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Summarizing discussion
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Summarizing discussion 

DCIS: from an unknown entity to a frequently treated disease  

The concept of preinvasive carcinoma of the breast was established in the early 1930s and terms 

as intra-duct carcinoma and carcinoma in situ were used shortly thereafter by some of the very 

first pathologists.1,2 Before the emergence of pathology as a medical specialty, surgeons themselves 

operating on palpable breast abnormalities, decided whether a lesion was benign or malignant based 

on gross inspection or rarely based on microscopic examination of frozen sections. The operation for 

breast lesions perceived as benign was then terminated after lumpectomy, while a radical mastectomy 

was the therapy of choice if a lesion was considered malignant, whereby the distinction between 

preinvasive and invasive breast lesions was not yet made in the early days.3

Up until the last quarter of the 20th century, the standard treatment for DCIS was a mastectomy 

and even an ‘en bloc’ axillary dissection was routinely performed, similar to the surgical treatment 

of invasive breast cancer (IBC). A diagnosis of DCIS, either found isolated or adjacent to IBC, was 

therefore not of great interest in clinical practice, it implied a similar treatment as IBC and resulted in 

excellent curation rates.4 

The interest in DCIS increased after the widespread adoption of breast conserving surgery (BCS) 

in DCIS with an inherent risk of recurrence, progression or the evolution of new primary in situ/

invasive lesions. Still, pure DCIS (i.e. isolated or without IBC) was a rare finding, because it generally 

does not cause symptoms for which women seek medical help. However, since the introduction of 

breast cancer screening the incidence of DCIS dramatically increased, as DCIS is often associated with 

calcifications that can be detected by mammography. More than 90% of DCIS we encounter today are 

detected only on imaging studies.5 Almost all women with DCIS are currently being treated to avoid 

the development of IBC with its inherent risk of metastases with potentially

fatal outcome. In this light, it is important to note that the DCIS lesions we encounter today may 

harbor very different risks compared to the DCIS we diagnosed before the screening era.

The DCIS dilemma 

Treating DCIS has not led to a reduced IBC incidence. Breast screening programs have therefore 

received criticism by some for being associated with overdiagnosis and overtreatment of DCIS.6–8  It 

has also been reported that a large proportion of untreated DCIS will not progress to IBC.9,10 A 10-year 

net risk of ipsilateral IBC (iIBC) of 12.2% (95% Confidence Interval (95%CI) 8.6-17.1%) for women with 

DCIS grade 1/2 and 17.6% (95%CI 12.1-25.2%) for grade 3 was reported. These results are based on a 

selected patient group, because the standard management of DCIS is surgical removal often followed 

by radiotherapy in case of BCS. However, these results underline that at least some DCIS lesions have 

a low risk of progression and may thus be overtreated. 
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A reduction of IBC incidence may fail to occur as a result of detecting and treating only a subset of 

predominantly harmless DCIS lesions while DCIS with a high risk of progression remains undetected, 

i.e. DCIS may not be associated with mammographic abnormalities and/or DCIS may show such a fast 

progression that we are unable to detect the lesion in an in situ stage. The much higher incidence of 

IBC compared to DCIS and the frequent finding of DCIS adjacent to IBC, suggests indeed an undetected 

DCIS reservoir exists. In addition, a subset of IBC’s may arise de novo and not through a DCIS stage.  

At this point, our dilemma is, that we are unable to detect and treat only high-risk DCIS lesions, 

in order to reduce the incidence of IBC as much as possible. Reliably distinguishing low-risk from 

high- risk DCIS to guide treatment is still impossible and is urgently needed to prevent overtreatment. 

Challenges in solving the DCIS dilemma

In chapter 1 and 2, current knowledge on DCIS is summarized and areas are identified where 

profound research is needed including challenges herein, to gain more insight imperative to reduce 

overtreatment in women with low-risk DCIS and to provide optimal treatment for potentially 

hazardous DCIS.11,12 Considerable uncertainty exists about the likelihood that a treatment strategy will 

prevent IBC, whether that likelihood will change based on specific patient and DCIS characteristics, 

and whether the reduction in risk is enough to justify costs and the potential side effects of that 

treatment.13 Uncertainty about what a diagnosis of DCIS entails exists among both caregivers and 

patients. For women it is difficult to understand that on the one hand DCIS is not yet breast cancer, 

and on the other hand intensive treatment is advised.  Patients diagnosed with DCIS have been 

reported to have inaccurate perceptions of the breast cancer risks they face. Despite their better 

prognosis, DCIS patients had comparable perceptions of the risk of recurrence and dying of breast 

cancer as women with IBC.14,15

Gaining more insight on factors associated with the development of ipsilateral invasive breast 

cancer (iIBC) after DCIS is urgently needed to better inform patients, allowing for more realistic risk 

perception, taken into account quality of life and competitive factors in terms of morbidity and 

mortality. Clinical, radiological, histopathological and molecular data should be integrated in order 

to build an individualized risk prediction tool helping clinicians and women make well-informed 

treatment decisions. One of the challenges in finding risk factors for progression in DCIS, is the need 

of large patient series with long follow-up, due to the low rate of IBC-events after DCIS. Interrater 

variability is another complicating issue. It is difficult to evaluate the role of histopathological features 

in risk stratification, such as grade, when many different grading systems with partly unclear criteria 

are used resulting in only poor to modest interrater reliability.16–26 Additionally, a major impeding 

factor is that most of the studies have to rely on a comparison between patient groups with treated 

DCIS, hampering our understanding of the natural history of DCIS.
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Currently, several trials in the US, UK and the Netherlands are investigating the safety of active 

surveillance in women with DCIS, which will provide us the advantage of studying the natural course 

of DCIS and potential prognostic factors in DCIS in the non-treated breast.27–29 Main outcome measure 

is the risk of developing iIBC in both study arms: women receiving either standard treatment or no 

treatment. Annual mammograms will be performed in both patient groups and appropriate clinical 

measures are taken upon any suspicion of progression. Furthermore, type of breast cancer, frequency 

of diagnostic measures during follow-up, and psychological effects will be compared between both 

study arms.  

