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PERSPECTIVE

Systematic assessment of HER2 status 
in ductal carcinoma in situ of the breast: 
a perspective on the potential clinical relevance
Mieke R. Van Bockstal1,2*  , Jelle Wesseling3,4,5  , Ester H. Lips3  , Marjolein Smidt6  , Christine Galant1,2   and 
Carolien H. M. van Deurzen7*   

Abstract 

In many countries, hormone receptor status assessment of ductal carcinoma in situ (DCIS) is routinely performed, 
as hormone receptor-positive DCIS patients are eligible for adjuvant anti-hormonal treatment, aiming to reduce 
the ipsilateral and contralateral breast cancer risk. Although HER2 gene amplification and its associated HER2 
protein overexpression constitute a major prognostic and predictive marker in invasive breast carcinoma, its use 
in the diagnosis and treatment of DCIS is less straightforward. HER2 immunohistochemistry is not routinely per-
formed yet, as the role of HER2-positivity in DCIS biology is unclear. Nonetheless, recent data challenge this practice. 
Here, we discuss the value of routine HER2 assessment for DCIS. HER2-positivity correlates strongly with DCIS grade: 
around four in five HER2-positive DCIS show high grade atypia. As morphological DCIS grading is prone to interob-
server variability, HER2 immunohistochemistry could render grading more robust. Several studies showed an associa-
tion between HER2-positive DCIS and ipsilateral recurrence risk, albeit currently unclear whether this is for overall, 
in situ or invasive recurrence. HER2-positive DCIS tends to be larger, with a higher risk of involved surgical margins. 
HER2-positive DCIS patients benefit more from adjuvant radiotherapy: it substantially decreases the local recurrence 
risk after lumpectomy, without impact on overall survival. HER2-positivity in pure biopsy-diagnosed DCIS is associated 
with increased upstaging to invasive carcinoma after surgery. HER2 immunohistochemistry on preoperative biopsies 
might therefore provide useful information to surgeons, favoring wider excisions. The time seems right to consider 
DCIS subtype-dependent treatment, comprising appropriate local treatment for HER2-positive DCIS patients and de-
escalation for hormone receptor-positive, HER2-negative DCIS patients.
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Introduction
Ductal carcinoma in  situ (DCIS) is regarded as a non-
obligate precursor lesion of invasive breast carcinoma 
(IBC), with marked heterogeneity at the morphologi-
cal, immunohistochemical and molecular level [1]. His-
topathological grading of DCIS is prone to substantial 
interobserver variability, with kappa statistics ranging 
from 0.27 to 0.67, irrespective of the classification system 
used [2]. Notwithstanding the histological grade, most 
DCIS patients are uniformly treated, either by lumpec-
tomy and radiotherapy or by mastectomy, depending 
on the tumor size and the breast size, and ultimately, 
the patients’ preferences. In several countries, national 
guidelines recommend hormone receptor status assess-
ment since adjuvant treatment with tamoxifen or aro-
matase inhibitors in hormone receptor-positive DCIS 
reduces both the ipsilateral recurrence risk and the con-
tralateral breast cancer risk [3–5]. However, systematic 
immunohistochemistry (IHC) for estrogen receptor (ER), 
progesterone receptor (PR) and HER2 for so-called ‘sur-
rogate molecular subtyping’ is currently only performed 
for IBC. In particular, the HER2 status in DCIS is not 
routinely assessed yet, because its role in tumor biology 
is unclear and there seems to be no substantial clinical 
impact so far. In the present ‘perspective’, we discuss why 

it could be useful to add HER2 assessment to hormone 
receptor status assessment in the pre-operative DCIS 
work-up. Figure  1 provides an overview of all potential 
advantages and disadvantages of systematic IHC of ER, 
PR and HER2 in DCIS. We address this issue through 
several questions, most of them still debated, which 
could help stimulate research efforts in these different 
fields, and pave the way towards a DCIS subtype-depend-
ent treatment. This perspective article does not comprise 
an exhaustive systematic review nor meta-analysis, but 
we aimed to provide an evidence-based plea for routine 
implementation of HER2 IHC in DCIS.

