
© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2015;7(S1):S12-S19www.jthoracdis.com

Original Article

Estimating the direct and indirect costs of lung cancer:  
a prospective analysis in a Greek University Pulmonary Department

Vasiliki Zarogoulidou1, Efharis Panagopoulou2, Despina Papakosta1, Dimitris Petridis3, Konstantinos 
Porpodis1, Konstantinos Zarogoulidis1, Paul Zarogoulidis1, Malamatenia Arvanitidou2

1Pulmonary Department, Aristotle University of Thessaloniki, “G. Papanikolaou” General Hospital, Thessaloniki, Greece; 2Laboratory of Hygiene, 

School of Medicine, Faculty of Health Sciences, Aristotle University of Thessaloniki, Thessaloniki, Greece; 3Department of Food Technology, 

School of Food Technology and Nutrition, Alexander Technological Educational Institute, Thessaloniki, Greece

Correspondence to: Paul Zarogoulidis, MD, PhD. Pulmonary Department-Oncology Unit, “G. Papanikolaou” General Hospital, Aristotle University 

of Thessaloniki, Thessaloniki, Greece. Email: pzarog@hotmail.com.

Background: Lung cancer (LC) is a disease with high morbidity and mortality while the prevention and 
treatment constitutes a significant financial burden. This economic burden has an increasing trend, with 
hospitalization being the highest cost factor in most studies, while the patients’ quality of life (QoL) and 
response to treatment is not proven to be positively affected.
Objective: To evaluate the direct and indirect cost of managing patients with LC in Greece according to 
stage and histological type of cancer, total chemotherapy cycles, age, gender, smoking habit, overall survival 
(OS), treatment outcome (TO) and QoL. 
Methods: One hundred thirteen of 128 consecutive patients met the inclusion criteria and were included 
in this prospective study. Patient enrolment started in August 2011 and ended in November 2011. The 
duration of the patient follow up was 32 months after diagnosis until end of registry. Total direct cost 
included diagnosis and treatment cost. Indirect cost constituted of patient’s and family caregivers lost 
days of productivity. QoL was assessed with EORTC-QLQ-30 and Lung Cancer Symptom Scale (LCSS) 
questionnaires before treatment and every three months.
Results: Total direct cost was €1,853,984 and chemotherapy drugs was the highest cost factor (€1,216,421). 
Total indirect cost was 28,774 days of which 27,293 were related to patients. Total direct cost was 
significantly related to the increased number of total chemotherapy cycles, longer OS, histological type of 
adenocarcinoma, female gender and younger patients. No relation was found between total indirect cost 
and the above factors. When the association between total direct/indirect cost and QoL was examined no 
significant results were drawn.
Conclusions: The burden of LC on health care systems remains very high and was associated with the 
increased number of total chemotherapy cycles, longer OS, adenocarcinoma histological type of cancer, female 
gender and younger patients. Chemotherapy drugs constituted the higher factor of total direct cost. Indirect 
cost was considerably higher for patients than family caregivers and did not significantly differ in relation to the 
above factors. No significant conclusion was drawn regarding QoL and total direct/indirect cost.
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Introduction

Significant efforts have been implemented and new 
strategies have been adopted by the European Union to 
prevent tobacco use. However, estimates have projected 
that during 2015 the prevalence of daily smokers will 
reach 33.5% for males and 20.1% for females. Mortality 
due to lung cancer (LC) is expected to continue to be very 
high unless substantial efforts for global tobacco control 
are implemented (1). LC accounted for 336,000 deaths 
in Europe during 2006 (2), and for 1.6 million deaths 
worldwide during 2012 (3). In 2014 it is expected to cause 
224,210 new cases only in USA (4). Non-small cell lung 
cancer (NSCLC) accounts for more than 85% of all LC 
cases (5). Of these cases 60% is first diagnosed as metastatic 
or locally advanced disease (6). Annual USA direct costs 
of LC were estimated at $4.9 billion in 1996 (7). A variety 
of studies have examined the factors which influence the 
costs of LC patient’s management. However, there is 
little evidence to show whether these costs are related to 
response to treatment, overall survival (OS) and patient’s 
quality of life (QoL). Most studies aiming to estimate total 
costs use specific models. Unfortunately, in Greece there is 
no registry from public and private insurance recording the 
patient’s costs. This is a major issue in several developing 
countries, due to lack of available data and to limited use of 
pharmacoeconomics as it is very difficult to estimate direct 
costs. 

