
© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2018;7(Suppl 3):S418-S423 tcr.amegroups.com

Introduction

Large sections (synonim: macrosections, large format 
sections) (LSs) consist of an entire histological section 
of the organ under investigation. Tissue obtained by LS 
encompasses not only the lesions, but also the surrounding 
tissue, the resection margins and allows radiological-
pathological correlation useful to a better understanding 
of the diseases. The aim of the present paper is to review 
the basis of applications of LS, their current use in breast 
pathology, and to provide an overview on the history and 
applications of this technique. 

History of LSs in breast pathology

The first use of LSs in breast pathology was reported by 
Cheatle at the beginning of the 20th century (1-3), who 

aimed to study the relation between breast cancer and the 
surrounding tissue.

Subsequently,  several studies based on LS were 
performed leading to the hypothesis that breast cancer 
originate mainly from the terminal ductular-lobular unit  
(TDLU) (4). Specifically in 1973, Wellings and Jensen 
analyzed cases of in situ and invasive ductal and lobular 
carcinomas, leading to the proposal that most breast 
carcinomas arise in the TDLU (4). The relation between 
breast cancer and surrounding normal tissue was further 
studied in 1939 by Ingleby and Holly (5). Marcus and 
Welling improved a method to study early phases of 
breast cancer development (6-8). The application LS in 
breast pathology helped in highlighting the importance 
of multiple invasive tumor deposits (multifocality). 
Sarnelli and Squartini (9) and Tot (10,11) demonstrated 
that multifocal breast carcinomas carry a worse prognosis 
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when compared to unifocal lesions. The extent and type of 
growth of different types of ductal carcinomas in situ (DCIS) 
had been investigated with LS since they proved their 
effectiveness in better visualizing distribution of lesions 
not evident at gross examination (11,12). In 1992, Faverly 
et al. (13) reconstructed a three-dimensional glandular 
tree of the breast, evaluating the extent and distribution 
of DCIS. This led to the assumption that DCIS is a 
multifocal process and that multifocality is characteristic 
of low grade rather than high grade DCIS. In more recent 
years, LSs were useful to better understand the breast 
microanatomy and to assess radiological-pathological 
correlations. Going and Moffat (14,15) published detailed 
studies on the breast microanatomy, describing the three-
dimensional reconstruction of the breast parenchyma 
and its organization in “lobes” each one belonging to a 
galactophorous duct (Figure 1). In the same years, Tot and 
Tabar applied the LS technique to obtain pathological 
radiological correlations, that lead to a better understand 
of the various radiological pictures encountered in screen 
mammography programs (16,17). More recently the same 
radiological-pathological correlations were applied to 
images obtained by nuclear magnetic resonance (16,17). 

All these data lead Tot (10,18) to propose the theory of 
the “sick lobe” as the basis of breast cancer development 
and growth. According to Dr. Tot’s hypothesis, breast 
cancers originate from the epithelium of a single ductal 
system, the sick lobe, in which epithelial cells undergo 
malignant transformation. As a consequence of the sick 

lobe theory, breast carcinoma grows along the branches 
of a single lobe. Data obtained by Going and Moffat (14)  
indicate that size of each breast lobe varies greatly. 
Therefore, it is not unexpected that the extent of breast 
cancer can be extremely variable according to the type and 
size of the affected lobe.

Methods

Methods to obtain LSs have been described in detail in 
several papers (18-20). The most important clues to follow, 
in order to obtain LS useful in routine diagnoses, are related 
to specimen cutting. Surgical specimens should be received 
oriented by the surgeon and possibly compared with the 
radiological imaging. Cutting should be performed with 
proper large blade according to the radiological images. In 
our institution, surgical specimens are sliced into sections 
ranging from 5 to 10 mm in thickness. The number of 
LS obtained varies in each case. In breast specimens 
surgically resected after neo-adjuvant (NAD) chemotherapy 
with absence of residual macroscopic tumor, LS are 
utilized to completely embed the tumor bed. In cases of 
quadrantectomies, whose larger dimension is less than 5 cm, 
the entire specimen can be embedded, according to the same 
procedures applied in prostatectomies, as recommended by 
Montironi et al. (21). The costs and turnaround time (TAT) 
of LS in daily routine practice have been calculated and 
compared to conventional blocks. The final LS costs and 
TAT do not substantially differ from those of conventional 
block (22,23). When immunohistochemistry or molecular 
studies are required, small conventional blocks can be 
obtained by selecting the area of interest. 

