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ABSTRACT
Background Non-small cell lung cancer (NSCLC)
comprises approximately 85% of all lung cancer cases,
and surgery is the preferred treatment for patients. The
National Health Service established Primary Care Trusts
(PCTs) in 2002 to manage local health needs. We
investigate whether PCTs with a lower uptake of surgical
treatment are those with above-average mortality 1 year
after diagnosis. The applied methods can be used to
monitor the performance of any administrative bodies
responsible for the management of patients with cancer.
Methods All adults diagnosed with NSCLC lung cancer
during 1998–2006 in England were identiﬁed. We ﬁtted
mixed effect logistic models to predict surgical treatment
within 6 months after diagnosis, and mortality within
1 year of diagnosis.
Results Around 10% of the NCSLC patients received
curative surgery. Older deprived patients and those who
did not receive surgery had much higher odds of death
1 year after being diagnosed with cancer. In total, 69%
of the PCTs were below the lower control limit of
surgery and have predicted random intercepts above the
mean value of zero of the random effect for mortality,
whereas 40% were above the upper control limit of
mortality within 1 year.
Conclusions Our main results suggest the presence of
clear geographical variation in the use of surgical
treatment of NSCLC and mortality. Mixed-effects models
combined with the funnel plot approach were useful for
assessing the performance of PCTs that were above
average in mortality and below average in surgery.
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Lung cancer is the most common cancer diagnosed
in the world and is responsible for a quarter of
male cancer deaths and one-ﬁfth of female cancer
deaths. A total of 1.8 million cases were diagnosed
in 2012, accounting for around 13% of all new
cancer cases.1 In 2011 in the UK, lung cancer was
the second most common cancer in men (23 770
new cases) and women (19 693 new cases),
accounting for 14% of all cancer cases in men and
11% in women.2 There has been a steady decline
in the number of incidence cases in men and a
modest increase in the number of cases in women
in the past 30 years in the UK and many other
countries worldwide.
Lung cancer is divided into two main groups:
small cell lung cancer (SCLC) and non-small cell
lung cancer (NSCLC). The latter comprises
approximately 85% of all lung cancer cases. The
most common types of NSCLCs are adenocarcinoma, squamous cell carcinoma and large cell carcinoma. Surgery is the preferred treatment for
patients with early-stage NSCLC providing the

greatest chance of long-term survival in such
patients. The overall proportion of all patients with
lung cancer undergoing surgical resection in
England between 2004 and 2006 was less than
10%, with older patients having the lowest likelihood of resection,3 though the number of resections has been increasing in recent years.4 A UK
hospital recently reported a resection rate of 25%,
which is comparable with the European standard,5
and the annual report of the English National Lung
Cancer Audit (NLCA) reporting data on patients
ﬁrst diagnosed in 2012 (National Lung Cancer
Audit 2013) reported a resection rate of 22% in
patients with biopsy-conﬁrmed NSCLC. However,
in that report, the NLCA also demonstrated that
even in patients with stages I and II NSCLCs, the
resection rate varied by region (Cancer Networks)
from 32% to 65%. Surgical treatment in patients
with NSCLC decreases considerably with the age
of the patient at diagnosis,4 6 while outcomes of
treatment of patients diagnosed at an older age are
very similar to those of younger patients.7
Survival from lung cancer has remained poor in
England, and although there have been recent
improvements in 1-year survival rates,8 9 there has
only been very slight improvement in 5-year survival in the past decade;10 5-year survival was
found to be among the lowest of six worldwide
countries with comparable wealth.11 Persistent geographic inequalities in cancer survival are also seen
within the UK, with a clear north-south gradient
when survival between Primary Care Trusts (PCTs)
was compared over time12 13 and for cancer
networks.14 15
The National Health Service (NHS) Cancer
Plan16 set out a national programme, the aim of
which was to improve cancer outcomes by improving early diagnosis, screening and access to treatment for all patients with cancer. Extra funding
was released, with the actual expenditure on cancer
reaching £636 million in 2003–2004. The NHS
established PCTs in 2002 to manage local health
needs, subject to national standards and guidance.
In April 2013, the 151 PCTs that were responsible
for the management of 80% of the NHS budget
were replaced with clinical commissioning groups
(CCGs) numbering 211 at the time of writing. The
health-related outcome of patients living in the
same geographical area which falls under the management of the same PCT may be more similar to
each other than those of patients from different
areas. They are more likely to share similar social
and lifestyle characteristics and healthcare facilities.
There was also concern at that time that not all of
the funding allocated by the NHS for cancer was in
fact spent on cancer services, and therefore in 2004
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PCTs were asked to report the proportion of their budget spent
on major diseases such as cancer. The King’s Fund released a
report in 2006 showing signiﬁcant variation in budgets for
cancer reported by PCTs.17
Socioeconomic disparities have been shown in lung cancer survival for both sexes, with lower survival among deprived
groups.18–20 A study of the survival of patients with lung cancer
in Scotland found that although deprived patients had the same
chance of receiving curative treatment, they were less likely to
survive 3 years after diagnosis than afﬂuent patients.21
Inequalities were also observed in access to treatment and survival in 26 health authorities in South East England.22 Higher
overall treatment rates in the Yorkshire region of England have
been shown to be associated with better survival rates.23
The main aim of this study is to investigate whether PCTs with
a lower uptake of surgical treatment are those with above-average
mortality 1 year after diagnosis, and to assess the impact of
known factors inﬂuencing these two outcomes, such as age at
diagnosis, socioeconomic deprivation, sex and PCT spending on
lung cancer. With continuous change in the size and geographical
boundaries of administrative bodies responsible for the management, planning and funding of healthcare in England, we believe
that the methods described here can be used to monitor and
compare the performance and outcomes of all administrative
bodies, irrespective of their size and number.

