included progression-free survival (the time

from MWA until the recurrence of other metastases or death, PFS)

and overall survival (the time from MWA until death, OS).
Statistical analysis

IBM SPSS 26.0 was used for statistical analysis. Data are

presented as the total count (percentage) and mean values. The

Chi-square test was utilized for categorical variables. The Kaplan-

Meier method was used to determine the survival rate and local

progression-free survival rate. In all statistical assessments, results

were regarded as significant if p < 0.05.
Results

General information

From January 2014 to December 2018, 37 female patients with a

solitary suspected malignant pulmonary nodule after radical breast

cancer surgery were treated with CT-guided lung biopsy combined

with MWA in our hospital. All patients were female and had

undergone modified radical mastectomy with pathologically

confirmed invasive ductal carcinoma. The median age was 53 years

(range: 27 to 73 years). HER-2 was detected by immunohistochemistry

in all patients, and 10 were strongly positive (verified by FISH). 34

patients received adjuvant chemotherapy, 11 received adjuvant

radiotherapy, 10 received adjuvant targeted therapy, and 22 received

adjuvant endocrine therapy. The pulmonary nodules ranged in size

from 6 to 28 mm (15.65 ± 6.13) (Table 1).

All patients underwent technically successful lung biopsy

combined with MWA. One month after the operation, a CT scan

showed that 37 lesions were completely covered by the tumor

coagulation area after ablation, and the primary effective rate was

100% (37/37).
Pathological results of puncture biopsy

Among the 37 patients, 35 cases (35/37, 94.6%) were

pathologically diagnosed as malignant tumors, among which 5
FIGURE 1

Flow chart of the eligibility process for the study.
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cases (5/37, 13.5%) were diagnosed as primary lung cancer

(Figure 2). The biopsy pathology of 30 cases (30/37, 81.1%) was

invasive ductal carcinoma (Table 2, Figure 3). The remaining 2

cases (2/37, 5.4%) were diagnosed as atypical adenomatous

hyperplasia (AAH) (Table 2). A separate subgroup analysis was

conducted for the clinical treatment of the 30 cases with lung

metastases from breast cancer.
Postoperative complications

The major complications were pneumothorax, chest pain, and

hemoptysis. Pneumothorax occurred in 11 of 37 cases (29.7%).

Severe (lung compression >50%) and moderate (lung compression

20%-50%) pneumothorax occurred in two cases, and these patients
Frontiers in Oncology 0474
underwent catheter drainage. The other nine patients ’

pneumothorax was gradually absorbed without special treatment.

The incidence of chest pain was 73.0% (27/37), and that of

hemoptysis was 27.0% (10/37). Among the 10 hemoptysis cases,

three were moderate (hemoptysis volume 10-100 mL), seven were

mild (hemoptysis volume <10 mL), and there was no severe

hemoptysis (hemoptysis volume >100 mL). No other

complications such as needle implantation metastases, pulmonary

embolism, or bronchopleural fistula were observed (Table 3).
Postoperative PFS of lung metastases
subgroup

During follow-up, local progression at the ablation site (Local

Tumor Progression, LTP) occurred in 16.7% (5/30) of cases during

a median follow-up of 44 months. These five lesions were from five

different patients, two of whom underwent a second ablation

treatment and the other three who opted for medical therapy.

The 1-year, 2-year, and 3-year cumulative LTP rates were 3.3%,

10.0%, and 16.7%, respectively.

The median time from MWA of lung metastases to disease

progression was 35 months (ranged 4-72 months, 95% confidence

interval 24.53–46.48). Univariate analysis indicated that the PFS

after MWA was related to time from primary tumor to lung

metastases, HER-2 over-expression, and histological grade

(P<0.05) (Table 4). Cox regression analysis demonstrated that

time from the primary tumor to lung metastases and histological

grade had a significant effect on PFS (P<0.05).
Postoperative OS of lung metastases
subgroup

The 2-year, 3-year and 5-year survival rates were 86.2%, 58.3%

and 35.3% respectively. The median OS time in the lung metastases

subgroup was 44 months (95% confidence interval 32.55–55.45).

Univariate analysis revealed that OS was related to the time from

primary tumor to lung metastases, HER-2 over-expression and

histological grade (P<0.05) (Table 5). Cox regression analysis

demonstrated that HER-2 over-expression and histological grade

had a significant effect on OS (P<0.05) (Table 6).
Discussion

In the context of a history of breast cancer, a solitary pulmonary

nodule could potentially be lung metastases, primary lung cancer,

or benign lung lesions (15). According to a review (16), the

incidence of metastatic lesions ranged from 34% to 75%, that of

primary lung cancer varied from 12% to 48%, and for benign

lesions, it was from 14% to 18%. This study, focusing on CT-guided

lung biopsy combined with MWA for suspected malignant nodules,

found primary lung cancer in 13.5% (5/37) and breast cancer

metastases in 81.1% (30/37), yielding a 94.6% malignancy rate
TABLE 1 Characteristics of patients.

Characteristics n (%)

Total number of patients 37

Age (years)

<60 27 (73.0%)

≥60 10 (27.0%)

Previous chemotherapy

No 3 (8.1%)

Yes 34 (91.9%)

Previous radiotherapy

No 26 (70.3%)

Yes 11 (29.7%)

Previous endocrine therapy

No 15 (40.5%)

Yes 22 (59.5%)

ER

Negative 15 (40.5%)

Positive 22 (59.5%)

PR

Negative 16 (43.2%)

Positive 21 (56.8%)

HER-2 over-expression

No 27 (73.0%)

Yes 10 (27.0%)

Maximum tumor diameter (cm)

≤ 1.0 10 (27.0%)

1.0<~≤2.0 17 (46.0%)

2.0<~≤3.0 10 (27.0%)
ER, estrogen receptor; PR, progesterone receptor; HER-2: human epidermal growth
factor receptor2.
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(35/37)—higher than historical data. This phenomenon may be

related to the following reasons: (1) The breast cancer TNM stage of

the patient group included in this study at the initial treatment was

relatively late; (2) tissue sampling via biopsy improving diagnostic

accuracy; (3) Small sample size with selection bias; (4) The included

patients had a longer follow-up time and regular periodic

examinations, enabling earlier detection of malignant lesions and

increasing the detection rate of malignant tumors.
Frontiers in Oncology 0575
In 2021, WHO histological classification of lung tumors defined

atypical adenomatous hyperplasia and adenocarcinoma in situ

(AIS) as glandular prodromal lesions (17). Asymptomatic slow-

growing glandular prodromal lesions can be managed

conservatively with careful observations and regular follow-up.

Even after surgical treatment, the 5-year disease-free survival rate

of patients after complete surgical resection of AIS is 100% or close

to 100% (18). In this study, 3 cases of glandular prodromal lesions

were not only pathologically diagnosed but also inactivated by

thermal ablation after synchronous diagnosis and treatment.

