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A B S T R A C T

Background: Cancer recurrence is not routinely and completely registered in Danish national health registers,
which challenges register-based research. The aim of this study was to develop and validate a register-based
algorithm to identify patients with recurrence of breast cancer (BC).

Methods: We conducted a cohort study based on data from Danish national health registers and used the
Danish National Patient Register and the Danish National Pathology Register as sources to identify BC recur-
rence. We used data from the Danish Breast Cancer Group (DBCG) validated against medical records on re-
currence status and recurrence date for 471 women with early stage unilateral BC as the gold standard of BC
recurrence to assess the accuracy of the algorithm to identify BC recurrence.

Results: The algorithm displayed a sensitivity of 97.3% (95% confidence interval (CI): 93.2–99.3), a speci-
ficity of 97.2% (95% CI: 94.8–98.7) and a positive predictive value of 94.4% (95% CI: 89.2–97.3). The con-
cordance correlation coefficient for the agreement between recurrence dates generated by the algorithm and the
gold standard was 0.97 (95% CI: 0.96-0.98), and the date was estimated within +/−30 days of the gold
standard in 66% of the patients and within +/−60 days in 76% of the patients.

Conclusion: The developed algorithm almost perfectly identified BC recurrence and with reasonable timing
compared to the gold standard.

1. Introduction

The ageing population and improvements in diagnostics and treat-
ment have increased the number of breast cancer (BC) survivors over
the last decades [1–3]. The incidence of BC was 4682 in Denmark in
2015, which corresponds to an incidence rate of 123.2 per 100,000
(age-standardised European rate) [4]. International studies report re-
currence rates of 12–49% in patients diagnosed with BC, depending on
tumour stage, adjuvant therapy and follow-up time [5–9].

Insight into when, where and how cancer recurrence presents is
essential to provide optimal care for cancer survivors [3,10,11].

Recurrence is not routinely registered in most patient registers, and
identification of patients with cancer recurrence remains a challenge.
BC recurrence is registered in the clinical cancer database by the Danish
Breast Cancer Group (DBCG). Yet, these registrations are incomplete,
and follow-up ends after 10 years [12].

Three studies have reported on the identification of BC recurrence
through administrative data. A recent Danish study yielded a sensitivity
(SEN) of 88% and a positive predictive value (PPV) of 73% [13]. A UK
study identified 92% of all recurrences [14], and a US study yielded a
SEN of 89% and a specificity (SPE) of 99% [6]. Other studies have
developed algorithms to identify recurrence of two or more cancers,
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including BC [15–18]. These studies have been criticised for moderate
performance, infrequent recurrence, small sample size and sampling of
non-representative populations from academic centres and single in-
stitutions [11].

Two recent Danish studies have reported promising results on reg-
ister-based algorithms to identify patients with recurrence of colorectal
cancer [19] and bladder cancer [20]. This indicates a possibility to
improve the performance of an algorithm to identify women with BC
recurrence.

The objective of this study was to develop and validate an alter-
native register-based algorithm to identify patients with recurrence of
BC in a population of women curatively treated for BC in Denmark.
Furthermore, the study aimed to assess the accuracy of the cancer re-
currence diagnosis date derived from the algorithm.

2. Material and methods

We conducted a cohort study based on data from Danish national
health registers. The unique personal registration number assigned to
all Danish residents was used to link data at the individual level [21].

2.1. Data sources

Data were retrieved from four Danish national registers. We ob-
tained vital status and migration from the Danish Civil Registration
System [21], BC diagnosis and tumour stage from the Danish Cancer
Register (DCR) [22], and information on tumour stage, procedure and
diagnosis codes for all cancer-related contacts in the Danish National
Patient Register (NPR) [23]. The Danish National Pathology Register
(NPaR) [24] provided data on Systematized Nomenclature of Medicine
(SNOMED) classification registrations [25], which allowed identifica-
tion of malignant morphology (codes M8 and M9). The fifth digit of the
morphology code indicates behaviour (e.g. 4: “direct spread to sur-
rounding tissue”, 6: “malignant metastasis” and 7: “malignant recur-
rence”).