Why is DCIS more often HER2‑positive than IBC?
HER2 gene amplification and its associated HER2 pro-
tein overexpression occur in around 14% of IBC [6], 
wherein it correlates with aggressive behavior and poor 
prognosis in the absence of targeted therapy. As such, 
HER2-positivity constitutes an important predictive 
marker for anti-HER2 drugs [7]. Paradoxically, HER2-
positivity is much more common in DCIS (Fig. 2), with a 
prevalence ranging from 27 to 35% in several large study 
cohorts [8–12]. If DCIS would be an obligate precursor 
for IBC, one would expect a similar prevalence of HER2-
positivity in both invasive and in  situ carcinoma, since 

Fig. 1 Strength, Weakness, Opportunity and Threat (SWOT) analysis for systematic immunohistochemistry in DCIS. Routine assessment of hormone 
receptor status and HER2 protein expression by systematic immunohistochemical analysis in DCIS could increase interobserver concordance 
of DCIS grading. HER2 status may be used to personalize treatment, with de-escalation of therapy in HER2-negative DCIS patients
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Fig. 2 Example of a HER2-positive DCIS. Hematoxylin and eosin stain of an intermediate grade ductal carcinoma in situ (DCIS), surrounded 
by myxoid stroma (A). This DCIS shows no nuclear estrogen receptor expression (B) and diffuse strong circumferential membrane staining for HER2 
(C). Original magnification 100x
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HER2-positivity embodies a survival benefit for can-
cer cells [11]. The marked difference in HER2-positivity 
rates between DCIS and IBC implies that HER2 ampli-
fication is an early oncogenic event, acting as a driver of 
neoplastic cell proliferation rather than as an instigator 
of transition from in situ to invasive carcinoma [13]. An 
accumulation of other (yet unknown) oncogenic events, 
possibly in association with tumor microenvironmen-
tal factors, might subsequently trigger the transition to 
invasion [14–16]. An additional argument favoring the 
‘driver theory’ is the high rate (> 90%) of HER2-positiv-
ity in mammary Paget’s disease, suggesting that HER2 is 
essential for intraductal and intraepithelial spread of the 
neoplastic cells [17].

An alternative theory suggests that HER2-negative sub-
clones containing other oncogenic drivers outgrow the 
HER2-positive DCIS cells, eventually resulting in HER2-
negative IBC. This ‘negative selection’ phenomenon was 
observed in patients with clonally related HER2-positive 
DCIS and HER2-negative ipsilateral invasive recurrence 
within a genomic analysis by the Grand Challenge PRE-
CISION Consortium [18]. The explanation of the HER2 
paradox in breast cancer is limited to theories deduced 
from observational, mostly retrospective data. Further 
studies are required to fully elucidate this discrepancy.

Is HER2‑positive DCIS associated with an increased 
risk of subsequent IBC?
The natural history of DCIS is poorly understood, as 
most patients undergo surgery after its diagnosis, which 
prevents to study its natural course [1]. Data on the pro-
gression risk of DCIS to IBC are retrospectively derived 
from women who were diagnosed with DCIS but who did 
not undergo (immediate) surgery for variable reasons, 

such as the Forget-Me-Not 1 and 2 studies [19, 20]. This 
specific patient population, often presenting comorbidi-
ties, renders such studies prone to bias. Interestingly, the 
10  year cumulative risk of ipsilateral IBC in the Forget-
Me-Not 2 study was not substantially different between 
intermediate and high grade DCIS, although it was sig-
nificantly lower for low grade DCIS [19]. The HER2 
status was not available in this study, but larger DCIS 
size was associated with increased ipsilateral IBC risk, 
regardless of DCIS grade [19]. As HER2-positive DCIS 
are generally larger than HER2-negative DCIS (Table 1) 
[7, 11, 12, 21–24], it could be worthwhile to retrospec-
tively determine the HER2 status in the Forget-Me-Not 2 
study, to investigate its association with subsequent ipsi-
lateral IBC. Interestingly, retrospective HER2 IHC within 
the patient cohort of the UK/ANZ DCIS randomized 
trial demonstrated that HER2-positive DCIS were more 
frequently associated with ipsilateral recurrence than 
HER2-negative DCIS (30.2% versus 15.2%, respectively), 
but these recurrences were less often IBC (28.4% ver-
sus 46.5%, respectively) [12]. In other words, the risk of 
ipsilateral recurrence is much higher in HER2-positive 
DCIS, but once ipsilateral recurrence occurs, it is less 
likely to be IBC [12].

