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ABSTRACT We examine changes in survival and patient-, tumour- and treatment-related factors among
resected and nonresected lung cancer patients, and identify subgroups with the largest and smallest
survival improvements.

National population-based data from the Cancer Registry of Norway, Statistics Norway and the
Norwegian Patient Register were linked for lung cancer patients diagnosed during 1997–2011. The 1- and
5-year relative survival were estimated, and Cox proportional hazard regression, adjusted for selected
patient characteristics, was used to assess prognostic factors for survival in lung cancer patients overall and
stratified by resection status.

We identified 34157 patients with lung cancer. The proportion of histological diagnoses accompanied by
molecular genetics testing increased from 0% to 26%, while those accompanied by immunohistochemistry
increased from 8% to 26%. The 1-year relative survival among nonresected and resected patients increased
from 21.7% to 34.2% and 75.4% to 91.5%, respectively. The improved survival remained significant after
adjustment for age, sex, stage and histology. The largest improvements in survival occurred among resected
and adenocarcinoma patients, while patients ⩾80 years experienced the smallest increase.

Lung cancer survival has increased considerably in Norway. The explanation is probably multifactorial,
including improved attitude towards diagnostic work-up and treatment, and more accurate diagnostic
testing that allows for improved selection for resection and improved treatment options.
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Introduction
Lung cancer survival in Norway was low in the 1960s and remained so until the new millennium, with 1-
and 5-year relative survival at around 30% and 10%, respectively, for both sexes combined [1]. This pattern
is similar to that observed in other countries with comparable health systems and wealth, and 5-year
age-standardized relative survival in Norway has been shown to be equal to the European mean [2, 3].

There are indications that diagnostic accuracy in lung cancer and lung cancer survival have improved recently
[2, 4–6]. A favourable trend was seen in Norway in 2006–2007 compared with earlier periods, with 1-year
survival reaching 81% among resected lung cancer patients [6]. However, most studies on prognosis and
prognostic factors for lung cancer have been based on populations with advanced-stage cancers or resected
lung cancers, or they were based on hospital data (nonpopulation based) [7–9]. As the prognosis of lung
cancer differs greatly among resected and nonresected patients, it is important to distinguish between these
groups. A few population-based studies have considered lung cancer patients overall, regardless of resection
status, but focusing on trends in incidence or prognoses associated with different treatments [10, 11].

Lung cancer patients have suffered stigmatisation and a nihilistic attitude towards diagnostic work-up and
treatment on the part of healthcare professionals, which was indicated by the finding that resection, generally
considered a prerequisite for cure, was underutilized in 1995–1998 in Norway [12, 13]. Historically, it has
been surmised that lung cancer research was underfunded due to the disease’s poor prognosis. However, in
the early 2000s there were increased efforts to improve all aspects of lung cancer care [6, 14, 15].

The aim of the present study was to examine changes in survival and patient-, tumour- and
treatment-related factors affecting survival among resected and nonresected lung cancer patients. We also
sought to identify subgroups of age, sex, socioeconomic status, histology and treatment with the largest
and smallest improvement in survival over the last decade.

Methods
Cancer Registry of Norway
The Cancer Registry of Norway (CRN) is a directive from the country’s Ministry of Health. The CRN has
been collecting notifications on cancer occurrence for the Norwegian population since 1953. It is estimated
that the quality, comparability, completeness, validity and timeliness of the CRN data are high, with 96.9%
estimated completeness for lung cancer. Historically, these notifications have been sent in paper format,
which must then be coded electronically in-house by the CRN. The CRN also receives death certificates
from the Cause of Death Registry and is matched monthly against the National Population Register to
ensure that vital status (death or emigration) is updated [16].

Data sources
The personal identification number allows information on all Norwegian citizens to be linked across
institutions and databases. Population-based data from the CRN were used to identify all patients
diagnosed with malignant neoplasm of bronchus and lung (International Classification of Diseases,
Revision 10, code C34) between January 1, 1997 and December 31, 2011 in Norway. The CRN receives
patient-identifiable data annually from all radiotherapy centres in Norway. Only information about the
first series of radiotherapy was included in the current study. The CRN also contains comprehensive data
for all resected patients. Information on socioeconomic status, as measured by highest achieved education
and income level the year before lung cancer diagnosis, was obtained from Statistics Norway. Information
on comorbidity during the year prior to diagnosis was taken from the Norwegian Patient Register, but it
was only available for patients diagnosed after January 1, 2009, as person-identifiable data is only available
in the register from January 2008 onwards.

