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Microwave ablation of benign breast tumors: a prospective study with
minimum 12 months follow-up

Jinshun Xua , Han Wua, Zhiyu Hana, Jing Zhanga, Qinying Lib, Jianping Doua, Chao Ana , Erpeng Qia,
Jie Yua and Ping Lianga

aDepartment of Interventional Ultrasound, Chinese PLA General Hospital, Beijing, China; bDepartment of Interventional Ultrasound,
Henan Province Puyang Hospital of Tranditional Chinese Medicine, Puyang, China

ABSTRACT
Purpose: This prospective study was to evaluate clinical outcomes of microwave ablation (MWA) of
benign breast tumors with minimum 12months follow up.
Methods: With approval of the institutional ethics committee and written informed consent, 56
patients with 107 biopsy-proved breast benign tumors were recruited from November, 2013 to April,
2017. MWA with ultrasound (US) guidance was performed under local anesthesia. During the proced-
ure, pull-back technique was used for tumors larger than 1.0 cm in diameter and hydro-dissection
technique was used for tumors adjacent to skin, pectoralis and areola. Clinical outcomes were fol-
lowed up by physical examination and medical images including US, contrast enhanced US and MR.
Results: The maximum diameter of these tumors was 1.6 ± 0.8 cm. MWA was successfully performed
with the median 120 s of duration (ranging 20–1100 s). Technical success was achieved in all patients.
At the median follow-up of 20.5months (ranging 12–53months), the mean volume reduction ratios
(mVRRs) of tumors were 77.1 ± 8.2%, 84.3±10.6%, 93.3 ± 8.2% at follow-up of 12, 18, 24months
(p< .0001), respectively. Compared with 92% of masses were palpable before ablation, mass palpabil-
ities were 40%, 11%, 5% at follow-up of 12, 18, 24months (p< .001), respectively. Cosmetic satisfaction
was reported excellent or good in 100% of patients.
Conclusions: As a safe and effective minimally invasive modality for inactivating benign breast tumors
in situ, MWA achieved optimistic clinical outcomes on volume reduction and cosmetic satisfaction
after minimum 12months follow-up.
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Introduction

Benign tumors with palpable or impalpable lumps are the most
common complaints in breast for women [1–3]. Owning to the
high incidence, significant influence on life quality, and potential
malignant progress of breast benign tumors, more attention
should be deserved in clinic [1,3]. Nevertheless, the most fre-
quent therapeutic approach by now is still surgical resection. In
that case, patients either have to accept operation following sev-
eral complications with distortion, asymmetry and non-ignorable
scars, leaving a significant cosmetic defect especially for young
women [4]. Either choose to dynamic observation accompanied
in part with anxiety and (or) nervous on intermittent develop-
ment of palpable prominence, localized discomfort and potential
canceration [5]. To overcome the surgical dilemma described
above, vacuum-assisted biopsy is widely developed to remove
breast benign tumors during past decades [2,6]. However, the
complete efficiency is still limited by regional hemorrhage during
the procedure and following complications such as hematoma
and skin laceration [7,8]. Therefore, alternative techniques with
more therapeutic efficiency, less postoperative complications
and better cosmetic outcomes are urgently demanded.

Owning to many superiorities of minimally invasive proper-
ties, the image-guided thermal ablations have been more and
more important in treatment of benign thyroid nodules during
the past several years [9–13]. Specifically, some of them including
cryoablation, radiofrequency ablation (RFA) and microwave abla-
tion (MWA) are coming to spotlight for treatment of breast
tumors [14–17]. However, these studies almost use cryoablation
and frequently focus on the breast cancers. Patients with benign
breast tumors are seldom enrolled based on the major concern
of the unsolved mass effect after local ablation. Whether the
therapeutic outcomes of benign breast tumors can achieve the
physio-psychological satisfaction of patients is not yet known. As
the relevant follow-ups are no more than 12months in the previ-
ously published literatures, it is still to be defined whether more
significant volume reduction would happen in an extended
period. Therefore, we performed in this study to assess the
patients, technique and outcomes for MWA in the minimum 12-
month follow-up for treatment of breast benign tumors. To the
best of our knowledge, MWA of breast benign tumors have not
been reported elsewhere on the relative long-term prognosis
observation (more than 12months) of therapeutic efficiency,
tumor volume reduction and cosmetic satisfaction.
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Materials and methods

