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Imaging findings of breast leukaemia: a case series

Dandan Li Abstract
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Aims/Background Breast leukaemia (BL) is a rare breast malignancy that is treated

Jiaan Zhu' differently from other malignant conditions. However, it is easily confused with other

Author details can be found conditions; therefore, how to accurately diagnose is crucial. We retrospectively analysed

at the end of this article the imaging findings of 13 patients to provide a diagnostic reference.

Correspondence to: Methods From January 2015 to April 2023, 13 patients with BL confirmed by biopsy who

Jiaan Zhu; Zhujiaan@pkuph. underwent imaging in Peking University People’s hospital were retrospectively analysed.

edu.cn The imaging findings obtained via ultrasound (US), mammography (MMG), magnetic

resonance imaging (MRI), and positron emission tomography/computed tomography
(PET/CT) were analysed, and the detection rates of these methods for diagnosing BL
were compared.

Results Twenty-nine lesions were detected in the 13 patients. These patients presented
with palpable masses or breast swelling several months after treatment for leukaemia,
mainly involving the bilateral breasts. Ultrasonography was performed for 13 patients,
and all lesions were detected. Most of the identified masses were hypoechoic and had
indistinct boundaries, irregular shapes, no enhancement of the posterior echo, and no
abundant blood flow. MMG was performed for five patients, revealing breast masses,
architectural distortion, and no abnormalities. MRI was performed for four patients,
and all lesions were detected; most of the lesions were hypointense on T1-weighted
imaging and hyperintense on T2-weighted imaging and diffusion-weighted imaging,
with a decreased apparent diffusion coefficient and inhomogeneous enhancement.
The enhancement curves were mostly inflow patterns. PET/CT was performed for

four patients; two patients had hypermetabolism, and the other two had no obvious
radioactive uptake.

Conclusion Compared to MMG and PET/CT, US and MRI have higher detection rates.
Furthermore, compared to MRI, US is inexpensive, convenient and efficient; therefore, it
should be the first choice for diagnosing BL.
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Introduction

Breast leukaemia (BL) is a rare breast malignancy that accounts for approximately 0.25%
of all breast tumours (Khoury et al, 2000); however, the current description of BL can
be found only in case reports. BL is mainly observed in patients with acute myeloid
leukaemia and can occur at any age, ranging from 1 to 80 years (Glazebrook et al, 2014;
Sung et al, 2023). It often presents as a palpable mass in the breast or breast swelling. BL
is caused mainly by extramedullary recurrence of leukaemia, but its specific pathogenesis
remains unclear. It may be related to residual microinfiltrating leukaemia lesions, which
seed and propagate in the breast, leading to recurrence (Karbasian-Esfahani et al, 2008;
Chen et al, 2010; Hussain et al, 2022); it may also be related to the abnormal expression
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transplantation, or a treatment combined with novel targeted therapy (Karbasian-Esfahani
et al, 2008; Houghtelin et al, 2015; Liu et al, 2016; DiNardo et al, 2023; Shatilova et al,
2021; De Cap et al, 2023; Cunningham, 2006). For BL, if only the discovered lesions or
the whole affected breast are resected, other microinvasive lesions within the breast may
be missed, leading to postoperative recurrence and ultimately requiring a second operation.
Moreover, surgical removal of the breast has permanent physical and psychological
effects on patients, significantly reducing their quality of life. Therefore, the accurate
identification and diagnosis of BL are highly important. Although the final diagnosis requires
histopathology, familiarity with the imaging characteristics of BL can help to establish an
accurate diagnosis (Sosa et al, 2022). In this study, the imaging findings of 13 patients with
BL were retrospectively analysed to provide a reference for the diagnosis of this disease.

Methods

Patient population

We enrolled 13 patients diagnosed with BL by pathological biopsy who underwent imaging
at Peking University People's Hospital from January 2015 to April 2023. Patients who
underwent imaging examinations in other hospitals were excluded since we were unable
to obtain the images. In total, 29 lesions were identified. Among the included patients,
13 patients underwent ultrasound (US), five patients underwent mammography (MMG),
four patients underwent magnetic resonance imaging (MRI), and four patients underwent
positron emission tomography/computed tomography (PET/CT). The study was approved
by the Ethics Committee of Peking University People’s hospital (No. 2018PHB179-01) and
was performed in compliance with the Declaration of Helsinki. Written informed consent
was obtained from all patients.