METHODS
Data
All adults within the age range 15–99 years diagnosed with a ﬁrst
primary, invasive lung cancer (ICD 10 C33-C34) in 1998–2006
and registered in one of the eight regional English cancer registries
were identiﬁed. The Ofﬁce for National Statistics provides information on each patient’s vital status (alive, dead, emigrated or lost
to follow-up) and their postcode of residence at diagnosis, from
which patients were assigned to one of ﬁve deprivation categories
(from 1 most afﬂuent to 5 most deprived) using their postcode of
residence at diagnosis. Only ecological measures of deprivation
derived from the socioeconomic characteristics of the Lower
Super-Output Area (LSOA) in which each patient was resident at
the time of diagnosis, but not individual-level information, were
available. Deprivation categories were deﬁned from the income
domain score of the IMD (2004)24 using administrative data for
the 34 378 LSOAs in England.
Each cancer record was linked to an extract of the Hospital
Episode Statistics (HES)25 database from 1998 to 2006 using
NHS number, sex, date of birth and postcode at time of diagnosis. Cancer registry data were available for patients diagnosed
up to the end of 2009 and followed up to the end of 2010.
Data for HES episodes were only available up to the end of
2006, and therefore it was decided to restrict the analysis to the
patients diagnosed in 1998–2006. The ﬁrst curative surgical
procedure was identiﬁed from each linked patient record and
was considered for analysis if it included OPCS-4 episode procedure codes (Ofﬁce of Population Census and Surveys
Classiﬁcation of Surgical Operations and Procedures-4) of excision of lesion of trachea (E391, E398, E399), excision of carina
(E441), resection of bronchus and anastomosis (E461), total
pneumonectomy (E541), bilobectomy (E542), lobectomy
(E543), excision of lung segment (E544), partial lobectomy
(E545), excision of lung (E548) E549), excision of lung
unspeciﬁed (E549), excision of lesion of lung (E552, 559), excision of lesion of chest wall (ET013) and insertion of prosthesis
into chest wall NEC (ET023). If the patient received two of the
986

listed curative operations in different episodes, the ﬁrst operation was considered.
Cancer registry data include the date of diagnosis for each
patient. The linkage of cancer records to HES allows the extract
of all treatments that patients were recorded to have received
between 1998 and 2006. It is possible that the treatment information in the HES extract is for a primary tumour prior to the
one under study. For example, if a patient had a primary tumour
in 1997 and a second primary in 2005, it is possible that the
linkage process would result in analysing the treatment for the
cancer in 1997 similar to that of the treatment for the cancer in
2005. To avoid this, only patients who underwent a surgical procedure between 1 month before and 6 months after cancer diagnosis were considered as treated by surgery.
Information on PCTs’ spending on cancer was extracted from
the 2008–2009 Cancer Networks Workbook 1.1. This enables
PCTs to compare spending on cancer within their geographic
areas with that of other PCTs. Information on spending on lung
cancer was collated from the NHS National Programme Budget
Project (NPBP). This project aims to identify expenditure on 23
programmes of care including infectious diseases, cancer and
mental health problems. Data on PCT spending by cancer site
were available only for the years 2006/2007, 2007/2008 and
2008/2009, and show that spending on cancer varied for a
number of PCTs from year to year.26 There is some indication
that PCTs with low spending in 1 year tend to have increased
spending in the following year.

Statistical analysis
We ﬁtted mixed effect logistic models to predict surgical treatment within 6 months after diagnosis (model 1) and mortality
within 1 year of diagnosis (model 2). Multilevel models are
designed for data grouped in clusters or hierarchies, with a single
dependent variable at the lowest level and explanatory variables
at each level of the hierarchy. With these models, we can evaluate
how much of the variability of the dependent variable is attributed to the patients and how much is attributed to PCTs.
To better understand hierarchical models, let us assume that a
total of n patients (level 1) are nested within J PCTs (level 2),
with ni patients in PCTj. By yij, we denote the response of
patient i in PCTj, where the response is either death or surgery
(referred to respectively as models 1 and 2) (within the deﬁned
period). Assuming
Binomialð1; pij Þ
 yij  
pij
Logit(pij ) ¼ log
1  pij
¼ b0 þ b1 x1ij þ b2 x2ij þ    þ bp xpij þ uj þ 1ij

