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ABSTRACT

Background: Ductal carcinoma in situ (DCIS) of the breast constitutes a heterogeneous group of non-
obligate precursors for invasive breast cancer. To date, adequate risk stratification is lacking, which is
presumed to result in overtreatment. We previously identified myxoid stromal architecture as a potential
prognosticator for loco-regional recurrence. In the present study, we investigated the prognostic po-
tential of stromal characteristics.
Methods: Hematoxylin and eosin stained slides from 211 DCIS patients were reviewed. The following
histological features were dichotomously assessed: nuclear grade, DCIS architecture, presence of ne-
crosis, intraductal calcifications, stromal inflammation and myxoid stromal architecture. Loco-regional
recurrences constituted the primary endpoint. Results: Cox regression analysis showed that high nu-
clear grade, myxoid stromal architecture and moderate to extensive stromal inflammation were signif-
icantly associated with decreased recurrence-free survival, independent of radiotherapy. Based on these
features, a combined risk score (CRS) was calculated, ranging from zero to three. A high CRS of three was
associated with significantly shorter recurrence-free survival. Nineteen patients had a CRS of three, of
which three relapsed (15.7%), whereas only one out of 113 patients with a CRS of zero relapsed (0.9%).
Conclusions: We were able to validate our previously reported findings regarding the prognostic po-
tential of myxoid periductal stroma in an independent DCIS patient cohort. A CRS based on nuclear grade,
myxoid stromal architecture and stromal inflammation might facilitate discrimination of low risk from
high risk patients. Consequently, the CRS may tailor adjuvant therapy. Future research should investigate
whether radiotherapy can be safely omitted in patients with a low CRS.
© 2018 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical
Oncology. All rights reserved.

Abbreviations: BCS, breast-conserving surgery; Cl, confidence interval; CRS, combined risk score; DCIS, ductal carcinoma in situ; HR, hazard ratio; ER, estrogen receptor;

TILs, tumor-infiltrating lymphocytes.
* Corresponding author. Department of Pathology, Erasmus MC, P.O. Box 2040, 3000 CA, Rotterdam, the Netherlands.
E-mail address: m.vanbockstal@erasmusmc.nl (M. Van Bockstal).

https://doi.org/10.1016/j.ejs0.2018.11.005
0748-7983/© 2018 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical Oncology. All rights reserved.


mailto:m.vanbockstal@erasmusmc.nl
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejso.2018.11.005&domain=pdf
www.sciencedirect.com/science/journal/07487983
www.ejso.com
https://doi.org/10.1016/j.ejso.2018.11.005
https://doi.org/10.1016/j.ejso.2018.11.005
https://doi.org/10.1016/j.ejso.2018.11.005

M. Van Bockstal et al. / European Journal of Surgical Oncology 45 (2019) 550—559 551

Introduction

Ductal carcinoma in situ (DCIS) constitutes a heterogeneous
group of pre-invasive lesions, which are considered to be non-
obligatory precursors of invasive breast cancer of no special type
[1,2]. Despite decades of research, there are currently no unequiv-
ocal prognostic markers that allow adequate recurrence risk
stratification and individualized treatment. Consequently, most
patients who undergo breast-conserving surgery (BCS) are irradi-
ated post-operatively [3]. Adjuvant hormonal therapy is considered
for patients with estrogen receptor-positive DCIS. Since the ma-
jority of patients is treated after diagnosis, data on natural behavior
of DCIS are scarce. Most information on natural progression is
derived from limited series of patients with unresected DCIS, either
because of initial misdiagnosis, or because patients declined or
were unfit for surgery [4—6]. Since autopsy studies have shown that
DCIS is often present at the moment of non-breast cancer-related
death, concerns have been raised about patients currently being
over-treated [2].

