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Introduction: Recurrence of cancer is not routinely registered in Danish national health registers. This study aimed to develop and 
validate a register-based algorithm to identify patients diagnosed with recurrent lung cancer and to estimate the accuracy of the 
identified diagnosis date.
Material and Methods: Patients with early-stage lung cancer treated with surgery were included in the study. Recurrence indicators 
were diagnosis and procedure codes recorded in the Danish National Patient Register and pathology results recorded in the Danish 
National Pathology Register. Information from CT scans and medical records served as the gold standard to assess the accuracy of the 
algorithm.
Results: The final population consisted of 217 patients; 72 (33%) had recurrence according to the gold standard. The median follow- 
up time since primary lung cancer diagnosis was 29 months (interquartile interval: 18–46). The algorithm for identifying a recurrence 
reached a sensitivity of 83.3% (95% CI: 72.7–91.1), a specificity of 93.8% (95% CI: 88.5–97.1), and a positive predictive value of 
87.0% (95% CI: 76.7–93.9). The algorithm identified 70% of the recurrences within 60 days of the recurrence date registered by the 
gold standard method. The positive predictive value of the algorithm decreased to 70% when the algorithm was simulated in 
a population with a recurrence rate of 15%.
Conclusion: The proposed algorithm demonstrated good performance in a population with 33% recurrences over a median of 
29 months. It can be used to identify patients diagnosed with recurrent lung cancer, and it may be a valuable tool for future 
research in this field. However, a lower positive predictive value is seen when applying the algorithm in populations with low 
recurrence rates.
Keywords: lung neoplasms, recurrence, algorithms, validation study, registries, Denmark

Background
The number of cancer survivors has increased steadily during the past decade due to advances in diagnostic technologies 
and cancer treatments.1,2 In Denmark, the incidence of lung cancer was 70 per 100,000 in men and 65 per 100,000 in 
women in 2020.2 Surgery is the main curative treatment regimen,3 and 35% of patients with lung cancer underwent 
surgery with curative intent in Denmark in 2020.4 The reported recurrence rates after lung cancer surgery vary from 14% 
to 50%, depending on cancer stage and follow-up time.5–8

Surveillance for cancer recurrence is essential in cancer follow-up, and insight into the patient pathway in the period 
before cancer recurrence is important when caring for cancer survivors.1,9 Nevertheless, the research is sparse in this 
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field. Information on cancer recurrence is rarely available outside clinical trials. Even though electronic health records 
and tumor registries contain vast amounts of data, cancer recurrence is rarely captured routinely or consistently.9 This 
makes it difficult to conduct population-level research in cancer recurrence. Consequently, during the past decade, 
various studies from different healthcare systems have developed register-based algorithms to identify patients diagnosed 
with recurrent cancer. Algorithms to identify women diagnosed with recurrent breast cancer are well described in the 
literature.10 However, only a few studies have developed and validated such methods to identify patients diagnosed with 
recurrent lung cancer.6,7,11

Previous studies have demonstrated high validity of Danish national health registers to identify patients diagnosed 
with recurrent malignant melanoma, colorectal, breast, bladder and endometrial cancer, with sensitivities ranging from 
85% to 100% and positive predictive values ranging from 72% to 95%.12–18

The aim of this study was to develop and validate a register-based algorithm to identify patients diagnosed with 
recurrent lung cancer in Denmark and to estimate the accuracy of the identified diagnosis date.

Materials and Methods
We conducted a cohort study based on Danish national registers. Individual-level data were linked through the unique 
identification number assigned to all Danish citizens at birth or immigration.19

Data Sources
Data were retrieved from four Danish national registers. The Danish Civil Registration System19 provided data on 
vital status and migration. The Danish Cancer Register20 provided information on cancer diagnoses, diagnosis 
date, and tumor stage. The Danish National Patient Register21 provided information on tumor stage, procedure 
codes, and diagnosis codes for all cancer-related hospital contacts. The Danish National Pathology Register22 

provided data on Systematized Nomenclature of Medicine (SNOMED) classification registrations,23 which 
allowed identification of malignant morphology (codes M8* and M9*). The fifth digit of the morphology code 
indicates behavior (eg, 4: “direct spread to surrounding tissue”, 6: “malignant metastasis”, and 7: “malignant 
recurrence”).

