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Chapter 4
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Abstract

Purpose: The future of non-operative management of DCIS relies on distinguishing lesions requiring
treatment from those needing only active surveillance. More accurate preoperative staging and
grading of DCIS would be helpful. We identified determinants of upstaging preoperative breast
biopsies showing ductal carcinoma in situ (DCIS) to invasive breast cancer (IBC), or of upgrading them
to higher-grade DCIS, following examination of the surgically excised specimen.

Methods: We studied all women with DCIS at preoperative biopsy in a large specialist cancer centre
during 2000-2014. Information from clinical records, mammography, and pathology specimens from
both preoperative biopsy and excised specimen were abstracted. Women suspected of having IBC
during biopsy were excluded.

Results: Among 606 preoperative biopsies showing DCIS, 15.0% (95% confidence interval 12.3-18.1)
were upstaged to IBC and a further 14.6% (11.3-18.4) upgraded to higher-grade DCIS. The risk of
=0.04), while the
<0.001) and
<0.001).

upstaging increased with presence of a palpable lump (21.1% vs 13.0%, p_._ . .

risk of upgrading increased with presence of necrosis on biopsy (33.0% vs 9.5%, P

with use of 14G core-needle rather than 9G vacuum-assisted biopsy (22.8% vs 7.0%, P . e
Larger mammographic size increased the risk of both upgrading (phetemgenity:0.0I) and upstaging
(Ppererogenity=0-004).

Conclusions: The risk of upstaging of DCIS in preoperative biopsies is lower than previously estimated
and justifies conducting randomized clinical trials testing the safety of active surveillance for lower
grade DCIS. Selection of women with low grade DCIS for such trials, or for active surveillance, may be

improved by consideration of the additional factors identified in this study.
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Background

The introduction of breast screening programmes has resulted in a dramatic increase in the annual
incidence of ductal carcinoma in situ (DCIS), which currently accounts for approximately one fifth
of screen-detected breast cancers in many countries worldwide.[1-3] Almost all women with
DCIS receive either mastectomy or breast conserving surgery often with radiotherapy. Sometimes
adjuvant hormonal treatment may also be prescribed. Since many DCIS lesions would never have
become clinically significant in the absence of screening,[4] this combination of therapies may
constitute substantial overtreatment — especially since each treatment carries risks in addition to
its intended benefits. Therefore, research in the field of DCIS management now focuses on finding
ways to distinguish DCIS lesions requiring active treatment from those that can safely be left under
surveillance and treated only if there is a change in morphology, grade, or invasive status.[5, 6]

There is strong evidence that low grade DCIS, if it progresses, generally results in prognostically
favourable, lower grade invasive breast cancer (IBC).[7] Only the minority of screen-detected DCIS
lesions will progress to IBC and the outcome for lower grade, early stage IBC is good. Therefore,
randomized clinical trials are now underway to evaluate whether active surveillance of lower grade,
screen-detected DCIS lesions is safe.[8-10] There are, however, concerns among healthcare providers
and women with DCIS regarding participation in these trials. These concerns centre on three issues.
First, a diagnosis of lower grade DCIS based on needle biopsy alone might underestimate the true
extent of disease, as sometimes IBC or higher grade DCIS is found in the subsequent surgically resected
specimen.[11, 12] Second, it is unclear whether inter-observer variation amongst pathologists in
determining DCIS grade from preoperative biopsies may result in some women being considered
inappropriately for non-operative management.[13] Third, it is unclear how successful the eligibility
criteria used by the ongoing randomised trials of non-operative management in DCIS will be in
selecting only women whose biopsies would not have been upstaged or upgraded if surgery had
been performed.[14] These concerns are impacting participation in trials exploring the safety of active
surveillance. They arise largely from earlier studies that reported the proportion of DCIS biopsies
missing the presence of IBC as approximately one in four.[15] However, most of these studies did not
exclude biopsies that were performed because IBC was already suspected.

Much of the existing literature is based on small, heterogeneous cohorts of women with DCIS
diagnosed using small gauge biopsies and they often include women who presented symptomatically
or with a mass-effect seen on mammography.[15-17] These factors limit generalizability to the
population of women who may be considered for non-operative management today. Consequently,
there is now a need for studies designed specifically to address concerns regarding the reliability
of preoperative biopsy in DCIS when considering non-operative management. The present study

evaluates the proportion of preoperative biopsies showing DCIS that were subsequently upstaged
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to IBC or upgraded to higher grade DCIS following pathological analysis of the surgically excised
specimen, after exclusion of women already known to be at increased risk of invasive disease. It also
identifies risk factors associated with upstaging or upgrading biopsy diagnoses of DCIS and it describes
the extent to which interobserver variability affects preoperative DCIS grade ascertainment and the
characteristics of the missed IBC component in upstaged biopsies. Finally, it evaluates the influence of

the eligibility criteria of ongoing randomised trials on upgrade and upstage risks.
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Methods

