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Chapter 1

Genera! introduction
Every year, breast cancer is diagnosed in approximately 16.000 patients in the Netherlands
[1]. Studies indicate that for each patient diagnosed with breast cancer, between 4 and
14 patients will be analyzed for what turns out to be a benign breast lesion [2, 3]. This
implies that around 100.000 patients visit Dutch hospitals every year in fear of breast
cancer. Evaluation of breast complaints often requires integration of findings from clinical
evaluation, imaging studies, and breast biopsy. This integration is called 'triple diagnosis'
and may be formalised by a multi-disciplinary working group consisting of all the relevant
professionals (figure 1). To expedite the efforts of different departments involved in this
process (usually surgery, radiology and pathology) most Dutch hospita Is have integrated
this care in a 'breast clinic'. In 2013 we conducted a nationwide survey of breast cancer
clinics, questioning the availability and form of diagnostic.fast tracks. An invitation for an
anonymous online survey was e-mailed to breast surgeons from 88 Dutch breast clinics.
The response rate was 63%. This survey study showed that most of these breast clinics
established diagnostic 'fast tracks', where all required investigations are consecutively
scheduled for maximum efficiency for bath patients and hospitals [unpublished data].
As the number of patients presenting to a breast clinic, and the required diagnostic
procedures are fairly predictable, these appointments can be scheduled well ahead of
time. This is aften in the form of pre-scheduled 'time slots', assigned to a specific patient
at the last moment. This system allows patients to enter these fast-tracks within a couple
of days after referral or even on the same day.
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Figure 1: Elements of triple diagnosîs.
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When a localised breast lesion cannot be confidently diagnosed as benign based on
clinical findings and imaging alone, most aften a breast biopsy is performed to acquire a
tissue sample or cytology for microscopie evaluation. Most lesions are clearly visible on
ultrasound: approximately 75% of cases. For these cases it is relatively easy to perform
an ultrasound guided needle biopsy. This can either be a cytologie biopsy (aspiration
of separate cells through a fine needle, or fine needle aspiration cytology {FNAC)) or a
histologie biopsy (cutting out a cylindrical tissue fragment with a diameter of 14-18Gauge
(or 0.8-l.6mm) with a much thicker needle, or care needle biopsy (CNB)). Traditionally,
FNAC has the advantage of being very rapid (results within 1 hour), but the disadvantage
of being highly operator dependant, as well as having a higher rate of 'inconclusive'
results, especially for benign lesions [4). In approximately 25% of Dutch hospitals FNAC
is used as method of choice for breast biopsies. Histology is easier to interpret, has a
much lower rate of 'inconclusive' results, but has an.important drawback of being more
time consuming [5).
In approximately 75% of Dutch hospitaIs CNB is used as the method of choice for breast
biopsies. CNB samples require more extensive processing, including formalin fixation
which traditionally requires at least six hours of formalin fixation according to the
widely accepted American Society of Clinical Oncology/College of American Pathologists
(ASCO/CAP) guideline on breast histology [6, 7). As such, this guideline precludes the use
of histology for use in a same day diagnosis program. Sinee each technique has its own
advantages and disadvantages, bath techniques are considered to be equivalent options
by bath the Dutch breast cancer guideline(l) and the European guideline for quality
assurance in breast cancer screening and diagnosis [1, 8]. However, some guidelines (for
instance the more recent breast cancer guideline of the European society for medical
oncology, and the American National Comprehensive Cancer Network guideline) prefer
histologie biopsy [9, 10). Hybrid procedures combining aspects of cytology and histology
have been described, including touch-imprint cytology and care wash cytology (CWC)
[11-13). According to the above mentioned 2013 survey, these hybrid procedures have
hardly been adopted by Dutch hospitals.
Approximately 25% of lesions are not clearly visible on ultrasound, but are instead only
visible on mammography or even MRI. For these cases it is harder to acquire an adequate
biopsy and consequently these biopsies are at higher risk of an inconclusive result. To
obtain more tissue and reduce inconclusive results most radiologists use thicker needles
{9-llG, or 2.3-3mm) and 'vacuum assisted biopsy (VAB)' devices in these cases [14). As
the resulting biopsy specimens are much thicker than regular CNB specimens {0.8-1.6 vs
2.3-3mm) it stands to reason that an adequate (langer) duration of formalin exposure is
even more crucial for these biopsies.
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Figure 2: Care needle biopsy versus fine needle aspiration versus vacuum assisted biopsy.

Breast cancer consists of a very heterogeneous group of different subtypes, for which
tumour behaviour (including 'aggressiveness' and response to certain therapies) can be
more accurately predicted using a number of biologie markers. The most important of
these are the hormone receptor expression (oestrogen receptor (ER) and progesterone
receptor (PR)), and the human epidermal growth factor receptor 2 (HER2) status. In
specific cases, E-cadherin and Ki67 expression and even the result of DNA or RNA testing
can provide valuable information. To decide on the best possible treatment plan for each
individual patient it is of the utmost importance that all relevant markers can be reliably
determined on (pre-operative) pathology specimens, especially in the setting of possible
neo-adjuvant systemic therapy [1].
Creating a diagnostic same day fast track including all primary diagnostic procedures is
a logistic challenge that is met by most Dutch hospitals. Creating a diagnostic fast track
that can provide a pathology confirmed diagnosis is even harder: the choice of same-day
biopsy techniques is limited to FNAC, or hybrid procedures. Only one third of Dutch
hospitals attempt to provide this. Providing this same service to patients with a lesion
requiring a vacuum assisted biopsy (as most stereotactic and MRI biopsies do) has so far
been considered to be technically impossible.
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Outline of the thesis
This thesis attempts to answer some of the questions surrounding these logistic and
diagnostic challanges. In chapter 2 we provide the largest case series available in the
literature on the hybrid technique: CWC. The cytologie result of the CWC (which is
available within one hour of biopsy) is compared to the result of the parallel processed
CNB (which is available the next day), and afterwards to the postoperative pathology
report (whenever patients were operated on) in 1.253 consecutive patients that
underwent the CWC procedure. Test characteristics including sensitivity, specificity and
the percentage of conclusive results are reported.
The study in chapter 3 pushes the limits of the CWC procedure, by exploring whether
it is possible to determine ER, PR and HER2 status on the day of biopsy, using
immunohistochemistry (IHC) on CWC specimens: iCWC. We describe a small scale proof
of principle study of 49 consecutive cases, using an unmodified IHC staining protocol.
In chapter 4 we report on the largest case series available on the microwave based
accelerated processing technique of thin (14-18G) CNB specimens. Using microwave
assisted processing, total formalin exposure can be decreased to less than 45 minutes,
(and with it comprehensive processing time to approximately 90 minutes). This chapter
describes test characteristics in a series of 898 one-day diagnosis patients.
In chapter 5 we explore whether IHC can be used to establish ER, PR, and E-Cadherin
expression and whether fluorescent in situ hybridization (FISH) can be used to establish
HER2 status in thin (14G) accelerated CNBs (aCNBs), compared to postoperative resection
specimens in 70 consecutive cases.
In chapter 6 we describe the comparison of Ki67 expression status in 136 consecutive
cases of 14G aCNB compared to post-operative resection specimen in a dual cohort
study from two breast clinics.
In chapter 7 we validate IHC for HER2 status determination in 144 14G aCNB specimens
from a similar dual cohort, also compared to post-operative resection specimens.
Chapter 8 is a pre-clinical proof of principal study to determine whether the microwave
based accelerated processing protocol can be adapted to process much thicker, 9G
vacuum assisted biopsy specimens. Firstly, tissue fragments cut tot similar size as 9G
biopsy specimens are used to develop processing parameters. Secondly, the different
processing settings are than tested in actual VABs taken from fresh mastectomy
specimens.
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Chapter 9 is a retrospective study of trends of different types of pre-operative needle
biopsy techniques used in the Netherlands from 1996 to 2016, and the availability of
information on ER and HER2 status. The Dutch nationwide network and registry of histo
and cytopathology in the Netherlands (PALGA) was used to retrieve all pathology reports
on breast malignancies in March through May of the years 1996, 2001, 2006, 2011 and
2016. The entire sample was analysed using keyword recognition and a subsample of
500 cases was analysed in detail. Results are discussed in the context of national and
international breast cancer guidelines.
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a reliable same day biopsy result for breast clinics
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Chapter 2

Abstract
Background Fine Needle Aspiration Biopsy (FNAB), Core Needle biopsy (CNB) and hybrid
techniques including Core Wash Cytology (CWC) are available for same-day diagnosis
in breast lesions. In CWC a washing of the biopsy core is processed for a provisional
cytological diagnosis, after which the core is processed like a regular CNB. This study
focuses on the reliability of CWC in daily practice.
Methods All consecutive CWC procedures performed in a referral breast centre between
May 2009 and May 2012 were reviewed, correlating CWC results with the CNB result,
definitive diagnosis after surgical resection and/or follow-up. Symptomatic as well as
screen-detected lesions, undergoing CNB were included.

Results 1,253 CWC procedures were performed. Definitive histology showed 849 (68%)

malignant and 404 (32%) benign lesions. 80% of CWC procedures yielded a conclusive
diagnosis: this percentage was higher amongst malignant lesions and lower for benign
lesions: 89% and 62% respectively. Sensitivity and specificity of a conclusive CWC
result were respectively 98.3% and 90.4%. The eventual incidence of malignancy in the
cytological 'atypical' group (5%) was similar to the cytological 'benign' group (6%).
Conclusion CWC can be used to make a reliable provisional diagnosis of breast lesions
within the hour. The high probability of conclusive results in malignant lesions makes
CWC well suited for high risk populations.
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lntroduction
In the United states, 222 175 wamen were diagnosed with breast cancer in 2011 [1].
Although National Comprehensive Cancer Network (NCCN) guidelines make no mention
of the preferred duration of diagnostic workup[2], European guidelines encourage
rapid confirmation or exclusion of cancer within 24-48 hours [3]. Especially patients
with benign disease benefit from reduced duration of anxiety [4], in malignant cases a
quick confirmation expedites subsequent treatment. To meet this challenge, different
approaches have been developed.
Fine Needle Aspiration Biopsy (FNAB) allows a diagnosis within an hour, with sensitivity
of 35-95%, specificity of 48-100% and conclusivity of 60-75%[5]. This has progressively
led most clinics to adopt Care Needle Biopsy (CNB) as diagnostic tool of choice [5-9].
Considered as the gold standard for evaluating solid breast lesions [5-9], CNB aften
requires more processing time. Recently, the accelerated CNB processing method has
demonstrated a reliable histological diagnosis on the day of biopsy [10]. However,
alternative techniques are also available.
In an attempt to combine speed and accuracy a hybrid technique, Care Wash Cytology
(CWC) of a CNB specimen (CNB+CWC), combining cytology and histology, was developed.
The CNB specimen and needle are 'washed' in a saline solution or special fixative which
is then cytocentrifugated and pressed onto a slide. The resulting cytology specimen is
interpreted using the same guidelines as used for FNAB [11]. Afterwards the Care itself
provides a histological diagnosis. After an initial promising study [12], a second larger
series [13] found the technique performed poorly, with a low specificity {72%) and an
unacceptably high inconclusive rate (42%).
Following a successful pre-clinical pilot study [14], our breast clinic adopted a modified
CWC technique for the evaluation of solid breast lesions. A review of this technique
describing 229 patients showed excellent results with a sensitivity of 97%, a specificity
of 100% and an inconclusive rate of 4% [15]. To our knowledge, no series validating or
evaluating CWC in breast cancer have been published since.
The aim of the present study was to relate the previous pilot results to a larger consecutive
daily practice series of patients diagnosed using standardized CNB+CWC in a regional
breast clinic over a 3 year period.
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Materials and methods
Patient selection, database
The prospectively filled National Pathology Database of the Netherlands (PALGA[l6])
was searched to identify all CNB procedures of the breast in our clinic, between May
1, 2009 and May 31, 2012, including both symptomatic and screen detected lesions.
All patients with CWC following CNB were included. We analysed baseline patient
characteristics including age, referral indication and 'Breast imaging- reporting and data
system' (B1-RADS) [17) classification. CWC- and CNB result, as well as information on
hormone receptor- and HER2 status were recorded. Furthermore, we included post
operative pathology results and neo-adjuvant therapy in our database.
Biopsies
CNB was performed using US-, stereotactic- or MRI guidance. US-guided biopsies were
performed using an 18 gauge needle on a BARD ® magnum® biopsy gun. The number of
cores for each biopsy was at the discretion of the radiologist. Stereotactic and MRI guided
biopsies were performed with a Vacuum Assisted Biopsy (VAB) system. VAB specimens
were not processed using the CWC procedure, and were excluded from this study.
CWC technique
Technica! details of the moditied CWC procedure have been described in previous
reports [14, 15). In short: after biopsy the CNB specimen is placed in a transport solution
(initially Roswell Park Memorial lnstitute (RPMI), later replaced with a 50% ethanol/2%
polyethylene glycol solution) . After removing the CNB specimen for regular processing,
cells remaining in the medium are cyto-centrifugated, processed to a monolayer slide
and stained according to Papanicolaou.
Pathology
The CWC specimen is interpreted within one hour following biopsy, using the same
criteria as for FNAB. According to international guidelines [11], findings are categorized
as 'insufficient material' (inconclusive), 'benign', 'atypical favouring benign', 'atypical'
(inconclusive), 'suspicious for malignancy' or 'malignant'. CNB specimens were processed
and reported on according to the Dutch national breast cancer guidelines [18]. The
report includes both a classitication ('benign', 'not clearly benign/suspected malignancy'
or 'malignant') and a specific diagnosis. The specimen were formalin-tixed, embedded
in paraffin and at least three cuts were taken. For our database, we recorded the CNB
result as benign, high risk (including lobular carcinoma in situ, atypical ductal/lobular
hyperplasia and complex sclerosing lesion), DCIS or invasive cancer.
Post-operative pathology specimens were also processed and reported according to
the Dutch national guidelines. All specimens were evaluated by experienced breast
pathologists.

Modified Care Wash Cytology: A reliable same day biopsy result for breast clinics
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Follow-up

For patients with a benign biopsy result whose lesions were not resected, we performed
a nationwide search in the 'PALGA'[16] database in July 2013, checking for breast related
malignancy diagnosed after the biopsy procedure to identify potential false negative
results.
Data-analysis
We considered benign and "atypical favouring benign" results as 'benign', insufficient
material and inconclusive (atypical) as 'inconclusive', suspicious and malignant as
'malignant'. For descriptive purposes, we used the type of benign lesion found at CNB
to describe benign lesions of patients not operated on. For calculation of sensitivity
and specificity of the CWC result, the most 'definitive' diagnosis available was used:
post-operative pathology if available, otherwise CN� results combined with follow-up
through PALGA.

Data was analysed using SPSS (IBM ® SPSS® statistics version 19) (SPSS Ine., Chicago, IL,
USA). Statistica! significance was tested using the chi-square test, with a cut off value of
0.05.

B

I 20µM

I

Figure 1. Core Wash Cy tology. (A) Resulting macroscopy of a Core Wash slide. (B) Resulting
microscopy of a Core Wash slide. Malignant epithelial cells with large nucleoli. Pap staining,
magnification 400x.
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Results
Patients

During the studied period 1 516 patients underwent 1 820 CNB procedures for the
evaluation of 1 768 breast lesions. Of these 1 253 (69%) were processed using the CWC
procedure, the remaining 567 specimen were acquired using (stereotactic) VAB and
thus not suitable for a 'one-stop-shop' CWC approach. Genera! radiologists performed
53 biopsies (4.2%), dedicated breast radiologists performed 1 200 (95.8%) biopsies.
Patient and lesion characteristics are shown in table 1. Of these lesions 35% were screen
detected.
Of the patients analysed with the CWC procedure, 70 (5.6%) subsequently received
neo-adjuvant systemic therapy, leading to a pathologie complete response in 6 patients
(8.6%). For our analysis we considered the 'definitive' diagnosis in these patients to be
malignant. Final diagnosis through surgical excision was available for 894 lesions, of
which 776 (87%) were malignant.
CWC results

Of the 1 253 CWC procedures 1 007 (80%) provided a conclusive result. We classified
240 as 'benign' and 767 as 'malignant' (table 2). We classified 246 specimens (20%) as
'inconclusive'. Of these, a conclusive CNB diagnosis was reached the next day in 197
(80%} cases; in 49 cases (20%) CNB remained inconclusive. The definitive diagnosis of
'inconclusive' CWC specimen was benign in 157 cases (64%) and malignant in 89 cases
(36%, p < 0.001). Of all lesions benign on final histology, 38% were inconclusive on CWC.
Of the malignant lesions, 11% were inconclusive on CWC. Malignant lesions with a
Bloom-Richardson classification (BR grade) 1 were more aften inconclusive on CWC than
those with a BR grade 3 (15% versus 5%, p=0.005). CWC of invasive lobular carcinoma
was more often inconclusive than that of invasive ductal carcinoma (22% versus 7%,
p < 0.001).
CNB results

In 91 cases (7%) the CNB specimen did not reveal a definitive diagnosis. In 74 (81%)
cases because of doubt on representativity of the biopsy, in 8 (9%) cases because of
insufficient material and in 9 (10%) biopsies the diagnosis was formally inconclusive. In
41 of these cases repeat CNB was performed and in 29 cases a surgical excision biopsy.
For 21 patients radiographic and/or clinical follow-up was preferred.
In 49 (54%) of cases with an inconclusive CNB, CWC was inconclusive as wel!. For 36
cases (39%} CWC correctly predicted outcome, for 6 cases (7%) CWC did not correctly
predict the final result.

Modified Core Wash Cytology: A reliable same day biopsy result for breast clinics

Table 1. Patient characteristics.

Total:
• female
• male
Age in years (median, range)
Referral indication:
• palpable breast lesion
• screening
• incidental radiologie finding
• breast pain
• follow-up after malignancy
• other
B1-RADS' classification:
• 0
• 1
• 2
• 3
• 4
• 5
• unknown
Patients previously evaluated for breast
complaints b
Patients previously diagnosed with breast
caneer

1 253
1 244(99.3%)
9(0.7%)
55 (16-96)
544(43.4%)
435(34.7%)
76(6.1%)
41(3.3%)
54(4.3%)
100 (8.2%)
1(0.1%)
1(0.1%)
18(1.4%)
240(19.2%)
392(31.3%)
547(43.6%)
54(4.3%)
501(40%)
128(10.2%)

'B1-RADS: Breast imaging - reporting and data system.
b Not including the National breast cancer screening program.

Table 2. Distribution of Core Wash Cytology diagnosis.

Final classification:
• 0: not enough material
• 1: benign
• 2: atypia
• 3: inconclusive
• 4: suspicious
• 5: malignant

104(8.3%)
160(12.8%)
80(6.4%)
142(11.3%)
97(7.7%)
670(53.5%)
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1
Table 3. Lesion characteristics.
Nature of lesion•:
• Benign
fibroadenoma
(micro)cystic
fibrotic tissue
other
• High risk b
• DCISC
• lnvasive carcinoma
ductal
lobular
other
0
0
0

Nature of invasive lesion•
• Bioom Richardson classification
grade 1
grade 2
grade 3
unknown
• Estrogen receptor status
positive
negative
unknown
• Progesterone receptor status
positive
negative
unknown
• HER2 status
positive
negative
unknown
0

0
0

0

0
0

395 {31.5%)
144 (36.5%)
5 (1.3%)
58 (14.7%)
188 (47.6%)
9 (0.7%)
33 (2.6%)
816(65.1%)
647 (79.9%)
100 (12.3%)
61 {7.4%)
0

total: 816 (100%)
161 (19.7%)
344 (42.2%)
198 (24.3%)
113 (13.8%)
677 (83%)
111 (13.6%)
28 (3.4%)
522 {64%
266 {32.6%)
28 (3.4%)
71 (8.7%)
564 (69.1%)
181 (22.2%)

• Most definitive result: resection when available, otherwise CNB result.
b e.g. atypical ductal hyperplasia, lobular carcinoma in situ.
c Ductal Carcinoma in Situ.
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In 31 cases, CWC and CNB showed contradictory results. In 25 of these, CWC indicated
malignancy whereas the final CNB result showed a benign lesion. A repeated CNB and/
or resection was performed in 19 cases, revealing malignancy in 9 cases.
In 6 cases CWC indicated a benign lesion and CNB a malignancy. In 5 of these cases
a repeat biopsy and/or resection was performed, revealing malignant disease in all 5
cases.The PALGA search was performed for the 355 patients with a conclusive benign
CNB result. Median available follow-up was 30 months, with a range of 12-49 months.
Eight patients were subsequently diagnosed with breast cancer. Three cases concerned
contralateral breast lesions. The remaining five were considered false negatives (only
one of these five was conclusive at initia! CWC).
The percentage of 'conclusive' CWC results was 80%. Sensitivity of a conclusive CWC
result was 98.3%, specificity 90.4%. Of the 'conclusive' CWC results, 38 were incorrect
(3.8%).

Table 4. Care Wash Cytology result versus most definitive result avaliable.
n

Final Histology•b

high risk
invasive
Benign
DCIS
~----------------------c;i 1: benign
7
1
3
149
d

2: atypia
3: inconclusive
4: suspicious
5: malignant

74
152
9
11

2
2
1
3

0

4

6
5
19

86
82
637

'Most definitive result: resection when available, otherwise CNB result.
b ltalics signify false positive- or false negative results.
'Care Wash Cytology.
d Ductal Carcinoma in Situ.
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This series is the largest available in the current literature on Core Wash Cytology in
breast lesions. lt provides clear test characteristics and guidance on interpretation of
atypical, inconclusive, and suspicious results. Unlike our previous series [15] it includes
many benign cases, making it more representative of daily clinical practice. The very
high sensitivity of a conclusive result makes CWC particularly suitable for immediate
reassurance of patients with benign disease. The hybrid nature of the procedure means
each biopsy functions as its own internal control. The resection specimen and follow up
through the Dutch national pathology database PALGA provide a strong external control,
making it unlikely that false positive and/or false negative results were missed. The
equipment and experience required for this technique are the same as for FNA-acquired
breast cytology.
As CWC is an additional rather than an alternative processing procedure, extra
information is created. Most often, this information is confirmed by other sources.
However, in approximately 3% of cases CNB and CWC results are contradictory. As
expected, a malignant CNB result is reliable when CWC indicates benign disease.
Conversely, when CNB was benign but CWC indicated malignancy about one third of
cases proved malignant after resection. Thus, CWC provides a (modest) reduction in false
negative CNB results. One explanation could be the presence of a very small fragment
of malignant tissue in the biopsy core, completely disintegrating during transport to
the pathology department. Malignant cells would then be found on CWC, though no
malignant lesion is found in CNB.
Using a liquid based cytology method and processing the CWC specimen to a monolayer
slide takes slightly more time (approximately 20 minutes) and effort, compared to
performing a 'direct smear' technique. We believe this to be worthwhile, as previous
literature shows interpretation time is reduced, cellular morphology is improved,,and
there are less inconclusive results (19, 20].
The most important limitation of CWC is the number of inconclusive results. In the
previous series [15] in line with FNAB guidelines (11] we considered 'atypical favouring
benign' to be inconclusive. This series clearly demonstrate an atypical result can be
considered conclusively benign (table 4). This is remarkable, as FNAB series show a
prevalence of malignancy in this category of about 37% (21-23]. The proportion of atypical
results in the present series (6.4%) is somewhat higher than large FNAB series (3.9 and
4%) (21, 23] possibly indicating our pathologists reporting more atypical lesions other
pathologists might have reported as benign (inter-observer variation). Furthermore,
there could be a difference in population (mostly symptomatic in the present series), or
an intrinsic difference between CWC and FNAB specimen.