While conservative observation is typical for such lesions, the

protocol’s synchronous biopsy-ablation approach prioritized

timely intervention, aligning with the patients’ high-risk profile

and the procedure’s demonstrated safety.

For patients with advanced lung metastases of breast cancer,

systemic treatment such as chemotherapy, hormonal therapy, and

anti-HER2 are main methods of therapy. There is currently no

consensus on whether solitary lung metastases need surgery.

Friedel et al. (19) reported 467 patients with lung metastases from

breast cancer, of which 84% patients underwent complete resection,

and the 5 -, 10 -, and 15-year survival rates were 38%, 22%, and 20%,

respectively. According to the International Lung Metastases Registry
FIGURE 2

Representative CT scans of a patient with primary lung invasive adenocarcinoma after breast cancer surgery. (a) Preoperative image. (b) The biopsy
needle has been inserted into the nodule center to complete the biopsy sectioning. (c) The MWA antenna has been inserted into the nodule center.
(d) Postoperative image immediately after MWA. (e) 1 month after MWA. (f) 12months after MWA. (g) 36 months after MWA. (h) 60 months after
MWA. (i) Pathological results of primary lung invasive adenocarcinoma biopsy.
TABLE 2 Pathological results of puncture biopsy.

Histopathology results Number %

Total 37

Invasive Ductal Carcinoma 30 81.1%

Atypical Adenomatous Hyperplasia 2 5.4%

Adenocarcinoma In Situ 1 2.7%

Invasive Adenocarcinoma 3 8.1%

Minimally
Invasive Adenocarcinoma

1 2.7%
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(20), the median OS and 5-year OS rates in patients undergoing

surgical resection of lung metastases from breast cancer were 37

months and 38% in the R0 group. As a minimally invasive technique,

local thermal ablation has been applied to the treatment of early lung

cancer, and the number of lung cancer patients treated each year is

rapidly increasing (21–24). It has been proved that percutaneous

thermal ablation can also effectively treat lung metastases (25–28). In

this study, the 5-year survival rate of patients with lung metastases

who underwent needle biopsy combined with MWA was 35.3%,

which was similar to that reported in previous studies. These findings

may be explained by three key factors. First, all breast cancer patients

with lung metastases received personalized multimodal therapy post-

MWA, integrating chemotherapy, endocrine therapy, targeted agents,

and immunotherapy as indicated. Second, MWA effectively debulked

local tumors, reducing the risk of systemic spread. Third,

comprehensive pre-treatment staging excluded extrapulmonary

disease in all enrolled patients.

In this study, the median time fromMWA of lung metastases to

disease progression was 35 months (range 4–72 months, 95% CI

24.53–46.48). Univariate analysis revealed that post-MWA PFS

correlated significantly with time from primary tumor to lung

metastases, HER-2 overexpression, and histological grade (P<0.05,
FIGURE 3

Representative CT scans of a patient with right lung metastases after breast cancer surgery. (a) Preoperative image. (b) The biopsy needle has been
inserted into the nodule center to complete the biopsy sectioning. (c) The MWA antenna has been inserted into the nodule center. (d) Postoperative
image immediately after MWA. (e) 1 month after MWA. (f) 12months after MWA. (g) 36 months after MWA. (h) 60 months after MWA. (i) Pathological
results of lung metastases biopsy.
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TABLE 3 Side effects and complications during and after microwave
ablation procedure*.

Side effects and complications n (%)

Pneumothorax

Grade 1 9 (24.3%)

Grade 3 2 (5.4%)

Chest pain

Grade 1 23 (62.6%)

Grade 2 4 (10.8%)

Hemoptysis

Grade 1 7 (18.9%)

Grade 2 3 (8.1%)

Fever

Grade 1 (38°C-39°C) 2 (5.4%)

Fatigue

Grade 1 4 (10.8%)

(Continued)
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Table 4). Cox regression showed time from primary to lung

metastases and histological grade significantly affected PFS

(P<0.05, Table 6), confirming them as independent prognostic

factors for local control in breast cancer patients with lung
Frontiers in Oncology 0777
metastases. The median overall survival (OS) time in the lung

metastases subgroup was 44 months (95% confidence interval

32.55–55.45). Univariate analysis showed that OS was related to

the time from primary tumor to lung metastases, HER-2 over-

expression, and histological grade (P<0.05, Table 5). Cox regression

showed HER-2 overexpression and histological grade significantly

impacted OS (P<0.05, Table 6), confirming them as independent

prognostic factors for breast cancer patients with lung metastases.

This study identified time from primary to lung metastases,

histological grade, and HER-2 status as key prognostic factors in

breast cancer lung metastases. These findings warrant validation in

larger studies.

Needle biopsy and MWA have similar procedures and

complications (pneumothorax, bleeding, etc.) (29–31).

Complications are closely related to the physiological conditions

of lung tissue and the times of pleural puncture (32). Chi et al. (33)

reported that the incidence of pneumothorax was 25%in coaxial

biopsy combined with MWA for ground-glass nodes. In this study,

the incidence of pneumothorax was 29.7%, which was higher than

previously reported in the literature. Wang et al. (34) reported that

the incidence of hemoptysis following pulmonary nodule ablation
TABLE 3 Continued

Side effects and complications n (%)

Pleural effusion

Grade 1 8 (21.6%)

Nausea

Grade 1 9 (24.3%)

Vomiting

Grade 1 3 (8.1%)

Cough

Grade 1 11 (29.7%)
*Complications were graded according to the Common Terminology Criteria for Adverse
Events (CTCAE) version 5.0.
TABLE 4 PFS after MWA according to lung metastatic tumor and treatment.

Prognostic factors N Median
PFS (months)

95% CI c 2 p value

The size of lung metastatic tumor (cm) 2.195 0.334

0 ≤ 1 8 35 24.84-45.16

1.0<~≤2.0 14 30 14.32-45.68

2.0<~≤3.0 8 17

Initial TNM staging 0.194 0.908

I 3 34 0-70.81

II 15 39 20.08-57.92

III 12 35 21.60-48.40

ER 0.589 0.443

Positive 16 35 26.84-43.16

Negative 14 30 24.00-36.00

Time from primary tumor to lung
metastases (months)

5.445 0.020

<60 18 27 15.63-38.37

≥60 12 45 40.22-49.78

HER-2 over-expression 5.849 0.016

Yes 9 45 33.05-56.95

No 21 27 10.85-43.15

Histological grade 10.267 0.006

I 8 45 39.15-50.85

II 12 34 24.10-43.91

III 10 15 10.00-20.00
CI, confidence interval.
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was 22%. In this study, the incidence of hemoptysis was 27%, which

was higher than previously reported in the literature. These

differences may be because most patients in this study had

pulmonary nodules with a maximum diameter less than 2cm

(73.0%). Due to small nodule size, multiple adjustments of

the biopsy needle are needed for accuracy, and all patients require

2-3 biopsies. These multiple operations increase the risk of damage

to lung tissues and blood vessels, raising the incidence

of hemoptysis.
Frontiers in Oncology 0878
This study has inherent limitations. As a retrospective analysis,

it relies on pre-existing records, susceptible to incomplete data,

inaccuracies, and selection bias. The small sample size compromises

statistical power, limiting generalizability. Notably, no comparative

analysis was performed with alternative modalities (surgical

resection, SBRT, RFA). The lack of head-to-head comparisons

hinders definition of MWA ’s clinical role. Prospective,

multicenter randomized controlled trials with larger cohorts are

needed to rigorously assess MWA’s efficacy and safety profile.
TABLE 5 OS after MWA according to lung metastatic tumor and treatment.

