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Purpose: Registration of carcinoma in situ (CIS) lesions in the national Danish Breast Cancer Group (DBCG) database is incomplete.
We aimed to develop and validate a computer-based algorithm designed to identify patients with pure CIS of the breast, defined as CIS
without concurrent breast cancer (BC), and with no history of BC or ipsilateral CIS. A secondary aim was to assess the completeness
of CIS registration in the DBCG database.

Patients and Methods: We developed an algorithm to identify patients diagnosed with pure CIS between 2008 and 2017 using
Systematized NOmenclature of MEDicine codes from the Danish Pathology Registry (DPR). We manually reviewed pathology
records of a subcohort from Aarhus University Hospital (AUH) to serve as reference standard. To test reproducibility, the algorithm
was reapplied to DPR data spanning 2008 to 2023.

Results: Between 2008 and 2017, 13,720 patients diagnosed with CIS of any kind were identified in the DPR. Of these, 1,581 patients
were diagnosed at AUH, and 572 of those were manually confirmed as cases of pure CIS. The algorithm correctly classified 560 of
these cases, corresponding to a sensitivity of 97.9% (95% CI: 96.3-99.3%). The positive predictive value of the algorithm for
identifying pure CIS was 100.0% (95% CI: 99.3-100.0%). On a national level, the algorithm identified 4,302 patients with pure CIS
between 2008 and 2017. Of those, 1,002 (23%) were not registered in the DBCG database. In the extended study population, 7,206
patients with pure CIS were identified, and 4,266 (99.2%) cases from the original study population were reclassified as pure CIS. Of
7,206 total patients, 1,827 (25%) were not registered in the DBCG database.

Conclusion: Demonstrating high accuracy and reproducibility, the algorithm represents an optimal method for future identification of
patients with pure CIS who are not registered in the DBCG database.
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Introduction

Carcinoma in situ (CIS) of the breast refers to the presence of malignant epithelial cells confined to the ducts or lobules,
without invasion beyond the basement membrane.' Several types of CIS of the breast exist, with ductal carcinoma in situ
(DCIS) constituting more than 85% of CIS cases.” Lobular carcinoma in situ (LCIS), pleomorphic lobular carcinoma in situ
(PLCIS), and other subtypes are less common. DCIS is considered a non-obligate precursor lesion to breast cancer (BC), as,
in untreated cases, 25-60% of patients with DCIS may develop cancer in the same breast within 9—24 years of follow-up.>~’
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Few patients with DCIS present with symptoms, and more than 80% of lesions are detected through routine
mammographic screening.® Consequently, the incidence of DCIS has risen four- to fivefold over recent decades in
countries where national breast screening programs have been introduced.”'> DCIS now constitutes 15-25% of all
screen-detected neoplastic lesions of the breast.'*'* This trend is also observed in Denmark, where nationwide
mammography screening was implemented in 2008 and is offered to all women aged 50-69, every other year, with
80-86% of eligible women participating.'® In Denmark, DCIS constituted 13—14% of screen-detected lesions during the
roll-out of population-based screening.'®

As no current analysis can accurately identify DCIS lesions without the potential for progression to BC,'”'® treatment
for DCIS is multimodal and extensive, involving surgery, radiotherapy (RT), and, in some countries, endocrine treatment
(ET).>'*'” Both adjuvant RT and ET reduce the risk of progression to BC or local recurrence of DCIS, but have no
significant impact on overall survival.?> > Moreover, the increased incidence and treatment of DCIS have not reduced
breast cancer incidence in countries with long-established national mammography screening, and the BC-specific
mortality after DCIS remains low (1-3%).%*® This has raised concerns about potential overdiagnosis and overtreatment
of some DCIS patients, and several ongoing non-inferiority trials investigate the impact of omitting surgery”’ 2° or RT*°
for low-risk DCIS lesions. However, evaluating the effect of local treatment is challenging, as it can be difficult to
distinguish whether an invasive lesion developing after DCIS treatment reflects progression due to insufficient therapy or
represents a new primary malignancy.’’

