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PET and PET/CT have changed the diagnostic algorithm in oncology. Health care systems worldwide have recently approved
reimbursement for PET and PET/CT for staging of non–small cell
lung cancer and differential diagnosis of solitary pulmonary nodules because PET and PET/CT have been found to be cost-effective for those uses. Additional indications that are covered by
health care systems in the United States and several European
countries include staging of gastrointestinal tract cancers, breast
cancer, malignant lymphoma, melanoma, and head and neck
cancers. Regarding these indications, diagnostic effectiveness
and superiority over conventional imaging modalities have
been shown, whereas cost-effectiveness has been demonstrated only in part. This article reports on the current knowledge
of economic evaluations of PET and PET/CT in oncologic applications. Because more economic evaluations are needed for
several clinical indications, we also report on the methodologies
for conducting economic evaluations of diagnostic tests and
suggest an approach toward the implementation of these tests
in future clinical studies.
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he introduction of PET to clinical oncology in the early
1990s, and, more recently, combined imaging with CT, have
substantially influenced the management of patients with
cancer (1–6). The combination of a dedicated PET scanner
and multislice helical CT enables integrated functional and
high-resolution morphologic imaging (5). In many industrialized countries, the advantages of this diagnostic approach
to differential diagnosis of undefined lesions, initial tumor
staging, detection of relapse, and response monitoring have
been recognized. Since its introduction to clinical medicine
in 2001, PET/CT has represented one of the diagnostic
modalities with the largest growth worldwide (Figs. 1 and 2)
(5). In addition to the information derived from separate
modalities, coregistration of PET with CT allows the
locations of lesions seen on PET to be determined precisely.
The addition of PET to CT data results in higher sensitivity
and specificity of cancer imaging. Moreover, CT data can be
used for attenuation correction of PET data, thereby reducing
the scan duration by 20%–30%. A standard examination
covering the cervical region, chest, abdomen, pelvis, and
thigh can be performed within 20–30 min.
In the United States, the Centers for Medicare and
Medicaid Services allow reimbursement for most clinical
indications in oncology, such as staging and restaging of lung
cancer; esophageal, colorectal, and other gastrointestinal
tract cancers; breast cancer; kidney and other genitourinary
cancers; melanoma; head and neck cancers; and malignant
lymphoma (Table 1). Assessment of response to treatment in
breast cancer is also reimbursed. Recently, the Centers for
Medicare and Medicaid Services have announced that further
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FIGURE 1. PET/CT represents one of the medical imaging modalities with the largest growth worldwide. In 2009, approximately
2,000 PET/CT scanners were installed in the United States and approximately 350 were installed in Europe. Considering
a population of about 307 million in the United States and 830 million in Europe, the United States has installed about 6 times as
many scanners as all of Europe but has only one third the population. (Courtesy of Siemens/CTI.)

indications will be included in the list of services covered,
provided that examinations are part of prospective clinical
trials. In 2006, the National Oncologic PET Registry was
launched to assess the influence of PET and PET/CT on care
decisions (7–9). The registry is an attempt of the Centers for
Medicare and Medicaid Services to further evaluate the
clinical utility of PET and to make evidence-based decisions
on coverage of PET for each cancer type or clinical indication. In Europe, the number of clinical indications for
which reimbursement is approved varies between countries.
In Germany, PET and PET/CT have recently been approved
by the national health care system for management of non–
small cell lung cancer (Table 1). Particularly, the use of PET/
CT for initial tumor staging and for further characterization
of solitary pulmonary nodules has been recognized as an
adequate diagnostic test that is also cost-effective (10). At
present, approximately 2,000 PET/CT scanners have been
installed in the United States—about 6 times the number in
all of Europe (approximately 350 PET/CT installations) (Fig.
1). Considering a population of 82 million in Germany, there
are about 6.5 scanners per million people in the United States
and 1.2 scanners per million people in Germany (Fig. 2).
Depending on the clinical needs, a variety of radiopharmaceuticals has been established for molecular or metabolic
imaging with PET (6). The most relevant biomarker for

functional characterization of cancers is the glucose analog
18F-FDG. Whereas conventional imaging modalities such as
ultrasound, CT, or MRI allow detection of tumors based on
characteristic morphologic alterations, PET enables the
characterization of tumors based on molecular or metabolic
alterations. After intravenous injection, 18F-FDG is avidly
taken up by tumor cells, similar to the native glucose
molecule. After conversion of FDG to FDG-6-monophosphate by the cytosolic enzyme hexokinase, the metabolite
cannot be further metabolized, leading to its metabolic
trapping. Several radiopharmaceuticals that are capable of
visualizing distinct pathophysiologic processes have been
described. However, relevant cost-effectiveness studies have
been performed exclusively for PET and PET/CT using the
glucose analog 18F-FDG.
DIAGNOSTIC EFFECTIVENESS OF PET AND PET/CT IN
ONCOLOGY
Tumor Detection and Differential Diagnosis of Benign
and Malignant Tumors
18F-FDG

PET allows the detection of malignant tumors
based on increased glucose use. Tumors evident on morphologically based imaging modalities can be more specifically
characterized. As an example, prospective studies indicated
that for characterization of newly diagnosed solitary lung
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FIGURE 2. In Europe, introduction of PET/CT hybrid scanners
has also led to an increase in their installations. Compared with
the United States, however, a less accelerated growth has been
observed. In 2009, 70 scanners were installed in Germany and
350 in all of Europe. (Courtesy of Siemens AG.)