Imaging

Mammography

Mammography was performed using a Digital MMG machine (GE Healthcare, Milwaukee,
Wisconsin). Standard craniocaudal and mediolateral oblique views were obtained, with
additional views if necessary. We reviewed the following features: (1) Breast Imaging
Reporting and Data System (BI-RADS) (Spak et al, 2017) classification of the breast
parenchyma; (2) density, shape, and boundary of the breast mass; and (3) other associated
symptoms (oedema and thickening of the breast skin, inverted nipples, and swelling of
the axillary lymph nodes).

Ultrasound

The US instruments used in the study comprised Siemens S3000 (Siemens, Munich,
Germany), Logic E9 system (GE Healthcare, Chicago, IL, USA), IU 22 scanner (Philips,
Amsterdam, Netherlands), and Mindray DC-8 (Mindray, Shenzhen, China), with high-
frequency transducers. We reviewed the following features: (1) lesion position (left, right,
or bilateral breast), number (single or multiple), size, composition (cystic or solid), shape
(regular or irregular), margin (distinct or indistinct), internal echo (hyperecho, hypoecho,
equal echo, or mixed echo), and posterior acoustic enhancement (presence or absence); (2)
blood flow (Grade 0, no blood flow; Grade I, a small amount of dot-like blood flow; Grade
II, one longer blood flow through the mass or three dot-like blood flows) (Nasief et al,
2019); (3) BI-RADS grade of the lesions determined according to the American College
of Radiology (ACR) classification system (Spak et al, 2017); and (4) axillary lymph node
involvement (with or without).

Magnetic resonance imaging

We used a 3.0T MRI system scanner (Discovery 750W, GE Healthcare, Chicago, IL, USA)
equipped with an 8-channel breast-dedicated coil. The patients were placed in a prone
position with natural sagging of both breasts, and scanning of the bilateral breast and
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axillary regions was performed. MRI was performed in both the axial and sagittal planes.
The breast MRI sequences and scanning order were as follows: (1) axial T2-weighted
(T2W) fat-suppressed imaging with a short time inversion recovery (STIR) sequence with
the following parameters: repetition time (TR), 3848 ms; echo time (TE), 83 ms; slice
thickness, 6.0 mm; slice gap, 1.5 mm; field of view (FOV), 350 mmx350 mm; and matrix,
320x256; (2) diffusion-weighted imaging (DWI) with an echo planar imaging sequence
with the following parameters: TR, 3120 ms; TE, 76 ms; slice thickness, 4.0 mm; slice
gap, 1.0 mm; FOV, 350 mmx350 mm; matrix, 128 x 128; and diffusion-sensitive coefficient
(b-value), 800 s/mm?; and (3) dynamic contrast-enhanced imaging with a gradient echo
sequence, consisting of an axial T1-weighted fat-suppressed sequence with the following
parameters: TR, 4.5 ms; TE, 2.1 ms; slice thickness, 1.5 mm; no gap; FOV, 350 mmx350
mm; and matrix, 384 x320. After the axial scan, 15 mL of gadopentetate dimeglumine
(Magnevist, Bayer HealthCare Pharmaceuticals, Leverkusen, Germany) was injected, at a
dose of 0.1 mmol/kg, at a flow rate of 3 mL/s, followed by 20 mL of saline. Twenty-three
seconds after the injection, a continuous scan was performed six times, with each scan
lasting approximately 60 s, for a total scan time of 6 min 23 s. We reviewed the following
characteristics: (1) the presence or absence of a lesion in the breast; (2) lesion shape
(circular, lobulated, or irregular), boundary (distinct or indistinct), T1-weighted imaging
(T1WI) signal (hyperintensity, hypointensity, or isointensity), T2-weighted imaging (T2WTI)
signal (hyperintensity, hypointensity, or isointensity), and DWI signal (hyperintensity,
hypointensity, or isointensity); (3) lesion enhancement and type of enhancement curve
(inflow, outflow, or plateau pattern); (4) BI-RADS grade (Spak et al, 2017).

