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Clinical and pathological features
of lymphomas in the breast: a
comprehensive multicentric study
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Breast lymphomas, though rare, present a unique spectrum of clinical and pathological characteristics.
This multicenter retrospective study evaluates 92 cases from four international institutions over a
ten-year period to provide a comprehensive analysis of primary breast lymphomas (PBLs), secondary
breast lymphomas (SBLs), and related subtypes, including breast implant-associated lymphomas
(BIA-ALCL) and intra-mammary lymph node lymphomas. Primary breast lymphomas accounted for
46.7% of cases, with a predominance of diffuse large B-cell ymphoma (DLBCL). Secondary breast
involvement, observed in 43.5% of cases, displayed a more diverse histological distribution, with
follicular lymphoma being the most common subtype. Breast implant-associated lymphomas (BIA-
ALCL) constituted 6.5% of cases, exclusively involving anaplastic large cell T-cell ymphoma, ALK-
negative. The study highlights significant differences in patient demographics, clinical presentation,
and survival outcomes. PBLs primarily affected older patients (mean age: 68.4 years) and were
associated with longer lymphoma-specific survival compared to SBLs (76.12 vs. 59.45 months;
p=0.001). Notably, survival differences were evident within histological subtypes, emphasizing the
impact of disease origin on prognosis. BIA-ALCL cases were distinct in clinical features and histology,
with a younger mean age (47.5 years) and frequent association with unilateral effusion. This analysis
underscores the necessity for precise diagnostic and therapeutic strategies tailored to the unique
biology of breast lymphomas. Future research should aim to elucidate molecular mechanisms and
optimize management protocols to improve patient outcomes.
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In the breast, carcinomas represent the most frequent malignant tumors'. Breast involvement by a lymphoma
is very rare and can occur as a primary breast lymphoma (PBL) or as secondary breast lymphoma (SBL) i.e.,
secondary involvement of the breast by a lymphoma arisen in another primary location?. The standard definition
of PBL was firstly provided by Wiseman and Liao in 1972 and required four criteria: (I) adequate histopathologic
specimen, (II) presence of breast tissue and lymphoma infiltrates in close association, (III) no evidence of
disseminated lymphoma at diagnosis, and (IV) no history of extra-mammary lymphoma®. Involvement of
ipsilateral axillary lymph node(s) was allowed?. However, many studies have used less stringent criteria for the
diagnosis of PBL, such as: (I) presentation with the dominant mass or symptom in the breast, and (II) no history
of lymphoma, even if distant involvement is present on staging®®. Special types are represented by lymphomas
originating in breast implants (breast implant associated, BIA)® and by lymphomas arising in intra-mammary
lymph nodes’. Lymphomas infiltrating the breast that do not meet those criteria are classified as secondary
breast lymphomas®°.

PBLs account for <0.5% of all malignant neoplasms of the breast and approximately 2% of all extra-nodal
lymphomas!®-!2. In the USA, PBL incidence (per 1,000,000 women) increased from 0.66 (1975-1977) to 2.96
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(2011-2013) with an annual percentage change (APC) of 5.3% from 1975 to 1999 and no statistically significant
change thereafter'>. More in detail, prevalence of PBL varies from 0.85 to 2.2% of all extra-nodal lymphomas,
whereas secondary involvement of the breast by a lymphoma is more common, representing approximately
17% of all breast metastasis, which, in turn, represent only 0.5-6.6% of all breast malignanciesz. It has been
speculated, that the rarity of breast lymphoma may be due to the relatively low amount of lymphoid tissue within
the breast'?.

The pathogenesis of breast lymphomas remains incompletely understood. High post-menopausal estrogen
levels's, chronic inflammation, autoimmune disease!®, pregnancy and lactation!” have been proposed as possible
risk factors, although the causes are still unclear. Interestingly, some PBL can occur together with a variety of
breast cancers, although the pathophysiological significance of these coexistence is still unknown!s.

