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ABSTRACT

Objective Differences in time intervals to diagnosis

and treatment between jurisdictions may contribute to
previously reported differences in stage at diagnosis

and survival. The International Cancer Benchmarking
Partnership Module 4 reports the first international
comparison of routes to diagnosis and time intervals from
symptom onset until treatment start for patients with lung
cancer.

Design Newly diagnosed patients with lung cancer, their
primary care physicians (PCPs) and cancer treatment
specialists (CTSs) were surveyed in Victoria (Australia),
Manitoba and Ontario (Canada), Northern Ireland, England,
Scotland and Wales (UK), Denmark, Norway and Sweden.
Using Wales as the reference jurisdiction, the 50th,

75th and 90th percentiles for intervals were compared
using quantile regression adjusted for age, gender and
comorbidity.

Participants Consecutive newly diagnosed patients

with lung cancer, aged >40 years, diagnosed between
October 2012 and March 2015 were identified through
cancer registries. Of 10203 eligible symptomatic patients
contacted, 2631 (27.5%) responded and 2143 (21.0%)
were included in the analysis. Data were also available
from 1211 (56.6%) of their PCPs and 643 (37.0%) of their
CTS.

Primary and secondary outcome measures Interval
lengths (days; primary), routes to diagnosis and symptoms
(secondary).

Results With the exception of Denmark (—49 days), in

all other jurisdictions, the median adjusted total interval
from symptom onset to treatment, for respondents
diagnosed in 2012—-2015, was similar to that of Wales
(116 days). Denmark had shorter median adjusted primary
care interval (—11 days) than Wales (20 days); Sweden
had shorter (—20) and Manitoba longer (+40) median
adjusted diagnostic intervals compared with Wales (45
days). Denmark (—13), Manitoba (—11), England (-9)

Strengths and limitations of this study

» This is the first study to use standardised survey
methods and definitions to systematically examine
key intervals from patients first noticing symptoms
or bodily changes until the start of treatment for lung
cancer across multiple jurisdictions.

» Recall bias was minimised by the triangulation of
different data sources and by patients completing
the questionnaire within a limited time window (me-
dian 5 months) after the cancer diagnosis.

» A key limitation, as with all questionnaire-based
studies, was selection and non-response bias,
which varied across jurisdictions.

» Recruitment of patients up to 9 rather than 6 months
after diagnosis might have magnified selection bias
due to high mortality in lung cancer but a sensitivi-
ty analysis suggests that this did not impact on the
results.

» The comparisons for Norway and Victoria are limited
by small sample size and inclusion of only surgical
patients, respectively.

and Northern Ireland (—4) had shorter median adjusted
treatment intervals than Wales (43 days). The differences
were greater for the 10% of patients who waited the
longest. Based on overall trends, jurisdictions could be
grouped into those with trends of reduced, longer and
similar intervals to Wales. The proportion of patients
diagnosed following presentation to the PCP ranged from
35% to 75%.

Conclusion There are differences between jurisdictions
in interval to treatment, which are magnified in patients
with lung cancer who wait the longest. The data could help
jurisdictions develop more focused lung cancer policy and
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targeted clinical initiatives. Future analysis will explore if these differences
in intervals impact on stage or survival.

INTRODUCTION

Lung cancer is the most common cancer worldwide,
with nearly 1.83million cases diagnosed in 2012, and is
the leading cause of cancer death globally, accounting
for 19% of cancer deaths.' Survival is typically low, with
5-year survival in Europe, North America and Australia
<20%.2°% A key factor is diagnosis at advanced stage.
Reasons for this are multifaceted and include delays due
to the atypical nature of some presenting symptoms,
poor sensitivity of chest X-rays and physicians not acting
quickly enough.4 Within European countries, differences
of 12 and 5 percentage points in 1-year and 5-year relative
survival, respectively, have been reported for lung cancers
diagnosed between 1999 and 2007.° This and other inter-
national comparisons raises the possibility of additional
contributory factors such as variations in referral patterns,
access to diagnostic tests and delays in treatment.’

One way of addressing this is to chart the patient
journey from first noticing symptoms to treatment start.
Many national studies using different methodologies have
reported on time intervals to treatment of lung cancer,
and there are reviews that have looked at international
time frame cornparisons.7_24 However, as far as we are
aware, there is no study that has undertaken international
comparisons of timeliness across multiple countries using
the same methodology.

The International Cancer Benchmarking Partnership
(ICBP) was established to explore differences in cancer
outcomes and their causes in countries with comparable
wealth and universal access to healthcare.® We report
results from ICBP Module 4 (ICBP M4) on differences
in time intervals and routes to diagnosis in symptom-
atic patients with lung cancer from 10 jurisdictions in
Australia, Canada, Denmark, Norway, Sweden and the

UK.

METHODS

Methods have been previously detailed.” In brief, in each
of the 10 participating jurisdictions (Victoria (Australia),
Manitoba, Ontario (Canada), Denmark, Norway, Sweden
Northern Ireland, England, Scotland and Wales),
consecutive patients aged >40 years, newly diagnosed
with malignant lung or bronchus cancer (ICD-10 (10th
revision of the International Statistical Classification of
Diseases and Related Health Problems): C34.0-C34.9;
ICD-O-3 behaviour code/3) were identified by the cancer
registry using validated methods (hospital episode,
cancer registration and pathology). Exclusion criteria
included previous lung or synchronous cancers. Patients
with a previous non-lung primary cancer were eligible.
Target recruitment was 200 symptomatic patients per
jurisdiction.

Following a vital status check, cancer registries posted
the patient questionnaire (online supplementary
appendix Al) either: (1) to the relevant primary care
physician (PCP) who then forwarded the preaddressed
envelope to the patient after confirmation that the
person was aware of the diagnosis and not deemed too
sick/anxious to participate in the survey (Wales, England
and Scotland) or (2) to the patient directly or via the
research team (remaining seven jurisdictions). In an
attempt to decrease attrition and recall bias, the protocol
initially specified that all patient questionnaires should
be completed within 6 months of diagnosis. As there
were administrative delays in cancer notification, this was
extended to 9 months.

On receipt of a completed patient questionnaire, in all
jurisdictions except Sweden, the relevant PCP and cancer
treatment specialist (CTS) were sent questionnaires
(online supplementary appendix A.2 and A.3). Special-
ists provided information on diagnosis and start date of
treatment. The latter was collected directly from registry
records in Northern Ireland and clinical databases in
Denmark. Manitoba did not provide specialist data. Date
of diagnosis and stage was also collected where possible
through cancer registries. Information on the types of
treatment (surgery, chemotherapy, radiotherapy and
other) were obtained from the patient survey.

Data handling

Data were recoded centrally to ensure that the same
explicit rules were applied throughout. Patients in whom
age, date of diagnosis or consent were missing were
excluded from analyses. Rules were used to combine
data from the different sources in a standardised way
that ensured reproducibility and transparency (online
supplementary appendix B). The rules employed a ‘hier-
archy’ principle in terms of the order in which different
data sources were used and included imputation rules
based on the available data. The exact rule was guided
by the measure in question, for example, patient interval
was collected primarily from the patient questionnaire
whereas primary care time-points were collected from
the PCP questionnaire. We applied rules for outliers and
implausible measures (eg, negative time intervals were
recorded to zero-days and intervals longer than a year to
365 days).

