
          Pan Arab Journal of Oncology  |  vol 1; issue 2  |  June 08                                 www.amaac.info��  >

health economics  <

A cost-minimization analysis of first line polychemotherapy regimens in the 
treatment of advanced non small cell lung cancer 
Robert Launois1-2, Katell Le Lay1, Nicolas Chemali3, Alain Vergnenegre4

(1) REES France (Réseau d’Evaluation en Economie de la Santé); 
(2) Université de Paris XIII, France; (3) Eli-Lilly France ; (4) Service 
d’Information Médicale, CHU de Limoges, France.

      Corresponding author : Robert Launois, MD; REES France, 
28 rue d’Assas, 75006 PARIS, France; Email: reesfrance@
wanadoo.fr

Submitted: January 14, 2008; Accepted: June 19, 2008

Abstract
Objectives 
Five polychemotherapy regimens, one of which may 
be given by two different administration schedules: 
gemcitabine-cisplatin (GC), vinorelbine-cisplatin (VC), 
docetaxel-cisplatin (DC), paclitaxel-cisplatin (PC) and 
paclitaxel-carboplatin (PCa), are commonly used in first-line 
treatment of advanced non-small cell lung cancer. Whereas 
taxans have to be administered within a conventional day-
hospitalisation setting, gemcitabine and vinorelbine can 
be administrated in a domiciliary care setting. The purpose 
of the study is to determine which case management 
minimises costs for the French Health care system while 
ensuring patient safety. 

Methods
A Markov model was constructed in order to estimate 
the cost consequences of domiciliary administrations for 
gemcitabine and vinorelbine chemotherapies without 
cisplatin, compared to taxans administrated only at 
hospital. Transition probabilities are based on the Scagliotti 
(2002), Fossela (2002), Smit (2003), published randomised 
trials. No differences in efficacy were found between any of 
the regimens. A cost-minimisation analysis was performed. 

The costs of treatments were calculated by adding DRG 
costs, high cost drugs reimbursed beyond the DRGs, and 
travel expenses. Costs of severe toxicities, diagnosis and 
palliative care are included. 

Results
With the conservative hypothesis that the treatments do 
not differ in efficacy and with no more than two domiciliary 
administrations per cycle, GC and VC emerge as the least 
expensive regimens with a follow-up costs of 7,315 € [95% CI: 
7,064-7,570] and 7,686 € [95% CI: 7,378-7,997]. Administrated 
within a conventional day-hospitalisation, their follow-up 
costs are 8,109 [95% CI: 7 799 – 8 419]  and 8,943 €, [95% CI: 8 
554 – 9 338] respectively. Taxans DC, PC and PCa at hospital 
have a follow-up costs of 8,778 € [95% CI: 8,185-9,108], 9,068 
€ [95% CI: 8,367-9,446], and 10,140 € [95% CI: 9,436-10,510]. To 
obtain the same overall costs for GC and DC, the acquisition 
cost of gemcitabine has to be increased by 50%. 

Conclusion
Following the national guidelines on chemotherapy 
domiciliary care infusion, out of hospital treatment is 
more efficient in the context of equivalent efficacy from 
the French health care system perspective.
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Introduction
Lung cancer is mostly attributed to smoking and is the 
leading cause of death in men and the fourth leading 
cause of death in women in Europe, with 1,000,000 new 
cases and 921,000 deaths each year throughout the world1.  
Non-small cell lung cancer (NSCLC) is the commonest form, 
diagnosed in 80% of cases.  Only 25% of these patients  
have an operable tumour, and have a 5 year survival rate of 
30-40%.  Patients presenting with locally advanced cancer 
(stage III) or metastatic cancer (stage IV) are treated by 
chemotherapy and/or radiotherapy or receive palliative 
care.  Their 5 year survival rate is no more than 4-8%, or 
even less than 1% for stage IV patients.  Four phase III trials 
have demonstrated the survival benefits of treatments 
associating “classical” platinum salts and third generation 
drugs2-19: gemcitabine, vinorelbine and taxans, compared 
to cisplatin alone2,3 or to the older double or triple therapy 
regimens with cisplatine4-6 such as vindesin-cisplatin, 
etoposide-cisplatin or mitomycin-ifosfamide-cisplatin. 
Six of these protocols are now widely used for the first 
line treatment in the indication: gemcitabine-cisplatin 
(GC) which may be administered over three or four weeks, 
vinorelbine-cisplatin (VC), docetaxel-cisplatin (DC), 
paclitaxel-cisplatin (PC) and paclitaxel-carboplatin (PCa). 
The first two associations may be administered alternately 
at home. The other, taxan-based associations must be used 
in hospital. The aim of this study is to identify the type of 
management which optimises expenditure for the health 
care system, at the same time offering patients the greatest 
safety.

Methods
Comparators and Administration Regimens 
No trials compare the six protocols head to head. The 
Schiller7 (2002) trial allows results obtained with the 
associations gemcitabine-cisplatin (GC 4 week), paclitaxel 
135 mg/m2-cisplatin (PC 135 mg/m2), paclitaxel-carboplatin 
(Pca) and docetaxel-cisplatin (DC) to be compared although 
the protocol used for gemcitabine 1000 mg/m2  D1,  D8 , D15 
followed by a one week washout has now become obsolete 
because of its toxicity and the dosage used for paclitaxel is 
different to the dosage for which the drug was granted its 
European MA (175 mg/m2). Scagliotti9 (2002) examined the 
treatment benefits and toxicities of gemcitabine-cisplatin 
over 3 weeks at the recommended dose of 1250 mg/m2 (GC 
3 weeks), vinorelbine-cisplatin and paclitaxel-carboplatin.  
In the Fossela trial10 (2003), vinorelbine-cisplatin was the 
comparator which was used to assess the merits of two 
possible associations of docetaxel with carboplatin(DCa) 
or cisplatin(DC) although no combination containing 
gemcitabine or paclitaxel was studied in this trial.  Smit’s 
trial 11 (2003) shows the reverse approach and directly 
compared the three week gemcitabine-cisplatin protocol 
with the associations paclitaxel-carboplatin(PCa) and 
paclitaxel 175 mg/m2-cisplatin (PC) although this trial 
did not contain either a vinorelbine-cisplatin arm or the 
docetaxel-cisplatin association.

