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Breast lymphoma, which constitutes only 0.04%–0.5% of all breast malignancies (1), 
can be divided into primary or secondary breast lymphoma (2). The majority of breast 
lymphomas are diffuse large B-cell lymphoma (3). The spontaneous regression of a 

breast lymphoma is rare and the five-year overall survival rate is 53% (1, 4). Early-stage iden-
tification and the use of radiotherapy are favorable prognostic factors, while mastectomy 
is associated with a poorer survival (1, 5). Therefore, a preoperative diagnosis of breast lym-
phoma would mean an earlier diagnosis and likely avoid unnecessary aggressive proce-
dures.

Previous studies demonstrated mammographic and ultrasonographic findings of breast 
lymphoma (6–8). Most lesions were high-density masses without spiculated margins and 
calcifications on mammography and noncircumscribed hypoechoic masses on ultrasonog-
raphy (6–8). However, none were pathognomonic. 

Data on the magnetic resonance imaging (MRI) of breast lymphoma are limited to 
some single case reports (4, 7, 9–19) and small sample size case series (8, 20–23). The 
morphology and time-signal intensity curve (TIC) of breast lymphoma on MRI are vari-
able. Diffusion-weighted imaging (DWI) is a functional imaging technique that is useful 
for distinguishing lymphoma from other malignant tumors in other systems (24, 25). 
However, to the best of our knowledge, the value of DWI in differentiating breast lym-
phoma from other malignant breast lesions has not been discussed. Therefore, the pur-
pose of this study is to assess the MRI and DWI features of breast lymphoma. 
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BREAST IMAGING
ORIGINAL AR TICLE

PURPOSE 
We aimed to evaluate the imaging features of breast lymphoma using magnetic resonance imaging 
(MRI).

METHODS
This retrospective study consisted of seven patients with pathologically confirmed breast lymphoma. 
The breast lymphomas were primary in six patients and secondary in one patient. All patients under-
went preoperative dynamic contrast-enhanced MRI and one underwent additional diffusion-weight-
ed imaging (DWI) with a b value of 600 s/mm2. Morphologic characteristics, enhancement features, 
and apparent diffusion coefficient (ADC) values were reviewed. 

RESULTS
On MRI, three patients presented with a single mass, one with two masses, two with multiple masses, 
and one with a single mass and a contralateral focal enhancement. The MRI features of the eight biop-
sied masses in seven patients were analyzed. On MRI, the margins were irregular in six masses (75%) 
and spiculated in two (25%). Seven masses (87.5%) displayed homogeneous internal enhancement, 
while one (12.5%) showed rim enhancement. Seven masses (87.5%) showed a washout pattern and 
one (12.5%) showed a plateau pattern. The penetrating vessel sign was found in two masses (25%). 
One patient with two masses underwent DWI. Both masses showed hyperintense signal on DWI with 
ADC values of 0.867×10-3 mm2/s and 0.732×10-3 mm2/s, respectively. 

CONCLUSION
Breast lymphoma commonly presents as a homogeneously enhancing mass with irregular margins 
and displays a washout curve pattern on dynamic MRI. A low ADC value may also indicate a possible 
diagnosis of breast lymphoma. 
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   Methods 

Patient selection
This retrospective study evaluated all 

women with pathologically confirmed 
breast lymphoma in our hospital between 
July 2009 and July 2014. Seven women 
were included in the analysis (median age, 
56 years; range, 47–79 years). In all pa-
tients, the diagnosis of breast lymphoma 
was confirmed by core needle biopsy (n=4) 
or lumpectomy (n=3). The histologic type 
was diffuse large B-cell lymphoma in all 
patients. All patients underwent a preop-
erative MRI and provided written informed 
consent prior to the biopsy or lumpecto-
my. According to the criteria proposed by 
Wiseman et al. (2), one case (case 5) was 
classified as secondary breast lymphoma, 
and the remainder as primary breast lym-
phoma. The institutional review board of 
our hospital approved this clinical research. 
Written informed consent was waived for 
this retrospective study. 

