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ABSTRACT
Introduction: Recurrence of endometrial cancer is not routinely registered in the Danish national
health registers. The aim of this study was to develop and validate a register-based algorithm to iden-
tify women diagnosed with endometrial cancer recurrence in Denmark to facilitate register-based
research in this field.
Material and methods: We conducted a cohort study based on data from Danish health registers.
The algorithm was designed to identify women with recurrence and estimate the accompanying diag-
nosis date, which was based on information from the Danish National Patient Registry and the Danish
National Pathology Registry. Indicators of recurrence were pathology registrations and procedure or
diagnosis codes suggesting recurrence and related treatment. The gold standard for endometrial can-
cer recurrence originated from a Danish nationwide study of 2612 women diagnosed with endometrial
cancer, FIGO stage I–II during 2005–2009. Recurrence was suspected in 308 women based on path-
ology reports, and recurrence suspicion was confirmed or rejected in the 308 women based on
reviews of the medical records. The algorithm was validated by comparing the recurrence status iden-
tified by the algorithm and the recurrence status in the gold standard.
Results: After relevant exclusions, the final study population consisted of 268 women, hereof 160
(60%) with recurrence according to the gold standard. The algorithm displayed a sensitivity of 91.3%
(95% confidence interval (CI): 85.8–95.1), a specificity of 91.7% (95% CI: 84.8–96.1) and a positive pre-
dictive value of 94.2% (95% CI: 89.3–97.3). The algorithm estimated the recurrence date within 30 days
of the gold standard in 86% and within 60 days of the gold standard in 94% of the identi-
fied patients.
Discussion: The algorithm demonstrated good performance; it could be a valuable tool for future
research in endometrial cancer recurrence and may facilitate studies with potential impact on clin-
ical practice.
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Introduction

Surveillance for cancer recurrence is key in cancer follow-up.
Insight into the patient pathway before a diagnosis of recur-
rence is crucial for the organisation of follow-up and to
improve patient survival [1]. However, little evidence exists
to inform the surveillance for cancer recurrence and the
organisation of follow-up. The majority of research on dis-
ease-free survival and cancer recurrence is based on clinical
trials, and the results may be affected by selection bias since
elderly and comorbid patients are often excluded [2]. This
limits the generalisability, and studies representing a broader
population of cancer survivors are warranted [3,4].

Register-based research is challenged by the lack of infor-
mation on cancer recurrence in registries [5,6]. In Denmark, it
is mandatory for clinicians to report the diagnosis code to

the Danish National Patient Registry (DNPR) [7] when diag-
nosing a cancer recurrence. The Danish Gynaecological
Cancer Database (DGCD) [8] automatically imports the codes
of recurrence from the DNPR. However, a previous study
found that only 19% of endometrial cancer recurrences were
registered in the DGCD [9].

A recent Danish nationwide study of 2612 women oper-
ated for stage I–II endometrial cancer identified 183 (7%)
women with recurrence of early-stage endometrial cancer;
this finding was based on a review of the medical records of
308 women with pathology results raising suspicion of recur-
rence [10]. However, reviewing medical records is time-con-
suming. Using algorithms to identify patients diagnosed with
cancer recurrence will facilitate register- and population-
based research on cancer recurrence [5]. This is a particularly
valuable research method in countries with high-quality
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population-based registers [11]. Several register-based algo-
rithms have recently been developed and validated in
Denmark. They have proven to accurately identify patients
diagnosed with recurrence of colorectal cancer [6], breast
cancer [12,13], and bladder cancer [14]. A similar approach is
needed to identify recurrence of endometrial cancer.

The aim of this study was to develop and validate a regis-
ter-based algorithm to identify women diagnosed with endo-
metrial cancer recurrence after primary treatment and to
assess the accuracy of the recurrence diagnosis date derived
from the algorithm.

Material and methods

Design

We conducted a cohort study based on data from Danish
national health registers. The data were linked at the individ-
ual level using the unique personal registration number [15].

