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Background: Breast involvement of hematological malignancies is a very rare entity. Accurate diagnosis is essential
for appropriate treatment. The aim of this study was to clarify the clinical and radiological findings of hematological
malignancy breast involvement and to describe possible pitfalls in diagnosis.

Results: The images of 20 patients with breast involvement of hematological malignancies were retrospectively
evaluated on ultrasonography, mammography, and magnetic resonance imaging (MRI) and the findings were
reported. Bilaterality was seen only in cases with secondary involvement, and there was no marked difference
between primary and secondary breast involvement of hematological malignancies. All patients underwent
ultrasonography examination. According to ultrasonography, breast masses were most frequently irregular in shape
(11/20, 55%) with non-circumscribed margins (11/20, 55%). Posterior acoustic enhancement was noted in 14 cases
(70%). Posterior shadowing was not observed in any of the patients. Mammography was available in 10 patients.
Microcalcification was not observed in any patient on mammography. MRI was available in four patients.
Hyperintensity in T2-weighted images, type 2 or type 3 dynamic curve, and diffusion restriction were observed in all

Conclusions: Hematological malignancies may mimic both benign breast lesions and breast carcinoma. Familiarity
with the radiological features of hematological malignancies can help accurate diagnosis.

Background

Breast involvement of hematological malignancies is very
rare constituting <1% of all breast malignancies [1, 2].
This low prevalence may be due to the scarcity of lymph-
oid tissue in the breast tissue. Breast hematological dis-
eases can occur as primary or secondary. In primary
disease, there is no history of extra-mammary disease or
evidence of concurrent extensive disease other than ipsi-
lateral axillary and supraclavicular lymph nodes. Second-
ary hematological diseases of the breast are more
common and more easily diagnosed because of the his-
tory of hematological malignancy. The diagnosis of pri-
mary involvement is very difficult due to its rarity, non-
specific imaging findings, and radiological features which
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can overlap with other breast tumors [3]. However, it is
of great importance that a correct diagnosis of
hematological involvement of the breast is made because
treatment is different from breast carcinoma, as it does
not require surgery. Furthermore, hematological diseases
of the breast can mimic benign breast lesions such as
hamartoma or fibroadenomas [4]. Therefore, the aim of
this study was to clarify the clinical and radiological find-
ings of hematological malignancy breast involvement di-
agnosed at a single institution and to describe possible
pitfalls in diagnosis.

Methods

Approval for the study was granted by the Institutional
Review Board. A retrospective review was made of the
clinical and radiological records of 20 patients diagnosed
with breast hematological malignancy pathologically
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between January 2010 and January 2021. Patients were
excluded if aged < 18years or if at least one breast im-
aging was not available. The histopathological data were
obtained from the pathology examination results. Path-
ology confirmation was performed via image-guided core
needle biopsy in 18 patients and excisional biopsy in two
patients.

All patients underwent ultrasonography (US) examin-
ation, mammography was applied to 10, and magnetic
resonance imaging (MRI) to 4. All the images were inter-
preted by two experienced radiologists. The imaging fea-
tures were described according to the American College
of Radiology BI-RADS (breast imaging reporting and
data system) lexicon [5].

Results

The patient characteristics are summarized in Table 1.
All the patients were female and the mean age was 49.4
+ 19.1 years. The mean size of the lesions was 40.8 mm.
The largest mass was selected in cases with multiple le-
sions. The most common hematological malignancy af-
fecting the breast was lymphoma. Of 20 patients, 15
(75%) were classified as secondary, and five (25%) as pri-
mary involvement of the breast by hematological dis-
eases. In primary cases, the mean age was 54.8 + 23.8
years and the mean lesion size was 35.2 + 28.1 mm, and
in secondary cases, the mean age was 47.6 + 17.9 years
and lesion size was 42.7 + 359 mm. All the bilateral
cases were secondary involvement. Pathological diagno-
ses were diffuse large B-cell lymphoma (# 7), marginal
zone lymphoma (# 5), Hodgkin lymphoma (n 2), precur-
sor B lymphoblastic lymphoma (# 1), mycosis fungoides
(n 1), granulocytic sarcoma (# 3), and plasmacytoma (n
1). Most patients (1 14) presented with a palpable mass
within the breast, while one patient was admitted for ax-
illary palpable mass. Four of the patients were asymp-
tomatic and were diagnosed during routine
examinations. Skin thickening was detected in 12 pa-
tients, and in two of these cases, this was caused by skin
invasion by the mass. Ipsilateral axillary lymphadenop-
athy was detected in 14 cases.

