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Core Needle Biopsy Wash Optimization: Enabling Specimen
Integrity for both Cytological and Histological Evaluation
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Abstract. Background. The recovery of cells after washing
core needle biopsies represents an under-utilized approach
to extend the diagnostic capacity of these diminutive
specimens. Recovery of these cells can be dedicated for
molecular studies so that the biopsy itself can be used
apropos for its intended purpose, diagnosis. Non-enzymatic
and enzymatic reagents have the potential to increase the
number of cells dissociating from the tissue core, but can
also negatively impact the quality of the tissue itself.
Materials and Methods: Three different means (phosphatebuffered saline, a non-enzymatic and an enzymatic solution)
were used to wash core needle biopsies. The washed cells
were recovered by traditional preparatory methods and
evaluated for cellularity and cytomorphology. The postwashed cores were processed by formalin fixation, paraffin
embedding and evaluated for integrity and morphological
quality. Results: The enzymatic solution damaged both the
cytological and tissue specimens, while the saline and nonenzymatic process allowed for the comparable recovery of
cells and tissue for evaluation. Conclusion: Adequate
numbers of cells are dissociated from the tissue core when
needle biopsies are washed. The recovery and preservation
of cells and tissue for morphological interpretation was
optimal when solutions devoid of enzymes were used for
washing.
Core needle biopsies (CNBs) have become an integral
component in the management of patients with recently
identified tumorous lesions. CNB is indicated for a
suspected tumor lesion to determine whether it is benign or
malignant and to help stage a patient’s neoplastic disease
process, determining the extent of local and metastatic
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spread (1). The increased number of CNBs being performed
corresponds to reports of diagnostic accuracy rates similar
to those of open biopsies but with much lower complication
rates (2). The recent push for the incorporation of molecular
testing to further guide patient treatment has increased the
importance of the CNB in the burgeoning field of Precision
Medicine (3, 4). Increasingly, the performance of additional
assays from already diminutive starting material is being
requested from treating physicians. These limitations have
raised awareness of the difficulty of performing more tests
on smaller biopsies (5, 6). This issue of having to do more
with less is a growing concern for pathologists (7). A not so
infrequent scenario encountered in laboratory medicine is
the loss or exhaustion of diagnostic tissue after
morphological examination and the performance of a battery
of immunohistochemical stains, leaving insufficient tissue
for molecular analysis.
Investigators have looked at performing various
manipulations on the CNB with the hope of extending the
diagnostic capabilities of these small-tissue specimens.
Touch imprint cytology was recently described as a means
of recovering cells from CNBs for molecular analysis (8).
This approach has been most often reported as a method in
establishing an on-site, rapid diagnosis for patients in the
clinic setting (9, 10). However, this technique has also been
reported to detrimentally affect the cellularity of the CNB, if
performed too vigorously (11). Another method, namely
washing of the CNB, has been investigated but only with the
intent of determining the adequacy of the CNB or in
obtaining a rapid diagnosis (12). Herein, we sought to
determine if washing of the CNB would be a suitable
approach of extending the diagnostic capabilities of the
material retrieved from the procedure. We sought to
determine if the material taken from a CNB wash would
yield cells of reasonable quality and quantity without
depleting the post-wash CNB tissue of diagnostic cells or
damaging them in any way. Washing a CNB, we reasoned,
may be able to recover diagnostic cells in sufficient numbers
that could be dedicated for molecular analysis, all the while
preserving the CNB for traditional formalin-fixed, paraffinembedded (FFPE) morphological examination. In the present
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study, we report the findings after testing a number CNBs
washed with three different solutions, and speculate on the
importance of the wash in retrieving these cells.

Table I. Breakdown of types and numbers of tumors from which core
needle biopsies were taken.
Tumor type

