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Abstract

An economic evaluation of positron emission 
tomography (PET) and positron emission 
tomography/computed tomography (PET/CT) for the 
diagnosis of breast cancer recurrence

P Auguste,1 P Barton,1 C Hyde2 and TE Roberts1*

1Health Economics Unit on behalf of West Midlands Health Technology Assessment Collaboration, 
School of Health and Population Science, University of Birmingham, Birmingham, UK

2Peninsula Technology Assessment Collaboration, Peninsula College of Medicine and Dentistry, 
University of Exeter, Exeter, UK

*Corresponding author

Objectives: To review the published economic studies that have evaluated positron 
emission tomography/computed tomography (PET/CT) in the treatment of recurrent breast 
cancer, and to develop and carry out a model-based economic evaluation to investigate 
the relative cost-effectiveness of PET/CT to detect breast cancer recurrence compared 
with conventional work-up.
Data sources: A systematic review of economic and diagnostic evidence for PET/CT in 
diagnosis of breast cancer recurrence. The original databases searched include MEDLINE 
(Ovid) (1950 to week 5 May 2009), EMBASE (Ovid) (1980 to 2009 week 22) and the NHS 
Economic Evaluation Database. An updated search was conducted for each database from 
May 2009 to week 4 April 2010.
Methods: A decision tree was developed in treeage software (TreeAge Software Inc., 
Williamstown, MA, USA). The relevant data on accuracy, sensitivity and specificity of each 
diagnostic test were linked in the model, to costs and the primary outcome measure, cost 
per quality-adjusted life-year (QALY). The model estimated the mean cost associated 
with each diagnostic procedure and assumed that patients entering the model were aged 
50–75 years. The results of the cost-effectiveness analysis are presented in terms of the 
incremental cost-effectiveness ratios (ICERs).
Results: The ICER for the strategy of PET compared with conventional work-up was 
estimated at £29,300 per QALY; the ICER for PET/CT compared with PET was £31,000 
per QALY; and the ICER for PET/CT combined with conventional work-up versus PET/CT 
was £42,100. Clearly, for each additional diagnostic test that is added to PET, the more 
expensive the package becomes, but also the more effective it becomes in terms of QALYs 
gained. The probabilistic sensitivity analysis shows that at a willingness-to-pay threshold of 
£20,000 per QALY, conventional work-up is the preferred option.
Limitations: Only data from indirect comparisons are available from the accuracy review, 
and there is some uncertainity about whether the data defining the accuracy of PET/CT 
present its use as a replacement or as an adjunct to conventional work-up.
Conclusions: Based on the current model and given the limitations that are apparent in 
terms of limited availability of data, the result of the current analysis suggests that the use 
of PET/CT in the diagnosis of recurrent breast cancer in every woman suspected of having 
a recurrence is unlikely to be cost-effective given the current willingness-to-pay thresholds 
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that are accepted in the UK by decision-making bodies such as the National Institute for 
Health and Clinical Excellence. Our modelling suggests that conventional work-up could 
be the most cost-effective diagnostic strategy given current data. Future studies need to 
secure robust cost data that can be verified from more than one source for the diagnostic 
tests involved in PET and PET/CT. Reliable and verifiable data on quality of life associated 
with this clinical condition are also crucial.
Funding: The National Institute for Health Research Health Technology Assessment 
programme.
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Executive summary

Background

Breast cancer affects 1 in 13 women in their lifetime. Treatment options have developed 
significantly over the past decade and have had an impact on survival. The diagnosis of breast 
cancer recurrence is important, to allow appropriate treatment. Positron emission tomography 
(PET) and positron emission tomography/computed tomography (PET/CT) are technologies that 
have application in the detection and the management of cancer. The adoption of PET or PET/CT 
to conventional diagnostic procedures depends not only on their diagnostic accuracy, but on 
their comparative advantage over existing diagnostic approaches.

Objectives

The preliminary objective of this report was to review the published economic studies that have 
evaluated PET/CT in the treatment of recurrent breast cancer. The main objective was to develop 
a model and carry out a model-based economic evaluation to investigate the relative cost-
effectiveness of PET/CT to detect breast cancer recurrence compared with conventional work-up. 
Given the conclusions of the review carried out by Pennant et al. [A systematic review of 
positron emission tomography (PET) and positron emission tomography/computed tomography 
(PET/CT) for the diagnosis of breast cancer recurrence. Health Technol Assess 2010;14(50)], 
the current analysis was required to consider PET/CT both as a replacement for PET and as a 
replacement for or supplement to conventional management.

Data sources

A systematic review of the clinical evidence on the use of PET/CT in diagnosis of breast cancer 
recurrence has been carried out (Pennant et al., 2010). The review assessed the diagnostic 
accuracy of PET and PET/CT compared with conventional diagnostic strategies and prevalence. 
These data were used to populate the clinical parameters in the economic model. The review also 
identified a limited number of economic and costs studies, data from which were used to inform 
the economic parameters in the model. The original databases searched include MEDLINE 
(Ovid) (1950 to week 5 May 2009), EMBASE (Ovid) (1980 to 2009 week 22) and the NHS 
Economic Evaluation Database. An updated search was conducted for each database from May 
2009 to week 4 April 2010.

Methods

A review of the economic studies was carried out by two independent researchers, initially, on the 
basis of title and abstract. Relevant studies were reviewed in full.

A decision tree was developed in treeage software (TreeAge Software Inc., Williamstown, 
MA, USA). The relevant data on accuracy, sensitivity and specificity of each diagnostic test were 
linked in the model to costs and outcomes. The economic evaluation was carried out based on a 
primary outcome of cost per quality-adjusted life-year (QALY), and the perspective adopted was 
that of the NHS. Secondary outcome measures of cost per case of recurrent cancer appropriately 
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diagnosed and treated and cost per diagnostic error avoided were also analysed. The model 
begins with patients receiving a diagnostic procedure(s) depending on the symptoms presented 
during follow-up, then further receiving treatment and confirmation biopsy if necessary. The 
model estimated the mean cost associated with each diagnostic procedure and assumed that 
patients entering the model were aged 50–75 years. The results of the cost-effectiveness analysis 
are presented in terms of the incremental cost-effectiveness ratios (ICERs).

A deterministic analysis was carried out for the base-case results for the primary and secondary 
outcome measures. In addition, threshold-focused sensitivity analyses were carried out, 
deterministically, to establish the critical values for the cost and accuracy of PET/CT that could 
change deterministic results in terms of the ICERs, in such a way that might affect the decisions 
of policy-makers. Probabilistic sensitivity analysis was undertaken to determine the uncertainty 
of the model input parameter (prevalence, sensitivity and specificity).

Results

From the review, only two economic studies of PET/CT in breast cancer were identified and they 
were not relevant to recurrent breast cancer, so were reviewed qualitatively.

For the model-based economic evaluation, the ICER for the strategy of PET compared with 
conventional work-up was estimated at £29,300 per QALY; the ICER for PET/CT compared with 
PET was £31,000 per QALY; and the ICER for PET/CT combined with conventional work-up 
versus PET/CT was £42,100. Clearly, for each additional diagnostic test that is added to PET, 
the more expensive the package becomes, but also the more effective it becomes in terms of 
QALY’s gained. Based on the current model and limited data, the probabilistic sensitivity analysis 
suggested that at a willingness-to-pay threshold of £20,000 per QALY, which is the threshold 
below which technologies are accepted and considered cost-effective by the National Institute 
for Health and Clinical Excellence (NICE), conventional work-up is likely to be considered the 
preferred option.

Based on the current model, severely limited evidence and some fundamental assumptions, 
neither the strategies of PET nor PET/CT appear cost-effective at the £20,000 per QALY 
threshold. At the upper end of the accepted threshold at the £30,000 per QALY level, there is 
considerable uncertainty regarding what would be considered the preferred strategy. PET/CT is 
currently the most cost-effective strategy only at thresholds > £40,000 per QALY, which exceeds 
the threshold currently considered acceptable by NICE. However, these results should be 
interpreted with some caution as limitations exist in the data that were available. Only data from 
indirect comparisons were available from the accuracy review, and the interpretation of whether 
the data defining the accuracy of PET/CT present its use as a replacement or as an adjunct to 
conventional work-up represents two clear limitations.

The deterministic threshold analysis showed that relatively small increases in the sensitivity of 
PET/CT and relatively small reductions in the cost of PET/CT can change the ICERs estimated in 
the deterministic base-case analysis to within the acceptable range of £20,000–£30,000 per QALY. 
Clearly, these deterministic results do not take into account the uncertainty highlighted by the 
base-case probabilistic sensitivity analysis at the £30,000 per QALY level for PET, PET/CT and 
PET/CT combined with conventional work-up compared with conventional work-up. However, 
the analysis suggested that relatively modest reductions in the cost of PET/CT might lead to 
policy decisions that consider PET/CT to be a cost-effective strategy.
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Conclusions

This study has highlighted the limitations in available evidence from which to make firm 
conclusions about the cost-effectiveness, or not, of PET/CT. Based on the current limited 
evidence and necessary assumptions in the model, the use of PET/CT in the diagnosis of 
recurrent breast cancer in every woman suspected of breast cancer recurrence does not appear 
to be cost-effective given the current willingness-to-pay thresholds that are accepted in the UK 
by decision-making bodies such as NICE. Our modelling suggests that conventional work-up 
appears to be the most cost-effective diagnostic strategy. Future primary studies need to secure 
robust accuracy and cost data that can be verified from more than one source for the diagnostic 
tests involved in PET and PET/CT. Reliable and verifiable data on quality of life associated with 
this clinical condition are also crucial.

Recommendations for future research

 ■ The vast majority of data used for the model-based economic evaluation had clear 
limitations.

 ■ Studies investigating the possibility of using PET/CT as a replacement for, rather than an 
addition to, conventional work-up.

 ■ Study to accurately assess the resource use and costs associated with PET and PET/CT, as 
well as the cost of conventional work-up strategies.

 ■ Study to clarify the pathways and resource use for patients being treated for recurrent breast 
cancer are essential to further develop and refine the model structure.

 ■ Study of quality of life associated with treatment pathways for recurrent breast cancer.
 ■ If future research is undertaken to economically evaluate use of PET/CT in the current 

context, more resources and time are required than afforded to current analysis.

Implications for policy

The evidence on cost-effectiveness of PET/CT in recurrent breast cancer seems finely poised, 
so further research would thus seem to be the priority. It is important to ascertain whether the 
relative cost-effectiveness of the diagnostic tests associated with PET and PET/CT will improve 
if more reliable data on accuracy of the tests, resource use costs or the outcome in QALYs were 
available, or whether PET/CT is just not yet accurate enough in this application to compete with 
conventional work-up on cost-effectiveness grounds.

Funding

The National Institute for Health Research Health Technology Assessment programme.
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Chapter 1  

Introduction

Breast cancer

One in thirteen women in the UK will develop breast cancer in their lifetime. Breast cancer is 
a serious life-threatening disease. In women, breast cancer accounts for one-third of all cases 
of cancer and, in the UK, from 2004 to 2006, the incidence rate of new breast cancer was 122 
per 10,000 women.1 Most women fortunately present with early-stage breast cancer and the 
UK NHS screening programme currently offers screening at 50 years of age. After diagnosis, 
initial treatment often involves surgery with curative intent and subsequent combinations of 
hormone therapy, chemotherapy and radiation therapy.2 Treatment options have developed 
significantly over the past decade and, with early diagnosis, rates of 5-year survival are currently 
> 80% and have increased steadily over the past 10–20 years.1 However, a number of women will 
develop metastatic disease and die of their breast cancer. Recurrence of breast cancer may be an 
increasing problem as survival rates increase.