nodules, 18F-FDG PET has a sensitivity of 89%–100%,
a specificity of 69%–100%, and an accuracy of 89%–96%
(11–13). 18F-FDG is not tumor-specific and is also taken up
by benign lesions such as inflammatory processes. A PET
scan with negative findings can prevent surgical interventions at least in patients with an increased risk profile. PET
and PET/CT can also be used to localize malignant tumors if
conventional diagnostic procedures are not able to determine
the primary site (cancer of unknown primary). In this regard,
PET is especially helpful for localization of malignant
primaries in the head and neck region. Also, in the case of
increasing tumor markers or paraneoplastic syndromes, PET
can help identify the primary tumor. A review of the
diagnostic effectiveness of PET and PET/CT in oncology
has recently been published by Fletcher et al. (14).
Tumor Staging and Prognostic Stratification

For planning the optimal treatment strategy, precise information about the initial tumor spread (tumor staging) is
mandatory. If cancer is diagnosed at an early stage, the
treatment of choice usually includes complete resection of
the tumor, with curative intent. However, if the tumor has
already reached distant organs, cure is usually not possible
using surgery alone. In this situation, surgery has to be
replaced or supplemented by systemic chemotherapy or
radiotherapy to eliminate both the malignant primary and
metastatic deposits or to prevent disease progression (Fig. 3).
In this context, PET and PET/CT offer many advantages over
conventional imaging modalities. Small tumor deposits in
liver, lungs, bone, adrenal glands, or rare sites such as soft
tissues, thyroid, or skin can be detected in a single examination. Micrometastases or solitary tumor cells, however,
cannot be detected. Small lung metastases (,6 mm) can
also be missed by PET, when performed as a separate
imaging test. In principle, staging of all malignant tumors
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is possible. 18F-FDG PET has a high accuracy for staging
non–small cell lung cancer, gastrointestinal tract cancers
(i.e., esophageal and colorectal cancer), malignant lymphoma, melanoma, thyroid cancer, and head and neck cancer.
Depending on the tumor subtype, changes in therapeutic
management of between 15% and 40% based on PETor PET/
CT findings have been described (2,4,5,15,16). Some tumors,
such as prostate cancer or neuroendocrine cancer, do not
exhibit increased glucose use, leading to false-negative
findings on 18F-FDG PET. 11C-choline PET or 11C-choline
PET/CT has a high sensitivity and specificity for staging and
especially restaging of prostate cancer. 68Ga-DOTATOC is
a new PET tracer for imaging neuroendocrine cancers. A
variety of molecular probes has been designed to address
specific metabolic pathways. A clinical benefit regarding
therapeutic management, increase of disease-free survival,
and overall survival remains to be demonstrated for most of
these radiotracers (5,6). Also, cost-effectiveness analyses
have not been performed so far.
Usually, the most important prognostic indicator of malignant tumors is the tumor stage at initial diagnosis. Risk
stratification due to the TNM classification system, however,
remains prone to error, since many patients who are diagnosed at an early stage will experience a relapse. Further
factors such as tumor aggressiveness or metabolic activity of
tumors could play an additional role in individual risk
stratification and estimation of prognosis. Avariety of studies
have linked the intensity of 18F-FDG and therefore glucose
use in the primary tumor to progression-free and overall
survival. In lung cancer, for example, tumoral 18F-FDG
uptake has been shown to represent an independent prognostic marker (17).
Evaluation of Response to Treatment

In individual patients, chemotherapy or radiation treatment shows varying therapeutic efficiency. A noninvasive
method capable of identifying response to treatment on the
individual level has therefore a high relevance. Using
standard criteria (World Health Organization; Response
Evaluation Criteria in Solid Tumors), response to treatment
can be estimated from a significant reduction of the tumor
volume. In contrast, PETallows detection of response earlier,
when no reduction in tumor size can be measured. A
reduction in glucose and, accordingly, 18F-FDG metabolism
is an indicator of effective therapy and has prognostic utility
regarding the effectiveness of additional cycles of therapy
(18,19). In the case of a nonresponse, a combination of
cytostatic drugs can be applied, the radiation dose can be
changed, or the entire therapeutic regime can be changed. In
breast cancer, rapid reduction of 18F-FDG uptake has been
demonstrated as soon as after 1 cycle of chemotherapy,
whereas in nonresponders a stable or even increased 18FFDG uptake has been demonstrated. A variety of tumor
entities such as malignant lymphoma, gastric and esophageal
cancer, head and neck cancer, and lung cancer has also shown
significant reduction of the 18F-FDG uptake in tumors
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TABLE 1.
Reimbursement of PET and PET/CT in United States (59) and Germany (60)
United States

Germany

Indication

Initial
treatment
strategy

Subsequent
treatment
strategy

Initial
treatment
strategy

Subsequent
treatment
strategy

Head and neck cancer
Esophagus cancer
Gastric cancer
Small intestinal cancer
Colon and rectal cancer
Anal cancer
Hepatocellular carcinoma
Gallbladder and cholangiocellular carcinoma
Pancreatic cancer
Cancers of retroperitoneum and peritoneum
Non–small cell lung cancer
Small cell lung cancer
Mesothelioma
Cancers of mediastinum; thymus carcinoma
Sarcoma of bone
Soft-tissue sarcoma
Melanoma
Skin cancers (nonmelanoma)
Breast cancer
Uterine cancer
Cervix carcinoma
Ovarian cancer
Prostate cancer
Bladder cancer
Kidney and other urinary tract cancers
Primary brain tumors
Thyroid cancer
Other endocrine tumors
Cancer of unknown primary
Lymphoma
Myeloma
Leukemia
Neuroendocrine tumors
Other cancers

