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Abstract

Background: In locally advanced breast cancers, the use of preoperative systemic therapy has been shown to
induce tumor response and to improve the local control rate after subsequent surgery and radiation therapy. The
purpose of the study is to evaluate the accuracy of localization of breast malignant masses in patients who received
neoadjuvant chemotherapy and will undergo conservative breast surgery by using clip and wire marker.

Results: Clip placement was done in 20/20 cases (100%). There was no mammographic evidence of clip migration
or complication related to the clip insertion. Wire localization of tumor bed marked by radiopaque clip 1-day
preoperative was done in 18/20 patient (90%), the other 2 patients, the masses were clinically palpable (10%).
Accurate localization by wire was positive in 18/18 cases. Clip and wire retrieval were positive in all cases.

Conclusion: Clip markers can be used for tumor localization in breast cancer patients undergoing neoadjuvant
chemotherapy without migration. Clips are tolerated and safe for the patient, easily visualized on imaging, do not
interfere with treatment response, and are cost-effective. Also, serves as a guide for post-neoadjuvant
chemotherapy localization when the tumor is not palpable.
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Background
Breast cancer is currently the second most common can-
cer worldwide and, by far, the most frequent malignant
tumor among women and female cancer patients [1, 2].
Mastectomy followed by postmastectomy radiation has

been the standard of treatment for patients with locally
advanced breast cancer (LABC) in that a breast-conserving
approach for patients with larger primary tumors may not
have been technically feasible, may not have been as
effective, and may have resulted in significant cosmetic
deformity. However, since the introduction of neoadju-
vant chemotherapy (NAC), a large number of patients

with locally advanced primary disease have enjoyed a
conservative approach [3].
Neoadjuvant chemotherapy (NAC) has been the ac-

cepted standard of care for patients with operable or in-
operable breast cancers. The benefits of NAC performed
prior to surgery are as follows: (1) reduction of mortality;
(2) improvement of surgical options, such as conversion
to breast-conserving surgery (BCS) in operable patients,
as well as surgery in previously inoperable patients; and
(3) early collection of information on the treatment re-
sponse and tumor biology of the breast cancer [4, 5].
The combination of neoadjuvant chemotherapy and

surgery offers better local disease control and overall
survival than surgery alone in patients with breast cancer,
especially those with locally advanced breast cancer [6].
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As new chemotherapeutic agents have been developed,
patients who have undergone NAC have shown a positive
response (approximately 80%). Sometimes, a dramatic
pathologic complete response (pCR) can be achieved. For
these reasons, international breast cancer specialist panels
in 2006 and 2010 referred to the importance of the
radiopaque clip [6]. The placement of radiopaque markers
is essential for patients with NAC and BCS because a dra-
matic pCR in a patient with a nonradiopaque marker
would not allow the surgeon to accurately locate and ex-
cise any residual cancerous tissue, or reconstruct the
breast with a satisfactory cosmetic result [4].
It was reported that in 47% of the cases, the metallic

markers implanted under sonographic guidance were
the only remaining evidence of the original site of the
tumor. They conclude that this technique effectively ad-
dresses the problem of preoperative localization of the
tumor bed in patients who are expected to achieve a
complete or near-complete response to NAC [7].

Methods
Patients
The study was approved by the hospital ethical committee
and informed consent was obtained from all patients. The
study included 20 patients presenting with breast malignant
masses referred from a multidisciplinary team ( MDT) to
the Diagnostic Radiology Department for evaluation during
the period from October 2016 to March 2018.
All patients had pathologically proven locally advanced

breast cancer, categorized as BIRADS VI, scheduled to
receive neoadjuvant chemotherapy with later planning
breast-conservative surgery through localization by clip
placement and wire localization.
All patients received neoadjuvant chemotherapy. Tumor

response was assessed after two cycles of chemotherapy.

� Inclusion criteria:

If lesion decreases by 50% of its size or reaches 2 cm
maximum in diameter as the possibility of complete dis-
appearance is anticipated.