Follow-up and treatment in the setting of recurrence

In most breast cancer units, after treatment for the initial disease, patients are routinely followed 
up for at least 5 years3 with clinical examination and mammography specifically looking for 
treatable local recurrence and symptoms to suggest metastatic disease. Investigational screening 
for metastatic disease is not performed routinely. If symptoms suggest relapse with metastatic 
disease, further investigations may be conducted where there is suspicion of disease. Rates of 
breast cancer recurrence have been shown to be around 20%4,5 and recurrence may be local (in 
the breast), regional (lymph nodes in the ipsilateral axilla) or distant metastases (in tissues such 
as bone, liver, lungs and brain). Of patients with breast cancer recurrence, one study showed that 
27% had bone metastases, 27% had local recurrence, 16% had lung metastases and 13% had liver 
metastases.4

If metastatic disease is established, patients are generally not curable and treatment is aimed at 
palliating symptoms and improving survival if possible. Useful and sometimes lengthy clinical 
responses can be obtained by using hormone therapy in hormone-responsive disease and with 
chemotherapy, particularly with the newer agents. Taxane-based chemotherapy is considered 
likely to increase overall survival, time to progression and overall response in the second-line 
setting,2 and trastuzumab (Herceptin, Roche) is showing promising results in HER-2 (human 
epidermal growth factor receptor-2)-positive disease. Radiotherapy, combined with appropriate 
analgesia, may be effective in reducing persistent localised bone pain.2 Therapy with selective 
aromatase inhibitors in postmenopausal women has been shown to prolong survival in the 
second-line setting, although no difference was shown in time to progression.2

Existing diagnostic strategies

Women with a past history of breast cancer may present with symptoms that may be innocent 
or indicate disease. There are a range of strategies that may be involved in patient diagnosis, 
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and the choice of tests used depends on the presenting symptoms. Conventional work-up often 
includes conventional radiography, computed tomography (CT), ultrasound, bone scintigraphy 
and measurement of serum tumour markers, and, in a limited number of settings, magnetic 
resonance imaging (MRI) may be available for use.

Conventional radiography is widely available and may routinely be used for cases of suspected 
breast cancer recurrence. Radiographs may be particularly useful for the diagnosis of metastases 
in the lung and bones (chest or individual bone radiography), but this technique is limited in 
other applications where there may be a smaller difference in the amount of radiation taken 
up by the tumour than by surrounding tissues.6 CT scanning is a technology that uses X-rays, 
but is different to the conventional method as it uses multiple X-ray projections from different 
angles to produce three-dimensional images.5 CT scans can be used to detect cancer in a range 
of tissue types (lung, bone, soft tissue, etc.), but settings must be selected for examination of 
the appropriate tissue density.5,7 It is possible to conduct whole-body CT examinations, and CT 
images may also be enhanced with the administration of oral or intravenous contrast agents.5 
Ultrasound uses information from reflected high-frequency sound waves to produce images 
of tissues.4 More recently, contrast agents have been developed for use with ultrasound that 
enhance images.4 Ultrasonography in oncology is commonly used in the detection of distant 
metastases and can be used to detect metastases in the liver and kidneys, but the technique relies, 
to a considerable extent, on the expertise of the operator.6 Bone scintigraphy uses radionuclides 
of technetium-99m-labelled disphosphonates previously injected into patients.6 The degree of 
uptake into bone depends largely on the extent of blood flow and the rate of new bone formation, 
and sites of high radio-emission may represent the presence of a tumour. In oncology, bone 
scintigraphy may be used for the identification of bone metastases.8

Several biochemical compounds in the serum/plasma may act as indicators of the presence, 
risk or prognosis of cancer.9 In patients with a history of breast cancer, elevated tumour marker 
levels may represent cases of tumour relapse.9 It has been identified that increasing levels of 
these markers are associated with disease recurrence and may indicate the need for further 
investigation. MRI uses magnetic fields and radiowave pulses to cause signals to be produced 
from tissues, and these signals are subsequently converted to an image. MRI may be used for 
the detection of local breast cancer recurrence10 or, with imaging of the whole body, for the 
additional detection of bone metastases11 and other distant metastases.12 However, access to MRI 
is limited6 and it is not routinely used for diagnosing suspected breast cancer recurrence.

In the setting of diagnosis of breast cancer recurrence, conventional work-up is likely to comprise 
a combination of these technologies (in most cases, conventional work-up will not include MRI). 
Patients may undergo a variety of tests depending on their presenting symptoms and on the basis 
of the results of other imaging tests.

Positron emission tomography and positron emission 
tomography/computed tomography

Positron emission tomography (PET) and, more recently, positron emission tomography/
computed tomography (PET/CT) are new technologies which have been increasingly shown to 
have application in the detection and management of cancer since the introduction of whole-
body PET and PET/CT in the late 1990s. These technologies involve oral administration of a 
radioactive isotope and detection of photons produced in the process of radioactive decay and 
interaction with surrounding tissues.11,13 In oncology, the most commonly used radionuclide 
is 18F-fluorodeoxyglucose (FDG), which is taken up into cells in the same way as glucose. FDG 
accumulates in tumour tissue owing to increased glucose requirements and therefore increased 
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glucose uptake. Also, in most tissues, FDG accumulates following uptake and phosphorylation, 
as, unlike glucose, it cannot enter the normal glycolytic pathway.13 FDG is administered 
intravenously to patients and, following an interval of time (usually 60–90 minutes) to allow 
approximately 1 hour uptake time, PET scans are conducted. The whole body may be imaged 
during a single session,14 and these technologies may be used to detect both local and metastatic 
tumours.

Positron emission tomography/computed tomography combines information obtained from PET 
with data from CT scanning.15 As these technologies provide different types of data (PET gives 
metabolic and CT anatomical data), their combination provides greater diagnostic information. 
CT data may also be used for attenuation correction of PET images.15 In PET scanning, 
attenuation, the loss of emitted photons through scatter and absorption, can be the biggest source 
of inaccuracy.11 An attenuation map of CT can be used to estimate attenuation factors for PET, 
and this correction applied to increase the accuracy of the images produced.11,13

Current guidelines

Guidelines have been developed by the National Institute for Health and Clinical Excellence 
(NICE) for the treatment of early/locally advanced3 and advanced16 breast cancer. In the early 
breast cancer guidance, key recommendations for the follow-up of breast cancer patients include 
provision of designated health-care professionals, dates for review of any adjuvant therapy, 
surveillance with mammography and contact points for specialist care.3 The guidance suggests 
that future research should involve determination of the appropriate length of follow-up and 
suitable methods for detecting disease recurrence.3

The advanced breast cancer guidelines give advice on the treatment of advanced/metastatic 
disease that is generally amenable only to palliative care without curative intent. These guidelines 
do not specifically relate to the diagnosis of breast cancer recurrence. However, some guidance 
given may be applicable. The NICE guidelines state that ‘Positron emission tomography 
fused with computed tomography (PET-CT) should only be used to make a new diagnosis of 
metastases for patients with breast cancer whose imaging is suspicious but not diagnostic of 
metastatic disease’.16 In other words, PET/CT would be used only for diagnosis in cases in which 
conventional imaging techniques fail to properly diagnose the presence or absence of metastases. 
Although these guidelines relate to the use of PET/CT, all of the evidence reviewed to inform 
them are studies or systematic reviews of PET and not PET/CT. Additionally, these guidelines 
refer only to the diagnosis of metastatic, and not local, recurrence, and the evidence base relating 
to the application of PET and PET/CT for the detection of recurrent breast cancer is not clear. 
However, there are no detailed recommendations for the types of investigations to be used for 
diagnosis of disease in context of recurrence. The guidance suggests that future research should 
involve determination of the appropriate length of follow-up and suitable methods for detecting 
disease recurrence.3

Imaging procedures such as radiography, CT, ultrasound and bone scintigraphy are currently 
conventionally used in many hospitals for the diagnosis of recurrent breast cancer, whereas MRI, 
PET and PET/CT are not routinely used in this context (Dr Theodoros Arvanitis, University of 
Birmingham, personal communication). In 2005, the Royal College of Radiologists published a 
strategy document detailing the provision of PET/CT instruments across the UK.14 At that time, 
there were 11 fixed scanning PET/CT units installed in the UK, predominantly for clinical use. 
Recommendations included a hub and satellite system, where central hub staff and resources 
would be used to maintain PET/CT scanners in more satellite settings.14 Initially, provision was to 
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be made for one PET/CT system per 1.5 million of the population,14 equating to approximately 40 
machines for the current UK population.

Recent guidelines from the UK PET/CT Advisory Board have recommended the use of PET/CT 
for patients with suspected cancer recurrence who are negative for other imaging procedures and 
in whom detection would alter therapy and benefit outcome.15 However, this recommendation is 
not specific to breast cancer and the evidence base relating to the Advisory Board's application 
for use for detection of recurrent breast cancer is not clear.

Evidence on accuracy and effectiveness of positron emission 
tomography and positron emission tomography/computed 
tomography

This report has been carried out in close collaboration with another which has reviewed the 
evidence on the accuracy and effectiveness of PET and PET/CT in the diagnosis of suspected 
distant recurrence in breast cancer.17

This report employed a systematic review and meta-analysis. A search for primary studies in 
MEDLINE (Ovid) and EMBASE (Ovid) was conducted with no language restrictions to May 
2009. Studies of PET or PET/CT in patients with a history of breast cancer and suspicion of 
recurrence were selected for inclusion. Studies were excluded if investigations were conducted for 
screening or staging of primary breast cancer, if a non-standard PET or PET/CT technology was 
used, if there was an inadequate or undefined reference standard or if raw data for calculation 
of diagnostic accuracy were not available. Both comparative and non-comparative studies 
were included.

Data extraction and quality assessment were conducted independently by two reviewers, with 
any disagreements resolved by consensus. Direct and indirect comparisons were made between 
PET and PET/CT and between these technologies and methods of conventional imaging, and 
meta-analysis was performed using a bivariate random effects model. Analysis was conducted 
separately on patient- and lesion-based data. Subgroup analysis was conducted to investigate 
variation in the accuracy of PET in certain populations or contexts, and sensitivity analysis was 
conducted to examine the reliability of the primary outcome measures.

The key findings were that 28 studies18–45 were included and, of these, 2618–36,38,39,41–45 investigated 
the diagnostic accuracy of PET. Twenty-five18–36,38,39,41–44 presented patient-based data and 
seven18,24,29–31,34,45 presented lesion-based data for PET. Six21,22,27,37,40,42 studies investigated the 
accuracy of PET/CT, five21,22,27,37,42 presenting patient-based data and one40 presenting lesion-
based data. Sixteen18,20,21,23,24,26–28,35,37,38,40,42–45 studies conducted direct comparisons and, of these, 
1218,21,23,26–28,35,37,38,40,42–45 compared the accuracy of PET or PET/CT with conventional diagnostic 
tests, and four20,24,26,40 compared PET or PET/CT with an MRI technology. Quality varied between 
studies; the major quality issue identified was the time delay between conventional tests and PET 
or PET/CT in comparative studies. The PET or PET/CT technology used was similar across the 
studies.

The results of the systematic review were:

1. For patient-based data, in studies in which direct comparisons were made, compared with 
conventional imaging tests (n = 10), PET had a significantly higher sensitivity [89%, 95% 
confidence interval (CI) 83% to 93%, vs 79%, 95% CI 72% to 85%; relative sensitivity 1.12, 
95% CI 1.04 to 1.21, p = 0.005] and a significantly higher specificity (93%, 95% CI 83% to 



© Queen’s Printer and Controller of HMSO 2011. This work was produced by Auguste et al. under the terms of a commissioning contract issued by the 
Secretary of State for Health.

5 Health Technology Assessment 2011; Vol. 15: No. 18DOI: 10.3310/hta15180

97%, vs 83%, 95% CI 67% to 92%; relative specificity 1.12, 95% CI 1.01 to 1.24, p = 0.036). 
Test performance did not appear to vary according to the type of conventional imaging test 
that was compared with PET (p = 0.500). Indirect comparisons, in which all conventional 
imaging test18,21,23,27,28,35,37,38,42–44 (n = 11) and PET18–34,36,38–44 (n = 25) studies were included, 
gave the same findings. For lesion-based data, no significant differences in sensitivity or 
specificity between PET and conventional imaging testing were observed for studies making 
direct comparisons18,23,45 (n = 3) or for indirect comparisons for all PET18,23,29–31,34,45 (n = 7) 
and conventional imaging test18,23,45 (n = 3) studies. In the sensitivity analysis of patient 
data, for studies in which the time period between PET and comparator tests was clearly 
< 1 month18,21,27,35,38,42 (n = 6), differences between PET and conventional imaging test tended 
to be smaller, and the difference in sensitivity became non-significant.

