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ABSTRACT
Purpose: This study aimed to identify and synthesize published algorithms for identifying the initiation of a new line of therapy 
(LOT) for metastatic lung, breast, and colorectal cancer in real-world data (RWD).
Methods: We conducted a scoping review of published, English-language studies describing algorithms for identifying any 
LOTs with systemic anti-cancer therapy (SACT) for either non-metastatic or metastatic lung, breast, or colorectal cancer in RWD 
between January 1, 2014, and April 29, 2024. Dual reviewers independently screened titles, abstracts, and full-text articles, with 
disagreements resolved by a third reviewer. Data were extracted, categorized, synthesized, and summarized in narrative and 
tabular formats.
Results: The review identified 25 studies, mainly (64%) from the United States. Electronic health/medical records (EHRs) were 
the most frequently utilized (72%) RWD source. Twenty-four studies (96%) described RWD algorithms for identifying the initia-
tion of a new LOT for metastatic lung, breast, or colorectal cancer. In 23 studies, algorithms required observing a new, adjuvant, 
SACT after an “incident” metastatic diagnosis code, which had been preceded by a metastasis-free lookback period of varied du-
ration. Three studies' algorithms required observation of the completion of non-metastatic LOTs before initiation of a new LOT 
for metastatic cancer. Three studies validated their algorithms.
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provided the original work is properly cited.

© 2026 The Author(s). Pharmacoepidemiology and Drug Safety published by John Wiley & Sons Ltd.

This research was presented as a poster at the 41st Annual Meeting of the International Society of Pharmacoepidemiology (ISPE), Aug 22–26, 2025, Washington DC, 
USA.  

https://doi.org/10.1002/pds.70370
https://doi.org/10.1002/pds.70370
https://orcid.org/0000-0001-9774-8119
https://orcid.org/0000-0002-1221-4028
https://orcid.org/0000-0003-4470-2736
https://orcid.org/0000-0002-8387-9342
https://orcid.org/0000-0002-4639-7424
https://orcid.org/0000-0003-1010-7525
https://orcid.org/0000-0003-1230-3968
https://orcid.org/0000-0002-3684-3275
https://orcid.org/0000-0002-0730-2867
mailto:dami.onasanya@carelon.com
http://creativecommons.org/licenses/by/4.0/


2 of 16 Pharmacoepidemiology and Drug Safety, 2026

Conclusions: Different algorithms are being used to identify LOT initiation for metastatic cancer. Most algorithms require an 
incident diagnosis of metastasis before considering subsequent SACT as newly initiated LOT for metastatic cancer. However, 
definitions of metastasis onset and gap duration to therapy initiation vary.

1   |   Introduction

Medical treatments for lung, breast, and colorectal cancer are 
evolving rapidly, requiring updated knowledge and validated 
algorithms for conducting observational studies on treatment 
effectiveness, safety, and outcomes [1–3]. In oncology, a “line 
of therapy” (LOT) is defined as a serial, chronological number 
assigned to each systemic anti-cancer therapy (SACT), repre-
senting a distinct attempt to treat a patient with cancer [4, 5]. 
Each unique LOT is a critical point in a patient's care plan, 
bearing significant implications for their subsequent treatment 
and health outcomes (safety, effectiveness, progression-free dis-
ease, and overall survival) [6, 7]. Accurately distinguishing be-
tween LOTs in real-world healthcare databases is essential for 
researching these outcomes and for harmonizing methods and 
comparing studies across institutions and geographical regions.

Real-world data (RWD) is widely used for pharmacoepidemiologic 
studies of individuals with lung, breast, or colorectal cancer [8–10]. 
However, RWD routinely collected from healthcare encounters 
lacks explicit information to distinguish between curative ver-
sus palliative LOTs or between non-metastatic versus metastatic 
LOTs. Thus, researchers working with RWD are required to lever-
age data elements and predefined or newly developed algorithms 
to distinguish between LOTs for localized/non-metastatic disease 
and those for advanced/metastatic disease. However, various 
approaches are used to distinguish between LOTs in RWD, and 
treatment practices vary by geographical region.

This scoping review aimed to map and summarize published 
RWD algorithms for identifying the initiation of LOTs for meta-
static lung, breast, or colorectal cancer. The focus was on RWD 
sources, including electronic health/medical records (EHR), 
claims, registries, and chart reviews, and on understanding how 
LOT initiation for metastatic disease is operationalized across 
geographical regions.

2   |   Methods

A study protocol was registered on Open Science Framework 
(OSF; link: https://​doi.​org/​10.​17605/​​OSF.​IO/​TSWY2​). This 
study was conducted in accordance with the Joanna Briggs 
Institute (JBI) methodology for scoping reviews and followed 
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses extension for Scoping Reviews (PRISMA-ScR) [11, 12].

