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for Small Malignant Breast Lesions:
Preliminary Results
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Abstract
Background: The purpose of this preliminary study is to evaluate the feasibility of the excisional ultrasound (US) guided vacuum-
assisted breast biopsy (VAE), followed by US-guided Laser Interstitial Thermal Therapy (LITT) in the treatment of unifocal ductal
breast carcinomas � 1 cm and estimate the ablation rate analyzing the final histopathological results after subsequent surgical
excision. Methods: In a single session 11 female patients with unifocal less than a centimeter breast cancer underwent 2 different
minimally invasive percutaneous US-guided techniques: a VAE breast biopsy with an 8 G needle to remove the lesion and,
immediately after, a LITT ablation in the biopsy site. Four weeks later, all patients underwent radiological follow-up. Afterward, a
systematic surgery was performed, the ablation rate was calculated, and iconographic and histological features were correlated.
Results: Average maximum diameter of the lesions was 7.6 mm (5-10 mm). No patient reported pain or discomfort during
procedure. 1/11 patient (9.1%) reported an early minor complication (a small superficial skin burn). After surgical excision, the
histopathological evaluation reported in 10/11 cases (90.9%) complete ablation of the target lesion. In only one case (9.1%)
residual cancer was detected. The necrotic-hemorrhagic cavities showed a mean maximum diameter of 27.3 mm (20-35 mm).
Conclusions: Laser ablation performed after excisional biopsy could be considered a valid alternative to surgical excision for the
treatment of lesions � 1 cm, if carried out by expert radiologists. The association of these minimally invasive percutaneous
methods has proven to be reliable, fast, and safe with an ablation rate of 90.9% and excellent aesthetic results. RM and CESM are
potentially able to quantifying treatment results and to follow-up the ablation effects.
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Introduction

Over the past decade, there have been extraordinary develop-

ments in breast cancer research, clinical management and ther-

apy that changed the landscape of the disease presentation,

allowing considerably more options for patients, particularly

in the treatment of early breast cancer, with a transition from

radical surgery to minimally invasive surgery. De facto, many

randomized studies have shown that there is no evident
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advantage in overall survival in breast cancer patients treated

with mastectomy and axillary dissection compared to those

undergone conservative surgery.1-3

The evolution of minimally invasive techniques has been

not only a consequence of the progress in diagnostic imaging

to obtain an early diagnosis but also a need born from the

pressing request of patients for conservative methods.4 In the

last few years, several radiologically guided percutaneous abla-

tive treatments of breast lesions have been proposed, such as

radiofrequency, cryo-ablation, microwave, high-intensity

focused ultrasound (US), irreversible electroporation and laser

interstitial thermal therapy (LITT).5-7 In fact, the increasing

frequency of diagnosis of small tumors has led to improve the

therapeutic path in this selected group of patients. Furthermore,

the possibility of obtaining, as traditional surgery, the oncolo-

gical radicality of breast cancer but with better aesthetic results,

low cost, and reducing hospitalization time is a very attractive

objective. The first method introduced in the minimally inva-

sive treatment of breast lesions was laser thermal ablation with

a study conducted by Harries in 1994.8 Since then, several

studies have been carried out but the results are limited because

the different works have not assessed the adequacy of the abla-

tion, but only the presence or absence of ablative changes.8-11

There are few studies in the literature evaluating the ade-

quacy of laser thermal ablation treatment with anatomic-

pathological evaluation after subsequent surgical excision,

demonstrating an ablation rate between 50 and 100%. The

ablation rate rises between 84 and 100% if only small breast

lesions are considered.12-15

Moreover, there are also studies on the laser thermal abla-

tion of benign lesions, such as fibroadenomas16,17 or as pallia-

tive therapy in inoperable or refusing surgery patients.18

It is also important underline that LITT has already been

widely standardized in several studies in the literature, both

ex-vivo and in-vivo, on brain, bone, skin, gastrointestinal, liver,

lung, pancreas, thyroid, retinal lesions, prostate and uterus19-26;

