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A B S T R A C T   

In breast conservative surgery, it is sometimes difficult to decide whether the cauterised tissue at the inked 
margin represents normal / hyperplastic or neoplastic tissue. We retrospectively assessed the value of ER, PR, 
CK5 and CK14 IHC in clarifying the nature of cauterised tissues at the margins concerning 34 lesions of 23 
patients. 27 cases belonged to lesions that could not be adequately classified on the basis of the HE stains. Two 
thirds of them could be classified as non-neoplastic or neoplastic and two thirds of the remaining could be 
favourised as neoplastic or non-neoplastic, with 3/27 cases remaining uncertain. All 4 IHC reactions were helpful 
in classifying the lesions in almost half of the cases. However, 3 or 4 immunostains were supportive of the 
classification in 19/27. The most useful stains were the keratins, generally demonstrating a matching pattern of 
cell labelling with CK5 and CK14. ER and PR were somewhat less useful in classifying uncertain lesions. 
Considering all the 27 questionable lesions, IHC with ER, PR, CK5 and CK14 clarified the lesions at the cauterised 
margins in 23 cases. Taken all these considerations into account, CK5, CK14, PR and ER IHC may help in dis
tinguishing between cautery damaged neoplastic and non-neoplastic tissues. All four IHC may yield the best 
support for decision making, but CK5 and/or CK14 may be sufficient in their own. The essential approach is that 
the results must be interpreted with caution, in the context of the given patient’s disease, to avoid 
misinterpretations.   

1. Introduction 

In the treatment of breast cancer (BC), breast conserving surgery 
(BCS) and adjuvant radiotherapy have long proven to be equivalent with 
mastectomy in terms of local disease control and outcome [1,2], and 
there is even a suggestion that they are associated with better outcome 
[3]. The safety of breast conservation has been proven even in the case of 
oncoplastic techniques [4]. A factor that has been linked to local re
currences, is a tumour transecting (positive) surgical excision margin 
and the deduced residual cancer [5–8]. The practical approach and 
perceptions of what constitutes a negative (tumour free) surgical margin 
have changed over time, and currently “no ink on tumour” is widely 
considered the negative margin for invasive breast cancer (IBC) and a 
tumour free rim of at least 2 mm is considered sufficient for pure ductal 

carcinoma in situ (DCIS) [9–11] by some, whereas others are happy with 
a 1 mm wide margin for both IBC and DCIS [12]. 

While surgery with traditional scalpels and blades can give the best- 
preserved material for histological assessment, this has disadvantages 
because of more bleeding and intraoperative blood loss than electro
cautery [13,14]. This is why “cold scalpels” have been widely replaced 
by electric cutting and sealing devices (electrocautery devices, electric 
or harmonic scalpels). Although these make surgery easier with less 
blood loss, they traumatize the tissues at a higher rate and grade, making 
margin assessment more troublesome. At times, it is difficult to decide 
whether the cauterised tissue at the inked margin represents normal / 
hyperplastic or neoplastic tissue. 

Normal breast tissue and usual type hyperplasia is characterized by a 
mosaic-like staining pattern for oestrogen receptor (ER), progesterone 
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E-mail address: szinti951023@gmail.com (S. Almási).   

1 0000-0002-7714-2256  
2 0000-0003-1344-7744 

Contents lists available at ScienceDirect 

Pathology - Research and Practice 

journal homepage: www.elsevier.com/locate/prp 

https://doi.org/10.1016/j.prp.2024.155280 
Received 15 January 2024; Received in revised form 22 February 2024; Accepted 30 March 2024   

mailto:szinti951023@gmail.com
www.sciencedirect.com/science/journal/03440338
https://www.elsevier.com/locate/prp
https://doi.org/10.1016/j.prp.2024.155280
https://doi.org/10.1016/j.prp.2024.155280
https://doi.org/10.1016/j.prp.2024.155280
http://crossmark.crossref.org/dialog/?doi=10.1016/j.prp.2024.155280&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Pathology - Research and Practice 257 (2024) 155280

2

receptor (PR), and some high molecular weight keratins, like the pair of 
keratins 5 and 14 (CK5, CK14) [15,16], whereas low grade neoplastic 
lesions, like atypical ductal hyperplasia and low grade DCIS are typically 
ER and PR diffusely positive and CK5, CK14 negative [15–17]. Higher 
grade carcinomas may have various patterns of ER and PR staining, but 
CK5 and CK14 are generally negative, though sometimes they can be 
diffusely positive. 

In the present study, we retrospectively assessed the value of ER, PR, 
CK5 and CK14 immunohistochemistry (IHC) in clarifying the nature of 
cauterised tissues at the margins. 

2. Materials and methods 

We examined specimens from breast cancer patients treated by pri
mary surgery at the Department of Surgery, Bács-Kiskun County 
Teaching Hospital between 2020 and 2023. 

All specimens were received fresh at the Department of Pathology, 
larger resection specimens were inked (posterior margin stained blue, 
while the others stained black) and sliced parallelly before fixation, 
whereas smaller samples were submersed in the fixative in toto. All 
material was fixed in 10% neutral buffered formalin for at least one day. 
Margins were generally assessed through one to several blocks taken 
perpendicularly to the painted surface, unless they were deemed very 
distant from it. 