Patient enrolment

With approval by the institutional ethics committee of
Chinese PLA General Hospital, a total of 56 patients between
November 2013 and April 2017 diagnosed with breast
benign tumor by US-guided core needle biopsy were
enrolled in this study. The study has been registered in
Clinical-Trails. gov (Identifier No. NCT 02860104) and written
informed consent was received from each patient.

Inclusion criteria were as followed: (a) breast tumors
identified score 3 or less by Breast Imaging Recording and
Data System (BI-RADS) and proved benign by core needle
biopsy; (b) sizes of benign tumors persistent growth during
a half year follow-up; (c) patients with tumor-related symp-
toms including pain, discomfort and oppression; (d) patients
with evidently psychological pressure due to the existence
of breast tumors; (e) patients refuse to accept other treat-
ments; (f) Karnofsky Performance Status (KPS) greater
than 70%.

Exclusion criteria included: (a) patients with contraindica-
tions on examination of CEUS or CEMR; (b) patients in preg-
nancy or lactation; (c) patients with evidence of coagulopathy,
severe cardiopulmonary dysfunction, chronic liver diseases
and (or) renal failure; (d) patients during menstrual period; (e)
patients referring to other therapies such as surgical resection
and mammotome.

MWA procedure

The ultrasound (US) guided MWA procedure was performed
following our previous published literatures [18]. Briefly, a
well suitable ablation scheme was designed firstly including
the orientation and routine of needle penetration (the distri-
butions of MW antenna in tumors), ablation range, and dur-
ation time, etc., according to tumor characteristics and its
surroundings based on the preoperative US and MR exami-
nations. Patients were positioned supine or latericumbent,
sterilized and locally anesthetised using a mixture of 1%
ropivacaine and 2% lidocaine at a volume ratio of 1:1. MW
antenna was then accurately placed at the desired site via
percutaneous insertion under conventional US guidance
(Figure 1(A)). After that, MWA was started immediately with
20W of output and 3mm of active tip for tumors less than
2.0 cm in diameter, and 30W of output and 5mm of active
tip for the rest. When tumor size of less than 1.0 cm in diam-
eter, fixed technique was adopted. When tumors measuring
1.0 cm or greater, the pull-back technique was used. In each
tip site, the emitting duration of MW energy was 10–30 s. For
all tumors, only one antenna was used for insertion and abla-
tion under US guidance. US guidance was used via the
LOFIQ E9US instrument (GE Medical) with a convex array
transducer (5.0–9.0MHz). Microwave equipment (KY-2000,
Canyon Medical, China) consisted of a microwave generator
(2450MHz) and a water-cooled needle antenna. The needle

Figure 1. Microwave ablation (MWA) procedure under ultrasound (US) guidance (A 18-year-old woman with a right breast fibroadenoma of 2.5� 1.3� 1.5 cm in
size). (A) US guidance showed the accurate placement of the antenna tip in the tumour at the beginning of MWA session; (B, C) Hydro-dissection technique: PTC
needle (yellow arrows) was firstly inserted into the interval between tumour margin and adjacent tissues to infusion of saline. Then MW antenna (red arrow) was
inserted into the tumour for ablation; (D–F) Pull-back technique: antenna tip was firstly inserted into the deepest site of tumour for ablation (red arrow in D). Then
pull back till the bottom section was completely ablated. After that, antenna tip was again inserted to ablate the centre section (red arrow in E). And again,
antenna tip was inserted to ablate the top section (red arrow in F). Repeatedly, the ablated zone was through dots, lines, planes, and solids till to completely cover
the entire tumors.
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antenna has a size of 16 gauge (G) in diameter and 10 cm in
length with an active tip of 3 or 5mm in length.