Imaging protocol
A 1.5 T dedicated spiral breast MRI sys-

tem (Aurora Systems) with a single channel 
quadrature breast coil or a 3.0 T whole body 
MRI scanner with an eight-channel phase-ar-
ray breast coil (Signa HDxt; GE Healthcare) 
were used. For dynamic imaging, gadolin-
ium-diethylenetriamine pentaacetic acid 
(Gd-DTPA, Magnevist, Bayer-Schering Phar-
ma AG) of 0.2 mmol/kg body weight was ad-
ministered intravenously at a rate of 2 mL/s 
followed by 20 mL normal saline flush (26). 
MRI of six patients (case 1– 6) was performed 
using a 1.5 T MRI system with dynamic im-
aging only. The spiral axial screen mode was 

used. Dynamic imaging of both breasts was 
obtained before and at 180 s, 360 s, and 540 s  
after the injection of Gd-DTPA. The param-
eters for this sequence were as follows: TR/
TE, 4.8/29 ms; slice thickness, 1.125 mm; gap, 
0 mm; matrix, 360×360×128. One patient 
(case 7) was imaged using a 3 T whole-body 
MRI scanner. The following sequences were 
performed: axial short tau inversion recov-
ery (STIR) (TR/TE, 7060/35.2 ms; TI, 170 ms; 
slice thickness, 4 mm; gap, 1 mm; matrix, 
320×192); axial DWI, b=600 s/mm2 (TR/TE, 
5950/64.6 ms; slice thickness, 4 mm; gap, 1 
mm; matrix, 160×160); Volume Image Breast 
Assessment (VIBRANT) sequence (GE Health-
care) with images obtained before and at 54 
s, 108 s, 162 s, 216 s, and 270 s after injection 
of Gd-DTPA (TR/TE, 4.3/2.1 ms; TI, 14 ms; 
slice thickness, 1.2 mm; gap, 0 mm; matrix, 
416×320). 

Each mammography examination was 
performed using a GE Senographe 2000D 
instrument (GE Healthcare) with routine 
craniocaudal and mediolateral oblique 
projections. Each ultrasonography exam-
ination was performed using a GE Logiq9 
instrument (GE Healthcare). 

MRI analysis 
Eight masses were biopsied in seven 

patients (both masses were biopsied in 
case 7). The imaging features of the biop-
sied masses were recorded for analysis. 
Two breast radiologists (D.W., 20 years 
experience; L.W., four years experience) 
retrospectively reviewed all images in con-
sensus. The mass size was determined by 
measuring the maximum diameter on MRI. 
The morphology and TIC of the lesion was 
classified according to the Breast Imaging 
Reporting and Data System (BI-RADS) MRI 
lexicon (27). For the TIC, the initial phase 
of enhancement was rated as slow (<50% 
increase in signal intensity), medium (50%–
100% increase in signal intensity), and fast 
(>100% increase in signal intensity) in the 
first two minutes or when the curve starts 
to change. Delayed phase was the enhance-
ment pattern after two minutes or after the 
curve starts to change (27). Delayed phase 
enhancement was rated as persistent (con-
tinued >10% increase in signal over time), 
plateau (signal intensity does not change 
over time after its initial rise) and washout 
(signal intensity decreases >10% after its 
highest point from its initial rise) (27).

Post-processing included subtraction of 
the precontrast images from the dynamic 
axial T1 sequence on a pixel-by-pixel basis; 
the TIC was obtained on both scanners. Re-
gions of interest (ROIs) for the TIC were set 
on the lesion and avoided cystic regions. 
For the Aurora imaging system, although 
the time of acquisition of each sequence 
was 180 s, the center of the 3D k-space cube 
was filled at 90 s after initiation of acquisi-
tion. So the three time points for the three 
postcontrast sequences on the TIC were 90 
s, 270 s, and 450 s. The DWI and apparent 
diffusion coefficient (ADC) value mapping 
were analyzed on a workstation (GE Health-
care) for the 3.0 T MRI system. Three 55–80 
mm2 ROIs were set on the lesion without 
cystic regions. The average value of three 
measurements was used as the ADC value. 
The adjacent vessel sign was assessed as 
positive if a vessel either entering a lesion 
or in contact with a lesion’s edge could be 
clearly delineated on any of the subtracted 
images (28, 29). Penetrating vessel sign was 
assessed as positive if a vessel was iden-
tified as passing through a lesion on early 
dynamic MRI images (21).