Eligible for these trials is a subset of DCIS patients with an assumed lower risk of progression to 

iIBC and a lower risk of underestimation, based on the available evidence. Underestimation occurs 

when a preoperative biopsy shows DCIS grade 1 or 2, but the surgical specimen reveals either DCIS 

of a higher grade, a so-called upgrade, or alternatively an invasive carcinoma, a so-called upstage. 

In general, women over the age of 45 with asymptomatic, screen-detected DCIS grade 1 or grade 2 

are eligible, who show no other mammographic abnormalities besides calcifications. Women with a 

positive history for breast cancer or familiar predisposition are not eligible.27–29 

For safe inclusion in these active surveillance trials and upon implementation in clinical practice, 

it is imperative that histological grading is reproducible and that the risk of underestimation will not 

pose any health risks to women. Various studies have assessed reproducibility of histopathological 

evaluation of DCIS features. Unfortunately, these studies were frequently based on highly selected 

case sets, assessed by expert breast pathologists only, often after having received instructions or 

tutorials beforehand, and using reference diagnoses without follow-up data.19,23,24,30–36 Uncertainty 

about the validity of the reported risk of underestimation also exists (up to >50%), as these results were 

often found in studies evaluating small cohorts of women with DCIS that were not representative for 

the typical DCIS lesions we encounter in today’s clinical practice, i.e. screen-detected DCIS based on 

calcifications only, diagnosed on vacuum-assisted biopsies.37–42 In these studies, DCIS was more often 

diagnosed on small core biopsies in patients with symptomatic presentation, such as mass lesions.

First steps on the road towards a reduction of overtreatment in DCIS

In consideration of the current knowledge gaps described above, the main objectives of this 

thesis, aimed to reduce overtreatment of DCIS of the breast , were:  1) to evaluate the risk of 

underestimation after a diagnosis of DCIS and the interrater reliability in the histopathological 

classification of DCIS, important conditions in order to safely adopt an active surveillance strategy for 

low-risk DCIS, 2) to investigate associations of clinicopathological factors with the risk of developing 

iIBC after treatment.
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Insight on promising prognostic factors and common methodological pitfalls may improve risk 

stratification

Many studies have investigated prognostic factors for invasive disease after a diagnosis of DCIS, but 

none of the reported factors have been shown to be of sufficient value for implementation in clinical 

practice.43,44 To inform risk stratification, we performed a systematic review with meta-analyses 

(Chapter 3), summarizing current knowledge on prognostic factors for iIBC after treatment of DCIS, 

assessing the risk of bias using the QUIPS tool in these prognostic factor studies and  identifying the 

strongest prognostic factors found in only high quality studies devoid of a high risk of bias.45–47 

The six strongest prognostic factors, associated with a higher iIBC risk, were African-American 

race, premenopausal status, detection by palpation, involved margins, high histologic grade and high 

p16 expression.  Strikingly, a moderate or high risk of bias could be determined in at least one of 

the QUIPS domains (study participation, study attrition, prognostic factor measurement, end-point 

definition, study confounding, statistical analysis and reporting) in almost all studies, and was most 

frequently attributable to insufficient handling of confounders (mainly type of treatment) and poorly 

described study groups. 

Based on our study, we would strongly recommend to use guidelines for prognostic factor 

studies, such as STROBE guidelines, to improve study designs and avoid common methodological 

pitfalls.48 In particular, study groups should be described in detail, providing at least data reported 

routinely in clinical practice, such as age at diagnosis, clinical presentation, histologic grade, treatment, 

lesion size and marginal status. In addition, the effect of treatment should be accounted for. It is 

also important to define a clear end-point, because risk factors may be different for DCIS recurrence 

than for subsequent iIBC.49 Specifically focusing on subsequent iIBC is especially important, due to 

the inherent mortality risk. Lastly, when searching for prognostic factors for invasive disease after 

a diagnosis of DCIS, one should not include patients who already show adjacent (micro)invasive 

carcinoma at the time of diagnosis. 

Risk of underestimation is lower than assumed 

There are concerns among healthcare givers and women with DCIS about underestimation, which 

may make them hesitant to participate in active surveillance trials. At the same time, it is necessary to 

recruit a high number of patients in order to perform sufficiently powered analysis. It is therefore of 

utmost importance to address this issue of underestimation within the context of active surveillance. 

We therefore evaluated the risk of underestimation and determinants for upgrade (i.e. when final 

pathology shows DCIS of a higher grade than found on preoperative biopsy) and upstage (i.e. when 

final pathology shows invasive disease) after a diagnosis of pure DCIS (Chapter 4).50 In contrast to 

previous studies, we excluded women in whom there was a clinical suspicion of invasive disease based 

on radiological or clinical examination, as active surveillance would not be an option for these women. 
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We found a lower percentage of upstage of 15% compared to literature and an upgrade rate 

of 14.6%. Applying the strict eligibility criteria of the active surveillance trials for which data was 

available, namely age, screening mammography findings, biopsy method, DCIS grade on preoperative 

biopsy, symptomatic status at the time of clinical examination and previous breast cancer history, 

the upstage rate decreased even further to 10.3% for the LORIS trial and 10.5% for the COMET trial. 