The aim of this study was to estimate the direct and 
indirect cost of LC patients and to evaluate if these costs 
were related to gender, age, smoking habit, stage and 
histological type of disease, treatment outcome (TO), OS, 
cycles of chemotherapy and patient’s QoL.

Patients and methods

One hundred and twenty eight consecutive LC patients 
admitted for the first time to the Pulmonary Department 
of Aristotle University of Thessaloniki, G. Papanikolaou 
General Hospital (National Health System), Thessaloniki, 
Greece were initially evaluated. However, in this prospective 
study one hundred and thirteen patients did fulfil the 
inclusion criteria and were finally enrolled. Inclusion 
criteria were age over 18 years, initial diagnosis at the 
Pulmonary Department of G. Papakololaou Hospital and 
administration of at least one chemotherapy cycle. Patients 
were enrolled in this study at initial diagnosis and all data 
relative to diagnosis, therapy and follow-up were captured. 

Patients were enrolled between August 2011 and November 
2011 and the follow-up was 32 months from diagnosis to 
the end of registry. The sample included 93 male (82%) and 
20 female (18%) patients, of whom 38% was ≤60 years old 
and 62% was ≥61 years old. 

Patients were initially arbitrarily grouped in six age 
categories starting from ≤40 to ≥75 years. After the first 
analysis it was concluded that the first three age groups (≤40, 
41-50, 51-60) had similar results and this was the case also in 
the last three age groups (61-70, 71-75, ≥75). As a result the 
patients were divided in two age groups, ≤60 and ≥61 years 
old in the final analysis of data. 

More patients were diagnosed with adenocarcinoma 
(59%), followed by squamous cell carcinoma (20%), small 
cell lung cancer (SCLC) (16%) and large cell carcinoma 
(5%) (Table 1).

Direct cost of patients was estimated including the 
cost of diagnosis, hospitalisation, chemotherapy drugs, 
hematopoietic growth factors, chemotherapy prophylaxis 
drugs, imaging and laboratory tests. For the calculation of 
these costs the Official Government Gazette of the Hellenic 
Republic for years 2011, 2012, 2013 and 2014 was used  
(8-16). Prices and hence cost of drugs and medical procedures 
changed and mainly decreased among these years due to 
the financial condition in Greece. These changes had to be 
considered in these calculations. To make the analysis more 

Table 1 Patient’s characteristics

Characteristics Number (%)

Gender

Male 93 (82.3)

Female 20 (17.7)

Age (years)

≤60 43 (38.1)

≥61 70 (61.9)

Histological type

Squamous cell carcinoma 22 (20.0)

Adenocarcinoma 67 (59.0)

Large cell carcinoma 6 (5.0)

SCLC 18 (16.0)

Stage

NSCLC local disease 18 (15.9)

NSCLC extended disease 77 (68.2)

SCLC extended disease 18 (15.9)

SCLC, small cell lung cancer; NSCLC, non-SCLC.
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efficient direct cost was divided into three groups. Group A 
included costs ≤€14,999, group B between €15,000-€29,999 
and group C ≥€30,000.

Indirect cost was also estimated by calculating the lost 
days of productivity due to the disease for both patients and 
family caregivers. Indirect cost was estimated in days. 

Finally, EORTC-QLQ-C30 (17) and LCSS (18) LC 
specific questionnaires were used in this study to record 
patient’s QoL. The questionnaires were completed every 
three months from diagnosis until month 21 to capture the 
changes in patient’s QoL. 