During ablation, the ablation would occasionally be sus-
pended and the mixture of ropivacaine and lidocaine was
local-injected again for the patients who could not tolerate
the pain in the process. Visual analogue scale (VAS, a numer-
ical rating scale: 0–10) was used for pain assessment follow-
ing: score 1–3 was assorted in slight pain, score 4–6 was
assorted in moderate pain and score 7–10 was assorted in
severe pain.

The pull-back technique was described as follows (Figure
1(D–F)): antenna tip was inserted into the deepest position
of tumors firstly. As the hyperechoic region formed by MW
irradiation, the tip was then moved back slowly and continu-
ously along the long axis of the needle until reaching the
margin of the mass. Repeatedly, the ablated zone was
through dots, lines, planes and solids till to completely cover
the entire tumors.

Hydro-dissection technique (Figure 1(B,C)), as an adjuvant
method, was used for the treatment of breast mass adjacent
to skin, pectoralis and areola less than 0.2 cm (measured by
US). Before MWA, a PTC needle (HAKKO, Nagano, Japan) with
22G in diameter and 7 cm in length was inserted in advance
under US guidance into the interval between tumor margin
and adjacent tissues. After that, 10–30ml of saline was
infused to dissection and protection of tissues (skin, pectora-
lis and areola) during the ablative procedure.

Peri-ablative imaging of MWA

Conventional US, contrast-enhanced US (CEUS) and contrast-
enhanced MR (CEMR) were performed to evaluate the
masses before and after ablation [19,20]. US equipment was
the same as described above for the use of MWA guidance.
Sonovue (Bracco, Itlay) as an intravenous agent for CEUS was
used through bolus administration of 2.4ml, followed by a
5-ml saline flush. CEMR was performed using a 3.0 T unit MRI
system (Signa Echo-Speed, GE medical) with intravenous
injection of Gd-DTPA as a contrast agent. The maximum
diameters on three dimensionalities were determined by
CEUS, which were almost the same by CEMR, and volume
calculated following V¼ p/6� a�b� c [21].

Follow-up and outcomes

Physical examination and US were performed for patients at
1, 3, 6months after MWA and then at 6month intervals to
evaluate the long-term efficacy. If necessary, CEUS or CEMR
was used for evaluation of the suspicious. Patient informa-
tion and ablation variables were documented, including
demographics, tumor quantity, size and location by US, and
pathological type for each patient and session, puncture,
duration and power, technical success, complications, volume
reduction ratio (VRR), palpability and cosmetic satisfaction
during or after the ablation process.

Technical success was defined as that tumor was treated
according to protocol and covered completely by the abla-
tion zone [22]. Complications were classified as major or

minor according to classification of the Society of
Interventional Radiology [23]. Cosmetic satisfaction was
recorded as excellent, good, acceptable, and poor by patient
self-assessment. VRR was calculated by the equation as:

VRR %ð Þ ¼ Initial volume�Final volume
Initial volume

� 100%

Statistical analysis

Statistical software SPSS (SPSS 22.0, Chicago, IL) was used for
statistical analyses. Categorical variables were descripted as
numbers (percentages) and compared using a v2 or Fisher’s
exact test. Continuous variables were descripted as mean-
± standard deviation (SD) or medians (interquartile range
(IR)), and compared using the unpaired t test (two-tailed) or
Mann–Whitney U test, according to the normality result by
using Kolmogorov–Smirnov test. p values less than .05 were
considered statistically significant.