2.2. Gold standard

The gold standard of BC recurrence was based on data from a study
by Thorsen et al. [26] and DBCG [27] data on 529 Danish women
operated for unilateral early-stage node-positive BC in 2003-2007. To
determine if the women had BC recurrence, Thorsen and colleagues
reviewed DBCG registrations of recurrence and additionally, the NPaR
was reviewed for registrations of recurrence according to the SNOMED
classification. If no recurrence was registered, the general practitioner
(GP) was asked about recurrence. If lack of recurrence was confirmed
by the GP, the patient was categorised with no recurrence. If recurrence
was reported by the GP or the GP did not reply, medical records were
reviewed to confirm or exclude recurrence. The gold standard did not
distinguish between recurrence and second primary BC as these two
events are often pooled together in research on disease-free survival
[6].

2.3. Study population

Patients were eligible for inclusion if registered in the NPR with a
lumpectomy or mastectomy between 60 days before and 200 days after
the date of the BC diagnosis, which allowed for a period of preoperative
oncological treatment. Patients were excluded if registered in the DCR
with a previous cancer (except for non-melanoma skin cancer) or re-
gistered in the DCR or the NPR with distant metastasis within 90 days of
surgery (C78, C79 or CxxxM of the International Classification of
Diseases, 10th revision (ICD-10) or distant tumour stage based on the
Tumor, Node, Metastasis (TNM) classification system) [28]. Patients
were excluded if aged younger than 18 years or had emigrated or died
within 90 days of first cancer treatment.

2.4. The algorithm

The end date of primary treatment was defined as the date of
lumpectomy or mastectomy, or the date of the last radiotherapy or
chemotherapy in case of adjuvant oncological treatment (Fig. 1). Ad-
juvant chemotherapy and radiotherapy was defined by procedure codes
in the NPR with an indication diagnosis of BC (C50*) or relevant lymph
node diagnosis (C773, C779). Adjuvant radiotherapy was defined
as> 15 fractions within intervals of no more than 30 days. Adjuvant
chemotherapy was defined as 5–7 series within intervals of no more
than 60 days. Furthermore, adjuvant radiotherapy could follow ad-
juvant chemotherapy if initiated within 90 days after ended che-
motherapy, or vice versa.

A subsequent period without register-based evidence of ongoing
disease was required to ensure that the patient was in remission. The
final day of this period was 90 days after surgery or 30 days after ended
adjuvant treatment, whichever came last. Indicators of ongoing disease
was: 1) a SNOMED code with M8-M9 morphology, 2) a procedure code
of radiotherapy or chemotherapy with a malignant indication diagnosis
(ICD-10: C00-C96 and D37-D48), 3) a surgical procedure code of
mastectomy, lumpectomy or lymph node resection (apart from axillary
lymph nodes within 30 days after primary surgery) with a malignant
indication diagnosis, 4) a distant tumour stage based on TNM regis-
tration or 5) a malignant diagnosis code. Diagnosis codes of BC and
non-melanoma skin cancer were exempted.

If the patient was assessed to be in remission, the cancer recurrence
surveillance period began. A patient was classified by the algorithm to
have BC recurrence if one of the following five indicators was present:
1) registration in the NPaR of SNOMED morphology codes M8-M9 with
4, 6 or 7 in the fifth digit and a morphology similar to a morphology
code registered in the NPaR within 90 days of the primary BC diagnosis
date or the date of primary BC surgery, 2) registration in the NPR of
radiotherapy procedure codes with BC (C50*) or metastases (C76-C79
and CxxxM) as the indication diagnosis, 3) registration in the NPR of
surgical procedure codes for BC surgery (resection of breast (KHAB),
mastectomy (KHAC), surgery for local recurrence of BC (KHAF)) with
C50* as the indication diagnosis, 4) registration in the NPR of an ICD-
10 diagnosis code of BC recurrence (C509X) or 5) registration in the

Fig. 1. Schematic overview of the algorithm.
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NPR of an ICD-10 diagnosis code of distant metastasis (C76-C79 and
CxxxM, except for C775 and C779, which may refer to regional lymph
nodes at the time of primary diagnosis).

If a second primary cancer diagnosis other than C50* was present in
the DCR or in the NPR before or within 30 days of a metastasis diag-
nosis code, the metastasis diagnosis code was disregarded as it could be
related to the second primary cancer. The recurrence date estimated by
the algorithm was defined as the date with a registration of an indicator
of recurrence. If the same patient had more than one indicator of cancer
recurrence, the first registered date was regarded as the date of cancer
recurrence.

