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Purpose: To develop algorithms to identify number of lines of anti-neoplastic therapy per patient based on the Danish National
Patient Registry (DNPR) and identify which algorithm has the highest percentage agreement with a reference standard of documenta-
tion in medical records.
Patients and Methods: We included 179 patients diagnosed between January 1, 2012, and December 31, 2016, with stage II, III, or
IV urothelial cell carcinoma or stage III or IV epithelial ovarian cancer, gastric adenocarcinoma, renal cell carcinoma, or non-small cell
lung cancer (NSCLC). We developed two algorithms for number of lines of anti-neoplastic therapy based on dates and treatment codes
(eg, “treatment with cisplatin” or “cytostatic treatment”) in the DNPR. First, to denote a change in line of therapy the “Time-based
algorithm” used the number of days between consecutive administrations. Second, the “Drug-based algorithm” used information on
drug names if available or the number of days between consecutive administrations if no drug names were specified. We calculated the
percentage agreement between the algorithms setting the number of allowed days between consecutive administrations from 28 to 50
and the reference standard – information on anti-neoplastic therapy drugs abstracted from medical records and subsequently coded
according to lines of anti-neoplastic therapy.
Results: For the “Time-based algorithm”, the highest percentage agreement with the reference standard was found when using <45
days between consecutive administrations (67.6%; 95% CI: 60.1–73.8%). However, the percentage agreement was higher for the
“Drug-based algorithm” using <45 days between consecutive administrations for registrations where the drug name was unspecified
(90.5%; 95% CI: 85.0–93.7%).
Conclusion: The algorithm for number of lines of anti-neoplastic therapy that had the highest percentage agreement with the
reference standard (medical records) incorporated both registration of specific drug names and <45 days between consecutive
administrations if the drug name was unspecified in routinely recorded data from DNPR.
Keywords: positive predictive value, medical records review, duration of chemotherapy, medical oncologic treatments, Denmark
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Introduction
Anti-neoplastic therapy comprises key treatments for many advanced cancers. Anti-neoplastic therapy
includes chemotherapy and targeted therapies like angiogenesis inhibitors, kinase inhibitors, proteasome inhibitors,
transferase inhibitors, polymerase inhibitors, histone deacetylase inhibitors, and others (arsenic trioxide, BCL-2 inhibi-
tors). Treatment with anti-neoplastic therapy usually starts with a standard drug or combination of drugs, which is termed
the first line of anti-neoplastic therapy.1 In the advanced setting, the first line of anti-neoplastic therapy depends on
patient and disease characteristics. Following disease progression or unacceptable side effects, patients might be offered
a second line of anti-neoplastic therapy – usually consisting of other types of anti-neoplastic therapy or other combina-
tions of anti-neoplastic therapy than those used in the first line.1–3 Data on the number of lines of anti-neoplastic therapy
are important to evaluate treatment results, treatment-induced side effects, survival, and other health care utilizations.4

Yet, information on lines of anti-neoplastic therapy is rarely registered in electronic health care databases.5 Several
electronic health care databases include other information about anti-neoplastic therapy (such as drug type and dates of
treatment).6–9 Studies including information about lines of anti-neoplastic therapy often rely on obtaining this informa-
tion from medical records,4,10,11 which is costly and time-consuming thereby limiting the size of the study population.
The ability to define lines of anti-neoplastic therapy based on registers or other electronic databases is important for
future cancer research.

In Denmark, information on dates of treatment with anti-neoplastic therapy is included in the Danish National Patient
Registry (DNPR) covering all Danish hospitals.12 Yet, the registry does not record data specifying the number of lines of
anti-neoplastic therapy. We therefore developed two DNPR-based algorithms to estimate the number of lines of anti-
neoplastic therapy and examined the agreement between the algorithms and information from medical records on number
of lines of anti-neoplastic therapy. Furthermore, we assessed the positive predictive value (PPV) of each DNPR-based

Figure 1 Flowchart for selection of patients for the validation of lines of anti-neoplastic therapy.
Notes: Stage was defined according to the 7th Edition of the AJCC Cancer Staging Manual. In accordance with guidelines issued by the Danish Health Data Authority, we
were not permitted to report counts with fewer than 5 observations. Therefore, we are not able to give more details about the reasons for exclusion in the last step of the
flowchart.
Abbreviations: AJCC, American Joint Committee on Cancer; DCR, Danish Cancer Registry; DNPR, Danish National Patient Registry.
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algorithm based on the number of lines of anti-neoplastic therapy, start date of anti-neoplastic therapy lines, and duration
of anti-neoplastic therapy lines.

