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From being a rare disease in the early 1900s, lung cancer is today the most common form of
cancer worldwide. This development is due to the gradual uptake of cigarette smoking in
different populations and birth cohorts during the past 75 years. In spite of different modes of
treatment, survival is still poor and surgery remains the prerequisite for cure.
National data from the Swedish Cancer Register for the 35-year period 1958-1994 were
analysed to estimate the effects of birth cohort, year of diagnosis (period) and age at diagnosis
on the time trends in lung cancers. Early mortality, major morbidity during the first 30 days,
quality of life and long-term survival after lung cancer surgery were assessed to estimate the
significance of pre-surgical and tumour-related risk factors. Also, effects of delay in treatment
among patients with non-small cell lung cancer were examined.
The main results indicate that the overall age-adjusted incidence of lung cancer in Sweden
has stabilised in men during the last two decades but has been increasing continuously in
women. The fastest rate increase was noted among the youngest women and the incidence of
adenocarcinoma is increasing in both sexes. Our results show low early mortality and
morbidity after lung cancer surgery. Furthermore, quality of life was comparable with that of
CABG patients postoperatively. However, patients with reduced lung capacity and those
undergoing pneumonectomy should be treated with great care, as they run a considerable risk
of major complications, impaired quality of life or death during the first 30 days
postoperatively. Tumour stage (TNM) is the best prognostic indicator for long-term survival
following complete surgery, underlying the importance of accurate surgical staging. Factors
such as impaired preoperative lung function, older age, and major complications after surgery
all negatively influence survival. Current smokers as a group run a significant risk of an
adverse outcome (major complication or death), impaired mental health and shortened
survival after lung cancer surgery. Waiting time for treatment of lung cancer was longer than
recommended; especially among those surgically treated. Shorter delay was associated with
poorer prognosis which is likely to indicate that patients with severe symptoms and signs
(advanced disease) receive prompt treatment.
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ARDS Adult respiratory distress syndrome

BAL Bronchioalveolar lavage

CABG Coronary artery bypass grafting

CI Confidence interval

CT Computed tomography

DLCO Diffusing capacity of the lung for carbon monoxide

FDG F-fluoro-deoxy-D-glucose

FEV1 Forced expiratory volume in one second

HAD scale Hospital Anxiety and Depression scale

NSCLC Non-small cell lung cancer

OR Odds ratio

PET Positron emission tomography

QoL Quality of life

RH Relative hazard

RR Relative risk

SCLC Small cell lung cancer

SF-36 Short form 36 questionnaire

TTNA Transthoracic needle aspiration

VATS Video assisted thoracoscopic surgery

�

�

�



(�����������

7

����
�����
��

�
Globally, lung cancer is estimated to account for 13% of the total cancer burden. In Europe

and the United States, lung cancer is the most common form of cancer overall and is second

in incidence rate after prostate cancer among men and after breast cancer among women.

Thus, from being a rare disease in the early 1900s, lung cancer is today one of the most

common forms of cancer worldwide (1-5). This change in incidence during the last century is

explained by the gradual uptake of tobacco smoking, the predominant risk factor for

developing lung cancer (6).

In many western countries, lung cancer is the most common cause of death from cancer in

both sexes (5, 7, 8) and it is estimated that it will continue to be the leading cause of cancer

death (9). Further, it accounts for 17% of global cancer deaths (10). There are sharp sex

differences in the incidence of lung cancer. From being a rare disease among women after the

Second World War, the incidence of lung cancer began to increase in women in the early

1950s and is still increasing; in particular there has been a relative increase in

adenocarcinoma (5).

In spite of the increasing public health burden of lung cancer, only minor progress has been

made over the last decades with regard to surgical treatment. There is still only limited

knowledge about factors affecting the surgical outcome and about the influence of treatment

delay on the prognosis and quality of life in lung cancer patients following surgery. Thus it is

important to identify factors that might lead to better results after surgical treatment in

patients with lung cancer.
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An international standard for histological classification of lung tumours has been established

by the World Health Organization (WHO) and the International Association for the Study of

Lung Cancer (IASLC) (11). There are four major types of bronchial lung cancer:

adenocarcinoma, squamous cell carcinoma, small cell carcinoma and large cell carcinoma.

These major types can be classified into more specific subtypes, based on the pattern of

tumour cell growth and invasion. The most important distinction is that between small cell

lung cancer (SCLC) and non-small cell lung cancer (NSCLC), because of their major clinical

differences in metastatic spread and response to treatment.

�

�������		�
�		�	���
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Adenocarcinoma is the most frequent histopathological type of lung cancer and today it

accounts for about 30-50% of all new lung cancers (12). Adenocarcinoma is composed of

cuboidal to columnar epithelial cells and can be divided into four subtypes: acinar, papillary,

solid with mucus formation, and bronchoalveolar carcinoma. Most adenocarcinomas are

histologically heterogeneous and classified as mixed (13), and arise in the periphery of the

lung (75%). The growth rate is intermediate between that of squamous cell carcinoma and

small cell carcinoma. Adenocarcinomas tend to spread early through the vascular system.

Bronchoalveolar carcinoma is a highly differentiated form of adenocarcinoma, accounting for

about 2.5% of all bronchial carcinomas. It often presents as an infiltrate rather than as a well-

defined tumour, or even as consolidation of an entire lobe. Multinodular lesions are

uncommon (<10%), and lymph node spread is seen in only 7.5% of the cases (12).

Squamous cell carcinoma constitutes approximately 20-35% of all lung cancers (12);

papillary, clear cell, small cell and basaloid subtypes occur with polygonal or prickle-type

cells, stratification and intracellular bridge formation. About two-thirds of these carcinomas

are found in the central area of the lung, growing relatively slowly and tending to metastasise

late.

Large cell carcinomas account for about 9% of all lung carcinomas (13). These tumours

cannot be classified either as squamous cell carcinoma or adenocarcinoma. They tend to

spread earlier than other NSCLCs and have a poorer prognosis.
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There are three subtypes of small cell lung cancer: pure small cell, mixed small cell-large cell

and combined small cell carcinoma admixed with either squamous cell or adenocarcinoma

(14). SCLCs constitute approximately 15-35% of all bronchial carcinomas (12). Small cell

carcinoma is highly malignant and aggressive in nature, about two-thirds of these tumours

presenting as a perihilar mass. Surgical treatment is not generally advisable in SCLC, mainly

because of the high rate of metastasis and invasiveness into the mediastinum at the time of

diagnosis.

SCLC is categorised as one of the neuroendocrine tumours of the lung, together with typical

carcinoid tumour, atypical carcinoid and large cell neuroendocrine carcinoma (15).

�����������������

The recent epidemic of lung cancer is due to the gradual increase in tobacco smoking in

different populations and birth cohorts during the past 75 years. Recent studies have

suggested that the incidence of primary lung cancer in men is levelling off or even declining

in many western countries (16-18). Furthermore, the lung cancer mortality among men began

to decrease in the USA after 1990 (7, 9). Some studies have also indicated a tendency towards

a gradual slowing in the incidence rate in women in recent years (7, 9, 18-20).

The general pattern of reduction in the rate of lung cancer appears to have concerned mainly

squamous cell, small cell and large cell carcinomas, while the incidence of adenocarcinomas

of the lung continues to rise in both sexes (4, 16, 17, 19, 21-23) and there has been an

increase in mortality among patients with adenocarcinoma over time (24). The possibility

cannot be excluded that part of the observed relative increase in adenocarcinomas reflects the

use of improved diagnostic techniques, but if the increase is real it may be related to changes

in tobacco use, with increased consumption of low-tar cigarettes since 1970 (25).

�

	������
��������������

Lung cancer is the most common smoking-related cause of death worldwide, claiming around

945,000 lives each year (26). Smoking increases the risk for all types of lung cancer and 80-

90% of new cases have been estimated to be related to tobacco smoking (6, 27-29). The

association with smoking appears to be strongest for squamous cell and small cell carcinomas

(30, 31). However, recent findings indicate that adenocarcinomas are more strongly

associated with cigarette smoking than has previously been recognised (32).
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Tobacco was introduced into Europe from America at the end of the fifteenth century. At first

it was used primarily for medicinal purposes, but after about 100 years it came to be burnt in

pipes for pleasure on a large scale, at first in England and later in Europe and throughout the

world. Cigarette smoking became the predominant form of tobacco use in most of the

industrialised countries between the two world wars.

There is abundant evidence that tobacco smoking is related to disease processes in most organ

systems in the body. At least 40 diseases or causes of death have been associated with

smoking (33). Large numbers of studies published since 1950 have clearly shown that

tobacco smoking is strongly related to the risk of developing lung cancer (34-36). In 1964, the

Surgeon General in the USA (37) presented the landmark report “Smoking and health”. Soon

after, the health consequences of smoking become known worldwide.

It is estimated that approximately one-fifth of all deaths that occur in the USA annually (38)

and about 40% of deaths among men in some former socialist countries can be attributed to

smoking (39). In China, one in four smokers died from a tobacco-related cause in 1998,

which meant about 900,000 such deaths in that year (33).

At present, more than one billion people use tobacco worldwide. The number of smokers

continues to increase in Asia, Latin America and Eastern Europe (40), while tobacco

consumption has started to decline in North America and northern Europe (40, 41).

Tobacco smoke is a heterogeneous mixture, containing about 4000 chemical compounds,

including 40 different substances classified as carcinogenic to humans (42). Constituents of

cigarette smoke that are known to initiate lung cancer include polycyclic aromatic

hydrocarbons, N-nitrosamines, inorganic compounds (nickel, chromium, cadmium,

polonium-210, arsenic, hydrazine) and organic compounds (1,3-butadiene, ethyl carbamate)

(43). The incidence of lung cancer correlates with the cumulative amount of cigarettes

smoked, the duration of smoking, and age at initiation of smoking and there is a dose-

response relationship with a latency time of 15-50 years from the start of smoking (30, 44-

47).

The effects of cessation of smoking should not be underestimated. Ten years after cessation,

the relative risk is significantly lower in former smokers compared to that in current smokers

(0.19 versus 1.0) (47).

Changes in smoking habits to smoking of low-tar and low-nicotine cigarettes, as suggested by

the tobacco companies in marketing cigarettes as being a safer way to smoke (48), is likely to

have resulted in an increased rate of adenocarcinoma of the lung through deeper inhalation

and increased nitrosamines in the smoke (49, 50). Passive exposure to tobacco smoke has also



(�����������

11

been shown to increase the risk of lung cancer (51) and greater efforts should be made to

enforce policies to reduce exposure to environmental tobacco smoke (52).

Other risk factors for lung cancer besides smoking are airborne toxins and workplace

chemicals. Some of these also have a synergistic effect with smoking. These risk factors

include exposure to asbestos, nickel, arsenic, cadmium, radon and ionising radiation. Non-

smoking Uranium miners run an approximately 12 times higher risk of getting lung cancer

compared with non-smoking non-miners (27). Some trials have led to postulations of a

protective effect of vitamin intake against lung cancer, such as intake of carotenoids, retinol

and high intake of vitamin C, but many questions have been raised about the validity of these

trials (27). Diffuse pulmonary fibrosis, scleroderma and sarcoidosis are reported to be

associated with lung cancer, but this has not been found in epidemiological studies (27).

There are some reports on an association with emphysema and chronic bronchitis (53). �

�

��������
��������������

The current system for staging of lung cancer was adopted in 1986 by the International Union

Against Cancer and the American Joint Committee on Cancer (54). In 1997, the system was

revised, with new rules for the TNM subsets in stages I and II , and one system was adopted

for classifying regional lymph nodes (55, 56) (Table 1). The objective was to unify the two

systems in use; that is, the lymph node schema from the work of Tsuguo Naruke (57), and the

schema advocated by the American Thoracic Society and the North American Lung Cancer

Study Group. The TNM classification has numerical descriptors (Table 1) that reflect an

increase in tumour size and invasiveness (T0-4), the localisation and extent of tumour spread

to lymph nodes (N0-N3), and the absence or presence of distant metastatic spread outside the

thoracic region (M0 and M1) (58). The system is applicable to the four major types of lung

cancer: squamous cell carcinoma, adenocarcinoma (including bronchoalveolar carcinoma),

large cell carcinoma and small cell carcinoma. It may also be applied to undifferentiated

carcinomas that cannot be identified as any particular subtype of primary lung cancer (59).

The background data required to obtain correct staging differ between clinical stage and

surgical-pathological stage. Clinical stage (cTNM) is based on all information obtained

before the start of treatment or before the decision not to treat is made, and surgical-

pathological stage (p-TNM) is based on pathological examinations of resected specimens.

The advantages of surgical staging are most evident in locally advanced disease, with which

up to 34% of the patients are classified incorrectly by radiological methods (60).
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Tis Carcinoma in situT1 M0 No signs of distant metastasis
T1 Tumour < 3cm, no invasion of main bronchus M1 Distant metastatis present
T2 Tumour > 3cm, involves main bronchus > 2cm

distal to carina. Invades visceral pleura.
Atelectasis or pneumonitis of lobe.

T3 Invades: chest wall, diaphragm, mediastinal
pleura, parietal pericardium. Involves main
bronchus < 2cm from carina.
Atelectasis or pneumonitis of lung.

T4 Invades: mediastinum, heart, great vessels,
trachea, oesophagus, vertebral body, carina
Malignant pleural/pericardial effusion or
satellite tumour within ipsilateral lung. ��������
�����,�$51�������

Stage 0 Carcinoma in situ
Stage IA T1 N0 M0

N0 No regional lymph node metastasis Stage IB T2 N0 M0
N1 Ipsilateral peribronchial/hilar or intrapulmonary Stage IIA T1 N1 M0

lymph node metastasis. Stage IIB T2 N1 M0 or T3 N0 M0
N2 Ipsilateral mediastinal or subcarinal lymph Stage IIIA T3 N1 M0 or T1-3 N2 M0

node metastases. Stage IIIB T4 N0-2 M0 or T1-3 N3 M0
N3 Contralateral mediastinal, hilar or scalene or Stage IV Any T, Any N, M1

supraclavicular lymph node metastasis.