Routes to diagnosis and symptoms prompting physician visit
These were derived from patient and PCP responses.
Symptoms were coded by two PCP authors (DW and PV)
into ‘lung cancer specific’ or ‘other’ (online supplemen-
tary appendix C1).

Time intervals

Time intervals were derived using the checklist for the
Aarhus Statement.” The following time-points were used
to calculate the corresponding time intervals (figure 1):
» First noticing symptoms.

» First presentation to healthcare
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Figure 1 Time intervals from onset of symptoms to start of treatment based on the Aarhus Statement.

» First referral to secondary care.
» Diagnosis date.
» Start of curative or palliative treatment.

All time-points were validated if there were obvious
inconsistencies and negative intervals were set to 0 days.
All intervals were truncated at 365 days. Missing data were
imputed based on specific rules to ensure that the direc-
tion of a possible misclassification bias was known.

Demographics

Health status was measured using the self-reported
general health item from Short Form 36 health survey.”
Comorbidity was defined as one of four patient or
PCP-reported diseases (heart or lung disease, stroke or
diabetes) and categorised into: ‘none’, ‘medium’ (one
or two) or ‘high’ (three or four). Level of educational
attainment was categorised as ‘low’ (vocational school or
lower) and ‘high’ (university). Stage data (tumour, node
and metastasis (TNM) classification) was grouped as I, II,
I, IV or missing.*’

Statistical analysis

Patient characteristics across jurisdictions were compared
using Kruskal-Wallis test for continuous and ordinal data.
For nominal data, we used Pearson’s X2 test and Fisher’s
exact test (if more than 20% of expected cell counts were
less than five or at least one expected cell count was 0).
The differences in intervals between the jurisdictions were
estimated using quantile regression, as this method allows
for a comparison across the whole distribution of length
of the interval.”’ As we were interested in a measure of
central tendency of length of the interval and in long and
very long intervals, the focus of the study was on the 50th
(median), 75th and 90th interval percentiles. Wales was
chosen as the reference jurisdiction as it had the lowest
lung cancer survival in ICBP Module 1 analysis."’ Since

the length of the interval in days is a continuous measure
that has been rounded, we applied the quantile regres-
sion analysis on the smoothed quantiles; the method
based on the smoothed quantiles is recommended for
analyses of discrete (count) data.® In STATA, this method
is implemented in the ‘qcount’ procedure.” Parameters
were calculated with 1000 jittered samples. For all interval
analyses, the differences in intervals were calculated as
marginal effects after quantile regression by setting the
continuous covariate (age) to their mean values and the
categorical covariates (sex and comorbidity) to their
modes. Significance level was set to <0.05 with 95% CIs
calculated where appropriate. Statistical analyses were
carried out using STATA V.14.

Sensitivity and validity analyses

All analyses were repeated using only: (1) those who
fulfilled the 6-month cut-off criteria for interval from
diagnosis to questionnaire completion and (2) patient
data. The effect of excluding patients for whom at
least one interval was missing was investigated. We also
repeated the analysis after omitting time intervals that
were negative or over 365 days. Agreement between the
different data sources (registry, patient, PCP (except in
Sweden) and CTS (exceptin Sweden and Manitoba)) was
measured by Lin’s concordance correlation coefficient
(CCC).*®

Patient involvement

The research questions for this survey drew on an exten-
sive literature relating to diagnosis and treatment delays
leading to negative patient experiences. While patient
experience was not a primary outcome measure for this
study, patients were given the opportunity to comment
on their experience through questionnaire free-text
response options (under separate analysis). Patients were
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involved in the piloting of study instruments to ascertain
if recruitment and questionnaire content and dissemina-
tion strategies were appropriate, as described elsewhere.*
Each jurisdiction has committed to communicating the
findings and local implications of this study to organisa-
tions representing their study participants.

RESULTS

Of 14583 patients with lung cancer, diagnosed between
October 2012 and March 2015 who were alive when iden-
tified, 70% (10 203/14 583) were contacted (table 1).
Of 4380 not contacted, 3367 (77%) were from England,
Wales and Scotland. Major reasons reported by the PCP
for not forwarding the survey included patients being
terminally ill, not aware of cancer diagnosis at the time of
request, having cognitive or visual impairment, language/
communication difficulties, no longer at the address, not
wishing to take part in research and a small number not
having the index cancer. In addition, patents identified
were not contacted in England as the target recruitment
had been exceeded. For the non-UK jurisdictions, the
main reasons for not contacting patients were the patient
having died or no longer at the address.

A total of 2631 (27.5% of contacted, 18% of eligible)
completed the patient questionnaire at a median of 5
months (range: 0.1-9) after diagnosis (table 2). The
response rate of contacted patients varied from 11.1%
(146/1318) in Norway to 61.8% (333/539) in Denmark.
Responding patients were more likely to be aged 60-79
years with less advanced stage (table 1) and alive 1year
postdiagnosis (data not shown). Of the 2631 responses,
2143 (81.5%) were included in the analyses which equates
to 14.7% (2143/14 583) of eligible patients. The key
reason respondents were excluded were local oversam-
pling (43.9%; 214/488) for additional analyses (table 1).
In Victoria, the registry was only able to contact patients
who had undergone surgery while the sample size in
Norway was limited (n=88) due to delays in securing
appropriate approvals.

Baseline characteristics

Patient characteristics are detailed in table 2. The cohort
was predominantly white (95%), median age 70 years
(IQR 64-75) with 82% reporting ‘low’ levels of education.
Norway provided stage data classified as local, regional
and distant, which could not be converted to TNM stage
data.

Ontario was the only jurisdiction with more female
(65%) than male respondents. While self-reported health
differed significantly, with Welsh patients (9%) reporting
twice as high ‘poor health’ rates than English or Swedish
(4%) and eightfold that of Manitoba (2%), there was no
difference in self-reported comorbidity rates. Even after
the exclusion of Victoria, there was significant variation in
early stage (I/II) disease, which ranged from 25% (Wales)
to 59% (Ontario), and surgical resection rates, which
varied from 27% (Wales) to 58% (Ontario) (table 2).

Routes to diagnosis

Results are detailed in table 3. Over half (55%) were diag-
nosed following presentation to the PCP of whom 63%
(range: 29% Norway-82% Wales; data not shown) were
urgently referred with a suspicion of cancer based on the
PCP questionnaire.

Symptoms prompting visit to physician

The median number of patient-reported symptoms were
2 (IQR 1-3). Across jurisdictions, the most common
patientreported symptoms were persistent cough (39%),
breathlessness (37%) and fatigue (27%), although
there was significant variation in proportion of patients
presenting with individual symptoms (table 4).