Materials and Methods
The Danish national health care system provides the entire Danish population with unrestricted access to tax-supported
health care with free-of-charge treatment at hospitals.13 Furthermore, there is a long tradition for nationwide registers on
health care: the Danish Cancer Registry (DCR) was established in 194314 and the DNPR in 1977.12 We used the unique
personal identification number assigned to all Danish residents to link information in these registers and the Danish Civil
Registration System.15,16

Population
This validation study is part of a larger research project using information from medical registers to characterize Danish
patients with advanced cancer that may be targeted for treatment with programmed death receptor 1/programmed death
ligand 1 immune checkpoint inhibitors. Figure 1 shows the sampling strategy for the population for the present study.
From the DCR, we identified all patients diagnosed with American Joint Committee on Cancer17 stage III or IV epithelial
ovarian cancer, stage III or IV gastric adenocarcinoma, stage III or IV renal cell carcinoma, stage III or IV non-small cell
lung cancer (NSCLC), or stage II, III, or IV urothelial cell carcinoma in Denmark between January 1, 2012 and
December 31, 2016. Thus, all patients had advanced cancer at the date of diagnosis and the lines of anti-neoplastic
therapy we observe relate to the advanced cancer setting. Among these patients, we selected all patients who had all their
oncological department visits at Aarhus University Hospital, where we had access to patient medical records. We
restricted it to patients who had at least one registration of anti-neoplastic therapy according to treatment codes in the
DNPR. Among these, we made a stratified random sample of up to 36 patients for each cancer type stratified by year of
diagnosis (2012–2016) and number of anti-neoplastic therapy lines according to the register-based Time-based algorithm
with 28 days as illustrated in sFigure 1 in online Appendix 1. We included number of anti-neoplastic therapy lines in the
stratification, to ensure the ability to validate the algorithm both for patients receiving few and many lines of anti-
neoplastic therapy.

Follow-Up
We included the patients from the date of diagnosis as registered in the DCR until the first of the following events: death,
emigration, new primary cancer (as any anti-neoplastic therapy given after this date could be related to the new primary
cancer), or August 1, 2018 (the date when we obtained the first medical records for the data abstraction).

Collection and Abstraction of Data from Medical Records
For the selected patients, we obtained the medical records from the Department of Oncology at Aarhus University
Hospital from the date of cancer diagnosis onwards. We developed an abstraction form and collected dates and types of
anti-neoplastic therapy using the data capture software REDcap.18 The abstraction form is displayed in online
Appendix 2. Five abstractors did the abstraction. To minimize inter-abstractor variation and ensure consistency in
abstraction, we established a priori guidelines and a codebook to guide the medical record abstraction. Furthermore,
uncertain cases were adjudicated in a multidisciplinary team.

Reference Standard for Number of Lines of Anti-Neoplastic Therapy
The reference standard for number of lines of anti-neoplastic therapy was defined based on the information about dates
and types of anti-neoplastic therapy retrieved from the medical records since the first date of cancer diagnosis according
to DCR. We defined a line of anti-neoplastic therapy as a series of treatments with the same chemotherapy or targeted
therapy drug (or combination of drugs), whereas change in drugs or addition of drugs was considered a change in anti-
neoplastic therapy line. If a chemotherapy or targeted therapy drug was included in one line of anti-neoplastic therapy,
omitted from a subsequent line, and was administered again more than 6 months after the last administration of that drug,
we regarded it as a new line of anti-neoplastic therapy.
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Since cisplatin and carboplatin can be used interchangeably, we regarded them as the same drugs for this definition.19

Likewise, we considered doxorubicin and doxorubicin (liposomal) and nab-paclitaxel and paclitaxel as the same drugs.
Niraparib and neratinib were combined due to low numbers. Based on this, we counted the number of anti-neoplastic
therapy lines for each patient.