Prognostic factors N Median
OS (months)

95% CI c 2 p value

The size of lung metastatic tumor (cm) 3.034 0.219

0 ≤ 1 8 63 35.28-90.72

1.0<~≤2.0 14 39 26.87-51.13

2.0<~≤3.0 8 28 25.91-30.09

Initial TNM staging 0.955 0.620

I 3 64 0.00-148.82

II 15 39 24.54-53.46

III 12 44 17.40-70.61

ER 0.932 0.334

Positive 16 44 35.58-52.42

Negative 14 35 12.65-57.35

Time from primary tumor to lung
metastases (months)

5.932 0.015

<60 18 35 22.86-47.14

≥60 12 63 49.68-76.32

HER-2 over-expression 9.009 0.003

Yes 9 65 42.19-87.81

No 21 35 21.01-48.99

Histological grade 11.173 0.004

I 8 63 24.45-101.55

II 12 39 27.31-50.69

III 10 25 2.49-47.51
TABLE 6 Multivariate analysis of PFS.

Prognostic factors

PFS OS

Odds
ratio

95% CI p Odds ratio 95% CI p

Time from primary tumor to lung metastases (months) 3.864 1.014-14.726 0.048 3.590 0.941-13.694 0.061

HER-2 over-expression 2.586 0.791-8.454 0.116 7.090 1.399-35.936 0.018

Histological grade 2.418 1.044-5.600 0.039 3.142 1.239-7.971 0.016
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In conclusion, this study shows that concurrent lung biopsy

with MWA demonstrates significant clinical value for suspected

malignant pulmonary nodules, enabling simultaneous diagnosis

and therapeutic intervention. However, patient selection and

opt imal t reatment t iming remain key chal lenges in

clinical implementation.
Data availability statement

The original contributions presented in the study are included

in the article/supplementary material. Further inquiries can be

directed to the corresponding author.
Ethics statement

The Ethics Committee of Tengzhou Central People’s Hospital

granted approval for this retrospective study (Ethics Review

Number 2018-Ethics Review-08). The studies were conducted in

accordance with the local legislation and institutional requirements.

The participants provided their written informed consent to

participate in this study. Written informed consent was obtained

from the individual(s) for the publication of any potentially

identifiable images or data included in this article.
Author contributions

CX: Writing – original draft, Writing – review & editing,

Conceptualization. PL: Writing – original draft, Writing – review

& editing, Conceptualization, Data curation, Formal Analysis. SY:

Data curation, Writing – review & editing, Resources, Visualization.

QM: Methodology, Supervision, Writing – review & editing. XZ:

Formal Analysis, Writing – review & editing. QY: Investigation,

Writing – review & editing. MH: Software, Visualization, Writing –

review & editing. YB: Resources, Validation, Writing – review &

editing. KZ: Writing – original draft, Writing – review & editing.
Frontiers in Oncology 0979
Funding

The author(s) declare that no financial support was received for

the research and/or publication of this article.
Acknowledgments

We would like to express our sincere gratitude to the local

institutional review board for approving this study. We also

appreciate the efforts of the interdisciplinary oncology committee,

including thoracic surgeons, respiratory physicians, medical

oncologists, radiation oncologists, diagnostic and interventional

radiologists, pathologists, and anesthesiologists, for their

comprehensive review of all cases.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.
Publisher’s note

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

and do not necessarily represent those of their affiliated

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

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

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

endorsed by the publisher.
References
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J Clin. (2020)
70:7–30. doi: 10.3322/caac.21590

2. Winer EP, Morrow M, Osbourne CK, Harris JR. Malignant tumors of
the breast. In: De Vita VT Jr., Hellman S, Rosenberg SA, editors. Cancer. Principles
& practice of oncology, 6th. Lippincott Williams & Wilkins, Philadelphia (2001). p.
1651–716.

3. Schonfeld SJ, Curtis RE, Anderson WF, de González AB. The risk of a
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A rare case of mammary
hamartoma presenting as
malignant on radiological
assessment and benign on
pathological examination:
a case report
Qingfeng Yang, Yiping Gong and Jin Hu*

Department of Breast and Thyroid Surgery, Renmin Hospital, Wuhan University, Wuhan, China
Breast hamartomas are rare, benign, and encapsulated lesions composed of a

combination of fatty, glandular, muscular, and fibrous tissue. Mammography

provides an overview of the breast’s structure and can identify the characteristic

“breast within a breast” appearance typical of hamartomas. Ultrasound is useful

for determining the echogenicity and vascularization of hamartomas, thereby

helping to differentiate them from potential malignancies. Magnetic Resonance

Imaging (MRI) is another indispensable tool in the diagnostic arsenal for breast

hamartomas. One of the major challenges in differential diagnosis is

distinguishing hamartomas from fibroadenomas, which typically occur in

young women. Here, we present a case of a 21-year-old female with a highly

suspicious lesion based on radiological features, which was ultimately diagnosed

histologically as a breast hamartoma.
KEYWORDS

breast, hamartoma, case report, breast hamartoma, mammary hamartoma
Introduction

Breast hamartomas are uncommon, benign, and encapsulated lesions with unclear

etiology and pathogenesis (1). They are characterized by an exceptionally low clinical

incidence, accounting for approximately 4.8% of all benign breast masses (2). These lesions

are composed of a mixture of glandular, fatty, fibrous, and muscular tissues (3). Although

typically benign, their clinical presentation and diagnostic features pose unique challenges

to clinicians, making their study significant for medical practice. Breast hamartomas
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usually occur in middle-aged, perimenopausal women but can

develop at any age (3). Although these tumors are uncommon,

they can grow to substantial sizes and may co-occur with malignant

tumors. Surgical resection is the first-line treatment. In this report,

we describe a rare case of a breast hamartoma that exhibited

discordant pathological and radiological findings.
Case presentation

A 21-year-old woman presented to our hospital with a palpable

lump in her right breast. She reported that the mass had been

present for approximately two months, during which it had

gradually increased in size, accompanied by a mild discomfort

but without significant pain or other symptoms. Her family

medical history was unremarkable, and she denied any history of

tobacco use. Physical examination revealed a painless, hard, ill-

defined, poorly mobile mass in the upper lateral part of the right

breast. A dimpling sign was observed in the breast.

