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CK19 expression in breast tumours and lymph node metastasis after neoadjuvant therapy
Aims: Neoadjuvant therapy is used in many patients
with breast cancer before surgery, with the aim of
reducing the tumour size, allowing conservative
resections. Sentinel node biopsy is a conservative procedure for handling the axilla in breast cancer; however, the use of this technique after neoadjuvant
treatment is under discussion. For sentinel node
assay, methods based on the detection of cytokeratin
19 (CK19) mRNA, such as one-step nucleic acid
amplification (OSNA), are available. However, if systemic therapy could alter protein expression, then
CK19 would not be a good target for analysing these
nodes. The aim of this study was to evaluate the
immunohistochemical expression of CK19 within different cancer types, and to compare its expression in
breast tumours and axillary nodes before and after
treatment.

Methods and results: CK19 immunostaining was
studied in 162 tumour and node samples before and
after treatment. Statistical studies using the McNemar
test and chi-square test were performed. CK19 expression was found in 155 cases. We compared CK19
expression in tumour and node biopsies before and
after treatment, and we found a lack of significant
CK19 expression changes.
Conclusions: Our study has confirmed the preservation of CK19 protein expression in breast cancer cells
after neoadjuvant therapy. On the basis of these
results, quantification-based methods such as the
OSNA CK19 assay, could be an accurate tool
with which to analyse the sentinel nodes, regardless
of whether they had been obtained before or after
treatment.
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Introduction
Neoadjuvant systemic breast cancer therapy (NSBT)
is a treatment modality used in eligible patients with
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breast cancer prior to surgery. Traditionally, it was
used in an attempt to reduce the size of tumours with
surgical difficulties regarding complete resection, such
as inflammatory or locally advanced carcinomas,
usually followed by radical mastectomy. However, its
indications have increased, and the main objective of
NSBT is now to downstage large tumours to allow for
breast conservation.
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Given that more conservative management of the
breast has been adopted, the issue of radical treatment of the axilla has been brought up for discussion.
In this context, the sentinel lymph node technique might be considered as a useful tool for the
management of patients after neoadjuvant systemic
therapy.1–5
If sentinel lymph node biopsy (SLNB) were to be
selected, different histological procedures could be
employed to analyse the sentinel nodes. In recent
years, a novel standardized molecular method has
been incorporated for clinical use. The one-step
nucleic acid amplification (OSNA) assay (Sysmex,
Kobe, Japan) allows us to analyse the whole lymph
node and to obtain a semiquantitative result based on
the detection and amplification of cytokeratin 19
(CK19) mRNA.6–10
CK19 is a luminal epithelial cell protein expressed
by most (96.9–98.2%) breast cancer tumours, but its
status after chemotherapy is unknown. According to
previous studies, the immunohistochemical (IHC)
expression pattern and intensity of different biomarkers may be altered after chemotherapy.11–16 On the
basis of these findings, breast cancer epithelial markers, such as CK19, might undergo similar changes,
and consequently CK19 should not be used as a target to search for metastatic cells; however, whether
these changes occur has not been evaluated until the
present study.
The aims of this study were: (i) to systematically
evaluate the IHC expression pattern and intensity of
CK19 within a spectrum of different types of breast
carcinoma; and (ii) to compare CK19 IHC expression
in samples from breast tumours and axillary lymph
nodes, both before and after neoadjuvant therapy. On
the basis of the results, we will be able to determine
whether CK19 expression in sentinel nodes still constitutes a reliable marker for the management of axillary lymphadenectomy in breast cancer patients after
neoadjuvant systemic therapy. By determining
whether CK19 expression is preserved after treatment, we will be able to evaluate the utility of OSNA
assay as the elective method for analysing the SLNB
in breast cancer after NSBT.