Data sources

Data were collected from five Danish national registries: (1)
the Danish Civil Registration System [15] with daily updated
information on vital status and migration; (2) the DGCD [8],
with information on all endometrial cancer patients treated at
Danish hospitals since January 2005; (3) the Danish Cancer
Register (DCR) [16], with information on diagnosis codes, diag-
nosis dates and tumour stage for all incident cancer diagno-
ses; (4) the Danish National Patient Register (DNPR) [7], with
information on all somatic in-hospital contacts, contacts to

emergency departments and outpatient clinics, including
tumour stage, procedure codes, and diagnosis codes; (5) the
Danish Pathology Register (DPR) [17], with information on all
pathology specimens analysed in Denmark.

Diagnosis codes registered in the DNPR follow the
International Classification of Diseases, 10th revision (ICD-10).
In the Danish version of ICD-10 coding, ‘M’ following ‘C549’
indicates a metastasis from endometrial cancer and ‘X’ follow-
ing ‘C549’ indicates endometrial cancer recurrence.
Registrations in the DPR follow the Danish version of the
Systematized Nomenclature of Medicine (SNOMED) classifica-
tion, which allows identification of malignant morphology
(codes M8 and M9), and the fifth digit of the morphology
code indicates behaviour (e.g., 4: ‘direct spread to surrounding
tissue’, 6: ‘malignant metastasis’, and 7: ‘malignant recurrence’).

Definition of gold standard

The gold standard information on cancer recurrence origi-
nated from a nationwide cohort study [10] of 2612 women
diagnosed with endometrial cancer in stage I–II in Denmark
in 2005–2009. In this study, recurrence was suspected if a
new tumour was registered in the pathology records, or if a
diagnosis code of endometrial cancer recurrence ICD-10:
C549X was recorded in the DNPR from three months to
three years after the primary diagnosis (n ¼ 326, Figure 1). A
review of the medical record was conducted to confirm or
disconfirm if the 326 women had been diagnosed with
recurrence. After relevant exclusions, information was pro-
vided on recurrence status in 308 women; recurrence was
confirmed in 183 women (7% of the original population) and

Ineligible (n=18)
Hospital medical records not available (n=9)
Primary disease not treated by 
hysterectomy (n=5)
Primary diagnosis not diagnosed in 
2005-2009 (n=4)

Women with stage I-II endometrial cancer diagnosed from January 2005 to December 2009 
and suspected of recurrence based on a pathology report between 3 months and 3 years 

a�er the primary tumour (n=326)

Final study popula�on, N=268
Recurrence according to gold standard: n=160 (60%)

Excluded (n=28)
Register-based evidence indica�ng 
persistent malignant disease a�er ended 
cancer treatment and before surveillance 
for cancer recurrence 

Excluded (n=12)
Dead within 90 days a�er primary cancer 
surgery (n=2)
Registra�on of a distant metastasis within 
90 days a�er primary cancer surgery (n=10)

Recurrence status available a�er review of hospital medical record 
(N=308)

Figure 1. Flowchart of study population.
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rejected in 125 women. These 308 women served as the eli-
gible gold standard population in the present study.

Definition of cancer recurrence

Cancer recurrence was defined in the algorithm as a sign of
malignant disease originating from endometrial cancer,
occurring from 90 days after completed endometrial cancer
treatment, and with no signs of persistent malignant disease
within these 90 days.

Study population

Women from the eligible gold standard population were
excluded if registered in the DCR or the DNPR with distant
metastasis within 90 days of cancer surgery or with distant
tumour stage based on the tumour node metastasis (TNM)
staging system of the Union for International Cancer Control
(UICC) [18] (Figure 1). Women who emigrated or died within
90 days of the surgery for the primary cancer were excluded.
Finally, women with register-based indicators of persistent
disease within 90 days after completed cancer treatment and
before surveillance for cancer recurrence were excluded (see
details in section ‘Algorithm’).

Algorithm

The algorithm identified the date of endometrial cancer sur-
gery in the DGCD and postoperative adjuvant oncological
treatment in the DNPR (see Appendix for a detailed descrip-
tion). The algorithm deemed women to be in complete can-
cer remission if no evidence of persistent disease was
identified during 90 days after surgery or during 90 days
after completed oncological treatment in case of postopera-
tive adjuvant treatment (Figure 2). Indicators of persistent
disease were (1) a registration of malignant morphology, (2)
a procedure code for laparotomy, omentectomy, lymphade-
nectomy (except within 30 days after primary cancer surgery
since this may have indicated surgery due to a complication
or a secondary staging procedure), radiotherapy or chemo-
therapy combined with a malignant disease diagnosis (ICD-
10: C00-C96, and D37-D48), (3) a distant tumour stage based
on the UICC classification, or (4) a diagnosis code for malig-
nant disease (except C54 and C44).