Breast ultrasound revealed a hypoechoic mass in the right breast

with indistinct borders, classified as BI-RADS IVc (Figures 1A, B).

Bilateral mammography showed an oval, well-circumscribed,

predominantly fatty mass measuring approximately 3.3×3.7 cm in

the upper outer quadrant of the right breast (Figure 2), which was

assigned a BI-RADS IVa score. Given the atypical appearance of the

mass, further evaluation with magnetic resonance imaging (MRI)

was performed. MRI demonstrated a mass-like lesion with mixed

T1 signal and prolonged T2 signal in the upper quadrant of the right

breast, measuring about 2.8 cm×3.1 cm×2.3 cm. The lesion

exhibited heterogeneous enhancement during the contrast-

enhanced scan (Figure 3), and a BI-RADS IVc score was
Frontiers in Oncology 0282
reaffirmed. After discussion in our multidisciplinary team, the

patient underwent surgical excision of the right breast mass. Fine-

needle aspiration cytology (FNAC) was initially considered, but due

to the patient’s young age and the clinical presentation of a mass

with a dimpling sign, the multidisciplinary team opted for surgical

excision to obtain a more definitive diagnosis and to address the

patient’s concerns about potential malignancy. The patient

underwent surgical excision of the right breast mass under

general anesthesia, with careful dissection and removal of the

mass while preserving the surrounding breast tissue. During

the surgery, a rapid frozen section pathology was performed on

the right breast mass. The frozen section pathology report indicated

a benign lesion of the right breast, with a consideration of breast

hamartoma. The interior of the resected tumor appeared yellow and

white. Postoperative pathology revealed a mammary hamartoma in

the right breast, measuring 3.5×3.3×3 cm. The tumor was well-

defined and composed of randomly arranged glandular and stromal

components, as well as adipose tissue and smooth muscle fibers

(Figure 4). Immunohistochemistry results showed Desmin

(focal +), ER (-), Ki-67 (+, approximately 5%), and SMA (+). The

patient was followed up after three months, and an ultrasound

report showed no recurrence.
Discussion

The average age of patients with breast hamartomas ranges from

19 to 56 years, with a mean age of 41.8 years (4). Alran et al. reported a

median age of 40 years (3). In our case, the patient was a 23-year-old

young woman. Similarly, Aminpour N et al. reported a case of a 23-

year-old female with myoid hamartoma of the breast (5). Therefore,
FIGURE 1

Ultrasound images labeled (A) and (B). Image (A) shows a mass with dotted yellow lines indicating measurements. Image (B) highlights an irregularly
shaped area outlined in yellow, also marked with measurement lines.
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when a young woman presents with a large, hard, slow-growing breast

mass, and core-needle biopsy based on breast ultrasound suggests

fibroadenoma, differentiation from breast hamartoma is necessary.

Breast hamartoma is rarely occurs in men. Gupta SS et al.

reported a case in a 13-year-old boy (6).

Although breast hamartomas are generally slow-growing, the

gradual growth observed in this case may be attributed to the

patient’s young age and hormonal factors.
Frontiers in Oncology 0383
Hamartomas are rarely associated with malignancies. However,

a few studies have reported invasive breast cancer coexisting with

breast hamartoma. Sevim Y et al. identified invasive ductal

carcinoma in one case and lobular carcinoma in situ in another

(4). To our knowledge, there have been two reported cases of breast

parenchymal hamartoma with synchronous contralateral breast

cancer (7, 8). This association may be related to PTEN

hamartoma tumor syndrome (PHTS), characterized by mutations

in the PTEN tumor suppressor gene (8).

Mammary hamartoma is a relatively rare benign breast lesion

composed of an abnormal mixture of adipose, glandular, and

fibrous tissue, often forming a well-circumscribed mass. As slow-

growing, benign entities, these lesions are distinct for their

heterogeneous composition and generally favorable prognosis (1).

Despite their benign nature, accurate recognition and diagnosis of

mammary hamartomas are vital due to their potential to be

confused with other, potentially malignant breast masses (9, 10).

Such lesions are typically detected incidentally during routine breast

imaging performed for other clinical indications.

Mammography is often the first-line imaging modality for

evaluating breast lesions, including mammary hamartomas. Its

ability to provide a detailed overview of the breast’s structure

helps identify the classic “breast within a breast” appearance

characteristic of hamartomas (11). However, mammography’s

sensitivity is limited in dense breast tissue, where lesions can be

obscured, making diagnosis challenging and often necessitating

additional imaging.

Ultrasound is a non-invasive diagnostic tool that significantly

supplements mammography by providing detailed information on

the internal structure of breast masses. It offers real-time imaging

and is particularly useful for differentiating solid from cystic

lesions. Ultrasound also aids in assessing the echogenicity and

vascularization of hamartomas, which can help distinguish them

from malignancies (12, 13). Elastography, often combined with

ultrasound, assesses tissue stiffness, a key feature differentiating

benign from malignant lesions.

Magnetic Resonance Imaging (MRI) is another essential

diagnostic tool for breast lesions. MRI offers high contrast

resolution, making it ideal for imaging complex breast structures

and revealing atypical vascular patterns (14). Its sensitivity to

changes in tissue composition makes it a valuable adjunct when

mammography and ultrasound results are inconclusive. Techniques

like contrast-enhanced MRI can highlight regions with increased

vascularity or unusual enhancement patterns suggestive of

malignancy, thereby enhancing diagnostic accuracy (11, 15).

Clinically, hamartomas typically present as movable,

well-circumscribed masses with a rubbery texture, similar to

fibroadenomas (3).

In our clinical experience, the diagnostic prevalence of breast

hamartoma appears lower than that reported in the literature.

Diagnosis is typically established by core-needle biopsy combined

with appropriate correlation of clinical and radiologic features.

Breast hamartomas may be underdiagnosed because pathologists

might categorize these lesions as fibroadenomas rather than

hamartomas (4).
FIGURE 2

Mammogram images labeled (A–D) show different views of a breast,
highlighting dense areas. Panels (A, B) are craniocaudal views, while
(C) and (D) are mediolateral oblique views. The images display
varying tissue densities, useful for medical analysis.
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Differential diagnosis is crucial to ensure hamartomas are not

misclassified, preventing potentially incorrect treatment. This

requires integrated assessment of clinical, radiological, and

histopathological data (16).
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Differential diagnosis can be particularly challenging when

distinguishing hamartomas from fibroadenomas, which share a

similar imaging appearance (17). Both can appear as well-

circumscribed, hypoechoic masses on ultrasound; however,
FIGURE 3

MRI breast scans depicting different views. Image (A) shows a coronal section with a visible mass. Image (B) presents another coronal view. Image
(C) is a transverse section. Image (D) displays a diffusion-weighted image. Image (E) and (F) are sagittal views with noticeable lesions. Image (G) and
(H) contain color maps indicating apparent diffusion coefficients, with regions of interest marked. All images are labeled with patient information and
scan details from Renmin Hospital of Wuhan University, dated January 23, 2025.
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hamartomas usually exhibit greater internal heterogeneity due to

their composition of both fat and fibrous tissue (18). MRI is superior

for delineating internal composition, enhancement patterns, and

tissue characteristics compared to other modalities (12).

