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ABSTRACT 
Background. This study aimed to validate the DCIS-
upstage model, a previously developed model to predict the 
risk of upstaging to invasive breast cancer in patients with 
biopsy-proven ductal carcinoma in situ (DCIS) in a more 
recent cohort and to assess the model’s clinical utility.
Methods. The model was validated in a registry cohort (n 
= 2269) and in an institution cohort (n = 302). A calibration 
plot was made, followed by a decision curve analysis (DCA). 
The model’s area under the curve (AUC) was compared with 
the AUC of another published model and with the AUCs 
of new models using the risk factors of the DCIS-upstage 
model and additional risk factors.
Results. The DCIS-upstage model had an AUC of 0.67 at 
development; in the validation, the AUC was 0.65 in the 
registry cohort and 0.73 in the institution cohort. The DCA 
showed that the model has clinical utility. The other pub-
lished model had an AUC of 0.66 in the institution cohort. 
Adding risk factors to the DCIS-upstage model slightly 
increased the AUC.

Conclusions. The DCIS-upstage prediction model is valid 
in other cohorts. The model has clinical utility and may be 
used to select patients with biopsy-proven DCIS for sentinel 
lymph node biopsy.

In the Netherlands, each year approximately 2300 patients 
are diagnosed with ductal carcinoma in situ (DCIS) of the 
breast. Although the initial diagnosis is usually based on 
biopsy, the diagnosis may be upstaged to invasive breast 
cancer following pathologic examination of the surgical 
specimen.1 In a previous study, we showed an upstaging rate 
of 21% for patients diagnosed in 2011 and 2012 in the Neth-
erlands.2 While axillary staging is indicated in patients with 
invasive breast cancer, the role of axillary staging in patients 
with biopsy-proven DCIS is debated. In case of upstaging 
to invasive breast cancer, axillary staging may alter treat-
ment.2 In several countries, such as the United Kingdom and 
the Netherlands, the decision to perform a sentinel lymph 
node biopsy (SLNB) in patients with biopsy-proven DCIS 
is partly based on the presence of risk factors such as the 
histological grade of the biopsy-proven DCIS.3,4

At the individual patient level, the risk of upstaging to 
invasive breast cancer after biopsy-proven DCIS can be esti-
mated with the DCIS-upstage model (https:/Evidencio.com/
models/show/1074), a population-based prediction model 
developed by our research group.2 This model includes 
information on the detection mode, the palpability of the 
lesion, the histologic grade of the DCIS at biopsy, histo-
logic suspicion on the presence of an invasive component 
at biopsy, and the BI-RADS score on mammography.2 In 
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the Netherlands, all this information is routinely collected 
during diagnostic workup. Other studies have also devel-
oped prediction models for upstaging after biopsy-proven 
DCIS.5–13 For instance, Jakub et al. developed a prediction 
model on the basis of the DCIS grade on core needle biopsy, 
the presence of a mass on imaging, multicentricity of the 
lesion, and the largest linear dimension on mammography.7

A few validation studies of models were published, which 
showed that the prediction models performed statistically 
slightly worse in the validation cohorts than in the patient 
population in which the model was developed.7,8 Com-
parison of the available models is complicated by the large 
variety of risk factors that are used in prediction models. 
Furthermore, comparison of the models is not always fully 
possible because some studies did not report the intercept 
of their model.5,6,12,13 Furthermore, the comparison of the 
different models is complicated by the differences in the 
average upstaging rates. Within the populations on which 
the models were developed, the rates varied from 14% to 
37%.7,8 This variation might not only be due to differences 
in the selection of patients but also to differences in diag-
nostic workup between hospitals or countries or over time. 
When using a prediction model, it therefore is important that 
the cohort has some similarity with the model development 
cohort.

The aim of our study was to validate our DCIS-upstage 
model in a more recent patient cohort, to assess the model’s 
clinical utility, compare the model’s performance with the 
performance of another published prediction model devel-
oped by Jakub, and to determine the effect of adding other 
risk factors to the prediction model.