The PCPs reported a median of 1 (IQR 1-2) symptom at
first presentation, with the most common being persistent
cough (39%). Across jurisdictions, the reporting of other
symptoms by the PCP was significantly lower compared
with patients, especially fatigue (4%) and weight loss
(8%). When the analysis was restricted to the cohort
where both patient and PCP had completed the survey,
this difference persisted. Unlike patients, there was
minimal variation in PCP reporting of symptoms, with
significant differences limited to ‘no symptoms’, ‘other
symptoms not previously listed’” and weight loss. Overall,
64% of symptoms were labelled as ‘cancer specific’ by the
study PCPs (table 4).

Time intervals

The observed time intervals are shown in online supple-
mentary appendix C2 and are summarised in figure 2.
Based on overall trends, jurisdictions could be grouped
into those with reduced, longer and similar intervals to
Wales (table 5). It was not possible to interpret variations
observed in Norway (small sample size) and Victoria
(surgical cohort). In the remaining jurisdictions, there
was no difference in the median adjusted patient interval
compared with Wales. Denmark had shorter median
adjusted primary care interval (-11 days); Sweden had
shorter (-20) and Manitoba had longer (+40) diagnostic
intervals compared with Wales. Denmark (-13), Mani-
toba (-11), England (-9) and Northern Ireland (-4) had
shorter treatment intervals. The median adjusted total
interval was shorter only in Denmark (table 5, figure 2).
The differences were greater for the 90th percentile.
The total interval in patients who waited longest (90th
percentile) was significantly shorter in two jurisdictions
(Denmark: —142 days; England: -28 days) compared with
Wales.

Sensitivity and validity analyses
The estimates of routes to diagnosis, time intervals and
regression analysis trends were not significantly altered by
changing the cut-off to 6 months or using only patient
data (results not shown).

Online supplementary appendix C3 details which
sources were used based on the standardisation rules to
define dates and also how often a day in the date was
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imputed. With regards to the dates of first presentation
to healthcare (CCC=0.91), diagnosis (CCC 20.93) and
treatment (CCC=0.94), there was adequate agreement
between all data sources where the data on these dates
was collected. Agreement between patient versus PCP for
dates of first presentation to healthcare (CCC=0.91) and
diagnosis (CCC=0.93) was also adequate as was agree-
ment between patient versus CTS for dates of diagnosis
(CCC=0.94) and treatment (CCC=0.94).

Omitting time intervals that were negative or over 365
days (online supplementary appendix C4) led to change
in direction of difference, which was non-significant in
long intervals (75th or 90th percentile) between Wales
and jurisdictions in four cases: Norway and Victoria
(patient interval), Northern Ireland (diagnostic interval)
and England (total interval). All other results were similar
to the main results.

DISCUSSION

Main findings

This is the first international study we are aware of
comparing lung cancer routes and time intervals. With
the exception of Denmark, in all other jurisdictions, the
median total interval from symptom onset to treatment,
for respondents diagnosed in 2012-2015, was similar to
that of Wales, which is the reference. However, there were
jurisdiction specific differences in patient, diagnostic and
treatment intervals, especially for the 10% of patients
who waited the longest. Based on overall trends, jurisdic-
tions could be grouped into those with trends of reduced,
longer and similar intervals to Wales.

Across jurisdictions, all symptoms other than persistent
cough were less frequently reported by the PCP when
compared with patients. This was especially true for
fatigue and weightloss. One in four patients reported inci-
dental diagnosis and 1 in 10 were diagnosed following a
visit to the emergency (Accident and Emergency (A&E))
department.