Trials were initiated to investigate whether active surveillance
of non-high grade DCIS is not inferior to current standards of care
[7—9]. Inclusion based on nuclear grade might be a possible
weakness of these non-inferiority trials, as it was recently shown
that low and intermediate grade DCIS diagnosed on core biopsy
yield a significant chance of being upgraded towards invasive
cancer after subsequent surgery [10]. Patients with unresected
DCIS were shown to have substantially increased risks for devel-
oping ipsilateral invasive breast cancer, regardless the nuclear
grade of the initial DCIS [4—6]. The median interval whereupon
patients with low and intermediate grade DCIS develop invasive
cancer, is generally longer than for patients with high grade DCIS
[4]. Given the considerable life expectancy of most DCIS patients,
we should not neglect this long-term relapse risk. We therefore
hypothesize that active surveillance trials would benefit from
additional prognostic markers to refine risk stratification. Nuclear
grade might be considered a rough indicator of prognosis, but
additional markers are required to identify patients who are truly
at high risk for developing invasive breast cancer. Ideally, risk
stratification should be based on multiple robust and reproducible
histopathological features.

We previously identified myxoid stromal architecture as a
promising prognostic marker for loco-regional recurrence [11]. In
the present study, we validated the prognostic potential of myxoid
stroma in a larger, independent DCIS patient cohort. We previously
determined specific cut-offs for dichotomous assessment of histo-
pathological features in DCIS, which resulted in high inter-observer
concordance among thirteen pathologists [12]. We applied these
cut-offs for 2-tier assessment in the present study to explore their
value in recurrence risk stratification.

Materials & methods
Patients and tissue specimens

Retrospective investigations were performed on a cohort of 462
consecutive patients diagnosed with pure DCIS. All women un-
derwent breast-conserving surgery (BCS; i.e. lumpectomy) at the
Leuven University Hospitals (Leuven, Belgium) between January
1st 2000 and December 31st' 2009. Follow-up and patient data
included the following: radiotherapy, hormonal therapy, DCIS size,
margin status, estrogen receptor (ER) status, age at diagnosis, date
of diagnosis, date of loco-regional recurrence. Margin status was
classified into three categories according to the Van Nuys

prognostic index [13]. Hormonal therapy encompassed treatment
with selective ER-modulators or aromatase inhibitors of any
duration.

Outcome included local (ipsilateral DCIS and/or invasive can-
cer) and regional recurrence (tumor in ipsilateral axillary, supra-
clavicular or internal mammary lymph nodes) [11,14,15]. Loco-
regional recurrence comprised lesions occurring at least 6
months after initial BCS [11,14]. Contralateral breast cancer was
not considered as loco-regional recurrence. Information on
outcome was retrieved from electronic patient reports. Inclusion
in this study required minimum follow-up of 24 months,
regardless the development of relapse within these first 24
months of follow-up (i.e. patients who recurred after the first six
months but within the first 24 months of follow-up were not
excluded). Exclusion criteria were follow-up <24 months, treat-
ment by mastectomy or BCS followed by mastectomy within 6
months, male sex, a history of ipsilateral breast cancer and pri-
mary BCS elsewhere with surgery for subsequent recurrence in
the Leuven University Hospitals (Figure A.1). All data were coded
anonymously. This study was approved by the local ethics com-
mittee (556265/ML10212) and complied with the REMARK
Guidelines [16].

Histopathological re-evaluation

For each case, all hematoxylin and eosin stained slides were
retrieved from the archives of the department of pathology,
Leuven University Hospitals. All slides were reviewed and the
following histopathological features were registered: nuclear
grade, calcifications, necrosis, DCIS architecture, stromal inflam-
mation and stromal architecture. Histopathological assessment
was performed dichotomously, since we have previously shown
that dichotomous assessment results in substantially lower inter-
observer variability [12]. Nuclear grade was assessed according to
the ASCO/CAP protocol [17], and dichotomized as non-high versus
high nuclear grade. Intraductal calcifications were scored as ab-
sent or present. Necrosis was categorized semi-quantitatively as
absent or single cell necrosis versus any amount of comedonec-
rosis, since we have shown this cut-off is most robust for 2-tier
assessment [12]. DCIS architecture was assessed as predomi-
nantly solid or non-solid, since predominantly (>50%) solid ar-
chitecture was shown to be associated with increased recurrence
risk [18]. Periductal stromal inflammation was assessed semi-
quantitatively as absent or mild versus moderate or extensive,
as previously reported [11,19]. In the former, the stroma contains
no or only few loosely arranged inflammatory cells without
lymphoid aggregates (Figure A.2). In the latter, the periductal
stroma contains aggregates of inflammatory cells, with or without
lymphoid follicle formation. Periductal stromal architecture was
classified dichotomously as <33% or >33% of affected ducts sur-
rounded by myxoid stroma, since we have previously shown that
this cut-off is most robust [12]. Myxoid stroma was defined as
previously described [20], i.e. loosely arranged collagen fibers
interspersed with an amorphous, slightly basophilic substance.
Sclerotic stroma has a regular dense appearance, similar to con-
nective tissue distant of the lesion (Figure A.2) [11,20].