Statistical analysis
Analyses were performed using the SPSS 

19.0 (IBM Corp) analysis software package. 
The age, lesion size, and duration were 
shown as median (minimum–maximum) 
because of limited sample size.

   Results 

The clinical characteristics and traditional 
imaging findings of breast lymphoma are 
summarized in Table 1. Nipple enlargement 
was found in one patient (case 6) (Fig. 1). 
The duration between the initial report of 
clinical symptoms and the MRI examina-
tion was seven days (range, 2–180 days). 
The pathologic findings revealed that all of 
the tumors had an infiltrative growth pat-
tern. There were no marked desmoplasia 
or scirrhous reactions in any of the lesions. 
The bone marrow biopsy was normal in all 
patients. 

The MRI features of the histopathologi-
cally diagnosed breast lymphoma are sum-
marized in Table 2. On MRI, three patients 
presented with a single mass, one patient 
with two masses, two patients with multi-
ple masses, and one patient with a single 

Main points

• Breast lymphoma commonly presents as 
a homogeneously enhancing mass with 
irregular margins and displays a washout curve 
pattern on dynamic MRI.

• The infiltrative growth pattern instead of 
desmoplasia or scirrhous reactions might be 
responsible for the irregular or spiculated 
margins of breast lymphoma.

• A low apparent diffusion coefficient value 
could indicate a possible diagnosis of breast 
lymphoma.

• MRI may be more sensitive in detecting 
multifocal or multicentric lesions of breast 
lymphoma.



mass and a contralateral focal enhancement. 
The median size of the lesions was 2.65 cm 
(range, 1.6–8.9 cm). On MRI, the mass shapes 
were oval in six (75%) and irregular in two 
(25%). The margins were irregular in six 
masses (75%) and spiculated in two (25%). 
Homogeneous internal enhancement was 
seen in seven masses (87.5%) and rim en-
hancement was seen in one (12.5%). Seven 
masses (87.5%) showed a washout pattern 
and one (12.5%) showed a plateau pattern. 
Most of the masses showed medium initial 
enhancement (n=6, 75%) and a washout 
curve pattern on the delayed phase (n=7, 
87.5%). Adjacent vessel sign was positive in 
all cases; however, penetrating vessel sign 
was found in two cases only (25%). In case 
7 (Fig. 2), two masses were detected on MRI 
and both of them showed hyperintense sig-

nal on DWI with ADC values of 0.867×10-3 

mm2/s and 0.732×10-3 mm2/s, respectively. 

   Discussion  

Breast lymphoma most often occurs in 
females in the fifth or sixth decade of life 
(1–23) and is extremely rare in males (16). 
There was a right-sided predominance in 
our study. The median patient age in our 
study was 56 years and histologic type was 
diffuse large B-cell lymphoma in all patients 
consistent with findings in previous reports 
(1–8, 20–23). However, breast cancer also 
occurs in elderly women. The differential 
diagnosis between breast lymphoma and 
other malignant tumors remains a chal-
lenge. We performed this study to evalu-
ate the clinical and MRI features of breast 

lymphomas and identify useful diagnostic 
clues.

A palpable mass -the most common pre-
senting sign in breast lymphoma- is some-
times accompanied by local pain and in-
flammatory changes (1–23). In our study, a 
palpable mass in the breast was found in six 
of seven patients, which was in accordance 
with the previous studies (1–23). Nipple en-
largement was found in one patient and the 
lesion in the nipple resolved after chemo-
therapy. We postulate that the lesion in the 
nipple was due to tumor-cell infiltration, 
which differed from the nipple retraction in 
invasive ductal carcinomas because of des-
moplastic and fibrotic reaction. To the best 
of our knowledge, except for the one pa-
tient with breast lymphoma localized in the 
nipple (19), this sign has not been described 
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Table 1. Clinical characteristics and traditional imaging findings of breast lymphoma 

Case number Age (y) Side Clinical history Durationa (days) Mammography Ultrasonography

1 56 Left Palpable mass in left 30 Focal asymmetry A hypoechoic mass,  
   axilla with pain   angular margin 