PATIENTS AND METHODS

Study Design and Population

This study used two cohorts, a registry cohort (n = 2269) 
and an institution cohort (n = 302). The registry cohort is 
representative of the entire population. Due to the large sam-
ple size of the registry cohort, this cohort was best suited for 
validating and assessing the clinical utility of our previously 
developed prediction model for the risk of upstaging, which 
in this study is referred to as the DCIS-upstage model.2 The 
institution cohort was used to compare the model with the 
model published by Jakub et al.7 because that cohort con-
tains data that are not available in the registry cohort. The 
Jakub et al. model uses tumor data that are normally avail-
able in hospitals in the Netherlands.7 Both models are avail-
able online; see https:// www. evide ncio. com/ models/ show/ 
1074 and https:// www. evide ncio. com/ models/ show/ 950. 
The institution cohort was also best suited for analyzing the 
effects of extending the DCIS-upstage model with additional 
risk factors.

Data of the registry cohort were collected from the Dutch 
Pathology Registry, which is managed by PALGA, the 
Dutch Pathology Databank of the Netherlands. The registry 
contains all the reports of material examined by patholo-
gists in Dutch Pathology Laboratories.14 For all patients, 
reports were available on cytology, biopsies, lymph node 
biopsies, and excisions. Patients registered in the pathology 
registry were matched to patients in the Netherlands Cancer 
Registry (NCR), which is hosted by the Netherlands Com-
prehensive Cancer Organization (IKNL). This step resulted 
in a combined dataset with the following data from PALGA: 
age at the time of biopsy, presence of contralateral DCIS or 
invasive breast cancer, DCIS grade at biopsy, suspicion on 
presence of an invasive component at biopsy, histopatho-
logic microcalcification, and comedonecrosis. The NCR data 
included mode of detection, palpability, BI-RADS score, 
a history of malignancy, contralateral tumors, clinical and 
pathological T and N status, surgical treatment information, 
and final diagnosis.

Needle biopsies with a diagnosis of DCIS were selected 
if they were reported in a standardized structured pathology 
protocol between July 2016 and March 2019. In case of more 
than one biopsy with the diagnosis DCIS, the biopsy with 
the most tumor information was selected. In case the report 
stated any doubt about the diagnosis DCIS, the patient was 
not included. Patients were excluded if they had an ipsi-
lateral history of DCIS or invasive breast cancer, since the 
current diagnosis could be either a recurrence or a second 
tumor. Patients were also excluded if they had proven posi-
tive lymph nodes or microinvasion at the time of biopsy, 
since these patients were considered to have invasive breast 
cancer. Moreover, patients were excluded if the excision was 
performed more than 3 months after the biopsy that proved 
DCIS. Finally, patients were excluded for whom not all the 
information that was used in the DCIS-upstage model was 
available.

The institution cohort comprised all consecutive patients 
diagnosed with DCIS from July 2012 to December 2018 
at the Albert Schweitzer hospital in the Netherlands. Data 
were retrieved from the electronic medical records of the 
institution and from the pathology records of the Laboratory 
of Pathology Dordrecht. The available data included age, 
detection mode, referral reason, family history of malignant 
disease, a history of a malignancy, contralateral tumors, pal-
pability, BI-RADS score, mass on mammography, size on 
mammography, multicentricity across quadrants on mam-
mography, multifocality within quadrants on mammogra-
phy, calcification on mammography, density, estrogen recep-
tor (ER) status, HER2 neu receptor status, DCIS grade at 
biopsy, type of first resection, and final diagnosis. Patients 
were excluded from the institution cohort if not all the infor-
mation for them that was used in the DCIS-upstage model 
and the Jakub prediction model was available.

https://www.evidencio.com/models/show/1074
https://www.evidencio.com/models/show/1074
https://www.evidencio.com/models/show/950
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Upstaging was defined as a diagnosis of microinvasive or 
invasive breast cancer found in the surgical specimen while 
the diagnosis at biopsy had been DCIS. If lymph nodes 
were positive but the excision diagnosis remained DCIS, 
the patient was not considered being upstaged. Contralat-
eral breast cancer was defined as DCIS or invasive breast 
cancer in the other breast, previously or in the same period 
as the biopsy-proven DCIS. In case of the presence of mul-
tiple DCIS grades or any doubt about the histologic grade, 
the highest grade that was mentioned was used. Suspected 
invasive component was coded as “yes” if the pathologist 
specifically mentioned that there was a suspicion of invasion 
or if invasion could not be ruled out by additional immuno-
histochemistry. In both cohorts no data on race or ethnicity 
were collected. In the Netherlands, 74% of residents and 
both parents of resident are born in the Netherlands.15

Statistical Analyses

For both cohorts, patient and tumor characteristics were 
compared between patients with and without upstaging to 
invasive breast cancer using the Mann–Whitney U test for 
continuous data and the chi-squared test or the Fisher’s exact 
test for categorical data. For the institution cohort, asso-
ciations between risk factors were analyzed with the chi-
squared test or Fisher’s exact test.