PBL encompasses a variety of histological subtypes. More than 90% of reported cases originate from
B-lymphocytes, with over half classified as diffuse large B-cell lymphomas (DLBCL). Less common B-cell
subtypes include follicular lymphoma (FL), extra-nodal marginal zone lymphoma (EMZL), and Burkitt
lymphoma (BL)'*. The most common breast lymphoma of T-cell origin is anaplastic large cell lymphoma
(ALCL), which has shown a rising prevalence over the past two decades?!. Unlike other lymphomas, ALCL does
not exclusively originate in the breast parenchyma but is typically found surrounding textured breast implants,
where it is usually contained within a periprosthetic fibrous capsule!?.

Indeed, breast implant-associated anaplastic large T-cell lymphoma (BIA- ALCL) is more common in
this context, rather than when occurring in a breast without an implant (PB-ALCL)?!?2, BIA-ALCL is a rare
ALK-negative lymphoma associated with macrotextured breast implants, typically diagnosed 7-10 years post-
implantation. It often presents as unilateral or bilateral breast swelling with discomfort, yellowish effusion fluid,
and occasionally solid masses, detectable by imaging?>~?’. While early-stage cases have excellent survival rates,
advanced stages with lymph node involvement or aggressive local invasion can lead to reduced survival and, in
some cases, fatal outcomes?’. The pathogenesis is still not very well understood?!.

Lymphomas originating in intra-mammary lymph nodes are extremely rare, even though intra-mammary
lymph nodes are observed in approximately 5% of mammographic cases?®?’. Few isolated case reports have been
documented in the literature”-%31,

Finally, it is important to note that virtually any lymphoma can involve the breast parenchyma in advanced
stages. In such cases, it is referred to as secondary breast lymphoma (SBL), which, like PBL, can present with
nonspecific manifestations such as a breast mass or B symptoms and exhibit nonspecific imaging findings.

Each histological subtype of lymphoma involving the breast appears to exhibit unique epidemiological
patterns, prognoses, and treatment needs, underscoring the importance of precise diagnosis to ensure the
timely initiation of the most suitable therapy®2. This is particularly critical because PBL is often clinically and
radiologically mistaken for breast carcinoma, as both conditions frequently present as a painless mass and share
nonspecific imaging features®.

The rarity of these tumors poses challenges in accumulating large patient cohorts, thereby limiting the ability
to perform extensive clinical trials and necessitating reliance on retrospective studies and case series for guiding
management.

To date, limited data are available on the incidence, clinical and radiological presentations, histopathology,
and treatment outcomes of patients diagnosed with breast lymphomas. Most of the existing information on these
entities originates from small case series®>=3,

In this study, we aim to provide a comprehensive clinicopathological analysis of a multicenter, international
cohort of patients with breast lymphoma over a ten-year period. Moreover, we assess the frequency of PBL, SBL,
BIA and lymphoma originating from intra-mammary lymph nodes and evaluate the different histologic types,
as well as review the clinical and radiological features among these different subgroups.

Materials and methods

We conducted a retrospective, multicenter study across four international academic medical institutions: the
Department of Pathology and Molecular Pathology of the University Hospital of Zurich (Switzerland), the
Department of Pathology and Molecular Pathology of the University Hospital of Linz (Austria), the Department
of Pathology of the University of Utah, Salt Lake City (USA), and the Institute of Pathological Anatomy of the
University Hospital of Udine (Italy). Data collection covered a 10-year period, from January 2014 to December
2024.

At each participating institution, a board-certified pathologist reviewed institutional pathology and clinical
reports to extract comprehensive information on patients diagnosed with breast lymphomas.

The study was conducted in accordance to the declaration of Helsinki and adhered to ethical standards for
retrospective research according to national regulation, with approval obtained from each one of the respective
institutional review boards of the four centers adhering to the study.