Strengths and weaknesses

Our study helps address the shortcomings of current
international comparisons across multiple national
studies with significant variation in methodology
including differences in definition of intervals.
Strengths of our study include: (1) use of the same
methodology across countries; (2) use of cancer regis-
tries to identify consecutive newly diagnosed patients;
(3) use of standardised questionnaires; (4) inclusion of
PCP and CTS questionnaires enriched by registry data;
(5) minimal data interpretation by the local teams with
all data cleaning performed in a standardised manner
centrally; and (6) triangulation with comprehensive
data rules to ensure validity, consistency and preserve
statistical precision.”’ Recall bias was minimised by the
triangulation of different data sources and by patients
completing the questionnaire within a limited time
window (median 5 months) after the cancer diagnosis.
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B A key limitation, as with all questionnaire-based
o studies, was both selection and non-response bias
g g that varied across jurisdictions and has implications
= for interpretation and generalisation of findings.*
Vi In comparing intervals, we adjusted for age, sex and
comorbidity but were unable to adjust for ethnicity and
= Y Y 4
=3 education due to different classification systems. Recall
s %2 y
> ¥ ® bias was minimised by the triangulation of different
AN 0
" data sources and by patients completing the question-
Y P P 8 q
< naire within a limited time window (median 5 months)
g 5 o after the cancer diagnosis. Recruitment of patients up
© Neod o to 9 rather than 6 months after diagnosis might have
S ® ) g . g e
N = magnified the selection bias due to high mortality.
S s . S
® However, sensitivity analysis suggests that this did not
2 Y % 88
= T impact on the results. Categorising presenting symp-
T a2 s toms into indicative or not was done pragmatically as
© fa = = prag y
~E" = existing guidelines for lung cancer investigation vary
> across ICBP jurisdictions.”® In Norway and Victoria, a
g J Y
=] B small sample size and restriction of eligibility to onl
S 2 P g Y Y
&8~ g surgical patients, respectively, made comparison diffi-
SRCIRY > cult. Nonetheless, significant differences in these two
= jurisdictions compared with Wales were largely limited
= > to the treatment interval alone.
=25 @ There was variation in stage distribution across juris-
'8 = 5 J
SRR § dictions. While this may be partly related to the varying
° response rate, true differences in lung cancer stage have
s =~ een noted on analysis of registry data of patients diag-
S e 2 nosed between 2004 and 2007.° The high lung cancer
e 2 S mortality and self-selection are likely to have contrib-
z Y Y
° uted to an over-representation of early stage disease and
_ b tumours treated with surgical resection. This suggests
T2 E that true variation may well be higher than that reported
8 & o 5 B in this cohort of ‘healthier early stage’ patients.
O c
<
[} . - -
%% Comparison with other studies
_ @ 3 + > The most common patient-reported symptoms, in keepin
c 8L X p P ymp pmg
T gy ) EO" T with the literature, were persistent cough, breathless-
8 £ ness, faticue and weight loss, with one in five reportin
2 58 g g P g
e = ‘ » 18 . .
24 e no symptoms’.”” Only a minority (11%) of our respon-
. = SG ymp Y Y P
NG e g dents reported coughing blood or bloody sputum/spit,
=4 B 25 ?%i g which is the only consistent predictor of lung cancer.
- & = . . . .
g § YE 7 While haemoptysis was reported in a prospective survey
20 ‘IE_l g 3 (England 2011-2012) by 22% of patients with lung cancer
Y 22 3 -g)_ .E identified through respiratory clinics, it was a presenting
S5 33 2 § § symptom in only 5% of cases."'
A 28 So 3 The median number of symptoms reported b
== [Cle] c y p p Y
o0 5 = atients was more than that reported by the PCP in
[T} 3 8 =1 p P y :
= = o5 2 all jurisdictions. This was especially so for fatigue and
e % § ) peaa ™ &
Y So. & 3 = weight loss. A number of factors could have contributed
1 B Rk E g s 2 to this: patients not listing all symptoms at presentation,
- - 283 c F . . . ;
N c=52°SE atients having a different understanding/recall of
el 33%29% © P g g
@ ccd?=58 . ¢ their symptoms post diagnosis and PCPs only recordin
2 REEEEE R ymp p 8 Y g
=8 §§ 228580 key symptoms such as cough. Further research on
< @ OF . . .
RIS §53882855 under-reporting of systemic symptoms such as fatigue
O|Oo 20 0lg253 S P g Y ymp g
‘q;':; o| 2 8800235 £ g and weight loss is warranted.
[ S|l £Eccoo c .. . . . .
o E 210 B 3529 é % 2 2 :g< £ As lung cancer mortality is higher in patients attending
Q188 2 23| REELSSEda emergency (A&E) departments, the rates are often
FlFe CrRaEr ERO compared in an attempt to understand international
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Patient interval Primary Care interval Diagnostic interval Treatment interval Total interval
Sweden N Sweden Sweden — Sweden E Sweden I\
Ontario S Ontario SN Ontario NN Ontario 3 Ontario |
Manitoba N Manitoba NN Manitoba S Manitoba | Manitoba N
Victoria I Victoria Victoria ) Victoria I Victoria
E Norway Norway I Norway N Norway - Norway L |
E Denmark Denmark I Denmark NN Denmark | Denmark I
N Ireland N Ireland N Ireland NN N Ireland | | N Ireland
Scotland Scotland N\ Scotland N Scotland Scotland 3
England NN England T England AW} England - England [N
10 5 0 5 10 15 -5 5 15 -40 0 20 40 -40 -20 0 20 40 -60 -30 0 30 60
Sweden N Sweden Sweden | Sweden E Sweden
Ontario Ontario T Ontario N Ontario N Ontario B
Manitoba N Manitoba NN Manitoba I Manitoba [\ Manitoba N
K Victoria = Victoria Victoria £ Victoria I Victoria ==
% Norway Norway = Norway E Norway | Norway SN
E‘_ Denmark Denmark I Denmark I Denmark I Denmark ~ SETTITTINNSS
E N Ireland S N Ireland i N Ireland - N Ireland | N Ireland 3
Scotland 3 Scotland S Scotland [N\ Scotland i Scotland ==
England Ny England A England 1N England I England S
-20 -10 0 10 20 -40 -20 0 20 40 -60 0 30 60 -40 -20 0 20 40 -100  -50 0 50 100
Sweden | Sweden Sweden NN Sweden | Sweden N
Ontario | Ontario NN Ontario NN Ontario 3 Ontario
Manitoba | Manitoba S Manitoba — Manitoba 3 Manitoba S
o Victoria | Victoria [\ Victoria I Victoria | Victoria
E Norway I Norway [\ Norway Norway | Norway —
2 Denmark | Denmark NN Denmark == Denmark ] Denmark
Eg N Ireland NN N Ireland RN N Ireland AN N Ireland | N Ireland
Scotland — Scotland N Scotland S Scotland = Scotland S
England [N\ England S England N England | England -
-80 -40 0 40 80 -120 60 0 60 120 -120 0 60 120 -60 -30 0 30 60 -160  -80 0 80 160

Figure 2 Differences in 50th, 75th and 90th centiles of the intervals (days) between Wales as the reference and the other
nine jurisdictions. The data are adjusted for differences in age, gender and comorbidity. The bars in black show significant

differences in intervals.
survival differences.® The rate of respondents who
attended A&E varied twofold across jurisdictions from
9%-10% in England, Scotland and Denmark to 18%—20%
in Northern Ireland, Ontario and Manitoba. While rates
for Scotland (10%) were similar to that reported in a
prospective Scottish audit (11.5%), as were rates for
Denmark (7% vs 6.3% when PCP not involved), rates
for England (9%) were lower than those reported in
population based audits (25%) reflecting non-response
bias."* '® In Victoria (4%), restriction of the cohort to
surgical patients is likely to have accounted for the very
low rates.

Our reported median patient, primary care and diag-
nostic intervals are in keeping with those previously
reported from the participating jurisdictions (table 6).
Minor variations in interval estimates are likely due to
differences in data source, sample size and cohort char-
acteristics.” Longer intervals were reported from earlier
cancer cohorts: median primary care interval for England
of 52 days in 1998-2000 (our median 11)," median total
interval for Denmark of 108 days in 2004-2005 (our
median 67) and Norway of 118 in 2002-5 (our median
79) 171924

Across all jurisdictions, there was no significant differ-
ence in primary care intervals for the 10% of patients
with longest interval. It is likely that these patients had

vague or non-specific symptoms and signs. Referral
guidelines for suspected lung cancer do not always
favour patients with early symptoms and often prior-
itise those with more advanced disease.” Access to
better diagnostic tools such as low-dose CT chest in the
primary care setting may favour this group of patients.*'
It would be useful in future projects to explore whether
such access may have contributed to the improved
l-year lung cancer survival reported from Australia and
Canada.’

Diagnostic intervals were significantly longer for Mani-
toba compared with other jurisdictions and twice that
reported in an ongoing local PCP audit (personal commu-
nication). While one might suspect overestimation due
to differences in the source of date of first presentation,
between our study (in almost half, it was derived from
patients) and local audit, this is less likely as the concor-
dance coefficient between PCP and patient derived data
at Manitoba was 0.94.

Observed median treatment intervals were below
6 weeks for nearly all jurisdictions. This was the only
interval where there were significant differences
between jurisdictions with Denmark, England, Norway
and Northern Ireland all having shorter adjusted
treatment intervals across all percentiles, with larger
differences for the 75th and 90th percentile. These
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improvements may reflect implementation of waiting
time targets in Denmark (35-38 days from first consulta-
tion depending on treatment modality) and the UK (31
days from decision to treat).**** The shorter treatment
intervals in Norway are in keeping with long-standing
provision of standardised cancer care pathways and
effective coordination between primary care and treat-
ment centres. While a systematic review did not find
evidence to support an association between intervals
and lung cancer outcomes, increasing mortality with
longer diagnostic intervals was noted in a more recent,
high-quality study.'® In 2000, O’Rourke and Edwards
reported median intervals of 94 days (35-187) between
the first hospital visit and starting treatment resulting
in 21% of potentially curable patients becoming incur-
able.** Others have found metabolic evidence on PET/
CT of pretreatment disease progression in 21% and
TNM upstaging in 18% of small-cell lung cancer patients
after a relatively short median interscan interval of 43
days.*” Long intervals can also result in deterioration in
performance status. More recently, there is concern that
the need for genotyping may result in further increase
in time to treatment.

