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Background: Determining the stage of non-small-cell lung cancer often requires multiple
preoperative tests and invasive procedures. Whole body positron-emission tomography
(PET) may simplify and improve the evaluation of patients with this tumor. Methods: We
prospectively compared the ability of a standard approach to staging (computed tomogra-
phy (CT), ultrasonography, bone scanning, and, when indicated, needle biopsies) and one
involving PET to detect metastases in mediastinal lymph nodes and at distant sites in 102
patients with resectable non-small-cell lung cancer. The presence of mediastinal metastatic
disease was confirmed histopathologically. Distant metastases that were detected by PET
were further evaluated by standard imaging tests and biopsies. Patients were followed
postoperatively for six months by standard methods to detect occult metastases. Logistic-
regression analysis was used to evaluate the ability of PET and CT to identify malignant
mediastinal lymph nodes. Results: The sensitivity and specificity of PET for the detection
of mediastinal metastases were 91% (95% confidence interval 81 to 100%) and 86% (95%
confidence interval 78 to 94%), respectively. The corresponding values for CT were 75%
(95% confidence interval 60 to 90%) and 66% (95% confidence interval 55 to 77%). When
the results of PET and CT were adjusted for each other, only PET results were positively
correlated with the histopathological findings in mediastinal lymph nodes (P<0.001). PET
identified distant metastases that had not been found by standard methods in 11 of 102
patients. The sensitivity and specificity of PET for the detection of both mediastinal and
distant metastatic disease were 95% (95% confidence interval 88 to 100%) and 83% (95%
confidence interval 74 to 92%), respectively. The use of PET for clinical staging resulted in
a different stage from the one determined by standard methods in 62 patients: the stage
was lowered in 20 and raised in 42. Conclusions: PET improves the rate of detection of
local and distant metastases in patients with non-small-cell lung cancer. (N Engl J Med
2000;343:254–61.)

c CONSEQUENCES OF MISDIAGNOSIS IN MEDICINE

The epidemic in lung cancer due to tobacco smoking now accounts for 18% of cancer
deaths worldwide.1 Although radical resection of locoregional disease (stage IIIa or less)
is associated with a 5 year survival of 40–50%, no more than one in three cases presents

in time for surgery.2 Most sites of postoperative relapse lie without the operative field,3 suggesting
that the “curative” local procedure was, in hindsight, futile. Furthermore, thoracotomies and lung
resections are major surgery with a mortality of 3% and an average stay in hospital of 1 month.4

What is often overlooked in the analysis of morbidity and mortality figures is the contribution of
misallocation of treatment by inferior diagnostic techniques—that is, misdiagnosis. The use of
more accurate diagnostic techniques promises to reduce excess mortality, morbidity, and cost
associated with futile procedures on the one hand, and missed therapeutic opportunities on the
other. In 1996 Gambhir et al5 used decision tree analysis to put flesh on the case for
18-fluorodeoxyglucose positron emission tomography (FDG-PET) to stage non-small cell lung
cancer (NSCLC). At that time the authors could refer to a total of three studies reporting the
diagnostic accuracy of PET scanning in this indication. Their prediction that FDG-PET could
cut US$1154 from the cost of care per patient, with no detriment to life expectancy, was at the
nucleus of the expansion of clinical PET in the USA. In 2001 there are now 29 reported studies
of FDG-PET in the staging of NSCLC, yet its application in clinical medicine in general remains
piecemeal. What are the reasons for the prolonged adolescence of this technology, and can one
more study with a positive result6 in a high impact journal change clinical practice?

Thorax 2001;56(Suppl II):ii38–ii44

*ii38

PET Oncology Group,
Imperial College School
of Medicine, London, UK
G Laking
P Price
Christie Hospital,
University of Manchester,
UK
P Price

Correspondence to: Dr G
Laking, PET Oncology Group,
MRC Clinical Sciences Centre,
Hammersmith Hospital, London
W12 0NN, UK

george.laking@csc.mrc.ac.uk

www.thoraxjnl.com

http://thorax.bmj.com


Principles of FDG-PET scanning
Positronic scanning systems are complex, primarily because
they use injected radiotracers. Whereas conventional
scanners will generate X-ray beams or magnetic fields at the
flick of a switch, radiotracers have to be produced in a
separate facility and are subject to stringent pharmaceutical
and isotopic quality controls. This entails high set up and
ongoing costs and requires multidisciplinary expertise.
Additionally, with radio decay limiting shelf life to minutes or
hours, the source of supply needs to be physically close to the
scanning unit. Radiotracers are, however, a uniquely
advantageous diagnostic tool in that their corporeal uptake
and distribution directly reflects physiological function. This
is in contrast to conventional technologies which report
mainly on the anatomical structure.

