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Objectives: Postoperative ischemia could affect the evaluation of breast cancer tissue for steroid hormone receptors
and c-erbB2 levels until fixation using formalin. The misevaluation of steroid hormone receptors and c-erbB2 levels,
which are important prognostic factors in the treatment of breast cancer, could change treatment options. The aim
of this study was to investigate the effects of postoperative ischemia on a breast cancer tissue sample, particularly
on steroid hormone receptors and c-erbB2 expression level.

Material and Methods: Twenty patients who underwent modified radical mastectomy were included in this study.
Two histopathological methods, namely frozen and regular follow-up methods, were performed postoperatively on
all specimens. Steroid hormone receptors, estrogen receptors, progesterone receptors, and c-erbB2 expression of
breast cancer tissue samples were evaluated using both techniques. Two groups were created based on the results of
steroid hormone receptors and c-erbB2 expression levels using the two histopathological techniques.

Results: We determined that ischemia has an adverse effect on the evaluation of steroid hormone receptors and
c-erbB2, especially its effect on c-erbB2 expression level was significant (p<0.002).

Conclusion: A mastectomy specimen should be examined at once to ensure accurate detection of steroid hormone
receptors and c-erbB2 levels for the proper treatment of breast cancer patients.
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INTRODUCTION

Breast cancer is the most diagnosed and the third mortal cancer in women. During a lifetime, one in
eight women is at risk of breast cancer (1). To date, numerous prognostic factors for the treatment of
breast cancer have been identified based on clinical and pathological features. The presence of estro-
gen receptors (ERs), progesterone receptors (PRs), and c-erbB2 oncogene are accepted as the most im-
portant prognostic factors (2-4).

The breast cancer tissue extracted during a surgical procedure undergoes ischemia until formaldehyde
fixation begins. In addition, the process of fixation with 10% formalin, which can penetrate deep into
the tissue, takes time to fix whole tissue (5, 6). Eventually, all processes may lead to the misevaluation
of steroid hormone receptors and c-erbB2 levels, which have high prognostic value for the treatment
of breast cancer, and thus, misevaluation may cause alteration in treatment options. This study was
planned to consider postoperative conditions and the pathological process that may increase the tissue
ischemic time leading histopathological misevaluation. In the current study, our aim was to investigate
the effect of postoperative ischemia on the detection of steroid hormone receptors and c-erbB2 levels
in a breast cancer tissue sample.

MATERIAL AND METHODS

This study was planned as a prospective clinical trial and was approved by a local ethics committee on
January 30, 2009 (ID: 09-65). All study patients received detailed preoperative information about the
study and provided written consent to participate. Specimens that were not examined by frozen or
regular follow-up methods, patients who did not provide written consent, and cases of lumpectomy
without axillary dissection were excluded from the study.

Twenty patients who underwent modified radical mastectomy (MRM) for breast cancer between Feb-
ruary 2009 and August 2009 were included in the study. All surgeries were performed at the General
Surgery Department by the same surgical team, and postoperative evaluation of the specimen was
performed by the same pathological team. All specimens were histopathologically examined using
the frozen (after being excised) and regular follow-up (after 24 h of 10% buffered formalin fixation)
methods. Ultimately, 20 patients who underwent MRM and both postoperative pathological tech-
niques were included in the study. ER, PR, and c-erbB2 levels in the breast tissue samples were evalu-
ated using immunohistochemistry (IHC) after the frozen and regular follow-up methods. Two groups
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Table 1. Patient characteristics