2.5. Analyses

SEN, SPE, PPV and negative predictive value (NPV) with 95%
confidence interval (CI) were generated using the concordant and dis-
cordant frequencies between recurrences identified by the algorithm
and the gold standard. Furthermore, Cohen’s kappa coefficient test for
agreement was calculated. Stratified analyses of SEN, SPE, PPV and
NPV were conducted for recurrences identified by indicators of 1) a
pathology test result, 2) a cancer-related procedure and 3) a diagnosis
of metastasis or recurrence.

The following sensitivity analyses were conducted: 1) minimum
period from BC surgery to recurrence surveillance was increased to 180
days, 2) stratification on year of the gold standard recurrence date
(2003–2006, 2007–2009 and 2010–2016) and 3) stratification on age at
primary BC surgery (18–49 years, 50–59 years and 60–69 years).

Lin’s concordance correlation coefficient (CCC) [29] assessed the
strength of agreement between the date of recurrence identified by the
algorithm and the gold standard. The agreement is considered “sub-
stantial” for CCC > 0.95 and “almost perfect” for CCC > 0.99 [30].
Data were analysed using Stata 15.1 statistical software (StataCorp LP,
College Station, TX, USA).

3. Results

A total of 487 patients fulfilled the inclusion criteria (Fig. 2), and
471 patients constituted the final study population; 149 (32%) of these
had cancer recurrence according to the gold standard.

The characteristics of the population stratified by cancer recurrence
status according to the gold standard are presented in Table 1. The
median follow-up time for the gold standard population was 7.5 years
(inter quartile range (IQR): 5–9) since the primary BC surgery.

3.1. Performance of the algorithm to detect BC recurrence

The algorithm yielded a SEN of 97% (95% CI: 93–99) and a SPE of

Fig. 2. Flowchart of study population.

Table 1
Patient characteristics stratified on cancer recurrence status in the gold stan-
dard population.

Cancer
recurrence
n (%)

No cancer
recurrence
n (%)

All patients
n (%)

N 149 (100) 322 (100) 471 (100)
Age groups, years
-18–49 50 (34) 97 (30) 147 (31)
-50–59 56 (38) 124 (39) 180 (38)
-60–69 43 (29) 101 (31) 144 (31)

Tumour stage of primary
cancer

-Regional lymph node
positive

94 (63) 228 (71) 322 (68)

-Missing tumour stage 55 (37) 94 (29) 149 (32)
Comorbidity at primary

cancera

-CCI: 0 46 (31) 129 (40) 175 (37)
-CCI: 1–2 6 (4) 21 (7) 27 (6)
-CCI: 3+ 97 (65) 172 (53) 269 (58)

a Charlson Comorbidity Index at the time of the primary breast cancer di-
agnosis.
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97% (95% CI: 95–99) (Table 2).
Of the 154 women classified with recurrence by the algorithm, 145

were true positives and 9 were false positives; false positive rate: 1.9%
(Table 3).

The performance varied across the individual indicators of recur-
rence; the highest SEN was seen at 87% for diagnosis codes of metas-
tasis and recurrence (Table 4). The majority of false positives were due
to registration of radiotherapy. When omitting radiotherapy as an in-
dicator of recurrence, the SEN decreased to 94%, and the PPV increased
to more than 97% (precise estimates are not reported due data pro-
tection regulations for less than 3 observations).

The sensitivity analyses showed similar results as the overall ana-
lysis. The only difference was that the SEN tended to be higher in
women aged 18–49 years compared to older age groups, with a dose-
response trend across age groups. The reverse was found for SPE (Table
A.1 in Appendix).

3.2. Concordance of recurrence date

The recurrence date derived by the algorithm showed substantial
concordance with the recurrence date of the gold standard (CCC: 0.97,
95% CI: 0.96-0.98) (Figure A.1, Table A.2 in Appendix). The median
difference between the recurrence date estimated by the algorithm and
the recurrence date of the gold standard was 17 days (IQR: 6–56 days).
Indicators from pathology results estimated the recurrence date most
accurately; 65% of the cases were set at +/- 30 days of the gold

standard recurrence date. The corresponding proportion of indicators
for diagnosis codes and procedure codes was 53% and 40%, respec-
tively.

4. Discussion

4.1. Main findings

We developed and validated a register-based algorithm to identify
BC patients with recurrence in Denmark. The algorithm identified 97%
of the patients with recurrence according to the gold standard and
reached a positive predictive value of 94%. The recurrence dates gen-
erated by the algorithm showed substantial agreement with the recur-
rence dates of the gold standard.