2. For patient-based data, in all studies in which direct comparisons were made21,27,37,42 (n = 4), 
the conventional imaging test used was CT. In these studies, compared with CT, PET/CT 
had significantly higher sensitivity (95%, 95% CI 88% to 98%, vs 80%, 95% CI 65% to 90%; 
relative sensitivity 1.19, 95% CI 1.03 to 1.37, p = 0.015), but the increase in specificity was not 
significant (89%, 95% CI 69% to 97%, vs 77%, 95% CI 50% to 92%; relative specificity 1.15, 
95% CI 0.95 to 1.41, p = 0.157). Indirect comparisons, in which all conventional imaging 
test18,21,23,27,28,35,37,38,42–44 (n = 11) and PET/CT21,22,27,37,42 (n = 5) studies were included, gave the 
same findings. No lesion-based data compared PET/CT with conventional imaging testing. 
In the sensitivity analysis of patient data, for studies in which the time period between 
PET/CT and comparator tests was clearly < 1 month21,27,42 (n = 3), differences between 
PET/CT and CT became non-significant, largely owing to the small sample size.

3. For patient-based data, three studies compared PET with different types of MRI 
technology.20,24,26 In each of these studies, there were no significant differences in the 
sensitivity or specificity of PET compared with MRI. One study compared PET/CT and MRI 
on a lesion basis and there were no significant differences in sensitivity or specificity for 
PET/CT compared with MRI.40

4. For patient-based data, in the analysis of studies directly comparing PET/CT and PET 
(n = 4),21,22,27,42 PET/CT had a significantly higher sensitivity (96%, 95% CI 90% to 98%, vs 
85%, 95% CI 77% to 91%; relative sensitivity 1.11, 95% CI 1.03 to 1.18, p = 0.006), but the 
increase in specificity was not significant (89%, 95% CI 74% to 96%, vs 82%, 95% CI 64% to 
92%; relative specificity 1.08, 95% CI 0.94 to 1.20, p = 0.267) compared with PET. The same 
pattern of results was observed for the indirect comparison of all PET/CT21,22,27,37,42 (n = 5) 
and PET18–36,38,39,41–44 (n = 25) studies. In the lesion-based analysis, indirect comparison of 
PET/CT37,40 (n = 2) and PET18,23,29–31,34,45 (n = 7) showed no significant differences in sensitivity 
or specificity between PET/CT and PET.

5. For overall diagnostic accuracy, on a patient basis, PET/CT21,22,27,37,42 (n = 5) and 
PET18–36,38,39,41–44 (n = 25) had sensitivities of 96% (95% CI 89% to 99%) and 91% (95% CI 
86% to 94%) and specificities of 89% (95% CI 75% to 95%) and 86% (95% CI 79% to 91%), 
respectively. On a lesion basis, PET/CT37,40 (n = 2) and PET18,23,29–31,34,45 (n = 7) had sensitivities 
of 96% (95% CI 80% to 99%) and 89% (95% CI 78% to 95%) and specificities of 83% (95% 
CI 61% to 94%) and 91% (95% CI 83% to 96%), respectively. There was considerable 
heterogeneity in the spread of the results for PET.

6. Changes in patient management in study participants ranged from 11% to 74% (median 
27%). These changes included initiation and avoidance of medical treatment such as 
hormone therapy and chemotherapy. In the three42,43,46 studies in which only changes in 
management directly due to PET or PET/CT were considered (patients were not correctly 
diagnosed by conventional imaging techniques), estimates ranged from 11% to 25%.

7. In subgroup analysis, the accuracy of PET did not appear to be related to the location of 
disease or to whether PET was conducted with or without knowledge of previous clinical 
history and imaging studies. Characteristics of patient populations varied in many respects 
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and it was not possible to draw definite conclusions about patient characteristics that may 
affect test accuracy.

The report concluded that:

 ■ For detection of breast cancer recurrence, in addition to conventional imaging techniques, 
PET may generally offer improved diagnostic accuracy compared with current standard 
practice. Uncertainty remains around its incremental value compared with specific 
conventional diagnostic tests, and around its use as a replacement, rather than an add-on, to 
existing imaging technologies.

 ■ PET/CT appears to show a clear advantage over CT for the diagnosis of breast cancer 
recurrence. Although PET/CT may give an advantage over other conventional imaging tests, 
its incremental value over other tests has yet to be assessed in studies directly. Concurrent 
use with, rather than as replacement of, other conventional tests may be appropriate.

 ■ PET/CT appears to show a clear advantage over PET and, if found to be more cost-effective, 
it may be preferable to PET for use in this context.

 ■ PET and PET/CT appear to have some effect on patient management, but there is currently 
no evidence of the effect of their use on patient outcome.
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Chapter 2  

Methods and results of review of 
published economic studies

Objective

A systematic review was conducted to determine the existence of published literature on the 
economic evaluation of PET and PET/CT to detect breast cancer recurrence. The purpose of this 
review was to search available literature on the suitability of existing cost-effectiveness models 
and model design, and to identify information that could be used to populate the model. The aim 
was also to identify useful information relating to the cost of tests and treatments commonly used 
to diagnose and treat breast cancer recurrence.

Methods

Using systematic reviews and meta-analyses of clinical studies, particularly randomised 
controlled trials (RCTs), is a well-established research method, but the approach for reviewing 
economic evaluations and costing studies is necessarily different and more qualitative, primarily 
because of the heterogeneity that exists in economic studies, which means that data synthesis 
and meta-analyses are rarely possible. This review was carried out using established methods for 
systematically reviewing economic evaluation and costing studies.47

Identifying studies
Search strategy
The original databases searched include MEDLINE (Ovid) (1950 to week 5 May 2009), EMBASE 
(Ovid) (1980 to 2009 week 22) and the NHS Economic Evaluation Database (NHS EED) 
using the search strategies detailed in Appendix 1.1. An updated search was conducted for 
each database from May 2009 to week 4 April 2010 using the same search strategies detailed in 
Appendix 1.2.

Studies were independently reviewed on the basis of their title, abstract and Medical Subject 
Heading (MeSH) by independent researchers: MEDLINE and EMBASE (CH, MP and PA) and 
NHS EED (CH and PA). The screening process used by PA follows similar methods used by 
Roberts et al.47 to identify economic evaluation and costing studies. Briefly, a three-stage process 
is adopted for the review of cost and economic studies. In stage 1 each study is categorised on the 
basis of its title and abstract, where available, according to five classification criteria. For example, 
studies are classified into group A if they are suspected of being a full economic evaluation on 
PET/CT recurrence (such studies would have terms such as cost-effectiveness or economic 
evaluation as well as the clinically relevant terms in the title or abstract). Studies are classified 
into group B if they are cost studies (costs would be mentioned somewhere in the title or abstract 
as well as the clinically relevant terms). Any studies that were categorised into the relevant 
classification for these review groups A or B would proceed to stage 2. In stage 2, all potentially 
relevant studies would be read in full and, if confirmed in their classification, proceed to stage 3 
for a quality review. For example, a confirmed economic evaluation would be coded A1, a study 
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that was initially considered to be cost study, but discovered to be an economic evaluation on full 
review would be coded as B1, etc.

Inclusion criteria
To be included in the review, published literature should have studied a population of women 
who had completed a course of treatment for primary breast cancer, and those who had 
undergone PET or PET/CT with recurrent breast cancer were also included.

Exclusion criteria
Studies that conducted research on primary breast cancer or staging of breast cancer and studies 
that monitored the response to primary breast cancer treatment were excluded.

Results

Database searches resulted in 1540 MEDLINE, 1353 EMBASE and 3 NHS EED citations. 
No relevant studies to the economic evaluation were identified that related to breast cancer 
recurrence. Two published economic evaluation studies48,49 were identified, but were based on 
primary and axilliary staging of breast cancer. These two studies were reviewed completely to 
determine the usefulness of the information to the current study. However, no information was 
taken from these studies; a synopsis of the studies can be found in Appendix 1.2. Wider ad hoc 
searches led to additional papers being retrieved that would not have been picked up by the 
database search.50–52 From the NICE guidelines,52 we extracted data that related to treatment costs 
and quality-adjusted life-year (QALY) data as explained in the subsequent chapter. Cost data for 
PET and PET/CT imaging tests were taken from Jacklin et al.51 and Heinrich et al.,50 respectively. 
Some authors were contacted by e-mail to explore any further cost information that may have 
been useful for this study. However, no cost data were utilised from this source.
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Chapter 3  

Model-based economic evaluation

Developing the model structure

To assess the cost-effectiveness of the various diagnostic procedures, a decision tree was 
developed in treeage software (TreeAge Software Inc., Williamstown, MA, USA). The model 
begins with patients receiving one of four diagnostic procedure packages: (1) conventional 
work-up (this refers to a diagnostic package comprising ultrasound, radiography, CT, bone 
scintigraphy and measurement of serum tumour markers) (2) PET; (3) PET and CT, referred to 
as PET/CT; and (4) PET/CT as an adjunct to conventional work-up.

Many assumptions are required in order to develop a workable model structure and which would 
allow the model-based analysis to be carried out:

1. For the branches of the decision tree that include the diagnostic package of conventional 
work-up, it is assumed that all patients will have symptoms that require all the elements of 
conventional work-up. But it is possible for patients to have initiating symptoms that do not 
require full work-up, and symptoms may be more specific, such as bone pain, which would 
be more appropriately investigated with only a bone scan.

2. The assumption is also made that patients are being investigated only for distant recurrence. 
The possibility of concurrent local recurrence that could be detected exists, but this is likely 
to be established with other imaging techniques and it is unlikely that PET/CT would be 
introduced to specifically improve the accuracy of the diagnosis of local recurrence.

3. It is also assumed that recurrence occurs on one occasion only; however, in reality, one 
possible recurrence is likely to increase the risk of further possible recurrence episodes. In 
addition, it is assumed in the model that a confirmatory biopsy test will be used when a 
positive result from imaging with or without PET/CT occurs. This limits the effect of false-
positives. However, in practice, such biopsy may not occur, partly because of concerns about 
the accuracy of biopsy itself, particularly where the suspected cancerous areas are small.

4. The model population has an assumed starting age of 50 years because it is above this age 
that women are most at risk (the UK NHS screening programme for early-stage breast cancer 
starts at 50 years of age), and, therefore, the expected survival for breast cancer recurrence 
has been calculated based on women starting at this age.

Figure 1 depicts the general structure of the decision tree.

Data required for the model

Prevalence data
We populated the decision model with the prevalence estimated in the meta-analysis of the 
systematic review carried out by Pennant et al.17 We estimated an average of the whole-body 
prevalence values reported in the study for use in the model.17 However, the data reported in the 
review were noted to be variable and, whereas in the base case we use an estimated prevalence of 
0.69, the range in the literature was from 0.19 to 0.93 (Table 1). We explored the effect of the wide 
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range on prevalence in the sensitivity analysis. The distribution associated with the 95% CI is 
explored in the probabilistic sensitivity analysis.

Test accuracy data
Test accuracy data used in the model-based economic evaluation are based on the values 
estimated by the authors of the clinical systematic review.17 The most reliable results from the 
systematic review are the relative sensitivity and specificity of the test, but these could not be 
accommodated in the model, which requires absolute sensitivity and specificity. The choice of 
which accuracy estimates are used as parameters is therefore likely to have an impact on the cost-
effectiveness estimates.

The sensitivity and specificity of PET (see Table 1, row 1) of 91% and 86%, respectively, are 
estimated by the review authors from an indirect comparison between PET and conventional 
work-up (referred to as conventional imaging in their report) and presented in Table 8 (row 2) of 
that report.17 The relevant tables from Pennant et al.17 are presented in Appendix 2.2.

FIGURE 1 Model structure.
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The sensitivity and specificity of PET/CT (see Table 1, row 2) of 95% and 89%, respectively, are 
also estimated by indirect comparison between PET/CT and conventional work-up and are 
presented in Table 11 (row 2) of Pennant et al.17

The sensitivity and specificity of conventional work-up (see Table 1, row 3) of 80% and 76%, 
respectively, have been derived by the current authors for use in the economic model from data 
presented by Pennant et al.,17 and have not been estimated by the review authors. The sensitivity 
of conventional work-up is based on an average of 81% and 78%. Eighty-one per cent is the 
sensitivity of conventional work-up [referred to as conventional imaging test (CIT)] estimated as 
an indirect comparison of PET versus conventional work-up in Table 8 of the report by Pennant 
et al.17 Seventy-eight per cent is the sensitivity of CIT estimated as an indirect comparison of 
PET/CT versus conventional work-up, presented in Table 11 of the report by Pennant et al.17 The 
conventional work-up in these two tables (i.e. Tables 8 and 11 of Pennant et al.17) is based on 
slightly different techniques, which is why an average of the two is used. The specificity estimate 
of 76% is an average of 73% and 79% from the same tables (8 and 11 respectively), for the reasons 
given above.