The 3 protocols in the Scagliotti trial were compared 
indirectly with the other three associations currently 
available to clinicians using the 4 week gemcitabine-
cisplatin arm from the Schiller 2002 trial7, the docetaxel-
cisplatin arm from the Fossella trial10 (2003) and the 
paclitaxel-cisplatin arm from the last trial conducted by 
EORTC in this indication, which used doses of paclitaxel 
of 175 mg/m2, consistent with the MA doses permitted in 
France (Smit 200311 ) 
The different administration regimens and type of 
management are shown in figure 1. 
Scagliotti9 describes a mean treatment period of 4 cycles, 
i.e. 12 weeks for gemcitabine-cisplastin and 3.2 and 4.2 
cycles, i.e. 12.8 and 12.6 weeks respectively for vinorelbine-
cisplatin and paclitaxel-carboplatin (rounded off to 13 
weeks of treatment in the model).  The other trials described 
duration of treatment by the median number of cycles.  The 
median treatment periods were 5 cycles, i.e. 15 weeks for 
both docetaxel-cisplatin and for paclitaxel-cisplatin in 
Fossela10 and Smit11.

Modelling
Each of the types of management was analysed by a cyclical 
Markov tree process25-26 in which a cohort of patients goes 
repetitively into a defined number of mutually exclusive 
states of health.  Thirteen states were distinguished 
from purely clinical criteria: treatment induction (T100), 
treatment drop-out (DO), remission at the end of the 
tumour staging assessment (REM) or treatment escape 
(Progressive Disease - PD) and death (D). Three severe 
toxicities were identified: febrile neutropaenia (FN1, FN2), 
thrombocytopaenia requiring blood transfusion (TP1, TP2) 
and severe nausea and vomiting, (NV1, NV2).  Two specific 
states were associated with reducing doses by 25 or 50% (T75 
and T50) after these toxicities had occurred.  As the length 
of chemotherapy cycles in weeks differs between cytotoxic 
agents, the lowest common time denominator was used 
to define the pace of the model, which was constructed 
on the basis of weekly cycles with a modelling time of 52 
weeks.

The tree begins with a decision node (figure 2).  The six 
branches coming from this node represent the competing 
treatment options.  The Markov node represented by a circle 
containing the letter M indicates application of a Markov 
process. Each branch leading from the node represents 
a state.  The patients’ status at the beginning of cycle 2 
is influenced by the probabilities of each of the states 
onto which they branch.  At each course, treatment is 
stopped for patients who die, enter progressive disease 
or drop out of treatment whereas those in remission or 
without a dose reduction receive a further course of the 
same chemotherapy until disease progression.

Each clinical state the patient may pass through is associated 
with a disease management cost and a binary result value 
of 1 for survivors or survivors without relapse and 0 for 
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death or progressive disease.  At the end of the model the 
follow up costs per patient of the six treatment options can 
be calculated and compared from their cumulative costs.

Transition Probabilities
The number of patients moving from one clinical state to 
another and from one cycle to another was quantified using 
a set of transition probabilities calculated from published 
data.

The likelihood of death or relapse per week were obtained 
using the DEALE method27-29 from the median global 
survival (GS) and time to progression (TTP).  Median global 
survival is the time during which 50% of patients have not 
died because of an event since starting chemotherapy.  
The mortality rate per cycle µ is therefore equal to -(Ln 
0.5) / GS.  The proportion of patients who survive at the 
end of a cycle is expressed as exp-µ*1, and the probability 
of dying during the cycle (pDeath) is equal to 1 –  exp-µ*1.  
The probability of surviving during the cycle  (pSurvival) 
is obtained by calculating its compliment 1 – (1 – exp-µ*1).  
In the same way, the median time to progression is the 
time after which 50% of patients do not have progressive 
disease or did not die because of cancer or an adverse event 
occurring since starting the chemotherapy.  The progressive 
disease or death rate per cycle (µ) is therefore equal to -(Ln 
0.5) / TTP.  The probability of not continuing treatment 
during the cycle because of progressive disease or death 
is equal to (1 – exp-µ*1).  In order to calculate the probability 
of developing progressive disease (pD) over the same time 
period we subtracted the specific probability of dying from 
a cancer from the probability of not being able to continue 
treatment.  The probability of relapse alone per cycle is 
therefore equal to p(Relapse or Death) – pDeath or pD = (1 
– exp-(Ln 0.5/  TTP) * 1) – pDeath. 
Adverse events and drop-outs during trials are usually 
described by their cumulative incidence P(t0, t) between the 
beginning and end of chemotherapy. The probability of a 
patient developing an adverse event or stopping treatment 
in each of the weeks following administration was 
estimated using a simplified form of the actuarial method27 
for calculating cumulative probabilities. Assuming the 
frequency at which toxicities to be constant over time, 
the cumulative incidence observed during the treatment 
period can be converted to a weekly incidence using the 
equation Pi = 1-[1-P(t0, t)]1/j where t0 and t are the start and 
end of treatment, and j is the number of calendar periods 
(weeks) contained within the treatment follow up period 
for the trials published.

Efficacy Data 
The parameters needed to model the clinical course of a 
patient on treatment (response rate; global survival and 
disease free survival) were extracted from four landmark 
trials: Schiller 7 (2002), Scagliotti9  (2002 ), Fossela 200310, 
Smit 200311, (table 1).

No difference in efficacy in terms of survival was found in 
the Scagliotti trial9 (2002) which compared gemcitabine-
cisplatin 3 weeks, vinorelbine-cisplatin and paclitaxel-
carboplatin or in the Schiller trial7 (2002), in which the 
gemcitabine-cisplatin 4 weeks, docetaxel-cisplatin, 
paclitaxel-cisplatin, and paclitaxel-carboplatin all produced 
the same results.  In the article by Fossela10, docetaxel 
cisplatin had a higher global survival than vinorelbine-
cisplatin (49 weeks versus 44 weeks, p=0.044). Smit’s trial 
directly compared the gemcitabine-cisplatin three week 
protocol with the associations paclitaxel-carboplatin and 
paclitaxel-cisplatin and found no significant difference in 
survival between the three arms. 