however the validation of tumor ablate therapy in breast clinical

practice is still ongoing, more prospective studies addressing

local failure rates, cosmesis, the effectiveness to detect residual

untreated disease, and long-term patient satisfaction are

required.27

The purpose of this preliminary study is to evaluate the feasi-

bility of the excisional eco-guided vacuum-assisted breast biopsy,

also known as Vacuum-Assisted Excision (VAE), followed by

eco-guided LITT in the treatment of unifocal ductal breast carci-

nomas, � 1 cm in maximum diameter, and estimate the ablation

Figure 1. The image shows bilateral mammography in cranio-caudal (A) and medio-lateral-oblique projections (B) demonstrating on inferior-

external quadrant of left breast an irregular radiopacity. US evaluation confirm a solid hypoechoic lesion, with irregular shape, not parallel

orientation, measuring 7 mm in maximum diameter (C). CESM (in left cranio-caudal and left medio-lateral-oblique projections), performed after

the diagnosis of Ductal Infiltrating Carcinoma, indicates pathological enhancement of the known lesion and demonstrates its unifocality (D).
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rate analyzing the final histopathological results after subsequent

surgical excision. A secondary aim is to assess the sensitivity of

Contrast Enhanced Spectral Mammography (CESM) and Mag-

netic Resonance Imaging (MRI) in the evaluation of tumor abla-

tion, using histopathological results as a benchmark.

Materials and Methods

The study was carried out at Tor Vergata University Hospital

(Rome, Italy) between August 2018 and November 2019. It

was approved by Tor Vergata Hospital Independent Ethics

Committee (approval n� 70/18). All patients provided written

informed consent before participating in the study.

Inclusion criteria were: women � 18 years with a diagnosis

of US-detectable �1 cm in maximum diameter, unifocal, inva-

sive breast cancer lesion, at least 1 cm depth from the skin

surface and pectoralis muscle. Patients with lobular carcino-

mas, multifocal or multicentric carcinomas, a prior history of

breast carcinoma were excluded.

At first, a needle core biopsy was performed on all patients

with a suspicious nodular lesion on conventional mammography

and breast US. Histopathological results were classified in the

diagnostic categories (B1-B5) according to the Fourth edition of

the European guidelines in breast cancer screening and

diagnosis.28

Subsequently, a second-level imaging, as breast MRI or

CESM, was performed on all patients with a diagnosis of inva-

sive breast cancer, for loco-regional staging and to assess uni-

focal/multifocal nature of the tumor (Figure 1). The preferred

imaging method for staging was MRI (Gyroscan Intera 1.5 T,

Philips Healthcare, Best, the Netherlands), performed before

and after the intravenous injection of 0.15 mmol/kg of gado-

benate dimeglumine (Gd-BOPTA-Multihance; Bracco Ima-

ging, Milan, Italy) and a 20-mL saline infusion. In case of

inability to carry out MRI (incompatible metal devices or habi-

tus, claustrophobia, contraindications to gadolinium) CESM

was performed (Senographe Essential mammography, GE

Medical Systems SCS, Buc, France). CESM is a mammo-

graphic technique utilizing a dual-energy exposure undertaken

during a single breast compression, following the injection

of an iodinated contrast agent (1.5 ml/kg body weight) and

a 20-mL saline infusion. Two minutes after injection, standard

Figure 2. The image shows US frame of the lesion in Figure 1 subjected to VAE breast biopsy (A), the moment of histological specimen

collection (B), fiber introduction into the biopsy site (C), and an US image post LITT ablation (D).
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mediolateral oblique (MLO), laterolateral (LL) and craniocau-

dal (CC) projections are undertaken on each breast.

In the present preliminary study, 11 female patients met the

inclusion criteria and, in a single therapeutic session in an

ambulatory care setting, underwent 2 different minimally inva-

sive percutaneous US-guided techniques: a VAE breast biopsy

with an 8 Gauge (G) needle to remove the lesion and, imme-

diately after, a LITT ablation in the biopsy site (Figure 2).