Results

Baseline characteristics

About 56 patients with a median age of 33 years (ranging
19–59 years) and a total of 107 tumors were enrolled in this
study, including 26 of patients with tumor persistent growth,
12 of patients with tumor relevant symptoms, 30 of patients
with evidently psychological pressure, and 5 of patients
rejected to accept other treatments. All the patients had KPS
scores more than 70% and BI-RADS scores 3 or less. Besides,
a total of 16 tumors less than 1 cm in size were enrolled for
the reasons of evidently psychological pressure and (or)
rejection of other treatments.

The maximum diameter of these tumors was 1.6 ± 0.8 cm.
Tumor numbers of less than 1 cm, between 1 and 2 cm, and
larger than 2 cm in size were 16 (15%), 52 (49%) and 39
(36%), respectively. Before ablation, the masses could be
palpable in 92% (98/107) of the cases. 62 (58%) tumors
located in the parenchyma, 13 (12%) adjacent to skin, 12
(11%) adjacent to the pectoralis, 20 (19%) adjacent to the
areola. All patients were identified by using core biopsy, 40
(71%) of them were diagnosed with fibroadenomas, 12 (21%)
with adenosis, 3 (5%) with fibrous epithelioid tumor, and 1
(2%) with mastoplasia and collagen fiber hyperplasia
(Table 1).

All the patients were achieved to the minimum follow-up
of 12months. The median follow-up was 20.5months, rang-
ing from 12 to 53months. During follow-up, the period of
observation was 12–24months for 30 patients (54%),
24–36months for 12 patients (21%), 36–48months for 10
patients (18%), 48–60months for 4 patients (7%) (Table 1).

Therapeutic outcomes

The median duration for MWA of all tumors was 120 s, rang-
ing from 20 to 1100 s. The median power was 30W, ranging
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from 20 to 50W. 40 (71%) patients received hydro-dissection
technique to protect proximal tissues and 51 (91%) patients
were ablated by using pull-back technique. Technical success
was achieved in all patients with one session under US guid-
ance, one representative case was shown in Figure 2. During
the procedure, severe pain was occurred in 1 (2%) patient,
slight to moderate pain was occurred in 11 (20%) patients
(Table 2).

After ablation, no skin burn was observed in these 56
patients. A slight pain in the ablative site was reported by
most patients at postoperative 1–2 days, and disappeared in
the subsequent one week. No sedatives and antibiotics were
given to any patients before and after ablation. No major
complications including abscess, oedema, ecchymosis, hema-
toma and infection were induced by MWA in this study.

Tumor volume reduction

During the median follow-up of 20.5months, mass volumes
decreased from 1.64 cm3 (IR: 0.69, 3.79) before MWA to
0.38 cm3 (IR: 0.15, 0.98) at minimum 12-month follow-up for
a total of 107 tumors (p< .001, Figure 3(A)). For the 83
tumors in 44 patients with follow-up to 18months, mass

Table 1. Patients characteristics.

Variable Values, n (%)

No. of Patients 56
With 1 mass 26 (46)
With 2 masses 17 (30)
With �3 masses 13 (23)
Age (years), median (range) 33 (19-59)
No. of masses 107
�1 cm 16 (15)
>1 cm,< 2 cm 52 (49)
�2 cm 39 (36)
Maximum diameter (cm) 1.6 ± 0.8
Mass appearance
Palpable 98 (92)
Impalpable 9 (8)
Mass locations
Intra-parenchyma 62 (58)
Adjacent to skin 13 (12)
Adjacent to pectorails 12 (11)
Adjacent to areola 20 (19)
Histopathology
Fibroadenomas 40 (71)
Adenosis 12 (21)
Fibrous epithelioid tumor 3 (5)
Mastoplasia and collagen fiber hyperplasia 1 (2)
Follow-up (month), median (range) 20.5 (12–53)
12–24 months 30 (54)
24–36 months 12 (21)
36–48 months 10 (18)
48–60 months 4 (7)