Feature n Ratio (%)
Age, years

<60 8 40
>60 12 60
Total 20 100
Tumor Type

Invasive Ductal 15 75
Invasive Lobular 3 15
Mix 2 10
Total 20 100
Tumor Grade

Grade 1 1 5
Grade 2 16 80
Grade 3 3 15
Total 20 100
Tumor Size

T 6 30
T2 14 70
Total 20 100
Lymph node

Metastasis (+) 8 40
Metastasis (-) 12 60
Total 20 100

Table 2. Comparison of frozen and regular follow-up groups

Methods Positive case Ratio (%) P
(n)

c-erbB2 (group 1) 7 35
s 0.002*

c-erbB2 (group 2) 4 20*

ER (group 1) 11 55
0.317

ER (group 2) 10 50

PR (group 1) 14 70
group 0.317

PR (group 2) 13 65

*Chi-square Test
ER: estrogen receptor; PR: progesterone receptor

were created based on steroid hormone receptors and c-
erbB2 results: the first group for results of the frozen tech-
nique (n=20) and the second group for results of the regular
follow-up technique (n=20).

The primary outcome was changes in the ER, PR, and c-erbB2
levels between the two groups. The secondary outcomes of
correlations between variables, such as patients’ age, tumor
histological grade, lymph node metastasis, tumor size, tumor
type, and surgical margins, were also identified and enrolled.
All data obtained from both techniques by IHC were recorded
as percent values for the receptors and c-erbB2 levels. The rate
of changes between the two groups was statistically compared.

Estrogen receptors, PRs, and c-erbB2 were evaluated with
nuclear staining. Staining intensity grade index was used for
scoring the cells. The c-erbB2 antibody was evaluated using
a four-step scoring system developed for the Herceptin™ test.

The c-erbB2 results were double-checked using fluorescent in
situ hybridization (FISH) test.

Statistical analyses were performed using the Statistical Pack-
age for Social Sciences (SPSS) for Windows 11. 0 (SPSS, Inc.,
Chicago IL, USA) program. A statistical significance value was
accepted as a p<0.05. The receiver operating characteristic
(ROC) curve was prepared by calculating the sensitivity and
specificity of the tests. Comparisons between the data ob-
tained from the cases were analyzed using the chi-square test.
Spearman’s rank correlation test was used for evaluating the
correlation of patient variables.

RESULTS

Patient variables such as age, type of carcinoma, histopatho-
logical grades, tumor size, and lymph node metastasis are
shown in Table 1.

Estrogen receptor was positive in 11 cases (55%) in group 1,
whereas it was negative in 10 cases (45%) in group 2; only in
one case (%10) ER changed from pozitive to negative in group
2. The ROC analysis generated from the values obtained for
the results of ERs for both groups was 0.91 (0.83-1). The sen-
sitivity and specificity of the tests was 100% and 90%, respec-
tively, and differences between the two groups in terms of ERs
were not significant (p=0.31; Table 2).

Progesterone receptor was positive in 14 cases (70%) in group
1 and in 13 cases (65%) in group 2. In one case PR changed
from positive to negative (%10) in the regular follow up group
2 The ROC analysis, which was generated using the values ob-
tained for the PR results for both groups, was 0.93 (0.77-1).
The sensitivity and specificity of the frozen and regular follow-
up methods for PRs was 100% and 86%, respectively. The dif-
ferences between the groups in terms of PRs were not signifi-
cant (p=0.31; Table 2).

The c-erbB2 results were negative for 13 patients (65%) in
group 1 and 16 patients (80%) in group 2. The c-erbB2 turned
to negative for 3 cases (%30) after the regular follow up group
2. The sensitivity and specificity was determined as 0.57 (57%)
and 1 (100%), respectively, in the ROC analysis. The difference
between the two pathological tests was significant (p=0.002;
Table 2).

There was a significant correlation between the groups
in the terms of PR positivity (p=0.0001) and ER positiv-
ity (p=0.0001). The relationship between the groups in
terms of c-erbB2 positivity (p=0.001) was significant. The
negative relationship between cancer grade-ER positivity
(p=0.03), PR positivity-lymph node metastasis (p=0.04),
and c-erbB2 positivity—-ER positivity (p=0.01) was moder-
ately significant. Statistically moderate significant rela-
tionships were noted between tumor size and lymph node
metastasis (p=0.023) and between age and ER positivity
(p=0.027; Table 3).