ð1Þ

ð2Þ

with
1ij jx1ij ; x2ij ; . . . ; xpij ; uj  N(0; s21 Þ; uj jx1ij ; x2ij ; . . . ; xpij 
N(0; s2u Þ; uj independent across PCTs and εij are independent
across both PCTs and patients, and xkij representing the value of
explanatory variable Xk for patient i in PCT j.27
The relationships between each of the two outcomes (on the
log-odds scale) and two of the explanatory variables, age at diagnosis and year of diagnosis, are expected to be non-linear. For
this reason, their effect is modelled using cubic splines, a set of
piecewise polynomials of order 3 that are joined together to
deﬁne a smooth curve.28 29 The additional predictors in both
models were sex and deprivation index. In these random intercept models, variations across PCTs are captured by the random
component uj, which represents a PCT’s departure from the
mean log odds of PCTs.
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To understand the impact of surgery on mortality within
1 year, model 2 was extended to include curative surgery within
the window of 1 month before and up to 6 months after diagnosis (model 3).
We then examined whether the average amount spent on lung
cancer could additionally explain the variation across PCTs. The
average spending in pounds per 1000 patients for the three available years (2006/2007, 2007/2008 and 2008/2009) was included
in model 2 as a proxy for spending during the full follow-up
period (model 4). This average was grouped in four categories
(<£3500, £3500–£4499, £4500–£5499, >£5000 thousand).
The predicted PCT-speciﬁc random intercepts derived from
ﬁtting the four mixed-effects models were used to visually identify
PCTs with below-average curative surgery rates and those with
above-average mortality from NSCLC, having accounted for the
model-speciﬁc predictors using caterpillar plots. However, this
approach does not adequately account for the variability of the estimates within each PCT. An alternative is to use funnel plots which
have been advised for institutional comparisons of performance.30
Funnel plots have been widely used in meta-analysis to detect publication bias. They also became more popular recently in visualising
performance indicators such as risk rates and relative survival estimates.30–32 Estimates are plotted with three superimposed lines, a
‘target’, or reference, quantity and upper and lower ‘control limits’,
beyond which the estimate is considered an ‘outlier’. The control
limits are calculated from a function of the statistical precision of
the estimates. This gives the control limits the shape of the funnel
with the wider part reﬂecting increased variability from less precise
estimates. Funnel plots were therefore used to visually inspect the
predicted PCT-speciﬁc random intercepts derived from each of the

Table 1

four mixed effect regression models, against their associated precision, given by the inverse of their variance. The target line was set
at zero, because the expected value of the random intercept is zero
(uj  Nð0; s2u Þ), while the upper and lower limits were two
SDs above and below this target line.

RESULTS
Descriptive
A total of 228 247 patients were diagnosed with NSCLC during
1998–2006, and of these, 192 658 (84%) were identiﬁed within
the extract of the HES database. The percentage of successful
linkage with HES improved from 77% in 1998 to 86% in 2005.
One record was excluded because of a missing postcode. A ﬁnal
data set of 192 657 records of patients diagnosed with NSCLC
between 1998 and 2006 and followed up to 2010 and linked to
HES episodes was analysed. The characteristics of these patients
are detailed in table 1.
Over 40% of the patients were older than 75 years of age;
61% were men and 26% were from the most deprived socioeconomic category. The unadjusted rate of death within the ﬁrst
year after diagnosis decreased slightly throughout the study
period from 75% in 1998 to 73% in 2006; it was slightly higher
among men and highest in the oldest age group (81%). Around
10% of the patients received curative surgery within the time
window of 1 month before and up to 6 months after being diagnosed with cancer, and this percentage was almost unchanged
throughout the study period.
The results of ﬁtting the random intercept models for the
odds of curative surgery and odds of 1-year mortality are
reported in terms of ORs (table 2).

Number (%) of patients with lung cancer by surgical treatment and mortality within 1 year
Patients treated by surgery

All patients
Year of diagnosis
1998
1999
2000
2001
2002
2003
2004
2005
2006
Age (years)
15–44
45–54
55–64
65–74
75–99
Deprivation
Most affluent
2
3
4
Most deprived
Sex
Male
Female

N

N

192 657

19 153

18 887
20 541
20 981
21 527
21 595
21 527
22 168
22 526
22 905

Death within 1 year
Per cent

N

Per cent

9.94

142 023

73.72

1883
1961
2133
2203
2168
2138
2091
2232
2344

9.97
9.55
10.17
10.23
10.04
9.93
9.43
9.91
10.23

14 244
15 589
15 502
15 922
15 846
15 749
16 162
16 311
16 698

75.42
75.89
73.89
73.96
73.38
73.16
72.91
72.41
72.90

2540
11 935
35 512
64 784
77 886

515
1855
5358
7825
3600

20.28
15.54
15.09
12.08
4.62

1450
7725
23 533
46 399
62 916

57.09
64.73
66.27
71.62
80.78

25 013
31 796
37 473
46 605
51 770

2694
3279
3772
4450
4958

10.77
10.31
10.07
9.55
9.58

17 950
23 370
27 501
34 647
38 555

71.76
73.50
73.39
74.34
74.47

117 966
74 691

11 601
7552

9.83
10.11

87 865
54 158

74.48
72.51
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Table 2 Hierarchical random intercept logistic regression models with curative surgery (model 1) and mortality (model 2, model 3, model 4) as
an outcome, random effects for PCTs adjusted for age, year of diagnosis, sex and deprivation
Model 1
OR