Positron emission tomography/computed tomography

Positron emission tomography/computed tomography was performed using a GE Discovery
PET/CT VCT. All patients fasted for at least 6 h before examination, and their blood
glucose level was confirmed to be less than 8 mmol/L.'®F-Fluorodeoxyglucose (!*F-FDG)
was injected intravenously at a dose of 5.55 MBg/kg. Approximately 50 min later, images
were acquired from the base of the skull to the sole. PET images were reconstructed
using ordered subset expectation maximisation, and the reconstruction parameters were
28 subsets and two iterations. Three-dimensional PET, CT, and their fusion images were
reconstructed using computer processing. FDG uptake was considered abnormal when
the uptake in the tumour area was significantly greater than that in the background. After
correcting for radioactive decay, the maximum standardised uptake value (SUV ) of FDG
was semi-quantitatively analysed using the formula SUV=ROI/ID/BW, where SUV is the
SUV .- ROLis the average region of interest activity (in millicuries per milliliter), ID is
the injection dose (in millicuries), and BW is the body weight (in grams). We reviewed (1)
the presence or absence of lesions with a high metabolism and (2) the SUV of the lesions.

Results

Patients and clinical signs

A total of 13 patients were enrolled, including 12 (92.31%) females and 1 (7.69%) male. The
patients’ ages ranged from 17 to 63 years, with an average age of 35 (34.92+13.79) years.
Among them, 11 patients (84.62%) presented with palpable masses in the breast, and the
sizes of these masses ranged from 0.8 cm to 9.2 cm, with an average of 3.64 (3.64+2.05)
cm. The other two patients (15.38%) presented with bilateral breast swelling. All 13 patients
developed symptoms after leukaemia treatment; 10 patients (76.92%) developed symptoms
3-22 months after haematopoietic stem cell transplantation (HSCT), with an average of 13
months, and three patients (23.08%) developed symptoms 1-44 months after leukaemia
chemotherapy, with an average of 19 months. Among the 13 patients, 8 (61.54%) experienced
isolated breast recurrence, whereas the other 5 (38.46%) experienced recurrence not only
in the breast (Figure 1A) but also in other parts of the body (Table 1), including the chest
wall (Figures 1B, C), retroperitoneum (Figures 1D-F), orbit (Figures 2A-D), eyelid, and
skin. In addition, seven patients (53.85%) simultaneously developed graft-vs-host disease
(GVHD), involving the intestines, skin, and liver. Four patients (30.77%) had axillary lymph
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Table 1. Clinical characteristics of 13 patients

Recurrence Extramedullary
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Figure 1. A 27-year-old woman presented with multiple extramedullary recurrences after
haematopoietic stem cell transplantation (HSCT). (A) After 18 months of HSCT, the patient’s
left breast presented with a mass. (B,C) The patient’s whole left breast was resected; 4

months later, the patient’s left chest wall exhibited a mass again with abundant blood flow. (D)
Twenty-two months later, a retroperitoneal mass appeared (as indicated by the arrows). It was

located behind the head of the pancreas and compressed the common bile duct, resulting in
obstruction. (E,F) Contrast-enhanced ultrasound (US) showed prominent enhancement in the
arterial phase, and the agent quickly washed out (as indicated by the arrows).
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Abbreviations: F, female; M, male; ALP, axillary lymphadenopathy; HSCT, haematopoietic stem cell transplantation; GVHD, graft-vs-host disease; MS,
myeloid sarcoma; B-LBL, B-lymphoblastic lymphoma/leukaemia; T-LBL, T-lymphoblastic lymphoma/leukaemia.

‘+’, axillary lymphadenopathy; -, no axillary lymphadenopathy. ‘"’, time to recurrence after treatment for leukaemia.
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Figure 2. A 41-year-old woman presented with a soft tissue mass in the bilateral orbits and
breasts 20 months after HSCT. All right extraocular muscles, left superior and inferior rectus
muscles, and right optic nerve were involved. The lesions exhibited hyperintensity on T2 STIR
images in the sagittal (A,B) and axial (C) views and homogeneous enhancement on T1WI (D).
The bilateral breast masses also exhibited hyperintensity on T2 STIR (E) and DWI (F) images
and homogeneous enhancement on T1WI (G). STIR, short time inversion recovery; T1WI,
T1-weighted imaging; DWI, diffusion-weighted imaging.