Register-Based Algorithms of Number of Lines of Anti-Neoplastic Therapy
In Denmark, cancer treatment is delivered in hospitals, and anti-neoplastic therapy is coded in the DNPR using Danish
treatment codes.12,13 Danish treatment codes can be very specific (eg, “treatment with cisplatin”) or very broad (eg,
“cytostatic treatment”). Thus, we could not use information only on the specific anti-neoplastic therapy drugs given to
identify the number of lines of anti-neoplastic therapy. We examined the validity of two different algorithms to identify
the number of lines of anti-neoplastic therapy. First, the Time-based algorithm that only incorporated the number of days
between administrations of anti-neoplastic therapy. Second, the Drug-based algorithm incorporated the specific anti-
neoplastic therapy drugs if registered in the DNPR and number of days between administrations of anti-neoplastic
therapy when the specific drugs were not registered in the DNPR. We validated both algorithms setting the number of
days between two consecutive administrations of chemotherapy and/or targeted therapy to all numbers between and
including 28 and 50. Both algorithms are further described and illustrated in online Appendix 1 (sFigures 1 and 2a–m).

For each anti-neoplastic therapy line, the start date of the line was defined as the first date of administration of anti-
neoplastic therapy in that line. The last date of the line was defined as the last date of administration of anti-neoplastic
therapy in that line plus the number of days allowed between consecutive administrations of anti-neoplastic therapy in the
algorithm (ie, numbers between and including 28 and 50). However, for the Drug-based algorithm, the next line of anti-
neoplastic therapy might occur earlier than the last date of the line as defined in the previous sentence. In such cases, the
last date of the line was defined as the day before the initiation of the subsequent line of anti-neoplastic therapy. The
duration of each anti-neoplastic therapy line was calculated as the last date of that line minus the start date of that line.

Statistical Analyses
We examined the percentage agreement (and associated 95% confidence interval [CI] using the Jeffrey’s method20)
between the register-based algorithms for number of lines of anti-neoplastic therapy and the reference standard from the
medical records for all cancer types combined and separately by type of cancer.

For the Time-based algorithm and the Drug-based algorithm with the greatest percentage agreement according to
number of days between consecutive administrations of anti-neoplastic therapy for all cancer types combined, we
estimated three PPV. First, the PPV of having at least 1, 2 or 3 anti-neoplastic therapy lines (see exact definitions
sTable 1, Online Appendix 3). Second, the PPV for the start date of each line plus or minus 30 days, 60 days, and 90 days
(see exact definitions sTable 2, Online Appendix 3). Third, the PPV for the duration of line 1, 2 or 3 plus or minus 30
days, 60 days, and 90 days (see exact definitions sTable 3, Online Appendix 3).

The algorithms were developed and analyzed using SAS version 9.4.

Ethics
We obtained permission to perform this validation study from the Danish Data Protection Agency and the Danish Patient
Safety Authority (3-3013-2046/1). Under Danish law, ethical permission is not required for registry-based research. This
study followed the EU General Data Protection Regulation. The register-based data were obtained from the Danish
Health Data Authority.

Results
We included 179 patients in the validation of register-based algorithms for anti-neoplastic therapy lines (Figure 1). The
patients were followed from the date of diagnosis up to death (n=120; 67.0%), emigration (0), new primary cancer (n=11;
6.1%), or end of follow-up (August 1, 2018) (n=48; 26.8%), whichever came first. Table 1 outlines characteristics of the
included patients.

https://doi.org/10.2147/CLEP.S342238

DovePress

Clinical Epidemiology 2022:14162

Sørup et al Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=342238.docx
https://www.dovepress.com/get_supplementary_file.php?f=342238.docx
https://www.dovepress.com/get_supplementary_file.php?f=342238.docx
https://www.dovepress.com/get_supplementary_file.php?f=342238.docx
https://www.dovepress.com/get_supplementary_file.php?f=342238.docx
https://www.dovepress.com/get_supplementary_file.php?f=342238.docx
https://www.dovepress.com/get_supplementary_file.php?f=342238.docx
https://www.dovepress.com/get_supplementary_file.php?f=342238.docx
https://www.dovepress.com/get_supplementary_file.php?f=342238.docx
https://www.dovepress.com/get_supplementary_file.php?f=342238.docx
https://www.dovepress.com
https://www.dovepress.com


Description of the Reference Standard for Number of Lines of Anti-Neoplastic
Therapy
According to the reference standard for number of lines of anti-neoplastic therapy from the medical chart review, 8
patients (4.5%) had no record of any chemotherapy or targeted therapy, 119 patients (66.5%) received first line of anti-
neoplastic therapy only, 34 patients (19.0%) received a maximum of two lines of anti-neoplastic therapy, 13 patients
(7.3%) received a maximum of three lines of anti-neoplastic therapy, and 5 patients (2.8%) received a maximum of up to
four lines of anti-neoplastic therapy before the end of follow-up.