Model 2
95% CI

Level 1: patients
Fixed effects
Age at diagnosis
71
1.00
20
3.30
2.61
4.17
30
2.41
2.09
2.79
40
1.81
1.68
1.96
50
1.43
1.36
1.50
60
1.17
1.13
1.21
80
0.34
0.32
0.36
Year of diagnosis
1998
1.00
1999
1.04
1.02
1.07
2000
1.08
1.03
1.13
2001
1.09
1.03
1.16
2002
1.09
1.03
1.15
2003
1.07
1.02
1.12
2004
1.06
1.01
1.12
2005
1.09
1.04
1.14
2006
1.14
1.07
1.21
Sex
Male
1.00
Female
1.06
1.02
1.09
Deprivation
Most affluent
1.00
2
0.94
0.89
0.99
3
0.91
0.87
0.97
4
0.83
0.78
0.87
Most deprived
0.73
0.69
0.77
Surgery
No
Yes
Spending on lung cancer in pounds per 1000 patients
<£3500
£3500–£4499
£4500–£5499
>£5000
Intercept
0.08
0.08
0.09
Level 2: PCTs
Random effect
Variance
0.09
0.07
0.12

Model 3

OR

95% CI

1.00
0.37
0.46
0.56
0.68
0.81
1.60

0.31
0.41
0.53
0.65
0.79
1.55

1.00
0.96
0.92
0.89
0.86
0.84
0.83
0.83
0.83

Model 4

OR

95% CI

OR

95% CI

0.45
0.52
0.59
0.70
0.83
1.65

1.00
0.49
0.55
0.62
0.71
0.82
1.29

0.40
0.48
0.58
0.68
0.80
1.25

0.61
0.53
0.66
0.73
0.84
1.33

1.00
0.37
0.46
0.56
0.68
0.81
1.60

0.31
0.41
0.53
0.65
0.79
1.55

0.45
0.52
0.59
0.70
0.83
1.65

0.94
0.89
0.85
0.83
0.81
0.80
0.80
0.79

0.98
0.95
0.92
0.89
0.87
0.86
0.85
0.86

1.00
0.96
0.93
0.89
0.86
0.83
0.82
0.82
0.83

0.95
0.90
0.86
0.83
0.80
0.79
0.79
0.79

0.98
0.96
0.93
0.90
0.86
0.85
0.85
0.87

1.00
0.96
0.92
0.89
0.86
0.84
0.83
0.83
0.83

0.94
0.89
0.85
0.83
0.81
0.80
0.80
0.79

0.98
0.95
0.92
0.89
0.87
0.86
0.85
0.85

1.00
0.89

0.87

0.91

1.00
0.89

0.87

0.91

1.00
0.89

0.87

0.91

1.00
1.08
1.08
1.15
1.23

1.04
1.04
1.11
1.18

1.13
1.12
1.19
1.28

1.00
1.08
1.06
1.12
1.16

1.04
1.02
1.07
1.11

1.12
1.11
1.16
1.21

1.00
1.08
1.08
1.15
1.23

1.04
1.04
1.11

1.13
1.12
1.20

1.00
0.07

0.07

0.08

0.87
0.89
0.88
3.00

0.99
1.01
1.00
3.37

0.01

0.02

3.04

2.90

3.18

4.22

4.01

4.43

1.00
0.93
0.95
0.94
3.18

0.02

0.01

0.02

0.02

0.01

0.02

0.02

Model 1: Outcome—surgery within 1 month before and 6 months after diagnosis adjusted for covariates.
Model 2: Outcome—mortality within 1 year after diagnosis adjusted for covariates.
Model 3: Model 2, adjusted for surgery (patient level).
Model 4: Model 2, adjusted for spending on lung cancer (PCT level) per 1000 patients.
PCT, Primary Care Trust.