All of the patients with primary diseases presented
with a breast mass and did not have any symptoms in-
cluding B symptoms (fever, weight, and night sweats).
The most common presenting symptom of patients with
the secondary disease was swelling in the neck before
breast involvement (n 7). Three patients had axillary
mass, one patient with multiple myeloma had low back
pain due to spine involvement, one patient with mycosis
fungoides had skin lesions on the arms and back, one pa-
tient had dental pain due to maxillary bone involvement,
and one patient had eye redness and decreased of vision
due to ocular lymphoma. Another patient was diagnosed
with gastric lymphoma while being investigated for iron
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deficiency anemia. At the time of diagnosis, 4 patients
had B symptoms, 5 patients had elevated lactate de-
hydrogenase, and 2 patients had thrombocytopenia. In-
formation about therapy and follow-up was incomplete
in 4 patients. Mortality developed in 9 patients (45%), of
which 8 were secondary involvement of the breast by
hematological diseases. Systemic chemotherapy was ap-
plied to 15 patients, with local radiation added in five pa-
tients. Bone marrow transplantation was performed in
five patients. Immunotherapy was used to treat a patient
with Hodgkin lymphoma, and Psoralen plus ultraviolet A
(PUVA) was used for the treatment of mycosis
fungoides.

Mammography was available in 10 patients. Breast
masses were the most common appearance (8/10, 80%).
Asymmetric density was seen in two patients. Microcal-
cification was not observed in any patient. Breast masses
had an oval or round shape and circumscribed margins
in five cases. Irregular shape and non-circumscribed
margins were observed in two cases. Six of 10 cases
(60%) were hyperdense and four (40%) were isodense. In
one patient with granulocytic sarcoma and multiple le-
sions within both breasts, both round/circumscribed and
irregular/non-circumscribed characteristics were seen.

All patients underwent ultrasonography examination.
Breast masses were most frequently irregular in shape
(11/20, 55%) with non-circumscribed margins (11/20,
55%). Posterior acoustic enhancement was noted in 14
cases (70%), and no posterior acoustic phenomenon was
seen in six cases (30%). Posterior shadowing was not ob-
served in any of the patients. Masses were predominantly
heterogeneous (12/20, 60%). Hyperechoic areas within
the mass are seen in six cases. Color Doppler US was
available in 10 patients, all of which showed
hypervascularity.

MRI was available in four patients. Hyperintensity in
T2-weighted images, type 2 (plateau pattern) or type 3
(wash-out pattern) dynamic curve, and diffusion restric-
tion were observed in all cases. The mean apparent diffu-
sion coefficient (ADC) value was 0.585 x 107>

Discussion

In this study, although bilaterality was seen only in cases
with secondary involvement, no marked difference was
observed between primary and secondary breast involve-
ment of hematological malignancies. Hematological ma-
lignancies may mimic both benign breast lesions due to
an oval-round shape, circumscribed margins, posterior
acoustic enhancement, and breast carcinoma, especially
inflammatory breast carcinoma, because of skin thicken-
ing, axillary lymphadenopathy, irregular shape, and non-
circumscribed margins. The absence of microcalcifica-
tion and posterior shadowing, and markedly low ADC
values can differentiate breast carcinoma.
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Table 1 Clinical and radiological findings of 20 patients with breast involvement of hematological malignancies