Figure 3. Ultrasound images of a 27-year-old woman 18 months after HSCT. The pathological
diagnosis was B-lymphoblastic lymphoma/leukaemia. (A—C) There was a hypoechoic mass in
the lateral upper quadrant of the left breast, with a well-defined boundary, regular shape, lack
of enhancement of posterior echo and abundant blood flow; the elasticity score was 4 points.
(D-F) Another hypoechoic mass in the margin of the left breast, with a well-defined boundary,
regular shape, and oedema of the peripheral tissue; the elastic score was also 4 points. (G,H)
The soft tissue of the axillary region presented with oedema and thickening as well as
abundant blood flow.

node enlargement and one patient had edema of axillary soft tissue (Figures 3G,H). The
pathologic types included myeloid sarcoma (53.85%), B-cell lymphoblastic lymphoma/
leukaemia (30.77%), and T-cell lymphoblastic lymphoma/leukaemia (15.38%) (Table 1).

© 2024 The Author(s).
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Ultrasound

Thirteen patients underwent US examination; nine (69.23%) presented with bilateral breast
lesions, whereas the other four patients (30.77%) presented with unilateral breast lesions.
Eleven patients (84.62%) presented with breast masses, for a total of 29 masses; the other
2 (15.38%) presented with a distorted structure (Figure 4A). The mass characteristics are
listed in Table 2. Most of the masses had irregular shapes (68.97%); indistinct boundaries
(55.17%); hypoechoic lesions (96.55%) (Figures 3A,D); no enhancement of the posterior
echo (79.31%); and no abundant blood flow (58.62%), which was visualised as point
or short strip blood flow (grade 0-2), while a few masses had abundant blood flow
(Figures 3B,E). Three patients underwent elastography, and their scores were 3, 3 and 4,
respectively (Figures 3C,F).

Table 2. Ultrasound findings in 29 tumours
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Figure 4. A 20-year-old woman presented with bilateral masses in the breast 12 months after
chemotherapy. A core needle biopsy confirmed B-lymphoblastic lymphoma/leukaemia. (A)
Distortion of the parenchymal structure of both breasts. (B,C) MMG showed no abnormalities
in either breast.

Mammography

Five patients underwent MMG, and their breast parenchymal density was graded as BI-RADS
3 (60.00%) or BI-RADS 4 (40.00%). Among the patients whose breast parenchymal density
was graded BI-RADS 3, two patients presented with visible masses (seven masses in
total), and the other patient presented only locally heterogeneous density, not a mass. The
characteristics of seven masses are presented in Table 3. The other 2 patients with a breast
parenchymal density graded as BI-RADS 4 had no abnormalities on MMG (Figures 4B,C).

Magnetic resonance imaging

Four patients underwent MRI, and 14 lesions were detected. Consistent with the findings
of previous studies (Shin, 2016), most of the lesions were slightly hypointense (92.86%) on
T1WI and slightly hyperintense (85.71%) on T2WI (Figures 2E and 5A-C). DWI showed
obvious hyperintensity (Figures 2F and 5D), and the apparent diffusion coefficient (ADC)
decreased. The lesions all exhibited significant enhancement, and the enhancement curves
were mostly inflow patterns (42.86%) (Figures 2G and 5E,F) (Table 4).