Management strategies for mammary hamartomas range from

active surveillance to surgical excision, tailored to individual patient

factors. Understanding the clinical relevance of treatment

approaches is crucial, especially since many cases remain

asymptomatic. While surgery is indicated in some cases, non-

invasive management remains a viable alternative for most

patients, underscoring the need for personalized treatment plans.

In summary, we describe an unusual case of breast hamartoma

that presented with radiological features concerning for a highly

malignant lesion. Surgical excision was the treatment of choice.

Given the rarity of such presentations and the limited number of

previously reported cases, this case provides valuable insights and

warrants further investigation.
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FIGURE 4

(A) Excised tissue sample on a cutting board with a ruler indicating size in centimeters. (B) and (C) Microscopic views of tissue sections displaying
fibrous structures in shades of pink, red, and yellow.
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Background: Postoperative chest wall seroma is a common complication

following modified radical mastectomy. When persistent, it can lead to the

formation of a dense fibrous capsule (pseudobursa), resulting in a refractory

seroma that is unresponsive to conventional treatments and may delay essential

adjuvant therapies. Surgical excision of the capsule carries significant risks. This

study introduces a less invasive surgical technique to manage this

challenging condition.

Methods: From 2018 to 2021, 20 patients with refractory seroma after modified

radical mastectomy were included in this retrospective study. Inclusion required

seroma persistence for over one month despite repeated aspirations, with the

presence of a fibrous capsule confirmed by ultrasonography. A minimally

traumatic, four-step technique was employed under local anesthesia, involving

capsule scraping, “cross-hatch” scoring, and flap fixation. A drainage tube was

inserted post-procedure. Color Doppler ultrasound was used for pre- and post-

procedural assessment.

Results: The study included 20 female patients with a median age of 57.5 years.

All patients had node-positive breast cancer. The “cross-hatch” capsular scoring

technique was successfully performed in all cases. The median postoperative

drainage time was 7 days (range 6–12 days). During a median follow-up of 3

months, no seroma recurrence was observed. The procedure was well-tolerated

with minimal pain, and no significant complications such as hematoma or

infection occurred.

Conclusion: The “cross-hatch” capsular scoring technique is a safe, effective, and

less invasive method for managing refractory post-mastectomy seroma. This

approach minimizes patient trauma, reduces recovery time, and helps maintain

the continuity of adjuvant therapies, thereby offering a valuable alternative to

more aggressive surgical interventions.
KEYWORDS

breast cancer, refractory seroma, fibrous capsule, minimally traumatic surgery, flap
fixation, local anesthesia
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Introduction

Postoperative chest wall seroma is one of the most common

complications after modified radical mastectomy for breast cancer,

characterized by the abnormal subcutaneous accumulation of

plasma and lymphatic fluid in a dead space (1–3). Its incidence

ranges from 15% to 85%, varying by diagnostic criteria and

detection methods (4, 5). In some cases, the seroma persists or

recurs despite conservative treatments like repeated aspiration or

compression, evolving into a refractory seroma. This condition can

impede recovery by causing skin necrosis, wound infection, and

delays in crucial adjuvant therapies (6), thereby impacting patient

outcomes and quality of life.

A key pathological feature of a refractory seroma is the

formation of a dense, smooth-walled fibrous capsule, known as a

pseudobursa, around the fluid collection (7). This capsule’s

avascular, secretory inner lining prevents the adherence of the

skin flap to the chest wall, perpetuating the fluid accumulation

and rendering conventional treatments ineffective. While complete

surgical excision of the capsule (capsulectomy) combined with

negative pressure suction has been shown to be effective (8–10),

this procedure presents significant challenges. For patients who

have undergone axillary lymph node dissection, the capsule often

extends into the axilla, in close proximity to vital nerves and vessels.

A formal capsulectomy in this region requires extensive dissection,

often under general anesthesia, and carries substantial risks of

neurovascular injury, intraoperative bleeding, and significant

postoperative pain.

Given these risks, there is a clear clinical need for a safer, less

invasive alternative. In this study, we developed and evaluated a

minimally traumatic surgical technique performed under local

anesthesia. The procedure involves scraping and scoring the

capsule (“cross-hatch” capsulotomy) without removing it,

followed by flap fixation to obliterate the dead space. We herein

report our experience, demonstrating the effectiveness and safety of

this novel approach in a series of 20 patients.
Patients and methods

Patient selection

Between 2018 and 2021, 20 consecutive female patients with

refractory seroma following modified radical mastectomy at our

institution were included in this retrospective study. The inclusion

criteria were: 1) persistence of seroma for over one month despite

conventional management (including repeated percutaneous

aspirations); and 2) the presence of a distinct, organized fibrous

capsule confirmed by preoperative ultrasound examination. All

patients had been pathologically diagnosed with breast cancer and

had undergone axillary lymph node dissection as part of their initial

surgery. Of these 20 patients, 10 underwent a standard Level I and II
Frontiers in Oncology 0288
axillary lymph node dissection, while the remaining 10, who presented

with clinically enlarged Level III lymph nodes, underwent a complete

Level I-III dissection. The refractory seromas in this cohort developed

after the removal of the initial surgical drains, which were typically kept

in place for a period of 7 to 14 days.

The choice of modified radical mastectomy (MRM) for the initial

surgery was based on clinical indications at the time of diagnosis,

such as multicentric disease, large tumor-to-breast ratio, or patient

preference, reflecting the clinical practice at our institution during the

study period. Patients were excluded if they had an active infection,

severe coagulation disorders, or declined the procedure. Since this

study was conducted retrospectively based on a modification of an

established clinical technique, formal ethical committee approval was

not required by our institutional guidelines.
The cross-hatch capsular scoring
technique

The surgical procedure was performed in an outpatient setting

and comprises four essential steps (Figure 1).
1. Incision and Exposure: After routine ultrasonography to

map the extent of the seroma, the area was sterilized. Using

0.5% lidocaine for local anesthesia, an incision of 7–10 cm

was made along the original mastectomy scar to access the

seroma cavity. The seroma fluid was completely aspirated

with a suction device, revealing the dense, smooth-walled

fibrous capsule (pseudobursa) lining the cavity (Figure 1A).

