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Abstract

Rapid diagnostic pathways for cancer have been implemented, but evidence whether
shorter diagnostic intervals (time from primary care presentation to diagnosis) improves sur-
vival is lacking. Using the Clinical Practice Research Datalink, we identified patients diag-
nosed with female breast (8,639), colorectal (5,912), lung (5,737) and prostate (1,763)
cancers between 1998 and 2009, and aged >15 years. Presenting symptoms were classi-
fied as alert or non-alert, according to National Institute for Health and Care Excellence
guidance. We used relative survival and excess risk modeling to determine associations be-
tween diagnostic intervals and five-year survival. The survival of patients with colorectal,
lung and prostate cancer was greater in those with alert, compared with non-alert, symp-
toms, but findings were opposite for breast cancer. Longer diagnostic intervals were associ-
ated with lower mortality for colorectal and lung cancer patients with non-alert symptoms,
(colorectal cancer: Excess Hazards Ratio, EHR >6 months vs <1 month: 0.85; 95% CI:
0.72-1.00; Lung cancer: EHR 3-6 months vs <1 month: 0.87; 95% CI: 0.80-0.95; EHR >6
months vs <1 month: 0.81; 95% CI: 0.74-0.89). Prostate cancer mortality was lower in pa-
tients with longer diagnostic intervals, regardless of type of presenting symptom. The asso-
ciation between diagnostic intervals and cancer survival is complex, and should take into
account cancer site, tumour biology and clinical practice. Nevertheless, unnecessary delay
causes patient anxiety and general practitioners should continue to refer patients with alert
symptoms via the cancer pathways, and actively follow-up patients with non-alert symptoms
in the community.

Introduction

Between 1995 to 2007, the five-year relative survival from breast, colorectal, lung and prostate
cancers was 7 to 10% lower in the UK compared with other developed countries [1-3]. This
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was attributed to delayed diagnosis or presentation at a very advanced stage [2,4]. Rapid diag-
nostic pathways and targets were implemented within the UK National Health Service (NHS),
with the aim of improving cancer outcomes and increasing cancer survival in the UK [5,6].
The National Institute for Health and Care Excellence (NICE) also set out referral guidelines to
expedite the referral of patients with symptoms that are directly suggestive of cancer [7,8].In
the cancer patient pathway, primary care and referral delays account for a bigger proportion of
the total delay in days compared to secondary care delay [9]. Shortening diagnostic intervals
(time between presentation to health care professionals and diagnosis) was made a priority as
part of the early diagnosis initiative by the UK Department of Health [10]. Shorter diagnostic
intervals may result to earlier tumour stage at diagnosis, which could then lead to improved
outcomes, including survival [11,12]. However, evidence shows that the effect of diagnostic in-
tervals on survival differs by cancer site [11-23], with some studies suggesting that longer diag-
nostic intervals are associated with higher mortality for cancers of the urinary tract, colon and
breast [11,22,24], while others variously report an absence of any association for breast, colo-
rectal, lung and gastro-oesophageal cancers [13,15,18,22,24], higher mortality with shorter di-
agnostic intervals for lung cancers [19,20], or higher mortality with both shorter and longer
diagnostic intervals for colorectal cancer (i.e. a U-shaped relationship) [21].This variation in
associations between diagnostic interval and survival may reflect differences in clinical detec-
tion pathways, patient and physician behaviour, functioning of the health care system, and the
biological behaviour of the tumour [13]. The role of tumour aggressiveness has been suggested
to explain some of the counter-intuitive findings, where patients with longer diagnostic inter-
vals show better survival compared to patients with shorter diagnostic intervals (waiting time
paradox) [12]. More aggressive tumours are likely to cause symptoms that would draw atten-
tion to the underlying cancer and may prompt earlier diagnosis, but would also spread rapidly
and result in poorer prognosis [16,21,24]. Slow growing tumours produce non-definitive
symptoms that could lead to longer diagnostic interval [16,21], but would also allow time for
treatment [24]. Given this potential for ‘confounding by indication’, symptom presentation
should be considered in analyses of associations between diagnostic interval and survival.
Using an historical cohort of patients with breast, colorectal, lung and prostate cancer, we as-
sessed associations of diagnostic interval (time from presentation in primary care to diagnosis)
with five-year survival, and stratified these by NICE-qualifying alert and non-alert symptom
presentations [7,8].

Materials and Methods
Data sources

Data for this analysis came from the Clinical Practice Research Datalink (CPRD, formerly Gen-
eral Practice Research Database or GPRD), a large computerized database of anonymised pri-
mary care medical records [26]. It currently includes prospectively gathered administrative,
clinical and prescribing records for about 5 million active patients from over 600 primary prac-
tices throughout the UK, equating to 7% of the population [26]. Individuals registered on the
database are representative of the age, sex and geographical distribution of the UK population.
Data are subject to thorough validation, audit and quality checks [26,27] and there is a high
level of diagnostic validity for cancers [25,28]. The CPRD records were linked to National Can-
cer Data Repository (NCDR) and to the 2007 English Indices of Multiple Deprivation (IMD)
datasets. These linkages were only performed for records from general practices in England
who agreed to such linkages (about 52% of CPRD practices). The NCDR captures data from
the Merged Cancer Registry (containing clinical and tumour characteristics), the inpatient
Hospital Episode Statistics (HES, source of ethnicity data) and the Office of the National
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Statistics (ONS, source of mortality data) [29]. The IMD dataset contains the 2007 IMD score
[30], which was used in the study as an indicator of the level of deprivation (see below). The
linked datasets were provided to the researchers in an anonymised form.The databases cover
different time periods (CPRD: 1996-2009; Merged Cancer Registry: 1996-2009; HES: 1997-
2011; ONS: 1998-2010) and analyses were limited to patients diagnosed in the years covered
by all four datasets (1998-2009).