~
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When considering atypical results as conclusively benign, 20% of CWC procedures
was inconclusive. This was higher (38%} for benign lesions. Conversely, only 11% was
inconclusive in malignant lesions. This is in line with literature concerning FNAB, and the
previous series by Uematso [13, 24]. CWC performs favourably compared to FNAB series
showing 27-42% inconclusiveness [19].
A correlation between differentiation grade and conclusivity was observed: in BR grade 3
lesions only 5% was inconclusive whereas BR grade 1 lesions are, in terms of conclusivity
(15%), in between high grade malignancies and benign lesions. More inconclusive results
among lobular carcinomas mirrors previous literature (25]. Cells of invasive lobular
carcinoma may be hard to distinguish from lymphocytes in cytology specimen.
The CWC procedure allows us to run a true 'one-stop�shop' breast clinic. lt provides 80%
of patients, suitable for ultrasound guided biopsy, a diagnosis within hours of entering
our clinic. In daily practice, patients sequentially visit the radiology department and the
outpatient clinic, and immediately receive a preliminary diagnosis based on cytology,
combined with history, physical examination and imaging. This strategy results in
95% of patients receiving a tentative conclusion and corresponding treatment plan or
reassurance the same day. lt also facilitates the immediate planning of treatment and/or
further analysis when required. The combination with regular CNB processing means we
can provide 99% of patients with a conclusive diagnosis the following day, without the
necessity of repeat biopsy. This policy limits the duration of anxiety, cost and the number
of invasive procedures. Furthermore it helps to streamline treatment planning, reducing
time and number of office visits between initia! diagnosis and additional diagnostics
or treatment. Although the relatively small decrease in time will not likely result in a
survival benefit [26], in our experience it is greatly appreciated by patients. Of all patients
expecting a diagnosis within an hour of biopsy, we have to disappoint approximately 5%.
Managing expectations is therefore crucial to patient-satisfaction.
This series paints a more realistic picture of CWC compared to our first clinical series.
Differences can be explained by a more balanced case mix with more benign lesions in
the present series. Comparison to our first series and the study by Uematso et all. points
out the crucial fact that CWC is well suited for high-risk populations, but less so for low
risk groups (13, 15]. With increasing numbers of benign lesions test characteristics and
specifically conclusivity show a marked drop. The Uematso series contains less than 50%
malignant cases, and has an inconclusive rate of over 40%. However, when conclusivity
for malignant- and benign lesions is taken separately results are more similar to ours.
lnterestingly, Lankford et al. provide very different results with excellent test
characteristics and an inconclusive rate of only 7% even though their population was
extremely low risk with only 13% malignant lesions (12]. Their population is different,
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as it only included non-palpable lesions. Furthermore a different, 4 point classification
for CWC results was used rather than the internationally accepted criteria for FNAB
cytology [11]. Another explanation could be that the increased conclusivity reported
by Lankford comes at the cost of decreased sensitivity {82% versus 98% for a conclusive
result in the present series). Compared to FNAB or regular CNB, the CWC technique has
clear advantages. CWC is much faster than regular CNB, whilst retaining the advantages
through the additionally processed core. Unlike FNAB, the CNB specimen serves as
an internal quality assurance, greatly reducing the number of repeat biopsies that
accompanies an inconclusive FNAB result [24]. Processing in under one hour is superior
to the 4-6 hours required for accelerated CNB, and the technique is far less logistically
demanding [10].
We excluded stereotactic biopsies, because a much larger gauge needle is generally
used, decreasing the surface to volume-ratio of the specimen. Moreover, stereotactic
biopsies are often scheduled one to several days after initia! evaluation of mostly screen
detected lesions, and these patients have a lower prevalence of malignancy and more
DCIS. For these reasons we do not perform CWC for stereotactic biopsies.
Although this study was retrospective, we were able to reliably retrieve all relevant
variables. Our study reflects real-life daily practice, including many benign cases, less
experienced radiologists and samples of lesser quality. These unpolished results can be
considered representative for the high volume breast clinic.
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Conclusion
In the largest series currently available, we demonstrated that Core Wash Cytology can
be used as an adjunct to regular Core Needle Biopsy to make a provisional diagnosis on
breast lesions within one hour of biopsy. The technique has a good specificity and a very
high sensitivity provided the diagnosis is conclusive. However, 20% inconclusive results
means the technique is not well suited for populations with a high prevalence of benign
breast disease.
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Abstract

1

Background Different techniques such as Fine Needle Aspiration Biopsy (FNAB),
accelerated Core Needle Biopsy (aCNB) and Core Wash Cytology (i.e. cytology obtained
from histologie core; CWC) are available for same day diagnosis in breast lesions.
However, none of these techniques can establish receptor status on that same day, while
decisions regarding neo-adjuvant treatment often depend on receptor status.
Objective(s) The aim of this study is to determine the feasibility and diagnostic accuracy
of CWC to establish estrogen (ER), progesterone (PR) and HER2neu receptor status in
malignant breast lesions.
Methods Fifty biopsies were obtained through CNB. Each CNB procedure was followed
by a CWC. Obtained CWC specimen was stained for ER, PR and HER2neu receptor
expression using immunocytochemistry (ICC). lmmunostained CWC (ICWC) results were
compared to the CNB.
Results All ICWC receptor results were available within five hours after biopsy and had
sufficient cells for interpretation. ICWC did not produce inconclusive results. ICWC
showed a sensitivity of 98%, 97% and 100% for ER, PR and HER2, respectively. Specificity
was 100%, 93% and 98%. Diagnostic accuracy was 98%, 95% and 98% for ER, PR and
HER2.
Conclusion ICWC is a fast and reliable way to determine hormone and HER2 receptor
status in breast cancer. This enables choices regarding primary therapy to be made on
the same day.
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lntroduction
In Europe, an estimated 562,500 women were diagnosed with breast cancer in 2018
[1]. The high incidence of breast cancer results in more than twice as many new breast
cancer cases annually than new cases of cancer in any other site [2]. European guidelines
call for rapid confirmation or exclusion of breast cancer within 24 to 48 hours [3]. In
patients with benign lesions, quick diagnosis reduces anxiety [4], and in patients with
malignant lesions, rapid confirmation expedites subsequent diagnosis and treatment
planning.
In an effort to adhere to these guidelines, various techniques have been developed over
the years. Fine Needle Aspiration Biopsy (FNAB) is a technique which makes it possible
to make a diagnosis within an hour. However, due .to the varying reported sensitivity,
specificity and conclusiveness of this method, most clinics prefer Core Needle Biopsy
(CNB). [5-7] Although this method has a longer processing time, it is considerably more
accurate [8-13]. Currently, CNB is seen as the gold standard in assessing solid breast
lesions [14, 15]. In 2013, an accelerated method of CNB processing was developed,
allowing for same day histologie diagnosis [16]. In an attempt to further expedite
diagnosis while maintaining accuracy, Core Wash Cytology (CWC) was developed as an
adjunct to CNB. In CWC, cytology and histology are combined, resulting in improved
accuracy and a provisional same day diagnosis [17].
In recent years, neoadjuvant systemic therapy (NAC) has become an important part of
breast cancer therapy. Up to 22,3% of breast cancer patients received neo-adjuvant
systemic therapy in the Netherlands in 2017 [18]. Decisions regarding the type of
NAC are based upon the expression of three receptors in the tumour: estrogen (ER),
progesterone (PR) and human epidermal growth factor receptor 2 (HER2neu). Timely
knowledge of this status could expedite aforementioned decisions and further realize a
same-day breast cancer clinic.
Previous studies have shown it is possible to determine the expression of these receptors
in breast cancer lesions on cytology using immunocytochemistry (ICC) with moderate
to high accuracy [19-23]. However, these studies used Fine Needle Aspiration Cytology
(FNAC), not CWC, and did not mention the required timeframe to establish receptor
status. To our knowledge, no series validating or evaluating immunocytochemistry (ICC)
to establish receptor status in Core Wash Cytology (CWC) has been published.
The aim of the study is to determine feasibility and accuracy of determining receptor
status within a few hours after the biopsy using immunostained Core Wash Cytology
(ICWC).
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Materials and methods
Design

In 2018, we collected 50 consecutive CNB with a provisional positive CWC for breast
cancer from 48 patients. From each patient, cores were stored on Fixcyt (50% ethanol/
polyethylene glycol 2% solution), to perform CWC, as well as on formalin (buffered, 4%
formaldehyde), used for definitive diagnosis of the receptor status on the CNB. The
formalin stored biopsies were processed using the same CWC technique to create slides
for ICC. These slides were immunostained to determine receptor status. For description,
we will refer to these specimens as ICWC. All specimens were stained for ER and
HER2neu, all but five specimens were stained for PR. After scoring, all ICWC samples
were matched with the corresponding CNB. An overview of CNB and (l)CWC processing
is shown in figure 1.
Biopsies

CNB was performed by a dedicated breast radiologist using US-guidance. All biopsies
were performed using a 14 or 18-gauge needle on a BARD® MAGNUM ® biopsy gun
(Bard Medical Division, Covington, USA) retrieving three to four cores. Biopsy cores were
divided between two containers, one Fixcyt filled, another formalin. The CWC specimen
was obtained from either one or two biopsy cores. A minimum of three biopsy cores
was acquired for each lesion. The needle gauge was at the discretion of the radiologist.
ICWC Technique

Technica! details of the CWC technique have been previously described (24, 25]. The
Fixcyt CWC specimens were interpreted by a dedicated cytotechnician. Subsequently, all
specimens were reviewed by a dedicated breast pathologist using Fine Needle Aspiration
Biopsy (FNAB) criteria. lf initia! CWC showed a suspicious or malignant lesion, the CNB
stored in formalin was used to produce the CWC slides for immunocytochemistry.
Formalin, rather than the standard alcohol based fixative, was used to obtain better
receptor detection (26, 27). After removing the cores for regular histological processing,
cells remaining in the formalin medium are cyto-centrifugated, processed to three
different monolayer slides and stained using a Dako OMNIS immunostainer (Dako
Colorado, Ine., Ft. Collins, USA) for ER, PR and HER2neu receptor expression using the
same protocol that was used for ER, PR and HER2neu staining on CNB. ER clone EPl RTU
Agilent/DAKO, PR clone PgR 1294 RTU Agilent/DAKO and HER2 clone C- erbR-2 1:200
Agilent/DAKO. This final step was for research purpose only; no clinical decisions were
made based on the outcome of the pathologist's findings. All ICWC specimen had a
processing time under five hours from the moment the biopsy was taken.
Scoring ICWC specimens
All ICWC specimens were scored for cell quantity. High cell quantity was defined as at
least 200 cells on a slide, low cell quantity was defined as having 100-200 cells on a slide
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and less than 100 cells was defined as insufficient. The ICWC specimens were scored for
ER, PR and HER2neu expression. The pathologist was blinded to the eventual receptor
status based on CNB but not to the diagnosis of breast cancer. Scoring was done according
to Dutch guidelines for CNB. (28] fîhese are largely equivalent to CAP guidelines [29],
except for a 10% cut off for ER and PR positivity in Dutch guidelines in contrast to a 1%
cut off in CAP. HER2neu 3+ is considered positive, 2+ equivocal, (followed by quantitative
testing using FISH on the CNB), 0 and l+ negative.
Data analysis
The outcome of the CWC specimens was matched with the definitive histology on CNB to
calculate sensitivity, specificity, positive predictive value (PPV), and negative predictive
value (NPV) of ICWC. Accuracy was calculated as the number correct results divided by
the total number of results. Logistic regression was used to analyze the effect of needle
size and the number of biopsy cores on cell quantity of the ICWC slides. Chi-square test
was used to analyze the effect of cell quantity on the accuracy of the diagnosis. Data was
analyzed using SPSS (IBM SPSS statistics version 25) (SPSS Ine., Chicago, IL, USA).
CNB on Fixcyt
and formalin

CWC on Fixcyt

Suspicious /
Malignant (n=SO)

No malignancy

Exclusion

ER (n=49)

PR (n=49)

HER2neu (n=49)

HER2neu (n=49)

Figure 1. Post biopsy processing of the CNB cores, CWC and ICWC
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Results
We obtained 50 breast cancer biopsies trom 48 patients through CNB. All 50corresponding
CWC's were diagnosed as (suspicious for) malignant by the technician. After review by
the pathologist 4 cases were downgraded. Two were atypical, 1 inconclusive diagnosis
and 1 sample had insufficient material. From the corresponding 50 CNB's one specimen
was classified as ductal carcinoma in situ (DCIS) on CNB and removed from further
analysis. All other cases (49) showed an invasive carcinoma.
CNB characteristics

Out of the 49 CNB, 42 (86%) were found to be ER positive, 7 (14%) were ER negative.
Thirty-one (63%) were positive for PR, 18 (37%) were negative. For HER2, 5 (10%) were
positive, 44 (90%) were negative (table 1). Regarding needle thickness, 20 (41%) were
performed with an 18-gauge needle and 29 (59%) were performed with a 14-gauge
needle. From each CNB, three cores were obtained, either stored in Fixcyt or formalin.
In 35 (71%) cases, one care was stored in formalin and two in Fixcyt. In the 14 (29%)
remaining biopsies, one care was stored on Fixcyt and the other two in formalin.
ICWC results

Each specimen was scored based on the number of cells on the slide; 38 (78%) of the
ICWC specimens had a high cell quantity, whereas 11 (22%) has a low cell quantity on the
slide. All lCWC slides had sufficient cell quantity tor scoring and we were able to establish
receptor status on all 49 specimens. Out of the 49 ICWC specimen, 41 (84%) were found
positive for ER, 8 (16%) were negative.
Table 1. Distribution of receptor status based on ICWC1 and CNB2 (n = 49).

method
Estrogen receptor status
• positive
• negative
• unknown
Progesterone receptor status
• positive
• negative
• unknown
HER2neu receptor status
• positive
• negative
• unknown
• ICWC = lmmunastained Care Wash Cytalagy.
b CNB = Care Needle Biapsy.

ICWC"

CNB b

41 (84%)
8 (16%)
0

42 (86%)
7 (14%)
0

29 (59%)
15 (31%)
5 (10%)

31 (63%)
18 (37%)
0

6 (12%)
43 (88%)
0

5 (10%)
44 (90%)
0
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An example of negative and positive ER receptor status on ICWC is shown in figure 2. For
PR, 29 (59%) were positive, 15 (31%) were negative and 5 (10%) were not stained for PR
(table 2). For HER2neu, 6 (12%) were positive and 43 (88%) were negative. An example
of HER2neu scoring is shown in figure 3.

•
A

B

Figure 2. ER negative and ER positive on ICWC
(A) ICWC negative for ER receptor expression. (B) ICWC positive for ER receptor expression. Images
were taken at 400x magnification.

---------------'

A

B

,c

D

Fig ure 3. HER2neu 0+, l+ ,2+ ,3+ on ICWC

(A)HER2neu receptor expression scored as 0+ (negative). (B) HER2neu receptor expression scored
as l+ (negative). (C) HER2neu receptor expression scored as 2+ (equivocal). (D) HER2neu receptor
expression scored as 3+ (positive). Images were taken at 630x magnification.

1

40

1

Chapter 3

B
Figure 4. lnterpretation of immunostaining on ICWC
(A) Example of ICWC PR staining on bath malignant and benign cel Is. Malignant cells are in the left
cell group showing anisokaryosis and more homogenous staining. (B) Example of ICWC ER staining
with weak receptor expression resulting in a false negative result compared to immunostaining on
CNB. Images were taken at 400x magnification.

The effect of needle gauge size and the number of biopsy cores on the cell count on
the ICWC slide was analyzed using logistic regression (n=49), showing no significant
difference between 14G and 18G needle size (p = 0.351, OR 2.01 Cl 95% 0.44-10.01)
and 1 or 2 biopsy cores (p = 0.930, OR 0.98 Cl 95% 0.24-4.87). The effect of the cell
quantity on the accuracy of the ICWC was determined using a chi-square test (n=49). lf
the outcome of ER, PR or HER2neu in a specimen did not match the CNB, it was marked
as an error. Analysis showed no significant difference between the low and high cell
count groups (p = 0.204).
False positive and negatives
ER and PR staining was straightforward in most cases, however in some cases a few
normal cells showed similar expression to the malignant cells. In these cases, receptor
expression and cell morphology was used to interpret the ICWC result (figure 4A). ICWC
produced one false negative ER, which is shown in figure 4B. Weak immunostaining for
ER, resulted in wrong interpretation of the ER receptor status due to an underestimation
of ER expression on ICWC. lnterpretation of PR on ICWC resulted in a single false positive
and one false negative. HER2neu interpretation resulted in one false positive and no
false negative results.
Diagnostic accuracy

When comparing ICWC with the CNB or definitive histology, a sensitivity of 98%, 97%
and 100% for ER, PR and HER2, respectively was found. Specificity was 100%, 93% and
98%. Positive predictive values were 100%, 97% and 83%, and negative predictive va lues
were 88%, 93% and 100%. Accuracy of the test was 98%, 95% and 98% for ER, PR and
HER2, respectively. An overview of ICWC diagnostic accuracy is shown in table 2.

- ---

-

-

-

�
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Table 2. Diagnostic value of /CWC' compared to definitive histology.
receptor

N

Sensitivity Specificity ppyb

NPVb

Accuracy

ER

49

98%

100%

100%

88.%

98%

44

97%

94%

97%

94%

96%

°
°

PR

100,00%
HER2neu 42
98%
98%
100%
83%
• ICWC= lmmunostained Care Wash Cytology.
b PPV = Positive predictive value; NPV = Negative predictive value.
'ER= Estrogen, PR= Progesterone, HER2neu = Human Epidermal Growth Factor Receptor 2.
c

Discussion
To our knowledge, this is the first series on same-day receptor status determination
in breast cancer lesions using Core Wash Cytology. In this proef of principle study, we
showed it is possible to reliably establish ER, PR and HER2neu receptor status within five
hours using ICWC after CNB was taken, with high sensitivity, specificity and accuracy.
With an overall accuracy of 98% for ER, 95% for PR and 98% for HER2neu, ICWC was in
near perfect accordance with definitive histology.
Several techniques have been described previously to determine receptor status on
FNAC using ICC or immunohistochemistry (IHC): cell bleeks, smears, and ThinPrep.
The combination of cell bleeks and IHC has been demonstrated in several studies [30,
31]. Although high specificity can be achieved with this technique, varying sensitivity
has been reported, ranging from 68-86% for ER, 50-80% for PR and 58-100% for
HER2, respectively. Reported specificity ranged from 94-100% for ER, 90-100% for PR
and 100% for HER2neu. FNAC using the smear technique in combination with ICC has
also led to varying results: sensitivity of 49-95%, 28-90% and 46-88% for ER, PR and
HER2neu, respectively, and specificity ranging from 85-100% for ER, 91-100% for PR and
87-100% for HER2neu [19-21]. Using ThinPrep-processed smears from malignant breast
fine-needle aspirates, an overall accuracy of 97-99% for ER and 89-96% for PR has been
reported [22, 23]. This is comparable to what we report in this study and not surprising
given that the ICWC uses a method similar to ThinPrep to create slides.
However, each of these techniques has its drawbacks. All of them can only be used in
combination with FNAC. And creating cell bleeks would cost considerable time. When
taking into account that FNAB is not considered standard practice and requires an
additional procedure whereas ICWC can be applied to CNB, ICWC seems to provide a
more feasible way to quickly determine hormone receptor status in breast cancer lesions.
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Recently, Halilovic et al. demonstrated the use of brief fixation immunohistochemistry
{IHC) on accelerated Core Needle Biopsy {aCNB} to establish receptor status with
an accuracy of 99%, 90% and 99% for ER, PR and HER2, respectively, compared to
postoperative resection (32]. Although they reported comparable accuracy, IHC on
aCNB requires an additional five hours (16, 32]. This make same day availability of these
receptors impractical. However, if ICWC is performed parallel to aCNB or CWC both
tests would be ready within 4 to 6 hours. Comparison of logistics and associated cost
effectiveness of different techniques should be subject of future research.
Despite the relatively small sample size, the needle size and number of cores did not
seem to have an effect on obtained cell quantity on the ICWC slides. In turn, the cell
quantity did not have an effect on the accuracy of the CWC. Further analysis showed all
tour errors occurred on different specimen and all of them were high in cell count. The
11 specimens with a low cell count on ICWC showed no errors. This suggests accurate
determination of receptor status, regardless of core size, number of cores or cell quantity
is feasible through ICWC.
Weak receptor staining for ER on one ICWC specimen led to the only error in ER scoring
on ICWC, resulting in a false negative result. Another error was due to the interpretation
of HER2neu with the sample being incorrectly classified as 3+ (positive}, which was 2+
{equivocal) on corresponding histology, resulting in a false positive. The remaining two
errors occurred in PR determination and were attributed to heterogeneity due to the
significant discrepancy between the percentage of expression on ICWC compared to the
CNB histology, resulting in a both a false negative and a false positive result.
In addition, our study shows that it is possible to make a receptor determination on
biopsies in which a CWC on Fixcyt was not conclusive. Based on the initia! CWC, five
biopsies were issued as suspicious, two as atypical, one inconclusive diagnosis and one
had insufficient material. However, of all these biopsies ER, PR, and HER2neu receptor
status could be determined on ICWC.
Drawbacks
Although all included specimens, both CWC and CNB, were reviewed by experienced
clinical pathologists, inter-rater variability should be taken into account in further studies.
This first series is limited to 49 included biopsies, resulting in a relatively small sample
size, especially regarding the number of ER negative and HER2neu positive lesions.

Specifically, it seems advisable to perform additional ER determination on CNB in ER
negative cases, as 1 of 8 cases in this study produced a false negative in this study.
Similarly, The PPV of 83.33% tor HER2neu means 1 in 6 would be incorrectly interpreted
as positive for HER2neu, and retesting of HER2 positive cases seems advisable. However,
due to the NPV of 100%, no negative HER2neu specimens would have to be retested.
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A larger follow up study is required to more accurately assess the NPV of ER and PPV of
HER2neu, as negative ER and positive HER2neu are relatively rare and only a few were
included in this study. Based on these findings ICWC is comparable to IHC on CNB, both
showing similar accuracy. Furthermore, both require retesting of negative ER results on
the definitive resection specimen [33, 34].
Perspectives
In concordance with Dutch guidelines, we used a cutoff of 10% of cells to determine
whether or not an ICWC specimen was considered positive for ER or PR. This approach
should be weighed against the CAP proposed 1% cutoff value. In this series, applying the
CAP cutoff value would further improve the accuracy, removing the only false negative ER.
To expedite processing, integration of ICWC with the Breast lmaging Recording and Data
System (BI-RADS) classification to select which specimens should undergo further CWC
receptor determination can be explored. In this study, we awaited results of the regulé!r
CWC to determine malignancy before we started further receptor staining. However,
if ICWC receptor status correlates with a B1-RADS score of 4-5, immunocytochemistry
could be started in parallel to diagnostic CWC, further decreasing overall processing
time.

Conclusion
We demonstrated that CWC can be used to determine receptor status in malignant
breast lesions within five hours after biopsy with sensitivity and specificity comparable to
CNB immunohistochemistry. Because of its high accuracy and low processing time, this
method seems well suited for use in clinical practice. Further research should confirm
this with larger sample size, evaluation of operator dependency, and consequences for
logistics and cost effectiveness.
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Abstract
lntroduction Many attempts have been made to combine the high diagnostic accuracy
and conclusive rate of core needle biopsy (CNB) with the speed of fine needle aspiration
cytology (FNAC) in evaluation of solid breast lesions. Multiple hybrid techniques have
been developed to achieve this. We describe a cohort of patients for whom we used a
relatively new, accelerated method of CNB processing, allowing for a definitive diagnosis
the same day.
Materials and methods all patients visiting the Radboud University Nijmegen Medica!
Centre breast clinic during a four year period were reviewed to identify all CNBs in this
period performed in a same day diagnosis track. CNB result was compared to post
operative pathology reports, when available, and to follow-up when patients were not
surgically treated.
Results 1060 patients underwent CNB of 1383 lesions, 898 of which in a same day
diagnosis track with a sensitivity of 96.9% and a specificity of 99.4%. The inconclusive
rate was 9.2%.
Conclusion For a same day diagnosis for solid breast lesions, we could give a conclusive
diagnosis with accelerated CNB processing in 65% of our patients requiring CNB. This
technique can be used reliably in a same day diagnosis breast clinic with a very high
sensitivity, specificity and conclusive rate.
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lntroduction
Since the first description [1] of ultrasound-guided core needle biopsy (CNB), CNB has
progressively replaced fine needle aspiration cytology (FNAC) as the standard of care
for evaluation of suspicious breast lesions. CNB is considered to have superior accuracy
and especially a lower rate of inconclusive pathologie diagnoses [2-7] and therefore
less additional biopsies. FNAC has the advantage of speed, where CNB conventionally
requires overnight processing. Recently, Willems et al reviewed the evidence in the
CNB vs. FNAC debate. The authors argue CNB to be preferable because of superior
test characteristics and furthermore because they feel the speed advantage of FNAC is
outbalanced by the fact that therapy planning requires a multidisciplinary discussion,
regardless of the speed of initia! diagnosis [8].
To decrease patient anxiety and improve patient satisfaction in patients with benign
and malignant results alike [9-11], a number of hybrid (CNBplus) techniques have been
developed. These allow (cytological) evaluation of CNB specimens for a provisional
diagnosis. CNBplus techniques include core wash cytology (CWC), touch (or core) imprint
cytology (TIC or CIC) and frozen section histology.
In CWC the CNB core is washed in a saline solution, the saline solution is cytocentrifugated
and smeared similar to a FNAC slide (12]. In TIC, the core is rubbed onto a slide and the
resulting 'touch imprint' is stained according to Papanicolaou or Diff-quick [13]. Frozen
section histology is a regular frozen section, performed on a CNB specimen allowing for
a quick histological diagnosis [14]. These procedures will provide a provisional diagnosis
within the hour, whilst the traditionally overnight processed CNB specimens allows for a
definitive diagnosis the next day.
Accuracy of these 'provisional diagnosis'-techniques is less well established than it is for
FNAC and CNB. TIC has been associated with a sensitivity ranging from 42 to 98% [15,
16]. Specificity has ranged trom 44 to 100% [17, 18]. The inconclusive rate varies from
5-21% [16, 19].
CWC has been less extensively studied [12, 20], but the study by Uematso et al reports a
sensitivity of 89%, with a specificity of 72%. This study however showed an inconclusive
rate of 42% (20). Furthermore, Wauters et al describe a 'modified core wash' technique,
with a sensitivity of 91% and an inconclusive rate of 12% (21]. Frozen section histology
has a sensitivity of 99.5% and a specificity of 86% [22].
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More recently, techniques have been developed that use microwave technology to
process CNB specimens quicker, thus combining the greater diagnostic power of CNB
with the speed of FNAC [23). lf proven reliable, this novel processing technique could
provide a same day definitive diagnosis. lt also eliminates the need to perform both a
cytologie and a histologie workup of biopsy specimens that hybrid techniques require. In
the present study we provide the first large series of patients evaluated with this novel
technique. Aims of the study were to define the accuracy of CNB using this processing
technique, and to determine how effective this technique is in achieving a definitive
diagnosis on the same day.

Materials and methods
Patients
The prospective registry of the Radboud University Nijmegen Medical Centre breast
clinic was used to identify all patients who underwent a CNB procedure between January
1st 2010 and January 1st 2012. For patients evaluated in the clinic between January 1st
2008 and January 1st 2010 the retrospective registry was used. These registries included
both screen based referrals, and symptomatic patients. Patient characteristics including
age, referral indication, findings on physical examination and BI-RADS classification were
recorded. Data on CNB characteristics including method (ultrasound {US)/Stereotactic/
magnetic resonance imaging (MRI)), number of cores taken, size of largest core, number
of CNB procedures required to achieve a diagnosis and the use of additional staining
techniques were recorded. Furthermore, CNB results including the type of diagnosis
(benign/high risk/ductal carcinoma in situ (DCIS)/invasive carcinoma) were recorded (high
risk lesions include atypical ductal/lobular hyperplasia, lobular carcinoma in situ (LCIS)
and complex sclerosing lesion), as well as histologie type and doubt on representativity
as mentioned in the pathology report. Preoperative findings were correlated with the
post-surgical pathology report whenever surgery was performed and with follow-up
when surgery was not performed.
Biopsies

Biopsies were taken by dedicated breast radiologists, using either ultrasound guidance,
mammographic stereotactic guidance or MRI guidance. Ultrasound guided biopsies were
performed using a 14g, or rarely a 16 or 18g needle on a true cut core needle biopsy
gun (Bard biopsy systems). Both stereotactic, and MRI guided biopsies were performed
with a 9 or a llg needle on a vacuum assisted biopsy device (either the 'Suros' system
(Hologic, Ine.) or the 'Vacora' system (Bard biopsy systems)). The number of cores taken
was determined by the radiologist.
Pathology

The 14-18g specimens in the same day diagnosis track were fixed and processed using
a short, approximately 90 minute program in a 'rapid microwave histoprocessor'
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(Pathos, Milestone Medical) and then embedded in paraffin. Nine and llg specimens
(and 14-18g specimens not in the same day diagnosis track) were processed using the
regular, overnight program of the same processor. Paraffin blocks were cut to 4 micron
slides using a microtome. Slides in the same day diagnosis track were manually stained
with hematoxylin and eosin (H&E) using a rapid staining protocol. All paraffin sections
from specimens not in the same day diagnosis track were H&E stained in an automatic
staining machine (Prisma, Sakura Finetek Europe B.V.).
Specimens were evaluated by pathologists experienced in breast pathology. The vast
majority were evaluated by a single dedicated breast pathologist (P.B.). Additional stains
were performed at the discretion of the evaluating pathologist. Results were reported
according to contemporary Dutch national breast cancer guidelines [24] . Whenever
preliminary results were reported on the day of biopsy, and additional staining procedures
were performed changing or further detailing preliminary findings only the 'same day'
findings were analyzed. Receptor status (estrogen and progesterone receptor, and
HER2neu) assessment was not routinely performed to avoid potential sampling error,
but whenever neo-adjuvant systemic treatment was considered, receptor status was
successfully determined on the original CNB sample.
Post-operative pathology specimens were processed and reported according to
contemporary Dutch breast cancer guidelines (24].
Patient management
Treatment advice for all patients was given by the multidisciplinary breast cancer
working group (MBCWG), according to contemporary Dutch breast cancer guidelines
and shared decision making (24]. Provisional advice on the same day was based on
the MBCWG discussion with a radiologist, pathologist, nurse practitioner and breast
surgeon. The definitive treatment advice was determined during the weekly MBCWG
with also a medical oncologist, radiotherapist, nuclear medicine specialist and clinical
geneticist present.
Follow-up of benign lesions

For all patients a search in the Dutch nationwide pathology database (PALGA [25]) was
performed, retrieving all pathology results available to date in the Netherlands for each
patient. All breast-related malignancy including both regional and distant disease was
recorded.
Data analyses

For descriptive purposes, the type of benign lesion found on CNB was used to describe
benign lesions not treated surgically in the results section. Data were analyzed using
SPSS (PASW statistics 18) (SPSS Ine., Chicago, IL, USA).

1

54

1

Chapter 4

Table 1. CNB characteristics.

