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Abstract
A systematic review of positron emission tomography 
(PET) and positron emission tomography/computed 
tomography (PET/CT) for the diagnosis of breast 
cancer recurrence

M Pennant,1* Y Takwoingi,2 L Pennant,3 C Davenport,1 A Fry-Smith,1 
A Eisinga,4 L Andronis,5 T Arvanitis,6 J Deeks2 and C Hyde7

1West Midlands Health Technology Assessment Collaboration, Unit of Public Health, Epidemiology 
& Biostatistics, University of Birmingham, Birmingham, UK

2Biostatistics group, Unit of Public Health, Epidemiology & Biostatistics, University of Birmingham, 
Birmingham, UK

3National Health Service West Midlands Deanery UK 
4UK Cochrane Centre, Oxford, UK
5Unit of Health Economics, University of Birmingham, Birmingham, UK
6School of Electronic, Electrical & Computer Engineering, University of Birmingham, 
Birmingham, UK

7Peninsula College of Medicine & Dentistry, University of Exeter, Exeter, UK

*Corresponding author

Background: Breast cancer (BC) accounts for 
one-third of all cases of cancer in women in the UK. 
Current strategies for the detection of BC recurrence 
include computed tomography (CT), magnetic 
resonance imaging (MRI) and bone scintigraphy. 
Positron emission tomography (PET) and, more 
recently, positron emission tomography/computed 
tomography (PET/CT) are technologies that have been 
shown to have increasing relevance in the detection 
and management of BC recurrence.
Objective: To review the accuracy of PET and PET/
CT for the diagnosis of BC recurrence by assessing 
their value compared with current practice and 
compared with each other.
Data sources: MEDLINE and EMBASE were searched 
from inception to May 2009.
Study selection: Studies were included if 
investigations used PET or PET/CT to diagnose BC 
recurrence in patients with a history of BC and 
if the reference standard used to define the true 
disease status was histological diagnosis and/or long-
term clinical follow-up. Studies were excluded if a 
non-standard PET or PET/CT technology was used, 
investigations were conducted for screening or staging 
of primary breast cancer, there was an inadequate 
or undefined reference standard, or raw data for 
calculation of diagnostic accuracy were not available.

Study appraisal: Quality assessment and data 
extraction were performed independently by two 
reviewers. Direct and indirect comparisons were 
made between PET and PET/CT and between these 
technologies and methods of conventional imaging, 
and meta-analyses were carried out. 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.
Results: Of the 28 studies included in the review, 25 
presented patient-based data and 7 presented lesion-
based data for PET and 5 presented patient-based 
data and 1 presented patient- and lesion-based data 
for PET/CT; 16 studies conducted direct comparisons 
with 12 comparing the accuracy of PET or PET/CT 
with conventional diagnostic tests and 4 with MRI. 
For patient-based data (direct comparison) PET had 
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 significantly higher specificity (93%, 95% CI 83% 
to 97% vs 83%, 95% CI 67% to 92%, relative specificity 
1.12, 95% CI 1.01 to 1.24, p = 0.036) compared with 
conventional imaging tests (CITs) – test performance 
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did not appear to vary according to the type of CIT 
tested. For patient-based data (direct comparison) 
PET/CT had significantly higher sensitivity compared 
with CT (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). For patient-based data (direct 
comparison) PET/CT had significantly higher sensitivity 
compared with PET (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). For patient-based data there 
were no significant differences in the sensitivity or 
specificity of PET when compared with MRI, and, in 
the one lesion based study, there was no significant 
differences in the sensitivity or specificity of PET/CT 
when compared with MRI.
Limitations: Studies reviewed were generally small 
and retrospective and this may have limited the 
generalisability of findings. Subgroup analysis was 
conducted on the whole set of studies investigating 
PET and was not restricted to comparative studies. 

Conventional imaging studies that were not compared 
with PET or PET/CT were excluded from the review.
Conclusions: Available evidence suggests that for 
the detection of BC recurrence PET, in addition to 
conventional imaging techniques, may generally offer 
improved diagnostic accuracy compared with current 
standard practice. However, uncertainty remains 
around its use as a replacement for, rather than an 
add-on to, existing imaging technologies. In addition, 
PET/CT appeared to show clear advantage over CT 
and PET alone for the diagnosis of BC recurrence.
Future work: Future research should include: 
prospective studies with patient populations clearly 
defined with regard to their clinical presentation; a 
study of diagnostic accuracy of PET/CT compared with 
conventional imaging techniques; a study of PET/CT 
compared with whole-body MRI; studies investigating 
the possibility of using PET/CT as a replacement for 
rather than an addition to CITs; and using modelling of 
the impact of PET/CT on patient outcomes to inform 
the possibility of conducting large-scale intervention 
trials.
Funding: This study was funded by the Health 
Technology Assessment programme of the National 
Institute for Health Research.
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Executive summary

if investigations were conducted for screening or 
staging of primary BC, 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 a 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.