The median time to progression (TTP) may be a more relevant 
criterion of efficacy for treatments that are ultimately not 
curative.  Published figures vary little between the drugs: 
Scagliotti’s trial12 showed no difference in terms of disease 
free survival. Schiller7 found a significant difference for this 
criterion between gemcitabine-cisplatin and paclitaxel-
cisplatin (18 and 15 weeks, p<0.001) but no difference 
compared to the other two comparators docetaxel-cisplatin 
and paclitaxel-carboplatin.  The confidence interval for this 
end point overlaps with those of the three comparators in 
the Fossela trial. Smit’s trial showed a significant difference 
for this parameter between paclitaxel-carboplatin and 
paclitaxel-cisplatin, but none between gemcitabine-
cisplatin or paclitaxel-cisplatin.

Prudence and reality lead us to assume that in this context 
all of the drugs are similar in efficacy.  In conducting 
this cost minimisation study we have used the same 
efficacy data for all treatment options: those published 
for gemcitabine-cisplatin three weeks in the landmark 
trial by Scagliotti 20029.

Toxicity Data
The incidence of febrile neutropaenia, thrombocytopaenia 
requiring blood transfusion and severe nausea and 
vomiting used in the model to describe the severe toxicities 
associated with the gemcitabine-cisplatin 3 weeks, 
vinorelbine-cisplatin, and paclitaxel-carboplatin protocols 
were obtained from the Scagliotti9 trial.  The toxicity rates 
for the other three associations: gemcitabine-cisplatin 4 
weeks, paclitaxel-cisplatin and docetaxel-cisplatin were 
taken from the corresponding arms for each of these 
protocols in the Schiller7, Fossela10 and  Smit11 trials.  For 
each of these treatment options we used the severe toxicity 
rates reported in the published trials (Schiller’s7 data for 
the gemcitabine-cisplatin 4 week administration regimen, 
toxicity incidence from Fossela10 for docetaxel-cisplatin, 
and from Smit11 for the paclitaxel-cisplatin arm).
These side effects lead to treatments being stopped 
or reduced/doses being omitted.  The drop-out rate on 
vinorelbine-cisplatin is higher than for gemcitabine-
cisplatin (23% vs 13% from Scagliotti9, p< 0.02) and the 
incidence of dose reduction/omission is higher than is seen 
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with gemcitabine-cisplatin (17% / 19% vs 12 % / 6%) or found 
in the paclitaxel-carboplatin and paclitaxel-carboplatin 
arms (13% / 0%).

Evaluation of Costs
Chemotherapy administration costs in hospital or at home 
and the costs of any complications were estimated from 
the perspective of the French health care system in 2004.  
Resources used in hospital for each course of chemotherapy 
were calculated using a PMSI approach by summating the 
DRG tariff “chemotherapy for less than 48 hours” from 
classification v9.0 and the price of high cost compounds 
paid additionally in the context of the T2A (tariff based 
activity)31-32. The costs of chemotherapy in domiciliary 
care were estimated using the hospitalisation at home 
(HAH) tariff model 33.  Direct and indirect non-medical 
costs were excluded from the scope of the analysis.The 
most appropriate DRG was sought in order to calculate 
the costs of managing the 3 groups of severe toxicities 
studied, incorporating the cost of tumour diagnosis and 
palliative care in cases of progressive disease into the model 
34. Patient transport costs between home and hospital were 
also included.  

Acquisition Cost for High Cost Substances
The five compounds studied appear on the “high cost 
drug list” published with their reimbursement rates 
by UCD in the Official Journal on 31 December 2004 37-

39. These tariffs are the same as the sales price stated by 
the pharmaceutical companies and form the basis of a 
calculation set by the Health Products Economic Committee 
(CEPS), where applicable, and should be increased by 
2.1% for VAT. Vinorelbine and gemcitabine can also be 
dispensed to a private domiciliary care organisation for 
home administration 38 by an in-house pharmacist (IHP)  
authorised by hospitals.  A clinician margin of 15% per 
prescription is then added39.

Injectable cytotoxic drugs, either ready to use or for 
reconstitution, require individualised dose adaptation for 
each patient.  For centralised preparations40, the packaging 
units are fractionated and the amounts to be administered 
calculated in milligrams and dispensed as bags.  The 
amounts of each cytotoxic agent and corresponding 
acquisition costs were therefore calculated in milligrams 
from the recommended dosages, using a mean body surface 
area of 1.75m2. 
The cost of the substances used in day hospitalisation were 
133 € for vinorelbine administered at a dose of 25 mg/m2, 
and 357 € and 447 € for gemcitabine depending on whether 
the 1000 mg/m2 or 1250 mg/m2 doses are used, in the day 
hospital.  The acquisition costs for docetaxel 75 mg/m2, 
paclitaxel 175 mg/m2 and paclitaxel 225 mg/m2 are 1,179 
€, 1,329 €  and 1,709  € respectively.

For public hospitals having a domiciliary care organisation 
(HH), the acquisition costs for vinorelbine, gemcitabine 

1000 mg/m2 and gemcitabine 1250 mg/m2 were 133€,  
357 € and 447 € respectively in 2005.  When administered 
in private HH their prices increased to take account of 
commission are 157 €, 411 €, 514 €.  In order to obtain a 
mean tariff for all establishments combined we applied 
the distribution of public and private domiciliary care 
observed in the IRDES study of 42.8% and 57.2% to each of 
the public and private home hospitalisation (HH) tariffs.  All 
types of establishment combined, the weighted acquisition 
costs of the chemotherapies were 144 €, 388 € and 485 € per 
administration.

