Comparison of Immunocytochemistry and
Immunohistochemistry on Breast Carcinoma: A Boon or a
Bane?
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ABSTRACT

Introduction: Breast carcinoma is the most common cancer among women in the urban Indian population. Conventionally,
immunohistochemistry (IHC) is done to determine the hormone receptor status of the tumor. Immunocytochemistry (ICC)
on fine-needle aspiration cytology (FNAC) was carried out to determine the same hormone receptor status of the tumor.
Objective: The study was undertaken to evaluate the diagnostic reliability of performing estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth factor receptor 2 (Her2/neu) receptor status on FNAC by
ICC and to compare the results with IHC.

Materials and Methods: A 2 years 6 months prospective study conducted in the Department of Pathology, ESIC
Medical College and PGIMSR and ESIC Model Hospital, Rajajinagar, Bengaluru, wherein 100 breast carcinoma
patients’ samples both cytology and histology were collected. IHC and ICC were done by peroxidase antiperoxidase
technique. Validations of the receptor status were analyzed using sensitivity, specificity, positive and negative predictive
values (PPV and NPV), and kappa statistics for agreements between ICC and IHC.

Results: ICC was positive for ER, PR, and Her2/neu in 53, 50, and 22 cases, respectively. For ER, a cytohistologic
correlation of 98%, with a sensitivity of 96.3%, specificity of 100%, and PPV and NPV being 100% and 95.7%. For PR,
concordance of 97%, with a sensitivity of 94.3%, specificity of 100%, and PPV and NPV being 100% and 94%. Her2/neu
had an agreement of 89%, with a sensitivity of 72%, specificity of 95.5%, and PPV and NPV being 85.7% and 90.1%.
Conclusion: ICC has been a boon and can be a paramount diagnostic adjunct to the routine investigations.
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therapy and for predicting prognosis.*”! Conventionally,

trucut biopsy and immunohistochemistry (IHC) are carried
out on tissue sections to determine the hormone receptor
status of the tumor. However, fine-needle aspiration
cytology (FNAC) for breast lumps is a simple initial
outpatient procedure which is easy, accurate, reliable, and
repeatable. Hence, it would save time if these markers
are performed on cytological material at the time of
diagnosis using immunocytochemistry (ICC). Although
immunocytochemical characterization of breast carcinoma
on fine-needle aspirates is recognized as an effective
procedure, there are only a few studies that compare the
results obtained on fine-needle aspirates and on tissue
sections; hence, the present study was undertaken.”)

Objectives

e The study was undertaken to evaluate the diagnostic
reliability of performing ER, PR, and Her2/neu
receptor status on FNAC by ICC

*  And compare the results with IHC (gold standard) on
tissue sections.

MATERIALS AND METHODS

FNAC of 100 breast carcinomas together with
corresponding modified radical mastectomy (MRM)
specimens paraffin-embedded tissue sections over a period
of 2 years 6 months from September 2011 to March
2014 were studied in the Department of Pathology, ESIC
Medical College and PGIMSR and ESIC Model Hospital,
Rajajinagar, Bengaluru, FNAC smears were stained with
H and E and material was checked, marked, destained,
fixed for 10 min in cold acetone, and then used for ICC.
Corresponding patients MRM specimens paraffin embedded
tissue sections having both tumor and internal controls were
taken for IHC. IHC and ICC were performed together by
peroxidase-antiperoxidase technique and were reported by
two independent pathologists. Monoclonal antibodies were
obtained from “Scytec” company. ER (mouse monoclonal
clone 1D5), PR (mouse monoclonal clone PR88), and
Her2/neu (rabbit monoclonal clone EP1045Y). Hundred
tumor cells on FNAC and 500 cells on tissue sections were
counted for positivity. Cases of both ICC and IHC results
of the same patient were available and were further taken
up for correlative study. ER, PR positivity was denoted by
nuclear staining using Allred scoring system which takes
into account both intensity of staining and proportion of
positive tumor cells. American Society of Clinical Oncology
guidelines 2007 denoting cytoplasmic membrane staining
was used for Her2/neu grading,

Statistical analysis

The data were analyzed using the Statistical Package for the
Social Sciences software version 18.0 (SPSS Inc, Chicago).
Obtained parameters were evaluated using descriptive
statistical analysis and presented in terms of percentage.
Validation of ER, PR, and Her2/neu receptors was
analyzed using sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV). Kappa
statistics was used to find the agreements between ICC and
IHC hormone receptor status.