The Danish Breast Cancer Group (DBCG) HYPO trial investigated the efficacy of moderately hypofractionated RT in
patients with DCIS or BC,*? and the use of sentinel node biopsy for treatment of DCIS in Denmark has also been
investigated.®> Apart from those studies, the clinical outcome and prognosis of Danish patients with CIS have not been
described since the introduction of nationwide BC screening in 2008.>* Given the evolution of diagnostic methods, treatment
modalities, and guidelines since then, there is a need for current and comprehensive data on Danish patients with CIS.

Therefore, we aimed to develop and subsequently evaluate the accuracy of a computer-based algorithm designed to
identify all Danish patients diagnosed in the national Danish Pathology Registry (DPR) with pure CIS, defined as no
concurrent or prior BC and no prior ipsilateral CIS, after the introduction of population-based mammography screening.
We also aimed to assess the completeness of CIS registration within the DBCG database and explore the potential for
supplementing these records through automated data extraction from the DPR.

Materials and Methods

Data Sources
The DPR contains nationwide data for all tissue and cytology samples collected since 1997. Registration is mandatory, and
the registry has been considered complete since 2000.°>*® The DPR is updated daily, and includes numerous patient- and
specimen-specific variables. Registration includes a sample-specific unique ID number, specimen type, gross and micro-
scopic descriptions, and the investigating pathology department. All specimens are coded based on the Systematized
NOmenclature of MEDicine (SNOMED) clinical terms classification system, and must as a minimum include topography
(T-codes) and morphology codes (M-codes). Additional codes, including procedures or histopathological techniques
(P-codes), function (F-codes), and etiology (AE-codes), are often added. Officially updated Danish SNOMED codes and
the dates of code changes or modifications are available on the DPR Website (http://www.patobank.dk/).

The DBCG was established in 1977 to ensure uniform national guidelines for diagnosis and treatment of BC in Denmark.>

All departments involved in BC care contribute patho-anatomical, surgical, and oncological patient data of clinical and
prognostic importance. The database for invasive lesions is financially supported and includes query systems that ensure high
coverage and data completeness. As a result, the completeness of BC lesions registered in the DBCG database has gradually
improved to more than 95% in recent years.>® While the DBCG database includes cases of in situ lesions, the absence of
comparable financial support for data completeness results in a higher degree of missing or incomplete information. For this
study, DBCG registrations were considered complete if they contained all descriptive variables in the DBCG reporting system
that were selected for their relevance to diagnostic accuracy and clinical management. These include patho-anatomical,
surgical, and oncological variables and are summarized in Supplementary Table 1. In Denmark, all residents are assigned
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a unique Central Person Register number, allowing individual linkage of data across multiple registries. This linkage enabled
assessment of the completeness of the DBCG database and automatic supplementation of existing registrations with data
extracted from SNOMED codes.

Source Population

The source population consisted of all women in Denmark aged > 18 years who were diagnosed with any type of CIS of
the breast. These included patients diagnosed with DCIS, PLCIS, florid-subtype LCIS, and classical LCIS. The initial
study period encompassed all patients diagnosed between January 1, 2008, and December 31, 2017, referred to as Study
Population I. To test the reproducibility of the algorithm, we expanded the study period to include all patients diagnosed
between January 1, 2008, and December 31, 2023, referred to as Study Population II (Figure 1). Therefore, there is an
expected overlap between the patients in Study Population I and those in the early period of Study Population II,
allowing assessment of reproducibility. Data on CIS and BC lesions were obtained from the DPR.

2008-2017 2008-2023

The Danish Pathology Registry

A 4 A 4
STEP 1: Search for all national STEP 6: Search for all CIS
CIS diagnoses in the breast, diagnoses in the breast,
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Figure | Flowchart of algorithm development and validation for identifying cases of pure CIS.

Abbreviations: CIS, carcinoma in situ; AUH, Aarhus University Hospital; BC, breast cancer; OBS Pro, observation for provisional diagnosis; FNA, fine-needle aspiration.
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Algorithm for Identification of Pure CIS

From the DPR, patients diagnosed with CIS of the breast for Study Populations I and II were identified using the
following criteria: All DPR registered CIS cases were identified based on SNOMED code combinations, including the
T-codes for the breast or papilla/areola (ie, T04XXX), combined with the M-codes M85XX2 or M85403* for CIS lesions
of the breast (*code applicable for Paget’s disease of the nipple until December 31, 2010) (See Supplementary Material 1
for all included SNOMED codes). This yielded a total of 13,720 and 23,818 patients diagnosed with any CIS in Study
Populations I and II, respectively.