Survival data classified by staging criteria are a measure of the efficacy of available treatment

for lung cancer; thus, the staging information serves as a valuable guide for treatment

planning.�

�

�(���
���

Of all patients with lung cancer, 5-20% are asymptomatic at the time of diagnosis (61). The

majority of the patients (75%) (62) present late with advanced disease (stage IIIB or IV). The

clinical manifestations vary, depending on the location and size of the primary tumour and

occurrence of metastatic disease, and the symptoms can be divided into bronchopulmonary

and extra-pulmonary (intrathoracic or metastatic). The most common bronchopulmonary

symptoms are cough, haemoptysis, wheezing, stridor, chest pain and dyspnoea. These

symptoms are often related to the primary tumour, but do not indicate the curability or

magnitude of tumour growth (61). The main extrapulmonary (intrathoracic) symptoms are

hoarseness, chest pain, dysphagia, dyspnoea and signs of Horner’s syndrome, Pancoast’s

syndrome and superior vena cava syndrome. These symptoms are indications of advanced

intrathoracic disease (61). Lung cancer tends to metastasise to different organs, with variable

symptoms. The most common sites are intrathoracic lymph nodes, the other lung, pleura,

brain, spinal cord, liver, adrenal gland and bones (61). Metastatic disease is found in up to

80% of all cases at the time of diagnosis among those with small cell cancer, compared with
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17% of patients with squamous cell cancer and 40% of those with adenocarcinoma among

patients considered as cured by surgery (autopsy reports for patients dying within one month

after surgery) (61).

�
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Early detection of lung cancer by screening is an attractive option because of the poor

outcome in most patients who are diagnosed late.

Several screening trials using chest X-rays and free sputum cytology have been performed

(63-65), but have failed to reduce the overall mortality from lung cancer. Japanese studies,

however (66, 67), have shown some reduction in lung cancer mortality following mass chest

X-ray screening. Recently there has been renewed interest in screening programmes with the

use of spiral computed tomography scanning (CT) (68-70), which can detect small

asymptomatic lesions more effectively than radiography (69, 71). There is growing evidence

that this method can reduce mortality (72). In addition, the automated lung nodule detection

method may improve the detection of tumours not found by low-dose CT scans (73).

In order to make progress in lung cancer treatment, efforts should be made to develop

techniques for diagnosing pre-malignant lesions. Many questions remain unresolved and need

to be answered in future studies. For example, there is a need to elucidate the natural course

of pre-invasive changes in the bronchi, the biology of small tumours (3 mm) diagnosed with

low-dose spiral CT (62) and the clinical value of markers found in the sputum, at

bronchoscopy and in blood samples (62).

�

��������
���������

A number of methods are used in the diagnosis of lung cancer. The appropriateness of each

method depends on the type of cancer, tumour size, tumour location and presence of distant

metastases.

Histopathological methods

i) Sputum cytology

Cytological examination of sputum, the least invasive of all methods, has been practised for

about 60 years (74) and is most useful in the diagnosis of centrally localised tumours. The

sensitivity of sputum cytology in detecting early lung cancer is only 20-30% and this method

has been judged to be too imprecise to be included in routine work-ups (75). However, some
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investigators have recommended sputum cytology as a golden standard, especially among

patients with central tumours, and have reported a sensitivity of 0.71 for central tumours, and

0.49 for peripheral lesions (76). Other methods of investigating sputum samples are under

development. Depending on the progress made in biomarker technology, sputum might serve

as a tool in mass screening of lung cancer in the future.

ii) Bronchoscopy

Bronchoscopy is the major tool for obtaining a definitive histological diagnosis of lung

cancer, but has limitations in diagnosis of pre-malignant lesions. The decision to perform a

diagnostic bronchoscopy depends on the location of the suspected lung cancer. The sensitivity

for diagnosing lung cancer in patients with central disease is about 0.88 and for peripheral

disease 0.69, using different diagnostic methods with the help of a bronchoscope (including

biopsy, bronchoalveolar lavage [BAL], transbronchial needle biopsy or brushing) (77).

iii) Transthoracic needle aspiration (TTNA)

Transthoracic needle aspiration with CT-scan guidance has a sensitivity of 0.92 (77) (pooled

sensitivity from a meta analysis). The sensitivity for peripheral lesions is thus considered to

be higher than that of bronchoscopy. As the false negative rate is high, about 20-30 % (78),

TTNA cannot be used to rule out suspected lung cancer. However, the method is helpful in

establishing a specific benign diagnosis if the results are comparable to radiological findings

(76).

Radiological imaging

i) Chest radiography

Generally, lung tumours become visible when they reach a volume of about one billion cells

or have a diameter of 7-10 mm (79) on a plain chest x-ray, but in some instances good-

quality chest radiographs can reveal 3-4 mm nodules (80, 81). The rate of failure to recognise

lung cancer on chest radiographs is high and the specificity has been estimated to be between

20 and 50% (82). However, results have varied between studies from 25% to 90% (82),

depending on the size and location of the tumour (83). For experienced radiologists the

sensitivity for finding lung cancer on a plain radiograph has been reported to be 0.36 and the

specificity 0.90 (84).

About 35% of lung nodules are primary malignancies and another 23% are metastatic (9, 85).

It can be assumed that most solitary pulmonary nodules seen on chest radiography are benign,

including infections, vascular, infectious, congenital and traumatic lesions, rheumatoid

nodules, lymph nodes, granulomas and sarcoidosis (86). However, all pulmonary nodules

seen on chest radiography should be considered malignant until proven otherwise (87).
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ii) Chest CT

CT scan is the imaging modality of choice for all suspected lung malignancies and is the most

commonly used non-invasive modality for evaluating invasion of lung cancer into the

mediastinum. The sensitivity for detecting mediastinal invasion is 60% (specificity 82%) (88)

and the sensitivity is 14% and specificity 99% for detecting chest wall invasion (89). The

most common criteria used to define malignant involvement of mediastinal lymph nodes is a

short axis diameter equal to or more than 1 cm on a transverse CT scan (90). Numerous other

criteria have been used, with a short axis diameter of up to 2 cm. It can be expected that 5-

15% of patients with a negative mediastinal CT scan will be found to have positive lymph

nodes in the mediastinum at surgical node dissection (91). In general, it is recommended that

all patients with either known or suspected lung cancer eligible for treatment should undergo

CT scan (91). Furthermore, if mediastinal lymph node enlargement is found (short axis CT >1

cm), further evaluation of the mediastinum should be considered (90, 91).

iii) Positron emission tomography (PET)

The use of PET scan in malignancies is based on a higher glycolysis rate in neoplastic cells

compared with normal cells (92). FDG (F-fluoro-deoxy-D-glucose), a radiolabelled glucose

analogue, becomes trapped in the cells and is identified using a PET camera. Infections,

inflammation and granulomas may also result in positive PET scans. It is well demonstrated

that PET scan has an advantage over CT scan in nodal staging of non-small cell lung cancer

(93). The sensitivity of PET scan to detect mediastinal lesions is about 84% and its specificity

89% (88). The fewness of false negative findings might prevent unnecessary mediastinoscopy

prior to thoracotomy (94), but lymph node sampling during thoracotomy should be done as

routine (90). Whole body PET scan improves detection of extrathoracic metastasis in patients

with non-small cell lung cancer (95), and in one study 14% of patients with NSCLC were

found to have been understaged to judge from the extrathoracic spread (96). Also, it has been

calculated that whole-body FDG-PET scan is cost-effective in staging patients with normal-

sized mediastinal lymph nodes (97), through the possibility of selecting patients for potential

complete surgery. It is recommended that FDG-PET scan should be carried out on all patients

who are candidates for surgery (90).

Clinical evaluation

The principal reason for clinical evaluation of patients with known or suspected lung cancer

is to detect signs of extrathoracic metastasis. The organs most often affected are the brain,

skeleton, adrenal glands or liver. The negative predictive value of clinical examination is over
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90% (88, 98). In patients in clinical stage I the rate of silent extrathoracic metastases is as low

as 0.6% (99).

Mediastinoscopy

Mediastinoscopy permits visualisation of the pretracheal space and part of the superior

mediastinal lymph nodes (cervical mediastinoscopy). It is performed under general

anaesthesia and requires only a few hours of hospital stay (100). It is a safe procedure with

low morbidity (2%) and mortality (1/2,000) (101). The sensitivity is reported to be about 81-

91%, the specificity 100% (102, 103) and the false negative rate about 10% (lymph nodes not

accessible or missed by the mediastinoscope) (103). Generally it is recommended that

mediastinoscopy should be performed routinely for precise mediastinal staging in all

candidates for complete resection, because of the low accuracy of CT scan and the low false

negative rate of mediastinoscopy (104). It may be expected that up to 7% of clinical stage IA

patients with NSCLC (by CT scan) have positive mediastinal lymph nodes (105), but the

incidence of positive nodes in the mediastinum is lower with small peripheral tumours (106)

or bronchioalveolar cell lung cancer. However, when PET scan is available and is negative

regarding mediastinal pathology, it may reduce the need for mediastinoscopy prior to

thoracotomy (90, 107).

Thoracoscopy

Thoracoscopy can be useful for taking biopsy samples of lymph nodes not accessible by

cervical mediastinoscopy, to judge the resectability of the primary tumour and to look for

pleural carcinomatosis (100). There is a lack of data concerning the reliability of this

technique in judging the mediastinum (108). This method has its place in resection of local

pulmonary nodules and even in performing lobectomies (see below).
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The prognosis for all types of lung cancer combined is poorer than that for breast, prostate

and colon cancer, with 8-15% of the patients surviving more than five years after diagnosis

(109, 110). The overall five-year survival rate for patients with NSCLC is expected to be

about 16-18% (24, 111). It may be anticipated that no more than 25-30% of the patients

diagnosed with NSCLC present with stage I-II disease (112, 113) and can be considered for

complete surgical resection. Complete surgical resection, with or without adjuvant treatment,

is still a prerequisite for cure, with about 40-45% alive after five years from complete surgery

(114). The prognosis is strongly correlated to the stage of the disease at the time of diagnosis,
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with the best prognosis among patients without lymph node metastasis (57).

Patients with tumours of stage IA (T1,N0) have the best prognosis, with reported five-year

survival of 67-80% following complete resection (55, 115-119) and of up to 84% in patients

operated on after 1990 (120). Surgery alone remains the treatment of choice for patients with

limited (stage IA) disease.

The five-year survival rates for stage IB, IIA and IIB disease (surgically treated) are lower,

namely 46-60%, 50-57% and 38-55% respectively (55, 115, 116, 119). There are small

differences in survival between patients with stages IB and IIA (55, 121). Only 3-7% of

patients with NSCLC are expected to have stage IIA disease (55, 121). There are ongoing

trials aimed to develop multimodality treatment alternatives that might improve the survival

among patients with limited disease (stages IB, IIA and IIB) (122). The five-year survival in

stage IIIA disease is about 23-25%, and in general, multimodality therapy of some type

appears to be preferable (123).

Approximately 60-70% of patients with NSCLC present with stage IIIB or IV disease. The

treatment is palliative, with a median survival of 4-6 months in untreated patients (124) and

with only 3-7% surviving more than five years after diagnosis (125).

�
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It is estimated that only 10% of new cases of bronchogenic carcinoma are potentially cured

by surgery (112). Surgery is the treatment of choice for patients with stage I- II disease and

selected patients with stage IIIA disease. Compared with radiotherapy in early stage disease,

surgical treatment is the best alternative (126). In European countries the proportion of

patients with diagnosed lung cancer who undergo surgery for lung cancer varies between 10

and 20 % (127, 128). In the UK the resection rates in some areas are around 10%, but with

quick access investigations the rate can easily be increased to 25 % (129). In the United States

it is estimated that approximately 25-30% of patients with NSCLC are offered surgery with

curative intent (130). In the future, screening programmes might increase the number of

patients with early stage disease and more patients could be available for surgery.

�
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During the last century, modern lung cancer surgery has evolved from general surgical

practice into a thoracic speciality. An increase in the incidence of lung cancer from 1930

prompted pioneers to operate on lung cancers in the absence of other treatment alternatives.
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Surgery for tuberculosis formed the basis for lung cancer surgery techniques, but after the

introduction of potent drugs for tuberculosis in the 1950’s, lung cancer surgery became the

major focus in chest surgery (131). The first successful pneumonectomy was performed in

1933 by Drs Graham and Singer in the USA (132). The rate of complications was high during

the first years, with a reported early mortality of 30% in 1944. The rate of explorative

thoracotomy without resection was also high (50%) (133). By 1940 lobectomy and

pneumonectomy were performed regularly for NSCLC with remarkable progress in early

surgical results (131). During the next decades, radical pneumonectomy remained the golden

standard, with a relatively low operative mortality, to be replaced in the 1960s by lobectomy

as the standard in localised disease, resulting in a better surgical outcome and greater

pulmonary reserve (134).