Statistics

Data were analyzed using IBM SPSS 25.0 software (Chicago, IL,
USA). Descriptive statistics for all continuously assessed variables
(patient age at diagnosis, DCIS size) were determined and
included arithmetic mean, standard deviation, minimum and
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maximum value. Recurrence-free survival was defined as time
from primary diagnosis to diagnosis of loco-regional recurrence
(expressed in months) and constituted the primary endpoint.
Follow-up was censored at the last clinical contact or at the date of
(non-breast cancer-related) death. Kaplan-Meier survival plots
were generated. Cox regression analysis was used to determine
hazard ratios (HR) and 95% confidence intervals (95% CI) for all
clinicopathological variables in relation to time to recurrence. All
parameters were included in Cox multiple regression analysis
with application of the stepwise backward method (i.e. consecu-
tively excluding the variable with the highest p-value and
broadest 95% CI, until only those variables remained that were
significantly associated with recurrence-free survival). All clini-
copathological features were included separately in models with
correction for radiotherapy. Cumulative survival of these models
was compared. All tests were two-sided and p<0.05 was
considered statistically significant.

Results
Patient and disease characteristics

According to the aforementioned inclusion criteria, 211 of 462

identified DCIS patients were eligible (Figure A.1). Median age at
diagnosis was 56 (range 25—81). Median follow-up time amoun-
ted 124 months (range 24—199) for the entire cohort. Median
disease-free survival was 125 months (range 24—199) for patients
without recurrence and 54 months (range 12—161) for patients
with recurrence. Nine patients (4,3%) did not receive radiotherapy.
Hormonal treatment was given to 128 patients (62,7%). Informa-
tion on irradiation and hormonal therapy was lacking for one
patient. ER status was known in 146 patients (69,1%), of which 122
(83,6%) had ER-positive DCIS. Seven patients (3,3%) developed
ipsilateral local recurrence, of which two showed invasive (0,9%)
and five in situ recurrence (2,4%). Ipsilateral regional lymph node
metastases without local recurrence were not registered.

Clinicopathological features and time to overall loco-regional
recurrence

Table 1 provides an overview of all clinicopathological features
in relation to overall loco-regional recurrence. DCIS size and margin
status were unknown in 6 and 11 patients, respectively. Age at
diagnosis, DCIS size and margin status were not significantly
associated with time to overall loco-regional recurrence (p > 0.05).
Radiotherapy (p=0.003) and hormonal treatment (p=0.042)

Table 1
Clinicopathological characteristics in relation to time to locoregional recurrence, as determined by single variable Cox regression survival analysis.
No recurrence (n = 204) Recurrence (n=7) HR 95% CI p-value
Median (range) Median (range)
Patient age (years) 57 (25—81) 56 (33—63) 0,953 0,880—1,032 0,238
DCIS size (mm) 20 (1-90) 36 (20—40) 1,026 0,988—1,065 0,181
No recurrence n (%) Recurrence n (%) HR 95% ClI p-value
Radiotherapy
Irradiation 196 (97,5) 5(2,5)
No irradiation 7(77,8) 2(22,2) 12,697 2,312—69,740 0,003*
Unknown 1(100) 0(0)
Hormonal therapy
Treated 127 (99,2) 1(0,8)
Untreated 76 (92,7) 6(7,3) 9,026 1,082—-75,319 0,042*
Unknown 1(100) 0(0)
Estrogen receptor status
Positive 121 (99,2) 1(0,8)
Negative 22 (91,7) 2(8,3) 11,576 1,047—128,032 0,046
Unknown 61 (93,8) 4(6,2) 5,255 0,565—48,861 0,145
Margin status
>10 mm 15 (100) 0(0)
1-9 mm 108 (98,2) 2(1,8) 0,000 <0,001 - o 0,991
<1mm 72 (96,0) 3(4,0) 0,502 0,083—3,040 0,453
Unknown 9(82,0) 2(18,0)
Nuclear grade
Non-high 140 (98,6) 2(14)
High 64 (92,8) 5(7,2) 5,392 1,043-27,886 0,044*
Calcifications
Absent 66 (98,5) 1(1,5)
Present 138 (95,8) 6(4,2) 2,671 0,321-22,204 0,363
Necrosis
Absent/single cell 93 (98,9) 1(1,1)
Focal/extensive 111 (94,9) 6 (5,1) 5,365 0,644—44,676 0,120
DCIS architecture
Non-solid 129 (96,3) 5(3,7)
Solid 75 (97,4) 2(2,6) 0,747 0,143-3,892 0,729
Stromal architecture
Sclerotic 173 (98,3) 3(1,7)
Myxoid 31(88,6) 4(11,4) 6,569 1,467—29,423 0,014*
Stromal inflammation
Absent/mild 149 (98,7) 2(1,3)
Moderate/extensive 55(91,7) 5(83) 7,029 1,355—36,466 0,020*