4.2. Strengths and limitations

The most important strength of this study is that the algorithm is
based on the continuously updated and high quality Danish national
registries, which ensures complete data of high validity [21–24]. A
further strength is the inclusion of pathology test results as an indicator
of recurrence in the algorithm, which increases the SEN and the accu-
racy of the estimated recurrence date. The Danish tax-funded public
healthcare system with free and equal access for all citizens minimised
the risk of selection bias. Furthermore, the DBCG [27] provides national
guidelines on BC diagnosing, treatment and follow-up, which ensures
uniform national procedures and strengthens the generalisability of the
algorithm.

Another important strength is that the gold standard originated
from a population-based cohort study with limited exclusion criteria
[26]. This ensures higher generalisability to the entire BC population
compared to using data from a randomised controlled trial as a gold
standard as these often include a more restricted, younger and healthier
population with uniform pathways [31]. The information on recurrence
in the gold standard is based on registrations of recurrence in the DBCG
registry and the NPaR (pathology results), in addition to information
from the GP and/or medical record review. As the pathology ex-
amination is considered the gold standard against which all clinical
conclusions are compared [24], and it is mandatory to send a discharge
summery to the GP after hospital admissions, the risk of misclassifica-
tion of recurrence status in the gold standard was minimal. Thus, the
gold standard is considered to be highly valid.

The sensitivity analyses indicated that the algorithm was robust to
changes over time. However, corrections could be necessary if major
changes are introduced in the treatment regimens for primary BC and
BC recurrence. Finally, the evaluation of the accuracy of the recurrence
date strengthens the study.

The limitations of the study primarily concern the risk of mis-
classification of recurrence and recurrence dates from missing or

Table 2
Performance of the algorithm for breast cancer recurrence.

Algorithm performance % (95% CI) a

Sensitivity 97.3 (93.2–99.3)
Specificity 97.2 (94.8–98.7)
Positive predictive value 94.2 (89.2–97.3)
Negative predictive value 98.7 (96.8–99.7)
Kappa agreement 97.2 (95.3–98.5)
Kappa, ƙ (95% CI) 0.94 (0.90–0.97)

CI: confidence interval.
a % (95% confidence interval) if nothing else stated.

Table 3
Agreement between recurrence identified by the gold standard and the algo-
rithm.

Gold standard recurrences

Algorithm recurrences Yes No Total

Yes 145 9 154
No 4 313 317
Total 149 322 471

Table 4
Performance of indicators of breast cancer recurrence.

Pathology codesa Procedural codesb Diagnosis codesc

% (95% CId) % (95% CI) % (95% CI)

Sensitivity > 34.0 (26.5–42.2)e 64.4 (56.2–72.1) 86.6 (80.0–91.6)
Specificity > 99.1 (97.3–99.8) e 97.8 (95.6–99.1) 100 (98.9–100)
Positive predictive value > 94.4 (84.6–98.8) e 93.2 (86.5–97.2) 100 (97.2–100)
Negative predictive value > 76.3 (71.9–80.3) e 85.6 (81.6–89.0) 94.2 (91.1–96.4)

a Histology similar to primary breast cancer histology and coded as recurrent, metastatic or direct spread to surrounding tissue.
b Radiotherapy and breast cancer surgery.
c C76-C79 (except C775 and C779), CxxxM and C509X.
d CI: confidence interval.
e Very few false positives were identified by pathology codes. To adhere to data protection regulations, the number of false positives was increased to three,

and the rest of the numbers were changed accordingly to estimate sensitivity, specificity, positive predictive value and negative predictive value, i.e. the true
estimates were higher, as indicated by the > sign.
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incorrect registrations. Missing data are of less concern as patients with
BC recurrence are likely to be in contact with a hospital. However,
comorbid and frail women may be at higher risk of being missed by the
algorithm as their delicate state may contraindicate biopsy and cancer
treatment. This is supported by the tendency to higher SEN in the
younger age groups.

A period of 90 days with no evidence of active disease after the last
day of treatment was required to identify patients in remission after
treatment of the primary cancer (Fig. 1). This arbitrary cut-off could
have led to misclassification of disease status. All false positives iden-
tified by radiotherapy procedure codes appeared shortly after the end of
the disease-free period and are expected to concern women with de-
layed initiation of adjuvant radiotherapy after definitive surgery.
Omitting radiotherapy as indicator of recurrence increased the PPV and
decreased the SEN. Another approach to avoid these false positives
could be to prolong the required period with no evidence of ongoing
disease, although our sensitivity analysis showed similar results.