Most of the other studies, who specifically assessed underestimation in patients eligible for active 

surveillance, showed similar low upstage rates.51–54 We were able to identify several factors associated 

with underestimation, such as the use of a core-needle biopsy, a large mammographic lesion size, 

mammographic BIRADS score 5, presence of symptoms such as a palpable lump on examination, and 

the presence of necrosis on biopsy.  

Our findings provide reassurance for both clinicians and patients with DCIS regarding trial 

participation. Consideration of these factors could aid risk stratification of women with DCIS being 

considered for active surveillance.  

Clinically occult carcinomas have an excellent prognosis, likely also upon delayed detection in active 

surveillance

Furthermore, in case we found invasive disease on final pathology, we found the IBC to be typically small 

(< 1 cm), of low to intermediate grade and positive for estrogen receptor (ER). What would happen, 

if we miss these tumors while adopting an active surveillance strategy with annual mammographic 

follow-up? If we apply these tumor characteristics in a woman of 60 years of age and if we assume an 

overestimated tumor volume doubling rate of for example 1 year, a) the chance to detect a 2 cm large 

tumor on follow-up mammography is high and b) overall survival based on online prediction tools 

such as PREDICT (https://breast.predict.nhs.uk/) will still be excellent (>90%). 

Our findings need to be further validated, preferable within the context of the current prospective 

active surveillance trials, including an evaluation of the effect that a delayed diagnosis will have on 

survival, available treatment options and the mental state of women in whom this occurs. 

There is substantial interrater variability in the classification of histopathological DCIS features

In the light of concerns regarding interobserver reliability of histological grading of DCIS, we performed 

a study combining an interrater reliability study in women with screen-detected DCIS, reflecting daily 

practice as closely as possible, with an analysis of iIBC risk based on the majority opinion of a large 

group of raters (Chapter 5). This approach minimizes the muddling effect of interrater variability 

and subjectivity on the evaluation of the prognostic value of histopathological features. Without 

any instructions, 38 raters with different levels of expertise scored histopathological features of 

DCIS, namely grade, dominant growth pattern, frequency of mitoses and the presence of necrosis, 

calcifications, periductal lymphocytic infiltrate and (type of) periductal fibrosis. Our study showed that 

a substantial interrater variability exists in the classification of all these features. 



551586-L-bw-Groen551586-L-bw-Groen551586-L-bw-Groen551586-L-bw-Groen
Processed on: 18-12-2020Processed on: 18-12-2020Processed on: 18-12-2020Processed on: 18-12-2020 PDF page: 173PDF page: 173PDF page: 173PDF page: 173

173

7

Grade, growth pattern and mitotic activity are associated with iIBC risk in women treated by BCS 

alone

When using majority opinions, we found that DCIS grade, comparing grade 1 and 2 combined versus 

grade 3, and growth pattern were independent factors associated with the risk of subsequent iIBC after 

DCIS, in patients treated with BCS alone. The presence of many mitoses was significantly associated 

with a higher risk of iIBC, only in univariable analysis, likely due to collinearity with grade. In patients 

treated with BCS with radiotherapy, none of the histopathological features were associated with iIBC 

risk.

Semi-quantitative grading system may improve reliability of DCIS features associated with iIBC risk

There are many different grading systems that incorporate multiple histological features such as 

nuclear pleomorphism, growth pattern, cell polarization, mitotic activity and necrosis. However, it 

is not clearly defined, how these separate features should be valued and how they lead towards 

a resulting grade. The histological features we found to have prognostic value are strikingly similar 

to the ones used in the modified Bloom and Richardson grading system, which is widely accepted 

and used for IBC grading.55,56 We would suggest to objectify DCIS grading by using a similar semi-

quantitative scoring system, analogue to the modified Bloom and Richardson system, separately 

evaluating nuclear pleomorphism, growth pattern and mitotic activity. Alternative approaches using 

pathology information, such as dichotomous or automated scoring and artificial intelligence-based 

methods, may improve reliability and may discover yet unknown prognostic biomarkers for DCIS.57–60

DCIS adjacent to HER2-positive invasive breast cancer can be eradicated by neoadjuvant systemic 

treatment allowing breast conserving surgery more often

In the last study described in this thesis (Chapter 6), we shift our focus from pure DCIS to DCIS occurring 

adjacent to HER2-positive IBC in a neoadjuvant setting. Neoadjuvant systemic treatment (NST) is 

increasingly used in breast cancer and results in high rates of pathological complete response in HER2-

positive breast cancer, enabling less extensive surgery.61–66 However, the presence of adjacent DCIS in 

pre-NST biopsies and extensive calcifications on imaging are often considered contra-indications for 

BCS, even in patients with radiological complete response of the tumor on MRI. This is because DCIS is 

considered insensitive to systemic treatment. However, in small series it has been reported that DCIS 

does show response to NST in a subset of patients (33-51%).67,68 This would implicate that, for these 

patients, BCS may still be a safe option. As HER2-positive IBC responds well to NST and adjacent DCIS 

is frequently found (57-72%), we estimated the response of DCIS to NST containing HER2-blockade 

in this breast cancer subtype and we assessed the associations of clinicopathological and radiological 

factors with DCIS response in the largest study set to date. 