During microscopic evaluation of routine diagnostic slides, IHC for 
ER, PR, CK5 and CK14 were ordered to clarify the neoplastic or non- 
neoplastic nature of artefactually distorted epithelium at the inked 
margin or very close to it. The results were evaluated in the context of 
the lesions and were interpreted as positive margins (ink on tumour), 
negative margins (ink on non-tumorous epithelium) or uncertain mar
gins (when no firm statement could be reached even with the ancillary 
studies). Cases were collected in retrospect, and analysed as a group to 
see the value of these stains individually and in combination. Photo
micrographs were taken with a Nikon digital camera mounted on a 
Nikon Eclipse Ci-L microscope to allow archiving of the lesions analysed. 

The following antibodies were used for the IHC (ER: clone 6F11, 
Leica Biosystems Newcastle, UK, 1:200; PR: clone PgR312, Leica Bio
systems Newcastle, UK, 1:400; CK5: clone XM26 Thermo-Fisher- 
Epredia-LabVision, Kalamazoo, MI, USA, 1:40 (or earlier Labvision, 
Fremont, CA, USA, 1:25, developed manually); CK14, clone LL002, Leica 
Biosystems Newcastle, UK, ready-to-use; (in earlier cases the same, but 
developed manually). The IHC stains were carried out on a Leica Bond 
Max autostainer, all but the CK5 reaction used ER1 (pH=6), whereas 
CK5 used ER2 (pH=9) as epitope retrieval solution. Incubation time was 
20 minutes for all antibodies. All cases were evaluated in retrospect by 
the two authors, and consensus was reached on all lesions. 

On occasions, one patient could have had several slides assessed and/ 
or one slide could have had several questionable areas investigated. 
These latter areas formed the lesions referred to in the article. Some 
identified lesions could be classified without the use of the IHC stains, 
but as they were included on the slides and cauterised at some degree, 
they were used as controls of known nature (neoplastic vs non- 
neoplastic) whereas others were lesions of uncertain nature requiring 
clarification. These latter were classified into the five categories of 
neoplastic, favour neoplastic, uncertain, favour non-neoplastic and non- 
neoplastic on the basis of the immunostains and the histological context. 

No ethical approval and informed consent were deemed necessary, 
as no intervention was done, no patient data were assessed, only the 
slides of cases with the relevant IHC stains ordered for cautery artefacts 
were reviewed in retrospect. 

3. Results 

Altogether we analysed 34 lesions of 23 patients. The neoplasms for 
which the operations were performed included 14 IBCs of no special 
type (NST) (6 cases with extensive intraductal component - EIC), 4 pure 

DCIS, 1 tubular carcinoma with EIC, 1 instance of microinvasive Paget’s 
disease of the nipple and EIC, and a tumour bed following neoadjuvant 
systemic therapy for an IBC NST. Additionally, a case of atypical ductal 
hyperplasia and an intraductal papilloma were also included, as the 
identification of (further) neoplastic lesions in the cauterised area would 
have upgraded their diagnosis. All of the invasive carcinomas and 3/4 
DCIS cases were ER and PR positive, whereas a single case of DCIS was 
ER and PR negative and human epidermal growth factor receptor 2 
(HER2) positive with apocrine differentiation substantiated with the 
expression of androgen receptors and gross cystic disease fluid protein 
15 (GCDFP-15). HER2 positivity was also a feature of the Paget’s disease 
(ER and PR positive) investigated and the invasive carcinoma treated 
previously with systemic therapy; this latter had also been ER positive 
with unknown PR status. 

Seven lesions served as controls, 3 obviously representing cauterised 
neoplastic tissues and 4 representing non-neoplastic tissues with cautery 
artefacts. The remaining 27 cases belonged to lesions that could not be 
adequately classified on the basis of the haematoxylin and eosin (HE) 
stains (Table 1). 

Following the quadruple immunostaining, all but one control case 
showed the expected pattern of staining with the keratin antibodies; i.e. 
no staining in neoplastic and mosaic-like staining in non-neoplastic 
epithelium with myoepithelial labelling. The deviating case was one 
with no ER and CK14 staining but mosaic pattern of CK5 and PR staining 
(Case 12, Supplementary material). In contrast, steroid hormone re
ceptor stainings were somewhat less often supportive, either due to 
negativity (e.g. Case 34, Supplementary material) or partial positivity in 
neoplastic lesions or complete lack of staining in the cauterised tissue (e. 
g. Case 12, Supplementary material). 

Of the cases being uncertainly classifiable on HE stained slides, two 
thirds could be classified as non-neoplastic (Fig. 1, Case 9) or neoplastic 
(Fig. 2, Case 21), and two thirds of the remaining could be favourised as 
neoplastic or non-neoplastic, with 3/27 cases remaining uncertain 
(Fig. 3, Case 4) (Table 1). 

All 4 IHC reactions were helpful in classifying the lesions as 
neoplastic or non-neoplastic in almost half of the cases, though this 
proportion was smaller when uncertain, i.e. problematic cases were 
considered. However, 3 or 4 immunostains were supportive of the 
classification in 19/27 (0,70; 95% confidence interval 0.50–0.86). The 
most useful stains were the keratins, generally demonstrating a match
ing pattern of cell labelling with CK5 and CK14; in a few instances 
(n=4), the two antibodies showed divergent results. ER and PR, espe
cially the first were somewhat less useful in classifying uncertain lesions. 

