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ABSTRACT

Introduction: In recent decades, the use of pre-operative needle biopsy for breast cancer diagnosis
has shifted. There is also an increased demand for availability of predictive factors. This study aims to
quantify these changes.

Material and methods: From the Dutch nationwide pathology database (PALGA), all reports on breast
cancer for five periods of 3 months between 1996 and 2016 were retrieved. Reports were categorised
using automatic recognition of keywords. Classification was checked manually for the first 200 reports
per period. The first 100 resected cases in each period underwent detailed investigation.

Results: For automatic analysis 34,639 reports were retrieved. Accuracy was 98% compared to manual
assessment. Fine needle aspiration cytology (FNAC) decreased from 77% (1996) to 58% (2001), 34%
(2006), 25% (2011), and 17% (2016). For detailed assessment, 498 cases were analysed. Diagnostic sur-
gical excision decreased from 24% in 1996 to 3% in 2016, cases with only cytology from 65% to 1%,
respectively. Cytology and core needle biopsy (CNB) 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).
Conclusion: Results suggest that nationwide, clinics prioritise reliability and availability of ER and HER2
status, replacing FNAC by CNB. However, for optimal treatment planning for all patients, availability of

ARTICLE HISTORY
Received 22 May 2020
Accepted 24 September 2020

KEYWORDS

Breast cancer; diagnosis;
core needle biopsy; fine
needle aspiration cytology;
hormone receptor status;
human epidermal growth
factor receptor 2 status

pre-operative receptor status warrants further improvement.

Introduction

The diagnostic workup of suspicious breast lesions has pro-
gressively changed over the last decades. The use of pre-
operative histological biopsies has become ubiquitous, as
patients and practitioners value maximal pre-operative diag-
nostic certainty ever more, and pre-operative knowledge of
prognostic and predictive factors are increasingly important
for an optimal 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 fac-
tors 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 amplify the requirement of diagnostic cer-
tainty and availability of prognostic and predictive markers
[1]. The European Society of Medical 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 CNB [4]. In the USA, cur-
rent NCCN guidelines for breast cancer screening also prefer
CNB over FNAC [5]. However, not all guidelines have fol-
lowed. Amongst others, Dutch breast cancer guidelines con-
sider 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 (imaging, physical examination, and biopsy) 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 per-
formed. This was done by using the Dutch Nationwide
Pathology Database (PALGA), which is a nationwide registry
of histopathology and cytopathology in the Netherlands. It
contains all pathology reports written in the Netherlands.
Anonymous excerpts of these reports can be requested for
research purposes [8].
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Material and methods

PALGA was used to retrieve excerpts from all pathology
reports of primary invasive breast carcinomas. Ductal carcin-
oma in situ (DCIS) in absence of invasive cancer was not
included, because these reports will be harder to classify
automatically and are not easily separated from invasive
cases once included in the dataset. Furthermore, hormone
and HER2 receptor status is not routinely established for
DCIS only cases in the Netherlands. 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 sam-
ple in order to exclude the summer recess of the Dutch
breast cancer screening program, as patient mix can be pro-
foundly 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 vs. histology), macro-
scopic 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 supple-
ment. When key words or phrases from both histological
needle biopsy and resection specimen were present, samples
were considered to be resection specimens. Revisions/exter-
nal consultations and excerpts impossible to classify were
excluded. To verify accuracy of this procedure, the first 200
reports for each time period were manually categorised in
the same categories, and compared for accuracy.

The first 100 patients with a report of a breast cancer
resection 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. Individual review of the excerpts was performed to
establish the nature of the excerpt: cytological biopsy, histo-
logical biopsy, lumpectomy, mastectomy, or re-excision
(including mastectomy after incomplete lumpectomy). When
excerpts contained sufficient data on multiple malignancies
(left and right breast tumours) cases were split. Excerpts con-
cerning 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, NY, USA). For the detailed manual
assessment, the database was restructured from report based
to patient based, by combining reports from the same
patient into single ‘cases’. Trends over time in the proportion
of patients undergoing cytology, histologic needle biopsy,
both types of needle biopsy and surgical biopsy were tested
with a Cochran-Armitage test for trend, as well as trends in
the proportion of cases with available ER and HER2 status
pre- and postoperatively (Table 2).