Classification of variables
Education level was categorised as low (lower secondary school), intermediate (upper secondary school) or
high (university or similar). The cut-offs for income level were set at the 33rd and 66th percentile, were
redefined every year, and were stratified by sex. Stage at the time of diagnosis was categorised as localised,
regional or metastasis according to the condensed tumour–node–metastasis (TNM) status [17]. The CRN
recoded all cancer cases after the Union for International Cancer Control standards version 7 based on
individual TNM descriptors [18]. TNM status was not available for nonresected lung cancer patients. This
will become available in the Norwegian Lung Cancer Registry, which resides within the CRN, which is
collecting data on lung cancer patients diagnosed from 2013 onwards. Stage in resected patients was coded
according to pathological TNM status (pTNM) [18]. Histology was classified according to the
classification of the World Health Organization [19]. Comorbidity was measured using a version of the
Charlson Comorbidity Index (CCI) adapted to national patient registers, and categorised as no hospital
admissions (CCI= −1), low (CCI=0), intermediate (CCI=1, 2) and high (CCI⩾3) [20]. Doctor-reported
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smoking status was categorised as never, current or former. Treatment intention for radiotherapy was
categorised as radical (including curative, local control and prophylactic) or palliative [21]. However, no
information was available about whether the radiotherapy given was targeted at the primary lung tumour
or elsewhere, e.g. prophylactic brain radiation. When treatment intention was missing (6% of patients), it
was assigned based on the radiotherapy dose applied, in accordance with the national guidelines available
during the study period [22]. Small cell carcinoma patients receiving doses of ⩾42 and <42 Gy were
categorised as radical and palliative, respectively. Nonsmall cell carcinoma patients were categorised as
radical if they received doses of ⩾50 Gy in addition to surgery or ⩾60 Gy without surgery, otherwise
radiotherapy was classified as palliative [21, 22]. Resection and radiotherapy were included as
time-dependent variables in the model, i.e. all patients start follow-up as untreated where they contribute
time-at-risk to the untreated group, but at the date of treatment, patients contribute time-at-risk to the
treatment group. Patients who underwent exploratory thoracotomy were categorised as nonresected, while
patients receiving upper-, middle- or lower-lobectomy, bilobectomy, pneumonectomy, or sublobar/
segmental resections were categorised as resected. Date of diagnosis was coded as the first occurrence out
of the date given by the clinician, date of the first histological verification and date of death. Until 2003,
date of diagnosis was coded as the first day in the month, while after 2003, the CRN started coding the
exact date. To obtain consistency, all dates of diagnoses were set to the first of the corresponding month.

Study sample
In total, 35132 patients were diagnosed with lung cancer in the CRN in 1997–2011. Of these, 41 were
excluded due to registration errors and 16 due to surgery abroad. 222 patients were diagnosed at autopsy,
623 were registered based on death certificate alone, and 73 were registered with other specified histology
(81% of which were sarcoma) and were also excluded. This left a final study sample of 34157 lung cancer
patients (online supplementary figure S1).

Statistical analysis
Multiple imputation was used to handle incomplete data on education, income, stage, histology, laterality,
tumour size, resection procedure and smoking [23]. Multiple imputation is a statistical method that uses
available data to model the likely distribution of missing data. We ran the imputation model 30 times and
combined the results using Rubin’s rule [23]. This was performed using the mi impute chained command
in Stata 13.1 [24].

The 1- and 5-year relative survival were estimated using the lifetable method and calculated using inverse
probability weighting as proposed by POHAR-PERME [25]. Each patient was assigned a weight corresponding
to 1–the cumulative probability of dying from all other causes. These weights are estimated using a
national lifetable stratified by age, sex and calendar time measured by yearly intervals. In order to use the
most recent data, the hybrid method was applied to estimate 5-year relative survival [26]. Univariate and
multivariate analysis for 1-year survival, adjusted for diagnostic period, age, sex, socioeconomic status,
stage, histology, topography, laterality, comorbidity and treatment-specific variables, was performed using
Cox regression to identify possible risk factors.

The 1-year survival analyses were performed in three groups: 1) all lung cancer patients, 2) nonresected
patients and 3) resected patients. For the estimations of relative survival, follow-up time in the three
groups started from date of diagnosis, while in the regression analyses, group 3 was followed from date of
surgery. Group 2 patients who either received resection alone or who received adjuvant radiotherapy were
censored at date of surgery and did not contribute follow-up time post-resection. Therefore, the definition
of the end of follow-up is defined as 1 year after the date of diagnosis, surgery, death or emigration,
whichever came first. As group 3 patients were followed from date of diagnosis and not from date of
surgery, an immortal time bias was introduced. However, we believe the bias to be small, partly due to the
short time between diagnosis and surgery, and partly due to the high probability of survival by the
candidates considered for surgery, during the same period. In the regression analysis this bias is handled
by including surgery as a time-dependent variable. Data regarding pTNM, resection procedure and
tumour size were available for group 3 and included in the regression model. We performed the same
analyses using complete case data; however, similar results were obtained. In order to reveal temporal
survival trends within subgroups, we compared survival among patients diagnosed in the first (1997–2003)
and those diagnosed in the second (2004–2011) half of the study period using a multivariate Cox
regression model adjusting for available explanatory variables.

In two subgroup analyses focusing on comorbidity and smoking, 1-year survival was calculated using a
multivariate Cox regression model in a similar manner as described above. When analysing comorbidity
we used the period 2009–2011, while for smoking we used 2004–2010. p-values <0.05 were considered
significant.
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Results
Demographic and clinical characteristics of the study sample are given in table 1. There were 6160 (18.0%)
resected patients (table 1). Median time from lung cancer diagnosis to death among resected and
nonresected patients was 39 and 5 months, respectively.

The 1- and 5-year relative survival for all lung cancer patients increased from 35.4% to 47.6% and 11.6% to
17.5%, respectively, during the study period (figure 1). The 1- and 5-year relative survival among
nonresected patients increased from 28.4% to 37.0% and 3.6% to 6.3%, respectively. Corresponding figures
among resected patients were 77.2% to 93.3% and 47.0% to 62.6%, respectively (figure 2). For both resected
and nonresected patients the hazard ratio for death up to 2 years after resection/diagnosis was consistently
lower in 2004–2011 compared with 1997–2003, varying from 0.50 (95% CI 0.37–0.68) to 0.71 (95% CI
0.62–0.82) for resected and from 0.75 (95% CI 0.70–0.81) to 0.88 (95% CI 0.83–0.94) for nonresected
patients (figure 3). Survival during the third year after diagnosis was similar in 1997–2003 and 2004–2011
among both resected and nonresected (figure 3).