2 79 Right Palpable mass in breast 7 A high density mass,  A hypoechoic  
   with erythema  indistinct margin mass, angular margin

3 47 Left Palpable mass in breast 2 A high density mass,  A hypoechoic mass, 
     obscured margin   angular margin

4b 51 Bilateral Palpable mass in breast 7 An equal density mass,  A heterogeneous mass,  
     obscured margin well-defined margin 

5 49 Right Palpable mass in cervical region 180 NA A hypoechoic mass,  
   and subsequently in the breast   angular margin

6 57 Right Palpable mass in breast with  30 Global asymmetry NA 
   erythema and nipple enlargement  

7 70 Right Palpable mass in breast 2 Focal asymmetry A hypoechoic mass,  
      indistinct margin

NA, not available.
aDuration was defined as the time between the initial report of clinical symptoms and the MRI examination.
bThis patient had undergone lumpectomy of the contralateral breast for mucosa-associated lymphoid tissue lymphoma three months previously.

Table 2. MRI features of histopathologically diagnosed breast lymphoma in the current study 

Case     Internal Penetrating  Initial Delayed 
number Lesion Size (cm) Shape Margin enhancement vessel sign phase phase

1a Multiple masses 2.3 Oval Irregular Homogeneous  Absent Medium Washout

2 Single mass 4.7 Oval Irregular Rim enhancement Absent Medium Washout

3 Single mass 2.7 Oval Irregular Homogeneous Absent Medium Washout

4 Single mass 2.1 Oval Irregular Homogeneous Present Medium Washout

5 Single mass,  4.7 Irregular Spiculated Homogeneous Absent Medium Washout 
 contralateral focal   
 enhancement 

6a Multiple masses   8.9 Irregular Spiculated Homogeneous Present Medium Washout

7b Two masses 2.6 Oval Irregular Homogeneous Absent Fast Washout 

7 Two masses 1.6 Round Irregular Homogeneous Absent Fast Plateau

aImaging feature of the biopsied mass only.
bImaging features of the two biopsied masses in the right breast are presented separately.
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in previous reports (1, 2, 4–23). Although 
the prevalence of nipple enlargement is 
low, this sign could alert the radiologist to 
consider the diagnosis of lymphoma.

MRI findings of previously reported pa-
tients with breast lymphoma (Table 3) va-
ris (4, 7–22). Breast lymphomas commonly 
showed isointense signal on T1-weighted 

imaging and slightly hyperintense signal 
on T2-weighted imaging (8, 22). Matsub-
ayashi et al. (21) found hypointense or hy-
perintense signal with linear or band-like 
structures on STIR images, correspond-
ing to fibrous bands with vessels and/or 
edematous changes in breast lymphomas. 
In our case series, two masses subjected 
to STIR showed hypointense or isointense 
signal, but no septa were found, possibly 
due to the limited number of cases. Surov 
et al. (8) reported that breast lymphomas 
were likely to be round or oval masses with 
well-defined margins on MRI. However, Liu 

et al. (22) revealed that breast lymphomas 
more commonly had an irregular margin. 
In our study, all of the masses had irregu-
lar or spiculated margins. The difference 
in findings may be due to the higher spa-
tial resolution of MRI systems used in our 
study. We reviewed all pathologic findings 
and found no marked desmoplasia or scir-
rhous reactions, in accordance with the 

Table 3. Review of magnetic resonance imaging characteristics of breast lymphoma in the literature   

 No. of  
 patients and  
Reference lesions Morphologya Margin of massa Internal enhancementa  TICa

Oya et al. (4) 1, 2 Lobulated Irregular Heterogeneous NA

Yang et al. (7) 1, 1 Lobulated Irregular Heterogeneous  Washout

Surov et al. (8) 8, 21 Mass (17), Well-defined (12), Homogeneous (14), Persistent (1),
  NME (4) Irregular (5) heterogeneous (3) plateau (18),  washout (1)

Mussurakis et al. (9) 1, 3 Irregular Irregular Heterogeneous,  Plateau
    rim enhancement  