RESULTS

In the present study, majority of women with breast
carcinoma were in the age group of 41-50 years
49/100 (49%) with the mean age of 48.2 = 6.887 years.
The youngest was 24 years and oldest 75 years. Left breast
50/100 (50%) was marginally more affected than right side
49/100 (49%) of breast and in a single case both breasts
1/100 (1%) were affected.

By ICC, ER+/PR+ 49/100 (49%) wete the mostcommon
hormone receptor expressed followed by triple negative
26/100 (26%) and Het2/neu positive21/100 (21%)
[Table 1 and Figures 1-3]. By IHC, ER+/PR+52/100
(52%0) were the most common hormone receptor expressed
followed by Her2/neu 25/100 (25%) and triple negatives
20/100 (20%) [Table 2 and Figute 4]. Among the individual
hormone receptor study by ICC, ER was expressed in
53/100 (53%), PR in 50/100 (50%), and Her2/neu in
22/92 (23.9%).

The immunocytochemical results were then compared
with those of IHC of the corresponding excised surgical
specimens (gold standard). By ICC, ER-positive expression
was seen in 53/100 (53%) of cases and rest 47/100 (47%)
were negative. Among 53/100 (53%) ICC positive cases
of ER, all were positive by IHC (true positives). Of
47/100 (47%) ICC negative cases, 45 wete negative (true

Table 1: Immunocytochemistry hormone
receptor status

ICC hormone receptor status Frequency Percentage
ER+/PR+ 49 49.0
ER+/PR- 3 3.0
ER-/PR+ o [
Her2/neu+ 21 21.0
Triple positive 1 1.0
Triple negative 26 26.0
Total 100 100.0

PR: Progesterone receptor, ER: Estrogen receptor, Her2: Human epidermal
growth factor receptor 2, ICC: Immunocytochemistry
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negatives) by IHC and 2 were positive (false negative) by
IHC. Compared to IHC, the ICC diagnostic sensitivity,
specificity, PPV, and NPV for ER staining were 96.3%,
100%, 100%, and 95.7%, respectively. The overall accuracy
and concordance between ICC and IHC were 98%

[Table 3].

PR ICC positive cases were 50/100 (50%) and rest
50/100 (50%) were negative. Among fifty ICC positive
cases of PR, all fifty were positive by IHC (true positive). In
rest 50 ICC negative cases, 47 were negative (true negatives)
by IHC and 3 were positive (false negatives) by IHC. The
diagnostic sensitivity, specificity, PPV, and NPV for PR
immunocytochemical staining were 94.3%, 100%, 100%,
and 94%, respectively. The concordance between ICC and
IHC was 97% |Table 3].

Of the 100 cases, only 92 cases of Her2/neu were suitable
for the study. Among which ICC positive cases were
21/92 (22.8%) and negative cases were 71/92 (77.1%).
Among the 21 Her2/neu receptor immunocytochemical
positive cases, 18 cases were positive by IHC (true positive)
and three cases were negative by IHC (false positives).
Of 71 ICC Her2/neu receptor negative cases, 64 cases
were negative by IHC (true negative) and 7 cases were
positive by IHC (false negatives). In comparison to IHC,

Table 2: Imnmunohistochemistry hormone
receptor status

IHC hormone receptor status Frequency Percentage
ER+/PR+ 52 52
ER+/PR- 2 2
ER-/PR+ [¢] o
Her2/neu+ 25 25
Triple positive 1 1
Triple negative 20 20
Total 100 100

IHC: Immunohistochemistry

the diagnostic sensitivity, specificity, PPV, and NPV for
Her2/neu receptor immunocytochemical staining were
72%, 95.5%, 85.7%, and 90.1%, respectively, and the
concordance being 89% [Table 3].

DISCUSSION

The incidence of breast carcinoma rises throughout a
woman’s lifetime. Age range among Indian breast cancer
patients is found to be lower when compared to the Western
countries with an average difference of one decade. This
is likely to be due to the different age distribution of the
Indian population, where only 7% of the population
is above the age of 60 years.'""? In the present study,
49% of women were in the age group of 41-50 years, in
contrast a study by Pakseresht ¢7 a/["* had lower age range
from 31 to 40 years (34.5%), whereas Suvarchala and
Nageshwararao!'!! (45.31%) and Ambroise ef al!' (46.4%)
had higher age range between 51 and 60 years.