The aspirated fluid was visually inspected; as all cases

presented with clear, serous fluid without signs of

infection (e.g. , purulence or turbidity), routine

microbiological cultures were not performed.

2. Capsular Scoring: The key step involves altering the capsule

surface. Using a No. 22 scalpel blade, the entire inner

surface of the capsule on the skin flap and chest wall was

methodically scraped to de-epithelialize the secretory

lining. Following this, multiple “cross-hatch” scores or

shallow incisions were made through the capsule down to

the subcutaneous tissue or muscle layer (Figure 1B). Care

was taken in the axillary region to avoid deep incisions that

could injure the axillary vein or surrounding nerves. The

fibrous capsule itself was left in situ.

3. Flap Fixation and Drainage: To obliterate the dead space,

the skin flap was anchored to the underlying pectoral or

serratus anterior muscle fascia using multiple interrupted

2–0 absorbable sutures (Figure 1C). A single closed-suction

drainage tube was then placed within the cavity.

4. Closure and Compression: The skin incision was closed in

layers. A sterile dressing and a multi-layer elastic

compression bandage were applied to the chest wall to

ensure firm apposition of the flaps (Figure 1D). The drain

was connected to a low-pressure suction bottle. A single
frontiersin.org
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Fron
dose of a first-generation cephalosporin was administered

preoperatively for surgical prophylaxis in all cases.
Post-procedure management and follow-up

The drainage tube was removed when the daily output was

consistently less than 20 ml for two consecutive days. The

compression dressing remained in place until after drain removal.

All patients underwent a color Doppler ultrasound examination one

week after drain removal to confirm the absence of fluid re-
tiers in Oncology 0389
accumulation. Follow-up was conducted at 1 and 3 months post-

procedure to assess for seroma recurrence and any late complications.
Results

Patient and tumor characteristics

A total of 20 female breast cancer patients with refractory

seroma were included. The median age was 57.5 years (range: 47-

78), and the mean Body Mass Index (BMI) was 24.6 kg/m ² (range:

19.4-35.5 kg/m ²). Comorbidities included diabetes mellitus in 4
FIGURE 1

Key Steps of the Minimally Traumatic Surgical Procedure. (A) Exposure of the Pseudobursa: Following incision and complete fluid aspiration, the
characteristic smooth, white fibrous capsule is visualized covering the chest wall and extending into the axilla. (B) Capsular Scoring: A scalpel is used
to create multiple shallow, crisscrossing incisions (“cross-hatch” pattern) across the entire inner surface of the capsule, promoting an inflammatory
healing response. The capsule itself is preserved. (C) Flap Fixation and Drainage: To ensure apposition, the skin flap is sutured to the underlying
muscle fascia using 2–0 absorbable sutures. A drainage tube is placed to manage initial exudate. (D) Wound Closure: The incision is re-
approximated with absorbable sutures, completing the procedure before compression bandaging is applied.
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patients (20%) and hypertension in 8 patients (35%). Six patients

(30%) had received neoadjuvant chemotherapy.

Postoperative histopathology from the initial mastectomy

revealed stage IIB in 8 patients (40%), IIIA in 6 patients (30%),

and IIIC in 6 patients (30%). The median number of total lymph

nodes removed was 17 (range: 7-30). All 20 patients had positive

lymph nodes, with a median of 3 affected nodes (range: 1-25).

Patient characteristics are summarized in Table 1.
Procedural outcomes

The “cross-hatch” capsular scoring technique was successfully

performed on all 20 patients under local anesthesia.

The median postoperative drainage time was 7 days (range 6–12

days). No major perioperative complications such as hematoma,

surgical site infection, or flap necrosis were observed. Patients

reported minimal postoperative pain, which was well-managed

with oral analgesics.

During a median follow-up of 3 months, no recurrence of

seroma was observed in any patient. Post-procedural ultrasound

examinations confirmed complete resolution of the fluid collection

and adherence of the skin flaps to the chest wall.
Frontiers in Oncology 0490
Discussion

Managing postoperative refractory seroma in breast cancer

surgery remains a significant clinical challenge. Our study

demonstrates that the “cross-hatch” capsular scoring technique is

a highly effective and safe method for treating this condition.

The rationale behind our technique is not merely to drain fluid

but to fundamentally alter the pathophysiology of the non-healing

seroma cavity. The pseudobursa’s smooth, avascular inner lining

prevents natural tissue adherence and perpetuates fluid secretion.

By mechanically scraping and scoring this surface, we create a

controlled inflammatory response. This, combined with meticulous

flap fixation and external compression, promotes fibrin deposition

and granulation, leading to the permanent obliteration of the dead

space. The temporary drain serves only to manage the initial reactive

exudate while this crucial adherence process occurs. Our results,

showing no recurrences in 20 consecutive patients, provide strong

preliminary evidence that this method offers a durable solution.

The standard surgical alternative for an encapsulated seroma is

a formal capsulectomy. Unlike this procedure, which requires

extensive and often high-risk dissection under general anesthesia,

our technique is minimally traumatic. By leaving the capsule’s outer

layer intact and avoiding deep dissection, especially in the axilla, we

minimize the risk of bleeding and neurovascular injury. Other

innovative approaches, such as ultrasound-guided scraping with

Negative Pressure Wound Therapy (NPWT), have been described

(11). Our method, however, offers distinct advantages in its

simplicity and accessibility, as it utilizes standard surgical

instruments and does not require specialized equipment. The

limited incision allows for direct visualization, ensuring thorough

treatment of the capsule surface while protecting vital structures.

A key strength of our approach is its performance under local

anesthesia. This makes it suitable for a wider range of patients,

including the elderly or those with comorbidities who may be poor

candidates for general anesthesia. The minimal postoperative pain

reported by our patients, combined with the outpatient nature of

the procedure, enhances patient comfort, reduces healthcare costs,

and lessens the psychological burden associated with recurrent

clinic visits.

This study has several limitations. Firstly, it is a retrospective,

single-arm study with a relatively small sample size. Therefore, it

should be considered a proof-of-concept series demonstrating the

technique’s feasibility and initial efficacy. Secondly, the follow-up

period is limited to three months, although this is generally

sufficient to detect early seroma recurrence. Future research

should focus on larger, prospective, and potentially comparative

studies to further validate these findings and assess long-

term outcomes.
Conclusion

The “cross-hatch” capsular scoring technique represents a

significant advancement in the management of postoperative
TABLE 1 Clinicopathlogical characteristics of the patients.