Material

Biopsies showing DCIS were selected through the Netherlands nationwide registry of histology and
cytopathology records (PALGA)[18] and through the regional tumour registry at the Netherlands
Cancer Institute - Antoni van Leeuwenhoek Hospital (NKI-AVL) (Supplementary Appendix 1). These
preoperative biopsies were either performed at NKI-AVL or were taken at another hospital and
sent for routine second opinion to NKI-AVL. NKI-AVL is a large specialist cancer centre that uses an
integrated electronic patient record system to store clinical and radiological information. It also has
a large pathology database containing information on the initial biopsy diagnosis of every woman
referred to its breast cancer service, as well as the final pathological diagnosis of each woman with
DCIS or IBC treated at NKI-AVL, thus allowing a retrospective cohort study to be conducted. The study
was approved by the NKI-AVL ethical review board.

Biopsies were excluded if the initial biopsy did not show DCIS after reviewing the pathology
reports, if lobular carcinoma in situ was reported, or when there was suspicion for, or evidence of,
IBC. Biopsies were also excluded if either the initial biopsy or the final surgical specimen were not
reviewed at NKI-AVL. When multiple biopsies were taken from the same lesion, only the biopsy with
the highest DCIS grade was included. After these exclusions based on pathological factors, biopsies
from women with clinically suspected (based on mammography and/or ultrasonography and/
or clinical examination) or proven ipsilateral IBC elsewhere in the breast or in the lymph nodes, or
with proven contralateral IBC for which neoadjuvant chemotherapy had been given, were excluded.
Biopsies were also excluded if DCIS was discovered only after an MRI was performed or if only lymph

node metastases were found and no breast invasion on final pathology.

Data collection

Pathological information from the initial biopsy and from the surgically excised specimen was
abstracted from the pathology records to identify women whose preoperative biopsy result was
subsequently upstaged to IBC or upgraded to a higher grade of DCIS following surgery (Supplementary
Table 1). Clinical and radiological information was abstracted from the electronic patient record
system. To evaluate the tumour characteristics (size, grade and oestrogen receptor (ER) status) of
the invasive component in upstaged cases, detailed review of the surgically excised specimens was

undertaken.
Inter-observer analysis

Digital mammography was introduced at NKI-AVL in 2008. To examine the quality of the data extracted

from the electronic records, all upstaged biopsies and a random sample of non-upstaged biopsies
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diagnosing DCIS during 2008-2014, were selected for re-examination of the original mammography
and pathology data. For this sub-study, the mammography image(s) preceding the preoperative
biopsy were reviewed by two experienced blinded radiologists and the pathology specimen(s) from
the preoperative biopsy were reviewed by two experienced blinded breast cancer pathologists, each
entering data into pre-defined data collection forms. To examine the potential influence of inter-
observer variability, the preoperative biopsy DCIS grades from the pathology records were tabulated
against the grades following review. In all cases, the original radiological and pathological data was

used in the main analysis.

Subgroup analysis in patients eligible for trials

A subgroup analysis of upstaging and upgrading was performed in women who would have been
eligible for the COMET[8], LORIS[9] and LORD[10] trials, based on their published eligibility criteria
and using the information available in our cohort: age, screening mammography findings, biopsy
method, DCIS grade on preoperative biopsy, symptomatic status at time of clinical examination and

previous breast cancer history.

Statistical methods

Confidence intervals for percentages were based on the normal approximation to the binomial
distribution. Fisher exact tests of heterogeneity (for factors with 3+ categories) or difference (for
factors with two categories) were conducted to identify associations between risk of upstaging or
upgrading and different patient, tumour and radiological characteristics. As only preoperative biopsies
showing low or intermediate grade could be upgraded to a higher DCIS grade, biopsies showing high
or unknown grade were excluded from the analysis of factors associated with upgrading, but were
included in the analysis of factors associated with upstaging. Risk factors for upstaging and upgrading
were compared using logistic regression and significance tests for heterogeneity/difference used the
likelihood ratio. Calculations were performed using Stata statistical software version 13.0 (StataCorp,
College Station, TX). For completeness, unknown values are shown in the tables, but they were

excluded from all the analyses, including the calculation of percentages.
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Results