As for the use of HER2 status as a prognostic marker 
for the overall ipsilateral recurrence risk after surgery, 
the presently available data are contradictory [25]. Some 
studies identified a correlation between HER2-positive 
DCIS and increased ipsilateral in  situ recurrence risk 
[7, 8], whereas others observed an association between 
HER2-positive DCIS and increased ipsilateral invasive 
recurrence risk (Table 2) [7, 8, 11, 12, 26–34]. Available 
literature on this topic has been recently reviewed by 
Garg and Thorat [35], and by Akrida and Mulita [25]. The 

Table 1 HER2 status generally correlates with DCIS size, with HER2-positive DCIS often being larger than HER2-negative DCIS in most 
studies

DCIS ductal carcinoma in situ, HR hormone receptor, lum luminal, neg negative, pos positive, TN triple negative

References Publication year Total number 
of DCIS lesions 
included

Size HER2- DCIS
(mm)

Size HER2 + DCIS
(mm)

Reported p value 
(univariate analysis)

Van Bockstal et al. [22] 2014 89 30.9 ± 34.6 29.6 ± 23.8 0.544

Borgquist et al. [7] 2015 409 22.8% of DCIS > 25 mm 38.7% of DCIS > 25 mm 0.002

Williams et al. [20] 2015 314 Lum A: 15.8
TN: 15.0

HR + : 20.0
HR-: 24.5

0.005

Miligy et al. [23] 2019 646 119 (23%) are larger 
than 40 mm

47 (37%) are larger 
than 40 mm

 < 0.0001

Thorat et al. [12] 2021 713 Median size HER2 IHC 0/1 + : 
13.8 mm
Median size HER2 IHC 2 + : 
13.5 mm

Median size: 16 mm 0.0001

O’Keefe et al. [11] 2021 1540 26% of DCIS is > 15 mm 33% of DCIS is > 15 mm 0.0142

Yang et al. [24] 2022 5.628 72% of DCIS is < 16 mm 64% of DCIS is < 16 mm  < 0.001
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lack of a significant association between HER2 status and 
ipsilateral recurrence risk is likely due to lack of power, as 
many retrospective studies were performed on cohorts of 
limited size. Many studies were therefore unable to per-
form reliable multivariable analysis. However, treatment-
related confounding in real-world cohorts, outside the 
clinical trial setting, probably plays an important role as 
well, given the important radiotherapy benefit observed 
in HER2-positive DCIS [12, 35]. When adjuvant therapy 
is not randomly allocated, HER2-positive DCIS are much 
more likely to be irradiated, since these lesions more fre-
quently present with unfavorable histopathological char-
acteristics, such as high nuclear grade, large size, and 
necrosis [7, 21, 22, 35]. Without knowledge of the pre-
treatment HER2 status, real-world DCIS patient cohorts, 
either prospectively or retrospectively investigated, suf-
fer from a substantial treatment bias [35]. Future routine 
HER2 assessment could lower the threshold for adju-
vant radiotherapy, as a retrospective analysis of the UK/
ANZ DCIS randomized trial population showed a higher 
benefit from adjuvant radiotherapy in HER2-positive 
DCIS than in HER2-negative DCIS [12]. Vice versa, de-
escalation of the current DCIS treatment by omitting 
radiotherapy could be considered in ER-positive, HER2-
negative low grade DCIS [12], resulting in more person-
alized treatment.

Is HER2‑positive DCIS always associated 
with HER2‑positive IBC?
An alternative method to analyze the spontaneous pro-
gression to IBC, is to study only those DCIS patients who 
developed an ipsilateral recurrence after breast-conserv-
ing surgery [1]. Most ipsilateral recurrences in the ran-
domized EORTC-10853 trial developed within the same 
quadrant as the primary DCIS [36]. A substantial per-
centage of these primary and recurrent lesions showed 
similar histo-morphological and immunohistochemi-
cal profiles, suggesting that most ipsilateral recurrences 
represent outgrowths of residual, initially incompletely 
removed DCIS [36]. In a series of 266 DCIS patients with 
ipsilateral recurrences, invasive recurrences were more 
often preceded by ER-positive, HER2-negative DCIS, 
whereas in situ recurrences were more often preceded by 
ER-negative, HER2-positive DCIS [37]. Discordant HER2 
status occurred only in 10,5% of cases and was more fre-
quently observed in invasive recurrences [38]. According 
to Visser et al., around one in three HER2-positive DCIS 
with an ipsilateral invasive recurrence shows a discord-
ant HER2 status [39]. Similar discordant HER2 status 
rates were observed by Gennaro et  al. [40]. Although 
histomorphology and immunohistochemical profiles 
can hint at clonality between primary DCIS and recur-
rent tumors, extensive molecular analysis is required to 

