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ABSTRACT
Background Lung cancer patients have better survival
when treated in thoracic surgical (specialist) centres.
Aims To determine whether outcome of non-small cell
lung cancer (NSCLC) patients is poorer with increasing
distance to the nearest accessible specialist hospital
(NASH).
Methods We linked cancer registry, hospital and death
records of 23 871 NSCLC patients; 3240 localised, 2435
regional and 3540 distant stage patients hospitalised
within 12 months of diagnosis were analysed. Distance
from patients’ residences to the NASH was measured
using geographical coordinates. Cox proportional
hazards models examined predictors of NSCLC death.
Results Having a resection of the cancer, which
admission to a specialist hospital made more likely,
substantially reduced hazard of NSCLC death. Distance
inﬂuenced hazard of death through both these variables;
a patient was less likely to be admitted to a specialist
hospital than a general hospital and less likely to have a
resection the further they lived from the NASH. However,
patients who lived distant from the NASH and were
admitted to a specialist hospital were more likely to have
a resection and less likely to die from NSCLC than
patients admitted to a specialist hospital and living
closer to the NASH. These patterns varied little with lung
cancer stage.
Conclusions NSCLC outcome is best when patients are
treated in a specialist hospital. Greater distance to the
NASH can affect its outcome by reducing the likelihood
of being treated in a specialist hospital. Research is
needed into patient and health service barriers to referral
of NSCLC patients for specialist care.

INTRODUCTION
Surgical resection is recommended for early stage
non-small lung cancer patients with lobectomy the
preferred type of surgery.1 Depending on the location of the tumour, surgery may also be appropriate
for patients with up to stage IIIa tumours.2
Postoperative mortality is lower and survival longer
when patients are treated by thoracic surgeons in
high volume centres probably because these surgeons are most likely to adhere to established practice standards.3 4
Distance to specialist centres is hypothesised to
be a barrier to access to specialised medical care.5 6
Most studies of the effects of distance to specialist
care on treatment of non-small cell lung cancer

Key messages
What is the key question?
▸ Does increasing distance to the nearest
accessible specialist hospital (NASH), one with
a thoracic surgery service, lead to poorer
survival from lung cancer?

What is the bottom line?

▸ With increasing distance from the NASH,
patients were more likely to attend a general
hospital for their care, less likely to have
surgery for their cancer and more likely to die
from it.

Why read on?

▸ The ﬁndings make a strong case that all
patients should be referred to a hospital with
a thoracic surgical service to maximise their
chance of surgery regardless of how far they
live from specialised services.

(NSCLC) have been done in the UK. The majority
of these studies have shown that patients’ access to
surgical treatment is inﬂuenced by distance and also
by clinician specialty and hospital of treatment.5–8
These studies generally could not take account
effects of lung cancer stage on their conclusions.
New South Wales (NSW) Central Cancer
Registry (CCR) based patterns of care studies have
shown that probability of no surgical treatment
varies by a patient’s area of residence.9–11 The
5 year relative excess risk of death for NSW lung
cancer patients was found to be signiﬁcantly higher
for patients living in accessible and moderately
accessible areas regardless of stage.12 A NSW
general practitioner (GP) or specialist can refer a
patient to hospital as a planned admission, or
patients can themselves present to the emergency
department and be admitted directly to hospital.
The commonest non-emergency pathway is probably referral by a GP to a specialist and referral by
the specialist to a hospital for treatment under his
or her care. Chemotherapy and radiotherapy are
usually provided in outpatient settings.
In this study, we investigate whether increasing
distance to the nearest accessible specialist hospital
(NASH, the nearest public hospital with a thoracic
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METHODS
The NSW CCR was the primary data source.13 The study population included all patients with NSCLC (International
Classiﬁcation of Disease topography codes C33–C34 excluding
morphology codes M80413–M80453, M82463) diagnosed in
NSW between 2000 and 2008 and followed up to the end of
2008. Stage at diagnosis is determined by cancer registry coders
on the basis of pathology reports, doctor’s letters and other
notiﬁcations. It is grouped into four categories: localised (conﬁned to the organ of origin), regional (invasion of adjacent
organs and proximal lymph nodes), distant (invasion distant
lymph nodes or distant organs) and unknown (not recorded
because pathology information was not available). Previous
studies have shown these extent-of-disease categories to provide
broadly comparable information with other methods of
staging.14 15 A total of 23 871 patients were potentially eligible
for this study. Of these, 22 997 patients whose CCR13 record
linked to one or more records in the NSW Admitted Patients
Data Collection (APDC), which details diagnosis and surgical
treatment for all separations from NSW public and private gospitals,16 were considered for the analysis. The combined automated and manual record linkage process had an estimated false
positive rate of 0.4%.17 Patients were excluded if they were
diagnosed by death certiﬁcate only (707), were not admitted to
hospital after diagnosis (10 684) or were admitted more than
12 months after diagnosis (459), which left 11 147 patients.
Inpatient staging procedures could not have occurred and hospital risk factor and treatment information was not available for
the patients not admitted to hospital after diagnosis. We also
excluded (1932) unknown stage patients except in a sensitivity
analysis. This left 9215 in the main analysis. Of these patients,
3240 patients had localised stage, 2435 had regional stage and
3540 had distant stage cancer.