�
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The standard in lung cancer surgery is open anatomical lobectomy, pneumonectomy or

bilobectomy with mediastinal node sampling or dissection (systematic sampling or complete

dissection) either through a postero-lateral incision or by anterior muscle sparing

thoracotomy. This is of importance both for complete removal of the tumour and for precise

pathological staging for decision-making concerning adjuvant therapy, as well as for possible

therapeutic benefit. Limited surgical resections in the form of segment resection should be

considered in cases of poor pulmonary reserve (135, 136). Japanese studies of limited

resection with hilar lymphadenectomy for lesions smaller than 2 cm in diameter have shown

five-year survival rates comparable to those of lobectomies (135). However, lobectomy still

remains the treatment of choice for NSCLC because of the lower risk for local recurrence

than has been shown for limited resection (137, 138), even among patients with T1 tumours

(increased mortality) (139). Also, the operative risk is lower with lobectomy than with

pneumonectomy (see below), but the proportion of patients undergoing pneumonectomy

varies from 6-20%, even among those with stage I disease (140, 141). The completeness of

surgery is assessed by frozen sections of resection margins, and further resection is performed

if necessary.
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Nodal micro metastasis (N1 and N2) is found in up to 20% of patients with adenocarcinoma

of < 2 cm in diameter (142). In a study concerning patients with localised bronchoalveolar

carcinoma smaller than 2 cm in diameter, no such metastases were found (143). It is reported
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that 12% of patients with a tumour < 1 cm and 16-19% of patients with a tumour size of < 3

cm have positive N2 nodes (118, 144). Some authors postulate that in the light of these

findings, complete systematic dissection of mediastinal lymph nodes should be carried out in

all patients with resectable lung cancer (144, 145) and with no exception also among patients

with clinical stage I disease (146). Resection of the sentinel node (of lymph node most likely

to be positive with respect to the tumour location) seems to be reasonable (147) and if the

sentinel node is positive for pathology a complete mediastinal dissection is required for

curative resection (147). Some authors have claimed that complete mediastinal node

dissection is associated with improved survival among patients with stage II and IIIA disease

(148). Furthermore, surgically discovered T1-2, N2 disease should be treated with complete

systematic mediastinal nodal dissection to improve survival (149). Other investigators did not

find any effect of complete systematic mediastinal lymphadenectomy on survival, either 1)

among patients with a tumour smaller than 2 cm in diameter (144, 150), 2) among patients

with stage I disease (140), or 3) among all patients with resectable NSCLC, over and beyond

the effects of lymph node sampling (resection of only suspicious lymph nodes) (151). Despite

data showing a high rate of N2 disease in small tumours, most surgeons in European

countries prefer the technique of systematic node sampling, consisting of multiple

predetermined levels of sampling (according to the tumour location). This method is safe and

effective and may result in lower morbidity and mortality compared to complete systematic

nodal dissection in the mediastinum (152). As previously mentioned, PET scan plays an

important role in mediastinal surgery, as it yields low false negative results and will therefore

reduce the need for complete systematic lymph node dissection or sampling among PET-

negative patients (153).
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Surgery for more advanced disease than stage I-II is controversial. Extended operations for

lung cancer are defined as resection of adjacent organs such as the chest wall, diaphragm,

pericardium, left atrium, superior vena cava and, in superior sulcus tumours, in the apex of

the chest. In such surgery, en bloc resection is advised in order to avoid tumour spillage. The

five-year survival after resection of T3 disease, with tumour invasion of the chest wall, is

excellent (45%) (154) as long as the lymph nodes are free from tumour spread (N0). After

complete resection of a superior sulcus tumour, five-year survival of around 40% can be

expected (155). Lung resection among patients with malignant pleural effusion is not
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beneficial for survival, even in the absence of other pleural dissemination and when the

effusion is considered as minor (156).

Video assisted thoracoscopic surgery (VATS) was introduced in the early 1990s with the aim

of reducing surgical trauma compared with open surgery (157). There is evidence that this

technique when used during lobectomy reduces postoperative pain compared with muscle

sparing thoracotomy (sparing both the anterior serratus muscle and the latissimus dorsi), but

no effects are sustained beyond 3 weeks of surgery (158). VATS lobectomy does not seem to

be contraindicated (according to lymph node sampling) among patients with stage I NSCLC,

with a low rate of missed positive lymph nodes compared with complete dissection of

mediastinal lymph nodes in open surgery (159). Preliminary five year survival rates after

VATS lobectomy are comparable to results after open surgery (160). However, some authors

warn against the VATS technique on the grounds that a complete mediastinal lymph node

dissection is not performed (118), and there is a need for long-term follow-up to determine

the recurrence rate (161).

Bronchoplastic resection (bronchial sleeve resection aiming to spare the lung parenchyma) is

an alternative to pneumonectomy, particularly among patients with limited pulmonary

reserve. The mortality is somewhat higher than after classic lobectomy (0-9%), but it is a

relatively safe method in experienced hands (162). Tracheal sleeve pneumonectomy is a more

aggressive procedure in resection of NSCLC. This approach is used in tumours involving the

lower trachea, carina and lung, with surgical mortality of up to 30% and limited five-year

survival (about 15%) (163).
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Advances in operative and postoperative care have led to a decline in complications and

mortality rates during the last decades (164-167). Compared to the high mortality (30%) after

pulmonary resections during the 1950s (131), the mortality is now generally lower than 5%

(164, 168, 169). Early mortality (defined as death within the first 30 days postoperatively or

within the same period of hospitalisation), has ranged from 1.2-4% after lobectomy (164, 169,

170) to 3.2-12% after pneumonectomy (164, 169-172) (with the highest rates after right-sided

pneumonectomy (130)).

Since the proportion of older patients (>70 years) has increased in recent years, the incidence

of associated co-morbidity has also increased (173). Furthermore, cardiovascular and chronic

obstructive pulmonary disease, in particular, is twice as common among lung cancer patients

as in the normal population (174). It is estimated that 10% of patients undergoing lung cancer
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surgery have severe concurrent disease (175). The early mortality was higher in this group

than in patients without co-morbidity (171, 175, 176).

There are four potential life-threatening complications of lung resections, namely injury to the

major vessels, cardiac arrhythmia, myocardial infarction and contralateral pneumothorax

(177). Intraoperative complications, however, are relatively rare, and postoperative

complications more often have serious consequences. These may be directly related to the

intervention, such as technical, pulmonary, cardiac, haemorrhagic or septic events, or related

to the major operative procedure, such as cardiovascular, gastrointestinal, genitourinary,

peripheral vascular, neurological and thromboembolic complications (177). Complications

can be divided into two categories: non-life-threatening and life-threatening disorders, often

with more than one aetiological factor involved. Most of the morbidity after lung resection

consists of pulmonary complications, such as a need for prolonged mechanical ventilation,

pneumonia, atelectasis, adult respiratory distress syndrome (ARDS), emphysema and a need

for oxygen on hospital discharge (177-179), which may lead to serious morbidity or mortality

(178-180). During the last decades, the rate of complications after lung surgery has been

reduced by new anaesthetic and surgical techniques and by consideration of the patient’s risk

factor profile prior to surgery.

Several factors have been identified as influencing the rate of major complications after lung

cancer surgery, for example increasing age, gender (male), and pneumonectomy (or extent of

resection) (168, 171, 176, 181-183). Some authors agree that older age alone should not be a

contraindication to pulmonary resection (167, 184, 185), although special care should be

observed in selecting patients for such surgery at older ages, in a view of the possibility of co-

morbidity, especially if pneumonectomy is necessary (173, 186). Furthermore, weight loss,

low serum albumin, low preoperative haemoglobin, preoperative smoking, peripheral

vascular disease and hemiplegia are all associated with postoperative mortality and morbidity

(168, 170, 183, 187).

To identify patients with reduced lung reserve before lung resection, there are a number of

parameters that are measured. Reduced % diffusing capacity of the lung for carbon monoxide

(%DLco) (182, 188), low preoperative FEV1% (171, 189), and low predicted postoperative

FEV1 (168) have all been postulated to have negative influence on the early outcome.

Summarised together as a risk quotient, these factors seem to predict the risk for pulmonary

complications better than each individual parameter alone (190). A poor outcome at
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preoperative exercise testing has also been shown to correlate with postoperative

cardiopulmonary complications (191).

�

������������������

As early as in 1944 it was suggested that smoking prior to surgery, in general, was associated

with postoperative pulmonary complications (192). In recent years, some authors have again

pointed out the beneficial effect of preoperative smoking cessation on the early outcome of

surgery (168, 170, 193). The optimal duration of smoking cessation before surgery remains

unclear, but among patients undergoing coronary artery bypass grafting (CABG), about 2

months without smoking are needed to reduced morbidity after thoracotomy (194). Little is

known about the optimal timing of smoking cessation before lung resection. A recent study

showed an association between smoking within one month of pneumonectomy and increased

risk for pulmonary complications, compared with patients who stopped smoking more than

one month prior to surgery (193). Smoked pack years preoperatively also correlate to survival

after surgery; heavy smokers having a poorer prognosis than those who are not defined as

heavy smokers (195). Of interest also is the finding that those who have stopped smoking

before surgery are more likely to continue being non-smokers postoperatively (196, 197).

Between 13 and 50% of smokers are expected to continue to smoke after surgery (196-198).

It has also been suggested that persistent smoking during other types of lung cancer therapy

(chemotherapy) might lead to a poorer outcome, indicating the importance of smoking

cessation among all lung cancer patients (199, 200).
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Over 150 prognostic factors (201) that influence long-term survival among patients with

NSCLC have been identified. Most of these factors are of limited importance, however, in

clinical practice. The factors can be divided into three categories: those related to the tumour,

to the patient, and to the treatment.

i) Tumour-related factors

Tumour stage is the single most important prognostic factor, based on tumour size (T factor),

lymph node invasion (N factor) and distant metastases (M factor; generally only M0 patients

are considered for surgical treatment) (114, 202). Both T and N factors have an important

impact on the prognosis among surgically treated patients (56, 203). Blood vessel invasion

(117, 204), visceral pleura invasion (205) and high serum levels of carcino-embryonic

antigen all adversely influence survival (206, 207). Overall, there appear to be no clear
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differences in survival by histopathological type (114, 203, 204, 208, 209), but there is some

evidence of reduced survival among patients with adenocarcinoma (140, 210). At least two

authors have reported poorer prognoses among patients with adenocarcinoma undergoing

pneumonectomy compared with patients with squamous cell carcinoma undergoing this

operation, while no differences in survival were found following less extensive resections

(211, 212). These findings are likely to reflect a more aggressive N factor among patients

with adenocarcinoma, which underlines the importance of taking tumour cell-type and

tumour stage under consideration when comparing the outcome in different histopathological

types (203, 211). There are other molecular biological and proliferation markers that are

documented as being risk factors for outcome, many of which are still under investigation

(201).

ii) Patient-related factors

Female sex and younger age (<65 or <70 years) have been postulated to have a protective

effect in early stage carcinoma (127, 140, 202, 207, 208, 213), while arteriosclerosis,

preoperative anaemia, low FEV1 (<35% of predicted) (214) and weight loss prior to surgery

negatively influence the prognosis (117, 202, 215). Severe, but not mild or moderate co-

morbidity (using the Kapla-Feinstein index for co-morbidity) also affects long-term survival

(175).

iii) Treatment-related factors

Overall, pneumonectomised patients tend to have a poorer prognosis than patients undergoing

lobectomy (117, 216), although the recurrence rate is similar in the two groups. On the other

hand, it has been postulated that there is no significance difference in prognosis between these

two surgical alternatives after adjustment for other risk factors (217). Surgical experience

(higher volume clinics and specialists) seems to influence the outcome, and both the long-

term survival and early outcome seem to be better with high quality experience (218, 219).
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Since survival continues to be limited even after complete resection of carcinomas,

establishment of more effective adjuvant therapy is needed to improve the prognosis. The role

of chemotherapy and of radiation in early stage NSCLC remains unresolved. In a study

comparing adjuvant therapy with surgery alone among patients with stage I and II disease,

adjuvant therapy was found to give improvement in five-year survival (from 75% to 91% in

the adjuvant T1N0 group, among patients receiving oral tegafur and uracil plus cisplatin,
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vindesine and mitomycin) (220). Radiation therapy seems to be a feasible alternative in early

stage disease when surgery is contraindicated (221). The effect of neoadjuvant therapy in

early NSCLC is a largely unknown field. Reports from France indicate an advantage of

neoadjuvant therapy in stage IB, III and IIIA disease over surgery alone (137, 222). Ongoing

trials in the USA and Europe are expected to clarify this issue further. Also, it has been

postulated from a number of other trials that neoadjuvant chemotherapy is effective among

patients with IIIA disease (N2) (223, 224). In summary, the present evidence offers no clear

support for neoadjuvant or adjuvant therapy in resected lung cancer stage I-II. There are some

indications of effectiveness of neoadjuvant and trimodality (chemoradiation plus surgery)

treatment among patients with IIIA disease (225), but these treatment modalities are still

considered experimental (226).
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Important information on how patients are affected by the disease can be obtained through

quality of life measurements (QoL) using different instruments and symptom profiles. These

methods have been used to assess QoL in various patient groups undergoing major surgery

(227, 228). There is growing interest in evaluations of the quality of life after chemotherapy

among lung cancer patients (229), with the aim of determining whether such heavy treatment

is justified. On the other hand, very little is known about QoL following lung cancer surgery,

even though these patients are undergoing major surgery because of serious illness. Possible

reasons are that these patients generally have poor long-term survival and are often regarded

as incurable.

Several investigations have been focused on QoL after thoracoscopic procedures (230, 231),

but quality of life measurements following thoracotomy have only attracted minor attention

(232). Recently (2002-2003), however, several such studies based on a reasonable number of

patients have been published (198, 233, 234).

Two reports indicate that pulmonary resection leads to impairment of physical health

postoperatively compared to that in patients undergoing restorative surgery, although

components of mental health are not affected in the same manner (235, 236). In one study,

pain and impairment of functional status were found to persist 6 months postoperatively

(233), while another investigation (235) showed that quality of life deterioration was restored

3-6 months after surgery. These results are in broad agreement with findings of restorations of

SF-36 scores (quality of life) within 3-6 months after cardiac surgery (237). Handy et al.
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(233) found that neither the extent of resection, adjuvant therapy nor postoperative

complications had any adverse effect on the quality of life 6 months after surgery, but low

DLCO pre- and postoperatively was associated with a poorer quality of life. Decreased lung

function is likely to contribute to reduced physical activity and may lead to impaired mental

health, manifested as depression, both among patients with chronic obstructive lung disease

(238, 239) and among those with reduced lung reserve after pneumonectomy (235). Uchitomi

et al. (234) found no change in the prevalence of depression during one year after surgical

intervention for NSCLC. Also, they found a lower rate of depression among surgically treated

patients than among those with advanced; non-surgically treated NSCLC or SCLC (240).

However, the rate of depression was somewhat higher than in the normal population (4.7-8%

compared with 0.9-3.7%). The authors concluded that one predictor of depression was a low

educational level. The prevalence of depression among surgically treated NSCLC patients

was not negligible, and did not change after curative resection.