2.1   |   Eligibility Criteria

Inclusion criteria were: worldwide peer-reviewed articles 
or gray literature; published in English language; between 
01/01/2014 and 04/29/2024; described any approach for enu-
merating LOT for any SACT (chemotherapy, endocrine therapy, 

immunotherapy, or targeted therapy) or combination of SACTs 
for adults with non-metastatic or metastatic lung, breast, or col-
orectal cancer; and the approach was operationalized in RWD 
(administrative healthcare claims, EHR, cancer registries, or 
paper medical charts). Studies may have described an approach 
for identifying either: initiation of LOTs for locally advanced 
or metastatic disease; or transition point between completion 
of LOTs for non-metastatic disease and initiation of LOTs for 
metastatic disease. Studies describing only approaches for enu-
merating non-pharmacological LOT (surgery and radiotherapy) 
were excluded.

2.2   |   Search Strategy

We implemented a detailed search strategy in MEDLINE 
(PubMed), Embase, Google Scholar, and the Web of Science 
Core Collection. Reference lists of all identified studies were 
hand-searched for additional references. The search strategy is 
provided in Supporting Information S1.

2.3   |   Study Selection

Titles and abstracts of all identified citations from our search 
were uploaded into Smartsheet software (https://​app.​smart​
sheet.​com/​). Two independent reviewers screened titles and 
abstracts for inclusion. Disagreements were resolved by dis-
cussion with a third senior reviewer. Duplicate articles were 
removed. Potentially relevant studies were retrieved in full 
text, and their citation details were imported into an abstract 
repository. The full text of selected articles was thoroughly as-
sessed against the inclusion criteria. We reported reasons for 
excluding full-text articles that did not meet the inclusion cri-
teria (Figure 1).

2.4   |   Data Extraction

We developed a data extraction tool, adapted from the JBI 
methodology for scoping reviews, to extract key study find-
ings as outlined in the study protocol (Table S1) [11]. In brief, 
extracted data included country/region, year, publication 
type, assessed RWD types, and study population for each arti-
cle. It also included a query for descriptions of approaches for 
identifying either the initiation of LOT for locally advanced 
or metastatic disease or the transition point between comple-
tion of LOTs for non-metastatic disease and initiation of LOT 
for metastatic disease (Figure 2). Modifications were made to 
the a priori data extraction tool as published in the protocol 
(Table S2). Pairs of independent reviewers, organized by can-
cer type, extracted data from the selected articles into the data 
extraction tool. Disagreements were resolved either through 
discussion or with a third reviewer.

https://doi.org/10.17605/OSF.IO/TSWY2
https://app.smartsheet.com/
https://app.smartsheet.com/
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2.5   |   Data Analysis and Presentation

Extracted data were presented in narrative format and in ta-
bles. For each cancer type, a group of three to four authors 
conducted quality checks of the extracted data. Data analysis 
involved synthesizing the extracted data to identify themes 
with consensus or divergence, with respect to LOT classifi-
cation. The current paucity of evidence-based performance 
metrics or validation studies that evaluate algorithms which 
identify initiation of LOT for locally advanced or metastatic 
disease in RWD precluded formal comparative evaluation of 
algorithm accuracy, validity, or generalizability.

2.6   |   Ethical Considerations

This study did not collect individual-level data on any human 
subjects. It was exempted from review by the WIRB-Copernicus 
Group Institutional Review Board because it does not meet 
the definition of human subject research as defined in 45 CFR 
46.102 (e) [1].

3   |   Results

3.1   |   Summary of the Scoping Review

The initial search strategy identified 273 publication records. Of 
these, duplicates and studies published before 01/01/2014 were 
removed, leaving 120 (lung), 46 (breast) and 56 (colorectal) ti-
tles/abstracts. After screening, 28 (lung), 30 (breast) and 23 (col-
orectal) full-text reports were assessed for study eligibility, and 
25 studies overall were included in the final analysis (Figure 1) 
[7, 13–36]. One of the included studies [22] was identified in all 
three cancer types, and another [7] was identified in both lung 
and colorectal cancer.

3.2   |   Data Sources of the Included Studies

All 25 studies were original research articles, although three of 
them were identified through a gray literature search [16, 22, 24]. 
There were 16 (64%) studies from North America [7, 13–17, 
20, 22, 24, 25, 27, 28, 30, 32, 35, 36]; four (16%) from Europe 
[14, 17, 21, 33]; four (16%) from Asia [22, 26, 34, 36]; and one 
(4%) from Africa (Table 1) [31]. No studies from Latin America 
or the Gulf Cooperation Council (GCC) region met eligibility 
criteria. Eleven studies were published from 2014–2019 and 14 
from 2020–2024. Several studies implemented RWD algorithms 
across multiple data sources. Overall, algorithms were imple-
mented in EHR (18 [72%]), administrative healthcare claims (12 
[48%]), cancer registries (7 [28%]), and chart reviews (4 [16%]).