Distance
Distance to the NASH was obtained for each patient by using
the geographical coordinates of the patient’s address and the
NASH and the ‘Great Circle Distance Calculator’ (a SAS
program). This algorithm calculates the shortest distance
between two points on Earth, treating it as a sphere.18 We considered this distance to be a measure of access to best care
because it encompasses both distance to and affordability of
care; all Australians are entitled to treatment free-of-charge in
public hospitals. Distance to a patient’s actual hospital of treatment as an alternative measure of access may be biased because
more mobile patients may be referred to more distant hospitals.
In addition, it can only apply to those who received treatment.6
UK studies using travel time and straight line distance19 have
found them to be highly correlated (R=0.856).
Patients were grouped into three categories of distance: 0–39,
40–99 and ≥100 km. The >100 km category was made the
most distant category because patients living this distance from
required care in NSW can obtain ﬁnancial support for travel
and accommodation through the Isolated Patient Travel,
Accommodation and Assistance Scheme.20 Patients’ place of
residence was also classiﬁed broadly as metropolitan, outer
metropolitan and rural, based on the 2010 boundaries of NSW
Local Health Districts.
Tracey E, et al. Thorax 2015;70:152–160. doi:10.1136/thoraxjnl-2014-205554

Hospitals
Eleven public specialist hospitals were identiﬁed using
Canrefer,21 a Cancer Institute NSW web directory of cancer services. We grouped hospitals in which patients were treated as
specialist ( public and private hospitals with a thoracic surgery
service) or general hospitals (public and private hospitals
without a thoracic surgery service). We selected the hospital of
treatment as the hospital where patients received their most
invasive procedure; in the absence of any procedure, we selected
the ﬁrst hospital to which the patient was admitted after
diagnosis.
Because there was structural correlation between distance to
the NASH and the type of hospital in which a patient was
treated (the specialist hospitals were in Sydney or a large city
while the general hospitals were distributed more widely
throughout the State), we created a six-category variable of hospital type in two categories, specialist and general, by distance
from the NASH in three categories, 0–39, 40–99, and
≥100 km. Other covariates are described in online supplementary appendix 1 tables 1 and 2.

Surgery
Whether or not patients had their primary cancer treated surgically by lobectomy, segmental resection or pneumonectomy
(referred to hereafter as a resection) was determined from hospital procedure codes in APDC records covering the period a
month before diagnosis to 12 months after diagnosis. Other
characteristics of patients are found in online supplementary
appendix 1.

STATISTICAL ANALYSIS
Stata V.12.1 was used for the statistical analysis. We described
cause-speciﬁc survival from NSCLC and its predictors using
Kaplan–Meier curves. Univariable Cox proportional hazards
regression models were ﬁtted for each covariate. Proportionality
was examined and time varying components were retained if
proportionality assumptions failed. Interactions were included
on an a priori basis. Independent determinants of cause-speciﬁc
survival were identiﬁed by backward elimination from a full
Cox proportional hazards model. A p value less than 0.05 in the
likelihood ratio test was used to determine whether a variable
was retained in the ﬁnal model. Sex, age, comorbidity and
history of COPD were retained in the ﬁnal model, regardless of
their statistical signiﬁcance, because of their clinical importance.
The combination of type of hospital and distance from the
NASH were similarly retained because investigation of the
effects of distance was the main objective of this study. For all
other variables, nested maximum likelihood ratio tests
compared two models with and without the covariate. We
checked model ﬁt by comparing unadjusted Kaplan–Meier survival curves with adjusted curves for each covariate after
redoing the model using the Royston and Palmer stmp222
command and the Predict command in STATA 12.1 (see online
supplementary appendix 1 ﬁgure 1). This model was the source
of the adjusted survival curves in ﬁgures 1 D, E and F and
ﬁgures 2 D, E and F. A sensitivity analysis was done by repeating
the Cox modelling after imputing values for unknown stage
(data available on request).