Results

Statistical analysis

For statistical analysis software MINITAB 17.0 was 
used. One way anova of variance was performed using as 
dependent the variables response to treatment, number of 
chemotherapy cycles and OS, and the total direct cost as 
the group effect. Chi square test for goodness of fit between 
total direct cost and the set of variables stage and type of 
disease, gender and age of patients was also attempted. 
Indirect cost was also interpreted using all the above said 
variables for potential effects.

The EORTC QLQ-C30 questionnaire comprises of three 
categories global health status, symptom scale and functional 
scale (17). Each of these categories contains 2, 15 and  
13 items respectively. Cronbach’s alpha was over 0.700 when 
reliability test was performed to justify the validity of items 
included in each category at each time point of questionnaire 
completion.

LCSS questionnaire comprises of a single score and 
it captured the range of symptoms though different 
time points (18). Cronbach’s alpha was over 0.800 when 

reliability test was performed to justify the validity of items 
included.

Diagnosis cost

Diagnosis direct cost (of 113 patients included) was 
€117,939. Imaging performed for diagnostic purposes 
(€54,604), different other diagnostic procedures (€41,098) 
and hospitalization (€18,400) constituted the higher costs 
of diagnosis. Total direct cost of diagnosis did not differ 
significantly between different age groups, smokers/non-
smokers, males/females, stages and histological types of 
disease (P>0.62). Total indirect cost was higher for patients 
(243 days) than for their family caregivers (154 days) and was 
not determined by the above factors (P>0.71). Total direct/
indirect cost was not found to be related to patient’s QoL.
 

Treatment phase

Direct cost
In this series of 113 patients higher total cost was due to 
the cost of chemotherapy drugs (€1,216,421), followed by 
the cost of hematopoietic growth factors (supportive care) 
(€147,373) and hospitalization (€85,308). As shown in 
Figure 1 total direct cost increased gradually through time 
(Figure 1). 

Patients treated with radiotherapy burdened the health 
care system with the extra amount of €97,510 in total (Table 2). 

Total direct cost was significantly related to the age and 
gender of patients, histological type of disease, OS and 
number of total chemotherapy cycles. 

Younger patients appeared to burden the health care 
system with higher cost treatments (P=0.006), while women 
caused higher cost than men (P=0.012). Total direct cost 
differed significantly between different types of LC. As 
shown in Figure 2, adenocarcinoma was presented in all 
three cost groups (A, B, C) and increased the total patients 
cost significantly in comparison to other histological cancer 
types (P=0.003) (Figure 2). 

The cost of treatment rose linearly with the increase 
of the OS (Figure 3). As shown in Figure 3, total direct  
cost ≤€14,999 was associated with less days of OS  
(249 days) compared to total direct cost €15,000-€29,999 
(431.5 days) and ≥€30,000 (572.7 days) (P<0.001). 
Moreover, ≥431.5 days of OS, total direct cost did not 
significantly differentiate because of the great overlap 
noticed between the 95% confidence intervals (Figure 3).

Total direct cost was significantly higher when patients 

Figure 1 Total direct costs during treatment. 
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received more cycles of chemotherapy (P<0.001). Total 
direct cost was ≤€14,999 when patients received 5.16 cycles 
of chemotherapy compared to €15,000-€29,999 when 
patients received the double number of chemotherapy 
cycles (10.5). As presented in Figure 4 when total direct 
cost reached ≥€30,000 patients received five times more 
chemotherapy treatments (19) (P<0.001) (Figure 4). 

Total direct cost did not differ significantly between 
smokers and non smokers (P=0.69), stages of disease 
(P=0.08) and TOs (P=0.72).

 
Indirect cost
Total lost days of productivity were considerably higher 
for patients (27,050 days) than those of family caregivers 
(1,337 days). Total indirect cost did not differ significantly 
in correlation with gender, age groups, smokers and non 
smokers, stage and histological type of disease, TO, OS, 
number of chemotherapy treatment cycles (P>0.05).
 

