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BACKGROUND: The potential benefits of positron emission
tomography (PET) scanning stem from the fact that it can reduce the
number of diagnostic examinations; particularly, the number of
unnecessary thoracic surgeries.
OBJECTIVE: To evaluate the economic impact and cost-effectiveness
of PET scanning in the management of potentially operable non-
small cell lung cancer in Quebec.
METHODS: A decision tree was developed. Two strategies were
compared: chest computed tomography (CT) alone or CT and
whole-body PET. The various paths of each strategy were dependent
on the numerous variables that were determined from a literature
review. The costs and life expectancy were determined for each strat-
egy under consideration. Life expectancy was calculated using the
declining exponential approximation of life expectancy. Costs were
obtained from the Quebec diagnosis-related group database and
Quebec physician fee schedules.
RESULTS: The mean cost of the CT strategy was $8,455 per patient
compared with $9,723 for the PET strategy, for a cost differential of
$1,268. The PET strategy extended life expectancy by slightly more
than three months (0.27 years) compared with the survival of the CT
strategy. The incremental cost-effectiveness ratio was $4,689.
Considering the number of new cases and the prevalence of medi-
astinal metastases, the budget impact would be $8,613,693.
CONCLUSION: The use of PET to detect local and distant metastases
in non-small cell lung cancer is an intervention that would require an
acceptable investment for each life-year gained.
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Rapport coût-efficacité de la tomographie par
émission de positrons dans le traitement du
cancer du poumon non à petites cellules,
virtuellement opérable, au Québec

CONTEXTE : Les avantages possibles de la tomographie par émission de
positrons (TEP) résident dans le fait que l’examen pourrait réduire le
nombre d’autres examens de diagnostic, notamment d’interventions tho-
raciques non nécessaires. 
BUT : L’étude avait pour but d’évaluer l’incidence économique et le rap-
port coût-efficacité de la TEP dans le traitement du cancer du poumon
non à petites cellules, virtuellement opérable, au Québec.
MÉTHODE : Après avoir élaboré un arbre de décision, nous avons com-
paré deux démarches diagnostiques : la tomodensitométrie (TDM) seule
de la cage thoracique et la TDM associée à la TEP du corps entier. Les dif-
férentes voies de chacune des démarches dépendaient des nombreuses
variables relevées dans la documentation médicale. Nous avons déter-
miné, pour chacune des démarches à l’étude, les coûts et l’espérance de
vie. L’espérance de vie a été calculée à l’aide de la diminution exponen-
tielle approximative de l’espérance de vie; les coûts, eux, ont été obtenus
à partir de la base de données du groupe lié au diagnostic au Québec et du
barème d’honoraires établi pour les médecins au Québec. 
RÉSULTATS : Le coût moyen de la TDM seule s’est établi à 8 455 $ par
patient comparativement à 9 723 $ pour la TEP, ce qui fait un coût dif-
férentiel de 1 268 $. La TEP a permis une prolongation de l’espérance de
vie légèrement supérieure à trois mois (0,27 an) par rapport à la survie
associée à la TDM. Le rapport coût-efficacité différentiel a atteint 4 689 $.
Compte tenu du nombre de nouveaux cas et de la prévalence des 
métastases médiastinales, l’intervention aurait une incidence de 8 613 693 $
sur le budget.
CONCLUSION : Le recours à la TEP pour détecter la présence de
métastases à proximité ou à distance d’un cancer primitif du poumon non
à petites cellules est une intervention qui exigerait un investissement
acceptable pour chaque année de vie gagnée.

Recent epidemiological data clearly show that lung cancer is
a major public health problem in Quebec (1). Accounting

for 30% of annual deaths, cancer is presently the second leading
cause of mortality in Quebec, after cardiovascular diseases,
which account for 37% of annual deaths (1). Given that the
incidence of cancer increases with age, the relative importance
of cancer in all deaths continues to increase because of the aging
population (1). Statistics Canada forecasted that in 2003,
35,500 Quebecers of all ages would be diagnosed with some form
of cancer, 18% with lung cancer and 15% with breast cancer
(2). During the same year, 18,200 cancer deaths were expected

to occur in Quebec. Thirty-two per cent of those deaths would
occur due to lung cancer, which is both the most frequent and
most fatal form of cancer.