RESULTS
Most NSCLC patients were men and Australian born. The mean
age was 70 years in men and 69 years in women. There was a
lower proportion in the highest socioeconomic status group
153
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surgical service) is associated with poorer survival for patients
with localised, regional and distant stage primary lung cancer
after adjusting for potentially confounding variables.

Lung cancer

than is found in the general Australian population. In all, 72%
were recorded as being current or previous smokers, 31% had
COPD and 35% one or more comorbid conditions (see online
supplementary appendix 1 table 1).
Of the 3240 patients with localised cancer, 59.2% (95% CI
57.5 to 60.9) had resections. A lower proportion of patients
who lived 100 km or more from the NASH had a resection
(49.4%, 95% CI 45.8 to 53.1) compared with patients living
0–39 km (62.5%, 95% CI 60.3 to 64.4) or 40–99 km from it.

Conversely, for patients who attended a specialist hospital there
was a greater likelihood of resection with increasing distance to
the NASH (69.7% at 0–39 km, 91.6 at 40–99 km and 94.6 at
≥100 km) (table 1). For patients with regional stage cancer, the
proportion attending a general hospital also increased with distance from the NASH: 14.8% at 0–39 km to 51.2% at
≥100 km for localised stage, and 15.3% at 0–39 km to 54.4%
at ≥100 km. Much higher proportions of patients with distant
stage than localised or regional stage attended general hospitals

Figure 2 Kaplan–Meier survival curves by surgery for patients with primary non-small cell lung cancer (NSCLC) by stage unadjusted and adjusted
for confounding variables, New South Wales, 2000–2008. (A) Localised stage (NSCLC) patients (n=3240). (B) Regional stage (NSCLC) patients
(n=2435). (C) Distant stage (NSCLC) patients (n=3540). (D) Localised stage (NSCLC) patients (n=3240). (E) Regional stage (NSCLC) patients
(n=2435). (F) Distant stage (NSCLC) patients (n=3540). *Adjusted for hospital of treatment and distance from the NASH, sex, age at diagnosis,
country of birth, comorbidity, COPD, smoking, method of diagnosis, histology, type of admission and time to diagnosis.
154
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Figure 1 Kaplan–Meier survival curves by hospital of treatment and distance from the nearest accessible surgical hospital (NASH) for patients with
primary non-small cell lung cancer by stage unadjusted and adjusted for confounding variables, New South Wales, 2000–2008. (A) Localised stage
patients (n=3240). (B) Regional stage patients (n=2435). (C) Distant stage patients (n=3540). (D) Localised stage patients (n=3240). (E) Regional
stage patients (n=2435). (F) Distant stage patients (n=3540). *Adjusted for sex, age at diagnosis, country of birth, comorbidity, COPD, smoking,
method of diagnosis, histology, type of admission, major surgery and time to diagnosis; the effects of age and time to diagnosis were time varying.

Lung cancer

Hospital of treatment
Distance from the NASH
by stage at diagnosis
Localised stage
0–39 km
40–99 km
100+
Regional stage
0–39 km
40–99 km
100+
Distant stage
0–39 km
40–99 km
100+