A recent study addressed the quality of life in long-term survivors of NSCLC (198). In that

study a predictor of a low mental score (depression and anxiety) was a distressed mood, while

a low physical score was associated with older age, living alone, FEV1 less than 70% of

expected, distressed mood, time since diagnosis and co-morbidity. It should be noted that the

results were based on a response rate of only 22%.

The quality of life following VATS lobectomy is claimed to be better than that after

traditional open thoracotomy, when consideration is paid to factors such as acute and chronic

pain and time until return to preoperative activity (230, 231). The comparison of VATS

lobectomy with open lobectomy has been criticised on the grounds that patients with lung

cancer encounter other more severe difficulties than operative pain in the first few weeks,

such as operative morbidity and mortality and a prognosis that is generally poor (241).
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The possible influence of delay in diagnosis and treatment of lung cancer remains poorly

understood. There is general consensus, however, that time plays an important role in the

prognosis of cancer, patients with the best prognosis being those diagnosed with early

disease. There are different types of delay, defined according to different time perspectives

from the discovery of symptoms until the diagnosis is made and treatment begun. The time

period from the first symptom can be divided into patient’s delay and doctor’s delay (242).

Patient’s delay is defined as the time from the first symptom to the first consultation with a
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doctor. Doctor’s delay is defined as the time from the first consultation with a doctor to the

start of treatment or the time when a decision is made not to treat.
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It is estimated that it takes about 130 months for a tumour to reach a diameter of 1 cm (243).

Initially the cancer grows slowly, and after reaching this size it often expands exponentially,

and can become potentially incurable over a period of one month (244). Furthermore, there is

evidence that squamous cell carcinoma has the fastest tumour doubling time, and therefore

runs the highest risk of progression during a waiting period (244).
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Two recent studies have indicated that delay in diagnosing lung cancer does not influence

survival negatively (245, 246). Aragoneses et al. (245) postulated that a waiting time for

treatment among patients with stage I-II NSCLC did not have any effect on their survival,

and Bozcuk et al.(246) found no adverse effect of hospital delay (time from first visiting a

chest physician to start of treatment on survival). Koyi et al. (247) and Billing et al. (248)

found no correlation between advanced stage and delay (either patient’s delay or doctor’s

delay).

Quekel et al. (83) reported that 19% of lung cancer cases were missed at initial chest

radiography. As a result 43% of the patients were upstaged from stage T1 to T2 during the

delay period. This delay had a definite impact on the prognosis. Other investigators have also

found an effect of delay (missing on initial radiography) on initiation of treatment, but not on

survival (249). Christensen et al. (250) noted a shorter median delay in their group of patients

in stage I-II than in those with stage III-IV disease, with delay referring to the interval from

the first contact with the health care system to operation. O'Rourke et al. (244) found that 6

out of 29 patients became incurable while waiting for radical radiation therapy.
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In Sweden it is recommended that 80% the diagnostic tests in suspected lung cancer should

be completed within 4 weeks from the first consultation with a chest physician and that

treatment should be started within 2 weeks thereafter. In a recent Swedish study of 134 lung

cancer patients it was found that 68% were diagnosed within one month (247). In the UK it is

advocated that radical radiotherapy should start within 2 weeks after it has been requested

(244). In Canada it is recommended that the maximum time from the first visit to a family
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physician to diagnosis should be 4 weeks and it is considered that the waiting time from

completion of the diagnostic tests to surgery should not exceed 2 weeks (251).
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The aims of these studies were

1. to analyse time trends of lung cancer incidence rates, to estimate the effects of

birth cohort and year of diagnosis, and to analyse the gender-specific incidence

of different histopathological types of lung cancer (Paper I);

2. to examine the operative mortality and morbidity after lung cancer surgery and

to identify factors associated with an adverse outcome (major complications and

death) after lung cancer surgery (Paper II);

3. to analyse survival among patients undergoing complete resection for NSCLC

and to identify both tumour-related factors and clinical characteristics

influencing survival (Paper III);

4. to assess the quality of life following surgery in patients with lung cancer and

to identify characteristics that may indicate patients at risk for impaired quality

of life (Paper IV);

5. to evaluate the delay times in treatment of patients with lung cancer and their

association with survival (Paper V).
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Paper I. Trends in lung cancer incidence in Sweden with special reference to period and birth cohorts
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A total of 57,678 men and 20,052 women with lung cancer diagnosed between 1 January

1958 and 31 December 1994 inclusive were identified in the Swedish Cancer Register (252).

The exact criterion for inclusion of patients was a diagnosis of primary lung cancer, coded

according to the International Classification of Diseases, Seventh Revision (ICD-7 code 162,

i.e. trachea, bronchus, lung and pleura) (253). The Cancer Register also includes information

on the histopathological (PAD) code, which permits separate evaluation of different types of

lung cancer. Prior to 1985 small cell cancer and undifferentiated carcinoma were not

separated.
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Annual� age-standardized rates were calculated separately for men and women. The direct

method was used (254), with the Swedish population of 1970 as reference. A regression

model with the logarithm of the incidence rate as the dependent variable and time in linear

form as the explanatory variable was used to estimate the trend-wise development in an initial

simple analysis.�

Multivariate analyses were based on the period 1960-1994 and thus covered seven five-year

periods. Because of the very few lung cancer cases diagnosed at ages below 30, we included

11 five-year age groups (ranging from 30-34, 35-39, to 75-79, 80-84 years) in the multivariate

analyses. From these data, we computed 17 partially overlapping ten-year birth cohorts

starting in 1875-1884 and ending in 1955-64. Results are presented as a relative risk (RR)

with 95% confidence interval (CI). In the analyses, the number of cases was assumed to have

a Poisson distribution with a mean that depends multiplicatively on the explanatory variables

age, period and cohort in addition to number of person-years (255). The model was estimated

by the maximal likelihood method, using the SAS procedure. GENMOD Submodels, such as

a combination of age and birth cohort, were fitted in addition to the complete age-period-

cohort model. The special cases where the effects of period and/or birth-cohort were assumed

to be linear on the logarithmic incidence rates were also considered. In that case it is
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impossible to separate the period effect from the cohort effect and the combined linear effect

is denoted ”drift”(256, 257).

�
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Paper II. Outcome after lung cancer surgery. Factors predicting early mortality and major morbidity.

Paper III. Survival in primary lung cancer potentially cured by operation. Influence of tumour stage and

clinical characteristics.

�
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During the study period, January 1987 to September 1999, 619 surgical procedures for

primary carcinoma of the lung or pleura were performed at the Department of Thoracic and

Cardiovascular Surgery, University Hospital, Uppsala, Sweden. Three patients living outside

Sweden were lost to follow-up. The remaining 616 patients formed the basis for study II, the

main objective of which was to study the early outcome (mortality and major complications)

among all patients who underwent thoracotomy for lung cancer during this period with the

primary aim to cure. At all operations the standard open postero-lateral approach was used.

One surgeon performed or assisted in 78% of the operations. Mediastinal lymph node

samples were taken as routine, and in this procedure the suspicious nodes were removed and

classified as N1 or N2 nodes.

In order to investigate survival among patients who were potentially cured by surgery, which

was the objective of study III, 221 patients were excluded from the study population used in

study II. These 221 patients did not fulfil the criteria of undergoing complete resection

(tumour completely removed as assessed by the surgeon and showing negative tissue margins

at pathological examination) or being classified as NSCLC. The remaining 395 patients

(NSCLC), considered as having undergone complete resection, formed the population in

study III.

�
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Early death was defined as death from any cause within 30 days of surgery. Complications

were classified as minor or major complications, occurring within the first 30 postoperative

days. An adverse outcome was defined as a major complication or death within the first 30

days after surgery and this term was used in the risk factor analysis for early outcome. All

patients were followed up with respect to survival by computerised linkage to two national

registers, namely the Swedish Cause of Death Register and a continuously updated population
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register. All patients included could be assigned a date of death or identified as being alive 30

days after surgery (study II) or on 31 December 1999 (study III).

�
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Preoperative evaluation included spirometry, with measured FEV1 as a percentage of

expected value distributed by age, gender and body size (258, 259). After computed

tomography these patients were considered to have a resectable disease (all 616) or clinical

stage I-II based on a previous staging system (55). Mediastinoscopy was performed in 84

cases, and a positive finding at mediastinoscopy excluded patients from further surgical

intervention. In study III, eleven patients had been included in a Scandinavian study on

adjuvant therapy and no patients received neoadjuvant treatment.
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Clinical factors considered in the risk model in study II were: Co-morbidity (diabetes

mellitus, chronic obstructive lung disease, ischaemic heart disease or hypertension, all

requiring medication), gender, age, type of surgery, histopathological type, time period

(1987-92 versus 1993-98), smoking habits, and lung function measured as FEV1%.

In study III, in addition to the above mentioned factors, tumour-related factors were included

in the analysis of long-term survival, namely staging (TNM), N factor, tumour size and

invasion of the parietal pleura. Also, a major complication after lung cancer surgery was

included as a separate risk factor.
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Risk factors for early death or for the endpoint death or major complication were assessed

using logistic regression analysis (260). The results are presented in the form of odds ratios

(ORs) with 95% confidence intervals (CI). Variables (mentioned above) significantly related

to an adverse outcome (defined as death or major complication) in a univariate analysis (p <

0.05) were considered further in a multivariate analysis.

4�����888�

The observed survival rate for all causes of death was calculated by the actuarial (life-table)

method (261). The log rank test was used to test for equality of the survival curves in

different groups. Uni- and multivariate analyses of factors related to death from any cause

were based on the standard Cox proportional hazard model (261). Relative hazard (RH =
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exp(β1)) was used as a measure of the risk of death in different categories, where β1 is the

basic parameter in the Cox model.

Continuous variables were tested in their original continuous form, a logarithmic form and

with a set of dummy variables representing ranges, defined by commonly used or standard

cut-off points. The relative hazard ratios and their 95% confidence intervals are in general

given for the variable in both the optimal continuous form and the dichotomised form, as this

way of presenting the results was considered most informative. In the multivariate analysis

the variables were used first in their continuous form, i.e. the original (year of surgery) or

logarithmic (age, per cent predicted FEV1 and tumour size) form, and then in their optimal

dichotomised form with the best discrimatory power. Variables significantly related to death

at univariate analysis were considered in the multivariate analysis (p < 0.05).

On the basis of the results of the multivariate analysis, a risk score was computed for each

patient. Patients were categorised into a low-risk, medium-risk or high-risk group. The cut-off

points were chosen so as to get 25% of the subjects in the low-risk and high-risk groups and

50% in the medium-risk group.

As the basic model used implies the assumption that the relative hazards are constant over

time, separate models were estimated for follow-up, < 3 years and > 3 years after surgery.

Sperman rank correlation was used to test for correlation between tumour size and lymph

node involvement and Cochran-Armitage trend test was used for trends in distribution of risk

factors over time.

All statistical calculations were performed with the SAS 6.12 statistical procedure (SAS

Institute).

/�����(�
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Paper IV. Quality of life following lung cancer surgery

������

Between 1 January 1997 and 31 December 2000, a total of 194 patients underwent open

surgery for lung cancer (non-muscle-sparing, postero-lateral incision) with intention to cure at

the Department of Thoracic and Cardiovascular Surgery of the University Hospital, Uppsala,

Sweden. All patients eligible for curative surgery were evaluated preoperatively as described

previously (Papers II and III) and were followed up in terms of survival by computerised

linkage to two national registers, the Swedish Cause of Death Register and a continuously

updated population register. Using these databases, 132 patients could be identified as being
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alive on 1 April 2001. These patients received questionnaires to evaluate their quality of life.

As a comparison group, CABG patients (matched for time since surgery, age and gender, all

operated on with median sternotomy) were identified in a hospital database. CABG�patients

were chosen as controls because they had also undergone thoracic surgery and several

previous studies have addressed QoL in this group (262, 263).�

�
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Three sets of questionnaires were used. All the patients received the Swedish version of Short

Form-36 (SF-36) (264), the Hospital Anxiety and Depression (HAD) scale (265) and lung-

specific questions by mail, followed by a reminder three weeks later. Swedish normal

population (n=8,930) scores, obtained from a health survey in 1998 (266), were used to

generate mean values, matched for age and gender. These mean values were used for

comparison with mean SF-36 scores for the lung cancer group and CABG group.
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Scale Lowest possible (floor) Highest possible (ceiling)
Physical function (PF) Limited a lot in performing all Performs all types of physical

physical activities including activity including the most vigorous
bathing or dressing due to health without limitations due to health

Role physical (RP) Problems with work or other Problems with work or
daily activities as a result of other daily activities as a
physical health result of physical health

Bodily pain (BP) Very severe and extremely No pain or limitations due to pain
limiting pain

General health (GH) Evaluates personal health Evaluates personal health as excellent
as poor and believes it is likely
to get worse

Vitality (VT) Feels tired and worn out Feels full of pep and energy all the time
all the time

Social function (SF) Extreme and frequent interference Performs normal social activities
with normal social activities due without interference due to physical
to physical or emotional problems or emotional problems

Role emotional (RE) Problems with work or other daily No problems with work or other daily
activities as a result of emotional activities as a result of emotional
problems problems

Mental health (MH) Feelings of nervousness and Feels peaceful, happy and calm all the
depression all the time time

Short-form 36 (SF-36)

The SF-36 instrument is designed to evaluate health-related quality of life in multiple groups

of patients. It is composed of 36 items, grouped into eight scales (Table 2), which include

both physical and mental health, assessing eight dimensions of quality of life. The raw,

subscale scores are standardised and range from 0-100, where 0 represents the poorest health

status and 100 the best possible. Two summary scores are also calculated, the physical
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component summary scores (PCS) and the mental component summary scores (MCS), to

summarise the physical and mental status.

