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Abstract

PURPOSE: We aimed to determine whether clinical examination could adequately ascertain the volume of tissue fo
be resected during breast-conserving surgery after neoadjuvant therapy. METHODS: We reviewed the clinical reports
of 279 patients with histologically diagnosed invasive breast carcinomas treated with neoadjuvant therapy followed
by surgery or with primary surgery alone. Ve esftimated volumes of excised fissues, the volume of the tumor mass and
the optimal volume required for excision based on 1 cm of clear margins. The actual excess of resected volume was
estimated by calculating the resection ratio measured as the volume of the resected specimen divided by the optimal
specimen volume. The study endpoints were fo analyze the extent of tissue resection and fo ascertain the effect of excess
resected fissue on surgical margins in both groups of patients. RESULTS: The median tumor diameter was 2.0 and
1.5 cm in the surgery and neoadjuvant therapy groups, respectively. The median volume of resected mammary fissue
was 64.3 cm?® in the primary surgery group and 90.7 cm® in the neoadjuvant therapy group. The median resection
ratios in the primary surgery and neoadjuvant therapy groups were 2.0 and 3.3, respectively (p<0.0001). Surgical
margin data were similar in both groups. Comparison of the volume of resected mammary fissues with the tumor diameters
showed a positive correlation in the primary surgery group and no correlation in the neoadjuvant therapy group.
CONCLUSION: Surgeons tend fo excise large volumes of tissue during breastconserving surgery after neoadjuvant
therapy, thereby resulting in a loss of the correlation between tumor diameter and volume of the excised specimen.

Resumo

OBJETIVO: Foi deferminar se a avaliagdo clinica é adequada na deferminagdo do volume a ser ressecado em cirurgias
conservadoras de mama apés tralamento neoadjuvante. METODOS: Avaliamos 279 pacientes com diagnéstico
histolégico de carcinoma invasor de mama submetidas & terapia neoadjuvante seguida de fratamento cirdrgico ou
fratadas com cirurgia primaria. O volume de fecido excisado, o volume da massa tumoral e o volume étimo para a
excissdo cirlrgica baseado em uma margem de 1 cm foram calculados. O excesso de volume excisado foi estimado
pelo céleulo da taxa de resseccdo determinada pelo volume de tecido excisado dividido pelo volume étimo para
a excisdo cirdrgica. Analisamos a extenséo da ressecgdo cirlrgica e o efeito do exesso de tecido ressecado na
obtencao de margens cirdrgicas. RESULTADOS: A mediana do digmetro tumoral foi de 2,0 e 1,5 cm nos grupos de
cirurgia priméria e ferapia neoadjuvante, respectivamente. A mediana do volume de tecido mamério ressecado foi
de 64,3 cm® no grupo de cirurgia primaria e de 90,7 cm® no grupo de fratamento neoadjuvante. A taxa mediana de
ressec¢do nos grupos de cirurgia primdria e terapia neoadjuvante foram 2,0 e 3,3 respectivamente (p<0,0001).
Os dados relacionados & margem cirdrgica foram similares em ambos os grupos. A comparagdo do volume de
tecido ressecado mostrou correlagdo positiva no grupo de cirurgia priméria, porém ndo no grupo de tratamento
neoadjuvante. CONCLUSAO: Existe uma tendéncia dos cirurgides a removerem maior quantidade de tecido mamario
durante cirurgias conservadoras de mama de pacientes que foram submetidas & fratamento necadjuvante, resultando
na perda da correlagdo entre o diametro tumoral e o volume do espécime excisado.
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Introduction

Breast-conserving surgery (BCS) is the standard treat-
ment for early-stage breast cancer patients. Long-term
follow-up studies have reported comparable disease-free
and overall survival rates between patients undergoing
mastectomy and BCS'?. Use of neoadjuvant therapy is an
option for increasing the rate of breast-conserving surgery
in breast cancer patients’. Patients initially scheduled to
undergo mastectomy achieve comparable control of focal
lesions and favorable disease-free and overall survival rates
after undergoing neoadjuvant therapy followed by BCS*”.