The median time from diagnosis to resection increased from 26 days in 2005 to 36 days in 2008 (figure 4).
Resection rates varied between 16.1% and 20.8% during the study period, but no clear trend was observed
(figure 4). Univariate and multivariate analyses stratified by resection status showed a steady increase in
1-year survival in resected and nonresected patients, although the improvement was largest among resected
patients (table 2). A significant increased mortality by stage was observed in all patients (regional versus
local: hazard ratio 2.09, 95% CI 1.96–2.23; metastasis versus local: hazard ratio 4.97, 95% CI 4.68–5.28).
However, after stratification by resection status, most of the effect disappeared. The univariate analysis of all
patients showed that risk of death within 1 year of diagnosis was 1.4 times higher among patients with
small cell carcinoma than those with squamous cell carcinoma. However, the multivariate analysis did not
substantiate this difference. The observed effect was reduced mostly by the inclusion of stage in the model
(data not shown). Income and education level persisted as independent factors (table 2).

For all major histological types, and most profoundly for adenocarcinoma, 1-year survival improved. Even
though there have been limited advances in management for small cell lung cancer patients, this group has
also experienced an improvement in survival. Patients ⩾80 years of age experienced the smallest
improvement in survival (hazard ratio 0.87, 95% CI 0.82–0.93) (table 3). When stratifying our analysis into
nonsmall cell lung cancer and small cell lung cancer patient groups, the results with respect to the level of
the risk factors and survival improvements within the other explanatory variables differed by <10% from
the overall results (data not shown).

Between 20% and 25% of lung cancer patients were diagnosed without histological examination. From
2009 onwards, a steep increase was observed in histological diagnoses accompanied by molecular genetics
testing, likely related to the implementation of epidermal growth factor receptor (EGFR) testing. An
increase in the use of immunohistochemistry was also observed. Hence the proportion of diagnoses based
on histology alone decreased (figure 5). Online supplementary figure 2 shows an increasing proportion of
adenocarcinoma patients among lung cancer patients over time. Part of this increase can be explained by
general diagnostic improvements, and more specifically improvements in immunohistochemistry and
EGFR testing (data not shown).

Comorbidity and smoking
Overall, more severe comorbidity and being a current smoker were identified as negative prognostic factors
in all three subanalyses (table 2). However, including comorbidity and smoking information into the
analysis explained some, but not all of the effect of education and income level among resected and
nonresected patients (data not shown). The other explanatory variables were only marginally affected after
adjustment for comorbidity and smoking (data not shown).

Discussion
The 1- and 5-year relative survival increased significantly among resected and nonresected lung cancer
patients between 1997 and 2011. The improvement was most profound among resected patients and those
with adenocarcinoma, and least noticeable for patients ⩾80 years of age. The overall improvement
persisted after adjustment for available explanatory variables.

The observed increase in 5-year relative survival in our study is in line with the estimates that have been
reported by the international CONCORD-2 study, which included data from 279 population-based
registries [27]. Our study additionally observed an improved survival for all stages through the study period.
This corresponds with the results reported in a Dutch study, which showed that stage IV nonsmall cell lung
cancer patients experienced increased survival, attributable to an increased use of chemotherapy [28].
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TABLE 1 Selected characteristics of patients diagnosed with lung cancer in the period 1997–2011 in Norway

All Nonresected# Resected Resection rate

Subjects 34157 (100.0) 27997 (82.0) 6160 (18.0) 18.0
Median age years 70 71 66
Median follow-up months¶ 7 5 39
Diagnostic period
1997–1999 5711 (16.7) 4705 (16.8) 1006 (16.3) 17.6
2000–2002 6245 (18.3) 5168 (18.5) 1077 (17.5) 17.2
2003–2005 6874 (20.1) 5661 (20.2) 1213 (19.7) 17.6
2006–2008 7476 (21.9) 6079 (21.7) 1397 (22.7) 18.7
2009–2011 7851 (23.0) 6384 (22.8) 1467 (23.8) 18.7

Age years
⩽49 1466 (4.3) 1042 (3.7) 424 (6.9) 28.9
50–59 5212 (15.3) 4001 (14.3) 1211 (19.7) 23.2
60–69 9925 (29.1) 7697 (27.5) 2228 (36.2) 22.4
70–79 11891 (34.8) 9858 (35.2) 2033 (33.0) 17.1
⩾80 5663 (16.6) 5399 (19.3) 264 (4.3) 4.7

Sex
Female 13624 (39.9) 11012 (39.3) 2612 (42.4) 19.2
Male 20533 (60.1) 16985 (60.7) 3548 (57.6) 17.3

Stage+

Localised 5789 (17.0) 2835 (10.1) 2954 (48.0) 51.0
Regional 9263 (27.1) 6808 (24.3) 2455 (39.9) 26.5
Metastasis 16279 (47.7) 15892 (56.8) 387 (6.3) 2.4
Unknown 2814 (8.2) 2450 (8.8) 364 (5.9) 12.9