The algorithm was designed to search for indicators of
recurrence from 90 days following completed cancer

treatment and onwards. Three indicators of cancer recur-
rence were defined: (1) a diagnosis code of endometrial can-
cer recurrence (ICD-10: C549X) or a metastasis (ICD-10:
CxxxM and C76-C79, except for C779 as this registration
could refer to local lymph nodes at the time of primary diag-
nosis), (2) a procedure code of laparotomy, omentectomy,
lymphadenectomy, radiotherapy, or chemotherapy combined
with one of the following diagnosis codes: metastasis (ICD-
10: C76-C79, CxxxM) and endometrial cancer (ICD-10: C54)
including endometrial cancer recurrence (ICD-10: C549X), or
(3) a malignant morphology registration coded as
‘recurrence’, or a malignant morphology registration similar
to a morphology registered within 90 days of primary cancer
surgery and coded as ‘direct spread to surrounding tissue’
or ‘metastasis’.

If a second primary cancer diagnosis was recorded in the
DCR or the DNPR before or within 30 days of a diagnosis
code for metastasis or a relevant morphology code, these
registrations were disregarded as they might relate to the
second primary cancer. If more than one indicator of cancer
recurrence was present in the same woman, the first date of
an indicator of recurrence was listed as the date of can-
cer recurrence.

Analyses

The concordant and discordant frequencies between recur-
rences identified by the algorithm and by the gold standard
were used to compute the sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV)
with 95% confidence interval (CI). Moreover, these analyses
were performed separately for indicators of pathology data,
procedure codes, and diagnosis codes.

The agreement between the date of recurrence identified
by the algorithm and by the gold standard was measured by
Lin’s concordance correlation coefficient (CCC) score [19].
The agreement is considered ‘poor’ when CCC < 0.90,
‘moderate’ when CCC ¼ 0.90–0.95, ‘substantial’ when
CCC > 0.95 and ‘almost perfect’ when CCC > 0.99 [20].
Furthermore, we analysed the proportion of recurrence dates
estimated by the algorithm on the same date as the gold
standard recurrence date, and within 7, 30, and 60 days of
the gold standard recurrence date.

A series of sub-analyses were undertaken to test the
robustness of the algorithm. First, to investigate if the algo-
rithm performed similarly in a population with no previous

SURVEILLANCE OF CANCER RECURRENCE

Procedure
 codes

Malignant 
pathology

Diagnosis
 codes

Primary cancer 
treatment*

No evidence of 
persistent disease**

INDICATORS OF CANCER RECURRENCE

PRIMARY CANCER  
DIAGNOSIS

COMPLETE CANCER
REMISSION

Figure 2. Schematic overview of the algorithm to identify women diagnosed with recurrence of endometrial cancer. �Hysterectomy and salpingo-oophorectomy
or oophorectomy ±adjuvant chemotherapy and/or radiotherapy. ��Until the last of the following dates: (1) 90 days after surgery or (2) 90 days after completed
adjuvant therapy. Evidence of persistent malignant disease was evaluated based on registrations of pathology results, procedure codes, and diagnosis codes.
Adapted from Rasmussen et al. [12].
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history of cancer, we excluded women with a cancer diagno-
sis recorded in the DCR prior to the endometrial cancer diag-
nosis. Second, to investigate if the performance of the
algorithm was affected by the presumption that all women
with stage I–II endometrial cancer are curatively treated
(regardless of registrations indicative of persistent malignant
disease during the 90 days after ended cancer treatment and
before recurrence surveillance), we reanalysed all 308 women
eligible for inclusion in the study. Third, to investigate the
dependency of the algorithm on clinical registry data, a sub-
analysis was conducted; this required only registration of
endometrial cancer in the DCR.