The sensitivity and specificity of PET/CT as an adjunct to conventional work-up (see Table 1, 
row 4) have also been derived by the current authors. We assumed that the overall result would 
be positive if either test is positive on its own. As a result of this rule, the sensitivity increases as 
a result of combining the two tests – as all individual patients who test positive on either (but 
not necessarily both) test are considered a potential positive case. This very interpretation means 
that there will be more false-positives, and so the specificity of the combined test is necessarily 
lower than the specificity of either test individually. In the base case, we assumed that testing 
errors were statistically independent between the two tests. Then the specificity of the combined 
test is simply the product of the two individual test specificities: in the base case, this becomes 
0.89 × 0.76 = 0.68, while for the sensitivity (sens) we have the formula 

1 – sensPET/CT+CW = (1 – sensPET/CT) (1 – sensCW) 

which can be rearranged to give 

sensPET/CT+CW = sensPET/CT + sensCW – sensPET/CT × sensCW 

where CW refers to conventional work-up. In the base case, this gives a combined sensitivity 
of (0.95 + 0.80) – (0.95 × 0.80) = 0.99. For probabilistic sensitivity analysis, we preserved the 

TABLE 1 Accuracy and prevalence data used in the model

Screening strategy Sensitivity (95% CI) Specificity (95% CI) Source

PET 0.91 (0.87 to 0.93) 0.86 (0.79 to 0.91) Pennant et al.17

PET/CT 0.95 (0.89 to 0.97) 0.89 (0.76 to 0.96) Pennant et al.17

Conventional work-up 0.80 (0.72 to 0.87) 0.76 (0.59 to 0.88) Derived from data presented in 
Pennant et al.17

PET/CT as an adjunct to 
conventional work-upa

0.99a (0.97 to 1.00) 0.68a (0.45 to 0.89) Derived from data presented in 
Pennant et al.17

Base-case prevalence (95% CI) 0.69 (0.66 to 0.72)

(range 0.19–0.93)

Derived average of whole body 
prevalence reported by Pennant 
et al.17

a In the model, the accuracy data for this combination were calculated for the test characteristics for PET/CT and conventional work-up 
separately (see text below).
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relationship between these characteristics by sampling the test characteristics for PET/CT and 
conventional work-up separately, and then calculating the test characteristics for the combined 
test using the methods just described. The methods we have used have been used elsewhere53–55 
and are referred to by some authors as the ‘either positive rule’.55

In the sensitivity analysis, we considered the situation in which the sensitivity of the test 
increases, as per the base case, but we assumed that these additional positive cases were ‘true-
positives’ and so we maintained the specificity at the level estimated for conventional work-up 
alone – for which the value is 0.76.

The data presented in Table 1 require a number of cautionary explanations. First, the number 
of indirect comparisons described above is necessary to estimate accuracy data, because the 
systematic review of accuracy studies found no studies that had made the relevant direct 
comparison.17 For instance, an indirect comparison was used to estimate the accuracy data for 
conventional work-up (see Table 1, row 3) because there are no primary studies comparing 
PET/CT with conventional work-up.

Second, when PET and PET/CT are introduced into clinical practice, it would be a fair 
assumption, that their introduction is in the role of an adjunct to conventional management 
(referred to as conventional work-up in the current study) in clinical practice. Therefore, to 
many familiar with this sort of technology, the data in rows 1 and 2 of Table 1 would be assumed 
to represent the diagnostic tests of both PET and PET/CT as an adjunct to the conventional 
work-up. However, it was very apparent to Pennant et al.,19 who had scrutinised the papers in 
their review, that the tests reported in the papers had been introduced not as an adjunct, but 
as a replacement. It was apparently clear in these studies that previous test results were not 
consulted or considered in the interpretation of the PET and PET/CT results. Hence, we present 
these data (see Table 1, rows 1–3) as representing the accuracy of the individual test alone, and 
we derived the data presented in Table 1, row 4, in which the accuracy of PET/CT is combined 
with conventional work-up to represent the strategy of PET/CT as an adjunct to conventional 
work-up.

It was also noted by Pennant et al.19 that PET as a strategy was never really introduced into 
clinical practice, it was soon subsumed by PET/CT, and so for this reason we carried out a 
sensitivity analysis in which PET as a single strategy was removed from the analysis.

Costs and resource data
The costs of resources utilised were those that were directly incurred by the NHS. Resources 
included were the costs of the index, confirmatory tests and blood tests, and treatment costs. 
Costs that were not considered were those incurred during the primary diagnosis and the 
treatment of breast cancer. Costs for long-term and end-of-life care were also not included. 
As stated earlier, recurrence is assumed to occur once only. Diagnostic procedure costs were 
taken from published sources. Cost estimates for PET were taken from Jacklin et al.,51 and were 
adjusted to 2008 prices by the use of the Hospital and Community Health Services combined 
pay and price inflation index.56 Estimated costs for conventional work-up included costs of 
ultrasound, bone scintigraphy, radiography, CT and measurement of serum tumour markers. 
These cost data were taken from the NHS national schedule for reference costs 2002–3,57 2007–858 
and published sources.59 As a result of a paucity of cost-effectiveness studies comparing PET/CT 
as an adjunct to conventional work-up, we assumed an additive procedural cost of PET/CT as an 
adjunct to conventional work-up as shown in Table 2. All costs were adjusted to 2007–8 prices 
and not discounted as the time period of the model was 1 year.
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The treatment cost presented in Table 2 is based on an estimate of the most cost-effective 
treatment strategy estimated in a study reported by NICE which presents estimates of costs for 
treatment received by patients with confirmatory diagnosis of breast cancer recurrence.52 The 
authors of the NICE report conducted an economic evaluation to determine the most cost-
effective treatment strategy for breast cancer using chemotherapy. The treatment cost used in the 
current model is based on the treatment cost for the most cost-effective strategy (strategy 14) in 
their results.52 The assumptions regarding population, treatment, survival and cost estimation 
upon which their analysis is based are presented in Appendix 2.1. The authors concluded that 
docetaxel (monotherapy) used as a first-line treatment followed by capecitabine (monotherapy) 
as a second-line treatment then ‘no chemotherapy’ (supportive and palliative care) as a final 
treatment was the most cost-effective strategy at the £20,000 threshold. The treatment cost for 
this strategy was £18,118 in 2007 prices. This estimate was updated to £18,643 in 2008 prices 
using the Hospital and Community Health Services combined pay and price inflation index.56

TABLE 2 Cost data used in the model (all costs presented in 2008 pounds sterling)

Unit costs (£) Description Source

Index test

PET 1006 Full description could be found in 
Jacklin et al.51

Jacklin et al.51 cost inflated to 2008 
prices

PET/CT 1236 Full description of PET/CT procedure 
could be found in Heinrich et al.50

Heinrich et al.50 cost inflated to 
2008 prices

Conventional work-up 485

Ultrasound 53 Ultrasound scan < 20 minutes NHS reference costs 2008,58 
RA23Z

Bone scintigraphy 164 Procedure that required diagnostic 
level radiation, basic gamma 
camera, standard technologist time 
of up to 1 hour and low-to-medium 
isotope costs

NHS reference costs 2008,58 
Nuclear Medicine – Category 2, 
RA36Z

Radiography (chest) 95 J35 op ultrasound scan NHS reference costs 2003,57 
inflated to 2008 prices

CT (chest, brain and abdomen) 135 CT scan, three areas with contrast NHS reference costs 2008,58 
RA13Z

Measurement of serum tumour markers 38 Carcinoembryonic antigen blood test Guadagni et al.59 inflated to 2008 
pricesa

PET/CT together with conventional work-up 1721 PET/CT together with routine 
conventional work-up

Heinrich et al.,50 NHS reference 
costs 2003,57 NHS reference costs 
200858 and Guadagni et al.59

Reference standard test

Biopsy 141 Core-needle biopsy (J30 op) in HRG NHS reference costs 2003,57 
inflated to 2008 prices

Treatment

Docetaxel, capecitabine and no chemotherapy 18,643 Full description in NICE guidelines52 cNICE guidelines52

HRG, Health Resource Group.
a Original price given in euros, converted to pounds sterling and inflated to 2008 prices.
b Cost derived by adding the PET/CT procedure and conventional work-up.
c Original treatment cost taken from Table A1.14 (strategy 14) NICE,52 (£18,118) cost year 2007. This figure was inflated to 2008 price by the 

use of the Hospital and Community Health Services combined pay and price inflation index.56



14 Model-based economic evaluation

Outcomes
We used three different effectiveness/outcome measures in the model.

Outcome in terms of quality-adjusted life-years
Two sets of QALY values were estimated for use in the model: first, the QALY values for the true-
positives and second the QALY values for the false-positives and true-negatives.

True-positives: The utility weights for patients who had been treated with the most cost-effective 
strategy (as reported above based on the report by NICE52) were originally obtained from 
oncology nurses by the use of the standard gamble technique.60 These utility weights were then 
used to calculate the QALYs expected for patients who had been treated and for the most cost-
effective strategy (strategy 14);52 the total expected QALYs were 0.8737.

False-positives and true-negatives: The utility weight for those patients who were not treated, 
i.e. those who were breast cancer recurrence free, was derived from the Kind et al.61 study, and 
the estimate is 0.848. The authors used the EuroQol European Quality of Life-5 Dimensions 
questionnaire to value differences in the health-related quality of life between age groups in a UK 
setting.61 This figure was used to calculate the QALYs from the lifetime tables. In the base-case 
analysis we assumed that patients who are false-positive (patients who had a positive index test, 
but were breast cancer recurrent free) and go on to have a confirmatory biopsy will experience 
no disutility and will have QALYs of 13.8724.62 The assumption here is that the biopsy is 100% 
accurate and, because it is a relatively minor procedure, we have assumed that it induces no 
QALY decrement. If the biopsy is not 100% accurate, there will be a finite number of people 
who think they have recurrence when they have not. However, we have no data on this potential 
event and we did not address it in the sensitivity analysis. An important aspect of these data is 
the longer life expectancy associated with non-recurrence than with recurrence. The survival of 
those who do not experience recurrence is based on general population life tables.62 In contrast, 
recurrent breast cancer has a median life expectancy of 16.747 months, even if patients are 
treated optimally.52

Outcome in terms of recurrent cancer appropriately diagnosed  
and treated
For recurrent cancer appropriately diagnosed, only the difference between true-positive and 
false-negative matters. We have given these values 1 and zero respectively. For convenience we 
have given a value of 1 for false-positive and true-negatives, and therefore reserved the value of 
zero for important error.

Outcome in terms of diagnostic error avoided
In relation to the outcome of diagnostic error avoided, no effectiveness data were required. The 
true-positive and true-negative cases were given the value of one. False-positives and false-
negatives were given the value of zero.

Analysis
The decision tree model was constructed and programmed to select the base-case model input 
parameters. The model estimated the mean cost associated with each diagnostic procedure and 
assumed that patients entering the model would be aged 50–75 years.

The results of the cost-effectiveness analysis are presented in terms of the incremental cost-
effectiveness ratios (ICERs). It was appropriate to use this method of presentation as it gives the 
benefit associated with an additional cost per QALY. The base-case analysis is based on a number 
of outcomes. The primary outcome is cost per QALY, but secondary outcome measures of case of 
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recurrent cancer appropriately diagnosed and treated and cost per diagnostic error avoided are also 
considered.

A deterministic analysis was carried out for the base-case results for the primary and secondary 
outcome measures.

In addition, a number of sensitivity analyses were required, and these have been highlighted 
where appropriate during the description of the data. The sensitivity analyses that we carried out 
are summarised below:

1. Threshold-focused sensitivity analyses were carried out, deterministically, to establish the 
critical values for the cost and accuracy of PET/CT that could change deterministic results in 
terms of the ICERs, in such a way that might affect the decisions of policy-makers.