Quality of life (QoL)

To capture patient’s QoL EORTC QLQ-C30 questionnaire 
was used in this study. Due to the great overlap of 95% 
confidence intervals among means, no statistical difference 
existed associated with patient’s global health status. 
No realistic conclusion could be drawn regarding the 
differences of the symptoms between different time points 
of questionnaire completion. The only safe conclusion was 
that symptoms were worse and more after three months of 
treatment than during diagnosis. As shown in Figure 5 in 
relationship to diagnosis there were three other levels of 
functional scale scores. Functional ability was worse after 
three months of treatment (68 functional scale score) than 
at the diagnosis time point (65.3 functional scale score). 
The maximum deterioration was during month 9 and  
12 (83.5 functional scale score). After month 12 functional 
scale score was reduced and stabilized back to 72 functional 
scale score. 

There was no significant difference of global health 
status score, symptoms scale score and functional scale 
score among different time points relative to stage and 
histological type of disease (P>0.05) (Figure 5). 

Lung Cancer Symptom Scale (LCSS) questionnaire was 
also completed eight times to capture the differences of 
patient’s symptoms at different time points. As presented in 
Figure 6 there was a significant improvement of symptoms 
between diagnosis and month 3. A steep deterioration 
occurred between months 3 and 6. There was a gradual 

Table 2 Components of cost

Components of cost Detailed costs %

Diagnosis

Direct costs (Euros, €) 117,939

Imaging 54,604 46

Diagnostic procedures 41,098 35

Hospitalization 18,400 16

Laboratory tests 3,667 3

Indirect costs (days) 397

Patient’s lost days of productivity 154 39

Caregiver’s lost days of productivity 243 61

Treatment phase

Direct costs (Euros, €) 1,736,045

Chemotherapy drugs 1,216,421 70

Hematopoietic growth factors 147,373 9

Hospitalization 121,582 7

Imaging 54,365 3

Laboratory 45,373 3

Concomitant drugs after chemotherapy 27,128 2

Concomitant medications for 

symptoms related to chemotherapy

12,553 1

Chemotherapy prophylaxis drugs 9,134 1

Other procedures 1,103 0

Radiotherapy (N=48) 97,510 6

Indirect costs (days) 28,387

Patient’s lost days of productivity 27,050 95

Caregiver’s lost days of productivity 1,337 5

Figure 2 Total direct cost according to histological type of cancer. 
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improvement of symptoms between months 6 and 15, 
followed by a gradual deterioration until month 21 where 
symptom scores were similar of those in month 6 (Figure 6).

Discussion

This is one of the few prospective studies addressing direct 

Figure 3 Total direct cost according to OS. OS, overall survival. 

Figure 4 Total direct cost according to number of chemotherapy cycles. 

Figure 5 Functional scale score during treatment. 

Figure 6 LCSS during treatment. LCSS, lung cancer symptom scale. 
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and indirect costs of contemporary LC management and 
one of the very few attempts to assess these costs in Greece. 
Estimating the cost of resources is a very complex procedure 
in the Greek context. This is mainly a result of the lack 
of electronic capture of patient files in most hospitals in 
Greece and the continuous reprising of drugs and medical 
procedures due to the economic crisis. Moreover, in the 
Greek health care system prices have been established for 
specific diagnosis-related groups. The price charged to the 
patient’s insurance for a chemotherapy treatment is €80 and 
mainly includes most premedication drugs, consumables 
and procedures like blood tests, X-rays, pleural effusion 
drainage, blood transfusion, patients’ transportation 
to the hospital and physician visits (12). However, the 
implementation of this system creates many obstacles in 
the effort of pricing only the procedures performed and the 
resources actually used. 