Results

A total of 308 women were potentially eligible for inclusion
in the main analysis [10]. After exclusions, 268 of these
women served as the gold standard for endometrial cancer
recurrence (Figure 1). According to the gold standard, 160
(60%) had cancer recurrence and 108 did not. The algorithm
identified 146 (91%) of the 160 recurrences and nine false
positives (Table 1). Indicators of recurrence in the false posi-
tives were combinations of metastasis diagnosis codes, path-
ology codes, and procedure codes of radiotherapy and
chemotherapy.

The algorithm reached a sensitivity of 91.3% (95% CI:
85.8–95.1) and a specificity of 91.7% (95% CI: 84.8–96.1)
(Table 2). The highest sensitivities were obtained through the
use of indicators from pathology codes and procedure codes
(Table 2). The specificities were identical across the three
recurrence indicators in Table 2.

The agreement between the recurrence dates generated
by the algorithm and the dates generated by the gold stand-
ard achieved a CCC score of 0.997 (95% CI: 0.996–0.998). The
recurrence dates were estimated within 30 days of the gold
standard in 86% and within 60 days of the gold standard
date in 94% of cases (Table 3). The median difference

between the recurrence date estimated by the algorithm
and the recurrence date of the gold standard was 10 days
(IQR: 6–19 days).

Sub-analyses

In the first sub-analysis, excluding 54 women with a history
of cancer prior to the diagnosis of endometrial cancer, the
performance of the algorithm was similar to the performance
in the main analyses (Appendix, Table 1).

In the second sub-analysis, including all 308 eligible
women from the gold standard population, the performance
of the algorithm decreased slightly, by 1.7–3.7%, in sensitiv-
ity, specificity, PPV, and NPV (Appendix, Table 2).

In the third sub-analysis, 10 women with no registration
of endometrial cancer in the DCR were excluded.
Furthermore, the algorithm failed to identify registrations of
curative cancer treatment in the DNPR in 41 women, and
these women were excluded. After exclusions due to regis-
trations indicating persistent malignant disease within
90 days after completed primary cancer treatment, 216
women were included; hereof 130 women (60%) had recur-
rence according to the gold standard. The sensitivity, specifi-
city, PPV, and NPV of the algorithm in this population were
similar to the corresponding figures from the main analyses
(Appendix, Table 3).

Discussion

We developed and validated a register-based algorithm to
identify women with recurrence of endometrial cancer in
Denmark. The algorithm reached a sensitivity of 91.3% (95%
CI: 85.8–95.1) and a specificity of 91.7% (95% CI: 84.8–96.1),
and it estimated the cancer recurrence diagnosis date within
60 days in 94% of cases when validated on a population of
women with early-stage endometrial cancer.

Strengths and limitations

To our knowledge, this study is the first to develop and val-
idate a register-based algorithm to identify women diag-
nosed with recurrence of endometrial cancer. The algorithm
is based on Danish national registers with high-quality
records ensuring data of high validity [7,11,17,21].
Furthermore, the tax-funded healthcare system with free and

Table 1. Concordance of endometrial cancer recurrence between gold stand-
ard and algorithm.

Recurrence by gold standard

Yes No Total

Recurrence by algorithm
Yes 146 9 155
No 14 99 113

Total 160 108 268

Table 2 . Performance of the algorithm to identify endometrial cancer recurrence in 268 women with early-stage endometrial cancer.

All indicators combined
Indicators stratified on codes related to pathology, procedure, and diagnosis

Algorithm performance % (95% CId)
Pathology codesa Procedure codesb Diagnosis codesc