Agreement for Number of Lines of Anti-Neoplastic Therapy
Figure 2 shows the percentage agreement between the reference standard for the number of lines of anti-neoplastic
therapy compared with the register-based Time-based algorithm and Drug-based algorithm by the allowed number of
days between consecutive administrations of chemotherapy and/or targeted therapy between 28 and 50 days. For the
Time-based algorithm, the percentage agreement was greatest when the number of days between consecutive adminis-
trations of anti-neoplastic therapy was 44–46 days (67.6%; 95% CI: 60.1–73.8). For all five cancer types, the percentage

Table 1 Description of the Included Patients with Advanced Epithelial Ovarian Cancer, Gastric Adenocarcinoma, Renal Cell
Carcinoma, Urothelial Cell Carcinoma, and Non-Small Cell Lung Cancer Diagnosed in Denmark 2012 to 2016

Epithelial
Ovarian
Cancer
(N=35)

Gastric
Adenocarcinoma
(N=36)

Renal Cell
Carcinoma
(N=36)

Urothelial
Cell
Carcinoma
(N=36)

Non-Small Cell
Lung Cancer
(N=36)

All Cohorts
Combined
(N=179)

Year of cancer
diagnosis, N (%)

2012 7 (20.0%) 7 (19.4%) 7 (19.4%) 7 (19.4%) 7 (19.4%) 35 (19.6%)
2013 8 (22.9%) 8 (22.2%) 8 (22.2%) 9 (25.0%) 8 (22.2%) 41 (22.9%)

2014 7 (20.0%) 7 (19.4%) 7 (19.4%) 7 (19.4%) 7 (19.4%) 35 (19.6%)

2015 7 (20.0%) 8 (22.2%) 8 (22.2%) 8 (22.2%) 8 (22.2%) 39 (21.8%)
2016 6 (17.1%) 6 (16.7%) 6 (16.7%) 5 (13.9%) 6 (16.7%) 29 (16.2%)

Stage at
diagnosis, N (%)a

Stage II Not included Not included Not included < 10 Not included 6 (3.4%)
Stage III 15 (42.9%) < 10 < 10 < 5 < 15 50 (27.9%)

Stage IV 15 (42.9%) 24 (66.7%) 25 (69.4%) 20 (55.6%) 21 (58.3%) 105 (58.7%)

Undefined stageb 5 (14.3%) < 5 < 5 7 (19.4%) < 5 18 (10.1%)

Female, N (%) 35 (100.0%) 10 (27.8%) 15 (41.7%) 12 (33.3%) 18 (50.0%) 90 (50.3%)

Age at
diagnosis
(years), Median
(q1-q3)

68.3 (60.2–75.9) 66.3 (59.4–69.0) 62.8 (58.5–71.2) 68.8 (60.9–75.6) 68.5 (64.3–76.1) 67.7 (59.7–73.5)

Follow-up time
(months), Mean

(SD) c

30.0 (20.1) 17.2 (13.3) 23.3 (22.8) 28.0 (21.4) 18.2 (17.4) 23.3 (19.8)

Notes: In accordance with the data protection guidelines issued by the Danish Health Data Authority, we do not report cell counts with fewer than 5 observations. As well,
the cell count may not be identifiable based on counts in the other cells; for this reason we also report “N<10” etc. in some cells. aStage was defined according to the 7th
Edition of the American Joint Committee on Cancer (AJCC) Cancer Staging Manual. bSome information on Tumor, Node, or Metastases codes was missing, but based on
available information the patient had at least stage II (urothelial cell carcinoma)/III (epithelial ovarian cancer, gastric adenocarcinoma, renal cell carcinoma, non-small cell lung
cancer). cTime from date of cancer diagnosis as registered in the Danish Cancer Registry until the first of the following events: death, emigration, new primary cancer, or
August 1, 2018.
Abbreviations: N, numbers; q1, first quartile; q3, third quartile; SD, standard deviation.
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agreement with the Time-based algorithm was also greatest around 44–46 days (Figure 3). The lowest percentage
agreement with the Time-based algorithm with 44–46 days was for patients with renal cell carcinoma (50.0%; 95% CI:
34.2–65.8) and the highest percentage agreement was for patients with urothelial cell carcinoma (80.6%; 95% CI: 65.6–
90.9; Figure 3).

