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Background: Chemotherapy is the primary treatment option for patients with 
advanced non-small cell lung cancer (ANSCLC). We investigated whether the 
introduction of modern third-generation chemotherapy was associated with survival 
benefits in a national population of patients with ANSCLC, and explored geographic 
and temporary variations of the utilisation of chemotherapy. 

Methods: We included all patients with ANSCLC in the national Cancer Registry of 
Norway during 1994-2005. Using sales of vinorelbine as an indicator for third-
generation chemotherapy we calculated annual county utilisation rates. We compared 
survival before and after the general introduction of third-generation chemotherapy 
and investigated associations between survival and variations of chemotherapy 
utilisation in Norwegian counties. In a subgroup, we compared survival of patients 
with and without a registered chemotherapy procedure code and explored predictors 
of having received chemotherapy. 

Results: Of 24875 registered patients with lung cancer, 13757 had ANSCLC. The 
annual utilisation of the indicator drug in Norway increased from 3.7 (1998) to 184.2 
grams (2005). Variations in utilisation across counties diminished threefold during 
1999-2005. Median survival increased from 149 to176 days (P<0.001). The adjusted 
hazard ratio (HR) for a diagnosis after the introduction of vinorelbine was 0.93 
(95%CI 0.88-0.99). County utilisation rates of vinorelbine (increments of 100 
mg/1000 inhabitants) were inversely associated with the risk of death (HR=0.84, 
95%CI 0.73-0.98). One-year survival with and without chemotherapy was 33.8% and 
22.4% (P<0.001); HR=0.63 (95%CI 0.60-0.66). County of residence predicted 
chemotherapy utilisation with odds ratios in the range 0.13 (95%CI 0.1-0.19) to 1.04 
(95%CI 0.64-1.69; a county (Troms) with traditionally high utilisation as reference 
entity). 

Conclusion: Utilisation of third-generation chemotherapy was associated with 
slightly increased survival of patients with ANSCLC in this national population. 
Geographic and temporal variations of chemotherapy utilisation indicate deficiencies 
of the quality of delivered care. 
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Lung cancer is the third most common mortal disease in industrialized countries 
taking 350000 lives in Europe[1] and 160000 in the United States annually.[2] The 
prognosis has improved slightly during the last decades. However, survival varies 
across countries with registry based relative one-year survival rates of, for example, 
25% in England[3] and 36% in Sweden.[4] 

Approximately 60% of patients with non-small cell lung cancer are being 
diagnosed with regionally advanced or metastatic disease, which in most cases 
implies a palliative treatment intention. The advanced stages are often subsumed 
under the term advanced non-small cell lung cancer (ANSCLC) that covers TNM 
stages IIIB and IV. In this situation, chemotherapy, usually a platinum compound and 
one of the third-generation drugs vinorelbine, gemcitabine, docetaxel, or paclitaxel[5-
7], is given to prolong survival and improve quality of life (QoL). In patients with 
good performance status (PS), chemotherapy increases one-year survival to up to 
40% from 10% with supportive care alone, prolongs survival by around 3 months 
without detriment to[8] or with partial improvement of QoL.[9-13] On the other hand 
patients experience side effects, spend time travelling and waiting, and only about 
20% will achieve an objective treatment response.[14] 

The effects of chemotherapy are amply documented in the selected populations of 
formal clinical trials, yet whether favourable outcomes can be achieved in the 
unselected patient populations of everyday clinical practice is disputed. Vardy et al 
found that only one third of patients attending an oncology referral centre met 
common inclusion criteria of chemotherapy protocols.[15] Especially, elderly patients 
are often underrepresented in clinical trials[16,17] and the proportion of patients with 
unfavourable prognostic factors like PS 2, TNM stage IV, and weight loss in phase-
III trials of chemotherapy has even declined during the last decades.[18,19]  

In addition to patient and disease related factors the performance of the health 
care system influences the outcomes of patient populations. Today this performance 
is ubiquitously hampered by unwarranted geographic variations of medical 
practice.[20]. Unexplained variations of the use of chemotherapy for lung cancer[21], 
underuse of effective care [22,23] as well as potential overuse of supply sensitive care 
for lung cancer[24] have been observed. In the community setting in the United States 
during the second half of the 1990s, only about 30% of patients over 65 received 
chemotherapy, although chemotherapy use was clearly associated with prolonged 
survival[25,26]. Cartman et al.[27] found that variations of the combined treatment 
rates of surgery, radio-, and chemotherapy in the districts of a region in England were 
associated with the survival of patients with lung cancer. However, to our knowledge, 
associations between variations of the use of chemotherapy alone and survival have 
not been studied previously in a national population of patients with ANSCLC.  