Materials and Methods
Approval of this project was given by the University at Buffalo
Institutional Review Board [416540-3]. Consent was waived as the
material that was obtained was excess in nature, did not destroy the
specimen, and came from specimens resected for medical
indications. No personal health information was retained. A CNB
was obtained from 26 cases of surgically resected tumors (Table I).
Some of these cases would not have been traditionally sampled by
CNB for diagnosis but were sampled in this experiment because of
availability of adequate tissue and for proof of
concept/demonstration purposes. These cases were delivered to the
Department of Pathology unfixed, with the expectation that
pathology personnel would add fixative. Upon receipt, a technician
informed a pathologist participating in this project (WDM) of the
arrival of a specimen resected for medical indications. The
pathologist then inspected the specimen and identified by visual and
palpable examination the presence of a tumorous lesion. Cases with
lesions that were small and did not have ample excess tissue were
excluded from this study.
For those cases selected, a total of 12 biopsies were taken from
each case using an 18-gauge core needle biopsy instrument
[Adjustable Coaxial Temno® biopsy device; CareFusion (a division
of Becton, Dickinson and Company), San Diego, CA, USA]. The
core needle biopsy instrument was inserted directly into the lesion
and two cores procured six times (Figure 1). Of the resulting 12
cores, the first two were placed into a biopsy bag for subsequent
fixation; these cores were intended to serve as standards from which
subsequent cores were to be compared with at the morphological
level. The next 10 cores were then dislodged, two each, into one of
five separate 1.5 ml microcentrifuge tubes. The tubes held different
solutions, namely 1X phosphate buffered saline (PBS; diluted to
one-tenth the concentration from a starting stock solution of 10X
PBS), Cell Stripper [MediaTech (a division of Corning), Manassas,
VA, USA], a non-enzymatic cell dissociation reagent, and three
decreasing concentrations [2%, 1% and 0.5% (w/v)] of collagenase
(13) in RPMI 1640. This approach was used for the first six cases,
with the two higher concentrations of collagenase discontinued after
review of the initial cytomorphology. For the next eight cases, only
eight core biopsies were procured, and similarly processed as above
in the solutions not discontinued. For the final 12 cases, only six
core biopsies were taken from each tumor mass, with two cores
dedicated for formalin fixation, two for washing with PBS and two
for washing with Cell Stripper.
The two cores dedicated for formalin fixation were immediately
fixed in 10% neutral buffered formalin for 8 or more hours and then
processed and ultimately sectioned after being embedded with
paraffin wax for hematoxylin and eosin staining. Each of the other
two cores for a specific solution (PBS, Cell Stripper, etc.) were
placed into the microcentrifuge tube holding approximately 1 ml of
solution by dislodging them from the needle with gentle agitation.
All the cores were then incubated at 37˚C for 15 min with rotational
mixing. After the mixing, a probe was used to extract the cores from
the solution. The cores were then placed into a biopsy bag for
formalin fixation as described above. The leftover solution from
each core wash was then spun down and captured on glass slides
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Renal cell carcinoma
Colonic adenocarcinoma
Breast carcinoma (ductal)
Ovarian serous carcinoma
Sarcoma NOS
Endometrial carcinoma
Adenomatoid thyroid nodules
Renal mass (Angiomyolipoma)
Adrenal mass (Pheochromocytoma)
Ovarian mucinous carcinoma
Pancreatic carcinoma
Squamous cell carcinoma

Number
of cases

Case
numbers

6
4
3
2
2
2
2
1
1
1
1
1

4, 8, 10, 14, 16, 25
2, 5, 18, 21
6, 20, 24
1,3
12, 15
9, 26
22, 23
13
11
17
7
19