Gold Standard
We included patients identified in the Danish Lung Cancer Register with stage I lung cancer during 2011–2014 who 
had received lung cancer surgery with curative intent. This population originated from a study by Christensen et al, 
which also included patients treated by stereotactic body radiotherapy and other primary cancer treatment regimes.24 

The patients were staged according to the Danish lung cancer guidelines, which are in line with international 
recommendations.25 The majority of the patients with recurrence had a positron emission tomography with 2-deoxy- 
2-[fluorine-18] fluoro-D-glucose (FDG PET) performed. Additional diagnostic tests performed on suspicion of 
recurrence were mainly focused on the anatomic site under suspicion and included cerebral magnetic resonance 
imaging (MRI) or computed tomography (CT), biopsies, endobronchial ultrasound (EBUS) and endoscopic ultra
sound (EUS). Patients diagnosed with recurrent lung cancer were identified through a medical record review 
(performed in May 2016) including imaging results and/or clinical evaluation. Distinction between recurrence and 
a second primary lung cancer was based on the conclusion from the multidisciplinary team conference that 
established the diagnostic work-up for the recurrence. Recurrence dates were registered as the number of months 
from the diagnosis date of the primary lung cancer to the month when the diagnostic procedures for recurrence had 
been undertaken.

Study Population
Patients from the gold standard population were eligible for inclusion if registered in the Danish Cancer Register with 
a lung cancer diagnosis (C34* in the International Classification of Diseases, 10th revision (ICD-10)) and if aged 18 
years or older at the lung cancer diagnosis date.
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Patients were excluded in case of register-based indication of a distant metastasis within 90 days of the initial 
lung cancer diagnosis date identified in the Danish Cancer Register or within 90 days of the curative treatment 
initiation date identified in the Danish National Patient Register. Indications of a distant metastasis were selected 
diagnosis codes (ICD-10: C76*-C79* and C34xM) or SNOMED codes (M8*-M9* and 6 in the 5th digit), or 
a distant tumor stage based on the Union for International Cancer Control (UICC) classification of malignant 
tumors.26 Further, patients were excluded if we were unable to identify procedure codes indicating treatment with 
curative intent in the Danish National Patient Register. Curative intent surgery was defined as procedure codes for 
wedge resection (KGDB1*), segmental resection (KGDB2*), other lung resection (KGDB96 or KGDB97), 
lobectomy (KGDC*), or pneumonectomy (KGDD*) combined with a diagnosis code of lung cancer (ICD-10: 
C34* except C349X; lung cancer recurrence) and registered less than 90 days after the diagnosis date. Adjuvant 
chemotherapy was defined as procedure codes for chemotherapy (BWHA*) combined with a diagnosis code of 
lung cancer (ICD-10: C34* except C349X; lung cancer recurrence), intrathoracic lymph nodes (ICD-10: C771) or 
lymph nodes, unspecified (ICD-10: C779), with a maximum of one registration per day, a maximum of 30 days 
between registrations, a maximum of nine procedure codes in total, and a maximum of 60 days from the date of 
surgery to the first date of chemotherapy.

Algorithm
The algorithm was constructed similarly to the previously developed algorithms to identify cancer recurrence from 
malignant melanoma, bladder, breast, and endometrial cancer by Rasmussen et al13–16 (Figure 1). The end date of 
primary lung cancer treatment was defined as the date of lung cancer surgery or the date of the last chemotherapy 
procedure code in case of adjuvant chemotherapy. A subsequent period with no register-based evidence of 
ongoing malignant disease was required to prevent inclusion of patients with residual disease after completed 
lung cancer treatment. The final day of this period was 90 days after surgery or 30 days after ended adjuvant 
chemotherapy treatment, whichever came last. Indicators of ongoing disease was 1) malignant morphology 
(SNOMED codes M8* and M9*), 2) new diagnosis codes indicating malignant disease (ICD-10: C00*- C96* 
and D37*-D48*excluding C44* (non-melanoma skin cancer) and C34* (lung cancer)), 3) procedure codes for 
radiotherapy (BWGC*) or chemotherapy (BWHA*) combined with a malignant diagnosis code (ICD-10: C00*- 
C96* and D37*-D48*), and 4) UICC stage IV.