Education level
Low 16803 (49.2) 14065 (50.2) 2738 (44.4) 16.3
Intermediate 13916 (40.7) 11194 (40.0) 2722 (44.2) 19.6
High 3016 (8.8) 2360 (8.4) 656 (10.6) 21.8
Unknown 422 (1.2) 378 (1.4) 44 (0.7) 10.4

Income level
Low 6752 (19.8) 5789 (20.7) 963 (15.6) 14.3
Intermediate 20373 (59.6) 16888 (60.3) 3485 (56.6) 17.1
High 6882 (20.1) 5190 (18.5) 1692 (27.5) 24.6
Unknown 150 (0.4) 130 (0.5) 20 (0.3) 13.3

Histology
Squamous cell carcinoma 7051 (20.6) 5123 (18.3) 1928 (31.3) 27.3
Adenocarcinoma 10592 (31.0) 7601 (27.1) 2991 (48.6) 28.2
Small cell carcinoma 5745 (16.8) 5654 (20.2) 91 (1.5) 1.6
Large cell carcinoma 1761 (5.2) 1332 (4.8) 429 (7.0) 24.4
Other specified carcinoma 3750 (11.0) 3123 (11.2) 627 (10.2) 16.7
Carcinoma, not specified 1703 (5.0) 1610 (5.8) 93 (1.5) 5.5
Unknown 3555 (10.4) 3554 (12.7) 1 (0.0) 0.0

Topography
Main bronchus 2295 (6.7) 2210 (7.9) 85 (1.4) 3.7
Upper lobe 12682 (37.1) 9381 (33.5) 3301 (53.6) 26.0
Middle lobe 1152 (3.4) 837 (3.0) 315 (5.1) 27.3
Lower lobe 6871 (20.1) 4728 (16.9) 2143 (34.8) 31.2
Overlapping lesion of lung 374 (1.1) 268 (1.0) 106 (1.7) 28.3
Lung NOS 10783 (31.6) 10573 (37.8) 210 (3.4) 1.9

Radiation therapy§

None 20453 (59.9) 15353 (54.8) 5100 (82.8) 24.9
Radical 3470 (10.2) 2888 (10.3) 582 (9.4) 16.8
Palliative 10234 (30.0) 9756 (34.8) 478 (7.8) 4.7

Laterality
Left 13770 (40.3) 11077 (39.6) 2693 (43.7) 19.6
Right 18186 (53.2) 14724 (52.6) 3462 (56.2) 19.0
Unknown 2201 (6.4) 2196 (7.8) 5 (0.1) 0.2

Comorbidityƒ

No admission (CCI= −1) 214 (2.7) 189 (3.0) 25 (1.7) 11.7
CCI=0 4475 (57.0) 3593 (56.3) 882 (60.1) 19.7
CCI=1, 2 2666 (34.0) 2158 (33.8) 508 (34.6) 19.1
CCI⩾3 496 (6.3) 444 (7.0) 52 (3.5) 10.5

Continued
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In 1987, the Norwegian Lung Cancer Group was founded to raise awareness and promote lung cancer
care. In 2000, they released the first version of the National Guidelines for Lung Cancer Treatment; an
updated version came in 2010 to reflect new developments in treatment [22]. In November 2008, the first
lung cancer patients association was founded in Norway with the intention to increase the focus on this
patient group, to inform and support patients and their relatives, and to serve as a link between patients,
relatives, and the government. Many historical changes have taken place in lung cancer care in Norway
during the study period and these can be divided into two categories: diagnosis- and treatment-related.
The diagnosis-related changes include increased ad hoc screening, improved immunohistochemistry,
introduction of positron emission tomography (PET) scan and better molecular genetics, while the
treatment-related changes included the introduction and updated versions of the national guidelines,
introduction of multidisciplinary team meetings, centralisation, introduction of stereotactic radiotherapy
and adjuvant treatment, the activities of the Norwegian Lung Cancer Group, and the formation of the
Patient Association (figure 1) [29].

The proportion of patients diagnosed by histological examination alone decreased from 68% to 30% in
1997–2011, which is to be expected when more advanced methods are available. Immunohistochemistry
allows pathologists to determine histological subgroups even in small biopsies and cytology samples, which
is of paramount importance when choosing appropriate treatment. We see the increased use of
immunohistochemistry as a sign of increased diagnostic focus on lung cancer patients. Personalised

TABLE 1 Continued

All Nonresected# Resected Resection rate

Smoking##

Never 1347 (7.8) 1069 (7.6) 278 (8.9) 20.6
Current 7538 (43.7) 6134 (43.4) 1404 (45.0) 18.6
Former 4052 (23.5) 3239 (22.9) 813 (26.0) 20.1
Unknown 4324 (25.1) 3698 (26.2) 626 (20.1) 14.5

Procedure
Upper lobectomy 2199 (35.7)
Lower lobectomy 1389 (22.5)
Middle lobectomy 201 (3.3)
Bilobectomy 461 (7.5)
Pneumonectomy 1018 (16.5)
Sublobar resection 471 (7.6)
Unknown 421 (6.8)

pTNM status
IA 1599 (26.0)
IB 1429 (23.2)
IIA 1114 (18.1)
IIB 673 (10.9)
IIIA 836 (13.6)
IIIB 40 (0.6)
IV 61 (1.0)
Unknown 408 (6.6)

Tumour size cm
<1.5 446 (7.2)
1.5–<3 1851 (30.0)
3–<5 1806 (29.3)
5–<7 989 (16.1)
⩾7 677 (11.0)
Unknown 391 (6.3)