using the cytospin method. The glass slides were then sprayed with
a fixative (Cytology Fixative; Leica Biosystems, Buffalo Grove, IL,
USA), allowed to air dry and then fixed for 10 minutes in 95%
alcohol before undergoing a pre-programmed staining protocol
using the Papanicolau staining method.
The cytospin slides were then examined by a Board-certified
cytopathologist (NF) who evaluated a set number of characteristics
for each case. These features included the quality of the cellular
morphology, the quantity of the cells present, and a diagnostic
assessment of the cells (if quantity and quality allowed). The quality
of the cellular morphology was graded on a three-tier scale: 1=cells of
high quality with crisp nuclear detail and sufficient numbers for
diagnostic evaluation; 2=cells of moderate quality with some loss of
nuclear detail and suboptimal quality for diagnostic interpretation; and
3=cells of poor quality, with the morphology of cells hindered in such
a way as to make an adequate diagnosis difficult. The quantity of cells
present were also graded according to a three-tiered method: 1=high
cellularity [>5 cells/high power field (hpf, ×40)]; 2=moderate
cellularity (3-5 cells per/hpf; and 3=paucicellular (<3 cells/hpf at
×40). The diagnostic assessment was divided into cases that were
either non-diagnostic, negative, atypical, suspicious or overtly
malignant. The cells were categorized as either being present as single
cells, groups of cells or a mixture of single and groups of cells. This
portion of the evaluation of the cytological specimens was intended to
help assess if any of the solutions were more effective in dissociating
the cells apart. Additionally, we sought to determine if single cells,
groups of cells or a mixture of both would have an impact on the
ability to make a diagnosis.
The core biopsy specimens recovered after being washed in the
separate solutions were evaluated by two pathologists (WDM and
JP) as to their integrity, the cellularity of the core, the proportion of
the tumor present in the core and whether a diagnosis could be
rendered based on the morphology. The integrity of the core was
evaluated as being either intact or fragmented. The cellularity of the
core was graded as either being high, moderate or low. The
proportion of the core with tumor was categorized as being either
high, moderate, low, or absent. The ability to make a diagnosis on
the tissue present in the core was classified as either diagnostic or
non-diagnostic.
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Figure 1. Schematic of experimental design. Core needle biopsy (CNB) pairs were procured from unfixed resection specimens received by the
Department of Pathology. One pair was dedicated for immediate formalin fixation, to be followed by paraffin embedding (FFPE). The remaining
cores were either washed in phosphate-buffered saline (PBS), Cell Stripper (CS), or one of three dilutions of collagenase (Coll). After washing, the
cores were placed into cassettes for FFPE while cells were spun-down for evaluation. The cytological specimens were evaluated primarily for
cellularity, while the fixed tissue cores were evaluated for diagnostic integrity. The cytological and CNB specimen results were later cross-referenced
to determine the source of problem in any of the cases.

After these assessments were completed, the results for each case
were collated between the cytospin and core biopsy specimens with
these resultant findings compared as a whole for the entire
experiment to determine if trends could be identified. Additionally,
these results were compared to the morphology of the tumor in the
unwashed cores which were submitted for FFPE sectioning to
ascertain if tumor architecture was complicit in creating the
experimental results.

Results
After preliminary review of the first six cases, the fact that
the collagenase solutions at 2% and 1% concentrations
extensively damaged the morphology of the cells and tissue
was noted. In cytospins, the cells showed extensive
degeneration artifacts, with smudged chromatin and cytolysis
(Figure 2). In the CNB specimens, there was cell damage
with smearing of nuclear material, most notably at the tissue
periphery (Figure 3). Because the goal was to identify a
method of cell recovery with minimal damage to the CNB
specimen, these findings were considered unacceptable and
the use of collagenase at these concentrations was
discontinued. The wash solution with collagenase at its most
diluted concentration was continued for another eight cases.
This lower concentration of collagenase, however, was also
discontinued after these additional eight cases because it was
found to result in continued poor cellular morphology and a

lower number of cells recovered in the cytospin specimens
compared to the washes using PBS and Cell Stripper.
The cells examined by the cytospin approach after washing
with either PBS or Cell Stripper were comparable in terms of
quality of the cell morphology and quantity of cells recovered
(Figure 2). No evaluation of the cell wash specimens were
made on three cases for washes using PBS due to absence of
adequate numbers of cells recovered in the cell wash [cases
#6 (breast cancer), #12 (high-grade undifferentiated
pleomorphic sarcoma), and #13 (renal angiomyolipoma)].
The number of recovered cells (cellularity) in the cell washes
was moderate to high in 22 out of 26 (85%) cases washed
with PBS. Four cases of CNB tissue washed with PBS
recovered low numbers of cells in the cytospin specimens.
These cases were #6 (breast cancer), #12 (sarcoma), #13
(renal angiomyolipoma) and #20 (breast cancer). In the latter
case, even though the number of cells recovered was low,
their quality was sufficient to consider them atypical and
render a diagnosis.
No evaluation of cell wash specimens was made on six
cases for washes using Cell Stripper. Two cases were for the
same reason as for PBS – an absence of adequate numbers of
cells [case #6 (breast cancer) and case #12 (sarcoma)]. In
three cases, the cellular morphology was sub-optimal despite
adequate numbers of cells [cases #20 (breast cancer), #24
(breast cancer) and #26 (endometrial cancer)]. One case was
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Figure 2. Comparison of core needle biopsy washes using different solutions: A, D and G: Phosphate-buffered saline (PBS); B, E and H: Cell
Stripper; C, F and I: collagenase at the 2% w/v concentration. The first row (A-C) were taken from a metastatic ovarian carcinoma. The second row
(D-F) were taken from a clear cell renal cell carcinoma. The third row (G-I) were taken from a colonic adenocarcinoma. The quality of the
cytomorphology was comparable between the wash solutions PBS and Cell Stripper. Damage to the washed cells was noticeable, and in some cases
prominent, in the cells washed with dilutions of collagenase. Original magnification ×20.