In total, 849 biopsies showing DCIS were identified at NKI-AVL during 2000—2014. Our predetermined
criteria excluded 243, leaving 606 biopsies in the study (Fig. 1). The number of women diagnosed
with DCIS at NKI-AVL increased from 75 during 2000-2004, to 200 during 2005-2009, and to 331
during 2010-2014 (Table 1). 32.3% of women with DCIS were aged 20-49 years, 40.8% were 50-59
years, 19.6% were 60-69 years, and 7.3% were aged 70+ years. 53.6% of DCIS cases were screen-
detected. Among those for whom information was available, 65.1% were diagnosed using 9G vacuum-
assisted biopsy and 34.9% using 14G core-needle biopsy. 26.0% had low grade on biopsy, 41.9%
had intermediate grade and 32.0% had high grade. All women underwent surgical excision, with

approximately half receiving breast conserving surgery (52.8%).

Table 1 Characteristics of women diagnosed with ductal carcinoma in situ on preoperative biopsy and of their

biopsies
Characteristics Number of women/biopsies (%)
Calendar year of diagnosis
2000-2004 75 (12.4)
2005-2009 200 (33.0)
2010-2014 331 (54.6)
Age at diagnosis (years)
20-49 196 (32.3)
50-59 247 (40.8)
60-69 119 (19.6)
70+ 44 (7.3)
Method of presentation
Screen-detected* 324 (53.6)
Other' 280 (46.4)
Unknown 2 -
Method of biopsy
Vacuum Assisted Biopsy (9G) 237 (65.1)
Core-needle biopsy (14G) 127 (34.9)
Unknown 242 -
Grade on preoperative biopsy
Low 155 (26.0)
Intermediate 250 (42.0)
High 191 (32.0)
Unknown 10 -
Type of curative surgery
BCS 224 (37.0)
BCS+SLNB 96 (15.8)
Mastectomy 76 (12.5)
Mastectomy + SLNB 206 (34.0)
Mastectomy + SLNB + AC 4 (0.7)
Total number of women/biopsies 606 (100)

BCS breast conserving surgery, SLNB sentinel lymph node biopsy, AC axillary clearance.

*Including 275 diagnosed through the breast screening programme and 49 diagnosed during follow-up for family
history/genetic predisposition

Including 143 diagnosed during follow-up for a previously treated breast lesion, 74 presenting symptomatically,
and 63 referred for routine second opinion
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Risks of upstaging and upgrading

Overall, 91 biopsies, i.e. 15.0% (95% confidence interval 12.3-18.1), were upstaged from DCIS on the
biopsy to IBC in the final excised specimen (Table 2). A further 59, i.e. 14.6% (95% confidence interval
11.3-18.4), had a higher grade of DCIS in the final excised specimen compared with their initial biopsy
(i.e. were upgraded). Of the 59 upgraded biopsies, 37 were intermediate grade on biopsy and high
grade on final excised specimen, 20 were low grade on biopsy and intermediate grade on final excised

specimen, and 2 were low grade on biopsy and high grade on final excised specimen.

All biopsies showing DCIS at NKI, 2000 - 2014

n=_3849
Excluded: n =243
+  Not pure DCIS = 162*
+  Multiple biopsies from the same area: n =217

> «+  Pathology not (re)viewed in NKI: n=18
«  Presence of/suspicious for IBC in ipsilateral or
contralateral breast: n = 39%
«  Non-mammographically detected DCIS = 38
v
Available for analysis
n =606
N A A 4
No change of biopsy diagnosis Upgraded to a higher grade of DCIS Upstaged to IBC
n=456 (75.2%) n =159 (14.6%)" n=291(15.0%)