Considering all the 27 questionable lesions, IHC with ER, PR, CK5 
and CK14 clarified the lesions at the cauterised margins in 23 cases 
(0,85; 95% confidence interval 0.66–0.96), and a further case 
(ER+PR+HER2+ DCIS with Paget’s disease and microinvasion, Case 17, 
Supplementary material) with no staining with either of the 4 antibodies 
demonstrated an intensive HER2 staining and was classified as 
neoplastic on this contextual basis. Another lesion is worth mentioning 
(Case 13, Supplementary material), namely an apocrine DCIS, where 
CK5 and CK14 negativity was associated with ER and PR negativity, and 
this was interpreted as fully supportive of the lesion being classified as 
neoplastic. 

4. Discussion 

Mankind would probably be at ease in making decisions if most 
things could be categorised along a clear-cut dichotomic (“black or 
white”) scale. However, this is not often the case. Biology is complex, 
and our methods of assessing its features are less than perfect. Therefore, 
easy decisions are not always possible. Decision making requires 
awareness of many circumstances and specific judgment for instances 
that are neither clearly yes nor clearly no (represent a shade of grey in 
the black and white world). 

The perceptions and definitions of what constitutes a safe and 
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Table 1 
Results of the four immunostains in different lesions.    

All ER helpful PR helpful CK5 helpful CK14 helpful 4 helpful 3 helpful 2 helpful 

CTRL Non-neoplastic   4 2/4 4/4 4/4 3/4 2/4 1/4 1/4 
CTRL Neoplastic   3 2/3 2/3 3/3 3/3 2/3 0/3 1/3 
All certain cases   7 4/7 6/7 7/7 6/7 4/7 1/7 2/7 
Uncertain Non-neoplastic  15 14/15 13/15 14/15 14/15 10/16 6/16 0/16  

Favour non-neoplastic  2 0/2 0/2 2/2 2/2 0/2 0/2 2/2  
Uncertain  3 0/3 0/3 0/3 1/3 0/3 0/3 0/3  
Favour neoplastic  4 0/4 1/4 3/4 3/4 0/4 1/4 2/4  
Neoplastic*  3 1/3 2/3 2/3 2/3 1/3 1/3 0/3 

All uncertain cases   27 15/27 16/27 21/27 22/27 11/27 8/27 4/27 
All   34 19/34 22/34 28/34 28/34 15/34 9/34 6/34 

CK5: keratin 5, CK14: keratin 14, CTRL: control, ER: oestrogen receptor, PR: progesterone receptor; * 1 case was not supported by any of the 4 IHC reactions, but was 
clarified by the HER2 immunostain being diffusely positive in the cauterised tissue (Case 17, Supplementary material). 

Fig. 1. Cauterised non-neoplastic tissue close to the inked margin demonstrating various degrees of mosaic like staining with all four antibodies; (A) ER x10, (B) PR 
x10, (C) CK5 x10, (D) CK14 x10. ER: oestrogen receptor, PR: progesterone receptor, CK5: keratin 5, CK14: keratin 14. 

Fig. 2. Cauterised neoplastic tissue close to the inked margin demonstrating various intensities of rather diffuse ER (A) and PR (B) positivity, and various intensity of 
myoepithelial labelling along with tumour cell negativity with CK5 (C) and CK14 (D) (All at medium power, x10 objective.). ER: oestrogen receptor, PR: progesterone 
receptor, CK5: keratin 5, CK14: keratin 14. 
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tumour-free margin at breast conserving surgery have changed over 
time. Early recommendations suggested a free margin of at least 5 mm 
for invasive carcinoma and 10 mm for DCIS [18,19], but with accu
mulating evidence, this has changed to a more conservative approach, 
and at present no ink on tumour [9,10] and 1- or 2-mm tumour-free 
band of non-tumorous tissue [10,11] are considered sufficient for IBC 
and DCIS, respectively, in order to reduce local recurrences. Cautery 
artefacts interfere with the pathology reporting of margins, as it is not 
easy to decide whether the “burnt”, traumatized tissue represents part of 
a neoplasm, or is an innocuous bystander. 

In our daily practice, when challenged by this issue, we used the 
common knowledge that normal to hyperplastic (non-neoplastic) breast 
tissue share a mosaic-like staining pattern with ER, PR and the CK5/ 
CK14 pair of keratins, whereas low grade neoplasia has a typical strong 
and diffuse ER and PR staining and lack CK5 and CK14 staining in 
neoplastic cells [15–17]. In this retrospective analysis, we tried to 
evaluate the value of this knowledge in practice. Some other contexts 
have also been part of the series: e.g. an ER- and PR-negative apocrine 
tumour, where lack of staining for these steroid hormone receptors 
could also favour the neoplastic nature of the cauterised tissue. 

