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Abstract
Background: Fine Needle Aspiration (FNA) is an increasingly
utilized diagnostic modality for diagnosing metastatic breast
carcinoma. Evaluation of hormone receptor status in the setting of
metastatic breast disease is standard of practice. There is limited
data assessing the hormone receptor status of metastatic breast
carcinoma in FNA specimens, particularly with regards to cell
transfer techniques when there is inadequate tumor volume in the
cell block.
Design: All FNA cases diagnosed as primary or metastatic breast
carcinoma from 2010-2014 were reviewed. When performed at the
time of original diagnosis, immunocytochemical stain interpretations
of Estrogen Receptor (ER), Progesterone Receptor (PR), and HER2
by either cell transfer or cell block techniques were recorded. Cell
transfer was performed on cases in which insufficient tumor material
was present in the cell block.
Results: Hormone receptor immunocytochemical stains were
attempted in 56% (163/291) of FNA specimens diagnosed as
primary (4/291) or recurrent/metastatic (287/291) breast carcinoma.
Immunocytochemical interrogation was performed by cell transfer
technique in 24 (15%) cases and by cell block evaluation in 139
(85%) cases. Among all cases in which immunocytochemical stains
were attempted, results were issued in all but 10 (6%) cases in
which tumor cellularity was deemed too low (8 cell blocks and 2 cell
transfers) for hormone status assessment. ER, PR, and HER2 were
positive in 62%, 37%, and 18% of tumor cells, respectively.
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Conclusion: Hormone receptor status of metastatic breast
carcinoma can be reliably assessed by FNA and immunocytochemistry utilizing both cell block and cell transfer techniques. Cell
transfer provided 15% of the cases with biomarker results that
otherwise would not have been performed due to inadequate
cellularity in the cell block.
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Introduction
Fine Needle Aspiration (FNA) is a safe, minimally invasive, and
relatively inexpensive diagnostic method which may be used for the
evaluation of both primary and metastatic breast carcinomas. While
a diagnosis can often be made primarily based on cytomorphologic
features (Figure 1), adjunctive tools such as Immunocytochemistry
(ICC) and Fluorescence In Situ Hybridization (FISH) are often
required to assess for the presence or absence of Estrogen Receptor
(ER), Progesterone Receptor (PR), and Human Epidermal Growth
factor 2 (HER2) in breast carcinomas, findings of which have well
established prognostic and therapeutic implications [1]. FNA can
provide cellular material which may be used for determining the
ER, PR, and HER2 status of both primary and metastatic breast
carcinomas. The detection of these markers on FNA samples has been
studied on direct smears, cytospin slides, liquid-based preparations,
cell block sections and cell-transferred cytologic smears with variable
success rates [2-8]. There is limited data assessing the hormone
receptor status of metastatic breast carcinoma in FNA specimens,
particularly with regards to cell transfer techniques when there is
inadequate tumor volume in the cell block.

Figure 1: FNA smear of metastatic ductal carcinoma of the breast (Papanicolaou stained, x400).

Materials and Methods
This study was approved by the Institutional Review Board of the
Indiana University School of Medicine. A computerized search of
Indiana University Health cytopathology archives was performed.
FNA cases diagnosed as primary or metastatic breast carcinoma in
which ICC for ER, PR, and HER2 had been previously evaluated on
either a cell block or (when there was insufficient tumor on the cell
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block) cell-transferred direct smears were identified over a five-year
period (2010-2014). The cell transfer protocol previously validated
by Ferguson et al., was utilized [8]. The search yielded a total of 163
FNA specimens with a diagnosis of either primary or metastatic breast
carcinoma in which ICC had been attempted. ICC for ER, PR, and
HER2 was performed on the cell block or when insufficient tumor
volume was present on the cell block, on cell-transfer slides using
commercially available antibodies. The antibody clones and detection
systems used were ID-5 and LSAB for ER, 636 and LSAB-2 for PR, and
Hercep Test antibody and dextran polymer conjugated peroxidase for
HER2. No modifications were made in the immunostaining process
on the cell-transferred slides compared to formalin-fixed tissue.
The assessment of hormone receptor status at the time of original
diagnosis, which followed ASCO (American Society of Clinical
Oncology) and CAP (College of American Pathologists) guidelines,
was recorded.

paraffin embedded tissue (Figures 2 and 3). Positive (3+) HER2
expression on the cell-transferred smears typically appeared very dark
and nontransparent, which was easily identified on low magnification
(Figure 4). The circumferential membranous staining pattern which
is characteristically seen on histologic sections was replaced by this
dark, opaque staining pattern on the cell-transferred direct smears [8].
This is due to the three dimensional nature of the tumor cell clusters
on the direct smears compared to the more two dimensional nature of
the histologic sections. ICC results were excluded from the study if the
cell transfer slide contained less than 50 cells.

Cell Transfer Technique
One representative ethanol-fixed Papanicolaou-stained direct
smear containing adequate tumor cells was selected for ICC. The
cell-transfer technique was performed as follows:
1) The coverslip was removed using histologic grade Xylene
2) A thin layer of Mount Quick™ media (Daido Sangyo Co., Ltd,
Japan) was spread uniformly over the top of the cellular material

Figure 2: Estrogen Receptor (ER)-Positive, diffuse strong nuclear staining,
x 400 (cell-transferred smear).