Results

Twenty-eight studies were included in the current 
review and, of these, 26 investigated the diagnostic 
accuracy of PET. Twenty-five presented patient-
based data and seven presented lesion-based data 
for PET. Six studies investigated the accuracy of 
PET/CT, five presenting patient-based data and 
one presenting lesion-based data. Sixteen studies 
conducted direct comparisons and, of these, 12 
compared the accuracy of PET or PET/CT with 
conventional diagnostic tests and four compared 
PET or PET/CT with an MRI technology. Quality 
varied between studies, and 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.

1. For patient-based data, in studies where direct 
comparisons were made, PET had 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 significantly higher 

Background

Breast cancer (BC) 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 BC 
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 management of 
cancer. The adoption of PET or PET/CT depends 
not only on their diagnostic accuracy but also 
on their comparative advantage over existing 
diagnostic approaches.

Objectives

This report covers the question of the effectiveness 
of PET and PET/CT for diagnosing BC recurrence 
and a second report (to follow) will provide 
economic modelling to address the question of 
their cost-effectiveness in this context. The aim 
of this review was to assess the value of PET 
and PET/CT, in addition to current practice, for 
the diagnosis of BC recurrence. The objectives 
were: (1) to assess the diagnostic accuracy of PET 
compared with conventional diagnostic strategies; 
(2) to assess the diagnostic accuracy of PET/CT 
compared with conventional diagnostic strategies; 
(3) to assess the diagnostic accuracy of PET and 
PET/CT compared with magnetic resonance 
imaging (MRI); (4) to compare the accuracy of PET 
with PET/CT; (5) to assess the overall diagnostic 
accuracy of PET and PET/CT; (6) to investigate 
the impact of PET and PET/CT on patient 
management; and (7) to explore possible mediators 
of the accuracy of PET and PET/CT.

Methods

A systematic review was conducted. A search 
for primary studies in MEDLINE (Ovid) and 
EMBASE (Ovid) was conducted with no language 
restrictions. Studies of PET or PET/CT in patients 
with history of BC and suspicion of recurrence 
were selected for inclusion. Studies were excluded 
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specificity (93%, 95% CI 83% to 97% vs 83%, 
95% CI 67% to 92%, relative specificity 1.12, 
95% CI 1.01 to 1.24, p = 0.036), compared with 
conventional imaging tests (CITs) (n = 10). Test 
performance did not appear to vary according 
to the type of CIT that was compared with 
PET (p = 0.500). Indirect comparisons, where 
all CIT (n = 11) and PET (n = 25) studies 
were included, gave the same findings. For 
lesion-based data, no significant differences 
in sensitivity or specificity between PET and 
CIT were observed for studies making direct 
comparisons (n = 3) or for indirect comparisons 
for all PET (n = 7) and CIT (n = 3) studies. 
In the sensitivity analysis of patient data, for 
studies in which the time period between PET 
and comparator tests was clearly less than 
1 month (n = 6), differences between PET and 
CIT tended to be smaller and the difference in 
sensitivity became non-significant.

2. For patient-based data, in all studies where 
direct comparisons were made (n = 4), the CIT 
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, where all CIT (n = 11) and PET/
CT (n = 5) studies were included, gave the 
same findings. No lesion-based data compared 
PET/CT with CIT. In the sensitivity analysis 
of patient data, for studies in which the time 
period between PET/CT and comparator 
tests was clearly less than 1 month (n = 3) 
differences between PET/CT and CT became 
non-significant.

3. For patient-based data, three studies compared 
PET with different types of MRI technology. 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.

4. For patient-based data, in the analysis of 
studies directly comparing PET/CT and PET 
(n = 4), PET/CT had 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 compared 
with PET (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). The same 
pattern of results was observed for the indirect 
comparison of all PET/CT (n = 5) and PET 
(n = 25) studies. In the lesion-based analysis, 
indirect comparison of PET/CT (n = 2) and 
PET (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/CT (n = 5) and PET (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/CT (n = 2) and PET (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 
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 three studies where 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 
and it was not possible to draw definite 
conclusions about patient characteristics that 
may have an impact on test accuracy.