Fig. 1 Derivation of the population used in the analysis. DCIS: Ductal carcinoma in situ, NKI: Netherlands Cancer
Institute - Antoni van Leeuwenhoek hospital, IBC: Invasive Breast Cancer. *This category comprised 101 cases
involving concomitant invasive breast cancer in the same biopsy, 22 cases involving lobular carcinoma in situ, 2
cases including Paget’s diseases, 24 cases with uncertain pathology and 13 cases with benign pathology. T Where
multiple biopsies were obtained from the same area within the breast, the highest grade was included. *In this
category, 33 biopsies were undertaken in cases clinically suspicious for or proven to have invasive breast cancer,
4 biopsies were undertaken in cases of synchronous IBC in the contralateral breast for which women received
neoadjuvant chemotherapy, and 2 biopsies were undertaken in cases where lymph node metastases were found
although no breast invasion on final pathology was seen. *In 3 cases, DCIS was detected only following magnetic
resonance imaging. **Preoperative biopsies showing grade 3 (n=191) or unknown grade (n=10) could not be
upgraded to a higher grade of DCIS, so the percentage upgraded was 14.6% (59/405).
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There was no significant association between age at diagnosis and risk of upstaging
(phemrogeneiw=0.43) or upgrading (phetemgeneiw=0.09). The effect of biopsy method on upstaging was not
significant (9G vacuum-assisted: 11.0% upstaged, 14G core-needle: 16.5% upstaged, p . .. =0.07),
but fewer 9G vacuum-assisted biopsies than 14G core-needle biopsies were upgraded (9G vacuum-
assisted: 7.0% upgraded, 14G core-needle: 22.8% upgraded, p . . <0.001). Lesions measuring 220
mm on mammogram were more likely to be upstaged than smaller lesions (250 mm: 19.2% upstaged,
20-50 mm: 18.8% upstaged, 0-19 mm: 8.3% upstaged, phetemgeneitV:O.OM), while the risk of upgrading
increased progressively with lesion size (250 mm: 25.4% upgraded, 20-50 mm: 15.6% upgraded,
0-19 mm: 10.3% upgraded, phetemgeneiwzo.Ol). Lesions measuring 220 mm following final pathological
analysis of the surgically excised specimen were more likely to be upstaged than smaller lesions (=50
mm: 19.6% upstaged, 20-50 mm: 20.4% upstaged; 0-19 mm: 7.0% upstaged, Prcterogeneity <0.001) and
more likely to be upgraded (250 mm: 25.8% upgraded, 20-50 mm: 24.5% upgraded, 0-19 mm: 9.3%
upgraded; P, .. .eney <0.001).

There was no significant association between presence on mammography of microcalcifications
only compared with other abnormalities for risk of a biopsy being upstaged (13.9% vs 20.6%,

=0.08) or upgraded (13.8% vs 18.5%, =0.33). Lesions with mammographic ‘Breast

pdifference pdifference

Imaging Reporting and Data System’ (BIRADS) score [19] of 5 were more likely to be upstaged than
those with lower BIRADS scores (BIRADS score 5: 25.5% upstaged, BIRADS score <4: 12.7% upstaged,
P iterence=0-02) and also more likely to be upgraded (BIRADS score 5: 26.3% upgraded, BIRADS score
<4: 10.3% upgraded, p_._ . =0.03). There were no significant differences between diagnosis via
mammographic breast screening and symptomatic presentation for risk of upstaging (12.7% vs 17.6%,
=0.35) or upgrading (14.8% vs 9.8%, =0.62). Presence of symptoms during clinical

=0.02), but was

pdifference pd'\f‘ference

examination prior to biopsy increased risk of upstaging (20.0% vs 11.2%, p .. ..

not associated with risk of upgrading (14.1% vs 16.0%), =0.86). The majority of women with

pdifference
symptoms had a palpable lump on examination, and presence of a palpable lump also increased risk
of upstaging (21.1% vs 13.0%,

upgraded (17.2% vs 13.3%,

Piterence=0-04), but was not associated with the risk of a biopsy being

pdiﬁerencezo'al)'
Presence of necrosis on biopsy was not significantly associated with upstaging (18.3% vs 14.1%,

=0.09), but increased risk of upgrading (33.0% vs 9.5%, <0.001) and presence of

pdifference pdiﬁerence

necrosis increased risk of upgrading more than risk of upstaging (p...... <0-001). Higher grade of
DCIS on biopsy was not associated with being upstaged (p . ....=0-17) or upgraded (p . ....=0-66).
There was no significant association between risk of either upstaging or upgrading of a biopsy and
any of the other factors studied (Supplementary Table 2). If biopsies with the factors associated with
disease underestimation, i.e. core-needle biopsy use, mammographic size 220 mm, BIRADS score 5,
presence of symptoms at examination, palpable lump, and presence of necrosis, are excluded, only 15
of the remaining 155 biopsies were upstaged (9.7%, 95% confidence interval 6.9—14.3) and only 5 of
the remaining 127 biopsies were upgraded (3.9% (95% confidence interval 0.6—7.3).
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Interobserver variability in biopsy grade

No preoperative biopsies were upstaged to IBC following blinded re-review of 159 biopsies, but there
was interobserver variability for DCIS grade on preoperative biopsy (Table 3). Amongst 36 biopsies
initially rated as low grade DCIS, none were upgraded to high grade DCIS but 9 (25%) were upgraded
to intermediate grade DCIS. Amongst 71 biopsies initially rated as intermediate grade DCIS, 10 (14.1%)
were upgraded to high grade DCIS.