Materials and methods
The reference material included 721 breast cancer
tumours diagnosed in a 3-year time period at the Virgen del Rocıo University Hospital-Seville. One hundred and eighty-four of the total population of
patients received NSBT, and were therefore selected

for the present study; because diagnostic biopsies or
tumour resections from 22 patients were not available, the study finally included a total of 162 cases.
Most of the patients presented with a palpable
breast mass or a mammographically suspected nodule
detected within the breast cancer early detection programme. A core-needle biopsy of the breast lesion
was performed in every patient prior to surgical excision. Clinical axillary status was evaluated by palpation and ultrasound imaging, and core biopsy was
also performed in cases with suspicion of node metastases. Seventy-nine of 162 patients had metastatic
axillary lymph nodes, but only 17 of them had a
lymph node biopsy prior to NSBT. With the aim of
classifying the type of breast cancer according to
international recommendations,17 IHC assays for
oestrogen receptors (clone 6F11; NovoCastra, Newcastle, UK), progesterone receptors (clone 16;
NovoCastra), HER2 (HercepTest; Dako, Glostrup, Denmark) and Ki67 (clone MIB-1; Dako) were performed
on each breast biopsy specimen.
All tumours were resected after the completion of
systemic treatment, including axillary lymph node
resections in most of them (91.35%). Samples for the
study included: core biopsies of the breast and some
suspected nodes before NBST and breast tumour and
metastatic nodes after treatment. Core biopsies were
fixed in buffered formalin (10%) for 8 h and resection
specimens for a median time of 24 h prior to histological processing.
The haematoxylin and eosin (HE)-stained sections
from each case were reviewed by the pathologists
involved in the study, and the tumours were reclassified according to both histological type and grade,
with the aim of avoiding interobserver variability.
The main clinical and pathological data were
recorded, and are shown in Table 1: age, histological
type, tumour size, axillary metastatic nodes, cancer
stage (TNM), hormonal status, and pathological
response to chemotherapy (according to the Miller
and Payne classification18).
IHC ASSAY

Two 4-lm sections were obtained from each formalin-fixed and paraffin-embedded tissue block: one for
HE staining, and one for CK19 assay. Prior to
immunohistochemistry, the HE section was reviewed,
and the presence of tumour tissue was confirmed in
all samples obtained before and after NSBT. The IHC
assay was performed according to standard procedures, by use of the Leica Bond-III automated
© 2015 John Wiley & Sons Ltd, Histopathology
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Table 1. Clinical and histological features of tumours after
neoadjuvant therapy

3

Table 1. (Continued)
Patients, n (%)

Patients, n (%)
Age (years)
<50

78 (48.1)

≥50

84 (51.9)

4

28 (17.3)

5 (CPR)

20 (12.3)

CPR, Complete pathological response; ER, Oestrogen receptor;
IDC, Invasive ductal carcinoma; ILC, Invasive lobular carcinoma.

Histological type
IDC

137 (84.6)

ILC

14 (8.6)

Others

9 (5.6)

In situ

2 (1.2)

Tumour size (mm)
≤20

74 (45.7)

20–50

61 (37.6)

>50

27 (16.7)

Lymph node metastases (pN)
0

57 (35.2)

1–3

51 (31.5)

3–9

34 (21.0)

>9

20 (12.3)

TNM stage
0

20 (12.3)

I

22 (13.6)

II

59 (36.4)

III

61 (37.7)

Hormonal status
ER+

117 (72.2)

ER

45 (27.8)

HER2 status
Positive

44 (27.2)

Negative

118 (72.8)

Pathological response (according to Miller and Payne grading
system17)
1

31 (19.1)

2

45 (27.8)