DISCUSSION

Breast cancer mortality has been decreasing because of im-
proved screening programs, which lead to early diagnosis of
breast cancer depending on the progress of targeted therapy
(7). Targeted hormonal therapy, which was reported as the
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Table 3. Correlation analysis between the variables

Correlations Age Celltype Grade Tumorsize Lymph Node ERs PRs c-erbB2 ERs PRs  c-erbB2
p 0.600

Grade p 0.230 0.078

Tumor Size p 0.574 0.130 0.5n 27

Lymph Node p 0.731 0.923 0.923 0.023*

ERs p 0.027*% 0.923 0.031* 0.518 0.369

PRs p 0.709 0.173 0.130 0.421 0.105 0.223

c-erbB2 p 0.274 0.324 0.762 0.384 0.450 0.450 0.924

ERs p 0.074 0.749 0.042 1.000 0.673  0.0001* 0.054 0.660

PRs p 0.471 0.291 0.180 0.285 0.045* 0.450 0.0001* 0.678 0.177

c-erbB2 p 0.122 0.749 0.468 0.819 0.833 0.011 0.355 0.001*  0.025 0.508

FISH p 0.122 0.749 0.468 0.819 0.833 0.011 0.355 0.001*  0.025 0.508 =

*Spearman’s Rank Correlation

ER: estrogen receptor; PR: progesterone receptor; FISH: fluorescence in situ hybridization

most effective treatment option for hormone-positive pa-
tients, is related to hormone receptor levels, tyrosine kinase
inhibitors, and presence of c-erbB2 (8, 9). Inmunohistochem-
istry, FISH, and Slot Blots are some of the current techniques
used for determining ER, PR, and c-erbB2 levels in breast can-
cer tissue (10, 11).

Immunohistochemistry has some advantages, such as cost
effectivity, ability to work with conventional microscopes,
and easy storage of stained preparations. Although c-erbB2
levels detected using the FISH method is considered the
gold standard, compatible results between FISH and IHC
techniques (98%) were obtained once the standard applica-
tions were performed by IHC (12). All the c-erbB2 results per-
formed by IHC in advance were double-checked using FISH
in our study.

Estrogen receptors, PRs, and c-erbB2 receptors remain stable
in a medium at pH 7.4, but ischemia shifts pH value to acidosis,
which could affect the expression of the receptors. Therefore, fac-
tors such as environmental temperature, pH, osmolarity, quality
of the fixing solution, ratio of the fixing solution to the specimen
volume, the specimen’s residence phase in the fixing solution, tis-
sue thickness, and size seem to be the most important factors for
accurate postoperative evaluation of cancer tissue (13).

Hormone receptor positivity is typically determined in ap-
proximately 75%-80% of breast cancer patients (14). In our
study, the ratio was 55% in group 1 and 50% in group 2 in the
terms of ERs and 70% in group 1 and 65% in group 2 in terms
of PRs. These values are consistent with those in the literature.
ER positivity and age have a positive correlation, and hor-
mone receptor positivity has a higher rate in postmenopausal
patients than in premenopausal patients (15). In addition, PR
levels are mostly associated with menopause (16), and many
studies have shown that prognosis and steroid hormone re-
ceptor positivity improve with age (17). In our study, nine pa-
tients aged >60 years had 75% ER positivity and two patients
aged <60 years had 25% ER positivity.

Estrogen receptor was positive in 11 cases in group 1 and in
10 cases in group 2, and the sensitivity and specificity of these
techniques by ROC was 1 (100%) and 0.9 (90%), respectively.

The statistical data indicated that ER-positive cases of group 2
definitely have ERs. However, over 10% of ER-negative cases of
group 2 could be false-negative.

Progesterone receptor was positive in 14 cases in group 1 and
in 13 cases in group 2. The sensitivity and specificity analysis of
these methods by ROC was 100% and 86%, respectively. It in-
dicated that Progesterone receptor-positive cases in group 2
definitely carried PRs, but 14% of PR-negative cases in group 2
may be false-negative. As a result, according to the treatment
strategy based on ERs and PRs of regular follow-up results,
10% of ER-negative cases and 14% of PR-negative cases could
have received targeted hormonal therapy.