3.3   |   Algorithms for Identifying Initiation 
of a New LOT for Metastatic Lung, Breast, 
and Colorectal Cancer

Twenty-four of 25 studies described an algorithm 
for determining initiation of a new LOT for meta-
static lung (n = 7) [7, 16, 17, 24, 27, 28, 33], breast (n = 10) 
[14, 18, 19, 23, 25, 26, 29, 30, 32, 35] or colorectal (n = 8) 
[7, 13, 15, 20, 21, 31, 34, 36] cancer (Table 2). Jeon et al. described 
an algorithm for enumerating LOT without focusing on identify-
ing the initiation of a new LOT for metastatic disease [22]. Most 
algorithms (n = 23) required an incident diagnosis code for met-
astatic cancer after a variable lookback period with no evidence 
of metastatic disease [7, 13–16, 18–21, 23–36]. A new SACT after 
this incident diagnosis code was deemed the initiation of a new 
LOT for metastatic cancer (Table S3). Additional approaches for 
identifying initiation of a new LOT for metastatic cancer relied 
on the observation of a new SACT after other incident events 
which were potentially indicative of metastatic progression   

Plain Language Summary

Cancer treatment approaches are evolving. Cancer treat-
ments that affect the whole body (systemic anti-cancer 
therapy (SACT)) can now be offered either earlier or later 
in the treatment plan to both patients with early stages of 
cancer and those whose cancer has spread. In response to 
these changes, cancer researchers who analyze routinely 
collected healthcare data need clear decision rules for 
differentiating between SACT given for early-stage can-
cer (non-metastatic) and treatments given for cancer that 
has spread (metastatic). Research has explored different 
ways to identify when a new line of treatment begins for 
metastatic lung, breast, or colorectal cancer, using rou-
tinely collected healthcare data. Most studies from the 
past decade agree that evidence of cancer metastasis 
must be documented in the medical record before labe-
ling subsequent treatments as new lines of metastatic 
cancer therapy. However, this review highlights differ-
ences in the current definitions which researchers work-
ing with routine healthcare databases apply to identify 
patients with metastatic lung, breast, or colorectal cancer 
and different gap periods being used to distinguish be-
tween metastatic, relative to non-metastatic treatments 
for cancer. This study also provides a framework for im-
proving the methods for identifying new lines of therapy 
for metastatic cancer.

Key Points

•	 Ninety-six percent of studies in this review explored 
≥ 1 algorithm which defined a new adjuvant SACT 
observed after a metastasis-free lookback period and 
incident diagnosis code for metastatic cancer as new 
LOT for metastatic cancer.

•	 However, there was heterogeneity between algorithms 
in the events signaling metastasis onset, treatment gap 
durations required before new LOT initiation, and in-
consistent querying for completion of non-metastatic 
LOTs before identifying new LOT for metastatic 
cancer.

•	 Future studies should consider using multiple criteria 
to ascertain onset of metastatic cancer and query for 
completion of non-metastatic LOTs before assessing 
initiation of the new LOT for metastatic cancer.
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(new EHR or registry record of stage III/IV breast [23, 32] or 
colorectal [7] cancer). Six studies (24%) explored algorithms that 
considered the start of a new SACT after a sufficient treatment 
gap as initiation of a new LOT for metastatic disease (irrespective 
of incident metastatic diagnosis record) [7, 14, 23, 27, 28, 35]. For 
example, Hess et al. and Korytowsky et al. defined initiation of 
a new LOT as the observation of a SACT after a no-treatment 
interval of 60, 90, 120, or 180 days [7, 24]. Wang et al. and Antoine 
et al. defined progression to a more advanced LOT as initiation of 
a new SACT after a specified treatment gap, without requiring an 
incident diagnosis of metastatic breast cancer [14, 35].

Four (16%) studies defined initiation of a new LOT for met-
astatic cancer as the observation of a specific SACT combi-
nation. Meng et  al., 2019, Meng et  al., 2021, and Hess et  al. 
defined initiation of a new LOT for metastatic lung and col-
orectal cancer as the observation of a new SACT or a change 

in regimen [7, 27, 28]. Kish et al. classified patients as newly 
initiating LOT based solely on first palbociclib order if no di-
agnosis code for metastatic cancer, Stage IV, or M1 stage was 
recorded [23].

3.4   |   Algorithms for Identifying the Transition Point 
Between Completion of LOTs for Non-Metastatic 
Disease and Initiation of LOTs for Metastatic Disease

Three colorectal cancer studies described methods for identi-
fying the transition from completion of adjuvant LOTs for non-
metastatic disease to initiation of LOTs for metastatic disease 
(Table 2) [13, 34, 36]. All three algorithms specified an interval 
after the end of adjuvant treatment for non-metastatic cancer 
(without observed adjuvant treatments or disease progression) 
before a new diagnosis of metastatic disease and accompanying 

FIGURE 1    |    Flow chart for inclusion of study articles. LOT, line of therapy; RWD, real-world data. Twenty-five unique studies were included in 
this scoping review, but there are [3] repetitions of Jeon et al., 2021 and Hess et al., 2021 in more than one cancer type.