Darnell et al. (10) 1, 1 Lobulated Well-defined Heterogeneous  NA

Demirkazik (11) 1, multiple Round, oval  Well-defined Rim enhancement Washout

Espinosa et al. (12) 1, multiple  Multiple foci  Irregular Homogeneous  Persistent

Woo et al. (13) 1, 2 Round Well-defined Heterogeneous Washout

Zechmann et al. (14) 1, multiple 1 mass, 1 NME Well-defined Heterogeneous  Plateau

Adrada et al. (15) 1, multiple Lobulated , irregular Irregular Heterogeneous,  NA
    rim enhancement 

Rathod et al. (16) 1, 1 Lobulated Well-defined Homogenous  Plateau

Jinming et al. (17) 1, 2 Oval  Well-defined Homogeneous  Plateau,
     washout 

Uematsu et al. (18) 1, multiple Irregular Well-defined, Rim enhancement Persistent
   irregular 

Nakatsuka et al. (19) 1, 1 Lobulated Well-defined Heterogeneous  NA

Rizzo et al. (20) 7, 7 Mass (6),  Irregular (3),  Homogeneous (2),  Plateau (5),
  NME (1) well-defined (2), heterogeneous (2),  washout (2)
   spiculated (1) rim enhancement (2)  

Matsubayashi et al. (21) 3, 3 Lobulated (3) Well-defined (3) Homogeneous (3) NA

Liu et al. (22) 20, 82 Mass (11), Irregular (26), Heterogeneous Persistent (5), plateau (21),
  NME (7), mixed type (2) well-defined (12)  washout (12)

TIC, time-signal intensity curve; NA, not available; NME, nonmass enhancement.
aThe number in parentheses represents the number of reported cases.  

Figure 1. a, b. A 57-year-old woman (Case 6) with a palpable mass in the right breast for one month and 
nipple enlargement for two weeks. Axial T1-weighted contrast-enhanced image reveals multiple masses 
with homogeneous enhancement and spiculated margins (arrow, a) as well as nipple enlargement 
(arrow, b) in the right breast. The lesions in the breast and the nipple shrank markedly after four times of 
chemotherapy (not shown).

a b



previous study (30). Although grossly cir-
cumscribed, breast lymphomas usually had 
an infiltrating border (3). For this reason, we 
postulate that the infiltrative growth pat-
tern is responsible for the irregular or spic-
ulated margin. The internal enhancement 
of breast lymphoma was more commonly 
homogeneous or mildly heterogeneous, 
while rim enhancement was rarely seen (4, 
7–22), which is similar to the enhancement 
pattern of lymphomas in other sites. In the 
present study, most of the lesions had a ho-
mogeneous enhancement, which is consis-
tent with the findings of previous studies. 

Many studies reported a rapid initial en-
hancement and a plateau kinetic curve 
pattern for breast lymphomas (8, 20, 22). 
However, most of our cases had a medium 
initial enhancement and a washout pattern. 
Adjacent vessel sign commonly occurred in 
this study. As we know, the plateau or wash-
out kinetic curve pattern and adjacent ves-

sel sign can also be seen in other malignant 
breast tumors and rarely in some benign con-
ditions (28, 29). Therefore, none of these is 
pathognomonic for breast lymphoma. Mat-
subayashi et al. (21) suggested that the pen-
etrating vessel was a useful diagnostic clue 
for breast lymphoma. In our series, the prev-
alence of this sign was low (25%); moreover, 
reports about the prevalence of this sign in 
other breast lesions are limited. Therefore, a 
prospective MRI study is needed to evaluate 
the prevalence of penetrating vessel sign in 
benign and malignant breast conditions.

Breast lymphoma often shows malig-
nant features such as irregular or spiculat-
ed margins and a washout pattern in the 
delayed phase, making it difficult to differ-
entiate from the other malignant breast 
tumors. In this condition, DWI may be a 
problem-solving tool. Although there were 
some overlaps, the ADC values of lympho-
ma were lower than those of glioblastoma 