The DCIS-upstage model was validated in both cohorts 
and the Jakub model was validated in the institution cohort 
using the logistic regression model. A calibration analysis 
was performed. Results were evaluated with the area under 
the curve (AUC) of the receiver operating characteristic 
(ROC) curve and with the slope and intercept of the cali-
bration plot, as well as by assessing the calibration for risk 
categories. For the ROC curve, the maximum Youden’s 
index was calculated, and for the corresponding probability, 
cut off the sensitivity, specificity, positive predictive value, 
and negative predicted value. It was decided whether re-
estimation of the risk factors was needed to accommodate 
for differences over time by comparing the intercept of the 
calibration plot with the intercept when both the intercept 
and the slope were re-estimated. In the institution cohort, 
patients were grouped on the basis of predicted risk, and the 
observed upstage rate was assessed in each group.

The ratio of true positive to false positive predictions 
was calculated in the decision curve analysis (DCA) and is 
reflected in a net benefit. At a range of cut-off points, the net 
benefit of the model was calculated, as was the net benefit 
when assuming that all patients had invasive breast cancer 
and the net benefit when assuming that none of the patients 
had invasive breast cancer. At cut-off points at which the net 
benefit of the model was higher than the benefit calculated if 
all or no patients had invasive breast cancer, the model was 
considered to be clinically useful.

New models were made using the variables of the 
DCIS-upstage model and extending the model with addi-
tional risk factors. The additional variables were the ER/
HER2 category or mass and size on mammography. For 
the analyses, all beta coefficients of the risk factors of 
the DCIS-upstage model were automatically re-estimated. 
The AUC of the new models was compared with the AUC 
when using only the risk factors of the DCIS-upstage 
model.

Pearson correlations of the predicted risk per patient were 
analyzed between the DCIS-upstage model and the model 
of Jakub. The model of Jakub was also re-estimated, and the 
correlation between the re-estimated model of Jakub and the 
re-estimated DCIS-upstage model was analyzed, as was the 
correlation between the re-estimated model of Jakub and 
the original model of Jakub and between the re-estimated 
DCIS-upstage model and the original DCIS-upstage model.

RESULTS

Registry Cohort

In total, 127 (5.3%) patients from the registry cohort were 
excluded that had missing data for one or more of the risk 
factors that were used in our prediction model; 21 miss-
ing values for detection mode, 60 for palpable, 14 for DCIS 
grade, and 54 for BI-RADS score.

Thereafter, the registry cohort was made up of 2269 
patients with a median age of 59 years, and 34% were 
younger than 55 years. The detection mode was screening 
in 67% of the patients, and the tumor was palpable in 17%. 
The DCIS grade was low in 12%, intermediate in 42% and 
high in 46% of the patients. The BI-RADS score was 1–3 in 
5%, 4 in 86%, and 5 in 9%, and 2% were suspected to have 
invasive breast cancer.

The upstaging rate was 17.4% (n = 395). The upstag-
ing rates for the risk factors that are included in the DCIS-
upstage model are presented in Table  1. Associations 
between other patient and tumor characteristics are shown 
in Appendix A.

The predicted probability of upstaging was plotted against 
the observed proportion of upstaging in the calibration plot 
(Fig. 1). The intercept was −0.155, the slope 0.967, and the 
C-statistic (AUC) of the ROC curve was 0.65. The overes-
timation was 15.5%, which was not significant (p = 0.267). 
The ROC curve is shown in Appendix B.

The DCA of the model showed that the model provides 
a net benefit (compared with a “treat all” strategy) if the 
risk threshold is higher than 10%, and that the net benefit 
becomes greater if the risk thresholds are higher than 14%. 
The net benefit again becomes close to 0 at risk thresholds of 
40% or higher, due to a very limited benefit compared with 
a “treat none” strategy (Fig. 2). In this validation cohort, 
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the mean predicted risk was 18.9%, ranging from 9.5% to 
80.2% with a median of 14.7%. In the cohort, 249 patients 
(11%) had a risk below 14%, 1907 (84%) patients had a risk 

between 14 and 40%, and 113 (5%) had a risk of more than 
40%.