2. A deterministic sensitivity analysis was carried out on the extreme values in the range of 
prevalence (0.19–0.93) found in the systematic review by Pennant et al.17

3. In response to the ‘either positive rule’ used in the base case for the derivation of the 
sensitivity and specificity for the strategy of PET/CT as an adjunct to conventional work-up, 
we carried out a deterministic analysis using the derived sensitivity which was used in 
the base case, but instead of using the derived specificity value used in the base case of 
0.68, which was necessarily low to reflect increased number of false-positives, we used the 
specificity for conventional work-up alone (value 0.76) to explore the assumption that the 
additional cases detected were in fact true-positive (0.76 is the lower of the two specificities 
for the tests being combined).

4. It was clear to the authors of the accuracy review17 that PET alone was never introduced into 
clinical practice, so we carry out sensitivity analysis which removes this diagnostic strategy 
from the base case.

Probabilistic sensitivity analysis was undertaken to determine the uncertainty of the model 
input parameters of prevalence, sensitivity and specificity, treatment costs and expected QALYs. 
We carried out probabilistic sensitivity analysis based on an outcome of cost per QALY only. 
In probabilistic sensitivity analysis, each model parameter is assigned a distribution reflecting 
the amount and pattern of its variation, and cost-effectiveness results are calculated by 
simultaneously selecting random values from each distribution. The process is repeated 10,000 
times in a Monte Carlo simulation of the model to give an indication of how variation in the 
model parameters leads to variation in the ICERs for a given test combination. The appropriate 
distribution for the data on test accuracy (sensitivity and specificity) and prevalence is a beta 
distribution. The beta and normal distributions that were used in the probabilistic sensitivity 
analysis are presented in Appendix 2.3.

For the cost and effectiveness of treatment, only point estimates were available from the report.52 
For the purpose of probabilistic sensitivity analysis, we placed independent normal distributions 
around each figure, taking the standard deviation to be 0.1 times the mean. This assumption 
ensures that both cost and QALY outcomes will remain positive. Given the arbitrary nature of 
this assumption, we also carried out probabilistic sensitivity analysis in which these values were 
fixed at the point estimates.
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Chapter 4  

Results of the cost-effectiveness 
modelling

Results in terms of cost per quality-adjusted life-year

The base-case deterministic results of the strategies based on the outcomes of QALYs, diagnostic 
error avoided and the case of recurrent cancer appropriately diagnosed and treated are presented 
in Tables 3–5. In Table 3, the results are presented in terms of cost per QALY. Conventional 
work-up with a mean cost of £10,864 was the least costly diagnostic strategy with corresponding 
QALYs of 4.7826 (see Table 3b). The conventional work-up diagnostic strategy provided the 
lowest number of QALYs. PET diagnostic strategy had a mean cost of £12,807 and was £1942 
more costly than conventional work-up. The total effectiveness of PET was 4.8490 QALYs, 
an incremental QALY gained of 0.0663 compared with conventional work-up. The estimated 
ICER for this diagnostic strategy was £29,300 per QALY. This indicates that for every additional 
QALY from PET there is an incremental cost of £29,300. PET/CT costs £747 more than PET 
alone, but has an incremental QALY gained of 0.0241 compared with PET alone. The ICER 
for PET/CT compared with PET is approximately £31,000 per QALY. Finally, the diagnostic 
strategy of PET/CT combined with conventional work-up has a mean cost of £14,566 and costs 
approximately £1012 more than PET/CT and has a total effectiveness of 4.8972 QALYs, which 
is an incremental QALY gain of 0.0241 compared with PET/CT. The ICER for PET/CT as an 
adjunct to conventional work-up compared with PET/CT is £42,000 per QALY.

TABLE 3a Base-case results from the analysis cost per QALY (2007–8 prices)

Strategy
Mean cost per 
strategy Difference in costs

Effectiveness 
(QALY) Incremental QALYs ICER

Conventional work-up £10,864 – 4.7826 – –

PET £12,807 £1942 4.8490 0.0663 £29,300

PET/CT £13,554 £747 4.8732 0.0241 £31,000

PET/CT together with 
conventional work-up

£14,566 £1013 4.8972 0.0241 £42,100

TABLE 3b Breakdown of effectiveness results for conventional work-up (cost per QALY)

Outcome Probability QALY Probability and QALY

True-positive 0.552 0.8737 0.4823

False-negative 0.138 0 0

False-positive 0.0744 13.8724 1.0321

True-negative 0.2356 13.8724 3.2683

Effectiveness for conventional 
work-up

– – 4.7827
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Results based on an outcome of cost per case of recurrent 
cancer appropriately diagnosed and treated

Table 4 presents the results based on an outcome of case of recurrent cancer appropriately 
diagnosed and treated. The results show that, based on this outcome, PET is both more costly and 
more effective than conventional work-up, with an ICER of £6900. PET/CT is more costly and 
more effective than PET alone, with an ICER of £8400. The final diagnostic strategy of PET/CT 
combined with conventional work-up is more costly and more effective than PET/CT, with an 
estimated ICER of £18,100.

The ICERs presented indicate the additional cost required to accurately diagnose and treat 
one case of recurrent cancer. For the final diagnostic strategy of PET/CT as an adjunct to 
conventional work-up the sharp increase in the ICER compared with the preceding strategy 
of PET/CT is a result of the tests of PET/CT and conventional work-up combining to produce 
more false-positives.

Results based on an outcome of cost per diagnostic error avoided

Table 5 presents the results of the analysis based on an outcome of cost per diagnostic error 
avoided. The results for PET alone and PET/CT show that PET alone is both more costly and 
more accurate than conventional work-up and that PET/CT is correspondingly more costly, but 
also more accurate than PET alone. As the components of the test increase, so do the cost and the 
accuracy of the test. However, PET/CT as an adjunct to conventional work-up is the exception, 

TABLE 4 Base-case results from the analysis case of recurrent cancer appropriately diagnosed and 
treated (2007–8 prices)

Strategy
Mean cost per 
strategy Difference in costs Effectiveness

Incremental case 
of recurrent cancer 
appropriately 
diagnosed and 
treated ICER

Conventional work-up £534 – 0.8620 – –

PET £1101 £527 0.9379 0.0759 £6900

PET/CT £1333 £233 0.9655 0.0276 £8400

PET/CT together with 
conventional work-up

£1831 £498 0.9931 0.0276 £18,100

TABLE 5 Base-case results from the analysis cost per diagnostic error avoided (2007–8 prices)

Strategy Mean costs Difference in costs Effectiveness

Incremental 
diagnostic error 
avoided ICER

Conventional work-up £573 – 0.7876 – –

PET £1101 £527 0.8945 0.1069 £4900

PET/CT £1333 £233 0.9314 0.0369 £6300

PET/CT as an adjunct to 
conventional work-upa

£1831 £498 0.8928 –0.0386 Dominated

a This strategy has been derived because of the implications in the studies reviewed that PET/CT was never introduced as an adjunct (even 
though it was assumed an adjunct).17 It was apparent in the reviewed evidence that it was introduced most commonly as a replacement.
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as this combined package of available tests has a high cost, but is less accurate than both PET/CT 
and PET alone in terms of errors avoided because it detected more false-positives. Thus, PET/CT 
as an adjunct to conventional work-up is more costly than both PET alone and PET/CT, but also 
less effective than either strategy in terms of reducing errors, and so this combined strategy of 
PET/CT as an adjunct to conventional work-up is dominated by the preceding two diagnostic 
strategies presented in the table.

Deterministic sensitivity analysis results

Threshold analysis to find a value for cost and positron emission 
tomography/computed tomography test accuracy at which positron 
emission tomography/computed tomography might be considered 
cost-effective

Finding the threshold sensitivity level
In the model, the sensitivity of the test was increased from the base-case value of 95%, in order to 
find a value for which PET/CT became a cost-effective diagnostic strategy – all other parameters 
including specificity were held at their base-case values. When the sensitivity of PET/CT was 
increased to a value of 97%, the ICER for PET/CT versus PET fell slightly to £27,800 per QALY, 
reflecting the improved accuracy for this test. This result also shows dominance over PET alone 
as, with improved sensitivity, the strategy has the most favourable ICER and shows extended 
dominance over the ICER for PET versus conventional work-up. The ICER for PET/CT as an 
adjunct to conventional work-up increased to approximately £55,000 per QALY, reflecting the 
increase in the number of false-positives.

Finding the threshold specificity level
In the model, the specificity of the test was increased from the base-case value of 89% to find 
a value for which PET/CT became a cost-effective diagnostic strategy – all other parameters 
including sensitivity were held at their base-case values. The specificity of PET/CT was increased 
to a value of 100%, and the ICER for PET/CT versus PET was estimated at £30,800 per QALY. 
The conclusion that specificity does not affect cost-effectiveness is dependent on the structural 
assumption about use of biopsy. Without biopsy confirmation, the effect of specificity is likely to 
be much greater because the impact of false-positive results is magnified. Clearly, this shows that 
there is clear sensitivity of the results to costs of the test.

Finding the threshold cost value
The cost of PET/CT was reduced from the base-case value of £1236 to £1210, a reduction of 
just £26, which had the effect of reducing the ICER for PET/CT versus PET in the deterministic 
analysis to just under the £30,000 per QALY threshold to an estimated ICER of £29,900 
per QALY.

Changing the prevalence to use the extreme values of the range identified 
in the literature review

Two analyses, the first using the upper and the second using the lower limit from the range 
(0.93–0.19) of prevalence estimates identified by the clinical literature review, were used in the 
model to see the impact on the ICERs.17 Reducing the prevalence increased the ICERs and, thus, 
reduced cost-effectiveness, while increasing the prevalence had the effect of improving the ICERs, 
but only slightly under the base-case values.
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Changing the specificity of positron emission tomography/computed 
tomography as an adjunct to conventional work-up to 0.76

The effect of changing the specificity when PET/CT is used as an adjunct to conventional 
work-up, from the base case of 0.68 (calculated according to the ‘either positive rule’) to 0.76, the 
value representing the lowest for either of the two individual tests – represented by the specificity 
of conventional work-up. The change makes no difference to the results and, as before (sensitivity 
analysis 1b, Table 6), this may be related to the assumption about biopsy.

Omitting positron emission tomography from the analysis
Removing PET from the analysis provides a direct comparison between PET/CT and 
conventional work-up. Exploring the impact on this is important because, in practice, it appears 
that the use of PET has not been implemented at all. The removal of PET from the analysis 
produces an ICER for PET/CT versus conventional work-up of £29,700 per QALY. Compared 
with the base-case results, this ICER represents a weighted average of the ‘ICER for PET/CT 
versus PET’ and the ‘ICER for PET versus conventional work-up’ as expected.

Given the increasingly clear irrelevance of PET in the reviews of the clinical literature,17 the 
strategy of PET/CT versus PET should be interpreted with some scepticism as to its meaning, 
as PET alone is not really used in practice. The ICER for the comparison of PET/CT versus 
conventional work-up is calculated by taking the weighted average of the ICER of PET/CT versus 
PET and the ICER of PET versus conventional work-up. Thus, the results for such a comparison 
would be only slightly different from that presented in the middle column of results for Table 6 
(PET/CT vs PET), and can be estimated intuitively. As a result, the analysis for PET/CT versus 
conventional work-up has not been repeated for all the items explored in the sensitivity analysis.

TABLE 6 Summary of results from deterministic sensitivity analysis based on primary outcome of cost per QALY

Strategy

ICER of diagnostic strategies compared with conventional work-up (cost per QALY)

PET vs conventional 
work-up PET/CT vs PET

PET/CT as an adjunct to 
conventional work-up vs 
PET/CT

Base case £29,300 £31,000 £42,100

Sensitivity analysis

1a. Increasing the sensitivity of PET/CT to 97% 
– all other parameters as base case (cost 
per QALY)

£29,300 £27,800 £55,600

1b. Increasing the specificity of PET/CT to 
100% all other parameters as base case 
(cost per QALY)

£29,300 £30,800 £42,000

1c. Reducing the cost of the PET/CT strategy 
from the base-case value of £1236 to 
£1210

£29,300 £29,900 £43,100

2a. Reducing prevalence to lowest value in 
range (0.19)

£49,400 £55,600 £98,200

2b. Increasing prevalence to highest value in 
range (0.93)

£27,300 £28,600 £36,500

3. Using specificity from just one (conventional 
work-up) of the two combined tests PET/CT 
as an adjunct to conventional work-up

£29,300 £31,000 £41,800

4. Omitting PET as a strategy £29,700 £41,900
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Results of probabilistic sensitivity analysis for the base-case cost 
per quality-adjusted life-year outcome

Figure 2 presents the four-way cost-effectiveness acceptability curve (CEAC) with and without 
the distributions around the treatment costs and outcomes. There is very little difference between 
the two sets of curves. Whereas these results suggest a clear preference for conventional work-up 
at thresholds up to £20,000/QALY, and for PET/CT combined with conventional work-up at 
much higher thresholds, they show considerable uncertainty at thresholds around £30,000/QALY. 
It has been shown that CEACs can be misleading when correlated strategies are compared.63 
The four-way CEAC is not informative between the options at thresholds around £30,000/
QALY. We have also produced bilateral CEACs for the comparisons specified in the protocol (see 
Appendix 3).