CI: confidence interval; DCIS: ductal carcinoma in situ; HR: hazard ratio.
* Statistically significant.
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Fig. 1. Longer recurrence-free survival after treatment with radiotherapy and hormonal therapy. Radiotherapy (A) and hormonal therapy (B) are significantly associated with
recurrence-free survival in DCIS patients treated with breast-conserving surgery, as determined by single variable Cox regression survival analysis. The number of patients at risk are
included below each Kaplan-Meier plot for each specified subgroup and for each time interval (in months).

were significantly associated with increased time to overall loco-
regional recurrence (Fig. 1). Intraductal calcifications, solid DCIS
architecture and necrosis were not significantly related to time to
overall loco-regional recurrence (p > 0.05). Moderate to extensive
stromal inflammation (p =0.020), myxoid periductal stromal ar-
chitecture (p=0.014), high nuclear grade (p=0.044) and ER-
negativity (p =0.046) were significantly associated with shorter
time to loco-regional recurrence (Fig. 2). The limited number of
overall recurrences precluded further analysis to investigate the
prognostic potential of histopathological features for invasive or in
situ recurrence only.

Cox multiple regression analysis and predictive modelling

Cox single variable regression analyses showed radiotherapy to
be the strongest prognosticator for time to overall recurrence-free
survival. Therefore, we aimed to investigate whether hormonal
therapy, ER status, stromal inflammation, stromal architecture and
nuclear grade remained significantly associated with time to
overall recurrence after correction for irradiation (Table 2). After
adjustment for radiotherapy, hormonal treatment was no longer
associated with recurrence-free survival (p > 0.05). High nuclear
grade (p = 0.043), ER-negativity (p = 0.020), moderate to extensive
stromal inflammation (p = 0.014) and myxoid stromal architecture
(p=0.025) remained significantly associated with decreased
recurrence-free survival, irrespective of radiotherapy.

Next, all clinicopathological characteristics significantly asso-
ciated with time to loco-regional recurrence in Cox single regres-
sion analysis were entered into one model. Following the stepwise

backward method, one variable at a time was excluded until a
model was obtained in which each feature showed a statistically
significant relationship with time to overall loco-regional recur-
rence. This model only comprised radiotherapy and stromal
inflammation.

Combined risk score

Firstly, stromal architecture and stromal inflammation were
combined into one 4-tier variable: 1) a reference category of ab-
sent to mild (i.e. low) stromal inflammation with sclerotic stroma,
2) low stromal inflammation with myxoid stroma, 3) moderate to
extensive (i.e. high) stromal inflammation with sclerotic stroma,
and 4) high stromal inflammation with myxoid stroma. Only the
latter category was significantly associated with shorter
recurrence-free survival when compared with the reference
category, irrespective of radiotherapy (Table 3; Fig. 3A). ER status
was not significantly associated with recurrence-free survival in
this model.