BCS results in a better cosmetic outcome than mas-
tectomy, alleviating post-surgical psychological stress.
Although BCS is the least invasive surgical technique for
breast cancer treatment, cosmetic outcomes vary widely.
Cosmetic failure rates of up to 40% have been reported.
Many factors affect cosmetic outcomes after BCS. However,
the volume of excised breast tissue is the most important
factor that affects patient satisfaction regarding cosmetic
outcomes after BCS*'!.

The volume of breast tissue to be excised during
BCS is usually estimated by palpation and depends on
tumor size. There is a positive association between ex-
cised volumes and presence of clear margins in patients
undergoing primary BCS, and the positive resection
margins in up to 41% of patients in palpation-guided
surgery'?!*. Neoadjuvant therapy causes non-concentric
tumor shrinkage in up to 52% of patients. Among pa-
tients showing complete clinical responses, about 35%
achieves complete pathological response®. There is no
report how neoadjuvant treatment interferes with the
accuracy of breast tissue resection in conservative pro-
cedures. The objective of this study was to evaluate the
effects of neoadjuvant therapy on the resected volumes
during breast-conserving surgeries.

Methods

We retrospectively reviewed the clinical reports
of 279 patients with histological diagnoses of invasive
breast carcinomas. Patients were treated with BCS at
the Hospital das Clinicas of the Ribeirdo Preto School
of Medicine, University of Sdo Paulo, between January
1990 and December 2003. No oncoplastic procedure was
performed as breast conserving therapy. Our institutional
review board approved the study design. A total of 191 pa-
tients who underwent primary surgery and were at stage
I, ITa and IIb (T2N1MO) with T<3 cm constituted the
early breast cancer (EBC) group. The remaining 88 pa-
tients who received neoadjuvant treatment followed by
BCS and were at stage ITa (T2NOMO) with T=3 c¢m, IIb
(excluding T2N1MO with T<3 c¢m) and III constituted

the locally advanced breast cancer (LABC) group. Most
patients (n=73) were treated with exclusive neoadjuvant
chemotherapy. Thirty-nine patients received a combina-
tion of docetaxel (75 mg/m?) + epirrubicin (60 mg/m?).
FECG60 (fluoruracil 600 mg/m?, epirubicin 60 mg/m?,
cyclophosphamide 600 mg/m2) 25 patients; paclitaxel
(135 mg/m?) and epirubicin (60 mg/m?) patients; epiru-
bicin (60 mg/m?) and cyclophosphamide (600 mg/m?) one
patient; sequential FEC60 and docetaxel/epirubicin patients
or a combination of taxane plus trastuzumab patients. All
squemes were i.v. infusion D1 each 21/21 days.

Thirteen patients were subjected to neoadjuvant hor-
mone therapy: tamoxifen 20 mg (11 patients) or letrozol
2.5 mg (two patients) both P.O. daily. The remaining two
patients were treated with chemo and hormone therapy
combination (FECG60 or docetaxel/epirubicin plus tamoxi-
fen). Neoadjuvant therapy was administered until allowing
BCS. The patients were examined after each cycle and
the response was recorded by clinical measurement of the
two largest diameters. NAT patients were selected for
surgery if satisfactory tumor downstaging was achieved
(partial or complete clinical response with no residual
tumor larger than 3 cm in the greatest diameter). The
median number of neoadjuvant chemotherapy delivered
was three cycles (2—5), and the median time of neoadju-
vant endocrine therapy was three months®”.