Results

For our automatic analysis, a total of 34,639 pathology
reports were included. Of these 34,639 reports, 15,977 (46%)
reports described resection, 5046 (15%) FNAC, 9495 (27%)
CNB, and 4121 (12%) were impossible to classify using key-
words and phrases. Most unclassifiable cases were not pri-
mary reports (e.g., only administrative information, or only
results of secondary testing (mostly HER2)), a small propor-
tion are valid cases automatic analysis failed to classify. The
validity cheques showed 1-3% mistakes in automatic recog-
nition (Table 1). Numbers of in- and excluded cases and
reports are shown in Figure 1.

Table 1. Results of automatic keyword recognition of pathology reports.

Year of report Type of material

Number of reports

Accuracy compared to validity check

1996 CNB? 312 (23%) 92%
FNACP 1069 (77%) 94%
Resection 2556 98%
Unclassifiable 807

2001 CNB 903 (42%) 97%
FNAC 1259 (58%) 100%
Resection 3206 98%
Unclassifiable 843

2006 CNB 2215 (66%) 100%
FNAC 1143 (34%) 100%
Resection 3133 98%
Unclassifiable 757

2011 CNB 2556 (75%) 98%
FNAC 858 (25%) 100%
Resection 3536 97%
Unclassifiable 1208

2016 CNB 3509 (83%) 99%
FNAC 717 (17%) 100%
Resection 3546 96%
Unclassifiable 506

Distribution of pathology reports amongst categories: ‘CNB’, ‘FNAC’ ‘resection (either diagnostic, therapeutic, or both),
‘unclassifiable’ (by means of automatic keyword recognition). Validity check performed manually for the first 200 cases

per sample.
9CNB: core needle biopsy.

PENAC: fine needle aspiration cytology.
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Table 2. Results of detailed manual assessment.
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Year/number of cases 1996/102 2001/100 2006/99 2011/103 2016/94
Type of needle biopsy
No needle biopsy® 24 (23.5%) 25 (25%) 7 (7.1%) 3 (2.9%) 3 (3.2%)f
FNAC® 65 (63.7%) 36 (36%) 20 (20.2%) 14 (13.6%) 1 (1.1%)"
CNB© 10 (9.8%) 31 (31%) 56 (56.6%) 78 (75.6%) 70 (74.5%)f
FNAC® and CNBC 3 (2.9%) 8 (8%) 16 (16.2% 8 (7.8%) 20 (21.3%)
Receptor status
ERY status known pre-operatively 3 (2.9%) 16 (16%) 6 (36.4%) 62 (60.2%) 73 (77.7%)°
ERY status known post-operatively 48 (47.1%) 65 (65%) 91 (91.9%) 93 (90.3%) 91 (96.8%)f
HER2°® status known pre-operatively 0 0 3 (13.1%) 35 (34.0%) 62 (66.0%)"
HER2® status known post-operatively 1 (1.0%) 8 (8%) 88 (88.9%) 92 (89.3%) 20 (95.7%)f

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.

*No needle biopsy: diagnosis by means of surgical excision biopsy.
PENAC: fine needle aspiration cytology.

“CNB: core needle biopsy.

9ER: oestrogen receptor.

°HER2: human epidermal growth factor receptor 2.

fAll separate trends over time are significant in a Cochran-Armitage test for trend, p < .001.
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Figure 1. Inclusion and exclusion of cases. Samples contain all reports filed in March through April of the indicated year. PAutomatic analysis using keywords.
“Excluded because report described a revision or external consultation. “Manual validity check of the automatic process, performed on the first 200 reports per
sample. °Excluded because reports did not contain a recent primary breast cancer (e.g., axillary surgery only, revision of older pathology specimen). ‘Bilateral
tumours in a single patient (parenthesis) were included as separate cases. “Manual classification of all included reports. "Total number of reports pertaining to the

aforementioned number of cases.

The percentages of FNAC vs. CNB of all needle biopsies
gradually decrease in time from 77% vs. 23% in 1996 to 17%
vs. 83% in 2016, respectively (Table 1).

For our detailed manual analysis of five 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 2). As a consequence of the increase
in CNB, there was also a sharp increase in pre-operative

availability of ER and HER2 status, from 3% and 0% in 1996
to 78% and 66% in 2016, respectively (Table 2, Figure 3).
This rise should be placed in context to a concurrent
increase of post-operative availability of ER and HER2 status,
from 47% and 1% in 1996 to 97% and 96% in 2016, respect-
ively. All these trends are statistically significant, p < .001.
The percentage of breast conserving procedures as opposed
to mastectomies increased over time from 50% in 1996 to
62% in 2016.