Positron emission tomography/computed tomography

Positron emission tomography/computed tomography was performed for four patients,
and nine lesions were detected. Six lesions (66.67%) showed intense hypermetabolism
(Figures 6C-E), which were all detected on Ultrasound (Figures 6A,B). The SUV
ranged from 4.3 to 4.9, with an average of 4.4. The other three (33.33%) lesions did not
show obvious uptake of the agent.
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Table 3. Mammography findings in 7 masses

Characteristic No. of findings
Shape

Regular 1 (14.29%)
Irregular 6 (85.71%)
Margin

Distinct 1 (14.29%)
Indistinct 6 (85.71%)
Density

High 7 (100%)
Calcification

With 1 (14.29%)
Without 6 (85.71%)

Table 4. Magnetic resonance imaging findings in 14 tumours

Characteristic No. of findings

Shape

Round 1(7.14%)

Lobular 2 (14.29%)

Irregular 11 (78.57%)

Margin

Distinct 7 (50.00%)

Indistinct 7 (50.00%)

T1WI

Slight hypointensity 13 (92.86%)

Heterogeneous hypointensity 1(7.14%)

T2WI

Slight hyperintensity 12 (85.71%)

Slight hypointensity 2 (14.29%)

DWI

Hyperintensity 14 (100%)

ADC

Hypointensity 14 (100%)

Enhancement

Significant enhancement 14 (100%)

Enhancement curve 3
Inflow 6 (42.86%) £
Platform 5 (35.71%) £
Outflow 3 (21.43%) §

T2WI, T2-weighted imaging; DWI, diffusion-weighted imaging; ADC, apparent diffusion coefficient.
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Figure 5. Magnetic resonance imaging image of a 17-year-old woman with bilateral breast
swelling after 44 months of chemotherapy. Pathology revealed B-lymphoblastic lymphoma/
leukaemia. (A—C) The lesions showed hyperintensity in T2WI-STIR images, and the mass in
the right breast almost completely replaced the entire breast tissue. (D) The lesions showed
hyperintensity on DWI. (E) Contrast-enhanced T1WI showing heterogeneous enhancement. (F)
Kinetic analysis obtained from foci within the mass demonstrated rapid enhancement.

Figure 6. Ultrasound and positron emission tomography/computed tomography (PET/CT)
images of a 17-year-old woman with bilateral breast swelling after 44 months of chemotherapy.
Pathologic analysis revealed B-lymphoblastic lymphoma/leukaemia. US revealed a hypoechoic
mass (as indicated by the arrows) in the right (A) and left (B) breasts, and (C,D) PET/CT showed
intense hypermetabolism. (E) The maximal intensity projection of PET/CT showed elevated
metabolism in both breasts.

Comparison among ultrasound, mammography, magnetic
resonance imaging and positron emission tomography/computed
tomography

In patients who underwent US and MRI, all the lesions were detected, for a detection rate
of 100%, and no false negatives were observed. Among the 5 patients who underwent
MMG, two (40.00%) had no significant abnormalities, with a breast parenchymal density
grade of BI-RADS 4; however, their US examination all revealed abnormalities, suggesting
that the MMG results included false negatives. Similarly, among the four patients who
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underwent PET/CT, two (50%) patients did not have hypermetabolic lesions, whereas on
US or MRI, all the lesions were detected, suggesting that PET/CT also exhibited false-
negative results (Table 5).

Follow-up

We obtained US images of four patients after treatment (Table 5); in two of them, the
lesions were significantly reduced. Unfortunately, over time (5 months and 10 months),
two patients relapsed again (Figures 7A-F).

Discussion

Breast leukaemia can occur at any age ranging from 1 to 80 years, with a median age of
33 years (Kumar et al, 2010; Glazebrook et al, 2014). In our study, the ages ranged from
17 to 63 years, with an average age of 35 (34.92+13.79) years. BL usually occurs after
treatment for leukaemia, and this was the case for all of the patients in our study (Surov
et al, 2012; Surov, 2013). The most common pathological type of tumour was myeloid
sarcoma (MS), which is consistent with the findings of previous studies (Surov et al, 2012;
Ge et al, 2014; Glazebrook et al, 2014). BL usually occurs in bilateral breast, which is
different from breast cancer (Yang et al, 2007; Waks and Winer, 2019). This difference may
be related to the residual microinvasive lesions in the breasts during leukaemia. According
to previous case reports, almost all patients were female, and only one male patient was
reported (Chim et al, 2000). In our study, we also included a male who presented with a
palpable breast mass 15 months after HSCT but was misdiagnosed with gynaecomastia;
this was later confirmed as BL by biopsy. After chemotherapy, the lesions disappeared;
however, 5 months later, the lesions relapsed. The possible reason for the relapse may be
residual microinvasion of the breasts.