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C/—y
C
C/—yz
C
C/NOPR§
C
—
C
C
C
C
C
C
C
C
NOPR
C
C

C
C
NOPR
NOPR
C
NOPR*
NOPR
NOPR
NOPR
NOPR
C
NOPR
NOPR
NOPR
NOPR
NOPR
C
NOPR
C
NOPR
C
C
NOPR
NOPR
NOPR
NOPR
C/NOPRk
NOPR
NOPR
C
C
NOPR
NOPR
NOPR

—
—
—
—
—
—
—
—
—
—
C
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

—
—
—
—
—
—
—
—
—
—
C
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

*Some Medicare contractors include anal cancer in their local coverage of ‘‘colorectal cancer’’; for PET facilities served by those carriers,
PET for subsequent treatment evaluation of anal cancer would be a covered indication.
y
PET is not covered for initial staging of axillary lymph nodes in patients with breast cancer and of regional lymph nodes in patients with
melanoma but is covered for detection of distant metastatic disease in high-risk patients with breast cancer or melanoma.
z
PET is not covered for ‘‘diagnosis’’ of breast cancer to evaluate suggestive breast mass. However, PET is covered for initial treatmentstrategy evaluation of patient with axillary nodal metastasis of unknown primary origin or patient with paraneoplastic syndrome potentially
caused by occult breast cancer.
§
Patient must have prior CT or MRI negative for extrapelvic metastatic disease for PET to qualify as covered indication for initial
treatment-strategy evaluation. Patients who do not qualify for this covered indication (e.g., because CT or MRI was not done or because
either CT or MRI showed extrapelvic metastatic disease) can be entered on NOPR.
k
To qualify as covered indication for subsequent treatment-strategy evaluation, thyroid cancer must be of follicular cell origin and have
been previously treated by thyroidectomy and radioiodine ablation and patient must have serum thyroglobulin level . 10 ng/mL and
negative whole-body 131I findings. Patients who do not qualify for this covered indication (e.g., because tumor is not of follicular cell origin,
thyroglobulin is not elevated, or 131I whole-body imaging was not performed or is positive) can be entered on NOPR.
C 5 covered (not eligible for entry in National Oncologic PET Registry [NOPR]); NOPR 5 covered only with entry in NOPR; — 5 not
covered nationally (not eligible for entry in NOPR).
Modified from http://www.cancerpetregistry.org/indications_facilities.htm.

responding to therapy. In responders, a significantly longer
disease-free and overall survival has been demonstrated (19).
However, we lack prospective studies demonstrating a clinical benefit of PET-based alterations of therapeutic manage-

ment. Recently, the team of Lordick demonstrated that
patients with tumors of the esophagogastric junction and
PET response have a good long-term prognosis. In PET
nonresponders, treatment was discontinued and resective
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FIGURE 3. PET/CT has greater diagnostic accuracy than separately performed imaging modalities. In this
patient at initial diagnosis of colorectal
cancer, coronal (A) and sagittal (B) PET/
CT images indicate increased metabolic
activity of malignant primary (arrows);
transaxial CT (C) and PET/CT (D) images
indicate synchronous bone and liver
metastases (arrows), leading to change
from curative resection to systemic chemotherapy; and transaxial CT (E) and
PET/CT (F) images at another level indicate primary tumor.

surgery followed without additional cycles of therapy.
Compared with a historic collective receiving 6 cycles of
chemotherapy despite PET nonresponse (20), nonresponders
have shown a tendency toward better median survival (21).
However, randomized clinical trials are necessary to prove
a positive influence of PET on therapeutic management and
on the course of disease.
Restaging and Detection of Recurrent Cancer

After a definite surgical intervention or chemo- or radiotherapy has been performed, imaging modalities and diagnostic tests are mandatory for early diagnosis of tumor
recurrence emerging from remaining tumor cells. In daily
clinical practice, differentiation between scar tissue and
residual vital tumor is a frequent problem. On morphologically based imaging modalities, both structures may appear
as a nonclassifiable tissue formation. Subsequently, an invasive test such as fine-needle aspiration cytology or core
biopsy is often necessary to provide further differential
diagnosis. The differentiation of scar tissue from vital
residual tumor is a prerequisite of functional imaging with
PET and PET/CT. Whereas tumor recurrence is associated
with increased glucose metabolism and, hence, increased
18F-FDG uptake, scar tissue usually presents with absence of
or mild 18F-FDG uptake, compared with surrounding normal
tissue. PET and PET/CT are especially effective for surveillance of colorectal, esophageal, lung, and breast cancer;
melanoma; head and neck cancer; malignant lymphoma; and
brain tumors (1,2,4). The clinical benefit of PET and PET/CT
for restaging patients with differentiated thyroid cancer and
an increase in the tumor marker thyroglobulin has also been
demonstrated.
Radiation Treatment Planning