A detailed approach was used to estimate the direct 
medical costs and indirect costs. Nevertheless, the costs of 
hospital department infrastructure and the cost of the care 
received by patients outside hospital or in the emergency 
unit of other hospitals were difficult to account for and 
thus were excluded from this analysis. The indirect cost 
was estimated in days since there are not available data to 
estimate the lost productivity value of all professions of 
patients and caregivers included in this study. 

With these limitations in mind, an estimation of the 
direct medical costs and indirect costs of managing LC 
was performed in a University Pulmonary Department, 
developed in a NHS Hospital, in Thessaloniki, Greece. 
Dedes et al. in a study performed in 2004 showed that the 
major part of the total cost was due to hospitalization costs. 
However, patients with advanced stages of LC showed the 
highest cost, mainly due to the costs of chemotherapy (20). 
Another study conducted by Braud et al. highlighted that 
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the higher cost of treatment in patients with NSCLC was 
related to longer survival and duration of chemotherapy (21).  
In this study the cost of treatment was related to chemotherapy 
cycles and the use of radiotherapy was a variable which 
increased substantially the economic burden of LC.

The results of another study by Lanuti et al. which 
estimated the costs between different decades showed that 
the greatest single category of expense was chemotherapy 
(31%), followed by surgery (24%), inpatient medical (17%), 
radiation therapy (12%) and diagnostics (5%) (22).

These results are in consistency with the outcomes of 
this study. However, there are results from several countries 
(19,23-27) which have attributed the highest economic 
burden to hospitalisations rather than chemotherapy drugs. 
According to the results of these studies hospitalisation 
accounted for between 31% and 71% of total costs (25-29).  
In the present study hospitalisation cost was the third 
higher cost after chemotherapy drugs and hematopoietic 
growth factors but this can be explained by the significant 
number of patients diagnosed with adenocarcinoma (59%) 
and included in this study. Healthcare expenses have 
increased for NSCLC and especially for patients diagnosed 
with adenocarcinoma due to the new treatment therapies 
used (30), including molecular targeted drugs and third-
generation chemotherapies (tyrosine-kinase inhibitors, 
pemetrexed which belongs in the category of chemotherapy 
drugs called folate antimetabolite, and angiogenesis 
inhibitors) (6,31,32).

A much smaller number of studies have focused on the 
estimation of indirect costs of LC patient management and 
different components have been used for these estimations 
like lost days of productivity, short term disability and 
early death (33,34). Consequently, it is difficult to make 
comparisons and draw out safe conclusions regarding the 
generalizability of indirect cost estimations.

EORT QLQ-C30 and LCSS are very commonly used 
in cost-effectiveness studies and economic analysis of new 
treatment therapies (35,36). However, the use of these 
questionnaires for the assessment of patient’s QoL in 
relation to the cost of treatment is very restricted. In the 
present study there was no correlation between cost of 
treatment and QoL and consequently it can be concluded 
that more expensive therapies are not always related to 
better QoL and less symptoms.

It is difficult to make comparison between the results 
from this study and others estimating direct and indirect 
costs due to the differences in treatment patterns, health 
care systems, patient cohorts, unit costs, study design and 

type of analysis (37).
Therefore, before making any claims on the generalizability 

of the results of this study, one would have to assess 
the different factors and patters used in each country. 
Further research on the economic burden of LC patient 
management at other cancer departments of the country 
would be a significant extension of this study.

Conclusions

This prospective study provides an estimation of the direct 
medical costs and indirect costs of LC management in a 
cohort of NSCLC and SCLC patients. Total direct cost was 
associated with the increased number of total chemotherapy 
cycles, longer OS, adenocarcinoma type of cancer, female 
gender and younger patients. The largest overall component 
of direct cost was the cost of chemotherapy drugs. Indirect 
cost was considerably higher for patients than caregivers 
and did not significantly differ when compared to the above 
factors. No significant conclusion was drawn regarding the 
relation between QoL and total direct/indirect cost. Further 
studies are needed to confirm the above results.
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