Hospital Anxiety and Depression Scale

The HAD scale is a brief, self-administered rating scale which was designed to measure

anxiety and depression in somatically ill individuals (265). The questionnaire contains 14

items for self-assessment on a 0- 3 scale. Seven questions are related to anxiety and seven to

depression. The whole scale range is 0-21 for depression and anxiety measurements. Scores

of eight or more on each sub-scale represent “possible” psychiatric morbidity and a score of

11 or more represents “definite” clinical anxiety or depression. The depression subscale has

been constructed so that somatic items are largely excluded.

Specific questions

Three lung-specific questions were used: Patients were asked to rate the occurrence of pain in

the chest, breathlessness and cough, on a scale of 1 to 4, during the last week. Also, patients

answered questions about their smoking history.
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The raw scores in the SF-36 scale were calculated for all 233 patients and transformed into a

0-100 scale using the formula specified in the scoring manual for SF-36 (264). The

descriptive statistics are presented as means with 95% confidence intervals. ANOVA tests

were used to compare mean SF-36 scores between groups (lung cancer patients, CABG

patients and healthy controls) and t-tests were used to test differences between the clinical

characteristics of lung cancer patients with the aim of identifying clinical risk factors in

relation to impaired QoL.

Significance levels with a p value of less than 0.05 were considered to be statistically

significant. Six patients in the lung cancer group and two patients in the CABG group failed

to respond to all SF-36 questions (1-2 misses out of five alternatives). For the missing values

a scoring algorithm was used (264).

The SAS 6.12 statistical procedure (SAS Institute) was used for statistical calculations.

�
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Paper V. Prognostic influences of delay in patients treated for non-small cell lung cancer

������

Between 1 January 1995 and 31 December 1999, 750 patients were diagnosed with NSCLC

in the Uppsala and the Västmanland health care regions in central Sweden. Patients diagnosed

with NSCLC during the study period were identified by a personal registration number in the

Regional Cancer Registry database in Uppsala (ROC) (267). Furthermore, data on tumour

stage, histopathological tumour type and treatment were retrieved from the same database.

After exclusion of patients in whom NSCLC was first diagnosed at autopsy (n=94), and of

patients who received no cancer-specific treatment (n=190), the study population consisted of

466 patients who received treatment (curative or palliative) with surgery, chemotherapy, or

radiation.

Additional clinical information on individual patients was collected retrospectively from

medical records kept at Uppsala University Hospital and Västmanlands County Hospital,

where all diagnostic examinations and treatment had taken place. These records yielded

information on dates of 1) first symptom as stated by the patients, 2) initial visit to a chest

physician and 3) start and type of treatment. Two types of delay were studied: a) symptom to

treatment delay, defined as the length of time from the onset of symptoms to the start of

treatment, and b) hospital delay, defined as the length of time from the first hospital visit to

the start of treatment. The date of onset of symptoms was available for 76% of the patients

(n=354) and the date of the first visit to a chest physician for 89% (n=413). The date of the

beginning of treatment was available for all patients (n=466).

Classification of tumour stage was based on recorded information concerning findings at

thoracotomy and mediastinoscopy, or on results of bronchoscopy, CT scan, bone scintigraphy

and clinical examination.
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Descriptive analysis was carried out for all 466 patients, including the following factors: age,

gender, histology, pathological stage, and treatment modalities. Median and mean delays

(given with + standard deviation, SD) were calculated for each of the characteristics. The

Mann-Whitney Test and Kruskal-Wallis Test were used for comparison of delay time

between independent groups. Differences in delay were considered significant if p<0.05.
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The observed survival rate for all causes of death was calculated by the actuarial (life-table)

method and uni- and multivariate analyses were performed to identify factors related to death

(from any cause) based on the standard Cox proportional hazard model (see paper III for

methods). The time at risk was accumulated from the date of the treatment start to death or

being alive on 1 April 2002. Variables entered into the analysis with corresponding relative

hazards and 95% CI for both logarithmic continuous and categorised form. This way of

presenting the results was considered most informative. In the multivariate analysis all

variables were used first in their categorised form with the best discriminatory power and

then in continuous logarithmic form (different delay time and age). In the multivariate models

with all other variables considered the types of delay were first included separately and then

in a final model both types of delay were included.

All statistical calculations were performed with the SAS 6.12 statistical procedure (SAS

Institute, Cary, NC).
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I. Trends in lung cancer incidence in Sweden with special reference to period and birth cohorts

�
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Among men, the age-standardised incidence of lung cancer increased from about 21 cases per

100,000 person-years in 1958 to 47 cases per 100,000 person-years in 1976, and peaked in

1982 with 49 cases per 100,000. In the remaining part of the observation period there was a

slight reduction, with 42-43 cases per 100,000 in 1994 (Fig. 1).The average annual change in

the age-standardised rate was 3.4 % during the period 1958-80 and –1.0 % during the period

1981-94 (Table 3).
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*������ %)�Age-standardised incidence rates of lung cancer, all histopathological types, in men and women,

Sweden 1958-1994. The Swedish population in 1970 was used as a reference.

Among women, the incidence rate was lower and showed a steady increase during the whole

observation period. The age-adjusted incidence rate was about 6 cases per 100,000 person-

years at the end of the 1950s, increasing to about 20 during the first few years of the 1990s

(Fig. 1). There was no obvious change in the rate of increase, the average annual figures

being 3.6 % in 1958-80 and 3.3 % in 1981-94 (Table 3).
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Among men, the reduction in the incidence rate was significant in all five-year age-groups

with the exception of the age-group 60-74 years, where the rate remained virtually

unchanged, during the 1980s and 1990s. Overall the decrease was 1-2% per year in most of

the other age-groups (Table 3). During the period 1958-80 there was a general increase

among men in all age-groups. Among women, an increase was seen during all periods and

among all age-groups, the fastest increase in rate being noted in the youngest women (6%

among women aged 40-49 years) and the oldest ones ( 8% among those >85 years). During

the second period analysed the increase continued among women, except for women older

than 80 years of age (Table 3).

$�����6) �����������������������������������������������������������������������"(���"����
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Men Women

Age, yrs 1958-80 1981-94 1958-80 1981-94
40-44 2.7 -5.3 6.6 2.3
45-49 2.8 -1.7 6.1 4.3
50-54 2.0 -1.3 4.6 4.0
55-59 2.0 -1.9 4.2 3.4
60-64 0.9 -0.3 3.9 4.5
65-69 2.4 -0.0 3.5 3.7
70-74 4.7 -0.3 2.2 4.0
75-79 6.9 -1.4 2.7 3.1
80-84 8.2 -1.9 3.3 -1.1
85- 10.4 -4.8 7.9 -5.5
$
���� 6)8� "%)+� 6)7� 6)6�

* All changes are significant at the 5 % level except in the age-group 60-74 among men in 1981-
94 and in the age-groups 40-44 and 80-84 among women in the same period.
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The most notable trend was a major relative increase in adenocarcinomas. In men the

proportion with this diagnosis was just under 10% during the 1960s, and increased to about

23% during the middle of the 1990s. The other histopathological types showed a decline (Fig.

2). In women the increase in the proportion of adenocarcinomas was slightly less dramatic,

rising from about 29% during the 1960s to about 34% in 1994 (Fig. 3).

The male/female ratio by histopathological type changed during the study period. For

squamous cell carcinoma the ratio changed from 10.1 during 1960-64 to 3.9 in 1990-94. For

small cell or undifferentiated carcinomas the ratio was 4.8 in 1960-64 and 2.0 in 1990-94.

The male/female ratio for adenocarcinoma did not change appreciably; it was about 1.5 in

both sub-periods analysed.

�
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*������ &)� Age-standardised incidence rates of lung cancer, by histopathological type in men, Sweden, 1958-

1994. The Swedish population in 1970 was used as reference.
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*������6)� Age-standardised incidence rates of lung cancer, by histopathological type in women, Sweden, 1958-

1994. The Swedish population in 1970 was used as reference.
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In the age-period model, there was an increase in the period effect, with a decline after 1980-

84 (Table 4). The results of the detailed analysis of the age-cohort model are illustrated in

Fig. 4. There was a rapid increase in risk for the first few cohorts. With the tenth cohort

(people born about 1925) as reference, RR was 0.27 for the oldest cohort, consisting of

people born in about 1880.

9����

Among women the age-period effect was increased throughout the period (1990-1994) (Table

4). In the age-cohort model for women, there was a fairly steady increase in RR from 0.28 for

the first cohort to 3.90 for the most recent cohort (people born around 1960) (Fig. 4).
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*������8)� Relative risk of lung cancer in successive birth cohorts of men and women in Sweden, 1960-1994.

Reference birth cohort 1915-24 (relative risk = 1.0).
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Period Men Women
RR 95% CI RR 95% CI

1960-64 1.0 reference 1.0 reference
1965-69 1.18 1.06-1.31 1.19 1.00-1.43
1970-74 1.41 1.28-1.56 1.48 1.26-1.75
1975-79 1.52 1.38-1.68 1.68 1.42-1.97
1980-84 1.60 1.45-1.76 2.21 1.90-2.59
1985-89 1.54 1.40-1.69 2.59 2.22-3.01
1990-94 1.48 1.35-1.63 3.06 2.64-3.56
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II. Outcome after lung cancer surgery. Factors predicting early mortality and major morbidity.

The mean age at surgery was 63.8 years (23.9-81.8 years). There were 394 men (mean age

65.1 years [34.7-81.8]) and 222 women (mean age 61.6 years [22.9-81.7]). Of the 616

patients operated on with the primary aim to cure, 157 underwent pneumonectomy (25%),

334 lobectomy (54%), 39 bilobectomy (6%) and 74 explorative thoracotomy without

resection (12%). Thirty-three per cent were older than 70 years, 33% had concomitant

disease, 54% were still smoking or had not stopped smoking 2 months before surgery, 14%

had never smoked and 25% had lower FEV1% than 70% of expected for age and body size.
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Eighteen (2.9%) of the 616 patients undergoing surgery died within 30 days. Fourteen of

these 18 patients also experienced a major complication. Nine patients had respiratory failure

after surgery, which led to death. In four cases, postoperative bleeding was considered to be

the main cause of death.

Early mortality was higher in relation to pneumonectomy (5.7%) than after less extensive

surgery such as lobectomy (0.6% for single lobectomy). Mortality was higher in the

following groups: men (3.5% versus 1.8% for women); age over 70 years (3.9% versus

2.4%); concomitant disease (3.9% versus 2.4%); squamous cell carcinoma (4.1% versus 2.0%

for adenocarcinoma); smoker (3.3% versus 1.1% among never smokers); and FEV1% < 70%

(4.2% versus 1.8%). The significance of the differences in survival is considered in the risk

factor analyse.

�
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Major complications occurred in 54 patients (8.8%) (Table 5). The early mortality among

those who experienced a major complication was 26%, compared to 0.7% among those with

an uneventful postoperative course. The frequency of major complications was higher after

pneumonectomy (18.5%) than after lobectomy (5.7%) (p=0.001).

Major complications occurred more often in the following groups: men (11.7% versus 3.6%

for women); age over 70 years (9.8% versus 8.2%), concomitant disease (9.7% versus 8.3%);

squamous cell carcinoma (12% versus 6.5% for adenocarcinoma); smoker (10.5% versus

2.3% among never smokers); and FEV1% < 70% (16.2% versus 6.2%).
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Pneumonectomy was the only variable that was significantly associated with early mortality

[OR=3.0, CI=1.2-7.8]. �
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Factors associated with an adverse outcome are presented in Table 6. FEV1<70% and

pneumonectomy were the only factors that were independently associated with an increased

risk of an adverse outcome.
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Events No of patients (%)
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(non-life-threatening disorders) 137 (22.0%)
Supraventricular arrhythmiasa 71 (11.5%)
Continuous air leakage 24 (3.9%)
Antibiotics other than prophylactic 21 (3.4%)
Atelectasis 8 (1.3%)
Obstructive symptoms 7 (1.1%)
Paresis of recurrent nerve 3 (0.5%)
Insufficient wound healing 2 (0.4%)
Diaphragmatic paresis 1 (0.2%)

��+���
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(life-threatening disorders) 54 (8.8%)
Postoperative bleedingb 20 (3.2%)
Respiratory failurec 17 (2.8%)
Bronchopleural fistulasd 11 (1.8%)
Myocardial infarction 5 (0.8%)
Cerebral infarction 3 (0.5%)
Cardiac failure 2 (0.4%)
Renal failure 1 (0.2%)
aECG was recorded in all patients with clinical signs of atrial fibrillation such as
palpitations, chest discomfort and nausea. bLeading to re-exploration. cDefined as
more than 24 hours of mechanical respiration, reintubation, ARDS or pneumonia.
dIn ten cases right side (8 pneumonectomies); one left-sided lobectomy (upper lobe).
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Univariate Multivariate
OR2 95% CI3 OR 95% CI

Gender
Female 1.0 Reference
Male 2.9 [1.5-5.9] n.s.

Pneumonectomy
No 1.0 Reference 1.0 Reference
Yes 3.6 [2.1-6.3] 3.1 [1.8-5.6]

Squamous cell cancer
No 1.0 Reference
Yes 2.0 [1.2-3.5] n.s.

Smoking habits
Non-smoker 1.0 Reference
Current or
former smoker 5.5 [1.3-22.8] n.s.

Measurement of lung involvement
FEV1 > 70% 1.0 Reference 1.0 Reference
FEV1 < 70% 2.9 [1.6-5.1] 2.6 [1.5-4.7]

1 Adverse outcome is defined as a major complication or death within 30 days after the operative procedure,
2 odds ratio, 3 confidence interval

�

Patients with FEV1 <70 % of the expected who underwent pneumonectomy had an increased

risk for an adverse outcome (OR=3.6, CI=1.5-8.5), whereas reduced FEV1 <70 % had less

influence in those treated with other surgical procedures than pneumonectomy (OR=1.9,

CI=0.8-4.5). Introduction of an interaction variable showed significant interaction between

type of surgery and reduced FEV1 (<70 %) (p=0.004).
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III. Survival in primary lung cancer potentially cured by operation. Influences of tumour stage and clinical

characteristics.