Acquisition Cost for High Cost Substances
The DRG “Chemotherapy for less than 48 hours” is valued 
in the T2A 200532  list of hospital stay, services and care 
at 421.74 € (DRG 8300 “Chemotherapy session”).  The cost 
of travel between home and hospital is added to the 
chemotherapy administration cost for each course.  Taking 
account of the different methods of transport used:  sanitary 
transport vehicle, ambulance, taxi and own vehicle, the 
respective proportions in which these vehicles are used: 
20, 25, 26 and 29% 31-32 the regional charges applicable to 
health transport, the mean price per km for the different 
vehicles used and the 6-7 CV kilometre charge (2004) paid 
for the use of private vehicles, the average return cost of 
all transportation methods was estimated to be 82.97 € 
based on an average estimated distance of 30 km between 
home and hospital.
Once the return transport costs, additional payments 
and the hospital stay cost are added, the cost of the 
chemotherapy course was 640 € for vinorelbine 25mg/m2, 
and 782 € and 871 € for gemcitabine 1000 and 1250 mg/m2.  
The costs of docetaxel 75 mg/m2, paclitaxel 175 and 225 
mg/m2 were 1,603 €, 1,753 € and 2,133 € respectively.

Cost of Chemotherapies in Domiciliary Care
The tariffs for organisations and establishments providing 
domiciliary care have recently been defined in the regulatory and 
legislative activity based tariff structure33.  The sums for the 31 daily 
stay and care payments called Tariff Reference Groups is obtained 
from the weightings attached to the approved five variable 
combinations: main type of management, where applicable 
an additional method of management, level of dependency 
measured by the Karnofsky index, length of hospital stay and 
status of the establishment.  The daily tariff for a domiciliary care 
visit with chemotherapy and pain treatment for a typical patient 
with mild dependency (Karnofsky index 70-80%), managed for 
less than 5 days was 198.1 € in 2004 in a public establishment and 
197.83 € in a private profit-making establishment.  The weighted 
daily tariff all types of the establishment combined in 2004 was 
197.94 €.

The total cost of home chemotherapy to the health care system after 
adding the cost of the cytotoxic agents37, the cost of domiciliary care 
and that of the initial consultation with the general practitioners 
(20 €) is 362 € for vinorelbine, 606 € for gemcitabine 1000 mg/m2 
and 703 € for gemcitabine 1250 mg/m2.
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Costs of Severe Toxicities
DRGs 6152, 8306 and 2104 are the groups most closely 
equivalent to the management required for febrile 
neutropaenia, haematological disorders requiring blood 
transfusion and severe gastro-intestinal disorders.   A 
return home-hospital transport cost has been added to 
each of the tariffs.  These “cost bundles” are used each 
time a patient passes into the given state of health for each 
adverse event occurring in the model.
At the beginning of the model, a diagnostic cost of 3,793.28 
€  for non-small cell lung cancer was applied to the entire 
cohort as DRG 1112 “Respiratory system tumours” added 
to which were home-hospital transport costs of 82.97 €.  
Hospital palliative care costs were also added for patients 
leaving the model for progressive disease, using DRG 7986 
equivalent to a tariff of 6,464.8 € and home- hospital 
ambulance transport cost of 193 €. 

Ranking of Strategies
In the absence of a statistically significant difference 
between the major efficacy criteria, the six treatment 
options were firstly compared and ranked for equivalent 
efficacy using the follow up cost of a patient treated 
exclusively in hospital as the major end point.  The cost 
minimisation study was conducted by allocating the same 
clinical results as those seen for gemcitabine-cisplatin in 
the Scagliotti9 trial (GS: 42 weeks, TTP: 23 weeks, treatment 
drop-out: 13%), to each of the associations, retaining the 
severe toxicity rates reported for each of the arms of the 
trials examined indirectly for each treatment option and 
each administration regimen: Scagliotti9 frequencies were 
used for toxicity due to gemcitabine-cisplatin 3-weeks, 
vinorelbine-cisplatin and paclitaxel-carboplatin.  We used 
the toxicity data from Schiller7 for gemcitabine-cisplatin 
4 weeks, those of Fossela10 for docetaxel-cisplatin, and 
those of Smit11 for paclitaxel-cisplatin. Vinorelbine and 
gemcitabine can be administered as domiciliary care when 
they are not associated with cisplatin, unlike the taxans 
which are reserved for hospital use.  Two administration 
regimens with a reduced hospital management frequency 
were considered for these 2 drugs, involving either a day 
hospitalisation on alternate weeks or hospitalisation 
only at the start of the cycle.  The six treatment options 
were ranked for the three possible modalities using the 
respective cost of each protocol to the health care system 
as the major end point. 

Determinist Sensitivity Analysis
The toxicities of the gemcitabine-cisplatin arm in the Smit 
trial11, the vinorelbine-cisplatin arm in the Fossella trial 
and the taxan arms in the Schiller7 trial, which were not 
used in the general comparison of the six protocols, were 
re-introduced into the sensitivity analysis.  The aim was to 
confirm that differences in costs in the central model based 
on the Scagliotti9 results and on an indirect reconciliation 
of the arms extracted from the three different trials would 
re-emerge when the toxicity data obtained from the direct 

comparisons: vinorelbine-cisplatin and docetaxel-cisplatin 
(Fossella10 2002) or gemcitabine-cisplatin 3 weeks and 
paclitaxel-cisplatin (Smit 2002) were re-introduced into 
the analysis.  The treatment drop-out rate of 23% seen by 
Scagliotti for vinorelbine-cisplatin was used alone and in 
combination with the Smit toxicity data11 for gemcitabine-
cisplatin and paclitaxel-cisplatin and Fossela’s data10 for 
vinorelbine-cisplatin. These represent the upper limits of 
the values reported in the literature. 