We found a DCIS response rate of 46%, when all patients were considered that showed DCIS 

on pre-NST biopsy. The absence of suspicious calcifications on pre-NST mammography, dual HER2-
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blockade with trastuzumab and pertuzumab, a (near) complete response on MRI, the absence of 

calcifications in DCIS in the pre-NST biopsy and a Ki-67 >20% in DCIS were associated with DCIS 

response. As surgical planning issues concerning the safety of BCS especially arise in patients with 

a high likelihood of extensive DCIS, we also performed a subgroup analysis in patients who showed 

adjacent DCIS in the pre-NST biopsy as well as suspicious calcifications on mammography. In this 

patient group, the same factors were associated with DCIS response, while also the absence of necrosis 

in DCIS in the pre-NST biopsy was associated with DCIS response in this subgroup. DCIS response 

was also more often observed in patients with HR-negative IBC and IBC grade 1+2 in this subgroup, 

but these associations did not reach statistical significance. In this context, it will be interesting to 

perform gene expression analysis to evaluate the predictive value of specific molecular subtypes for 

DCIS response, as has been reported for HER2-positive IBC.69

Further research is needed to validate our findings. We would recommend a prospective study 

in women with HER2-positive IBC with radiological suspicion of extensive DCIS and pathological 

confirmation before  NST. Radio-pathological correlation should be a fundamental component in 

this study, using both mammography and MRI before and after NST. The prediction of response of 

DCIS to NST could also be improved by obtaining biopsies of the DCIS area prior to surgery. This will 

provide more insight and may enable us to identify women in whom BCS may be justified, despite the 

presence of adjacent DCIS.

Concluding remarks and future perspectives

To reduce overtreatment of pure DCIS, we can build in additional selections during the diagnostic 

route, at each selection point deciding whether or not further testing or treatment is justified based 

on the risk of iIBC or the risk of dying from this cancer, whilst taken into account competitive factors in 

terms of morbidity and mortality. Large international and multidisciplinary collaborations, such as the 

consortium PREvent ductal Carcinoma In Situ Invasive Overtreatment Now (PRECISION; https://www.

dcisprecision.org/) and trials exploring active surveillance strategies will be key in providing necessary 

insights.

Firstly, at the imaging level, we could look for factors able to discriminate between low-risk 

lesions (which includes both benign and malignant disease) and high-risk lesions by estimating risks 

in treated and non-treated women. Recently for example, the Breast-CAlcification Risk Evaluation 

study (Breast-CARE) was set up, which will compare these risks in women who showed only 

calcifications at screening, linking data from the breast screening program (region South-West), the 

Netherlands Cancer Registry and the nationwide network and registry of histo- and cytopathology in 

the Netherlands. Artificial intelligence-based methods applied on mammograms could be explored. 

Also, as calcifications can be formed in different contexts, both in benign and malignant disease, and 

show differences in mammographic and microscopic appearance, more detailed analysis into the 

biochemical composition of calcifications may reveal prognostic information as preliminary results 

suggest.70 
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Secondly, if further testing is indicated, a diagnostic biopsy will be taken which allows for another 

selection point. At this point, we can integrate clinical, radiological and tissue data (histopathological 

and molecular information). Such an integration could take place outside the hospital, in a 

comprehensive screening center, primarily aimed at excluding high-risk disease, preventing 

unnecessary medicalization. We have identified in the studies, described in chapter 3 and 5, several 

promising factors that may provide important prognostic information, such as race, menopausal 

status, mode of presentation, and grade, growth pattern, mitotic activity and p16 expression of DCIS. 

As for histopathology, we should not only focus on the epithelial compartment, but also evaluate the 

prognostic value of myoepithelial and stromal factors. In addition, it is important at this stage to also 

taken into account genetic and familial predisposition. The results from our interrater reliability study 

have shown that we need to improve reliability in the classification of histopathological DCIS features, 

in order to use this information on an individual level. Reliability of simplified classification systems 

with the provision of clear guidelines needs to be assessed, with information on follow-up used as 

golden standard. Also, automated scoring and again artificial intelligence-based methods should be 

explored. 

Thirdly, once a DCIS lesion is considered to be low risk for progression to IBC, ideally determined 

by an individualized risk prediction tool, the option of active surveillance should be considered. We 

have shown that the underestimation after a diagnosis of DCIS based on a preoperative biopsy is lower 

than assumed, that most missed cancers have a good prognosis and a delayed detection upon follow-

up will most likely not deteriorate survival. This is reassuring for doctors and women considering 

active surveillance. At this selection point, the prognosis of the expected IBC that will develop upon 

progression, age, competing risks and patient preference are all important factors. Realistic risk 

perception is essential at this stage. This implies clinicians, experts in how to frame risks, and, last but 

not least, patient representatives need to optimize the communication of risks.

Fourthly, overtreatment of women with IBC due to the presence of adjacent DCIS needs to be 

prevented. This requires accurate identification of DCIS lesions that do respond to NST. This is in 

particular true for HER2-positive IBC with adjacent DCIS, as we have shown that the presence of 

adjacent DCIS is not per se a contra-indication for BCS. Ideally, our findings will be validated in a 

prospective setting, including detailed (quantitative) radiological-pathological correlation before and 

after NST and a post-NST biopsy procedure when a complete response of DCIS is suspected. 