To restrict the study population to include pure CIS of the breast only, information on all previous invasive or CIS
lesions from January 1, 1970, to December 31, 2023, for all patients was extracted from the DPR using the following
criteria: 1) Any T-code in combination with morphology codes M8 and M9 with the number 3 (carcinoma), 6 (carcinoma
metastasis), 7 (carcinoma recurrence), and 9 (carcinoma, uncertain whether primary or metastatic) in the fifth position (ie,
M8XXX3); and 2) T-codes T04XXX for the breast or papilla/areola in combination with the morphology codes M85XX2
or M85403 for CIS lesions of the breast. Patients with a history of BC or ipsilateral CIS of the breast diagnosed before
January 1, 2008, were identified and excluded. Patients with an earlier diagnosis of BC in the DBCG database were also
excluded. To avoid inclusion of concurrent BC or patients diagnosed with CIS on biopsy, but upgraded to invasive
disease on the surgical specimen, patients diagnosed with invasive disease 90 days before or after the primary CIS
diagnosis were disregarded. The following cases were also excluded: 1) CIS diagnosis exclusively based on fine-needle
aspiration (FNA), 2) CIS diagnosis suspected but not definitive (observation for provisional diagnosis (OBS pro)), 3)
cases of microinvasive DCIS, and 4) cases of pure CIS of the breast but with regional node metastasis (see
Supplementary Table 2 for full code text) (Figure 1). Additionally, automatic extraction of histopathological data

using SNOMED codes (ie, lesion size, resection margins, and tumor grade) was incorporated into the algorithm.

Reference Standard

To validate the algorithm, we assembled a sub-cohort consisting of all patients diagnosed with CIS at Aarhus University
Hospital (AUH) from Study Population I. The pathology records of each patient were manually reviewed and classified
according to the predefined inclusion and exclusion criteria to ensure correct case assignment. This reference standard
served as the gold standard for assessing the accuracy of the algorithm, comprising 1,581 patients (Figure 1).

Statistical Analysis

The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of the algorithm for
identifying pure CIS cases were computed by comparing the patient classification by the algorithm to the reference
standard. The Clopper-Pearson exact method was used to calculate binomial 95% confidence intervals (CI).

Ethics and Approvals

This study was initiated and supported by the DBCG. This study was approved by the Regional Committee on Health
Research Ethics for the Central Denmark Region (journal no. 1-10-72-11-20) and registered in the Internal Research
Project Registry of the Central Denmark Region (journal no. 1-16-02-456-19). The data has been accessed and processed
under the Danish Act on Processing of Personal Data and Health Act (“Databeskyttelsesforordningen og
Databeskyttelsesloven™).

Results

Study Population I included 13,720 patients who were diagnosed with CIS of the breast of any kind. The algorithm
classified 8,576 (63%) as having concurrent BC, 699 (5%) as having previous BC, 98 (1%) as having previous CIS, and
45 (<1%) as having an OBS pro or FNA diagnosis only, leaving 4,302 (31%) classified as incident cases of pure CIS. The
distribution of the manually reviewed reference standard was similar (Figure 2). Of the 572 manually confirmed cases of
pure CIS in the reference standard, 560 were correctly classified by the algorithm (sensitivity 97.9%, 95% CI: 96.4-98.9)
(Figure 2). Five of the 12 misclassified patients were due to an initial suspicion of CIS that was later confirmed, but the
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Figure 2 Patient classification by the algorithm compared to the reference standard.
Abbreviations: CIS, carcinoma in situ; AUH, Aarhus University Hospital; BC, breast cancer; ALN, axillary lymph node; OBS pro, observation for provisional diagnosis;

FNA, fine-needle aspiration.