The corresponding weekly probabilities introduced into 
the model during the first six or eight weeks of treatment 
before the first tumour staging assessment were calculated 
from the simplified actuarial method equation27-28 (table 
7).  The costs associated with chemotherapy treatment 
and those of toxicities were distinguished for each of 
these assumptions.  Finally, the least and most favourable 
assumptions for gemcitabine-cisplatin were regrouped into 
two scenarios (upper assumption and lower assumption).  
An analysis was performed excluding the costs of transport 
added to each course of chemotherapy.
Treatment costs were modified using multiplication 
coefficients in order to identify increases or falls in cost 
liable to change the ranking of the treatment options, for 
equivalent efficacy.  We sought to determine the price of 
Gemzar® at which the follow up costs for a patient treated 
with gemcitabine-cisplatin would be the same as that 
of  patient treatment with vinorelbine-cisplatin or the 
association docetaxel-cisplatin. 

Probabilitic Sensitivity Analysis
Nine variables in the model have a value which is subject to 
uncertainty.  The other variables of the model either relate 
to the choices made when it was constructed (for example 
number of Markov cycles) or to fixed tariff (for example the 
cost of a day hospitalisation for chemotherapy), or depend 
on other variables (for example the acquisition costs of 
vinorelbine which depends on mean patient body surface 
area and the price of the drug).  In order to take these 
uncertainties into account41,42 simultaneously, each of these 
variables was treated as a normal distribution  A 5,000 
point Monte-Carlo simulation allowed us to determine a 
confidence interval for each of our results. 

In the cost minimisation study we used the same efficacy 
data for all of the treatment options: the Median Global 
Survival and Median Time to Progression published in the 
Scagliotti trial 2002 for gemcitabine-cisplatin.  These were 
9.8 months [95% CI: 8.6 – 11.2] and 5.3 months [95% CI: 4.4 – 
6.3] respectively, i.e. 42.4 weeks [95% CI: 37.2 – 48.5] and 22.95 
weeks [95% CI: 19 – 27.3].  Given that the median is the best 
estimator of mean in large sample sizes43, we can deduce 
the median values and confidence intervals two standard 
deviations from the mean as being 3.11 and 2.19 respectively 
and describe these two efficacy  criteria, survival and time 
to progression, by two parametric distributions (table 6): 
Distribution (42.4; 3.1122) and Distribution (22.95; 2.1938).
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The treatment drop-out probabilities were described by 
Beta distributions (table 6). The Body Surface area was 
represented by a parametric distribution of mean 1.75 
in which 99% of values were located at ± 20 % from the 
mean. The IRDES database contains 3,228 domiciliary 
care organisations of which private institutions make up 
1,847 organisations and 1,381 are public organisations.  The 
proportion of domiciliary care organisations in the public 
sector was described by a beta distribution (3228; 1847). 

Transport costs depend on two factors: the distance in 
kilometres and the type of transport used.  The 1997 IRDES 
report36 provides a mean distance of between 15 and 45 
kilometres. Considering an initial normal distribution 
around a central value of 30 km and Dirichlet’s law stating 
that the sum of the proportions of the type of transport 
used is always equal to 1, the cost of transport follows a 
normal distribution of mean 82.97 € and standard deviation 
of 12.53 € in a parametric bootstrap analysis.

The probability distributions for the Scagliotti drop-outs 
and severe toxicities from Scagliotti, Fossela and Smit were 
used initially to isolate the impact of place of management 
on costs (table 7). The Beta distributions associated with 
the various severe toxicity rates seen in the trials were 
then combined, based on a simple composition rule, the 
weighted frequency with which they occurred in the 
population of combined trials population.  In Scagliotti for 
example, 1 out of the 205 patients who received gemcitabine-
cisplatin developed febrile neutropaenia compared to 
4 out of 160 patients with Smit. The two corresponding 
Beta distributions (205; 1) and (160; 4) were used in the 
model with probabilities of 0.56 (i.e.250 / 160+250) and 
0.44 (its complement). The following were combined: for 
gemcitabine cisplatin, the distribution rates from Scagliotti 
(2002) and Smit (2003); for vinorelbine-cisplatin, the 
distributions from Scagliotti (2002) and Fossela (2003); 
for docetaxel-cisplatin the distributions from Fossela 
(2003) and Schiller (2002), for paclitaxel-carboplatin the 
distributions from Scagliotti (2002) and Schiller (2002), 
and for paclitaxel-cisplatin, the distributions from Smit 
(2003) and Schiller (2002).

Results
Central Assumptions  
º Cost of chemotherapies entirely in hospital
At the end of the 52 week model (table 8): gemcitabine-
cisplatin administered entirely in hospital as 3 week cycles 
emerges as the least expensive strategy, with a follow 
up cost of 8,103 €.  The follow-up costs of the associations 
docetaxel-cisplatin, vinorelbine-cisplatin,  paclitaxel-
cisplatin, gemcitabine-cisplatin administered over 4 weeks, 
and paclitaxel-carboplatin, were 8,749 €, 8,949 €, 9,043€, 
9,605 € and 9,926 €, respectively, with incremental costs 
over gemcitabine-cisplatin administered over 3 weeks 
ranging between 646 and 1823 €.

If transport costs between home and hospital are excluded, 
the ranking of the strategies in terms of follow up costs 
changes. Gemcitabine-cisplatin 3 weeks remains the 
least expensive strategy, with a follow-up cost of 7,537 
€,  Gemcitabine-cisplatin 4 weeks becomes considerably 
less expensive because of the savings made from the 
many visits to hospital required by its administration 
regimen (7400 € vs 9600 €) and it rises 3 places from its 
initial ranking.  Vinorelbine-cisplatin benefits from the 
same savings for the same reasons (8060 € vs 8949 €).  The 
difference from the taxans is reduced, with an incremental 
cost of gemcitabine-cisplatin 3 weeks ranging from 840 € 
against docetaxel-cisplatin up to 2,048 € against paclitaxel-
carboplatin, and to 1143€. against paclitaxel-cisplatin.

º Cost of alternating chemotherapies: Hospital and 
domiciliary care 
The three taxans: docetaxel-cisplatin, paclitaxel-cisplatin 
and paclitaxel-carboplatin administered in hospital were 
compared to the three treatment options vinorelbine-
cisplatin, and gemcitabine-cisplatin administered at home 
every two weeks out of 3 or 4. (table 9).