Surgery
A very strong and signiﬁcant trend in the odds of surgery was
found in relation to the deprivation index, with patients from
deprived areas having a 27% lower likelihood of having
surgery compared with afﬂuent patients, controlling for sex,
age and year of diagnosis (table 2). A clear trend by age group
was seen in the proportion undergoing surgery. Younger
patients were more likely to be treated by surgery, where the
odds of having surgery were more than three times higher for
those diagnosed at 20 years, and more than twice as high for
988

patients diagnosed at the age of 30 years compared with
patients diagnosed at the age of 71 years (mean age of diagnosis), again controlling for the other variables in the model
(table 2). There was a very slight increase in the adjusted odds
of surgery between 1998 and 2006. Figure 1 provides strong
evidence of geographic differences in treatment by curative
surgery across different PCTs. A total of 32 PCTs were below
the lower control limit (indicated by red dots). The residual
variance of the predicted PCT-speciﬁc random intercepts of
surgery (model 1) was 0.09.
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DISCUSSION

Figure 1 Funnel plot of predicted random intercepts of treatment by
curative surgery within 1 year after diagnosis for patients with NSCLC
(15–99 years) diagnosed during 1998–2006 in England. The target is
ﬁxed as zero, which speciﬁes the expected value of the random effect.

Mortality within 1 year after diagnosis
Diagnosis of NSCLC at older ages is associated with higher odds
of death, controlling for year of diagnosis, sex and deprivation
index (table 2, model 2). Patients diagnosed at the age of 40
have almost half of the odds of death compared to those diagnosed at the age of 71 (mean age of diagnosis). Women experienced 11% lower odds of death in the ﬁrst year after diagnosis
compared to men, controlling for covariates. The results show a
clear trend of the effect of deprivation index on mortality, with
the most deprived patients having 23% higher odds of death
compared to the most afﬂuent patients, controlling for the other
factors. The odds of death also declined slightly with later years
of diagnosis. The residual variance of the predicted PCT-speciﬁc
random intercepts was 0.02, smaller than that for surgery
(model 2). A likelihood-ratio test comparing the model with a
standard logistic regression model was highly signiﬁcant (likelihood ratio test=1466.50; p<0.001).
The mixed effects model of mortality was further extended
to control for curative surgery (model 3). The OR of death
within the ﬁrst year in patients treated by curative surgery
was very small (0.07), relative to patients who did not undergo
surgery, controlling for the other factors in the model (model 3).
This implies that not receiving surgery is associated with
more than 14 times the odds of death compared to those who
receive surgery, controlling for covariates. However, the
effects of age, year, sex and deprivation on mortality within
1 year barely changed after adjusting for surgery (model 3)
(table 2, model 4).
Figure 2 shows some evidence of geographical differences in
the predicted PCT-speciﬁc random intercepts for mortality. PCTs
identiﬁed in ﬁgure 1 as having a below-average uptake of surgery
are identiﬁed in this ﬁgure in red. A total of 22 (69%) of 32 PCTs
that were below the lower control limit of surgery have predicted
random intercepts for mortality above zero, and 13 (40%) were
above the upper control limit of mortality within 1 year (ﬁgure 2,
model 2). Adjusting for surgery (model 3) explained some of this
variation, highlighting the inverse association between undergoing
surgery and mortality. Additionally, controlling for variation in
spending across PCTs seemed to push some of the PCTs to have
more extreme values (ﬁgure 2, model 4).

The results of this study indicate substantial geographical variation
in the use of curative surgical resection and in mortality within
1 year for patients with NSCLC at the level of PCTs in England.
These clear geographical disparities remained after adjusting for
age at diagnosis, sex and socioeconomic deprivation.
Strong inverse relationships were found between the use of
curative surgical treatment and both increasing age at diagnosis
and deprivation, while short-term mortality also increased with
increasing age and deprivation. This excess mortality reduced
dramatically, in particular among the oldest group of patients
after accounting for their lower proportion of surgical treatment.
After adjusting for sociodemographic factors, the use of surgical
treatment with curative intent increased regularly with a calendar
year, while mortality decreased. However, at the national level,
only a tenth of the patients diagnosed with NSCLC in 2006
received such surgical treatment.
Only one study investigated the variation in surgical treatment
and mortality at the PCT level for the whole of England.4 They
also found wide variation in surgical treatment between PCTs,
and a strong inverse association between surgery treatment and
mortality.13 However, these results did not account for the hierarchical structure of the data, that is, for the higher similarity
(in particular for healthcare management) between patients
within a given PCT than between those from different PCTs. We
hypothesised that the PCTs that were below the lower control
limit for surgery would be the ones with above-average mortality
using funnel plots. Variation in mortality within the ﬁrst year
after diagnosis was also apparent by PCTs. Most of the PCTs that
were below the lower limit for surgery were above average for
mortality within 1 year, and 38% were above the upper control
limit of mortality. We had clear evidence that surgical treatment
explained some of the variation (model 3, ﬁgure 2) that was due
to mortality after the adjustment of predictors.
The average rate of surgical treatment of the patients with
NSCLC diagnosed during 1998–2006 in the linked records of
cancer registry and the HES was almost 10%, which is lower
than the reported rates in equally developed European countries,
such as 24% for Italy33 and 18% for Sweden.34 The reasons for
this are likely to be multifactorial and include a lower number of
specialist thoracic surgeons35 and higher rates of comorbidities33
in the UK. Delays from ﬁrst referral for diagnosis to assessment
for surgery have also been suggested to be a factor.36
A clear trend in rates across deprivation categories was identiﬁed, where patients resident in deprived areas were less likely to
undergo curative surgery, and more likely to die within 1 year
after diagnosis. Our ﬁndings have already been supported by
similar studies on the impact of age on treatment and mortality
for patients with NSCLC7 and socioeconomic deprivation.37–39
PCTs are responsible for the management, planning and
funding of healthcare in a small deﬁned geographical area and
therefore management of hospitals and treatment provided in
their local territories. Until 2013, PCTs were responsible for
80% of the total NHS budget. We used hierarchical models to
evaluate how much of the variability of the surgical treatment
and mortality was attributed to the patients, and how much was
attributed to PCTs, after adjusting for known predictors. We
expect that much of the unexplained variability of mortality
would be due to factors at the PCT level. The NHS implemented
the NPBP in 2002 to monitor where NHS resources are invested.
PCTs were asked to declare the proportion of their budget spent
on major diseases including cancer. Information on overall
spending on cancer at the PCT level was available only for
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Figure 2 Funnel plots of predicted random intercepts of mortality within 1 year of diagnosis, controlling for (A) covariates (age, year of diagnosis,
sex and deprivation) (model 2), (B) covariates and treatment by curative surgery (model 3), (C) covariates and spending on lung cancer at Primary
Care Trust level (model 4) for patients with non-small cell lung cancer (15–99 years) diagnosed during 1998–2006 in England. The target is ﬁxed as
zero, which speciﬁes the expected value of the random effect.