Study population

From all patients who were registered in the CPRD, patients diagnosed with female breast, co-
lorectal, lung and prostate cancers between January 1, 1998 and December 31, 2009, who were
15 years and older at the time of diagnosis were included in the study. The cohort was defined
as patients registered in the Merged Cancer Registry as having a primary tumour classified as
C50 (breast), C18-C20 (colorectal), C34 (lung) and C61 (prostate) in the International Classifi-
cation of Diseases (ICD 10). Patients diagnosed with secondary cancers, in situ cancers or
diagnosed via death certificates (DCO) or autopsy only were excluded.From a total of 62,178
English cancer patients who were eligible in the CPRD dataset, 45,766 (73%) were linked to the
Merged Cancer Registry, HES and ONS datasets. Of these, 22,051 (48%) presented to a GP
with a cancer symptom one year prior to diagnosis. The distribution of patients who were ex-
cluded from the analysis were mostly similar to patients who were included (data not shown).
Breast cancer patients in the CPRD but not linked to the other datasets had a slightly higher
proportion of patients aged 15-44. Breast and colorectal cancer patients in the cancer registry
records but not found in the CPRD had fewer patients with poorly and undifferentiated
cancers.

Study variables

Diagnostic interval was defined as the time between the date of presentation in primary care
and the date of cancer diagnosis. This interval was categorised a priori as <1 week, 1-2 weeks,
3—4 weeks and >1 month for breast cancer, and <1 month, 1-2 months, 3-6 months and >6
months for colorectal, lung and prostate cancer, based on time intervals that the clinical re-
searchers (MR and RM) considered meaningful to clinical practice. We used different catego-
ries for the time intervals for breast cancer as 75% of patients were seen within 31 days of
symptom presentation compared to 130 days or more for the other cancer sites.A primary care
presentation was defined as the earliest date of consultation with a general practitioner (GP),
occurring up to one year prior to the first cancer diagnosis, where a patient was recorded by the
GP as having either a NICE-qualifying alert or non-alert symptom. A NICE-qualifying alert
symptom was defined as a symptom suggestive of cancer, and requires urgent referral based on
the NICE guidelines [7]. A non-alert symptom was defined as a symptom suggestive of low
risk, but predictive of cancer, and was based on symptoms reported in the published literature
[31]. Symptoms were site-specific and the classifications were agreed by clinical researchers
and epidemiologists (MR, RM and MTR). We have excluded investigations such as PSA testing
and chest x-ray, as these will be preceded by symptoms that would have led to the investigation.
The age criterion was applied for symptoms of colorectal cancer with a qualifying age. For
symptoms with a qualifying duration (for example, persistent or present for a number of
weeks) and description (for example, hard), we assumed that the symptoms fulfilled the criteri-
on. The date of diagnosis was defined as the date of the first event or event of higher priority
appearing in the patients’ medical records (if recorded within three months of the first event)
among the following, in order of priority: histological or cytological confirmation, admission to
the hospital or first consultation at the outpatient clinic because of the malignancy [32]. All
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definitions were in line with the Aarhus checklist for early cancer-diagnosis research [33].Sur-
vival was defined as the number of days between the date of diagnosis and the date of outcome
(death or censoring). Follow-up was censored at 5 years, as is commonly practiced in popula-
tion-based cancer survival studies, or at the end of the study period (December 31, 2009),
whichever came earlier. Other variables included in the analysis were age, sex (for colorectal
and lung cancers), ethnicity, region of residence, level of deprivation, period of cancer plan im-
plementation, stage and tumour subsite (for colorectal cancer), tumour differentiation, mor-
phology, tobacco smoking status (for lung cancer), comorbidity, treatment and number of
consultations prior to symptom presentation. Age at cancer diagnosis was categorized as 15-
44, 45-54, 55-64, 65-74 and 75 years and above. Due to the small numbers in the 15-44 age
group, the first two age groups were combined for prostate cancer. Ethnicity was self-reported,
as recorded in the HES database [34,35], and was categorized as White, Black, Asian, mixed,
and other ethnic group. Geographical region was defined as the patient’s region of residence at
the time of diagnosis.Level of deprivation was based on the IMD. It is calculated for small geo-
graphical areas known as Lower Super Output Areas (LSOAs), each of which is comprised of a
minimum population of 1000 and an average of 1500 [36], based on patients’ area of residence
at the time of diagnosis. It is comprised of a number of social and economic indicators (hous-
ing, employment, income, access to services, education and skills, crime, and living environ-
ment) [30]. Quintiles based on English 2007 IMD scores were computed, with the first quintile
designated as the least deprived. To account for changes in clinical practice brought about by
the Cancer Plan (2000), we controlled for the implementation period of the waiting time tar-
gets. This was defined in the Cancer Plan as prior to implementation (1996-2000), initializa-
tion (breast cancer: 2001-2002; other sites: 2001-2005) and implementation (breast cancer:
2002-2009; other sites: 2006-2009). Staging for colorectal cancer was based on the Dukes’
Classification, as TNM staging was not available in the databases. There was no or very limited
staging information available for the other cancer sites and this variable was not included in
the analysis for those sites. Tumour differentiation was defined as well-, moderately-, poorly-
and un-differentiated. Tumour morphology was based on the International Classification of
Diseases for Oncology (ICD-O-3) and was specific for the cancer site: breast: invasive ductal
carcinoma (8500), invasive lobular carcinoma (8520) and other types [37]; colorectal: adeno-
carcinoma (8140), mucinous adenocarcinoma (8480) and other types [38]; lung: squamous cell
carcinoma (8070, 8052, 8084, 8073, 8083), small cell carcinoma (8041, 8045), adenocarcinoma
(8140, 8255, 8550, 8260, 8250, 8252, 8253, 8254, 8230, 8333, 8480, 8470, 8490, 8310), large cell
carcinoma (8012, 8013, 8123, 8082, 8310, 8014) and other types [39]; prostate: adenocarcinoma
(8140) and other types [40]. Tumour subsite (for colorectal cancer) was colon, rectosigmoid or
rectum.Tobacco smoking status (specific for lung cancer patients) was defined as the last status
recorded prior to cancer diagnosis, classified as non-smoker, current smoker and ex-smoker.
Comorbidity was measured using the CPRD-based Charlson Comorbidity Index [41], derived
for each patient for comorbid conditions occurring in the one year period prior to the date of
cancer diagnosis, and categorised as 0, 1 or 2 or more co-morbid conditions. Treatment was in-
cluded as a proxy variable for stage, and refers to surgery, radiotherapy, chemotherapy and
hormone therapy. Each treatment regimen was treated as an individual variable, coded as no
treatment, received treatment or unknown. The number of consultations prior to presentation
is the total number of consultations within the one year period prior to the date of the first pre-
sentation with a symptom of cancer (either NICE-qualifying alert or non-alert). This number
was used a proxy for propensity to consult with a clinician, to take into account increased likeli-
hood of being diagnosed with each additional consultation, and was categorised as 0, 1-2, 3-5,
6-10 or more than 10.
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Data Analysis