Tracer production starts with a high energy beam of
subatomic particles produced by a cyclotron. Radioisotopes
are generated when the beam collides with a target and are
chemically processed into the pharmaceutical form for use as
tracers. A significant reduction in the entry cost for clinical
PET scanning has been made possible by the
commercialisation of tracer production and supply which is
feasible in well funded geographically central densely
populated regions. Commercial willingness to carry the
overheads of PET provision has extended to the recent
introduction in the UK of a mobile PET scanning bus.7

The rationale for imaging with 18-fluorodeoxyglucose
(FDG) in cancer stems back to work by Warburg from the
1930s.8 Almost all cancers are now known to share features
of increased glucose uptake and altered glucose handling,
approximately to the extent of their malignant potential.
More recent work has identified molecular substrates
including the Glut 1 receptor, type II hexokinase, and ras
group oncogene activation.9–11 The significance of these
findings may outreach mere improvements in diagnosis,
pointing as they do to another therapeutic paradigm than the
antimitotic. FDG is synthesised by substitution of the
radioisotope 18-fluorine for a hydroxyl group at the 2' carbon
on the D-glucose ring. Like glucose, FDG is avidly taken up
by tumour cells and phosphorylated. Beyond this point it is
metabolically trapped, its persistence within the cell
corresponding to the rate of isotopic decay. This
biochemistry was modelled in animals in the 1970s,12 13 pilot
human studies in cancer followed in the 1980s,14 and clinical
work, especially with NSCLC, from the 1990s.

The main contraindication to the use of FDG is
hyperglycaemia which interferes with tissue uptake to cause
false negative results. The usual dose range of administered
radioactivity per scan is 350–400 MBq which translates to
7 mSv.* This can be compared with a mean of 2.2 mSv
annual background radiation in the UK, 0.02 mSv for a
chest radiograph, up to 8 mSv for a CT scan of the chest, 2–
6 mSv per annum for aircrew,15 and 7.8 mSv per annum
background exposure in Cornwall.16

18-Fluorine decays to the stable moiety 18-oxygen by
emission of positrons with a half life of 120 minutes.
Positrons are antimatter particles having positive charge, the
counterpart to electrons. PET imaging systems respond to
the mutual annihilation of positrons and electrons, which
releases energy in the form of two 511 keV gamma rays
travelling in opposite directions. These are detected by
photoluminescent crystals and a computer calculates the

spatial origin of the rays between the detectors. It is the
“coincidental” appearance of a 511 keV signal on opposite
sides of the emitting source that is the signature of positronic
decay. The spatial origin of the gamma rays, however, is not
identical with the locus of radiotracer, since positrons may
travel up to 3 mm in tissue before annihilating. This
contributes to the theoretical best anatomical resolution of
the technique of approximately 2 mm with 18-F tracers.
Importantly, this is distinct from the physiological resolution
whereby PET is able to identify events occurring at a
molecular level. In summary, PET detects the presence of
molecular events and locates them within a volume defined
by its anatomical resolution. It thereby remains
complementary to the imaging modalities of computed
tomographic (CT) scanning and magnetic resonance
imaging (MRI) which serve to define the corresponding
anatomy.

The current benchmark PET scanner technology is a
ring-shaped unit containing many hundreds of bismuth
germanium oxide (BGO) crystals resolving down to 5 mm.
An alternative lower cost, lower performance technology has
been developed in the “dual headed gamma camera”, but its
place in oncological imaging at the current time is not
secured.17 Combination CT-PET devices that could improve
image co-registration are currently in development.18 It
usually takes 1 hour to conduct a whole body PET scan and
a scanner running at capacity can produce up to 15 studies
in a day.

Cost of clinical PET
A high ratio of cost to credibility has slowed the advance of
clinical PET in cash constrained public health systems.
Current representative fees per procedure from an NHS
provider are £800 within the NHS and £960 without. The
total annual cost of running a PET facility (including capital
overheads and depreciation) is of the order of £1.2 million.
Accordingly, to “break even” on these fees in the NHS, 1500
procedures would be required which translates into six
procedures per day for 233 working days. The resection rate
for NSCLC in the UK at 10% (3000 cases per annum) is
low in international terms. Should UK practice align itself
with other countries, this rate might increase to 20%.19 To
service these volumes with FDG-PET would thus require the
equivalent of 2–4 dedicated facilities. That implies a total
annual expenditure of £2.4–4.8 million if FDG-PET were to
be incorporated routinely into practice for this one
indication. One would expect to be able to mitigate this
expenditure by cost or morbidity benefits in other areas,
principally surgical. It is clearly a technology with major
fiscal implications whose wholesale introduction requires a
strong evidential base.

In the US context, health funders have found the evidence
convincing. At the time of writing the US Health Care
Funding Authority (HCFA)20 will approve reimbursement of
the cost of FDG-PET studies in relation to diagnosis,
staging, and re-staging of:
c Non-small cell lung cancer
c Colorectal cancer
c Lymphoma (including Hodgkin’s disease)
c Melanoma (excluding regional nodal evaluation)
c Oesophageal cancer
c Head and neck cancers (excluding CNS and thyroid)

Beyond what is funded, clinical applications of FDG-PET
exist for a wide range of oncological indications.21 The
demand for accurate diagnosis is strong since it links directly
to the allocation of high cost, high risk procedures such as:

*MBq = bequerel, the unit of radioactivity (1 Bq = 1 atomic disintegration per
second); mSv = sievert, the unit of biological cumulative radiation exposure. 1
Sv is associated with a 5% lifetime risk of contracting fatal cancer. The conver-
sion factor for intravenous 18-FDG = 1.9 × 10–2 mSv/MBq.
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c Thoracotomy and lung resection for NSCLC
c Hemihepatectomy for isolated colorectal metastases
c Consolidative high dose chemotherapy and radiation in

lymphoma
c Regional plastic surgical dissection and adjuvant immune

therapy in melanoma

“Head to head” studies with FDG-PET
The evidence for clinical PET derives principally from “head
to head” comparisons whereby patients are investigated by
PET, a conventional technology, and a reference test. Study
outcomes include values for sensitivity and specificity, and
the eVect of PET on clinical stage allocation. With respect to
the staging of NSCLC, 21 groups have published 27 studies.
The numbers reported in each instance are small—for
example, the total of the disease positive subgroups is 600,
the mean per study 17, and the range per study 1–44. This
leads to diYculties with statistical significance. The
mathematics of the “binomial test” are such that, in studies
where either the disease positive or disease negative subgroup
numbers less than 35, the lower bound of the 95%
confidence interval for a reported characteristic of 100%
cannot exceed 90%. Conceptually, FDG-PET studies in
NSCLC reveal two categories of information: mediastinal
nodal (N) status and distant metastatic (M) status. The
English language published work is summarised in table 1.

It is puzzling that seven years of publication have not
translated into generalised application of the technology.
This may reflect a “Catch 22” scenario whereby those with
the wherewithal for pilot studies have proceeded directly to
clinical practice, and those without have stood still. It is also
interesting to review the publishing journals which shows the
literature to have only recently moved out of surgical and
radiological departments and onto the respiratory,
oncological, and general medical stage (see table 2).

Ultimately, however, the question arises as to whether this
work has engaged its audience in a way conducive to
progress.

Introductory article
The study by Pieterman et al is notable as the first
publication about FDG-PET nodal status to appear in a high
profile general medical journal. It stands out for its
meticulous use of the reference standard surgical sampling at
mediastinoscopy. Several authorities on assessment of the
validity of diagnostic tests have published checklists against
which this study can be assessed.47

Assessment of study quality and applicability
Pieterman et al in a tertiary referral setting evaluated 110
consecutive patients with potentially resectable NSCLC
between September 1996 and December 1998. They
compared the ability of a standard approach to staging (CT,
ultrasound, and bone scanning) with one involving
FDG-PET to detect metastases in mediastinal lymph nodes
and at distant sites. The reference standards included
mediastinal histology, needle biopsy, and findings on clinical
follow up. An unspecified number of patients were excluded
on the grounds of hyperglycaemia or prior mediastinal
instrumentation. Four patients were excluded who did not
have NSCLC. A further four who had inadequate
mediastinal dissections were excluded from analysis. The
demographic data and distributions of tumour types and
stages were broadly compatible with other populations in this
setting (table 3).

PET scans were conducted on an ECAT model 951/31
full ring BGO device between 1996 and 1998. Each scan
encompassed the whole body (the length of the vertebral
column from C1 to L5). Observers noted the locations of
qualitative “hot spots” of increased FDG activity compared
with the background. No clinicians involved in the care of
patients were aware of the results of the PET scans. All
patients underwent a standard clinical assessment including a
CT scan of the chest and upper abdomen. Imaging studies in
the mediastinum were analysed by two independent
observers who were unaware of the patients’ clinical data. In
keeping with routine diagnostic practice, observers were able
to compare CT and PET scans. Findings from 102 patients
were reported. All underwent cervical mediastinoscopy to the
subcarinal level, and the 87 with negative mediastinoscopy
proceeded to thoracotomy. No other interventions were

Table 1 FDG-PET and staging of NSCLC: published final reports

Group Location
Publication
year

Number
with disease

N2–3 M1

Wahl22 Michigan 1994 11 –
Scott23 Nebraska 1994 3 –

1996 9 –
Chin24 North Carolina (Wake) 1995 9 –
Patz25, Marom26, North Carolina 1995 12 –

Farrell27 (Duke) 1999 44 44
2000 11 1

Valk28 California (Sacramento) 1995 24 –
Sazon29, Weng30 California (Los 1996 16 n.r.

Angeles) 2000 18 –
Sasaki 31 Japan (Fukuoka) 1996 17 –
Bury32 Liege 1997 14 39
Guhlmann33 Ulm 1997 15 –
Hagberg34 California (Palo Alto) 1997 9 –
Steinert35, Zurich 1997 13 –

Weder36 1998 31 15
Kutlu37, London 1998 5 14

Saunders38 1999 17 19
Vansteenkiste39 Leuven 1998 28 –
Berlangieri40 Melbourne 1998 11 3
Higashi41 Japan (Ishikawa) 1998 4 –
Gupta42 West Virginia 1998 n.r. –
Kernstine43 Iowa 1999 24 10
Stokkel44 Utrecht 1999 13 –
Tatsumi45 Osaka 1999 9 –
Pieterman 6 Groningen 2000 32 17
Kalff46 Melbourne 2001 23 16
Total 422 178

*A translation of an additional study from this group is not available at the time
of writing.

Table 2 Location of primary studies on FDG-PET in NSCLC

Journal domain
No of completed
studies Period

Radiology + nuclear medicine 8 1994–2000
Surgical 10 1994–1999
Thoracic medicine 6 1995–1999
Oncological 3 1998–2001
General medicine 1 2000

Table 3 Patient characteristics

Pieterman et
al

Representative
populations

Ratio male:female 6:1 11:1–6:148

Median age (years) 63 57–6749

Tumour subtypes (compared with a WHO report50)
Squamous cell 57% 37%
Adenocarcinoma 27% 38%
Large cell 13% 11%
Adenosquamous 1% 2%
Neuroendocrine 1% 1%

Stage distribution (compared with a series of 744 thoracotomies51)
N0 47% 56%
N1 21% 14%
N2 28% 21%
N3 3% 9% (N3 + M1)
M1 6%
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performed during this time. 516 of 534 surgically reachable
mediastinal lymph nodes were dissected. Metastatic disease
was diagnosed on criteria including biopsy, serial imaging,
and skeletal radiology. Metastatic disease was excluded
ultimately based on 6 month clinical follow up.