In addition, seven patients developed GVHD; theoretically, GVHD has an antileukemia
effect and can prevent the relapse of leukaemia to some extent (Goker et al, 2001; Lee
et al, 2005; Karbasian-Esfahani et al, 2008). However, although the seven patients had

Table 5. Comparison of ultrasound, mammography, magnetic resonance

imaging, and positron emission tomography/computed tomography and
follow-up results

Case Side us MMG MRI PET/CT
1 Bilateral +! + +

2 Bilateral +

8 Left +

4 Bilateral +12

5 Left + - -
6 Bilateral + -

7 Bilateral + + +
8 Bilateral +12

9 Bilateral + + +

10 Left + - +
11 Bilateral +

12 Right +

13 Bilateral + + =

Abbreviations: US, ultrasound; MMG, mammography; MRI, magnetic resonance imaging; PET/CT, positron emission
tomography/computed tomography.

“+’, positive findings; ~’, no positive findings; ‘!, the lesions decreased in size or disappeared;
2’ the lesions relapsed after they disappeared.
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Figure 7. Changes in US images of a 24-year-old male after HSCT. (A,B) US image showed
a hypoechoic mass on the deep side of both nipples, indicating male gynaecomastia. Biopsy
confirmed T-lymphoblastic lymphoma/leukaemia. (C, D) After 3 months of chemotherapy,

US showed that the lesions had obviously diminished. (E,F) However, 5 months later, the
lesions relapsed.

GVHD, they still experienced leukaemia infiltration in the breast and multiple other
extramedullary organs. A possible explanation is that GVHD is less effective at preventing
extramedullary recurrence because of immune escape or the transformation effect of the
breast microenvironment in leukaemia (Gaudichon et al, 2019; Cunningham, 2021); thus,
microinvasive lesions in the breast or other organs may not be completely eliminated by
GVHD, leading to recurrence after treatment (Galimberti et al, 2006; Pagliuca et al, 2023).

In our study, the most common US characteristic of BL was a mass, which was observed
in 11 patients (85.00%). The masses were mainly hypoechoic (92.00%), irregularly shaped
(77.00%), and had indistinct boundaries (62.00%) and no enhancement of the posterior
echo (77.00%), which was consistent with the results of other reports (Surov et al, 2012;
Glazebrook et al, 2014; Aslan and Pourbagher, 2017; Myers et al, 2022). It has been reported
that blood flow in BL is abundant (Likaki-Karatza et al, 2002; Surov et al, 2012; Kulkarni
et al, 2016; Sager et al, 2019; Kim and Kim, 2019); however, in our study, only a few
masses (27%) had abundant blood flow (Grade 3), while the majority (57.00%) had poor
blood flow (Grade 0-2). This difference may be related to the sensitivity of the equipment
to blood flow or incorrect settings, such as setting the colour scale too high to indicate
low-velocity blood flow. In addition, in our study, three patients underwent elastography,
and their scores were 3, 3, and 4, respectively, indicating that the tumour was not hard,
unlike those observed in breast cancer (Carlsen et al, 2015; Li et al, 2023). This difference
might be related to the greater number of tumour cells and fewer fibrous components in the
lesions (Abdulkadir et al, 2017; Aslan and Pourbagher, 2017; Lee et al, 2022). However, a
low elasticity may affect radiologist judgment, leading to underestimation of the BI-RADS
grade (Erduran et al, 1999; Zhang et al, 2020; Masood et al, 2021). Therefore, if malignant
US features are found in the breasts of leukaemia patients but the elastography results are
low, the possibility of BL should be considered.