Ethical committee approval details of every center involved:

o Zurich: Kantonale Ethikkommission, Kanton Ziirich, Switzerland; Approval number KEK-2012-553/
PB2019/001111;

o Salt Lake City, USA; Institutional Review Board (IRB) of the University of Utah Health; Approval number
IRB_00077285.

o Linz: Ethikkommission der Medizinischen Fakultit, Johannes Kepler Universitdt (JKU) Linz, Austria; Ap-
proval number 1003/2025;

« Udine: internal review board of the Department of Medical Area (University of Udine), in accordance to the
dictates of the general authorization to process personal data for scientific research purposes by the Italian
Data Protection Authority. Approval number 037/2019_IRB.
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All patients included in the study anonymously had given their consent for the use of anonymized data for
research purposes. Individual informed consent was not required for this retrospective study with anonymized
data in accordance with the respective national laws.

The following clinical and pathological data were collected from patient records: age at diagnosis, histological
classification, distinction between PBL, SBL, or involvement of intra-mammary lymph nodes by lymphoma,
clinical presentation and radiological findings. The distinction between PBL and SBL was determined based
on clinical records. More in detail, a case has been classified as PBL if a newly diagnosed lymphoma presented
with a predominant breast mass at the time of diagnosis in a patient without a history of lymphoma. In cases
where staging information was incomplete (e.g., for patients referred from peripheral hospitals with limited
clinical documentation), the distinction between primary and secondary breast lymphoma was made based on
the classification provided by the referring physician in the clinical form submitted to the pathology department.

Where accessible, survival data, including survival status and overall survival in months, were recorded.

Descriptive statistics were used to summarize baseline characteristics, including mean age, the distribution
of primary versus secondary lymphomas, and radiological features. Categorical variables were expressed as
frequencies and percentages, while continuous variables were reported as means (+standard deviation) or
medians with interquartile ranges, depending on the data distribution.

Comparative analyses were conducted as follows:

Age comparison between PBL and SBL was performed using the Mann-Whitney U test. This choice followed
confirmation of non-normal distribution in both groups using the Shapiro-Wilk test (p =0.021 for PBL; p <0.001
for secondary involvement).

Breast involvement side (laterality) and lymphoma type (primary vs. secondary) were analyzed using the
Chi-square test for categorical comparisons.

Histological subtypes and survival analysis: Kaplan-Meier survival analysis was employed to estimate
lymphoma-specific survival curves, and log-rank tests were used to assess differences among histological
subtypes.

All statistical analyses were conducted using Statistical analyses were performed using SPSS V29.0.1.1 (IBM
Corp, Armonk, New York, URL: IBM SPSS Statistics). A p-value of < 0.05 was considered statistically significant
for all tests.

Results

A total of 92 cases meeting the inclusion criteria were identified. Of these, 43 cases (46.7%) were classified as
PBL, 40 cases (43.5%) represented secondary involvement of the breast by a lymphoma originating from an
extra-mammary site, 3 cases (3.3%) involved lymphomas of intra-mammary lymph nodes, and 6 cases (6.5%)
were lymphomas associated with breast implants. The mean age at diagnosis was 64.2 years (range: 18-96;
standard deviation: 16.2). Eight patients (8.7%) were male, and 84 (91.3%) were female.

The most common associated comorbidities identified in this cohort were arterial hypertension (20.7%),
dyslipidemia and/or hypercholesterolemia (7.6%), and obesity (4.3%). Notably, 18 patients (19.6%) were
diagnosed with at least one other malignancy. The most frequent malignancies included invasive breast
carcinoma (10 cases, 10.9%) and non-melanoma skin cancer, such as basal cell carcinoma or squamous cell
carcinoma (5 cases, 5.4%). Of note, one patient (1.1%) presented with three metachronous malignancies in
addition to breast lymphoma: small cell lung carcinoma, multifocal cutaneous basal cell carcinoma, and invasive
breast carcinoma. Survival data were available for 63 patients (68.5%). For detailed information on the study
cohort, refer to Table 1.

There was a significant difference in the age at diagnosis between patients with PBL and SBL. Patients with
PBL were significantly older than those with secondary breast involvement (p =0.038). There was no statistically
significant correlation between the site of presentation and the type of breast lymphoma (primary, secondary, or
implant-associated; p=0.32).