Resection margin
Free 5466 (88.7)
Not free 227 (3.7)
Uncertain 78 (1.3)
Not described 5 (0.1)
Unknown 384 (6.2)

Data are presented as n (%) or %, unless otherwise stated. NOS: not otherwise specified; CCI: Charlson Comorbidity Index; pTNM: pathological
tumour–node–metastasis. #: includes patients undergoing explorative thoracotomy; ¶: median number of months between diagnosis and end of
follow-up; +: see [17]; §: treatment given within 1 year of diagnosis; ƒ: available for patients diagnosed in 2009–2011; ##: available for patients
diagnosed in 2004–2010.
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medicine in the form of tyrosine kinase inhibitors was rarely seen in our study sample. Testing for specific
mutations, i.e. EGFR, started in 2010 and was routine by the end of 2011. In 2009, MOK et al. [30]
reported extended progression-free survival among EGFR-positive patients treated with gefitinib compared
with conventional chemotherapy. Hence, the increase in survival observed in our study from 2010 to 2011
may be partly attributable to increased EGFR-driven therapy. EGFR is more often expressed in
adenocarcinomas than squamous cell carcinomas, which might explain why the largest improvement in
survival was observed among adenocarcinoma patients [31, 32].

In general, more ad hoc screening is taking place in Norwegian hospitals through greater use of computer
tomography (CT). A recent report showed that the number CT scans of the thorax performed in Norway
more than doubled from 2002 to 2008 [33]. This may have led to earlier diagnosis and a shift toward more
localised stage at diagnosis, but has probably been offset by the increase in advanced-stage disease due to more
and better examination of possible metastases (online supplementary figure S2). PET-CT was implemented in
Norway after 2007 and has a higher sensitivity to detect metastases than regular CT [34]. Hence, doctors are
expected to assign more accurate diagnoses, but they also aid in selecting appropriate treatment. Even though
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TABLE 2 Univariate and multivariate Cox proportional regression analysis for all patients, nonresected patients and resected
lung cancer patients diagnosed in 1997–2011 in Norway

All Nonresected Resected

Univariate Multivariate Univariate Multivariate Univariate Multivariate

Diagnostic year
1997 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
1998 1.03 (0.95–1.11) 1.02 (0.94–1.11) 1.08 (1.01–1.15) 1.07 (1.01–1.15) 0.99 (0.84–1.17) 1.01 (0.85–1.19)
1999 0.95 (0.88–1.02) 0.99 (0.91–1.07) 0.95 (0.89–1.02) 0.99 (0.93–1.06) 0.90 (0.76–1.07) 0.94 (0.79–1.12)
2000 0.98 (0.91–1.05) 0.97 (0.90–1.05) 1.00 (0.94–1.06) 1.02 (0.95–1.08) 0.92 (0.78–1.09) 0.95 (0.80–1.12)
2001 0.98 (0.91–1.06) 0.92 (0.85–0.99) 0.96 (0.90–1.03) 0.96 (0.90–1.02) 0.87 (0.73–1.03) 0.87 (0.73–1.04)
2002 0.98 (0.91–1.05) 0.91 (0.84–0.98) 0.99 (0.93–1.05) 0.98 (0.92–1.04) 0.89 (0.75–1.05) 0.90 (0.76–1.07)
2003 0.93 (0.86–1.00) 0.88 (0.82–0.95) 0.94 (0.89–1.00) 0.95 (0.89–1.01) 0.80 (0.67–0.94) 0.83 (0.70–0.98)
2004 0.88 (0.82–0.95) 0.81 (0.75–0.88) 0.88 (0.83–0.94) 0.88 (0.83–0.94) 0.77 (0.65–0.91) 0.75 (0.63–0.89)
2005 0.85 (0.78–0.91) 0.79 (0.73–0.86) 0.87 (0.82–0.93) 0.87 (0.81–0.92) 0.66 (0.56–0.79) 0.71 (0.60–0.85)
2006 0.79 (0.73–0.85) 0.74 (0.68–0.80) 0.81 (0.76–0.86) 0.80 (0.75–0.86) 0.61 (0.51–0.72) 0.63 (0.53–0.75)
2007 0.79 (0.74–0.85) 0.75 (0.69–0.80) 0.79 (0.74–0.84) 0.79 (0.74–0.84) 0.57 (0.48–0.68) 0.65 (0.54–0.77)
2008 0.78 (0.72–0.84) 0.72 (0.67–0.78) 0.78 (0.73–0.82) 0.77 (0.73–0.82) 0.52 (0.44–0.62) 0.57 (0.48–0.69)
2009 0.77 (0.71–0.83) 0.71 (0.66–0.77) 0.76 (0.71–0.81) 0.78 (0.73–0.83) 0.41 (0.34–0.49) 0.41 (0.34–0.50)
2010 0.76 (0.70–0.81) 0.70 (0.65–0.76) 0.70 (0.66–0.74) 0.72 (0.68–0.77) 0.30 (0.25–0.37) 0.33 (0.27–0.41)
2011 0.68 (0.63–0.73) 0.64 (0.59–0.70) 0.60 (0.56–0.64) 0.63 (0.59–0.67) 0.19 (0.15–0.24) 0.22 (0.17–0.28)