Procedures were performed with a free-hand approach by a

radiologist with 15 years of experience in breast interventional

radiology and 20 years of experience in breast imaging.

The patient was positioned supine and the US examination

was performed to identify the breast nodular lesion. After dis-

infecting the area and administering local anesthesia (10 ml

lidocaine hydrochloride 2%), a 5 mm incision was performed

using a scalpel to guarantee appropriate access for the needle

insertion. The excision was achieved with a Mammotome

vacuum-assisted system (Devicor Medical Products, Inc., Cin-

cinnati, OH, USA) with an 8-G needle under the guidance of

high-resolution US equipment (MyLabTM 9 XP, Esaote SpA,

Genoa, Italy) with 5-13 MHz linear array transducer, obtaining

a minimum of 12 samples, until there was no US evidence of

the lesion. When US evidence of complete resection was

achieved, the VAE device was removed and, afterward, LITT

ablation started.

The optic fibers were connected to a multi-source laser sys-

tem operating at 1.064 nm (EchoLaser X4, Elesta srl, Calen-

zano, Italy). A single fiber through a 21 G needle, was inserted

in the biopsy site under US-guidance with the fiber tip placed in

the center of the target area.

The position of the applicators was carefully controlled

using a bi-planar ultrasound probe.

At this point, it was supplied a power of 6 W and an energy

between 1200 J e 1800 J. Laser (Light Amplification by Sti-

mulated Emission of Radiation) light comes out of the fiber tip

and turns into thermal energy capable of destroying any

remaining cancer cell. The temperature near the tip of the fiber

reaches 100� C, causing vaporization in the target tissue area

and cell death through protein denaturation and coagulative

necrosis. The progress of ablation was monitored by US.

At the end of the laser ablation, the fiber was removed and

the operator released a MR-compatible titanium clip. There-

after, the biopsy site was compressed manually for at least 10

minutes until complete haemostasis. Sterile adhesives were

placed on the incision site and locoregional therapy with ice

and systemic antibiotics therapy were prescribed. Four weeks

Figure 3. The image shows left mammography in cranio-caudal (A) and medio-lateral-oblique projections (B) executed after LITT, demon-

strating edema into the site of the previous procedure without contrast enhancement referable to residual tumor in CESM in cranio-caudal (C)

and in medio-lateral-oblique projections (D). It is shown also the moment of systematic surgery (E), the surgical resection specimen with the

measurement of the necrotic cavity (F), and the histological sections of hematoxylin-eosin stain without evidence of tumor residue (G).
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later, all patients underwent clinical examination and radiolo-

gical follow-up, which included breast US evaluation and

second-level imaging (MRI or CESM) that were compared to

the ones performed before the procedures. During the radiolo-

gical examinations, the size of the necrotic cavity was mea-

sured and, after contrast medium injection, the presence in the

treated area of suspicious contrast-enhancement referable to

residual tumor was evaluated. Rim enhancement around the

cavity was considered inflammatory reaction.

Afterward, a systematic surgery was performed and histo-

pathological examination evaluated presence of residual breast

cancer and the size of necrotic cavity (Figure 3). The ablation

rate was calculated, and iconographic features were correlated

to histological results. Comparing radiological examination

with histopathological results after surgery, patients were cate-

gorized into 4 groups: “true positive” (both imaging and histo-

pathological evaluation showed macroscopic residual tumor),

“true-negative” (neither imaging nor histopathological evalua-

tion showed macroscopic residual tumor), “false-negative”

(imaging showed no macroscopic residual tumor, whereas

histopathological evaluation demonstrated the presence of can-

cer residue), “false-positive” (imaging showed macroscopic

residual tumor, whereas histopathological evaluation did not).

The MRI- and CESM-negative predictive value and sensi-

tivity rate were calculated.