Primary breast lymphomas
PBLs were defined as cases in which the disease initially presented, and the dominant mass was located in
the breast in patients without previous history of lymphoma. Mean age at diagnosis was 68.4 years. The most
common histological subtypes were diffuse large B-cell lymphoma, NOS (DLBCL; 30 cases, 69.8%) and extra-
nodal marginal zone lymphoma (EMZL; 8 cases, 18.6%). Most cases were identified as palpable breast masses
reported by patients (38 cases, 88.4%), with a smaller number discovered incidentally during imaging for routine
screening or follow-up (3 cases, 7.0%). In the radiology-based risk assessment, imaging findings were most
commonly categorized as suspicious for malignancy (BI-RADS 4; 8 cases, 18.6%). In 3 cases (7.0%), lesions were
classified as highly suggestive of malignancy, with two cases assigned a BI-RADS 5 score on sonography and one
case on MRIL.

The mean lymphoma-specific survival time for primary DLBCL NOS was 42.55 months, for primary EMZL
was 92.71 months, and for primary breast lymphomas overall was 76.12 months. For additional details on
primary breast lymphomas, refer to Table 2. Representative histology images are shown in Fig. 1.

Secondary breast lymphomas

Secondary breast lymphomas were defined as cases in which a new breast mass in a patient with a known history
of lymphoma was histologically proven to represent the same lymphoma, or where the initial presentation
or dominant mass was located outside the breast. Mean age at diagnosis was 61.9 years. The most common
histological subtypes in this group were follicular lymphoma (15 cases, 37.5%) and EMZL (8 cases, 20.0%).
Secondary breast involvement was often detected as a palpable breast mass reported by patients (14 cases,
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Age at diagnosis (year) 18-96 (mean 64.2)
Female 84 (91.3%)
Sex
Male 8 (8.7%)
Primary 43 (46.7%)
Secondary breast involvement 40 (43.5%)
Nature of breast lymphoma
Breast implant 6(6.5%)
Intra-mammary lymph node 3 (3.3%)
Right breast 47 (51.1%)
Side of presentation/diagnosis Left breast 44 (47.8%)
Bilateral 1(1.1%)
Invasive breast carcinoma 10 (10.9%)
Non-melanoma skin cancer 5(5.4%)
Colon adenocarcinoma 1(1.1%)
Endometrial adenocarcinoma 1(1.1%)
Papillary thyroid carcinoma 1(1.1%)
Other neoplasms or precancerous lesions
Basal cell carcinoma of the vulva 1(1.1%)
Multiple myeloma 1(1.1%)
SLCL 1(1.1%)
DCIS 1(1.1%)
Meningioma 1(1.1%)
Hypertension 19 (20.7%)
Dyslipidemia and/or hypercholesterolemia 7 (7.6%)
Obesity 4 (4.3%)
Diabetes mellitus type 2 4 (4.3%)
Smoke 2(2.2%)
Comorbidities
Chronic kidney disease 2(2.2%)
Autoimmune disorders 4 (4.3%)
HCV 2(2.2%)
HBV 1(1.1%)
MGUS 1(1.1%)
1 malignant tumor 17 (18.5%)
Number of malignant tumors in addition to breast lymphoma
3 malignant tumors 1(1.1%)

Table 1. Detailed clinical information on the study-cohort. Abbreviations: DLBCL: diffuse large B-cell
lymphoma; BIA-ALCL: Brest implant associated anaplastic large cell lymphoma; NOS: not otherwise specified;
DCIS: ductal in situ carcinoma; SCLC: small cell lung carcinomas;.

35.0%) or as a metabolically active lesion identified during PET staging (6 cases, 15.0%). Sonography-based risk
assessment, where available, included BIRADS-3 (1 case, 2.5%) and BIRADS-4 (3 cases, 7.5%).

The mean lymphoma-specific survival time for secondary breast involvement by follicular lymphoma was
84.6 months, and for secondary EMZL, it was 85.7 months. For further details on lymphomas with secondary
involvement of the breast, refer to Table 3.