3

38 (23.5)
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immunostainer system (Leica Biosystems, Wetzlar,
Germany). Antigen retrieval was performed by heatinduced epitope retrieval, and the anti-CK19 monoclonal antibody (clone b170; NovoCastra) was applied
at a dilution of 1:150 for 30 min at 25°C.
Positivity for CK19 expression was determined as
any membrane, cytoplasmic or combined membrane–
cytoplasmic staining present in at least 10% of the
tumour cells, regardless of the intensity of the staining or whether this was complete or incomplete circumferential staining. Specific membrane or
cytoplasmic immunostaining in <10% of tumour cells
was defined as CK19-negative. The Allred scoring system for assessing the expression of steroid hormone
receptors in breast cancer served as a pattern for our
assessment of CK19 expression.19 IHC interpretation
was performed for each sample, and a proportion
score (PS) and an intensity score (IS) were obtained.
The PS was the percentage of CK19-stained tumour
cells relative to the total number of cells, and was
classified as: PS0 (0%), PS1 (>0–1%), PS2 (≥1–10%),
PS3 (>10–33%), PS4 (>33–66%), and PS5 (>66–
100%). The IS represented staining intensity determined by visual assessment, and was classified as: 0
(negative), 1+ (weak), 2+ (moderate), and 3+ (strong)
(Figure 1). The total score (TS) was calculated as the
sum of the PS and IS, and ranged from 0 to 8.
For statistical studies, a TS of ≤4 was defined as low
CK19 expression, and a TS of >4 was defined as high
CK19 expression. The intensity of CK19 staining was
considered to be low if the IS was ≤1 and high if the IS
was >1, and proportional staining was considered to be
high if the PS was ≥3. The same evaluation was performed in samples from lymph node metastases.
STATISTICS

Statistical analysis was performed with SPSS version
19.0 (IBM Corp., Armonk, New York, USA). Changes
in CK19 IHC expression before and after NSBT were
assessed with the McNemar test. Associations
between CK19 IHC expression and clinical variables
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A

B

Figure 1. Intensity range of
cytokeratin 19
immunohistochemical
expression. A, Intensity score
3+ (strong). B, Intensity score
1+ (weak). Representative
micrographs are shown.

were analysed with the chi-square test. Differences
were considered to be significant at P < 0.05. Cases
with a complete pathological response to neoadjuvant
therapy were excluded from the statistical analysis,
owing to the absence of tumour cells on which to
evaluate CK19 expression.

Results
CLINICOPATHOLOGICAL FEATURES

The clinicopathological features of the 162 cases are
summarized in Table 1. The patients ranged in age
from 31 years to 84 years (mean: 50.48 years). The
initial diagnosis was made on core-biopsy specimens
obtained by ultrasound-guided core needle or vacuum-assisted breast biopsy. On the basis of the IHC
study for hormonal receptors HER2 and Ki67, and
according to the criteria suggested by Cheang et al.20
and accepted by international consensus, tumours
were classified as triple-negative (TN) phenotype in
28 of the 162 cases, HER2 phenotype in 17 of the
cases, and luminal phenotype (43 luminal A and 74
Luminal B; 46 of the latter with luminal B-HER2 phenotype) in 177 of the cases.17,20 Patients received different neoadjuvant treatments, depending on the type
of tumour and its clinical and pathological features:
most patients (75%) were treated with anthracycline
and taxane-based regimens, either currently or
sequentially; 82% of the HER2-positive breast cancer
patients (82%) were treated with trastuzumab within
the neoadjuvant schedule, and 7% were treated with
hormonal therapy (aromatase inhibitors).
After histopathological revision, 139 of the 162
tumours were classified as invasive ductal carcinoma
of no special type (IDC-NST), three were classified as
mixed tumours (IDC-NST and mucinous differentiation), 14 were classified as invasive lobular carcinoma (ILC), two of these as pleomorphic ILC (P-ILC),
three showed features of metaplastic carcinoma
(MetapC), two showed features of apocrine carcinoma, and two were pure mucinous carcinomas