Fig. 1 Diagrammatic illustration explaining the site of entry of wire, its direction, the distance between it and the lesion, the distance between
lesion and skin and, lastly the distance between the site of entry and skin

Fig. 2 A 55-year-old female presented with left breast lump proved
to be IDC grade I. Left breast MLO a and CC b view show UIQ clip.
No wire localization was done as the mass was palpable.
Intraoperative specimen mammography c show clip retrieved
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� Exclusion criteria:

If lesion has a poor response to NAC and slight or no
decrease in size detected

Methods and image analysis
In all cases (20/20), breast cancer was diagnosed using tru-
cut or core biopsy performed under clinical or sonographic
guidance and final histopathological results from the biopsy
were reviewed and pathological types of breast cancer and
immunochemical markers, including the estrogen receptor,
progesterone receptor, and human epidermal growth factor
receptor 2 (HER2) were also evaluated.
All cases were subjected to bilateral digital mammog-

raphy, high-field superficial ultrasound, and clip placement.

Mammography
Bilateral mammography included routine craniocaudal
and mediolateral oblique views of the breasts. Further
magnification and compression views were obtained if
necessary. All examinations were performed by radio-
graphic technicians under direct supervision.
Four features were specifically assessed in each mammo-

graphic examination for each breast: nodular opacity,
microcalcifications, architectural distortion, and asymmet-
ric density. More than one feature could be present in a
single breast. Contra-lateral findings suspicious for or
highly suggestive of malignancy were sampled for biopsy.

Ultrasound
All patients were examined by whole-breast sonography in
transverse and longitudinal planes with knowledge of clin-
ical and mammographic findings using a high-resolution
5–12 MHz superficial liner small parts transducer. Some-
times, in very large breasts and deep-seated tumors, the 3.5
MHz curvilinear probe was used and the maximum dimen-
sion of the lesion or lesions corresponding to the known
malignancy was measured. For the inner medial breast,
scanning was performed with the patient in the supine

Fig. 3 A 53-year-old female presented with two left breast lumps proven to be IDC grade II. Left breast MLO a and CC b view show LOQ
suspicious spiculated masses with the clips. US-guided clip placement c. Preoperative wire localization MLO d and CC e. Intraoperative specimen
mammography f shows clip and wire retrieved

Table 1 Preoperative wire localization number and percentage

Frequency Percent

Negative 2 10.0

Positive 18 90.0

Total 20 100.0
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position. For the outer lateral breast, the patient was placed
in the contralateral oblique position with a pillow under
her shoulder and her arm raised. Survey systematic scan-
ning was done in sagittal and transverse planes and in other
planes whenever necessary according to the long axis of the
mass. Both axillae were evaluated for pathological lymph
nodes. Lymph nodes reported as larger than 1 cm, matted,
or exhibiting loss of fatty hilum, thickened cortex, or irregu-
lar node contour were considered pathologic.

Clip placement
Commercial disposable clip applier was used for all pa-
tients scheduled for NAC. A short skin incision was made
using local anesthesia under aseptic conditions. Location
of the clips was confirmed by US immediately after clip in-
sertion. The inserted clips appeared as linear hyperechoic
structures with or without posterior shadowing. In case of
multifocal lesions, additional clip was placed. Postproce-
dural mammography was performed to confirm object-
ively the appropriate location of the inserted clips.

Wire localization
Reassessment by sonomammography is done 1-day pre-
operatively and wire localization is used in patients with
no palpable masses. Breast conservative surgery is done to
the patients by the removal of the tumor and surrounding

margins of normal breast tissue. With a detailed report
written by the radiologist commenting on site of entry of
wire, its direction, distance between it and the lesion, the
distance between lesion and skin, and lastly, the distance
between the site of entry and skin, with illustrative draw-
ing explaining it (Fig. 1).
Postoperative specimen mammography was done for

ascertaining removal of wire, clip, mass, and any nearby
micro-calcification or architectural distortion if present
and assessment of safety margin of removal. Two patho-
logical examinations were done to the patients, first
intraoperative frozen section study to examine margins
so that in cases margin was infiltrated, re-excision is
done and if the margin was free then final paraffin
examination of the specimen was done.

Statistics
Data were statistically described in terms of mean ± stand-
ard deviation (± SD), median and range, or frequencies
(number of cases) and percentages when appropriate.

Results
The current study included 20 patients with pathologic-
ally proven breast cancer and staged as locally advanced
by clinical examination and/or imaging methods.