Age years
<50 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
50–59 1.22 (1.13–1.33) 1.19 (1.09–1.29) 1.10 (1.03–1.17) 1.12 (1.05–1.20) 1.24 (1.05–1.47) 1.18 (0.99–1.40)
60–69 1.35 (1.25–1.46) 1.40 (1.29–1.52) 1.18 (1.11–1.26) 1.25 (1.18–1.33) 1.49 (1.27–1.74) 1.63 (1.39–1.92)
70–79 1.80 (1.66–1.94) 1.91 (1.77–2.07) 1.40 (1.32–1.49) 1.49 (1.40–1.58) 1.87 (1.59–2.18) 2.13 (1.81–2.50)
⩾80 2.60 (2.40–2.82) 2.87 (2.64–3.11) 1.54 (1.45–1.65) 1.71 (1.61–1.83) 2.01 (1.63–2.47) 2.66 (2.15–3.30)

Sex
Female 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Male 1.19 (1.15–1.22) 1.17 (1.13–1.20) 1.13 (1.10–1.15) 1.10 (1.08–1.13) 1.42 (1.33–1.52) 1.23 (1.15–1.32)

Stage
Localised 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Regional 2.09 (1.96–2.23) 2.11 (1.98–2.25) 1.03 (0.98–1.07) 1.04 (0.99–1.09) 1.58 (1.47–1.69) 1.30 (1.20–1.41)
Metastasis 4.97 (4.68–5.28) 4.90 (4.60–5.21) 1.39 (1.33–1.44) 1.37 (1.31–1.43) 2.62 (2.33–2.96) 1.98 (1.75–2.26)

Education
Low 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Intermediate 0.87 (0.85–0.90) 0.91 (0.88–0.94) 0.93 (0.91–0.95) 0.95 (0.93–0.98) 0.83 (0.77–0.89) 0.88 (0.82–0.94)
High 0.81 (0.77–0.86) 0.85 (0.81–0.89) 0.90 (0.86–0.94) 0.93 (0.89–0.97) 0.73 (0.65–0.82) 0.80 (0.71–0.90)

Radiation therapy
No 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Radical 0.61 (0.58–0.64) 0.72 (0.69–0.75) 1.69 (1.53–1.87) 1.37 (1.22–1.53)
Palliative 1.29 (1.26–1.33) 1.32 (1.29–1.36) 3.95 (3.58–4.36) 2.91 (2.62–3.24)

Topography
Main bronchus 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Upper lobe 0.57 (0.54–0.60) 0.68 (0.64–0.72) 0.91 (0.87–0.95) 0.93 (0.89–0.97) 0.77 (0.59–0.99) 1.01 (0.77–1.33)
Middle lobe 0.58 (0.53–0.64) 0.67 (0.61–0.74) 0.95 (0.88–1.03) 0.97 (0.90–1.05) 0.70 (0.52–0.94) 1.11 (0.79–1.55)
Lower lobe 0.58 (0.54–0.61) 0.69 (0.65–0.74) 0.99 (0.95–1.04) 1.01 (0.96–1.06) 0.79 (0.61–1.03) 0.93 (0.70–1.23)
Overlapping lesion of lung 0.79 (0.69–0.90) 0.89 (0.78–1.03) 1.27 (1.13–1.42) 1.30 (1.16–1.46) 1.10 (0.78–1.55) 1.07 (0.75–1.51)
Lung NOS 1.09 (1.04–1.15) 0.96 (0.91–1.02) 1.04 (0.99–1.09) 1.01 (0.96–1.06) 0.99 (0.73–1.34) 1.06 (0.78–1.44)

Histology
Squamous cell carcinoma 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Adenocarcinoma 1.08 (1.04–1.12) 1.00 (0.96–1.05) 1.08 (1.05–1.12) 1.12 (1.08–1.15) 0.90 (0.83–0.96) 1.11 (1.03–1.20)
Small cell carcinoma 1.42 (1.36–1.48) 1.04 (0.99–1.09) 0.91 (0.88–0.94) 0.98 (0.94–1.02) 0.95 (0.73–1.24) 1.08 (0.82–1.41)
Large cell carcinoma 1.37 (1.29–1.46) 1.17 (1.09–1.25) 1.25 (1.18–1.32) 1.18 (1.12–1.25) 1.12 (0.99–1.27) 1.13 (0.99–1.29)
Other specified carcinoma 1.18 (1.13–1.25) 1.11 (1.05–1.17) 0.94 (0.90–0.99) 0.99 (0.94–1.03) 0.50 (0.44–0.58) 0.75 (0.65–0.87)
Carcinoma, not specified 1.75 (1.65–1.86) 1.20 (1.12–1.28) 1.15 (1.09–1.21) 1.06 (1.00–1.12) 1.30 (1.02–1.64) 1.19 (0.93–1.51)

Laterality
Left 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Right 1.02 (0.99–1.05) 1.02 (0.99–1.05) 0.99 (0.97–1.02) 0.99 (0.97–1.02) 0.98 (0.92–1.05) 1.08 (1.00–1.15)

pTNM
IA 1.00 (ref.) 1.00 (ref.)
IB 1.30 (1.18–1.44) 1.04 (0.93–1.17)
IIA 1.69 (1.53–1.87) 1.28 (1.14–1.44)
IIB 1.96 (1.75–2.20) 1.30 (1.12–1.50)
IIIA 2.41 (2.17–2.67) 1.61 (1.41–1.84)
IIIB 2.76 (1.95–3.89) 2.08 (1.45–2.98)
IV 2.17 (1.60–2.95) 2.27 (1.69–3.04)

Continued
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the resection rate stayed nearly constant, survival after resection improved, which may be explained partly by
better selection of patients for surgery. Indeed, some patients that received resection in the past would now be
considered unsuitable due to better diagnostic work-up and thus they contribute to lower the survival averages
observed in the early periods. PET-CT will probably improve patient selection further in future and avoid
futile thoracotomies.