Same day
diagnosis (n=898)

All lesions
(n=1383)

CNB method
• US guided•
• Stereotactic
• MRI guided

898
0
0

1073 (77.6%)
274 (19.8%)
36 (2.6%)

Cores:
• mean number of cores taken
• mean size of cores in mm (range)

2.16 (1-6)
10.6 (2-45)

3.26 (1-36)
11.7 (1-60)

lnvasive carcinoma:
• subtype on same day
• subtype after additional staining

185/ 331 (55.9%)
28/ 331 (8.5%)

283/ 432 (66%)

67/ 351 (19.1%)

162/ 533 (30.4%)

lnvasive carcinoma and DCIS:
• lncludes Bloom-Richardson score
• Ultrasound guided

Results
Patients

Between January 1st 2008, and January 1st 2012, 3543 patients visited our breast clinic.
1060 (30%) of these patients underwent CNB of 1383 lesions (231 patients had more
than one lesion), with a range of 1-7 lesions per patient. Of 1383 biopsies, 1073 (78%)
were performed under ultrasound guidance, and 898 (84%) of these were diagnosed on
the same day (table 1, figure 1).
lnconclusive rate (all lesions group)

51 (3.7%) lesions required a second CNB attempt, because of an inconclusive first biopsy.
Two cases required a third biopsy attempt (the results of which were still inconclusive in
both cases). In a further 75 (5.4%) cases, clinical and radiographic characteristics caused
doubt whether the biopsy was representative, but radiographic follow-up was preferred
over a second biopsy. In 10 cases radiographic follow-up was preferred over a third
biopsy. This means a total of 140 biopsies initially produced inconclusive results, a rate
of 10%. Repeat biopsy yielded a definitive diagnosis in 41 of these 126 cases.
Same day results

Of the 898 lesions evaluated in a same day diagnosis track, 237 (26%) were patients
referred by screening programs, 571 (64%) were symptomatic, 90 (10%) were incidental
radiographic lesions.
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A total number of 351 lesions(39%) was found to be malignant, 547 lesions(61%) were
benign. 25 (7%) of cases diagnosed with a malignancy were not treated surgically, but
received palliative chemotherapy. For analytica! purposes these were considered to be
correct diagnoses. Patient characteristics are shown in table 2, pathology results are
shown in table 3.
Table 2. Patient characteristics.
Same day diagnosis
(n=898")

All lesions
(n=l383")

Female(%)
Age in years(mean, range, sd)

893(99.4)
49(17-96, 14.5)

1376(99.5)
51(15-96, 13.8)

Lesion detected as:
• screening abnormality
• palpable lesion
• incidental radiographic finding
• pain
• nipple discharge
• other

237(26.4%)
423(47.1%)
90(10%)
44(4.9%)
22(2.4%)
82(9.2%)

525(38%)
512(37%)
140(10.1%)
52(3.8%)
26(1.9%)
128(7.9%)

B1-RADS on mammography
• 0
• 1
• 2
• 3
• 4
• 5
• 6
(not performed)
• (performed but not reported)

15(1.7%)
85(9.5%)
85(9.5%)
212(23.6%}
171(19%}
195(21.7%)
0
107(11.9%)
28(3.1%)

26(1.9%)
109(7.9%)
109(7.9%)
291(21%)
408(29.5%)
244(17.6%)
4(0.3%)
140(10.1%)
52(3.8%}

B1-RADS on Ultrasound
• 0
• 1
• 2
• 3
• 4
• 5
• 6
• (not performed)
• (performed but not reported)

3(0.3%)
8(.9%)
37(4.1%}
384(42.8%}
225(25.1%)
205(22.8%)
1(0.1%}
0
35(3.9%)

15(1.1%}
95(6.9%}
97(7.0%}
463(33.5%}
307(22.2%}
252(18.2%)
7(0.5%}
96(6.9%)
51(3.7%)

315(35.1%}
56(6.2%}

512(37%}
109(7.9%}

..

•
•

Previously evaluated b
Previously diagnosed with malignancy of the breast

'numbers representing lesions.
b screening not included.
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Of 335 cases of invasive cancer, 327 (97.6%) were correctly identified by CNB. 6 (1.8%)
were incorrectly classified as ductal carcinoma in situ. Of 351 cases of malignancy (invasive
cancers and DCIS), 3 (0.9%) showed benign biopsy results. Details for all surgically treated
lesions are given in table 4 (same day diagnosis) and table 5 (all lesions).
In 146 (44%) of invasive carcinomas it was not possible to make a specific diagnosis on
the same day, but instead a general diagnosis such as 'adenocarcinoma' or 'carcinoma'
was made.
Thirty-four (10%) of invasive cancer cases received neo-adjuvant systemic chemotherapy.
Follow-up (same day diagnosis group)
Patients with a benign and/or high risk CNB result had a mean follow-up of 27.8 months,
with a range of 6-S4 months (sd: 13.3 months). During this period 7 patients developed
a malignancy of the breast. Two of these occurred in the contralateral breast, a third

Table 3. Lesion characteristics.
Lesions with a same
day
diagnosis (n=898)

All lesions
(n=l383)

Nature of lesion•
• Benign
• High risk
• DCIS
• lnvasive carcinoma

535 (59.6%)
12 (1.3%)
16 (1.8%)
335 (37.3%)

793 (57.3%)
64 (4.6%)
76 (5.5%)
450 (32.5%)

Benign lesion typeb
• Fibroadenoma
• (Micro)cystic lesion
• Fibrotic tissue
• Other

189 {35.1%)
86 {16%)
78 (14.5%)
185 (34.4%)

244 (30.7%)
152 (19.1%)
99 (12.5%)
299 {37.7%)

Type of invasivecarcinoma< :
• Ductal
• Lobular
• Other

260 {83.3%)
36 (11.5%)
16 {5.1%)

349 {84.1%)
45 (10.8%)
21 (5.1%)

' post-operative pathology results when available, definitive CNB result when no resection was
performed (mostly benign lesions)
b CNB results only
' post-operative results only
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location was clearly not the target of original biopsy. The remaining four cases of ipsilateral
malignancy (all invasive cancers) could not be definitively established as not being the
lesion originally biopsied, and were therefore considered false negatives (constituting
0.7% of all benign results). Two of these four false negative results are lesions of a single
patient that developed a malignancy after 17 months during clinical follow-up because
of an inconclusive CNB result (radiologie follow-up was preferred over repeat biopsy).
One was a case of malignancy 33 months after a benign biopsy result of a lesion in the
same quadrant. This could have been the same lesion. The final false negative result was
detected seven months after the same lesion was diagnosed as benign.
Sensitivity, specificity and accuracy (same day diagnosis group)

Sensitivity for invasive caneer in our series was 96.4%. Sensitivity for malignancy (invasive
cancers and DCIS taken together) was 96.9%. Specificity was 99.4%. Total accuracy
(percentage of malignancies plus percentage of benign lesions correctly identified as
such) was 98.4%, or 97.9% if invasive cancers and DCIS are taken as separate diagnoses.

Table 4. Lesions with a same day diagnosis (surgically treated cases only).

Post-operative result
High risk
Benign

z Benign
CIJ
High risk
C:
;:::;:- DCIS
lnvasive cancer

1

0

0

1

13

6

2·

0

2

304
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...,
rD

• one case of complete response to neo-adjuvant therapy.
b

lnvasive
cancer
2b

2
2

(")

V>

DCIS
1

0

both phyllodes tumors, one borderline malignant, one high grade malignant.

Table s. All lesions (surgically treated cases only)

z Benign
CIJ
..., High risk
rD
C:
DCIS
;:::;:lnvasive cancer

(")

V>

Post-operative result
High risk
Benign

DCIS

lnvasive
cancer
8
1
17
389

78

5

5

4

11

0

11
3

7

63

0

5

J
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Discussion
Our study describes the first large cohort of patients with suspicious breast lesions
evaluated using a relatively new method of accelerated CNB processing allowing tor a
same day definitive diagnosis in the vast majority of patients suitable tor ultrasound
guided biopsy. Our study shows this technique to be highly accurate, with a sensitivity of
96.9%, a specificity of 99.4%, and a total accuracy of 98.4%. Furthermore, the one day
diagnosis group in our study has a low inconclusive rate of 9.2%.
lnterestingly, two of the three malignancies tound post-operatively that were considered
benign on CNB, were phyllodes tumors (one high grade malignant, the other one
borderline malignant). (Borderline) malignant phyllodes tumors are not invasive
carcinomas, but should be considered malignant tumors. For simplicities sake, we
theretore grouped them under invasive cancers. Since patients with benign phyllodes
tumors are operated on nevertheless, their benign CNB classification did not result in
malignancy remaining untreated.
The third false-negative CNB-result tound in table 4 was a malignant lesion identified by
concurrent cytologie cyst aspiration. As such, this malignancy did not remain untreated
either.
In the same day diagnosis group, 2 (0.6%) cases showed an invasive carcinoma on CNB,
whereas post-operatively only DCIS was tound. 2 (0.6%) showed invasive carcinoma, and
1 {5%) a DCIS on CNB, whereas post-operatively no malignancy was found.
This phenomenon occurs regularly in literature concerning CNB. lt is generally assumed
that in these cases, the entire (invasive part of the) lesion was included in the biopsy
core[26]. Should one assume so, specificity increases (by definition) to 100%.
In our series, one of the two lesions whose CNB showed invasive carcinoma without
malignancy after resection, was actually a case of a complete response to neo-adjuvant
systemic therapy. The other patient had a 7mm lesion found on MRI screening. She was
surgically treated elsewhere, and the CNB diagnosis was reviewed and confirmed by an
external pathologist. The DCIS lesion that was not found post-operatively was a grade 1
DCIS on CNB, and post-operatively only atypical ductal hyperplasia was found.
Conversely in our series 6 of the 20 {30%) DCIS lesions diagnosed on CNB were post
operatively 'upgraded' to invasive ductal carcinoma. This problem is also well known in
the literature, with reported underestimation rates of 26.2% to 27.1% [27, 28].
Clear differences can be seen between the patient group in the same day diagnosis track,
and the 'all lesions' group. There is also a difference in accuracy (although fairly small
in absolute numbers). This is likely due to case selection, as stereotactic biopsies are
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not analyzed in a same day diagnosis track {the thicker cores cannot be processed in
a similarly fast way as the thinner cores from ultrasound guided biopsies). This causes
screen detected malignancies, especially DCIS to be underrepresented in the fast track
lesion group. lt thus appears that the 'hardest' cases are not included in the one day
diagnosis group. An apparently similar effect was found by Fajardo et al in their series of
2403 non-palpable lesions either biopsied by US-guided or stereotactic CNB [29].
lnter-observer variability
For FNAC it is widely accepted that this technique has a high operator dependency,
although original data on this subject seems to be somewhat limited[30-32]. For
CNB, inter-observer agreement has not been extensively investigated. Two studies of
considerable size conclude that there is a high inter-observer agreement, although
it seems likely that all participating pathologists had an 'above average' experience
interpreting CNB specimens [33, 34].

The technique described in our study does not require any additional skills or experience
compared to the classic CNB technique, and only a minor investment in equipment is
required. However, to achieve a high effectiveness in terms of speed, it does require
careful planning of patients, doctors and supporting staff. In our clinic, patients are
scheduled for biopsy early {before 11am), with the results ready for discussion in the
MBCWG (and subsequent communication to our patients) at 15.15h. Alternatively, using
a CNBplus technique, a well organized clinic would be able to render a (less accurate)
provisional cytologie diagnosis within the hour. The complex logistics involved and the
four hour processing time may form a barrier to more widespread implementation of
this technique.
As each biopsy specimen is only processed and evaluated once, it stands to reason it is
more cost effective than previously described CNBplus techniques, that require bath a
cytologie and a histologie work up. FNAC was traditionally considered to be cheaper than
CNB, but this cost advantage seems to disappear when the number of repeat-biopsies in
inconclusive cases are taken into consideration [35]. Although the accelerated processing
technique requires some additional investments and logistic commitment, it is probably
only a little bit more expensive than regular CNB processing.
Drawbacks
Although our population consists of both screening and symptomatic patients, the fact
that stereotactic biopsies are never diagnosed the same day means that our study has a
tendency to select symptomatic patients.

Length of follow-up in our study was heterogeneous: our oldest cases having over 50
months of follow-up, the most recent only 6 months. ldeally all cases would have a
similar, long follow-up.
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Another potential drawback of our study is the used definition of an inconclusive
diagnosis. We based this definition on two parameters: the biopsy being repeated
(decided on by the MBCWG, which can be considered the gold standard}, and doubt of
representativity mentioned in the pathology report. As true representativity is a more
complex combination of pathologie and radiologie observations, it is possible we over- or
underestimated the true inconclusive rate.
Lastly: the fact that the majority of biopsies in our clinic are interpreted by a single
dedicated pathologist (P.B.), gives our clinic a slight advantage over clinics where cases
are more evenly distributed amongst multiple genera! pathologists. This means our
results may not be fully applicable to other settings.
Comparison with other techniques
Test characteristics in this study are similar to those of regular CNB. The inconclusive
rate of 9.2% falls in line with two large series reporting inconclusive rates of 4.3% and
7%[3, 4], and the review by Willems et al describing a 1% inconclusive rate[8). Sensitivity
of 96.9% is similar to the 93% and 96% found by the two series (3, 4). Specificity of
99.4% is also similar to the 88% and 100% they describe [3, 4). Our results show that
accelerated processing does not have a negative influence on these test characteristics.
The rate of conclusiveness for FNAC in most previous literature is lower for both benign
and malignant results. Willems et al calculated a conclusive rate between 60-75% [8].
When compared to CNBplus techniques, all test characteristics (as described in the
introduction section) including inconclusive rate are similar and/or better in our study
[12, 13, 15-21).
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Conclusion
We describe test characteristics tor a relatively nevel technique that allows tor quicker
processing of otherwise regular core needle biopsies, based on a series of 898 lesions
biopsied in our breast clinic between January 1st 2008 and January 1st 2012. Our series
demonstrates a total accuracy of 98.4%, with a sensitivity of 96.4% tor invasive cancer,
96.9% tor malignancy including DCIS and a specificity of 99.4%. The inconclusive rate is
9.2%. Accelerated CNB processing can safely provide a definitive diagnosis on the same
day for 65% of patients requiring biopsy.
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Brief fixation enables same day breast cancer diagnosis
with reliable assessment of hormone receptors,
E-cadherin and HER2/Neu.
A. Halilovic, J.P. Bulte, Y. Jacobs, H. Braam, P. van Cleef, M. Schlooz-Vries, A. Werner,
0. Boelens, I.D. Nagtegaal, J.H.W. de Wilt, P. Bult
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Abstract
Aims Pre-operative core needle biopsy (CNB) is commonly used to confirm the diagnosis
breast cancer. For treatment purposes and for determining histological type, especially
in case of neo-adjuvant therapy, estrogen receptor (ER), progesterone receptor (PR),
human epidermal growth factor receptor 2 (HER2) status and E-cadherin assessment is
crucial. Considering the increasing demand for same-day diagnosis of breast lesions an
accelerated method of CNB processing was developed, in which the tissue fixation time
is radically reduced.
Methods To determine whether short fixation time frustrates assessment of ER, PR and
E-cadherin immunohistochemistry (IHC) and HER2 fluorescence in situ hybridisation
(FISH), 69 consecutive patients with 70 invasive breast carcinomas were included
through the same day diagnostics program of breast lesions of the Radboudumc and
hospita! Pantein. IHC for ER, PR and E-cadherin and HER2 FISH were compared between
CNBs fixed for approximately 60-90 min and traditionally fixed resection specimens.
Results Overall agreement between CNBs and resection specimens was 98.6% for ER

(p<0.001; K= 0.93), 90.0% for PR (p<0.001; K=0.75), 100% for E-cadherin (p<0,001;
K=l.00) and 98.6% (p<0.001; K= 0.94) for HER2 FISH. Positive and negative predictive
values were respectively 98.4% and 100% for ER, 95.9% and 76.2% for PR, 100% and
100% for E-cadherin and 90% and 100% for HER2 FISH.

Conclusions Hormone receptors and E-cadherin IHC and HER2 FISH are highly comparable

between briefly fixed CNBs and the corresponding traditionally fixed resection specimens
and can therefore reliably be used in the daily clinical practice of same day diagnostics
of breast cancer.

Brief fixation enables same day breast cancer diagnosis with reliable assessment
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lntroduction
Pre-operative core needle biopsy (CNB) is commonly used to confirm the diagnosis of
breast cancer. Particularly in the case of neo-adjuvant therapy, estrogen receptor (ER),
progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2)
status assessment on CNB is crucial [1, 2]. Also E-cadherin assessment may have added
value next to morphological examination of the HE-slide to diagnose invasive lobular
carcinoma [3-6], which may influence additional imaging and subsequent therapy.
Therefore, ER, PR, E-cadherin and HER2 status assessment is standardly performed on
all cases of invasive breast cancer diagnosed in our hospitals. In our hospita! HER2 status
assessment is determined by double probe fluorescence in situ hybridization (FISH),
which is in line with the American Society of Clinical Oncology/College of American
Pathologists (ASCO/CAP) guideline [2].
Over the years, there has been an increasing demand for same day diagnosis of breast
lesions, because it improves patient satisfaction and decreases patient anxiety [7-9]. In
our hospita Is, this has led to an accelerated method of CNB processing (aCNB) in which
the tissue fixation time is radically reduced [10]. Pre-analytic factors such as fixation
time however, can influence above mentioned test results [1, 2, 11, 12]. The ASCO/
CAP guideline recommends a minimum fixation time of 6 hours in 10% neutra! buffered
formalin (NBF) [1, 2]. This is substantially longer than for aCNBs, which in our hospita Is
is less than 2 hours. There is only some published data, suggesting that shorter fixation
time does not hinder assessment of the ER, PR and HER2 status [13-19]. No studies have
been published studying the effect of short fixation time on E-cadherin assessment.
The aim of this study is therefore to evaluate the effect of brief fixation of CNBs on ER,
PR and E-cadherin immunohistochemistry (IHC) and HER2 FISH in invasive breast cancer.
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Materials and methods
Patients
The Radboud university medical center (Radboudumc) has employed a same day
diagnostics program for breast lesions using aCNB since January 2008 (10] and the
affiliated hospital Pantein in Boxmeer, since February 2010. From these programs a
representative cohort was included for the current study, including all consecutive
patients (69) with invasive breast cancer between September 2012 and July 2013, if
both the CNB and resection was obtained in one of two hospitals and the cold ischemia
time of the resection specimens was less than 2 hours, excluding patients receiving
neo-adjuvant therapy. No ethical approval was required according to current Dutch
legislation, as we used leftover coded material (20].
Tissue Processing

Fresh CNBs, extracted using 14-18G needles on a true cut core needle biopsy gun
(Bard biopsy systems), were immediately placed in Unifix (Klinipath BV, Duiven, The
Netherlands). Fixation time prior to processing was estimated at approximately 30-60
min. CNBs were placed in a rapid microwave histoprocessor (Pathos, Milestone Sri,
Sorisole, ltaly) which processes the specimens in approximately 1 hour and 26 minutes.
The detailed protocol of the microwave histoprocessor is described elsewhere (21].
Total fixation time for aCNBs varied from approximately 60 up to 90 minutes. Finally,
CNBs were routinely embedded in paraffin blocks. Excision specimens were sliced in
approximately 4-5 mm thick slices and were fixed overnight in accordance with the
current ASCO/CAP guideline recommendations (.: 6 hours) [1, 2].
lmmunohistochemistry

An extensive description of the immunohistochemical process was previously
published[21]. Antibody-specific variances are specified: heat-induced antigen retrieval
for ER and E-cadherin staining was conducted in 10 mM EDTA (pH 9.0) in a PT-module
(Thermo Scientific, Thermo Fisher Scientific Ine., Waltham, MA) and for PR staining in
10 mM sodiumcitrate (pH 6.0) in a high pressure cooker (2100 Retriever, Aptum, Bio
Connect, Huissen, the Netherlands). Slides were incubated with either rabbit monoclonal
antibody against ER (clone SPl, dilution 1:80, Thermo Scientific), mouse monoclonal
antibody against PR (clone PgR636, dilution 1:250, DAKO, Glostrup, Denmark) or
mouse monoclonal antibody against E-cadherin (clone SPM471, dilution 1:300, Thermo
Scientific) at room temperature (60 min).
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lmmunohistochemical Scoring
All specimens were scored independently by two blinded observers (P.B. and A.H.),
including an experienced breast pathologist. In case of interobserver discrepancies
consensus was reached after discussion at a two-headed microscope. Scoring of
ER-positive and PR-positive nuclei was performed according to the following categories:
0-9%, 10-20%, 21-30%, etc., up to 91-100%. ER and PR percentages of �10% stained
invasive tumour cells were considered positive. E-cadherin was scored either positive
or negative.
HER2 FISH
Sections of 4 µm were cut, mounted and subsequently dried at 56°C (for at least 45 min).
They were deparaffinised in xylene and brought to tap water through graded alcohols.
P retreatment with 10 mM sodium citrate (pH=6.0) at96° C (10 min) followed. After cooling
down and rinsing in denim, slides were treated with 0.01M HCL (5 min) followed by
pepsin digestion at 37°C (7 min for CNBs and 15 min for resection specimens). Following
rinsing in 0.0lM HCL and subsequently P BS, slides were fixed in 1% formaldehyde/PBS
(5 min). The slides were finally dehydrated in increasing ethanol series and air-dried. For
the ISH process, 10 µL custom made probe ERBB2-HER2/Neu 17Q12/SE-17 (KB-00007
Kreatech, Leica, Rijswijk, The Netherlands) was applied to the pre-treated slides, the
area coverslipped and sealed with photo glue. The slides were subsequently placed in
a hybridizer (DAKO) for denaturation at 80°C (10 min) and hybridization overnight at
37°C. Following rinsing successively in 2xSCC (5 min at 45 °C), 2xSCC/0,3% NP-40 (3 min
at 73°C}, 2xSCC and denim, slides were again dehydrated in increasing ethanol solutions
and air-dried. Finally, the slides were mounted with a solution containing bath DAPI
and Vectrashield (Vector, Brunschwig, Amsterdam, The Netherlands). HER2 and CEP 17
signals were scored using a Leica DMRBE (Leitz) fluorescence microscope as previously
described[22]. Scoring was performed by three experienced technicians (P.v.C., V.J.
and H.B.) and in case of doubt, an experienced breast pathologist (P.B.) assisted the
technicians. HER2 amplification was defined as an HER2/CE P 17 ratio of 2 or more, which
is in concordance with the current ASCO/CAP guideline [2].

1

Statistica! analysis
Data was analyzed using IBM SP SS Statistics for Windows (version 20.0, IBM Corp.,
Armonk, NV). For ER, PR, E -cadherin and HER2 status assessment, level of agreement
was calculated and Cohen's kappa statistics were assessed to estimate the level of
agreement between CNB and resection specimen test results beyond chance. K values
were judged as previously described[23]. P ositive and negative predictive values were
calculated in order to determine the accuracy of CNB IHC and FISH in predicting positive
or negative receptor expression in the resection specimen. Quantitative correlation
between ER and PR percentages in CNBs and resection specimens was calculated by
means of Spearman's correlation coefficient, after subdividing results into categorized
data (0-9%, 10-30%, 31-70%, and 71-100%).
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Results
Patients

In total 69 consecutive patients with 70 invasive breast cancers underwent aCNB, with
subsequent resection of the tumour. One patient had two primary breast carcinomas,
both on the right side. Further patient and clinicopathological characteristics are shown
in table 1. The HE-staining showed no differences between CNB and resection specimen
regarding morphological features like nuclear appearance, growth pattern and mitoses.
Hormone receptor expression

1

The according overall agreement and the correlation between ER and PR percentages in
CNBs and resection specimens are shown in tables 2 (for ER) and 3 (for PR). The positive
and negative predictive value for ER expression was 98.4% and 100%, respectively. Only
one tumour was ER positive in the CNB and negative in the resection specimen. This
case was PR negative in both the CNB and resection specimen. The positive and negative
predictive value for PR was 95.9% and 76.2%, respectively. Seven tumours were PR
discordant; two were PR positive in the CNB and negative in the resection specimen and
five were PR negative in the CNB and positive in the resection specimen. All discordant
PR cases were ER positive and ER concordant.
E-cadherin expression

E-cadherin was positive in 62/70 (88.6%) CNBs and in the same number of resection
specimens. Overall agreement for E-cadherin expression was 100% (k=l.00; p<0,001), as
was the positive and negative predictive value.
Table 1. Patient and clinicopathological characteristics.

Characteristic
Age [year, mean (range)]
Sex
• Female
• Male
Histological subtype
• lnvasive ductal carcinoma
• lnvasive lobular carcinoma
• Tubular carcinoma
• Mucinous carcinoma
• Micropapillary invasive carcinoma
• Apocrine carcinoma
Bioom Richardson grading
• Grade 1
• Grade Il
• Grade 111

N=69 patients / 70 tumours (%)
61.2 (35-87)
69 (100)
0 (0)
57 (81.4)
7 (10)
2 (2.9)
2 (2.9)
1 (1.4)
1 (1.4)

13 (18.6)
26 (37.1)
31 (44.3)
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Table 2. Correlation of estrogen receptor percentages between accelerated core needle

biopsies and conventionallyfixated resection specimens in 70 invasive breast carcinomas.
Resection specimen
(")

z

cz

0-9%

10-30%

31-70%

71-100%

Total

0-9%

8

0

0

0

8

10-30%

0

0

0

0

0

31-70%

1

0

1

1

3

71-100%

0

0

3

56

59

Total

9

0

4

57

70

Overall agreement of 98.6% between CNBs and resection specimens
(K=0.93; p<0.001; rs=0.85; p<0.001).
•core needle biopsy.
HER2/Neu amplification

HER2 was amplified in 10/70 (14.3%) CNBs and in 9/70 (12.9%) resection specimens.
Overall agreement tor HER2 FISH was 98.6% (p<0.001; K= 0.94). The positive and negative
predictive value was 90% and 100%, respectively. There was only one discordant case in
the present study, in which the HER2 status was positive in the CNB and negative in the
resection specimen. This case showed an original HER2/CEP17 ratio of 58/27 (=2.15) in
20 nuclei tor the CNB and 38/33 (=1.15) in 20 nuclei tor the resection specimen. Upon
reevaluation, the HER2/CEP17 ratio was 177/87 (=2.03) in 60 nuclei tor the CNB and
130/59 (=2.20) in 40 nuclei tor the resection specimen.

Table 3. Correlation of progesterone receptor percentages between accelerated core

needle biopsies and conventionally fixated resection specimens in 70 invasive breast
carcinomas.
Resection specimen
0-9%

10-30%

31-70%

71-100%

Total

16

4

1

0

21

10-30%

2

5

1

0

8

31-70%

0

1

11

0

12

71-100%

0

0

11

18

29

Total

18

10

24

18

70

z 0-9%

(")

cz

Overall agreement of 90.0% between CNBs and resection specimens
(K=0.75; p<0.001; rs=0.89; p<0.001).
•core needle biopsy.
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Discussion
In this study we have shown that brief fixation (60-90 min) of CNBs does not frustrate
assessment of ER, PR and E-cadherin IHC and HER2 FISH. Overall concordance between
CNB and resection specimen was 98.7% for ER (K=0.93), 90.0% for PR (K=0.75), 100%
for E-cadherin (K=l.00) and 98.6% for HER2 FISH (K= 0.94). Previously, we have already
shown, in a 2 centre study, that Ki67 analysis in breast cancer CNBs is not hampered by
a very short fixation time [21].