Fig. 4 A 58-year-old female presented with left breast lump proved to be IDC grade II. Left breast MLO a and CC b view show UIQ suspicious
mass with the clip. US-guided clip placement c. Preoperative wire localization MLO d and CC e. Intraoperative specimen mammography f shows
clip and wire retrieved
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Patients statistically evaluated in the study were patho-
logically proven malignant, BIRADS VI, with the refer-
ence standard being the samples that were obtained with
core biopsy, trucut biopsy performed under sonographic
guidance, with mean age 46.60 and standard deviation ±
8.858. The highest frequency of cases (40%) occurs be-
tween 46 and 55 years.
Clip placement was done to localize the lesion in all

the 20 cases (100%). There was no mammographic evi-
dence of clip migration during postprocedural follow-up,
preoperative final follow-up, and in surgical specimens.
Moreover, no complication related to the clip insertion
was noted during the study period, and no patient com-
plained of heat sensation or pain.
Localization of tumor bed marked by radiopaque clip

using US-guided placement of wire 1-day preoperatively
was done in 18 patients (90%) and was not done in 2 pa-
tients where the masses were clinically palpable (10%)
(Fig. 2), Table 1.
Accurate localization by wire was positive in all the

18 cases as confirmed by ultrasound and the mean
distance between wire and clip was 0.36 cm (Figs. 3,
4, 5, 6 and 7).
The 20/20 patients underwent breast-conservative sur-

gery after completion of neoadjuvant chemotherapy.

Specimen radiological examination was done to assess
the clip retrieval inside the specimen, and it was positive
in 20 patients (100%).
Wire retrieval was positive in all the 18/18 cases who

had preoperative wire localization.
Margins were assessed radiologically, frozen section

intraoperative and paraffin section postoperative (Fig 8).

� Radiological examination by specimen mammography;
margin was free in 20 patients (100%).

� Intraoperative frozen section examination; margin
was free in 19 patients (95.5%), infiltrated in one
patient (5%).

� Postoperative paraffin section examination; margin
was free in 19 patients (95%), infiltrated in one
patient (5%) and re-excision was done till free
margin reached.

The pathology results for the 20 patients showed that
19 (95%) were invasive duct carcinoma and one (5%)
was invasive duct carcinoma with medullary features
Table 2.
The grade of tumor in the 20 patients was grade 1 in 3

(15%), grade 2 in 15 (75%), and grade 3 in two cases
(10%) Table 3.

Fig. 5 A 44-year-old female presented with right breast lump proved to be IDC grade II. Right breast MLO a and CC b view show UOQ
spiculated malignant mass with the clip. US-guided clip placement c. Preoperative wire localization MLO d and CC e. Intraoperative specimen
mammography f shows clip and wire retrieved
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The immunohistopathological examination of hormone
receptors of the tumors using ER, PR, Her2, and Ki67
markers showed:

� ER marker was positive in 10 patients (50%) and
negative in 10 patients (50%)

� PR marker was positive in 11 patient (55%) and
negative in 9 patients (45%)

� Her2 marker was positive in 11 patient (55%) and
negative in 9 patients (45%)

� Ki67 marker was high in 16 patients (80%) and low
in 4 patients (20%)

Discussion
Breast cancer is the most frequently diagnosed malig-
nancy and the second most common cause of cancer-
related death in women worldwide [8].
Despite recent advances in screening mammography,

locally advanced breast cancer remains a challenging
clinical problem [9] accounting for 50–70% of patients
with breast cancer presenting for treatment [10].
LABC includes large tumors (>5 cm or T3), tumors of

any size that involve skin and/or chest wall (cT4a-c or
Stage IIIB), tumors with fixed or matted axillary lymph

nodes or tumors clinically detected in the ipsilateral in-
ternal mammary nodes without involvement of axillary
lymph nodes (N2), and tumors that involve ipsilateral
infraclavicular, supraclavicular, or internal mammary
lymph nodes with axillary lymph nodes involvement
(cN3 or Stage IIIC) [11].
Nineteen out of the 20 patients (95%) in this study

were diagnosed invasive duct carcinoma close to the re-
sults of Masroor et al. [12] who stated that 88% of the
cases were invasive duct carcinoma.
Untch et al. [13] stated that although one of the major

benefits of neoadjuvant chemotherapy is the possibility
to assess the clinical response of the primary tumor and
reduction in its size which can range from a minimal
response to clinical complete response (cCR), the later
effects often make it difficult for surgeons and patholo-
gists to clearly identify the former tumor area and en-
sure clear resection margins. The insertion of a clip at
the time of diagnosis can ensure the identification of the
tumor area after multiple cycles of chemotherapy and
improve the accuracy of the surgical excision and subse-
quent pathological assessment after neoadjuvant therapy.
Similar to McLaughlin [14], whose study stated that
surgeons considering neoadjuvant chemotherapy and the
possibility of BCT must ensure the tumor is properly