Currently, the investigation of a patient suspected of having
lung cancer is based on so-called ‘conventional’ diagnostic
tools. Most often, these tools are used in a sequential fashion to
make a diagnosis of cancer and to determine the extent of the
disease. A chest x-ray is usually the initial step for detecting
the presence of a pulmonary lesion (nodule or mass), which
always warrants further examination when it raises the suspi-
cion of lung cancer. Bronchoscopy and transthoracic needle
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biopsy are the tools used most often to determine the exact
nature of the pulmonary lesion because they allow a sample of
the pulmonary lesion to be taken. When indicated, a computed
tomography (CT) scan of the chest, a bone scan, an abdominal
ultrasound and a mediastinoscopy may be performed to deter-
mine the extent of the disease, eg, the presence or absence of
mediastinal lymph node invasion by the cancer or the presence
of distant metastases (3). The extent of the disease should be
documented in each case because it determines both the best
treatment modality to be used and the prognosis for the
patient. The order in which these examinations should be per-
formed and their utility is still debated.

Introduced as a research tool in the mid-1970s, positron
emission tomography (PET) differs from other medical imaging
technologies in that it enables the study of the metabolic activ-
ity and blood flow in tissues. At present, there is abundant liter-
ature supporting the utility of PET in diagnosing lung cancer
and in detecting mediastinal and distant metastases. On the
whole, these data show that PET is more sensitive and more spe-
cific than CT in diagnosing nodules and detecting lymph node
metastases and distant metastases.

Several studies (4-7) have examined the economic aspect of
PET when it is used to investigate solitary pulmonary nodules
or confirmed lung cancer. Its potential benefits stem from the
fact that it can reduce the number of diagnostic examinations;
particularly, the number of unnecessary thoracic surgeries. The
results of these studies suggest that PET, even when added to
conventional examinations, is an efficient intervention.

In Quebec, it is unlikely that this technology will be used by
clinicians as a diagnostic tool for solitary pulmonary nodules in
the near future because of the limited access to it. Given that
the prevalence of lung cancer in patients with a solitary pul-
monary nodule varies from 80% to 90% when they are referred
to a tertiary centre, the use of PET will probably be limited
primarily to determining the stage of metastasis to assess the
usefulness of undertaking surgical treatment.

It was in light of these specific considerations that an
analysis based on the parameters of the province of Quebec
was performed to assess the health and economic impact of
PET and, thus, the usefulness of performing this technology in
the context of clinical utilization. Presently, there are two
PET centres in Quebec, but these facilities are mainly
research-oriented.

MATERIALS AND METHODS
A decision tree was constructed for predicting the cost and effects
of using PET as a means of detecting mediastinal and distant
metastases. The study population consisted of a hypothetical
cohort of medically fit-for-surgery 65-year-old men with histologi-
cally confirmed non-small cell lung cancer (NSCLC) in whom
preoperative staging using conventional detection techniques was
negative for mediastinal and distant metastases (3).

Thus, two intervention strategies were compared: CT and
CT with PET (Figure 1). In the CT option, a mediastinoscopy
was performed in patients with a positive result for mediastinal
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Figure 1) A schematic representation of the decision tree for the intervention strategies. CT Computed tomography; PET Positron emission tomography
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metastases to determine whether they would be candidates for
surgery. In those cases where the CT results were negative,
patients underwent surgery (8). As for the CT with PET option,
all patients were first evaluated by CT. The use of PET was limited
to detecting distant metastases when the CT findings were posi-
tive for mediastinal metastases and to detecting mediastinal
metastases when the CT findings were negative. In the latter
case, PET was also used to detect distant metastases. To confirm
the PET results, a biopsy and mediastinoscopy were performed to
determine if there were any distant or mediastinal metastases,
respectively.

Although approximately 20% of patients with mediastinal metas-
tases (mediastionoscopy-proven N2 disease) are amenable to surgery
(9), the authors did not get into the details of induction
chemotherapy and considered all patients with N2 disease to be
unresectable.

The costs and life expectancy were determined for each strat-
egy under consideration. Bayes’ theorem was used to extract the
majority of the probabilities.