1

When comparing our results with traditionally fixed CNBs and resection specimens,
similar to higher levels of agreement were seen in the present study. A large meta-analysis
including ER status assessment of 2450 patients showed an overall agreement between
traditionally fixed CNBs and resection specimens of 92.8% (K=0.78) [24]. Furthermore,
data available on the effect of briefly fixed CNB on ER expression showed analogous
results to ours, although most of these studies had a small sample size, with only highly
expressing tumours included [13-17]. Only one study [25] stated that the minimum
formalin fixation time should be at least 6-8 hours in order to maintain reliable results for
ER expression, regardless of type or size of the specimen. This study however included
a small sample size, had an extra processing step in which samples were temporarily
stored in 100% ethanol after fixation and there was no precise account of the cold
ischemia time. Most importantly, they compared ER staining using the Q-score method
which values intensity and distribution of staining equally [26]. This method therefore
emphasizes both the intensity of staining as the percentage of positive cells, whereas we
focused primarily on true discordance (negative vs. positive receptor status).
There was only one discordant case for ER expression in the present study (table 2,
figure 1). This case showed positive (41-50%) expression in the CNB and negative (0-9%)
expression in the resection specimen. Upon review, the CNB showed moderately to
strongly stained nuclei which were quite uniformly distributed. The resection specimen
displayed positive staining of normal breast tissue and several foei of positive invasive
cells, in total <10%, staining weakly and located at the periphery of the tumour. The
ASCO/CAP guideline recommends tumours with >1% expression to be scored positive [1],
however Dutch guidelines maintain a threshold of positivity of ;,:10% [27]. Remarkably,
there were several resection specimens which stained stronger at the periphery of the
tumour compared to the centre, suggesting an (fixation) artefact. Others have indeed
suggested that inadequate or delayed fixation of the centre of the tumour can lead to
false-negative ER expression [28-31]. However, this seems less likely for our cases, because
as a genera! policy all included resection specimens were sliced in approximately 4,5 mm
thick slices and then fixed in NBF with cold ischemia time <2 hours. Other reasons for the
discordance could be tumour heterogeneity and sampling error. CNBs are usually taken
trom the periphery of the tumour to avoid a necrotic or fibrotic centre. lf some tumours
especially stain at the periphery of the tumour this might explain the discordance.
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Figure 1. Examples of oestrogen receptor (ER) expression (200x). (A) ER concordant case with high

(91%-100%) expression in bath the care needle biopsy (CNB) and (B) resection specimen. (C) ER
concordant case with high (81%-90%) expression in the CNB and (D) low (51%-60%) expression in
the resection specimen. (E) ER discordant case with positive (41%-50%) expression in the CNB and
(F) negative expression (0%-9%) in the resection specimen.
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For PR expression there were 7 discordant cases (table 3, figure 2). Two tumours were
PR positive in the CNB and negative in the corresponding resection specimen. Both
resection specimens showed a positive internal control with also dispersed nuclear
staining in <10% of invasive nuclei, mostly located at the periphery of the tumour. CNBs
displayed a streng yet heterogeneous staining in 10-20% and 21-30% of invasive nuclei,
respectively. The same arguments which could explain the discrepant results apply here
as for the ER discordant case. Five tumours were negative in the CNB and positive in the
resection specimen. These discordant cases showed a highly heterogeneous expression
of PR positive invasive nuclei in the resection specimens. The PR expression percentage
was low in 3/5 tumours showing 10-20% expression, 1/5 with 20-30% expression and
1/5 with 50-60% expression. Heterogeneous and low receptor expression together with
sampling error are therefore likely to blame for the discordance. Observer variation is an
unlikely explanation for the discordance, since we tackled this confounder by scoring all
specimens independently by two blinded observers. In case of discrepancies between
the observers, consensus was reached after reviewing the slides together. There was
an excellent interobserver agreement for PR (K=0.89 for CNBs and K=0.90 for resection
specimens) but also for ER (K=l.00 for both CNBs and resection specimens) and
E-cadherin (K=l.00 for both CNBs and resection specimens).
Data comparing PR expression between traditionally fixed CNBs and resection specimens
of 2448 patients showed similar levels of agreement (85.2%; f<=0.66) as our briefly fixed
CNBs[24]. Furthermore, data comparing the effect of briefly fixed CNB on PR expression
showed comparable results [13, 15]. Finally, because corresponding ER expression was
positive (and concordant) in all discordant PR cases, this discordance has no direct
therapeutical consequences, when hormonal therapy is based on the CNB.
E-cadherin expression showed 100% concordance between briefly fixed CNBs and
resection specimens. To our knowledge this is the first study to compare E-cadherin
expression in briefly fixed CNB and resection specimens. No published data was found
comparing E-cadherin expression in conventionally fixed CNBs and resection specimens.
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Figure 2. Examples of progesterone receptor (PR) expression (200x). (A) PR concordant case with
high (91%-100%) expression in bath the care needle biopsy (CNB) and (B) resection specimen.
(C) PR discordant case with positive (10%-20%) expression in the CNB and (D) negative (0%-9%)
expression in the resection specimen. (E) PR discordant case with negative (0%-9%) expression in
the CNB and (F) positive expression (10%-20%) in the resection specimen.
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Overall agreement between CNBs and resection specimens tor HER2 FISH was 98.6%.
Papers evaluating HER2 FISH assessment in traditionally fixed CNBs and resection
specimens show a comparable level of accordance[32-34]. Also studies, yet with very
small sample sizes, comparing briefly fixed CNBs (with quite varying fixation times) show
similar results [18, 19]. There was only one discordant case in the present study, which
showed a positive HER2 status in the CNB and a negative one in the resection specimen.
After re-evaluation of the score, in fact both the CNB as the resection specimen should
be assessed as HER2 positive. In the vicinity of the tumour in the resection specimen we
observed a dense lymphocytic infiltrate. We believe these cells may have been included
in the initia! assessment of the HER2/CEP17 ratio and that this accounts tor the observed
discrepancy. Similar rates of within-laboratory discrepancies have been previously
observed in HER2 FISH testing [35]. For HER2 IHC a moderate level of agreement between
aCNBs and resection specimens was tound. However, when the ASCO/CAP algorithm2
tor evaluation of HER2 protein expression by IHC assays is applied and in the case of an
IHC 2+ score reflex testing with (F)ISH is taken into account, a high level of agreement is
seen (manuscript in preparation).
Though it would have been interesting to include traditionally fixed CNBs in our study
design tor comparison, the used CNBs were taken tor clinical care and removing extra
CNBs would potentially have harmed the patient. Alternatively, splitting the received CNB
and processing it either with short or conventional fixation time would have obstructed
our same day diagnostics program tor breast lesions. Also, we cannot precisely pinpoint
the pre-analytic fixation time of our briefly fixed specimens. lnstead the window of total
fixation is approximately 60 up to 90 min. Our results theretore do not necessarily apply
to specimens with other pre-analytic variations.
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Conclusion
We have shown that brief fixation of CNBs does not frustrate expression of ER, PR and
E-cadherin IHC and HER2 FISH, further supporting same day diagnostics of breast cancer
lesions with the vital use of essential biomarkers. Our findings provide evidence to
modify current practice guidelines to accommodate rapid fixation (60-90 min) for ER, PR
and E-cadherin IHC and HER2 FISH.
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Brief fixation does not ham per the reliability of Ki67 analysis
in breast cancer core-needle biopsies: a double-centre study
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Abstract
Aims lmmunohistochemical assessment of Ki67 expression in core-needle biopsies
(CNBs) increasingly plays a role in therapeutic decision-making in breast cancer patients.
Within the framework of same-day diagnostics of breast lesions, fixation times are
markedly decreased. We therefore attempted to validate Ki67 analysis in briefly fixed
breast cancer CNBs.
Methods CNBs of 136 consecutive patients with invasive breast cancer diagnosed

through the same-day diagnostics programme of bath the University Medical Center
Utrecht (UMCU) and the Radboud University Medica! Center (RUMC} were included.
CNBs were fixed in formaldehyde for approximately 45 minutes in the UMCU and
between 60 and 90 minutes in the RUMC. lmmunohistochemistry for Ki67 expression
was compared between the briefly fixed CNBS and conventionally fixed resection
specimens of the same tumor.
Results Overall agreement between CNBs and resections was 122/142 (85.9%} for Ki67
expression (K = 0.71; 95% Cl= 0.60- 0.83). Positive and negative predictive values were
79. 7% (95% Cl = 0.67 - 0.88%) and 91.0% (95% Cl = 0.82 - 0.96%), respectively.
Conclusion Overall agreement for Ki67 expression was good between briefly fixed CNBs

and conventionally fixed resection specimens, and within the range of studies comparing
conventionally fixed CNBs and resections.

Brief fixation does not hamper the reliability of Ki67 analysis in breast cancer core-needle biopsies:
a double-centre study
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lntroduction
In personalized breast cancer care, various immunohistochemical analyses are nowadays
applied for therapeutic decision-making. Hereto, markers reflecting proliferation are of
great interest as they reflect risk of recurrence [l]. One of these markers associated
with cell proliferation is the nuclear protein Ki67 which has strong prognostic value in
breast cancer (2, 3]. Recently, the International Ki67 in Breast Cancer Working Group
stressed the value of Ki67 as a predictor of prognosis and as a biomarker for treatment
effectiveness [4]. Although not yet recommended in national guidelines, Ki67 appears to
be widely determined in breast cancer tissue during routine clinical practice [5].
Demand is growing for the standardization of Ki67 assessment because of its important
role in therapeutic decision-making. lmmunohistochemistry has been widely adopted
by different laboratories as the preferred detection method for Ki67. Nevertheless,
preanalytical variables may still influence test results. In accordance with guidelines
for hormone receptor assessment, a minimum fixation time of 6 hours in 10% neutra!
buffered formalin (NBF; is 4% neutra! buffered formaldehyde) is generally recommended
for Ki67 (6]. Within the context of increasing demands for same-day diagnostics in
breast cancer, speeding up the process of tissue handling for biomarker assessment is
mandatory. There is already some evidence that brief fixation time does not influence
Ki67 assessment in other tissue types. Munakata et al. studied fixation in NBF for 4 to
48 hours in one tonsil specimen and showed that fixation for only 4 hours was adequate
for Ki67 analysis [7]. The aim of this double-centre study was to assess whether even
shorter fixation times (45-90 minutes) of same-day diagnostic CNBs allows for reliable
immunohistochemical assessment of Ki67 expression in two cohorts of invasive breast
cancer patients. Reporting was done according to the REMARK criteria [8].
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Materials and methods
Patients
Since November 2011 and January 2008, the University Medical Center Utrecht
(UMCU) and the Radboud University Medical Center (RUMC)[9], respectively, have
been operating a same-day diagnosis programme for breast lesions. In this programme,
patients with suspected malignancy are referred for analysis including CNB with the aim
of informing patients about their diagnosis and suggested treatment regimen within one
day. Cohorts of consecutively admitted patients with invasive breast cancer (with both
CNB and subsequent resection performed at the same center) were included from both
centres. As we used coded leftover material no ethica! approval was required based
on current Dutch legislation[l0, 11). Patients undergoing neo-adjuvant therapy and
with multifocal disease (the Jatter potentially providing sampling issues) were excluded
from the study, unless correct matching of lesions on CNB and the resection could be
thoroughly ensured. Mitotic activity index and tumor grade of resections was recovered
from the databases in both centers to assess inter-laboratory differences between the
cohorts.
Tissue processing

In the UMCU, CNBs were immediately placed in NBF and sent to the pathology
laboratory to be registered (estimated prior fixation time 15 minutes). After registration,
specimens were immediately placed in an automated tissue processor (Peloris™, Leica,
Valkenswaard, The Netherlands), which started with a 30 minutes formaldehyde fixation
step under vacuum (see Supporting information for complete protocol).

In the RUMC, CNBs were placed in Unifix (3.7 - 4% formaldehyde solution containing
zine sulfate, acetate buffered at pH 5,6 - 5,8; Klinipath BV, Duiven, The Netherlands)
and sent to the pathology laboratory to be registered (estimated prior fixation time 30
minutes). lf this was less than 30 minutes, an extra fixation step of 30 minutes with
formaldehyde was included. After registration, biopsy specimens were placed in a 'rapid
microwave histoprocessor' (Pathos Delta, Milestone Sri, Sorisole, ltaly), which included
a 20 minutes formaldehyde fixation step (15 minutes up to 50 °C and 5 minutes at a
constant temperature of S0°C) (see Supporting information for complete protocol).
Hereafter, in both centers tissue samples were routinely embedded in paraffin. Assuming
a preprocessing formaldehyde exposure window (including transportation to the
pathology laboratory and administration) of 15 minutes in the UMCU and 30-60 minutes
in the RUMC, total formaldehyde fixation time before and during processing thereby
varied between biopsies from 45 minutes to 90 minutes. Excision specimens were fixed
overnight in compliance with the current ASCO/CAP guideline recommendations (� 6
hours) (6). Cold ischemia time in all included surgical specimens was less than two hours.

Brief fixation does not ham per the reliability of Ki67 analysis in breast cancer core-needle biopsies:
a double-centre study

1

89

Table 1. Ki67 analysis methodology for comparing briefly fixed CNB and conventionally
fixed resection specimens.

Centre
Patients (n•)
CNBsb (n)
Resections (n)
Antibody
Proportion CNB
Proportion resection
Staining protocol
Consensus scoring by

UMCU
72
78
72
Mouse MoAbc, clone
MIB-1
Whole sections
Tissue microarray
Manually
Observers 1 and 2

RUMC
69
70
70
Mouse MoAb, clone MIB-1
Whole sections
Whole sections
Autostainer
Observers 3 and 4

• number bcore-needle biopsy, 'monoclonal anti body

lmmunohistochemistry

From the paraffin blocks of the tumors excised in the UMCU, one tissue microarray
(TMA) was constructed by transferring tissue cylinders of 0.6 mm (3 cylinders per tumor)
from the tumor area, determined by a pathologist based on haematoxylin/eosin stained
slides, using a tissue arrayer (Beecher lnstruments, Sun Prairie, WI, USA). Paraffin blocks
of all biopsies and the TMA were cut into sections of 4 µm and mounted (table 1). In
the UMCU, slides were baked at 37 ° C and manually incubated with mouse monoclonal
antibodies against Ki67 (MIB-1, dilution 1:200) from DAKO (Glostrup, Denmark) at room
temperature for 60 minutes (See Supporting information for complete staining protocol).
In the RUMC, resection specimens were cut into whole sections of 4 µ m thick and
mounted. Slides were baked at S6 ° C and then immunohistochemically stained by means
of the Immunologie Autostainer 480 (Duiven, The Netherlands) using mouse monoclonal
antibodies against Ki67 (MIB-1, dilution 1:100) (See Supporting information for complete
staining protocol). Appropriate controls were used throughout.
Scoring

Ki67 percentage score was defined as the mean percentage of positively stained tumor
nuclei (at any intensity) across all tumor cells of one slide of the same tumor at l00x
magnification and subsequently at 40x magnification [4, 12]. In each centre, percentage
of positive nuclei was estimated by consensus scoring of two blinded observers including
an experienced breast pathologist (UMCU: P.v.D. and S.K.; RUMC: P.B. and A.H.). Scoring
was performed according to the following categories: 0%, 1%, 2%, 5%, 10%, 20%, 35%,
50%, 65%, 75%, 90% and 100%. A cut-off value of 15% for positive marker status was
used according to current national and international recommendations [2, 3, 13, 14).
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Statistica! analysis

Overall agreement between the CNBs and resection specimens was calculated for Ki67
positive and negative values. Kappa statistics were calculated to estimate the level of
agreement beyond chance. Values of K > 0.6, between 0.4 and 0.6, between 0.2 and
0.4, and < 0.2 indicated good, moderate, fair and poor agreement, respectively[15].
Correlation between Ki67 values in CNB and resection specimens was calculated by
means of Spearman's correlation coefficient, using quartiles (<10%, 10-14%, 15-24%,
>25%). To assess the accuracy of immunohistochemical tests on brietly fixed specimens
in predicting either low or high proliferative fraction, we calculated positive and negative
predictive values. In addition, mitotic activity scores and tumor grade distribution among
resections of both cohorts were compared using Mann-Whitney tests. This was done to
detect fo r differences between the two cohorts. All statistics were performed using IBM
SPSS Statistics for Windows (version 20.0, IBM Corp., Armonk, NV, USA).

Results
UMCU results
Between November 2011 and December 2012, 113 invasive breast cancers were
diagnosed in the same-day CNB programme of the UMCU. A total of 72/113 (63.7%)
cases were eligible for analyses. Reasons for exclusion were the administration of neo
adjuvant therapy prior to surgery (n= 24), multifocal disease (n = 13) and the absence of
remaining diagnostic material (n = 4).

Mean age of the patients was 60.6 years (ranging from 34 to 89 years). Mean time
between CNB and surgery was 27.6 days (ranging from 7 to 51 days). A total of 43/72
(59.7%) had invasive ductal carcinoma, 19/72 (26.4%) invasive lobular carcinoma, 9/72
(12.5%) invasive ductulolobular carcinoma and 1/72 (1.4%) tubular carcinoma. In 6
patients, due to size, the CNB was divided over two cassettes allowing for analysis of bath
samples of the same CNB. Scores of the different slides of the same CNB were considered
independent cases and were matched with the scores of the single corresponding
resection specimens. Hence, 78 CNBs and 72 corresponding surgical specimens were
immunohistochemically stained for Ki67.
At immunohistochemical analysis, no deleterious effects dueto processing were observed
on the morphological preservation of the CNBs and staining intensity overall appeared
no differently between CNBs and resection specimens. Five pairs were excluded that
had no remaining tumor cells in the CNB or resection bleeks. Thus, complete data of 68
patients (73 CNBs and 68 resections) were apt for further analysis. Ki67 expression was
high in 7/68 (10.3%) resections and in 17/73 (23.3%) CNBs. Mean percentage of Ki67
positive tumor cells was 12% in the CNB group and 6% in the resection group. Overall
agreement between CNB and resection was 64/73 (87.7%) for Ki67 expression (K= 0.58;
95% Cl= 0.32-0.84) (table 2). There was a high correlation between Ki67 values in CNBs
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and corresponding resections (rs=0.72; P < 0.01). The positive and negative predictive
values for CNB Ki67 expression were 47.1% (95% Cl = 0.24 - 0.71) and 100.0% (95% Cl
= 0.92 - 1.00), respectively. Moderate correlation was observed between Ki67 values
and mitotic activity index (rs=0.53; P < 0.01) and between Ki67 values and tumor grade
(rs=0.57; P < 0.01) in resections (figure 1).
RUMC results
Between September 2012 and July 2013, 69 consecutive patients with 70 invasive
breast cancers underwent CNB at the same-day diagnosis breast clinic of the
RUMC. A total of 69 (98.6%) cancers were eligible for analyses. One case (1.4%) was
excluded because no remaining tumor was present in the paraffin block of the CNB.
Mean age of the included patients was 61.3 years (ranging from 35 to 87 years). A
total of 57/69 (82.6%) invasive cancers were invasive ductal carcinoma, 7/69 (10.1%)
invasive lobular carcinoma, 2/69 (2.9%) tubular carcinoma, 2/69 (2.9%) mucinous
carcinoma, 1/69 (1.4%) micropapillary invasive carcinoma and 1/69 (1.4%) apocrine
carcinoma. Sixty-nine CNBs and their corresponding resections were stained for Ki67.

Figure 1. Two Ki67 discordant cases of the UMCU with high (�15%) Ki67 expression values in

briefly fixed biopsies (top and bottom left) but low expression values in corresponding resection
specimens (top and bottom right); (all parts x200}.
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At immunohistochemical analysis, morphology was considered unremarkable in the
CNBs and no overall differences in staining intensity were observed between CNBs and
resection specimens. Ki67 expression was high in 50/69 (72.5%) resections and in 47/69
(68.1%) CNBs. Mean percentage of Ki67 positive tumor cells was 26% in the CNB group
and 25% in the resection group. Overall agreement between CNB and resection was
58/69 (84.1%) for Ki67 expression (K = 0.62; 95% Cl= 0.41 - 0.83) (table 2). There was
a high correlation between Ki67 values in CNBs and corresponding resections (rs=0.76;
P<0.01). The positive and negative predictive values for biopsy Ki67 expression were
91.5% (95% Cl= 0.79 - 0.97) and 68.2% (95% Cl= 0.45 - 0.85), respectively. Moderate
correlation was observed between Ki67 values and mitotic activity index (rs=0.69;
P<0.01) and between Ki67 values and tumor grade (rs=0.61; P < 0.01) in resections
(figure 2). In the RUMC cohort, Ki67 values in resections were significantly higher than
these in resections of the UMCU (P<0.01) (table 3). Resections analysed in the RUMC
were of significantly higher tumor grade than these analysed in the UMCU (P<0.01).
Mitotic activity scores were significantly higher in resections of the RUMC (median 11;
IQR 4.00-21.00) compared with these in resections of the UMCU (median 5; IQR 2.2514.00).
Combined analysis of Ki67 comparability

Overall agreement between pooled CNBs and resections was 122/142 (85.9%) for Ki67
expression (K = 0.71; 95% Cl = 0.60 - 0.83) (table 2). Positive and negative predictive
values were 79.7% (95% Cl = 0.67 - 0.88) and 91.0% (95% Cl = 0.82 - 0.96), respectively.
Correlation between Ki67 values in brietly fixed CNBs and conventionally fixed resections
was high (rs = 0.82; P<0.01), when using quartiles to categorize data (<10%, 10-14%,
15-24%, >25%). Table 4 shows the degree of variation between discordant cases as well
as the predominant histological subtypes.

Table 2. Comparison of Ki67 expression analysis between brief/y fixed CNB and
conventionally fixed resection specimens in two breast cancer cohorts.
Centre

UMCU

RUMC

68.1 (47/69)
23.3 (17/73)
% Positive in CNB• (n)
Mean % CNBs
12
26
% Positive in resection (n)
10.3 (7/68)
72.5 (50/69)
Mean % resections
25
6
Overall agreement (%)
87.7 (64/73)
84.1 (58/69)
Kappa (95% Clb)
0.58 (0.32-0.84)
0.62 (0.41-0.83)
% PPV' (95% Cl)
47.1 (0.24-0.71) 91.5 (0.79-0.97)
% NPVd (95% Cl)
100.0 (0.92-1.00) 68.2 (0.45-0.85)
Spearman's p CNBs and
0.72 (P < 0.01)•
0.76 (P < 0.01)
resections
• core-needle biopsy, b 95% confidence interval, 'positive predictive value,
value, • P value for significanee.

combined
45.1 (64/142)
21
41.6 (57/137)
15
85.9 (122/142)
0.71 (0.60 - 0.83)
79.7 (0.67- 0.88)
91.0 (0.82-0.96)
0.82 (P < 0.01)
d negative predictive
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Figure 2. One Ki67 discordant and one Ki67 concordant case of the RUMC. Low (<15%) Ki67
expression values in a briefly fixed biopsy (top left) but high expression values in the corresponding
resection specimen (top right); low Ki67 expression values in a briefly fixed biopsy (bottom left) and
low expression values in the corresponding resection specimen (bottom right); (all parts x200).

Table 3. Comparison of tumor grade distribution, mitotic activity and Ki67 va/ues of

resections between the two cohorts.
Centre

UMCU (n• = 68)

22 (32.4%)
Grade 1
Grade Il
30 (44.1%)
Grade 111
16 (23.5%)
Median Ki67 expression (%)
3.5 (IQRb 2.00 -8.75)
Median mitotic activity (n/2mm2) 5 (IQR 2.25-14.00)
• number, b interquartile range, 'P value tor significance.

RUMC (n = 69)
13 (18.8%)
25 (36.2%)
31 (44.9%)
20 (IQR 10.00-35.00)
11 (IQR 4.00-21.00)

P-value'
<0.01
<0.01
<0.01
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Table 4. Ki67 discordant cases (n = 20).
Degree of
variation

n' cases

CNB>Rb

IDC'

ILCd

Other•

3/13 (23.1%) 1/13 (7,7%)
9/13 (69,2%)
13/20 (65,0%) 8/13 (61,5%)
:510%
5/6 (83,3%)
1/6 (16.7%)
4/6 (66,7%)
>10-30% 6/20 (30,0%)
1/1 (100%)
1/1 (100%)
1/20 (5,0%)
>30%
15/20 (75,0%) 4/20 (20,0%) 1/20 (5,0%)
13/20 (65,0%)
20 (100%)
Total
b positivity score higher in core-needle biopsy than in resection specimen, 'invasive
• number,
ductal carcinoma, d invasive lobular carcinoma, •other histological subtype.

Discussion

1

In this double-centre study, agreement between briefly fixed, CNBs and conventionally
fixed resections was good with an observed K value of 0.71 (95% Cl= 0.60 - 0.83) and
a Spearman correlation coefficient of 0.82 (P < 0.01). When comparing the present
findings with previous research on agreement levels between conventionally fixed CNBs
and resections, at least a similar level of concordance was seen. Romero et al. found an
overall agreement of 76% for a set of 50 paired samples. The authors noted that 20%
of CNBs converted from positive to negative in the surgical specimens as opposed to
a 4% conversion from negative to positive (P = 0.039)[16]. A concordance rate of 73%
with a K value of 0.48 was reported by Greer et al.[17]. Chen et al. found a concordance
rate of 79.5% (K = 0.55) for CNBs and surgical samples (n = 298) [18]. Therefore, our
findings indicate that brief fixation of breast cancer biopsies does not seem to hamper
Ki67 assessment.
Regarding Ki67 scoring inconsistencies in this study as well as in general, a few other
factors may have accounted for the observed differences. A first factor that may have
contributed to Ki67 scoring inconsistency is observer variation. Vörös et al. showed that
Ki67 values were significantly influenced by the observer even if standardised criteria
were used during the scoring process. Not only the inter-observer, but also the intra
observer agreement was found to be poor to moderate. lntermediate categories were
generally less reproducible than low and high value categories[19]. High agreement
levels reported for estrogen receptor expression between conventionally fixed CNBs
and resections [20] suggest that estimating percentages of generally homogenously
distributed positively stained nuclei may in itself be well reproducible, and that the
much more heterogeneous distribution of Ki67 compared to other nuclear biomarkers
inherently hampers reproducibility. In the present study, observer variation was minimal
since all paired specimens (CNB and resection) were scored by two observers: in the
UMCU cohort by consensus, and in the RUMC cohort by two observers with excellent
inter-observer agreement (weighted K = 0.88; (95% Cl= 0.84 - 0.93%)). In all discrepant
cases between the two observers in the RUMC consensus was reached after evaluation
of the Ki67 stained slides together with a biheaded microscope.
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Agreement between CNBs and resection specimens was slightly better in the RUMC
cohort, in which two factors may have played a role. First, in the UMCU cohort, CNBs
were compared with three 0.6 mm TMA cores of the resection of the same tumor. lt
is conceivable that a certain sampling error was generated because of this method,
explaining perhaps the generally lower Ki67 values in the resection specimens in this
cohort. There are no published systematic comparisons of the assessment of Ki67 on
TMAs versus whole sections, but the International Ki67 in Breast Cancer Working Group
speaks of anecdotal evidence that scores are generally lower on TMAs[4]. This may be
viewed as a methodological disadvantage, as the TMA cores add up to a smaller tissue
surface than the amount of material that an average CNB slide contains, potentially
leading to an underestimation of Ki67 fraction. However, one may argue that the
alternative (use of whole sections from the resections) could have had the opposite
effect. Second, overall Ki67 values in resections were rather low in the UMCU cohort
(which is a screening population with also lower grade and mitotic activity) where
reproducibility is more difficult to achieve, while in the RUMC the Ki67 values (and grade
and mitotic index) were higher with inherently higher reproducibility. The difference in
agreement was however small (K = 0.58 versus K = 0.62, rs = 0.72 versus rs = 0.76),
indicating that other methodological variations (slight differences in tissue processing
and staining protocols) must be minimal. Preferably, we would have performed a parallel
comparison between Ki67 percentage scores in conventionally fixed CNBs and those
scores in the corresponding conventionally fixed resection specimens. In doing so, we
could have provided a match-to-match baseline for assessing the efficacy of estimating
Ki67 status in briefly fixed CNBs. However, as the CNBs were taken in the context of
clinical care performing extra CNBs that were to be fixed conventionally for research
purposes would have put an extra burden on patients. lnstead, we compared our findings
with the agreement levels between conventionally fixed CNBs and conventionally fixed
resections specimens that have been reported in the literature.
Persisting inconsistencies in Ki67 analysis for conventionally fixed CNBs and resections
and observer variation within the same sample, imply that implementation of Ki67
analysis in routine practice is still fallible. Augmenting our understanding of the biologica!
behaviour of Ki67 as an immunohistochemical biomarker will most likely contribute
to future standardization. Hereto, it appears necessary to differentiate between
preanalytical factors that may be modified without adversely affecting Ki67 assessment
and which may not.
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Conclusion
Overall agreement for Ki67 expression was good between briefly fixed CNBs and
conventionally fixed resection specimens, within the range of previous studies
comparing conventionally fixed CNBs and resections. Therefore, it is unlikely that brief
fixation as preanalytical variable accounts for observed differences in this study. Rather,
tumor heterogeneity, sampling error and lower reproducibility of scoring in the low and
intermediate categories appear to be responsible for scoring inconsistencies. Therefore,
we conclude that brief fixation does not seem to hamper reliability of Ki67 analysis in
breast cancer CNB.