For the Drug-based algorithm, the percentage agreement with the reference standard was 90.5% (95% CI: 85.0–93.7)
irrespective of the number of days between consecutive administrations of anti-neoplastic therapy without recording of
the specific anti-neoplastic drug (Figure 2). This occurred because all the treated patients selected for the validation study
had recorded codes for specific anti-neoplastic drugs in the DNPR on all dates of administration of anti-neoplastic
therapy, although we had not selected based on availability of codes for specific anti-neoplastic therapy drugs in the
DNPR. The percentage agreement between the Drug-based algorithm and the reference standard was lowest for patients
with NSCLC (75.0%; 95% CI: 59.3–86.8) and highest for patients with gastric adenocarcinoma or urothelial cell
carcinoma (97.2%; 95% CI: 87.7–99.7; Figure 3).

PPV for Different Number of Anti-Neoplastic Therapy Lines, Start Date of the Lines
and Duration of the Lines
We evaluated the PPV for different number of anti-neoplastic therapy lines, start date of the lines, and duration of the
lines for the Time-based algorithm and the Drug-based algorithm with 45 days, because the highest percentage agreement
for the Time-based algorithm was at 44–46 days.

The PPV for at least one line of anti-neoplastic therapy according to both the Time-based algorithm and the Drug-
based algorithm with 45 days was 97.7% (95% CI: 94.7–99.2) in all cohorts combined (Table 2a and b). The PPV
declined with increasing number of anti-neoplastic therapy lines, but declined less for the Drug-based algorithm with 45
days (PPV for third anti-neoplastic therapy line, 78.3%; 95% CI: 58.7–91.2; Table 2b) than for the Time-based algorithm
with 45 days (PPV for third anti-neoplastic therapy line, 31.8%; 95% CI: 15.5–52.6; Table 2a). The PPV for the second
line of anti-neoplastic therapy for the Drug-based algorithm with 45 days was considerably lower for patients with

Figure 2 Percentage agreement between the Time-based algorithm and the Drug-based algorithm, respectively, and the reference standard (medical records) for number of
lines of anti-neoplastic therapy for all cancer cohorts combined.
Notes: The percentage agreement is the same for the drug-based algorithm irrespective of the number of days used in the algorithm, this occurred because all the treated
patients selected for the validation study had recorded codes for specific anti-neoplastic drugs in the DNPR on all dates of administration of anti-neoplastic therapy.
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NSCLC (33.3%; 95% CI: 10.4–65.2%) compared with the other cohorts (Table 2b). Likewise, the PPV for the start date
of the line and duration of the line depended on the algorithm and the number of lines (Table 3a and b).

Discussion
We found that the algorithm for number of lines of anti-neoplastic therapy based on codes for specific anti-neoplastic
drugs from DNPR (Drug-based algorithm) had a higher percentage agreement with the reference standard (from the
patient medical records) for number of lines of anti-neoplastic therapy than the algorithm only based on the dates of anti-
neoplastic therapy registered in DNPR (Time-based algorithm). The PPV for number of lines of anti-neoplastic therapy,
the PPV for the start date of each line, and the PPV for the duration of each anti-neoplastic therapy line diminished with
increasing number of lines of anti-neoplastic therapy according to the Drug-based algorithm.

C

A B

D

E

Figure 3 Percentage agreement between the algorithms and the reference standard (medical records) for number of lines of anti-neoplastic therapy for patients with
advanced epithelial ovarian cancer (A), gastric adenocarcinoma (B), renal cell carcinoma (C), urothelial cell carcinoma (D), and non-small cell lung cancer (E).
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Table 2 Positive Predictive Values for the Number of Anti-Neoplastic Therapy Lines According to Type of Cancer and for All Cohorts Combined for the Time-Based Algorithm 45
Days (a) and the Drug-Based Algorithm 45 Days (b)

PPV for the Number of Lines (95% CI)a

Epithelial Ovarian
Cancer (N=35)

Gastric
Adenocarcinoma
(N=36)