3 years from the NPBP. The average spending of the available
3 years was considered as an indication of spending over all the
periods considered in this paper. The variability in mortality
1 year after diagnosis was not explained by the spending on lung
cancer at the PCT level after controlling for other covariates at
the patient level such as age, sex, deprivation and year of diagnosis. However, NPBP data have many limitations. The large variation in spending between PCTs suggests that the recorded
spending of a considerable number of PCTs might have been
inaccurate, especially in the early years when this programme
was ﬁrst implemented.26
The main strength of this study is the large national
population-based cancer registry data analysis, which comprises
complete cancer registration linked to high-quality information
on treatment extracted from HES. The analysis accounted for
the hierarchical structure of the data, with patients at the ﬁrst
level and PCTs at the second level. The mixed-effects models
account for clustering and take into account the dependence of
outcomes within a cluster, the PCT in our case. We show that
funnel plots originally used for the comparisons of hospitalbased estimates30 could also be used to identify outliers of
random effects predicted by mixed effect models. This latter
990

use helps to identify geographical variation in measures such as
mortality and surgical treatment in population-based cancer
data.
The major limitation, however, is the absence of information on
well-known strong predictors of surgical treatment and mortality at
the PCT level, such as stage at diagnosis, comorbidities,40 specialisation of the surgeon41 42 and hospital volumes.43 Characteristics
of the hospital at which the patient underwent surgery play an
important role in the patients’ well-being after surgery. The patients
with NSCLC ﬁrst seen in a thoracic surgical centre were more
likely to have surgery than those seen in non-surgical centres,44 and
better survival outcomes have been demonstrated for centres with
higher volumes of surgical procedures.45 We do not expect much
change in spending on cancer allocated by PCTs within a range of
10 years;26 however, a more accurate measure on spending for the
equivalent year of the cancer diagnosis of patients included in the
study would have led to more accurate results.
Our main results suggest the presence of clear variation in the
use of surgical treatment of NSCLC and mortality. Mixed-effects
models combined with the funnel plot approach were useful for
assessing disparities and assessing the PCTs that were above average
in mortality and below average in surgery. It is clear that patients
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managed by PCTs with lower rates of surgical resection experience
higher rates of mortality within 1 year after the diagnosis of
NSCLC. To explain the variations in treatment and mortality that
we have demonstrated, a range of other factors will need to be analysed in future studies, including geographical differences in
waiting times from referral to surgery, stage at diagnosis, access to
other non-surgical treatments and the nature of local multidisciplinary teams—especially the level of involvement of specialist thoracic
surgeons. The conﬁguration of the NHS in England is changing
rapidly at the time of writing, and our work accordingly will need
to be updated shortly. More accurate data on costs and expenditure
might be expected from this current reorganisation, which may
make it possible to more accurately examine the relationship
between expenditure and outcomes in this common disease.

7

8
9

10

11

12

13

What is already known on this subject?
14

Non-small cell lung cancer comprises approximately 85% of all
lung cancer cases, and surgery is the preferred treatment for
patients. The National Health Service established Primary Care
Trusts (PCTs) in 2002 to manage local health needs.

15

What this study adds?

16
17

Older deprived patients and those who did not receive surgery had
much higher odds of death 1 year after being diagnosed with lung
cancer. Mixed-effects models combined with the funnel plot
approach were useful for assessing the performance of PCTs that
were above average in mortality and below average in surgery.

18
19

Acknowledgements The authors thank the Ofﬁce for National Statistics and the
regional cancer registries in England for providing the data.