1
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Assessment of HER2 status in breast cancer biopsies
is not affected by accelerated tissue processing
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Abstract
Aims To establish whether core needle biopsy (CNB) specimens processed with an

accelerated processing method with short fixation time can be used to accurately
determine HER2 status of breast cancer.

Methods A consecutive case series trom two high volume breast clinics was created. We
compared routine HER2 immunohistochemistry (IHC) assessment between accelerated
processing CNB specimens and routinely processed postoperative excision specimens.
Additional amplification-based testing was pertormed in cases with equivocal results. The
tormalin fixation time was less than 2 hours and between 6 and 72 hours, respectively.
Fluorescent in situ hybridization and multiplex ligation-dependent probe amplification
were used tor amplification testing.

1

1

Results One hundred and torty-tour cases were included, 15 of which were HER2
positive on the routinely processed excision specimens. On the CNB specimens, 44 were
equivocal on IHC and required an amplification-based test. Correlation between the CNB
specimens and the corresponding excision specimens was high tor final HER2 status,
with an accuracy of 97% and a kappa of 0.85.
Conclusions HER2 status can be reliably determined on CNB specimens with accelerated
processing time using standard clinical testing methods. Using this accelerated
technology, the minimum six hours of tormalin fixation which current guidelines consider
necessary, can safely be decreased. This allows tor a complete and expedited histology
based diagnosis of breast lesions in the setting of a one-stop-shop, same-day breast
clinic.
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lntroduction
Forbreast cancer diagnosis, a pre-operative histological confirmation is mandatory
including determination of oestrogen and progesterone receptor (ER and PR) and
human epidermal growth factor receptor-2 (HER2) status for treatment decisions, such
as indication for and selection of neo-adjuvant systemic therapy. Due to increasing
emphasis on speed in the diagnostic process, an accelerated processing method for care
needle biopsy (aCNB) for breast lesions was developed in our breast clinics (1, 2]. With
the use of microwave-based rapid histoprocessors, the fixation time for certain histology
specimens, such as CNBs, can be reduced to less than one hour. The American Society
of Clinical Oncology and the College of American Pathologists (ASCO/CAP) guideline
recommends a minimum fixation time of six hours in neutral-buffered formalin (NBF),
precluding the use of accelerated processing techniques [3]. Although there is ample
literature supporting a maximum fixation time, there is actually little data to support the
recommended minimum fixation time of six hours. The previous version of the ASCO/
CAP guideline cites only one pilot study in support of a minimum fixation time, which
was however omitted in the 2013 version of the guidelines (3-5]. The authors of a recent
systematic review found six studies regarding short fixation time for receptor status in
genera!, only two of which addressed HER2 immunohistochemistry (IHC) testing (6]. Bath
were small scale pre-clinical pilot studies comparing samples from ten and one HER2
positive tumours respectively, testing fixation times varying between 1 and 168 hours
(7, 8]. The authors concluded data on the reliability of hormone receptor status or HER2
status after short fixation time is scarce, but status of highly expressive breast cancers
does not seem to be altered. Reliability of hormone receptor status, and fluorescent in
situ hybridization (FISH) determination of HER2 status is further supported by a more
recent publication [9].
As aCNB is a relatively new technique, there is little information available on the reliability
of hormone receptor and HER2 determination on aCNB specimens. The Dutch 2012
breast cancer guideline suggests using either IHC or FISH as a first line test, and using more
advanced techniques, such as multiplex ligation-dependent probe amplification (MLPA),
to establish a definitive HER2 status if the first result is equivocal (10]. A recent preclinical
study of 40 tissue fragments cut to the size of 17g biopsy specimens using much shorter
fixation times (1-24 hours) suggests HER2 testing using bath IHC and FISH is reliable [11).
However, no studies have been published regarding actual CNB specimens. Most clinics
perform HER2 status only for malignant cases and report this as an addendum to the
pathology report the next day. To use pre-operative determination of HER2 status for
making adequate treatment decisions in routine breast cancer care, it is crucial to know
whether it can be reliably determined on aCNB specimens. We investigated the reliability
of HER2 status assessment inCNB specimens that underwent accelerated processing.
Hereto, we compared IHC results of aCNB with routinely processed resection specimens
using a consecutive patient series from two high volume breast cancer units that have
adopted the aCNB method for routine care.
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Materials and methods
Patients
Between November 2011 and January 2012 we included consecutive cases from the
University Medical Centre Utrecht (UMC Utrecht) breast clinic and between September
2012 and July 2013 we included consecutive cases from the Radboud university medical
center (Radboudumc), 144 cases in total. All samples were from patients who underwent
aCNB and subsequent resection of the corresponding lesion. Neo-adjuvant systemic
therapy and multifocal disease were exclusion criteria. Excision specimens were used
as controls. These were fixed overnight in compliance with the current ASCO/CAP
guideline recommendations (� 6 hours fixation time). Cold ischemia time in all surgical
specimens was less than two hours, total fixation time approximately 6-72 hours with
three specimens fixated for max 95 hours because of fixation over a holiday weekend.
Tissue processing

1

In the Radboudumc, all aCNB specimens were transported in 3.7 - 4% formaldehyde
solution containing zine sulfate, acetate buffered at pH 5,6 - 5,8 ("Unifix", Klinipath BV,
Duiven, The Netherlands). Fixation time prior to registration at the pathology department
was approximately 30 minutes. We included an extra 30 minutes fixation step with
formaldehyde if material was registered within 30 minutes of biopsy acquisition. Hereafter,
specimens were processed using a 'rapid microwave histoprocessor' (Pathos, Milestone
Sri, Sorisole, ltaly). The processing program started with a 20 min formaldehyde fixation
step, leading to a total fixation time of 50-80 min. The full program takes 1 hour and 26
minutes. Details of this process have been described previously [12].
In the UMC Utrecht, all aCNB specimens were transported in 10% neutra! buffered
formalin (NBF) and sent to the pathology laboratory to be registered (estimated fixation
time approximately 15 minutes). Specimens were subsequently placed in an automated
tissue processor (Peloris™ , Leica, Valkenswaard, The Netherlands). The processing
program started with a 30 min formaldehyde fixation step under vacuum, leading
to a total fixation time of about 45 min. The full program, which has been described
previously in greater detail, takes 1 hour and 39 minutes [12].
HER2 IHC staining

In the Radboudumc, HER2 IHC staining was performed manually using the Dako
HercepTestTM Kit (Code K5204, Glostrup, Denmark), largely according to the protocol
in the manufacturer's guide. In short, 4 µm sections of all paraffin blocks were cut and
mounted. Slides were incubated at 56°C, deparaffinised in xylene and brought to denim
water through graded alcohols. Heat-induced (121°C) antigen retrieval with sodium
citrate (pH 6. 7) in a pressure-cooker followed (30 min). Following washing in wash buffer,
peroxidase-blocking reagent was applied for 5 minutes. Next, the primary antibody
(prediluted rabbit anti-human HER-2 protein) was applied {30 minutes). Afterwards,
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slides were incubated with visualization reagent for 30 min. Following rinsing in
washing buffer, visualization was achieved with Bright diaminobenzidine (dilution 1:25,
Immunologie, Duiven, The Netherlands). Slides were counterstained with Mayer's
haematoxylin (1 min). Some slides were previously evaluated for diagnostic purposes,
in which case the slides were retrieved from the pathology archive. Most slides were
stained for the purpose of this study.
In the UMC Utrecht, paraffin-embedded biopsy blocks were cut into sections of 4
µm and mounted. Slides were baked at 37 °C and immunohistochemically stained for
HER2 by means of the Bond Max autostainer (Leica Biosystems, Nussloch, Germany).
lncubation was performed using rabbit monoclonal antibodies from Thermo Fisher
Scientific (Waltham, MA, USA) against HER2, clone SP3 {dilution 1:100). Slides from the
excised tumour specimens had been IHC stained previously for HER2 shortly following
surgery for diagnostic purposes according to the same staining protocol. Appropriate
controls were used throughout.
HERZ IHC storing
In accordance with ASCO/CAP guidelines HER2 IHC was scored using the DAKO scoring
system, as 0, l+, 2+ or 3+. 0 and l+ were considered a negative result, 2+ equivocal and
3+ a positive result(3]. In accordance with these guidelines we defined a score of O as
less than 10% of tumour cells staining positive, a score of l+ as more than 10% of tumour
cells staining positive, but no circumferential staining was present, a score of 2+ as more
than 10% of tumour cells showing weak or moderate circumferential staining and a score
of 3+ as more than 10% of tumour cells showing a strong circumferential staining [3].

In the Radboudumc, IHC was scored and reported independently by two blinded
investigators (A.H. and P.B.). When initia! assessment was not identical, a consensus
was reached. In the UMC Utrecht, stained slides were reviewed by means of consensus
scoring by two blinded observers (S.K. and P.D.), including an experienced breast
pathologist. Surgical slides stained previously for diagnostic purposes were reassessed.
Similar to ASCO/CAP guidelines, the Dutch 2012 breast cancer guideline mandates an
additional amplification based test for equivocal cases (IHC scores 2+). According to
routine care, this test was thus performed in all cases with HER2 IHC scores of 2+ (10].
Amplification based tests

The Radboudumc uses a double probe FISH test, the UMCU an MLPA test. This additional
determination was taken into account to create a dichotomous variable HER2 positive
or HER2 negative. HER2 FISH was performed as described elsewhere [9]. For the ISH
process, custom made probe ERBB2-HER2/Neu 17Q12/SE-17 (KB-00007 Kreatech, Leica,
Rijswijk, The Netherlands) was used. Scoring of HER2 FISH was conducted as described
by the latest ASCO/CAP guideline for HER2 status assessment [3]. MLPA was performed
as described elsewhere [13]. Approximately 1 cm2 of invasive tumour was identified
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on H&E stained 4 micron thick sections, and isolated. The tissue was incubated with
proteinase K, then centrifuged, and analysed with MLPA using the P004 HER-2 kit (MRC
Holland, Amsterdam, The Netherlands).
Data analysis
Data were analysed using IBM SPSS Statistics for Windows (V.20.0, IBM, Armonk, New
York, USA) and a kappa statistic was calculated to assess the correlation beyond chance
of the aCNB specimen HER2 IHC score and the excision HER2 IHC score. Furthermore,
we analysed the result of combining a 0 and l+ score, since the difference has no
clinical significance (both are considered negative). Lastly, we analysed HER2 status as a
dichotomous variable considering the result of both IHC and additional testing.

1

Ethical standards
According to Dutch legislation, no approval from a research ethics committee was
required for this study as coded tissue obtained from routine diagnostic workflow was
used and the included patients are not affected by the study. Anonymous or coded use
of redundant tissue for research purposes is part of the standard treatment agreement
with patients in our hospitals, to which patients may opt out. None of the included
patients submitted an objection against use of residual materials.
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m

total

3+

2+

l+

z

Underscored: UMCUtrecht cases only.

Bold: all cases
/talies: Radboudumc cases only.

!!?:

IHC score
0

aCNB
0
31
1
30
26
3
23
7
0
1
0
1
65
4
61

1
15
13
7
1
0
0
24
15

2

l+

�

Q

Q

.f.

1

2+
2
2
23
22
16
15
3
2
44
41

.2.

1

1

1

Q

3+
0
0
0
0
1
1
10
8
11
9

.f.

.f.

Q

Q

Q

total
35
4
64
38
31
17
14
10
144
69

compared to rapid/y processed core needle biopsies (aCNB) from the same lesion.

75

1

14

26

31

Tab Ie 1. Results of HER2 immunohistochemistry on routinely processed excision specimen

Table 2 shows correlation of aCNB and resection when 0 and l+ scores are combined in
a single category. Accuracy was increased by 28 cases to 100/144 cases (69%, k=0.39),
which was statistically significant compared to table 1 (p=0.0008). The accuracy for
results of immunohistochemistry combined with additional testing was 97% (k=0.85),
as displayed in table 3. The dataset contains only tour discrepant cases. Sensitivity of
combined IHC and amplification based testing was 87%, specificity 98%.

A total of 144 cases were eligible for analysis: 75 from the UMCUtrecht and 69 from the
Radboudumc. This included 102 invasive ductal carcinomas, 20 invasive ductolobular
carcinomas, 16 invasive lobular carcinomas and 6 invasive carcinomas of other subtypes.
87 patients were treated by lumpectomy, 57 by mastectomy. All cases were in female
patients, age between 35 and 89 years (median 60). The results of HER2 IHC analysis are
displayed in table 1: 15 cases (10%) were HER2 positive on excision. The concordance
of HER2 status assessment between aCNB and resection specimens was 50% (k=0.33).
lmmunohistochemistry on the aCNB specimens was more aften (44/144 vs 31/144 cases)
equivocal compared to the resection specimens but this was not statistically significant
(p=0.081, chi-square test). Data is also shown for the Radboudumc en UMCUtrecht
separately, in italics and underscored respectively..

Results
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When these analyses were performed for the two centres separately, the raw IHC
concordance for the Radboudumc and UMCU were 54% (f<=0.35) and 47% (f<=0.13),
respectively. When additional testing was taken into account, the Radboudumc (using
FISH) had an accuracy of 96% (f<=0.84) and the UMCU (using MLPA) of 99% (f<=0.85).
The complete dataset with all IHC results, including all available amplification based
results, is provided as online additional material, in table 4.

Table 2. Simplified results /rom table 1, now grouping immunohistochemistry O and 1 +.

m

iiï

a·

IHC score
0/1+
2+
3+

aCNB
0/1+
74
56
18
14
13
1
1
0

1

total

89

19

2+
25
24
16
15
3

1

1

1
1

2
44
41

70

J

3+

total

0

99

0

1

1
10

8
11
9

57

42
31
17
14
10
144
69

0
0

2
2

14

.4
75

Bold: all cases
/talies: Radboudumc cases only.
Underscored: UMCUtrecht cases only.

Table 3. Results of immunohistochemistry combined with amplification based testing for

equivocal results.

m
X

n

iiï

a·

HER2 status

aCNB
negative

positive

total

negative

127

2

129

positive
total

56
2
1
129
57

71

1
72

Bold: all cases (kappa 0.85)

!talies: Radboudumc cases only (kappa 0.84).

Underscored: UMCUtrecht cases only (kappa 0.85).

2
13
10
15
12

Q

J
J

11
15
11
144
69

71

.4
75
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1
Figure. 1. Examples of immunohistochemistry of HER2 in care needle biopsies (a-d), and excision
specimen (e-h):(a) and (e) score O (in e some cytoplasmic staining). (b) and (f) score 1+. (c) and (g)
score 2+. (d} and (h) score 3+.
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Discussion
In this study, we investigated the reliability of HER2 status assessment using
immunohistochemistry as the first test on breast cancer care needle biopsies that
underwent accelerated processing (aCNB). The current ASCO/CAP guidelines precludes
this determination, as they require a formalin fixation time of at least 6 hours [3].
Since only one study is known to have assessed the reliability of HER2 assessment with
fixation times under six hours, it seems reasonable to dissuade pathology labs from
using shorter fixation techniques [6]. However, efforts to reduce time to final diagnosis
and treatment have become more pressing over recent years, given its impact on stress
reduction in patients [14, 15]. This effort not only affects patients that are diagnosed
with cancer, but even more so, patients diagnosed with benign disease [14]. Therefore,
the recommendation for at least 6 hours of formalin fixation warrants re-examination
based on robust scientific evidence.
We used patient cohorts from two centres to investigate whether reliable HER2 status
assessment can be performed in conjunction with aCNB. Our dual centre study of 144
consecutive cases showed a streng correlation between HER2 status determined on
aCNB specimens and HER2 status on routinely processed resection specimens. Although
the accuracy of immunohistochemistry (figure 1) was 50% at first glance, most of
the disparities were not clinically relevant, since equivocal results in routine practice
always require additional assessment by means of amplification based testing such as
FISH (figure 2) or MLPA. The clinically relevant result 'HER2 positive' or 'HER2 negative'
takes the results of these additional tests into account, and this correlation between
aCNB specimens and resection specimens was excellent in the present study with a 97%
accuracy and a kappa of 0.85 (considered to be a streng correlation).
MLPA is a low-cost and fast PCR based test for HER2 amplification. lt quantitatively tests
amplification in small quantities of DNA extracted from paraffin bleeks, and has been
shown to have a high concordance with the results of ISH based techniques [13, 16, 17].
MPLA is therefore considered a goed alternative for FISH.
For hormone receptors the concordance between regularly processed care needle
biopsies (rCNB) and the whole tumours after resection has been fairly well established.
Techniques for receptor status determination have been standardised sinee publication
of the ASCO/CAP guidelines [18]. A recent meta-analysis concluded a pooled concordance
rate of 94% for ER status [19]. For PR status, concordance is slightly lower, possibly due
to more intrinsic tumour heterogeneity [20]. A recent meta-analysis concluded a pooled
concordance rate of 85% for PR status [21].
Until recently, HER2 status concordance varied considerably between different
laboratories [20]. However, since the introduction of a consensus statement on the
definition of HER2 positivity by ASCO/CAP [5], reported variation has decreased
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dramatically in the literature. A recent meta-analysis, considering only studies using the
ASCO/CAP protocol, found a concordance rate between rCNB and resections of 98%
(19]. Our present results with aCNB and corresponding resections are in line with these
published results.
When comparing immunohistochemistry of the aCNB specimens to the excision
specimens in the present study, only IHC score 3+ correlated closely. On more thorough
inspection it became clear that IHC classification of the biopsy result was aften only one
point off from the resection specimen. In fact, this was the case in 62 of the 72 disparate
cases. This disparity has a large influence on the kappa statistic of the IHC data. However,
it is important to realise that in clinical practice these differences are aften irrelevant,
since IHC score O and 1+ are bath considered HER2 negative. When scores O and l+ were
combined, accuracy increased to 69% (f<=0.39). Furthermore, all cases with IHC 2+ score
were subjected to further testing. Therefore, the correlation between the dichotomous
HER positive/negative variable is of greater clinical significance than the IHC score alone.
When the results of additional testing were taken into consideration, bath accuracy and
kappa statistic improved greatly. The correlation observed in our cohort was similar to the
previously reported correlation between rCNB specimens and excision specimens [19].
We therefore propose that HER2 status can reliably be established on aCNB specimens.
One could argue that the use of two different amplification based testing methods is a
weakness of our study. However, we believe it can actually be considered a strength, as it
proves bath techniques can be used in aCNB specimens. The correlation between aCNB
specimens and resection specimens was equally good for bath techniques considering
bath the separate and the combined dataset. Moreover, bath techniques are considered
validated methods for routine diagnostic testing, so no meaningful differences in results
ought to occur. Discrepancies follow from the practical reality that there is (tolerable)
variability in the different diagnostic testing methods used in practice, not from the
fact that one methods is superior to the other. The relatively small sample size of the
dataset leaves some room for error, but the present one it is still among the biggest
series available. As experience proceeds, more data will become available. Meanwhile,
bath techniques have their own advantages and disadvantages. FISH was used in most
of the initia! trials for adjuvant HER2 targeted therapy, and therefore directly relates the
results to trial results. Furthermore, it provides a direct morphologic control between
the HER2 test and the diagnostic tumour slides. MLPA on the other hand is fast, cheap,
easy to perform and more quantitative than IHC [13].
Adaptation of the aCNB technique depends on two factors. First, reliable logistics,
as stringent workflow in outpatient clinic, radiology and pathology departments is
a prerequisite for a same day diagnostics program. Second, solid evidence that the
technique allows reliable interpretation of the results. The use of this technique for basic
histology was previously established (1). The reliability for hormone receptor status,
E-cadherin, Ki-67 and HER2 FISH has also been described [9, 12].
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This study shows that HER2 immunohistochemistry can be reliably determined using
aCNB, clearing another important hurdle to wide acceptance and implementation of the
aCNB technique in daily clinical practice.
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Figure 2. Examples of multiplex ligation-dependent probe amplification in care needle biopsies: (a)
negative, (b) positive for amplification
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Figure 3. Examples of HER2 fluorescent in situ hybridization in resection specimen, negative top)
and positive (bottom) for amplification. (a) 1-2 spots for HER2 and CEP17; ratio HER2:CEP17
= +/- 1 (no amplification). (b) numerous spots and clusters for HER2 and 1-4 spots for CEP17;
ratio HER2:CEP17 = »2 (amplification) Red spots: HER2 gene (HER2), green spots: centromere
chromosome 17 (CEP17)
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Chapter 8
Accelerated tissue processing with minimal formalin fixation
time for 9 gauge vacuum assisted breast biopsies:
a proof of principle.
J.P. Bulte, A. Halilovic, L.J.M. Burgers, C.J.M. Diepenbroek, R.A.K. de la Roij, R.M. Mann,
M. van der Leest, P.H.J. van Cleef, L.J.A. Strobbe, J.H.W. de Wilt, P. Bult
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118

1

Chapter 8

Abstract
Objectives Vacuum-assisted biopsy (VAB) of the breast seems unsuitable for rapid

processing due to large size. We tested microwave based acceleration.

Methods As a proof of principle study 9 gauge VAB were taken from 8 mastectomy

specimens. 42 biopsies were processed. Quality of hematoxylin and eosin (HE) was
evaluated in 84 slides, estrogen- (ER), progesterone receptor (PR), E-cadherin and HER2
stains were evaluated in 6 slides. Preoperative biopsies were used as a control.
Results Diagnostic quality of HE slides was good in 87%, reasonable in 12% and low in

1%. Quality of E-cadherin was good in 75% and reasonable in 25%. Quality of ER was
good in 83% and reasonable in 17%. PR and both HER2 IHC and FISH were good in all
slides. Quality of experimental slides was similar to control slides.
Conclusions 9 gauge VAB can be processed within 4 hours. Slides are suitable for all
routine pathological stains. This enables a same day diagnosis.
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lntroduction
With increasing emphasis on expediting the diagnostic process of breast cancer,
physicians aim to improve diagnostic tracks in the breast clinic. There have been big
advancements for patients with suspicious breast lesions, using techniques such as
Fine Needle Aspiration Cytology (FNAC), Core Wash Cytology (CWC) and accelerated
Core Needle Biopsy (aCNB) in enabling a pathologie diagnosis within one day in most
cases [1-3]. Patients with microcalcifications on screening mammograms however,
did not yet benefit from these developments. The number of patients referred with
microcalcifications varies, depending on the screening program. In our clinic 40% of
biopsies are stereotactic [1]. A recent large French single institution series reviewing
all new referrals showed that 69% of referrals were for masses and 31% were for
microcalcifications or other non-mass lesions in 10.000 patients [4]. The number of
referred patients with microcalcifications has risen since the introduction of digital
mammography [5]. The majority of screened patients with microcalcifications (65%)
turn out to have benign breast disease [6]. Nonetheless, the period between screening
and final diagnosis is not any less stressful for these patients, than those receiving a
malignant diagnosis. Women with benign microcalcifications and those requiring
MRl-guided biopsy (MRGB) would therefore definitely benefit from an expedient, one
stop-shop diagnosis.
ASCO/CAP guidelines dictate all histologie breast pathology specimens (both CNB and
excision specimens) should receive at least six hours of formalin fixation[7, 8]. This
makes it virtually impossible to run a true one-stop-shop breast clinic using CNB. For the
thinner, mostly 14 gauge (approximate diameter 1,6 mm) handheld ultrasound guided
CNBs that are employed for most mass lesions (e.g. patients presenting with a palpable
breast lump) there is increasing literature available supporting the use of accelerated
processing, with less than six hours formalin fixation [1, 9, 10].
In patients presenting with microcalcifications, two problems arise that make these
lesions less amenable to fast tracks diagnostics. Microcalcifications almost always
require stereotactic biopsy which is more time and resource consuming than handheld
ultrasound guided biopsy. Moreover, VAB needles (11 to 7 G, approximate diameter
2,3-3,7 mm) are typically used to retrieve larger biopsy specimens (5]. These biopsy
specimens are thought not to be suitable for accelerated processing. lf patients with
microcalcifications are selected at referral, and their first clinic visit is planned with a
corresponding stereotactic biopsy slot, it is possible (though logistically demanding) to
immediately perform a stereotactic biopsy. We hypothesized that the second problem:
more time consuming fixation of the biopsy specimen, can be overcome using adjusted
parameters for the accelerated processing technique previously described [1]. The
current study was designed to test whether this is technically feasible.
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The hypothesis is that expedited tissue processing of large core biopsies does not
compromise subsequent histological diagnosis. We tested routine hematoxylin and
eosin (HE) staining (results immediately available) and suitability of processed tissue for
subsequent immunohistochemical (IHC) testing of estrogen receptor (ER), progesterone
receptor (PR) and E-cadherin status, and HER2 status assessment with both IHC and
fluorescence in situ hybridization (FISH) (results available the next day).

Materials and methods
Source of material

In our university hospita1, the use of anonymous leftover material acquired as a byproduct
of routine care processes for scientific purposes is governed by a strict guideline. The
local ethical review board judged our study protocol to be in full compliance with this
guideline, therefore a full review by the board was deemed not necessary.
Stage one

For the first stage of our study we used archival material from surgical mastectomy
specimens, after overnight fixation in formalin. The tissue was cut into fragments
resembling size and shape of 9 gauge (3 mm) vacuum assisted biopsy specimens.
Tissue was then processed using a number of different program settings for the 'rapid
microwave histoprocessor' (P athos, Milestone Sri, Sorisole, ltaly), to test the feasibility
of each individual processing step. Different durations of formalin fixation, durations
of dehydration steps and the use of two different dehydrating agents (JFC solution
(Milestone Sri, Sorisole) and isopropyl alcohol) were tested. All fixation and dehydration
steps were accelerated by microwave processing. Minimal fixation time in all programs
was 20 minutes of (microwave assisted) formalin fixation, the maximum 30 minutes. All
specimens were then paraffin embedded, cut and stained according to standard clinical
practice. Technica! specifications of IHC and FISH staining procedures are provided
as Supplemental Digital Content. Afterwards, specimens were evaluated for ease of
cutting, preservation of tissue architecture and quality of HE staining. An experienced
breast pathologist (P.B.) and senior technician (L.B.) selected the shortest possible best
performing program for stage two.
Stage two

For the second stage, we used 8 surgical mastectomy specimens: 6 with known malignant
disease, 2 prophylactically removed. A breast radiologist (R.M. or M.v.d.L.) took vacuum
assisted 9 gauge (2,9 mm) biopsies from each mastectomy specimen under ultrasound
guidance. Three to seven VAB rounds were performed in every specimen: in most cases
normal breast tissue in the 4 quadrants and centrally behind the nipple, and if present
(6 cases) one of the malignancy. Cores were pre-fixed in formalin, the time of biopsy and
the time of automatic processing were recorded. The resulting material was included in
the regular assessment of the mastectomy specimens.
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Material from each biopsy location was divided equally into pairs, cassettes were filled
with three to five biopsy cores each, and each pair was processed in duplicate using
the program selected in stage 1 by two different (but very similar) microwave assisted
histoprocessors: 'Pathos' and 'Logos', both from the same supplier (Milestone Sri,
Sorisole, ltaly). The main difference in processing between these machines is that Pathos
uses vacuum to speed up paraffin infiltration (at 6S 0C), while Logos uses a higher paraffin
temperature (80 °C) to speed up this process. Fixation and dehydration processes are
identical. From every paraffin black 1 HE stained slide was made.
The VAB specimens were processed and evaluated for integrity of tissue architecture and
quality with HE staining independently by a pathology resident (A.H.) and an experienced
breast pathologist (P.B.). Both evaluations were valued equally and included separately
in the final analysis. Of three cases with invasive tumor, ER, PR, E-cadherin IHC and HER2
status (by both IHC and FISH) were assessed. Technica! specifications of IHC and FISH
staining procedures are provided as an online supplementary (online resource 1). IHC
was also independently evaluated by A.H. and P.B., FISH was evaluated (as in routine
clinical practice in our lab) by two trained lab technicians. This means that for the final
program, 84 slides were evaluated for tissue architecture and quality with HE staining
and 6 slides for ER, PR, E-cadherin and HER2 IHC. There were 6 slides of 3 biopsies
available for HER2 FISH assessment (table 1). Quality of the HE and IHC stained slides
was scored as 'good', 'reasonable', 'low' or 'poor', parallel to daily clinical practice for
diagnostic purposes, which inherently means it is subjective to some degree. A good
score indicated optimal quality and a poor score indicated the slide was of insufficient
quality to use for diagnostics. Reasonable and low scoring were in between these two
extremes, containing varying suboptimal features, not influencing diagnostic use.
Benchmark
As a benchmark, the quality of 44 HE slides from 7 corresponding pre-operative biopsies
(9 paraffin blocks) was scored per case (total of 6 cases; 2 preventive mastectomy
specimens were not biopsied preoperatively) . Three IHC stained E-cadherin, ER and PR
slides were similarly independently scored in the corresponding 'regular', diagnostic
CNB specimens obtained prior to surgery by the same two observers (A.H. and P.B.).
Processing of these biopsies was according to our labs standard clinical practice: five
of these biopsies (14g) (5 paraffin blocks) were processed by our previously described
accelerated processing program for thinner breast biopsies[l]. Two biopsies (9g VAB)
(4 paraffin blocks) were processed by conventional, overnight formalin fixation and
standard processing methods.