Item Results

Median age 57.5 yrs (rang 47-78 yrs)

Body mass index (Mean standard deviation, kg/
m2)

24.6 (±3.98)

Hypertension (Cases) 8/20

Neoadjuvant chemotherapy 6/20

adjuvant chemotherapy 14/20

Diabetes (Cases) 4/20

Number of dissected lymph nodes

<10 1

10-20 11

>=20 9

Number of metastatic lymph nodes

<4 7

4-9 7

>=10 6

Post opertive Stage

2B 8

3A 6

3C 6
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refractory seroma. Its minimally traumatic nature, high efficacy,

and excellent safety profile make it a valuable option for surgeons

and patients alike. By adopting this method, clinicians can

effectively resolve a challenging postoperative complication,

improve recovery times, reduce morbidity, and ensure the timely

continuation of essential adjuvant therapies, ultimately enhancing

the quality of care in breast cancer surgery.
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Breast granular cell tumor (BGCT) is a rare neoplasm that typically presents as a

benign lesion but is frequently misdiagnosed as breast cancer prior to biopsy.

Herein, we report a case of BGCT that was initially suspected to be breast cancer

based on preoperative physical examination and imaging findings. A 39-year-old

Asian woman presented with a firm and painless mass in the right breast. Color

Doppler ultrasonography revealed a 15 mm × 15 mm × 14 mm nodule in the

upper inner quadrant of the right breast without obvious blood flow signal. On

magnetic resonance imaging (MRI), dynamic contrast-enhanced sequences

demonstrated homogeneous enhancement. Both ultrasonography and MRI

reported the lesion as the Breast Imaging Reporting and Data System (BI-

RADS) Category 4B. Based on these findings, the patient was clinically

suspected to be an early breast cancer. A surgical plan was formulated,

beginning with an excisional frozen section with negative margins and

proceeding to breast-conserving surgery if necessary. Frozen section analysis

confirmed the presence of a tumor but could not determine whether the lesion

was benign, malignant, or borderline. Histopathological examination with

hematoxylin-eosin staining and immunohistochemistry ultimately established

the diagnosis of BGCT. Early and accurate diagnosis is crucial for developing

appropriate treatment plans for breast neoplasms. Given the unique

characteristics and rarity of these tumors, clinicians, radiologists and

pathologists should remain vigilant and consider the possibility of BGCT in the

differential diagnosis.
KEYWORDS

breast granular cell tumor, breast cancer, misdiagnosis, radiology, histopathology
1 Introduction

Granular cell tumor (GCT) is a rare neoplasm (1), typically benign, with malignancy

occurring in fewer than 1% of cases (2). It is currently widely believed to originate from

Schwann cells of peripheral nerves (3). GCTs can arise in virtually any part of the body and

may present as multicentric lesions (4). They most commonly occur in the head and neck
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region, with breast involvement being relatively rare, accounting for

approximately 6–8% of all cases (5). A breast granular cell tumor

(BGCT) prevalence of 1:1000 to 1:600 among breast malignancies

has been widely reported (6). Notably, BGCT can coexist with

breast carcinoma (6). Definitive diagnosis of BGCT relies on

histopathological examination and immunohistochemistry (7).

Complete surgical excision remains the most effective treatment

strategy (1, 7). This case is of particular interest because BGCT can

closely mimic invasive breast carcinoma on clinical and radiologic

evaluation. Its rarity and overlapping features with malignancy may

lead to misdiagnosis and potentially inappropriate treatment.

Clinically, when a breast lesion is suspected to be malignant,

mammography, ultrasonography, and magnetic resonance imaging

(MRI) are all recommended imaging modalities (8, 9). Additionally,

several derivative imaging techniques have been developed to

differentiate breast lesions, such as ultrasonography contrast

imaging and digital breast tomosynthesis (10, 11). In Asia,

ultrasonography is routinely used as the initial imaging modality

for premenopausal patients with breast lesions. In cases of fatty

breast tissue, mammography is also recommended. If physical

examination or ultrasonography suggests a high likelihood of

malignancy, mammography and MRI are directly added. Herein,

we report a case of BGCT that mimicked carcinoma on

ultrasonography and MRI. The diagnosis was confirmed by

histological examination, and this case is presented to enhance

readers’ understanding of BGCT.
2 Case presentation

A 39-year-old woman presented to our department with a 10-day

history of a right breast mass, initially detected during a routine health

check-up. She had no known personal or family history of breast

cancer. Physical examination revealed a palpable and firm and painless

mass in the upper inner quadrant of the right breast, with unclear

margins. No enlarged lymph nodes were palpable in the right axilla.

Color Doppler ultrasonography of the right breast identified a

hypoechoic nodule at the 2–3:00 position at the edge of the

glandular tissue in the right breast (Figure 1A). The nodule

measured approximately 15 mm × 15 mm × 14 mm, with an

irregular shape, angulated and spiculated margins, uniform internal

echoes, significant posterior acoustic shadowing, and no obvious

blood flow signal. It was classified as the Breast Imaging Reporting

and Data System (BI-RADS) Category 4B. Breast MRI showed a mass

in the upper inner quadrant of the right breast, measuring

approximately 15 mm × 13 mm × 8 mm. The mass exhibited low

signal intensity on T1-weighted imaging (T1WI), slightly high signal

intensity on T2-weighted imaging (T2WI) (Figure 1B), central low
Abbreviations: BGCT, breast granular cell tumor; MRI, magnetic resonance

imaging; BI-RADS, Breast Imaging Reporting and Data System; GCT, granular

cell tumor; T1WI, T1-weighted images; T2WI, T2-weighted images; DWI,

diffusion-weighted imaging; ADC, apparent diffusion coefficient; TIC, time-

intensity curve; CT, computed tomography; CEUS, contrast-enhanced

ultrasonography; NSE, neuron-specific enolase; PAS, periodic acid–Schiff.
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signal intensity, and slightly high signal intensity on diffusion-weighted

imaging (DWI). Apparent diffusion coefficient (ADC) mapping

revealed reduced signal intensity, and dynamic contrast enhancement

demonstrated homogeneous enhancement. The time-intensity curve

(TIC) exhibited a slow-rising pattern, and the lesion was classified

as BI-RADS 4B (Figure 1C). Mammography was not performed due to

the lesion’s small size, its location in the upper-inner quadrant of the

right breast edge, and its proximity to the chest wall, which rendered

mammography unsuitable for evaluation. Computed tomography

(CT) of chest and abdominal ultrasonography showed no

abnormalities. There was no evidence of axillary lymph node

enlargement according to her imaging findings.

Given the suspicion of early breast cancer, a surgical plan wasmade

to perform a wide excision first because of the infiltrative pattern of

the lesion under general anesthesia for pathological investigations. If

intraoperative frozen section analysis indicated malignancy, a breast-

conserving surgery with radical resection would be considered. During

surgery, frozen section analysis suggested that the lesion was likely a

benign tumor, and that therewereno tumor cells at the surgicalmargins.