Application of LS in breast pathology

Tumor size (TS) (Figure 2) 
TS is at the basis of the TNM classification system, and is 
considered one of the most powerful prognostic indicator 
in tumor pathology. Therefore, TS correct evaluation is of 
outmost importance in daily practice. The superior value of 
LS in the correct TS evaluation was originally demonstrated 
by Jackson et al. (24) who compared two series of breast 
cancers, one staged with conventional blocks and one staged 
with LS. According to Jackson et al.’s paper, the correct TS 
was obtained in 63% of the conventional block series and 
in all cases of the LS series. In addition, LS are especially 
helpful in cases of invasive lobular carcinoma (21). 

Tumor extent (TE) (Figure 3)
Invasive carcinoma, both of ductal and lobular type is 

Figure 1 Breast normal tissue, comprising the nipple and 
galactophorous ducts. The LS allows to retrace the ducts 
penetrating into the breast parenchyma  (magnification 1×). LS, 
large section.
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frequently surrounded by the in situ counterpart. It has 
been demonstrated that the total extent of the neoplastic 
area, composed both by the in situ and invasive components 
(TE), has an important prognostic impact. TE >40 mm is 
associated with higher risk of local recurrence after breast 
conserving surgery, and to shorter disease free survival (25). 
TE is related also to the type of growth of the breast cancer. 
Diffuse invasive carcinomas, characterized by a diffuse type 
of growth, similar to a “spider web”, carry a higher risk of 
recurrence and disease progression (26). 

Tumor multifocality (TM) (Figure 4) 
The incidence of TM varies greatly, based on the method 

of detection (27), as a consequence its prognostic impact 
has been debated for a long time. Earlier papers, based on 
conventional blocks, denied the prognostic importance of TM. 

These uncertainties and discussions were consequent 
to unclear definition of TM. Tot proposed an easily 
reproducible definition, that is to consider separate 
neoplastic foci, when they are separated by non-neoplastic 
glandular tissue (11,12).  This definition has been 
validated on molecular grounds, demonstrating that the 
tumoral foci, when separated by non-neoplastic glandular 
structures, are not clonally related (28). The introduction 
of modern radiological techniques has led to the more 
frequent discover of TM (29), therefore it is mandatory 
for pathologists the use of LS that allow a good correlation 
with radiological findings and an accurate detection of all 
neoplastic foci. Multiple neoplastic foci can be related both 
to in situ and invasive carcinoma. Studies based on LS (30) 
demonstrated that multiple foci of invasive carcinomas 
are related to a worse prognosis. Nevertheless, the dismal 
prognostic impact of TM can be improved, by proper 
treatments (31). Therefore, TM should always be searched 
in all cases of breast cancer.

Resection margins (Figure 5)
Evaluation is important to reduce the local recurrence rate 
and to correctly plan post-surgical therapy. The presence of 
in situ carcinoma surrounding the tumor is one of the most 
frequent causes of positive resection margin. Routinely 
application of LS to breast conserving surgical specimens, 
allows a correct evaluation of in situ carcinoma extent. In 
addition, when LS are oriented according to the surgeon’s 
instructions, it is possible to evaluate which resection 

Figure 2 LS with large neoplastic area and the surrounding tissue. 
The LS allows to correctly evaluate the tumor size (magnification 
1×). LS, large section.

Figure 3 TE can be easily evaluated in this large section of low 
grade DCIS (magnification 1×). TE, tumor extent; DCIS, ductal 
carcinoma in situ.

Figure 4 LS allows the detection of small tumor foci, helping in 
the evaluation of tumour multifocality (magnification 1×). LS, 
large section.
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margin is involved by the tumour (28). 

Post-NAD evaluation (Figure 6)
Complete pathological response to NAD chemotherapy 
is related to better prognosis, both in terms of overall 
survival and of disease-free survival (32). It is not infrequent 
that cases showing complete pathological response on 
radiological imaging, can still present minute neoplastic 
foci in the tumor bed (33,34). Therefore, pathological 
evaluation of the entire tumor bed, is of crucial importance 
to properly treat the patients. To this purpose the tumor 
bed area should be completely embedded and LS constitute 
an ideal tool.