A schematic visualization of the methods is depicted in figure 1, a short description per
study stage is included in table 2.
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Figure 1. Schematic visualisation of the study

Table 1. Quality of materia/ by study stage.

Study stage
Patients
Biopsies
Paraffin bleeks
HE stained slides•
• low quality
• reasonable quality
• good quality
ER stained slides•
• low quality
• reasonable quality
• good quality
PR stained slides•
• low quality
• reasonable quality
• good quality
E-cadherin stained slides•
• low quality
• reasonable quality
• good quality
HER2 IHC"
• good quality
HER2 FISH•
• good quality

Stage 2
8
42
84
84

•
•
•

1%
12%
87%

6

•
•

83%
17%

6

•

6

•

'no slides were scored as poor quality

•
•
•

3
100%

6

•
•

•
•
3

6

•

Benchmark
6
7
9
44

•
•
•

3
25%
75%
100%
100%

•
•
•

50%
50%
33%
33%
33%
17%
33%
50%
17%
17%
66%
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Table 2. Description of study stages.
Study stage

One

Two

Benchmark

Material

Archive material
Cut to 9g size &
shape

8 Fresh mastectomy specimens
3-7 VAB rounds each
9g VAB (taken ex vivo)

Diagnostic biopsies
(retrospectively reviewed)

Pre-processing formalin
exposure

overnight forma- 15-70 minutes of pre-fixation
lin fixation prior after biopsy, before processing.
to sampling

Variable

Processing

Different durations of formalin fixation,
dehydration,
and dehydrating
agents

Optimal parameters from stage
one:
• 20 min formalin fixation
• rinsing in ethanol 60%
• 20 min ethanol 100%
• 40 min isopropyl alcohol
• 55 min paraffin infiltration

Either:
-conventional overnight
processing
-'conventional' accelerated processing

Result

Optima! processing parameters

42 paraffin blocks, 84 HE slides,
6 slides of E-cadherin/ER/PR/
HER2 IHC/HER2 FISH each

9 paraffin blocks, 44 HE
slides, 3 slides of E-cadherin/ER/PR each

Shows

Quality of slides of 9g VAB spe9g size tissue
fragments can
cimens subjected to accelerated
be processed
processing is good
using an accelerated processing
program

Quality of slides of 9g
aCNB VAB specimen is
similar to regular slides

Results
Stage one
Stage one resulted in the optima! program parameters for the shortest program that still
produced stable, good quality paraffin blocks that were easily sectioned to good quality
slides. The program consists of a 20 min formalin fixation step, followed by rinsing with
ethanol 60%, then 20 minutes of ethanol 100%, followed by 40 minutes of isopropyl
alcohol, and finishing with 55 minutes of paraffin infiltration (either vacuum assisted at
65 ° in Pathos or non-vacuum assisted at 80 ° in Logos). These settings were adopted as
our standard program for VAB processing in stage two, and all slides further described in
the results section were processed using this program.

Alternative programs that were tested but yielded lesser quality results consisted of
combinations of 25 and 30 minutes of formalin fixation, 20 or 55 minutes of either
ethanol 100% or 'JFC' solution. Variation in dehydration steps was more important for
results than variation in formalin fixation duration.
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Stage two

In stage two pre-fixation time varied from 15-70 minutes. Duration of pre-fixation had
no measurable effect on slide quality. The tissue architecture and quality of HE stained
slides of 42 biopsies was evaluated. lt was scored as good in 87%, reasonable in 12% and
low in 1%. Most frequently, a lower score than good was due to a focal or partial collapse
of fatty tissue processed by pathos: a characteristic that does not affect diagnostic
assessment, but can affect preservation and DNA quality. None of the slides were scored
as poor. Quality of the IHC stained slides for E-cadherin (6 slides) was scored as good in
75% and reasonable in 25%. ER IHC (6 slides) was in 83% good and 17% reasonable. PR
IHC (6 slides) was scored good in all slides (100%). Both HER2 IHC (6 slides) and HER2
FISH (6 slides) were scored as good in 100% (table 2). Examples of slides are shown in
figure 2.
Benchmark

Quality of our benchmark assessment of the preceding diagnostic core needle biopsy
specimens was scored for HE as good in 50% and reasonable in 50%. E-cadherin was
scored as good in 66%, reasonable in 17% and low in 17%. Quality of ER staining was
scored as 33% good, 33% reasonable and 33% low. PR quality was scored as good in 50%,
reasonable in 33% and low in 17%. In both experimental and control cases, no slides
were scored as poor (table 2).
Differences between Pathos and Logos

1

There were minor differences between the tissues processed by Pathos and Logos. The
paraffin blocks from tissues processed by the Pathos were less well dehydrated than the
tissues processed by Logos. The collapse of the fat tissue in the HE stained slides was
seen more often in the tissues processed by Pathos than by Logos. Overall observed
quality seems similar for both processors. Limited sample size and small differences in
results mean no reliable forma! comparison between Pathos and Logos can be made in
this study.

Figure 2. Examples of slides from stage 2, magnification lOOx (right page).
(A) Example of a HE stained slide, rated as 'good' quality. (B) Example of a HE stained slide, rated
as 'low' quality. (C) Example of a IHC stained slide for ER, rated as good quality. (D) Example of a
IHC stained slide for PR, rated as good quality. (E) Example of a IHC stained slide for HER2, rated
as good quality. {F) Example of a IHC stained slide for HER2, rated as low quality. (G) Example of a
FISH stained slide for HER2, green spots are CEP17 (chromosome 17 centromere) as a reference,
red spots are HER2. (H) Example of a IHC stained slide for E-cadherin, rated as good quality.
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Discussion
Our study shows that it is technically feasible to use accelerated microwave based
processing tor 9 gauge VAB biopsies in approximately 2h20'. Taking in to account 15
minutes of pre-fixation/transport time from the radiology department, and 1h25' for
routine paraffin embedding, cutting and staining in the pathology lab, the slides can be
ready tor evaluation by the pathologist within 4h after the biopsy has been taken. This
means that it is technically feasible to include patients requiring large core breast biopsy
in a true one-stop-shop and one-day-diagnosis breast program. Quality of the resulting
slides was similar to the quality of our (small) benchmarking set of regularly processed
CNB specimens.
A (slightly quicker) variant of this technique for the thinner 14G, 16G and 18G (1.6, 1.2
and 0.8 mm, respectively) CNB specimens has been used routinely in our breast clinic for
many years. The results of this program have been published previously, including the
reliability for basic histological assessment and subsequent IHC for hormone receptor
assessment, HER2 FISH and E-cadherin staining [l, 9]. All these tests proved to yield
reliable results in the thinner specimens. Reliability of ER and PR status in specimens
subjected to accelerated processing was also confirmed by a study by another pathology
department [10], and reliability of Ki-67 marker and HER2 IHC was the subject of joint
publications [11, 12].

1

So far, patients presenting with microcalcifications or lesions only visible on MRI had to
forego the accelerated processing technique. These patients often require a stereotactic
or MRGB during a second appointment, and then subsequently a third appointment
when definitive results are available [S]. This category of patients actually has a
somewhat lower probability of malignancy than patients with mass lesions requiring
biopsy (26% vs 46% in a recent single institution series of 10.000 patients, 36% vs 40%
in our own institution) [l, 4]. However, the psychological stress is no less intense, and is
prolonged due to the multiple appointments required. This eventually benign category
of patients will likely gain the most from implementing the accelerated processing
method, especially since no additional stains will be required. Patients that do receive
a malignant result, however, will still have to wait an additional day tor the results of
additional stains (e.g. hormone receptor and HER2 status) before a complete treatment
plan can be formulated and communicated. By the time this treatment plan is available
most patients will have overcome the initia! shock of a cancer diagnosis, and are more
likely to adequately process and consider treatment options.
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lt is important to realize that there is some evidence that the period between the start of
investigations and the final diagnosis is the most stressful of the entire disease process
[13]. The duration of this period is dictated by two factors: quick access to stereotactic
and MRGB, and the pathological processing required for the thicker biopsies. This study
shows that processing of large core biopsy specimens does not preclude a same day
diagnosis. While logistically demanding, upon referral of patients with microcalcifications
it is possible to schedule stereotactic biopsy at the time of their first hospital visit.
Since VAB specimens are deposited in formalin filled transportation containers in the
radiology department, total formalin exposure is somewhat more than just the 20
minutes of microwave assisted fixation. In practice, this 'pre-fixation' can be anywhere
between 15 and 45 minutes which means a total formalin exposure in a clinical one-day
diagnosis program would be between 35 and 65 minutes. Our study mimics this, as it
was performed in a clinically active pathology lab. As a result, there is also some variation
in 'pre-fixation' duration for our experimental samples: between 15 and 70 minutes of
pre-fixation formalin exposure. Slides with optimal and suboptimal results were spread
out evenly along this interval. All cases were well under the six hours minimum that is
considered to be required by the ASCO/CAP guidelines for breast biopsies[8, 14]. There
is already sufficient evidence available that smaller 16-18g biopsies do not necessarily
require the full 6 hours of formalin fixation [1, 9, 10, 15). The current study suggests
the same holds true for the thicker 9G biopsies. Currently, the ASCO/CAP guidelines do
not differentiate minimal formalin fixation time between CNB's and surgical resections.
The next update of the ASCO/CAP guidelines should reduce minimal formalin fixation
required for CNB's when microwave assisted processing is used.
While the accelerated processing procedure utilises specialised equipment, it does not
use breast-dedicated equipment. In our clinic the same histoprocessors are used for
accelerated processing of skin, colonic, lymph node and soft tissue biopsies. Furthermore
it is used for all regular (non-accelerated) histology workflow. Naturally, facilitating a
same-day diagnosis clinic does require additional runs of the histoprocessors with
subsequently smaller batches, whilst overnight processing can be run with larger batches.
This study did not attempt to investigate the processing of biopsies thicker than 9G.
While it is theoretically plausible that it would be possible to adapt the accelerated
processing method for larger tissue specimens, this would most likely increase the total
processing program time, which would eventually eliminate the clinical advantage of this
method over traditional, overnight processing.
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Drawbacks
This study has some inherent drawbacks; it is a single-center proof of principle study,
and for the large care biopsies only small numbers were available. Because of the
exploratory nature of the study, no attempt was made to achieve a sample size sufficient
to statistically prove non-inferiority. While this would likely require a very large sample
size, we have no arguments to believe increasing the number of cases is unlikely to
change the study's conclusion. For the same reason, no formal comparison between
the two histoprocessors (Pathos and Logos) was included. The study builds on extensive
clinical experience and multiple publications of applying the same technique on thinner
breast biopsies[l, 9]. Results for thinner breast biopsies have been reproduced in an
independent pathology department[l0-12]. The material used for stage 1 and stage 2
of this study was different: material for stage 1 had already been pre-fixed by langer
formalin exposure. This means that data from stage 1 is not by definition completely
applicable to stage 2. However, the results of stage 2 speak for themselves. While our
quality grading system is inherently subjective, this does mean it answers the essential
question: is the quality of these slides good enough for clinical practice? The current
study shows that with minor modifications, the accelerated processing technique can be
applied to biopsies of a much wider breast patient group.
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Conclusion
Microwave based accelerated processing with minor modifications can be applied to
large core (9 gauge) VAB specimens from breast lesions. Applying this technique, VAB
specimens can be reliably processed within 4 hours from biopsy. The slides are suitable
for all routine pathological stains and tests. This enables a same day diagnosis for
patients requiring VAB.
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Abstract
Background In recent decades there has been a shift in the use of pre-operative needle
biopsy for breast cancer diagnosis. There is also an increased demand for availability of
predictive factors at an early stage of disease.
Methods From the Dutch nationwide pathology database (PALGA) all reports on breast
cancer for 5 periods of 3 months between 1996 and 2016 were retrieved. Reports
were categorized using automatic recognition of keywords. Classification was checked
manually for the first 200 reports per period. The first 100 resected cases in each period
were selected for detailed investigation
Results For automatic analysis 35,267 reports were .retrieved. Accuracy was 98%

compared to manual assessment. FNAC decreased from 77% (1996) to 58% (2001),
34% (2006), 25% (2011) and 17% (2016). For detailed assessment, 1,275 reports were
analysed. Cases without any needle biopsy decreased from 24% in 1996 to 3% in 2016,
cases with only cytology from 65% to 1%, respectively. Cytology and histology were
combined in 21% of cases in 2016. Pre-operative availability of ER status increased from
3% in 1996 to 36% in 2006 and 78% in 2016 (as compared to 47%, 92% and 97% for
post-operative availability, respectively) and for HER2 status from 0% to 13% and 66% (as
compared to 1%, 89% and 96% for post-operative availability, respectively).
Discussion Results suggest that nationwide, clinics prioritize reliability and availability of
ER and HER2 status, replacing FNAC by CNB. However, for optima! treatment planning
for all patients, availability of pre-operative receptor status needs further improvement.
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lntroduction
The diagnostic workup of suspicious breast lesions has progressively changed over the
last decades. The use of pre-operative histological biopsies has become ubiquitous, as
patients and practitioners value maxima! pre-operative diagnostic certainty ever more,
and pre-operative knowledge of prognostic and predictive factors are increasingly
important for an optima! treatment plan [1]. Historically, fine needle aspiration cytology
(FNAC) was the first available needle biopsy tool to evaluate mass lesions of the breast
[2). In more recent years, core needle biopsy (CNB) has become commonplace. The
tissue sample provided by CNB provides more diagnostic certainty, and prognostic and
predictive factors such as oestrogen receptor (ER), progesterone receptor (PR) and
human epidermal growth factor receptor 2 (HER2) status are more readily available [3].
While FNAC has a major advantage in results being rapidly available, it is also highly
operator dependant[3]. Trends towards more neo-adjuvant systemic therapy amplifies
the requirement of diagnostic certainty and availability of prognostic markers (1). The
European society of medica! oncology breast cancer guideline reflects this change
in practice: its 2009 update includes the statement that a pathological diagnosis in
breast cancer should be based on a core needle biopsy [4]. In the USA, current NCCN
guidelines for breast cancer screening also prefer CNB over FNAC [5). However, not all
guidelines have followed. Amongst others, Dutch breast cancer guidelines consider
FNAC an equivalent option to CNB for solid lesions (6). British NICE guidelines make no
recommendation whatsoever on pre-operative biopsy, other than recommending triple
diagnosis be performed in a single visit (7).
We wanted to quantify the changes over time in the use of pre-operative needle biopsy
in the Netherlands, including the type of biopsy performed, the availability of ER and
HER2 status, and the number of pre-operative biopsies performed. This was done by
using the Dutch nationwide pathology database (PALGA), which is a nationwide registry
of histopathology and cytopathology in the Netherlands. lt contains all pathology reports
written in the Netherlands. Anonymous excerpts of these reports can be requested for
research purposes (8].
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Materials and methods
PALGA was used to retrieve excerpts from all pathology reports of primary invasive
breast carcinomas. As a sample, the period of March through May of the years 1996,
2001, 2006, 2011 and 2016 was selected. These months were chosen as a sample in
order to exclude the summer recess of the Dutch breast cancer screening program, as
patient mix can be profoundly different during this period. Blocks of three months at
five year intervals were chosen to reduce the number of reports to a workable number.
Excerpts included a patient identifier code, date of sample acquisition, type of sample
(cytology versus histology), macroscopie description and conclusion of the report. Using
key words and phrases, these reports were categorised as being: cytology, a histological
needle biopsy, a resection specimen, a revision or external consultation on a previous
excerpt, or impossible to classify. A list of key words and phrases (in Dutch, with
English translation) is included as digital supplement. When key words or phrases from
bath histological needle biopsy and resection specimen were present, samples were
considered to be resection specimens. Revisions/external consultations and excerpts
impossible to classify were excluded. To verify accuracy of this procedure, a sample of
200 reports for each time period was manually categorised in the same categories, and
compared for accuracy.
The first 100 resected cases of invasive breast cancer in each time period were selected
for additional detailed investigation. Using the patient identifier code, excerpts from all
pathology reports concerning these patients between 1 year previous to the resection,
and three months after the resection were retrieved. This period was chosen to include
diagnostic biopsies performed before neo-adjuvant systemic therapy and re-excisions
after incomplete resection. lndividual review of the excerpts was performed to
establish the nature of the excerpt: cytological biopsy, histological biopsy, lumpectomy,
mastectomy, or re-excision (including mastectomy after irradical lumpectomy). When
excerpts contained sufficient data on multiple malignancies (left and right breast
tumours) cases were split. Excerpts concerning only axillary lymph nodes were excluded.
Availability and results of ER and HER2 status was extracted.
Data were analysed using IBM SPSS Statistics for Windows (V.25.0.0.1, IBM, Armonk,
New York, USA). The database was analysed with the separate reports forming cases,
and after restructuring with patients forming cases containing multiple reports. Trends
over time were tested with a Cochran-Armitage test for trend.
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Results
For our automatic analysis, a total of 35,267 pathology reports were included. Of these
35,267 reports, 15,977 (45%} reports described resection, 5,046 (14%) FNAC, 9,495
(27%) CNB, 4,749 (13%) were impossible to classify using keywords and phrases. The
validity checks showed 1-3% mistakes in automatic recognition, with an additional 3-9%
of missed cases per block of three months (table 1).
The percentages of FNAC vs CNB of all needle biopsies gradually decreases in time from
77% vs 23% in 1996 to 17% vs 83% in 2016, respectively (table 1).

Table 1: Results of automatic keyword recognition of patho/ogy reports.

Year of report
1996

2001

2006

2011

2016

Type of material
CNB•
FNACb
Resection
Unclassifiable
CNB
FNAC
Resection
Unclassifiable
CNB
FNAC
Resection
Unclassifiable
CNB
FNAC
Resection
Unclassifiable
CNB
FNAC
Resection
Unclassifiable

Number of reports
312 (23%}
1069 (77%)
2556
807
903 (42%)
1259 (58%)
3206
843
2215 (66%)
1143 (34%)
3133
1329
2556 (75%)
858 (25%)
3536
1208
3509 (83%}
717 (17%)
3546
562

Accuracyc
92%
94%
98%
97%
100%
98%
100%
100%
98%
98%
100%
97%
99%
100%
96%

•care needle biopsy, bfine needle aspiration cytology, 'compared to validity check
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For our detailed manual analysis of 5 times 100 invasive carcinomas there was an
increase in the percentage of patients that had a pre-operative needle biopsy, from 76%
in 1996 to 97% in 2016. At the same time, there was a shift towards more CNB which
increased from 1% in 1996 as the first biopsy to 79% in 2016. Conversely, FNAC as the
first biopsy dropped from 87% to 21%. The total percentage of patients that underwent
CNB pre-operatively was 13% in 1996, and 96% in 2016. The percentage of patients that
underwent FNAC preoperatively was 68% in 1996 and 22% in 2016. However, FNAC was
increasingly combined with CNB: in 1996 only 3% underwent both FNAC and CNB pre
operatively, in 2016 this was 21%. Therefore, only 1% of patients underwent only FNAC
in 2016, as compared to 65% in 1996 (table 2, figure 1). All these trends are statistically
significant, p < 0.001. The number of biopsies per case increased slightly (figure 2). The
percentage of breast conserving procedures as opposed to mastectomies increased over
time from 50% in 1996 to 62% in 2016.
The percentage of patients of whom ER status was available pre-operatively increased
from 3% {1996) to 78% (2016). Availability of HER2 status pre-operatively (0% (1996) vs
66% (2016)) and HER2 status at any time (1% (1996) vs 96% (2016)) also increased.

Table 2: Results of detailed manual assessment of type of pre-operative needle biopsy

and availability of oestrogen receptor and human epidermal growth factor receptor 2 of
five times 100 cases of invasive breast cancer in the years 1996, 2001, 2006, 2011 and
2016.
Type of needle biopsy
• no needle biopsy
• FNAC"
• CNBb
• FNAC and CNB
Receptor status
• me status known pre-operatively
• ER status known post-operatively
• HER2d status known pre-operatively
• HER2 status known post-operatively

1996

2001

2006

2011

2016

24%
65%
10%
3%

25%
36%
31%
8%

7%
20%
57%
16%

3%
14%
78%
8%

3%
1%
75%
21%

3%
47%
0%
1%

16%
65%
0%
8%

36%
92%
13%
89%

62%
90%
34%
89%

78%
97%
66%
96%

All separate trends over time are significant in a Cochran-armitage test for trend, p < 0.001.
• fine needle aspiration cytology, b core needle biopsy, c oestrogen receptor, d human epidermal
growth factor receptor 2
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Discussion
Our study clearly shows a shift towards more CNB instead of FNAC for pre-operative
invasive breast cancer diagnosis. In fact, in 2016 96% of patients underwent a CNB
procedure pre-operatively: a dramatic change when compared to 13% seen in 1996.
Since the use of accelerated processing procedures for CNB has not been widely
adopted yet in the Netherlands, and receptor status is not determined on FNAC in
clinical practice, most breast clinics clearly value diagnostic accuracy and predictive
and prognostic information over the optimisation of speed [3, 9]. However, a sizable
minority of clinics combine multiple biopsy techniques with 21% of patients undergoing
both FNAC and CNB. The use of FNAC and CNB in the same patient can be one factor
explaining the increasing number of needle biopsies per case. Another factor that is
likely to contribute, is the shift towards more breast .conserving therapy, as compared
to primary mastectomies: 50% in 1996, 62% in 2016. lt stands to reason that in cases
where breast conserving therapy is considered, additional lesions are more frequently
biopsied to exclude the possibility of multifocal or multicentric breast cancer since this
is traditionally considered a contra-indication for breast conserving therapy [10, 11].
Furthermore, the use of modern imaging techniques leads to detection of more lesions
(both true and false positives) that can be biopsied [12].
The data shows a sharp decrease in diagnostic resections without previous needle biopsy
between 2001 and 2006, with an additional decreasing trend after 2006. Two factors are
likely to explain a large part of this change. Firstly, the publication of the first national
breast cancer screening and diagnosis guideline in 2000, requiring an attempt at pre
operative needle biopsy, and a conclusive preoperative diagnosis in at least 70% of cases
[13]. Secondly, in 2004 the Dutch health care inspectorate started publishing results of
quality indicators in Dutch hospitals, including the number of re-operations [14]. Breast
surgery was listed as the third most frequent type surgery followed by a re-operation.
Our study was performed using a national database that covers 100% of pathology reports
in the Netherlands. The database created for this study is therefore representative of
the entire Dutch population. Both large scale automatic processing of pathology reports
and smaller scale, manual 'highly detailed' processing of reports (in effect creating a
nationwide consecutive case series) show the same trends in the use of pre-operative
diagnosticbiopsies: more biopsies per case, with an increase in CNB and a corresponding
decrease in FNAC.
The automatic recognition of reports is an imperfect system. Manual accuracy verification
showed that when a report is classified, the result is very accurate. However, when a
report cannot be classified, this represents a 'missed' case in 40-80% of reports: in the
first three samples (1996, 2001, 2006) this was most aften a missed resection, in the
last two samples (2011 and 2016) a missed needle biopsy. As such, completeness of
recognition in all five data samples is over 90%.
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While it would be interesting to track results back to individual breast cancer clinics to see
what type of clinic utilises which type of needle biopsy, PALGA does not provide this data
to investigators. We would have expected to see FNAC used mostly in high volume breast
clinics, where sufficient exposure of all involved personnel assures that the operator
dependency of FNAC does not result in poor test characteristics[3]. Furthermore, it
would be interesting to correlate radiologie findings and the results of multidisciplinary
discussions to the results of needle biopsies, especially concerning the conclusiveness of
FNAC. However, as PALGA is strictly a pathology database, these data cannot be retrieved.
lt is also impossible to reliably determine which biopsies were stereotactic, MRI guided and
which were ultrasound guided. Furthermore, while excerpts included the 'macroscopie
evaluation' and 'conclusion' section of all reports, ether fields ( e.g. 'microscopy') were not
provided. As a consequence, some information might be missing. However, it stands to
reason that all information deemed crucial by the pathologist is included in the 'conclusion'.