Construction of a decision tree
A literature review was carried out to determine the adequacy of
the available data on the sensitivity and specificity of PET and CT
as means of detecting mediastinal and distant metastases and to
gather the basic data for the model. A complete MEDLINE and

Cancerlit search was conducted for studies from 1999 to February
2001.

Table 1 shows the baseline values, the intervals that were used
in the sensitivity analyses and the other variables used in the pres-
ent analysis. The sensitivity of PET in detecting mediastinal
metastases is estimated to be between 72% and 96%, and between
90% and 100% for its specificity (10-20). As for its sensitivity and
specificity in detecting distant metastases, Pieterman et al (10)
estimated its sensitivity to be 82% (range 64% to 100%) and its
specificity to be 93% (range 88% to 98%). For analytical purposes,
the Pieterman et al study (10) was used as the main source of data
for PET and CT sensitivity and specificity values because it was
the only prospective study that estimated the performance of PET
and CT in detecting mediastinal and distant metastases.

The mortality rates associated with the surgical resection of
lung cancer that are reported in the literature vary enormously
(21,22). The data reported by Ginsberg et al (23) were used for the
general and specific mortality associated with thoracotomy. The
life expectancy was calculated according to the Declining
Exponential Approximation of Life Expectancy (DEALE method,
which was developed by Beck et al (24), where:

Mean life expectancy = 1/(ASR+DSR) 

and where the ASR is the age-, sex- and race-adjusted annual mortal-
ity rate in the general population and the DSR is the disease-related
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TABLE 1
List of the variables used

Variable Baseline value Lower limit Upper limit Reference(s)

Fee for biopsy (physician) ($) 75 Medical Specialists’ Manual, RAMQ (29)

Fee for computed tomography (physician) ($) 60 Medical Specialists’ Manual, RAMQ code 8262 (29)

Fee for mediastinoscopy (physician) ($) 280 Medical Specialists’ Manual, RAMQ code 3036 (29)

Fee for PET (physician) ($) 250 Medical Specialists’ Manual, RAMQ code 8700 (29)

Fee for surgery (physician) ($) 672 Medical Specialists’ Manual, RAMQ code 3196 (29)

Cost of hospital stay for mediastinoscopy ($) 5,054 4,977 7,932 APR-DRG 076 (subgroup, code 46.81) (28)

Cost of hospital stay for surgery ($) 8,424 7,544 11,781 APR-DRG 075 (no subgroup, code 46.81) (28)

Cost of hospital stay for biopsy ($) 6,130 APR-DRG 076 (subgroup, code 89.00 and 90.90) (28) 

Cost of hospital stay for 9,163 7,609 12,147 APR-DRG 075 (with subgroups 46.81, 89.00 and 90.90) (28)

mediastinoscopy, biopsy and surgery ($)

Cost of PET scan, including amortization 1,313 Appendix 10 (28)

and capital cost (hospital) ($)

Sensitivity of computed tomography 0.75 0.60 0.90 Pieterman et al (10)

Specificity of computed tomography 0.66 0.55 0.77 Pieterman et al (10)

Life expectancy with palliative treatment (years) 1.0 0.1 2.0 Scott et al (4); Gambhir et al (27)

Life expectancy with surgical treatment (years) 7 1 15 Cummings et al (26); Beck et al (24)

Mortality rate associated with 0.000025 0.0 1.0 Hartman et al (32)

computed tomography

Surgical mortality rate 0.03 0.00 0.20 Williams et al (21); Evans (22); Ginsberg et al (23)

Sensitivity of PET in detecting 0.82 0.64 1.00 Pieterman et al (10)

distant metastases

Specificity of PET in detecting 0.93 0.88 0.98 Pieterman et al (10)

distant metastases

Sensitivity of PET in detecting mediastinal 0.91 0.81 1.00 Pieterman et al (10)

metastases

Specificity of PET in detecting mediastinal 0.86 0.78 0.94 Pieterman et al (10)

metastases

Probability of metastases detected by PET 0.07 0.05 0.11 Valk et al (33); Bury et al (34); Gupta et al (35); Pieterman et al (10)

Prevalence of mediastinal metastases 0.31 0.28 0.38 Gross et al (36); McLoud et al (37); Dillemans et al (38); 

White et al (39); Primack et al (40,41)

APR-DRG All Patient Refined Diagnosis Related Groups; PET Positron emission tomography; RAMQ Régie de l’Assurance Maladie du Québec
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survival rate. In Quebec, the life expectancy of a 65-year-old man
is 15.64 years (25). Thus, the ASR is 0.064 (1/15.64). The DSR for
a 2.3 cm lung tumour is 0.075 (26). Thus, the combined mortality
rate for a typical patient is 0.139.