Secondly, a combined risk score (CRS) was calculated, by adding
the scores of nuclear grade, stromal architecture and stromal
inflammation together. ER status was omitted from the CRS as it
was unknown in 31% of this patient cohort. Non-high nuclear
grade, absent to mild stromal inflammation and sclerotic stromal
architecture were each scored as 0. High nuclear grade, moderate
to extensive stromal inflammation and myxoid stromal architec-
ture were each scored as 1. Scores were added up for each DCIS,
resulting in a new 4-tier variable named CRS, ranging from 0 to 3. A
CRS of zero was found in 113 patients, of which one relapsed (0.9%).
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Fig. 2. Nuclear grade, stromal architecture and stromal inflammation are prognostic markers. High nuclear grade (A), myxoid stromal architecture (B) and moderate to
extensive stromal inflammation (C) are significantly associated with shorter recurrence-free survival in DCIS patients treated with breast-conserving surgery, regardless the effect of
radiotherapy, as determined by Cox regression survival analysis. The number of patients at risk are included below each Kaplan-Meier plot for each specified subgroup and for each

time interval (in months).

Fifty-one patients had a CRS of one, of which one relapsed (2.0%;
95%Cl 0,139—35,578). Twenty-eight patients had a CRS of two, of
which two patients relapsed (7.1%; 95%CI 0,992—125,741). Nine-
teen patients had a CRS of three, of which three relapsed (15.8%;
95%CI 1,699—163,304). Cox regression analysis without and with
correction for radiotherapy was performed (Fig. 3B). ACRS of three
was significantly associated with recurrence-free survival,
regardless the effects of radiotherapy (p =0.016). A CRS of one or
two was not significantly associated with disease-free survival as
compared with a CRS of zero, which was used as a reference cate-
gory (Table 3).

Discussion

In this retrospective longitudinal cohort study of 211 BCS-
treated DCIS patients, we observed an overall low recurrence rate
of 3.3% after a median follow-up of 124 months, which was likely
due to radiotherapy since most patients were irradiated. Similar
low long-term recurrence rates have been reported by others [21],
and could be used as a guideline in future trials investigating non-
inferiority of alternative treatments.

Radiotherapy, nuclear grade, ER status, stromal architecture and
stromal inflammation were identified as prognosticators for overall
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Clinicopathological characteristics in relation to time to locoregional recurrence
with adjustment for effects of radiotherapy, as determined by dual variable Cox

regression survival analysis.
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HR 95% CI p-value

Radiotherapy 6,250 1,079-36,198 0,041*
Hormonal therapy 6,517 0,731-58,090 0,093
Radiotherapy 16,509 1,569—-173,684 0,020*
Margin status

>10mm

1-9 mm <0,001 <0,001-c0 0,991

<1 mm 0,387 0,059—2546 0,323
Radiotherapy 21,071 3,045—-145,829 0,002*
Estrogen receptor status

Positive

Negative 20,661 1,604—266,192 0,020*

Unknown 5,036 0,548—46,319 0,153
Radiotherapy 13,281 2,360-74,737 0,003*
Nuclear grade 5,535 1,057—28,973 0,043*
Radiotherapy 13,773 2,474—76,689 0,003*
Calcifications 2,953 0,353—24,709 0,318
Radiotherapy 23,618 3,906-142,820 0,001*
Necrosis 8,622 0,959-77,532 0,055
Radiotherapy 12,819 2,327-70,620 0,003*
DCIS architecture 0,730 0,140-3,820 0,710
Radiotherapy 9,856 1,774-54,751 0,009*
Stromal architecture 5,627 1,239-25,552 0,025*
Radiotherapy 15,732 2,776—89,161 0,002*
Stromal inflammation 8,075 1,526—-42,727 0,014*

CI: confidence interval; DCIS: ductal carcinoma in situ; HR: hazard ratio.

* Statistically significant.

Table 3

loco-regional recurrence. High nuclear grade, ER-negativity, myx-
oid stroma and moderate to extensive stromal inflammation were
each significantly associated with shorter recurrence-free survival,
irrespective of radiotherapy. We were therefore able to validate our
previously reported findings in a larger, independent DCIS cohort
[11]. Myxoid stroma is associated with lymph node metastasis and
decreased disease-free survival in colorectal cancer [22,23], but it is
a relatively unknown feature in breast cancer. Wernicke et al. re-
ported a significant correlation between myxoid stroma and axil-
lary lymph node metastasis in invasive breast cancer [24]. To our
knowledge, no other studies on the prognostic role of myxoid
stroma in DCIS have been reported, although myxoid periductal
stroma in DCIS can often be perceived in microphotographs in a
plethora of published reviews and studies [1,25—27]. It seems that
myxoid stroma has been strikingly overlooked during the past
decades, implying that conventional HE slides might yield more
prognostic information than previously expected [20].