Conclusion
This study shows very clear trends in the use of pre-operative biopsies in the
Netherlands. Over time CNB increasingly replaced FNAC, and clinics that still use FNAC
combine it with CNB. This results in improved pre-operative availability of predictive and
prognostic tests such as ER and HER2 status. The performance of diagnostic incisional or
excisional biopsy without a prior attempt of needle biopsy has been all but eliminated.
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A genera! introduction into the diagnostic process of breast cancer, the required
diagnostic procedures, and the different options for acquiring biopsies are discussed
in Chapter 1. Historically, a cytologie biopsy (fine needle aspiration cytology, FNAC)
is a very quick method, but it is also highly operator dependant and has a relatively
high proportion of inconclusive results. Histologie biopsy (core needle biopsy, CNB) is
generally highly accurate, highly conclusive, but takes a much longer processing time due
to the requirement of at least six hours of formalin fixation [1]. This generally precludes
a same-day diagnosis. Ultrasound guided biopsy is suitable for most lesions, and is most
frequently performed with relatively thin, 14-18G needles. Hybrid techniques including
core wash cytology (CWC) try to combine the strength of cytology and histology, but
these techniques are only employed by a few Dutch hospitals. When breast lesions
cannot be visualised with ultrasound, but require mammographic (stereotactic) or MRI
guided biopsy, larger biopsy samples are required. This generally means employing large
(9-llG) vacuum assisted CNB (VAB), which also precludes a same day diagnosis.
CWC is a hybrid cytologie/histologie biopsy technique. The radiologist performs a regular
CNB, and the resulting biopsy core is placed in an ethanol based fixative containing
transport container. At the pathology lab, the core is extracted and processed as any
regular CNB. During transport though, superficial cells detach from the biopsy core,
and become suspended the fixative. The fixative from the container is cyto-centrifuged,
and the resulting cells are pressed onto a slide and analysed like a FNAC specimen. The
resulting 'core wash' has been previously described with very mixed diagnostic results
by different authors [2, 3]. In the Canisius Wilhelmina hospital (CWZ), in Nijmegen, the
Netherland, this CWC technique was adopted as the primary biopsy technique of choice
for breast lesions suitable for ultrasound guided biopsies after a successful pre-clinical
pilot, and a small scale clinical trial showing excellent test characteristics [4,5]. In Chapter
2 we describe a retrospective review of all CWC procedures performed in the CWZ
between May 2009 and May 2012 (the period immediately following the small scale
clinical trial). During this time 1.253 CWC procedures were performed, as well as 567
CNBs not suitable for CWC (mostly stereotactic or MRI guided VAB). For the 1.253 CWC
procedures we retrieved the results of the CWC, the corresponding CNB, and whenever
surgery was subsequently performed, the postoperative pathology result. To make
sure there were no false negative cases in the benign diagnosis group (that is generally
not operated upon) we checked whether a subsequent diagnosis of malignancy was
made in the subsequent years. The results show that test characteristics, specifically
the percentage of conclusive results, was highly dependent on the characteristics of the
study population. For the study as a whole, test characteristics were similar compared
to FNAC: 80% conclusive results, sensitivity (of a conclusive result) was 98.3%, specificity
was 90.4%. However, it is important to notice that these characteristics differed widely
between benign and malignant cases. For malignant cases 89% was conclusive, for
benign cases only 62%. When this study is compared to the previous small scale clinical
trial in the CWZ, the technique performed better in the small scale study. This can mostly
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be explained by a different case mix: hardly any benign cases were included in the first
series whereas the current study was a more accurate reflection of daily clinical practice.
While there is some data available on the determination of hormone receptor and
human epidermal growth factor receptor 2 (HER2} status on FNA biopsies (various
techniques with mixed results}, none of these techniques have found wide spread
clinical application, even in high volume expert centres [6-11]. There is no previous data
available on the use of these techniques in CWC specimens. In Chapter 3 we provide a
small scale, proof of principle study applying an unmodified immunohistochemical (IHC)
staining protocol identical to the one used on CNB in the lab of the CWZ. Because the use
of alcohol based fixatives is known to negatively affect IHC staining quality, the core wash
procedure described in chapter 2 was modified further [12-14]. Half of the tissue cores
from each biopsy was deposited in an alcohol base<:I fixative for optima! basic evaluation,
half in a formalin based fixative for optima! IHC staining. Specimen processing was
otherwise completely identical, after which the resulting slides underwent IHC staining.
49 CWC slides were evaluated for oestrogen receptor (ER) status, 45 for progesterone
receptor (PR) status, 49 for HER2 status (IHC only). Results were compared to the results
of regular IHC staining of the subsequently processed CNB. All slides were stained
successfully within five hours. All slides contained sufficient cells, and provided a
conclusive result. Sensitivity for ER, PR and HER2 status was 97.6%, 96.6% and 100%,
respectively. Specificity was 100%, 93.3% and 98%, respectively.
A major drawback of CNB, until recently, is the processing time. A technique to
accelerate the formalin fixation process of histologie tissue samples is the use of
microwave technology, incorporated in automated rapid histoprocessors. This technique
reduces the tissue processing time from six hours to 90 minutes (excluding paraffin
embedding, cutting and staining). So far only one small series of 43 patients on the use
of this technique in breast biopsies was available [15]. T he Radboudumc breast clinic,
in Nijmegen, the Netherlands, has applied this technique to its 14-18G CNB samples
for a number of years. A comprehensive biopsy-to-result time of approximately 4 hours
allows for a histology based same-day-diagnosis program. In Chapter 4 we describe the
results of the first four years of using this accelerated CNB, or aCNB technique (January
2008 through December 2011). During this period 898 biopsies were processed in the
same-day-diagnosis program, 485 additional biopsies underwent regular processing,
mostly due to thicker cores (9-llG, stereotactic or MRI guided biopsies). For maximum
speed the aCNB specimens underwent a manual rapid staining protocol after paraffin
embedding. Total processing time from arrival at the pathology lab to interpretation
by the pathologist is around tour hours. To avoid potential sampling error receptor
status was not routinely performed on aCNB specimens, unless required for neo
adjuvant therapy decisions. For this study, results of the aCNB report were compared
to postoperative resection specimens. To avoid potential false negative cases all benign
results were scrutinized, similar to the study in chapter 2. Mean follow-up was 27.8
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months. Sensitivity was high: 96.4% by the strictest definition (considering a DCIS result
on CNB a false negative result when there was invasive tumour on resection) or 96.9%
of a milder definition (considering both DCIS and invasive tumour 'malignant') was
used. Specificity was extremely high: 99.4%. This resulted in a total accuracy of 98.4%
in this study. Comparison of these results to available literature showed that these test
characteristics were very similar to regular CNB specimens [16-18]. A downside to this
technique worth mentioning, is its reliance on complex logistics. While the study did not
provide data on interobserver agreement, it stands to reason this would be identical to
regular CNB, for which high rates of interobserver agreement have been described [19,
20].
Diagnosing breast cancer is only the first step towards even more individualised
treatment, based on patient and tumour characteristics" Histopathologie prognostic
and predictive factors, such as hormone receptor and HER2 status are indispensable
in this process, especially when considering neoadjuvant systemic therapy. As such, for
any new processing technique it is essential that it does not compromise the reliability
of additional tests. The study in Chapter 5 describes a case series of 70 consecutive
cases that underwent aCNB, in whom ER, PR, HER2 and E-cadherin assessment was
determined in both the aCNB specimens and the postoperative resection specimens.
HER2 status was determined by double probe fluorescent in situ hybridization (FISH).
Previous evidence on ER, PR and HER2 status determination after expedited formalin
exposure is scarce, and none exists for E-cadherin. Cases with neoadjuvant systemic
therapy or cold ischemia time of resection specimen >2 hours were excluded, as these
factors are known to affect test characteristics. Total formalin fixation time for aCNB
specimens was 60-90 minutes in contrast to well over 6 hours (overnight) for resection
specimens. All specimens were evaluated by two blinded observers, who reached
consensus in case of discrepancies. Cohen's kappa statistic was calculated to assess
agreement beyond chance. Kappa for ER was 0,93 where a large meta-analysis of ER
agreement in regular processed specimens showed a kappa of 0,78 [21]. For PR kappa
was 0,75 in our series (kappa for PR in regular processed specimens is known to be
lower than for ER: 0.66 in the meta-analysis) [21]. For E-cadherin, Cohen's kappa was
1,00 (perfect agreement). For HER2 FISH kappa was 0,94 (similar to previous literature
on conventional processing). This means these molecular factors can be determined on
aCNB specimens as reliably as on regularly processed specimens.
Ki67 is another biomarker associated with disease behaviour. lt appears to be a useful
prognostic marker, but not consistently a predictive marker [22-24]. Due to substantial
interobserver variability Ki67 has no firm place in international or Dutch breast cancer
guidelines, although it is often determined in clinical practice [24]. Similar to ER, PR
and HER2 status a formalin exposure of >6h is generally recommended for reliable Ki67
determination. In Chapter 6 we describe a double consecutive case series of aCNBs,
consisting of one cohort from the University Medical Centre Utrecht (UMCU), in
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Utrecht, the Netherlands and another cohort trom the Radboudumc. Ki67 staining was
performed on bath CNB specimens, and corresponding resection specimens of 136
consecutive patients. Slides were scored by consensus by two blinded observers in each
centre. Agreement between Ki67 positive and negative results were calculated using the
kappa statistic. Spearman's correlation coefficient was used to further correlate streng
vs weak and negative/positive results. Kappa was 0.71 for the combined cohort, with
the individual cohorts scoring similar agreement (kappa 0.58 and 0.62, respectively).
Spearman's rho was 0.82 combined, 0. 72 and 0.76 for the separate centres, respectively.
This is similar to previous reports on conventionally processed biopsy/resection pairs
[25-27).
HER2 status in breast cancer can be determined in multiple ways. IHC is most aften
used as a primary test, but sometimes yields an,inconclusive result. In these cases a
secondary, quantitative test (either in situ hybridization, or multiplex ligation-dependant
probe amplification (MLPA)) is used. Alternatively, pathology labs may prefer to use a
quantitative test upfront. Since the Radboudumc uses an upfront quantitative test in
clinical practice, the study in chapter 5 only described HER2 status using FISH. Since
most other pathology labs prefer the use of IHC to determine HER2 status, we tested the
use of IHC in aCNB specimens in a collaborative double cohort study. The Radboudumc
uses FISH for quantitative testing, the UMCU uses MLPA. In Chapter 7 we describe IHC
testing of HER2 status in a cohort of 144 consecutive patients. Correlation of raw IHC
results was low: 50% (kappa 0.33). When 'low' and 'very low' HER2 expression were
combined (as it is clinically), raw correlation of IHC results increased to 69%, or kappa
0.39 after correction for chance. However, a lot of discordant results were in the range of
ambiguous IHC results. These discordances are not clinically relevant either, as automatic
quantitative testing would be performed. Correlation for results of 'clinical' testing (with
quantitative testing performed for ambiguous IHC results) was much higher: 97% raw
correlation, or kappa 0.85. This is line with concordance of regularly processed CNB in a
recent meta-analysis [28).
Biologie dogma tells that thicker tissue requires langer for formalin fixation, as formalin
has to diffuse through more tissue before complete fixation can occur[29, 30). Breast
lesions that are not visible on ultrasound (e.g. microcalcifications) are subjected to
stereotactic or MRI guided biopsy. Much thicker, 9-llG (2.3-3,7mm) VABs are used for this
purpose, as opposed to thinner 14-18G (0.8-1.6mm) needles used for ultrasound guided
biopsy. These biopsies (representing 30-40% of patients[31]) are currently considered
not amenable to accelerated processing. In Chapter 8 we describe a small scale proof
of principle study to determine whether the accelerated processing technique could be
adapted to facilitate 9-llG biopsies. In the first stage of the study, formalin fixed breast
tissue was cut roughly to the size of 9-llG biopsies, to explore different processing
settings. The best performing program was used for the second stage: 9G VABs were
taken trom 8 fresh mastectomy specimens, and processed in 2.20hrs. Allowing time for
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transport, sectioning and staining, slides were ready for evaluation within 4 hours after
the biopsy was taken. The quality of slides with H&E staining, IHC for hormone receptors
and HER2 status, and HER2 FISH was the primary outcome of stage two, as scored by
two observers. This was compared to a benchmark of the corresponding pre-operative
CNB whenever this was available. Quality of experimental slides was at least comparable
to benchmark slides, proving that theoretically at least, the accelerated processing
technique can be adapted to 9G breast biopsies.
In Chapter 9 we explore trends over time in the use of different types of pre-operative
needle biopsy in breast cancer diagnosis in the Netherlands. Analysis of samples from a
search in the Dutch nationwide network and registry of histo- and cytopathology in the
Netherlands (PALGA) spanning trom 1996 to 2016 showed a dramatic decrease in the
use of cytology, with a corresponding increase in the use of CNB pre-operatively, and a
slight increase in the mean number of pre-operative needle biopsies per patient. While
in the first year of the study (1996) a sizable minority of patients (24%) underwent a
resection without prior attempt of needle biopsy, this practice had virtually disappeared
in 2016 (3%). Even though 22% of patients still underwent cytology in 2016, almost all of
these additionally underwent CNB: 96% of patients had at least 1 CNB procedure prior
to surgery, only 1% had only cytology pre-operatively. In the same time period there is
a sharp increase of the number of patients in whom ER- and HER2 status is available
pre-operatively: trom 3% to 78%, and 0% to 66%, respectively.
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Modern breast cancer biopsies have come a long way since the days of diagnostic surgical
incision biopsies. Possibilities have increased enormously, as have demands of clinicians
and patients. In 1996 one in four patients in the Netherlands was still subjected to surgical
resection or biopsy without a prior attempted needle biopsy [Suite et al 2019, submitted
manuscript]. Nowadays, a pre-operative definitive breast cancer diagnosis has become a
standard of care, few patients go without [Bulte et al 2019, submitted manuscript]. This
is not simply because of a shift in mindset of patients and clinicians no longer accepting
a mutilating surgical procedure as a diagnostic tool, but also because of an explosion in
clinical knowledge. Breast cancer is no longer one disease with two possible treatments,
but a wide spectrum of diseases, ranging from low grade ductal carcinoma in situ (DCIS)
lesions, to aggressive triple negative invasive tumours. Consequently, there is also a wide
spectrum of treatments based on both patient and disease characteristics. For example:
primary endocrine therapy for frail elderly patients [1] . or watch & wait for low risk DCIS
[2], versus combined human epidermal growth factor receptor 2 (HER2) targeted, small
molecule inhibitor and chemotherapy followed by surgery, radiotherapy and hormonal
therapy for high risk patients with oestrogen receptor (ER) and HER2 positive invasive
breast cancer [3], and everything in between.

1

To match these very diverse treatment modalities to the right patient, a massive amount
of information is required, a lot of which has to be provided by pre-operative needle
biopsy. A distinction between benign and malignant disease is only the start: a whole
array of additional biologica! markers inform clinician and patient about the expected
course of the disease. Traditional histologie parameters such as tumour grade, hormone
receptor status and HER2 status are important, but gene expression profiles such as
mammaprint ® and oncotype DX® are already finding their way into neo-adjuvant
treatment decisions as well [4, 5]. lt seems likely that in the near future some cases, for
instance after a complete response to neo-adjuvant systemic therapy [6] or small lesions
that can be completely removed by vacuum assisted needle biopsy [7], surgery could be
omitted completely. This means that a preoperative needle biopsy is the only source of
tissue information available. lt is therefore crucial for these biopsies to provide maxi mal
ancillary information and to be maximally reliable.

Demands for speed

1

At the same time, demands for speedy evaluation are ever increasing. Unpublished
data from a survey of Dutch breast cancer clinics showed that all clinics try to facilitate
this by creating diagnostic fast tracks. Providing clinical examination, basic imaging
(mammography/tomography, ultrasound) and performing ultrasound guided biopsy in a
one-stop shop setting is commonplace in Dutch breast clinics. Combining the results of
all these tests and the biopsy result in the same stop however, is much more demanding.
This is only possible using fine needle aspiration cytology (FNAC) with an additional care
needle biopsy (CNB) for conformation and ancillary testing [8], or by using advanced
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adjuncts to CNB (such as core wash cytology (CWC)) or accelerated processing of the
CNB [9, 10]. However, these techniques are slowly implemented in daily clinical practice
in the Netherlands. Aside from requests and demands from patients, patient advocacy
groups [11) and health insurance companies [12) alike, there is also scientific evidence
for diagnostic fast tracks. Dutch data shows that the period between the start of
investigations and receiving the definitive diagnosis is actually the most stressful period
of the entire disease process [13]. In Great Britain, an actual randomised controlled
trial was performed of a one-stop shop vs a more traditional 'dedicated' breast clinic,
showing a minimal benefit, but also minimal NHS costs (approximately 25 euro's extra
per patient) [14]. A survey before and after introduction of a one-stop breast clinic
showed an increase in the number of patients that were 'completely satisfied' with
their visits from 40% to 70%. The most important complaint before introduction was the
delay in receiving results. After introduction the most important complaints were about
parking space and poor signposting [15).
While it is possible to reliably determine hormone receptor and HER2 status on
accelerated CNB (aCNB) specimens [16, 17), these tests take some additional hours,
after initial processing. As such, it seems unlikely these results could be available within
the span of a traditional working day. However, if one would extend the working
day into early evening, this would create a possibility to finish ancillary testing and
discuss results with patients at the end of the day. There is also a potential to combine
immunohistochemistry on CWC (iCWC) and aCNB for an even stronger result: the iCWC
specimen could be stained while the aCNB specimen is still in primary processing. In this
way, the results of iCWC could be available simultaneous or shortly after the results of the
aCNB specimen. This would provide a highly conclusive histologie biopsy result with the
hormone receptor and HER2 status from the cytologie workup for a true one stop shop
breast cancer diagnosis. On the flipside, this would of course also add to the complexity,
labour intensity and therefore costs of the biopsy workup. Also, with the results of all
ancillary testing available on the same day, there is a risk of overwhelming patients with
information. Likely a significant part of patients will require a second appointment (one
or more days later) to process the initia! shock of a breast cancer diagnosis, and make
adequate treatment decisions.

Future developments
Very likely in the future artificial intelligence (Al) will have some impact on diagnostic
speed. After processing, pathologists still have to assess the microscopie slides, a task
that could potentially be aided or perhaps eventually even be replaced by Al. Already,
some pathology labs are digitizing their slides, facilitating research, data sharing, long
distance consultation, preservation of image quality over time and education [18). A
similar development has already taken place in many radiology departments. As a result,
computer aided image interpretation is more advanced in radiology and is already
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finding clinical application, including breast imaging [19, 20]. Similar developments
are happening in (breast) pathology, with successful examples of algorithms detecting
sentinel lymph node metastases [21, 22] and detecting DCIS [23]. lnterpreting a full
range of breast pathology, including benign findings, high risk lesions and invasive
disease is more complicated, but does show some promise [24]. In current workflow,
the amount of time taken by the pathologist for reviewing the slides is small in relation
to total processing time, so the potential of reducing speed is also relatively limited at
this moment. lf the time needed for digitizing the slides and processing the whole slide
images by the computer is reduced significantly, Al might play a role in future one-day
pathologie diagnostics.
Breast cancer is however not the only cancer amenable to diagnostic fast tracks. In Dutch
hospitals, diagnostic fast tracks for lung cancer, a myriad of gastro-intestinal, urologie,
dermatologie and gynaecologie cancers [25], but also COPD [26], heart disease [27] and
multiple sclerosis [28] compete for attention and shared resources. Unfortunately, the
number of doctors, laboratory technicians, paramedic professionals and other support
staff as well as radiology, lab and pathology equipment is limited. Therefore organising
all these diagnostic fast-tracks is an enormous logistical challenge. Whether or not these
'fast tracks' are cost effective is not easy to establish, or even to define. While a British
study concluded a one stop shop setup was only approximately 25 euros per patient more
expensive than usual care [14], it is not so easy to calculate direct costs of more complex
logistic changes required for a technologically advanced one stop shop. Calculating its
benefits is also complex: aside from potential direct cost savings for the clinic itself, there
is potential savings for patients: less travel, less time off work, especially for patients that
turn out to have benign disease only and for people accompanying (elderly) relatives.
What is relatively easy to quantify (and in fact, has been quantified) is the amount
of stress brought on by the evaluation of symptoms potentially caused by malignant
disease. As one would expect, quality of life is increased and anxiety decreased after
receiving a benign diagnosis [29]. Also, a Dutch study showed no difference in emotional
wellbeing for women diagnosed with cancer quickly vs slowly, but did show a difference
for women diagnosed with benign disease quickly vs slowly [13]. While it seems rational
to assume reducing the stressful period before diagnosis in breast cancer patients is
beneficia!, data suggest that patients diagnosed with benign disease actually benefit
most from expedited diagnosis.

1
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Concluding remarks
In conclusion, there are obvious benefits to diagnostic fast tracks, though these are not
easy to quantify. For breast cancer in particular a diagnostic fast track is appealing because
of a number of reasons: a high incidence of disease, but an even higher incidence of
symptoms attributable to benign causes including false positive findings from screening
programs and a need for multidisciplinary diagnostic evaluation in virtually all patients.
The ideal biopsy technique for this fast track should be easy to perform, minimally
invasive, reliable and conclusive, providing all information pertinent to future treatment,
and should be logistically simple. Suffice it to say: it does not exist (yet). Until such time,
a choice of technique will be a compromise between these factors, where local factors
determine the optima! choice for each breast clinic. In any case, proper management of
patient and staff expectations is the key for improving satisfaction.
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Data management
All raw and processed data pertaining to the studies in chapter 1, 2, 4, 7 and 9 are stored
digitally on departmental servers of the Radboudumc department of genera! surgery,
and secured and backed up centrally. Data is stored in a structured fashion per project.
Raw and processed data pertaining to chapter 3 is stored on a departmental server of
the Canisius Wilhelmina ziekenhuis, department of surgery, and secured and backed up
centrally. Data pertaining to the study in chapter 5 is stored on departmental servers
of the Radboudumc department of Pathology, and secured and backed up centrally.
Data from the study in chapter 6 was managed and stored by the corresponding author
at the UMC Utrecht. Primary data from the study in chapter 8 is on paper, and stored
in the professional archive of the senior author from the department of pathology of
the Radboudumc. Secondary data is stored digitally on departmental servers of the
Radboudumc department of general surgery, and secured and backed up centrally. Data
for all studies is available from the corresponding author of each study.
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Data for studies in chapter 2, 4, 5, 6, 7 were retrospectively collected from medica!
records as part of a quality of care evaluation performed by the treating medica! team,
in line with relevant guidelines in place at the time the studies were performed. The
studies in chapter 3 and 8 were performed with residual breast tissue (biopsies from
fresh mastectomy specimen, and suspended cells from a care needle biopsy transport
medium respectively) collected during routine medica! care. The procurement and
use were in line with the guideline 'nader gebruik lichaamsmateriaal'. For the study in
chapter 8, the chairman of the ethica! revîewboard advised a formal evaluation was
not required. The data request from PALGA for the purpose of the study in chapter 9,
was reviewed by the privacy advisory board and scientific advisory board of PALGA, and
approved.
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PhD portfolio

Name PhD candidate:
Department:
Graduate school:
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Radboudumc
JP Bulte
Surgery
Radboud lnstitute
for Health Sciences

PhD period:
Promotor:
Co-promotors:

01-01-2013 t/m 01-07-2018
Prof. dr. J.H.W. de Wilt
dr. P. Bult
dr. L .J.A. Strobbe
Year{s)

ECTS

Courses
tASH cursus, landelijk cursorisch onderwijs heelkunde blok 1 {NVVH)
::::ASH cursus, landelijk cursorisch onderwijs heelkunde blok 2 {NWH)
CASH cursus, landelijk cursorisch onderwijs heelkunde blok 3, djfferentiatie
gastro-intestinale & oncologische chirurgie (NVVH)
ursorisch regionaal chirurgie onderwijs (opleidingsregio VII)
cursorisch regionaal chirurgie onderwijs 2 {opleidingsregio VII)

201S
2017

7

2017

�

s
s

6

Teaching activities
small group interactive teaching of medica! students (Canisius Wilhelmina Ziekenhuis, Nijmegen)
every day supervision of medica! interns, physician assistants and junior residents
(Opleidingsregio VII)
Lectures and examination of the 'genera! surgery' course for 'opleiding operatieen anesthesie assistenten' {Hogeschool Arnhem-Nijmegen)

2016

3

2019

18

2019

8

2012
2013
2013

2
0,5
1,5

2014
201S

0,5
0,5

2016

2

2018

2

2019

1

2019

12

Seminars, lectures and symposia
SSO annual meeting 2012 (Society of Surgical Oncology, Orlando, Florida)
550 annual meeting 2013 (Society for surgical oncology, Washington DC)
European cancer conference 2013 (european society of surgical oncology, Amsterdam)
SSO annual meeting 2014 {Society for Surgical Oncology, Phoenix)
Radboud research rounds, womens cancer, 'Diagnosing breast cancer while you
wait' (Radboudumc)
European breast cancer conference-10 2016 {European cancer organisation,
Amsterdam)
European breast cancer conference-11 2018 (European cancer organisation,
Barcelona)
mammacongres Harderwijk, 'Pathologische aspecten van sneldiagnostiek' (Stichting Surgical education Harderwijk)
Nederlandse chirurgendagen en najaarsdag, 2012-2019 (Nederlandse Vereniging
Voor Heelkunde, Veldhoven)

67

Total: 78, of which completed:

Radboud University

{t} Radboudumc
1-o..ii,,....-t�"
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About the author
Joris Bulte was born in Nijmegen, on June 13th 1988 as the youngest of three siblings.
With both parents employed by the Radboudumc, and both his older sister and brother
enrolling in medica! school, perhaps it was no wonder he started medica! school in
Nijmegen as wel!, in September 2006. When his surgical ambitions grew strenger in
second half of his master's study in medicine, he started his scientific career assisting
Bob van Wely with the final study of his PhD thesis [l]. After completing this project,
he laid the foundation of his own PhD thesis on acceleration of breast cancer diagnosis,
with two research internships under supervision of prof. de Wilt in the Radboudumc, and
dr Strobbe in the Canisius Wilhelmina Ziekenhuis (CWZ), respectively. These internships
would later result in chapter 4 and 2 of this thesis. Upon completion of his master's
study in 2013, he was given the opportunity to combine research with his first clinical
job, as a junior surgical resident in het CWZ. When he was accepted as a surgical trainee
the next year, his scientific output dropped somewhat. Joris trained successively in the
CWZ, the Radboudumc, the Elisabeth-Twee Steden Ziekenhuis in Tilburg, and the CWZ
again, specializing in surgical oncology and gastro-intestinal surgery. In the meantime, he
managed to convince Marja ter Meer to marry him in 2016, and recently became father
of their first son Lucas in December 2018. Due to Lucas being the easiest baby in recent
human history, he was able to continue research, as wel! as publish a practice changing
case report under supervision of dr Zimmerman on the management of complex retained
recta! foreign bodies [2]. To complete the circle, he was assisted in the study presented in
chapter 9 by Dogukan Simsek, a medica! student with surgical ambitions, and contributed
to the first article of the newly conceived PhD thesis of Roderick van den Oudenalder
(chapter 3 of this thesis). He is proud to have lost the contest of completing a PhD thesis
first to his wife Marja, who recently became the first 'doctor' of the household [3]. He is
also proud to be the last of his siblings to complete medica! residency, after watching his
sister Elske complete training as an eldery care physician, his brother Geert as a gastro
enterologist, and his sister-in-law Lonneke Verhoeff as a neurologist. There are no plans
to start a family run private hospita! at this point. Having completed two PhD theses,
Marja and Joris wil! now have enough time to manage their expanding family, as Lucas is
expecting a sibling coming March.
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Nederlandse samenvatting
In hoofdstuk 1 geven we een algemene introductie over de diagnostiek van borstkanker,
de benodigde diagnostische technieken en de verschillende mogelijkheden om
afwijkingen te biopteren. Historisch gezien wordt een cytologische naaldbiopsie (FNA,
waarbij losse cellen worden opgezogen door een zeer dunne naald) gebruikt als een zeer
snelle techniek. Een belangrijk nadeel van deze techniek is dat deze erg afhankelijk is van
de ervaring van de patholoog en bovendien relatief vaak een niet conclusieve (hoe vaak
wordt het preparaat als 'betrouwbaar', of als 'onbetrouwbaar' ingeschat) uitslag geeft.
Histologische naaldbiopsie (CNB, waarbij een dikkere naald als een soort appelboor een
weefsel 'kern' uitneemt) is daarentegen zeer accuraat, zeer conclusief, maar kost veel meer
verwerkingstijd omdat deze minimaal 6u lang in formaline gefixeerd moet worden. Dit
maakt de techniek over het algemeen ongeschikt voor ééndaagse diagnostiektrajecten.
Echogeleide biopsie kan gebruikt worden om de meeste borstafwijkingen te biopteren
en wordt over het algemeen verricht met behulp van relatief dunne biopsienaalden,
met een diameter van 0.8-1.6mm (of 14-18Gauge, de gangbare maateenheid voor de
dikte van naalden). Hybride technieken zoals core wash cytologie (CWC) proberen de
voordelen van cytologie en histologie te combineren, maar deze technieken worden in
Nederland slechts in enkele klinieken toegepast. Als een borstafwijking niet zichtbaar
is bij echo-onderzoek, maar een stereotactische of MRI geleide biopsie vereisen, zijn
ook grotere biopten vereist. Daarvoor worden over het algemeen dikke (2.4 tot 3.7mm,
of 9-llG) vacuüm geassisteerde biopsienaalden gebruikt, hetgeen ook een ééndaagse
diagnose onmogelijk maakt.
CWC is een hybride cytologische/histologische biopsietechniek. De radioloog voert
een reguliere histologische naaldbiopsie uit, waarbij het weefselbiopt in een potje met
fixatief op ethanol basis wordt geplaatst voor transport naar het pathologielaboratorium.
Aldaar wordt het biopt uit de vloeistof verwijderd en verwerkt als een normaal
histologisch biopt. Tijdens het transport zijn echter oppervlakkige cellen van het weefsel
losgekomen en achtergebleven in de fixatievloeistof. Door centrifugeren worden deze
resulterende cellen verzameld en op een microscopieglaasje geplaatst en geanalyseerd
als een cytologisch preparaat. In het Canisius Wilhelmina ziekenhuis (CWZ) in Nijmegen,
is deze CWC techniek ingevoerd als standaard biopsietechniek voor borstafwijkingen die
geschikt zijn voor echogeleide biopsie.
In hoofdstuk 2 beschrijven we een retrospectief onderzoek van alle CWC procedures die
in het CWZ tussen mei 2009 en mei 2012 werden uitgevoerd. In deze periode werden
1253 CWC procedures verricht en 567 histologische biopten genomen welke niet geschikt
waren voor CWC (hoofdzakelijk stereotactische en MRI geleide biopten). Van deze 1253
core wash preparaten vergeleken we de uitslag van de core wash, het bijbehorende
histologische naaldbiopt en in gevallen waarbij een operatie had plaatsgevonden ook het
postoperatieve pathologieverslag. Om zeker te weten dat er geen borstkankerdiagnosen
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gemist waren in de groep met goedaardig aandoeningen (die over het algemeen
niet geopereerd worden), controleerden we of er in de daaropvolgende jaren alsnog
een diagnose borstkanker gesteld was. De resultaten van de studie laten zien dat de
testkarakteristieken, in het bijzonder het aandeel conclusieve uitslagen, zeer afhankelijk
is van de onderzochte patiëntengroep. Voor de studiegroep als geheel waren de
resultaten zoals verwacht mag worden van FNA: 80% conclusieve resultaten, en de
test is zowel sensitief (als de ziekte aanwezig is, hoe groot is dan de kans dat deze ook
gevonden wordt) en specifiek (als het weefsel normaal is, hoe groot is de kans dat de test
dit ook vindt). Het is echter belangrijk om te onderkennen dat deze testeigenschappen
sterk uiteen lopen voor goedaardige en kwaadaardige afwijkingen. Voor de groep met
kwaadaardige afwijkingen, was 89% van de core wash preparaten conclusief, voor de
groep met goedaardig afwijkingen slechts 62%.