due to sampling error (tumor tissue not present in the CNB
taken for washing with the Cell Stripper, case #2). The
number of cells recovered (cellularity) in the cell washes was
moderate to high in 19 out of the 26 (73%) of the cases
washed with Cell Stripper. The cases with a paucity or no
cells recovered in the cytospin specimens consisted of cases
#2 (colon cancer), #6 (breast cancer), #8 (renal cell cancer),
#12 (high-grade undifferentiated pleomorphic sarcoma), case
#15 (high-grade osteosarcoma), #19 (metastatic focus of
squamous cell carcinoma) and #20 (breast cancer).
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The characteristics of the cells, i.e. whether they were
present as single cells, groups of cells or a mixture of the
two, was evaluated as an additional metric but did not impact
on the ability to make a diagnosis. Originally, we intended
to determine if a diagnosis could be rendered from the
recovered cells of the washed CNB. However, we later
deemed this as unnecessary because the post-wash CNB was
adequate for evaluation in the majority of cases. Hence, the
only evaluation actually needed for the washed samples was
if tumor cells were recovered.
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Figure 3. Images of the core needle biopsy (CNB) post-wash and after formalin fixation and paraffin embedding. A: CNB from one case immediately
fixed in formalin and utilized as a control. This image demonstrates tumor cells at the periphery of the CNB, which we hypothesize dissociated off
during the wash step, but were recovered in the cytospin preparations (arrowhead). B-D: Images from different cores taken from the same tumor but
washed with PBS, Cell Stripper and Collagenase, respectively. In D, there is damage to the cells as evidenced by the smearing of cellular material
and loss of morphologic detail (arrow). Original magnification ×10.

The core biopsy specimens washed with dilutions of
collagenase showed varying levels of cell damage most
pronounced at the periphery of the core (Figure 3D). As
previously mentioned, these cases were eliminated from
consideration as an optimal solution for the recovery of cells
from a CNB wash due to the combined findings of cellular
damage in both the cytospins and fixed CNB specimens.
Examination of the core biopsy specimens washed with
either PBS or Cell Stripper, then submitted for FFPE and
H&E staining were considered diagnostic for tumor in 22 out
of the 26 cases (85%) in cases washed with PBS, and 21 out
of 26 cases (81%) in cases washed with Cell Stripper. For
the non-diagnostic (i.e. the diagnosis of a tumor could not be
confirmed) cases washed with PBS, the non-diagnostic
nature was not due to cell depletion as a result of cell
washing in one case, but rather the innate characteristics of
the tumor. In case #6, the biopsy was taken from a palpably
nodular area of a mastectomy specimen after chemo- and
radiation-therapy. The histology of the mastectomy specimen
demonstrated extensive fibrosis, with scattered, rare, residual,
entrapped tumor cells (Figure 4A and B). The corresponding
CNB consisted only of the fibrous tissue. When the CNBs
were compared to the corresponding surgical resection
blocks of tumor, it was found that the three cases with nondiagnostic CNB material could be attributable to sampling
error. In case #17, the CNB was taken from an ovarian
mucinous lesion, with the preponderance of the lesion
volume attributable to acellular mucin. The corresponding
control CNB did demonstrate some floating tumor cells, but

the sampled CNB for the PBS and Cell Stripper washes did
not (Figure 4C and D). The third and fourth cases not
diagnostic for tumor and washed with PBS came from
thyroid nodules that were ultimately diagnosed as
adenomatoid nodules (cases #22 and #23). In the remaining
22 cases, the cellularity and preservation of the architecture
were adequate in the CNB after the wash, and comparable to
the CNB dedicated for immediate FFPE. There were five
cases where the CNB specimens fixed after washing with
Cell Stripper, that were non-diagnostic (i.e. a diagnosis of
tumor could not be confirmed). Four of the cases (cases #6,
#17, #22 and #23) had the same problems as previously
described. In two cases, no tumor could be identified due to
sampling error (cases #2 and #8). In cases #2 (colon cancer)
and #8 (renal cell cancer), the cores taken for the Cell
Stripper wash missed the tumor completely in both instances,
as evidenced by cores consisting of only normal colonic
glands, submucosa and muscularis in case #2, and normal
renal parenchyma in case #8.
In eight of the CNB washed with PBS (cases #1, #2, #3,
#5, #7, #16, #17 and #19), the proportion of tumor present in
the tissue was considered to be low. The cells recovered in
the CNB washes was moderate-to-high in all eight of these
cases. The CNB tissue was adequate in quality to provide a
diagnosis in seven of these cases. The only CNB tissue
specimen that was washed but not considered adequate was
case #17, which was the mucinous neoplasm of the ovary.
The corresponding cytological wash specimen was considered
to have atypical cells. For the CNBs washed with Cell