Institution Cohort

In total, 8 (2.6%) patients of the institution cohort were 
excluded that had missing data for one or more of the risk 
factors that were used in our prediction model; 6 missing 
values for palpable, 2 for DCIS grade, and 2 for multicentric.

TABLE 1  Patient and tumor 
characteristics: comparison of 
upstaged patients (n = 395) 
and non-upstaged patients (n = 
1874) of the registry cohort

*Comparison between upstaged and non-upstaged patients using the chi-squared test

All patients Upstaging to invasive breast cancer

No Yes p-value*

N N % N %

Number (%) 2269 1874 83% 395 17%
Detection mode < 0.001
 Screening 1530 1313 86% 217 14%
 Otherwise 739 561 76% 178 24%

Palpable < 0.001
 No 1894 1618 85% 276 15%
 Yes 375 256 68% 119 32%

DCIS grade < 0.001
 Low 263 238 90% 25 10%
 Intermediate 954 794 83% 160 17%
 High 1052 842 80% 210 20%

BI-RADS score < 0.001
 3 117 99 85% 18 15%
 4 1939 1641 85% 298 15%
 5 213 134 63% 79 37%

Suspected invasive com-
ponent at biopsy

0.001

 No 2221 1843 83% 378 17%
 Yes 48 31 65% 17 35%

0.0

Slope
Intercept
C (ROC) 0.652

Registry cohort
Validation DCIS-upstage model
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Thereafter, the institution cohort consisted of 302 patients 
whose upstaging rate was 20.2%. Table 2 presents the asso-
ciations between the upstaging rate and the variables that 
were used in the models. The associations of upstaging with 
other variables that were explored are shown in Appendix C. 
Upstaging was significantly associated with reason of refer-
ral, palpability, presence of mass on mammogram, breast 
density, lesion size, BI-RADS score, presence of calcifica-
tions, multifocality, DCIS grade, and a suspected invasive 
component at biopsy.

Calibration of the Jakub model showed that the intercept 
was −0.166, with a slope of 0.635, and the AUC of the ROC 
was 0.66. Appendix D shows the calibration plot and ROC 

curve of the model by Jakub and the calibration plot and 
ROC curve of the DCIS-upstage model on the institution 
cohort. The correlation between the predicted risks of the 
DCIS-upstage model and of the Jakub model was 0.23. The 
correlation was again analyzed after re-estimating the beta 
coefficients of each risk factor, resulting in a correlation of 
0.67. The correlation between these re-estimated models and 
the original models was 0.50 for the Jakub model and 0.96 
for the DCIS-upstage model.

Figure 3 shows the ROC curves of the re-estimated model 
of Jakub and the re-estimated DCIS-upstage model and the 
ROC curves of the extended DCIS-upstage models. After 
re-estimation, the model of Jakub had an AUC of 0.79 and 

TABLE 2  Patient and tumor characteristics: comparison of upstaged patients (n = 61) and non-upstaged patients (n = 241) of the institution 
cohort

*p-Value of comparison between upstaged and non-upstaged patients determined with the Mann–Whitney U test**, the chi-squared  test#, or 
Fisher’s exact  test$

All patients Upstaging to invasive breast cancer

No Yes p-value*

N N % N %

Number (%) 302 241 80% 61 20%
Age in years Mean, median (range) 58.8, 58 (28–88) 58.8, 58 (33–82) 58.9, 59 (28–88) 0.912**

Detection mode 0.010#

 Screening 187 158 84% 29 16%
 Otherwise 115 83 72% 32 28%

Palpable < 0.001$

 No 250 214 86% 36 14%
 Yes 52 27 52% 25 48%

Mass on mammography < 0.001#

 No 235 204 87% 31 13%
 Yes 67 37 55% 30 45%

BI-RADS score < 0.001$

 3 4 4 100% 0 0%
 4 271 225 83% 46 17%
 5 27 12 44% 15 56%

Size (mm) Mean, median (range) 22, 15 (2–100) 19, 13 (2–100) 33, 26 (4–100) < 0.001**