Specialist

Had surgical resection
General

Specialist

General

%

Total
n

n

%

306
153
390

14.8
36.8
51.2

2063
416
761

1225
241
351

69.7
91.6
94.6

84.7
64.0
45.6

224
117
349

15.3
36.0
54.4

1468
325
642

836
191
267

70.5
19.5
14.2
63.9

644
351
790
3324

29.5
80.5
85.8
36.1

2183
436
921
9215

166
24
46
3347

n

%

1757
263
371

85.2
63.2
48.8

1244
208
293
1539
85
131
5891

n

(table 1). Overall, there were 3517 surgical resections, or 16%
of total NSCLC patients; 95% occurred in specialist hospitals,
while only 5% occurred in general hospitals (table 1).
There was substantial variation in unadjusted survival of
NSCLC patients depending on type of hospital of treatment and
distance from the NASH (ﬁgure 1A–C). Patients attending specialist hospitals had better survival while patients attending
general hospitals had poorer survival for each stage category.
Most of these differences, however, diminished greatly on
adjustment of the survival curves for the covariates that were
retained in the backward elimination Cox models of hazard of
death from NSCLC (ﬁgure 1B).
Consistently with ﬁgure 1D–F, the fully adjusted, stagespeciﬁc HRs for death from lung cancer did not vary greatly
by distance and hospital type particularly in patients with
regional and distant stage cancer (table 2). To the extent that
individual HRs were materially above unity, these increases
appeared more consistent with an independent effect of hospital type than an independent effect of distance from the
NASH, with the poorer outcome in patients treated in general
hospitals. However, since there are strong relationships
between distance and hospital type, and hospital type and
having a lung resection (table 1), it is likely that resection,
which reduced the hazard of death from NSCLC (ﬁgure 2,
table 2), mediates most of the effects that distance and hospital
have on the hazard of death, because only 170 of the 3517
resections were undertaken in general hospitals (table 1). To
explore this possibility, we examined the impact of removing
resection from the fully adjusted model on the associations of
distance and hospital type with death from NSCLC (table 3).
With resection excluded from the model, there was a strong
association with distance from the NASH and a reduced
hazard of death for patients treated in a specialist hospital
regardless of cancer stage because with increasing distance
from the NASH, patients underwent a resection when they
attended a specialist hospital (for localised patients 91.6% at
40–99, and 94.6% at 100+, table 1). Conversely, patients who
attended a general hospital were more likely to die from their
cancer; this increased risk varied little, by the distance patients
lived, from the NASH. This poorer relative outcome in general
hospitals was similar for all stage categories (table 3).
Tracey E, et al. Thorax 2015;70:152–160. doi:10.1136/thoraxjnl-2014-205554

%

Total
n

63
13
25

20.6
8.5
6.4

1288
254
376

67.2
91.8
91.1

46
5
10

20.5
4.3
2.9

882
196
277

10.8
28.2
35.1
95.2

7
0
1
170

1.1
0
0.1
5.1

173
24
47
3517

n

Resection was strongly associated with a lower risk of lung
cancer death in all three stage categories, and this was true for
each type of resection: pneumonectomy, lobectomy and segmental resection (ﬁgure 2, table 2). For localised and regional
cancer, this impact appeared greater at 1 year after diagnosis
than at 5 years.
Women had a lower risk of death than men for all stage categories (table 2). As expected, increasing age, one or more
comorbid conditions, having squamous cell carcinoma and
having only a clinical diagnosis of lung cancer were strong predictors of a poor outcome. Except for comorbidity, these associations appeared weaker with regional and distant disease.
Previous smokers had a lower risk of death than non-smokers or
current smokers regardless of stage; this might be a consequence
of smoking cessation preparatory to resection. Similarly, patients
with a history of COPD had a better outcome, particularly if
they had localised disease, perhaps because of better recording
of medical history in patients considered for resection. Patients
with localised disease who had an emergency admission had a
higher hazard of death at 1 year (HR 1) than patients who had
planned admissions (HR 0.75). Patients admitted for resection
2–12 months after diagnosis had a hazard of death at 5 years
that was more than double than that in patients admitted within
a month of diagnosis, and an even greater relative hazard if they
had distant disease (table 2). Most patients who had resection
were admitted to hospital within a month of diagnosis (80.2%).
The stage-speciﬁc results in table 2 were similar when stage
was imputed for patients with unknown stage (data available on
request).