After the period with no register-based evidence of ongoing malignant disease, the algorithm searched for indicators 
of cancer recurrence (Figure 1). A patient was defined as being diagnosed with lung cancer recurrence if one of the 
following six indicators was present:

Death or evidense of 
ongoing disease

Lung cancer 
diagnosis

Evidence of advanced 
lung cancer

Cancer 
treatment

Unable to identify procedure 
codes corresponding to 
treatment with curative intent

Diagnosis
codes

Pathology
codes

Procedure 
codes

Surveillance for indicators of cancer recurrence

Exclusions

Algorithm

Figure 1 Schematic overview of the algorithm.
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1. ICD-10: C349X (lung cancer recurrence diagnosis);
2. ICD-10: C76*-C79* or C34xM (metastasis diagnosis) and no new primary cancer registered after the conclusion 

of primary lung cancer treatment;
3. SNOMED morphology codes M8*-M9* and 7 (malignant recurrence) in the fifth digit;
4. SNOMED morphology codes M8*-M9* and 4 (direct spread to surrounding tissue) or 6 (malignant metastasis) in 

the fifth digit and a morphology similar to a morphology code registered within 90 days of the primary lung cancer 
diagnosis date or date of lung cancer surgery;

5. Radiotherapy or chemotherapy procedure codes combined with a diagnosis code indicating lung cancer (ICD-10: 
C34*);

6. Radiotherapy or chemotherapy procedure codes combined with a diagnosis code indicating metastases (ICD-10: 
C76*-C79* or C34xM) and no new primary cancer registered after the conclusion of primary lung cancer 
treatment.

Indicators of recurrence were disregarded if they appeared after ended follow-up in the gold standard. The recurrence 
date estimated by the algorithm was defined as the first date with a registration of an indicator of recurrence.

Statistical Analyses
The concordant and discordant frequencies between recurrences 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). The agreement between the date of recurrence identified by the 
algorithm and the date identified by the gold standard was measured by Lin’s concordance correlation coefficient 
(CCC) score.27 The agreement is considered “poor” for CCC < 0.90, “moderate” for CCC = 0.90–0.95, 
“substantial” for CCC > 0.95, and “almost perfect” for CCC > 0.99.27 Furthermore, we analyzed the proportion 
of recurrence dates estimated by the algorithm to be on the same date as the gold standard recurrence date, and 
within 7, 30, and 60 days of the gold standard recurrence date. We simulated the PPV and the NPV of the 
algorithm’s sensitivity and specificity in populations with a recurrence rate of 15%, 25%, and 50%, respectively.

Finally, we conducted two sub-analyses. First, we excluded patients with a cancer diagnosis recorded in the Danish 
Cancer Register prior to the lung cancer diagnosis to investigate if the algorithm performed differently in a population 
with no history of cancer. Second, the performance of the algorithm was estimated with second primary lung cancers and 
recurrences pooled as the outcome, to investigate the performance of the algorithm for studies, where the type of the new 
cancer event is not the primary focus, eg, studies on diagnostic trajectories in general practice.

We intended to develop and validate an algorithm to identify patients diagnosed with recurrence of non-metastatic 
small-cell lung cancer (SCLC). However, after exclusions, our study population comprised very few patients, and we 
decided not to proceed with this algorithm.28

Results
The final study population comprised 217 patients, hereof 72 (33%) with recurrence according to the gold standard 
(Figure 2 and Table 1). For primary lung cancer surgery, 75% of the study population had a lobectomy alone, 5% had 
a bi-lobectomy or a lobectomy and a sleeve or segment resection, 18% had a sleeve or segment resection, and less than 
3% had a pneumonectomy.

