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Abstract. The present study aimed to investigate the influence 
of paraffin block age on biomarker levels in archival breast 
cancer samples. Tissue blocks from five different block age 
groups were assessed using immunohistochemistry and fluo-
rescence in situ hybridization. The difference in Q scores for 
estrogen receptor and progesterone receptor expression levels 
between original tests and repeated tests were significant 
for core needle biopsies prepared 10 years ago. The signal 
intensities of human epidermal growth factor receptor 2 and 
the centromere of chromosome 17 decreased with the age 
of the paraffin block. Moreover, 6 samples exhibited a nega-
tive shift in progesterone receptor Q scores for core needle 
biopsy samples with a Q score of 2. In conclusion, the age of 
paraffin blocks had significant effects on the expression levels 
of estrogen and progesterone receptors in core needle biop-
sies prepared 10 years ago. The results showed that samples 
with an age >7 years were not suitable for fluorescence in situ 
hybridization and interpretation of progesterone receptor 
levels for repeated core needle biopsy samples with a Q score 
of 2 requires caution.

Introduction

According to the global cancer statistics in 2011, breast cancer 
is the most commonly diagnosed carcinoma and the second 
leading cause of cancer‑associated death among women in 
China (1). Clinically, all invasive primary breast cancer cases 
are analyzed for the expression levels of estrogen receptor 
(ER), progesterone receptor (PR) and human epidermal 
growth factor receptor 2 (HER2) (2). Correct measurement 

of these receptors is essential for accurate therapeutic deci-
sion‑making (3‑5).

Immunohistochemistry (IHC) is recommended for the 
detection of ER and PR (6). There are two commonly used 
methods for evaluating HER2 status, including IHC to 
determine the expression levels of the HER2 protein and 
fluorescence in situ hybridization (FISH) for the detection of 
HER2 gene amplification (7). Several studies have considered 
pre‑analytic factors, for example the effect of cold ischemic 
time, on the level of biomarkers in archival breast cancer 
tissue (2,8‑10). However, few studies have considered the asso-
ciation between the age of the paraffin block and the levels of 
ER, PR and HER2.

Given the differences in the testing methods and reagents, 
problem can arise between local and centralized HER2 
testing in laboratories. It has been reported that HER2 testing 
is more accurate when performed at high‑volume central 
laboratories and results can be quite different between local 
community‑based laboratories and central laboratories (11). 
In routine practice, breast cancer cases are often presented to 
the Department of Pathology, The First Affiliated Hospital of 
Zhejiang University (Hangzhou, China) for consultation, of 
which some cases were diagnosed >5 years ago. Since there is 
variability among central and local laboratories, repeated tests 
are often required to determine the ER, PR and HER2 levels. 
Importantly, it is not clear whether biomarkers are altered in 
cancer tissues that have been stored for long periods of time.

To address the association between the age of paraffin 
blocks and the expression levels of ER, PR and HER2, the 
present study compared ER and PR levels between repeated 
tests and the original tests. Since the original fluorescence 
in situ hybridization (FISH) tests often lacked signal intensity, 
HER2 and chromosome enumeration probe 17 (CEP17) were 
assessed for different age groups.

Materials and methods

Specimen collection. A total of 100 patients (median age, 
56.7 years; age range, 31‑85 years) were recruited between 
January 2007 and December 2017. The criteria for the recruit-
ment of samples were as follows: i) Patients did not receive 
neoadjuvant chemotherapy; ii)  samples were processed on 
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working days, but not on weekends or holidays to ensure 
procedural consistency; and iii)  cases had been tested for 
the expression levels of ER and PR using IHC, and HER2 
gene amplification using FISH. Tissue blocks were collected 
according to the following 5 age groups: 1 year ago, defined 
as new paraffin blocks (12); 3 years ago; 5 years ago; 7 years 
ago; and 10 years ago. In each group, 10 mastectomy cases 
and 10 core needle biopsy cases were selected. Due to limited 
tissues, a total of 18 cases were not assessed using IHC or FISH. 
The final number of samples included in the study is shown in 
(Table I). All the samples were fixed in 10% neutral‑buffered 
formalin (http://nbtssw.com) at room temperature for 6‑24 h. 
The present study was approved by The Ethics Committee of 
the First Affiliated Hospital, College of Medicine, Zhejiang 
University (Hangzhou, China). The Committee waived the 
need for informed consent from the patients because the study 
was completed anonymously.