The aim of the current study was to explore geographic and year to year variations 
of the use of chemotherapy for ANSCLC and to test the hypothesis that the utilisation 
of modern third-generation chemotherapy was associated with survival benefits for 
patients with ANSCLC in Norway. Norway has a population of 4.7 million and 
approximately 2300 new cases of lung cancer annually. Chemotherapy against 
ANSCLC was introduced around 1998. We used data from the national Cancer 
Registry of Norway (CRN), the Norwegian Institute of Public Health, patient 
administrative systems, and hospital pharmacies. 
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METHODS 

We included all patients with lung cancer in Norway reported to CRN during 
1994 – 2005. The period comprised four years before and seven after the general 
introduction of chemotherapy for ANSCLC in Norway.  

CRN covers the Norwegian population as a whole. Reporting to the registry is 
mandatory by law since 1952. Incomplete clinical reports are supplemented with 
information from hospital files. Since 1998, all Norwegian hospitals have submitted 
electronic discharge summaries of patient administrative data, including procedure 
codes for ambulatory chemotherapy. Furthermore, since 1993 hospitals have reported 
radiotherapy to the registry. The Cause of Death Registry at Statistics Norway 
supplies death certificates. CRN uses a condensed TNM staging system where T ≤ 2, 
N 0, and M0 are coded as “localized”, all T ≥ 3, N ≥ 1, and M0 as “regionally 
advanced” and any M as “metastatic” disease. 

We regarded patients with clinically staged regionally advanced or metastatic 
non-small cell lung cancer to be candidates for palliative chemotherapy and included 
them in the study. We excluded patients with two or more diagnoses of lung cancer, 
post mortem diagnosis, registered emigration or untraceable address, small cell, 
carcinoid or unknown histology. Furthermore, due to legal regulations regarding risk 
of personal identification we excluded cases that were diagnosed under the age of 35 
(<1%). 

Third-generation chemotherapy 

Norway had 19 counties and up to 62 hospitals during the study period. Every 
county had at least one hospital where lung cancer patients received chemotherapy. In 
a telephone survey of all hospitals, we found that 52 hospitals had treated patients 
with lung cancer during the study period. At five hospitals patients with ANSCLC 
were exclusively treated at departments of respiratory diseases. We obtained sales of 
vinorelbine and gemcitabine from the pharmacies at these hospitals to, respectively, 
the respiratory and other departments, and thus calculated their use for ANSCLC 
versus other types of cancer. 

The Norwegian Institute of Public Health registers sales of cytotoxic drugs in 
grams per year and county, according to reports from the pharmaceutical industry. 
We chose vinorelbine as the indicator drug for chemotherapy utilisation in Norway 
because it is registered for NSCLC and breast cancer only. The latter patients 
received vinorelbine rarely in routine clinical practice and only occasionally within 
third-line protocols. Internationally gemcitabine is commonly used to treat patient 
with ANSCLC, but in Norway during the study period it was used within two 
national protocols and rarely in routine practice and could hence serve as a 
comparator to vinorelbine. Cisplatin, carboplatin, doxorubicin, epirubicin, vincristine, 
cyclophosphamide, etoposide, docetaxel and paclitaxel were not suitable indicators 
because they had too many indications, were not part of third-generation regimens, or 
were reserved for second-line treatment. 
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We calculated yearly rates of vinorelbine, gemcitabine, carboplatin, and cisplatin 
utilisation per county. We defined the unit of vinorelbine utilisation as 100mg/1000 
inhabitants or 100mg/patient with NSCLC. The units of the other drugs were 
1000mg/1000 inhabitants or 1000mg/patient to account for the higher standard doses. 
We assumed that chemotherapy sales and use were equal. 

Additionally, in a subgroup we estimated the geographic variation of 
chemotherapy utilisation in Norway from registered ICD procedure codes for 
ambulatory chemotherapy (Z51.1). 