Of those who formed the study population (395 patients), 255 were men (mean age 65.8 years

[range 38-82]) and 140 were women (mean age 63.6 years [range 27-82]). Adenocarcinoma

was the predominant histophatological type at the end of the study period (1998-1999) or

46% (squamous cell carcinoma 38%). For more information about patient characteristics see

Table 7. The mean follow-up time was 46 months (range 4 to 156 months).

�������	�

The overall five-year survival rate among patients with a primary lung cancer who underwent

complete surgery was 51%. Five-year survival rates distributed by clinical and tumour-related

characteristics are shown in Table 7 and Figures 5, 6, 7, 8, 9 and 10.
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*������.�)��Overall survival by tumour size (T1 vs. T2) and presence or absence of lymph node involvement
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*������ 7. Overall survival and smoking habits at time of surgery. Non-smokers are defined as those who

stopped smoking at least 2 months before surgery or never smoked (p<0.05; log rank)
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*������-. Overall survival and major complications after lung cancer surgery. Major complications are defined

as listed in Table 5. (p<0.05; log rank).
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*������0) Overall survival and type of surgery; pneumonectomy versus lobect (p< 0.05; log rank).
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*������2)��Overall survival by FEV1 (p<0.05; log rank)
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*������%+)�Overall survival by tumour stage (TNM)��
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In univariate explorative analyses, based on stage-related variables, the size of the tumour and

the presence and advancement of lymph node metastases were all closely related to the

prognosis (Table 8). Any sign of node involvement doubled the risk of death. Tumour size

had less impact on the prognosis. There was a 40 % increase in mortality among patients with

tumours larger than 5 cm as compared to those with tumours of 1 cm or less.

In the multivariate analysis, stage was chosen and used in the full model including both

tumour- and patient-related variables (Table 8). There was a correlation (Spearman’s

coefficient=0.17, p<0.001) between tumour size and lymph node involvement; N1-N2 disease

being present in 22 % of the patients with T1 (tumor less than 3 cm in diameter) and in 39%

of those with T2. Furthermore, 3% of the patients with T1 tumours and 9% of those with T2

tumours had N2 disease (Fig. 11). In the full model with all variables, the variables that were

significantly related to poorer long-term survival in the multivariate analysis are presented in

Table 8. Also, patients who underwent pneumonectomy showed decreased survival

compared to lobectomised patients in the univariate analysis [RH=1.5, 95% CI=1.2-1.8] (Fig.

8). However, after adjustment for other risk factors in the multivariate analysis,

pneumonectomy gave no further prognostic information. There was an improvement in

survival over calendar time (RH =0.95, 95 % CI=0.89-0.95] for each year after 1987).
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Total 395 (100%) 232 (59%) 51% [46-56%]
Gender
Female 140 (37%) 73 (52%) 54% [45-63%]
Male 255 (63%) 159 (62%) 50% [44-56%]
Age
<59 yrs 101 (26%) 48 (47%) 60% [50-70%]
60-69 yrs 151 (38%) 98 (65%) 49% [40-58%]
> 70 yrs 143 (36%) 86 (60%) 47% [38-56%]
Smoking habitsb

Current smoker 218 (55%) 143 (66%) 46% [39-53%]
Former smoker 126 (32%) 65 (50%) 61% [51-57%]
Never smoked 49 (12%) 24 (50%) 50% [35-65%]
Concomitant disease
Yes 140 (35%) 84 (60%) 50% [41-59%]
No 255 (65%) 148 (58%) 51% [43-60%]
Measurement of lung functionc

FEV1 > 60% 341 (89%) 192 (56%) 52% [46-58%]
FEV1 < 60% 42 (11%) 35 (83%) 41% [26-56%]
Time period
1987-1989 120 (30%) 95 (79%) 42% [33-51%]
1990-1992 97 (25%) 68 (70%) 53% [44-63%]
1993-1995 84 (21%) 44 (52%) 58% [48-68%]
1996-1999 94 (23%) 25 (27%) 60% [47-73%]
Type of surgery
Pneumonectomy 110 (28%) 75 (68%) 39% [30-48%]
Lobectomy 257 (65%) 144 (56%) 55% [48-62%]
Bilobectomy 25 (6%) 11 (45%) 59% [39-79%]
Segmentectectomy 3 (2%) 2 (67%) 33% [0-66%]
Major complicationd

Yes 32 (8%) 25 (78%) 32% [16-48%]
No 363 (92%) 207 (57%) 53% [48-58%]
Histopathological type
Adenocarcinoma 144 (36%) 76 (53%) 52% [43-61%]
Squamous cell ca. 183 (46%) 115 (63%) 50% [43-57%]
Bronchoalveolar
cell cancer 31 (8%) 19 (61%) 50% [37-63%]
Mixed types 37 (9%) 22 (59%) 47% [30-64%]
Tumour size
< 10 mm 22 (6%) 11 (50%) 66% [42-90%]
10-20 mm 50 (13%) 24 (48%) 55% [40-70%]
20-30 mm 94 (24%) 56 (60%) 55% [45-65%]
30-50 mm 114 (29%) 71 (62%) 46% [36-56%]
> 50 mm 115 (29%) 70 (61%) 47% [37-57%]
Tumour growth in lymph nodese

N0 265 (67%) 135 (51%) 62% [56-68%]
N1 100 (26%) 76 (76%) 28% [19-37%]
N2 30 (7%) 20 (66%) 34% [16-50%]
Tumour growth in parietal pleura
Yes 4 (1%) 4 (100%) -
No 391 (99%) 288 (74%) 57% [49-66%]
Tumour stagef

IA 114 (29%) 53 (46%) 69% [60-77%]
IB 142 (36%) 79 (56%) 57% [48-66%]
IIA-IIB 105 (26%) 77 (73%) 31% [22-40%]
IIIBg 33 (8%) 23 (70%) 29% [13-42%]
aConfidence interval. bIn two cases no information about smoking habits was available. cIn 12
cases no FEV1% was available. dTable 5 for definition, eNodal status and fpathological stage
(TNM) at time of surgery (Table 1). gIIIa; 30 patients with T1/T2 N2, and 3 patients with T3
N1.
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There was a significant interaction (p=0.02) between tumour stage and time period. The

improvement with time was most pronounced in patients with a limited tumour stage (RH=

0.87, CI=0.77-0.97 for each year after 1987 for patients in tumour stage IA; RH= 0.97,

CI=0.89-1.05 for stage IB; RH=0.96, CI=0.89-1.04 for stage II; and RH=0.97, CI=0.83-1.1

for those in stage IIIA).

A risk score for mortality was calculated for each patient, using the final multivariate model.

When patients were categorised according to that risk score, the low-risk group had a 5-year

survival rate of 73%, compared to26 % in the high-risk group (Fig. 11). Patients’

characteristics in each risk group are presented in Table 9.

There was no apparent decrease in the proportion of high- and low-risk patients over the

study period. A number of the independent risk factors decreased significantly over time. The

proportion of active smokers decreased significantly as a result of a parallel increase in

former smokers. Moreover, the proportion of patients with decreased lung function

significantly decreased over time, while the proportion of patients older than 70 years

increased.
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*������%%. Overall survival in patients potentially cured by surgery (n=395) in relation to calculated risk score.

Twenty-five per cent of the patients are in low- and high-risk groups and 50% in a medium-risk group. Risk

score is calculated on the basis of the multivariate analysis. Characteristics of each risk group are given in

Table 9
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Variable Univariate Multivariate

RH [95% CI]b RH [95% CI]
a. Stage-related variables considered
Tumour size

< 10 mm 1.0 Reference 1.0 Reference
10-20 mm 1.0 [0.3-1.7] 1.0 [0.3-1.7]
20-30 mm 1.2 [0.5-1.8] 1.0 [0.4-1.7]
30-50 mm 1.3 [0.7-1.9] 1.0 [0.4-1.6]
> 50 mm 1.4 [0.8-2.0] 1.1 [0.4-1.7]
Logarithmic 1.2 [0.99-1.47] 1.1 [0.66-1.51]

Lymph nodes
N0 1.0 Reference 1.0 Reference
N1 2.1 [1.8-2.3] 2.0 [1.8-2.4]
N2 1.7 [1.2-2.2] 1.8 [1.3-2.3]

Tumour growth in parietal pleura
No 1.0 Reference 1.0 Reference
Yes 16.0 [15.3-17.2] 17.0 [16.0-18.0]

b. All variables considered
Age

<59 yrs 1.0 Reference 1.0 Reference
>60 yrs 1.5 [1.2-1.9] 1.6 [1.2-1.9]
Logarithmic 2.4 [1.6-3.3] 3.9 [2.8-4.9]

Time periodd

1987-1992 1.0 Reference 1.0 Reference
1993-1999 0.7 [0.4-0.9] 0.7 [0.4-0.9]

Linearc 0.94 [0.89-0.98] 0.95 [0.91-0.99]

Measurement of lung function
FEV1 < 60% 1.0 Reference 1.0 Reference
FEV1 > 60% 0.6 [0.3-0.9] 0.7 [0.4-1.0]
Logarithmic 0.4 [0-0.98] 0.6 [0-1.25]

Smoking habits
Non-smoker 1.0 Reference 1.0 Reference
Current smoker 1.4 [1.1-1.7] 1.3 [1.1-1.6]

Major complicationd

No 1.0 Reference 1.0 Reference
Yes 2.2 [1.8-2.6] 1.7 [1.3-2.1]

Tumour stage
IA 1.0 Reference 1.0 Reference
IB 1.3 [1.0-1.7] 1.1 [0.8-1.3]
IIA-IIB 2.2 [1.9-2.6] 2.0 [1.6-2.3]
IIIA 2.3 [1.8-2.8] 2.1 [1.6-2.6]

Tumour growth in parietal pleura
No 1.0 Reference 1.0 Reference
Yes 16.0 [15.3-17.2] 11.0 [10.2-12.6]

aRH=relative hazard; bCI=confidence interval; c Linear variable which implies reduction in risk
of death for every year from 1987-1999; dTable 5 for definition.



(�����������

51

$�����2)����	���������������
���������
�����
Low-risk group Medium-risk group High-risk group
n (%) n (%) n (%)

Total 95 (25) 192 (50) 95 (25)

Time period
1993-1999 73 (77) 75 (39) 27 (28)

Age >60 years 55 (58) 148 (77) 86 (91)

FEV1% <60% 1 (1) 17 (9) 24 (25)

Current smoker 24 (25) 115 (60) 73 (77)

Major
complication 0 (0) 8 (4) 23 (24)

Stage I 95 (100) 142 (74) 14 (15)

Stage II-IIIA 0 (0) 40 (26) 81 (85)
Patients categorised into risk groups according to the results from the multivariate model, allocating
those 25% with the best survival to the “low-risk” group.

 ����������������������
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During the study period the proportions of patients with impaired lung function and current

smokers decreased significantly (p values for trend=0.006 and 0.003, respectively). The

proportion of patients who had never smoked was unchanged.

#������
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The effects of the risk factors were virtually the same (year of surgery not included) for

deaths occurring within 3years and more than 3 years following surgery. An exception was

major complications in connection with the primary surgical procedure, which increased the

risk only for deaths occurring within 3 years after surgery, with RH=2.0 [95% CI=1.5-2.5],

compared to RH=1.1 [95% CI=0.2-2.0] for deaths after this time.

�
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IV. Quality of life following lung cancer surgery

�

The mean age of the patients in both the CABG and lung cancer group was 67 years, with age

ranges of 47-85 years and 28-84 respectively. The sex distribution was similar in the two

patient groups (M:F = 57:55 in the lung cancer group and 64:57 in the CABG group).
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Forty-nine per cent of the patients in both groups were over 70 years of age, and 11% of the

lung cancer patients and 7% of the CABG patients were still smoking. The median time that

had elapsed between surgery and follow-up was 23 months [range 4-48 months] in both

groups. Twenty-two lung cancer patients (20%) underwent pneumonectomy, 85 (76%)

lobectomy and five segmentectomy. Thirty-three per cent of the lung cancer patients had

FEV1 lower than 60% of the expected preoperatively. At the time of surgery, 67% were

categorised as stage I, 17% as stage II and 16% as stage IIIA. The response rate was 85%

(112 of 132) in the group of lung cancer patients and 91% (121 of 132) in the CABG group.

�
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Patients who had undergone lung cancer surgery deviated significantly from the normative

data for the general Swedish population in seven of the eight SF-36 subscales and on both

summary component scales (Fig. 12 and Table 10). The only SF-36 subscale in which they

did not deviate was bodily pain.
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*������ %&) Mean score on SF-36 scale, comparing surgically treated lung cancer patients, coronary artery

bypass (CABG) patients and healthy controls. * = indicates p < 0.05 in ANOVA analysis for difference of the

mean between groups. PCS=Physical component summary score, MCS=Mental component summary score. For

other abbreviations see Table 2.
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There was a significant difference between the lung cancer patients and CABG patients in

terms of physical function (Fig. 12).