FIGURE 2    |    Framework to optimize identification of the transition from lines of therapy for non-metastatic, to metastatic colorectal cancer in 
real-world databases. LOT, line of therapy.

Completion of 
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re-initiation of LOTs. Two studies [34, 36] required this inter-
val to be ≥ 6 months, while Abrams et  al. required a shorter 
interval of ≥ 3 months (Table  S3) [13]. This study further re-
quired that the first LOT after metastatic colorectal cancer 
diagnosis persist for ≥ 28 days to be considered first-line [13].

3.5   |   Validation of Described RWD Algorithms

Among included studies, three (12%) validated their algorithm(s) 
[7, 27, 33]. Hess et al. validated EHR and claims algorithms by vi-
sually comparing SACT regimens and LOT sequences captured 

TABLE 2    |    Published RWD approaches for identifying the initiation of LOTs for metastatic cancer, or the transition point from LOTs for non-
metastatic, to LOTs for metastatic disease, among adults with lung, breast, or colorectal cancer, 2014 to 2024.

First author, 
year, 
location

Approaches 
for identifying 
completion of 
LOTs for non-

metastatic cancer

Approach for identifying 
initiation of LOTs for 

metastatic cancer

Approach for identifying 
transition from LOTs for non-

metastatic, to metastatic cancer

Lung cancer

Choi 2021, US N/A The first SACT received after 
observing an incident diagnosis 
code for metastatic disease was 

deemed to be the initiation of LOTs 
for metastatic cancer. An incident 

diagnosis code for metastatic cancer 
was defined as no prior metastasis 
diagnosis in all available baseline 

in the study database before 
the earliest diagnosis code for 

metastatic cancer was observed.

N/A

Cortellini 
2021, Europe

N/A The earliest pembrolizumab 
treatment received after 

observing metastatic cancer was 
deemed to be the initiation of 
LOTs for metastatic cancer.

N/A

Hess 2021, US N/A The first SACT received after 
observing an incident diagnosis 
code for metastatic disease was 
deemed to be the initiation of 

LOTs for metastatic cancer. Four 
other RWD studies which used 

this approach were cited [37–40]. 
Hess et al., 2021 further deemed 
that all SACTs received within 

the first 28-days of initiating 
first-line treatment for metastatic 
cancer are part of the first LOT.

A rule based on observing a treatment 
gap of 60 days between completion 
of a SACT and restarting the same 

SACT with an accompanying incident 
diagnosis of NSCLC was used to indicate 
transition to a new LOT. However, this 

study did not explicitly apply this concept 
to determining the transition point 

between the completion of last LOT for 
non-metastatic disease, and initiation 
of the first LOT for metastatic disease.

Korytowsky 
2018, US

N/A The first SACT received after 
observing an incident diagnosis 
code for advanced disease was 

deemed to be the initiation of LOTs 
for advanced cancer. However, a 
treatment gap of 12 months was 

additionally required before the first 
SACT for advanced cancer, and this 
first SACT needed to have occurred 
within 6 months after the incident 

diagnosis of advanced disease for the 
SACT to be deemed as the initiation 

of LOT for advanced cancer.

N/A

(Continues)
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First author, 
year, 
location

Approaches 
for identifying 
completion of 
LOTs for non-

metastatic cancer

Approach for identifying 
initiation of LOTs for 

metastatic cancer

Approach for identifying 
transition from LOTs for non-

metastatic, to metastatic cancer

Meng 2019, 
US

The first SACT received after 
observing an incident diagnosis 
code for metastatic disease was 
deemed to be the initiation of 
LOTs for metastatic cancer.

Also, the introduction of a new 
SACT and/or the discontinuation of 
an existing one was mentioned as 
a potential signal of an intentional 

adjustment in the treatment strategy 
due to disease progression (or other 
clinical factors). Thus, this approach 

deduces that the first observation 
of a specific treatment approved 
for metastatic cancer resulting in 

a change in the treatment regimen 
could be applied to indicate initiation 

of LOT for metastatic disease.

Rules based on treatment gaps of 120 to 
180 days between completion of last LOT 

and a new LOT were articulated. However, 
this study did not explicitly apply these 
rules to determine the transition point 
between the completion of last LOT for 

non-metastatic disease for an individual in 
the study, and same individual's initiation 

of the first LOT for metastatic disease.