(MucCs). Twenty cases previously diagnosed as invasive carcinoma showed a complete pathological
response (CPR) after treatment, two of them including areas of residual in-situ carcinoma.
Tumour sizes after systemic therapy ranged from a
lack of tumour cells (CPR) to 130 mm (mean:
28.4 mm). The pathological T (primary tumour) classification after neoadjuvant therapy according to the
AJCC Cancer Staging Manual 7th edn21 was ypT1 in
54 cases, ypT2 in 61 cases, and ypT3 in 27 cases.
Residual invasive tumour was not detected in 20
breast resection specimens (ypT0), owing to a complete response to treatment. Fifty-five of 162 cases
showed no axillary lymph nodes metastases, so axillary dissection might have been avoided in these
cases. The pathological response to neoadjuvant therapy in the surgical resection specimens was measured
according to the Miller and Payne classification system,18 comparing cancer cellularity of the core biopsy
(before treatment) with that of the resected tumour
(after treatment), and grading between 1 (no reduction in the number of tumour cells) and 5 (lack of
tumour cells). A CPR was found in 20 cases, a low
response (grade 1 and 2) was found in 70 cases, and
a medium to high response (grades 3 and 4) was
found in 72 cases. Likewise, response to treatment
was measured at the axillary lymph nodes: a lack of
or minimal changes attributable to neoadjuvant therapy (types A and B) were found in 97 cases, and a
moderate to high response (types C and D) was found
in 65 cases.
IHC CK19 EXPRESSION

CK19 expression was found in 155 (95.67%) of the
162 breast cancer diagnostic biopsies. Seven cases
(4.33%) did not express CK19: two corresponded to
MetapC, and one to a P-ILC, all of them showing a
TN phenotype, and the rest were IDC-NSTs showing
HER2, luminal A and luminal B phenotypes. None of
them showed a CPR. The IHC staining pattern in
the tumour cells of biopsies prior to neoadjuvant
© 2015 John Wiley & Sons Ltd, Histopathology

CK19 expression and neoadjuvant therapy

treatment was mixed (cytoplasmic with a membrane
accentuation) in most of the positive cases (67.09%);
39 showed pure membranous staining (25.16%), and
the remaining cases (7.75%) showed a diffuse cytoplasmic staining pattern. The intensity of the staining
was low (IS: 1) in 26 (22.41%) cases, medium (IS: 2)
in 75 (64.65%) cases, and strong (IS: 3) in 15
(12.93%) cases. The membranous–cytoplasmic staining pattern was maintained in most tumours.
Changes in the pattern of expression, with more diffuse staining in the post-treatment samples as
opposed to the previous pure membranous expression, were detected in 12 of 155 cases; those changes
might have been attributable to differences in the preanalytical processing of the tissues (biopsy versus surgical specimen). The PS and IS in breast and
metastatic lymph nodes before and after neoadjuvant
treatment are summarized in Table 2.
To assess changes in CK19 expression before and
after neoadjuvant therapy, a McNemar test was performed (Table 3). We compared CK19 expression in
breast cancer and lymph node biopsies before and
after NSBT (Figure 2). As shown in Table 3, CK19
expression did not change significantly after treatment in any of the studied conditions. Nine of 155
(5.80%) breast cancer samples showed changes in
CK19 expression after NSBT; eight of them were IDCNSTs, and the other was an MucC. Seven of these
nine tumours showed a luminal phenotype, and the
remaining two showed a TN phenotype.
Although the restrictive cut-off value used classified
the cases in different expression groups (low versus
high expression), these samples showed TS values
that ranged from 4 to 7, and therefore did not represent large differences.
Next, a chi-square test was performed, in order to
determine whether there were any statistical associations between CK19 expression in breast cancer biopsies post-NSBT and several clinical variables (age,
histological type, grade, size, TNM stage, pathological
response, lymph node response, and lymph node
metastasis). As shown in Table 4, none of these variables showed a statistically significant association
with CK19 expression.