Figure 3 shows the results for PET/CT as a replacement for conventional work-up. Figure 3a 
shows the scatter plot, including the distributions around treatment outcomes, while Figure 3b 
shows the scatter plot when only the point estimates for treatment outcomes are included in 
the analysis. The unusual shape of the scatter plot in Figure 3b requires comment. We explored 
this further by looking at the effect of the distribution of each parameter separately. The QALY 
outcomes are completely insensitive to variations in the specificities of the two tests. This 
makes perfect sense in modelling terms, as we have assumed no loss in QALYs from a false-
positive result. Varying the specificity of either strategy makes a small difference to the cost of 
that strategy, which is why the scatter plot in Figure 3b is not quite confined to a straight line, 
although the difference is not clearly visible. Varying the prevalence makes a visible difference to 
costs and QALYs, but the greater part of the uncertainty is due to the test sensitivities. In effect, 
almost all of the uncertainty shown on Figure 3b is due to the relative sensitivity of the two tests: 
as the model outcomes are linearly related to the relative sensitivity, the scatter plot is close to a 
straight line.

Figures 3c and 3d show the CEACs for this comparison, with and without the distribution 
around treatment costs and outcomes. There is very little difference between the CEACs, and 
each suggests that PET/CT is highly likely to be considered cost-effective at willingness-to-pay 
thresholds > £40,000.

Figure 4 shows the results for PET/CT as an adjunct to conventional work-up. The results are 
similar to those shown in Figure 3.

FIGURE 2 Cost-effectiveness acceptability curves for all strategies compared together. (a) Distributions around 
treatment costs and outcomes; and (b) point estimates for treatment costs and outcomes.
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FIGURE 3 Probabilistic sensitivity analysis results for PET/CT as a replacement for conventional work-up. (a) Scatter 
plot using distributions around treatment costs and outcomes; (b) scatter plot using point estimates for treatment costs 
and outcomes; (c) CEAC using distributions around treatment costs and outcomes; and (d) CEAC using point estimates 
for treatment costs and outcomes.

FIGURE 4 Probabilistic sensitivity analysis results for PET/CT as an adjunct to conventional work-up. (a) Scatter plot 
using distributions around treatment costs and outcomes; (b) scatter plot using point estimates for treatment costs and 
outcomes; (c) CEAC using distributions around treatment costs and outcomes; and (d) CEAC using point estimates for 
treatment costs and outcomes.
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Figure 5 shows the results for PET/CT versus PET alone. Again, the scatter plot based on point 
estimates is very close to a straight line. In this case, both scatter plots show a substantial part of 
the distribution in the south-west quadrant, where PET/CT appears to be cost-saving, but less 
effective, compared with PET. This is reflected in the CEACs, which start above zero, but reduce 
towards zero at around £20,000/QALY, before assuming the more usual increasing shape. Note 
that the modelled probability that PET/CT is cost-effective does not reach 1 in either curve. 
It should be noted that a CEAC is not the same as a cumulative probability curve when the 
distribution goes beyond the north-east quadrant.64

FIGURE 5 Probabilistic sensitivity analysis results for PET/CT compared with PET. (a) Scatter plot using distributions 
around treatment costs and outcomes; (b) scatter plot using point estimates for treatment costs and outcomes; (c) 
CEAC using distributions around treatment costs and outcomes; and (d) CEAC using point estimates for treatment 
costs and outcomes.
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Chapter 5  

Discussion

Principal findings

The results of the base-case deterministic analysis for the outcome of cost per QALY based on the 
current model suggest that the strategy of conventional work-up is both the least costly and the 
least effective strategy. The ICER for the strategy of PET compared with conventional work-up 
was estimated at £29,300 per QALY; the ICER for PET/CT compared with PET was £31,000 per 
QALY; and the ICER for PET/CT as an adjunct to conventional work-up versus PET/CT was 
£42,000 per QALY. The ICER for PET/CT compared with conventional work-up was £29,700 per 
QALY. Clearly for each additional diagnostic test that is added to PET, the more expensive the 
package becomes, but also the more effective it becomes in terms of QALYs gained.

The probabilistic sensitivity analysis suggests that at a willingness-to-pay threshold of £20,000 
per QALY, which is the threshold below which technologies are accepted and considered cost-
effective by NICE, conventional work-up is the preferred option given the current model. Neither 
of the PET nor PET/CT strategies appear cost-effective at this threshold given the current model. 
At the upper end of the accepted threshold, at the £30,000 per QALY level, there is considerable 
uncertainty regarding what would be considered the preferred strategy. Based on the current 
model-based analysis, PET/CT appears to be the most cost-effective strategy only at thresholds 
> £40,000 per QALY, which exceeds the threshold currently considered acceptable by NICE.

The deterministic threshold analysis showed that relatively small increases in the sensitivity of 
PET/CT which were well within the margin of observed results of the review by Pennant et al.,17 
and relatively small reductions in the cost of PET/CT, can change the ICERs estimated in the 
deterministic base-case analysis to within the acceptable range of £20,000–30,000 per QALY.

Other changes in the one-way deterministic sensitivity have been explored, but, with the 
exception of changes to sensitivity of the test and cost, the impact of the deterministic sensitivity 
analysis on the results was very modest. Furthermore, the deterministic analysis results do not 
take into account the uncertainty highlighted by the base-case probabilistic sensitivity analysis 
which highlighted great uncertainty at the £30,000 per QALY level for all comparisons made.

Strengths and limitations of the study

The strengths of this study are that the analysis is based on test accuracy data from a systematic 
review of the accuracy literature for PET/CT and alternative strategies, which represents the 
best available data.17 The report by Pennant et al.17 represented the work of a multidisciplinary 
team which included both oncologists and radiologists, and the authors used their expertise 
to design the protocol for the current model-based economic analysis (see Appendix 3).There 
are some major limitations in the analysis that must be considered in the interpretation of the 
results. Serious concerns are based on the availability of suitable data identified in the clinical 
literature review by Pennant et al.17 For example, we have assumed that all patients undergo 
conventional work-up, whereas, in reality, all patients would not receive all tests that constitute 
conventional work-up, but perhaps one specific test such as a bone scan if they complain of bone 



26 Discussion

pain. This assumption serves to make conventional work-up more expensive than it would be 
in reality; hence, disadvantaging the conventional work-up strategy. However, the conclusions 
of our analysis remain unaffected by the assumption as conventional work-up was shown to be 
the most cost-effective strategy despite being disadvantaged. Furthermore, in the model it is 
assumed that confirmatory biopsy testing will be used when a positive result from any imaging 
diagnostic strategy is obtained. This assumption has the effect of reducing the false-positive cases 
and the impact these cases would have on follow-up treatment, and their associated cost. Pennant 
et al.17 were clear that some of the data (presented in Table 1) have been attributed to tests such 
as PET/CT in the context of PET/CT being an adjunct to conventional work-up, whereas they 
realised that what the studies were reporting on should be perceived not as an adjunct but as 
a replacement. Thus, the data have been interpreted by us as representing replacement, which 
meant that we had to derive the data for PET/CT as an adjunct to conventional work-up from 
the available data. It must also be emphasised that many of the accuracy data were not available 
from studies that had used direct comparison, so that indirect comparisons had to be used 
instead. It also became apparent that PET alone was never absorbed into clinical practice, and 
this must be considered in the interpretation of the results. Other limitations include the fact that 
the model structure was compromised in the pathways for which data were scarce, and many 
assumptions were required in the development of the model structure as a result of paucity of 
data: for instance it was assumed that women who were diagnosed as false-negative for recurrent 
breast cancer died immediately. In reality, symptoms may have prompted at least some of these 
women to seek further medical advice and treatment, but the lack of robust data meant that this 
was not accounted for in the model. The model-based analysis is also restricted to women aged 
≥ 50 years, based on available data. But breast cancer in women aged < 50 years can often be more 
aggressive and thus this population may have a higher rate of recurrence. Cost data for tests 
were available in very few published studies, and only unit costs for relevant resource use were 
available. Typically, cost data were supported only by one source and this is also true for the data 
available for quality of life associated with recurrent breast cancer. The deterministic sensitivity 
analysis showed that very small changes in the cost of PET/CT were sufficient to change results 
to fall within the acceptable threshold set by NICE. Accurate cost data for PET/CT are essential 
to reduce the uncertainty associated with such changes. Limited availability of data also means 
that any correlations that may exist between the sensitivity and specificity data, for the range of 
diagnostic tests, have been ignored.

Given its brief, the current study was presented with some major challenges regarding the 
extent of objectives defined at the outset and the availability of both clinical and economic data 
required to populate the model. Both the resources and the time frame available for the current 
study were severely limited, and there are many issues which can be resolved only by further 
primary research.

Comparison with existing studies

No studies were identified that had considered the relative cost-effectiveness of available 
technologies for recurrent breast cancer, and therefore appropriate comparisons with other 
existing studies are not possible. At the time of writing, the authors are aware of an ongoing 
National Institute for Health Research-funded study modelling the cost-effectiveness of PET and 
PET/CT for primary breast cancer. It is possible that some data or results from that study could 
reduce the uncertainty for some aspects of the current study.
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Chapter 6  

Conclusion

Meaning of the study and implications for health care

Based on the current model and given the limitations that have been highlighted in terms of 
limited availability of data, resources and time restrictions, the results of the current analysis 
suggest that use of PET/CT in the diagnosis of recurrent breast cancer, in the use of every woman 
suspected of having a recurrence, is unlikely to be cost-effective given the current willingness-
to-pay thresholds that are accepted in the UK by decision-making bodies such as NICE. Our 
modelling suggests that conventional work-up could be the most cost-effective diagnostic 
strategy given current data. The results are affected by uncertainty at many levels, and so a better 
expression of our current understanding is that the cost-effectiveness of PET/CT for detecting 
distantly recurrent breast cancer is largely unknown. There is certainly insufficient evidence to 
firmly exclude PET/CT as a cost-effective diagnostic option for every woman suspected of having 
a recurrence. It also needs to be considered that examining the value of PET/CT for detecting 
metastases in suspected recurrence in isolation from the same role in primary breast cancer is 
not necessarily appropriate. The wider context of the use of PET/CT in the investigation of all 
breast cancer needs to be taken into account. Our results on distant recurrence contrast with the 
cost-effectiveness estimates of PET in the initial investigation of suspected breast cancer, which 
highlights the importance of not viewing these results in isolation.

Unanswered questions and future research

The evidence on the cost-effectiveness of PET/CT in recurrent breast cancer seems finely poised, 
so further research would thus seem to be the priority. The key question remains: what is the 
cost-effectiveness of PET/CT for the diagnosis of breast cancer recurrence? Here we acknowledge 
that PET alone is no longer a relevant technology to be appraised. This could be addressed by 
a model or primary economic evaluation; both approaches remain relevant. The model we 
presented could be enhanced and developed further, but considerably more resources and 
time would be required than have been afforded to the current analysis. No primary economic 
evaluations have been conducted as of May 2010. There are also aspects of model structure 
and approach that would merit further development too, particularly examining the impact of 
alternative assumptions about the patient pathway.

It will also be important to ascertain whether the relative cost-effectiveness of the diagnostic tests 
associated with PET/CT would improve if more reliable data on accuracy of the tests, resource 
use costs or the outcome in QALYs were available, or whether PET/CT is just not yet accurate 
enough in this application to compete with conventional work-up on cost-effectiveness grounds. 
Future studies need to secure robust cost data that can be verified from more than one source for 
the diagnostic tests involved in PET/CT. Reliable and verifiable data on quality of life associated 
with this clinical condition is also crucial.