Cauterised and/or necrotic tissues maintain some epitopes useful in 
their identification with IHC [20–25]. Based on results by Judkins et al., 
the cytokeratins are well preserved in necrotic tissues, more precisely 
damaged tissues seem to retain immunoreactivity with CK AE1 and 
AE1/AE3 antibodies in epithelial tumours; they stained 10/14 necrotic 
carcinomas [20]. In contrast, leukocyte common antigen (LCA) and 
S100 showed false-positive labelling in some necrotic carcinomas along 
with specific or partial specific staining in the examined lymphomas and 
melanomas, respectively [20]. Although the tissue is undergoing ne
crosis, CK expression remains specific; no false positivity was detected in 
non-epithelial tumours [20]. In a separate study, the same authors 
specifically looked at 20 thyroid neoplasms, including 12 cases with post 
fine-needle aspiration necrosis, and 11 tumours originating from 

different organs with necrosis serving as controls [21]. CK AE1/AE3 was 
at least focally positive in nearly half of the examined necrotic areas 
(9/20), but PanCK was less useful in necrotic tissues; it was positive in 
viable epithelial tumour cells, but it proved to be negative in the necrotic 
areas [21]. Thyroglobulin, retained positivity in 13/20 necrotic thyroid 
tumour areas, including areas with AE1/AE3 negativity, and was 
negative in non-thyroid neoplasms [21]. Of note, some necrotic cases 
demonstrated complete loss of immunoreactivity with all antibodies 
examined [20,21]. Similar conclusions can be reached in non-epithelial 
neoplasms, e.g. the IHC expression of melanocytic markers can be 
maintained in necrotic neoplasms, but aspecific staining may interfere 
with specific staining; and the most severe the tissue damage, the more 
unlikely is an IHC marker to be retained [22]. It is believed that coag
ulative tissue damage caused by electric surgical devices, i.e. cautery 
artefacts closely resemble tissue necrosis, and IHC can be of help in 
identifying tissue origin and neoplastic versus non-neoplastic nature. 

Antibody panels can be helpful in damaged tissues surrounding the 
resection margins in different organs. In prostate samples, 34β-E12 
(HMWCK), p63 and Alfa-Methylacyl Coenzyme A Racemase (AMACR) is 
used in daily practice to identify carcinomas and distinguish them from 
non-neoplastic glandular tissues. These antibodies can also be used in 
the evaluation of areas with artificial damage. Pierconti F et al. exam
ined 30 crushed radical prostatectomy samples and 25 crushed tran
surethral prostatic resection samples with equal number of control cases 
with this antibody panel [23]. While the controls showed the expected 
results with the complete panel (though with lack of AMACR in 7/25 
cases of adenocarcinoma), only HMWCK and AMACR gave the same 
expected results in the thermally damaged areas, and p63 expression 
was missing not only in the 5 neoplastic areas, but also in 37/50 in
stances of benign prostatic glands demonstrating the presence of basal 
cells by HMWCK and being negative for AMACR [23]. Groisman et al. 
could distinguish between thermally coagulated adenomatous and 
non-adenomatous colorectal polyps on the basis of the maintained Ki67 

Fig. 3. A case remaining unclassifiable on the basis of the quadruple immunostain with all antibodies being negative; (A): ER x4, (B) PR x4, (C) CK5 x4 (D) CK14 x4, 
(E) CK5 x10 (F) CK14 x10. ER: oestrogen receptor, PR: progesterone receptor, CK5: keratin 5, CK14: keratin 14. 
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(MIB1) staining pattern [24]. Smoothelin expression (highlighting the 
muscularis propria of urinary bladders but being only weakly positive in 
the muscularis mucosae) was maintained in all 46 cauterised transure
thral tumour resection specimens and helped in identifying muscle 
invasive tumours [25]. 

These results point to the fact that IHC markers differ in retaining 
their expression in damaged tissues. While p63 is more susceptible to 
cautery artefacts, keratin, like HMWCK (which also contains the CKs 5 
and 14 studied in our series) expression better reflects vital tissue 
reactivity in both cauterised [23] and necrotic tissues [20]. 

As one could expect, the use of the quadruple IHC stain did not make 
all the decisions black and white, although in the majority (two thirds) 
of the cases, it helped to make a firm categorization, and in two thirds of 
the remaining cases it helped to reach a conclusion that could be taken 
into account in treatment planning. In a limited number of cases (about 
one tenth), the IHC did not help at all. The antibodies were not equiv
alent, and all four were supportive of the classification in only about 
40% of the cases. In general, keratins were found more helpful. In a 
previous study, Nayak et al., found that CK5/6 and high-molecular- 
weight cytokeratin (HMWCK; 34β-E12) were useful in classifying 11 
and 11 mildly to moderately cauterised breast tissues at the margin into 
hyperplastic versus neoplastic, and the IHC also helped them to segre
gate 11 severely cauterised margins into those involved by neoplasia vs 
hyperplasia [26]. In fact, there was no case, where neither of the two 
keratins were of help and the steroid receptors assisted in the clarifica
tion, but there were a few cases, where one of the keratins failed to give 
(strong) evidence in favour of either a neoplastic or a non-neoplastic 
nature (Case 10, Supplementary material-CK14, Case 22, Supplemen
tary material-CK5), and here the ER and PR stains had some additional 
value. There were also a few cases where all four IHCs failed (e.g. Fig. 3). 
The keratins may also be helpful in distinguishing between cauterised 
invasive and in situ carcinoma at the margin owing to the presence or 
absence of the peripheral (myoepithelial) staining (See control to Case 
30, Supplementary material). 