Multicentric across quadrants 0.744$

 No 287 228 79% 59 21%
 Yes 15 13 87% 2 13%

DCIS histological grade at biopsy 0.038$

 Low 53 47 89% 6 11%
 Intermediate 70 60 86% 10 14%
 High 179 134 75% 45 25%

Suspected invasive component at biopsy < 0.001$

 No 286 235 82% 51 18%
 Yes 16 6 38% 10 63%

ER/HER2 category 0.054$

 ER positive and HER2 negative 162 135 83% 27 17%
 Other 132 98 74% 34 26%
 Missing 8 8 100% 0 0%
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the DCIS-upstage model had an AUC of 0.77. Several mod-
els were made by adding risk factors to the DCIS-upstage 
model (Fig. 3c–f). The model with the highest AUC (0.81) 
comprised the variables detection mode, palpability, DCIS 
grade at biopsy, a suspected invasive component at biopsy, 
size of the lesion at mammography, and presence of mass on 
mammography (see Fig. 3e). Addition of the ER/HER2neu 
variable did not improve the model. Analysis of the asso-
ciations showed that ER/HEr2neu was strongly associated 
with the DCIS grade (p < 0.001); in ER positive/HER2 neu 
negative patients the DCIS grade was 30% low, 30% inter-
mediate, and 40% high grade. In patients with other receptor 
combinations the DCIS grade was 3% low, 13% interme-
diate, and 84% high grade. Patients with ER positive and 
HER2neu negative DCIS also had a lower palpability rate, 
13% versus 24% (p = 0.019), and a lower rate of mass on 
mammography, 17% versus 30% (p = 0.013), compared with 
other receptor combinations.

The predicted risk for upstaging using the DCIS-upstage 
model ranged from 10.8% to 80.2%, with a median of 
16.8% and mean of 20.4%. Dividing the patients into three 
groups on the basis of predicted risk (group 1 < 15%, group 
2 ≥ 15–< 25%, and group 3 ≥ 25%) resulted in group 1 
with 99 patients (33%), of whom 12 were upstaged (12.1%); 
group 2 with 139 patients (46%), of whom 18 were upstaged 
(13.0%); and group 3 with 64 patients (21%), of whom 32 
were upstaged (48.4%). In group 1, SLNB was performed 
in 109 patients (62%) and two macrometastases were found, 
in group 2 SLNB was performed in 39 patients (67%) and 
two micrometastases were found, and in group 3 SLNB was 
performed in 61 patients (91%) and four micrometastases 
and three macrometastases were found.

DISCUSSION

In this study we validated the DCIS-upstage model on a 
new cohort and assessed the clinical utility of the model. 
We also compared the model with another published pre-
diction model and evaluated the impact of extension of our 
prediction model with additional risk factors. Evaluation 
of the fit of the model showed a relative overestimation by 
16% on the predicted risk. The AUC was almost identical 
to the AUC of the original model. The model had clini-
cal utility when using cut-off points of the predicted risk 
of 14% or higher. The model performed comparable to 

0.0

0.50

0.30

0.20

max Youden’s
index = 0.180

Sens: 55.7%
Spec: 84.6%
PV+: 11.7%
PV–: 52.1%

0.15

0.10
Area under the curve: 0.766

0.05 0.02

0.2 0.4 0.6

Re-estimated DCIS-upstage model
intercept: -16.100, screening: -0.425, palpable: 1.034, grade
intermediate: 0.371, grade high: 0.682, BI-RADS score 4:
13.933, BI-RADS score 5: 15.215, suspect invasive: 1.818

0.8 1.0

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1 –Specificity

Se
ns

iti
vi

ty

0.0

0.50

0.30

0.20
max Youden’s
index = 0.205

Sens: 41.7%
Spec: 81.2%
PV+: 15.8%
PV–: 63.2%

0.15

0.10

Area under the curve: 0.613 0.05
0.02

0.2 0.4 0.6

Re-estimated DCIS-upstage model + ER-Her2Neu
intercept: -16.055, ERpos Her2Neu neg: -0.106,
screening: -0.499, palpable: 0.938, grade intermediate: 
0.407, grade high: 0.657, BI-RADS score 4: 14.041, 
BI-RADS score 5: 15.311, suspect invasive: 2.00