Patients who had continued to smoke after lung cancer surgery obtained a significantly lower

score for mental health (p=0.003), vitality (p=0.027) and mental components summary score

(p=0.003) compared to patients who were former smokers (stopped smoking at the time of

surgery or before) or had never smoked (Fig. 13). There was a significant correlation between

reduced lung function (FEV% < 60% before surgery) and the physical summary components

score (p=0.05). Furthermore, pneumonectomised patients obtained a significantly lower score

for physical summary components (p=0.002) and role emotional (p=0.02) compared to those

who had undergone lobectomy. The SF-36 scores showed no correlation with gender, age,

tumour stage or length of time since surgery.
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There was no difference in anxiety between the two groups of patients. Ten per cent of the

lung cancer patients and 11% of the CABG patients had a score of ≥ 11, reflecting definite

anxiety.
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*������%6. Relation between mental components summary score (MCS) on the SF-36 scale and smoking habits

in patients who had undergone lung cancer surgery, with 95% confidence intervals. Patients still smoking after

surgery showed poorer mental health compared with never or former smokers (p<0.05).
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Dimension of Operated lung Difference in mean Difference in mean
SF-36 cancer patients compared to norm compared to CABG

Mean [95% CI] Mean [95% CI] Mean [95% CI]
PF 61.1 [56.4-65.8] 10.9 [5.2-16.5]* 9.5 [2.6-16.3]*
RP 45.0 [36.9-53.1] 20.2 [10.3-30.1]* 7.1 [-5.3-19.6]
BP 72.3 [66.8-77.8] 3.9 [-2.4-10.3] 1.4 [-7.7-8.0]
GH 59.3 [55.1-63.5] 6.3 [1.1-11.5]* -0.7 [-7.3-5.9]
PCS 40.5 [38.3-42.7] 3.1 [0.6-5.7]* 2.1 [-1.1-5.3]
VT 55.5 [51.0-60.1] 8.8 [3.0-14.5]* 2.9 [-4.3-10.1]
SF 78.2 [73.2-83.3] 6.9 [1.2-12.5]* 1.1 [-6.3-8.5]
RE 60.6 [52.5-68.8] 15.3 [5.6-25.0]* 3.5 [-8.7-15.8]
MH 74.0 [70.4-77.6] 5.6 [1.0-10.2]* -0.8 [-6.6-4.9]
MCS 46.7 [44.7-48.8] 3.7 [1.1-6.2]* -0.8 [-4.0-2.5]

PCS=Physical component summary score, MCS=Mental component summary score; see Table 2 for other
abbreviations. CI=confidence interval, * = p < 0.05.

.

The mean score on the HAD depression subscale was 4.02 in patients with lung cancer and

3.84 in CABG patients. There was no significant difference in the rate of definite depression

between the two groups (3% in the lung cancer patients and 5% in the CABG patients,

p=0.18).

���
���
�.���������

Breathlessness on physical effort was significantly more pronounced in the patients with lung

cancer than in the CABG patients (p<0.001), but no such difference was found for

breathlessness at rest (Table 11).
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Not at A Quite Very
all little a bit much
A/B A/B A/B A/B�

Short of breath while resting? 76% / 86 20% / 10% 4% / 4% 0
Short of breath while walking? 19% / 43 46% / 36% 26% / 16% 9% / 5%
Short of breath climbing stairs? 8% / 38% 50% / 44% 23% / 11% 18% / 7%
Have you had pain in your chest? 62% / 60% 30% / 30% 8% / 8% 0 / 2%
A=operated lung cancer patients, B=coronary artery bypass grafting
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V. Prognostic influences of delay in patients treated for non-small cell lung cancer

The study population consisted of 268 men (mean age 65.8 years [range 43.6-86.2]) and 198

women (mean age 63.9 years [range 39.3-89.3]). The mean follow-up time was 20.4 months
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(range 0-85 months). The two most common histopathological tumour types were

adenocarcinoma (42%), and squamous cell carcinoma (33%). Adenocarcinoma was the most

common type in both sexes. One hundred and fifty-one patients underwent surgery (101 had

surgery alone, 37 received adjuvant chemotherapy, 8 patients had postoperative radiation and

5 patients had both additional chemotherapy and radiation therapy).
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Symptom to treatment delay

The median delay time between the first symptoms and treatment was 4.6 months (Table 12).

In patients with an advanced tumour stage the median delay was 3.4 months for stage IV and

4.6 months for stage IIIB. These times were significantly shorter than the symptom to

treatment delay in patients with stage I-II disease (Table 12). There were no significant

differences in symptom to treatment delay in relation to gender, age or histopathological type.

Surgically treated patients had to wait longer than non-surgically treated. Nine per cent of the

patients in stage I-II were treated within 3 months from the onset of symptoms, compared to

43% of patients with stage IV disease.

Hospital delay time

The median hospital delay was 1.6 months (Table 12). The hospital delay time was longer in

patients who subsequently underwent surgery compared to those treated with chemotherapy

and/or radiation (Table 12). Median hospital delay was 1.9 months for patients with stage I-II

disease, which is a significantly longer waiting time compared to that in patients with stage

IV or stage IIIB disease. Also, patients older than 70 years waited longer for treatment.

Thirty-five per cent of the patients received treatment within four weeks and 52% within six

weeks following the first contact with a chest physician at the hospital. Among patients who

were candidates for surgery, 14% and 31% had been operated on within 4 and 6 weeks,

respectively. Thirteen per cent of the patients in stage I-II were treated within 30 days from

the first hospital visit, compared to 43% of those with the most advanced tumours (stage IV).
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The overall 3-year survival among patients treated for NSCLC was 31% [95% CI=27-36%].

In association with symptom to treatment delay of less than 3 months, 3-year survival was

11%, while patients with more than 6 months’ delay had a survival of 35%. Patients with the
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shortest hospital delay (<30 days) had 3-year survival of 19%, compared to 43% among

patients with a hospital delay of more than 90 days.
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Symptom-treatment delay1 Hospital delay2

Median Mean +/− SD Median Mean +/− SD
� � �
All patients 4.6 5.8 + 0.29 1.6 2.5 + 0.20

Gender
Female 4.6 5.7 + 0.40 1.5 2.4 + 0.24
Male 4.7 5.9 + 0.51 1.5 2.5 + 0.29

Agea

<70 years 4.7 5.6 + 0.44 1.5 2.5 + 0.26
>70 years 4.5 6.2 + 0.49 1.8 2.4 + 0.27

Stageb,c

I-II 5.5 6.7 + 0.82 1.9 3.0 + 0.32
IIIA 5.1 6.7 + 0.95 1.8 2.9 + 0.62
IIIB 4.6 6.3 + 0.61 1.5 2.5 + 0.44
IV 3.4 3.9 + 0.29 1.2 1.6 + 0.18

Histopathological type
Squamous cell 5.1 6.0 + 0.73 1.7 2.9 + 0.35
Adenocarcinoma 4.3 5.5 + 0.48 1.5 2.3 + 0.33

Type of treatmentd

Surgery 5.3 5.8 + 0.64 1.8 2.7 + 0.27
Non-surgical 4.2 5.8 + 0.40 1.4 2.3 + 0.26

1Time from onset of symptom until start of treatment, 2time from first visiting chest physician at
the hospital until start of treatment, significant differences in delay if p< 0.05, asignificant
difference in hospital delay; bthere is a significant difference between patients in stage IV and
those in stages I-II, IIIa and IIIb in separate analysis for each group; cthere is also a significant
differences in delay between patients in stage I-II and those in IIIB in both types of delay;
dsignificant differences in both types of delay, p<0.05 for all significant differences

�
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The effects of all variables considered on survival are presented in Table 13. Patients with

older age, those with an advanced tumour stage, and those who did not undergo surgical

resection showed worse survival. In the multivariate model with all other variables in the

model and types of delay time considered one by one (logarithmic continuous form), both

prolonged hospital (RH=0.87, 95% CI=0.75-1.00) and symptom to treatment delay

(RH=0.79, 95% CI=0.61-0.97) gave significant information. However, in the final model

with both types of delay included, only increased symptom to treatment delay remained

significantly related to better prognosis (Table 13).
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Introduction of an interaction variable showed significant interaction between tumour stage

and symptom to treatment delay (p=0.003) and hospital delay (p=0.005). The association

between short delay and poor prognosis was most pronounced among patients with an

advanced tumour stage.

$�����%6)���������������F�����3�C4�3������
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Univariate Multivariate
RHa [95% CI]b RH [95% CI]

Gender
Male 1.0 Reference 1.0 Reference
Female 1.0 [0.8-1.2] ns

Age, yrs
< 70 1.0 Reference 1.0 Reference
> 70 1.0 [0.8-1.2] ns
Logarithmic 1.3 [0.6-2.1] 2.6 [1.9-3.3]

Squamous cell cancer
No 1.0 Reference 1.0 Reference
Yes 0.7 [0.4-0.9] ns

Stage
I-II 1.0 Reference 1.0 Reference
IIIA 3.0 [0.8-5.1] 1.9 [1.4-2.4]
IIIB 5.4 [2.1-8.7] 2.7 [2.3-3.1]
IV 9.6 [5.2-14.1] 4.5 [4.1-4.9]

Surgical treatment
No 1.0 Reference 1.0 Reference
Yesc 0.2 [0.02-0.5] 0.5 [0.1-0.8]

Hospital delayd

<30 days 1.0 Reference 1.0 Reference
30-60 days 0.7 [0.4-0.9] 1.0 [0.8-1.3]
60-90 days 0.5 [0.2-0.9] 0.9 [0.6-1.3]
>90 days 0.4 [0.1-0.8] 0.8 [0.6-1.2]
Logarithmic 0.7 [0.6-0.8] 0.98 [0.8-1.1]

Symptom to treatment delaye

<3 months 1.0 Reference 1.0 Reference
3-6 months 0.96 [0.7-1.2] 0.9 [0.7-1.2]
>6 months 0.8 [0.5-1.1] 0.8 [0.6-1.1]
Logarithmic 0.6 [0.4-0.8] 0.80 [0.6-1.0]

aRH=relative hazard, bCI=confidence interval, cwith or without other treatment, d 53 missing,
e112 missing
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Selection bias occurs if a participation rate in a study differs between groups of patients. In

our questionnaire-based study of quality of life (study IV), the response rate among lung

cancer patients was 85%, compared to 91% in the comparison group (patents who had

undergone CABG). The non-responders in both groups are likely to represent patients with

more severe disease and a lower quality of life than responders. Thus, it is likely that a

selection in the direction of less advanced disease was made. Another potential source of bias

is the selection of patients included in the analyses, namely 1) patients who underwent

complete resection (about 13% of all patients with NSCLC), and 2) patients who were alive

on the day of follow-up. These patients had a mean follow-up of 23 months, whereas 30% of

the patients operated on with intent to cure had died at that time. Thus, only 10% of all

NSCLC patients were potential candidates for the assessment of quality of life, in fact which

might explain the good outcome in QoL measurements.

Study III focused on patients considered to be potentially cured by surgery, i.e. those in

whom the tumour had been totally removed microscopically. Thus, the patients included

represented a selected group, since non-operable cases and those undergoing incomplete

surgery were excluded. Patients whose tumours are not completely resected have a poor

prognosis in spite of adjuvant therapy. By not including these patients in the analysis, we

reduced the weight of tumour influences in the risk model.

In study V, we included only patients who received any kind of treatment, because of the

difficulty in establishing retrospectively exactly the specific date of the decision to treat or not

was taken. Delay times from decision not to treat and from start of treatment are not

comparable, since patients who receive cancer specific treatment have to wait further for

treatment. Therefore, the current study population was defined as those who received cancer

specific treatment.

!7����������
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Face-to-face interviews are generally superior to questionnaires sent by mail to the responders

(study IV). However, the latter approach represents a well documented and a useful method)�
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In our quality of life study we used mailed questionnaires with a follow-up reminder 3 weeks

later, which led both to high response rates and to low rates of missing values.

For 76% of patients information on the date of onset of the first symptoms was retrieved

(study V). This date may have been difficult for the patients to recall exactly, but we have no

reason to believe that any misclassification in this respect would vary systematically by

outcome (survival). The information received from this date (symptom to treatment delay)

was comparable to the hospital delay.

�
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In a population-based study the patients included should be representative of a well-defined

base population. Study I comprised all 77,730 incident cases of lung cancer recorded in the

Swedish Cancer Register from 1958 to 1994. Nearly 100% of all diagnosed tumours in

Sweden are covered by this register (Swedish Cancer Registry, 1997), which is one of the

largest population-based tumour registers in the world. Studies II, III and IV included lung

cancer patients from a defined geographical area eligible for surgery for primary lung cancer

and referred to one institution between 1987 and 1999 (papers II and III) and 1997-2000

(paper IV). In study V, all regional patients diagnosed with non-small cell lung cancer

between 1995 and 1999 who received treatment at two defined institutions were studied.

0�
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The incidence rates of lung cancer in women increased continuously in Sweden during the

entire study period (1958-1994). In men, the incidence increased during the 1960s and 1970s,

but remained unchanged or even declined after 1982, especially in younger birth cohorts.

Recent studies suggest that the incidence of lung cancer is levelling off in males in the

western world (4, 16-18, 20). In some countries the rate of lung cancer also appears to have

stabilised in women, at least among those born since about 1950 (16, 18, 268). That

observation could not be confirmed in the present investigation, where the increase in

incidence rate was found to be most pronounced among women born around 1950. Squamous

cell cancer was the most frequent tumour in men during the period 1958-1994, while

adencarcinoma represented the predominant histological type in women. Adenocarcinomas

have increased rapidly among both men and women, and had become the most common

histopathological type of lung cancer in central Sweden during the period 1995-1999 (paper

V). Calendar period effects can potentially reflect advances in diagnostic techniques. The

introduction of the flexible bronchoscope in the late 1960s and the use of transthoracic needle
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biopsy and CT since the late 1980s have improved the access to the lung periphery (21).

Since adenocarcinomas more often are located in the periphery of the lung, increased

diagnostic activities and improved diagnostic technology may have contributed to an apparent

increase, but any diagnostic innovation would be expected to affect men and women equally

(269).

Smoking habits and cigarette components have changed over time (270). The tar and nicotine

levels have fallen progressively during the past 35 years (16, 270, 271), a fact which should

be reflected by a period effect; recent birth cohorts are more likely to have smoked cigarettes

with the lowest tar level (271). However, a substantial percentage of women have been

lifetime smokers of “light” or mild “low tar”, “low nicotine cigarettes”. Smokers of “light”

cigarettes smoke more intensely, and inhale more frequently and more deeply, habits which

lead to greater exposure of the peripheral area of the lung. It has been postulated that this

phenomenon may increase the risk of adenocarcinomas (21, 50, 272). A number of studies

have shown that women are at higher risk of developing lung cancer than men, given an equal

level of smoking, suggesting that women may be more susceptible to tobacco carcinogens

(273-275).

In the past the prevalence of smoking peaked at a younger age in men than in women (273).