 In conclusion, we have taken significant steps on the road towards conquering overtreatment 

of DCIS: by having identified several clinicopathological prognostic factors in pure DCIS, by providing 

reassuring evidence regarding underestimation in the context of active surveillance, by stressing the 

need for improvement of interrater reliability in histopathological classification, and by showing that 

the presence of DCIS adjacent to HER2-positive breast cancer should not preclude the option of breast 

conserving surgery.



551586-L-bw-Groen551586-L-bw-Groen551586-L-bw-Groen551586-L-bw-Groen
Processed on: 18-12-2020Processed on: 18-12-2020Processed on: 18-12-2020Processed on: 18-12-2020 PDF page: 176PDF page: 176PDF page: 176PDF page: 176

176

References

1. Muir R. The pathogenesis of Paget’s disease 
of the nipple and associated lesions. Br J Surg. 
1934;22:728-737.

2. Broders AC. Carcinoma in situ contrasted 
with benign penetrating epithelium. 
JAMA. 1932;99:1670-1674. doi:10.1001/
jama.1932.02740720024007

3. Fechner RE. One century of mammary carcinoma 
in situ. What have we learned? Am J Clin Pathol. 
1993;100(6):654-661.

4. Hoda SA, Brogi E, Koerner FC, Rosen PP. Ductal 
carcinoma in situ. In: Rosen’s Breast Pathology. 
4th ed. Philadelphia: Lippincott Williams & 
Wilkins; 2014:331-411.

5. Virnig BA, Tuttle TM, Shamliyan T, Kane RL. Ductal 
carcinoma in Situ of the breast: A systematic 
review of incidence, treatment, and outcomes. J 
Natl Cancer Inst. 2010. doi:10.1093/jnci/djp482

6. Ripping TM, Verbeek ALM, Fracheboud J, De 
Koning HJ, Van Ravesteyn NT, Broeders MJM. 
Overdiagnosis by mammographic screening for 
breast cancer studied in birth cohorts in the 
Netherlands. Int J Cancer. 2015. doi:10.1002/
ijc.29452

7. Harding C, Pompei F, Burmistrov D, Welch HG, 
Abebe R, Wilson R. Breast cancer screening, 
incidence, and mortality across US counties. 
JAMA Intern Med. 2015;175(9):1483-1489. 
doi:10.1001/jamainternmed.2015.3043

8. van Luijt PA, Heijnsdijk EAM, Fracheboud J, et 
al. The distribution of ductal carcinoma in situ 
(DCIS) grade in 4232 women and its impact on 
overdiagnosis in breast cancer screening. Breast 
Cancer Res. 2016. doi:10.1186/s13058-016-0705-
5

9. Erbas B, Provenzano E, Armes J, Gertig D. The 
natural history of ductal carcinoma in situ of the 
breast: A review. Breast Cancer Res Treat. 2006. 
doi:10.1007/s10549-005-9101-z

10. Ryser MD, Weaver DL, Zhao F, et al. Cancer 
Outcomes in DCIS Patients Without Locoregional 
Treatment. J Natl Cancer Inst. 2019;111(9):952-
960. doi:10.1093/jnci/djy220

11. Groen EJ, Elshof LE, Rutgers EJT, Winter-Warnars 

HAO, Lips EH, Wesseling J. Ductaal carcinoma in 
situ: de balans tussen over-en onderbehandeling. 
NED TIJDSCHR GENEESKD. 2016;160:A9773.

12. Groen EJ, Elshof LE, Visser LL, et al. Finding 
the balance between over- and under-
treatment of ductal carcinoma in situ (DCIS). 
Breast. 2017;31:274-283. doi:10.1016/j.
breast.2016.09.001

13. Gierisch JM, Myers ER, Schmit KM, et al. 
Prioritization of research addressing management 
strategies for ductal carcinoma in situ. Ann Intern 
Med. 2014;160(7):484-491. doi:10.7326/M13-
2548

14. van Gestel YRBM, Voogd AC, Vingerhoets AJJM, et 
al. A comparison of quality of life, disease impact 
and risk perception in women with invasive 
breast cancer and ductal carcinoma in situ. Eur 
J Cancer. 2007;43(3):549-556. doi:10.1016/j.
ejca.2006.10.010

15. Partridge A, Adloff K, Blood E, et al. Risk perceptions 
and psychosocial outcomes of women with ductal 
carcinoma in situ: Longitudinal results from a 
cohort study. J Natl Cancer Inst. 2008;100(4):243-
251. doi:10.1093/jnci/djn010

16. Holland R, Peterse JL, Millis RR, et al. 
Ductal carcinoma in situ: A proposal for 
a new classification. Semin Diagn Pathol. 
1994;11(3):167-180.

17. Pinder SE, Duggan C, Ellis IO, et al. A new 
pathological system for grading DCIS with 
improved prediction of local recurrence: Results 
from the UKCCCR/ANZ DCIS trial. Br J Cancer. 
2010;103(1):94-100. doi:10.1038/sj.bjc.6605718

18. Poller DN, Silverstein MJ, Galea M, et al. Ideas in 
pathology. Ductal carcinoma in situ of the breast: 
a proposal for a new simplified histological 
classification association between cellular 
proliferation and c-erbB-2 protein expression. 
Mod Pathol. 1994;7(2):257-262.