Relative survival (RS) is a measure of survival that accounts for mortality due to causes other
than cancer. It is the ratio of the observed survival of cancer patients to the probability of sur-
vival that would have been expected if patients had the same survival probability as the general
population [42]. Estimates of relative survival were stratified by the nature of the symptoms
(NICE-qualifying alert and non-alert) and were computed using the complete approach
(where all patients diagnosed between 1998 and 2009 were included, regardless of whether they
had full five-year or partial follow-up) [43]. These estimates were expressed as percentages and
were computed using the STRS command in STATA. Survival probabilities were estimated at
intervals of 6 months in the first year, then yearly up to 5 years. We used age-, sex-, region- and
deprivation specific single-year life tables [44] to account for differences in the underlying mor-
tality, and used the Ederer II method [42] to determine expected survival. We also estimated
five-year relative survival, conditional on survival after 1 year to account for the effects of fac-
tors that strongly influence survival in the first year after diagnosis. This is to take into account
the effect of stage, in the absence of a staging variable that could be used for breast, lung and
prostate cancers. This is the cumulative four-year survival (at the fifth anniversary of diagnosis)
for patients who were alive at the end of the first year. To determine the association between di-
agnostic interval and mortality, Excess Hazards Ratios (EHR) at five years were computed
using a generalised linear model with a Poisson error structure [45]. The EHR is the ratio of
mortality rates in the presence of one factor (e.g. White ethnicity) and the mortality rates in the
absence of the same factor, once the reference population mortality is taken into account [45].
EHRs can be interpreted as equivalent to the mortality risk ratio. Univariable and multivariable
models were built, specific for each cancer site, and stratified by the nature of the symptoms.
Multivariable models controlled for the effects of age, sex (for colorectal and lung cancers), eth-
nicity, region of residence, level of deprivation, period of cancer plan implementation, stage
and tumour subsite (for colorectal cancer), tumour differentiation, morphology, tobacco smok-
ing status (for lung cancer), comorbidity, treatment and number of consultations prior to
symptom presentation. We also tested for evidence of an interaction between diagnostic inter-
val and age (with age as a binary variable, dichotomised at 60 years). We used the likelihood
ratio test to determine goodness of fit. We employed multiple imputation using chained equa-
tions (ICE) to account for missing data on tumour differentiation, morphology, Dukes’ stage
(colorectal cancer only), deprivation quintile, surgery, radiotherapy, chemotherapy and hor-
mone therapy (Tables 1 and 2) [46,47]. Imputation models were derived for each missing vari-
able and included: the exposure of interest (diagnostic interval); the incomplete variables; all
other covariables; and outcome (survival time and outcome (dead or censored)). Since data for
tumour differentiation was missing for more than half of the lung and prostate cancer patients,
this variable was not imputed for these cancer sites, and the category of unknown was included
in the analyses. A total of 20 complete datasets were constructed to reduce sampling variability
from the imputation process [48] and the results were combined using Rubin’s Rules [46,47].
The distributions of the imputed variables were similar to the distributions of the measured
variables. All regression analyses were based on the imputed dataset.All statistical analyses
were carried out using STATA v12 software [49].