Methodological issues
The temporal relationship of the imaging investigations was
not stated. Given that cancers grow, any delay between
investigations would favour the sensitivity of the later test.
Likewise, bias could be introduced where one imaging
modality was viewed with foreknowledge of the other. These
problems would be simply remedied by a study design
incorporating random allocation of the order of tests.

The diagnostic threshold for an FDG-PET “hot spot” was
not quantified. Although a high degree of interobserver
concordance was achieved (ê = 0.98), this might not be
generalisable outside the institution. Quantitative criteria
such as the “standardised uptake value” (SUV) are a more
freely convertible currency for comparing results of PET.

The validity of the test for N3 disease is theoretically less
than for N2, for reasons including a low incidence (n = 3)
and a less secure reference standard distal to the carina (the
contralateral mediastinum is not explored at thoracotomy).
In practice the chance of unsuspected contralateral lesions
would be negligible, bearing in mind the axial orientation of
mediastinal lymphatics and the low incidence of skip
metastasis in this illness.51

The authors were subsequently criticised for their method
of mapping mediastinal node stations.52 The key issue in the
study, however, is allocation of the clinical stage (N status)
and the mapping was more than adequate for this purpose.

The length of follow up to confirm M0 status would
ideally have been at least 12 months in order to take in a
minimum disease free interval justifying surgery as a means
of local control. Distant metastases occurring after this time,
although technically “false negatives”, would be less relevant
(in hindsight) to the decision to proceed with surgery.
Published actuarial data suggest that the number of extra
distant metastases expected in a 102 patient cohort during
the second 6 months would be approximately five,53 equating
to five extra false negatives for both conventional staging and
PET scanning.

Results
The authors calculated that a sample size of 100 would be
required to give a power of 0.85, at a two-sided á level of
0.05, to detect a 35% diVerence in the sensitivity of PET and
CT scanning for mediastinal nodal disease. The predicted
sensitivity of CT scanning was 60%, which was the mean
value identified in a recent meta-analysis (range 25–89%).50

The actual measured sensitivity of CT scanning, however,
was 75%, leading to a negative result for the study on its
primary statistical end point (table 4).

It is not clear whether the authors could have foreseen the
superior sensitivity of CT scanning in their hands. One
problem with predicating a study on sensitivity is that it is a
dependent variable. Sensitivity can always be increased by
lowering the threshold for a positive test at the expense of
specificity. Inflexible as the threshold for a positive CT scan

may appear (nodal short axis diameter >1 cm), it is notable
that the authors’ measured specificity was 11% less than the
literature mean of 77%. The relationship between sensitivity,
1–specificity, and threshold—in other words, the ability to
discriminate between disease and non-disease—is
summarised in a test’s receiver operator characteristic (ROC)
curve. The ROCs of diVerent tests can be compared by
means of logistic regression analysis. Using similar methods,
the authors were able to identify a statistically significant
finding: “when the results of PET and CT were adjusted for
each other, only PET results were correlated with the
histopathological findings in mediastinal lymph nodes
(p<0.001)”. This finding has the additional advantage of
being predicated on the entire data set, not just the
information about sensitivity. It would be ideal if all work of
this nature was designed from the outset on ROC criteria.

The authors also found PET to outperform CT scanning
in the detection of distant metastatic disease, this time with
non-overlapping confidence intervals. PET had a sensitivity
of 82% (95% CI 57 to 96%) and CT scanning had a
sensitivity of 18% (95% CI 4 to 43%). However, given the
small number of patients with metastases, this result is
vulnerable to uncertainty deriving from the exclusion criteria
and the short period of follow up.

Although individual studies in this area have borderline
sample sizes, by 1998 there had been suYcient published
work to generate a statistically significant result in a
meta-analysis. This review summarised 13 studies of
FDG-PET and nodal status, including almost 200 patients
with confirmed mediastinal disease49: 95% CI bounds around
the sensitivity of PET were 76–82% and around CT were
58–62%. Bounds for specificity were 89–93% and 75–79%,
respectively. In summary, the literature as a whole shows that
FDG-PET does increase the accuracy of mediastinal
diagnosis, concordant with the findings of Pieterman et al.

A caveat relates to the diVering performance of FDG-PET
in populations selected on the results of CT scanning. In one
overview of 12 studies the sensitivity and specificity of PET
was found to change from 74% and 96%, respectively, after a
negative CT scan to 95% and 76% after a positive CT scan.54

This expresses a simple correlation between the geometric
quantity of a physiological process and the ability of PET to
detect it. The “CT conditioned” characteristics of PET are
relevant to any estimation of the extra information it can
provide in the context of a prior CT scan.