Gemcitabine-cisplatin administered over 3 weeks with 
alternate administrations at hospital (HH) emerges as 
the least expensive strategy (7,400 €). The annual follow-
up costs for vinorelbine-cisplatin and gemcitabine-
cisplatin administered in 4 week cycles with alternative 
administrations at home were 7,730 € and 9,085 €. 
Administration of these two compounds at home 
therefore achieves savings of 703 €  and 2,205 € compared 
to management exclusively in hospital.   

The taxans, docetaxel-cisplatin, paclitaxel-cisplatin, 
paclitaxel-carboplatin, administered exclusively in hospital 
generate additional costs compared to gemcitabine-
cisplatin administered over 3 weeks alternately which 
are even greater than before, the sums ranging between 
1,349 (DC) and 2,526 € (PCa) at hospital and at home.

Management by day hospitalisation at the start of the 
cycle. A third administration regimen for vinorelbine 
and gemcitabine was studied.  These compounds may be 
administered as day hospitalisation only on D1 at the start 
of each chemotherapy cycle, with the other courses being 
administered at home.

At the end of the 52 week model, vinorelbine and 
gemcitabine over 3 and 4 weeks administered on D1 in 
hospital and then at home incurred follow-up costs of 
7121, 7400 and 8606 € respectively.  With administration at 
hospital every 4 weeks, vinorelbine emerges as the least 
expensive chemotherapy with an incremental cost of 279 
€ compared to gemcitabine administered over 3 weeks. 
Gemcitabine administered over 4 weeks with management 
in hospital on D1 every 4 weeks incurred an annual follow-
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up cost of 8 606 € . 

These compounds which can be administered at home 
therefore allow annual savings of 1,628 to 2,805 € to be 
achieved per patient compared to the taxans.

Determinist Sensitivity Analysis
Incorporating the toxicity data from Smit for gemcitabine-
cisplatin and those for treatment drop outs published 
by Scagliotti produces the least favourable hypotheses 
for gemcitabine-cisplatin.  Similarly, the toxicity data 
from Fossela and Schiller provide the most favourable 
hypotheses for gemcitabine-cisplatin. These two scenarios 
were considered in order to establish the upper and lower 
limits of this evaluation.

º Administrations exclusively in hospital 
Using the least favourable hypotheses, gemcitabine-
cisplatin administered exclusively in hospital (table 
10) emerges as the least expensive strategy in terms of 
annual follow up costs, followed by  vinorelbine-cisplatin 
(increment of 121 €): The association gemcitabine-cisplatin 
using the Smit toxicity data is undoubtedly more expensive 
than it was initially although it releases savings compared 
to the taxans with an incremental cost of between 202 
€ and 1,379 € per patient.  The cost of the most common 
adverse events is compensated by lower chemotherapy 
cost than the taxans, with a incremental cost in favour 
of gemcitabine-cisplatin ranging from 440€ (DC) to 2125€ 
(PCa).
Using the most favourable hypotheses, gemcitabine-
cisplatin is the least expensive strategy both in terms of 
acquisition costs, administration costs, costs of toxicity 
and total cost.  It provides savings of 962 € per patient 
compared to vinorelbine-cisplatin, 1,567 € compared to 
docetaxel-cisplatin, and 2,393 € and 2,379 €. compared to 
paclitaxel associated with either cisplatin or carboplatin 
respectively.

º Cost of alternating chemotherapies:  Hospitalisation and 
domiciliary care
When the least favourable hypotheses for toxicity and 
treatment drop-outs are used to detriment of gemcitabine-
cisplatin administered alternatively in hospital and at 
home (HH) (table 11), its follow up costs become higher than 
those of vinorelbine-cisplatin (increment of 579 €). Using 
Smit’s toxicity data, the association gemcitabine-cisplatin 
is undoubtedly more expensive although it is nevertheless 
far less expensive than the taxans.  The management cost 
of the increased adverse effects is more than compensated 
by the lower cost of the chemotherapies, of 1,628 to 2,828 
€ lower than that of the taxans for gemcitabine-cisplatin. 
The net increment compared to the taxans is between 905 
€ and 2,082 € per patient per year.

Using the most favourable hypotheses, gemcitabine-
cisplatin is the least expensive strategy, in terms of costs 

of chemotherapy, treatment of adverse effects and annual 
follow up costs.  It provides savings of 572 € per patient per 
year compared to vinorelbine-cisplatin, 2,360 € compared 
to docetaxel-cisplatin, 3,172 €  compared to paclitaxel 
carboplatin and 3,186 € compared to paclitaxel cisplatin.

º Cost equivalence testing 
Gemcitabine-cisplatin over 3 weeks appears to be the 
least expensive strategy.  We tried to establish the price 
of gemcitabine at which the follow up costs of a patient 
treated with gemcitabine-cisplatin over 3 weeks would 
become equivalent to those of a patient treated in hospital 
with docetaxel-cisplatin or vinorelbine-cisplatin.  In order 
to obtain equivalent annual follow up costs for gemcitabine-
cisplatin over 3 weeks and docetaxel-cisplatin exclusively 
in hospital, the unit cost of a bottle of gemcitabine must be 
increased by 24 %.  To obtain the same follow up costs for 
patients managed in hospital on gemcitabine-cisplatin over 
a 3 week cycle to those of patients treated with vinorelbine-
cisplatin, the unit price of a bottle of gemcitabine has to 
be increased by 31%.  For the same follow up costs to those 
of paclitaxel-carboplatin  its price has to be increased by 
67 %.

The unit price of gemcitabine bottles has to be increased 
by 14% to achieve identical follow up costs for alternate 
administration of gemcitabine-cisplatin over 3 weeks and 
vinorelbine-cisplatin alternating in hospital and at home.  
The price of the bottles has to be increased by 54 and 92% 
respectively for equivalent cost to docetaxel-cisplatin and 
paclitaxel-carboplatin, which can only be administered 
in hospital.

Probabilistic Sensitivity Analysis
º Administrations exclusively in hospital 
At the end of the model, for equivalent efficacy, the numbers 
of patients in each of the arms are identical.  The average 
maximum follow up period for these patients is 34.8 weeks 
[95% CI:  32.585 – 36.177] regardless of the treatment option 
used.