The median follow-up time since the primary lung cancer diagnosis date was 29 months (interquartile interval: 
18–46). The algorithm identified 60 of the 72 recurrences according to the gold standard and an additional 9 false 
positives, hereof 5 with a second primary lung cancer according to the gold standard (Table 2). The algorithm 
reached a sensitivity of 83.3% (95% CI: 72.7–91.1) and a specificity of 93.8% (95% CI: 88.5–97.1) (Table 3). The 
agreement between the recurrence dates generated by the algorithm and the dates generated by the gold standard 
achieved a CCC score of 0.836 (95% CI 0.823–0.943), and 70% of the recurrence dates estimated by the 
algorithm were found to be within 60 days of the gold standard recurrence date (Table 4). The PPV span from 
70.3% to 93.1% when simulated in populations with recurrence rates of 15% to 50% (Table 5).
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In the first sub-analysis, the algorithm performed similarly to its performance in the main analysis when restricted to 
patients with no history of cancer prior to lung cancer (Table 3). In the second sub-analysis, the sensitivity decreased to 
79.3% (95% CI: 68.9–87.4) and the specificity increased to 97.0% (95% CI: 92.5–99.2) when we pooled second primary 
lung cancer and cancer recurrence in the gold standard (Table 3).

Eligible for inclusion
Patients identified with stage I lung cancer during 2011-2014 and lung cancer surgery 
with curative intent in the Danish Lung Cancer Register, and a lung cancer diagnosis 
registered in the Danish Cancer Register, and information on lung cancer recurrence 

from medical record review

n=281

Gold standard information
No new cancer event, n=177 (63%)

Lung cancer recurrence, n=93 (33%)
Second primary lung cancer, n=11 (4%)

n=242

Gold standard information:
No new cancer event, n=157

Lung cancer recurrence, n=75
Second primary lung cancer, n=10

Final study population N=217

Gold standard information:
No new cancer event, n=135 (62%)

Lung cancer recurrence, n=72 (33%)
Second primary lung cancer, n=10 (4%)

Excluded, n=25

Registrations after completed cancer treatment and before recurrence surveillance start:

No procedure codes corresponding to treatment with curative 
intent identified

Excluded, n=20

Registration of a distant metastasis within 90 days of lung
cancer diagnosis or curative treatment initiation

Excluded, n=19

Date of death, n=16
New primary cancer diagnosis, n=5

Distant metastasis, n=3
Procedure codes for cancer treatment, n=1

Figure 2 Flowchart of study population.
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Table 1 Characteristics of the 217 Included Patients with Stage I Lung Cancer, 
Stratified on Cancer Recurrence Status in the Gold Standarda

Population Characteristics Cancer Recurrence No Cancer Recurrence

n (%) n (%)

Number 72 (100) 145 (100)
Sex

Female 27 (38) 58 (40)

Male 45 (63) 87 (60)
Age, median (IQIb) 74 (68;78) 73 (67;76)

Comorbidityc

Low 29 (40) 60 (41)
Moderate 23 (32) 60 (41)

Severe 20 (28) 25 (17)

Tumor histology
Adenocarcinoma 79 (54) 33 (46)

Squamous cell carcinoma 37 (26) 25 (35)

Non-small cell carcinoma 24 (17) 8 (11)
Other 5(4) 6 (8)

Follow-up timed, months (IQI) 18 (11;27) 36 (23;59)

Notes: aNumbers are stated as n (%) if nothing else is stated; bInterquartile interval; cCharlson 
Comorbidity Index score calculated at primary lung cancer diagnosis date, divided into score 0 (low), 
scores 1–2 (moderate) and scores 3+ (severe); dTime from primary lung cancer diagnosis to the first of 
the following events: recurrence, emigration, death, or end of study (1 May 2016).