Our primary aim was to analyze the extent of tissue
resection. We estimated volumes of excised tissues using
the formula for calculating the volume of an ellipsoid
body: V=axbxcxT 4/3, where a, b and c are the diameters
along the x, y and z axes of a specimen, respectively, ac-
cording to pathology reports. The diameter of the tumor
(pT) corresponded to the largest distance between points
on the lesion margin, according to the pathology report.
Volume of a tumor mass (Tvol) was calculated using the
formula 4/37 x (pT/2)’. The optimal volume required for
excision was calculated by adding a resection margin of
1 cm to the lesion radius and converting this value into
a spherical volume using the formula 4/37 x (pT/2 + 1).
The actual excess of resected volume was estimated by
calculating the resection ratio measured as the volume
of the resected specimen divided by the optimal speci-
men volume'®. Additionally, we analyzed the correlation
between volumes of specimens and volumes of tumors
in the EBC and LABC groups (Pearson correlation test).

Our second aim was to ascertain the effect of excess
resected tissue on surgical margins. Presence of free surgical
margins after primary tumor resections was recorded. All
patients showed free surgical margins on intraoperative
examination. The final margin status was determined
by routine pathological assessments. A negative surgical
margin was defined as at least 2 mm of tumor-free dis-
tance from resection margins. We compared the resection
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ratio (RR) between the EBC and LABC groups accord-
ing to the margin status (Median test). Additionally, we
analyzed patient characteristics in the EBC and LABC
groups (age and relationships between positive margins
and age [Student #-test}; histological grade and positive
surgical margins [chi-square test}; and volume of resected
specimen, pathologic tumor diameter, association between
volume and positive surgical margins, and association
between diameter and positive margins {Median test}).

Results

The mean age in the EBC and LABC groups was 56.5
and 53 years (p=0.04), respectively. Clinical staging showed
that in the EBC group, 8 patients had non-palpable lesions,
80 were at stage I, and 103 were at stage II. In the LABC
group, 47 patients were at stage II and the remaining 41
were at stage III. The complete pathological response ratio
was 13.7% (11 patients). The main histological type was
invasive ductal carcinoma in both groups (p=0.4).

The median pT value was 2 cm (range, 0.35—4.3 cm)
in the EBC group and 1.5 c¢m (range, 0-5 cm) in the
LABC group (p=0.1). The median estimated Tvol was
4.1 cm’ (range, 0.002—41.6 cm?) in the EBC group and
1.8 cm’ (range, 0-65.4 cm?) in the LABC group (p=0.1).
According to pT values, the median tissue resection vol-
ume required to achieve clear margins by 1 cm (RVE)
was 33.5 cm’ (range, 6.8—131 ¢cm?) in the EBC group and
22.4 cm’® (range, 4.1-179.5) in the LABC group (p=0.1).
The median volume of tissue excised (TVE) was 64.3 cm?
(range, 15.1-375 cm’) and 90.7 cm’ (range, 17.1-609 cm”?)
in the EBC and LABC groups (p=0.0007), respectively.
The median RR was 2.0 (range, 0.43—-23.8) and 3.3 (range,
0.4-145.3) in the EBC and LABC groups (p<0.0001),
respectively.

The rate of involved surgical margins (ISM) was
similar in both groups (13.1% and 18.1% in the EBC

Table. Clinical and pathological features of 279 patients undergoing breast-conserving surgery

and LABC groups {p=0.21, respectively). In the EBC
group, the median RR was 1.7 (range, 0.5-5.7) among
patients with positive margins and 2.0 (range, 0.4—23.8)
among patients with negative margins (p=0.4). In the
LABC group, the median RR was 2.0 (range, 0.4-13.5)
among patients with positive margins and 4.2 (range,
0.6-145) among those with negative margins (p=0.03).

We analyzed the correlation of the volume of resected
breast tissue with the pT and estimated tumor volume
(vT) in both groups. In the EBC group, we observed a
weak correlation of the volume of resected tissue with
pT and vT (r=0.23, p=0.001 for correlation with pT
and r=0.19, p=0.008 for correlation with vT). In the
LABC group, the correlation with pT was 0.07 (p=0.4)
and that with vT was 0.13 (p=0.2). Table summarizes
the patient characteristics and features of resected breast
tumor tissues in both groups.