In contrast to the increase in needle biopsies, there is a
sharp decrease in the use of surgical excision as a diagnostic
tool: while this still occurred in 24% of cases in 1996, this
was down to 3% in 2016.

Discussion

In the present study, data of more than 34,000 sequential
pathology reports were studied from 1996 to 2016. We
clearly showed a shift towards more CNB as preferential
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Figure 2. Shifts in the use of pre-operative needle biopsy.
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Figure 3. Changes in availability of hormone receptor- and HER2 status.

biopsy modality instead of FNAC for pre-operative invasive
breast cancer diagnosis in the Netherlands. In fact, in 2016,
96% of patients underwent a CNB procedure pre-operatively:
a dramatic change when compared to a mere 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 optimisa-
tion of speed [3,9]. However, a sizable minority of clinics
combine multiple biopsy techniques with 21% of patients
undergoing both cytology and CNB. Another factor that may
have influenced the relative increase in CNB use, is the
implementation of digital mammography in the national
breast cancer screening program between 2008 and 2009:
this especially increased referrals for microcalcifications,
which are less amenable to FNAC [10].

The corresponding increase in the availability of hormone
receptor and HER2 status can largely be explained by three
factors. First, the shift from FNAC to CNB makes it much eas-
ier to determine hormone receptor and HER2 status pre-
operatively. Second, the increasing use of neo-adjuvant sys-
temic therapy requires reliable determination of these prog-
nostic and predictive factors [11]. Third, at the time of the
first sample of this study (1996) HER2 status had not yet
acquired its current role in breast cancer care, but was still
subject to clinical trials [12]. This is witnessed by the

dramatic increase of postoperative availability of HER2 status
from 8% in 2001 to 89% in 2006 (Figure 3).

The data show 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. First, 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 diag-
nosis in at least 70% of cases [13]. This percentages was
increased to 90% of patients in the guideline revision of
2008 [14]. Second, in 2004, the Dutch health care inspector-
ate started publishing results of quality indicators in Dutch
hospitals, including the number of re-operations [15]. Breast
surgery was listed as the third most frequent type surgery
followed by a re-operation. More use of needle biopsies was
one of the strategies to decrease the number of re-excisions.

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 proc-
essing of pathology reports and smaller scale, manual ‘highly
detailed’ processing of reports (in effect creating a nation-
wide consecutive case series) show the same trends in the
use of pre-operative diagnostic biopsies: more biopsies per
case, with an increase in CNB and a corresponding decrease
in FNAC. A Dutch radiologic database study in 2013 found
similar trends in a study group consisting of only screen
detected lesions, over a shorter time period: a 60% relative
drop in FNAC use from 1997-1998 to 2009-2010, an increase
of 500% in CNB use, and a 96% decrease of surgical
biopsy [16].

The automatic recognition of reports in our study 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 only 20-60% of
reports are dismissed correctly, the other 40-80% of reports
represent a ‘missed’ case: in the first three samples (1996,
2001, 2006) this was most often 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%.

While it would be interesting to track results back to indi-
vidual 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 characteris-
tics [3]. Furthermore, it would be interesting to correlate
radiologic findings and the results of multidisciplinary discus-
sions 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. It is also
impossible to reliably determine which biopsies were stereo-
tacticc, MRl guided and which were ultrasound guided.
Furthermore, while excerpts included the ‘macroscopic evalu-
ation’ and ‘conclusion’ section of all reports, other 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’.

Internationally, very little data are available on current
trends in breast biopsy use. Data from a study on the impact
of ‘choosing wisely’ recommendation in American breast can-
cer patients do show a relatively high use of surgical biopsy,
that decreases from 13.3% in 2010 to 7.9% in 2014 [17].

Conclusion

This study shows very clear trends in the use of pre-opera-
tive biopsies in the Netherlands. Over time CNB increasingly
replaced FNAC, and clinics that still use cytology combine it
with CNB. This results in improved pre-operative availability
of predictive and prognostic tests such as ER and HER2 sta-
tus. The performance of diagnostic incisional or excisional
biopsy without a prior attempt of needle biopsy has been all
but eliminated.
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