Role of FDG-PET in the diagnostic process

Studies of the accuracy of diagnostic tests are studies of
populations. A source of clinician resistance to population
findings is that they have not been cashed out in terms of the
eVect on management of individual patients. This is
something that more recent work has tried to achieve by
summarising the changes in stage allocation associated with
imaging modalities.46 In this vein, Pieterman et al report that
the use of PET for clinical staging resulted in a diVerent
stage from the one determined by standard methods in 62
patients. Unfortunately, it is a spurious end point from the
clinical perspective since, although it illustrates the
superiority of PET over standard methods, it does not speak
to the reference tests. Although PET correctly staged 89
mediastinal metastases compared with 70 for CT scanning
alone, PET was still incorrect in 13 cases and
mediastinoscopy and thoracotomy were required for a final
answer. No statement has been made as to the criteria on
which those tests could safely be omitted. In reality, it was

Table 4 Reported test characteristics: N status

Sensitivity 95% CI Specificity 95% CI

PET 29/32 = 91% 75 to 98% 60/70 = 86% 75 to 93%
CT 24/32 = 75% 57 to 89% 46/70 = 66% 53 to 77%

NB. 95% CIs for sensitivity of CT and PET overlap, therefore H0 is confirmed.
Confidence intervals calculated using SPSS statistical software.

FDG-PET and the staging of early lung cancer
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only the 11 patients with unsuspected metastatic disease who
had their stage changed by PET.

What is required at this point is a fuller analysis of where
FDG-PET stands in relation to the other staging methods
and the reference standards. The clinician needs algorithms
for individualised patient management in which decisions are
based on the probability of disease at each point. This need
can be partly addressed by analysing models of cost
eVectiveness. For example, Dietlein et al54 recommended that
FDG-PET should be oVered routinely to patients whose
thoracic CT scan was negative for N2/N3 disease (“strategy
B”). Certain patients with a positive thoracic CT scan could
also benefit from PET (“strategy C”). The primary role of
PET would be to identify a proportion of mediastinal disease
that would otherwise have only been revealed at surgery. All
patients would achieve a pathological diagnosis, therefore
disease related mortality would not alter. PET would reduce
surgical morbidity, mortality, and cost.

For strategy B, Dietlein et al predicted an increase in mean
survival from 3.308 to 3.322 years, and an increase in cost
from 16 890 to 16 892 Euros. This is an incremental cost
eVectiveness ratio (ICER) of 143 Euros per life year gained,
which falls comfortably below the threshold of 50 000 Euros
per life year proposed in the literature.5 Strategy C was
associated with an ICER of 36 667 Euros, “barely below the
threshold”.

It is interesting to convert this model into more familiar
clinical terms. For example, with a cohort of 1000 patients,
strategy B predicts that there will be 659 PET scans and a
reduction in surgery from 832 to 764 cases. Thus, the
“number needed to treat” (NNT) to prevent one futile
operation is approximately 10. In the case of strategy C, a
further 341 PET scans are associated with four fewer
operations. Here the NNT is 85. We think this is
“comfortably above the threshold” where most clinicians
would consider a test to have vanishing returns.

Examination of the probabilities confirms that the utility of
PET is mainly sensitive to the outcome of the preceding CT
scan (highlighted in table 5).

This kind of analysis can be extended to a range of clinical
vignettes, with the general aim of calculating the NNT with a
given test for a given probability of disease. Some of the key
questions are listed below:
(1) What is the general relationship between NNT with
FDG-PET and probability of nodal disease after CT
scanning? When would PET be omitted?
(2) What is the relationship between NNT with
mediastinoscopy and probability of nodal disease after
imaging? When would mediastinoscopy be omitted?
(3) When is the probability of nodal disease so low that the
patient can proceed directly to surgery?
(4) What is the relationship between NNT with FDG-PET
and probability of metastatic disease? When would
FDG-PET be contraindicated due to low returns and an
unacceptable rate of false positive results? It is worth noting
some emergent screening modalities which may in future
compete with whole body PET for this role—for example,
new types of tumour marker,55 56 monoclonal antibody
studies of bone marrow,57 reverse transcriptase PCR tissue
studies for index genes,58 and genomic screening.59

Is a randomised controlled trial required?

The questions above invite more complex analysis than is
provided by simple models of eVects of dichotomous tests on
homogeneous populations. Although workable models can be
constructed, these increasingly resemble entire clinical
pathways. Can we be confident that biases would not emerge
in the clinical application of such models? Head to head
studies such as the work of Pieterman et al do give a high
grade of evidence on sensitivity and specificity for reasons
that have been described elsewhere.20 60 However, it is beyond
the scope of these studies to report on the cost or survival
implications of their measurements. It is not too hard to see
how clinical criteria for diagnosis of metastatic disease could
in practice be used to shift poor risk patients from one
imaging group to the other, confounding later comparisons
of survival. Can the diagnostic elements of clinical pathways
be regarded as interchangeable parts whose replacement has
a predictable eVect on the outcome of the whole? Or does
the whole exceed the sum of its parts? The sceptical position
is to assume this possibility. Opinion on these issues will
decide whether clinical PET can be introduced on the
strength of the above reviewed literature and associated
models, or whether it must await a large study reporting
actual costs and survival figures within diVerent subgroups.
The benchmark criterion for measuring patient related
outcomes is a randomised controlled trial. The ideal
randomised controlled trial would validate a management
algorithm reflecting the kind of point decisions about disease
probability that are the essence of normal clinical practice.
The local environment of fragmented service provision
favours recruitment into a randomised controlled trial—in
many ways medical science has evolved as a series of genies
being let out of boxes and it is those with uncertain access to
new technologies who participate in trials.