Meng 2021, 
US

N/A The first SACT received after 
observing an incident diagnosis 
code for advanced disease was 
deemed to be the initiation of 

LOTs for advanced cancer

Rules based on treatment gaps of 120 to 
180 days between completion of last LOT 

and a new LOT were articulated. However, 
this study did not explicitly apply these 
rules to determine the transition point 
between the completion of last LOT for 

non-metastatic disease for an individual in 
the study, and same individual's initiation 

of the first LOT for metastatic disease.

Sørup 2022, 
Denmark

N/A Metastatic cancer status was first 
confirmed using cancer registries. 
Once the date of metastatic cancer 
diagnosis was identified, the first 

SACT observed after this date was 
deemed to be the initiation of LOTs 

for the advanced cancer setting

N/A

Breast cancer

Antoine 2023, 
France

N/A The first SACT received after 
observing an incident diagnosis 
code for metastatic disease was 

deemed to be the initiation of LOTs 
for metastatic cancer. However, 
in addition, a clinically relevant 
“grace period” of 1 month before 
through 4 months (i.e., 120 days) 

after the confirmatory diagnosis of 
metastatic cancer was specified as 
the allowable period within which 

initiation of LOT for metastatic 
disease needed to have occurred.

N/A

(Continues)

TABLE 2    |    (Continued)
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First author, 
year, 
location

Approaches 
for identifying 
completion of 
LOTs for non-

metastatic cancer

Approach for identifying 
initiation of LOTs for 

metastatic cancer

Approach for identifying 
transition from LOTs for non-

metastatic, to metastatic cancer

Cui 2021, US N/A The first SACT received after 
observing an incident diagnosis code 

for metastatic disease was deemed 
to be the initiation of LOTs for 

metastatic cancer. However, initiation 
of LOT for metastatic disease needed 
to have been observed within 90 days 

after the confirmatory diagnosis 
date of metastatic disease, else the 

woman was excluded from the study.

N/A

DeMichele 
2023, US

N/A The first SACT received after 
observing an incident diagnosis 

of metastatic disease was 
deemed to be the initiation of 
LOTs for metastatic cancer.

N/A

Kish 2018, US N/A The first SACT observed following 
metastatic diagnosis was deemed 

the initiation of LOT for metastatic 
disease. Metastatic diagnosis date 

was defined as the earliest observed 
record of any of the following: 
American Joint Committee on 
Cancer (AJCC) stage IV, ICD-

9/10-CM diagnosis code for 
metastatic disease, or M1 stage.
However, if none of these events 
were recorded in the EHR, the 
date of the first treatment order 
for palbociclib was assigned as 
the metastatic diagnosis date 

(and thus, the date of initiation 
of LOT for metastatic disease).

N/A

Liang 2015, 
US

N/A The first observed receipt of nab-
paclitaxel after diagnosis of metastatic 

cancer was deemed the initiation 
of LOT for metastatic disease.

N/A

Liu 2022, 
China

N/A The first observed SACT (either 
chemotherapy or endocrine therapy) 

after diagnosis of metastatic 
cancer was deemed the initiation 

of LOT for metastatic disease.

N/A

Merola 2022, 
US

N/A The first ordering record for a 
SACT combination (palbociclib 

and fulvestrant, relative to 
palbociclib and letrozole) observed 

following metastatic diagnosis 
was deemed the initiation of 
LOT for metastatic disease.

N/A

(Continues)

TABLE 2    |    (Continued)
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First author, 
year, 
location

Approaches 
for identifying 
completion of 
LOTs for non-

metastatic cancer

Approach for identifying 
initiation of LOTs for 

metastatic cancer

Approach for identifying 
transition from LOTs for non-

metastatic, to metastatic cancer

Murthy 2014, 
US

N/A The first observed receipt of 
trastuzumab-based therapy after 

diagnosis of metastatic HER2-positive 
cancer was deemed the initiation 

of LOT for metastatic disease.

N/A

Schwartz 
2018, US

N/A The first SACT observed after 
diagnosis of stage III/IV disease 

was deemed the initiation of LOT 
for metastatic disease. All SACTs 

received within 15 days of this first 
SACT were included in the definition 

of first LOT for metastatic disease.

N/A

Wang 2022, 
US

N/A The first SACT (either anastrozole 
or letrozole) observed after diagnosis 

of metastatic disease was deemed 
the initiation of LOT for metastatic 

disease if there was no evidence 
or history of receiving a previous 

SACT for advanced disease.

N/A

Colorectal cancer

Abrams 2014, 
US

End of last adjuvant 
chemotherapy received 

for non-metastatic 
disease, plus a 

90-day interval.

The first SACT (chemotherapy 
agents) observed after diagnosis 

of metastatic disease was deemed 
the initiation of LOT for metastatic 

disease. Additionally, this initial 
SACT or a substitute agent for 
metastatic cancer must have 

persisted for at least 28 days, else the 
study participant was excluded.