Table 3 Outcome of independent review of preoperative biopsies: numbers of biopsies by initial DCIS grade and

DCIS grade following re-review by an independent blinded pathologist

Biopsy grade re-review by independent blinded pathologist (%)

Initial biopsy grade 1-Low 2-Intermediate 3-High Total Reviewed  Not reviewed Ot\;et;a:ll
1-Low 27 (75.0)* 9 (25.0) 0 36 (100.0) 119 155
2-Intermediate 10 (13.7) 51 (69.9)* 10 (14.1) 71 (100.0) 179 250
3-High 1(2.0) 19 (37.3) 31 (60.8)* 51 (100.0) 140 191
Unknown 0 1 0 1 9 10
Total 38(23.9) 80 (50.3) 41 (25.8) 159 (100.0) 447 606

DCIS ductal carcinoma in situ
*Cells where the initial biopsy grade was identical to that reported following independent blinded re-review by an

experienced pathologist

Characteristics of upstaged cases

Of the 91 upstaged biopsies, information on IBC grade was available in 82 (Table 4). Of these, the IBC
was low grade in 41.5% (34/82) cases, intermediate grade in 37.8% (31/82) cases, and high grade in
20.7% (17/82) cases. All 16 biopsies showing low grade DCIS that were subsequently upstaged to IBC,
also had low grade IBC. This pattern was not observed in biopsies that showed intermediate or high
grade DCIS which, if upstaged, resulted in any of the three grades of IBC. Information on the size of
the IBC was available for 88 of the 91 upstaged cases. The invasive component was <10 mm in 87.5%
(77/88) of the upstaged biopsies, and was <20 mm in all 88. There was no clear association between
IBC grade and IBC size. Information on oestrogen receptor (ER) expression within the IBC was available
for 82 of the 91 upstaged cases, and 85.4% (70/82) were ER positive while 14.6% (12/82) were ER

negative.
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Table 4 Characteristics of the 91 upstaged biopsies

Grade of IBC component in upstaged cases

1-low 2-Intermediate 3-High  Unknown Total

Grade of DCIS on preoperative biopsy

1-Low 16 0 0 0 16

2-Intermediate 13 19 7 3 42

3-High 4 12 8 6 30

Unknown 1 0 2 0 3
Total pathological size of IBC component (mm)

<5 14 16 4 6 40

5-9 15 11 9 2 37

10-14 2 3 1 0 6

15-20 1 1 3 0 5

Unknown 2 0 0 1 3
Oestrogen receptor expression in the IBC component

Negative 0 3 7 2 12

Positive 33 28 10 7 78

Unknown 3 3 1 2 9
Total 34 31 17 9 91

Association between the grade of the invasive breast cancer component and the grade of DCIS on preoperative
biopsy (upper panel), and between the size and the grade of the invasive component amongst upstaged biopsies
(lower panels)

DCIS ductal carcinoma in situ, /BC invasive breast cancer

Subgroup analysis in patients eligible for the randomised trials

When the strict eligibility criteria used in the three ongoing randomised trials of non-operative
treatment of biopsies showing DCIS were applied, only a small number from our cohort would have
been eligible for randomisation in the LORD trial (12/606), but greater numbers were eligible in the
other two (LORIS: 68/606, COMET: 57/606) (Supplementary Table 3). When compared with the 15.0%
(91/606) of biopsies upstaged in our cohort, the application of the trial eligibility criteria reduced the
percentage of biopsies being upstaged in both trials with reasonable numbers of eligible women:
LORIS: 10.3% (7/68), COMET: 10.5% (6/57). However, compared with the 14.6% (59/405) upgraded
in our cohort, the application of trial eligibility criteria had the opposite effect in both trials: LORIS:
19.1% (13/68), COMET: 15.8% (9/57). For the LORD trial, of the 12 eligible women, 2 biopsies were
upstaged and 1 upgraded.
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Discussion

This study demonstrates that the risk of a diagnosis of DCIS on preoperative biopsy being upstaged to
one of IBC after examination of the excised specimen is around 15%. This is considerably lower than
that suggested by previous studies, and the difference is likely to be due to careful identification and
exclusion of women already known to be at increased risk of IBC. In this respect our study is more
comparable with women currently being considered for non-operative management than previous
reports. Our study, which is one of the largest to date, has also examined risk factors for upstaging
and upgrading of preoperative biopsies in women diagnosed with DCIS. The risk of upstaging and/
or upgrading was found to be increased with use of core-needle biopsy, large mammographic and
pathological lesion size, high mammographic BIRADS score, presence of symptoms such as a palpable
lump on examination, and presence of necrosis on biopsy. Consideration of these factors should aid
risk stratification of women with DCIS being considered for non-operative management.