Conclusions

•	 For detection of BC recurrence, in addition 
to conventional imaging techniques, PET 
may generally offer improved diagnostic 
accuracy compared with current standard 
practice. Uncertainty remains 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 BC recurrence. 
Although PET/CT may give an advantage 
over other CITs, its incremental value over 
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other tests has yet to be directly assessed in 
studies. Concurrent use with, rather than 
replacement of, other conventional tests may 
be appropriate.

•	 PET/CT appears to show a clear advantage 
over PET and it is likely to be preferred to PET 
for use in this context.

•	 PET and PET/CT appear to have some impact 
on patient management but there is currently 
no evidence of the effect of their use on patient 
outcomes.

Recommendations for 
future research
•	 Prospective studies with patient populations 

clearly defined with regard to their clinical 
presentation.

•	 Study of the diagnostic accuracy of PET/
CT compared with conventional imaging 
techniques.

•	 Study of PET/CT compared with whole-body 
MRI.

•	 Studies investigating the possibility of using 
PET/CT as a replacement for, rather than an 
addition to, CITs.

•	 Using modelling of the impact of PET/CT on 
patient outcomes (to be published in another 
report) to inform the possibility of conducting 
large-scale intervention trials to assess impacts 
on long-term patient outcomes.

Implications for policy

PET/CT has largely superseded PET in current 
practice, and the apparent advantage of PET/CT 
over PET found in this review supports that move. 
On the basis of some of the uncertainties observed, 
it may be premature to make recommendations 
about the precise diagnostic role of PET/CT in 
practice. However, current recommendations for 
its use for diagnosing metastatic BC following 
equivocal findings on conventional imaging 
techniques appear to be justified. It appears that 
PET/CT may be useful as an addition to current 
practice for the diagnosis of BC recurrence but this 
should be reassessed in light of the analysis of its 
cost-effectiveness.
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Chapter 1  
Introduction

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 Herceptin (trastuzumab, Roche) is showing 
promising results in HER (human epidermal 
growth factor receptor)-2-positive disease. 
Radiotherapy, combined with appropriate 
analgesia, may be effective in reducing persistent 
localised bone pain.2

Existing diagnostic 
strategies
Women with a past history of BC may present 
with symptoms that may be innocent or indicate 
disease. There is a range of strategies that may 
be involved in patient diagnosis and the choice of 
tests used depends on the presenting symptoms. 
Conventional workup (CW) often includes 
conventional X-rays, 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 X-rays are widely available and 
are routinely used for cases of suspected BC 
recurrence. X-rays may be particularly useful for 
the diagnosis of metastases in the lung and bones 
(chest or individual bone X-ray).6 CT scans can 
be used to detect cancer in a range of tissue types 
(lung, bone, soft tissue, etc.).7 Ultrasound can be 
used to detect liver metastases.6 Bone scintigraphy 
uses radionuclides of technetium-99m-labelled 
disphosphonates and is 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 history of 
BC, elevated tumour marker levels may represent 
cases of tumour relapse.9 It has been shown that 
increasing levels of these markers is associated with 
disease recurrence and may indicate the need for 
further investigation. MRI may be used for the 
detection of local BC recurrence10 or, with imaging 
of the whole body, for the additional detection of 

Breast cancer

One in thirteen women in the UK will develop 
breast cancer (BC) in their lifetime. In women, 
BC accounts for one-third of all cases of cancer. 
In the UK, from 2004–6, the incidence rate of 
new BC was 122 per 10,000 women.1 Most women 
fortunately present with early-stage breast cancer 
(ESBC) and the UK NHS Breast Screening 
Programme currently offers screening at 50 years 
of age. ESBC is treated with surgery and adjuvant 
therapy often involving 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 BC.

Follow-up and treatment in 
the setting of recurrence
In most BC units, after treatment for the initial 
disease, patients are routinely followed up with 
clinical examination and mammography for at 
least 5 years,3 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 BC 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 BC 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 
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bone metastases11 and other distant metastases.12 
However, access to MRI is limited6 and it is not 
routinely used for diagnosing suspected BC 
recurrence.

In the setting of diagnosis of BC recurrence, 
CW is likely to comprise a combination of these 
technologies (in most cases, CW 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.