Ethics approval

This project was approved by the NHS South Central—Berkshire B Research Ethics Board
(11/8C/0387) and by the Faculty of Medicine and Dentistry Committee for Ethics (FCE), Uni-
versity of Bristol (101153). The use of data from the Clinical Practice Research Datalink was
approved by the CPRD-Independent Scientific Advisory Committee (11_148).
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Table 1. Socio-demographic characteristics of patients by cancer site.

Variable Breast Colorectal Lung Prostate
N = 8,639 N =5,912 N = 5,737 N =1,763
Freq. % Freq. % Freq. % Freq. %
Age group (at diagnosis)
15-44 1,537 17.8 151 2.6 83 1.4 2 0.1
45-54 1,978 22.9 502 8.5 381 6.6 53 3.0
55-64 1,556 18.0 1,222 20.7 1,285 22.4 338 19.2
65-74 1,461 16.9 1,818 30.8 1,976 34.4 668 37.9
75 and above 2,107 24.4 2,219 37.5 2,012 35.1 702 39.8
Sex
Male 0 0.0 3,219 54.4 3,382 59.0 2,807 100.0
Female 8,639 100.0 2,693 45.6 2,355 41.0 0 0.0
Ethnicity
White 6,636 76.8 4,736 80.1 4,323 75.4 1,347 76.4
Black 74 0.9 36 0.6 12 0.2 25 1.4
Asian 91 1.1 34 0.6 20 0.3 11 0.6
Mixed 14 0.2 6 0.1 1 0.0 2 0.1
Other 92 1.1 26 0.4 37 0.6 11 0.6
Unknown 1,732 20.0 1,074 18.2 1,344 23.4 367 20.8
Region
London 929 10.8 565 9.6 558 9.7 184 10.4
North East 157 1.8 128 2.2 188 3.3 26 1.5
North West 1,424 16.5 1,007 17.0 1,247 21.7 278 15.8
Yorkshire and the Humber 466 5.4 284 4.8 331 5.8 90 5.1
East Midlands 339 3.9 284 4.8 247 4.3 62 BI5
West Midlands 1,174 13.6 797 13.5 728 12.7 212 12.0
East of England 1,127 13.0 773 13.1 696 121 243 13.8
South East 2,032 235 1,314 222 1,075 18.7 430 24.4
South West 991 11.5 760 12.9 667 11.6 238 13.5
Level of Deprivation
1—least deprived 2,242 26.0 1,391 23.5 904 15.8 500 28.4
2 2,252 26.1 1,550 26.2 1,172 20.4 456 25.9
3 1,666 19.3 1,208 20.4 1,134 19.8 350 19.9
4 1,462 16.9 1,055 17.8 1,271 222 287 16.3
5—most deprived 1,001 11.6 699 11.8 1,237 21.6 168 9.5
Unknown 16 0.2 9 0.2 19 0.3 2 0.1
Period of Cancer Plan Implementation
Prior to implementation 1,348 15.6 847 14.3 927 16.2 217 12.3
Initialization 1,346 15.6 2,511 42.5 2,411 42.0 735 41.7
Implementation 5,945 68.8 2,554 43.2 2,399 41.8 811 46.0

doi:10.1371/journal.pone.0126608.t001

Results

The final sample was comprised of 8,639 female breast, 5,912 colorectal, 5,737 lung and 1,763
prostate cancer patients. The distributions of the cases by the different socio-demographic, tu-
mour and clinical characteristics are presented in Tables 1-2 and S1 Table. The majority
(94.3%) of breast cancer patients presented with alert symptoms in the year prior to diagnosis,
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Table 2. Tumour and clinical characteristics of patients by cancer site.

Variable

Symptoms at first presentation
Alert
Non-alert
Tumour differentiation
Well differentiated
moderately differentiated
poorly- or undifferentiated
unknown
Comorbidity
0
1
2 or more
Surgery
no
yes
unknown
Radiotherapy
no
yes
unknown
Chemotherapy
no
yes
unknown
Hormone therapy
no
yes
unknown
Number of consultations
0
1-2
3-5
6-10
>10
median (IQR)

doi:10.1371/journal.pone.0126608.t002

Freq.

8,150
489

1,090
3,418
3,018
1,113

7,818
600
221

1,086
7,288
265

4,843
2,849
947

4,708
2,790
1,141

4,535
3,094
1,010

424

2,083
2,487
2,161
1,484

Breast

5 (2-8)

%

94.3
5.7

12.6
39.6
34.9
12.9

90.5
6.9
2.6

12.6
84.4
3.1

56.1
33.0
11.0

54.5
32.3
13.2

52.5
35.8
11.7

4.9
241
28.8
25.0
17.2

Colorectal

Freq.

2,178
3,734

284
3,643
837
1,148

5,053
616
243

1,096
4,552
264

4,084
895
933

3,280
1,891
741

4,793
15
1,104

361

1,321
1,565
1,598
1,067

5 (2-9)

%

36.8
63.2

4.8
61.6
14.2
19.4

85.5
10.4
4.1

18.5
77.0
4.5

69.1
151
15.8

5515
32.0
125

81.1
0.3
18.7

6.1
22.3
26.5
27.0
18.0

Freq.

533
5,204

109
520
1,269
3,839

4,467
974
296

3,610
1,343
784

3,128
2,028
581

3,466
1,658
613

4,769
62
906

223

1,098
1,498
1,586
1,332

Lung

6 (3-10)

%

9.3
90.7

1.9
9.1
221
66.9

77.9
17.0
5.2

62.9
234
13.7

54.5
35.3
10.1

60.4
28.9
10.7

83.1
1.1
15.8

3.9
19.1
26.1
27.6
23.2

Freq.