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

Sensitivity 91.3 (85.8–95.1) 71.3 (63.6–78.1) 66.3 (58.4–73.5) 28.8 (21.9–36.4)
Specificity 91.7 (84.8–96.1) 96.3 (90.8–99.0) 96.3 (90.8–99.0) 96.3 (90.8–99.0)
Positive predictive value 94.2 (89.3–97.3) 96.6 (91.5–99.1) 96.4 (91.0–99.0) 92.0 (80.8–97.8)
Negative predictive value 87.6 (80.1–93.1) 69.3 (61.3–76.6) 68.5 (57.9–73.2) 47.7 (40.9–54.6)
aHistology coded as recurrent and histology similar to primary cancer histology and coded as metastatic or direct spread to surrounding tissue.
bLaparotomy, omentectomy, lymphadenectomy, radiotherapy, and chemotherapy.
cMetastasis (ICD-10: C76-C79 (except C779), CxxxM) and recurrence (ICD-10: C549X).
dCI: confidence interval.
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equal access for all residents in Denmark limits the risk of
selection bias [11]. The inclusion of women with a cancer
diagnosis prior to a diagnosis of endometrial cancer intro-
duced a risk of confusing registrations related to recurrence
of the previous cancer with registrations related to recur-
rence of endometrial cancer. However, the algorithm per-
formed well and similarly in women with and without prior
cancer. This broadens the applicability of the algorithm to
cover also secondary cancer cases, which account for up to
16% of all cancer diagnoses [22] and occur most often in
cancers with shared risk factors, such as hormonal risk factors
in breast and gynaecological cancers [23]. In this study, 20%
of the women had a previous cancer diagnosis, hereof 45%
had a previous breast cancer. Finally, the use of pathology
codes to identify women with recurrence was a great
strength of the algorithm. Pathology codes alone identified
more than 70% of women with recurrence and it accurately
estimated the recurrence diagnosis date.

The study would have gained strength if all 2,612 women
from the cohort study by Jeppesen et al. were included.
However, reliable gold standard information on recurrence
status was only available in the 326 women with hospital
medical record review. Restrictions in the gold standard
population might limit the generalisability of the results; the
inclusion criteria were a tumour registration in the pathology
records or an endometrial cancer recurrence diagnosis in the
DNPR. Only women with early-stage cancer were included,
and information on recurrence was only available within
three years of follow-up. Thus, it remains unclear how the
algorithm performs outside these criteria. International stud-
ies report that 98–100% of women diagnosed with recur-
rence from endometrial cancer were treated with surgery,
chemotherapy, or radiotherapy [24,25], including women
with distant recurrences. A high treatment rate in endomet-
rial cancer recurrence increases the chance of the algorithm
to identify recurrences, also in women not identified through
biopsy tests and recurrence diagnosis codes. Furthermore, a
diagnosis code for metastasis identified 27% of all recur-
rences, whereas only 3% were identified by a diagnosis code
for recurrence. Although the present study does not allow
any firm conclusions regarding the performance of the algo-
rithm in women with stage III disease and recurrences occur-
ring later than three years after primary cancer surgery,
previous studies of bladder [14], breast [13], and colorectal
[6] cancers have proven that the indicators of recurrence per-
formed well, also in patients with stage III cancer and in pop-
ulations with follow-up beyond three years. Patients with
recurrence after stage III cancer are registered with diagnosis
codes and procedure codes similarly to patients with recur-
rence after early-stage cancer. Furthermore, studies have
found that 90–99% of endometrial cancer recurrences occur

within three years of follow-up [26,27]. Thus, we reason that
the algorithm is applicable to the entire population of
women treated for stage I–III endometrial cancer and with
follow-up time beyond three years.

All eligible women (n ¼ 308) had pathology results that
raised suspicion of cancer recurrence. Consequently, 60% of
the final study population had a verified recurrence of endo-
metrial cancer, which is higher than previously reported in
non-selected populations; 15–25% in stages I–III [26,28], 10%
in stage I and 24% in stage II [29]. When simulating this
algorithm in a population with a recurrence rate of 10%,
15%, and 25%, the PPV decreases to 55%, 66%, and 79%,
respectively. This defers more misclassification, which may
blur outcome differences between patients with and without
recurrence. More importantly, it raises ethical implications of
the false positives, and the potential psychological harm it
may cause if a study involves contacting patients with recur-
rence identified by the algorithm. Initiatives to avoid this
should preferably be undertaken, such as validation of the
recurrence in medical charts before contacting the patient.