DISCUSSION
Two factors most inﬂuenced the hazard of death: attendance at
a specialist hospital and having a resection of the lung cancer.
Both were associated with a lower hazard of death. With
increasing distance from the NASH, a patient was less likely to
be admitted to a specialist hospital and therefore less likely to
have a resection. To add to the complexity, when patients who
lived further from the NASH were admitted to a specialist hospital, they were more likely to have a resection, probably
because patients referred over long distances were more carefully selected for operability. Either way, distance and hospital
155
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Table 1 The proportional breakdown of non-small cell lung cancer patients hospitalised within 12 months of diagnosis by distance from the
NASH by their hospital of treatment and whether they had major surgery by stage category, New South Wales, 2000–2008

Localised

Regional
Five years*

HR

HR

95% CI

Five years*

p Value

HR

95% CI

HR

95% CI

1.82)
1.28)
1.65)
2.18)
1.29)

1
1.32
0.96
1.28
1.57
1.02

(0.96 to
(0.72 to
(1.00 to
(1.14 to
(0.80 to

p<0.022

1
0.99
0.93
0.92
1.03
0.84

(0.79 to
(0.76 to
(0.77 to
(0.82 to
(0.71 to

1.23)
1.13)
1.10)
1.30)
0.99)

1
0.99
0.93
0.92
1.03
0.84

(0.79
(0.76
(0.77
(0.82
(0.71

1.23)
1.13)
1.10)
1.30)
0.99)

0.94)

1
0.84

(0.75 to 0.94)

p<0.0019

1
0.90

(0.80 to 1.00)

1
0.90

(0.80 to 1.00)

1.55)
1.77)
2.30)

1
1.31
1.51
1.91

(1.10 to 1.55)
(1.29 to 1.77)
(1.58 to 2.30)

p<0.0064

1
1.12
1.44
1.62

(0.97 to 1.29)
(1.24 to 1.66)
(1.32 to 1.99)

1
1.12
1.44
1.62

(0.97 to 1.29)
(1.24 to 1.66)
(1.32 to 1.99)

1.20)
0.99)
0.83)

1
0.99
0.87
0.58

(0.81 to 1.20)
(0.76 to 0.99)
(0.40 to 0.83)

p<0.0001

1
1.00
0.85
0.51

(0.82 to 1.22)
(0.75 to 0.96)
(0.36 to 0.73)

1
1.00
0.85
0.51

1.29)

1
1.15

(1.01 to 1.29)

p<0.0258

1.13

(1.00 to 1.28)

0.96)

1
0.85

(0.75 to 0.96)

p=0.0110

0.99

0.99)
1.13)

1
0.86
0.97

(0.75 to 0.99)
(0.83 to 1.13)

2.19)
1.10)

1
1.65
0.97

(1.25 to 2.19)
(0.79 to 1.10)

1.03)
1.20)

1
0.89
1.04

(0.77 to 1.03)
(0.89 to 1.20)

95% CI

Hospital of treatment and distance from the NASH
Specialist hospital 0–39.9
1
Specialist hospital 40–99.9
1.32
(0.96 to
Specialist hospital 100+
0.96
(0.72 to
General hospital 0–39.9
1.28
(1.00 to
General hospital 40–99.9
1.57
(1.14 to
General hospital 100+
1.02
(0.80 to
Sex
Males
1
Females
0.84
(0.75 to
Age at diagnosis
50–59 years
1
60–69 years
1.31
(1.10 to
70–79 years
1.51
(1.29 to
80+ years
1.91
(1.58 to
Country of birth
Australian born
1
English speaking
0.99
(0.81 to
Non-English speaking
0.87
(0.76 to
Unknown
0.58
(0.40 to
Comorbidity
No comorbidity
1
Comorbidity
1.15
(1.01 to
Chronic obstructive
pulmonary disease†
No COPD
1
COPD
0.85
(0.75 to
Smoking‡
No smoking
1
Previous smoking
0.86
(0.75 to
Current smokers
0.97
(0.83 to
Method of diagnosis
Cytology
1
Clinical
1.65
(1.25 to
Histologically verified
0.97
(0.79 to
Histology§
Squamous
1
Adenocarcinoma
0.89
(0.77 to
Large cell
1.04
(0.89 to

Distant

One year*

1.82)
1.28)
1.65)
2.18)
1.29)

p Value

One year*

Five years*

HR

HR

95% CI

95% CI

p Value

p=0.2494

1
0.92
0.77
1.12
1.09
1.10

(0.71 to
(0.62 to
(1.01 to
(0.96 to
(0.99 to

1.18)
0.95)
1.24)
1.24)
1.22)

1
0.92
0.77
1.12
1.09
1.10

(0.71 to
(0.62 to
(1.01 to
(0.96 to
(0.99 to

1.18)
0.95)
1.24)
1.24)
1.22)

p=0.0097

p<0.0187

1
0.80

(0.75 to 0.87)