Renal Cell
Carcinoma (N=36)

Urothelial Cell
Carcinoma (N=36)

Non-Small Cell Lung
Cancer (N=36)

All Cohorts
Combined (N=179)

a) Identify the line number according to Time-based algorithm 45 days

First line 100.0% (89.7–100.0%) 100.0% (90.3–100.0%) 100.0% (90.3–100.0%) 97.1% (87.1–99.7%) 100.0% (89.7–100.0%) 97.7% (94.7–99.2%)

Second line 78.3% (58.7–91.2%) 71.4% (45.5–89.5%) 35.3% (16.3–58.9%) 57.1% (31.9–79.7%) 78.3% (58.7–91.2%) 57.0% (46.0–67.5%)

Third line NR NR NR NR NR 31.8% (15.5–52.6%)

b) Identify the line number according to Drug-based algorithm 45 days

First line 100.0% (89.7–100.0%) 100.0% (90.3–100.0%) 100.0% (90.3–100.0%) 97.1% (87.1–99.7%) 91.4% (78.9–97.5%) 97.7% (94.7–99.2%)

Second line 100.0% (80.5–100.0%) 92.9% (71.2–99.2%) 100.0% (59.0–100.0%) 90.0% (61.9–98.9%) 33.3% (10.4–65.2%) 86.0% (75.3–93.1%)

Third line NR NR NR NR NR 78.3% (58.7–91.2%)

Notes: aThe PPV is estimated as N with the given line number both according to the algorithm and the reference standard divided by N with the given line number according to the algorithm.
Abbreviations: N, numbers; NR, not reportable (due to great uncertainty); PPV, positive predictive value.
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Table 3 Positive Predictive Values for the Start Date of the Anti-Neoplastic Therapy Lines, and Duration of Anti-Neoplastic Therapy Lines According to the Time-Based Algorithm 45
Days (a) and the Drug-Based Algorithm 45 Days (b) for All Cohorts Combined

PPV for the Start Date of the Line (95% CI)a Duration in Days
of the Line
According to the
Algorithm,
Median, q1-q3b

PPV for the Duration of the Line (95% CI)c

±30 Days ±60 Days ±90 Days ±30 Days ±60 Days ±90 Days

a) Identify the line number according to Time-based algorithm 45 days

First line (N=175) 97.1% (93.9–98.9%) 97.1% (93.9–98.9%) 97.1% (93.9–98.9%) 111 (81–157) 65.7% (58.5–72.4%) 71.4% (64.4–77.7%) 76.0% (69.3–81.9%)

Second line (N=79) 36.7% (26.7–47.7%) 38.0% (27.9–49.0%) 41.8% (31.4–52.8%) 101 (66–164) 31.6% (22.2–42.4%) 40.5% (30.2–51.5%) 44.3% (33.7–55.3%)

Third line (N=22) 13.6% (4.0–32.1%) 18.2% (6.5–37.6%) 18.2% (6.5–37.6%) 94 (45–167) 13.6% (4.0–32.1%) 22.7% (9.2–42.9%) 31.8% (15.5–52.6%)

b) Identify the line number according to Drug-based algorithm 45 days

First line (N=175) 97.1% (93.9–98.9%) 97.1% (93.9–98.9%) 97.1% (93.9–98.9%) 133 (87–202) 86.9% (81.3–91.2%) 94.3% (90.1–97.0%) 95.4% (91.6–97.8%)

Second line (N=57) 80.7% (69.1–89.3%) 82.5% (71.1–90.6%) 82.5% (71.1–90.6%) 90 (66–144) 71.9% (59.4–82.3%) 82.5% (71.1–90.6%) 84.2% (73.2–91.9%)

Third line (N=23) 69.6% (49.3–85.2%) 69.6% (49.3–85.2%) 73.9% (53.9–88.3%) 71 (45–140) 60.9% (40.6–78.6%) 69.6% (49.3–85.2%) 69.6% (49.3–85.2%)