357
1,406

73
304
241
1,145

1,473
206
84

923
635
205

1,241
275
247

1,435
44
284

923
646
194

95

326
479
510
353

Prostate

5 (3-9)

%

20.2
79.8

4.1
17.2
13.7
64.9

83.6
11.7
4.8

52.4
36.0
11.6

70.4
15.6
14.0

81.4
25
16.1

52.4
36.6
11.0

5.4
18.5
27.2
28.9
20.0

in contrast to 36.8% of colorectal, 9.3% of lung and 20.2% of prostate cancer patients (Table 2;

S2-S5 Tables). Women with breast cancer had the shortest diagnostic intervals (median: 14

days; Interquartile range, IQR: 9-31; Table 3), while patients with lung cancer had the longest
(median: 88; IQR: 34-210; Table 3). In all four cancer sites, patients who first presented with

non-alert symptoms had longer diagnostic intervals than patients who first presented with

alert symptoms (Table 3). Amongst breast cancer patients, 92.5% presented with a breast
lump, an alert symptom, with a median diagnostic interval of 14 days (IQR: 9-28; S2 Table).
The two most common presenting symptoms for colorectal cancer were abdominal pain
(28.0%; median: 84; IQR: 33-175; S3 Table), a non-alert symptom, and rectal bleeding (20.7%;
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Table 3. Characteristics of patients by diagnostic interval', symptom category and cancer site.

Cancer site / Diagnostic interval All Patients Alert symptoms Non-alert symptoms
Freq. % Freq. % Freq. %
Breast
< 1 week 1,550 17.9 1,516 18.6 34 7.0
1-2 weeks 3,013 34.9 2,957 36.3 56 11.5
3-4 weeks 1,862 21.6 1,783 21.9 79 16.2
> 1 month 2,214 25.6 1,894 23.2 320 65.4
Median® (IQR?) 14 (9-31) 14 (9-29) 55 (21-175)
Colorectal
<1 month 1,661 28.1 796 36.5 865 23.2
1-2 months 1,156 19.6 510 23.4 646 17.3
3-6 months 1,904 32.2 650 29.8 1,254 33.6
>6 months 1,191 20.1 222 10.2 969 26.0
Median? (IQR?) 67 (27-147) 45 (20-95) 84 (34-186)
Lung
<1 month 1,304 22.7 236 44.3 1,068 20.5
1-2 months 1,020 17.8 121 227 899 17.3
3-6 months 1,707 29.8 122 229 1,585 30.5
>6 months 1,706 29.7 54 10.1 1,652 31.7
Median® (IQR?) 88 (34—210) 35 (17-78) 99 (38—222)
Prostate
<1 month 374 21.2 113 31.7 261 18.6
1-2 months 427 24.2 101 28.3 326 23.2
3-6 months 649 36.8 101 28.3 548 39.0
>6 months 313 17.8 42 11.8 271 19.3
Median? (IQR?) 71 (35—145) 48 (24-111) 76 (37-151)

time between first symptom presentation in primary care and diagnosis

2number of days

3IQR: Interquartile range

doi:10.1371/journal.pone.0126608.t003

median: 47.5; IQR: 21-104), a NICE-qualifying symptom. For lung cancer, the most common
presentations were for non-alert symptoms: cough (40.9%; median: 114; IQR: 44-241) and dys-
pnoea (18.5%; median: 71; IQR: 26-196; S4 Table). Nocturia, a non-alert symptom, was the
most common presenting symptom for prostate cancer, reported by 37.2% of men (median:
71.5: IQR: 36-144; S5 Table).

Relative survival

Five-year relative survival (RS) was highest for breast cancer, at 80.5% (95% Confidence Inter-
val, 95% CI: 79.2-81.7%) and lowest for lung cancer with 7.9% (95% CI: 7.1-8.8%; Table 4).
The five-year relative survival for colorectal and prostate cancers was 47.8% (95% CI: 46.0-
49.5%) and 71.5% (95% CI: 67.8-75%), respectively. Stratified by the NICE-qualifying alert
and non-alert symptoms, five-year relative survival for breast cancer was slightly higher in
women who first presented with non-alert symptoms compared to those who presented with
alert symptoms (RS non-alert: 85.8%; 95%CI: 81.0-89.8% vs. RS alert: 80.1; 95% CI: 78.9-
81.4%). In contrast, the survival of patients with colorectal, lung and prostate cancer was

PLOS ONE | DOI:10.1371/journal.pone.0126608 May 1, 2015 8/17



@’PLOS | ONE

The Association of Diagnostic Intervals with Cancer Survival

Table 4. Relative survival of cancer patients by site, diagnostic interval’ and symptom category”.