Continuous variables are presented as the mean + standard

deviation. Pearson correlation index was used to compare dif-

ferences between the size of the inflammatory collection,

measured with CESM or MRI, and the size of the necrotic-

hemorrhagic cavity resulting from the definitive pathological

analysis. Schematic representation of the method is summar-

ized in Figure 4.

Results

The study included 11 female patients, with mean age 61 years

+ 6.1 (range: 54-70 years).

Average maximum diameter of the lesions subjected to

treatment was 7.6 mm + 1.4 (range 5-10 mm); all the lesions

were Infiltrating Ductal Carcinomas (B5b).

Local staging was performed using MRI in 8/11 (72.7%)

cases and CESM in 3/11 (27.3%) cases.

No patient included in our study reported pain or discomfort

during VAE and LITT, and no one stopped the procedure

before it ended. None of these patients experienced significant

complications after the procedure (deep skin burns, infections

or hematoma requiring aspiration). However, 1/11 patient

(9.1%) reported an early minor complication represented by a

small superficial skin burn.

The radiological follow-up, executed on average 32.6 days

+ 9.2 (range 22-57) after treatment, with the same contrast

imaging technique used pre-treatment, revealed, in each

patient, the inflammatory collection in the site of percutaneous

treatment (Figure 5), with a mean maximum diameter of 34.2

mm + 4.9 (range 32-43).

Surgery was carried out on average 10 days + 3.3 (range 2-

16) from clinical examination and radiological follow-up after

treatment. After surgical excision, the histological examination

revealed in all cases the effects of laser-ablative therapy show-

ing a central necrotic cavity containing fibrin-blood, material

surrounded by an intense xantho-granulomatous inflammatory

reaction with multinucleated giant cells, steatonecrosis and

fibrosis. After macroscopic histopathological analysis, the

necrotic-hemorrhagic cavities showed a mean maximum dia-

meter of 27.3 mm + 4.4 (range 20-35 mm).

The histopathological evaluation reported in 10/11 cases

(90.9%) complete ablation of the target lesion with no tumor

residue. In only one case (9.1%) (Figure 6), residual cancer,

represented by 2 foci of Infiltrating Ductal Carcinoma (mea-

sured, respectively, in 1.5 and 2.0 mm), was detected.

Correlating radiological (MRI/CESM) and histopathologi-

cal data, 8 true negatives, 1 true positive, 0 false negative and 2

false positives resulted. These data demonstrate 100% in both

sensitivity and negative predictive value of MRI and CESM in

assessing the effectiveness of LITT. Furthermore, as showed in

Figure 7, a statistically significant correlation was observed

Figure 4. Flow chart of the study phases.
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Figure 5. The image shows a comparison between MRI before (A and B) and after (C and D) LITT. The T2 weighted (A) and the T1 weighted

post-contrast dynamic sequences (B) performed before procedure show a mass enhancement in the external quadrants of left breast that appears

replaced by a necrotic cavity (C) with only inflammatory rim-enhancement (D) after procedure.

Figure 6. The image shows CESM in medio-lateral-oblique (A) and in cranio-caudal projections before LITT (B) presenting a lesion in the

external quadrants of left breast, CESM after LITT (C) and histological sections of hematoxylin-eosin stain showing at low magnification the

central necrotic-hemorrhagic cavity with the 2 foci of Infiltrating Ductal Carcinoma (arrow heads) (D), and a detail of a focus of Infiltrating

Ductal Carcinoma in image at high magnification (E).
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between the size of the inflammatory collection, measured with

CESM or MRI, and the size of the necrotic-hemorrhagic cavity

resulting from the definitive pathological analysis (Pearson

correlation index r ¼ 0.649).