Notes: aThe PPV is estimated as N who have started the given anti-neoplastic therapy line number according to the algorithm and who have also started the given anti-neoplastic therapy line number according to the reference standard
and for whom the start date of the given anti-neoplastic therapy line number according to the reference standard is within plus or minus 30/60/90 days from the start date according to the algorithm divided by N who have started the
given anti-neoplastic therapy line number according to the algorithm. bDuration is estimated as the last date of that line minus the start date of that line. cThe PPV is estimated as N who have started the given anti-neoplastic therapy line
number according to the algorithm and who have also started the given anti-neoplastic therapy line number according to the reference standard and for whom the duration of the given anti-neoplastic therapy line number according to
the reference standard is within plus or minus 30/60/90 days from the duration according to the algorithm divided by N who have started the given anti-neoplastic therapy line number according to the algorithm.
Abbreviations: N, numbers; q1, first quartile; q3, third quartile; PPV, positive predictive value.
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The present study relied on information from the medical records as the reference standard. In general, the records did
not include information about the line of anti-neoplastic therapy, so we had to define lines of anti-neoplastic therapy
based on the recorded anti-neoplastic therapy drugs. It is possible that the information in the medical records was
incomplete – for example, the administration of anti-neoplastic therapy may not have been recorded. In addition, errors
might have occurred in entering information from the medical record into REDCap. Such errors could explain why 8
patients did not have any registrations of anti-neoplastic therapy in the medical records, although they had been selected
based on registrations of anti-neoplastic therapy in the DNPR. Another explanation for no registration of anti-neoplastic
therapy could be that the selection of patients did not censor at the date of new primary cancer, therefore the registration
of anti-neoplastic therapy in DNPR might have occurred after the diagnosis of a new primary cancer. Overall, it is
a limitation that the reference standard cannot be assumed to hold perfect information about lines of anti-neoplastic
therapy. However, we believe it was the most valid available information on lines of anti-neoplastic therapy.

The sample size for this study was largely decided based on the resources available for data extraction from the
medical records. The precision of the estimates would increase if we had been able to include additional patients, which
could have been particularly valuable when splitting the analyses on cancer type for the PPV related to second or third
line of anti-neoplastic therapy.

We only included patients treated at the Department of Oncology at Aarhus University Hospital and therefore our
results may not be directly transferable to other hospitals, which may code anti-neoplastic therapy differently. A previous
study validating treatment codes for colorectal cancer patients in the DNPR against the reference standard from medical
records at all hospitals in the Region of Southern Denmark, found that the PPV for all anti-neoplastic procedures was
slightly higher at Odense University Hospital (96%; 95% CI: 95–96) compared with the regional hospitals (the lowest
PPV was 84% [95% CI: 76–91] at South-West Jutland hospital).21 Nonetheless, cancer care is delivered according to
national Danish Cancer Patient Pathways,22 which should ensure uniform treatment across Denmark. It has been
mandatory to report cancer treatment to DNPR since 2001.12

We found that the PPV of at least one line of anti-neoplastic therapy according to DNPR was 97.7%, which
corresponded to the PPV for initiating anti-neoplastic therapy. This is in line with two previous studies of colorectal
cancer patients, reporting PPVs between 94% and 100% for registration of anti-neoplastic treatment.21,23

In the present study, we examined alternative algorithms for the number of lines of anti-neoplastic therapy based on data
in DNPR. In future studies, we would recommend the Drug-based algorithm given the high percentage agreement with the
reference standard. In the present study, it was not possible to assess the most valid number of days between dates of
administration of anti-neoplastic therapy in the Drug-based algorithm, because all patients had their specific treatments
registered in the DNPR. Based on our Time-based algorithm, we recommend using 45 days in the final Drug-based
algorithm. We have created and made available three SAS syntax files, which can be used by other researchers to define the
number of lines of anti-neoplastic therapy according to the Drug-based algorithm with 45 days (Appendices 4–6). Use of
the syntax files, including modifying these for use in non-Danish settings, is described in Appendix 7. It is also possible to
modify the algorithm to include other types of systemic anti-cancer treatment and describe the type of drugs used in each
line. For instance, Sorup et al modified the Drug-based algorithm to also include immunotherapy and described the types of
drugs used in different lines of treatment.24 However, if feasible, we recommend validating the algorithm in the intended
study population or at least consider carefully the limitations and recommendations described in the following paragraphs
and in Appendix 7.