The use of metabolic information for planning the radiation field leads to biologic target volumes, which can alter the
radiation field by increasing or reducing the target volume.
The additional identification of tumor deposits not detected
by other imaging modalities leads to an increase in the
radiation field. On the other hand, the radiation field can be
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reduced if nonmalignant alterations such as atelectatic lung
tissue can reliably be identified as benign. Consequently, the
radiation dose to neighboring structures can be reduced. It
has been reported that the inclusion of PET data leads to an
alteration of the radiation field in up to 60% of patients
(22,23). PET-based radiation treatment planning, however, is
not trivial. Especially, delineation of the primary tumor is
subject to a relevant interobserver variability. We lack
standardized evaluation criteria for PET that exceed simple
visual interpretation and allow quantification of metabolic
processes. The introduction of PET/CT hybrid scanners has
reduced errors originating from image fusion. Several prospective clinical trials have demonstrated that overall survival of patients receiving PET-based radiation treatment
planning was significantly higher than that of patients treated
without the use of PET (24). However, prospective, randomized trials have to be performed to demonstrate if the
implementation of PET also enhances disease-free and
overall survival.
Role of PET for Development of New Anticancer Drugs

PET offers unique characteristics that can be used for the
development of new anticancer drugs (1,6). The therapeutic
effect of innovative drugs can be measured noninvasively
using specific biologic endpoints such as tumor cell proliferation (39-deoxy-39-18F-fluorothymidine), glucose metabolism (18F-FDG), tumor perfusion (15O-H2O), protein
biosynthesis (O-(2-18F-fluoroethyl)-L-tyrosine, methylL-11C-methionine), or inhibition of neoangiogenesis (radiolabeled peptides specifically binding to the integrin avb3
such as 18F-galacto-RDG containing the amino acid sequence arginine, glycine, and aspartic acid—RGD in the
single-letter code). Overexpression of target structures such
as thymidylate synthase, vascular endothelial growth factor
receptor, erbB2, or estrogen receptors can be specifically
detected with 11C-thymidine, radiolabeled antibodies, or
ligands binding to vascular endothelial growth factor receptor, erbB2, or estrogen receptors (18F-fluoro-17-b-estradiol). The evaluation of biologic endpoints also allows one to
provide evidence of a proposed mechanism of action. PET
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can also be used for specific measurement or assessment of
the expression of reporter genes. For example, the substrate
124I-fluoro-5-iodo-1-b-D-arabinofuranosyluracil can be used
for quantification of viral thymidine kinase expression, and
Na124I is a suitable biomarker for detection of natrium iodide
symporter expression.
Generic endpoints can also be studied with PET. Drugs and
biochemical probes including small molecules, proteins, or
antibodies can be labeled with positron emitters. So far,
a large number of drugs have been radiolabeled for PET,
including nitrosourea, fluorouracil, tamoxifen, cisplatin, and,
more recently, gefitinib, imatinib, and others. The pharmacokinetics of a specific drug in tumor and normal tissues can
be evaluated in animal studies or in clinical phase I or II trials.
COSTS FOR PET AND PET/CT

On a patient basis, costs for PET and PET/CT are
decreasing with the increasing numbers of examinations
performed. In Germany, for example, costs per examination
range between approximately V600 ($885) and V1,000
($1,474); the amount for production and delivery of radiopharmaceuticals is approximately V180–V260 ($265–
$383) per scan. In a recent survey in Great Britain, costs of
£635–£1,300 ($1,030–$2,109) were mentioned for PET
(25). In Europe, reimbursement for PET and PET/CT
examinations varies significantly depending on the respective health care systems. In the United States, reimbursement for PET and PET/CT is provided by the Medicare
program. For examinations performed on inpatients or at
hospital outpatient departments, a median amount of
$952.83 is reimbursed. The amount consists of $855.43
for the examination and $97.40 for the analysis. Under
certain conditions, additional costs for the production of
radiopharmaceuticals are reimbursed.
METHODS FOR ECONOMIC EVALUATION

In a world of limited financial resources, those who make
reimbursement decisions increasingly require an assessment
of economic benefit to further demonstrate that diagnostic
procedures or interventions are able to contribute. The socalled economic evaluations go beyond pure effectiveness
measurements by combining costs and consequences (outcomes) of defined diagnostic procedures or interventions.
Commonly, there are 3 approaches toward economic evaluation, with the type of outcome measurement determining the
approach (26): cost-effectiveness analysis (CEA), cost-utility analysis (CUA), and cost-benefit analysis (CBA).
CEA

CEA compares alternative interventions using costs and
a common effectiveness measure (e.g., correct staging or
life-years gained). The results of such comparisons may be
stated either in terms of costs per unit of effect (e.g., costs
per life-years gained) or effects per unit (life-years gained
per dollar spent). In this context, the relative cost-effectiveness of alternative tests can be assessed as long as the

COST-EFFECTIVENESS

alternatives under consideration are not of exceptionally
different scale. To compare alternatives, the incremental
cost-effectiveness ratio (ICER) is calculated. It shows the
additional costs caused by the implementation of a new
diagnostic test or intervention and relates them to the
health outcome (ICER) 5 (costsnew test – costsstandard test)/
(life-years gainednew test – life-years gainedstandard test). Acceptable ICER thresholds (maximum ICERs) for reimbursement differ between countries according to wealth
and societal preferences. For instance, the English National
Institute for Health and Clinical Excellence defines a threshold of £30,000 (;$49,000) per additional life-year gained
as acceptable (27). However, in reality, other features such
as the innovative nature of a therapy are also considered.
The advantage of CEA is its simplicity. Study costs are
usually lower than for CUA and CBA, because effectiveness is usually measured in daily routine care or in clinical
trials whereas CUA and CBA require interviewers guiding
patients to answer defined questions.
CUA