The smoking prevalence in the Swedish population reached its maximum in men born in

1920-40 (276, 277) and in women born during the 1950s (276). However, as late as in 1975,

45% of the females in Sweden of ages 15-19 years were smokers, and in 1985 30% were

smokers (276). Since a change in exposure takes approximately 20 years to have an effect on

the incidence of lung cancer (16, 269), the gender differences in smoking prevalence may at

least partly explain the different time trends in the lung cancer incidence among men and

women.
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Our results confirm that a low 30-day mortality (especially after lobectomy: 0.6%) and an

acceptable level of major morbidity can be achieved after surgical resections for lung cancer.

Our overall early mortality rate of 2.9% is comparable to the results reported by other

investigators (117, 128, 164, 166, 168, 169, 171, 172, 176, 181, 182), with a variation

between studies from 2 to 12%. An early mortality rate of 5.7% after pneumonectomy may be

compared with figures of 3.2-11.5% in recent reports(164, 169-172, 181). Using a definition

for major complications after lung cancer surgery similar to those applied in other studies

(164, 170, 173), we found an 8.8% overall incidence of such complications, compared to rates
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ranging between 12% and 34% in other reports (164, 167, 168, 170, 173, 182, 183, 278). In

accordance with other reports (183), respiratory complications were the adverse events in our

study that were most often related to postoperative death (9/18). Early death was related to

major complications in nearly 80% of the cases.

The risk of early death after surgery was twice as high among men as among women.

Smokers were at increased risk in relation to surgery (278), with a 3.3% rate of early death,

compared to 1.1% among non-smokers. This finding further points to the importance of

smoking cessation prior to surgery (192, 193).

Old age was not a strong risk factor for early mortality (166, 167, 173, 185), supporting the

view that older patients should also be offered surgical management. Concomitant disease

(heart-lung disease and diabetes) was related to increased postoperative mortality (3.9%

versus 2.4%) (176), but was not a significant risk factor in the multivariate model. The lack of

influence of co-morbidity and high age on the early outcome is probably at least partly due to

the selection of patients for surgery. If this is so, the selection is most probably critical among

older patients with serious co-morbidity.

In several studies pneumonectomy and low preoperative FEV1 have been identified as risk

factors for major complications after lung resections (168, 176, 182, 278). Low FEV1 % was

associated with approximately 50% of all deaths (179). Furthermore, reduced FEV1 % was

especially unfavourable in patients who underwent pneumonectomy, increasing the risk of

death and/or major complications more than three-fold. Our findings confirm that

pneumonectomy and low FEV1% are independently associated with an adverse early

outcome.

Furthermore, our results tend to support the notion that treatment by a single surgeon or a

group of surgeons acquiring experience of lung surgery will lead to an excellent early

outcome (219).
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Even though the survival after potentially curative surgical resection of NSCLC remains poor,

our results indicate improved results over time. The improvement was most apparent in

patients with small tumours and no lymph node metastasis. Similar time trends have been

observed by other authors (279), who suggest that their findings reflect the recent increase in

the incidence of women with adenocarcinoma, with its probably better prognosis. However,

we found no differences in survival between patients with adenocarcinoma and those with

squamous cell carcinoma. Furthermore, no significant differences in survival were observed
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between women (54%) and men (50%). It appears that the improvement in the outcome of

surgery over time cannot be explained entirely by a decreased sum of risk factors (fewer

smokers and fewer patients with impaired lung function). One possible reason could be the

more exact surgical staging in recent years together with an increased understanding of the

importance of accurate staging.

Increased tumour size increased the mortality risk moderately; patients with a tumour of 5 cm

or more had an excess mortality of 50% compared to those with tumours of 1 cm or less.

However, the presence of lymph node involvement, regional (N1) or mediastinal (N2),

increased the risk of death by approximately 100% regardless of tumour size. Our finding that

up to 22% of the small tumours (T1) had spread to lymph nodes (N1 or N2) corresponds to

earlier observations (118). This further reinforces the importance of careful lymph node

analysis (sentinel node dissection, systematic sampling or complete nodal dissection) to

obtain appropriate staging information in all patients regardless of tumour size (147, 148,

280, 281).

Our results indicate that those still smoking 2 months before surgery have a poorer survival

compared to non-smokers. Other factors negatively affecting survival were reduced lung

function prior to surgery and major complications postoperatively. Furthermore, patients who

experienced a major complication associated with surgery showed increased mortality up to 3

years postoperatively. Thus, smoking cessation, prevention of major complications and

physiotherapy and special care in patients with respiratory insufficiency could improve the

prognosis after complete resection.

Pneumonectomy was a risk factor for reduced survival in the univariate analysis (39% five-

year survival versus 55% for lobectomy), but gave no further information in the multivariate

model, in accordance with Ferguson et al.(217), although, there are reports of decreased

survival after pneumonectomy as a consequence of the extensive surgery (216).

With the aim of illustrating the amount of extra prognostic information (i.e. combination of

both tumour-related factors and clinical characteristics) obtained by combining variables

compared to a single factor, a risk score was calculated from the multivariate estimates, by

using significant variables from the multivariate analysis. In this manner, patients with

different prognoses were identified and categorised into low-, medium- and high-risk groups.

Patients with the lowest risk score had a five-year survival of 73% after complete lung cancer

surgery, whereas those with the highest risk score had increased mortality immediately after

surgery (24 % 5-year survival).
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For comparison, all patients with stage IA disease showed a five-year survival of 69%. This

indicates that TNM classification is the single most important prognostic factor following

complete lung cancer resection. Thus, additional information about pre-surgical and surgical

risk factors adds no extra prognostic information over and above tumour stage alone. This

further indicates the importance of accurate surgical staging.

%��	�������	������		�!����������'"�����0/*�

In recent years, quality of life measurements have gained increased acceptance as important

instruments for assessing the impact of different interventions on physical and psychological

functions, such as mobility, mood, cognitive function, social roles and general life

satisfaction. For this purpose, several instruments have been developed, many of which have

been standardised against the normal population. In study IV, the SF-36 questionnaire was

chosen as the main instrument (264). We used CABG patients as a comparison group, a well-

documented group with regard to quality of life (262, 263). Furthermore, the quality of life

among lung cancer patients was compared with that in the normal Swedish population.

During the first 48 months after surgery, the overall QoL of the lung cancer patients was

generally comparable to that of the CABG patients, but inferior to that of the normal

population. However, lung cancer patients reported more pronounced limitations in physical

function and showed differences in their answers to specific questions reflecting

breathlessness in connection with effort compared to CABG patients. Furthermore, there were

no changes in mental or physical health over time (4-48 months) after surgery among the lung

cancer patients, indicating that the postoperative morbidity is minimal as early as 4 months

after surgery. Corroborating findings of other studies focusing on QoL (235), reduced

physical functioning was more pronounced after pneumonectomy than after parenchyma-

sparing surgery such as lobectomy. Furthermore, pneumonectomised patients had more

emotional problems, as decreased lung function appears to contribute to such problems (238).

No difference was found in the incidence of mental health, anxiety or depression between

patient groups, but each group deviated significantly from the normal population in SF-36

components reflecting mental health. Patients who continued to smoke after lung cancer

surgery showed evidence of impaired mental health compared to non-smokers. To our

knowledge this has not been shown before, although some authors have previously assessed

the quality of life in relation to smoking habits postoperatively (198). Recent reports (282)

indicate that patients with a former history of depression are more likely to start smoking

again after cessation attempts. Thus, it is difficult to determine whether smoking after surgery
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represents a marker of impaired mental health or whether the habit contributes to increased

anxiety and depressive moods. Regardless of the order in the causal chain, programmes to

help current smokers to stop smoking before surgery may help to improve not only the

prognosis, but also the physical and mental health postoperatively. When initiating such

programmes, consideration should be paid to the history of depression or anxiety (282) and

include both cognitive-behavioural therapy and psycho-pharmacological drugs (283).

��	���'"�����/*�

The Swedish Lung Cancer Study group recommends that in at least 80% of all patients;

diagnostic tests should be completed within 4 weeks from the first consultation with a chest

physician and that treatment should be started within 2 weeks thereafter. In our study, only

51% of all patients received treatment within 6 weeks from the first consultation with a chest

physician. Only one-third of the surgically treated patients had undergone operation within 6

weeks.

In accordance with recent reports (245, 246), our findings indicate that neither the symptom

to treatment delay time nor the hospital delay time influences survival negatively. Patients

with the shortest hospital delay had the poorest outcome, a pattern that has been observed in

studies of the influence of referral delay on breast cancer survival (284). We found a positive

interaction between tumour stage and delay; that is, patients with the most advanced disease

had a better outcome when delay was prolonged, while this effect on survival was less

apparent for those with early stage tumours. Patients with an advanced tumour stage who had

the shortest delay fared less well than those with longer delay. This probably indicates that

the severity of symptoms at presentation influences the speed of the medical decision process

and also correlates to prognosis. The reason for the finding that patients with the shortest

delay had the worst prognosis may be that rapid tumour growth with consequent symptoms

might lead the patient to present earlier; these patients representing those with the most

aggressive phenotypes of NSCLC. Today, there is no evidence that immediate treatment of

patients with unresectable locally advanced NSCLC influences the prognosis (285).

The median delay of 4.6 months from the first symptom to the commencement of treatment in

our patients was shorter than that found in a recent Swedish study (mean 6.7 months) (247),

and somewhat longer than corresponding delay reported by UK investigators (median 3.6

months) (248). The observed hospital delay time was comparable to the estimate of 1.1

months reported by Jones and Dudgeon (286).
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Generally, patients with malignancy tend to seek help late, failing to recognise that their

symptoms are sufficiently serious to warrant consulting a doctor.

A multidisciplinary team approach with rapid access to diagnostic procedures has been found

to reduce the median time to 5 weeks from the initial physician’s consultation at a peripheral

clinic to treatment (129, 287). A reduction in delay time will probably not only increase the

number of patients who are candidates for surgery (129), but also entail psychological

benefits for the patients (287, 288).

A poor prognosis in patients treated for NSCLC was confirmed in the present study, with

only one-third of all patients surviving three years. About 70% of these patients presented at

advanced stages (stage III-IV), which is probably the main reason for the poor results.

Two main conclusions can be drawn concerning delay time in patients with NSCLC. Firstly,

the delay in diagnosing and treating lung cancer is too long compared with current

recommendations. Secondly, at present, delay before treatment of patients with lung cancer is

not associated with a poorer prognosis. A possible reason for this is that patients with more

advanced disease are treated more promptly (have less delay) probably because of the

severity of their signs and symptoms, while those who still have a possibility of being cured

(especially candidates for surgical treatment) have to wait longer for treatment, with a

consequent risk for progression of the disease and additional psychological stress.

$��
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In conclusion, our results show that the overall age-adjusted incidence rates of lung cancer in

Sweden have been increasing continuously in women and have stabilised in men during the

last two decades. Among women, the increase in the incidence rate is most apparent in

younger age cohorts. Differences in the prevalence of smoking and the types of cigarettes

smoked in different age groups and birth cohorts may be responsible both for the observed

trends in lung cancer incidence rates and for the changes in the histopathological distribution,

notably the increasing proportion of adenocarcinomas in both men and women. In view of the

continued high prevalence of smoking among young women during recent years, a definite

increase in the number of lung cancer cases can be expected.

The quality of life after lung cancer surgery is comparable to that after CABG and this

should therefore not be an issue to consider regarding intervention. Furthermore, lung cancer

surgery appears to be a relatively safe procedure even in elderly patients. Whereas lobectomy

is associated with a minimal risk of death or major complications, pneumonectomy is still
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associated with a substantial risk of an adverse early outcome, decreased physical functions

and impaired emotional functioning. Major complications are serious events after lung cancer

surgery, causing the majority of deaths in the first 30 days after surgery, and are also reflected

in an increased mortality up to 3 years after the primary surgery.

Current smokers run a significant risk of an adverse early (major complication or death) and

late outcome after lung cancer surgery. Furthermore, those who continue to smoke after

surgery appear to be at increased risk of impaired mental health. This group of patients is

likely to benefit from professional help to stop smoking, which should reduce early

morbidity, increase the well-being of the patients and possibly increase long-term survival.

The patients with the best risk score had a five-year survival rate of 73% after complete lung

cancer surgery, whereas those with the worst risk score showed increased mortality starting

immediately after the operation (24 %, 5-year survival). The most important prognostic factor

following complete surgical resection is tumour staging which underlines the importance of

precise surgical staging. It may be hypothesised that the patients with the best prognosis

represent the category with no or minimal residual tumour cells, and that adjuvant therapy

may improve survival even further in these patients.

The waiting times for diagnosis and treatment of lung cancer are above the maximum times

recommended. Delay is likely to have an adverse psychological effect on the patient, although

its influence on the actual prognosis is unclear. To reduce the delay time from the first

symptom to the first contact with the chest physician, educational programmes aimed at

smokers and general practitioners should be of value. Furthermore, efforts should be made to

reduce the waiting time from the first hospital visit to the start of treatment, for example with

a multidisciplinary team approach.
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- The incidence of lung cancer is still increasing among women in Sweden, especially in

younger birth cohorts, but has started to decline among men.

- Adenocarcinoma of the lung is increasing rapidly in both sexes and is now the most

common histopathological type of lung cancer.

- The risk of an adverse early outcome after lung cancer surgery is low.

- Patients with reduced lung function (manifested as low preoperative FEV1%), and those

who undergo pneumonectomy are at risk for early serious morbidity or mortality after

surgery.

- There is evidence that the prognosis following surgical treatment for lung cancer has

improved over the years.

- Low FEV1%, older age, major complication and current smoking are factors that influence

the prognosis after complete resection for NSCLC, although their impact is minimal when

compared with tumour stage alone.

- Quality of life after lung cancer surgery is comparable to that of CABG patients, although

the former patients have impaired physical function.

- The mental health among lung cancer patients who continue to smoke after surgery is

impaired compared to that of former smokers and non-smokers.

- Both delay from the first symptom and delay from the first hospital visit to the start of

treatment are longer than the maximum times currently recommended.

- Delays in diagnosing and treating lung cancer do not appear to influence survival

negatively. The shortest delay was observed among patients with the most serious illness and

poorest prognosis.
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