The shorter total interval in Denmark likely reflects
the significant reductions in cancer waiting times
following a collaborative effort to set-up and implement
a national centralised quality management system, the
Danish Cancer Patient Pathways (CPPs). The latter
includes PCP access to fast-track diagnostic work-up.*°
The findings are in keeping with higher relative survival
and lower mortality in Denmark among symptomatic
cancer patients diagnosed through primary care after
the implementation of CPPs and with the accelerated
increase in 5-year survival among Danish patients with
lung cancer diagnosed in 2010-2014 when compared
with patients from earlier time periods.*” * While there
is some inherent lead-time bias, the findings highlight
the importance and feasibility of a timely diagnosis of
lung cancer.

CONCLUSIONS
The study provides for the first time, comparable data,
collected through consistent methods in all jurisdic-
tions, allowing for detailed comparisons of key diag-
nostic intervals in lung cancer and routes to diagnosis.
While all jurisdictions except Denmark had similar
median adjusted total intervals, there were jurisdiction-
specific significant differences in patient, diagnostic and
treatment intervals, especially for the 10% of patients
who waited the longest. The proportion of patients
diagnosed following presentation to the PCP ranged
from 35% to 75%. These data could help individual
jurisdictions to better target their efforts to reduce time
to treatment and ultimately improve patient experience
and outcomes in lung cancer.

Intervals and pathways are ultimately of interest as
they relate to prognosis. A further analysis that includes

all four cancers (lung, ovary, colon and breast) surveyed
in ICBP4 module and explores the impact of these
intervals on stage and l-year survival is underway.

Author affiliations

'Institute for Women’s Health, University College London, London, UK

ZResearch Unit for General Practice, Aarhus University, Aarhus, Denmark

SPolicy and Information, Cancer Research UK, London, UK

“Department of Prevention and Cancer Control, Cancer Care Ontario, Toronto,
Ontario, Canada

SCentre for Behavioural Research in Cancer, Cancer Council Victoria, Melbourne,
Victoria, Australia

®Department of General Practice, University of Melbourne, Melbourne, Victoria,
Australia

"Centre for Population Health Sciences, Edinburgh University, Edinburgh, UK
8Scottish Cancer Registry, Information Services Division, NHS National Services
Scotland, Edinburgh, UK

°The Royal Marsden, London, UK

"%nstitute for Cancer Research, Olso University Hospital, Oslo, Norway
"Department of Epidemiology and Cancer Registry, CancerCare Manitoba,
Winnipeg, Manitoba, Canada

"2Northern Ireland Cancer Registry, Queen’s University Belfast, Belfast, UK
SHealth Services Research Program, Ontario Institute for Cancer Research, Toronto,
Ontario, Canada

"European Palliative Care Research Centre (PRC), Olso University Hospital, Oslo,
Norway

"Institute of Clinical Medicine, University of Oslo, Oslo, Norway

'5Department of Medical Epidemiology, Karolinska Institutet, Stockholm, Sweden
""Regional Oncologic Center, University Hospital, Uppsala, Sweden

"®North Wales Centre for Primary Care Research, Bangor University, Wrexham, UK
'SDepartment of Oncology, Lund University Hospital, Lund, Sweden

Xpopulation Oncology, CancerCare Manitoba, Winnipeg, Manitoba, Canada

2\ Academic Unit of Primary Care, University of Leeds, Leeds, UK

223chool of Psychology, Deakin University, Geelong, Victoria, Australia

Acknowledgements We are grateful to Catherine Foot, Martine Bomb and Brad
Groves of Cancer Research UK for managing the programme. The International
Cancer Benchmarking Partnership (ICBP) Module 4 Working Group (below) for their
support and work keeping the study going. Christian Finley (Canada) and David
Baldwin (England) for reviewing the manuscript. Stefan Bergstrom, Jan Willem
Coebergh, Jon Emery, Monique E van Leerdam, Marie-Louise Essink-Bot and Una
MacLeod (the ICBP M4 Academic Reference Group) for providing independent peer
review of the study protocol and analysis plan development. We would like to thank
all the patients, primary care physicians, cancer treatment specialists and registry
staff of all jurisdictions who took part in this study and also the Danish Lung Cancer
Registry for providing clinical information for the study.

Collaborators ICBP Module 4 Working Group: Alina Zalounina Falborg (Research
Unit for General Practice, Department of Public Health, Aarhus University), Andriana
Barisic (Department of Prevention and Cancer Control, Cancer Care Ontario), Anna
Gavin (Northern Ireland Cancer Registry, Centre for Public Health, Queen’s University
Belfast), Anne Kari Knudsen (European Palliative Care Research Centre (PRC),
Department of Oncology, Oslo University Hospital and Institute of Clinical Medicine),
Breann Hawryluk (Department of Patient Navigation, Cancer Care Manitoba),
Chantelle Anandan (Centre for Population Health Sciences, University of Edinburgh),
Conan Donnelly (Centre for Public Health, Queen’s University Belfast), David H
Brewster, Scottish Cancer Registry, Information Services Division, NHS National
Services Scotland, David Weller (Centre for Population Health Sciences, University
of Edinburgh), Donna Turner (Population Oncology, Cancer Care Manitoba), Elizabeth
Harland (Department of Epidemiology and Cancer Registry, CancerCare Manitoba),
Eva Grunfeld (Knowledge Translation Research Network Health Services Research
Program, Ontario Institute for Cancer Research; Professor and Vice Chair Research
Department of Family and Community Medicine, University of Toronto), Evangelia
Ourania Fourkala (Gynaecological Cancer Research Centre, Women’s Cancer,
Institute for Women’s Health, University College London), Henry Jensen (Research
Unit for General Practice, Department of Public Health, Aarhus University), Irene
Reguilon (International Cancer Benchmarking Partnership, Cancer Research UK),
Jackie Boylan (Centre for Public Health, Queen’s University Belfast), Jacqueline
Kelly (Northern Ireland Cancer Registry, Centre for Public Health, Queen’s University
Belfast), Jatinderpal Kalsi (Gynaecological Cancer Research Centre, Women’s