Cancer site / Diagnostic All Patients Alert Symptoms Non-alert Symptoms
1
Interval 5-year Relative 95% 5-year Relative 95% 5-year Relative 95%
survival Confidence  survival Confidence  survival Confidence
Interval Interval Interval
Breast
Overall 80.5 79.2 - 81.7 80.1 789 - 814 8538 81.0 - 8938
< 1 week 78.4 751 - 815 782 748 - 813 882 64.3 - 100.0
1-2 weeks 75.8 733 - 781 758 733 - 781 749 559 - 884
3-4 weeks 84.0 815 - 864 843 81.8 - 86.7 76.2 602 - 877
> 1 month 84.2 82.0 - 86.2 834 81.0 - 85.6 894 84.0 - 936
Colorectal
Overall 47.8 46.0 - 49.5 57.0 541 - 59.8 423 40.2 - 444
<1 month 44.0 40.7 - 472 516 46.7 - 56.3 36.9 327 - 412
1-2 months 49.7 457 - 536 61.0 548 - 67.0 41.0 359 - 46.0
3-6 months 51.7 48.7 - 546 63.1 579 - 68.0 45.6 420 - 492
>6 months 44.6 40.7 - 485 482 394 - 56.9 438 394 - 481
Lung
Overall 7.9 71 - 88 12.0 94 - 151 7.4 6.6 - 8.3
<1 month 7.2 57 - 88 94 62 - 135 6.5 50 - 8.4
1-2 months 6.9 52 - 88 132 80 - 201 57 41 - 7.7
3-6 months 9.1 75 - 108 17.7 109 - 26.0 83 68 - 1041
>6 months 7.9 65 - 96 98 34 - 207 79 64 - 9.6
Prostate
Overall 71.5 67.8 - 75.0 76.2 67.8 - 83.6 704 66.3 - 744
<1 month 54.2 457 - 626 67.0 496 - 819 493 396 - 59.0
1-2 months 70.6 62.7 - 780 772 61.0 - 90.0 68.7 595 - 772
3-6 months 73.4 67.4 - 79.0 80.0 646 - 921 722 657 - 784
>6 months 85.9 779 - 928 824 584 - 98.6 86.4 778 - 940

time between first symptom presentation in primary care and diagnosis
2symptoms were categorized as alert or non-alert based on the NICE guidelines

doi:10.1371/journal.pone.0126608.1004

greater in those who presented with NICE-qualifying alert, compared with non-alert, symp-
toms. Colorectal cancer patients who presented with NICE-qualifying symptoms had a 14.7
percentage points (95% CI: 13.9-15.4) higher five-year relative survival than patients who pre-
sented with non-alert symptoms (RS alert: 57.0%; 95% CI: 54.1-59.8% vs RS non-alert: 42.3%;
95% CI: 40.2-44.4%). The five-year survival of lung cancer patients who presented with alert
symptoms was 4.6 percentage points (95% CI 2.0-7.2) higher compared to patients who pre-
sented with non-alert symptoms (RS alert: 12.0%; 95% CI: 9.4-15.1% vs RS non-alert: 7.4%;
95% CI: 6.6-8.3%). Prostate cancer men who presented with alert symptoms had a 5.8 percent-
age points (95% CI: 1.5-9.2) higher five-year relative survival compared to men who presented
with non-alert symptoms (RS alert: 76.2%; 95% CI: 67.8-83.6% vs RS non-alert: 70.4%; 95%
CI: 66.3-74.4%). The five-year relative survival estimates conditional on surviving the first year
were all higher than the five-year relative survival estimates and followed the patterns of the
relative survival estimates by symptom category (Table 5).
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Table 5. Conditional relative survival of cancer patients by site, diagnostic interval’ and symptom category’.

Cancer site / All Patients Alert symptoms Non-alert symptoms
Diagnostic
intervals? 5-year Conditional 95% 5-year Conditional 95% 5-year Conditional 95%
Relative survival Confidence Relative survival Confidence Relative survival Confidence
Interval Interval Interval
Breast
Overall 84.5 83.3 - 85.6 84.2 83.0 - 854 885 840 - 921
< 1 week 83.0 799 - 858 828 79.7 - 857 93.6 70.0 - 102.6
1-2 weeks 80.8 786 - 83.0 80.9 786 - 83.1 785 60.2 - 90.7
3-4 weeks 87.4 85.0 - 895 877 853 - 898 7938 646 - 90.2
> 1 month 87.0 85.0 - 88.9 86.3 840 - 883 917 866 - 953
Colorectal
Overall 67.1 649 - 69.2 71.2 679 - 744 64.0 61.2 - 66.9
<1 month 63.5 59.2 - 67.6 66.7 608 - 721 59.6 533 - 657
1-2 months 69.8 647 - 746 753 68.0 - 817 645 573 - 713
3-6 months 69.6 66.0 - 73.0 757 700 - 809 656 609 - 70.1
>6 months 64.7 59.5 - 69.7 63.2 522 - 73.1 652 592 - 708
Lung
Overall 27.2 246 - 29.8 31.2 247 - 381 264 236 - 293
<1 month 27.3 222 - 328 274 182 - 375 272 21.0 - 338
1-2 months 25.2 193 - 315 340 208 - 483 227 16.3 - 299
3-6 months 27.8 233 - 326 384 239 - 535 265 218 - 315
>6 months 274 225 - 325 249 81 - 473 276 226 - 33.0
Prostate
Overall 78.2 743 - 81.8 81.7 728 - 891 773 729 - 814
<1 month 64.4 54.4 - 737 734 539 - 886 60.6 48.7 - 717
1-2 months 75.7 672 - 83.1 819 644 - 944 738 640 - 825
3-6 months 79.4 731 - 85.0 86.0 69.4 - 976 78.1 712 - 844
>6 months 91.8 83.6 - 983 86.2 60.3 - 1014 927 838 - 997

time between first symptom presentation in primary care and diagnosis
2symptoms were categorized as alert or non-alert based on the NICE guidelines