Figure 2. Technical success of MWA in one representative case (A 38-year-old woman with a left breast fibroadenoma of 1.2� 1.1� 1.0 cm in size). (A) US before MWA
showed a hypoechoic tumour with clear boundary; (B) CEUS showed heterogeneous enhancement in the tumour; (C) CEMR showed the tumour (red arrow) was significant
enhancement in arterial phase; (D) US showed the heterogeneous hypoecho in the ablated mass after MWA; (E) the ablated mass without enhancement on CEUS; (F) the
ablated mass without enhancement on CEMR in arterial phase; (G–L) US variance of the breast benign tumour after MWA during follow up at 1, 3, 6, 12, 18, 24months, respect-
ively. Tumor size decreased gradually during the process and disappeared on the US image at the end; (M) no nodules were detected on CEMR at the follow-up of 24month.
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volumes decreased from 1.51 cm3 (IR: 0.7, 3.75) before MWA
to 0.24 cm3 (IR: 0.11–0.84) at the 18-month after ablation
(p< .001, Figure 3(B)). For the 55 tumors in 26 patients with
follow-up to 24months, mass volumes decreased from
1.34 cm3 (IR: 0.69, 3.60) before MWA to 0.06 cm3 (IR: 0.00,
0.65) at the 24-month after ablation (p< .001, Figure 3(C)).
With the distinct decrease of masses in size, the mVRRs were
77.1 ± 8.2%, 84.3 ± 10.6%, 93.3 ± 8.2% at the follow-up of 12,
18 and 24months, respectively, demonstrating a good per-
formance on the tumor volume reduction (p< .0001,
Figure 3(D)).

In a total of 55 tumors with follow-up more than
24months, the volumes of masses with �2.0 cm in size
decreased to 1.24 ± 0.52 cm3, 0.80 ± 0.36 cm3 from 4.46 cm3

(IR: 3.77, 6.22) (Figure 4(A)), and VRRs were 75.3 ± 8.3%,
84.4 ± 7.2% (p< .001, Figure 4(B)) at the follow-up of 18,

24months, respectively. For masses with the size of
1.0–2.0 cm, the volumes decreased from 1.24 cm3 (IR: 0.70,
1.85) to 0.19 cm3 (IR: 0.10, 0.42), 0.15 cm3 (IR: 0.08, 0.29)
(Figure 4(C)) and VRRs were 84.9 ± 5.4%, 88.2 ± 5.2%, respect-
ively (p< .05, Figure 4(D)). In addition, a total of five tumors
less than 1 cm in size were all undetectable on US imaging,
showing 100% of VRR at the follow-up of 24months (Figure
4(E)). As shown in Figure F–G, VRR showed significant differ-
ences in tumors between 1.0 and 2.0 cm and �2.0 cm in
sizes at follow-up of 18 (p< .001), 24 (p< .05) months,
respectively, demonstrating a preferential volume reduction
of smaller masses than that of larger masses.

Cosmetic outcomes

After ablation, no skin edema and thickening, fibrosis, retrac-
tion and distortion were observed in all patients. Mass palp-
ability was determined through physical examinations.
Because the ablated masses were mostly become smaller in
size and softer in texture during follow-up, the percentage of
palpability was decreased significantly (Table 2; Figure 5(A)),
resulting in 43 (40%), 11 (10%), 5 (5%) in the number of
palpable masses at 12, 18, 24-month follow-up (p< .001 by
v2 test), respectively. In the subset of tumors on different
sizes (Table 3), 14 (87%) of masses in the size of �1 cm were
impalpable in the follow-up of 3months and only two
masses remained but disappeared at the follow-up of
6months (Figure 5(B)); 18 (35%) of masses in the size of
1–2 cm were impalpable at the follow-up of 6months and 22

Table 2. Therapeutic response and clinical outcomes.