It seems that ER staining, at least with the 6F11 clone antibody used 
in this context may be more compromised by the thermocoagulative 
alterations caused by cautery; the reactions were often weaker, or 
completely vanishing. It might happen that alternative antibodies may 
yield different results. The trouble with this phenomenon may arise from 
the fact that some of our cauterised tissues became pseudo-negative, and 
in some contexts, an ER-negative tumour and an ER-pseudo-negative 
cauterised tissue may lead to a wrong interpretation. Therefore, these 
immunostains always need to be interpreted in the proper context. 

Recognizing the value of the quadruple IHC being at least partially 
helpful in many cases, we have also identified some practical and po
tential limitations. Although mosaic like CK5 and CK14 staining sup
ports a non-neoplastic nature of the cauterised tissue, residual luminal 
epithelial cells (e.g. in case of pagetoid spread or partial involvement of 
the duct) as well as myoepithelial cells in papillomas involved by a 
neoplastic process may yield a similar pattern (e.g. Case 26 and its 
control, Supplementary material). A rarity, the tall cell carcinoma with 
reverse polarity may also display a focal, mosaic-like staining with CK5 
(or CK14) [27]. A previous study referred to above [26], investigated 
HMWCK (34β-E12) in the same context, but CK5 and/or 14 seem better, 
as HMWCK also stains the majority of cells in lobular neoplasia and little 
positivity has also been found in ductal neoplasia [28]. Some tumours, 
invasive or their in situ precursors, may also exhibit a staining with these 
basal keratins either as a morphological evidence of basal-like differ
entiation in triple negative carcinomas [27,29] or along with ER posi
tivity and HER2 negativity as reported in up to 8% of this group of 
tumours in a large cumulative series [30]. The mosaic-like ER an PR 
staining pattern of usual type hyperplasia and normal breast tissue is a 
helpful feature in classifying cauterised breast tissues, especially when it 
can be contrasted with the full-blown diffuse and strong positivity of 
low-grade DCIS, atypical hyperplasia, some invasive carcinomas and 
higher grade DCIS or the absolute negativity of apocrine carcinomas or 

triple-negative cancers. On the other hand, apocrine lesions of any type 
are ER and PR negative [31] whereas columnar cell lesions share the 
immunophenotype of low-grade DCIS, and recently a papillary variant 
has also been described [32], raising the possibility of potential misin
terpretation. Many cancers have a heterogeneous labelling for ER and 
PR, and this should also be considered when interpreting the staining 
pattern of cauterised areas. At times, other supplementary IHCs may also 
be of help, like HER2 or apocrine markers (Cases 13 and 17, Supple
mentary material). Ross et al. have used a triple stain (CK7 to identify 
the epithelial nature, p63 for myoepithelial cells and E-cadherin to 
distinguish between lobular and ductal (in situ) carcinomas) to identify 
and classify minimal foci of breast cancer in core needle biopsies and 
excision specimens, and found this to be useful in at least one case where 
cautery artefact resulted in the distortion of the architecture at the inked 
margin [33], however, their study was not specifically devised to assess 
IHC results in cauterised breast tissues, and literature data cited above 
suggest that p63 may not be ideal in this context [23]. 

5. Conclusions 

Taken all these considerations into account, CK5, CK14, PR and ER 
IHC may help in distinguishing between cautery damaged neoplastic 
and non-neoplastic tissues. All four IHC may yield the best support for 
decision making, but CK5 and/or CK14 may be sufficient in their own. 
The essential approach is that the results must be interpreted with 
caution, in the context of the given patient’s disease, to avoid 
misinterpretations. 
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Gábor Cserni: Conceptualization, Data curation, Formal analysis, 
Investigation, Methodology, Resources, Visualization, Writing – original 
draft, Writing – review & editing. Szintia Almási: Formal analysis, 
Investigation, Visualization, Writing – original draft, Writing – review & 
editing. 

Declaration of Competing Interest 

None. 

Acknowledgements 

Open access funding provided by University of Szeged (Open Access 
Fund, Grant No. 6855). 

Appendix A. Supporting information 

Supplementary data associated with this article can be found in the 
online version at doi:10.1016/j.prp.2024.155280. 

References 

[1] U. Veronesi, N. Cascinelli, L. Mariani, M. Greco, R. Saccozzi, A. Luini, M. Aguilar, 
E. Marubini, Twenty-year follow-up of a randomized study comparing breast- 
conserving surgery with radical mastectomy for early breast cancer, N. Engl. J. 
Med. 347 (2002) 1227–1232, https://doi.org/10.1056/nejmoa020989. 

[2] B. Fisher, S. Anderson, J. Bryant, R.G. Margolese, M. Deutsch, E.R. Fisher, J. 
H. Jeong, N. Wolmark, Twenty-year follow-up of a randomized trial comparing 
total mastectomy, lumpectomy, and lumpectomy plus irradiation for the treatment 
of invasive breast cancer, N. Engl. J. Med. 347 (2002) 1233–1241, https://doi.org/ 
10.1056/NEJMoa022152. 