Discussion

During last years, a series of minimally invasive ablative treat-

ments of breast lesions with a radiological guide have been

tested.5-7 These types of treatments allow the ablation of the

lesion due to the percutaneous emission of different types of

energy for destroying cancer cells. The laser radiation diffuses

into the tissues as thermal energy able to determine tumor

necrosis with both direct damage, caused by the increased

temperature (thermo-ablation), and also indirect damage to the

surrounding tissue. Indirect effects occur after thermo-ablation

by progressive destruction of the tissue by vaporization, micro-

vascular damage, necrosis and the activation of a strong

immune reaction capable of attacking the residual tumor.14,15

Compared to other methods, the main advantage of using laser

light for thermal applications is its ability to focus a precise

amount of energy in a restricted area, inducing a controlled and

reproducible coagulative necrosis. In addition, the photo-

coagulative effect reduces the bleeding risk. Like other percu-

taneous ablative therapies, aesthetic results are excellent, with

a reduction of costs and hospitalization rate, compared to con-

ventional surgical therapy. Furthermore, the procedure is out-

patient, well tolerated by patients, and the adverse reactions

rate is very low. Actually, we reported just one case of skin

burn.

In our pilot trial LITT was performed immediately after

VAE procedure within the residual biopsy site.

This is the first study in literature which combines, in an

unique therapeutic session, 2 different minimally invasive tech-

niques (VAE and LITT). These techniques, both widely vali-

dated by literature, do not have however an individually

reliability comparable to the surgical resection, who represents

the “standard of care.” Several Authors have confirmed that

VAE represents a valid alternative to surgery thanks to the

capability to remove nodules up to 3 cm in size by 8 G nee-

dles.29-31 Indeed, it has been widely validated for the treatment

of some B3 (uncertain malignant potential) lesion.32-34 The

proposal to associate VAE with a second minimally invasive

percutaneous therapy such as LITT for the treatment of B5

lesions is interesting and totally innovative. The aim of the

laser procedure would be to erase the residual tumor cells from

the procedure cable.

In our opinion systematic VAE þ LITT association offers

great potential. Our results demonstrate the feasibility of this

procedure with a success rate of 90.9%, complete lesion abla-

tion occurred in 90.9% of cases. This value is far higher than

the ablation rates found in literature about the exclusive use of

LITT.12-15 Just in one case we observed a tumor residue

(respectively, 2 foci of 1.5 and 2 mm). We would highlight

that it was the first Patient of our trial, the reason why failed

ablation could be related to the lesser confidence with the

technique. In this regard, several studies have demonstrated

that results improve with experience.12-14 The visualization

of the target area during the procedure can be difficult due to

tissue vaporization and an incorrect positioning of the laser

needle-fiber can invalidate the treatment goal. Thus, the radi-

ologist should have a long experience in breast interventional

procedures and excellent manual skills. In 2 cases (18.2%),

histological analysis showed the presence of a millimetric car-

cinoma far from the central cavity.

The main limit of this study is to miss further carcinomas in

residual breast, not previously diagnosed by imaging due to

their small size; this possibility could improve risk of local

disease recurrence. In this regard, it is important to remind that

the detection rate of new carcinoma foci is currently high in

conventional breast conservative surgical therapy. According

to Houssami et al., positive margins rate is 26% in patients

treated with quadrantectomy or nodulectomy and there is also

no clear evidence of correlation between negative margins and

reduced risk of local disease recurrence.35 Despite a surgical

adequate resection, the possibility to find additional cancers in

residual breast is high. However, the use of loco-regional radio-

therapy and medical therapy reduces the probability of both

local and systemic recurrence.

The laser ablation performed after excisional biopsy could

therefore be considered a valid alternative to surgical excision

for the treatment of lesions� 1 cm. The small tumors detection

is now increasingly frequent thanks to technological advances,

the spread of large-scale screening programs and awareness-

raising campaigns on the importance of early diagnosis which

increases the survival rate.6 The possibility of reducing the

Figure 7. The graph shows a direct linear relationship between the

size of the inflammatory collection measured with CESM or MRI

(abscissas) and the size of the necrotic-hemorrhagic cavity evaluate

on histopathological analysis after surgery (ordinates), resulting in

a statistically significant correlation (Pearson correlation index

r ¼ 0.649).