CUA compares interventions using costs and outcomes
that are adjusted for quality of life, such as quality-adjusted
life-years (QALYs) or disability-adjusted life-years. Utilities
usually require interviewers who guide patients to answer
specific questions. Utilities can be generated either by
measuring preferences for health outcomes, that is, asking
patients about their preference for one state of health over
another (e.g., time trade-off or standard-gamble methods), or
by using a multiattribute health status classification system
(e.g., quality–of–well-being scale or EQ-5D). Results are
usually stated as costs per QALY. CUA has 2 advantages over
CEA. First, CUA allows for quality-of-life adjustments.
Second, whereas effectiveness measurements as part of
CEA are often limited to indications or treatment areas
(e.g., the parameter ‘‘correctly staged patients’’ is limited to
diagnostic tests), CUA provides generic outcome measures
to compare different programs, facilitating comparisons
between alternative programs. The problem with qualityof-life measurement is that there are numerous methods to
measure utilities, and results may vary according to the
method used. Preferences of evaluation agencies around the
world regarding methods for measurement of the quality of
life still differ, and a gold standard remains to be determined.
CBA

CBA measures not only costs but also the consequences in
monetary units. Diagnostic procedures or interventions are
commonly adopted if the monetary benefits exceed procedure-related costs. In this situation, the adoption results in
a net benefit. Thus, this approach ‘‘theoretically’’ does not
require a comparison to other diagnostic procedures or
interventions. However, in reality, there is a fixed health care
budget that allows the adoption of only a fixed number of
diagnostic procedures or interventions, and those with the
highest net benefit are selected. Similar to CUA, benefit is
measured by asking patients for their preferences. Again,
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there are many different methods to measure benefits, such as
contingent valuation studies or revealed preference studies.
However, CBA is still in its experimental stage, and gold
standards for how this analysis should be performed remain
to be determined. In addition, benefit measurement is quite
problematic from an ethical point of view as it implies
a valuation of different lives. For these reasons, evaluation
agencies usually prefer CEA and CUA.
COST-EFFECTIVENESS OF PET AND PET/CT IN
SELECTED CANCERS

The number of studies reporting on economic evaluations
of PET and PET/CT is limited. Compared with other
widespread imaging modalities such as CT and MRI, however, the number of available publications is higher. Presumably, this originates from the general assumption that
PET and PET/CT represent costly diagnostic tests. Accordingly, economic evaluations were requested early in the
clinical implementation of PET. Available studies almost
exclusively represent cost-effectiveness studies. von
Schulthess et al. announced a high potential for PET/CT as
a cost-effective approach for diagnostic management of
cancer (5). In most cancers, prospective studies lack evaluation of the cost-effectiveness of PET/CT. Moreover, clinical
scenarios in which this modality can be implemented costeffectively have not been defined yet. Initial studies have
shown at least mild improvement of diagnostic accuracy,
compared with separately performed CT and PET studies.
Therefore, results obtained for PET can generally be extended to PET/CT.
DIFFERENTIAL DIAGNOSIS OF SOLITARY PULMONARY
NODULES

Differentiation of benign from malignant pulmonary
nodules represents the first clinical indication for which
cost-effectiveness of PET has been demonstrated. The
potential of PET to be implemented cost-effectively in the
diagnostic work-up can be explained by a higher specificity
and higher diagnostic accuracy than is available with the
standard imaging approach. Costs for fine-needle biopsy and
thoracotomy can be prevented if a suggestive lesion can be
reliably classified as benign. In a case-tracking study, Valk et
al. reported that the use of PET has led to a reduction of costs
of $2,200 per patient (28). A second research group in the
United States reported cost savings of $91–$2,200 per patient
if the standard diagnostic algorithm consisting of CT only is
supplemented by PET (CT 1 PET strategy) (29). This
finding is evident for a large pretest likelihood of 0.12–
0.69. Two Australian research groups reported similar results. They published cost savings of AU$505 ($459) and
AU$935 ($849) (30) or AU$774 ($703) (31) per patient, if
PETwas performed additionally to CT. In contrast, a Japanese
group reported additional costs for a CT 1 PET strategy per
life-year saved (ICER 5 $1,557) (32). In Germany, Dietlein
et al. also reported additional costs for the PET-based strategy
and an ICER of V3,218 ($4,745) per life-year saved (33). All
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authors concluded that the additional costs for PET are in an
acceptable range.
Despite a varying prevalence of malignant pulmonary
nodules in individual studies, PET has been shown to be
cost-effective in a variety of geographic regions. CT-based
strategies seem to be cost-effective only if the patient
collective has a high pretest likelihood for malignant nodules.
Cost-effectiveness of PET regarding the differential diagnosis of undefined pulmonary nodules can be derived from the
fact that PET frequently shows additional findings such as
secondary cancers or metastatic tumor deposits causing
a change in clinical management and offering further
potential for cost savings, that is, omission of resective
surgery performed with curative intent.
Non–Small Cell Lung Cancer