0.8 1.0

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1 –Specificity

Se
ns

iti
vi

ty

0.0

0.50

0.30

0.20

max Youden’s
index = 0.168

Sens: 73.8%
Spec: 74.3%
PV+: 8.2%
PV–: 57.9%

0.15

0.10
Area under the curve: 0.789 0.05 0.02

0.2 0.4 0.6

Re-estimated Jakub model
intercept: -3.442, size: 0.024, mass: 1.696,
multi-quadrant: 0.110, grade intermediate:
0.723, grade high: 1.189

0.8 1.0

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1 –Specificity

Se
ns

iti
vi

ty

A

B

C

FIG. 3  ROC curves of the DCIS-upstage model, the Jakub model, 
and the re-estimated and extended models, calculated on the institu-
tion cohort, n = 61 upstaged patients; ROCs of the re-estimated mod-
els on the institution dataset: a Jakub model, b DCIS-upstage model, 
c DCIS-upstage plus ERHer2neu, d DCIS-upstage plus size, e DCIS-
upstage plus size and mass, and f DCIS-upstage plus size and mass 
minus palpable and detection mode; the figures indicate the intercept, 
the beta-coefficients, and the AUCs of the models

▸



Validation and Clinical Utility …                    

the Jakub model. Adding other risk factors to the model 
increased the AUC with 0.04.

Although the average upstaging risk has decreased over 
time, the model was valid in a new cohort. The average 
upstaging risk was 17.4% in the registry cohort com-
pared with 20.6% in the cohort in which we developed the 
DCIS-upstage prediction model.2 The model calibration 
plot showed that the observed proportion of upstaging was 
lower than the predicted proportion in the patient groups 
with a high predicted risk; this was somewhat more than in 
the patient group with a low predicted risk. However, the 
overestimation was not statistically significant, and there-
fore re-estimation of the model was not required.

The model can be used to select patients for a SLNB on 
the basis of their individual risk of upstaging. However, 
it is important to bear in mind that each prediction model 
will result in true positive and false positive predictions. 
The ratio between them differs for each cut-off point that 
is chosen. When setting the cut-off point of the model very 
low, many patients will be selected for SLNB and this 
will result in many false positive predictions, and setting 
the cut-off very high will result in many false negative 
predictions. In a clinical decision analysis, we demon-
strated that a cut-off point between 14% and 40% should 
be selected. For instance, in practice in our institution, 
SLNB was performed in 69% of patients (209 patients). 
In the case that patients would have been selected with 
the DCIS-upstage model with a threshold of 25%, only 
22% of the patients (67 patients) would have been selected 
for SLNB and the upstage rate would have been 48% (32 
patients). For patients that would not have been selected 
for SLNB, the upstage rate would have been 12% (29 out 
of 235 patients). The changes in the percentage of patients 
that are selected for SLNB do not solely depend on the 
threshold chosen. In the Netherlands SLNB is considered 
for all patients. In some countries SLNB is only consid-
ered in patients undergoing mastectomy and is omitted in 
the case of breast-conserving surgery. It should be kept 
in mind that most often in the case of breast conserving 
surgery, a secondary SLNB can be done, and in the case 
of mastectomy, secondary SLNB is practically impossible. 
The disadvantage of having a second operation should be 
weighed against selecting patients for SLNB on the basis 
of our model.

Prediction models can be built with a wide range of risk 
factors, all resulting in comparable discriminative strength. 
The model of Jakub et al. uses DCIS grade, mass, multi-
centricity, and size, whereas we use DCIS grade, detection 
mode, palpability, BI-RADS score, and a suspicion of inva-
siveness in biopsy specimens. The correlation between both 
models was low, resulting in discordant predictions. The 
correlation could be improved by re-estimating the models 
to the institution cohort. Re-estimation of the Jakub model 
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changed the risk of size most, and size was a more predictive 
risk factor in the institution cohort than in the Jakub cohort.