IHC. Sections were cut at 4  µm, placed on positively 
charged slides and dried overnight at 65˚C. The slides were 
deparaffinized in xylene at room temperature (RT) and dehy-
drated in 75, 85 and 100% alcohol. Endogenous peroxidase 
activity was inhibited by incubating the slides in 3% H2O2 
for 10 min at RT. Nonspecific binding sites were blocked 
with 10% normal goat serum (Beijing Zhongshan Jinqiao 
Biotechnology Co., Ltd.) at 37˚C for 10 min. Sections were 
then incubated with anti‑ER (1:200; cat. no. ab16660; Clone 
SP1; Abcam) and anti‑PR (1:150; cat. no. M356929; Dako; 
Agilent Technologies, Inc.) in humid chambers for 1 h at 37˚C. 
The sections were rinsed three times with PBS and then incu-
bated with a secondary antibody, Dako Real Envision /HRP, 
Rabbit/Mouse (ready‑to‑use; cat. no. K5007; Dako; Agilent 
Technologies, Inc.) for 30 min at RT. DAB (Dako; Agilent 
Technologies, Inc) was applied for ~2 min at RT and removed 
by rinsing with distilled water. Slides were counterstained 
with hematoxylin for 30 sec at RT.

Staining of ER and PR was assessed semi‑quantitatively 
by using Q‑scoring, which incorporates intensity and distri-
bution of reactivity (8,13). Intensity was scored as follows: 0, 
negative (no staining of any nuclei at high magnification); 1, 
weak (staining visible only at high magnification); 2, moderate 
(staining readily visible at low magnification); or 3, strong 
(clear positive staining at low magnification). The proportion 
of stained cells was scored as follows: 0, 0%; +1, 1‑25%; +2, 
26‑50%; +3, 51‑75%; or +4, >75%. Intensity and proportion of 
stained cells were added for the Q score, which ranged from 0 
to 7 (8).

FISH. Sections (4 µm) were cut and incubated overnight at 
65˚C. The slides were deparaffinized in xylene at RT, dehy-
drated in 75, 85 and 100% alcohol for 5 min each at room 
temperature and subsequently immersed in distilled water at 
90˚C for 30 min. The slides were then incubated for 10 min 
in 1ug/ml of protease solution (http://www.gpmedical.com.
cn/index.aspx) at 37˚C. The slides were briefly washed in 
sodium saline citrate (pH 7.2) for 5 min and dehydrated 
in 70, 85 and 100% ethanol at RT. Subsequently, the dual 
color HER2/CEP17 probe (10 µl; ZytoVision GmbH) was 
applied onto each slide, a cover slip was placed and sealed 
with rubber cement, and then the slides were transferred to 

a hybridization oven (S500‑24; Abbott Laboratories). The 
procedure was as follows: Denaturation at 75˚C for 10 min 
with hybridization overnight at 37˚C. After that, the slides 
were washed three times for 5 min in 37˚C wash buffer 
(ZytoVision GmbH) and rinsed in 70%  ethanol. After 
air‑drying, the slides were counterstained with 15 µl DAPI 
and a cover slip was applied. A total of 30 randomly selected 
invasive tumor nuclei in each of two separate distinct micro-
scopic areas were evaluated under a fluorescent microscope 
(magnification, x100 oil immersion objective; Olympus 
Corporation). The interpretation of FISH results was based 
on the 2018 ASCO/CAP guidelines (14).

Signal intensity for the FISH assay was scored utilizing a 
four‑point system: 0, No visible signal; 1, weak signal barely 
visible; 2, signal visible but not intense; and 3, intense signal. 
This four‑point scoring system was applied to HER2 and 
CEP17 signals in tumor cells (10).

Statistical analysis. Data were analyzed using SPSS software 
(version 25.0; IBM Corp). Values are expressed as mean ± stan-
dard deviation. Comparisons among groups (>2 groups) were 
carried out with Kruskal‑Wallis and Dunn's post‑hoc test. 
Comparisons between two groups were carried out with 
Wilcoxon rank sum tests or Mann‑Whitney tests. P<0.05 was 
considered to indicate a statistically significant difference.