The cost-effectiveness of 18F-FDG PET in staging lung
cancer is based on the potential of PET to detect metastases
that cannot be diagnosed using standard tests. Non–18FFDG-avid pulmonary lesions most likely represent benign
lesions. Therapeutic management will change in 19%–41%
of patients if PET is added to the diagnostic algorithm
(11,34). In 10%–14% of patients, detection of distant
metastases has prevented surgical interventions performed
with curative intent (15). A randomized study showed that the
number of ‘‘futile’’ thoracotomies was significantly reduced
by the addition of 18F-FDG PET to the diagnostic algorithm:
19 of 82 patients who underwent PET had a futile thoracotomy, compared with 29 of 96 who did not undergo PET (35).
Cost-effectiveness of 18F-FDG PET has been shown in 2
independent studies (33,36). Both groups demonstrated that
18F-FDG PET is cost-effective if it detects mediastinal lymph
node metastases that were not evident on CT. This is the case
in up to 20% of patients presenting with normal CT findings
but 18F-FDG–positive nodes indicating mediastinal lymph
node metastases. Accordingly, a significantly lower number
of patients underwent curative resective surgery. Conversely,
patients with mediastinal nodes suggestive on CT but
negative on PET do not have to undergo additional mediastinoscopy. These patients can directly undergo resective
surgery with curative intent. However, in the case of 18FFDG–positive nodes, mediastinoscopy is recommended to
rule out false-positive findings (37). Because of the additional costs of the PET scan, the contribution of PET to cost
savings is not significant in the case of 18F-FDG–positive
mediastinal nodes. Overall, the use of 18F-FDG PET for
staging and restaging non–small cell lung cancer has been
shown to be cost-effective and has been approved recently
by the German health care system (Federal Joint Committee,
G-BA) (10).
Colorectal Cancer

The conventional diagnostic algorithm performed for
imaging recurrent colorectal cancer (i.e., ultrasound of the
liver, CT, MRI) has several limitations. As a consequence of
imprecise restaging, only 30%–40% of liver resections are
performed with curative intent, causing a relatively high
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number of palliative surgical interventions and therefore
unnecessary costs. The ratio of additional costs for a PETbased imaging algorithm and the saving of additional lifeyears based on decision models has been evaluated in only
a few studies. For the assessment of cost-effectiveness, 2
studies considered the reimbursement policy of the U.S.
health care system (28,38), whereas a third study considered
the regulations of the French health care system (39). In
patients with recurrent colorectal cancer and suspicion of
hepatic metastases, Gambhir et al. compared various diagnostic algorithms, including a combination of the tumor
marker carcinoembryonic antigen and CT scan (carcinoembryonic antigen 1 CT) or the additional use of PET
(carcinoembryonic antigen 1 CT 1 PET) (40). Calculations
were based on decision models and revealed cost savings of
$220 per patient in the carcinoembryonic antigen 1 CT 1
PET group and a gain of life expectancy of 2 d, compared
with the conventional approach (carcinoembryonic antigen
1 CT). Using a similar approach, Park et al. compared the
diagnostic algorithms CT only and additional implementation of PET (CT 1 PET) in patients with suspicion of
recurrent colorectal cancer, as indicated by rising tumor
markers (carcinoembryonic antigen . 5 ng/mL) (38). According to the literature, unnecessary surgical interventions
can be prevented by 18F-FDG PET in 2.8% of patients
presenting with rising tumor marker carcinoembryonic
antigen after definite treatment for colorectal cancer. Transferring these data to the incidence of recurrent colorectal
cancer in the United States, we find that a total of 6,000 PET
examinations are associated with 167 surgical interventions
cancelled because of the findings at PET. In contrast to the
results of Gambhir et al., implementation of PET in the
diagnostic algorithm increased costs by $429 per patient but
also increased life expectancy by 9.5 d. The ICER is as high
as $16,437 per life-year saved. Lejeune et al. reported a cost
analysis based on survival data of the ‘‘Registre Bourgignon
des Cancers Digestif’’ (39). In contrast to the other studies
mentioned, suspicion of relapse was based on ultrasound
imaging of the abdomen. Calculations were again based on
decision models and revealed cost savings of $3,213 per
patient if PET was implemented in the diagnostic work-up
(CT 1 PET). In this study, PET was cost-effective because of
a marked reduction in the number of surgical interventions
(by 88%), compared with the CT-based approach. On the
other hand, a gain of life expectancy could not be demonstrated.
Head and Neck Cancers

Two studies performed in the United States could demonstrate the cost-effectiveness of PET in head and neck cancers.
Valk et al. prospectively evaluated patients with resectable
head and neck cancer or local tumor recurrence (28). Detection of distant metastases led to cancellation of curative
surgery and resulted in a cost saving of $500 per patient.
Another study analyzed the cost-effectiveness of PET in
patients with squamous cell carcinoma of the head and neck
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and absence of clinical signs indicating locoregional lymphatic spread on CT (41). In this patient collective, PET is
cost-effective if lymph node metastases can be detected more
sensitively than with the standard imaging approach. By
preventing morbidity and enhancing the overall survival and
quality of life, PET-based tumor staging was associated with
an increase of median survival of 0.13 y or 0.44 QALYs. PET
resulted in additional costs of $1,107, taking into account
the ICER of $871 per life-year saved or $2,505/QALY.
Given the prevalence of 18F-FDG–positive lymph node
metastases of 16%–36%, costs were below the approved
threshold of $50,000.
Malignant Lymphoma

Cost-effectiveness of PET and PET/CT regarding staging
of Hodgkin disease and non-Hodgkin lymphoma has been
evaluated by several groups in the United States and
Germany. In the study by Hoh et al., the addition of PET to
the diagnostic work-up increased the diagnostic accuracy
from 83% to 94% and reduced costs for tumor staging by
approximately $1,685 (42). A similar finding regarding the
impact of PET on tumor staging has been published by Klose
et al. The authors reported an increase of diagnostic accuracy
from 82% to 100%. However, the addition of PET increased
the overall costs for tumor staging (43). Costs for each
correctly diagnosed tumor stage were V478 ($704) using
a CT-based approach and V3,133 ($4,613) using a PET-based
approach. For a patient correctly staged by PET but falsely
staged by CT, additional costs of V15,065 ($22,182) were
calculated. Accordingly, an economic advantage for PET
could not be demonstrated in that series.
Pancreatic Cancer