18

Menon U, et al. BMJ Open 2019;9:¢025895. doi:10.1136/bmjopen-2018-025895



Cancer, Institute for Women’s Health, University College London), John Butler (The
Royal Marsden) Kerry Moore, Centre for Public Health, Queen's University Belfast,
Martin Malmberg (Department of Oncology, Lund University Hospital), Mats Lambe
(Regional Cancer Center Uppsala and Department of Medical Epidemiology and
Biostatics, Karolinska Institutet), Oliver Bucher (Department of Epidemiology and
Cancer Registry, CancerCare Manitoba), Peter Vedsted, Research Unit for General
Practice, Department of Public Health, Aarhus University, Rebecca-Jane Law (North
Wales Centre for Primary Care Research, Bangor University), Rebecca Bergin
(Centre for Behavioural Research in Cancer; Department of General Practice,
University of Melbourne), Richard D Neal (North Wales Centre for Primary Care
Research, Bangor University; Academic Unit of Primary Care, Leeds Institute of
Health Sciences, University of Leeds), Samantha Harrison, Early Diagnosis and
International Cancer Benchmarking Partnership, Policy and Information, Cancer
Research UK, Sigrun Saur Aimberg (Department of Cancer Research and Molecular
Medicine, Faculty of Medicine, Norwegian University of Science and Technology
(NTNU), Therese Kearney (Northern Ireland Cancer Registry, Centre for Public
Health, Queen’s University Belfast), Victoria Cairnduff (Northern Ireland Cancer
Registry, Centre for Public Health, Queen’s University Belfast), Victoria Hammersley
(Centre for Population Health Sciences, University of Edinburgh), Victoria White
(Centre for Behavioural Research in Cancer, Cancer Council Victoria Road; School
of Psychology Deakin University), Usha Menon (Gynaecological Cancer Research
Centre, Women'’s Cancer, Institute for Women's Health, University College London),
Yulan Lin (European Palliative Care Research Centre (PRC), Department of Oncology,
Oslo University Hospital and Institute of Clinical Medicine). ICBP Programme

Board: Aileen Keel (Scottish Government, Edinburgh, Scotland); Anna Boltong
(Cancer Council Victoria, Carlton, Australia); Anna Gavin (Northern Ireland Cancer
Registry, Queen’s University, Belfast, UK); David Currow (Cancer Institute New
South Wales, Sydney, Australia); Gareth Davies (Wales Cancer Network, Cardiff,
UK); Gunilla Gunnarsson (Swedish Association of Local Authorities and Regions,
Stockholm, Sweden); Heather Bryant (Canadian Partnership Against Cancer,
Toronto, Canada); Jane Hanson (Welsh Cancer National Specialist Advisory Group,
Cardiff, UK); Kathryn Whitfield (Department of Health, Victoria Australia); Linda
Rabeneck (Cancer Care Ontario, Toronto, Canada); Michael A Richards (Care Quality
Commission, London, UK); Michael Sherar (Cancer Care Ontario, Toronto, Canada);
Nicola Quin (Cancer Council Victoria, Carlton, Australia); Nicole Mittmann (Cancer
Care Ontario, Toronto, Canada); Robert Thomas (Department of Health and Human
Services, Victoria, Melbourne, Australia); Sara Hiom (Cancer Research UK); Sean
Duffy (NHS England, London, UK); Chris Harrison (NHS England, London, UK); Sgren
Brostrgm (Danish Health and Medicines Authority, Copenhagen, Denmark); and
Stein Kaasa (University Hospital of Trondheim, Trondheim, Norway). ICBP Academic
Reference Group: Professor Jan Willem Coebergh, Professor of Cancer Surveillance,
Department of Public Health, Erasmus Universiteit Rotterdam, Rotterdam, the
Netherlands; Jon Emery, Professor of Primary Care Cancer Research, University

of Melbourne and Clinical Professor of General Practice, University of Western
Australia, Australia; Dr Stefan Bergstrom, senior consultant oncologist, Department
of Oncology, Gévle, Sweden; Dr Monique E van Leerdam, Erasmus MC University
Medical Centre, the Netherlands; Professor Marie-Louise Essink-Bot, Academic
Medical Centre, Amsterdam University, the Netherlands; Professor Una MacLeod,
Senior Lecturer in General Practice and Primary Care, Hull-York Medical School, UK.

Contributors UM, DW, PV, AZF and HJ planned the study design, data collection,
carried out the analyses and wrote the draft manuscript. UM, PV, DW, HJ, AB, AKK,
RJB, DHB, JK, VC, AG, EG, EH, ML, RJL, YL, MM, DT, RDN, VW, IR and SH were
responsible for local data collection (alongside the Working Group), management
and interpretation and have participated in writing and have approving the final
manuscript version. JB, OB and OTB provided advice on the interpretation of
results in their respective jurisdictions and comments or substantial edits on the
manuscript and approving the final version.

Funding This work was supported by: CancerCare Manitoba; Cancer Care Ontario;
Canadian Partnership Against Cancer; Cancer Council Victoria; Cancer Research
Wales; Cancer Research UK; Danish Cancer Society; Danish Health and Medicines
Authority; European Palliative Care Research Centre; Norwegian University of
Science and Technology; Northern Ireland Guidelines Audit and Implementation
Network; Macmillan Cancer Support; National Cancer Action Team; National Health
Service (NHS) England; Medical Research Council (MR_UU_12023), Northern
Ireland Cancer Registry, funded by the Public Health Agency Northern Ireland;
Norwegian Directorate of Health; Research Centre for Cancer Diagnosis in Primary
Care, Aarhus University, Denmark; Scottish Government; Swedish Association of
Local Authorities and Regions; University College London and NIHR Biomedical
Research Centre at University College London NHS Foundation Trust; University

of Edinburgh; Victorian Department of Health and Human Services; and Welsh
Government.

Disclaimer The funding bodies had no influence on the design of the study and
collection, analysis and interpretation of data, in writing the manuscript or whether
to publish the results.

Competing interests None declared.
Patient consent for publication Obtained.

Ethics approval For each local data collection, there were specific procedures
and approvals that included anonymised data transfer to University College London
and Aarhus University. Approvals were received from the following institutions:
Cancer Council Victoria Human Research Ethics Committee (HREC 112); Health
Research Ethics Board, University of Manitoba (HS15227 (H2012:105)); Research
Resource Ethics Committee, CancerCare Manitoba (RRIC#28-2012); University of
Toronto Research Ethics Board (27881); The Danish Data Protection Agency (2013-
41-2030); Swedish Ethics Review Board, Uppsala (2013/306); Norway Regional
committees for medical and health research ethics (2013/136/REK nord); England,
Wales and Scotland, NRES Committee East Midlands — Derby 2, local R&D for each
health board (11/EM/0420); and Northern Ireland ORECNI Ethical approval, local
governance for each health Trust (11/EM/0420).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement The data that support the findings of this study are
available from the named authors from each ICBP jurisdictions but restrictions
apply to the availability of these data and so are not publicly available. Data are
however available from the authors upon reasonable request and with permission
of the ICBP Programme Board. Please contact the ICBP Programme Management
team, based at Cancer Research UK, with any queries (icbp@cancer.org.uk).

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iDs

Usha Menon http://orcid.org/0000-0003-3708-1732

Alina Zalounina Falborg http://orcid.org/0000-0002-1616-9455
Henry Jensen http://orcid.org/0000-0003-4040-7334

Irene Reguilon http://orcid.org/0000-0002-4246-6357

David H Brewster http://orcid.org/0000-0002-5346-5608

REFERENCES

1. Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, et al. Cancer
incidence and mortality patterns in Europe: estimates for 40
countries in 2012. Eur J Cancer 2013;49:1374-403.

2. Allemani C, Weir HK, Carreira H, et al. Global surveillance of cancer
survival 1995-2009: analysis of individual data for 25 676 887
patients from 279 population-based registries in 67 countries
(CONCORD-2). The Lancet 2015;385:977-1010.