1
0.80

(0.75 to 0.87)

p<0.0001

p<0.0001

1
1.13
1.32
1.51

(1.03 to 1.24)
(1.20 to 1.45)
(1.32 to 1.73)

1
1.13
1.32
1.51

(1.03 to 1.24)
(1.20 to 1.45)
(1.32 to 1.73)

p<0.0001

(0.82 to 1.22)
(0.75 to 0.96)
(0.36 to 0.73)

p<0.0002

1
1.10
0.81
0.76

(0.96 to 1.27)
(0.74 to 0.88)
(0.60 to 0.96)

1
1.10
0.81
0.76

(0.96 to 1.27)
(0.74 to 0.88)
(0.60 to 0.96)

p<0.0001

1.13

(1.00 to 1.28)

p=0.0443

1
1.16

(1.07 to 1.26)

1
1.16

(1.07 to 1.26)

p=0.0005

(0.87 to 1.12)

0.99

(0.87 to 1.12)

p=0.8356

1
0.91

(0.83 to 1.01)

1
0.91

(0.83 to 1.01)

p=0.0874

p=0.0596

1
0.84
0.91

(0.73 to 0.97)
(0.78 to 1.05)

1
0.84
0.91

(0.73 to 0.97)
(0.78 to 1.05)

p=0.0607

1
0.89
0.93

(0.81 to 0.97)
(0.85 to 1.02)

1
0.89
0.93

(0.81 to 0.97)
(0.85 to 1.02)

p=0.0367

p<0.0001

1
1.21
0.78

(0.88 to 1.66)
(0.64 to 0.96)

1
1.21
0.78

(0.88 to 1.66)
(0.64 to 0.96)

p< 0.0013

1
1.17
0.79

(1.01 to 1.35)
(0.72 to 0.88)

1
1.17
0.79

(1.01 to 1.35)
(0.72 to 0.88)

p<0.0001

1
1.20
1.31

(1.05 to 1.38)
(1.12 to 1.54)

1
1.31
1.02

(1.02 to 1.68)
(0.76 to 1.37)

1
0.94
1.03

(0.80 to 1.11)
(0.86 to 1.22)

1
1.02
0.85

(0.75 to 1.39)
(0.62 to 1.18)

to
to
to
to
to

Continued
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One year*

Lung cancer
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Table 2 Hospital of treatment, distance from the NASH and other variables independently associated with hazard of death from localised, regional and distant primary non-small cell lung cancer in
New South Wales, 2000–2008
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Table 2

Continued
Localised

Other
Type of admission
Emergency
Planned
Other
Major surgery¶
No resection
Pneumonectomy
Lobectomy
Segmental resection
Time to surgery
At diagnosis
2–3 months
3–6 months
7–12 months

Regional

One year*

Five years*

HR

95% CI

HR

95% CI

0.47

(0.37 to 0.61)

0.47

(0.37 to 0.61)

1
0.75
0.93

(0.64 to 0.87)
(0.67 to 1.30)

1
0.75
0.93

(0.64 to 0.87)
(0.67 to 1.30)

1
0.35
0.14
0.18

(0.25 to 0.50)
(0.11 to 0.17)
(0.15 to 0.23)

1
0.74
0.32
0.37

(0.44 to 1.25)
(0.23 to 0.44)
(0.25 to 0.54)

1
0.96
0.67
1.15

(0.77 to 1.19)
(0.50 to 0.90)
(0.97 to 1.38)

1
1.67
1.74
1.74

(1.12 to 2.47)
(1.02 to 2.96)
(1.27 to 2.37)

Distant

One year*

Five years*

p Value

HR

95% CI

HR

95% CI

p<0.0001

0.93

(0.72 to 1.19)

0.63

(0.41 to 0.98)

p<0.0001

1
0.85
0.97

(0.72 to 1.00)
(0.68 to 1.38)

1
1.34
0.99

(0.99 to 1.80)
(0.52 to 1.88)

p<0.0001

1
0.42
0.31
0.32

(0.34 to 0.53)
(0.26 to 0.37)
(0.26 to 0.40)