Literature search reveals breast carcinomas are more
common in the left breast than the right side. The possible
explanations are that the left breast being more bulky
and having larger volume of breast tissue comparatively.
However, side of breast involved has no clinical
significance.'*" In the present study also left breast was
marginally more affected than right with a single case of
bilateral breast carcinoma.

Analysis of steroid receptor status has become the standard
of care for patients with breast cancer. Traditional factor
such as detection of the presence or absence of ER,
PR, and Her2/neu in breast carcinoma is known to be
clinically essential for determining the responsiveness to
the endocrine therapy and predicting prognosis in newly
diagnosed and relapsed breast carcinoma.l'"'*'"! These

Table 3: Diagnostic reliability of immunocytochemical staining of hormone receptor status

compared to immunohistochemistry

IHC ICC
ER (n=100) PR (n=100) HER2/neu (n=92)
Positive Negative Positive Negative Positive Negative
Positive 53 (true positives) 2 (false negatives) 50 (true positives) 3 (false negatives) 18 (true positives) 7 (false negatives)
Negative o (false positive) 45 (true negatives) o (false positives) 47 (true negatives) 3 (false positives) 64 (true negatives)
Parameter Hormone receptor status
ER PR Her2/neu
Sensitivity (%) 96.3 94.3 72
Specificity (%) 100 100 95.5
Positive predictive value (%) 100 100 85.7
Negative predictive value (%) 95.7 94 90.1
Concordance (%) 98 97 89
Kappa 0.96 0.94 0.71
P <0.001 <0.001 <0.001

PR: Progesterone receptor, ER: Estrogen receptor, Her2: Human epidermal growth factor receptor 2, ICC: Immunocytochemistry, IHC: Immunohistochemistry
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Figure 1: (a) Immunocytochemistry-negative nuclear staining-estrogen
receptor-Allred score-2-negative, (b) positive nuclear staining for
estrogen receptor-Allred score-4-positive, (c) Allred score-6-positive,
(d) Allred score-8-positive (x40)

Figure 3: (a) Immunocytochemistry photomicrograph of breast
carcinoma shows complete cytoplasmic membrane staining for human
epidermal growth factor/neu—score-3+ (x10), (b) human epidermal
growth factor/neu—score-3+ (x40)

factors can be assessed on the FNAC aspirates by the
procedure called as ICC which is a well-accepted procedure
for determining ER, PR, and Her2/neu. In both ICC as
well as IHC, the crucial steps involved are fixation and
antigen retrieval.l*”!

Some authors evaluated the hormone receptor status
using the immunocytochemical technique on archived
Papanicolaou and H and E stained fine-needle aspiration
slides and concluded that Papanicolaou-stained slides
used as such, without destaining for ICC showed better
agreement with IHC than the destained slides. While others
reported that using Papanicolaou and H and E stained
slides for ICC without destaining but with antigen retrieval
showed a much better agreement with IHC than destained
slides. The explanation being that harsh destaining
techniques results in the loss of receptor antigenicity.
However, other authors assessed the hormone receptor
status on cytological smears using destained slides and
achieved good results. Considering the reasons, we chose
to do ICC on H and E destained slides and also opine that

A j Z"

Figure 2: (a) Immunocytochemistry photomicrograph of breast
carcinoma shows positive nuclear staining for progesterone
receptor-Allred score-6-positive (x10), (b) Allred score-8-positive (x40)

Figure 4: (a) Immunohistochemistry nuclear stain positivity for
estrogen receptor - Allred score-8 (x10), (b) immunohistochemistry
nuclear stain positivity for estrogen receptor-Allred score-8 (x40),
(c) immunohistochemistry nuclear stain positivity for progesterone

receptor-Allred score-8 (x40), (d) immunohistochemistry
nuclear stain positivity for human epidermal growth factor/neu
receptor-score-3+ (x40)

prior staining will help in checking the adequacy of the
material.l**1*"¥ Tdentifying suitable fixative and processing
conditions for the preservation of the antigen required are
of ptime importance in determining ER, PR, and Her2/neu
immunoreactivity. The fixatives commonly used are freshly
prepared 4% buffered formalin, cold acetone, ether
alcohol, Carnoy’s fixative, and combination of methanol
and acetone all of which have to be freshly**'"® In the
present study, we used cold acetone as a fixative and yielded
us with better results.