Case Age Pathologic type Primary/  Size Side®  Axillary LAP/ MMG us MRI
secondary (mm) skin thickening
lymphoma
1 83  Diffuse large B-cell Primary 36 Left® +/+ NA Irregular/non- NA
lymphoma circumscribed
Hypoechoic
Posterior enhancement
Vascularity: NA
2 57  Diffuse large B-cell Primary 1" Right +/+ Oval-round Oval-round/non- NA
lymphoma Circumscribed  circumscribed
Isodense Hypoechoic
Posterior enhancement
Hypervascularity
3 37  Diffuse large B-cell Secondary 13 Bilateral +/+ Asymmetric Irregular/non- NA
lymphoma density circumscribed
Isodense Hypoechoic
Posterior phenomena:
Vascularity: NA
4 47 Diffuse large B-cell Secondary 160 Left +/+ NA Irregular/non- NA
lymphoma circumscribed
Heterogeneous
Posterior phenomena:
Vascularity: NA
5 57  Diffuse large B-cell Secondary 47 Right*  +/— Asymmetric Oval-round/non- Dynamic curve, 2
lymphoma density circumscribed Diffusion restriction (ADC
Hyperdense Heterogeneous © 0542 x 107)
Posterior enhancement  T2-hyperintense
Vascularity: NA
6 67  Diffuse large B-cell Primary 81 Right*  —/+ NA Oval-round/ NA
lymphoma circumscribed
Heterogeneous ©
Posterior enhancement
Vascularity: NA
7 65  Diffuse large B-cell Secondary 22 Bilateral +/+ Oval-round Oval-round/ NA
lymphoma Circumscribed  circumscribed
Hyperdense Hypoechoic
Posterior phenomena:
Hypervascularity
8 62  Marginal zone lymphoma Secondary 30 Left® —/- Oval-round Oval-round/ NA
Circumscribed  circumscribed
Isodense Heterogeneous ©
Posterior enhancement
Hypervascularity
9 69  Marginal zone lymphoma Secondary 14 Bilateral +/— Oval-round Oval-round/ NA
Circumscribed  circumscribed
Hyperdense Hypoechoic
Posterior enhancement
Hypervascularity
10 77 Marginal zone lymphoma Secondary 54 Left® +/- NA Irregular/non- NA
circumscribed
Heterogeneous
Posterior enhancement
Vascularity: NA
11 48 Marginal zone lymphoma Primary 13 Right*  +/+ NA Irregular/non- NA
circumscribed
Hypoechoic
Posterior enhancement
Hypervascularity
12 55 Marginal zone lymphoma Secondary 32 Left +/— Irregular Irregular/non- Dynamic curve, 2
Non- circumscribed Diffusion restriction (ADC
circumscribed  Hypoechoic 0558 x 1079)
Hyperdense Posterior enhancement  T2-hyperintense
Vascularity: NA
13 19 Granulocytic sarcoma Primary 35 Left —/- NA Oval-round/ NA

circumscribed
Heterogeneous ©
Posterior enhancement
Hypervascularity
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Table 1 Clinical and radiological findings of 20 patients with breast involvement of hematological malignancies (Continued)

Size Side®

(mm)

Case Age Pathologic type Primary/
secondary

lymphoma

Axillary LAP/
skin thickening

MMG

us

MRI

Granulocytic sarcoma Secondary 25 Left —/+

15 22 Granulocytic sarcoma Secondary 47 Bilateral +/+

Hodgkin lymphoma Secondary 40 Bilateral +/+

Hodgkin lymphoma Secondary 60 Right —/+

Precursor B lymphoblastic Right*  —/—

lymphoma

Secondary 42

Mycosis fungoides Secondary 46 Right*  +/+

20 58  Plasmacytoma Secondary 9 Right*  +/—

NA

Oval-round
Circumscribed
Hyperdense

NA

Irregular
Non-
circumscribed
Hyperdense

NA

NA

Oval-round
Circumscribed
Hyperdense

Irregular/non-
circumscribed
Heterogeneous
Posterior enhancement
Vascularity: NA

Oval-round
Circumscribed
Heterogeneous
Posterior enhancement
Vascularity: NA

Irregular/non-
circumscribed
Heterogeneous
Posterior phenomena:

Vascularity: NA

Irregular/non-
circumscribed
Heterogeneous
Posterior enhancement
Hypervascularity

Irregular/non-
circumscribed
Heterogeneous
Posterior enhancement
Hypervascularity

Irregular/non-
circumscribed
Heterogeneous
Posterior phenomena:

Hypervascularity

Oval-round/
Circumscribed
Hypoechoic
Vertical orientation

NA

Dynamiccurve, 3
Diffusion restriction (ADC
0403 x 1073
T2-hyperintense

NA

NA

NA

NA

Dynamic curve, 2
Diffusion restriction (ADC
0840 x 1072
T2-hyperintense

Posterior phenomena:

Hypervascularity

Abbreviations: LAP lymphadenopathy, US ultrasonography, MMG mammography, MRl magnetic resonance imaging, NA not applicable, ADC apparent

diffusion coefficient

#Shows single lesions within the left or right breast
bSkin thickening is because of invasion by the mass
“Heterogeneity is due to hyperechoic areas

%This patient has multiple lesions, some of which have an oval-round shape, circumscribed margins, and type 3 dynamic curve, while others show irregular shape,

not-circumscribed margin, and type 2 dynamic curve

Although some previous studies have reported that
primary breast lymphoma manifests at a larger size with
a worse prognosis and at an earlier age than secondary
breast lymphoma [3, 6], the current study results were
the opposite of these findings. Of the total nine deaths,
eight were secondary involvement of the breast. The only
death from primary breast involvement was the oldest
patient (83 years old) in the group. These differences
may be a result of the fact that the current study patient
group included different hematological diseases such as
granulocytic sarcoma and plasmacytoma. No marked dif-
ference was observed between primary and secondary
breast involvement of hematological malignancies except
that bilaterality was only seen in secondary involvement.
Similar to these findings, Genco et al. also reported no

significant difference between patients with primary and
secondary breast lymphoma [7]. The most common pre-
senting symptoms were neck and axillary masses before
breast involvement in the cases with secondary diseases,
while the patients with primary breast lymphoma did not
have any symptoms except breast or axillary masses. Our
two patients with secondary breast involvement of
hematological malignancies had thrombocytopenia at the
time of diagnosis. Besides thrombocytopenia due to
hematological disease, chemotherapy can cause low
blood cell counts. So, radiologists should check the la-
boratory results before breast biopsy and be careful dur-
ing a biopsy in terms of bleeding and infection in these
patients. In a comprehensive literature review, it has
been reported that platelet count greater than 25,000 p/L
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and INR less than 2.0 are appropriate for radiological
procedures such as tissue biopsy and percutaneous cath-
eter placement [8].

Hematological malignancies may mimic benign breast
lesions radiologically because of the oval-round shape, cir-
cumscribed margins, and posterior acoustic enhancement.
The presence of hyperechoic areas within the masses can
be even more confusing and may resemble hamartoma [4]
(Fig. 1). However, a history of size increase in breast lump,
axillary lymphadenopathy, and skin thickening should
raise suspicion of malignancy. In contrast, similar

(2021) 52:172 Page 5 of 8

radiological findings mimicking benign breast lesions can
be seen in high-grade triple-negative breast cancers or mu-
cinous and medullary breast carcinoma [9, 10]. Posterior
acoustic enhancement can occur in high-grade triple-
negative breast cancers due to necrosis and high cellular-
ity. Also, the rapid growth of triple-negative high-grade
breast cancers can lead to low stromal reaction and conse-
quently oval-round shape and circumscribed margins [9,
11, 12]. For similar reasons, posterior acoustic enhance-
ment, oval-round shape, and circumscribed margins may
be seen in hematological malignancies of the breast.