Results

ER and PR levels of mastectomy and core needle biopsy 
samples for each age group. For mastectomy samples in 
each age group, the difference in Q scores for ER expression 
levels did not change significantly between original tests and 
repeated tests (Table II). For core needle biopsies prepared 10 
years ago, Q scores decreased significantly from 6.17±0.75 for 
original tests to 3.17±1.33 for repeated tests (Table II; Fig. 1A). 
Regarding all the samples, Q scores for repeated tests also 
showed a significant decrease in the 10‑year group (Table II). 
There was no significant difference for the change in Q scores 
for other age groups (Table II). A significant difference of 
Q scores for PR expression between original tests and repeated 
tests was also observed in the 10 year group, but not the other 
groups (Table III; Fig. 1B and D).

Table I. Number of breast cancer samples tested using IHC and 
FISH in each age group.

	 M, n	 CNB, n
	 -----------------------------	 ----------------------------
Age of paraffin blocks, years	 IHC	 FISH	 IHC	 FISH

10	   7	   7	   6	   4
7	   9	   9	   8	   8
5	 10	   7	 10	   9
3	 10	 10	 10	   9
1	 10	   9	 10	 10

IHC, immunohistochemistry; FISH, fluorescence in  situ hybridiza-
tion; M, mastectomy samples; CNB, core needle biopsy samples.
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Signal intensity of HER2 and CEP17 in mastectomy and core 
needle biopsy samples for each age group. For samples from 
10 and 7 years ago, no signal for HER2 or CEP17 could be 
detected for core needle biopsy samples (Tables IV and V; 
Fig.  2A). HER2 was detected in 5/7 and 7/9 mastectomy 
samples for these two age groups, respectively. Except for 
two samples from 7 years ago, CEP17 hybridization failed 
(Table V). For the remaining age groups, all samples were 
successfully hybridized.

The signal intensity decreased with the age of the paraffin 
blocks (Tables IV and V; Fig. 2A and B). Regarding HER2, the 
signal intensity demonstrated no significant difference between 
mastectomy and core needle biopsy samples in each age 
group, except the 3‑year group (Table IV). Regarding CEP17, 
a significant difference was observed in the signal intensity for 
mastectomy and core needle biopsy samples from 5 years ago, 
1.86±0.38 and 1.22±0.67, respectively (Table V). HER2 status 
did not change for the repeated samples compared with the 
original samples.

Signal intensity comparisons for HER2 and CEP17 between each 
age groups. Core needle biopsy samples from 10 and 7 years 
ago were not compared because HER2 and CEP17 signals were 
not detected. The signal intensities for HER2 and CEP17 for all 
samples in the 1 year group were the strongest compared with 
the samples from other age groups, with a score of 2.47±0.77 for 
HER2 and 2.32±0.82 for CEP17, followed by samples from 3, 5, 
7 and 10 years ago (Tables IV and V).

When only mastectomy samples were considered, the 
signal intensities of HER2 and CEP17 were stronger in 
samples from 1, 3 and 5 years ago compared with samples from 
10 and 7 years ago (P<0.05). No difference in signal intensity 
was observed for any two groups within the last 5 years. With 
regard to core needle biopsy samples, the signal intensities for 
HER2 and CEP17 decreased significantly with the age of the 
paraffin blocks (Tables IV and V).
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Figure 1. Immunohistochemical staining of ER and PR in core needle biopsy 
samples from 10 years ago. The Q score for the original test was 5 for (A) ER 
and (B) 5 for PR. The Q score for the repeated test was 2 for (C) ER and 2 
for (D) PR. Magnification, x400. ER, estrogen receptor; PR, progesterone 
receptor.
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Discussion

Formalin‑fixed paraffin‑embedded (FFPE) tissue is a widely 
used method to preserve tissue for diagnostic pathology. 
Formalin fixation crosslinks amines, amides, aromatic rings, 
hydroxyls, guanidine groups, sulfhydryl groups and reactive 
hydrogen atoms through a‑CH2‑linkages (15‑17). Formalin 
is an ideal fixative, which offers several advantages such as 
permanent tissue preservation, easy and long‑term affordable 
storage, optimal histological quality and efficient preserva-
tion of visual details, including nuclear morphology, cellular 
morphology and tissue architecture)  (18). However, DNA 
and RNA are degraded by formalin‑fixation, whereby RNA 
extracted from FFPE samples is reported to be of much lower 
quality compared with fresh frozen tissues (19). Both IHC and 
nucleic acid‑based assay results can be compromised over time 
when stored slides or blocks are used (20,21) and even after 
a short time there can be considerable loss of antigenicity in 
tissue sections derived from paraffin blocks (21,22). Compared 
with stored tissue sections, degradation within paraffin blocks 
is relatively slow (21). Reductions in the quantity of nucleic 
acids recovered from older tissues can vary from 5 to 50% for 
each decade of storage (23).