Comparison of lymphoma-specific survival

A statistically significant difference in lymphoma-specific survival was observed between patients with primary
DLBCL NOS and those with secondary DLBCL NOS (42.55 vs. 27.33 months; Log-rank test p=0.015), as well
as between patients with primary EMZL and secondary EMZL (92.71 vs. 85.67 months; Log-rank test p=0.039).
Overall, patients with PBLs had significantly better lymphoma-specific survival compared to those with
secondary breast involvement (76.12 vs. 59.45 months; Log-rank test p=0.001). Kaplan-Meier survival curves
for the most frequent breast lymphomas, as well as for all PBL combined and SBL combined, are presented in
Fig. 2.

Breast-implant associated lymphomas

Mean age of presentation of patients with BIA- breast lymphomas was 47.5 The most common clinical presentation
was fluid accumulation around the implant (unilateral effusion, classically referred as seroma) observed in
3 cases (50%). Other presentations included implant deformity (1 case, 16.7%) and implant rupture (1 case,
16.7%). Axillary lymphadenopathy was present in 2 cases (33.3%). All cases were histologically classified as
anaplastic large cell T-cell lymphoma, ALK-negative (100%). For further details, refer to Table 4. Representative
histology images are shown in Fig. 3.
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Age at diagnosis | Range 18-96 years (mean 68.4)
Palpation finding 38 (88.4%)
Presentations Asymptomatic, discovered at control visit 3 (7.0%)
No information 2 (4.7%)
BIRADS 5 (sonography) 2 (4.7%)
BIRADS 4 (sonography) 8 (18.6%)
BIRADS 4a (mammography) 1(2.3%)
Radiology findings | Not conclusive (sonography) 1(2.3%)
Incidental findings at CT 1(2.3%)
MRI suspicious for breast carcinoma 1(2.3%)
No information 29 (67.4%)
DLBCL NOS 30 (69.8%)
EMZL 8 (18.6%)
Histology Follicular lymphoma 3(7.0%)
Mantle cell lymphoma 1(2.3%)
Lymphoplasmacytic lymphoma 1(2.3%)
i 1(2.3%)
11 4(9.3%)
Stage at diagnosis | III 1(2.3%)
v 4(9.3%)
No information 33 (76.7%)

Table 2. Detailed information on patients with primary breast lymphomas. Abbreviations: DLBCL: diffuse
large B-cell.

Lymphomas of intra-mammary lymph nodes

Mean age at diagnosis of patients with lymphoma of intra-mammary lymph nodes was 62.7 years (range: 54—
69 years). Clinical presentations varied and included a palpable finding (1 case, 33.3%), and discovery during
routine echography (1 case, 33.3%). Radiological risk assessment was available for two patients: one case was
classified as BIRADS-2 (being suspicious for fibroadenoma), and another as BIRADS-4. Histologically, the
lymphomas were classified as follicular lymphoma (2 cases, 66.7%) and lymphoplasmacytic lymphoma (1 case,
33.3%). For further details, refer to Table 5.

Discussion

In this study, we provide insights into the clinical and pathological characteristics of lymphomas involving the
breast, emphasizing the diversity of their presentation and histological subtypes. To the best of our knowledge,
this represents the largest multicentric cohort documented to date and the second-largest study worldwide on
breast lymphomas, following the 2008 study by Talwalkar et al., which included 106 cases'®.

We identified nearly equal proportions of PBLs (46.7%) and SBLs (43.5%). Notably, the relatively small
proportion of BIA lymphomas (6.5%) and lymphomas of intra-mammary lymph nodes (3.3%) highlights
the rarity of these entities. The predominance of female patients (91.4%) aligns with the female predilection
seen in breast pathology, although eight male cases (8.6%) underscore the importance of considering breast
lymphoma in this demographic as well. The mean age of diagnosis, 64.2 years, reflects a broad age range (18-96),
emphasizing that breast lymphoma can occur in both younger and older populations.