Perretta et al 7



aggressiveness of the breast cancer therapeutic approach is a

topic of great social interest, both economically and psycholo-

gically for patient, so VAE þ LITT association could be the

answer in this concern.

Finally, there was a statistically significant correlation

between histopathological results and MRI/CESM findings

that shows a negative predictive value of 100% for tumor resi-

duals. RM and CESM are potentially able to follow-up the

ablation effects and could be used in future studies as a refer-

ence parameter in quantifying treatment results and patient

follow-up. This technique reachs the goal to measure the size

of necrotic cavity compared to the histopathological analysis

(p < 0.01). Nevertheless, CESM, as RM, has presented false

positive cases. Post-treatment inflammation and edema could

in fact limit the complete visibility of the neoplastic residue

present. In future works could be interesting to use some

statistical measurements, US/MRI co-registration or textural

features to help radiologists characterize the enhancement.36-38

Conclusions

Although our results are based on a preliminary study on a

small cohort of patient, we propose that Infiltrating Ductal

breast Carcinomas (maximum diameter � 1) could be treated

with VAE þ LITT, if carried out by expert radiologists. The

association of these minimally invasive percutaneous methods

has proven to be reliable, fast, safe and well tolerated with an

ablation rate of 90.9% and excellent aesthetic results. MRI and

CESM have shown high sensitivity and negative predictive

value in monitoring the effects of the ablative procedure, with

a strong radiological-pathological correlation between the size

of the inflammatory collection radiologically detected and the

histological necrotic-hemorrhagic cavity.

Further studies are necessary to standardize and validate this

technique for treatment of small breast lesions, is important

underline that only a close cooperation between different spe-

cialists in a multidisciplinary team, finalized to a correct selec-

tion of patients, will allow the success of this new minimally

invasive therapeutic approach.

Authors’ Note

Approved by the ethics committee of the University.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-

ship, and/or publication of this article.

ORCID iD

Carla Di Stefano https://orcid.org/0000-0001-5118-4549

References

1. Fonseca R, Hartmann LC, Petersen IA, et al. Ductal carcinoma in

situ of the breast. Ann Intern Med. 1997;127(11):1013-1022.

2. Morrow M, Van Zee KJ, Solin LJ, et al. Society of Surgical

Oncology-American Society for Radiation Oncology-American

Society of Clinical Oncology Consensus Guideline on margins

for breast-conserving surgery with whole-breast irradiation in

ductal carcinoma in situ. Pract Radiat Oncol. 2016;pii:S1879–

8500(16)30109–6. doi:10.1016/j.prro.2016.06.011

3. Dunne C, Burke JP, Morrow M, Kell MR. Effects of margin status

on local recurrence after breast conservation and radiation therapy

for ductal carcinoma in situ. J Clin Oncol. 2009;27(10):1615-1620.

4. Al-Ghazal SK, Fallowfield L, Blamey RW. Comparison of psy-

chological aspects and patient satisfaction following breast-

conserving surgery: simple mastectomy and breast reconstruction.

Eur J Cancer. 2000;36(15):1938-1943.

5. Fleming MM, Holbrook AI, Newell MS. Update on image-guided

percutaneous ablation of breast cancer. Am J Roentgenol. 2017;

208(2):267-274. doi:10.2214/AJR.16.17129

6. Mauri G, Sconfienza LM, Pescatori LC, et al. Technical success,

technique efficacy and complications of minimally-invasive

imaging-guided percutaneous ablation procedures of breast can-

cer: a systematic review and meta-analysis. Eur Radiol. 2017;

27(8):3199-3210. doi:10.1007/s00330-016-4668-9

7. Pediconi F, Marzocca F, Cavallo Marincola B, Napoli A. MRI-

guided treatment in the breast. J Magn Reson Imaging. 2018;

48(6):1479-1488. doi:10.1002/jmri.26282

8. Harries SA, Amin Z, Smith ME, et al. Interstitial laser photocoa-

gulation as a treatment for breast cancer. Br J Surg. 1994;81(11):

1617-1619.