also be confused with breast involvement of hematological diseases

Fig. 1 Hematological malignancies mimicking benign breast lesions. US images (a—d) and mammography views (e, f) of granulocytic sarcoma (a,
b, f), lymphoma (c), and plasmacytoma (d, ) showing oval-shaped, circumscribed lesions. Posterior shadowing is not seen on US images and
microcalcifications are not observed on mammography images. Hyperechoic areas can resemble hamartoma (a, b) and fibroadenoma (¢, d) can
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Hematological malignancies may also resemble breast
carcinoma, especially inflammatory breast carcinoma, be-
cause of skin thickening, axillary lymphadenopathy, ir-
regular shape, and non-circumscribed margins (Fig. 2).
Skin thickening without a mass can also be seen in pa-
tients with breast lymphoma [3]. Skin thickening can be
caused by tumor involvement in the dermal lymphatics
of the breast, lymphangitic metastasis to the breast, or
lymphatic drainage obstruction [13]. Unlike breast can-
cer, posterior shadowing and microcalcification are not
observed in breast involvement of hematological malig-
nancies. Although the final diagnosis is performed histo-
pathologically, familiarity with the radiological features
of hematological malignancies can help to establish an
accurate diagnosis. Misdiagnosis as breast carcinoma can
result in inappropriate treatment such as breast and
nodal surgery.
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According to the MRI findings in this study,
hematological malignancies showed T2 hyperintensity,
type 2 or 3 dynamic curves, and marked diffusion restric-
tion (Fig. 3). Hyperintensity on T2-weighted images sug-
gests a benign lesion, while type 2 and 3 dynamic curves
are usually seen in malignant lesions [14]. Dynamic
curves can help to distinguish hematological malignan-
cies from benign lesions. But, they cannot help differenti-
ation from typical breast cancers which usually show
type 2 or 3 dynamic curves. Most invasive carcinomas of
the breast are hypointense or isointense relative to fibro-
glandular tissue. T2 hyperintensity may occur due to ne-
crosis and inflammation associated with necrosis.
Inflammation causes stromal edema within the tumor
and T2 hyperintensity [15]. T2 hyperintensity can also be
observed diffusely secondary to diffuse edema caused by
lymphatic obstruction. Although diffusion restriction is

US images in another patient with lymphoma

Fig. 2 Hematological malignancies mimicking malignant breast lesions. US (a) and mediolateral oblique image (d) of a patient diagnosed with
lymphoma, showing an irregular-shaped, non-circumscribed lesion. Skin thickening and edema (b) and axillary lymphadenopathy (c) are seen on
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Fig. 3 MRI findings of hematological involvement of breast. Images of a 22-year-old woman diagnosed with granulocytic sarcoma show lesions in
both breasts (a-c). Hyperintensity of lesions (arrows) is seen on the T2W image (a). Type 3 (wash-out) dynamic curve and contrast enhancement
on contrast-enhanced T1-weighted image (b) are demonstrated. Hypointensity of lesions and low apparent diffusion coefficient (ADC) values can
be seen due to diffusion restriction on the ADC map (c). MRl images of a 55-year-old woman diagnosed with marginal zone lymphoma in the left
breast (d—f). Hyperintensity (arrow) is depicted on the T2W image (d). Type 2 (plateau) dynamic curve and contrast enhancement on contrast-
enhanced T1-weighted image (e) are demonstrated. Hypointensity of the lesion and low ADC value are seen due to diffusion restriction on the
ADC map (f)

generally observed in malignant diseases, ADC values
may be lower in hematological diseases compared to
breast cancer. Similar to the findings of Zhou et al. [6],
the current study ADC values in hematological diseases
(mean ADC 0.585 x 1073) were lower than the ADC
values reported in published literature for breast carcin-
oma (ranging from 0.9 to 1.2 x 107%) [16, 17]. This result
may have been due to the hypercellularity and small
extracellular spaces of hematological malignancies. Com-
pared to typical breast cancers, very low ADC values and
T2  hyperintensity = may  suggest hematological
malignancies.

There were some limitations of the current study. The
major limitation was the limited number of cases due to
the rarity of breast involvement of hematological malig-
nancies. Secondly, our study was a retrospective study.
Because of the retrospective nature of it, all imaging fea-
tures including Doppler and mammography were not ap-
plicable for all patients. Finally, some clinical data such
as follow-up were missing due to retrospective design.

Conclusions

In conclusion, familiarity with the radiological features of
hematological malignancies can help accurate diagnosis,
which is very important for appropriate treatment. Al-
though bilaterality was seen only in cases with secondary

involvement, no marked difference was observed be-
tween primary and secondary breast involvement of
hematological malignancies. Hematological malignancies
may mimic both benign breast lesions due to the oval-
round shape, circumscribed margins, and posterior
acoustic enhancement, and breast carcinoma, especially
inflammatory breast carcinoma, because of skin thicken-
ing, axillary lymphadenopathy, irregular shape, and non-
circumscribed margins. The absence of microcalcifica-
tion and posterior shadowing, and markedly low ADC
values can help in the differentiation from breast
carcinoma.
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