establish a strong conclusion. Gorringe et  al. used copy 
number analysis to study the clonal relationship between 
eight primary DCIS and their ipsilateral recurrences, and 
six tumors showed clear copy number events suggesting 
clonality [41]. The most extensive genomic analysis so 
far was performed by the Grand Challenge PRECISION 
Consortium, comprising 34 DCIS with in  situ recur-
rence and 95 DCIS with invasive recurrence [18]. Clon-
ality between primary DCIS and its recurrence was 
formally established for approximately 75% of patients, 
and despite this clear clonal relationship, some recur-
rences showed a discordant HER2 status [18]. It would be 
interesting to investigate whether HER2-positive primary 
DCIS is more frequently observed in patients with ipsi-
lateral clonally related invasive recurrences, regardless of 
the HER2 status of this recurrence, since the main pur-
pose of surgical DCIS treatment is to prevent IBC devel-
opment, and thus, risk of systemic disease and death [1].

Can HER2‑positivity be used as a predictive 
marker?
At present, HER2 status cannot be used as a predictive 
marker for response to anti-HER2 targeted therapies in 
DCIS, due to lack of sufficient evidence. So far, only one 
randomized controlled clinical trial has investigated the 
effect of trastuzumab in a large cohort of DCIS patients: 
the NSABP B-43 trial did not show a significant benefit 
from two doses of adjuvant trastuzumab in pure DCIS 
patients treated with breast-conserving surgery and adju-
vant radiotherapy [42]. There was a statistically nonsig-
nificant reduction of 19% of the ipsilateral recurrences 
in favor of trastuzumab, but the foreseen objective of a 
36% reduction was not met [42]. This observed difference 
could be due to a lack of power whereas a clinical effect is 
present, due to insufficient follow-up, or due to chance. 
Longer follow-up within the NSABP B-43 trial cohort 
would be interesting to investigate late treatment effects.

An open-label phase 2 trial, including 24 patients with 
HER2-positive DCIS, investigated whether preoperative 
single-dose intravenous trastuzumab could evoke a ther-
apy response [43]. Despite the absence of a histopatho-
logical response, treated patients showed higher numbers 
of CD56-positive natural killer cells, hinting at increased 
antibody-dependent cell-mediated cytotoxicity [43]. 
These non-significant results might be due to the limited 
number of doses of trastuzumab administered, as DCIS 
admixed with HER2-positive IBC often shows substantial 
regression after neoadjuvant treatment [44]. Future stud-
ies could explore whether prolonged preoperative mono-
therapy with trastuzumab could downsize pure DCIS, 
aiming to reduce both the ipsilateral recurrence risk and 
the resected volume during breast-conserving surgery, 
with potentially better cosmetic outcome. On the other 
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hand, the use of systemic anti-HER2 treatment is ques-
tionable, since DCIS is only a non-obligate precursor of 
invasive breast cancer, resulting in potential overtreat-
ment for the majority of HER2-positive DCIS patients.

HER2 status could be used as a predictive marker for 
response to radiotherapy [35]. A retrospective analysis, 
performed on available tissue samples within the pro-
spective UK/ANZ DCIS Randomized Trial, is the only 
large-scale study to date which performed HER2 IHC on 
a patient cohort with random allocation to adjuvant radi-
otherapy [12]. Thorat et al. demonstrated that HER2-pos-
itive DCIS patients substantially benefited from adjuvant 
radiotherapy in comparison with HER2-negative DCIS 
patients, with a greater reduction in in situ recurrences, 
but not in invasive recurrences [12]. Ipsilateral in  situ 
recurrence was reduced by 84% by adjuvant radiotherapy 
in the HER2-positive DCIS patient group, whereas this 
reduction amounted only to 42% in the HER2-negative 
DCIS patients [12, 35]. Radiotherapy resulted in simi-
lar ten-year ipsilateral recurrence rates in HER2-posi-
tive (11.0%) and HER2-negative (9.6%) DCIS patients, 
whereas omission of radiotherapy resulted in much 
higher ten-year ipsilateral recurrence rates in HER2-pos-
itive (42.1%) than HER2-negative (17.5%) DCIS patients, 
mainly due to a substantial increase in in situ recurrences 
[12]. This observation fuels the hypothesis that adjuvant 
radiotherapy could be omitted in small hormone recep-
tor-positive, HER2-negative DCIS, especially when mar-
gin width is at least 2 mm [45]. Given the high number 
of in situ recurrences in HER2-positive DCIS treated 
with lumpectomy alone, and given its excellent response 
to irradiation, it seems desirable to offer radiotherapy to 
all HER2-positive DCIS patients treated with breast-con-
serving surgery, to optimize local control. Patient age at 
diagnosis, as well as any comorbidities, should likely be 
taken into account too, since adjuvant radiotherapy after 
breast-conserving surgery for DCIS does not affect over-
all survival. Nevertheless, systematic HER2 IHC in daily 
practice seems therefore helpful to offer personalized 
therapy to DCIS patients [35].