 

Analyses and statistics 

We did four analyses. First, we compared survival time before (1994 – 97) and 
after (2000 – 05) the general introduction of chemotherapy for ANSCLC in a Kaplan 
Meier analysis applying the log rank test. Here we excluded patients diagnosed 
during a transition period of two years (1998 – 99). Adjustment variables in the 
corresponding Cox regression were patients’ age at diagnosis (10 year increments), 
gender, having undergone surgery with curative intention or thoracic radiotherapy, 
and utilisation rates of cisplatin and carboplatin. Second, we investigated associations 
between survival and the county utilisation rate of the indicator drug vinorelbine in a 
Cox regression. In this analysis, we added gemcitabine to the adjustment variables 
mentioned above. Third, in a subgroup we compared survival of patients with or 
without a registered chemotherapy course in a Kaplan Meier analysis and a Cox 
regression. In the latter we adjusted for age, gender, year of diagnosis, and county of 
residence. In the same subgroup we explored predictors of having received 
chemotherapy in a logistic regression. Adjustment variables were again age, gender, 
year of diagnosis, surgery, and radiotherapy. We defined statistical significance for all 
analyses as p<0.05 and carried through all analyses with the R statistics software.[28] 

 

RESULTS 

From 1994 to 2005, 24875 patients were diagnosed with lung cancer in Norway, 
of these 13757 met the study criteria (Figure 1). The percentage of patients with 
ANSCLC increased from an annual average of 72.5 to 84.8 during 1994 – 97 and 
2000 – 05, respectively. 

Figure 1 

Patient characteristics are given in Table 1. Patients’ mean age at diagnosis 
increased from 67 (SD 10.37) during 1994-2000 to 68 years (SD 10.3) during 2001 – 
05. Respectively, 759 and 347 patients had survived three and five years, most of 
them (66 % and 73.5 %) had been operated with a curative intention. 
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Patient characteristics % 
Mean age (years) 67.5  
Men 65.1 
Squamous cell carcinoma 28.5 
Adenocarcinoma 38.0 
Non-specified NSCLC  26.5 
Large cell carcinoma 7.1 
Condensed TNM  
    Regionally advanced 27.5 
    Metastatic 72.6 
 
Table 1: Characteristics of 13757 patients with advanced non-small cell lung cancer 

diagnosed during 1994 – 2005 

 

Utilisation of third-generation chemotherapy in Norway 

In 1998, the first year after its registration in Norway, vinorelbine was prescribed 
in one of the 19 counties while in 2003 the drug was used in all counties. 
Respectively 3.7 and 184.2 grams of vinorelbine were sold in 1998 and 2005. The 
corresponding number of treated patients is 15 and 723 estimated from three cycles of 
vinorelbine with a dose of 42.5 mg given to a patient, of 60 kg and 170 cm height, at 
day one and eight. Differences of the utilisation of vinorelbine across counties 
diminished gradually. While the ratio of the utilisation in one county to the mean 
utilisation in Norway had a range between highest and lowest user of 4.9 in 1999, it 
was 1.6 in 2005 (Figure 2). 

Figure 2 

On average, 88.2 % of vinorelbine and 44.2 % of gemcitabine were sold to 
departments treating exclusively patients with respiratory diseases at five hospitals 
each located in one of the five Norwegian health regions. 

Survival before and after the introduction of third-generation chemotherapy 

Median survival was 149 and 176 days during 1994-97 and 2000 – 2005, respectively 
(log-rank P < 0.001) and one-year survival increased from 23.8% to 27.9%. The 
corresponding adjusted hazard ratio was 0.93 (95%CI 0.88 – 0.99) in favour of a 
diagnosis during the latter period.  

Figure 3 

Survival in Norwegian counties and utilisation of third-generation 
chemotherapy  

Utilisation rates of vinorelbine (100 milligrams per 1000 county inhabitants) were 
inversely associated with the risk of death with an adjusted HR of 0.84 (95%CI 0.73 – 
0.98). We found a weaker association for gemcitabine (1000 milligrams per 1000 
county inhabitants, adjusted HR 0.98, 95%CI 0.98 – 1.01), which had been rarely 
used against lung cancer in Norway. The adjusted hazard ratios for the utilisation of 
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vinorelbine in 100 milligrams per ANSCLC patient in a county were 0.94 (95%CI 
0.90 – 0.99) and for gemcitabine in 1000 milligrams per ANSCLC patient 0.99 
(95%CI 0.98 – 1.01). In an exploratory analysis using splines[29], we did not find 
nonlinearity in vinorelbine use (P = 0.67). 