5909

ANTICANCER RESEARCH 35: 5905-5914 (2015)

Figure 4. Correlation between final surgical tumor sections and core needle biopsy (CNB) to determine the reasons for absence or paucity of tumor
cells in the washed cytospin specimens. A: Representative image of the colonic tumor resected in case #2. B: Tissue taken from corresponding CNB,
in which the tumor was not properly sampled. C: Representative image of the ductal breast tumor in case #6. D: The corresponding CNB, which
sampled an area devoid of the sparsely populated tumor cells seen in C. E: Representative image of the mucinous tumor sampled in case #17. F:
The corresponding CNB, which consisted predominantly of mucus. Original magnification ×10.
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Stripper, six cases were considered to have a low proportion
of tumor cells present. The number of cells recovered in the
corresponding CNB washes was moderate to high in five
cases, with only case #19 (metastatic squamous cell
carcinoma) having corresponding low numbers of cells. The
CNB tissue was considered adequate in quality to provide a
diagnosis in five one of these cases. The only CNB tissue
specimen that was washed but not considered adequate was
the same that posed problems with PBS wash (case #17),
which was the mucinous neoplasm of the ovary.

Discussion
This project was undertaken to determine if a CNB could
provide a source of additional diagnostic material from the
lesion being biopsied. Our main hope was to obtain sufficient
cells for use in molecular diagnostic testing. By washing
these CNBs, dissociated cells could theoretically be recovered
and dedicated for molecular testing while the post-wash CNB
tissue specimen would be processed for FFPE and evaluation
by traditional methods for diagnostic morphology. Currently,
this is not an available modality, as CNBs at our Institution
are only processed by FFPE. Some investigators have
researched whether pre-fixation approaches such as touch
preparations of the CNB could yield diagnostic cells, with
mixed results (9-12, 14). Their goal, however, was to provide
a rapid diagnosis of the cells before the slower turn-around
time of the FFPE-processed CNB. In contrast, our approach
used a more gentle method, namely washing of the CNB, and
the cells recovered were intended for what currently is
ancillary molecular testing. In the near future, these tests may
become part of the diagnostic requirement for many types of
tumors, especially lung carcinomas (5). To the best of our
knowledge, this approach has not been investigated in relation
to our intended purpose. Our hypothesis in undertaking this
project was to determine if diagnostic cells from the CNB
could be prompted to dissociate from the tissue aided by
either non-enzymatic or enzymatic solutions. Originally, the
idea of washing the cores with PBS was to provide a
baseline from which to compare against, with respect to the
numbers of (additional) cells that the non-enzymatic and
enzymatic solutions were able to dissociate. A major
requirement for selecting which solution was optimal for the
recovery of cells washed-off a CNB was the preservation of
the dissociated cells and the quality of the tissue morphology
of the post-washed CNB. It became quickly apparent that
despite serially diluting the collagenase solutions, none of
the concentrations tested were viable options due to the poor
results noted in both the cytology and fixed-tissue
preparations. While the damage incurred by the cells in the
cytospin specimens using the collagenase solutions were not
universal (did not affect all cells), the requirement for there
being no cellular damage was necessary, knowing that in