In our study, there were three MMG patterns among the 5 patients: breast masses
(40.00%), architectural distortion (20.00%), and no abnormalities (40.00%). Consistent
with the findings of previous studies (Karbasian-Esfahani et al, 2008; Surov et al, 2012;
Glazebrook et al, 2014), there were false negatives, possibly due to the high density of the
background breast parenchyma, which resulted in the mass being obscured by the dense
breast parenchyma and a missed diagnosis. The two patients in our study who presented
with false negatives were graded as BI-RADS 4. However, our false-negative rate was
greater than those of previous studies, possibly due to differences in breast density among
different races. The breast parenchyma of most Chinese women is relatively dense and has
little fat; while in most Western countries, women’s breasts have more fat, so their density
is lower, making it easier to detect masses and resulting in a lower false-negative rate. It can
be inferred that for patients with dense breasts, combination of MMG with other methods
is needed to reduce the number of missed diagnoses.
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In our study, most patients with BL exhibited slight hypointensity (93.00%) on TIWI
and slight hyperintensity (86.00%) on T2WI; DWI showed significant hyperintensity,
and the ADC decreased, which is consistent with the findings of other studies (Koh and
Collins, 2007; Surov et al, 2012; Aslan and Pourbagher, 2017; Sager et al, 2019; Durhan
and Demirkazik, 2021; Ghosh et al, 2023; Kim, 2013; Basara and Orguc, 2012). The
hyperintensity on DWI and reduced ADC indicate a high cellular composition and density
within the tumour, which are characteristic of malignant tumours (Koh and Collins, 2007).
A few studies have shown that the ADC of BL is lower than that of breast cancer (Durhan
and Demirkazik, 2021). The lesions presented significant enhancement, with three types
of enhancement patterns, inflow (42.86%), plateau (35.71%), and outflow (21.43%), which
is consistent with the findings of other studies (Surov et al, 2012; Sager et al, 2019; Ghosh
et al, 2023).

For patients who underwent '®F-FDG PET/CT, most lesions (67.00%) were
hypermetabolic, with an average SUV of 4.4, consistent with the results of other studies
(Buck et al, 2004; Glazebrook et al, 2014; Myers et al, 2022). However, a few lesions
(33.00%) showed no obvious FDG uptake, although all of these lesions presented as masses
on US and were confirmed by biopsy. Thus, we can infer that both the PET/CT and MMG
results included false negatives. The reason for these false negatives is not yet clear; it may
be related to the diagnostic criteria used to distinguish benign and malignant lesions. If the
uptake value of BL is lower than the established criterion, false-negative results may occur.
In addition, this difference may also be related to the low resolution of the equipment,
small lesion volume, pathological subtypes of BL, and levels of Ki-67(Buck et al, 2004).
To reduce the false-negative rate of PET/CT, a comprehensive judgment should be made
according to the clinical history, US, MRI, and other examinations when diagnosing
patients. As a whole-body imaging technology, PET/CT has great advantages in disease
staging and the evaluation of therapeutic effects (Liu et al, 2016).

Our study has several limitations: it was retrospective, the sample size was small, and
not every patient underwent all the imaging examinations. In addition, we did not conduct
follow-ups for all patients with every imaging examination; therefore, we did not summarise
the general imaging changes after treatment. Methods to detect residual microinvasive
lesions more effectively after treatment should be studied. These are promising avenues
for future study.

Conclusion

This study is the largest series reporting BL to date, and includes more comprehensive
imaging data than previous studies. We found that MMG and PET/CT yield false negatives;
in comparison, US and MRI had higher detection rates. Therefore, even if no abnormal
lesions are detected on MMG and PET/CT, other imaging methods or clinical history
should be performed to make a comprehensive diagnosis of patients with suspected BL.
We believe that US is the preferred imaging modality for detecting breast abnormalities in
patients with BL; it offers a higher detection rate comparable to MRI, and is more convenient
and inexpensive. Since BL is easily confused with other conditions, it is recommended
that clinical history be taken into account for diagnosis; in other words, if the patient has
leukaemia, we should highly suspect that the lesion in her breast is BL.

Learning points

B The imaging findings of breast leukaemia are nonspecific compared to other breast
malignancies, thus incorporating medical history is crucial for accurate diagnosis.

B Ultrasound and MRI have a higher detection rate for breast leukaemia compared to
mammography and PET/CT.

B Ultrasound is more accurate than mammography and PET/CT, and more cost-effective
than MRI for diagnosing breast leukaemia, making it the preferred initial choice.

B Dense breasts can obscure lesions, posing a significant challenge for mammography.
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