In the present study, it was observed that ER and PR 
expression levels were significantly reduced in 10‑year old 
samples compared with samples from other age groups. Core 
needle biopsy samples from 10 and 7 years ago failed hybrid-
ization. Additionally, signal intensities for HER2 and CEP17 
decreased significantly with the age of the paraffin blocks. 
The underlying reasons are not clear, but this may be due 
to hydration effects and/or oxidation (24,25). Alternatively, 
Xie et al  (26) suggested that inadequate tissue processing 
allowed for endogenous water retention in tissue sections and 
eventual antigen degradation. This endogenous or exogenous 
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Figure 2. Representative FISH images for different age groups. (A) Core 
needle biopsy sample from 10 years ago had no signal for HER2 or CEP17. 
(B) The FISH signal intensity for HER2 (green) and CEP17 (orange) in a 
mastectomy sample from 1 year ago was 3 (magnification, x1,000). FISH, 
fluorescence in situ hybridization; HER2, human epidermal growth factor 
receptor 2; CEP17, chromosome enumeration probe 17.
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water may explain why some methods of preservation are inef-
fective, including cold storage of slides at 4˚C (27), paraffin 
coating (28) or storage of slides in a nitrogen desiccator (29). 
Optimal tissue processing is of particular importance, as 
if tissues are efficiently fixed, processed and stored, antigen 
degradation occurs at a slower rate in paraffin blocks (26,30).

The Q scores for ER and PR expression levels, and the 
signal intensities of HER2 and CEP17 in mastectomy and 
core needle biopsy samples from tissue blocks, derived from 
five different block age groups, were compared. No HER2 
or CEP17 signals could be detected in core needle biopsy 
samples >7 years of age; however, HER2 signals were detected 
in the majority of mastectomy samples in the 10 year group. 
Q scores for ER and PR expression levels of core needle 
biopsy samples from 10 years ago were decreased signifi-
cantly. However, for the mastectomy samples in each age 
group, the difference in Q scores for ER and PR expression 
levels were not significantly different between original tests 
and repeated tests. Moreover, 6/7 mastectomy samples from 
10 years ago showed no change in Q score for PR expression 
levels. Based on these results, mastectomy samples as old as 

10 years yielded excellent PR results. Thus, in addition to 
variability in tissue processing, the storage time of paraffin 
blocks may be a factor affecting the differences between 
mastectomy and core needle biopsy samples; however, the 
basis for this difference is unknown.

False‑negative breast biomarkers are a serious issue as 
these biomarkers determine both endocrine and targeted 
therapies. False negative results can be due to sampling 
error, delay in exposure to formalin, incorrect concentra-
tion of the antibody/probe, incorrect pretreatment, incorrect 
calibration of the automated platform, inherent variability in 
the interpretation of results and variability of the signal in a 
given lesion (8,12,31‑34). In the present study, six core needle 
biopsy cases were identified as having a Q score of 0 following 
repeated tests, of which five had Q scores of 6, 2, 2, 2 and 2 
for PR expression, while one had a Q score of 2 for ER expres-
sion, from the original tests (Table VI; Fig. 3). These cases 
associated with PR levels for core needle biopsy samples that 
scored 2 (Table VI; Fig. 3). This may be associated with the 
occurrence of false‑negatives. As such, closer attention to the 
interpretation of PR results for repeated tests is needed for 
core needle biopsy samples with Q score of 2.

A significant limitation of the present study was the small 
number of patients, limiting the ability to determine the influ-
ence of paraffin block age on biomarker expression levels in 
archival breast cancer samples. The major reason for the small 
sample size was that very few cases were referred for FISH 
testing in the Department of Pathology, The First Affiliated 
Hospital of Zhejiang University (Hangzhou, China) for almost 
6 years after FISH testing was introduced in 2007. A larger 
cohort should be included in any future study to warrant the 
reliability of the findings from the present study.

In conclusion, the age of paraffin blocks has a significant 
effect on ER and PR expression levels in core needle biopsy 
samples. The expression levels of ER and PR were considerably 
reduced in core needle biopsy samples from 10 years ago. 
Moreover, samples from >7 years ago were not suitable for 
FISH analysis. Furthermore, caution should be exercised for 
repeat interpretation of PR expression levels for core needle 
biopsy samples with a Q score of 2.
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