20

Contributors UN contributed to data cleaning, analysis, planning, conducting,
reporting and editing of the paper. MQ contributed to data analysis and editing of
the paper. BD and BR contributed to planning and editing of the paper.

21

Funding This work was supported by Cancer Research UK Programme Grant
(C1336/A11700) to the Cancer Survival Group.

22

Competing interests None declared.

23

Provenance and peer review Not commissioned; externally peer reviewed.
Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

REFERENCES
1

2

3
4
5

6

Ferlay J, Soerjomataram I, Ervik M, et al. GLOBOCAN 2012 v1.0, Cancer Incidence
and Mortality Worldwide: IARC Cancer Base No. 11. [Internet]. International Agency
for Research on Cancer, 2014. http://globocan.iarc.fr (accessed 10 Jun 2014).
K CRU. UK cancer incidence statistics for common cancers. Secondary UK cancer
incidence statistics for common cancers 2011/07/06/ 2011. http://info.
cancerresearchuk.org/cancerstats/incidence/commoncancers/
Network NCI. Major surgical resections England, 2004–2006, 2011.
Riaz SP, Linklater KM, Page R, et al. Recent trends in resection rate among
non-small cell lung cancer patients in England. Thorax 2012;67:811–14.
Devbhandari MP, Yang SS, Quennell P, et al. Lung cancer resection rate in south
Manchester: is it comparable to international standards? Results of a prospective
tracking study. Interact Cardiovasc Thorac Surg 2007;6:712–14.
Peake MD, Thompson S, Lowe D, et al. Ageism in the management of lung cancer.
Age Ageing 2003;32:171–7.

24

25
26

27
28
29

30
31
32

Chambers A, Routledge T, Pilling J, et al. In elderly patients with lung cancer is
resection justiﬁed in terms of morbidity, mortality and residual quality of life? Interact
Cardiovasc Thorac Surg 2010;10:1015–21.
Network NCI. Cancer survival in England by stage 2012. 2014. https://www.gov.uk/
government/publications/cancer-survival-in-england-by-stage (accessed 10 Jul 2014).
National Cancer Intelligence Network. Recent trends in lung cancer incidence,
mortality and survival. 2013. http://www.ncin.org.uk/publications/data_brieﬁngs/
recent_trends_in_lung_cancer_incidence_mortality_and_survival (accessed 6
November 2014).
Rachet B, Maringe C, Nur U, et al. Population-based cancer survival trends in
England and Wales up to 2007: an assessment of the NHS cancer plan for England.
Lancet Oncol 2009;10:351–69.
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.
Lancet 2011;377:127–38.
Quaresma M, Whitehead S, Bannister N, et al. Index of cancer survival for Clinical
Commissioning Groups in England; Patients diagnosed 1996–2011 and followed up
to 2012. Ofﬁce for National Statistics, 2013.
Riaz SP, Luchtenborg M, Jack RH, et al. Variation in surgical resection for lung
cancer in relation to survival: population-based study in England 2004–2006. Eur J
Cancer 2012;48:54–60.
Nur U, Coleman MP, Whitehead S, et al. Cancer Survival by Cancer Network in England—
Patients diagnosed 1997–2010 and followed up to 2011. Ofﬁce for National Statistics,
2012. 19 December 2012. http://www.ons.gov.uk/ons/rel/cancer-unit/cancer-survival-bycancer-network/patients-diagnosed-in-1997–2010-and-followed-up-to-2011/stb-cancersurvival-by-cancer-network--diagnosed-1997–2010–2011-follow-up.html
Rachet B, Falcaro M, Gordon E, et al. Geographic patterns of cancer survival in
England—Patients diagnosed 2002–2004, followed up to 2009. Ofﬁce for National
Statistics, 2011. 26 May 2011. http://www.ons.gov.uk/ons/rel/cancer-unit/cancersurvival-by-gor--sha-and-cancer-network/geographic-patterns-of-cancer-survival-inengland/index.html
Department of Health. The NHS Cancer Plan: a plan for investment, a plan for
reform. London, 2000.
Rosen R, Smith A, T H. Future Trends and Challenges for Cancer Services in England:
A review of the literature and policy. 2006. http://www.kingsfund.org.uk/sites/ﬁles/kf/
ﬁeld/ﬁeld_publication_ﬁle/future-trends-challenges-cancer-services-england-review-ofliterature-policy-rebecca-rosen-alex-smith-tony-harrison-kings-fund-24-august-2006.
pdf (accessed 15/05/2014).
Rachet B, Quinn MJ, Cooper N, et al. Survival from cancer of the lung in England
and Wales up to 2001. Br J Cancer 2008;99(Suppl 1):40–2.
Berglund A, Holmberg L, Tishelman C, et al. Social inequalities in non-small cell lung
cancer management and survival: a population-based study in central Sweden.
Thorax 2010;65:327–33.
Riaz SP, Horton M, Kang J, et al. Lung cancer incidence and survival in England: an
analysis by socioeconomic deprivation and urbanization. J Thorac Oncol 2011;6:
2005–10.
Gregor A, Thomson CS, Brewster DH, et al. Management and survival of patients
with lung cancer in Scotland diagnosed in 1995: results of a national population
based study. Thorax 2001;56:212–17.
Jack RH, Gulliford MC, Ferguson J, et al. Geographical inequalities in lung cancer
management and survival in South East England: evidence of variation in access to
oncology services? Br J Cancer 2003;88:1025–31.
Cartman ML, Hatﬁeld AC, Muers MF, et al. Lung cancer: district active treatment
rates affect survival. J Epidemiol Community Health 2002;56:424–9.
Ofﬁce of the Deputy Prime Minister. The English Indices of deprivation 2004-summary
(revised). 2004. http://wwwcommunitiesgovuk/archived/publications/communities/
indicesdeprivation (accessed 21 Sep 2010).
Health and Social Care Information Centre. HES online: Hospital Episode Statistics.
2008. http://wwwhesonlinenhsuk; http://www.hesonline.nhs.uk (accessed 2 May 2008).
Appleby J, Harrison T, Foot C, et al. Explaining variations in primary care trusts’
spending on cancer services. 2011. 10 June 2011. http://www.kingsfund.org.uk/
publications/articles/explaining-variations-primary-care-trusts-spending-cancer-services
Rabe-Hesketh S, Skrondal A. Multilevel and longitudinal modeling using Stata.
3rd edn. Stata Press, 2012.
Durrleman S, Simon R. Flexible regression models with cubic splines. Stat Med
1989;8:551–61.
Royston P, Parmar MKB. Flexible parametric proportional-hazards and
proportional-odds models for censored survival data, with application to
prognostic modelling and estimation of treatment effects. Stat Med 2002;21:
2175–97.
Spiegelhalter DJ. Funnel plots for comparing institutional performance. Stat Med
2005;24:1185–202.
Mayer EK, Bottle A, Rao C, et al. Funnel plots and their emerging application in
surgery. Ann Surg 2009;249:376–83.
Quaresma M, Coleman MP, Rachet B. Funnel plots for population-based
cancer survival: principles, methods and applications. Stat Med 2014;33:
1070–80.