Can HER2 status be useful for preoperative 
work‑up?
Several studies have shown that HER2-positivity in 
pure DCIS is strongly associated with larger DCIS size 
(Table  1) [7, 12, 21, 23]. Similarly, HER2-positive IBC 
is more often associated with a DCIS component than 
HER2-negative IBC, and this DCIS component is signifi-
cantly larger and more frequently associated with posi-
tive margins [46, 47]. Interestingly, Zhou et al. reported 
that larger (> 15  mm) primary DCIS lesions were more 
frequently associated with an in  situ recurrence than 
with an invasive recurrence [37]. All these observations 

indirectly corroborate the underlying cause of the HER2 
paradox, i.e. HER2 is a potent driver of cancer cell prolif-
eration instead of cancer cell invasion [13]. Such power-
ful neoplastic proliferation can then colonize and involve 
a complete breast lobe, supporting the ‘sick lobe theory’ 
described by Tibor Tot [48]. If HER2-positive DCIS is 
larger, the risk of positive margins is higher, and there-
fore, the risk of incompletely surgically removed DCIS is 
higher. The residual DCIS in the breast can then continue 
to proliferate, slowly but steadily spreading throughout 
the affected ‘sick lobe’. This could explain why several 
retrospective studies observed a significant association 
between HER2-positivity and increased ipsilateral in situ 
recurrence risk [7, 8, 12]. The number of in  situ recur-
rences in the NSABP B-43 trial doubled the number of 
invasive recurrences [42], which provides further indi-
rect support for this theory. Preoperative assessment of 
the HER2 status in biopsy-diagnosed pure DCIS could 
encourage breast surgeons to perform wider local exci-
sions for HER2-positive DCIS, thereby aiming to reduce 
the risk of involved margins and ipsilateral (in situ) recur-
rence risk. Once the results of four ongoing active sur-
veillance trials will be available, watchful waiting might 
even become a legitimate option for ER-positive, HER2-
negative non-high grade DCIS patients [49].

In addition, HER2-positivity in pure biopsy-diagnosed 
DCIS is associated with increased upstaging to inva-
sive carcinoma after subsequent surgery [50–52]. Pre-
operative knowledge of the HER2 status of DCIS could 
therefore help in the selection of patients with a potential 
benefit from axillary staging by sentinel node procedure.

Could HER2 IHC improve DCIS grading 
and diagnostic quality?
It is a commonly acknowledged fact that grading of 
DCIS is subject to substantial interobserver variability 
[2, 53, 54]. During the past decades, DCIS grading was 
entirely based upon histo-morphological evaluation of 
cytonuclear atypia [2]. Some classification systems also 
included a particular architecture and/or comedonecro-
sis, but grosso modo, their main histopathological con-
stituents are similar. As pathologists are not computers, 
it is challenging to objectively categorize the biological 
continuum of cytonuclear atypia into three categories [2]. 
Interestingly, the majority-based opinion regarding DCIS 
grade among 38 pathologists is associated with the risk of 
ipsilateral IBC development [54].