3) The slide was then placed into a 60˚C heated oven for approximately 2-3 hours (or until hardened to the touch)
4) A Sharpie™ marker was used on the surface of the dried media to
divide the slide into multiple areas of interest
5) The slide was then placed into a Coplin jar of de-ionized water and
submerged into a warm water bath at 45 ± 3˚C for 30 minutes to
2 hours or until the media was soft enough to easily peel away from
the slide
6) The media was cut along the marked areas and each section was
carefully arranged on a new positively charged glass slide (Leica
InJet Plus)
7) Gentle pressure was then applied to each section using a moistened
gauze pad
8) The slides were left to dry in a warm oven (37-60˚C) for at least
2 hours, or until the slide was completely dry to the touch
9) The dried slides were soaked in 4 exchanges of xylene (15 minutes
each) in order to remove the mounting media
10) Slides were then rehydrated using 2 exchanges of absolute alcohol,
2 exchanges of 95% alcohol and 2 exchanges of de-ionized water
11) ICC staining was performed
For the cell transfer technique, the ICC procedure was identical
to that used for regular immunohistochemistry for formalin-fixed
paraffin embedded tissue. No destaining was applied in our process.
The ICC was stained using the Dako Autostainer Link 48 with antigen
retrieval.
The positive nuclear staining pattern for ER and PR on
cell-transferred smears is similar to that of standard formalin-fixed
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Figure 3: Progesterone receptor (ER)-Positive, diffuse strong nuclear
staining, x 400 (cell-transferred smear).

Results
Hormone receptor immunocytochemical stains were attempted
in 56% (163/291) of FNA specimens diagnosed as primary (4/291)
or recurrent/metastatic (287/291) breast carcinoma. Immunocytochemical interrogation was performed by cell transfer technique in 24
(15%) cases and by cell block evaluation in 139 (85%) cases. Among
all cases in which immunocytochemical stains were attempted, results
were issued in all but 10 (6%) cases in which tumor cellularity was
deemed too low (8 cell blocks and 2 cell transfers) for hormone status
assessment. The ICC studies for ER, PR and HER2 were successfully
performed in 160/163 (98%), 158/160 (99%) and 148/155 (95%) of
FNA samples and ER, PR, and HER2 were positive in 99/160 (62%),
59/158 (37%), and 26/148 (18%) of cases, respectively (Table 1).
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Figure 4: HER2 - Positive (3+), intense, dark staining on the tumor cells x 400
(cell-transferred smear).
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Table 1: Results of immunocytochemistry for Estrogen Receptor (ER),
Progesterone Receptor (PR) and HER2 on fine needle aspiration samples.
ER positive: ≥1% strong nuclear staining
PR positive: ≥ 1% strong nuclear staining.
HER2 positive (3+): Complete, intense, circumferential membrane staining in
>10% of invasive tumor cells
HER2 equivocal (2+): Incomplete and/or weak to moderate circumferential
membrane staining in >10% of invasive tumor cells or complete, intense,
circumferential membrane staining in ≤10% of invasive tumor cells

Discussion
The status of ER, PR and HER2 in breast carcinoma is very
important as a prognostic factor and is essential for the selection of
appropriate treatment. It is recommended that hormone receptor and
HER2 testing be performed on all primary breast carcinomas and on
recurrent or metastatic tumors [9-12]. The initial diagnosis of primary
breast carcinoma is typically rendered by image-guided stereotactic
core biopsies. However, for metastatic/recurrent breast carcinoma,
FNA is a safe and cost effective method to obtain diagnostic
materials. In the setting of metastatic breast cancer, obtaining
adequate tumor volume by FNA for hormone receptor assessment
and HER2 status is of utmost importance. Testing for ER, PR, and
HER2 by immunohistochemistry has been developed for use on
formalin-fixed, paraffin-embedded tissue obtained by surgical
biopsies, and the American Society of Clinical Oncology/College
of American Pathologists guidelines recommend using only tissue
samples fixed in 10% phosphate buffered formalin for HER2 testing
[13]. Previous studies have demonstrated that Immunocytochemical
staining (ICC) for ER, PR, and HER2 performed on formalin-fixed,
paraffin-embedded cell blocks prepared from both FNA and serous
effusion samples are reliable [3]. However, cell blocks sometimes
lack adequate cellularity even when the direct smears are abundantly
cellular. The cell transfer technique is a very useful method for
obtaining cellular material for immunostaining and molecular
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testing if conventionally prepared cell blocks lack adequate cellularity
[8, 14-19]. In our study 15% (24/163) of breast biomarker studies were
performed on the cell-transferred smears that otherwise would not
have been performed due to inadequate cellularity in the cell block.
There are several advantages to using the cell transfer technique. It
is technically simple and can be easily taught to and performed by a
cytotechnologist or histotechnologist. No special equipment is
required to perform the technique and the cost is relatively low.
Furthermore, even if few diagnostic smears are available for a
particular case, multiple immunostains can be performed from a
single cellular smear. In addition to ER, PR, and HER2, we can
perform GATA3 or mammaglobin ICC on a single cellular smear
using the cell transfer technique to confirm the tumor origin from
a breast primary. One important limitation to the use of CTT is
that only ethanol-fixed direct smears can be used, as air-dried,
methanol-fixed slides have previously been shown to have a false
negative rate of approximately 30% and also often demonstrate
nonspecific background staining [16].
Biomarker status of metastatic breast carcinoma can be reliably
assessed by FNA and immunocytochemistry utilizing both cell block
and cell transfer techniques. Our study demonstrates a successful rate
of 94% (153/163) on providing the ICC results of ER, PR and HER2
on FNA specimens of metastatic/recurrent breast carcinoma.
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