The transition point to LOTs for 
metastatic disease was defined based on 
observing the first SACT (chemotherapy 

agents) after diagnosis of metastatic 
disease, AND after at least 90 days had 
lapsed since the completion of adjuvant 

SACTs (chemotherapy) for non-metastatic 
cancer. This algorithm further required 

that the initial LOT for metastatic 
cancer must have persisted for at least 
28 days, else the record was ineligible.

Bikov 2015, 
US

N/A The first SACT or SACT combination 
observed after diagnosis of metastatic 
disease, whether the SACT was listed 
by NCCN guidelines for colon cancer 

or not, was deemed the initiation 
of LOT for metastatic disease.

N/A

Dotan 2014, 
US

N/A The first observed claim for a 
SACT after the first diagnosis 

code for metastatic disease was 
deemed to be the initiation of 
LOTs for metastatic cancer.

N/A

Gall 2014, UK N/A The first SACT (peri-operative 
neoadjuvant chemotherapy) received 

after presenting with metastatic 
(liver metastases) rectal cancer at 

diagnosis was deemed the initiation 
of first LOT for metastatic cancer.

N/A

(Continues)

TABLE 2    |    (Continued)
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by their algorithms with those expected for first-line metastatic 
cancer treatment per guidelines [7]. Practicing oncologists were 
invited to assess when LOT sequences from the study algo-
rithms best resembled treatment patterns in clinical practice 
(face validity); however, validation results were not presented in 

the paper [7]. Sørup et al. and Meng validated algorithms using a 
reviewer-blinded manual chart or EHR review [27, 33]. In Sørup 
et  al., agreement with the reference standard (LOT changes 
from medical records) was higher for the algorithm requiring 
a specific SACT combination than the algorithm requiring a 

First author, 
year, 
location

Approaches 
for identifying 
completion of 
LOTs for non-

metastatic cancer

Approach for identifying 
initiation of LOTs for 

metastatic cancer

Approach for identifying 
transition from LOTs for non-

metastatic, to metastatic cancer

Hess 2021, US N/A The first SACT received after 
observing an incident diagnosis 
code for metastatic disease was 

deemed to be the initiation of LOTs 
for metastatic cancer. Four other 
RWD studies [37, 41–43] which 
used this approach were cited. 

Hess et al., 2021 further deemed 
that all SACTs received within 

the first 28-days of initiating 
first-line treatment for metastatic 
cancer are part of the first LOT.

A rule based on observing a treatment 
gap of 180 days between completion of 
a SACT and restarting the same SACT 

with an accompanying incident diagnosis 
of colorectal cancer was used to indicate 
transition to a new LOT. However, this 

study did not explicitly apply this concept 
to determining the transition point 

between the completion of last LOT for 
non-metastatic disease, and initiation 
of the first LOT for metastatic disease.

Rais 2024, 
Morocco

N/A The first observed SACT combination 
(bevacizumab in combination with 

standard chemotherapy) after a 
record of incident histopathologic 

diagnosis of metastatic disease 
and unresectable metastases

N/A

Varol 2014, 
Turkey

End of last adjuvant 
chemotherapy or 

radiotherapy received 
for non-metastatic 

disease, plus at least 
6 months interval free 

of adjuvant SACTs.

The first observed SACT (single 
agent chemotherapy cycle or 

combination) after an incident 
diagnosis code for metastatic disease 

was deemed to be the initiation 
of LOTs for metastatic cancer.

After completion of adjuvant 
chemotherapy or radiotherapy for 
non-metastatic colorectal cancer, 

the transition to LOTs for metastatic 
disease was based on having a 6 or 

more months' adjuvant chemotherapy 
or radiotherapy-free interval before an 
incident diagnosis of metastatic disease 

followed by incident treatment with a new 
SACT (irinotecan, oral 5-FU derivatives) 

or SACT combination was observed.

Wonglhow 
2023, 
Thailand

End of last adjuvant 
chemotherapy received 

for non-metastatic 
disease, plus at least 
6 months interval of 
disease-free status.

The first observed chemotherapy 
cycle after an incident diagnosis code 

for metastatic or recurrent disease 
was deemed to be the initiation 
of LOTs for metastatic cancer.

After completion of adjuvant 
chemotherapy for non-metastatic 

colorectal cancer, the transition to LOTs 
for advanced metastatic disease was 

characterized as observation of a new 
chemotherapy cycle (FOLFOX, FOLFIR, 

CAPOX or CAPIRI regimen) with an 
accompanying diagnosis of metastatic/

recurrent disease. The new chemotherapy 
cycle must have occurred after a 6 or 
more months' disease-free interval 

after the completion of prior adjuvant 
chemotherapy for non-metastatic disease.