The role of stromal inflammation in breast cancer has been
more intensively studied, although reports on tumor-infiltrating
lymphocytes (TILs) in DCIS are limited. Pinder et al. reported a
significant association between stromal inflammation and
increased recurrence risk in DCIS, but detailed definitions for its
assessment were omitted [18]. Contrariwise, Pruneri et al. were
the first to provide a detailed definition of the assessment of TILs
in an extensive DCIS cohort, but they were not able to demon-
strate its prognostic value for recurrence risk [28]. However, this
might have been due to the relatively shorter follow-up time or to
differences in assessment, since TILs were quantified as a per-
centage according to the proposal of the International Immuno-
Oncology Biomarker Working Group [29]. Toss et al. compared
seven different methods for assessment of TILs and demonstrated
that evaluation as percentage was practically challenging and
showed poor inter-observer concordance [30].

We previously observed substantial inter-observer concordance

Combined stromal features (model 1) and the combined risk score (CRS; model 2) in relation to time to locoregional recurrence, with adjustment for the effects of radiotherapy,
as determined by dual variable Cox regression survival analysis.

No recurrence (n=204) n (%) Recurrence (n=7) n (%) HR 95% CI p-value
MODEL 1
Radiotherapy
Irradiation 196 (97,5) 5(2,5)
No irradiation 7(77,8) 2(22,2) 14,329 2,499—82,156 0,003*
Unknown 1(100) 0(0)
Combined stromal features
Sclerotic + low inflammation 138 (98,6) 2(1,4)
Myxoid + low inflammation 11 (100) 0(0) 0,000 0,000 - 0,988
Sclerotic + high inflammation 35(97,2) 1(2,8) 2,683 0,238—30,219 0,424
Myxoid + high inflammation 20(83,3) 4(16,7) 11,967 2,165—66,133 0,004*
MODEL 2
Radiotherapy
Irradiation 196 (97,5) 5(2,5)
No irradiation 7 (77,8) 2(22,2) 13,004 2,276—-163,304 0,004*
Unknown 1 (100) 0(0)
Combined risk score
Score 0 112 (99,1) 1(0,9)
Score 1 50 (98,0) 1(0,2) 2,221 0,139—-35,578 0,573
Score 2 26 (92,9) 2(7,1) 11,169 0,992—125,741 0,051
Score 3 16 (84,2) 3(15,8) 16,658 1,699—-163,304 0,016*

CI: confidence interval; HR: hazard ratio.

* Statistically significant.
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Fig. 3. Combined stromal features and the combined risk score (CRS) predict prognosis in ductal carcinoma in situ (DCIS). The combined stromal features (A), i.e. stromal
architecture and inflammation, are significantly associated with time to loco-regional recurrence in DCIS patients treated with breast-conserving surgery, regardless the effect of
radiotherapy, as determined by Cox regression survival analysis. The CRS (B) is based on nuclear grade, stromal architecture and stromal inflammation, and ranges from 0 to 3. The
CRS is significantly associated with time to loco-regional recurrence in DCIS patients treated with breast-conserving surgery, regardless the effects of radiotherapy, as determined by
Cox regression survival analysis. The number of patients at risk is indicated below the Kaplan-Meier plot, and is specified for each subgroup and for each time interval (in months).

when stromal inflammation was assessed dichotomously [12].
From a scientific point of view, the major disadvantage of dichot-
omous histopathological assessment is the inherent loss of infor-
mation. However, this tentative information loss does not outclass
the advantage of high reproducibility of a risk stratification tool
with clinical utility. After all, prognosticators for DCIS should be
robust since they influence clinical decision-making. Ultimately,
clinical decision-making is often dichotomous too (BCS versus
mastectomy, post-operative irradiation versus no radiotherapy,
etcetera), and would therefore benefit from a straightforward and
robust aid for recurrence risk stratification.

Genomic and molecular studies provide an additional argument

in favor of dichotomous histopathological assessment, since it is
possible to discern a low- and high-grade pathway in breast cancer
development [1,31,32]. Moreover, gene expression profiles
corroborate 2-tier histopathological grading of DCIS, indicating a
dichotomous grading scheme for DCIS at the molecular level [33].
There seems to be insufficient molecular evidence to support an
“intermediate” grade among DCIS lesions. We therefore think the
time is right to abandon 3-tier grading in DCIS and to adopt a 2-tier
grading system, analogous to the binary grading schemes that are
already used to classify gastro-intestinal dysplasia, non-invasive
papillary urothelial carcinomas, and vulvar and cervical intra-
epithelial neoplasia (low-grade versus high-grade squamous
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intra-epithelial lesions).