Arterial hypertension emerged as the most common comorbidity in this cohort (20.7%), consistent with its
prevalence in the general population of this age group®. Interestingly, 19.6% of patients were diagnosed with
another malignancy, suggesting potential shared risk factors or heightened cancer surveillance among these
individuals. Invasive breast carcinoma was the most frequently co-occurring malignancy, followed by non-
melanoma skin cancers. The rare instance of a patient with three metachronous malignancies further illustrates
the complexity of cancer predisposition in some individuals. However, further studies are needed to understand
the role of potential risk factors and the biological and prognostic significance of cases of lymphoma associated
with an additional malignant tumor. Only a few studies, in form of single case reports, have reported this
association, whose significance remains to be further explored!840-43,

The significant age difference between patients with PBL and SBL (p=0.038) is an important finding,
suggesting that primary disease tends to occur later in life. The predominance of DLBCL in PBL cases (69.8%)
aligns with previous reports, while secondary lymphomas displayed a more varied histological distribution, with
follicular lymphoma and EMZL being the most common subtypes. Our findings regarding the frequency of the
various histological subtypes of PBLs are indeed consistent with those reported in the larger cohorts identified
in the literature®'213:19-20,

The initial clinical presentation of PBL cases was predominantly seen as palpable breast masses (88.4%), while
secondary lymphomas were often detected incidentally during imaging or staging. Radiologically, suspicious
findings (BI-RADS 4 or 5) were observed in available PBL cases, reflecting a high likelihood of malignancy.
However, given the overlap in imaging characteristics between breast lymphomas, triple-negative breast cancers,
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Fig. 1. Histology of a representative case of primary breast diffuse large B-cell lymphoma NOS (DLBCL,
NOS). The patient presented with a painless mass on palpation, sonographic classification was BIRADS 4. (A)
H&E: Biopsy specimen shows a diffuse infiltration by atypical lymphocytes involving the breast glands. (B)

At higher magnification, neoplastic cells demonstrate highly pleomorphic nuclei with nucleoli and increased
mitotic activity. (C) Immunohistochemistry for CD20 shows intense membranous staining in the neoplastic
cells, which were also positive for CD79a and PAX5 and negative for CD3, CD5, CD23 (not shown here). FISH
for the MYC gene rearrangement was negative. (D) Ki67 demonstrates a high proliferation index of 80-90%.

and certain benign lesions such as fibroadenomas**, imaging findings alone may be non-specific. Furthermore,
radiological data were available for only a subset of patients, limiting definitive conclusions.

Survival outcomes demonstrated significant differences between primary and secondary breast lymphomas,
with PBL cases showing longer lymphoma-specific survival (76.12 vs. 59.45 months, p=0.001). Within specific
histological subtypes, primary DLBCL NOS and EMZL had better lymphoma-specific survival outcomes
compared to their secondary counterparts. However, these data should be interpreted with caution, as the
presence of lymphoma with secondary involvement of the breast inherently indicates an advanced stage
and, consequently, a poorer prognosis. Moreover, the cohort analyzed in this study is too small and contains
incomplete survival, therapeutical and staging data, making impossible to compare the survival of PBL with
that of lymphomas secondarily involving the breast while controlling for stage and histological subtype. This
represents a major limitation of our study and highlights the need for larger studies and meta-analyses.

BIA lymphomas were distinct in their presentation and histology. All cases were ALCL, ALK-negative,
consistent with the known association between breast implants and this rare lymphoma subtype. The relatively
younger mean age at diagnosis (47.5 years) and clinical presentation with fluid accumulation (50%) further
distinguish this group from other breast lymphomas.

An interesting finding in our cohort is that the mean survival of BIA-ALCL cases was 36.4 months (see Fig. 2),
which is significantly lower than the average reported in the literature. Previous studies indicate a generally
favorable prognosis, with a median survival of 12 years?*. This discrepancy can be explained in several ways.
First, with only five cases, it is not possible to draw broad conclusions, and this represents a major limitation
of our study. Moreover, although data on tumor stage are not available, it is important to consider that patients
treated and evaluated in academic centers may represent more advanced or complex cases, potentially with
multiple comorbidities. Additionally, variability in survival among BIA-ALCL cases has been documented in the
literature, as shown in a recent meta-analysis*°. Therefore, we believe that further studies with larger sample sizes
are necessary to make more reliable statements about survival outcomes in patients with BIA-ALCL.