19. Cserni G, Sejben A. Grading Ductal Carcinoma In 
Situ (DCIS) of the Breast – What’s Wrong with It? 
Pathol Oncol Res. 2019. doi:10.1007/s12253-019-
00760-8

20. Lagios MD. Duct carcinoma in situ. Pathology and 
treatment. Surg Clin North Am. 1990;70(4):873-
883. doi:10.1016/S0039-6109(16)45186-8

21. Silverstein MJ, Poller DN, Waisman JR, et 



551586-L-bw-Groen551586-L-bw-Groen551586-L-bw-Groen551586-L-bw-Groen
Processed on: 18-12-2020Processed on: 18-12-2020Processed on: 18-12-2020Processed on: 18-12-2020 PDF page: 177PDF page: 177PDF page: 177PDF page: 177

177

7

al. Prognostic classification of breast ductal 
carcinoma-in-situ. Lancet. 1995;345(8958):1154-
1157. doi:10.1016/S0140-6736(95)90982-6

22. Sloane JP, Amendoeira I, Apostolikas N, et al. 
Consistency achieved by 23 European pathologists 
in categorizing ductal carcinoma in situ of 
the breast using five classifications. European 
Commission Working Group on Breast Screening 
Pathology. Hum Pathol. 1998;29(10):1056-1062.

23. Wells WA, Carney PA, Eliassen MS, Grove MR, 
Tosteson ANA. Pathologists’ agreement with 
experts and reproducibility of breast ductal 
carcinoma-in-situ classification schemes. 
Am J Surg Pathol. 2000;24(5):651-659. 
doi:10.1097/00000478-200005000-00003

24. Bethwaite P, Smith N, Delahunt B, Kenwright D. 
Reproducibility of new classification schemes for 
the pathology of ductal carcinoma in situ of the 
breast. J Clin Pathol. 1998;51:450-454.

25. Lakhani SR, Ellis. I.O., Schnitt SJ, Tan PH, van de 
Vijver MJ. WHO Classification of Tumours of the 
Breast. 4th ed. Lyon: International Agency for 
Research on Cancer; 2012.

26. College of American pathologists. https://
documents.cap.org/protocols/cp-breast-dcis-
18protocol-4100.pdf.

27. Elshof LE, Tryfonidis K, Slaets L, et al. Feasibility 
of a prospective, randomised, open-label, 
international multicentre, phase III, non-
inferiority trial to assess the safety of active 
surveillance for low risk ductal carcinoma in situ 
- The LORD study. Eur J Cancer. 2015;51(12):1497-
1510. doi:10.1016/j.ejca.2015.05.008

28. Francis A, Thomas J, Fallowfield L, et al. Addressing 
overtreatment of screen detected DCIS; The 
LORIS trial. Eur J Cancer. 2015;51(16):2296-2303. 
doi:10.1016/j.ejca.2015.07.017

29. Hwang ES, Hyslop T, Lynch T, et al. The 
COMET (Comparison of Operative versus 
Monitoring and Endocrine Therapy) trial: a 
phase III randomised controlled clinical trial 
for low-risk ductal carcinoma in situ (DCIS). 
BMJ Open. 2019;9(3):e026797. doi:10.1136/
bmjopen-2018-026797

30. Elston CW, Sloane JP, Amendoeira I, et al. Causes 
of inconsistency in diagnosing and classifying 
intraductal proliferations of the breast. Eur J 

Cancer. 2000;36(14):1769-1772. doi:10.1016/
S0959-8049(00)00181-7

31. Scott MA, Lagios MD, Axelsson K, Rogers LW, 
Anderson TJ, Page DL. Ductal carcinoma in situ of 
the breast: Reproducibility of histological subtype 
analysis. Hum Pathol. 1997;28(8):967-973. 
doi:10.1016/S0046-8177(97)90013-7

32. Schuh F, Biazús JV, Resetkova E, Benfica CZ, 
Edelweiss MIA. Reproducibility of three 
classification systems of ductal carcinoma in situ 
of the breast using a web-based survey. Pathol 
Res Pract. 2010;206(10):705-711. doi:10.1016/j.
prp.2010.06.004

33. Elmore JG, Longton GM, Carney PA, et al. 
Diagnostic concordance among pathologists 
interpreting breast biopsy specimens. JAMA 
- J Am Med Assoc. 2015;313(11):1122-1132. 
doi:10.1001/jama.2015.1405

34. Verkooijen HM, Peterse JL, Schipper MEI, et al. 
Interobserver variability between general and 
expert pathologists during the histopathological 
assessment of large-core needle and open 
biopsies of non-palpable breast lesions. Eur J 
Cancer. 2003;39(15):2187-2191. doi:10.1016/
S0959-8049(03)00540-9

35. van Dooijeweert C, van Diest PJ, Willems SM, 
Kuijpers CCHJ, Overbeek LIH, Deckers IAG. 
Significant inter- and intra-laboratory variation 
in grading of ductal carcinoma in situ of the 
breast: a nationwide study of 4901 patients 
in the Netherlands. Breast Cancer Res Treat. 
2019;174(2):479-488. doi:10.1007/s10549-018-
05082-y

36. Schuh F, Biazús JV, Resetkova E, et al. 
Histopathological grading of breast ductal 
carcinoma In Situ: Validation of a web-based 
survey through intra-observer reproducibility 
analysis. Diagn Pathol. 2015;10(1). doi:10.1186/
s13000-015-0320-2

37. Sato Y, Kinoshita T, Suzuki J, et al. Preoperatively 
diagnosed ductal carcinoma in situ: risk prediction 
of invasion and effects on axillary management. 
Breast Cancer. 2016;23(5):761-770. doi:10.1007/
s12282-015-0636-5