Several of the above factors are already included in the eligibility criteria used to select
women for inclusion in the ongoing trials of non-operative management of DCIS.[8-10] We have,
however, identified some additional factors that may be useful. The association between larger DCIS
size on mammography and upstaging to IBC or upgrading to higher grade DCIS may be due to the
heterogeneous growth patterns seen in larger DCIS lesions.[20] While IBC spreads through the ductal
basement membrane, DCIS lesions usually grow along the milk ducts with a branched growth process,
with emerging and competing cell-lines of low, intermediate and high-grade disease often resulting in
a diverse cell-line environment.[21, 22] Thus, the larger the disease area, the higher the likelihood of
IBC or more than one grade of DCIS being present that was not sampled during preoperative biopsy
and only detected following pathological analysis of the surgically excised specimen.[23]

Upgraded lesions were also more likely to have necrosis detected on preoperative biopsy
compared with lesions with unchanged diagnosis following surgery. Necrosis in the DCIS biopsy
tissue indicates that cells in the sampled area have died. The pathological finding of necrosis often
accompanies rapid cell turnover, where the rate of growth may have outstripped the blood supply
to a central portion of the cancer. The presence of this finding on biopsy, similar to large lesion size
described above, raises the risk of a higher grade of DCIS being present.

There was strong evidence that fewer vacuum-assisted (9G) than core-needle (14G) biopsies were
upgraded (P, once <0-001), while the effect of biopsy method on upstaging was not quite significant
(P ierence=0-07). Preoperative biopsy for breast cancer has conventionally been radiologically guided
core-needle biopsy and, in more recent years, vacuum-assisted biopsy. Vacuum-assisted biopsy
devices generally obtain more tissue than core-needle biopsy devices, increasing the likelihood of
obtaining a representative tissue specimen.[24] This is the likely explanation for the lower proportion

of vacuum-assisted than core-needle biopsies upgraded in the present study.
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Our findings provide reassurance for both patients and clinicians regarding participation in
ongoing randomised trials of non-operative management, especially for women with low grade DCIS
on preoperative biopsy.[15] Additionally, in upstaged cases when IBC was found only following final
pathology, it was often a small, low grade, ER+ tumour, which generally has excellent prognosis,
even when detected during follow-up screening. A recurring concern impacting participation in
the active surveillance trials has been interobserver variation amongst pathologists reporting
preoperative biopsies.[13, 25] In our study no biopsies were upstaged to IBC and, whilst there was
some interobserver variability in DCIS grade none were upgraded from low to high grade.[26] The
retrospective application of the eligibility criteria of these ongoing trials in our cohort was also
reassuring as regards risk of upstaging, but less clear for upgrading.

Although our study was limited to a single centre, the characteristics of the tumours, i.e. ‘case
mix’, diagnosed and treated at this centre are similar to those seen at the national level in the
Netherlands and many other countries.[27] Consequently, it is likely that our findings have wide
applicability. To optimize risk stratification for DCIS and also to minimise risk of subsequent upstaging
or upgrading, developments in genomics and candidate gene analysis of tumour tissue are ongoing.
[28, 29] These developments can be expected to move diagnostic criteria away from traditional
phenotypic characteristics, e.g. nuclear grade and growth pattern, as the chief determining factors
of DCIS prognosis, towards novel biomarkers for progression to IBC, such as markers of proliferative
signalling, hallmarks of genome instability, and micro-environmental factors.[30] Such approaches
may, in the future, further improve the diagnostic accuracy of preoperative biopsy to detect occult

high-risk lesions.

Conclusions

Over the years there has been a trend towards less invasive surgical treatment of both IBC and DCIS.
The publication of findings from three on-going randomised trials of non-operative treatment in DCIS
are anticipated in the coming decade and they will determine whether a further paradigm shift in
its treatment is appropriate. Our findings provide reassurance to healthcare providers and patients
alike regarding participation in both ongoing and future trials of non-operative management of DCIS
by demonstrating lower proportions of upstaged preoperative biopsies than previously reported, an
absence of missed IBC from interobserver variation amongst pathologists reviewing preoperative
biopsies, and favourable prognostic features amongst the minority of cases that were upstaged.
While our findings confirm that method of biopsy and absence of symptoms at presentation are
important eligibility criteria for such trials, they also suggest that age at diagnosis and mammographic
morphology may be less important than currently thought. This may, in the future, provide scope for
widening the eligibility of women for non-operative treatment without compromising risk of upstaging

or upgrading. Our findings also show that presence of necrosis on biopsy and mammographic lesion
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size are more important than previously considered which may help to lower upstage and upgrade
risks. Future interpretation and implementation of the findings from the on-going trials will need to
take careful account of the factors determining biopsy accuracy, as described in the present study, to

guide the path towards non-operative management for low-risk women with DCIS.
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Supplementary material