Table 2 Concordance of Recurrence of Lung Cancer Identified by the Gold Standard and the Algorithm

Status by Algorithm Status by Gold Standard

Cancer Recurrence No Cancer Recurrence Total

No New Cancer Event New Primary Lung Cancer

Cancer recurrence 60 4 5 69

No cancer recurrence 12 131 5 148

Total 72 135 10 217

Table 3 Performance of the Algorithm to Identify Recurrence from Lung Cancer in Patients Treated for Stage I Lung 
Cancer with Curative Intent

Algorithm 
Performance

Main Analysis 
n=217

Excluding 31 Patients with 
a History of Cancer Prior to 

Lung Cancer, n=186

Second Primary Lung Cancer and 
Cancer Recurrence Pooled in the 

Gold Standard, n=217

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

Sensitivity 83.3 (72.7–91.1) 85.0 (73.4–92.9) 79.3 (68.9–87.4)
Specificity 93.8 (88.5–97.1) 93.7 (87.9–97.2) 97.0 (92.6–99.2)

Positive predictive value 87.0 (76.7–93.9) 86.4 (75.0–94.0) 94.2 (85.8–98.4)

Negative predictive value 91.9 (86.3–95.7) 92.9 (87.0–96.7) 88.5 (82.2–93.2)

Abbreviation: CI, confidence interval.
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Discussion
Main Findings
Based on national registers, we developed and validated an algorithm to identify patients diagnosed with recurrence from 
surgically treated stage I lung cancer. The algorithm reached a sensitivity of 83.3 (95% CI: 72.7–91.1) and a PPV of 87.0 (95% 
CI: 76.7–93.9), and the algorithm estimated 70% of recurrence dates within 60 days of the gold standard recurrence date.

Strengths and Limitations
The most important strength of the study was the linkage of individual-level data in high-quality population-based 
registers combined with the free and equal access to healthcare for all inhabitants in Denmark. This increased the 
applicability of the algorithm in future studies, and it limited the risk of both information bias and selection bias.29 

However, misclassification of recurrence and recurrence dates from missing or incorrect registrations did occur. Lung 
cancer patients tend to be a fragile population with a higher prevalence of comorbidities than seen for other cancers,3 

which might contraindicate biopsy and cancer treatment in case of recurrent disease. This increased the risk of being 
missed by the algorithm. Further, false positives caused a PPV of 87%. However, when we included second primary lung 
cancers with cancer recurrence in the gold standard, the PPV increased to 94%.

Another important strength was that the gold standard population was derived from a population-based database, 
which increased the representativeness of the study population to the entire population of early-stage lung cancer patients 
treated surgically with curative intent in Denmark. Patients with recurrence from stage II and III cancers are registered 
with the same diagnosis, procedure, and pathology codes as patients with stage I cancer,15 and previous studies of 
malignant melanoma,16 bladder,13 breast,14 and colorectal cancers12 have shown similar performance of the indicators of 
recurrence, also in patients with stage II and III cancer. Thus, we argue that the algorithm is applicable to the entire 
population of patients treated with curative-intent surgery for stage I–III lung cancer. However, validation in a population 
with stage II–III lung cancer the algorithm would be preferable, and it could reveal an increased PPV due to an expected 
higher recurrence rate. The inclusion of patients with a history of cancer prior to the lung cancer diagnosis might have 
introduced a risk of misclassifying registrations related to recurrence of the previous cancer as registrations related to 
recurrence of lung cancer. However, the algorithm performed similarly to the algorithm that excluded patients with prior 

Table 4 Concordance of Cancer Recurrence Date in the 
Gold Standard and Estimated by the Algorithm

Estimated Date by the Algorithm % (95% CI)

On same date 0

Within 7 days 8.3 (3.6–18.9)

Within 14 days 20.0 (11.9–32.5)
Within 30 days 40.0 (29.9–53.4)

Within 60 days 70.0 (58.3–81.0)

Abbreviation: CI, confidence interval.