Abbreviations: 5FU, 5-fluorouracil; CAPIRI, (capecitabine + irinotecan hydrochloride); CAPOX, (capecitabine + oxaliplatin); CM, clinical modification; EHR, 
electronic health record; FOLFIR, (leucovorin calcium + fluorouracil + irinotecan hydrochloride); FOLFOX, (leucovorin calcium + fluorouracil + oxaliplatin); HER2, 
human epidermal growth factor receptor 2; ICD, International Classification of Diseases; LOT, line of therapy; NCCN, National Comprehensive Cancer Network; 
NSCLC, non-small cell lung cancer; RWD, real world data; SACT, systemic anti-cancer therapy.

TABLE 2    |    (Continued)
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45-day treatment gap duration between SACTs (91% vs. 68%) 
[33]. Meng 2021 showed that the distribution of first-line LOT 
counts defined as receipt of SACT after incident diagnosis code 
for metastatic lung cancer was similar (55.1% vs. 58.0%) between 
training and test cohorts evaluated against reference chart re-
view [27].

4   |   Discussion

Our scoping review summarizes algorithms for identifying 
LOTs for metastatic lung, breast, or colorectal cancer in RWD. 
Incident metastatic diagnosis was commonly required to clas-
sify new LOTs for metastatic disease. However, significant 
heterogeneity exists in treatment gap durations and the events 
signaling onset of or transition to metastasis.

EHRs were predominantly used to identify LOT. Most data ema-
nated from North America, with little to no representation from 
Africa, Latin America, or the Gulf Cooperation Council. Regional 
disparities in access to oncology care and availability of EHR RWD 
may explain these findings [44, 45]. Differences in coding systems 
and incomplete capture of cancer staging information in certain 
RWD assets may preclude or confound LOT identification, and 
thereby, SACT effectiveness or safety research in certain regions. 
These issues have important implications for the equity and gen-
eralizability of real-world oncology findings. RWD from under-
represented regions, socioeconomic, racial, and ethnic groups 
would enhance representation in future clinical cancer research 
and could be used to inform current LOT algorithms [46]. EHR 
data and claims assets are often challenged with missing data, cod-
ing errors, and lack of information on treatment intent. Systematic 
efforts to reduce these limitations, including data linkages (across 
claims, EHR, and registry sources) and the application of artificial 
intelligence to extract additional EHR information could enrich 
current data sources for improved performance and portability of 
LOT algorithms.

A key finding from our scoping review is the heterogeneity of 
events specified in RWD algorithms to denote the onset of met-
astatic cancer. Most studies described algorithms which relied 
on the observation of an incident International Classification 
of Diseases, Ninth or Tenth Revision, Clinical Modification 
(ICD-9/10-CM) diagnosis code for metastatic cancer. Others 
explored events which were potentially indicative of metastatic 
progression (new EHR or registry record of stage III/IV breast 
[23, 32] or colorectal cancer) [7]. This variability likely reflects 
differences in study objectives and data structure, including 
availability of clinical variables across RWD sources, and may 
limit generalizability and portability of algorithms across differ-
ent RWD types. Given evidence of low positive predictive values 
(14% to 47%) when using secondary malignancy codes to iden-
tify metastatic lung, breast or colorectal cancer in claims data, 
researchers should explore using multiple criteria to determine 
LOT. Using a single criterion could potentially increase bias [47]. 
However, using multiple criteria could decrease sample sizes, as 
not all patients may have the required data elements. The opti-
mal approach, therefore, would be to carefully select a minimal 
set of criteria that balances bias minimization and maintaining 
a sufficient sample size.

The selection of an appropriate treatment gap definition for 
identifying new LOTs should be informed by the drug's phar-
macokinetic properties (particularly half-life), expert clinical 
opinion, and sensitivity analyses. Common treatment gap defi-
nitions of 60, 90, 120, and 180 days, depending on cancer type, 
are widely accepted in the pharmacoepidemiologic field. Future 
researchers may consider a single, drug-specific gap definition 
and include sensitivity analyses with alternative gap definitions.

In comparing specific algorithmic components, wide heteroge-
neity and low inter-study comparability were observed between 
algorithms used to identify first LOT in lung cancer studies. 
This may indicate that study-specific decisions impact algo-
rithm designs. For breast cancer studies, greater homogeneity 
was observed in the identification of the first LOT for metastatic 
cancer. Among colorectal cancer studies, there was greater het-
erogeneity in the type of criteria used to indicate metastasis 
onset and in the length of treatment gaps to indicate transition 
to LOT for metastatic disease. Establishing a consensus algo-
rithm which can be implemented with validity across studies 
may remain a challenge due to variability in clinical guidelines 
by geography and targeted treatments. Minimum criteria for 
identifying the initiation of LOT for metastatic disease across 
all three cancer types should include observation of a new meta-
static cancer diagnosis and a minimum 180 day lookback period 
which confirms no prior treatment with SACTs indicated for 
metastatic cancer.