A single study reports on the cost-effectiveness of PET/CT
for staging of pancreatic cancer (44). In 59 patients, the
positive predictive value was 91% and the negative predictive
value was 64%. PET was able to identify additional metastases in 5 patients and secondary malignancies in a further 2
patients. Consequently, the therapeutic management was
changed in 16% of patients. An amount of $37,700 was
calculated for the surgical procedure, and a daily rate of
$1,200 for the hospital stay. Cost for PET/CT was $1,925 per
examination (cost for production and delivery of the 18FFDG was $425; cost for the examination with PET/CT was
$1,500). For histologic confirmation of PET/CT findings, an
additional cost of $12,010 was calculated (i.e., CT-guided
fine-needle aspiration cytology and thoracoscopic wedge
resection). Because of a change from tumor resection
(2$188,500) to palliative chemotherapy, $1,066 was saved
per patient (total amount, $62,912), taking into account the
added costs for PET/CT and diagnostic procedures arising
from PET/CT results.
Other Solid Neoplasms

Analyses of cost-effectiveness in a multitude of other
tumor entities have been evaluated predominantly in singlecenter studies having few patients. In a cohort consisting of
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45 patients with recurrent melanoma, PET was able to
detect previously unknown distant metastases in 27% of
patients or could assign suggestive lesions as benign (28).
Curative surgical intervention was cancelled, resulting in
cost saving of $2,175 per patient. Cost-effectiveness of the
PET strategy regarding detection of locoregional lymph
node metastases from breast cancer has been studied in
Australia and the United States. The American study
reported a reduction of costs by $2,300 (45), and the
Australian study by AU$550 ($499) (30). However, the
clinical relevance of PET or PET/CT regarding staging of
the axilla is now reduced because of implementation of the
sentinel lymph node concept.
SUGGESTED SETUP FOR ECONOMIC EVALUATION OF
PET/CT
Choosing a Type of Economic Evaluation

The main goal of economic evaluation is to compare the
costs and consequences of alternative options (26). Although
CEA allows a comparison of the costs and effectiveness of
alternatives (e.g., costs per life-year saved), CUA is superior
in that health-related quality-of-life (HRQL) measures combine differences in life-years saved with differences in
toxicity profiles and adverse events (46,47). A CUA is even
more important when differences in clinically relevant outcomes between interventions are expected to be small. In
addition, CUA allows direct comparison for a broad range of
interventions, whereas a CEA can compare only interventions for which the same outcome measures are essential
(46). To compare the effectiveness of diagnostic methods in
oncologic applications, a CEA would be sufficient. However,
if the results are to be used in a broader context, as in
a decision to allocate resources between different health care
programs by regulatory agencies such as the National Institute for Health and Clinical Excellence in England or the
Institute for Quality and Efficiency in Health Care in
Germany, the additional use of CUA is recommended.
Study Design

Because PET, CT, and PET/CT are diagnostic methods
used for further work-up of patients with predominantly lifethreatening diseases, it would be unethical to do a fully
randomized, controlled trial in which treatment choice is
based on only 1 of the 3 diagnostic methods to which patients
are randomly allocated (48). Also, there is evidence that PET
is superior in staging tumors, compared with CT (33,43,49).
Withholding available diagnostic results to patients in the CT
group of a randomized controlled trial might result in
increased mortality and thus be clearly inappropriate (48,50).
Instead, each cancer patient should be diagnosed with all 3
methods. For each diagnostic method, the results should then
be allocated anonymously to external experts for clinical or
scientific evaluation. Although the actual treatment choice
for the patient is based on all available diagnostic results,
treatment choice within the economic evaluation should be
based on the staging according to each method. Thus, in the
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economic evaluation it is possible that the patient who has in
fact received surgical treatment is considered nonresectable
according to CT, resectable according to PET, and nonresectable according to PET/CT. We also recommend that, in
the economic evaluation, the patient is assumed to be treated
strictly according to guidelines.
Measurement of Treatment Costs

To calculate CEA and CUA, data on costs must be
obtained. From an economic perspective, the data are
differentiated between costs incurred for the treatment of
the patient (so-called direct medical costs; e.g., hospital costs
or cost of pharmaceuticals) and other costs incurred because
of the illness but not related to the treatment itself (so-called
indirect costs; e.g., loss of productivity due to absence from
work). When calculating direct costs in economic evaluations of diagnostic tests, one should keep in mind the costs for
potential treatment (e.g., surgery or chemotherapy, following
the recommendations of the diagnostic tests) in addition to
the costs for the diagnostic tests.
The decision on which resources consumed in treating
a disease are considered ‘‘costs’’ in an economic evaluation
also depends on the perspective chosen for the economic
analysis. Although, from the payer’s perspective, indirect
costs are usually irrelevant because they are not borne by the
payer, indirect costs are highly relevant from the societal
perspective. Also, the amount of costs incurred may differ
depending on the perspective chosen. Although the costs of
treatment from the provider’s perspective are the production
costs of services, the costs of treatment from the payer’s
perspective are equal to the reimbursement for the services.
The choice of perspective depends on the group that is to be
addressed by the study. For example, when the study is to
provide information for a reimbursement decision by
agencies such as the National Institute for Health and Clinical
Excellence and the Institute for Quality and Efficiency in
Health Care, it is recommended that the payer’s perspective
be used (27,51).
Measurement of Effectiveness