Postoperative histopathological examination with hematoxylin-eosin

staining revealed disrupted normal breast tissue architecture with nests

of large polygonal tumor cells with abundant eosinophilic granular

cytoplasm infiltrating the surrounding breast parenchyma (Figure 2A),

consistent with a tumor. Immunohistochemical staining results were as

follows: S100 (+), CK (−), Vimentin (+), CD68 (+), CK7 (−), CK5/6 (−),

PAS (+),NSE (+),Ki-67 (1%+), E-cadherin (+), P120 (+),Calretinin (+),

a-Inhibin (+), SOX10 (+), P53 (wild-type), HER2 (0), GATA3 (−),

ER (−), PR (−), GCDFP-15 (−), Mammaglobin (−), Desmin (−),

SMA (−), PAX8 (−), P63 (−) and AR (−). Several of these markers are

shown in Figures 2B-F. The final diagnosis was a benign BGCT.
3 Discussion

BGCTs typically present as firm, painless palpable masses (1).

While imaging may occasionally reveal well-circumscribed lesions

suggestive of benign pathology (4, 12), BGCTs often appear

spiculated or poorly defined, mimicking the radiological features

of breast carcinoma and thus are frequently misdiagnosed

preoperatively (2, 13–16). These tumors are most commonly

located in the upper inner quadrant, as in the case we report.

This distribution is currently attributed to their origin from the

intramammary branches of the supraclavicular nerve, whereas

primary breast carcinomas more frequently arise in the upper

outer quadrant (13). Surgeons, radiologists and pathologists

should remain vigilant and consider these tumors as part of the

differential diagnosis when evaluating breast masses.

Radiologic imaging has limited sensitivity in detecting BGCTs

(17, 18). Ultrasonographically, benign BGCTs may display malignant

features such as a solid, heterogeneous mass with indistinct margins

and a high depth-to-width ratio (19), as demonstrated in our case.

However, some cases may show benign characteristics with well-

defined margins (4, 12). On mammography, BGCTs typically appear

as small lesions (<3 cm), though lesions up to 6 cm have been reported

(7). They may present as circumscribed masses or indistinct, spiculated
frontiersin.org
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lesions without calcification, further complicating differentiation from

malignancy (20). MRI, including dynamic contrast-enhanced

sequence, has limited sensitivity for diagnosing BGCTs but remains

valuable for assessing lesion extent and multifocality (21, 22). Some

studies report low-to-intermediate signal intensity on T1WI and a lack

of hyperintensity on T2WI, consistent with our case. Although

dynamic MRI kinetic curves and enhancement patterns may aid in

distinguishing between benign and malignant lesions, the role of DWI

and ADC values in assessing tumor aggressiveness remains

controversial (23). To date, no specific imaging features have been

definitively associated with BGCTs. Some authors reported

homogeneous enhancement on T1WI images and ring-like

enhancement on T2WI sequences. T1WI signals are typically low to

intermediate, while T2WI signals can be variable (24). For breast

masses in which malignancy cannot be excluded, we believe that

contrast-enhanced ultrasonography (CEUS) serves as an important

supplementary diagnostic tool (25). CEUS can further reveal the blood

perfusion characteristics and dynamic changes of the lesion, thereby
Frontiers in Oncology 0394
aiding in the evaluation of its nature, particularly for those classified as

BI-RADS 4 based on Doppler ultrasonography findings.

Grossly, BGCTs appear as small, firm, grayish-white nodules

with a dense cut surface. Microscopically, the tumor is characterized

by aggregates of loosely infiltrating large round or polygonal cells

with abundant eosinophilic granular cytoplasm and variable

amounts of collagenous stroma. Nuclei are generally small and

centrally located (1). The infiltrative nature of these tumors,

combined with prominent nucleoli, necessitates distinction from

scirrhous carcinoma and apocrine carcinoma (13). The hallmark

histologic feature aiding in differential diagnosis is the presence of

granular cytoplasm within the tumor cells.

Immunohistochemically, BGCTs are negative for estrogen

receptor, progesterone receptor, and human epidermal growth

factor receptor 2. They are believed to originate from Schwann

cells of neural origin, which explains their strong positivity for S100

protein, vimentin, and neuron-specific enolase (NSE), and

negativity for pan-cytokeratin. Additionally, BGCTs often express
1FIGURE

Typical imaging findings (lesion marked by arrows). (A) Color Doppler ultrasonography detected a noncapsular mass in the upper inner quadrant of
the right breast (15×15×14 mm). (B) Breast MRI revealed a mass in the right breast (15×13×8 mm), exhibiting slightly high signal intensity on T2-
weighted imaging (T2WI). (C) MRI dynamic contrast enhancement, silhouette image, Apparent diffusion coefficient (ADC) mapping (pseudo-color
image), dynamic contrast enhancement and the time-intensity curve (TIC).
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CD68 and stain positive for periodic acid–Schiff (PAS), indicative of

lysosomal activity in approximately 90% of cases (6). The Ki-67

proliferation index is an important marker of tumor aggressiveness

(26). Given their typically benign nature, most of them exhibit a Ki-

67 index of <2%. In evaluating potential malignancy, Ki-67 index

must be considered in conjunction with clinical course and mitotic

activity (26).

Malignant transformation is rare, accounting for <1% of all

GCTs, including those of the breast (3). Nevertheless, cases of

malignant BGCT have been reported. Malignant GCTs are

classified as high-grade sarcomas, with high metastatic potential

and poor prognosis (26). Features suggestive of malignancy include:

tumor size ≥ 4 cm, increased mitotic rate (≥2 mitoses per 10 high-

power fields at 400× magnification), rapid growth, evidence of local

invasion, marked cellular pleomorphism (1).

Histopathologic confirmation should be obtained prior to

treatment for suspected malignant lesions. Although diagnosis via

fine-needle aspiration or intraoperative frozen section has been

reported (12), this approach depends heavily on the expertise of the

pathologist. Core needle biopsy (1, 3, 27), excisional biopsy (7, 16),

and vacuum-assisted breast biopsy are considered more reliable

methods. Histopathologic examination and immunohistochemistry

remain the gold standard for diagnosis. Inappropriate pathological

assessment may lead to overtreatment (2, 28, 29).

Complete surgical excision with negative margins remains the

only treatment of choice (1). Wide local excision is the most widely

accepted surgical strategy and is essential for further pathological
Frontiers in Oncology 0495
evaluation after biopsy. Recurrence of benign BGCTs is extremely

rare. Even in cases with positive margins, the risk of long-term

recurrence is low (30). In the event of lymph node metastasis from

malignant BGCTs, axillary lymph node dissection is warranted.

Long-term follow-up (up to 10 years) is recommended (30).

This case is of particular interest due to the rarity of BGCTs in

the breast. A thorough understanding of their clinicopathologic and

radiologic features is critical for the accurate differentiation from

breast carcinoma.
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FIGURE 2

Typical histopathological findings. (A) Hematoxylin–eosin staining revealed disrupted normal breast tissue architecture with nests of atypical cells
featuring abundant cytoplasm. (B-F) Immunohistochemistry showed positivity for CD68, PAS, S100, NSE, and vimentin (4×).
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