1
0.60
0.54
0.60

(0.40 to 0.90)
(0.40 to 0.73)
(0.41 to 0.87)

p<0.0001

1
0.97
1.14
0.65

(0.82 to 1.14)
(0.93 to 1.39)
(0.50 to 0.85)

1
1.51
2.99
2.00

(1.11 to 2.04)
(2.01 to 4.44)
(1.25 to 3.20)

p Value

One year*

Five years*

HR

95% CI

HR

95% CI

p Value

p<0.0001

1.00

(0.80 to 1.25)

0.86

(0.57 to 1.31)

p<0.0001

p<0.0001

1
1.00
1.16

(0.89 to 1.13)
(0.89 to 1.51)

1
1.66
1.34

(1.32 to 2.09)
(0.83 to 2.17)

p<0.0001

p<0.0001

1
0.28
0.34
0.36

(0.18 to 0.42)
(0.27 to 0.45)
(0.25 to 0.51)

1
0.16
0.32
0.24

(0.07 to 0.35)
(0.19 to 0.54)
(0.13 to 0.48)

p<0.0001

p<0.0001

1
1.71
1.44
0.89

(1.43 to 2.04)
(1.19 to 1.76)
(0.70 to 1.13)

1
4.63
7.58
12.44

(3.23 to 6.64)
(4.82 to 11.92)
(7.01 to 22.07)

p<0.0001

*HRs at one and five years after diagnosis are presented because the effects of some variables in the model were time varying.
†COPD (diagnosis codes J41.0, J41.1, J41.8, J42.0, J42, J43, J43.1, J43.2, J43.8, J43.9, J44.0, J44.1, J44.8, J44.9).
‡Smoking codes (diagnosis codes Z86.43, Z72.0, Z71.6, F17).
§Cancer codes (ICD 0–3 morphology codes: squamous 80503–80783, large cell 80353, 83103, 80103–80123, 80143–80313, adenocarcinoma 82303–82313, 82503–82603, 81403, 82113, 83233, 85763, 82463 Other 80003–80053, 88003, 88013,
88023, 8053 88113, 88303, 88903, 89203, 90403, 90413, 91203, 91333, 91503, 95403, 88403–89213, 89903–89913, 91203–91333, 95403–95813, 88303, 91503).
¶Procedure codes (lobectomy (38438–01, 38441–00), resection (38438–00, 38440–00, 38440–01, 90169–00,90181–00), pneumonectomy (38441–01, 38438–02)).
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HR
Hospital of treatment and distance from a NASH
Localised NSCLC patients (n=3240)
Specialist hospital 0–39.9
Specialist hospital 40–99.9
Specialist hospital 100+
General hospital 0–39.9
General hospital 40–99.9
General hospital 100+
Regional NSCLC patients(n=2435)
Specialist hospital 0–39.9
Specialist hospital 40–99.9
Specialist hospital 100+
General hospital 0–39.9
General hospital 40–99.9
General hospital 100+
Distant NSCLC patients (n=3540)
Specialist hospital 0–39.9
Specialist hospital 40–99.9
Specialist hospital 100+
General hospital 0–39.9
General hospital 40–99.9
General hospital 100+

95% CI

p Value

HR

95% CI

p Value

Multivariable model including surgery*

Multivariable model excluding surgery*

1
0.82
0.64
1.69
2.01
1.82

(0.64 to
(0.51 to
(1.43 to
(1.63 to
(1.55 to

1.05)
0.81)
2.00)
2.48)
2.13)

p<0.0001

1
1.32
0.96
1.28
1.57
1.02

(0.96
(0.72
(1.00
(1.14
(0.80

to 1.82)
to 1.28)
to 1.65)
to 2.18)
to 1.29)

p<0.022

1
0.82
0.77
1.24
1.58
1.23

(0.66 to
(0.63 to
(1.04 to
(1.26 to
(1.04 to

1.01)
0.93)
1.47)
1.98)
1.45)

p<0.0001

1
0.99
0.93
0.92
1.03
0.84

(0.79
(0.76
(0.77
(0.82
(0.71

to 1.23)
to 1.13)
to 1.10)
to 1.30)
to 0.99)

p=0.2494

1
0.82
0.65
1.18
1.21
1.23

(0.64 to
(0.52 to
(1.06 to
(1.07 to
(1.11 to

1.06)
0.80)
1.30)
1.38)
1.36)

p<0.0001

1
0.92
0.77
1.12
1.09
1.10

(0.71
(0.62
(1.01
(0.96
(0.99

to 1.18)
to 0.95)
to 1.24)
to 1.24)
to 1.22)

p=0.0097

*Adjusted for hospital of treatment and distance from a NASH, sex, age at diagnosis, country of birth, comorbidity, COPD, smoking, method of diagnosis, histology, type of admission
and time to diagnosis.
NSCLC, non-small cell lung cancer.