9. Bloom KJ, Dowlat K, Assad L. Pathologic changes after inter-

stitial laser therapy of infiltrating breast carcinoma. Am J Surg.

2001;182(4):384-388.

10. Akimov AB, Seregin VE, Rusanov KV, et al. Nd: YAG interstitial

laser thermotherapy in the treatment of breast cancer. Lasers Surg

Med. 1998;22(5):257-267.

11. Mumtaz H, Hall-Craggs MA, Wotherspoon A, et al. Laser therapy

for breast cancer: MR imaging and histopathologic correlation.

Radiology. 1996;200(3):651-658.

12. Van Esser S, Stapper G, van Diest PJ, et al. Ultrasound-guided laser-

induced thermal therapy for small palpable invasive breast carcino-

mas: a feasibility study. Ann Surg Oncol. 2009;16(8):2259-2263.

13. Dowlatshahi K, Francescatti DS, Bloom KJ. Laser therapy for

small breast cancers. Am J Surg. 2002;184(4):359-363.

14. Schwartzberg B, Lewin J, Abdelatif O, et al. Correction to: phase

2 open-label trial investigating percutaneous laser ablation for

treatment of early-stage breast cancer: MRI, pathology, and out-

come correlations. Ann Surg Oncol. 2018;25(Suppl 3):998. doi:

10.1245/s10434-018-6861-3

15. Haraldsdottir KH, Ivarsson K, Gotberg S, Ingvar C, Stenram U,

Tranberg KG. Interstitial laser thermotherapy (ILT) of breast can-

cer. Eur J Surg Oncol. 2008;34(7):739-745.

16. Basu S, Ravi B, Kant R. Interstitial laser hyperthermia, a new

method in the management of fibroadenoma of the breast: a pilot

study. Lasers Surg Med. 1999;25(2):148-152.

8 Technology in Cancer Research & Treatment

https://orcid.org/0000-0001-5118-4549
https://orcid.org/0000-0001-5118-4549
https://orcid.org/0000-0001-5118-4549


17. Dowlatshahi K, Wadhwani S, Alvarado R, Valadez C, Diesch-

bourg J. Interstitial laser therapy of breast fibroadenomas with 6

and 8 year follow-up. Breast J. 2010;16(1):73-76.

18. Nori J, Gill MK, Meattini I, et al. The evolving role of ultrasound

guided percutaneous laser ablation in elderly unresectable breast

cancer patients: a feasibility pilot study. Biomed Res Int. 2018;

2018:9141746.

19. Zhou W, Zhang L, Zhan W, Jiang S, Zhu Y, Xu S. Percutaneous

laser ablation for treatment of locally recurrent papillary thyroid

carcinoma <15 mm. Clin Radiol. 2016;71(12):1233-1239. doi:10.

1016/j.crad.2016.07.010

20. Wenger H, Yousuf A, Oto A, Eggener S. Laser ablation as focal

therapy for prostate cancer. Curr Opin Urol. 2014;24(3):236-240.

doi:10.1097/MOU.0000000000000044

21. Mirza FN, Khatri KA. The use of lasers in the treatment of skin

cancer: a review. J Cosmet Laser Ther. 2017;19(8):451-458. doi:

10.1080/14764172.2017.1349321

22. Zhao Q, Tian G, Chen F, Zhong L, Jiang T. CT-guided percuta-

neous laser ablation of metastatic lung cancer: three cases report

and literature review. Oncotarget. 2017;8(2):2187-2196. doi:10.

18632/oncotarget.13901

23. Rodriguez A, Tatter SB. Laser ablation of recurrent malignant

gliomas: current status and future perspective. Neurosurgery.

2016;79(Suppl 1): S35-S39.