in the brain (24). The mean ADC value was 
statistically significantly lower in lymphoma 
than in undifferentiated nasopharyngeal 
carcinoma and squamous cell carcinoma 
(25). Lymphoma is a hypercellular tumor; 
therefore, it has a lower ADC value com-
pared with other malignant tumors (24, 25). 
The mean ADC value of diffuse large B-cell 
lymphoma was reported as 0.70×10-3 mm2/s 
in other sites such as abdomen, neck, tho-
rax, and thigh (31). In our study, the ADC 
values of breast lymphoma in one case 
with two masses were 0.867×10-3 mm2/s 
and 0.732×10-3 mm2/s, respectively, which 
were consistent with those of lymphoma in 
other sites (24, 25, 31). Partridge et al. (32) 
reported that at a b value of 600 s/mm2, 
the ADC values of benign and malignant 
breast lesions were 1.70±0.44 ×10-3 mm2/s 
and 1.31±0.27 ×10-3 mm2/s, respectively. 
The malignant breast lesions in Partridge 
et al. (32) included ductal carcinoma in situ 
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Figure 2. a–f. A 70-year-old woman (Case 7) with a palpable mass in the right breast for two days. Axial T1-weighted contrast-enhanced image (a) reveals 
an oval mass (arrow) with irregular margins in the upper outer quadrant of the right breast. The mass presents hypointense signal (arrow) compared with 
the surrounding fibroglandular tissue on short tau inversion recovery (STIR) image (b). Diffusion-weighted imaging (DWI) (c) demonstrates a hyperintense 
mass with a mean apparent diffusion coefficient (ADC) value of 0.867×10-3 mm2/s. Axial T1-weighted contrast-enhanced MRI (d) reveals an additional round 
mass (arrow) with irregular margins in the upper inner quadrant of the right breast. This mass was not detected on ultrasonography. The mass presents with 
isointense signal (arrow) compared with the surrounding fibroglandular tissue on STIR image (e). The mass presents with hyperintense signal (arrow) on DWI (f) 
and has a mean ADC value of 0.732×10-3 mm2/s.

d

a

e

b

f

c
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(DCIS), invasive ductal carcinoma (IDC), and 
invasive lobular carcinoma (ILC). In con-
trast to the aforementioned study, the ADC 
values of breast lymphomas in our study 
were markedly lower than those of benign 
lesions and other malignant breast lesions 
such as DCIS, IDC, and ILC. The differences 
in ADC values between lymphoma and be-
nign and other malignant conditions may 
help the differential diagnosis. However, 
the influence of different imaging systems 
and sequence parameters on the ADC val-
ue should be considered. Therefore future 
studies performed on single MRI platform 
with larger series of breast lymphomas and 
a variety of breast lesions are required for a 
more reliable conclusion.

On mammography, three imaging pat-
terns could be detected as follows: mass, 
focal or global architectural distortion, and 
mammography without abnormalities (33). 
Most breast lymphomas could be detected 
by mammography and only 4%–13% of 
breast lymphoma showed no abnormali-
ties on mammography (6–8). In our study, 
all patients who had undergone preopera-
tive mammography had a positive finding. 
Breast lymphomas presented more com-
monly as hypoechoic masses with noncir-
cumscribed margin on ultrasonography, 
which is in agreement with the previous se-
ries (6–8). MRI was reported to detect more 
lesions than ultrasonography (4, 9, 12, 14, 
17). In the present study, in cases 1, 5, and 7, 
MRI detected more lesions than ultrasonog-
raphy, similar to previous reports. MRI may 
be more sensitive in detecting multifocal or 
multicentric lesions of a breast lymphoma. 
Thus, when a breast lymphoma is suspect-
ed or confirmed, MRI could be recommend-
ed for a more accurate comprehensive as-
sessment.

The principal limitation of our study is its 
small sample size. Another limitation is the 
use of two different MRI scanners with dif-
ferent sequences and presence of only one 
patient who underwent DWI. A multicenter 
study with a larger sample size and a single 
MRI system is needed to verify the value of 
DWI for differentiating breast lymphoma 
from other breast lesions.

In conclusion, the breast lymphomas 
in this group commonly showed a homo-
geneously enhancing mass with irregular 
margins and a washout curve pattern. A low 
ADC value obtained from DWI may indicate 
a possible diagnosis of breast lymphoma. 

Furthermore, MRI may be more sensitive in 
detecting multifocal or multicentric lesions 
of breast lymphoma.  
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