[3] G. De la Cruz Ku, M. Karamchandani, D. Chambergo-Michilot, A.R. Narvaez-Rojas, 
M. Jonczyk, F.S. Príncipe-Meneses, D. Posawatz, S. Nardello, A. Chatterjee, Does 
Breast-Conserving Surgery with Radiotherapy have a Better Survival than 
Mastectomy? A Meta-Analysis of More than 1,500,000 Patients, Ann. Surg. Oncol. 
29 (2022) 6163–6188, https://doi.org/10.1245/s10434-022-12133-8. 

[4] L. De La Cruz, S.A. Blankenship, A. Chatterjee, R. Geha, N. Nocera, B.J. Czerniecki, 
J. Tchou, C.S. Fisher, Outcomes After Oncoplastic Breast-Conserving Surgery in 
Breast Cancer Patients: A Systematic Literature Review, Ann. Surg. Oncol. 23 
(2016) 3247–3258, https://doi.org/10.1245/s10434-016-5313-1. 

S. Almási and G. Cserni                                                                                                                                                                                                                       

https://doi.org/10.1016/j.prp.2024.155280
https://doi.org/10.1056/nejmoa020989
https://doi.org/10.1056/NEJMoa022152
https://doi.org/10.1056/NEJMoa022152
https://doi.org/10.1245/s10434-022-12133-8
https://doi.org/10.1245/s10434-016-5313-1


Pathology - Research and Practice 257 (2024) 155280

6

[5] A. Fourquet, F. Campana, B. Zafrani, V. Mosseri, P. Vielh, J.C. Durand, J.R. Vilcoq, 
Prognostic factors of breast recurrence in the conservative management of early 
breast cancer: A 25-year follow-up, Int. J. Radiat. Oncol. Biol. Phys. 17 (1989) 
719–725, https://doi.org/10.1016/0360-3016(89)90057-6. 

[6] J. Borger, H. Kemperman, A. Hart, H. Peterse, J. van Dongen, H. Bartelink, Risk 
factors in breast-conservation therapy, J. Clin. Oncol. 12 (1994) 653–660, https:// 
doi.org/10.1200/JCO.1994.12.4.653. 

[7] S.J. Schnitt, A. Abner, R. Gelman, J.L. Connolly, A. Recht, R.B. Duda, T.J. Eberlein, 
K. Mayzel, B. Silver, J.R. Harris, The relationship between microscopic margins of 
resection and the risk of local recurrence in patients with breast cancer treated with 
breast-conserving surgery and radiation therapy, Cancer 74 (1994) 1746–1751, 
https://doi.org/10.1002/1097-0142(19940915)74:6<1746::aid- 
cncr2820740617>3.0.co;2-y. 

[8] N. Houssami, P. Macaskill, M.L. Marinovich, J.M. Dixon, L. Irwig, M.E. Brennan, L. 
J. Solin, Metaanalysis of the impact of surgical margins on local recurrence in 
women with early-stage invasive breast cancer treated with breast conserving 
surgery, Eur. J. Cancer 46 (2010) 3219–3232, https://doi.org/10.1016/j. 
ejca.2010.07.043. 

[9] S.J. Schnitt, M.S. Moran, N. Houssami, M. Morrow, The Society of Surgical 
Oncology–American Society for Radiation Oncology Consensus Guideline on 
Margins for Breast-Conserving Surgery With Whole-Breast Irradiation in Stages I 
and II Invasive Breast Cancer. Perspectives for pathologists, Arch. Pathol. Lab. Med. 
139 (2015) 575–577, https://doi.org/10.5858/arpa.2014-0384-ED. 

[10] M. Kaufmann, M. Morrow, G. von Minckwitz, J.R. Harris, Biedenkopf Expert Panel 
Members, Locoregional treatment of primary breast cancer: consensus 
recommendations from an International Expert Panel, Cancer 116 (2010) 
1184–1191, https://doi.org/10.1002/cncr.24874. 

[11] American Society of Breast Surgeons, Official statement: Consensus Guideline on 
Breast Cancer Lumpectomy Margins. 〈https://www.breastsurgeons.org/docs/state 
ments/Consensus-Guideline-on-Breast-Cancer-Lumpectomy-Margins.pdf〉
(Accessed 15 Dec 2025). 

[12] Association of Breast Surgery Consensus Statement: Margin width in breast 
conservation surgery. 〈https://associationofbreastsurgery.org.uk/media/64245/ 
final-margins-consensus-statement.pdf#:~:text=Voting%20breakdown% 
20showed%20that%2088%25%20of%20the%20consultant,breast.%E2%80%9D% 
2069%25%20voted%20in%20favour%2031%25%20voted%20against〉 (Accessed 
04 Dec 2023). 

[13] S.M. Sheen-Chen, F.F. Chou, A comparison between scalpel and electrocautery in 
modified radical mastectomy, Eur. J. Surg. 159 (1993) 457–459. 

[14] S.B. Kurtz, D.B. Frost, A comparison of two surgical techniques for performing 
mastectomy, Eur. J. Surg. Oncol. 21 (1995) 143–145, https://doi.org/10.1016/ 
s0748-7983(95)90171-x. 

[15] W. Boecker, H. Buerger, K. Schmitz, I.A. Ellis, P.J. van Diest, H.P. Sinn, J. Geradts, 
R. Diallo, C. Poremba, H. Herbst, Ductal epithelial proliferations of the breast: a 
biological continuum? Comparative genomic hybridization and high-molecular- 
weight cytokeratin expression patterns, J. Pathol. 195 (2001) 415–421, https:// 
doi.org/10.1002/path.982. 