38. Brennan ME, Turner RM, Ciatto S, et al. 
Ductal carcinoma in situ at core-needle 
biopsy: Meta-analysis of underestimation 



551586-L-bw-Groen551586-L-bw-Groen551586-L-bw-Groen551586-L-bw-Groen
Processed on: 18-12-2020Processed on: 18-12-2020Processed on: 18-12-2020Processed on: 18-12-2020 PDF page: 178PDF page: 178PDF page: 178PDF page: 178

178

and predictors of invasive breast cancer. 
Radiology. 2011;260(1):119-128. doi:10.1148/
radiol.11102368

39. Park HS, Park S, Cho J, Park JM, Kim S Il, Park BW. 
Risk predictors of underestimation and the need 
for sentinel node biopsy in patients diagnosed 
with ductal carcinoma in situ by preoperative 
needle biopsy. J Surg Oncol. 2013;107(4):388-
392. doi:10.1002/jso.23273

40. De Paz Villanueva CC, Bonev V, Senthil M, et 
al. Factors associated with underestimation of 
invasive cancer in patients with ductal carcinoma 
in situ: Precautions for active surveillance. JAMA 
Surg. 2017;152(11):1007-1014. doi:10.1001/
jamasurg.2017.2181

41. Diepstraten SCE, van de Ven SMWY, Pijnappel RM, 
et al. Development and Evaluation of a Prediction 
Model for Underestimated Invasive Breast Cancer 
in Women with Ductal Carcinoma In Situ at 
Stereotactic Large Core Needle Biopsy. PLoS One. 
2013;8(10). doi:10.1371/journal.pone.0077826

42. Szynglarewicz B, Kasprzak P, Halon A, Matkowski 
R. Preoperatively diagnosed ductal cancers in situ 
of the breast presenting as even small masses 
are of high risk for the invasive cancer foci in 
postoperative specimen. World J Surg Oncol. 
2015;13(1):1-4. doi:10.1186/s12957-015-0641-3

43. Bartlett JMS, Nofech-Moses S, Rakovitch E. 
Ductal carcinoma in situ of the breast: Can 
biomarkers improve current management? 
Clin Chem. 2014;60(1):60-67. doi:10.1373/
clinchem.2013.207183

44. Lari SA, Kuerer HM. Biological markers in DCIS and 
risk of breast recurrence: A systematic review. J 
Cancer. 2011;2:232-261. doi:10.7150/jca.2.232

45. Visser LL, Groen EJ, Van Leeuwen FE, Lips EH, 
Schmidt MK, Wesseling J. Predictors of an 
invasive breast cancer recurrence after DCIS: A 
Systematic Review and Meta-analyses. Cancer 
Epidemiol Biomarkers Prev. 2019;28(5):835-845. 
doi:10.1158/1055-9965.EPI-18-0976

46. Hayden JA, Côté P, Bombardier C. Evaluation of 
the quality of prognosis studies in systematic 
reviews. Ann Intern Med. 2006;144(6):427-437. 
doi:10.7326/0003-4819-144-6-200603210-00010

47. Hayden JA, van der Windt DA, Cartwright JL, 
Côté P, Bombardier C. Research and Reporting 

Methods Annals of Internal Medicine Assessing 
Bias in Studies of Prognostic Factors. Ann Intern 
Med. 2013;158(4):280-286. doi:10.7326/0003-
4819-158-4-201302190-00009

48. von Elm E, Altman DG, Egger M, Pocock 
SJ, Gøtzsche PC, Vandenbroucke JP. The 
Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) statement: 
Guidelines for reporting observational studies. 
PLoS Med. 2007;4(10):1623-1627. doi:10.1371/
journal.pmed.0040296

49. Kerlikowske K, Molinaro A, Cha I, Morrow M. 
Characteristics associated with recurrence 
among women with ductal carcinoma in situ 
treated by lumpectomy. J Natl Cancer Inst. 
2003;95(22):1692-1702. doi:10.1093/jnci/djg097

50. Mannu GS, Groen EJ, Wang Z, et al. Reliability 
of preoperative breast biopsies showing ductal 
carcinoma in situ and implications for non-
operative treatment: a cohort study. Breast 
Cancer Res Treat. 2019;178(2):409-418. 
doi:10.1007/s10549-019-05362-1

51. Jakub JW, Murphy BL, Gonzalez AB, et al. A 
Validated Nomogram to Predict Upstaging of 
Ductal Carcinoma in Situ to Invasive Disease. Ann 
Surg Oncol. 2017;24(10):2915-2924. doi:10.1245/
s10434-017-5927-y

52. Grimm LJ, Ryser MD, Partridge AH, et al. Surgical 
Upstaging Rates for Vacuum Assisted Biopsy 
Proven DCIS: Implications for Active Surveillance 
Trials. Ann Surg Oncol. 2017;24(12):3534-3540. 
doi:10.1245/s10434-017-6018-9

53. Soumian S, Verghese ET, Booth M, et al. 
Concordance between vacuum assisted biopsy 
and postoperative histology: Implications for the 
proposed Low Risk DCIS Trial (LORIS). Eur J Surg 
Oncol. 2013;39(12):1337-1340. doi:10.1016/j.
ejso.2013.09.028

54. Pilewskie M, Stempel M, Rosenfeld H, Eaton A, 
Van Zee KJ, Morrow M. Do LORIS Trial Eligibility 
Criteria Identify a Ductal Carcinoma In Situ Patient 
Population at Low Risk of Upgrade to Invasive 
Carcinoma? Ann Surg Oncol. 2016;23(11):3487-
3493. doi:10.1245/s10434-016-5268-2