It is important that the effectiveness measures used in an
economic evaluation are generally accepted and meaningful.
Although effectiveness can always be defined in great detail
from a medical perspective (e.g., stages for the classification
of cancer), it might be important to apply a broader definition
in an economic evaluation. In the case of correct staging as
a measure of the effectiveness of CT, PET, or PET/CT, the
more detailed the stages, the larger the study population
needed to produce meaningful results.
Utility Measurement

Utility measurement in economic evaluations, as well as
the availability of validated instruments to measure utility,
has greatly increased. For reasons of feasibility and costs,
researchers often prefer multiattribute health status classification systems (also called HRQL instruments) over
instruments to measure preferences. The basic idea of
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HRQL instruments is to let the patient or—depending on
the illness that is evaluated—a relative (as a proxy), or
a clinician, rate the patient’s HRQL on a questionnaire (52).
The questionnaires to measure HRQL usually consist of
multiple items related to the impact of the disease on the
physical or functional status of the patient or global scores.
For non–small cell lung cancer, there are disease-specific
HRQL instruments that can be transferred into QALYs,
such as the Lung Cancer Symptom Scale (52,53). Also,
multiple general (not disease-specific) HRQL instruments,
such as the EQ-5D/visual analog scale (54), have been used
(47,55).
Although direct HRQL measurement in a clinical study
would be preferred over alternatives, it is sometimes impractical. For the comparison of diagnostic methods such as CT,
PET, and PET/CT for cancers, multiple HRQL measurements would be necessary during follow-up (e.g., 2, 4, and 6
wk after surgery). Given that data for the evaluation of the
effectiveness of CT, PET, and PET/CT are obtained primarily
during the initial hospital visit, HRQL measurements conducted at regular intervals would greatly increase study
efforts and costs. If researchers are faced with heavy budget
constraints, we recommend that they derive HRQL from the
literature or make reasonable assumptions if direct HRQL
measurement is not possible. We also recommend that they
conduct sensitivity analysis of assumptions to analyze the
impact on the results.
For example, in a study on PET versus CT for non–small
cell lung cancer by the Centre for Health Economics
Research and Evaluation at the University of Technology
Sydney, quality of life was defined to be 1 for patients who
were alive and 0 for patients who had died. To account for
surgical morbidity, a loss in quality of life of 0.15 QALYs
was assumed for patients who underwent surgery, based on
the results of similar studies. In the sensitivity analysis, the
surgical morbidity rate was varied in order to test its impact
on the results (56). In any case, HRQL estimations should
consider potentially different scenarios after the diagnostic
test, such as whether surgery is performed or not.
Discounting of Costs and Benefits

When costs or benefits are incurred over time, their
discounting is necessary in order to reflect time preferences.
In general, time preferences are expected to be positive; that
is, patients prefer benefits sooner rather than later (57). Thus,
future costs or benefits are divided by (1 1 d)t, where d is the
discount rate per period and t is the number of the time period.
Although the National Institute of Clinical Excellence
considers 3.5% to be an appropriate annual discount rate
for cost and health benefits (27), the Institute for Quality and
Efficiency in Health Care recommends using 3% for costs
and benefits but is also willing to accept a lower or zero
discount rate for health benefits if differential timing has
already been incorporated into the measurement of benefits
(51). Both regulatory agencies insist on a sensitivity analysis
using different discount rates (27,51).
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With regard to preventive and other programs characterized by early investment and late health outcome, such as
diagnostic methods, it can be argued that discounting of
benefits discriminates programs characterized by early investment and late health outcome (57). Because no final
conclusion has been reached on the use of the same discount
rate for costs and benefits, on whether the discount rate
should be constant or variable over time, and on the value of
the discount rate itself (57,58), we recommend that the
national guidelines of each country be followed.
SUMMARY

The clinical use of PET has been demonstrated to be costeffective for staging of non–small cell lung cancer, differential diagnosis of solitary pulmonary nodules, restaging of
Hodgkin disease and non-Hodgkin lymphoma, and restaging
of colorectal carcinoma. From a health economic point of
view, the use of functional PET in clinical routine seems
justified. For many other clinical indications such as monitoring response to therapy or radiation treatment planning,
diagnostic effectiveness but not cost-effectiveness has been
demonstrated. PET and PET/CT represent highly sensitive
diagnostic tests to screen for metastatic tumor deposits in the
entire body that may be missed by standard imaging
modalities. The sensitivity for detection of lymph node
metastases varies significantly among cancers and may be
inferior compared with other techniques such as sentinel
lymph node biopsy. PET/CT technology was introduced to
clinical medicine in 2001, and its influence on therapeutic
management has not been evaluated in detail. Moreover,
clinical scenarios in which this modality can be implemented
cost-effectively have not been defined yet. Initial studies have
shown at least mild improvement of diagnostic accuracy,
compared with separately performed CT and PET studies.
Therefore, results obtained for PET can generally be extended to the PET/CT approach. There is a need for prospective, randomized clinical trials comprising high patient
numbers to evaluate the clinical relevance and cost-effectiveness of PET and PET/CT in other cancers such as breast
cancer, melanoma, esophageal or gastric cancer, head and
neck cancer, and bone and soft-tissue sarcomas. In addition,
researchers may consider including cost-effectiveness studies (CUA) in clinical studies because these are increasingly
requested by decision makers.
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