SNOMED code for an OBS pro diagnosis (£YYY00) remained in the DPR data. The algorithm classified the remaining
seven patients as having concurrent BC, either because an initial diagnosis of invasive carcinoma was later revised to

carcinoma in situ (three patients) or because of an erroneous assignment of the general SNOMED code for carcinoma

(M80103) to samples without histological evidence of carcinoma. The positive predictive value (PPV) of the algorithm
for identifying pure CIS from any CIS diagnosis was 100.0% (95% CI: 99.4-100.0%), and the negative predictive value
(NPV) was 98.8% (95% CI: 98.0-99.3%) (Table 1).

Of the 4,302 patients identified as cases of pure CIS by the algorithm in Study Population I, 1,002 (23%) were not
registered in the DBCG database. Of the remaining patients, 2,709 (63%) were registered in the database with varying
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Table | Validation Metrics for the Algorithm

Reference Standard Algorithm

Pure CIS Excluded In total
Pure CIS 560 12 572
Excluded 0 1,009 1,009
In total 560 1,021 1,581
Results % (95% CI)
Sensitivity (TP/(TP+FN)) 97.9% (96.4-98.9%)
Specificity (TN/(TN+FP)) 100.0% (99.6—100.0%)
PPV (TP/(TP+FP)) 100.0% (99.4—100.0%)
NPV (TN/(TN+FP)) 98.8% (98.0-99.3%)

Abbreviations: CIS, carcinoma in situ; TP, true positive; FN, false negative; TN, true negative; FP, false
positive; PPV, positive predictive value; NPV, negative predictive value.

degrees of missing information, leaving only 591 (14%) with a complete DBCG registration (Figure 3). In Study
Population II, 23,818 patients with any CIS diagnosis were identified from the DPR. The algorithm classified 7,206 of
those as having pure CIS. Of the 4,302 pure CIS cases in Study Population I, 4,266 (99.2%) were reclassified as such by
the algorithm in Study Population II. The discrepancy of 36 patients was mainly due to the inclusion of the SNOMED
code applicable for Paget’s disease of the nipple until December 31, 2010 (M85403) in the DPR data extraction criteria
for Study Population II, and not Study Population I. As this code often co-occurred with T-codes representing biopsies
from the papilla/areola complex, which lacked information on laterality, the corresponding DPR entries could not be
assigned to a specific side (ie either the left or right breast). Consequently, these patients were excluded by the algorithm.
However, the presence of M85403 also enabled the identification of 40 additional patients with pure CIS (diagnosed in
2008-2017) in Study Population II, who were not captured in Study Population I.

Of the 7,206 patients in Study Population II with pure CIS, 1,827 (25%) were not registered in the DBCG database.
The temporal and geographical variations in DBCG registrations are shown in Figure 3. The inter-departmental variation
in registrations was low, whereas the frequency of completely registered patients has been increasing in recent years.

Table 2 presents the data completeness for Study Population I across the two data sources and the reference standard.
Most variables in the DBCG database had completion rates between 80% and 90%, with higher rates observed for
pathological variables related to DCIS such as lesion size, surgical margins, and Van Nuys classification. Several
variables could be modestly improved, typically by 1-3 percentage points, by adding data extracted from SNOMED
codes. In the reference standard, data completeness was high, with the completion rate of most variables exceeding 90%.

Discussion

With almost perfect sensitivity and PPV, the computer-based algorithm proved to be highly reliable in identifying Danish
patients with pure CIS using data from the DPR. All 12 misclassified patients in the reference cohort were attributable to an
erroneous use of SNOMED codes, suggesting that, under current coding practices, the algorithm performs at its theoretical
maximum. The algorithm successfully reclassified most patients with pure CIS in Study Population I as pure CIS in Study
Population II, demonstrating high consistency and reproducibility. The slight discrepancy was confined to cases diagnosed
between 2008 and 2010 and did not occur among patients diagnosed after 2010. As one-quarter of the patients identified by
the algorithm were not registered in the DBCG database, and several registered cases contained incomplete information, the
completeness of the DBCG database for CIS lesions could be further improved.

In a similar American study, two algorithms were used to differentiate between patients with pure DCIS and BC, based on
registry data. The first algorithm had a sensitivity, specificity, and PPV of 79%, 89%, and 62%, respectively. The second
algorithm had a sensitivity of 50%, a specificity of 97%, and a PPV of 77%.’” The study was later retracted due to
misclassification of some patients, but highlights the challenges in accurately identifying pure CIS using registry data.