type appeared as important determinants of having a resection
and, therefore, of outcome of NSCLC.
We found as have others23 24 in a number of UK5–7 25 and US
studies26 27 that patients living in proximity to a specialist hospital attended one. In addition, we found this pattern of attendance was similar regardless of the stage at diagnosis with 85%
of localised and regional and 70% of distant stage patients
attending specialist hospitals if they lived within 0–39 km of
one. There is evidence, too, that the proximity to hospital and
specialty of the referring doctor is important. In a study of US
SEER registered lung cancer patients with linked Medicare
records, patients were more likely to attend a National Cancer
Institute centre if they lived within 30 min of one and had care
from a specialist doctor in the preceding 6 months.24
We found that if patients attended a general hospital, their
survival was poorer, because they were less likely to have a
resection of their cancer. Crawford and coworkers7 in a UK
registry study also found that lung cancer patients whose closest
hospital was district hospital were signiﬁcantly less likely to have
thoracic surgery than those whose closest hospital was a cancer
centre. Other studies of lung cancer patients in the north of
England found that both distance from a cancer centre and
deprivation reduced the likelihood of surgery, and treatment in
a cancer centre reduced the likelihood of death.5–7 More
recently, the UK lung cancer audit found that NSCLC patients
ﬁrst seen at thoracic surgical centres were 51% more likely to
have resection than those seen in other centres (adjusted OR
1.51, 95% CI 1.16 to 1.97).8 A recent UK study also found
better survival in hospitals with higher resection volumes even
for patients who were older, had lower socioeconomic status or
had comorbidities.28 We found as have others that regardless of
158

stage at diagnosis and after adjustment for other factors, having
any resection (pneumonectomy, lobectomy or segmental resection) was the single most important factor in reducing the
hazard of death.8 24
Most studies of the efﬁcacy of surgical resection of early stage
NSCLC have been observational, based on routinely collected
data or audits.29 However, both US30 and Australian1 guidelines
recommend that stage I to stage IIIa NSCLC patients with
potentially resectable disease have a lung resection, subject to
staging that includes systematic lymph node sampling or mediastinal lymph node dissection. We could not determine if formal
staging was undertaken. However, NSW lung cancer patterns of
care studies9–11 report that 89% of lung cancer patients saw a
specialist at some time in their care, with 54% initially referred
to a respiratory physician. Of these, 90% were referred to either
an oncologist or cardiothoracic surgeon. Vinod et al11 found
that 49% of stage I patients, 24% of stage II and 4% of stage III
NSCLC patients would have expected to have their lung cancer
resected.
The outcomes for surgically treated patients we observed are
similar to those of Rich et al,8 who examined the outcomes for
34 513 NSCLC patients in a lung cancer audit. They found that
potentially curative surgery was the most powerful overall determinant of survival. Relative to patients who did not have
surgery, patients who had surgery had an HR of 0.41 (95%CI
0.39 to 0.44) after adjusting for age, sex, performance status,
stage and comorbidity.
Apart from the increased likelihood of having a resection,
patients referred to specialist centres would have access to lung
cancer specialists for all their care, positive emission tomography (PET) for operative prestaging, guideline based lung
Tracey E, et al. Thorax 2015;70:152–160. doi:10.1136/thoraxjnl-2014-205554
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cancer treatment23 and a reduced likelihood of developing complications.3 A recent lung cancer audit in Victoria, Australia,
found that multidisciplinary team management of lung cancer
patients, which is most likely to be available in specialist centres,
was an independent predictor of receiving guideline based treatment and of a lower hazard of death.31 Specialised facilities and
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dense populations.32
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age.5 7 8 Unlike others5 6 but consistent with some NSW
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We also found, as have other Australian9–11 31 and UK studies,7
that there were higher hazards of death in patients with any
comorbidity,8 those without histological conﬁrmation35 and
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