Survival of individual patients and registered chemotherapy procedure codes 
and predictors of chemotherapy utilisation in Norway 

8850 cases were diagnosed with ANSCLC during 1999-2005, the time period of 
registration of ambulatory chemotherapy in Norway. Of these, 4303 patients (50.3%) 
had at least one course of chemotherapy registered by an ambulatory procedure code. 
One-year and median survival with and without chemotherapy were 33.8% and 241 
days and 22.4% and 104 days, respectively (log rank p<0.001). The corresponding 
hazard ratio was 0.63 (95%CI 0.60 – 0.66). 

County of residence was associated with utilisation of chemotherapy in the 
logistic regression analysis. Compared with the county of Troms, traditionally being 
an active county in treatment of lung cancer, 15 counties had adjusted odds ratios in 
the range of 0.13 (95%CI 0.1 – 0.19) to 0.52 (0.38 – 0.74) for having a registered 
code, while three counties had odds ratios in the range 0.94 (0.66 – 1.33) to 1.04 (0.64 
– 1.69). Later time of diagnosis (OR 1.28, 95%CI 1.25 – 1.31) and radiation therapy 
(OR 3.13, 95%CI 2.82 – 3.48) were also significantly associated with chemotherapy, 
while surgery (OR 0.53, 95%CI 0.47 – 0.61), higher age (OR 0.61, 95%CI 0.58 – 
0.64) and male gender (OR 0.85, 95%CI 0.77 – 0.94) were inversely associated. 

DISCUSSION 

The results of our study support the hypothesis that modern third-generation 
chemotherapy for ANSCLC is efficacious not only in the setting of formal clinical 
trials but also effective in current clinical practice at the population level. The use of 
third-generation chemotherapy was associated with slightly increased survival in this 
large and non-selected population of patients with ANSCLC in Norway. Median 
survival increased by nearly four weeks and one-year survival by four percent after 
the introduction of third-generation chemotherapy. The amount of third-generation 
drugs used in the counties of Norway was positively correlated with survival in the 
ecological part of the study. In the cohort analysis, the survival of patients with 
registered chemotherapy was similar to the results of clinical trials. In all analyses, we 
found substantial geographic and temporal variations of chemotherapy use indicating 
deficiencies of the quality of delivered care. 

The present study raises the question whether underuse of chemotherapy may 
partly be responsible for the comparatively low survival rates in Norway. One year 
survival of all Norwegian patients with lung cancer was 29% in 2003, higher than in 
UK but lower than in Sweden. Spending in Euro for the indicator drug in the present 
study, vinorelbine, and for gemcitabine was up to two fold higher in Sweden than in 
Norway. Moreover, the introduction of third-generation drugs lagged behind in 
Norway (Figure 4) where vinorelbine was launched up to ten years later than in other 
European countries. In a recent study, medical innovation represented by new drug 
launches for a variety of medical conditions, was positively correlated to 
longevity.[30] Similarly, the mean vintage of cancer drugs in the USA[31] and 
Europe[32] was positively correlated with cancer survival rates. Third-generation 
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cytotoxic drugs constituted an innovation of lung cancer treatment took several years 
to reach the patients in Norway.. We are well aware that causal inferences regarding 
the effectiveness of chemotherapy cannot be drawn from the present study because of 
its ecological design. Furthermore, differences of survival between countries can arise 
from patient related factors, for example co-morbidities and tumour 
aggressiveness[33] as well as dissimilarities of cancer registries. On the other hand, 
the Nordic populations and cancer registries[34] are very similar and the results of 
our analyses consistently indicate associations between utilisation of chemotherapy 
and survival. Thus, we cannot rule out that the lower survival of patients in Norway 
can partly be attributed to delayed use and underuse of third-generation 
chemotherapy.  

Figure 4 

The use of chemotherapy varied considerably across the 19 counties in Norway, a 
finding that is in accordance with earlier studies regarding variation 
within[21,23,35,36] and across countries.[37] We were nevertheless surprised by the 
high degree of variation in a country with only 4.7 million inhabitants and about 2300 
cases of lung cancer annually, treated at 52 hospitals. Possible reasons for the 
variations include professional traditions and unclear or lacking national guidelines.  