Previous studies in Denmark have utilized DPR SNOMED codes either to validate the national usage of the codes,®
or to identify recurrences in specific cancer groups.>*** High sensitivities (88—100%), PPV (73-94%), and NPV
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Figure 3 Temporal and geographical variance for in situ registrations in the Danish Breast Cancer Group database.
Notes: (A) Completeness of the database, 2008-2017; (B) Completeness of the database, 2018-2023; (C) Temporal variation in completeness; (D) Geographical variation
in completeness.

(84-100%) were also observed during the validation of these algorithms. Although the similarities between these studies
are limited, this pattern highlights the untapped potential and high quality of the DPR.

In this study, a substantial manual effort was dedicated to reviewing pathology records to create a reference standard,
ensuring accurate validation of the algorithm. The high sensitivity, specificity, PPV, and NPV of the algorithm in
identifying pure CIS cases minimized the risk of patient misclassification on a national level. The validated and
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Table 2 Variable Registration of in situ Lesions in the DBCG Database Compared to Manual Retrieval of Data from Pathology

Records, 2008-2017: Number of Patients with Documented Information per Variable

Data Registered in

Data Registered in the DBCG

Reference

(%)

the DBCG Database + Additional Data from Standard, Manual
Database SNOMED Codes (n=3,300) Retrieval of Data
(N=3,300) (n=572)
Variable (Type of Data Reported in the n with n with a Registration/Total n n with Data
DBCG Database) a Registration/ Available (%) Description in
Total n Available Records/Total

n Available® (%)

Patho-anatomical i

nformation:

Hospital department (categorical)

2,986/3,300 (90.5%)

3,300/3,300 (100.0%)

572/572 (100.0%)

Specimen number (number)

2,968/3,300 (89.9%)

3,300/3,300 (100.0%)

572/572 (100.0%)

Laterality (left/right)

3,294/3,300 (99.9%)

3,300/3,300 (100.0%)

572/572 (100.0%)

DCIS (yes/no/unknown)

2,975/3,300 (90.1%)

3,076/3,300 (93.2%)

572/572 (100.0%)

Pure micropapillary type (yes/no/unknown)

2,908/3,300 (88.0%)

2,911/3,300 (88.2%)

536/572 (93.8%)

LCIS (yes/no/unknown)

2,892/3,300 (87.6%)

2,916/3,300 (88.3%)

571/572 (99.8%)

PLCIS (yes/no/unknown)

2,863/3,300 (86.8%)

2,867/3,300 (86.9%)

570/572 (99.6%)

PDN (yes/no/unknown)

2,870/3,300 (86.9%)

2,881/3,300 (87.3%)

569/572 (99.4%)

Microcalcifications (yes/no/unknown)

2,858/3,300 (86.6%)

2,898/3,300 (87.8%)

499/572 (87.2%)

Lesion size, DCIS (mm)®

2,716/2,891 (93.4%)

2,725/2,891 (94.2%)

502/539 (93.1%)

Lesion size, PLCIS (mm)°

24/42 (57.1%)

28/46 (61.9%)

6/6 (100.0%)

Surgical margins, DCIS (mm)®

2,787/2,891 (96.4%)

2,843/2,891 (98.6%)

514/539 (95.3%)

Surgical margins, PLCIS (mm)®

30/42 (71.1%)

34/46 (73.9%)

6/6 (100.0%)

Nuclear grade, DCIS (1/2/3)°

2,852/2,891 (98.6%)

2,852/2,891 (98.6%)

489/539 (84.0%)

Necrosis, DCIS (yes/no)®

2,714/2,891 (93.9%)

2,714/2,891 (93.9%)

497/539 (85.8%)

Van Nuys group, DCIS (1/2/3)°

2,853/2,891 (98.2%)

2,874/2,891 (99.4%)

534/539 (99.0%)

Sentinel Node procedure (yes/no)

2,983/3,300 (90.3%)

3,057/3,300 (92.6%)