doi:10.1371/journal.pone.0126608.t005

Excess mortality modelling

We found no evidence of an association between diagnostic interval and mortality for breast,
colorectal and lung cancer (Table 6). There was some evidence that longer diagnostic intervals
were associated with lower mortality amongst men with prostate cancer. There was also no
evidence of an interaction between age and diagnostic interval on survival (p-values for interac-
tion: breast = 0.35; colorectal = 0.31; lung = 0.13; prostate = 0.34).Associations between
diagnostic interval and mortality for each cancer site varied in direction when stratified by clas-
sification of presenting symptom. We found no evidence of higher excess mortality with longer
diagnostic intervals among women with breast cancer presenting with NICE-qualifying alert
symptoms (p-values with diagnostic interval of <1 week as reference: 1-2 weeks = 0.850; 3—4
weeks = 0.055; >1 month = 0.346). There was some evidence that both shorter and longer diag-
nostic intervals were associated with decreased mortality for women who presented with non-
alert symptoms, but multivariable analysis could not be done, as the models did not converge,
due to the small number of deaths recorded in this group (n = 71). Among colorectal cancer
patients presenting with NICE-qualifying alert symptoms, we observed higher mortality for
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both shorter and longer diagnostic intervals, but all results were imprecisely estimated (have
wide confidence intervals; p-values with diagnostic interval of <1 month as reference: 1-2
months = 0.216; 3-6 months = 0.053; >6 months = 0.961). There was inconclusive evidence
that a shorter diagnostic interval was associated with increased mortality among colorectal pa-
tients who presented with non-alert symptoms (p-values with diagnostic interval of <1 month
as reference: 1-2 months = 0.493; 3—-6 months = 0.349; >6 months = 0.049).There was little
variation in the diagnostic interval—mortality associations among lung cancer patients who
presented with NICE-qualifying symptoms (p-values with diagnostic interval of <1 month as
reference: 1-2 months = 0.919; 3-6 months = 0.069; >6 months = 0.872). Among patients
presenting with non-alert symptoms, there was some evidence that mortality was lower
among patients who had diagnostic intervals of 3 months or more compared with those with
shorter diagnostic intervals of less than 1 month (EHR 3-6 months vs <1 month: 0.81; 95%
CI: 0.74-0.88; p-value = 0.001); EHR >6 months vs <1 month: 0.83; 95% CI: 0.76-0.90; p-
value<0.001).Due to the high survival of patients with long diagnostic intervals among men
with prostate cancer who presented with alert symptoms, excess hazards modelling could not
be done (models did not converge). For men who presented with non-alert symptoms, there
was evidence of decreasing mortality with longer diagnostic intervals (p-values with diagnostic
interval of <1 month as reference: 1-2 months = 0.006; 3-6 months = 0.010; >6 months
<0.001).Multivariate analysis for other variables is presented in S6 Table.

Discussion
Summary

Colorectal, lung and prostate cancer patients with NICE-qualifying alert symptoms had lower
mortality compared to patients with non-alert symptoms, but findings were opposite for breast
cancer. For colorectal and lung cancers, longer diagnostic intervals were associated with lower
mortality for patients with non-alert symptoms. The risk of excess mortality in men with pros-
tate cancer decreased with longer diagnostic intervals, regardless of symptom classification.

Strengths and limitations

Our study is one of the few that have looked at the associations of diagnostic intervals with can-
cer survival, and even fewer studies have stratified by NICE-qualifying alert and non-alert
symptom. We used secondary data from the CPRD, cancer registries, HES and ONS in En-
gland, which are databases known to be of high quality [25,50]. However, our study is not with-
out limitations. We did not have pertinent information on all factors that could affect survival.
Data on stage was only available for colorectal cancers and we had limited information on tu-
mour differentiation for lung and prostate cancers. Nevertheless, we adjusted for treatment
received (surgery, radiotherapy, chemotherapy and hormone therapy), which is a proxy indica-
tor of disease severity, and we computed conditional relative survival estimates, to take into ac-
count factors influencing survival in the first year after diagnosis.Our study only included
patients who consulted with a GP, representing those who are directly affected by the rapid di-
agnostic pathways specified in the cancer waiting time guidelines. The exclusion of patients di-
agnosed through emergency routes could have caused an underestimate of any observed
association between short diagnostic intervals and increased mortality. Our findings would
therefore only be strengthened by the inclusion of emergency presentations that bypassed the
GP. Positive associations of diagnostic interval with mortality have been reported by other
studies [15,17,19-22,51] and exclusion of emergency presentations alone was not sufficient to
explain the results. The exclusion of patients diagnosed via screening could have resulted in an
overestimate of the observed associations, since these patients tend to have short diagnostic
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intervals but better survival. However, their inclusion would have only affected breast and
prostate cancer patients. It would also have resulted in a lead time bias that could have overesti-
mated the excess hazards ratios, particularly for prostate cancer.Our estimates of diagnostic in-
tervals were based on the date of the earliest recorded symptom within a period of one year
prior to diagnosis. This symptom record could reflect the consultation when the GP thought
the symptom might be related to cancer or the date when the patient was referred to secondary
care for further investigation. There could be an underestimate of diagnostic interval, if the GP
did not refer the patient on initial presentation or if they did not record the symptom until
after making the decision to refer. The reported low proportion of GP consultation notes that
were coded electronically [52] could have also influenced the measured diagnostic interval.
Any underestimate would be more apparent for patients presenting with non-alert symptoms,
which could be attributed to other diseases. Nevertheless, we believe this bias is non-differential
with respect to survival and would underestimate observed associations.