[16] I.O. Ellis, S. Al-Sam, N. Anderson, et al., Pathology reporting of breast disease in 
surgical excision specimens incorporating the dataset for histological reporting of 
breast cancer, R. Coll. Pathol. (June 2016). 〈https://www.rcpath.org/static/776 
3be1c-d330-40e8-95d08f955752792a/G148_BreastDataset-hires-Jun16.pdf〉
(Accessed 11 December 2023. 

[17] W. Boecker, R. Moll, P. Dervan, H. Buerger, C. Poremba, R.I. Diallo, H. Herbst, 
A. Schmidt, M.M. Lerch, I.B. Buchwalow, Usual ductal hyperplasia of the breast is a 
committed stem (progenitor) cell lesion distinct from atypical ductal hyperplasia 
and ductal carcinoma in situ, J. Pathol. 198 (2002) 458–467, https://doi.org/ 
10.1002/path.1241. 

[18] G.F. Schwarz, L.J. Solin, I.A. Olivotto, V.L. Ernster, P. Pressman, The Consensus 
Conference on the Treatment of in situ Ductal Carcinoma of the Breast (Consensus 

Conference Committee), Cancer 88 (2000) 946–954, https://doi.org/10.1054/ 
brst.1999.0156. 

[19] M. Notani, N. Uchida, H. Kitagaki, Role of 10-Gy boost radiation after breast- 
conserving surgery for stage I-II breast cancer with a 5-mm negative margin, Int. J. 
Clin. Oncol. 12 (2007) 261–267, https://doi.org/10.1007/s10147-007-0673-y. 

[20] A.R. Judkins, K.T. Montone, V.A. LiVolsi, M. van de Rijn, Sensitivity and specificity 
of antibodies on necrotic tumor tissue, Am. J. Clin. Pathol. 110 (1998) 641–646, 
https://doi.org/10.1093/ajcp/110.5.641. 

[21] A.R. Judkins, S.A. Roberts, V.A. Livolsi, Utility of immunohistochemistry in the 
evaluation of necrotic thyroid tumors, Hum. Pathol. 30 (1999) 1373–1376, 
https://doi.org/10.1016/s0046-8177(99)90071-0. 

[22] D. Nonaka, J. Laser, R. Tucker, J. Melamed, Immunohistochemical evaluation of 
necrotic malignant melanomas, Am. J. Clin. Pathol. 127 (2007) 787–791, https:// 
doi.org/10.1309/WKEN4ER9GXJ9GG31. 

[23] F. Pierconti, E.D. Rossi, M. Martini, E. Sacco, P.F. Bassi, L.M. Larocca, 34BetaE12 
and Alfa-Methylacyl Coenzyme A Racemase (AMACR) Antibodies Better Than p63 
Antibody Distinguish Normal and Neoplastic Glands in Prostatic Tissue With 
Thermal Artifacts, Appl. Immunohistochem. Mol. Morphol. 27 (2019) 306–310, 
https://doi.org/10.1097/PAI.0000000000000599. 

[24] G.M. Groisman, M. Amar, A. Meir, Utility of MIB-1 (Ki-67) in evaluating 
diminutive colorectal polyps with cautery artifact, Arch. Pathol. Lab. Med. 131 
(2007) 1089–1093, https://doi.org/10.5858/2007-131-1089-UOMKIE. 

[25] G.P. Paner, J.G. Brown, S. Lapetino, N. Nese, R. Gupta, S.S. Shen, D.E. Hansel, M. 
B. Amin, Diagnostic use of antibody to smoothelin in the recognition of muscularis 
propria in transurethral resection of urinary bladder tumor (TURBT) specimens, 
Am. J. Surg. Pathol. 34 (2010) 792–799, https://doi.org/10.1097/ 
PAS.0b013e3181da7650. 

[26] A. Nayak, T.A. Bhuiya, Utility of cytokeratin 5/6 and high-molecular-weight 
keratin in evaluation of cauterized surgical margins in excised specimens of breast 
ductal carcinoma in situ, Ann. Diagn. Pathol. 15 (2011) 243–249, https://doi.org/ 
10.1016/j.anndiagpath.2010.12.005. 

[27] M.P. Foschini, S. Asioli, S. Foreid, G. Cserni, I.O. Ellis, V. Eusebi, J. Rosai, Solid 
Papillary Breast Carcinomas Resembling the Tall Cell Variant of Papillary Thyroid 
Neoplasms: A Unique Invasive Tumor With Indolent Behavior, Am. J. Surg. Pathol. 
41 (2017) 887–895, https://doi.org/10.1097/PAS.0000000000000853. 

[28] G.L. Bratthauer, F. Moinfar, M.D. Stamatakos, T.P. Mezzetti, K.M. Shekitka, Y. 
G. Man, F.A. Tavassoli, Combined E-cadherin and high molecular weight 
cytokeratin immunoprofile differentiates lobular, ductal, and hybrid mammary 
intraepithelial neoplasias, Hum. Pathol. 33 (2002) 620–627, https://doi.org/ 
10.1053/hupa.2002.124789. 