Discussion
NSBT has become the standard treatment for some
types of breast cancer, mainly inflammatory and
locally advanced breast cancer prior to surgery. Its
use has now been extended to tumours that are primarily eligible for mastectomy, with the aim of reduc© 2015 John Wiley & Sons Ltd, Histopathology
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ing their size and making conservative management
possible. The St Gallen Consensus Conference17,22
included the use of NSBT in the therapeutic options
for breast cancer, and concluded that the reason for
choosing this therapy should not only be the alteration of surgical indications, but also the systemic
beneficial effects of this treatment.
The efficacy of NSBT was proved by different trials
demonstrating disease-free survival and overall survival rates equivalent to those obtained with systemic
treatments administered after surgical resection.23,24
Moreover, an improvement in effectiveness as compared with adjuvant therapy in patients aged
<50 years has been proposed.24 The use of NSBT in
early cancer has also been shown to have significant
advantages, such as a hypothetical reduction in
tumour dissemination during surgery, a decrease in
local recurrence after surgical resection, and an early
start of systemic treatment for micrometastatic disease. A crucial point regarding neoadjuvant treatment in relation to adjuvant therapy is the possibility
of measuring the pathological response to certain
drugs, allowing the identification of resistant or sensitive tumours.25 Although breast-conserving surgery
is the goal of the local treatment of breast cancer
after NSBT, the management of the axilla is not clear.
Given that the axillary status represents the most
important independent prognostic factor in breast
cancer, complete axillary lymphadenectomy has represented the choice of treatment, but in recent years
conservative options with the sentinel node assay
have been proposed.1,2,26,27
There is no consensus about the timing for performance of the SLNB. If sentinel nodes are evaluated
prior to neoadjuvant treatment, accurate information
about lymph node status is obtained, contributing to
the design of precise radiotherapy and chemotherapy
strategies. Otherwise, the evaluation of SLNB after
NSBT allows determination of the effectiveness of systemic drugs on the lymph nodes; in these cases, if
lymph node metastases are not detected, axillary lymphadenectomy may be avoided.25,28,29 Actually, a
high percentage of metastatic nodes become negative
after neoadjuvant treatment; in these cases, an axillary lymph node dissection would not add benefits in
terms of total survival.3,30,31
The possibility of a high rate of false-negative
results in SLNB after neoadjuvant therapy has been
postulated; probable reasons are limited sentinel node
detection caused by an alteration in lymphatic drainage or a failure to detect tumour cells, owing
to fibrosis or partial necrosis caused by systemic
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Table 2. Immunohistochemical scores of cytokeratin 19 in breast cancer and lymph node biopsies before and after neoadjuvant systemic breast cancer therapy (NSBT)
PS
Breast pre-NSBT

Breast post-NSBT

Node pre-NSBT

Node post-NSBT

n (%)

IS

n (%)

TS

n (%)

0

7 (4.3)

0

7 (4.3)

0

7 (4.3)

1

1 (0.6)

1

29 (18.0)

1

0 (0)

2

3 (1.8)

2

78 (48.1)

2

0 (0)

3

10 (6.2)

3

48 (29.6)

3

2 (1.2)

4

55 (34.0)

4

8 (4.9)

5

86 (53.1)

5

16 (9.9)

6

40 (24.7)

7

58 (35.8)

8

31 (19.2)

0

7 (4.9)

0

7 (4.9)

0

7 (4.9)

1

1 (0.7)

1

9 (6.4)

1

0 (0)

2

2 (1.4)

2

48 (33.8)

2

0 (0)

3

5 (3.6)

3

78 (54.9)

3

2 (1.4)

4

35 (24.6)

4

1 (0.7)

5

92 (64.8)

5

10 (7.0)

6

15 (10.6)

7

39 (27.5)

8

68 (47.8)

0

0 (0)

0

0 (0)

0

0 (0)

1

0 (0)

1

3 (17.6)

1

0 (0)

2

0 (0)

2

12 (70.6)

2

0 (0)

3

3 (17.6)

3

2 (11.8)

3

0 (0)

4

10 (58.8)

4

1 (5.8)

5

4 (23.6)

5

4 (23.5)

6

8 (47.1)

7

2 (11.8)

8

2 (11.8)

0

7 (7.1)

0

7 (7.1)

0

7 (7.1)

1

0 (0)

1

4 (4.1)

1

0 (0)

2

1 (1.0)

2

36 (36.7)

2

0 (0)

3

0 (0)

3

51 (52.1)

3

1 (1.0)

4

21 (21.5)

4

0 (0)

5

69 (70.4)

5

2 (2.0)
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Table 2. (Continued)
n (%)

PS

IS

n (%)

TS

n (%)

6

13 (13.4)

7

30 (30.6)

8

45 (45.9)

IS, Intensity score; NSBT, Neoadjuvant systemic breast cancer therapy; PS, Proportion score.