PET and PET/CT

Positron emission tomography (PET) and, more 
recently, positron emission tomography/computed 
tomography (PET/CT) are technologies that have 
been increasingly shown to have application in 
the detection and management of cancer, with 
the introduction of whole-body PET and PET/
CT in the late 1990s. These technologies involve 
administration of a radioactive isotope and 
detection of photons produced in the process of 
radioactive decay and interaction with surrounding 
tissues.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 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 uptake, PET scans are 
conducted. The whole body may be imaged during 
a single session14 and these technologies may be 
used to detect both local and metastatic tumours.

PET/CT 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 are also used for attenuation 
correction of PET images.15 An attenuation map of 
CT can be used to estimate attenuation factors for 
PET and this correction can be applied to increase 
the accuracy of the images produced.13

In 2005, the Royal College of Radiologists 
published a strategy document detailing the 
provision of PET/CT instruments across the UK.16 
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 numerous satellite settings.16 
Initially, provision was to be made for one PET/CT 
system per 1.5 million of the population,16 equating 
to ~ 40 machines for the current UK population.

Measurement of diagnostic 
accuracy

Diagnostic accuracy is usually defined as the 
sensitivity and specificity of a test, where sensitivity 
describes the ability of a test to correctly identify 
individuals with the disease and specificity 
describes the ability of a test to correctly identify 
individuals without the disease. The test under 
study is referred to as the index test and the 
results of this test are compared with the ‘reference 
standard’. The reference standard is a test that is 
considered to show the true disease status of each 
individual and determines which individuals are 
classed as having or not having the disease. The 
comparison of the index test with the reference 
standard allows findings for each patient to be 
classed into one of four categories:

True-positive (TP) The index test detects disease 
and is in agreement with the reference standard 
that also detected disease.

True-negative (TN) The index test does not detect 
disease and is in agreement with the reference 
standard that also did not detect disease.

False-positive (FP) The index test detects disease 
but disagrees with the reference standard that did 
not detect disease.

False-negative (FN) The index test does not detect 
disease but disagrees with the reference standard 
that did detect disease.

Findings for TP, TN, FP and FN can be used to 
calculate the sensitivity and specificity of the index 
test, where sensitivity is the ratio of the number 
of people correctly identified with the disease 
compared with the total number of people classed 
with the disease [sensitivity = TP/(TP + FN)], and 
specificity is the ratio of the number of people 
correctly identified as not having the disease 
compared to the total number of people classed as 
not having the disease [specificity = TN/(TN + FP)]. 
As in the current review, where additional 
comparator tests are also being considered, these 
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are assessed as if they were another index test, i.e. 
findings for the comparator test are compared with 
those of the reference standard to class them as TP, 
TN, FP or FN.

Results from test accuracy studies may be 
presented on summary receiver operating planes, 
where each point on the graph represents the 
diagnostic accuracy of a test found in each 
particular study. Specificity is plotted on the x-axis 
and sensitivity on the y-axis and the results from 
meta-analysis of the studies are shown as summary 
points.

Potential modifiers of the 
diagnostic accuracy of PET and 
PET/CT
The diagnostic accuracy of PET and PET/CT are 
likely to vary depending on features of the patient 
population, technology used and design of the 
investigative study.

Features of the patient population, such as the 
nature of disease, may affect the accuracy of PET 
or PET/CT. For example, if lesions are small or 
particularly difficult to detect, sensitivity may 
tend to be lower. Accuracy may also depend on 
the location of disease, and PET and PET/CT may 
vary in their ability to diagnose local, regional and 
metastatic disease.

The methods used for PET or PET/CT 
investigations may be important modifiers of 
diagnostic accuracy. As these techniques use 
radioactive isotopes of glucose to indicate sites 
of increased metabolic activity, misdiagnosis 
may result from elevated blood glucose levels. 
It is recommended that all patients fast for at 
least 4–6 hours before scanning.14 The presence 
of patient fasting, and exclusion of those with 
diabetes or impaired glucose tolerance, may be 
important mediators of diagnostic accuracy. The 
presence of attenuation correction, using CT data 
or another correction method, is an important 
predictor of diagnostic accuracy and may cause 
variation in the accuracy of PET or PET/CT in 
studies. Further aspects of technology that may 
affect diagnosis are features such as the length of 
radioisotope uptake, image acquisition time and 
the mode of image interpretation.