We regard vinorelbine a valid indicator for the use of third-generation 
chemotherapy against ANSCLC in Norway. Its broader introduction during 1998-99 
marked a transition from a generally more nihilistic attitude regarding treatment of 
ANSCLC towards a more active approach. The treatment was gradually adopted 
throughout the country: in 1999, 12 out of 19 Norwegian counties used vinorelbine 
while in 2000 all counties used the drug. Clearly the utilisation of vinorelbine for 
ANSCLC was higher than that of other third-generation drugs. The main driver for 
the introduction and predominant use of vinorelbine in Norway, was most likely the 
first national chemotherapy protocol for ANSCLC that included nearly one fourth of 
potential patients during the years 2000 – 2002.[38] In 1999, 12 out of 19 counties 
used vinorelbine while in 2000 all counties used the drug. Thus, we suggest that 
vinorelbine is one valid indicator for the use of third-generation chemotherapy against 
ANSCLC in Norway. However, while vinorelbine was a valid indicator in the 
particular context of the period of our study in Norway, other equally effective drugs, 
e.g. gemcitabine, or paclitaxel[14] probably have similar effects on survival from a 
population perspective.  

Our study has certain limitations. First, we could not exclude patients with TNM 
stage IIIA that have a better prognosis, because only condensed TNM was available. 
However, this subgroup of patients is small and their inclusion is unlikely to have 
influenced the overall results of this large population. 

Second, technological advances in diagnostic procedures are a likely confounder 
of our results. In fact, we observed substantial stage shift in our study population, 
which likely implies that more patients are being diagnosed with asymptomatic, yet 
more advanced, disease, which in turn would contribute to better prognosis in the 
advanced disease group of patients. Nevertheless, the influence of chemotherapy was 
maintained when we added annual rates of advanced disease and histological 
confirmation in a county as proxies for improved diagnostics to our Cox models (data 
not shown).  
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Third, we could not adjust for performance status (PS) and co-morbidity because 
such clinical information was not registered. These factors are potential confounders 
of the before/after comparison but geographic variations are less likely. Anyhow, the 
inclusion in our study of patients with PS 3 and 4, and high co-morbidity, who 
usually do not receive chemotherapy, would attenuate associations between survival 
and chemotherapy utilisation.  

Fourth, we were unable to assess QoL or treatment related side effects, which 
obviously are crucial dimensions of palliative chemotherapy, because CRN does not 
collect these data. In most clinical trials of chemotherapy versus supportive care, 
dimensions of QoL have been congruent with survival outcomes[9-13] or stable[8] 
under chemotherapy, yet this is not necessarily the case in our less selected patient 
cohort.  

Fifth, there are deviations from the proportional hazard assumption in most of our 
survival analyses, therefore the hazard ratios reported have to be interpreted as overall 
group differences.  

Finally, improvements of supportive care, information on which was not available 
in the registry, are likely to have affected patients’ survival positively after the 
introduction of chemotherapy. Like the use of cytotoxic drugs, the quality and 
intensity of supportive care can vary among health care institutions,[39] while 
regional differences in a country with a uniform health care system are less likely. We 
therefore assume that improvements of supportive care contribute marginally to 
regional variations of survival. 

In spite of these limitations, our observations appear valid and representative for 
the ANSCLC population and the health care system in Norway. We also believe that 
the results from this large study are applicable to other industrialized countries, with 
comparable populations and health care systems.  

The quality of health care systems can be improved through “[…] changes that 
lead toward better patient and population outcomes (health), better system 
performance (care) and better professional development (learning)”.[40] The present 
study indicates improvement potential in all three areas. First, survival of patients 
with ANSCLC in Norway is lower than in some other countries (outcome). Second, 
the use of third-generation chemotherapy varied substantially (system performance). 
Third, lack of professional development and co-ordination may explain some of the 
observed variations (learning). Practice guidelines, professional networks, study 
protocols with broad patient inclusion, reporting of outcomes, and benchmarking are 
potential tools to initiate the changes that lead to faster and more homogenous uptake 
of evidence based treatment options like third-generation chemotherapy, and thus 
improve care for patients with ANSCLC. 
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Figure/table captions  
Figure 1: Patients in the study (NSCLC = non-small cell lung cancer, SCLC = small cell lung 
cancer) 
 
Figure 2: Distribution of the utilisation of the indicator drug vinorelbine in the Norwegian 
counties (N = 19, some dots represent two counties). Each dot represents the ratio of the 
utilisation in one county to the mean utilisation in Norway. 
 
Figure 3: Survival of patients with advanced non-small cell lung cancer before and after the 
general introduction of third-generation chemotherapy in Norway 
 
Figure 4: Uptake of vinorelbine and gemcitabine (Euro per 100 000 inhabitants) in Norway, 
Sweden and the United Kingdom (based on data from IMS LifeCycle and WHO Statistical 
Information System) 
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