Supplementary Appendix 1: Search criteria used to identify biopsies for inclusion in study

The process involved 3 searches:

Search 1:

PALGA database search terms: “Mamma * Aard (A) * Diagnose (D)”

Period: 2008 - 2014

With (A) containing the search terms
- ‘Biopsie’

- ‘Biopt’

- ‘Naaldbiopt’

And (D) containing the search terms

- ‘Ductaal carcinoma in situ’

- ‘Ductaal carcinoom in situ’

- ‘Carcinoma in situ’

- Intraductaal carcinoom

- ‘Intraduct carcinoma’

- Intraduct carcinoom

- ‘Intraductaal carcinoom in situ’
- ‘Intraductaal carcinoom niet infiltrerend’
- ‘Ductaal carcinoom insitu’

- ‘Ductus carcinoma in situ’

- ‘Duct carcinoma in situ’

- ‘Atypische ductale hyperplasie’

- ‘Ductaalcarcinoma in situ’

The final search term was therefore: Mamma AND [A1 OR A2 OR A3] AND [D1 OR D2 OR D3 etc]
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Search 2:

2008 -2014: Only T-numbers (histology)

le: "mamma
2e: biop
3e: duct

does not match: infiltrerend

does not match: invasie

Search 3:

2008 - 2014: only T-numbers (histology)

le: "mamma

2e: biop

3e:situ

does not match: duct

does not match: lobu

This tiered-approach in searching PALGA resulted in a list with 1327 records (not unique patients).

These records were then requested from the NKI-AVL hospital tumour registry and duplicates

deleted.

Supplementary Table 1 Definitions used for ‘upstaged’, ‘upgraded’ and ‘no change’ and ‘downgraded’

DCIS (any grade)
DCIS (any grade)
DCIS Grade 3
Downgraded’ DCIS Grade 3
DCIS Grade 2

Outcome Initial biopsy + Final histology
DCIS Grade 1 DCIS Grade 2
Upgraded DCIS Grade 1 DCIS Grade 3
DCIS Grade 2 DCIS Grade 3
DCIS (any grade) IBC (any grade)
Upstaged DCIS (any grade) IBC (any grade) + DCIS (any grade)
DCIS (any grade) IBC (any grade) & DCIS (any grade) & LCIS (any grade)
DCIS Grade 1 DCIS Grade 1*
DCIS Grade 2 DCIS Grade 2
No Change DCIS Grade 3 DCIS Grade 3

LCIS (any grade)

DCIS (any grade) & LCIS (any grade)
DCIS Grade 2

DCIS Gradel

DCIS Grade 1*

*In cases where DCIS grade 1 was clearly seen on preoperative biopsy but only atypical ductal hyperplasia (ADH)

was seen in the excised specimen, the excised specimen was referred to as DCIS grade 1. "'Downgraded’ cases were

grouped with ‘No change’ during the analysis of risk factors for upgrading and upstaging of preoperative biopsies.
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Supplementary Table 2 Numbers of preoperative biopsies of DCIS by final diagnosis following evaluation of

surgically excised specimen for various additional characteristics

Final diagnosis from surgically excised specimen

Total Total Upgraded to a P for
Characteristic number of UPStagfd to Pfor UPStag% number of  higher grade upstage vs
biopsies IBC (%) vs no change biopsies* of DCIS (%)  no change’

Calendar year of diagnosis

2000 - 2004 75 12 (16:0) 0-65 39 9(23-1) 0-09

2005 - 2009 200 26 (13.0) 120 22 (18-3)

2010 - 2014 331 53 (16:0) 246 28 (11-4)
Mammographic location (quadrant)

Upper inner 43 8(18:6) 0-43 28 3(10-7) 0-21

Upper outer 281 43 (15-3) 193 27 (14-0)

Lower inner 59 6(10-2) 40 8(20:0)

Lower outer 26 1(3:8) 17 2(11-8)

Upper central 33 8(24-2) 23 5(21-7)

Lower central 15 3(20-0) 10 0(0-0)

Inner central 16 2 (12-5) 9 2(22-2)

QOuter central 27 5(18:5) 19 0(0-0)

Retroareolar 58 6(10-3) 32 8(25-0)

Unknown 48 9 34 4
Mammographic calcification distribution

Diffuse 32 3(9:4) 0-09 25 5(20-0) 0-35

Regional 1 1(100-0) 0 0(-)