Conclusions

After 7 years, 29 studies, and one statistically significant
meta-analysis, we can reasonably conclude that the routine
use of FDG-PET would lead to more accurate lung cancer
staging on a population basis. The cost of setting up routine
use in the UK would be of the order of £2–5 million per
annum. Cost eVectiveness models at the health funding level
have laid out some financial bounds on the choice of
interventions. Within these constraints there remains
freedom for clinicians to determine what is actually sensible
and reasonable to do. However, we presently lack algorithms
for the judicious use of FDG-PET technology in individual
lung cancer care. Such algorithmic approaches are well
recognised in respiratory nuclear medicine—for example, the
analysis of pre- and post-test probabilities of pulmonary
embolus that arose from the PIOPED study.61 Bayesian
probability analyses have been described in the diagnosis of
solitary pulmonary nodules and compared with the results of
FDG-PET for that indication.62 There may well be suYcient
information already in the literature on which to construct
workable estimates of pre- and post-test probabilities of
NSCLC stage within diVerent clinical scenarios. Presently,
given the fragmented distribution of FDG-PET facilities in
the UK, there is the opportunity to assess this type of
approach in a randomised trial. Ultimately, possession of
clinically validated, clinically relevant, clinical guidelines
should be the key to activating a clinical lobby for the
extension of FDG-PET infrastructure.

Table 5 Point probabilities of nodal disease

Baseline After CT
After positive
PET

PET
useful?

Strategy B 0.30 0.18 (negative CTs) 0.82 Yes
Strategy C 0.30 0.52 (positive CTs) 0.81 Unlikely

Laking, Price

*ii42

www.thoraxjnl.com

http://thorax.bmj.com


Postscript

After submission of this article, the authors became aware of
two small randomised trials assessing the clinical utility of
FDG-PET for lung cancer staging.63 64 Both have been
presented, in abstract form only, at meetings of the American
Society of Clinical Oncology (ASCO). They have reported
conflicting results, and we conclude that more work will have
to be done. Hence, we have proposed a larger randomised
study in the UK.

References

1 Parkin DM , Pisani P, Ferlay J. Global cancer statistics. CA Cancer J
Clin 1999;49:33–64.

2 Hoffman PC , Mauer AM, Vokes EE. Lung cancer. Lancet
2000;355:479–85.

3 The Ludwig Lung Cancer Study Group . Patterns of failure in patients
with resected stage I and II non-small-cell carcinoma of the lung. Ann
Surg 1987;205:67–71.

4 Ginsberg R , Hill I, Eagan R. Modern 30-day operative mortality for
surgical resection in lung cancer. J Thorac Cardiovasc Surg
1983;86:654–8.

5 Gambhir SS , Hoh CK, Phelps ME, et al. Decision tree sensitivity
analysis for cost-effectiveness of FDG-PET in the staging and
management of non-small-cell lung carcinoma. J Nucl Med
1996;37:1428–36.

6 Pieterman RM , van Putten JWG, Meuzelaar JJ, et al. Preoperative
staging of non-small-cell lung cancer with 18-fluorodeoxyglucose
positron-emission tomography. N Engl J Med 2000;343:254–61.

7 Griffiths D , Lewington G. Mobile PET systems. RAD Magazine
2001;27:25–6.

8 Warburg O . The metabolism of tumours. New York: Richard R Smith
Inc, 1931:129–69.

9 Ahmed N . Berridge MV. Regulation of glucose transport by interleukin-3
in growth factor-dependent and oncogene-transformed bone
marrow-derived cell lines. Leukoc Res 1997;21:609–18.

10 Smith TA . Facilitative glucose transporter expression in human cancer
tissue. Br J Biomed Sci 1999;56:285–92.

11 Mathupala SP , Rempel A, Pedersen PL. Aberrant glycolytic metabolism
of cancer cells: a remarkable coordination of genetic, transcriptional,
post-translational, and mutational events that lead to a critical role for
type II hexokinase. J Bioenerg Biomembr 1997;29:339–43.

12 Sokoloff L , Reivich M, Kennedy C, et al. The [14C] deoxyglucose
method for the measurement of local cerebral glucose utilisation: theory,
procedure, and normal values in the conscious and anesthetised albino
rat. J Neurochem 1977;28:897–916.

13 Som P , Atkins HL, Bandoypadhyay D, et al. A fluorinated glucose
analog, 2-fluoro-2-deoxy-D-glucose (F-18): nontoxic tracer for rapid
tumor detection. J Nucl Med 1980;21:670–5.

14 Di Chiro G , de la Paz RL, Brooks RA, et al. Glucose utilization of
cerebral gliomas measured by [18F] fluorodeoxyglucose and positron
emission tomography. Neurology 1982;32:1323–9.

15 Blettner M , Grosche B, Zeeb H. Occupational cancer risk in pilots and
flight attendants: current epidemiological knowledge. Radiat Environ
Biophys 1998;37:75–80.

16 National Radiological Protection Board (NRPB) . Living with radiation.
5th ed. London: NRPB, 1998.

17 Lonneux M , Delval D, Bausart R, et al. Can dual-headed 18-F-FDG
SPET imaging reliably supersede PET in clinical oncology? A
comparative study in lung and gastrointestinal tract cancer. Nucl Med
Commun 1998;19:1047–54.