The life expectancy for nonoperable cancers in patients with
an advanced stage of the disease, based on radiographical find-
ings, is estimated to be 0.47 years (4,27). Although there is cer-
tainly survival data for patients with mediastinal metastases that
are not detected radiographically, these patients probably exhib-
it better survival than those in whom the chest x-ray was
unequivocal. To take this factor into account, a life expectancy
of one year (range 0.1 to 2 years) was the the baseline value for
inoperable patients.

The cost of a PET scan was estimated from the costs of PET
scanning at the Centre Hospitalier Universitaire de Sherbrooke
in Sherbrooke, Quebec (François Bénard, written communica-
tion), which are shown in Table 2. The amortization of PET was
estimated on the basis of the following assumptions. A scanner
costs $3.2 million, a cyclotron costs $4.3 million, and the con-
struction costs for a cyclotron and a scanner are $500,000 and
$175,000, respectively. The life span of a scanner and that of a
cyclotron were set at 10 years and 25 years, respectively. Finally, a
5% interest rate was used for amortization.

The cost of a hospital stay for surgery alone, mediastinoscopy
alone, biopsy alone and for all four interventions together was
determined by consulting the Ministère de la Santé et des Services
sociaux’s 1998-1999 diagnosis-related group database (28). The
figures for the physicians’ fees are from the Medical Specialists’
Manual (September 1999 edition) (29), published by the Régie de
l’assurance-maladie du Québec, and are provided in Table 1 for
each intervention. Lastly, the cost of a biopsy depends on its site
and the technique performed. It can vary considerably. Therefore
an average cost of $7 was assumed.

The costs associated with the treatments required for this dis-
ease, such as chemotherapy and radiation therapy, were not
included in the present analysis. In fact, it was assumed that a
patient in whom surgical intervention would be avoided because
of PET scanning would incur the same chemotherapy and radia-
tion therapy costs as a patient who, before surgery, had metastases
that were not detected by conventional diagnostic methods.

Analysis
A health care system perspective was adopted in the present
analysis. Only the direct costs were considered. The incremental
cost-effectiveness ratio (cost of the CT option – cost of the PET
option)/(CT life expectancy – PET life expectancy) was used for
the appraisal of PET efficiency. To test the robustness of the model,
univariate sensitivity and Monte Carlo analyses were performed.
The variables, intervals and predefined variable distributions for
the Monte Carlo analysis are shown in Table 3. Lastly, given that
the time horizon for the analysis is one year, no discounting of the
costs or effects was necessary.

RESULTS
Table 4 shows the results per patient and the costs, efficacy,
mean cost-effectiveness ratios and the incremental cost-
effectiveness ratio. The incremental cost-effectiveness ratio,
ie, the cost associated with one additional life-year gained, was
$4,689. Considering the number of new cases and the preva-
lence of mediastinal metastases, 1837 new patients a year could
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TABLE 3
Variables, intervals and predefined distributions for the Monte Carlo analysis

Variable Baseline value Lower limit Upper limit Distribution

Cost of hospital stay for mediastinoscopy ($) 5,054 4,549 5,559 Normal, 20% variance

Cost of surgery ($) 8,424 7,582 9,266 Normal, 20% variance

Cost of hospital stay for biopsy ($) 6,130 5,517 6,743 Normal, 20% variance

Cost of hospital stay for mediastinoscopy, 9,163 8,247 10,079 Normal, 20% variance

biopsy and surgery ($)

Sensitivity of computed tomography 0.75 0.60 0.90 Triangular

Specificity of computed tomography 0.66 0.55 0.77 Triangular

Life expectancy of patients who receive 1.0 0.1 2.0 Uniform

palliative treatment ($)

Life expectancy of patients who are 7 1 15 Uniform

treated surgically (years)