It is possible that data on both quality of life and costs are available in literature that have a wider 
focus than PET and PET/CT for recurrent breast cancer, but searching for this literature was 
beyond the scope of the current study.
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Appendix 1  

Review of published economic 
evaluation studies

Appendix 1.1: Original database search strategy

Database: EMBASE 1980 to week 22 2009
1. exp emission tomography/ (64,606)
2. exp whole body imaging/or whole body ct/or whole body pet/ (3384)
3. (positron adj2 emission adj2 tomograph$).tw. (21,306)
4. (emission adj2 comput$adj2 tomograph$).tw. (9371)
5. (radionuclide adj2 cat scan$).tw. (3)
6. (radionuclide adj2 ct scan$).tw. (22)
7. (radionuclide-comput$adj2 tomograph$).tw. (12)
8. (scintigraph$adj2 comput$adj2 tomograph$).tw. (332)
9. (tomograph$adj2 emission adj2 comput$).tw. (9601)

10. (pet or petct).tw. (29,731)
11. or/1-10 (75,284)
12. exp breast cancer/ (154,137)
13. exp breast tumor/ (161,246)
14. (breast$adj5 (cancer$or carcinoma$or adenocarcinoma$or carcinogen$or sarcoma$or 

malignan$or tumo?r$or neoplas$)).tw. (128,069)
15. or/12-14 (177,409)
16. 11 and 15 (2224)
17. (recur$or relaps$or metasta$or restag$or re-stag$).mp. (529,809)
18. 16 and 17 (1096)
19. from 18 keep 1-1000 (1000)

Database: Ovid MEDLINE(R) 1950 to week 5 May 2009
1. exp tomography, emission-computed/ (53,082)
2. (emission adj2 comput$adj2 tomograph$).tw. (9756)
3. (tomograph$adj2 emission adj2 comput$).tw. (9987)
4. (radionuclide-comput$adj2 tomograph$).tw. (19)
5. (radionuclide adj2 cat scan$).tw. (4)
6. (radionuclide adj2 ct scan$).tw. (29)
7. (scintigraph$adj2 comput$adj2 tomograph$).tw. (373)
8. (positron adj2 emission adj2 tomograph$).tw. (21,497)
9. (pet or petct).tw. (30,376)

10. or/1-9 (66,222)
11. exp breast neoplasms/ (162,938)
12. (breast$adj5 (cancer$or carcinoma$or adenocarcinoma$or carcinogen$or sarcoma$or 

malignan$or tumo?r$or neoplas$)).tw. (149,549)
13. or/11-12 (191,686)
14. 10 and 13 (1433)
15. from 14 keep 1-1000 (1000)
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Appendix 1.2: Updated search strategy

Database: EMBASE May 2009 to week 4 April 2010
1. exp emission tomography/ (72,363)
2. exp whole body imaging/or whole body ct/or whole body pet/ (3920)
3. (positron adj2 emission adj2 tomograph$).tw. (23,570)
4. (emission adj2 comput$adj2 tomograph$).tw. (10,282)
5. (radionuclide adj2 cat scan$).tw. (3)
6. (radionuclide adj2 ct scan$).tw. (22)
7. (radionuclide-comput$adj2 tomograph$).tw. (12)
8. (scintigraph$adj2 comput$adj2 tomograph$).tw. (348)
9. (tomograph$adj2 emission adj2 comput$).tw. (10,623)

10. (pet or petct).tw. (33,611)
11. or/1-10 (84,228)
12. exp breast cancer/ (167,175)
13. exp breast tumor/ (175,984)
14. (breast$adj5 (cancer$or carcinoma$or adenocarcinoma$or carcinogen$or sarcoma$or 

malignan$or tumo?r$or neoplas$)).tw. (139,514)
15. or/12-14 (193,763)
16. 11 and 15 (2633)
17. (recur$or relaps$or metasta$or restag$or re-stag$).mp. (575,047)
18. 16 and 17 (1321)
19. limit 18 to yr=“2009 -Current” (257)
20. from 19 keep 1-257 (257)

Database: Ovid MEDLINE(R) May 2009 to week 4 April 2010
1. exp tomography, emission-computed/ (57,549)
2. (positron adj2 emission adj2 tomograph$).tw. (23,435)
3. (emission adj2 comput$adj2 tomograph$).tw. (10,528)
4. (radionuclide adj2 cat scan$).tw. (4)
5. (radionuclide adj2 ct scan$).tw. (29)
6. (radionuclide-comput$adj2 tomograph$).tw. (19)
7. (scintigraph$adj2 comput$adj2 tomograph$).tw. (387)
8. (tomograph$adj2 emission adj2 comput$).tw. (10,852)
9. (pet or petct).tw. (33,726)

10. or/1-9 (71,942)
11. exp breast neoplasms/ (172,296)
12. (breast$adj5 (cancer$or carcinoma$or adenocarcinoma$or carcinogen$or sarcoma$or 

malignan$or tumo?r$or neoplas$)).tw. (159,884)
13. or/11-12 (203,535)
14. 10 and 13 (1622)
15. (recur$or relaps$or metasta$or restag$or re-stag$).mp. (671,924)
16. 14 and 15 (832)
17. limit 16 to yr=“2009 -Current” (107)
18. from 17 keep 1-107 (107)

Appendix 1.3: Published economic evaluation studies reviewed

Two published papers which were independently identified by the reviewers (CH and PA), 
but were rejected because they were based on primary and axillary staging of breast cancer. 
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The studies identified were by Miles48 and Sloka et al.49 The quality of the study by Sloka et 
al.49 was better than that for Miles.20 Both studies used decision tree analysis to determine the 
cost-effectiveness of diagnostic imaging techniques, one in primary breast cancer and other the 
axillary staging of breast cancer.

Miles48 used a previously existing and published model and applied this to the Australian context 
by using new prevalence and cost data to determine the cost-effectiveness of diagnostic imaging 
techniques to detect breast cancer. The study population was not clearly stated. The results from 
the economic evaluation stated that the cost saving per patient examined by PET is AUS $550 
presented in 1997 prices for axillary staging of breast cancer. Miles48 further used sensitivity 
analysis for the prevalence of the disease and the specificity of PET. He concluded in the 
Australian context that the use of PET was cost-effective.

Comments: This paper48 passed the majority of the quality assessment criteria. However, given 
that the model was constructed and results presented for the staging of breast cancer, this paper 
was not relevant in developing a decision tree model for breast cancer recurrence, and thus not 
deemed relevant to the current study.

Sloka et al.’s49 objective was to establish the cost-effectiveness of PET in the management of 
patients. Two groups of patients were considered, all patients receiving axillary lymph node 
dissection, but one group undergoing a PET scan and the other no PET. The study population 
was 1000 women aged ≥ 55 years; they justified this study population as a representative average 
age of patients presenting with breast cancer in Canada. The results from the cost-effectiveness 
analysis suggested that cost savings of CAN$695 per person could arise from the use of PET 
scanning with an increase in life expectancy of 7.4 days. Based on the results presented, 
Sloka et al.49 concluded that the use of a PET management strategy with axillary lymph node 
dissection of primary breast cancer would be economically beneficial in Canada, even under 
varying conditions.

Comments: The results and conclusion presented were based on a population of women being 
diagnosed with primary breast cancer. Therefore this paper does not provide any assistance in 
modelling breast cancer recurrence.
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Appendix 2  

Model-based assumptions

Appendix 2.1: assumptions from NICE (2009) guidelines

Here we present the assumptions regarding the study population, treatment and survival used 
by NICE in its economic evaluation. The most cost-effective strategy was used as the basis of the 
treatment cost presented in Table 2.

TABLE 7 Model assumptions used in the NICE 2009 report24

Assumptions

Study population

Women with metastatic breast cancer who had previously been treated with anthracycline (treatment may have been used as adjuvant treatment)

Patients in whom the disease is hormone responsive will receive alternative/additional treatment

Treatment

Patients will receive first-line therapy; there is the possibility of the patient dying from a toxic death.  The assumption is that a toxic death can only 
occur after first-line therapy

There is a time lag of one month between discontinuing first-line therapy and commencing second-line therapy.  In the absence of toxicity the 
patient will continue first-line therapy.  At this point it is assumed that response can be assessed, to the patient faces a probability of responding to 
therapy, or having stable disease or not

Capecitabine used as first-line treatment or part of a combination of first-line treatment will not be used in second-line treatment

The ‘no chemotherapy’ treatment would result in no progression-free survival and 5 months' survival with progressive disease

Survival

Overall survival was assumed to be time to progression of first-line treatment, time to progression of second-line treatment, time to progression of 
third-line treatment and progression to death (5 months)

Survival and time to progression followed exponential distributions

Authors assumed the utility with progressive disease, 0.45

Utility associated with stable disease, 0.65

Utility associated with progressive disease, 0.45

Cost estimation

For treatment which required a combination of two drugs, it was assumed that there will be one administration cost

At the beginning of each cycle, it was assumed that the patient will have an oncologist consultation

We used strategy 14, the most cost-effective strategy, which leads to an expected mean cost of 
£18,118, which we inflated to 2008 prices.
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Appendix 2.2: accuracy data for conventional work-up, 
positron emission tomography and positron emission 
tomography/computed tomography

TABLE 8 Patient data: direct and indirect comparisons of the sensitivity and specificity of PET compared with CITs

Comparison
PET sensitivity, 
% (95% CI)

CIT sensitivity, 
% (95% CI)

Relative 
sensitivity 
(95% CI)

PET specificity, 
% (95% CI)

CIT specificity, 
% (95% CI)

Relative 
specificity 
(95% CI)

Direct PET vs CIT 89 (83 to 93), 
n = 10

79 (72 to 85), 
n = 10

1.12 (1.04 to 
1.21), p = 0.005

93 (83 to 97) 83 (67 to 92) 1.12 (1.01 to 
1.24), p = 0.036

Indirect PET vs 
CIT

91 (87 to 93), 
n = 25

81 (73 to 87), 
n = 11

1.12 (1.04 to 
1.21), p = 0.005

86 (79 to 91) 73 (59 to 83) 1.18 (1.03 to 
1.36), p = 0.017

Reproduced from Pennant et al.17

TABLE 9 Patient data: direct comparison of the sensitivity and specificity of PET/CT compared with CT and indirect 
comparison of PET/CT compared with a range of CITs

Comparison
PET/CT sensitivity, 
% (95% CI)

CIT sensitivity, 
% (95% CI)

Relative 
sensitivity 
(95% CI)

PET/CT specificity, 
% (95% CI)

CIT specificity, 
% (95% CI)

Relative 
specificity 
(95% CI)

Direct PET/CT 
vs CT

95 (88 to 98), 
n = 4

80 (65 to 90), 
n = 4

1.19 (1.03 to 
1.37), p = 0.015

89 (69 to 97) 77 (50 to 92) 1.15 (0.95 to 
1.41), p = 0.157

Indirect PET/CT 
vs CIT

95 (89 to 97), 
n = 5

78 (72 to 84), 
n = 11

1.21 (1.11 to 
1.31), p < 0.0001

89 (76 to 96) 79 (65 to 88) 1.13 (0.99 to 
1.29), p = 0.063

Reproduced from Pennant et al.17

Appendix 2.3: beta and normal distributions for accuracy, 
prevalence, treatment and expected quality-adjusted life-years

Beta distributions

TABLE 10 Probability distribution of the sensitivities by strategy

Strategy Base-case sensitivities Range (95% CI) Probability distribution Source

Conventional work-up 0.80 0.72 to 0.87 Beta (85.6, 21.4) Derived from data presented in 
Pennant et al.17

PET 0.91 0.87 to 0.93 Beta (282.1, 27.9) Derived from data presented in 
Pennant et al.17

PET/CT 0.95 0.89 to 0.97 Beta (71.25, 3.75) Derived from data presented in 
Pennant et al.17

PET together with 
conventional work-up

0.99 0.97 to 1.00 Beta (168.3, 1.7) Derived from data presented in 
Pennant et al.17
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TABLE 11 Probability distribution of the specificities by strategy

Strategy Base-case specificities Range (95% CI) Probability distribution Source

Conventional work-up 0.76 0.59 to 0.88 Beta (20.52,6.48) Derived from data presented in 
Pennant et al.17

PET 0.86 0.79 to 0.91 Beta (103.2, 16.8) Derived from data presented in 
Pennant et al.17

PET/CT 0.89 0.76 to 0.96 Beta (27.145, 3.355) Derived from data presented in 
Pennant et al.17

PET together with 
conventional work-up

0.68 0.45 to 0.89 Beta (12.24, 5.76) Derived from data presented in 
Pennant et al.17

TABLE 12 Probability distribution of the prevalence

Base-case prevalence Range (95% CI) Probability distribution Source

Prevalence 0.69 0.66 to 0.72 Beta (655.5, 294.5) Derived from data presented in 
Pennant et al.17

Normal distributions

TABLE 13 Normal distribution for parameter (treatment)

Cost (£) Probability distribution Standard deviation Source

Treatment (docetaxel, 
capecitabine and no 
chemotherapy

18, 643 Normal 1864.3 aNICE23

a Original treatment cost taken from Table A1.14 (strategy 14) NICE, 200923 (£18,118) cost year 2007. This figure was inflated to 2008 price by 
the use of the Hospital and Community Health Services combined pay and price inflation index.26

TABLE 14 Normal distribution for parameter (QALYs expected for treatment)

QALY Probability distribution Standard deviation Source

Total QALYs expected for 
treatment

0.8737 Normal 0.08737 NICE24

Appendix 2.4: detailed results of the sensitivity analysis

1(a) Increasing the sensitivity of PET/CT to 97% – all other parameters as base case (cost per 
QALY).