Since we demonstrated here that 2-tier histopathological
assessment can be used to discern low-risk from high-risk DCIS
patients for overall recurrence, it would be worthwhile to further
explore dichotomous risk stratification by validation of the CRS in
larger cohorts, taking also into account hormone receptor status,
DCIS size, resection margins and patient age. Although the latter are
part of the Van Nuys prognostic index [13], we were not able to
demonstrate their prognostic value in this cohort. This might have
been due to the low number of overall recurrences in this cohort, or
due to lack of power as DCIS size and margin status were not known
for each patient.

The limited number of invasive recurrences in this cohort
precluded further investigation of prognosticators for identifica-
tion of patients at risk for developing invasive breast cancer. This
remains one of the biggest challenges for future management of
DCIS patients, especially when active surveillance might be
considered [10]. It is of interest to investigate whether the CRS can
discriminate patients at risk for invasive recurrence, since it has
been shown that stromal inflammation in core biopsies with pure
DCIS predicts the presence of invasive carcinoma in subsequent
resection specimens [34—37]. Seventy-five percent of micro-
invasive carcinomas presents with stromal inflammation [38].
Moreover, Alexander et al. have shown that nuclear grade alone is
probably insufficient to predict an associated invasive component
when DCIS is diagnosed on core biopsy, as about half of the DCIS
that were upgraded to invasive cancer in the subsequent resection
specimen showed non-high grade nuclear atypia [10]. Therefore,
the CRS should also be determined in core biopsies with pure
DCIS, to investigate whether it can predict invasive carcinoma in
subsequent resection specimens. This is of particular importance
as active surveillance is currently investigated in several non-
inferiority trials [7—9].

We hypothesize that stromal changes are likely to reflect the
ability of DCIS to evolve into frankly invasive breast cancer.
Increased stromal inflammation might be attracted by an increased
mutational load of some DCIS, which evokes immune responses by
causing neo-antigen formation [39]. Stromal inflammatory cells
may co-operate with cancer-associated fibroblasts in the periductal
stroma to prepare the peri-tumoral microenvironment for subse-
quent invasion [40].

Conclusions

We advocate 2-tier histopathological assessment for recurrence
risk stratification after BCS for DCIS, since we have shown its
prognostic potential in this retrospective longitudinal cohort of 211
patients. We propose a combined risk score (CRS) to discern low
risk from high risk patients, based on the presence of moderate to
extensive stromal inflammation, myxoid stromal architecture and
high nuclear grade. Future research should validate this CRS pro-
spectively to investigate whether radiotherapy can be safely
omitted in patients who are at low risk for developing recurrence.
Accordingly, the CRS might aid to tailor future treatment of DCIS
patients.
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Appendix

Assessed for eligibility (n =462 )

Excluded because not meeting inclusion

criteria (n = 251)

* Follow-up < 24 months (n=9)

* Treated with mastectomy (n = 217)

* Male sex (n=4)

* History of ipsilateral breast cancer (n = 16)

* Initial breast-conserving surgery
elsewhere (n =5)

Eligible for retrospective study (n =211)

Figure A.1. Flow chart with exclusion criteria for this retrospective study. This flow
chart indicates the number of eligible patients, the number of excluded patients
because of not meeting the inclusion criteria, and the number of included patients in
the final retrospective study.
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Figure A.2. The spectrum of stromal inflammation and stromal architecture in ductal carcinoma in situ (DCIS). These photomicrographs (original magnification 100x) of HE
stainings illustrate DCIS with predominantly sclerotic stroma and no or mild stromal inflammation (A, B), DCIS with predominantly myxoid periductal stroma and no or mild
stromal inflammation (C, D), and DCIS with predominantly myxoid periductal stroma and moderate to extensive stromal inflammation (E, F).2

Appendix A. Supplementary data

Supplementary data to this article can be found online at

https://doi.org/10.1016/j.ejs0.2018.11.005.
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