Surgical mortality rate 0.03 0.02 0.20 Uniform

Sensitivity of PET in detecting distant metastases 0.82 0.64 1.00 Triangular

Specificity of PET in detecting distant metastases 0.93 0.88 0.98 Triangular

Sensitivity of PET in detecting mediastinal metastases 0.91 0.81 1.00 Triangular

Specificity of PET in detecting mediastinal metastases 0.86 0.78 0.94 Triangular

Probability of metastases detected by PET 0.07 0.05 0.11 Uniform

Prevalence 0.31 0.28 0.38 Uniform

PET Positron emission tomography

TABLE 2
Operating costs (cyclotron and positron emission
tomography) for 1500 scans at Centre Hospitalier
Universitaire de Sherbrooke

Item Cost ($)

Salaries and employee benefits 342,662

Equipment and supplies 169,800

Maintenance contracts and costs 360,000

Grand total 872,462
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potentially benefit from this technology. The budget impact,
from the perspective of the incremental cost, ie, the additional
cost to the health care system, would be $8,613,693. If the
same analysis was performed after excluding amortization
from the cost of PET scanning, the incremental cost-
effectiveness ratio would be $1,983, with a budget impact of
$3,642,771.

The results of the univariate sensitivity analysis are shown
in Table 5 for all the variables included in the model. The vari-
ation in the baseline values did not have an impact on the
decision: the mean cost-effectiveness ratio for the PET strategy
was always higher than the competing option.

The Monte Carlo simulation is presented in Figure 2. Most
of the results of the simulations were in the right quadrant, the
quadrant where the PET option would improve life expectancy
while requiring an investment for each additional health gain
at the same time. Table 6 shows the mean, median and quar-
tiles for the incremental cost, effectiveness and cost-effectiveness
ratio values, as they appeared in the dynamic sensitivity
analysis.

The frequencies of occurrence of the incremental cost-
effectiveness ratios, by intervals, of the 1000 Monte Carlo sim-
ulations are presented in Table 7. Thus, in 95% of the cases, the
incremental ratio was less than $50,000 per life-year gained.

DISCUSSION
Our study suggests that PET is a cost-effective intervention in
the specific context of its clinical use and deployment in
Quebec if we define an intervention as cost-effective if its
incremental ratio is under $50,000 per life-year gained. Of
note, the results are similar to those compiled by the
Australian Medicare Services Advisory Committe (30), that
PET can lead to savings or require only a very small and very
acceptable investment for each life-year gained, provided the
purchase costs, which are high, have been amortized.

Our univariate and Monte Carlo sensitivity analyses con-
firmed the robustness of the results. Varying the baseline values
did not significantly affect the results: the incremental cost-
effectiveness ratio ranged from $3,000 to $5,000 per life-year
gained. Moreover, in approximately 50% of the Monte Carlo
simulations, the investment required to gain one life-year was
less than $5,000. In 73% of the cases, it was less than $10,000,
which was not, in itself, a very large investment. If the stan-
dard cost-effectiveness ratio was set at less than $50,000 per
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TABLE 5
Results of the univariate sensitivity analysis

Incremental cost-
effectiveness ratio

($ per life-year gained)

Baseline scenario 4,689

Surgical mortality rate 0.02 to 0.1 4,765 to 4,997

Prevalence 0.15 to 0.5 4,925 to 5,358

Cost of stay for surgery alone ($) 7,544 to 11,781 5,376 to 2,841

Cost of stay for surgery and 7,609 to 12,147 4,489 to 5,073

mediastinoscopy ($)

Surgical mortality rate 0 to 0.2 4,599 to 5,277

Life expectancy of patients who 0.1 to 2.0 4,118 to 5,542

receive palliative treatment (years)

Life expectancy of patients who 1 to 15 724,242 to 1,324

are treated surgically (years)

Specificity of PET in detecting 0.65 to 0.85 7,080 to 7,156

mediastinal metastases

Sensitivity of PET in detecting 0.64 to 1.00 3,145 to 3,019

distant metastases

Specificity of PET in detecting  0.73 to 1.00 3,226 to 3,032

distant metatases

Probability of distant metastases 0.05 to 0.11 2,660 to 4,689

detected by PET

PET Positron emission tomography

TABLE 4
Results for each strategy per patient (lung cancer)