[29] T.O. Nielsen, F.D. Hsu, K. Jensen, M. Cheang, G. Karaca, Z. Hu, T. Hernandez- 
Boussard, C. Livasy, D. Cowan, L. Dressler, L.A. Akslen, J. Ragaz, A.M. Gown, C. 
B. Gilks, M. van de Rijn, C.M. Perou, Immunohistochemical and clinical 
characterization of the basal-like subtype of invasive breast carcinoma, Clin. 
Cancer Res. 10 (2004) 5367–5374, https://doi.org/10.1158/1078-0432.CCR-04- 
0220. 

[30] F.M. Blows, K.E. Driver, M.K. Schmidt, A. Broeks, F.E. van Leeuwen, J. Wesseling, 
et al., Subtyping of Breast Cancer by Immunohistochemistry to Investigate a 
Relationship between Subtype and Short and Long Term Survival: A Collaborative 
Analysis of Data for 10,159 Cases from 12 Studies, PloS. Med. 7 (2010) e1000279, 
https://doi.org/10.1371/journal.pmed.1000279. 

[31] C.M. Quinn, C. D’Arcy, C. Wells, Apocrine lesions of the breast, Virchows Arch. 480 
(2022) 177–189, https://doi.org/10.1007/s00428-021-03185-4. 

[32] M. de Boer, A.H.J. Verschuur-Maes, C. Moelans, P.J. van Diest, Papillomatous 
breast lesions with atypical columnar cell features, J. Clin. Pathol. 76 (2023) 
228–233, https://doi.org/10.1136/jcp-2022-208389. 

[33] D.S. Ross, Y.F. Liu, J. Pipa, S.J. Shin, The diagnostic utility of the minimal 
carcinoma triple stain in breast carcinomas, Am. J. Clin. Pathol. 139 (2013) 62–70, 
https://doi.org/10.1309/AJCPF4O0ADKFMGRJ. 

S. Almási and G. Cserni                                                                                                                                                                                                                       

https://doi.org/10.1016/0360-3016(89)90057-6
https://doi.org/10.1200/JCO.1994.12.4.653
https://doi.org/10.1200/JCO.1994.12.4.653
https://doi.org/10.1002/1097-0142(19940915)74:6<1746::aid-cncr2820740617>3.0.co;2-y
https://doi.org/10.1002/1097-0142(19940915)74:6<1746::aid-cncr2820740617>3.0.co;2-y
https://doi.org/10.1016/j.ejca.2010.07.043
https://doi.org/10.1016/j.ejca.2010.07.043
https://doi.org/10.5858/arpa.2014-0384-ED
https://doi.org/10.1002/cncr.24874
https://www.breastsurgeons.org/docs/statements/Consensus-Guideline-on-Breast-Cancer-Lumpectomy-Margins.pdf
https://www.breastsurgeons.org/docs/statements/Consensus-Guideline-on-Breast-Cancer-Lumpectomy-Margins.pdf
http://refhub.elsevier.com/S0344-0338(24)00191-2/sbref11
http://refhub.elsevier.com/S0344-0338(24)00191-2/sbref11
https://doi.org/10.1016/s0748-7983(95)90171-x
https://doi.org/10.1016/s0748-7983(95)90171-x
https://doi.org/10.1002/path.982
https://doi.org/10.1002/path.982
https://www.rcpath.org/static/7763be1c-d330-40e8-95d08f955752792a/G148_BreastDataset-hires-Jun16.pdf
https://www.rcpath.org/static/7763be1c-d330-40e8-95d08f955752792a/G148_BreastDataset-hires-Jun16.pdf
https://doi.org/10.1002/path.1241
https://doi.org/10.1002/path.1241
https://doi.org/10.1054/brst.1999.0156
https://doi.org/10.1054/brst.1999.0156
https://doi.org/10.1007/s10147-007-0673-y
https://doi.org/10.1093/ajcp/110.5.641
https://doi.org/10.1016/s0046-8177(99)90071-0
https://doi.org/10.1309/WKEN4ER9GXJ9GG31
https://doi.org/10.1309/WKEN4ER9GXJ9GG31
https://doi.org/10.1097/PAI.0000000000000599
https://doi.org/10.5858/2007-131-1089-UOMKIE
https://doi.org/10.1097/PAS.0b013e3181da7650
https://doi.org/10.1097/PAS.0b013e3181da7650
https://doi.org/10.1016/j.anndiagpath.2010.12.005
https://doi.org/10.1016/j.anndiagpath.2010.12.005
https://doi.org/10.1097/PAS.0000000000000853
https://doi.org/10.1053/hupa.2002.124789
https://doi.org/10.1053/hupa.2002.124789
https://doi.org/10.1158/1078-0432.CCR-04-0220
https://doi.org/10.1158/1078-0432.CCR-04-0220
https://doi.org/10.1371/journal.pmed.1000279
https://doi.org/10.1007/s00428-021-03185-4
https://doi.org/10.1136/jcp-2022-208389
https://doi.org/10.1309/AJCPF4O0ADKFMGRJ

	The value of oestrogen receptor, progesterone receptor and keratins 5 and 14 immunohistochemistry in the evaluation of epit ...
	1 Introduction
	2 Materials and methods
	3 Results
	4 Discussion
	5 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supporting information
	References