Variable Values, n (%)

Ablation time (s), median (range) 120 (20–1100)
Ablation Power (W), median (range) 30 (20–50)
Auxiliary technique in patients
Hydro-dissection technique 40 (71)
Pull-back technique 51 (91)
Side effect during ablation
Slight/moderate pain 11 (20)
Severe pain 1 (2)
Palpability after ablation
3 months 90 (84)
6 months 69 (64)
12 months 43 (40)
18 months 11 (10)
24 months 5 (5)

Figure 3. Mass volume evaluation during follow-up. (A) Mass volumes of 107 tumours in 56 patients with follow-up of 12months. (B) Mass volumes of 83 tumours
in 44 patients with follow-up of 18months. (C) Mass volumes of 55 tumours in 26 patients with follow-up of 24months. Baseline in (A–C) meant the time of MWA
procedure. ���p< .001 by Mann–Whitney U test. (D) mean VRRs detection at the follow-up of 12, 18 and 24months. ����p< .0001 by unpaired two-tailed t test.
Data expression with mean ± SD or median (interquartile range), according to normality results.
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(42%) of masses were impalpable at the follow-up of
12months (Figure 5(C)); 24 (62%) of masses in the size of
�2 cm were impalpable at the follow-up of 18months and 5
masses remained were still palpable at the follow-up of
24months (Figure 5(D)). In the results of cosmetic satisfac-
tion, furthermore, 51 (91%) patients reported excellent scale
and 5 (9%) patients reported good scale. These results sug-
gested that the good cosmetic outcomes were achieved in
nearly all the masses after ablation 24months.

Discussion

In order to improve cosmetic outcomes in the treatment of
breast benign tumors for women, image-guided ablative
technique as a minimally invasive therapy is going to be one
of the promising strategies in the clinic [24]. But different
from other ablative options such as RFA, laser and cryoabla-
tion [12,25,26], the rationale of MWA is based on the rotation
of dipole molecules in the surrounding tissue, which could
produce higher intratumoral heating, larger volume of
coagulative necrosis, less ablation duration, and improved

stability on thermal conduction profile [27–30]. Therefore,
MWA is now receiving more and more attentions in the use
of treatment of different tumors. Currently, several studies
reported the successful experience of MWA for small breast
cancer treatment but limited focus on breast benign tumors
[16,31–34]. To the best of our knowledge, our study is the
first time to explore the MWA performance in the minimum
12-month follow-up for the treatment of benign tumors in
the breast.

Owning to the superficial location of breast and seldom
vascularity in the tumor, MWA under US guidance is pre-
ferred to accurate guidance, portable operability and effect-
ive surveillance. Thereby, the perfect ablation of breast
tumors without damage of any surrounding normal tissues
will be achievement by an experienced doctor in theory.
Ablative experience as a critical factor for accurate ablation
has been recently analysed by Zhou and Wang [35]. In com-
parison, the common use of vacuum-assisted biopsy inevit-
ably deal with hemorrhage risk and unnecessary excision of
normal tissue. In this study, a total of 56 patients with 107
breast benign tumors were successfully ablated by using

Figure 4. Mass volume evaluation in different sizes of tumours during follow-up of 24months. (A, C, E) Mass volumes of 20 tumors �2 cm (A), 30 tumors of
1–2 cm (C), 5 tumors of �1 cm (E) in diameter (D). Baselines meant the time of MWA procedure. (B, D) volume reduction ratios (VRR) of tumours in different sizes
of D� 2 cm (A), 1 cm<D< 2 cm (C) at 18- and 24-month follow-ups, respectively. (F, G) VRRs comparison of tumours at different sizes at 18-month (F) and 24-
month (G) follow-ups. �p< .05, ���p< .001 by unpaired two-tailed t test. Data expression with mean ± SD or median (interquartile range), according to normal-
ity results.
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US-guided MWA. Ablative procedure was well accepted in all
patients except for one case with severe pain. All tumors
showed technical success through the enhanced imaging
examinations (CEUS or CEMR). During the relative long-term
follow-up, both VRRs and palpabilities of ablated masses
were remarkably descended and cosmetic satisfaction
induced in good performance as well. These findings suggest
that MWA, as a feasible and safe ablative technique, exhibits
dramatic clinical outcomes in treatment of patients with
breast benign tumors.