The algorithm missed four women with distant recurrence ac-
cording to the gold standard. Four of these women received a malignant
pathology test result within 45 days of the recurrence date defined by
the gold standard. However, only two were registered with the same
morphology as for the primary BC although denoted” primary cancer”
by the fifth digit in the SNOMED code. Hence, all four women were
missed by the algorithm. This illustrates the importance of correct re-
gistrations to achieve high performance of the algorithm. Furthermore,
few of these women died within one week of the recurrence date, which
indicates no treatment options and minimal diagnostic workup.

The gold standard population comprised of early-stage node-posi-
tive BC patients. These women have higher risk of recurrence than
node-negative BC patients, which is reflected in the recurrence rate of
32% in the present study. This may have provided a higher PPV in the
current study population compared to a corresponding node-negative
gold standard population. Furthermore, the gold standard did not dis-
tinguish between recurrence and second primary BC. One should be
aware of the bias that this may introduce, depending on the focus of the
research.

4.3. Comparison with other studies

A recently published algorithm by Cronin-Fenton [20] reported
lower SEN and PPV than the present study, although the study by
Cronin-Fenton and colleagues was based on the same registers. Our
superior SEN could be caused by the recurrence indicators as, in our
study, these were also based on radiotherapy, BC surgery procedure
codes, and the diagnosis code for breast metastasis (C509M). In an
effort to avoid false positives we required a pathology specimen to be of
the same morphology as the primary BC, and the fifth position in the
SNOMED code to be denoted 4, 6 or 7; this may explain our superior
PPV compared to Cronin-Fenton et al.

Studies from the UK and the US have attempted to identify BC re-
currence using administrative data [6,14–16,18,32]. When Chubak
et al. [6] evaluated radiotherapy as an indicator of recurrence, only
40–50% of these patients had recurrence according to the gold stan-
dard. We required a co-diagnosis of BC, metastasis or BC recurrence for
procedural codes as indicators and reached a PPV of 93% (Table 4).

It has been suggested that metastasis codes are not well suited for
identification of recurrent cancer [17]. Nevertheless, the diagnosis
codes for metastasis and recurrence reached a SEN of 87% in our study
(Table 4). Two previous studies have reported PPVs of 87% and 94%
when using codes for metastasis and second primary cancer [6,16]. In
our study, a metastasis diagnosis code was disregarded as indicator of
recurrence if a second primary cancer was diagnosed before the me-
tastasis as we could not determine if the metastasis originated from the
BC or the second primary cancer. This may have caused the high PPV of
100% (Table 4) when evaluating diagnosis codes alone.

Hasset et al. [16] included diagnosis codes of secondary malignant

neoplasms and chemotherapy codes as indicators of colorectal, breast
and prostate cancer recurrence. For BC, the algorithm reached a SEN of
80%, but only a PPV of 30%. For chemotherapy alone, the PPV was as
low as 11%. Chemotherapy appears to be a source of many false posi-
tives. Therefore, we disregarded it as an indicator of recurrence in the
present study. In Warren et al. [15], the inclusion criteria and the gold
standard of recurrence was death of BC. Hence, women successfully
treated for recurrence were not included in the study. The study is also
disadvantaged by only including patients with recurrence according to
the gold standard as it excludes assessment of the SPE and PPV of the
algorithm. These results underline the importance of having a re-
presentative gold standard population and considering both SPE and
SEN when evaluating the performance of an algorithm. Wide criteria for
indicators of recurrence would yield a high SEN, but too wide criteria
would generate false positives and introduce bias.

Only two studies have assessed the accuracy of determining a date
of recurrence through an algorithm [16,32]. In Hasset et al. [16], re-
currence dates produced by their algorithm fell within 30 days of the
gold standard date in 20–36% of the cases. We managed to identify the
recurrence date more accurately; 66% of the dates fell within 30 days of
the gold standard recurrence date (Table A.2 in Appendix). Our de-
termination of a recurrence date differed by a median of 17 days
compared to the gold standard, which was much less than the median
difference of 40 days reported by Lamont et al. [32]. The inclusion of
pathology codes as a recurrence indicator in our study may explain why
our algorithm provided more accurate estimates of recurrence date.

5. Conclusion

We have developed an alternative algorithm to identify breast
cancer recurrence using Danish routine healthcare data. The algorithm
showed very high sensitivity and specificity. Furthermore, the algo-
rithm defined the recurrence date fairly accurately. Thus, the algorithm
could be an important instrument for future research in the field of
breast cancer recurrence.
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