55. Bloom HJ, Richardson WW. Histological grading 
and prognosis in breast cancer a study of 1409 
cases of which 359 have been followed for 



551586-L-bw-Groen551586-L-bw-Groen551586-L-bw-Groen551586-L-bw-Groen
Processed on: 18-12-2020Processed on: 18-12-2020Processed on: 18-12-2020Processed on: 18-12-2020 PDF page: 179PDF page: 179PDF page: 179PDF page: 179

179

7

15 years. Br J Cancer. 1957;11(3):359-377. 
doi:10.1038/bjc.1957.43

56. Elston CW, Ellis IO. Pathological prognostic 
factors in breast cancer. I. The value of 
histological grade in breast cancer: experience 
from a large study with long-term follow-up. 
Histopathology. 1991;19:403-410. doi:10.1192/
bjp.111.479.1009-a

57. Van Bockstal M, Baldewijns M, Colpaert C, et 
al. Dichotomous histopathological assessment 
of ductal carcinoma in situ of the breast results 
in substantial interobserver concordance. 
Histopathology. 2018;73(6):923-932. 
doi:10.1111/his.13741

58. Dano H, Altinay S, Arnould L, et al. 
Interobserver variability in upfront dichotomous 
histopathological assessment of ductal carcinoma 
in situ of the breast: the DCISion study. Mod 
Pathol. 2020;33(3):354-366. doi:10.1038/s41379-
019-0367-9

59. Bera K, Schalper KA, Rimm DL, Velcheti V, 
Madabhushi A. Artificial intelligence in digital 
pathology — new tools for diagnosis and precision 
oncology. Nat Rev Clin Oncol. 2019;16(11):703-
715. doi:10.1038/s41571-019-0252-y

60. Klimov S, Miligy IM, Gertych A, et al. A whole 
slide image-based machine learning approach to 
predict ductal carcinoma in situ (DCIS) recurrence 
risk. Breast Cancer Res. 2019;21(1):1-19. 
doi:10.1186/s13058-019-1165-5

61. Shin HC, Han W, Moon HG, et al. Breast-
conserving surgery after tumor downstaging 
by neoadjuvant chemotherapy is oncologically 
safe for stage III breast cancer patients. Ann 
Surg Oncol. 2013;20(8):2582-2589. doi:10.1245/
s10434-013-2909-6

62. Mieog JS, Van Der Hage J, van de Velde CJH. 
Preoperative chemotherapy for women 
with operable breast cancer ( Review ). 
Cochrane Database Syst Rev. 2007;18(2):1-63. 
doi:10.1002/14651858.CD005002.pub2.www.
cochranelibrary.com

63. Cain H, Macpherson IR, Beresford M, Pinder 
SE, Pong J, Dixon JM. Neoadjuvant Therapy in 
Early Breast Cancer: Treatment Considerations 
and Common Debates in Practice. Clin 

Oncol. 2017;29(10):642-652. doi:10.1016/j.
clon.2017.06.003

64. Von Minckwitz G, Untch M, Blohmer JU, et al. 
Definition and impact of pathologic complete 
response on prognosis after neoadjuvant 
chemotherapy in various intrinsic breast cancer 
subtypes. J Clin Oncol. 2012;30(15):1796-1804. 
doi:10.1200/JCO.2011.38.8595

65. Von Minckwitz G, Schneeweiss A, Loibl S, et al. 
Neoadjuvant carboplatin in patients with triple-
negative and HER2-positive early breast cancer 
(GeparSixto; GBG 66): A randomised phase 2 trial. 
Lancet Oncol. 2014;15(7):747-756. doi:10.1016/
S1470-2045(14)70160-3

66. van Ramshorst MS, van der Voort A, van 
Werkhoven ED, et al. Neoadjuvant chemotherapy 
with or without anthracyclines in the presence 
of dual HER2 blockade for HER2-positive 
breast cancer (TRAIN-2): a multicentre, open-
label, randomised, phase 3 trial. Lancet Oncol. 
2018;19(12):1630-1640. doi:10.1016/S1470-
2045(18)30570-9

67. Goldberg H, Zandbank J, Kent V, et al. Chemotherapy 
may eradicate ductal carcinoma in situ (DCIS) but 
not the associated microcalcifications. Eur J Surg 
Oncol. 2017;43(8):1415-1420. doi:10.1016/j.
ejso.2017.04.011

68. Von Minckwitz G, Darb-Esfahani S, Loibl S, et al. 
Responsiveness of Adjacent ductal carcinoma in 
situ and changes in HER2 status after neoadjuvant 
chemotherapy/trastuzumab treatment in early 
breast cancer-results from the GeparQuattro 
study (GBG 40). Breast Cancer Res Treat. 
2012;132(3):863-870. doi:10.1007/s10549-011-
1621-0

69. Brandão M, Caparica R, Malorni L, Prat A, 
Carey LA, Piccart M. What is the real impact of 
estrogen receptor status on the prognosis and 
treatment of HER2-positive early breast cancer? 
Clin Cancer Res. 2020:clincanres.2612.2019. 
doi:10.1158/1078-0432.ccr-19-2612

70. Baker R, Rogers KD, Shepherd N, Stone N. New 
relationships between breast microcalcifications 
and cancer. Br J Cancer. 2010;103(7):1034-1039. 
doi:10.1038/sj.bjc.6605873