Since HER2 protein overexpression in DCIS is strongly 
associated with high grade atypia (Table 3) [7–9, 11, 12, 
21–23, 26, 31, 42, 55], Van Seijen et  al. investigated the 
addition of HER2 IHC to the reproducibility of histo-
pathological grading [56]. Low grade DCIS is unlikely to 
present with HER2-positivity. For example, the NSABP 



Page 8 of 11Van Bockstal et al. Breast Cancer Research          (2024) 26:125 

B-43 cohort of 2.014 HER2-positive DCIS contained 
only twenty low grade DCIS (1%) and 317 intermediate 
grade DCIS (16%) [42]. Although not all high grade DCIS 
present with HER2 protein overexpression, a 3 + HER2-
positive score is very suggestive of high grade (Table  3) 
[7, 11, 12, 21–23, 26, 31, 42, 55, 56]. HER2 IHC is also 
prone to a certain degree of interobserver variability, but 
this appears to be mainly an issue for the distinction of 
0 scores versus 1 + /2 + scores, whereas the identification 
of HER2 3 + cases is more reproducible [57]. The system-
atic use of HER2 IHC in the histopathological work-up 
of DCIS could therefore improve the reproducibility of 

grading, which is an important prognostic factor to iden-
tify those patients at risk of developing a second ipsilat-
eral breast tumor, either in situ or invasive. This practice 
is already standard in currently ongoing active surveil-
lance trials LORD and COMET [49, 58]. The addition 
of HER2 IHC to the histopathological work-up of DCIS 
calls for new guidelines. We propose an integration of 
morphological features and ER and HER2 IHC in Fig. 3, 
reflecting the workflow of the currently ongoing COMET 
trial [58]. The feasibility of this integration likely requires 
prospective validation before routine implementation.

Table 3 Non-exhaustive overview of the association between HER2 status and nuclear grade of DCIS

DCIS ductal carcinoma in situ

References Publication year Total N° DCIS included 
in the study

Proportion high Grade 
in HER2- DCIS

Proportion high grade in 
HER2 + DCIS

Reported
p value

Ringberg et al. [26] 2001 187 27/86 (31%) 69/101 (68%) P < 0.003

Meijnen et al. [55] 2008 163 20/99 (20%) 52/64 (81%) P < 0.001

Holmes et al. [31] 2011 141 17/102 (17%) 24/39 (62%) P < 0.001

Van Bockstal et al. [22] 2014 89 10/46 (22%) 27/43 (63%) P < 0.001

Borgquist et al. [7] 2015 420 109/220 (49.5%) 111/220 (46%) P < 0.001

Curigliano et al. [8] 2015 1667 142 (12.8%) 336 (60%) P < 0.001

Williams et al. [21] 2015 314 96/175 (54.9%) 106/139 (76%) P < 0.001

Miligy et al. [23] 2019 646 278/518 (54%) 115/128 (90%) P < 0.0001

Cobleigh et al. [42] 2021 2014 – 1677/2014 (83.7%) –

Thorat et al. [12] 2021 713 287/414 (69.3%) 204/221 (92.3%) P < 0.001

O’Keefe et al. [11] 2021 1540 356/1123 (31.7%) 302/417 (72.4%) P < 0.001

Morphological
DCIS grading

Grade 1 or 2

ER+/HER2- Consider as low 
grade

ER+/HER2+ Consider as 
high grade

ER-/HER2- Consider as 
high grade

ER-/HER2+ Consider as 
high grade

Grade 3 Consider as high grade regardless of 
the ER and HER2 status

Fig. 3 Flowchart for integrated morphological and immunohistochemical grading. The implementation of routine ER and HER2 assessment might 
have added value to morphological DCIS grading, which is prone to inter-observer variability. A similar workflow is implemented in the ongoing 
COMET active surveillance trial
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Which practical issues need to be considered 
for routine HER2 IHC?
As shown in the SWOT analysis (Fig. 1), routine IHC for 
ER, PR and HER2 in DCIS will increase the working costs 
for pathology labs. However, these immunohistochemical 
profiles have the potential to lead towards personalized 
treatment. If some DCIS patients could forego adjuvant 
radiotherapy, or even surgery by opting for active surveil-
lance, the routine implementation of IHC could perhaps 
reduce therapy-related costs. At present, it is difficult to 
provide a detailed cost/benefit analysis, as we did not 
yet obtain the data of ongoing active surveillance trials 
to decide how many patients could forego surgery [49, 
58]. Once these data are available, such a health eco-
nomic analysis could be undertaken. Nevertheless, this 
remains a difficult financial assessment, as reimburse-
ment of health care-related costs differs between coun-
tries. Moreover, it is yet unknown how active surveillance 
needs to be performed: which type of investigation is 
required and what is its frequency? From a health eco-
nomic point of view, it might even be cheaper to perform 
upfront surgery, instead of offering regular medical imag-
ing with associated biopsies. This question needs to be 
addressed in future clinical and health economic studies.