In the current validation study, the AUC was 0.65 in the 
registry cohort and 0.73 in the institution cohort. This was 
comparable with the AUC of 0.67 in the study in which we 
developed our prediction model. Multiple prediction models 
for upstaging have been developed. Validation studies of 
these models compared the AUC of the development cohort 
with the validation cohort. In the study of Lee et al. the AUC 
was 0.82 and 0.70,9 respectively, in the study of Park et al. 
it was 0.76 and 0.72,11 respectively, in the study of Coufal 
et al. it was 0.76 and 0.85,10 respectively, and in the study 
of Jakub et al. it was 0.73 and 0.71,7 respectively. Jakub 
et al. validated the other models in their study cohort and 
found AUCs of 0.59 for the study of Lee, 0.63 for the study 
of Park, and 0.66 for the study of Coufal.7 In our cohort, 
the Jakub model had an AUC of 0.66. Overall, it seems that 
the AUCs of different prediction models are of the same 
order size and become somewhat lower in other cohorts as 
compared with the development cohort. This might be due 
to patient selection in the model development process. In 
addition, differences between countries in the diagnostic 
process and techniques of biopsy and imaging might influ-
ence the discriminative ability of the model. The increase in 
the AUC of the Jakub model from 0.66 to 0.79 by adapting 
the coefficients of the model to our institution cohort might 
indicate the effect of those differences. This increase could 
be partly due to overfitting of the model. Adapting the coef-
ficients for our own model only resulted in a change in AUC 
from 0.73 to 0.77, indicating that the impact of an overfit of 
the model is limited.

Adding variables to the DCIS-upstage model improved 
the AUC of the model slightly. The combination of ER 
receptor status and HER2neu status is considered an impor-
tant factor for the risk of invasive breast cancer.9,16 However, 
adding the combined ER/HER2neu status to our model did 
not increase the discriminative ability of the model. In this 
study the ER/HER2 neu status was associated with DCIS 
grade, palpability, and mass. However, in univariable analy-
sis, ER/HER2 neu was also not significantly associated with 
upstaging (p = 0.054), thus it was expected that in multi-
variable analyses the receptor status would not improve the 
model. Mass and size are risk factors that are used in sev-
eral other models.6,7,9–11 Adding mass and size to our model 
resulted in an increase of 0.04 of the AUC, from 0.77 to 
0.81, in the institution cohort. Compared with our developed 
model, the sensitivity of that model is increased, however, 
the specificity is decreased. Before using this model, valida-
tion is needed first.

Applying the DCIS-upstage model must be carried out 
with caution. In our study, we did not select patients with 
microinvasive cancer at biopsy, patients who underwent 
excisional biopsy, and patients with a history of ipsilateral 

DCIS or invasive breast cancer. For these patients, the 
prediction model for upstaging is not applicable.

A limitation of this retrospective study was that infor-
mation on the diagnostic workup in the registry cohort 
was sparse and therefore not all potentially useful risk 
factors were recorded in the registry cohort: for example, 
information on mammography and on the size of biopsy 
needle is lacking, although it is reasonable to assume that 
the vast majority of the biopsies were vacuum assisted. A 
strength of this study is that we had a second cohort: an 
institutional cohort with many additional clinical variables 
such as information on imaging. Another strength of this 
study was that the validation was done on the registry-
based cohort, which was a large cohort and representative 
of daily practice as well.

The next research step would be to assess the effect of 
implementation of this model on the accuracy of the use of 
the SLN procedure in patients with biopsy-proven DCIS.

CONCLUSIONS

This study confirmed the validity of our previously 
developed model for upstaging. This prediction model for 
upstaging has clinical utility and may be used in the selec-
tion for SLNB in patients with biopsy-proven DCIS.

APPENDIX A

Upstaging rate in the registry cohort: associations in the 
registry cohort of patient and tumor characteristics with 
upstaging to invasive breast cancer

All 
patients

Upstaging to invasive breast cancer

No Yes p-Value*

N N % N %

Number 
(%)

2269 1874 83% 395 17%

Year of 
inci-
dence

0.541#

2016 261 220 84% 41 16%
2017 820 685 84% 135 17%
2018 957 778 81% 179 19%
2019 231 191 83% 40 17%
Age, 

mean, 
median 
(range)

59.4, 59 
(23–90)

59.7, 60 (23–90) 58.3, 58 
(26–88)

0.024**

Age cat-
egories

0.030#

< 55 778 624 80% 154 20%
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All 
patients

Upstaging to invasive breast cancer

No Yes p-Value*

N N % N %

≥ 55 1491 1250 84% 241 16%
Microc-

alcifica-
tion

< 0.001$

Not pre-
sent

350 263 75% 87 25%

Present 1909 1602 84% 307 16%
Missing 10 9 90% 1 10%
Come-

donecro-
sis

0.007#

Not pre-
sent

492 406 83% 86 17%

Present 1368 1109 81% 259 19%
Missing 409 359 88% 50 12%
cT < 0.001$

In situ 2201 1868 85% 333 15%
1 35 0 0% 35 100%
2–4 18 0 0% 18 100%
Missing 15 6 40% 9 60%
cN 0.004$