18 Beyer T , Townsend DW, Brun T, et al. A combined PET/CT scanner for
clinical oncology. J Nucl Med 2000;41:1369–79.

19 Laroche C , Wells F, Coulden R, et al. Improving surgical resection rate
in lung cancer. Thorax 1998;53:445–9.

20 http://www .hcfa.gov/coverage/download/8b3-hh.pdf
21 Bar-Shalom R , Valdivia AY, Blaufox MD. PET imaging in oncology.

Semin Nucl Med 2000;30:150–85.
22 Wahl RL , Quint LE, Greenough RL, et al. Staging of mediastinal

non-small cell lung cancer with FDG PET, CT, and fusion images:
preliminary prospective evaluation. Radiology 1994;191:371–7.

23 Scott WJ , Gobar LS, Terry JD, et al. Mediastinal lymph node staging of
non-small cell lung cancer: a prospective comparison of computed
tomography and positron emission tomography. J Thorac Cardiovasc
Surg. 1996;111:642–8.

24 Chin R , Ward R, Keyes JW, et al. Mediastinal staging of non-small cell
lung cancer with positron emission tomography. Am J Respir Crit Care
Med 1995;152:2090–6.

25 Patz EF, Lowe VJ, Goodman PC, et al. Thoracic nodal staging with PET
imaging with FDG in patients with bronchogenic carcinoma. Chest
1995;108:1617–21.

26 Marom EM , McAdams HP, Erasmus JJ, et al. Staging non-small cell
lung cancer with whole-body PET. Radiology 1999;212:803–9.

27 Farrell MA , McAdams HP, Herndon JE, et al. Non-small cell lung
cancer: FDG PET for nodal staging in patients with stage I disease.
Radiology 2000;215:886–90.

28 Valk PE , Pounds TR, Hopkins DM, et al. Staging non-small cell lung
cancer by whole body positron emission tomographic imaging. Ann
Thorac Surg 1995;60:1573–82.

29 Sazon DA , Santiago SM, Soo Hoo GW, et al. Fluorodeoxyglucose
positron emission tomography in the detection and staging of lung
cancer. Am J Respir Crit Care Med 1996;153:417–21.

30 Weng E , Tran L, Rege S, et al. Accuracy and clinical impact of
mediastinal lymph node staging with FDG-PET in potentially resectable
lung cancer. Am J Clin Oncol 2000;23:47–52.

31 Sasaki M , Ichiya Y, Akashi Y, et al. The usefulness of FDG positron
emission tomography for the detection of mediastinal lymph node
metastases in patients with non-small cell lung cancer: a comparative
study with x-ray computed tomography. Eur J Nucl Med 1996;23:741–7.

32 Bury T , Hermans G, Alexis-Agnant R, et al. Whole body 18FDG
positron emission tomography in the staging of non-small cell lung
cancer. Eur Respir J 1997;10:2529–34.

Learning points

c Incorrect staging of NSCLC leads to increased mortality, morbidity, and cost—mainly
when patients undergo thoracotomy in the presence of advanced disease.

c The principle behind functional imaging with FDG-PET is that malignant tumours avidly
absorb and retain fluorodeoxyglucose (FDG).

c FDG-PET scanning is associated with an increase in the accuracy of nodal staging of
NSCLC from 72% to 87%.

c Models predict that addition of FDG-PET to the preoperative work up of patients with
negative mediastinal CT scans could prevent about one “futile” thoracotomy for every
10 scans.

c Two small randomised controlled trials on the end point of thoracotomy have had
conflicting results.

c A larger randomised study is proposed for the UK (the authors can be contacted for
further information).

FDG-PET and the staging of early lung cancer

*ii43

www.thoraxjnl.com

http://thorax.bmj.com


33 Guhlmann A , Storck M, Kotzerke J, et al. Lymph node staging in
non-small cell lung cancer: evaluation by [18-F]FDG positron emission
tomography (PET). Thorax 1997;52:438–41.

34 Hagberg RD , Segall GM, Stark P, et al. Characterization of pulmonary
nodules and mediastinal staging of bronchogenic carcinoma with F-18
fluorodeoxyglucose positron emission tomography. Eur J Cardiothorac
Surg 1997;12:92–7.

35 Steinert HC , Hauser M, Allemann F, et al. Non-small cell lung cancer:
nodal staging with FDG-PET versus CT with correlative lymph node
mapping and sampling. Radiology 1997;202:441–6.

36 Weder W , Schmid RA, Bruchhaus H, et al. Detection of extrathoracic
metastases by positron emission tomography in lung cancer. Ann
Thorac Surg 1998;66:886–93.

37 Kutlu CA , Pastorino U, Maisey M, et al. Selective use of PET scan in
the preoperative staging of NSCLC. Lung Cancer 1998;21:177–84.

38 Saunders CAB , Dussek JE, O’Doherty MJ, et al. Evaluation of
fluorine-18-fluorodeoxyglucose whole body positron emission
tomography imaging in the staging of lung cancer. Ann Thorac Surg
1999;67:790–7.

39 Vansteenkiste JF , Stroobants SG, De Leyn PR, et al. Lymph node
staging in non-small cell lung cancer with FDG-PET scan: a prospective
study of 690 lymph node stations from 68 patients. J Clin Oncol
1998;16:2142–9.