The median follow up costs of gemcitabine-cisplatin 
administered over 3 weeks are 8,109 €, compared to 8,103 
€ for its determinist value.  The follow up costs of docetaxel-
cisplatin, vinorelbine-cisplatin, paclitaxel-cisplatin, 
gemcitabine-cisplatin administered over 4 weeks and 
paclitaxel-carboplatin are 8,778 €, 8,943 €, 9,068 €, 9,602 €, 
10,140 € respectively.  These incremental mean costs between 
gemcitabine-cisplatin administered over 3 weeks and the 
other treatment options are all statistically significant and, 
in the same order, are: 669 € [95% CI:14 – 1,309], 834 € [95% 
CI: :135 – 1,539], 959 € [95% CI: 262 – 1,647], 1,493 € [95% CI: 
799 – 2,180] and 2,031 € [95% CI: 1,336 – 2,711].

If the severe toxicity rates are added in, the strategies 
remain ranked in almost exactly the same order.  In terms 
of cost they emerge in the following increasing order: 
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gemcitabine-cisplatin 3 weeks, vinorelbine-cisplatin, 
docetaxel-cisplatin, gemcitabine-cisplatin administered 
over 4 weeks, paclitaxel-cisplatin, paclitaxel-carboplatin; 
with mean annual follow up costs of 8,312 € [95% CI: 
7,902 – 8,734], 9,027 € [95% CI: 8,625 – 9,423], 9,165 € [95% 
CI: 8,523 – 9,933], 9,602 € [95% CI: 9,218 – 9,979], 10,024 € 
[95% CI: 8,921 – 10,860] and 10,339 € [95% CI: 9,858 – 10,801] 
respectively.
The additional costs of the other treatment options 
compared to gemcitabine-cisplatin administered over 3 
weeks are all positive and statistically significant: 715 € [95% 
CI: 725– 689] for VC, 852 € [95% CI: 621 – 1,199] for DC, 1,290 
€ [95% CI: 1,317 – 1,245] for GC 4 weeks,  1,712 € [95% CI: 1,019 
– 2,126] for PC and 2,027 € [95% CI: 1,956 – 2,067] for PCa.

º Alternate administration in day hospital and domiciliary 
care 
At the end of the modelling, gemcitabine-cisplatin 
administered over 3 weeks alternately in hospital and at 
home (HH) is still less expensive with  follow up costs of 
7,315 €, compared to 7,310 € for its determinist value.  The 
mean incremental cost between gemcitabine-cisplatin 
over 3 weeks (7,315 €) and vinorelbine-cisplatin (7,686 €) 
is not significant [95% CI:-192 + 933]. Docetaxel-cisplatin, 
gemcitabine-cisplatin over 4 weeks, paclitaxel-cisplatin 
and paclitaxel-carboplatin are significantly more expensive 
than gemcitabine-cisplatin over 3 weeks, with mean 
additional costs of 1,463 €  [95% CI: : 863 – 2,044], 1,753 €  
[95% CI: 1,121 – 2,382] and 2,825 € [95% CI: 2,185 – 3,446] 
respectively.
We used the same method as above to take account of the 
different toxicity rates published in the various trials.  The 
mean annual follow up costs for gemcitabine-cisplatin 
over 3 weeks, and vinorelbine-cisplatin and gemcitabine-
cisplatin over 4 weeks administered alternately in hospital 
and at home were slightly greater compared to those 
obtained in the previous sections: 7,579 € [95% CI: 7,167 
– 8,034], 7,827 € [95% CI: 7,511 – 8,142]  and 9,031 € [95% CI: 
8,673 – 9 378] respectively.

º Administration in day hospital and at the start of the 
cycle followed by domiciliary care
At the end of the model, vinorelbine-cisplatin emerges 
as the least expensive treatment option (7,055 €) because 
of its administration frequency over 4 weeks.  The cost 
of gemcitabine-cisplatin administered over 3 weeks  is 
associated with a non-significant cost difference of + 260 
€ ; [95% CI:-272 + 791]). Gemcitabine administered over 
4 weeks and all of the associations containing taxans 
are significantly more expensive, with additional costs 
compared to vinorelbine-cisplatin ranging from 1,449 € 
to 3,085 € .

Discussion
Schiller44 et al, Novello and Scagliotti45 recently conducted 
a cost minimisation study based on the trials available 
to them at the time. Schiller44  et al. compared the total 

treatment cost of lung cancer from two phase III trials78 
from the perspective of the health care system in 5 
European countries (France, Germany, Italy, Spain, United 
Kingdom).  The second team45 undertook an exclusively 
Italian analysis.  Four types of costs were included for both 
studies: chemotherapy acquisition cost, chemotherapy 
administration cost, hospitalisations because of severe 
toxicity and other medical resources used (consultations, 
radiotherapy, concomitant treatments).  A univariate 
sensitivity analysis was conducted in both publications. 

In Schiller et al44, the mean cost per patient, all types 
of management, primary care and hospital combined, 
with gemcitabine-cisplatin over 4 weeks costed using 
the Comella database, was 5,640 € in France, and 5,310 
€ in Italy in 2000.  (The Novello and Scagliotti estimate 
of per patient cost on gemcitabine-cisplatin in Italy was 
significantly higher (8,094 €),  even if administered in day 
hospital)45. The total incremental treatment cost between 
gemcitabine-cisplatin and vinorelbine-cisplatin at the 
same date, all types of management combined, from the 
same study by Schiller, was 1,832 € in France. When both 
treatments were administered exclusively at hospital their 
cost increment in France was 2,401 €.  If both treatments 
were administered exclusively at home their highest cost 
increment was 1,655 € in France. 

According to the study authors the savings made with the 
association gemcitabine-cisplatin compared to vinorelbine-
cisplatin were mostly explained by a reduction in the 
number of hospitalisations for chemotherapy or treatment 
of severe toxicities, with an incremental hospital cost of 
1,480 €  per patient in France.