Treatment for lung cancer has evolved substantially and resection has been gradually centralised [35]. In
2003, <20% were resected at a high-volume hospital, compared with >80% in 2012. Centralisation of
surgery to high-volume or central hospitals may partly explain improved survival. Post-operative mortality
in our study was lower in 2004–2011 compared with 1997–2003, which could be a reflection of improved
surgical, anaesthetic and peri-operative care related to centralisation, and/or better patient selection
resulting from improved diagnostic techniques. We believe that better diagnostic methods and improved
peri-operative care also contributed.

The median waiting time for resection in our study was ∼26 days between 1998 and 2001. However, a
steep increase in waiting time was observed after 2005, probably as a consequence of centralisation. In
addition, more accurate diagnostic work-up demands more time-consuming examination, which can add
to time before resection. However, this waiting time seems reasonable as it increases the likelihood that the
correct patients receive resection and as, despite this waiting time, improved survival has been observed.
The introduction of adjuvant chemotherapy towards the end of our study period might also explain better
survival among our resected patients [4].

Stereotactic body radiotherapy was implemented in 2008 and may contribute to improved survival among
nonresectable patients [36]. We were not able to stratify for regular and stereotactic radiotherapy. The
prognosis among resected patients receiving adjuvant radiotherapy was inferior to that of resected patients
not receiving adjuvant radiotherapy. This was expected as adjuvant radiotherapy after resection is often
associated with not having free resection margins or more advanced disease than initially believed. A
recent study from the CRN showed that only lung and breast cancers met national and international target
levels for radiotherapy [21]. This is a good indication that the increased attention to lung cancer has led to
improvements in care in Norway. Improved survival was seen among stage III nonsmall cell lung cancer
patients treated with palliative radiotherapy in addition to chemotherapy, indicating that an improved,
proactive attitude towards patients with an initial poor prognosis can be beneficial without reducing their
quality of life [37].

TABLE 2 Continued

All Nonresected Resected

Univariate Multivariate Univariate Multivariate Univariate Multivariate

Surgical procedure
Upper lobectomy 1.00 (ref.) 1.00 (ref.)
Lower lobectomy 1.05 (0.96–1.15) 1.10 (0.96–1.27)
Middle lobectomy 0.80 (0.65–0.99) 0.92 (0.68–1.23)
Bilobectomy 1.18 (1.04–1.34) 1.06 (0.92–1.23)
Pneumonectomy 1.77 (1.61–1.93) 1.29 (1.15–1.43)
Sublobar resection 1.03 (0.91–1.18) 1.25 (1.09–1.44)

Tumour size cm
<1.5 1.00 (ref.) 1.00 (ref.)
1.5–<3 1.51 (1.28–1.78) 1.24 (1.05–1.47)
3–<5 2.05 (1.74–2.41) 1.38 (1.15–1.65)
5–<7 2.35 (1.98–2.80) 1.31 (1.08–1.58)
⩾7 3.02 (2.53–3.60) 1.50 (1.22–1.84)

Comorbidity#

No admission (CCI= −1) 0.77 (0.63–0.93) 0.69 (0.57–0.85) 0.74 (0.63–0.86) 0.74 (0.63–0.87) 1.18 (0.58–2.39) 1.03 (0.49–2.14)
CCI=0 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
CCI=1, 2 1.13 (1.07–1.21) 1.08 (1.00–1.15) 1.11 (1.06–1.18) 1.12 (1.06–1.19) 1.12 (0.91–1.37) 1.12 (0.90–1.39)
CCI⩾3 1.54 (1.38–1.73) 1.27 (1.12–1.45) 1.28 (1.16–1.42) 1.24 (1.11–1.38) 1.81 (1.18–2.78) 1.74 (1.09–2.76)

Smoking¶

Never 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Current 1.03 (0.96–1.11) 1.18 (1.09–1.28) 0.99 (0.92–1.07) 1.21 (1.12–1.31) 1.48 (1.04–2.10) 1.25 (0.87–1.80)
Former 0.99 (0.92–1.08) 1.06 (0.98–1.16) 0.97 (0.90–1.06) 1.13 (1.04–1.22) 1.38 (0.95–2.01) 1.07 (0.73–1.57)

Data are presented as hazard ratio (95% CI). ref.: reference value; NOS: not otherwise specified; pTNM: pathological tumour–node–metastasis;
CCI: Charlson Comorbidity Index. #: patients diagnosed in 2009–2011, model includes all other covariates available in 1997–2011; ¶: patients
diagnosed in 2004–2010, model includes all other covariates available in 1997–2011.
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All residents of Norway have equal access to healthcare regardless of social class. Despite this, higher
education and income levels were associated with an increased resection rate. Furthermore, education was
identified as an independent positive prognostic factor for survival. It can be speculated that these
differences can be attributed to a higher prevalence of smoking among patients in the low socioeconomic
group. As a consequence, these patients may have worse performance status and more advanced disease,
which make them less likely to receive radical treatment. Our data on stage classification, comorbidity and
smoking are imperfect, which can cause residual confounding on our estimates for the two socioeconomic
status indicators. However, as previously stated, we identified comorbidity and smoking to be independent
negative prognostic factors among all patients [38, 39].