Grouped 266 29 (10:9) 191 23(12-0)

Linear 28 5(17-9) 17 3(17-6)

Segmental 56 10(17-9) 31 6(19:4)

Unknown 223 43 141 22
Mammographic mass shape

Round 4 0(0-0) 0-50 3 1(33:3) 0-66

Oval 12 4(333) 10 0(0-0)

Irregular 9 1(11-1) 6 1(16:7)

Unknown 581 86 386 57
Menopausal status

Premenopausal 216 35(16-2) 0-53 150 23 (15-3) 0-64

Postmenopausal 303 44 (14-5) 200 27 (13-5)

Unknown 87 12 55 9
Lesion laterality

Left 306 52 (17-0) 0-30 199 23 (11-6) 0-12

Right 300 39 (13-0) 206 36 (17-5)
Previous breast lesions

Yes! 94 13 (13-8) 0-87 62 9 (14-5) 1-00

No 512 78 (15-2) 343 50 (14-6)
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Supplementary Table 2 continued.

Immunohistochemistry performed on biopsy

Yes 106 14 (13-2) 100 84 12 (14-3) 029
No 288 41(142) 187 18(9-6)
Unknown 212 36 134 29

Fine-needle aspiration
Yes 149 29 (19:5) 032 105 16 (15-2) 036
No 111 17 (15-3) 73 7(9-6)
Unknown 346 45 227 36

Total 606 91 (15-0, 12-3-18.1) 405+ 59 (146, 11.3-18.4)

(%, 95% confidence interval)

BIRADS: Breast Imaging Reporting and Data System. *As only preoperative biopsies showing grade 1 or 2 could
be upgraded to a higher grade of DCIS, preoperative biopsies showing grade 3 (n=191) or unknown grade (n=10)
were not included in the analysis of factors associated with upgrading, but were included in the analysis of factors

associated with upstaging. " Unknown values were omitted from tests of association. *Includes 58 contralateral

invasive breast cancer, 31 contralateral ductal carcinoma in situ (DCIS), 2 contralateral lobular carcinoma in situ

(LCIS), 1 ipsilateral invasive breast cancer, 1 ipsilateral DCIS, 1 ipsilateral LCIS.
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Supplementary Table 3 Retrospective application of the eligibility criteria of the three on-going randomised
trials of non-operative management of low-risk DCIS to the present cohort and the effect of these criteria on the
number of biopsies upstaged and upgraded

Criteria applied TOt:Iri::;nng Unchanged Upstaged to IBC hig::rg::g: (t:f) ;CIS
Current cohort 606 456 91 59
LORIS trial* 68 48 7 13
COMET trial® 57 42 6 9
LORD trial* 12 9 2 1

DCIS: ductal carcinoma in situ; LORIS: Surgery versus Active Monitoring for Low Risk Ductal Carcinoma In Situ
(DCIS)}; COMET: Comparison of Operative to Monitoring and Endocrine Therapy Trial For Low Risk DCIS?;, LORD:
LOw Risk DCIS study?.

*The LORIS study criteria applied to the current cohort limited the inclusion criteria to women aged 246; those with
screening mammography findings showing calcifications only; biopsy undertaken by vacuum assisted biopsy or
core biopsy; preoperative biopsies showing low or intermediate grade DCIS; no symptoms at time of presentation.
All patients with a previous breast cancer history, i.e. previous diagnosis of either ipsilateral/contralateral invasive
breast cancer, DCIS or LCIS, were excluded. Information on familial breast cancer risk or on prior exposure to
mantle field radiotherapy was not available so could not be applied.

"The COMET study criteria applied to the current cohort limited the inclusion criteria to women aged >40; those
with screening mammography findings showing calcifications only; biopsy undertaken by vacuum assisted biopsy or
core biopsy; preoperative biopsies showing low or intermediate grade DCIS; no symptoms at time of presentation.
All patients with a previous breast cancer history, i.e. previous diagnosis of either ipsilateral/contralateral invasive
breast cancer, DCIS or LCIS, were excluded. Information on prior chemoprevention and DCIS ER, PR, and HER2
status was not available so could not be applied.

*The LORD study criteria applied to the current cohort limited the inclusion criteria to women aged >45; those with
screening mammography findings showing calcifications only; biopsy undertaken by vacuum assisted biopsy only;
solely preoperative biopsies showing low grade DCIS; no symptoms at time of presentation. All patients with a
previous breast cancer history, i.e. previous diagnosis of either ipsilateral/contralateral invasive breast cancer, DCIS
or LCIS, and those with bilateral lesions at presentation were excluded.
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