The study design may also have an impact on 
diagnostic accuracy. A distinction may be made 
between studies where assessors have knowledge of 
previous clinical and imaging findings and studies 

where assessors interpret PET or PET/CT without 
knowledge of these results. Where assessors 
have knowledge of previous findings, apparent 
diagnostic accuracy may be anticipated to be 
better than when assessors do not have knowledge 
of previous imaging findings. This also has 
implications for the applicability of study findings 
to clinical use. If PET or PET/CT is to be used 
instead of existing diagnostic imaging tests, only 
the results of studies in which previous imaging 
results are unknown may be relevant, whereas, if 
PET and PET/CT are to be used as technologies in 
addition to standard imaging procedures, studies 
in which assessors have knowledge of previous 
findings may be more applicable.

Current guidelines

Guidelines have been developed by the National 
Institute for Health and Clinical Excellence (NICE) 
for the treatment of early/locally advanced3 and 
advanced17 BC. In the early BC guidance, key 
recommendations for the follow-up of patients 
with BC 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 BC guidelines give advice on the 
treatment of advanced/metastatic disease that is 
generally only amenable to palliative care without 
curative intent. These guidelines do not specifically 
relate to the diagnosis of BC 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.’17 In other words, 
PET/CT would only be used for diagnosis in cases 
where 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 BC is not clear.
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Chapter 2  
Rationale and objectives

Further aims were to assess the overall test 
accuracy of PET and PET/CT, to assess the impact 
of PET and PET/CT on patient management and 
to investigate possible determinants of variation 
in the diagnostic accuracy of PET. For clarity, 
objectives were, in the detection of BC recurrence:

1. To assess the incremental diagnostic accuracy 
of PET in addition to standard practice 
compared with conventional imaging tests 
(CITs).

2. To assess the incremental diagnostic accuracy 
of PET/CT in addition to standard practice 
compared with CITs.

3. To assess the incremental diagnostic accuracy 
of PET and PET/CT in addition to standard 
practice compared with MRI.

4. To compare the diagnostic accuracy of PET 
and PET/CT.

5. To obtain independent estimates of the 
diagnostic accuracy for PET and PET/CT in 
addition to standard practice.

6. To examine changes in patient management 
owing to the use of PET and PET/CT.

7. To explore possible determinants of variation 
in the accuracy of PET and PET/CT.

This report covers the question of the 
effectiveness of PET and PET/CT for 

diagnosing BC recurrence and another report (to 
follow) will provide economic modelling to address 
the question of their cost-effectiveness in this 
context.

We have reviewed existing systematic reviews 
assessing the effectiveness of PET and PET/CT 
in the diagnosis of recurrent BC. The two most 
relevant were the Blue Cross/Blue Shield report 
200118 and Isasi et al. 2005.19 The latter provides 
the most up-to-date assessment of test accuracy of 
PET in evaluations up to 2004, but no estimation 
of accuracy compared with existing diagnostic 
strategies. However, the key outstanding issue was 
the amount of improvement that PET and PET/CT 
offer over existing diagnostic approaches and this 
was the focus of the current review.

The main aims of this review were to assess the 
incremental diagnostic accuracy of PET and PET/
CT compared with existing diagnostic strategies 
and to compare the diagnostic accuracy of PET 
and PET/CT for the diagnosis of BC recurrence. 
The accuracy of PET and PET/CT were to be 
considered in addition to standard practice. 





DOI: 10.3310/hta14500 Health Technology Assessment 2010; Vol. 14: No. 50

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

7

Chapter 3  
Methods

Patients were to have had a previous diagnosis of 
BC and to have completed a course of primary 
treatment. The initial aim of this review was 
to include only studies in which patients had 
previously been cleared of BC. However, it soon 
became evident that, in many studies, the exact 
patient group was unclear. It was often not fully 
clear whether patients with history of BC had 
subsequently been cleared or if they had known 
BC and were having further imaging investigations 
in order to diagnose metastatic disease. Exclusion 
of these types of studies was likely to substantially 
limit the scope of this review and restrict its 
application.

A decision was therefore made to include studies 
investigating the diagnosis of BC recurrence in 
patient groups that may have been cleared or 
not cleared of their original disease. All studies 
were to have been conducted in the context of 
secondary BC investigations, i.e. they did not form 
part of the initial BC diagnosis, BC staging or 
monitoring of response to primary BC treatment. 
Included studies were required to show evidence 
that investigations were distinct from primary 
investigations and were conducted after completion 
of the primary course of treatment.