Incremental Efficacy Incremental Mean cost- Incremental cost-effectiveness ratio
Strategy Cost ($) cost ($) (life-years) efficacy effectiveness ratio ($ per additional life-year gained)

Computed tomography 8,455 4551 $1,858 per life-year

Computed tomography + PET 9,723 1,268 4823 0.27 $2,017 per life-year 4,689 

PET Positron emission tomography
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Figure 2) Monte Carlo analysis (1000 simulations). Each point on
the graph represents the result of a simulation

TABLE 6
The mean, median and quartiles from the Monte Carlo
analysis

Incremental cost-
Incremental Incremental effectiveness ratio

cost ($) efficacy ($ per life-year gained)

Mean 1,253 0.26 17,666

Median 1,260 0.22 5,342

Quartile 25 1,052 0.12 3,006

50 1,260 0.22 5,342

75 1,442 0.39 10,618

100 2,598 0.99 4,058,550
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life-year gained, 95% of the simulation cases would be below
this figure. Thus, economically, PET would not necessarily
generate any savings in the health care system, but it might
help to avoid unnecessary surgeries and therefore, to a certain
extent, shorten the waiting lists and contribute to the overall
efficiency of the health care system.

Using the available data, we attempted to assess the health
and economic impact of PET on clinical outcomes and the
health care system. Because there is no direct measure of
patient survival, we used an intermediate measure, such as the
reduction in the mortality due to surgical procedures. However,
using such an indicator does not enable us to fully assess the
utility of PET. In the short term, it is unlikely that PET would
improve survival in patients with lung cancer per se. Instead,
the efficacy of PET resides in its ability to improve patients’
quality of life by sparing them an unnecessary, debilitating
intervention and providing them with quicker access to treat-
ment, on the one hand, and to enable them to express their
preferences in terms of the clinical approach to be used.

Quality of life and patient preference measurements obtained
by prospective studies will permit a more adequate assessment
of the efficacy of this technology.

We included the investment costs required to implement
PET in Quebec. For analytical purposes, we considered a very
cautious scenario and assumed that this technology would be
used only to detect local and distant metastases in patients
with NSCLC. Given this technology would be used for clinical
purposes other than detecting metastases in patients with
NSCLC, the amortization should not be done on the basis of
this single application. Thus, the amortization to be included
in the cost of PET scanning would probably be less than $732
per use, which would significantly reduce the incremental
cost-effectiveness ratio.

Because the analysis was limited to a single clinical use (the
detection of metastases in cases of NSCLC) and to a very lim-
ited population, other studies are needed to confirm PET’s effi-
ciency or lack thereof in other applications. Our prediction
model estimates the reduction in the number of surgeries at
12%, with patient survival prolonged by three months. These
figures are similar to the results of a randomized, prospective
study (31) presented at the 2000 American Society of Clinical
Oncology conference.

CONCLUSIONS
With the current state of knowledge and from an economic
perspective specific to the situation in Quebec, our model
shows that the use of PET to detect local and distant metas-
tases in NSCLC is an intervention that would require an
acceptable investment for each life-year gained.

ACKNOWLEDGEMENTS: The authors would like to thank
Dr François Bénard, Head of the Department of nuclear medicine,
Centre Hospitalier Universitaire de Sherbrooke, Sherbrooke, and
Dr James A Hanley, Department of Epidemiology and
Biostatistics, McGill University, Montreal, for their helpful com-
ments in the preparation of this manuscript.

FUNDING: This study was supported by and originated from the
the Agence d’évaluation des technologies et des modes d’inter-
vention en santé (AETMIS).

Nguyen et al

Can Respir J Vol 12 No 1 January/February 200524

TABLE 7
Distribution of incremental cost-effectiveness ratios for
the 1000 Monte Carlo simulations

Interval (incremental cost-effectiveness ratio [$]) Percentage

0 to 4,999 46

5,000 to 9,999 26

10,000 to 14,999 9

15,000 to 19,999 4

20,000 to 24,999 3

25,000 to 29,999 2

30,000 to 34,999 2

35,000 to 39,999 1

40,000 to 44,999 1

45,000 to 49,999 1

>50,000 5

Total 100
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