3. Australian Institute of Health and Welfare. Cancer survival and
prevalence in Australia: period estimates from 1982 to 2010. cancer
series No. 69. cat. No. can 65. Canberra: AIHW, 2012.

4. Neal RD, Robbé IJ, Lewis M, et al. The complexity and difficulty of
diagnosing lung cancer: findings from a national primary-care study
in Wales. Prim Health Care Res Dev 2015;16:436-49.

5. Francisci S, Minicozzi P, Pierannunzio D, et al. Survival patterns
in lung and pleural cancer in Europe 1999-2007: results from the
EUROCARE-5 study. Eur J Cancer 2015;51:2242-53.

6. Coleman MP, Forman D, Bryant H, et al. Cancer survival in Australia,
Canada, Denmark, Norway, Sweden, and the UK, 1995-2007 (the
International cancer benchmarking partnership): an analysis of
population-based cancer registry data. The Lancet 2011;377:127-38.

7. Olsson JK, Schultz EM, Gould MK. Timeliness of care in patients
with lung cancer: a systematic review. Thorax 2009;64:749-56.

8. Malalasekera A, Nahm S, Blinman PL, et al. How long is too long?
A scoping review of health system delays in lung cancer. Eur Respir
Rev 2018;27. doi:10.1183/16000617.0045-2018. [Epub ahead of
print: 30 Sep 2018].

9. Jacobsen MM, Silverstein SC, Quinn M, et al. Timeliness of access
to lung cancer diagnosis and treatment: a scoping literature review.
Lung Cancer 2017;112:156-64.

10. Vinas F, Ben Hassen |, Jabot L, et al. Delays for diagnosis and
treatment of lung cancers: a systematic review. Clin Respir J
2016;10:267-71.

Menon U, et al. BMJ Open 2019;9:6025895. doi:10.1136/bmjopen-2018-025895

19


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-3708-1732
http://orcid.org/0000-0002-1616-9455
http://orcid.org/0000-0003-4040-7334
http://orcid.org/0000-0002-4246-6357
http://orcid.org/0000-0002-5346-5608
http://dx.doi.org/10.1016/j.ejca.2012.12.027
http://dx.doi.org/10.1016/S0140-6736(14)62038-9
http://dx.doi.org/10.1017/S1463423614000516
http://dx.doi.org/10.1016/j.ejca.2015.07.033
http://dx.doi.org/10.1016/S0140-6736(10)62231-3
http://dx.doi.org/10.1136/thx.2008.109330
http://dx.doi.org/10.1183/16000617.0045-2018
http://dx.doi.org/10.1183/16000617.0045-2018
http://dx.doi.org/10.1016/j.lungcan.2017.08.011
http://dx.doi.org/10.1111/crj.12217

11. Walter FM, Rubin G, Bankhead C, et al. Symptoms and other factors 31. Machado JAF, Silva JMCS, Santos Silva JMC. Quantiles for counts. J
associated with time to diagnosis and stage of lung cancer: a Am Stat Assoc 2005;100:1226-37.
prospective cohort study. Br J Cancer 2015;112:S6-S13. 32. Miranda A. QCOUNT: Stata program to fit quantile regression models
12. Neal RD, Din NU, Hamilton W, et al. Comparison of cancer diagnostic for count data. Boston: Boston College Department of Economics,
intervals before and after implementation of NICE guidelines: analysis 2006.
of data from the UK general practice research database. Br J Cancer 33. Lin LI. A concordance correlation coefficient to evaluate
2014;110:584-92. reproducibility. Biometrics 1989;45:255-68.
13. Barrett J, Hamilton W. Pathways to the diagnosis of lung cancer in 34. Coxon D, Campbell C, Walter FM, et al. The Aarhus statement on
the UK: a cohort study. BMIC Fam Pract 2008;9:31. cancer diagnostic research: turning recommendations into new
14. Baughan P, O'Neill B, Fletcher E. Auditing the diagnosis of survey instruments. BMC Health Serv Res 2018;18:677.
cancer in primary care: the experience in Scotland. Br J Cancer 35. Walters S, Maringe C, Coleman MP, et al. Lung cancer survival
2009;101:S87-S91. and stage at diagnosis in Australia, Canada, Denmark, Norway,
15. Guldbrandt LM, Fenger-Gren M, Rasmussen TR, et al. The role of Sweden and the UK: a population-based study, 2004-2007. Thorax
general practice in routes to diagnosis of lung cancer in Denmark: a 2013;68:551-64.
population-based study of general practice involvement, diagnostic 36. Nicholson BD, Mant D, Neal RD, et al. International variation in
activity and diagnostic intervals. BMC Health Serv Res 2015;15:21. adherence to referral guidelines for suspected cancer: a secondary
16. Terring ML, Frydenberg M, Hansen RP, et al. Evidence of increasing analysis of survey data. Br J Gen Pract 2016;66:e106-13.
mortality with longer diagnostic intervals for five common cancers: a 37. Shim J, Brindle L, Simon M, et al. A systematic review of
cohort study in primary care. Eur J Cancer 2013;49:2187-98. symptomatic diagnosis of lung cancer. Fam Pract 2014;31:137-48.
17. Hansen RP, Vedsted P, Sokolowski I, et al. Time intervals from first 38. Hamilton W, Peters TJ, Round A, et al. What are the clinical features
symptom to treatment of cancer: a cohort study of 2,212 newly of lung cancer before the diagnosis is made? a population based
diagnosed cancer patients. BMC Health Serv Res 2011;11:284. case-control study. Thorax 2005;60:1059-65.
18. Bjerager M, Palshof T, Dahl R, et al. Delay in diagnosis of lung cancer 39. Beckett P, Tata LJ, Hubbard RB. Risk factors and survival outcome
in general practice. Br J Gen Pract 2006;56:863-8. for non-elective referral in non-small cell lung cancer patients —
19. Rolke HB, Bakke PS, Gallefoss F. Delays in the diagnostic pathways analysis based on the National lung cancer audit. Lung Cancer
for primary pulmonary carcinoma in southern Norway. Respir Med 2014;83:396-400.
2007;101:1251-7. 40. Lim A, Mesher D, Gentry-Maharaj A, et al. Time to diagnosis of type
20. Largey G, Ristevski E, Chambers H, et al. Lung cancer interval times | or Il invasive epithelial ovarian cancers: a multicentre observational
from point of referral to the acute health sector to the start of first study using patient questionnaire and primary care records. BJOG
treatment. Aust Health Rev 2016;40. 2016;123:1012-20.
21. Evans SM, Earnest A, Bower W, et al. Timeliness of lung cancer care 41. Neal RD, Allgar VL, Ali N, et al. Stage, survival and delays in lung,
in Victoria: a retrospective cohort study. Med J Aust 2016;204:75-9. colorectal, prostate and ovarian cancer: comparison between
22. Ellis PM, Vandermeer R. Delays in the diagnosis of lung cancer. J diagnostic routes. Br J Gen Pract 2007;57:212-9.
Thorac Dis 2011;3:183-8. 42. Guldbrandt LM, Mgller H, Jakobsen E, et al. General practice
23. Lo DS, Zeldin RA, Skrastins R, et al. Time to treat: a system redesign consultations, diagnostic investigations, and prescriptions in the year
focusing on decreasing the time from suspicion of lung cancer to preceding a lung cancer diagnosis. Cancer Med 2017;6:79-88.
diagnosis. J Thorac Oncol 2007;2:1001-6. 43. Danish National Board of Health. Pakkeforleb for lungekraeft
24. Helsper CCW, van Erp NNF, Peeters PPHM, et al. Time to diagnosis [Cancer Patient Pathway — Lung Cancer], 2016) National Board of
and treatment for cancer patients in the Netherlands: room for Health, Copenhagen. Available: https://www.sst.dk/da/sygdom-og-
improvement? Eur J Cancer 2017;87:113-21. behandling/kraeft/pakkeforloeb/~/media/89192ECB2709401CADSE
25. Butler J, Foot C, Bomb M, et al. The International cancer 4BBB0304691E.ashx [Accessed 25 Sep 2017].
benchmarking partnership: an international collaboration to inform 44. O'Rourke N, Edwards R. Lung cancer treatment waiting times and
cancer policy in Australia, Canada, Denmark, Norway, Sweden and tumour growth. Clin Oncol 2000;12:141-4.
the United Kingdom. Health Policy 2013;112:148-55. 45. Wang J, Mahasittiwat P, Wong KK, et al. Natural growth and disease
26. Weller D, Vedsted P, Anandan C, et al. An investigation of routes progression of non-small cell lung cancer evaluated with 18F-
to cancer diagnosis in 10 international jurisdictions, as part of the fluorodeoxyglucose PET/CT. Lung Cancer 2012;78:51-6.
International cancer benchmarking partnership: survey development 46. Jensen H, Terring ML, Vedsted P. Prognostic consequences of
and implementation. BMJ Open 2016;6:e009641. implementing cancer patient pathways in Denmark: a comparative
27. Weller D, Vedsted P, Rubin G, et al. The Aarhus statement: improving cohort study of symptomatic cancer patients in primary care. BVIC
design and reporting of studies on early cancer diagnosis. Br J Cancer 2017;17:627.
Cancer 2012;106:1262-7. 47. Allemani C, Matsuda T, Di Carlo V, et al. Global surveillance of trends
28. Jenkinson C, Coulter A, Wright L. Short form 36 (SF36) health in cancer survival 2000-14 (CONCORD-3): analysis of individual
survey questionnaire: normative data for adults of working age. BMJ records for 37 513 025 patients diagnosed with one of 18 cancers
1993;306:1437-40. from 322 population-based registries in 71 countries. The Lancet
29. TNM classification of malignant tumours / edited by L.H. Sobin, M.K. 2018;391:1023-75.
Gospodarowicz, and Ch. Wittekind. — 7th ed. UICC International 48. Arnold M, Rutherford MJ, Bardot A, et al. Progress in cancer survival,
Union Against Cancer. ISBN 978-1-4443-3241-4. mortality, and incidence in seven high-income countries 1995-2014
30. Koenker R, Bassett G. Regression Quantiles. Econometrica (ICBP SURVMARK-2): a population-based study. Lancet Oncol
1978;46:33-50. 2019;20:1493-505.
20 Menon U, et al. BMJ Open 2019;9:025895. doi:10.1136/bmjopen-2018-025895