Table 3. Changes in immunohistochemical cytokeratin 19
(CK19) expression after neoadjuvant therapy

Breast post-NSBT
Breast pre-NSBT
n

0?0

0?1

1?0

1?1

8

7

2

125

Total
cases

0.18

142

P

Node post-NSBT
Breast pre-NSBT
n

P

Total
cases

0 ? 0 0 ? 1 1 ? 0 1 ? 1 0.063 96
8

5

0

83

Breast post-NSBT 0 ? 0 0 ? 1 1 ? 0 1 ? 1 1.00
n
8
0
0
88

96

0 ? 0 0 ? 1 1 ? 0 1 ? 1 1.00

13

Node pre-NSBT
n

0

1

0

12

NSBT, Neoadjuvant systemic breast cancer therapy.
0, negative/low CK19 expression, and 1, high CK19 expression, on
the line in which these numbers are connected by arrows. Four
comparisons are shown: breast biopsies pre-NSBT and post-NSBT,
breast biopsies pre-NSBT versus lymph node biopsies post-NSBT,
breast and lymph node biopsies post-NSBT, and lymph node biopsies pre-NSBT and post-NSBT. P-values from the McNemar test.

therapy.24 However, recent studies comparing two
cohorts of patients, treated and not treated prior to
surgery, have not demonstrated significant differences
in the rate of successful sentinel node identification or
in the results of the SLNB assay. These authors concluded that it is technically feasible to identify the
sentinel nodes after NSBT, and that the accuracy of
SLNB remains similar to that in early cancer not susceptible to neoadjuvant therapy.2,3,26,27,32
When an SLNB procedure is indicated, a new
question may arise: which is the most appropriate
technique with which to evaluate the nodes after systemic treatment? In recent years, different molecular
methods for analysing sentinel nodes have been proposed. The OSNA assay is a standardized, automated
and reproducible test with demonstrated accuracy
© 2015 John Wiley & Sons Ltd, Histopathology

based on quantitative real-time polymerase chain
reaction amplification of CK19 mRNA.6,7,9,10 It can
be used to analyse whole lymph nodes, and yields
semiquantitative results for the detection of clinically
relevant nodal metastases. The OSNA assay can distinguish macrometastases and micrometastases from
low-volume metastases corresponding to isolated
tumour cells according to the Cancer Staging Manual
of the Union International Contre le Cancer and the
American Joint Committee on Cancer Staging Manual
7th edn.21 This method has been validated, and it is
widely accepted for clinical use; also, it allows accurate results to be obtained in an optimal
time.7,9,10,33,34 The total tumour load of sentinel
nodes has been proposed as a good tool with which
to predict the state of the non-sentinel axillary nodes;
the use of the OSNA CK19 method to assay the sentinel nodes allows quantification of the remaining
tumour load in the nodes after systemic treatment,
and consequent selection of the appropriate surgical
attitude for the axilla.35
However, some doubts may emerge about the use
of this technique in patients who have previously
received neoadjuvant treatment. Is CK19 still a good
target for detecting metastatic cells on lymph nodes
after systemic therapy? This question arises because
of the demonstration of IHC alterations of different
markers, such as SP1, lactoalbumin, and hormonal
receptors, on breast cancer cells after treatment.12,14–
16
CK19 is a luminal epithelial cell marker expressed
by most (96.9–98.2%) breast cancer cells, but not by
haematopoietic cells.11,36–39 It is employed for the
detection of disseminated tumour cells in blood and
bone marrow, and it is also the target of OSNA assay
used to analyse sentinel lymph nodes. Some authors
have postulated that this cytoskeleton protein modulates endoplasmic reticulum stress signalling, and
that it might contribute to cell survival and dormancy in breast cancer cells.40 CK19 mRNA was
selected among 45 possible biomarkers, as the most
sensitive marker for the detection of metastases in
lymph nodes by OSNA. Although this keratin has
been detected in all types of breast cancer, lack of
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A