24. Gough-Palmer AL, Gedroyc WM. Laser ablation of hepatocellu-

lar carcinoma—a review. World J Gastroenterol. 2008;14(47):

7170-7174.

25. Ahrar K, Stafford RJ. Magnetic resonance imaging-guided laser

ablation of bone tumors. Tech Vasc Interv Radiol. 2011;14(3):

177-182. doi:10.1053/j.tvir.2011.02.010

26. Stroszczynski C, Gaffke G, Gnauck M, et al. Current concepts and

recent developments of laser ablation in tumor therapy. Radi-

ologe. 2004;44(4):320-329.

27. Ollila DW, Hwang ES, Brenin DR, Kuerer HM, Yao K, Feldman

S. The changing paradigms for breast cancer surgery: performing

fewer and less-invasive operations. Ann Surg Oncol. 2018; https://

doi.org/10.1245/s10434-018-6618-z

28. Perry N, Broeders M, de Wolf C, Törnberg S, Holland R, von

Karsa L. European guidelines for quality assurance in breast can-

cer screening and diagnosis. Fourth edition. Ann Oncol. 2008;

19(4):614-622. DOI:10.1093/annonc/mdm481

29. Lui CY, Lam HS. Review of ultrasound-guided vacuum-assisted

breastbiopsy: techniques and applications. J Med Ultrasound.

2010;18(1):1-1.

30. Perretta T, Lamacchia F, Ferrari D, et al. Evaluation of

ultrasound-guided 8-gauge vacuum-assisted excision system for

the removal of US-detectable breast lesions. Anticancer Res.

2020;40(3):1719-1729. doi:10.21873/anticanres.14125

31. La Forgia D, Fausto A, Gatta G, et al. Elite VABB 13G: a new

ultrasound-guided wireless biopsy system for breast lesions.

Technical characteristics and comparison with respect to tradi-

tional core-biopsy 14-16 g systems. Diagnostics (Basel). 2020;

10(5):291. Doi:10.3390/diagnostics10050291

32. Pinder SE, Shaaban A, Deb R, et al. NHS breast screening multi-

disciplinary working group guidelines for the diagnosis and man-

agement of breast lesions of uncertain malignant potential on core

biopsy (B3 lesions). Clin Radiol. 2018;73(8):682-692. doi:10.

1016/j.crad.2018.04.004

33. Tennant SL, Evans A, Hamilton LJ, et al. Vacuum-assisted exci-

sion of breast lesions of uncertain malignant potential (B3)—an

alternative to surgery in selected cases. Breast. 2008;17:546-549.

https://doi.org/10.1016/j.breast.2008.08.005

34. Rageth CJ, O’Flynn EAM, Pinker K, et al. Second international

consensus conference on lesions of uncertain malignant potential

in the breast (B3 lesions). Breast Cancer Res Treat. 2019;174(2):

279-296. https://doi.org/10.1007/s10549-018-05071-1

35. Houssami N, Macaskill P, Marinovich ML, et al. Meta-analysis of

the impact of surgical margins on local recurrence in women with

early-stage invasive breast cancer treated with breast-conserving

therapy. Eur J Cancer. 2010;46(18):3219-3232. doi:10.1016/j.

ejca.2010.07.043

36. Losurdo L, Basile TMA, Fanizzi A, et al. A gradient-based

approach for breast DCE-MRI analysis. Biomed Res Int. 2018.

doi:10.1155/2018/9032408

37. Fausto A, Bernini M, La Forgia D, et al. Six-year prospective

evaluation of second-look US with volume navigation for MRI-

detected additional breast lesions. Eur Radiol. 2019;1799-1808.

Doi:10.1007/s00330-018-5765-8

38. Losurdo L, Fanizzi A, Basile TMA, et al. Radiomics analysis on

contrast-enhanced spectral mammography images for breast can-

cer diagnosis: a pilot study. Entropy. 2019;21(11):1110. Doi:10.

3390/e21111110

Perretta et al 9



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