40 Berlangieri SU , Scott AM, Knight SR, et al. F-18 fluorodeoxyglucose
positron emission tomography in the non-invasive staging of non-small
cell lung cancer. Eur J Cardiothorac Surg 1999;16:S25–30.

41 Higashi K , Nishikawa T, Seki H, et al. Comparison of fluorine-18-FDG
PET and thallium-201 SPECT in evaluation of lung cancer. J Nucl Med
1998;39:9–15.

42 Gupta NC , Graeber GM, Rogers JS, et al. Comparative efficacy of
positron emission tomography with FDG and computed tomographic
scanning in preoperative staging of non-small cell lung cancer. Ann Surg
1999;229:286–91.

43 Kernstine KH , Stanford W, Mullan BF, et al. PET, CT, and MRI with
combidex for mediastinal staging in non-small cell lung carcinoma. Ann
Thorac Surg 1999;68:1022–8.

44 Stokkel MPM , Bakker PFA, Heine R, et al. Staging of lymph nodes with
FDG dual-headed PET in patients with non-small-cell lung cancer. Nucl
Med Commun 1999;20:1001–7.

45 Tatsumi M , Yutani K, Watanabe Y, et al. Feasibility of
fluorodeoxyglucose dual-head gamma camera coincidence imaging in
the evaluation of lung cancer: comparison with FDG-PET. J Nucl Med
1999;40:566–73.

46 Kalff V , Hicks RJ, MacManus MP, et al. Clinical impact of 18-F
fluorodeoxyglucose positron emission tomography in patients with
non-small-cell lung cancer: a prospective study. J Clin Oncol
2001;19:111–8.

47 http://www .cochrane.org/cochrane/sadtdoc1.htm
48 Parkin DM , Sankaranarayanan R. Overview on small cell lung cancer in

the world: industrialized countries, Third World, Eastern Europe.
Anticancer Res 1994;14:277–82.

49 Dwamena BA , Sonnad SS, Angobaldo JO, et al. Metastases from
non-small cell lung cancer: mediastinal staging in the 1990s—
meta-analytic comparison of PET and CT. Radiology 1999;213:530–6.

50 World Health Organisation . Histological typing of lung tumours. 2nd
ed. Geneva: World Health Organisation, 1981.

51 Watanabe Y , Shimizu J, Tsubota M, et al. Mediastinal spread of
metastatic lymph nodes in bronchogenic carcinoma. Chest
1990;97:1059–65.

52 Rosell R . Preoperative staging of non-small-cell lung cancer with
18-fluorodeoxyglucose positron-emission tomography (letter). N Engl J
Med 2000;343:1572.

53 Younes RN , Gross JL, Deheinzelin D. Follow-up in lung cancer: how
often and for what purpose? Chest 1999;115:1494–9.

54 Dietlein M , Weber K, Gandjour A, et al. Cost-effectiveness of FDG-PET
for the management of potentially operable non-small cell lung cancer:
priority for a PET-based strategy after nodal-negative CT results. Eur J
Nucl Med 2000;27:1598–609.

55 Albanell J , Lonardo F, Rusch V, et al. High telomerase activity in
primary lung cancers: association with increased cell proliferation rates
and advanced pathologic stage. J Natl Cancer Inst 1997;89:1609–15.

56 Fukuse T , Hirata T, Naiki H, et al. Prognostic significance of proliferative
activity in pN2 non-small-cell lung carcinomas and their mediastinal
lymph node metastases. Ann Surg 2000;232:112–8.

57 Chen YH , Gao W, Zhou T, et al. Detection of bone marrow
micrometastasis. Hybridoma 1999;18:465–6.

58 Salerno CT , Frizelle S, Niehans GA, et al. Detection of occult
micrometastases in non-small cell lung carcinoma by reverse
transcriptase-polymerase chain reaction. Chest 1998;113:1526–32.

59 Forozan F , Karhu R, Kononen J, et al. OP genome screening by
comparative genomic hybridization. Trends Genet 1997;13:405–9.

60 Valk PE . Randomized trails are not appropriate for imaging technology
evaluation. J Nucl Med 2000;41:1125–6.

61 A Collaborative Study by the PIOPED Investigators . Value of the
ventilation/perfusion scan in acute pulmonary embolism: results of the
Prospective Investigation of Pulmonary Embolism Diagnosis (PIOPED).
JAMA 1990;263:2753–9.

62 Dewan NA , Shehan CJ, Reeb SD, et al. Likelihood of malignancy in a
solitary pulmonary nodule: comparison of Bayesian analysis and results
of FDG-PET scan. Chest 1997;112:416–22.

63 van Tinteren H , Hoekstra OS, Smit EF, et al. Randomized controlled
trial (RCT) to evaluate the cost-effectiveness of positron emission
tomography (PET) added to conventional diagnosis in non-small cell
lung cancer (NSCLC). ASCO Proceedings 2000: abstract 1885.

64 Boyer MJ , Viney R, Fulham M, et al. A randomized trial of conventional
staging (CS) with or without positron emission tomography (PET) in
patients (pts) with stage 1 or 2 non-small cell lung cancer (NSCLC).
ASCO Proceedings 2001: abstract 1233.

Laking, Price

*ii44

www.thoraxjnl.com

http://thorax.bmj.com