As to the relative research on MWA of breast tumors by
Zhou et al, the ratio of complete ablation was 97.5% in 41
tumors [16]. While, 100% of technical success in all tumors (a
total of 107) was achieved in this study, consistent with that
in our previous reported [18]. The optimized therapeutic effi-
ciency may attribute to the carefully planning before abla-
tion and the use of pull-back techniques, which have been
frequently adopted in the procedure of thyroid ablation
[11,36]. Moreover, after using the hydro-dissection technique,
no injuries were occurred on the skin and chest wall even
tumor sites adjacent to skin, pectoralis and areola less than

0.2 cm, consistent with previous studies [16,18], indicating
the extensive feasibility for MWA in breast tumors.

Since one concern of thermal ablation under local anes-
thesia is the pain for treatment of breast tumors [14,33,34],
local anesthesia for the combination of regional block and
local infiltration in the ablation zone was adopted instead of
lidocaine injection only to overcome this challenge. Finding
was that only 2% patient (one case) was occurred in severe
pain during the procedure, compared with previous report of
�5% [16], demonstrating a significant relief and valid control
on pain. The underlying reason for the one case with severe
pain is the unsuitable position of anesthetics injection.
Importantly, after additional local anesthesia was performed
again in this patient, technical success with slight pain was
achieved in the end of the procedure.

Another primary issue in the ablative treatment is the
extensive existence of palpable masses formed by coagula-
tive necrosis at the MWA site, which may cause discomfort
and anxiety to patients [26]. Previous studies were only
focused on the follow-up of less than 12months. However,
data on mass palpability with longer follow-up is not known.
Compared with 40–60% of masses reported by ours and
others was non-palpability at the follow-up of 12months, the
number of masses with non-palpability was detected to be
90%, 95% at the follow-up of 18, 24months. The underlying
factors related to the resorption of ablated masses were not
very clear because of limited studies. Except for the previ-
ously reported, tumor sizes may be a key point. More studies
are needed for systemic elaboration of the resorp-
tion mechanism.

Figure 5. Palpability outcomes during the follow-up. (A) Variance trends of palpable masses. ���p< .001 by v2 test. (B–D) Number of impalpable masses by phys-
ical examination in different sizes of tumors at follow-up of 3, 6, 12, 18 and 24months, respectively.

Table 3. Palpability outcomes during follow-up.

Follow-up (months) D� 1 cm 1 cm<D< 2 cm D� 2 cm

3 14 (87) 4 (8) 0 (0)
6 2 (13) 18 (35) 0 (0)
12 0 (0) 22 (42) 4 (10)
18 0 (0) 8 (15) 24 (62)
24 0 (0) 0 (0) 6 (15)

The numbers in parentheses are percentage.
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Key limitations still existed in this study. First, albeit the
minimum 12-month follow-up was achieved in all patients,
patients with a routine long-term follow-up period of
3–5 years were warranted. Second, the number of tumors
with larger than 3 cm in diameter was relatively minority.
Further studies are needed to investigate the volume
reduction and cosmetic satisfaction on the breast tumors
in large size. Third, though the palpable masses became
small and soft during follow-up, the unclear mechanisms
and related factors should be systemically explored in the
future. Given the above concerns, caution should be
detected in the extrapolation of the results to large sample
clinical trials.

Conclusions

Through the minimum 12-month follow-up in the prospect-
ive study, MWA under US guidance exhibits prominent out-
comes on therapeutic efficiency, tumor volume reduction
and cosmetic satisfaction for treatment of benign tumors in
breast. This approach should be a feasible, safe, and effective
strategy for minimally invasive therapy of breast benign
tumors in clinic. More clinical trials with multiple centre data
and large samples are still investigated to observe the treat-
ment efficacy and compare the results with those of other
therapeutic options.
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