The c-erbB2 overexpression was reported as positive for
10%-34% of the invasive breast cancer cases, and more than
half of them were also hormone receptor-positive (18, 19).
We determined that c-erbB2 was positive in seven patients
(35%) in group 1 and in four patients (20%) in group 2; 70%
of them had hormone receptor positivity. The ROC analysis
showed that positive results in group 2 and negative results
in group 1 were the same. As a result, c-erbB2 positivity in
group 2 shows 100% sensitivity. In contrast, if c-erbB2 was
negative at the end of the regular follow-up technique, there
might have been a 43% false negativity rate according to our
study. Due to the regular follow-up results in our study, the
trastuzumab therapy would not have been administered to
the three patients who had only positive c-erbB2 results in
the frozen technique. We concluded that c-erbB2 activity
could be easily affected by ischemia compared with steroid
hormone receptors; thus, to achieve efficient results, it is cru-
cial to transport the samples in appropriate conditions and
perform the test immediately.

Estrogen receptor-, PR-, and c-erbB2-negative cases also
known as “triple negative” breast cancer, which has poor
prognosis, accounts for approximately 10%-15% of breast
cancer cases (20). Compared with hormone receptor-pos-
itive breast cancer, this group has less treatment options
and has more potential to spread aggressively. Two patients
(10%) in our study had “triple negative” breast cancer with
axillary lymph node metastasis and grade Il invasive lobu-
lar breast cancer. There were no steroid hormone receptors
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or c-erbB2 changes detected for triple negative cases in the
current study.

We performed a correlation analysis between variables such
as cell type, grade, tumor size, lymph node, ERs, PRs, c-erbB2
levels, frozen and regular follow-up results, and FISH results. In
our study, there were positive relations between lymph node
metastasis and tumor size, primary tumor size, and incidence
of nodal metastasis (Table 3) as reported in the literature (21).

In our study, ER was found negative for all three Grade IlI
breast cancer cases. We had 6 Grade | and Il cases and %35 of
the cases were ER negative. In addition, our results were con-
sistent with the literature (14), and we determined a negative
correlation between ER and tumor grade in our study (p=0.03).
The absence of ERs in tumor tissue seemed to be directly relat-
ed to increased cellular replication, tumor de-differentiation,
and eventually with tumor anaplasty, which are the main de-
terminants of tumor grade.

There was a negative relationship between PR and lymph
node metastasis in the correlation analysis (p=0.04). Ten PR-
positive patients had no lymph node metastasis (72%). Four
patients who had negative PRs had lymph node metastasis
(67%), which was moderately significant in our study (22).
Kumar et al. (23) reported that the presence of c-erbB2 was
usually with the absence of ERs and PRs in breast cancer tis-
sue, similar to our study where four of the seven patients had
positive c-erbB2 and negative ERs (57%).

A limitation of the present study was the small sample size.
Nevertheless, with no doubt, further prospective randomized
clinical studies with more number of patients will be useful.
Our study showed that steroid hormone receptors and c-
erbB2 levels may interfere with tissue ischemia. Evaluation of
mastectomy specimens with the shortest ischemic time and
most suitable condition is considered extremely crucial.

CONCLUSION

Ischemic time seems to have a negative effect on the evalua-
tion of steroid hormone receptors and c-erbB2 levels in our
study. Based on these findings, transporting mastectomy ma-
terial with most suitable conditions and evaluating the mate-
rial as soon as possible should lead to decreased ischemic time,
thereby detecting accurate steroid hormone receptors and c-
erbB2 levels. This would ensure increase in the number of pa-
tients who could benefit from the targeted therapy. Numerous
randomized controlled studies, which have a large number of
patients and with miscellaneous parameters, are needed.
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