B

C

D

Figure 2. Immunohistochemical expression of cytokeratin 19 (CK19) in an invasive carcinoma of no special type: maintenance of CK19
expression after neoadjuvant therapy. A, Primary tumour biopsy [pre-neoadjuvant systemic breast cancer therapy (NSBT)]. B, Lymph node
biopsy (pre-NSBT). C, Primary tumour resection (post-NSBT). D, Lymph node resection (post-NSBT). Representative micrographs are shown.

staining has been found in 3.4–20.5% of breast
tumours; Parikh et al. have found a statistically significant association between lack of CK19 and the TN
phenotype (30% TN), but other authors have demonstrated similar proportions of CK19 negativity in
luminal cancers.36,38,39
In our institution, 18 of 721 (2.49%) breast cancers within the last 3 years did not express CK19;
these tumours showed luminal A (44.44%), luminal
B (11.11%), TN (38.88%) or HER2 (5.55%) phenotypes. In the present study, seven of the 162 tumours
(4.33%) did not express CK19, and also showed different immunophenotypes and histological subtypes.
These results are in agreement with results previously
published.36,38,39 Owing to the possibility of a CK19negative tumour, and with the aim of avoiding falsenegative results in sentinel lymph node assay by
OSNA, the study of the expression of CK19 prior to
surgery is mandatory. However, to the best of our
knowledge, nothing has been reported about CK19
expression in tumours with previous systemic
therapy.
After comparing CK19 protein expression on samples from primary tumours and lymph node metastases, before and after NSBT, we have found that this
expression does not significantly change; CK19-negative tumours did not become positive after neoadjuvant treatment, and CK19-positive tumours did not

become negative. Under the conditions of this study,
and because of the restrictive cut-off employed for the
statistical analysis, only nine breast cancer biopsies
showed changes in the CK19 expression level preNSBT and post-NSBT. These subtle differences have
been detected in the percentage of stained cells or
intensity of CK19 staining, which may be attributable
to differences in the preanalytical phase (time of fixation, type of fixative, ischaemic time, etc.) between
biopsy and resection samples, or tumour heterogeneity. No statistically significant associations were found
between the CK19 expression level in breast cancer
biopsies post-NSBT and the clinical variables analysed.
In summary, our study has confirmed the preservation of CK19 protein expression in breast cancer cells
after systemic treatment, with no significant differences being found in the pattern or intensity of staining in samples before and after chemotherapy. On the
basis of these results, CK19 could be used as a target
to evaluate the presence of tumour cells in breast and
lymph nodes in those patients with breast cancer subjected to neoadjuvant therapy prior to surgery.
According to some authors,1,2,26,27,32 the selective
biopsy of sentinal lymph nodes is a feasible method
for examining axillary status in those breast cancers
under neoadjuvant treatment. On the basis of
the results of our study, and provided that protein
© 2015 John Wiley & Sons Ltd, Histopathology
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Table 4. Association between cytokeratin 19 (CK19)
immunohistochemical expression in breast cancer biopsies
after neoadjuvant systemic breast cancer therapy and clinicopathological variables
CK19 expression, n
(%)
No. of patients

Low

High

P

Age (years)
<50

58

0 (0)

58 (43.0)

≥50

77

3 (2.2)

74 (54.8)

0.125

115

Others

3 (2.2)

112 (83.0)

20

0 (0)

20 (14.8)

13

0 (0)

13 (9.6)

0.467

Grade
1
2–3

122

3 (2.2)

119 (88.2)

<50

108

2 (1.5)

106 (78.5)

≥50

27
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expression is maintained after NSBT, mRNA quantification-based methods such the OSNA CK19 assay
could be accurate tools with which to analyse axillary sentinel nodes, regardless of whether SLNB was
performed before or after treatment. Further studies
would be necessary to confirm this.
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