0 2251 1863 83% 388 17%
1 3 0 0% 3 100%
Missing 15 11 73% 4 27%
Contralat-

eral
0.063#

No 2235 1850 83% 385 17%
Yes 34 24 71% 10 29%

*p-Value of comparison between upstaged and non-upstaged patients 
determined with the Mann–Whitney U  test**, the chi-squared  test#, or 
the Fisher’s exact  test$

APPENDIX B

ROC curve of the DCIS-upstage model: ROC curve of the 
model for upstaging to invasive breast cancer, on the registry 
cohort; the maximum Youden’s index was 0.1479
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APPENDIX C

Upstaging rate in the institution cohort: associations in 
the institution cohort of patients and tumor characteristics 
with upstaging to invasive breast cancer

All patients Upstaging to invasive breast 
cancer

No Yes p-Value*

N N % N %

Number (%) 302 241 80% 61 20%
Age categories 0.948$

< 55 years 110 88 80% 22 20%
≥ 55 years 192 153 80% 39 20%
Family history of 

mamma disease
0.822$

No 179 145 81% 34 19%
Yes 95 74 78% 21 22%
Missing 28 22 79% 6 21%
Referral reason < 0.001$

Screen-detected 187 158 84% 29 16%
General practi-

tioner
71 44 62% 28 38%

Follow-up/spe-
cialist

44 39 89% 5 11%

Density 0.045$

ACR 1 11 10 91% 1 9%
ACR 2 149 128 86% 21 14%
ACR 3 84 60 71% 24 29%
ACR 4 27 21 78% 6 22%
Missing 31 22 71% 9 29%
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All patients Upstaging to invasive breast 
cancer

No Yes p-Value*

N N % N %

BI-RADS score < 0.001$

3 4 4 100% 0 0%
4 4 2 50% 2 50%
4a 72 63 88% 9 13%
4b 149 126 85% 23 15%
4c 46 34 74% 12 26%
5 27 12 44% 15 56%
Size category < 0.001$

< 10 mm 92 83 90% 9 10%
10–19 mm 90 77 86% 13 14%
≥ 20 mm 120 81 67% 39 33%
Multifocal within a 

quadrant
0.014$

No 284 231 81% 53 19%
Yes 18 10 56% 8 44%
Calcifications 0.005#

No 27 16 59% 11 41%
Yes 275 225 82% 50 18%
ER receptor 0.130$

Negative (< 80%) 100 74 75% 26 26%
Positive (80–100%) 197 162 82% 35 18%
Missing 5 5 100% 0 0%
HER2 neu receptor 0.471$

Negative (0,1,2) 191 152 80% 39 20%
Positive (3) 103 81 79% 22 21%
Missing 8 8 100% 0 0%
First resection < 0.001#

Wide local excision 202 174 86% 28 14%
Ablation 100 67 67% 33 33%

*p-Value of comparison between upstaged and non-upstaged patients 
determined with the chi-squared  test# or the Fisher’s exact  test$

APPENDIX D

Validation in the institution cohort: ROC and calibra-
tion plot of the prediction model for the risk of upstaging 
to invasive breast cancer of patients with biopsy-proven 
DCIS; analyses were done in the institution cohort without 
re-estimation of the model

DCIS-upstage model:

0.0

Slope
Intercept
C (ROC) 0.731

Institution cohort
Validation DCIS-upstage model

1.493
0.621

0.
0

0.2

0.
2

Predicted Probability

O
bs

er
ve

d 
pr

op
or

tio
n

0.4

0.
4

0.6

0.
6

0.8

Ideal
Logistic calibration
Nonparametric
Grouped observations

0.
8

1.0

1.
0

0.0

0.50

0.30

0.20

max Youden’s
index = 0.168

Sens: 55.7%
Spec: 84.2%
PV+: 11.7%
PV–: 52.8%

0.15

0.10
Area under the curve: 0.73

0.2 0.4 0.6

Validation DCIS-upstage model

Institution cohort

0.8 1.0

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1 –Specificity

Se
ns

iti
vi

ty



Validation and Clinical Utility …                    

Jakub model:
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