Different definitions of persistent disease and cancer
recurrence in the gold standard and in the algorithm caused
exclusion of 13% of the eligible gold standard population. In
the gold standard, surveillance for recurrence commenced
90 days after primary cancer surgery in all women. In the
algorithm, surveillance for recurrence commenced 90 days
after completed treatment, including adjuvant oncological
treatment, and only in women with no registrations in the
DNPR and the DPR indicating persistent malignant disease
within these 90 days; malignant pathology codes, malignant
diagnosis code and procedure codes combined with a malig-
nant indication diagnosis. This resulted in the exclusion of
women with an early recurrence according to the gold
standard, and it might underestimate the absolute number
of recurrences in future studies using the algorithm to iden-
tify recurrences. If the excluded women with an early recur-
rence represent a specific sub-group, i.e., women with more
aggressive disease, there is a risk of bias in outcomes related
to survival. In the third sub-analysis, the algorithm failed to
identify procedure codes for primary cancer surgery in the
DNPR in 13% of the gold standard population. These women
were excluded, hereof 18 of the 183 with recurrence accord-
ing to the gold standard. This increases the risk of underesti-
mating the absolute number of recurrences and the risk of
selection bias further, which underlines the benefit from
using clinical registry data in the algorithm.

Comparison with the literature

The algorithm performed similarly to previously published
algorithms developed to identify patients diagnosed with
cancer recurrence based on Danish health registers [6,12–14].
This confirms that the Danish health registers provide robust
and valid data to identify patients diagnosed with recurrence
of cancer. Studies outside Denmark have developed algo-
rithms to identify patients diagnosed with recurrence from
lung, breast, colorectal, and prostate cancer based on admin-
istrative data combined with medical claims [30–33] and

Table 3. Concordance of cancer recurrence date between
gold standard and algorithm.

% (95% CI)

Same date 6 (3–12)
�7 days 41 (33–49)
�30 days 86 (80–91)
�60 days 94 (90–97)
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administrative data from publicly funded health systems [34].
Recently, a review on algorithms to identify breast cancer
recurrence was published [35]. Three of these 19 studies
[31,34] provided algorithms demonstrating a sensitivity
above 90%, PPVs above 73% and recurrence rates of
12–20%, which is comparable with our results.

Four studies investigated the accuracy of the diagnosis
date of the identified cancer recurrence. One study [36] pro-
vided an average prediction error of 4.5 months compared
to 10 days in the present study. Two studies [31,33] identi-
fied 14–36% of the diagnosis dates within one month and
37–50% within three months, and the last study [37] identi-
fied 82% within two months of the gold standard recurrence
date. All Danish studies [12,14], including the current study,
identified the diagnosis date more accurately, which may be
driven by the recurrence indicator based on pathology regis-
trations. Accurate estimation of the diagnosis date is import-
ant to increase the validity of research on disease-free
survival. To our knowledge, the identified diagnosis dates for
endometrial cancer recurrence are the most accurately esti-
mated cancer recurrence diagnosis dates derived by a regis-
ter-based algorithm.

Implications

The proposed algorithm provides an instrument to epidemio-
logic research in the field of endometrial cancer recurrence.
The algorithm is a time-saving method for identification of
cancer recurrence in large populations, which allows for
detailed analyses with high statistical precision. The absence
of exclusion criteria related to, e.g., comorbidity and age, the
absence of underrepresented sub-groups due to active enrol-
ment and the absence of loss to follow-up increases the gen-
eralisability to the entire population of women treated for
endometrial cancer, although with a risk of excluding women
with an early recurrence.

The proposed algorithm facilitates predictive and prog-
nostic studies in endometrial cancer recurrence. Research in
disease-free survival after cancer treatment is an important
supplement to investigations in mortality and survival [5].
The accuracy in the estimated recurrence date by the algo-
rithm makes it a useful tool to investigate both disease-free
survival after primary cancer and survival after recurrence.
Furthermore, the algorithm offers an opportunity to fill a gap
in the existing evidence on the diagnostic pathway for can-
cer recurrence; such new knowledge can be used to inform
the organisation of cancer follow-up and recurrence surveil-
lance [1].

Conclusion

We developed an algorithm to identify women diagnosed
with recurrence of endometrial cancer based on data in
Danish health registries. The algorithm was validated in a
population of women with early-stage endometrial cancer; it
showed high sensitivity and high specificity, and it accurately
estimated the recurrence date. The algorithm is assessed to
be applicable for all women treated for non-metastatic

endometrial cancer, and it may be a valuable resource for
research in the field of endometrial cancer recurrence.
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