The percentage agreement between the Drug-based algorithm and the reference standard varied by cancer type. The
validity of the algorithm may differ for other types and stages of cancer than those included in the present study, which
only included patients diagnosed with incident advanced cancer – this implies that anti-neoplastic therapy was given with
palliative intent. However, no information on curative or palliative intent of anti-neoplastic therapy is registered in the
DNPR. It is important to be aware that our algorithm defines maintenance therapy with a different type of drug as a new
therapy line; this might overestimate the number of lines of anti-neoplastic therapy.

The use of specific treatment codes for anti-neoplastic therapy might vary over the years. The aforementioned study
of patients with colorectal cancer diagnosed between 2009 and 2010, found that a low proportion of patients treated at
Aarhus University Hospital had specific codes registered for chemotherapy in the DNPR,23 while all patients included in
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the present study had all registrations of anti-neoplastic therapy with specific codes in the DNPR (diagnosed 2012 to
2016). Another study showed that only one hospital out of four hospitals sometimes used an unspecific code for anti-
neoplastic therapy, while the other hospitals always used specific anti-neoplastic treatment codes for colorectal cancer
patients treated May 2016 to April 2018.21 Furthermore, recently introduced anti-neoplastic therapy might not have
specific treatment codes in the first years after introduction.25

In future studies, we recommend examining the proportion of the population who have all registrations of anti-
neoplastic therapy with treatment codes for specific drugs. It is important to note that the PPV for the second line of anti-
neoplastic therapy was 86% for patients with all registration of anti-neoplastic therapy in the DNPR with specific drugs
(Drug-based algorithm), while the PPV was substantially lower when using the Time-based algorithm (57%). Therefore,
in a study only including patients on second line of anti-neoplastic therapy, it might be relevant to restrict the study to
patients who have all registrations of anti-neoplastic therapy with treatment codes for specific drugs. Overall, it is
important to note that the PPVs for number of lines of anti-neoplastic therapy, the start date of each line, and the duration
of each anti-neoplastic therapy line all diminished with increasing number of lines of anti-neoplastic therapy. This may be
related to discrepancies between dates in the DNPR and medical record for the first line therapy, which would in turn
influence the date of the second line, and subsequent therapy lines. Furthermore, it is likely more difficult to catch
changes in anti-neoplastic therapy than initiation of anti-neoplastic treatment.

The algorithm and conclusions cannot be applied directly to other countries because they are based on the national
Danish treatment codes. However, the results indicate that if only dates of anti-neoplastic therapy are available, the
validity of an algorithm for number of lines of anti-neoplastic therapy might be low, while the validity might be higher if
there is information on the specific drugs administered at each date. Nonetheless, it is important that all administrations
of anti-neoplastic therapy are correctly registered.

Algorithms have been developed for number of lines of therapy based on registers or electronic databases in other
settings. One study from the USA based on SEER-Medicare data developed an algorithm for lines of chemotherapy and
biologic treatment for metastatic colon cancer patients.9 A French study defined an algorithm for treatment lines for
multiple myeloma patients based on drugs administered and days between administrations.8 Neither of these studies
validated the algorithms.8,9 A study of breast, lung and colorectal cancer patients from Kaiser Permanente, Colorado,
USA, found a high agreement in the number of lines of therapy between the reference standard and an algorithm based
on drug names, dates of dispensing, and manual adaptation to the general rules based on known treatment plans and
removal of non-antineoplastic drugs.7 A Canadian study validated a supervised learning approach to identify the best
performing proxy for number of lines of systemic therapy using data from pharmacy records on drug names, protocol
codes, and dates of prescription.6 The approach worked well and the best proxy differed between the different types of
cancers (chronic lymphocytic leukemia, follicular lymphoma, diffuse large B-cell lymphoma, and advanced cancers of
varying histology).6

Conclusion
Our findings show a higher validity for the register-based algorithm for number of lines of anti-neoplastic therapy
considering the specific type of anti-neoplastic therapy compared with an algorithm only considering the dates of anti-
neoplastic therapy across different cancer types. In future register-based Danish studies using information on anti-
neoplastic therapy lines, we recommend using the Drug-based algorithm with 45 days to identify the number of lines of
anti-neoplastic therapy and associated start date and duration of each line. Preferably, the algorithm should be validated
for the specific population under study, as the validity may vary according to study period, type of cancer, and
introduction of new drug types. If a separate validation is not feasible, it is important to consider the proportion of the
study population who have all registrations of anti-neoplastic therapy in the DNPR with specific drugs and potentially
restrict the study to this subpopulation.
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