Even though 1- and 5-year relative survival improved (figure 2), there was no statistically significant
difference in the death rate for the third year when comparing survival in 1997–2003 and 2004–2011
(figure 3). This could indicate that the available surgical and oncological treatments only have a limited
effect on long-term survival.

This study has some limitations. 1) We only included the first radiotherapy series, regardless of target.
Furthermore, we used the target dose which was actually applied and not intended dose, which might cause
some biased results as we were not able to determine those who received the completed dose from those

TABLE 3 Comparison of hazard ratio for death within 1 year for different subgroups of
explanatory variables between lung cancer patients diagnosed in 1997–2003 (reference) and
2004–2011 in Norway

All Nonresected Resected

Age years
<50 0.78 (0.67–0.92) 0.81 (0.69–0.95) 0.54 (0.30–1.00)
50–59 0.77 (0.71–0.83) 0.79 (0.73–0.86) 0.65 (0.48–0.87)
60–69 0.75 (0.71–0.80) 0.79 (0.74–0.83) 0.62 (0.51–0.76)
70–79 0.75 (0.72–0.78) 0.78 (0.75–0.82) 0.57 (0.48–0.69)
⩾80 0.87 (0.82–0.93) 0.92 (0.87–0.99) 0.34 (0.21–0.55)

Sex
Female 0.77 (0.73–0.80) 0.81 (0.77–0.85) 0.58 (0.47–0.71)
Male 0.78 (0.75–0.81) 0.81 (0.78–0.84) 0.60 (0.52–0.69)

Stage
Localised 0.70 (0.62–0.79) 0.68 (0.60–0.78) 0.58 (0.47–0.73)
Regional 0.79 (0.74–0.84) 0.80 (0.75–0.86) 0.61 (0.52–0.72)
Metastasis 0.81 (0.77–0.84) 0.81 (0.78–0.84) 0.42 (0.31–0.57)

Education
Low 0.77 (0.74–0.81) 0.81 (0.78–0.85) 0.59 (0.50–0.69)
Intermediate 0.78 (0.75–0.82) 0.82 (0.78–0.86) 0.57 (0.47–0.68)
High 0.74 (0.67–0.82) 0.78 (0.71–0.87) 0.70 (0.46–1.04)

Income
Low 0.82 (0.77–0.88) 0.87 (0.81–0.92) 0.50 (0.37–0.68)
Intermediate 0.76 (0.73–0.79) 0.80 (0.77–0.83) 0.59 (0.51–0.68)
High 0.76 (0.71–0.81) 0.79 (0.73–0.84) 0.68 (0.53–0.87)

Topography
Main bronchus 0.80 (0.72–0.88) 0.81 (0.73–0.90) 0.97 (0.38–2.51)
Upper lobe 0.74 (0.71–0.78) 0.79 (0.75–0.83) 0.63 (0.53–0.75)
Middle lobe 0.77 (0.66–0.91) 0.84 (0.71–0.99) 0.49 (0.27–0.89)
Lower lobe 0.72 (0.67–0.77) 0.78 (0.72–0.83) 0.56 (0.46–0.68)
Overlapping lesion of lung 0.74 (0.56–0.97) 0.80 (0.60–1.07) 0.49 (0.22–1.10)
Lung NOS 0.81 (0.77–0.85) 0.83 (0.79–0.87) 0.79 (0.44–1.42)

Histology
Squamous cell carcinoma 0.81 (0.76–0.87) 0.85 (0.80–0.91) 0.72 (0.59–0.87)
Adenocarcinoma 0.70 (0.66–0.73) 0.75 (0.71–0.79) 0.49 (0.42–0.59)
Small cell carcinoma 0.77 (0.73–0.83) 0.80 (0.75–0.85) 1.07 (0.32–3.51)
Large cell carcinoma 0.90 (0.80–1.02) 0.97 (0.86–1.10) 0.52 (0.35–0.77)
Other specified carcinoma 0.81 (0.74–0.88) 0.84 (0.77–0.92) 0.76 (0.44–1.31)
Carcinoma, not specified 0.85 (0.76–0.95) 0.88 (0.78–0.99) 0.22 (0.08–0.57)

Data are presented as hazard ratio (95% CI). NOS: not otherwise specified. Estimates come from a
multivariable analysis adjusting for the other available explanatory variables. Follow-up time for all
patients and nonresected patients started at the date of diagnosis. Follow-up time among resected patients
started at the date of resection.
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who underwent uncompleted radiotherapy. However, this bias is likely to be small as it only applies to <6%
of the patients, and the concordance between the given intention (radical or palliative) and the given dose
for the other 94% was high [21]. 2) Until 2008, stage was coded as unknown in the CRN if based solely on
the pathology report (i.e. no valid clinical notification) and the report contained no information about
metastases at the time of diagnosis. After 2008, these cases were coded as having localised disease if they
received curative surgery. To avoid biased results we considered stage to be unknown for all patients after
2008 and used multiple imputation.

The present study also has some strengths: 1) complete information on resection and radiotherapy is a
major advantage, and 2) the population-based study design and the use of national, comprehensive and
high-quality data.

In conclusion, this study showed improvements in overall survival among resected and nonresected lung
cancer patients in Norway between 1997 and 2011. The explanation for this appears to be multifactorial,
including increased attention to lung cancer in general, thorough evaluation of patient health, more
accurate diagnosis and improvements in treatment.
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