http://dx.doi.org/10.1038/bjc.2015.30
http://dx.doi.org/10.1038/bjc.2013.791
http://dx.doi.org/10.1186/1471-2296-9-31
http://dx.doi.org/10.1038/sj.bjc.6605397
http://dx.doi.org/10.1186/s12913-014-0656-4
http://dx.doi.org/10.1016/j.ejca.2013.01.025
http://dx.doi.org/10.1186/1472-6963-11-284
http://www.ncbi.nlm.nih.gov/pubmed/17132354
http://dx.doi.org/10.1016/j.rmed.2006.10.021
http://dx.doi.org/10.1071/AH15220
http://dx.doi.org/10.5694/mja15.01026
http://dx.doi.org/10.3978/j.issn.2072-1439.2011.01.01
http://dx.doi.org/10.3978/j.issn.2072-1439.2011.01.01
http://dx.doi.org/10.1097/JTO.0b013e318158d4b6
http://dx.doi.org/10.1016/j.ejca.2017.10.003
http://dx.doi.org/10.1016/j.healthpol.2013.03.021
http://dx.doi.org/10.1136/bmjopen-2015-009641
http://dx.doi.org/10.1038/bjc.2012.68
http://dx.doi.org/10.1038/bjc.2012.68
http://dx.doi.org/10.1136/bmj.306.6890.1437
http://dx.doi.org/10.2307/1913643
http://dx.doi.org/10.1198/016214505000000330
http://dx.doi.org/10.1198/016214505000000330
http://dx.doi.org/10.2307/2532051
http://dx.doi.org/10.1186/s12913-018-3476-0
http://dx.doi.org/10.1136/thoraxjnl-2012-202297
http://dx.doi.org/10.3399/bjgp16X683449
http://dx.doi.org/10.1093/fampra/cmt076
http://dx.doi.org/10.1136/thx.2005.045880
http://dx.doi.org/10.1016/j.lungcan.2013.10.010
http://dx.doi.org/10.1111/1471-0528.13447
http://www.ncbi.nlm.nih.gov/pubmed/17359608
http://dx.doi.org/10.1002/cam4.965
https://www.sst.dk/da/sygdom-og-behandling/kraeft/pakkeforloeb/~/media/89192ECB2709401CAD8E4BBB0304691E.ashx
https://www.sst.dk/da/sygdom-og-behandling/kraeft/pakkeforloeb/~/media/89192ECB2709401CAD8E4BBB0304691E.ashx
https://www.sst.dk/da/sygdom-og-behandling/kraeft/pakkeforloeb/~/media/89192ECB2709401CAD8E4BBB0304691E.ashx
http://dx.doi.org/10.1053/clon.2000.9139
http://dx.doi.org/10.1016/j.lungcan.2012.06.010
http://dx.doi.org/10.1186/s12885-017-3623-8
http://dx.doi.org/10.1186/s12885-017-3623-8
http://dx.doi.org/10.1016/S0140-6736(17)33326-3

	Time intervals and routes to diagnosis for lung cancer in 10 jurisdictions: cross-­sectional study findings from the International Cancer Benchmarking Partnership (ICBP)
	Abstract
	Introduction﻿﻿
	Methods
	Data handling
	Routes to diagnosis and symptoms prompting physician visit
	Time intervals
	Demographics
	Statistical analysis
	Sensitivity and validity analyses
	Patient involvement

	Results
	Baseline characteristics
	Routes to diagnosis
	Symptoms prompting visit to physician
	Time intervals
	Sensitivity and validity analyses

	Discussion
	Main findings
	Strengths and weaknesses
	Comparison with other studies

	Conclusions
	References


