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Importance of times to cancer diagnosis and
treatment

Cancer is the second leading cause of death after
cardiovascular diseases worldwide (1). To improve survival
and quality of life from this life-threatening disease, early
diagnosis and treatment are essential. Also, at the health
system level, it is important to ensure sufficient capacity to
deliver equitable and early accessible care through adequate
workforce and facilities along the patient journey (2,3).
Internationally, many cancer control policies have
included initiatives to improve the timeliness of diagnosis and
treatment (2,4-6). In recent years, diagnostic and treatment
delays have been further highlighted as a priority for
government policies in light of the effects of the coronavirus
disease 2019 (COVID-19) pandemicon cancer incidence and
patient outcomes (3,7-11). Accordingly, measuring the time
interval along diagnostic and care pathways has become key
quality indicators (7,8). Risk factors associated with longer
intervals are important to identify and interventions that aim
to improve timely diagnosis and treatment are developed,
contributing to an earlier stage at diagnosis and thus curable
treatment options (e.g., surgery) (8). For example, countries
offering cancer screening have found earlier stage at diagnosis
and lower mortality among patients who participate (12). Yet,
most patients, especially those with lung cancer (the leading

cause of cancer death) (1), are not detected through cancer
screening; instead, they are identified through self-referral,
with self-appraisal and help-seeking, sometimes inevitably
causing delays. For those with a later stage at diagnosis, the
timing of using first-line and subsequent-line treatment
modalities has become an important topic, due to the current
availability of advanced treatment options including targeted
therapies and immunotherapies (3). As reported, time
intervals including the time to treatment initiation are various
across settings, countries/regions and cancer types (7,8).

Current methodological frameworks to study
times to cancer diagnosis and treatment

In recognition of the large number of cancer studies
on diagnostic and treatment intervals as reporting the
heterogeneity in methods used, there has been a call
for standardised frameworks ensuring good quality of
study design and reporting for robust and generalisable
results. Specifically, these studies in this field are troubled
by substantial variations in time intervals reported,
as well as inconsistent or unclear definitions of these
intervals (7,8,13,14). In one systematic review on times
to diagnosis and treatment for lung cancer, a total of 96
unique time intervals were identified (14). Inconsistent or
poor definitions were found for diagnostic and treatment
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Figure 1 Current two frameworks for times to diagnosis and treatment recommended in the Aarhus statement (15). (A) “The Model of

Pathways to Treatment” (16) (reproduced with permission). (B) A Danish model from Olesen ez al. (17) (reproduced with permission). HCP,

health care professionals.

intervals with different starting points or limited description
of the starting point.

The Aarhus statement, published in 2012, made
recommendations about defining key intervals along the
pathway from the development of a cancer symptom to
eventual diagnosis and treatment (15). The statement
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referred to two previously published papers that defined
these intervals: “The Model of Pathways to Treatment”
and a Danish model from Olesen ez al. (Figure 1) (16,17). In
both of these models, key milestones and the corresponding
intervals along the patient journey have been carefully
defined. Specifically, the patient interval (from first symptom
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to first presentation in clinical setting), diagnostic interval
(from first presentation in clinical setting to diagnosis) and
treatment interval (from diagnosis to treatment initiation).

There are some challenges though when to choose
between either of these models. Firstly, both models were
developed with an emphasis on countries where primary
care has a key role in the initial assessment of symptoms
and referral to hospital specialist care for diagnostic
testing (e.g., Denmark, UK). This is especially true for the
Olesen et a/. model which explicitly defines the primary
care interval. However, there are many countries with less
developed primary care systems or where primary care
does not act as a gatekeeper to hospital care (e.g., China,
US). In these countries, patients can have direct access
to cancer specialists. The Olesen et /. model is difficult
to apply in such settings. The Model of Pathways to
"Treatment is potentially more flexible from this perspective
as it includes a single diagnostic interval without trying to
separate different health system components (primary vs.
secondary care) where the diagnostic tests occur. This also
allows greater flexibility when applying the framework for
primary care systems where clinicians have greater access to
diagnostic tests (8).

Another associated challenge in the implementation
of the current frameworks relates to different routes to
diagnosis and treatment. The emphasis of the frameworks
is on symptomatic presentation, predominantly starting in
primary care. However, the entry points in the pathways
to diagnosis are complex and heterogeneous in the real
world, including symptomatic presentation in emergency
care, asymptomatic presentation via cancer screening, or
incidental detection via routine care or investigation due
to other disease (2,8,18). Specifically, cancer screening has
become a key component within many patient journeys
nowadays. Methodological frameworks need to be
explicit on how to account for these other types of first
presentation. Similarly, regarding the milestone of treatment
commencement, cancer treatments are increasingly complex
and multi-modal and methodological frameworks could also
be extended to account for this complexity, identifying dates
of the first modality and then subsequent modalities of the
overall initial treatment package.

Furthermore, consistent and accurate measurement
of time intervals is not easily done; especially, in the
initial phase such as in the “appraisal” and “help-secking”
intervals in “The Model of Pathways to Treatment”.
While, theoretically, they are distinct stages, it is very
difficult to measure them separately. In the IRCO trial
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and the SYMPTOM-upper gastrointestinal study (19,20),
for example, patients found it difficult to distinguish
symptom appraisal, reappraisal from the time they decided
to seek help. It may be possible to tease these distinctions
out through in-depth qualitative interviews, but it is
more challenging to capture when using patient surveys.
Combining both intervals as the patient interval from
symptom onset to first presentation in a clinical setting
could be more feasible for consistently measuring across
studies. Another challenge in implementing the Model
of Pathways to Treatment is that it is not so useful for
quantitative research on timeliness.

Proposal of a generalisable framework

Given the challenges mentioned above, we call for a more
generalisable and simplified framework, aiming to better
support the clinical research and policy relating to cancer
diagnostic and treatment intervals. The main difference
of this framework from the two above is including a more
generalisable approach with milestones that account for
different routes to diagnosis and treatment across a range
of healthcare systems (Figure 2). The framework suggests a
more feasible approach for quantitative research compared
to the Model of Pathways to Treatment, especially the
initial phase before patients present in a clinical setting.
Also, the framework simplifies the Oleson et #/. model to
allow research based on visualising and comparing pathways
across different health systems (with or without primary
care gatekeeper and referral system). Last, the framework
adds other routes to diagnosis instead of symptomatic
presentation only, as well as considers the timing of first-
and subsequent-line treatments. Of note, this proposal
only considers the most essential milestones which are
generalisable across countries, and does not devalue the
importance of further sub-intervals, such as primary care
and secondary intervals in countries heavily relying on a
gatekeeper and referral system.

In the proposed new framework, we include a brief item
list in each milestone, guiding the completeness and the
accuracy of reporting times to diagnosis and treatment
for rigorous study design and analysis. In addition to the
recommended items, we also emphasise the importance
of reporting more detailed information if available,
including patients’ first and subsequent symptoms and
dates of onset, date of screening invitation and date of
performing screening test, date of incidental detection
and reason for investigation, and type of clinical facility
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Figure 2 A generalisable framework of diagnostic and treatment intervals.

for first and subsequent presentations. For the diagnostic
tests performed we recommend, if possible, to provide the
details of tests used for initial triage, initial and confirmed
diagnosis as well as the molecular characterisation.

Our proposed framework can also inform the
development of core datasets using consistent definitions
of the main intervals along different diagnostic and
treatment pathways. It could guide research on diagnostic
and treatment intervals across different healthcare settings,
allowing international comparisons to be made and a better
understanding of how these contribute to variations in
outcomes. The above implications may be applicable for
not just cancer but other diseases as well.
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