572/572 (100.0%)

Sentinel nodes removed (1]2|3]>3)°

1,697/1,712 (99.1%)

1,771/1,786 (99.1%)

225/225 (100.0%)

Surgical information:

Biopsy date (dd.mm.yyyy)®

2,841/3,300 (86.1%)

2,970/3,300 (90.0%)

479/572 (83.7%)

Lumpectomy date (dd.mm.yyyy)©

2,626/3,300 (79.5%)

2,773/3,300 (84.0%)

402/572 (70.0%)

Mastectomy date (dd.mm.yyyy)®

942/3,300 (28.5%)

1,024/3,300 (31.0%)

167/572 (29.2%)

Palpable tumor (yes/no)

2,896/3,300 (87.7%)

2,896/3,300 (87.7%)

N/A

Clinical PDN (yes/no)

2,855/3,300 (86.5%)

2,855/3,300 (86.5%)

N/A

Profound fascia on specimen (yes/no)

2,852/3,300 (86.4%)

2,852/3,300 (86.4%)

506/572 (88.5%)

Tumor on imaging (yes/no)

2,717/3,300 (82.3%)

2,717/3,300 (82.3%)

N/A

Tissue density on imaging (yes/no)

2,691/3,300 (81.5%)

2,691/3,300 (81.5%)

N/A

(Continued)
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Table 2 (Continued).

Data Registered in

Data Registered in the DBCG

Reference

DBCG Database)

a Registration/
Total n Available

(%)

the DBCG Database + Additional Data from Standard, Manual
Database SNOMED Codes (n=3,300) Retrieval of Data
(N=3,300) (n=572)

Variable (Type of Data Reported in the n with n with a Registration/Total n n with Data

Available (%)

Description in
Records/Total
n Available® (%)

Microcalcifications (yes/no) 2,810/3,300 (85.1%) 2,810/3,300 (85.1%) N/A
Quadrant (upper lateral/upper medial/lower 2,772/3,300 (84.0%) 2,772/3,300 (84.0%) N/A
lateral/lower medial/central)

Oncological information:
Menopausal status (categorical) 2,386/3,300 (72.3%) 2,386/3,300 (72.3%) N/A
Adjuvant radiotherapy (yes/no)® 1,846/2,298 (55.9%) 1,846/2,298 (55.9%) N/A
Indication for follow-up (yes/no) 3,011/3,300 (91.2%) 3,011/3,300 (91.2%) N/A

Notes: Column | represents the 3,300 patients registered in the DBCG database and identified as pure CIS by the algorithm. Column 2 represents the data from column | with
the addition of data extracted automatically from SNOMED codes using the algorithm. Column 3 represents the standard reference cohort, and thus manually retrieved data
from pathology records. *In the reference standard, only information documented in the pathology reports was considered. Thus, unknown values were disregarded. ®Variables
applicable only to relevant patient subgroups. “Some patients are represented in multiple procedure groups due to the documentation of more than one procedure.
Abbreviations: DBCG, Danish Breast Cancer Group; SNOMED, Systematized NOmenclature of MEDicine; DCIS, ductal carcinoma in situ; LCIS, lobular carcinoma in situ;
PLCIS, pleomorphic LCIS; PDN, Paget’s disease of the nipple.

comprehensive national registry of pathological records within the DPR represents a robust, systematic, and highly
effective system of data collection and management. No other pathology registries worldwide have achieved the level of
completeness observed in the DPR.*?

Although usage of SNOMED codes is nationally standardized, some degree of personal, institutional and temporal
variation cannot be excluded, potentially leading to misclassification of patients. As the algorithm was only validated in
a single-institution cohort, a potential limitation of its external validity on a national level cannot be excluded. However,
the low inter-departmental variation in registrations suggests that geographical differences are minimal.

Conclusion

The registration of Danish patients with CIS in the DBCG database is incomplete, limiting the reliability of the current
registry data for clinical decision-making and academic research. The computer-based algorithm developed in this study
appears to be an optimal tool for identifying CIS cases not registered in DBCG. The identified patients will form the basis
of a national cohort study investigating the clinical outcomes and recurrence patterns following a diagnosis of CIS.
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