Our results are more conservative. The incremental cost of 
the GC protocol administered over 3 weeks and not over 
four, compared to the VC protocol is less.  The expected 
savings in the model using GC exclusively in hospital in 
preference to VC were less than one third (669 € ) of those 
published by Schiller for France and there is no statistically 
significant difference between the two regimens when they 
are administered alternately at home and in hospital.

On the other hand our study confirms the magnitude of 
the additional costs associated with the use of taxans 
compared to the GC protocol.  In the Schiller study, the 
total costs of docetaxel-cisplatin  were higher than those 
of gemcitabine-cisplatin over 4 weeks, also administered 
in hospital, with an additional cost of 584 € in France.  
The differences found between gemcitabine-cisplatin 
over 4 weeks and paclitaxel-cisplatin, both administered 
in hospital, were in the region of 1,660€ in France.  The 
difference compared to paclitaxel-carboplatin was 2,668 
€. In the central hypotheses of the model, the GC protocol 
administered over 3 weeks in hospital results in a reduction 
in total costs (including transport costs) ranging from 834 €  
compared to DC [95% CI: 135 – 1,539], to 1,493 €  compared to 
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PC[95% CI: 799 – 2,180] and 2,031 €  compared to PCa [95% CI: 
1,336-2,711]. Both Schiller and our figures stand out. These 
savings are even greater when gemcitabine-cisplatin is 
administered alternately in hospital and at home using the 
central hypotheses of the model.  Their figures range from 
1,463 € [95% CI: 863-2,064] compared to docetaxel-cisplatin 
to 2,825 € [95% CI: 2,185-3,664] compared to the association 
paclitaxel carboplatin, and 1,753 € [95% CI:1 617 – 1,876] for 
paclitaxel-cisplatin. 

Our study does have limitations.  The choice of comparators, 
range of toxicities included, cost centres used and the 
very principle of a cost minimisation study are open to 
debate.

A search of the Medline, DARE (Database of Abstracts 
of Review of Effectiveness), NHS EED (NHS Economic 
Evaluation Database), and HTA (Health Technology 
Assessment database) databases identified 18 randomised 
trials2-19.  The administration regimens for VC over 3 weeks 
were not included in the range of possible protocols for 
two reasons (i) they do not represent the wording of the 
European MA although they may be used as such  in 
actual practice. (ii) to our knowledge only two trials have 
attempted to validate this protocol: the Gebbia 2003 trial, 
the sequential design of which does not allow the results 
to be attributed only to the VC arm administered on D1, 
D8, and the Martini trial 2005, the results of which were 
not available at the time when the model was constructed.  
The studies by Cardenal 19994, Crino 19995, Wozniak 19983  
and Le Chevalier 19996 were excluded as being too old.  
The most recent articles by Sandler 20002, Gebbia 2003, 
Zatloukal 200316, Souquet 200218, and Kubota 200419 which 
contain only one of the comparators studied and the study 
by Gridelli 200315 in which the gemcitabine-cisplatin and 
vinorelbine-cisplatin arms were not separated was not 
used in the modelling.  The study by Comella 20008 which 
contains far smaller numbers (60 eligible patients per arm) 
was also excluded because of the atypical nature of the 
administration regimens.  The study by Melo 200317 which 
presents the results obtained with two of the associations 
studied containing cisplatin was only published in the 
form of an abstract at ASCO and as a result the data are not 
readily used.  The articles by Kelly and Rossell were only 
used as marginal information to validate the toxicity rates 
used.  We ultimately only selected trials which contained 
at least three comparators due to a desire to use the best 
possible level of evidence.  We did however use indirect 
comparisons.  These were made choosing the arms of trials 
in which the doses administered represented the doses 
recommended in the SmPC.  No combining technique was 
used to compare treatments.

Some toxicities were not included into the model. 
Administration of paclitaxel-cisplatin and   paclitaxel-
carboplatin causes neurotoxicities (13% sensory neuropathy 
with paclitaxel-carboplatin vs 3% with vinorelbine-

cisplatin, p < 0.001, Kelly12) and cumulative cardiac toxicities.  
In view of the short term of treatment, neither of these were 
included.  Renal toxicity which occurs after administration 
of gemcitabine-cisplatin (1% grade 5 vs 0% for paclitaxel-
cisplatin p < 0.001 Schiller7) was not included.  The impact 
of this omission on the cost estimate is probably small as 
the likelihood that these would develop is no more than 
1%.  Allergies, skin rash, alopecia or symptoms of fatigue 
were not included.  We only considered severe grade 3, 4, 5 
haematological and gastro-intestinal toxicities, treatment 
of which requires hospital management.

The study was conducted from the “health care system” 
perspective.  All expenditure contributing to the increase 
in final medical resource used was identified and allocated 
values, including health care, and transport, costs of which 
are reimbursed in France by the Social Security system.  
This (very) party limits the ability of our results to be 
extrapolated to countries in which the social protection 
system is not as generous. 
The very principle of the cost minimisation study could be 
considered debatable in 2006.  Undoubtedly, “the absence 
of evidence is not the evidence of absence” although it 
should be noted that none of the new dual therapies 
introduced recently onto the market has clearly been 
shown to be superior in terms of global survival or median 
time to progression compared to its same generation 
comparators.  We therefore conducted a “probability-
based cost minimisation analysis” in light of the different 
toxicity profiles of each of the associations compared to the 
different places in which they could be administered.

Conclusion
Lung cancer is a disease which is life-threatening in 
the very short term.  It requires the rapid introduction 
of treatments which delay or stabilise progression of 
the disease or even improve survival, minimising the 
adverse effects due to the chemotherapy.  In the absence 
of randomised clinical trials this study indirectly compares 
the costs of management of the six protocols studied to 
the National Health Insurance funds from published data.  
Gemcitabine-cisplatin used exclusively in hospital reduces 
the hospital expenditure compared to all of its comparators.  
Its alternate use in hospital and at home does not achieve 
significant savings compared to vinorelbine-cisplatin even 
if administered using the same regimen.  Conversely, it 
releases significant savings per patient treated compared 
to taxans administered exclusively in hospital.
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