Comparison with previous studies

Our estimates of diagnostic intervals were shorter than previously reported using the CPRD
[53]. The main difference lies in the classification of the symptoms as NICE-qualifying alert
and non-alert. Some symptoms, classified as alert by Neal et al (diarrhoea for colorectal cancer;
chest pain and cough for lung cancer), have been classified as non-alert in our study. We have
also excluded some symptoms such as anaemia, anorexia, fatigue and weight loss for breast
cancer from our list, as these were deemed too unspecific for the cancer site. We relied heavily
on the referral guidelines and previous study definitions [31], and we felt that our classifica-
tions reflected the GP decision making process for referral. The findings that colorectal and
lung cancer patients who presented with alert symptoms have better survival than those with
non-alert symptoms were similar to a previous study using CPRD [16]. The disparities could
be explained by the longer diagnostic interval for patients presenting with non-alert symptoms.
Patients presenting with NICE-qualifying alert symptoms should have been referred to the
rapid pathway, which would limit the time from referral to hospital appointment to two-weeks
[7]. However, the same two-week pathway may increase the diagnostic interval for patients
with non-alert symptoms [54], as indicated by the doubling of the diagnostic intervals for non-
alert symptoms in our study.The associations between diagnostic interval and survival were
masked when analyses combined all patients by cancer site, and did not stratify by symptom.
In recent UK studies, no associations between longer diagnostic interval and higher mortality
were found for lung and colorectal cancers, where all patients were combined in the analysis
per cancer site [16,55]. For colorectal cancer, one study showed high mortality for patients
with short and long diagnostic intervals in the unadjusted regression analysis but the associa-
tion was attenuated once tumour biology was taken into account [55]. We, however, found
that the associations between diagnostic interval and survival differ by site and symptom classi-
fication, even after tumour biology was taken into account.In a previous study in Denmark, the
highest mortality rates were observed for those with both the shortest and longest diagnostic
intervals among patients who presented with symptoms suggestive of cancer [21], conversely,
for patients presenting with vague symptoms, the lowest mortality rates were seen among
those with the shortest and longest diagnostic intervals [21]. While our study showed similar
associations for colorectal and lung cancer patients with alert symptoms, our results only show
lower mortality with longer diagnostic intervals for non-alert symptoms [21]. Our dataset en-
abled us to adjust for confounding variables such as tumour differentiation, and to some extent,
stage, which were not taken into account in the previous study.Some of our findings appear to
run counter to expected associations: high mortality among patients with short diagnostic
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intervals and low mortality for patients with long diagnostic intervals. These associations re-
mained even after adjustments for tumour biology, and could be attributed to confounding by
indication. Confounding by indication is an extraneous determinant of the outcome parameter
that is present if a perceived high risk or poor prognosis becomes an indication for intervention
[56]. In our study, the type of presenting symptoms (alert or non-alert) could have triggered
differences in care. Patients presenting with severe manifestations of cancer could be expedited
through the system [57], with the result that these patients have shorter diagnostic interval yet
show higher mortality [16,19-22,51]. More research is needed to elucidate how the role of
health care affects diagnostic intervals and survival. The higher mortality observed for colorec-
tal cancer patients with shorter and longer diagnostic intervals is in agreement with existing lit-
erature [12,21,22] and reinforces the rationale for rapid diagnostic pathways. Patients with
poorer prognosis could have shorter diagnostic intervals because they were expedited through
the pathway. Patients with longer diagnostic intervals could have suffered from delays that
might have resulted in disease progression [11] which could have led to an adverse effect on
survival [11,21]. Longer diagnostic intervals could have been a result of patient delays, in-
creased burden to secondary care, or longer diagnostic work up [13,58,59].There is a possibility
that time from diagnosis to treatment might have contributed to excess mortality, with longer
waiting times for treatment worsening disease prognosis. Current evidence regarding this is in-
conclusive [23,60], with some studies on breast, lung and colorectal cancers showing no associ-
ation or some evidence of the waiting time paradox [23,60]. Based on the literature we believe
that any residual confounding would have been minimal and will not alter the results of our
study.

Implications for practice

Despite our finding, clinicians should be mindful that whatever the association between pre-
senting symptoms and mortality, perceived delayed diagnoses can have negative effects for
both the psychological health of the patient and on the patient-doctor relationship. GPs should
continue to refer patients with alert symptoms via the cancer pathways, and at least actively fol-
low-up patients with non-alert symptoms in the community. Nevertheless, our study provides
some reassurance for patients and clinicians alike that a reasonable diagnostic interval should
not worsen prognosis and decrease survival.

Conclusions

The disparate effects of diagnostic intervals on the excess mortality of patients with alert and
non-alert symptoms highlight the importance of the nature of the symptoms and type of can-
cer. The findings in this and other studies suggest that alert symptoms may prompt earlier di-
agnosis, not only by drawing attention to the underlying cancer, but also by prompting
immediate action from clinicians. However, the UK’s two-week pathway may increase the di-
agnostic interval for patients with non-alert symptoms.

Supporting Information

S1 Table. Distribution of cancer patients by site specific characteristics (tumour morpholo-
gy, subsite, staging and smoking status).
(DOCX)

$2 Table. Presenting symptoms of breast cancer patients and diagnostic interval.
(DOCX)
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