TABLE 15a Increasing the sensitivity of PET/CT to 97% – all other parameters as base case (cost per QALY)

Strategy
Mean cost per 
strategy

Difference in 
costs

Effectiveness 
(QALY)

Incremental 
QALYs ICER

Conventional work-up £10,862 – 4.7827 – –

PET £12,805 £1942 4.8490 0.0663 £29,300

PET/CT £13,811 £1006 4.8852 0.0362 £27,800

PET/CT as an adjunct to 
conventional work-up

£14,616 £805 4.8997 0.0145 £55,600
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1(b) Increasing the specificity of PET/CT to 100% – all other parameters as base case (cost per 
QALY).

TABLE 15b Increasing the specificity of PET/CT to 100% – all other parameters as base case (cost per QALY)

Strategy
Mean cost per 
strategy Difference in costs

Effectiveness 
(QALY) Incremental QALYs ICER

Conventional work-up £10,862 – 4.7827 – –

PET £12,805 £1942 4.8490 0.0663 £29,300

PET/CT £13,547 £742 4.8732 0.0241 £30,800

PET/CT as an adjunct to 
conventional work-up

£14,561 £1014 4.8973 0.0241 £42,000

1(c) Reducing the cost of the PET/CT strategy from the base-case value of £1236 to £1210.

TABLE 15c Reducing the cost of the PET/CT strategy from the base-case value of £1236 to £1210

Strategy
Mean cost per 
strategy Difference in costs

Effectiveness 
(QALY) Incremental QALYs ICER

Conventional work-up £10,862 – 4.7827 – –

PET £12,805 £1942 4.8490 0.0663 £29,300

PET/CT £13,526 £721 4.8732 0.0241 £29,900

PET/CT as an adjunct to 
conventional work-up

£14,564 1038 4.8973 0.0241 £43,100

2(a) Reducing the prevalence to the lowest value in range (0.19).

TABLE 16a Sensitivity analysis results for cost per QALY (2007–8 prices)

Strategy
Mean cost per 
strategy Difference in costs

Effectiveness 
(QALY) Incremental QALYs ICER

Conventional work-up £3368 – 11.3694 – –

PET £4270 £902 11.3877 0.0183 £49,400

PET/CT £4639 £369 11.3943 0.0066 £55,600

PET/CT as an adjunct to 
conventional work-up

£5291 £652 11.4010 0.0066 £98,200

2(b) Increasing the prevalence to the highest value in the range (0.93).

TABLE 16b Sensitivity analysis results for cost per QALY (2007–8) prices

Strategy
Mean cost per 
strategy Difference in costs

Effectiveness 
(QALY) Incremental QALYs ICER

Conventional work-up £14,463 – 1.6211 – –

PET £16,904 £2442 1.7105 0.0894 £27,300

PET/CT £17,833 £928 1.743 0.0325 £28,600

PET/CT as an adjunct to 
conventional work-up

£19,018 £1185 1.7755 0.0325 £36,500

3 Using specificity from just one (conventional work-up) of the two combined tests for 
PET/CT as an adjunct to conventional work-up.
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TABLE 17 Base-case results from the analysis cost per QALY (2007–8 prices)

Strategy
Mean cost per 
strategy Difference in costs

Effectiveness 
(QALY) Incremental QALYs ICER

Conventional work-up £10,864 – 4.7827 – –

PET £12,807 £1942 4.8490 0.0663 £29,300

PET/CT £13,554 £747 4.8732 0.0241 £31,000

PET/CT together with 
conventional work-up

£14,563 £1009 4.8973 0.0241 £42,000

4 Omitting PET alone as a strategy.

TABLE 18 Base-case results from the analysis cost per QALY (2007–8 prices)

Strategy
Mean cost per 
strategy Difference in costs

Effectiveness 
(QALY) Incremental QALYs ICER

Conventional work-up £10,864 – 4.7827 – –

PET/CT £13,554 £2690 4.8732 0.0905 £29,700

PET/CT together with 
conventional work-up

£14,563 £1009 4.8973 0.0241 £41,900
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Background
Breast cancer is a serious life-threatening disease. Treatment options have developed significantly 
over the past decade and have affected survival. Inevitably, recurrence of breast cancer has 
increased and its diagnosis is important, as early appropriate treatment also has small but clear 
associated advantage for survival.

Breast cancer recurrence may be local (in the breast), regional (lymph nodes, collar bone, etc., 
same side of body as original cancer) or distant (in other body tissues such as bone, liver, lungs 
and brain), and is associated with symptoms such as weight loss, abdominal pain, respiratory 
symptoms, bone pain and neurological signs. Women with a past history of breast cancer may 
present with symptoms that may be innocent or the first indication of recurrence. The nature 
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of these symptoms will dictate the nature of the investigation, but tests will often include bone 
scans, chest X-rays, CT scans and ultrasound.

Positron emission spectroscopy and, more recently, PET/CT are new tools that may be used to 
diagnose breast cancer recurrence. These technologies trace radioactive isotopes in the body. 
Isotopes of glucose, most commonly fluorodeoxyglucose, are used for the detection of tumours as 
glucose is taken up and retained in tumour tissue, making it visible in PET images.

As well as exploring whether PET/CT is more effective than conventional diagnostic strategies 
and PET alone, there is a need to investigate and establish its relative cost-effectiveness in the 
diagnosis of breast cancer recurrence.

Objectives
This study aims to explore the cost-effectiveness of PET/CT in the diagnosis and treatment of 
breast cancer recurrence by modelling the relative costs and benefits accruing from the use of 
PET/CT as replacement to PET, as well as a replacement for, or in addition to, conventional 
work-up involving conventional X-rays, CT, ultrasound, bone scintigraphy and measurement of 
serum tumour markers.

Population
As in the main report,1 the population to be studied are patients with a history of breast cancer 
who have previously been treated for primary disease and are under investigation for the 
diagnosis of recurrence or secondary metastases (distinct from the primary disease).

Index tests and reference standard
The index test under assessment is PET/CT. It may be used in addition to standard tests, e.g. in 
combination with clinical examination/bone scanning, etc., and also instead of standard tests. 
Studies in which whole-body PET/CT is conducted as well as studies using only breast imaging 
may be considered. The reference standard used to define the true disease status of patients may 
be histological diagnosis (operation/biopsy) or clinical follow-up/autopsy findings.

Comparators
The study will set out to compare the costs and benefits associated with the use of PET/CT:

 ■ as a replacement for PET

Details of review team

Lead/senior reviewer Hyde, Christopher, Dr Senior Lecturer/Director of WMHTAC

Reviewer Pennant, Mary, Dr Systematic Reviewer

m.pennant@bham.ac.uk

Administrator Farren, Janet, Mrs Project Administrator

J.A.Farren@bham.ac.uk

Health economist Andronis, Lazaros, Mr Research Fellow

L.Andronis@bham.ac.uk

Information specialist Fry-Smith, Anne, Ms Information Specialist

A.S.Fry-Smith@bham.ac.uk

Clinical advisor Rea, Dan, Dr Senior Lecturer and Honorary Consultant in Medical Oncology
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Technical advisor Arvanitis, Theodoros, Dr Senior Lecturer
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 ■ as a replacement for conventional work-up consisting of ultrasound, bone scintigraphy, 
X-rays, CT and measurement or serum tumour markers

 ■ as a supplement to conventional work-up.

It is noted that, although PET scanners have ceased to be produced and can be found only in a 
limited number of hospitals, it is possible to carry out PET testing in isolation by using PET/CT 
scanners. The uncertainty on whether a comparison between PET and PET/CT is policy relevant 
will be explored further and this will be taken into account in possible changes in the study 
comparators.

Methods
Review of existing cost-effectiveness studies and input for economic 
modelling
A systematic review will be conducted to identify existing economic evaluation studies. The 
review will be carried out in a way similar to the review of effectiveness studies undertaken for 
the main report; however, this will differ in the following:

(a) Searches will be appropriately modified for the purpose of identifying cost-effectiveness 
studies.

(b) Criteria for inclusion with respect to study design will target cost-effectiveness, cost–
consequences, cost–utility, cost–analysis and cost–minimisation studies.

(c) The quality of the retrieved economic studies will be assessed against the commonly 
used checklist proposed by Drummond et al.2 A preliminary search was conducted, and 
revealed limited evidence on the cost-effectiveness of PET/CT against other commonly 
used diagnostic tests for the purpose of diagnosing recurrent breast cancer. Given this, it is 
expected that a de novo economic model will need to be built. Thus, apart from identifying 
existing cost-effectiveness studies, the purpose of the review is to extract useful information 
to be used in the de novo model.

Model structure
The study will involve constructing a decision analytic model through which we will estimate the 
cost-effectiveness of the assessed interventions. This will take the form of a decision tree. Each of 
its branches will represent a diagnostic test under assessment and it will be populated with data 
on diagnostic accuracy, costs and benefits obtained from the effectiveness report, and available 
literature. If data on health-related quality of life exist, the study results will be expressed in terms 
of cost per QALY gained, which is the principle measure of outcome used by NICE.3 If this is 
not plausible, results will be expressed as cost per unit of relevant health outcome, e.g. cost per 
diagnostic error avoided or cost per death due to recurrent cancer prevented.

Uncertainty in the cost-effectiveness results will be explored through deterministic sensitivity 
analysis, in which input values for one or more parameters will be varied across a plausible 
range, probabilistic sensitivity analysis, in which values for uncertain parameters are drawn from 
distributions assigned to those parameters and threshold analysis, which will allow identifying 
the values of an uncertain parameter (i.e. sensitivity of PET/CT) above and below which an 
intervention becomes cost effective.4 The study will adopt the perspective of the NHS.

Data required
The study will make use of data obtained from the main report, existing literature on the topic 
and published national sources. In specific, data on the diagnostic accuracy of the assessed 
technologies will be obtained from the systematic review of effectiveness, while cost data will 
be acquired from sources including the NHS national schedule for reference costs5 and the Unit 
Costs of Health and Social Care 2008 report,6 supplemented by data extracted from cost analyses 
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and cost-effectiveness studies identified in the literature. Data input for the model will include the 
following:

 ■ effectiveness-related information:
 – accuracy of PET, PET/CT and conventional imaging technologies to diagnose BC 

recurrence
 – prevalence of breast cancer (BC) recurrence in different locations of the body
 – age at which BC recurrence might typically be diagnosed

 ■ cost-related information
 ■ cost of staff time, equipment and other facilities associated with use of PET and PET/CT
 ■ cost of staff time, equipment and other associated costs for CITs
 ■ costs of any additional tests required for further staging after the diagnosis of BC recurrence
 ■ cost of treatments for patients diagnosed with BC recurrence (surgery/chemotherapy/

radiotherapy, etc.):
 – quality of life

 ■ quality of life in patients under suspicion, cleared and diagnosed with BC recurrence
 ■ quality of life of patients undergoing treatments (necessary or unnecessary).
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