Table 5 Simulated Positive Predictive and Negative Predictive Value of the Sensitivity and Specificity of the 
Algorithm to Identify Recurrence from Lung Cancer in Constructed Populations with Different Recurrence Rates

Algorithm 
Performance

Population n=10,000 
Recurrence Rate 15%

Population n=10,000 
Recurrence Rate 25%

Population n=10,000 
Recurrence Rate 50%

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

Positive predictive value 70.3 (68.2–72.5) 81.8 (80.2–83.2) 93.1 (92.3–93.8)

Negative predictive value 96.9 (96.6–97.3) 94.4 (93.8–94.9) 84.9 (83.9–85.8)

Abbreviation: CI, confidence interval.
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cancer. This broadens the applicability of the algorithm to cover also cases with a second primary cancer, which account 
for up to 16% of all cancer diagnoses.30

An important limitation was the unsuccessful attempt to develop an algorithm to identify recurrence of lung cancer 
treated with radiotherapy in curative doses. The primary reason for this was that more than 50% of the eligible population 
had register-based evidence of a distant metastasis within 90 days of the lung cancer diagnosis date or the date of curative 
treatment initiation, and additional 23% had register-based evidence of ongoing malignant disease after completed cancer 
treatment. Consequently, research in lung cancer recurrence remains challenging in patients treated with radiotherapy and 
is restricted to actively followed patients, eg, in clinical trials.

Another limitation of the study was the relatively low number of analysed patients which leaded to large CIs of the 
estimates. We were unable to identify procedure codes indicating curative treatment in the Danish National Patient 
Register for 20 of 281 eligible lung cancer patients undergoing curative intent surgery (7%). In 12 cases, we were unable 
to identify procedure codes for curative intent surgery combined with a diagnosis of C34*. In the remaining 8 cases, the 
identified code for curative surgery was registered more than 90 days after the lung cancer diagnosis date in the Danish 
Cancer Register. Thirteen (65%) of these cases had a lung cancer recurrence according to the gold standard, which was 
a considerably larger proportion compared to the recurrence rate in the final population (33%). This might hold a risk of 
underestimating the absolute number of cases with recurrence in future studies using the algorithm to sample patients 
with lung cancer recurrence. Further, it might produce bias if these excluded patients differ from the source population on 
parameters relevant for study outcomes, such as survival. Another 44 patients were excluded due to death or register- 
based indicators of malignant disease within 90 days after cancer surgery or within 30 days of ended adjuvant therapy. 
Nineteen of these were excluded due to a registration of a distant metastasis. This corresponds with findings from 2019 to 
2020 based on the Danish Lung Cancer Register4 in which six percent of surgically treated lung cancer patients had 
different preoperative clinical staging and postoperative pathological staging.

Comparison with Other Studies
The algorithm was based on the same data sources and was constructed similarly to other algorithms developed and 
validated by our research group to identify recurrence from bladder, breast, and endometrial cancer and from malignant 
melanoma.12,14–18 However, the sensitivity at 83% was lower than found in these previous studies with sensitivities 
ranging from 85% to 97%. This might be caused by limited treatment options or reduced rationale for biopsy in a fragile 
population with high comorbidity.3 For example, only 34% of the lung cancer recurrences were identified based on 
a pathology code (data not shown) compared to 52% for malignant melanoma16 and 71% for endometrial cancer.15 

Further, the 12 false negatives were older (mean 77 years (IQI: 69–80)) than the true positives (mean 73 years (IQI 68– 
77)), and more false negative than true positives had severe comorbidity (33% vs 27%) (data not shown). The algorithms 
by Hassett et al6,7 to identify patients diagnosed with recurrence from lung cancer were based on data from medical 
claims and included indicators from diagnosis codes for secondary malignancy and procedure codes for chemotherapy. 
These algorithms reached sensitivities in the range 77–91% and specificities in the range 70%–95%. However, the PPV 
decreased to 74% in the versions aiming for a high sensitivity. We intended to develop an algorithm with both high 
sensitivity and high PPV. If the purpose of a study is to identify as many patients with recurrence as possible, regardless 
of the consequences for false positives and a low PPV, more indicators of recurrence may be added to the algorithm, eg, 
all malignant pathology test results, lung cancer diagnosis codes, and procedure codes for chemotherapy and radiotherapy 
regardless of the indication diagnosis. Contrary, if it is important with a high PPV, more restrictions could be posed to the 
indicators, eg, limiting the indicators to the morphology codes.