The rare cases of intra-mammary lymph node lymphomas presented unique diagnostic challenges. The
varied clinical presentations, from palpable masses to incidental findings on imaging, underscore the need for a
high index of suspicion. Histologically, follicular lymphoma was the most common subtype in this group.
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Age at diagnosis | Range 20-83 years (mean 61.9)
Palpation finding 14 (35.0%)
PET-positivity in the breast 6 (15.0%)
Presentation Incidental finding at mammography 1(2.5%)
Skin erythema 1(2.5%)
No information 18 (45.0%)
BIRADS 3 1(2.5%)
BIRADS 4 3(7.5%)
Radiology findings
Metabolic active finding in PET 6 (15.0%)
No specific information 30 (75.0%)
Follicular lymphoma 15 (37.5%)
Extra-nodal marginal zone lymphoma 8 (20.0%)
Chronic lymphocytic leukemia 6 (15.0%)
DLBCL NOS 4 (10.0%)
Extra-nodal NK/T-cell lymphoma 2 (5.0%)
Histology
Splenic marginal zone lymphoma 1(2.5%)
High-grade B-cell lymphoma, double hit 1(2.5%)
Classic Hodgkin Lymphoma 1(2.5%)
Mantle cell Lymphoma 1(2.5%)
B lymphoblastic leukemia/lymphoma 1(2.5%)

Table 3. Detailed information on patients with secondary involvement of breast through lymphomas.
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Fig. 2. Lymphoma-specific survival curves of most common histological types of primary and secondary
breast lymphomas. DLBCL: Diffuse large B-cell lymphoma. EMZL: Extra-nodal marginal zone Lymphoma.
BIA-ALCL: Breast implant associated anaplastic large cell lymphoma.

This study highlights the heterogeneity of breast lymphomas in terms of clinical presentation, histology, and
prognosis. The findings underscore the importance of thorough diagnostic evaluation, including histological
and radiological assessment, to guide accurate classification and management.

The main strength of this study lies in the relatively large cohort size for these uncommon entities, its
multicentric and international nature, as well as its holistic approach, encompassing a comprehensive description
of histopathological, clinical, and lymphoma-specific survival characteristics. The primary limitation is the
fragmentary nature of the clinical and radiological information, which was not available for all patients with
histological examinations. This limitation arises from the fact that many patients included in the study were not
entirely followed through the whole onco-hematological process from diagnosis to therapy and follow-up at the
reference centers where the histopathological examination was performed.
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Age at diagnosis

Range 31-69 years (mean 47.5)

Clinical presentation

Fluid accumulation (effusion)

Deformity of implants

Rupture of implant

Lymphadenopathy

No information

Histology

Anaplastic large cell T-cell lymphoma, ALK negative

6 (100%)

Table 4. Detailed information on patients with breast-implant associated lymphomas.
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Fig. 3. Morphology of a cellblock of fluid accumulated around a breast implant in a patient with implant-
associated anaplastic large cell lymphoma, ALK-negative. (A) H&E-stained section contains numerous
atypical cells with eosinophilic cytoplasm and horseshoe-shaped nuclei, consistent with “hallmark cells”. (B)
Immunohistochemistry for CD30 demonstrates a strong positivity (cytoplasmic and “Golgi-pattern” in all

atypical cells C) Analysis of TCR demonstrates a monoclonal peak.

Future research should aim to further elucidate the biological and molecular mechanisms underlying these
differences to improve outcomes for patients with breast lymphomas. Additionally, the relatively high frequency
of co-existing malignancies in this cohort suggests the potential benefit of comprehensive cancer surveillance in
patients diagnosed with breast lymphoma.
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Age at diagnosis Range 54-69 years (mean 62.7)

Palpation finding 1
Clinical presentation | Discovered in routine echography | 1
No detailed information 1
BIRADS-2 1
Radiology findings | BIRADS-4 1
No information 1
Follicular lymphoma 2

Histology

—

Lymphoplasmacytic lymphoma

Table 5. Detailed information on patients with lymphomas of intra-mammary lymph nodes.

Data availability
The datasets used and/or analyzed during the current study available from the corresponding author on reason-
able request.
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