Discussion

In this study, we assessed some aspects of the volume
of resected breast tumor tissues in patients receiving
neoadjuvant therapy who underwent BCS. To achieve
similar clear margin ratios, surgeons excised a larger
volume of tissue from patients treated with neoadjuvant
therapy than from patients treated with primary surgery.
Extended resection after neoadjuvant therapy was not
justified by the residual tcumor size or estimated volume.
Our data demonstrated that the resection ratio, based on
the excised tissue volume to tumor volume ratio, was also
higher in patients receiving neoadjuvant therapy than in
those undergoing primary surgery. Thus, a large volume
of normal breast tissue was excised under such conditions.

Tissue resection during breast-conserving surgeries
may be guided by palpation. After neoadjuvant therapy,
tumors do not shrink concentrically and residual micro-
scopic lesions may remain, surrounding residual tumor

EBC LABC p-value

Mean age (years) 56.5 53.0 0.04
Clinical stage

non-palpable 8 (4.2%) 0

stage | 80 (41.9%) 47 (53.4%)

stage Il 103 (53.9%) 41 (46.6%)
pT (cm) 2.0 (0.35-4.3) 1.5 (0-5.0) 0.1
Tvol (cm?) 4.1 (0.002-41.6) 1.8 (0-65.4) 0.1
TVE (cm?) 64.3 (15.1-375.0) 90.7 (17.1-609.0) 0.0007
ISM 13.1% 18.1% 0.2

margins (+) margins (=) margins (+) margins (=) EBC p-valve LABC p-value
1.7 2.0 2.0 42

i (05-57) (04-238) (04-135) (0.6-145) 04 003

EBC: early breast cancer group; LABC: locally advanced breast cancer group; pT: diameter os the tumor; Tvol: volume of a tumor mass; TVE: volume of tissue excised;

ISM: involved surgical margins; RR: resection rafio.
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lumps'”'®. Thus, surgeons are obliged to excise larger
volumes of breast tissues for safety because the residual
tumor lumps may not reflect the actual lesion size or
extent. We believe that achieving an adequate surgical
margin is important for complete removal of lesions and
minimal local recurrences. However, when we compared
the volumes of breast tissues excised with positive or nega-
tive surgical margins, we observed that the percentages
of positive margins were similar between the EBC and
LABC groups. We did not observe differences in tumor
size or volume between the two groups.

Achieving clear surgical margins is crucial to adequate
local control in BCSY. Excising large masses of tissue can
jeopardize cosmetic outcomes and does not provide better
focal control or better overall survival rates’. We found an
increase in resection ratios among patients receiving neoad-
juvant therapy. The higher RR with clear surgical margins
in LABC patients suggests that generous tissue resections are
important for avoiding incomplete tumor excisions. Large
resections may be important for including contaminated
margins in non-concentrically shrunken tumors.

In a previous prospective controlled trial'®, the authors
reported that use of ultrasound-guided surgery facilitated
the excision of tumors of small tissue volumes with clear
margins compared to palpation-guided surgery. Such
techniques result in favorable cosmetic outcomes. The
utility of ultrasound-guided surgery for patients receiving
neoadjuvant therapy has not been established yet. It is
likely insufficient to identify microscopic residual lesions.

Some studies have proposed the use of magnetic
resonance imaging (MRI) for improving the accuracy
of resections?’. Some factors may limit its use for this
purpose. For example, depending on the patient’s posi-
tion during the scan, the relationship between tumor and
reference points (i.e., the nipple) may vary, reducing the
accuracy of the procedure?. Another impediment is
the cost of testing every patient before surgery.

After neoadjuvant therapy, the use of MRI is
useful to estimate the tumor size and the pattern of
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