The estimated recurrence dates were less accurate for lung cancer than found in similar analyses made by our research 
group for cancer of the bladder, breast, endometrial, and melanoma.13–16 The date of recurrence in the gold standard was 
estimated as the first day in the nearest month in which the diagnostic workup for recurrence was undertaken, ie, no exact 
date was estimated from a biopsy test or procedure code. This may have contributed to the poorer agreement found in this 
study, and the actual agreement may be better than reported. However, when studying event-free survival, it is 
recommended to identify the correct recurrence date from medical record review or interviews.
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Similar algorithms published outside Denmark are primarily based on data from medical claims.10 Thus, these are 
restricted to specific populations, geographic areas, or insurance groups. This limits their generalizability to entire 
populations, whereas algorithms based on the population-based nationwide Danish health registers allow for national 
applicability. The majority of register-based algorithms to identify patients diagnosed with cancer recurrence have 
focused on solid cancers treated by surgery.6,7,10–17 We were unable to develop an algorithm to identify patients 
diagnosed with recurrence from SCLC after treatment by radiotherapy in curative doses. It is more complex to identify 
a curative treatment course and to distinguish between curative and palliative oncological treatment compared to surgical 
treatment, which is often one single surgery procedure code. This was also reported in another of our previous studies13 

on patients diagnosed with recurrence after bladder cancer, which included both patients treated by surgery and by 
radiotherapy. This algorithm showed substantially superior performance in patients undergoing surgical treatment for 
bladder cancer.

Interpretation and Implications
The algorithm is a time-saving method for identifying patients diagnosed with lung cancer recurrence in large popula
tions. The population-based design enables sampling of large populations, which allows for detailed analyses with high 
statistical precision. Compared to clinical trials, there are no exclusion criteria related to age and comorbidity, no 
underrepresented sub-groups due to active enrollment, and no loss to follow-up. These features increase the general
izability of our findings to the entire population of patients treated with curative-intent surgery for lung cancer.

The recurrence rate should be considered in studies using the algorithm to sample patients diagnosed with recurrence 
since the PPV decreased with decreasing recurrence rate (Table 5). It is especially important to consider the false-positive 
rate when planning studies with active contact to the patients, in which case one would be ethically obligated to avoid as 
many false positives as possible, and one should aim for a high specificity. However, in large-population epidemiological 
studies, misclassification of recurrence status will most often lead to an underestimated difference in the outcome 
between the explored and the unexplored, unless the misclassified patients differ substantially by the outcome of 
interest.31 If the purpose of a study is to identify as many patients with recurrence as possible, more indicators of 
recurrence may be added to the algorithm to increase the sensitivity.

The proposed algorithm facilitates epidemiological research in the field of lung cancer recurrence. Research in 
disease-free survival after cancer treatment is an important supplement to investigations in mortality and survival.9 

Further, the algorithm offers an opportunity to identify the characteristics of the population with recurrence and enhance 
the evidence on the diagnostic pathway for lung cancer recurrence. Such new knowledge may inform the organization of 
cancer follow-up and improve the surveillance of recurrence.32

Conclusion
We developed and validated a register-based algorithm to identify patients diagnosed with recurrence of early-stage lung 
cancer. The algorithm showed good performance; it identified 83% of all recurrent cancers, and 70% of the recurrence 
diagnosis dates were estimated within 60 days of the gold standard. Algorithms using population-level data may 
contribute with evidence on potential outcomes for patients with recurrence outside clinical trials. The algorithm may 
serve as a valuable resource for research in the field of lung cancer recurrence.

Abbreviations
CCC, concordance correlation coefficient; CI, confidence interval; ICD-10, International Classification of Diseases, 10th 
revision; NPV, negative predictive value; PPV, positive predictive value; SCLC, small-cell lung cancer; SNOMED, 
Systematized Nomenclature of Medicine; UICC, Union for International Cancer Control.
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partners. The data is not publicly available due to the Danish data protection legislation as the data contains information 
that could compromise the privacy of the research participants.
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