Discussion

The pathology report contains information, such as TS, 

TE, TM and margins status, that significantly influence 
the therapeutic planning. LS are of certain utility in 
defining essential aspects that need to be evaluated in breast 
cancer. First of all, LSs allow the comparison between 
radiological imaging and specimen obtained from surgery. 
The preoperative study is made possible by mammography 
and magnetic resonance imaging. During mammography, 
the breast is compressed, while in magnetic resonance 
imaging the antero-posterior axis become transiently longer 
than in the up-right position (26), so that measurement 
of TS could be partially inaccurate. The pathologist can 
analyze a case starting from the radiological orientation, 
and, if possible, the specimen should be subsequently 
radiographed. In a single institution report, LS histology 
categories of TS and disease extent were concordant 
with radiological measurements in approximately 80% 
of the cases. Non-calcifying, low-grade in situ foci 
and invasive tumor foci <5 mm are the most frequent 
causes of discrepant findings with histopathological  
examination (25). LS allows a better definition of pathologic 
stage, known as the most powerful prognostic parameter. 
TS is defined as the largest diameter of the invasive tumor 
focus and is a constituent of TNM staging system (25). 
Breast cancers show irregularity in shape, and LS improve 
the accuracy of measurement. In addition, using LS, the 
pathologist can easily verify also the presence of intratumoral  
heterogeneity (17). With conventional blocking, the 
specimens undergo fragmentation in samples measuring  
1–2 cm and the three-dimensional structure is necessarily 
lost. The preservation of breast anatomy is an essential 
aspect LS (19). Subgross lesion distribution and disease 
extent carry prognostic information as a diffuse or multifocal 
invasive component is associated with an increased risk of 
cancer-related death, compared with unifocal tumours (30). 

Figure 5 The present LS illustrates a large papillary carcinoma. 
The relation with resection margin is clearly seen (magnification 
1×). LS, large section.

Figure 6 The present cases showed an apparently complete response to NAD on radiological and gross inspection. LS allowed to detect minute 
residual neoplastic foci (inset 10×) in the large fibrous area located in the tumour bed (magnification 1×). NAD, neo-adjuvant; LS, large section.
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The TE, defined as the tumor volume containing all the 
malignant structures, is the most important parameter 
influencing the choice of breast-conserving surgery (25). 
LS are useful also in determining the in situ and invasive 
component of a breast carcinoma. DCIS may not be 
identified in the dense as in fat replaced breast (19), a limit 
of human eye that can be avoided with LS. Especially in 
cases of invasive lobular carcinoma, parameters such as TS, 
type of growth, TE and resection margins are sometimes 
difficult to examine at naked eye, while they can be correctly 
defined in LS (22). LS have shown that in situ and invasive 
lobular carcinoma is a multifocal neoplastic lesion in more 
than 50% of the cases; poorly differentiated duct carcinoma  
in situ (DCIS grade 3) is frequently unifocal, whereas 
it is often multifocal when the in situ lesion is a well-
differentiated type (DCIS grade 1) (35). 

LS shield the spatial configuration of tumor components 
and their relationship to resection margins, an essential 
parameter to be evaluated to obtain a curative excision, 
as the clinician may perform another surgical act or a 
radiation therapy if the tumor is present. LS allow a correct 
measurement of the distance between tumor and margins 
avoiding the concern raised by ink migration. LS has a 
pivotal role in histology reporting of breast specimens 
from patients who underwent neoadjuvant chemotherapy, 
used to convert inoperable to operable disease and to 
down-stage the disease, performing a wide local excision 
rather than mastectomy (32). Embedding the whole area 
previously occupied by the tumour (c.d. “tumour bed”) 
improves the chance to detect small residual neoplastic 
foci, invisible at naked eye. Lesion distribution and disease 
extent represent prognostic parameters related to survival 
in breast carcinoma (12). Finally, vascular invasion also, a 
prognostic parameter used to plan chemotherapy, can be 
better identified with LS (36). 

Conclusions

LS had proven their diagnostic utility in breast pathology. 
The technique has been invented more than one century 
ago, but it is still useful in clinical practice. It has been 
demonstrated that LS are cost effective and the TAT 
could be no more than 24 hours. Immunohistochemistry 
and molecular studies are also feasible. Due to all these 
reasons, more efforts are needed to use LS in daily routine 
practice. 
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