some instances the numbers of recovered cells may be low.
In these cases, the proportion of affected cells would be
higher, possibly yielding biased results.
The experimental results of CNBs washed with either the
non-enzymatic cell dissociator Cell Stripper were
comparable to the results obtained by washing CNBs with
PBS. Additionally, both solutions preserved the architecture
and morphology of the corresponding cytospin specimens
respective post-wash FFPE CNB. The PBS solution may be
more favorable due to cost and availability. We speculate that
the majority of cells recovered from the wash may not
necessarily be due to cells dissociating from the core due to
the intrinsic properties of each solution, but rather be due to
the mechanical trauma associated with performing the CNB
wash procedure. Additionally, it is possible that the cells
recovered from the CNB wash may actually have been
displaced when the sheath of the needle is retracted forward
to cover the tissue slot in the needle at the time of the biopsy
itself. Although these instruments are well fitted with respect
to the scale of the human eye, there may be enough space
between the needle and sheath to dislodge cells on a smaller
scale. This theory may also explain why the rate of recovery
was poor for the specimens that were predominantly fibrous,
as there were no cells to dislodge along the needle tract,
there being only fibrous material instead.
Other cases with poor recovery were attributable to
sampling error. The quality of the cells evaluated in the
cytospin arm of this project may have resulted in better
scores, i.e. better nuclear and cytoplasmic detail, if evaluated
using a platform other than the cytospin method. The
cytospin approach used in this project is dependent on
human efficiency during processing to prevent problems that
influence detail such as air drying artifacts. In contrast, the
promise of a microfluidic approach, where cells are
contained within a fluidic environment and hence will not air
dry, may represent an alternative method for the confirmation
that targeted cells are present and their recovery for
molecular analysis possible (15).
The washes did not alter the quality of the post-wash CNB
morphology. The eight cases with a low proportion of tumor
present in the CNB after washing with PBS were still
considered either diagnostic for tumor, or suspicious for tumor.
The six cases with a low proportion of tumor present in the
CNB after washing with Cell Stripper were still considered
diagnostic for tumor or suspicious for tumor. For these cases,
the corresponding CNB specimens dedicated for immediate
FFPE with the intention of serving as control material had a
similarly low proportion of tumor present in the CNB. We
interpret these findings to indicate that the recovered cells
from the washes did not deplete the CNB tissue of tumor cells.
These recovered cells may have loosened or dissociated from
the periphery of the tissue core and would have otherwise been
lost if processed by regular FFPE.
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An enrichment step for the washed tumor cells was not
included in this experiment. This may have affected the
cellularity of recovered washed cells towards the higher end.
It is possible that cells may be lost through the cytospin
technique during the centrifugation step in this experiment.
Enrichment approaches will need to be incorporated in future
studies in order to increase the diagnostic accuracy of any
assays being performed on recovered cells.
We believe this approach can provide a boon for molecular
testing of image-guided and superficially sampled lesions. A
recent study suggested that CNB is underutilized in the
U.S.A., resulting in a negative impact on the diagnosis and
treatment of certain cancer patients (16). An image-guided
CNB can be taken to establish an initial diagnosis of a lesion,
or can be performed along the time frame of the patient’s
treatment and recovery, specifically to document recurrence
or progression (17, 18). Even if the primary tumor had
previously been sequenced, the recovered cells from a washed
CNB may provide the opportunity to perform additional
molecular diagnostic testing. Although the numbers of cells
recovered is small, we are currently testing methods that
would ensure enough material is present for molecular
sequencing, in particular, conditional reprogramming of these
cells and unbiased amplification of the targeted cell DNA (19,
20). We believe these approaches, along with the sequencing
performed on these cells, will one day be considered integral
to providing insight into the chronological diversification or
emergence of certain clones, the mutational reason for
acquired resistance to therapy, and a molecular snapshot from
which other surveillance methods (e.g. circulating tumor
DNA or circulating tumor cells) can be gauged.
In conclusion, we demonstrated that the washing of a
CNB can recover cells for ancillary testing. We found that
an enzymatic approach to washing CNBs did more harm
than good. Because the number of cells recovered in the
cytospins were comparable between the CNBs washed with
PBS and those washed with Cell Stripper, we hypothesize
that cells that are dissociated from the tissue are recovered
due to the washing procedure or mechanical trauma
associated with the spring-loaded return of the sheath to
cover the needle, and not necessarily the actual type of wash
solution. By traditional processing methods, these cells are
lost because no existing protocol is utilized to recover them,
and hence potentially diagnostic material is wasted. In this
era where pathologists are being expected to do more with
less tissue, washing of a CNB may represent an approach
whereby diagnostic cells can be recovered and saved for
molecular testing without affecting the integrity of the tissue.
In addition, it would allow pathologists to continue
performing diagnoses based on traditional methods, such as
morphology and immunohistochemistry, the mainstay of
anatomic pathology and a critical factor in arriving at a
correct diagnosis (21).
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