Fig. 6 A 48-year-old female presented with two left breast lump proved to be IDC grade II. Left breast MLO a and CC b view show UIQ
suspicious mass with the clip. US-guided clip placement c. Preoperative wire localization MLO d and CC e. Intraoperative specimen
mammography f shows clip and wire retrieved.
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marked with a clip before the start of therapy to allow
localization and removal of the tumor bed in the event
of a cCR.
The use of a marker clip placed in the tumor bed has

been reported as a safe and inexpensive technique that

allows for subsequent localization of the tumor bed be-
fore surgical resection in patients who are receiving neo-
adjuvant chemotherapy [4].
The current research is a prospective study to evaluate

the localization of breast malignant masses in patients
who received neoadjuvant chemotherapy and will undergo
conservative breast surgery by using clip and wire marker.
In the present study, 40% of patients (8/20) with breast

cancer were in the age group from 46 to 55 years in
agreement with Siegel et al. [15] study where breast can-
cer was most common in the age group 40–59 years.
However, Mir and Singh [16] reported in their epi-
demiological study that the highest frequency of breast
cancer occurred between 45 and 49 years.
In this study, all patients received neoadjuvant chemo-

therapy. Tumor response was assessed by comparing the
imaging findings after two cycles of chemotherapy. In
concordance with OH et al. [17], clip placement was
done if lesion decreased to 50% of its size or reached 2
cm in diameter as the possibility of complete disappear-
ance is anticipated.
In our study, wire localization was done on radiopaque

clip in 18 cases with non-palpable lesions at the end of
neoadjuvant chemotherapy for accurate and easy ap-
proach by the surgeon to the tumor bed and in the other
2 patients. The mass was clinically palpable and there
was no need for wire localization.
In concordance with our study, Chan et al. [18] and

Sharek et al. [19] stated that the most widely adopted

Fig. 7 A 53-year-old female presented with left breast lump proved
to be IDC grade III. Left breast MLO a and CC b view show UOQ
suspicious mass with the clip. US-guided clip placement c.
Preoperative wire localization CC view d. Intraoperative specimen
mammography e shows clip and wire retrieved

Fig. 8 Graph showing margin assessment radiologically, frozen section, and paraffin section

Table 2 Histopathology diagnosis for all patients

Frequency Percent

IDC 19 95.0

IDC with medullary features 1 5.0

Total 20 100.0

IDC Invasive ductal carcinoma
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approach radiographic wire localization immediately
before surgical resection is currently the accepted stand-
ard of care for preoperative localization of nonpalpable
breast lesions.
While Ramos et al. [20], reported that wire-guided

localization is the standard procedure but is a time-
consuming procedure because it requires the expertise of
an experienced radiologist and it is uncomfortable and
usually stressful for the patient. Moreover, it may be asso-
ciated with a high number of positive margins, increases
in local recurrences, inadvertent wire displacement during
patient transfer, surgical positioning, or during postproce-
dure mammography and a poor cosmetic result while
intraoperative ultrasound (IOUS) excision, an attractive
and recommendable practice as an alternative to other
excision techniques in patients with complete clinical
responses after NACT as wire localization.
In our study, as in studies conducted by Youn et al. [4]

and Masroor et al. [12], there was no evidence of clip
migration during postprocedural follow-up, preoperative
final follow-up, and in surgical specimens. Moreover, no
complication related to the clip insertion was noted dur-
ing the study period, and no patient complained of heat
sensation or pain.
Achieving negative surgical margins is a hallmark of

successful BCT because this is associated with a lower
rate of local recurrence [14].
In the current study, the specimens were examined

radiologically by mammography to ensure clip and wire
presence and to assess the margin. The clip and wire re-
trieval was positive in all cases similar to Masroor et al.
[12] study. The margin was free radiologically in 17 out of
the 18 patients underwent wire localization with accuracy
of 95%. These results were close to Ihrai et al. [21], results
that stated specimen mammography allowed the achieve-
ment of negative margins in 93.5% of the cases.

Conclusion
Clip markers can be used for tumor localization in
breast cancer patients undergoing NACT without migra-
tion. Our results have shown that clips are well tolerated
and safe for the patient, easily visualized on imaging, do
not interfere with treatment response, and are cost-
effective. Also, serves as a guide for post-NAC localization
when the tumor is not palpable.
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