Antigen retrieval is another crucial step in the documentation
of receptors in breast carcinoma. However, antigen retrieval
can be performed by pressure cooker heating or microwave.
Many Indian authors have suggested using a pressure
cooker for heating compared to a microwave on account of
financial constraints although microwave heating is proved
to give better results in the West in the presence study
to, we used pressure cooker since it was well established
in our laboratory and yielded good tresults.**'*"¥ The
retrieval buffers which can be used are 0.9 M Tris-HCI
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Table 4: Comparative incidence of diagnostic reliability of immunocytochemistry estrogen receptor

status

ER Zoppi et al., 200259 Malaviya et al., 2006"! Radhika and Prayaga, 2010 Hafez and Tahoun, 2010® Present study, 2014
Sensitivity (%) 96.1 33 93 96.3
Specificity (%) 86.9 75 84.2 100

Positive predictive value (%) 67 95.7 100
Negative predictive value (%) 43 76.2 95.7
Concordance (%) 94.1 84 50 91.1 98

ER: Estrogen receptor

Table 5: Comparative incidence of diagnostic reliability of immunocytochemistry progesterone

receptor status

PR Zoppi et al., 2002 Malaviya et al., 2006  Radhika and Prayaga, 2010®®  Hafez and Tahoun, 2010"!  Present study, 2014
Sensitivity (%) 65.7 25 87.1 94.3
Specificity (%) 83.3 33 95 100

Positive predictive value (%) 33 98.4 100
Negative predictive value (%) 25 67.9 94
Concordance (%) 71.2 90 29 88.9 97

PR: Progesterone receptor

buffer, sodium citrate, and ethylenediaminetetraacetic
acid (EDTA). Among them, EDTA has been proved to
be a superior antigen retrieval solution; hence, the same
was used in the presence study.**'¢!¥

For reporting purposes, Allred scoring!"” for ER, PR
receptort, and CAP protocol Het2/neu scoring!™! was used
in the present study and totally 100 cases were studied for
both ICC and IHC correlation.

In the present study, ICC was positive for ER, PR, and
Her2/neu in 53%, 50%, and 23.9% of cases, respectively.
The sensitivity, specificity, PPV, and NPV results for ER
and PR receptor ICC expression of the present study were
similar to the Western studies!®”'l and higher compared to
a study by Radhika and Prayaga.®” However, lower results by
Radhika and Prayaga®® were explained by the author as due
to the use of improper antigen retrieval [Tables 4 and 5].

Very few studies are found in the literature which uses
Her2/neu for ICC and IHC correlation. In the present
study, Her2/neu sensitivity was 72%, specificity 95.5%,
PPV and NPV were 85.7% and 90.1%. Concordance being
89% the present study concordance rates were equal to the
other studies.”'* However, other authors have compared
I1CC with fluorescence 7 situ hybridization (FISH) and
found FISH to be a most powerful technique for Her2/neu
evaluation on breast carcinoma®?¥ [Table 6].

CONCLUSION

ICC has been a boon and can be a paramount diagnostic
adjunct to the routine investigations. Identifying suitable

Journal of Laboratory Physicians / Jan-Mar 2017 / Vol-9 / Issue-1

Table 6: Comparative incidence of diagnostic
reliability of immunocytochemistry human
epidermal growth factor receptor 2/neu
expression
Herz2/neu

Nizzoli Beatty Moriki Present
etal., 2003*! etal., 2004 etal., 2004 study, 2014

Concordance (%) 84 84 100 89

Her2: Human epidermal growth factor receptor 2

fixative and antigen retrieval processing is of fundamental
importance. ICC on FNA has a rapid turnaround time
with minimal processing time and antigen loss due to
fixation. ICC on FNA helps in sequential receptor status
determinations at different times during the course of
treatment and also in the evaluation of metastatic tumots of
unknown origin without the need of invasive open surgical
biopsy. ICC is more advantageous in planning treatment
for patients for whom surgery would be contraindicated
because of eldetly patients, advanced inoperable tumor,
metastases, local disease recurrence, or malignant effusions.
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