1

Hoewel er in de literatuur wel enige gegevens beschikbaar zijn over het gebruik van
hormoonreceptor en humane epidermale groeifactorreceptor 2 (HER2) status bepalingen
op cytologische naaldbiopten, waren er geen resultaten beschikbaar over het toepassen
van deze technieken op core wash cytologie.

1

In hoofdstuk 3 beschrijven we een haalbaarheidsstudie waarbij hetzelfde
immunohistochemische kleuringsprotocol werd toegepast, als gebruikt wordt voor
histologische naaldbiopten in het pathologielaboratorium van het CWZ. Omdat
bekend is dat het gebruik van alcohol een negatief effect heeft op de kwaliteit van
immunohistochemische kleuringen, werd de core wash procedure zoals beschreven
in hoofdstuk 2 iets aangepast. De helft van het materiaal van de histologische
naaldbiopsie werd in de fixatievloeistof op ethanol basis geplaatst voor een optimale
basis diagnose, de andere helft in een fixatievloeistof op basis van formaline voor
optimale immunohistochemische kleuringen. De biopten werden verder volledig
identiek verwerkt, waarna de resulterende core wash preparaten immunohistochemisch
gekleurd werden. Er werden 49 core wash preparaten beoordeeld op kwaliteit van de
oestrogeenreceptor (ER) kleuring, 45 voor de progesteronreceptor (PR) kleuring en 49
voor de HER2 kleuring (alleen immunohistochemisch gekleurd). De resultaten werden
vergeleken met het resultaat van het reguliere histologische naaldbiopt. Alle preparaten
werden succesvol binnen vijf uur gekleurd. In alle preparaten waren voldoende cellen
aanwezig en was een conclusieve bepaling mogelijk. De sensitiviteit en specificiteit was
voor zowel ER, PR en HER2 status hoog.

1

Een belangrijk nadeel van histologische naaldbiopten was tot voor kort de lange
verwerkingsduur. Het gebruik van een magnetron, ingebouwd in een geautomatiseerde
weefselverwerker, kan de tijd die nodig is voor formalinefixatie verkorten. Deze techniek
vermindert de verwerkingstijd van zes uur tot 90 minuten (exclusief inbedden in een
paraffineblokje en snijden en kleuren van de weefselplakjes). De borstkanker polikliniek
van het Radboudumc gebruikt deze techniek nu al meer dan 10 jaar voor 2.4-3.7mm
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(14-18G) biopten van borstafwijkingen. Hiermee wordt een totale biopsie-tot-resultaat
tijd bereikt van circa 4 uur. Dit stelt de kliniek in staat om ééndaagse diagnostiek te
verrichten met histologische biopten.
In hoofdstuk 4 beschrijven we het resultaat van de eerste 4 jaar gebruik van deze
versnelde verwerkingstechniek (januari 2008 tot en met december 2011). Gedurende
deze periode werden 898 biopten verwerkt binnen het ééndaagse diagnostiektraject,
485 biopten werden op conventionele wijze verwerkt (met name waren dit dikkere,
2.4-3.7mm (9-llG) stereotactische (röntgengeleide) of MRI geleide biopten). Om de
snelheid te optimaliseren werd gebruik gemaakt van een snel kleuringsprotocol voor
de weefselplakjes gesneden van het paraffineblokje. De totale verwerkingstijd van
aankomst in het pathologielaboratorium tot beoordeling door de patholoog, is circa
4 uur. In die periode werd de receptorstatus niet routinematig op de histologische
naaldbiopten bepaald, tenzij dit belangrijk was voor behandelkeuzes over preoperatieve
systeemtherapie (behandeling met medicijnen). Voor deze studie vergeleken we het
resultaat van de versneld verwerkte biopsie met het postoperatieve pathologieverslag.
Om eventuele gemiste kankerdiagnosen te ondervangen, werden goedaardige uitslagen
vervolgd tot gemiddeld 27.8 maanden. De sensitiviteit was hoog, de specificiteit
zeer hoog: 99.4%. Dit resulteerde in een algehele accuraatheid van 98.4% voor alle
uitslagen in deze _ftudie. De resultaten in de literatuur voor 'gewone' histologische
naaldbiopten zijn sterk vergelijkbaar hiermee. Een nadeel van deze techniek is dat ze
nauwe logistieke afstemming vereist tussen alle afdelingen. Hoewel deze studie geen
informatie geeft over de mate waarin de betrouwbaarheid afhankelijk is van de ervaring
van de patholoog, kan logischerwijs verwacht worden dat deze gelijk is aan 'normale'
histologische naaldbiopten, waarbij de mate van ervaring van weinig belang is.
De diagnose borstkanker is pas de eerste stap richting een steeds meer individuele
behandeling, gebaseerd op patiënt- en tumorkenmerken. Histopathologische
tumorkenmerken die de aard van de tumor en de vermoedelijke reactie op verschillende
soorten behandeling voorspellen, zoals hormoonreceptor en HER2 status zijn onmisbaar
in dit proces, zeker wanneer preoperatieve systeembehandeling overwogen wordt. Het
is dan ook belangrijk dat een nieuwe verwerkingstechniek de betrouwbaarheid van deze
aanvullende bepalingen niet verstoort.
In de studie in hoofdstuk 5 beschrijven we een serie van 70 opeenvolgende patiënten,
bij wie op versneld verwerkte histologische naaldbiopten vervolgens ER, PR, HER2
en E-cadherine status bepaald werd. De uitslag werd wederom vergeleken met het
postoperatieve verslag. HER2 status werd daarbij niet met immunohistochemie
bepaald, maar met een dubbele probe fluorescente in situ hybridisatie (FISH) kleuring.
Er zijn maar weinig eerdere studies beschikbaar over receptorstatusbepaling na korte
formalinefixatie, en géén enkele over E-cadherine kleuring. Tumoren die preoperatief
behandeld waren werden geëxcludeerd, evenals tumoren waarbij het langer dan twee
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uur duurde voordat het preparaat na de operatie in formaline werd geplaatst, omdat
deze factoren de betrouwbaarheid van de kleuringen beïnvloeden. Totale formaline
blootstelling voor versneld verwerkte biopten was 60-90 minuten, hetgeen fors minder
is dan de ruim 6u (praktisch: gedurende de nacht) welke voor operatief verwijderde
preparaten werd toegepast. Alle preparaten werden door twee beoordelaars gescoord,
bij verschillen in beoordeling bereikten zij overeenstemming. Ook na statistische correctie
voor toevallige overeenstemming, blijk dat zowel oestrogeen- als progesteronreceptor,
als E-cadherine en HER2 status betrouwbaar op versneld verwerkte histologische
naaldbiopten bepaald kunnen worden.
Ki67 is een andere biomarker die geassocieerd is met het biologisch gedrag van tumoren
en geeft een maat voor de celdelingsactiviteit van een tumor. Het lijkt een nuttige
voorspellende factor (prognostisch) te zijn voor t,et verloop van de ziekte, maar in de
literatuur is het niet altijd voorspellend voor de reactie op behandeling (niet predictief).
Doordat het lastig is voor pathologen om Ki67 betrouwbaar te bepalen, heeft deze
marker geen vaste plek in internationale en Nederlandse richtlijnen. In de praktijk wordt
Ki67 wel regelmatig bepaald. Net als voor de oestrogeen-, progesteronreceptor en
HER2 status, wordt over het algemeen een formaline fixatieduur van ten minste zes uur
aanbevolen.
In hoofdstuk 6 beschrijven we een serie van opeenvolgende patiënten uit twee
ziekenhuizen: het UMC Utrecht en het Radboudumc. De Ki67 kleuring werd uitgevoerd
op zowel versneld verwerkte histologische naaldbiopten, als postoperatieve
resectiepreparaten van 136 patiënten. De preparaten werden bekeken door twee
geblindeerde beoordelaars in beide centra, waarbij overeenstemming wederom
noodzakelijk was. Ook hier bleek na statistische correctie de overeenstemming redelijk
hoog, dit komt overeen met eerdere studies van reguliere naaldbiopten.
HER2 status in borstkankerweefsel kan op verschillende manieren bepaald worden.
De meest gebruikte methode is om eerst een immunohistochemische kleuring uit te
voeren en als deze onduidelijk blijkt te zijn een tweede, kwantitatieve test uit te voeren
waarbij niet gekeken wordt of HER2 'veel' of 'weinig' aanwezig is, maar dit in een exact
getal uitgedrukt wordt. Dit kan ofwel met FISH, ofwel met multiplex ligation-dependant
probe amplificatie (MLPA) gedaan worden. Een alternatieve benadering is om direct een
kwantitatieve test uit te voeren. Omdat het Radboudumc standaard een kwantitatieve
methode (FISH) gebruikt in de klinische praktijk, beschrijven we in hoofdstuk 5 enkel de
betrouwbaarheid van deze test. Omdat de meeste andere ziekenhuizen beginnen met
de immunohistochemische kleuring, werd ook deze methode getest in samenwerking
met het UMC Utrecht. Het UMC Utrecht gebruikt MLPA als tweede test.
In hoofdstuk 7 beschrijven we de betrouwbaarheid van de immunohistochemische
kleuring om HER2 status te bepalen in een cohort van 144 opeenvolgende patiënten.
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De 'ruwe' overeenstemming van de vier verschillende groepen waarin het resultaat van
de test wordt uitgedrukt ('erg laag', 'laag', 'onduidelijk' en 'hoog') was slecht: 50%. Maar
wanneer de groep 'lage' en 'erg lage' aankleuring gecombineerd worden (zoals ook in
de klinische praktijk gebeurt), stijgt de 'ruwe' correlatie naar 69%. Het blijkt echter dat
een groot deel van de gevallen die niet overeenkomen, in de groep 'onduidelijk' zitten.
Deze verschillen zijn in de klinische praktijk ook minder belangrijk, omdat dan toch een
tweede, kwantitatieve test uitgevoerd zou worden. Als de overeenkomt zoals die in de
klinische praktijk zou worden bepaald wordt genomen, is de overeenstemming 97%.
Ook na statistische correctie blijft dit hoog, net zoals ook verwacht mag worden van
reguliere naaldbiopten.
Het biologische dogma zegt dat dikker weefsel langzamer gefixeerd wordt door
formaline, gezien de formaline door meer weefsel heen moet dringen om het midden
van het weefsel te fixeren. Borstafwijkingen die niet op echo zichtbaar zijn (bijvoorbeeld
microkalk) worden gebiopteerd middels stereotactisch of MRI geleide punctie. Hierbij
worden veel dikkere, 2.3 tot 3.7mm dikke (9-llG) naalden gebruikt, vergeleken met de
0.8-1.2mm (14-18G) dikke naalden die bij echogeleide puncties worden gebruikt. Dit
soort biopten (die bij 30-40% van de patiënten nodig zijn), zijn tot op heden niet geschikt
voor versnelde verwerking.
In hoofdstuk 8 beschrijven we een kleine haalbaarheidsstudie om aan te tonen dat het
mogelijk is om ook de dikkere 2.3-3.7mm biopten versneld te verwerken. In de eerste
fase van de studie werd al gefixeerd borstweefsel versneden tot repen van ongeveer
2.3-3.7mm dik, om verschillende instellingen van de weefselverwerker te testen. Het
best werkende programma werd gebruikt voor de 2e fase van de studie: we namen
daadwerkelijke 3.7mm biopten uit zojuist geamputeerde borsten en verwerkten deze
in het 2u20m durende programma. Inclusief tijd voor transport, het inbedden in een
paraffineblokje en snijden en kleuren van de weefselplakjes, waren de preparaten klaar
voor beoordeling in circa 4 uur. De kwaliteit van H&E kleuringen die gebruikt wordt om de
'basis' diagnose te stellen, immunohistochemische kleuringen voor hormoonreceptoren
en HER2 status, en HER2 FISH was de hoofduitkomst van de 2e fase en werd bekeken
door twee beoordelaars. Dit werd vergeleken met een referentiewaarde, bepaald op de
'regulier' verwerkte naaldbiopten die preoperatief van dezelfde borst waren genomen,
als deze beschikbaar waren. De kwaliteit van de preparaten was ten minste vergelijkbaar
aan de referentiewaarde, wat aantoont dat in principe versnelde verwerking toegepast
kan worden op 2.3-3.7mm biopten van borstafwijkingen.
In hoofdstuk 9 onderzoeken we trends in de toepassing van de verschillende
soorten preoperatieve naaldbiopten in Nederland voor borstkankerdiagnostiek.
Hiervoor analyseerden we steekproeven uit de Pathologisch-Anatomisch Landelijk
Geautomatiseerd Archief (PALGA) database: de landelijke pathologie databank met alle
Nederlandse pathologieverslagen. We namen steekproeven van 1996 t/m 2016 en vonden
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een sterke afname in het gebruik van cytologische naaldbiopten, met daaraan gekoppeld
een stijging in het gebruik van histologische naaldbiopten en een kleine toename in het
gemiddelde aantal biopten per patiënt. Waar in het eerste jaar van de studie (1996) nog
een substantiële minderheid van de patiënten (24%) een operatie onderging zonder dat
vooraf een naaldbiopsie verricht was, kwam dit in 2016 vrijwel niet meer voor {3%).
Hoewel 22% van de patiënten in 2016 nog steeds een cytologisch naaldbiopt onderging,
werd dit vrijwel altijd gevolgd door een histologisch naaldbiopt: 96% van de patiënten
onderging preoperatief tenminste 1 histologisch naaldbiopt, slechts 1% onderging alleen
een cytologisch naaldbiopt. In dezelfde periode was er een sterke stijging in het aantal
patiënten voor wie preoperatief bekend was wat de oestrogeenreceptor en HER2 status
was: van 3% naar 78%, en 0 naar 66%, respectievelijk.

Conclusie
Dit proefschrift toont aan dat het goed mogelijk is om de uitslag van een naaldbiopt van
een borstafwijking nog dezelfde dag beschikbaar te hebben. Hiervoor zijn zowel core wash
cytologie (zeer snel, iets minder nauwkeurig) als versnelde verwerking van histologische
naaldbiopten (iets langzamer, maar zeer nauwkeurig) geschikte technieken. Beide
technieken kunnen betrouwbaar gecombineerd worden met aanvullende onderzoeken
van de naaldbiopten voor maximale informatie over de tumor. In de praktijk is deze
aanvullende informatie steeds belangrijker en ten opzichte van twintig jaar geleden ook
steeds vaker beschikbaar.
In de toekomst zal deze extra informatie alleen maar belangrijker worden, zeker als
sommige patiënten wellicht helemaal niet meer geopereerd zullen worden. Hopelijk zal
daarbij ook voor steeds meer patiënten en in steeds meer ziekenhuizen een ééndaagse
biopsie uitslag beschikbaar zijn.
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Dankwoord
Geen hoofdstuk in een proefschrift wordt zoveel gelezen als het dankwoord. Met
hooggespannen verwachtingen bladert menig lezer hier als eerste (en regelmatig ook
als laatste) naar toe. Tegelijkertijd blijkt het niet zelden een wat eentonige opsomming
van namen en inside jokes waarvan de clou zich niet laat vermoeden, valk uilen die ik
hoop te vermijden. Ik doe dus mijn beste poging:
Net als ieder dankwoord begint iedere onderzoeker ergens, en dat was bij Bob van Wely.
Onder jouw vleugel begon ik aan de basis: data bij elkaar schrapen door stad en land.
Van de basis slingerde je me niet veel later door naar de climax: ik mocht het artikel voor
je afschrijven, en het had zomaar het laatste van jouw, het eerste van mijn proefschrift
kunnen worden, maar mijn onderzoeks'lijntje' nam toch een wat andere draai, dus ons
artikel over axillair recidief na negatieve sentinel node biopsie heeft dit proefschrift niet
gehaald. Wel stuurt het mede tot op de dag van vandaag hoe ik kijk naar lymfeklier
metastasen in de klinische praktijk.
Intussen was ik begonnen aan mijn wetenschappelijke stage voor mijn geneeskunde
masteropleiding, en wel onder directe begeleiding van prof. Hans de Wilt. Opgezweept
door jouw constante enthousiasme bij ieder kleurrijk tussentijds taartdiagrammetje dat
ik maakte, lukte het om een ogenschijnlijk eindeloze brij aan data aangeleverd door de
behulpzame klinische collega's van de mammapoli en pathologie in het Radboud tot een
vier jaar omvattende database (hoofdstuk 4) te verwerken.
Na drie maanden in het van daglicht verstoken kelderkamertje naast de beddencentrale
was het moreel inmiddels wel aan wat versterking toe, en die kwam er ook in de vorm
van een pseudo klinisch/wetenschappelijk keuzecoschap/stage in het CWZ onder
begeleiding van dr. Luc Strobbe, waar ik bij daglicht mocht werken op de arts-assistenten
kamer van de pathologie, en ook hier stonden de clinici en analytici van de mammapoli
en de pathologie weer klaar met enorm veel enthousiasme en data! Hier mocht ik verder
werken op de wetenschappelijke schouders van Carla Wauters en Bauke Kooistra, en na
afloop van mijn stage (en ook meteen studie geneeskunde) kon ik doorstromen als ANIOS
chirurgie in het CWZ, waar ik zelfs de vrij unieke luxe kreeg van een vaste onderzoeksdag
in de week, gesponsord door het wetenschapsfonds heelkunde CWZ. Hoewel het leven
van een zaalarts voor een groot deel gevuld wordt met typen en muisklikken, gaf deze
combinatie me toch de kans om met opvallend weinig RSI weer een grote database over
mammadiagnostiek op te bouwen.
Toen gebeurde er iets, wat voor menig jonge onderzoekcarrière een doodsteek is, en voor
vrijwel elke een forse vertraging: ik kwam in opleiding tot chirurg! Dit zal hopelijk ook iets
met mijn persoonlijke kwaliteiten te maken hebben gehad, maar ik weet vrij zeker dat de
krachtige steun van prof. De Wilt uit het Radboud, en Luc Strobbe en zijn collega chirurgen
in het CWZ een zware duit in het zakje van de sollicitatie commissie heeft gedaan.
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Wetenschappelijk resultaat was er in die periode nauwelijks, zelfs de al aangelegde
grote CWZ database zou pas drie jaar later in een publicatie uitmonden (hoofdstuk 2).
Als beide chirurgen nog haren op hun hoofd hadden gehad, hadden ze deze wellicht in
frustratie uitgetrokken, maar nadat Hans de Wilt zich zelfs een keer had laten ontvallen
dat het hem 'persoonlijk geen fluit interesseerde' of het nog wat zou worden met mij en
de wetenschap, maar 'het toch wel jammer was van het werk dat al gedaan was', kwam
het daardoor precies genoeg persoonlijk gekrenkte wetenschappelijke dieseltje piepend
en krakend weer op gang. Met wat coaching van Bas Verhoeven wist ik de regionale
opleidingscommissie chirurgie zelfs te overtuigen me wat 'schrijftijd' te gunnen binnen
de opleiding, en mede omdat wat proefballonnetjes en langzaam brandende vuurtjes
op de pathologie in het Radboud ook vanuit andere richtingen werden aangejaagd,
keerde het wetenschappelijke tij. Robin de la Roij, Coos Diepenbroek en Lambert Burgers
hadden een plannetje wat we al jaren terug samen hadçlen uitgedacht inmiddels met
enige trial en error in de praktijk weten te brengen, en de ruwe brok data die ik van ze
kreeg liet zich uiteindelijk polijsten tot een leuk experimenteel stuk (hoofdstuk 8), ik
mocht dr. Peter Bult en mijn collega AIOS van de pathologie Altuna Halilovic helpen met
het schrijven van hoofdstuk 5, een opgebouwde samenwerking tussen de pathologie
van het Radboud en het UMCU in de persoon van dr. Shona Kalkman en prof. Paul van
Diest mondde uit in hoofdstuk 6, en dezelfde samenwerking leverde de data op die ik
kon verwerken tot hoofdstuk 7.
Voor mijn opleiding was ik inmiddels bij de gastro-intestinaal chirurgen van het Tilburgse
ETZ terecht gekomen, waar ik geïnspireerd en gecoached door dr. David Zimmerman en
zijn collega's zelfs nog zijdelings een kleine bijdrage kon leveren aan de onderzoeksgroep
colorectale chirurgie aldaar, in de vorm van het artikel 'Antegrade impalement of the
rectum by a foreign body: a case report of a successful transanal extraction using the
transanal single port (TAMIS) technique' (ik kan u van harte aanbevelen dit op een rustig
moment nog eens goed na te lezen, danwel de 'trofee' die ik van David kreeg uitgereikt
bij mijn vertrek uit Tilburg nog eens te komen bewonderen in mijn woonkamer).
Artikelen schrijven en submitten met co-auteurs in drie verschillende ziekenhuizen zou
echt onmogelijk zijn zonder goede ondersteuning: ik noem Marrit Siebers en Hans van
de Noort van het heelkunde secretariaat in het Radboud, en hun tegenhangers in het
CWZ: Anita Verbeek en Gerda Versteeg die regelmatig te ondertekenen formulieren in
het rond faxten en mailden voor weer een medisch tijdschrift.
In december 2019 doemde wederom een groot gevaar op voor mijn vorderende
proefschrift, en wel in de vorm van een mini-mensje van 3kg. Slapeloze nachten met
totale uitputting en volledige stagnatie van het promotie traject tot gevolg? Niets bleek
minder waar! Lucas, je was al vanaf dag één een droombaby!
Na bijna drie jaar afwezigheid keerde ik in april 2019 weer terug naar mijn 'thuishonk',
CWZ Nijmegen en de praktijk van de mammachirurgie. Daar werd ik warm onthaald
door oude en nieuwe collega's. Inmiddels bleek onder begeleiding van Luc Strobbe en
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patholoog drs. Willem Vreuls een geneeskunde student, Roderick van den Oudenalder,
begonnen aan een vervolgstudie op mijn oude CWZ project. Ik kreeg daarbij de kans
hem te helpen en te coachen, en met zijn enthousiasme en de vele plannen voor
vervolgstudies heb ik er alle vertrouwen in dat hoofdstuk 3 van dit boekje, hoofdstuk 1
van zijn boekje zal worden.
Tegelijkertijd besloten we ter afsluiting van het boekje te proberen de historische
trends in mammadiagnostiek die we verwachtten, ook daadwerkelijk te beschrijven.
Gelukkig kreeg ik bij de analyse van de PALGA data die hiervoor nodig was hulp van een
enthousiaste geneeskunde student, Dogukan Simcek. Voor dit artikel mocht ik al mijn
Excel en SPSS skills weer in de strijd werpen, maar waar het om èchte statistiek gaat
ben ik een blinde in het donker. Grote dank dus ook aan mijn vaste statisticus dr. Rogier
Donders, die niet voor het eerst statistische uitleg wist te reduceren tot iets wat zelfs een
simpele chirurg kan begrijpen.
En als we het hebben over moeilijke zaken begrijpbaar maken ben ik natuurlijk mijn
vaste graphic artist (haar handwerk kunt u overal in dit proefschrift terugvinden) grote
dank verschuldigd. Tijdens kantooruren noem ik haar 'de illustrator', daarbuiten noem
ik haar mijn geweldige vrouw, dr. Marja Bulte - ter Meer. Niet alleen tolereer je mijn
wetenschappelijke escapades, je ondersteunt ze zelfs krachtig! Met grote trots zag ik jou
27 november 2019 je proefschrift verdedigen, en dat bij 26 weken zwangerschap. Lieve
spruit-2, jouw naderende komst vormt voor ons beider promotie geen bedreiging meer,
maar enkel een harde deadline. Dank voor het laatste duwtje!
Natuurlijk bedank ik de AIOS, ANIOS, PA's, chirurgen en andere collega's met wie ik
in de kliniek mag samenwerken, mijn vrienden en familie die op de juiste momenten
de draak met me steken maar ook voor me klaar staan met raad en daad, en mijn
wetenschappelijke strijdmakkers, onderzoekers van de heelkunde in Radboud, ETZ en
CWZ. Er waren er velen, maar een drietal leden van Team-Hans-de-Wilt wil ik toch bij
naam noemen: Dominique van Uden, Britt ten Wolde en Anouk Rombouts, het is me
maar ter nauwe nood gelukt jullie voor te blijven. Ik twijfel er niet aan dat ook jullie
binnenkort de begeerde rode koker in ontvangst mogen nemen!
Geen promovendus bereikt wat zonder begeleiders, en wat had ik me beter kunnen
wensen dan een drietal dat met vlammend enthousiasme de voortgang aanjaagt en juicht
bij ieder proefballonnetje en tussentijdse analyse, dat relativerend en bemoedigend
klaar staat en iedere zijdelingse bevinding tot relevant conclusie weet te framen, en dat
niet stopt met strepen en kruisen tot iedere punt en komma goed staat tot de laatste
referentie? Ik laat daarbij aan de kenner welk van de leden van het promotieteam
specifiek welk aandachtspunt met het meeste bravoure weet te vervullen.
Werken is mooi, maar thuiskomen nog mooier. Marja en Lucas, bedankt dat jullie mijn
thuis zijn! (zelfs als weer eens ik wat laat thuis kom)
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