Nur U, et al. J Epidemiol Community Health 2015;69:985–992. doi:10.1136/jech-2014-205309

991

Other topics
33

34

35
36
37
38

39

992

Imperatori A, Harrison RN, Leitch DN, et al. Lung cancer in Teesside (UK)
and Varese (Italy): a comparison of management and survival. Thorax 2006;
61:232–9.
Myrdal G, Lamberg K, Lambe M, et al. Regional differences in treatment and
outcome in non-small cell lung cancer: a population-based study (Sweden). Lung
Cancer 2009;63:16–22.
Peake MD, Black EA. Increasing the surgical resection rate for lung cancer in the UK:
the debate. Lung Cancer Manag 2013;2:6.
Billing JS, Wells FC. Delays in the diagnosis and surgical treatment of lung cancer.
Thorax 1996;51:903–6.
Crawford SM, Sauerzapf V, Haynes R, et al. Social and geographical factors affecting
access to treatment of lung cancer. Br J Cancer 2009;101:897–901.
Raine R, Wong W, Scholes S, et al. Social variations in access to hospital care for patients
with colorectal, breast, and lung cancer between 1999 and 2006: retrospective analysis
of hospital episode statistics. BMJ 2010;340:b5479.
Pollock AM, Vickers N. Breast, lung and colorectal cancer incidence and survival in
South Thames Region, 1987–1992: the effect of social deprivation. J Public Health
Med 1997;19:288–94.

40

41

42
43

44

45

Ambrogi V, Pompeo E, Elia S, et al. The impact of cardiovascular comorbidity on the
outcome of surgery for stage I and II non-small-cell lung cancer. Eur J Cardiothorac
Surg 2003;23:811–17.
Martin-Ucar AE, Waller DA, Atkins JL, et al. The beneﬁcial effects of specialist
thoracic surgery on the resection rate for non-small-cell lung cancer. Lung Cancer
2004;46:227–32.
Silvestri GA, Handy J, Lackland D, et al. Specialists achieve better outcomes than
generalists for lung cancer surgery. Chest 1998;114:675–80.
Wouters MW, Siesling S, Jansen-Landheer ML, et al. Variation in treatment
and outcome in patients with non-small cell lung cancer by region, hospital
type and volume in The Netherlands. Eur J Surg Oncol 2010;36(Suppl 1):
S83–92.
Rich AL, Tata LJ, Free CM, et al. Inequalities in outcomes for non-small cell lung
cancer: the inﬂuence of clinical characteristics and features of the local lung cancer
service. Thorax 2011;66:1078–84.
Luchtenborg M, Riaz SP, Coupland VH, et al. High procedure volume is strongly
associated with improved survival after lung cancer surgery. J Clin Oncol
2013;31:3141–6.

Nur U, et al. J Epidemiol Community Health 2015;69:985–992. doi:10.1136/jech-2014-205309