Querying for baseline completion of LOTs for non-metastatic 
cancer before flagging initiation of new LOTs for metastatic dis-
ease is recommended where possible (Figure 2). Such algorithms 
help to distinguish initiators of new LOTs for metastatic cancer 
who had benefitted from earlier diagnosis and adjuvant treat-
ment from those presenting with metastases at the point of can-
cer diagnosis (late presentation). Prognosis may differ between 
these two groups. Variability in gap periods used to define the 
transition from completion of non-metastatic LOTs to initiation 
of metastatic LOTs may introduce potential misclassification 
bias. Shorter intervals, like the 3 months used by Abrams et al., 
may cause false-positive misclassification by misidentifying on-
going adjuvant therapy or treatment breaks as metastatic LOT 
initiation [13]. Longer intervals, such as the 6 months applied by 
Varol et al., risk false-negative misclassification by delaying or 
missing metastatic LOT onset, underestimating treatment tran-
sitions and reducing temporal accuracy [34].

Opportunities abound to improve future RWD approaches for 
identifying initiation of LOTs for metastatic cancer. Thompson 
proposed a framework for determining new LOTs based on 
clinician-recorded disease progression dates in the UK [5]. 
Additionally, Saini and Twelves proposed a framework for 
enumerating LOTs for solid cancers [4]. These frameworks 
require standardized LOT reporting in RWD, including clas-
sifying the intent for LOTs as either curative or palliative [4]. 
Only three studies described formal validation procedures, and 
only two reported performance metrics. Internal validation of 
algorithms using blinded chart/EHR review, expert consen-
sus or performance metrics, and external validation in diverse 
populations and healthcare systems are critical in future re-
search to advance reproducibility and generalizability [41]. Our 
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findings demonstrate the need for interdisciplinary consensus-
building among oncologists, epidemiologists, and data scien-
tists. Standardization of definitions for LOT progression and 
implementation of best practices, including algorithm validation 
and granularity in reporting algorithms and assumptions used, 
would enable peer review and replication in RWD oncology 
research.

Our scoping review offers a timely and methodologically ro-
bust synthesis of RWD algorithms for identifying LOTs in met-
astatic lung, breast, and colorectal cancers. Adherence to JBI 
and PRISMA-ScR standards, with protocol registration on OSF, 
ensures transparency, reproducibility, and a comprehensive, 
structured overview of 25 studies across diverse regions and 
data sources. Our systematic categorization of initiation criteria, 
lookback windows, and transition markers enhances clarity in 
a field marked by heterogeneity. This template for identifying 
first LOT for metastatic solid tumors may improve inclusion/
exclusion criteria for clinical trials and in outcomes research, 
enhance identification of time zero and improve outcome com-
parisons [42, 43]. Precise enumeration of first and subsequent 
metastatic LOTs in RWE will inform therapeutic decision mak-
ing and health services planning by cancer stage in the clini-
cal setting. As the first known review to empirically map LOT 
algorithms across these three cancer types in RWD, our study 
provides a foundational step toward future methodological stan-
dardization and validation efforts.

Nevertheless, this scoping review presents some limitations that 
warrant consideration. The review focused exclusively on SACTs, 
excluding radiotherapy, surgery, and other modalities commonly 
used in metastatic cancer care, which may limit the compre-
hensiveness of our insights on treatment trajectories. Although 
we followed a rigorous methodological framework, including 
dual-review screening and data extraction, lack of standardized 
performance metrics, limited reporting of validation outcomes, 
and heterogeneity of available data prevented evaluation of the 
accuracy, validity, or generalizability of included studies. While 
our search strategy was comprehensive, restriction to English-
language publications may have introduced selection bias. We 
recommend further research in other languages, other treatment 
modalities (surgery, radiotherapy), hematological malignancies, 
and adoption of open-source code/tools for algorithm transpar-
ency and uptake.

5   |   Conclusions

Although most algorithms used to define LOT in RWD iden-
tified a new SACT following metastatic diagnosis, there is 
significant heterogeneity in key factors. These include defi-
nitions of metastatic onset, required treatment gap durations 
after completion of non-metastatic LOTs, and consistency in 
querying for completion of non-metastatic LOTs before classi-
fying new SACTs as initiation of LOTs for metastatic cancer. 
Although some differences in LOT algorithms are expected 
due to the nature of RWD sources, our review highlights ac-
tionable opportunities to enhance methodological rigor and 
comparability. Investigators are encouraged to validate and 
transparently publish the algorithms and assumptions they 
use, enabling peer review and replication. Without such 

transparency and reproducibility, cross-study comparisons 
and international benchmarking efforts will remain meth-
odologically constrained. Interdisciplinary groups comprised 
of oncologists, data scientists, and pharmacoepidemiologists 
should collaborate to develop consensus-driven definitions 
and frameworks for LOT classification. Overall, more accu-
rate algorithmic identification of LOT may improve treatment 
outcome comparisons, therapeutic decision-making, and 
health services planning across global oncology settings.
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