Additionally, the question remains whether HER2 
2 + DCIS need to undergo complementary analysis by 
in situ hybridization (ISH), as is currently performed for 
invasive breast cancer [59]. Performing ISH addition-
ally increases the cost for histopathology labs. The only 
large-scale randomized clinical trial on DCIS wherein 
HER2 IHC has been performed in a systematic way 
in a central laboratory is the NSABP B-43 study [9]. 
Here, ISH was performed on all centrally stained HER2 
1 + and 2 + DCIS. In total, 1424 out of 5645 DCIS were 
1 + (25,2%) of which only one was amplified) [9]. It there-
fore seems not necessary to perform ISH testing on HER2 
1 + cases. In NSABP B-43, 437 patients out of 5645 (7,7%) 
had a HER2 2 + score, of which 91 DCIS were amplified 
(20,8%). In other words, the IHC 2 + amplified DCIS rep-
resented only 1,6% of that total DCIS population [9]. It 
remains to be investigated whether the HER2 amplifica-
tion in these HER2 2 + DCIS has an important biological 
and clinical consequence, but until we have large-scale 
studies that can reliably provide these data, we could 
extrapolate the ASCO/CAP algorithm for HER2 assess-
ment in invasive breast cancer to DCIS, and perform ISH 
on all DCIS with a HER2 2 + score.

Lastly, the question remains whether IHC for PR 
is required. In several countries, patients with hor-
mone receptor-positive DCIS are eligible for endocrine 
therapy, and IHC for ER and PR is often performed 
simultaneously. There is no strong evidence available 
to support this practice in DCIS; it is mainly based on 

extrapolation of the ASCO/CAP algorithm for hormo-
nal receptor status assessment in invasive breast cancer 
patients, although the ASCO/CAP expert panel consid-
ers PR IHC as optional [60]. Patients with ER-positive, 
PR-positive invasive breast cancer tend to respond better 
to hormonal therapy than patients with an ER-positive, 
PR-negative invasive breast cancer [60], but there is no 
proof of such benefit in DCIS. A retrospective analysis 
of DCIS samples of patients enrolled in the NSABP B-24 
trial showed no added value of PR IHC to ER IHC [61]. 
Patient stratification by PR status alone or by combined 
ER and PR status was not more predictive for response to 
endocrine therapy than ER status alone [61]. We propose 
thus to follow the ASCO/CAP expert panel consensus, 
which considers PR IHC as optional but not obligatory in 
DCIS.

Conclusions
Hormone receptor status in pure DCIS is already rou-
tinely assessed in many countries, but the evaluation of 
HER2 status is generally omitted. We believe that system-
atic implementation of immunohistochemistry for ER, 
PR and HER2 could substantially improve the diagnostic 
work-up of pure DCIS, at the very least in clinical trials, 
but preferentially in routine practice too. HER2 immuno-
histochemistry (and if required, HER2 in situ hybridiza-
tion for equivocal cases) signify an additional cost and 
increased workload for pathologists, but there are also 
several advantages (Fig. 1) [25, 35]. Firstly, the HER2 sta-
tus in DCIS seems to be associated with ipsilateral recur-
rence risk. Secondly, HER2-positive DCIS tends to be 
larger, with a higher risk of involved margins after breast-
conserving surgery, and a higher benefit from adjuvant 
radiotherapy. HER2-positivity in pure biopsy-diagnosed 
DCIS is associated with increased upstaging to invasive 
carcinoma after subsequent surgery. Thirdly, immuno-
histochemistry could reduce the present interobserver 
variability in morphological DCIS grading among pathol-
ogists, as HER2-positivity strongly correlates with high 
grade. Reproducible grading will become more important 
in the future, if active surveillance would enter routine 
practice as a legitimate alternative for surgery in low-risk 
DCIS patients. Routine assessment of ER, PR and HER2 
status in pure DCIS is therefore a promising instrument 
that could facilitate the development of evidence-based 
and DCIS subtype-dependent guidelines, aiming to de-
escalate therapy in low-risk patients.
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