Index test

Included studies were to have used PET or PET/
CT to diagnose BC recurrence in patients with 
history of BC. The PET or PET/CT technology 
was required to be a dedicated machine and use a 
FDG tracer. Studies were excluded if coincidence 
gamma camera PET had been used or if other 
types of radioactive tracers had been used.

Reference standard

Studies were included if the reference standard 
used to define the true disease status was 
histological diagnosis (operation/biopsy) and/or 
long-term clinical follow-up. Studies were excluded 
if details of the reference standard were not given 
or if no suitable reference standard was used, e.g. 
other imaging studies conducted without follow-up.

The protocol was reviewed by the National 
Institute for Health Research (NIHR) Health 

Technology Assessment (HTA) programme (see 
Appendix 10) and there were no major departures 
from it when conducting the review.

Identifying studies
Search strategy
Searches were conducted in MEDLINE (Ovid) and 
EMBASE (Ovid) and strategies combined MeSH 
(Medical Subject Headings) and text words to 
define the index test (PET and PET/CT) and the 
population (suspected breast cancer recurrence) 
(see Appendix 1). No language restrictions were 
used and searches were carried out from inception 
of the databases up to May 2009.

Selection of studies

Titles/abstracts obtained from the literature search 
were scanned for inclusion by one reviewer. Where 
information given in title/abstracts suggested that 
the study (1) included patients with past history of 
breast cancer, (2) conducted PET or PET/CT scans 
in those patients, and (3) assessed test accuracy, 
full paper articles were retrieved for further 
assessment. Additionally, studies potentially 
containing information on cost-effectiveness or one 
or more relevant clinical outcome measures were 
retrieved. If there was doubt regarding inclusion 
from the title and abstract, the full article was 
obtained for clarification. Stringent inclusion/
exclusion criteria were applied to full paper studies 
in order to obtain the final set of included studies.

Inclusion/exclusion criteria

Full paper articles were screened in relation to 
the following inclusion/exclusion criteria by one 
reviewer with reference to a second reviewer where 
there was any doubt about their eligibility.

Population

The patient population was to be under 
investigation for suspicion of BC recurrence. 



Methods

8

Comparator
This review included both studies with and without 
comparator groups. Within-study comparisons 
are more robust as they effectively eliminate 
differences in potential modifiers of test accuracy 
between the two tests being compared. Indirect 
comparisons (comparison of independently pooled 
summary estimates across all studies) can also be 
conducted on the larger set of comparative and 
non-comparative studies. For studies including 
comparator groups, those using any diagnostic 
comparators were included but patients were 
also to have undergone PET or PET/CT and the 
reference standard. Studies in which PET or 
PET/CT and other diagnostic techniques were 
compared without use of a reference standard were 
excluded.

Outcomes

Studies giving sufficient information on the 
diagnosis of BC recurrence to determine the 
number of TP, TN, FP and FN test results were 
included. Recurrence could be local, regional 
or distant but disease was to be considered to 
be a consequence of the originally diagnosed 
breast cancer. Additional studies that contained 
information on the influence of PET or PET/CT on 
patient management or the reasons for FP and FN 
results were also included.

Data extraction

The number of TP, TN, FP and FN values were 
extracted from each study. In all studies, only data 
for participants who had undergone a satisfactory 
reference standard were extracted. In studies 
where there were comparator tests, where possible, 
only data for participants who had undergone 
both the index and comparator tests were selected. 
Information relating to patient management and 
location sites of FPs and FNs on PET or PET/CT 
scans was also extracted. Test accuracy data was 
extracted by two independent reviewers. Where 
there were differences in the retrieved data, these 
were discussed and a consensus of the true values 
was reached. Data related to patient management 
and sites of FPs and FNs were extracted by 
one reviewer. Authors of potentially included 
studies were contacted if relevant study data was 
incomplete but it appeared likely to have been 
obtained.

Quality assessment

Quality assessment was conducted independently 
by two reviewers, using relevant items from 
the QADAS (Quality Assessment of Diagnostic 
Accuracy Studies) tool,20 and differences resolved 
by consensus. Quality assessment criteria for study 
methodology related to patient selection, use of the 
reference standard, blinding and external validity. 
Additionally, the time delay between the index 
and comparator tests was assessed as an aspect of 
study quality as this has potential to bias estimates 
of relative test accuracy. The technical quality 
of the PET or PET/CT technology was assessed 
with reference to procedure guidelines,21 as used 
by Isasi et al.,19 with particular reference to pre-
scan blood glucose testing, the use of attenuation 
correction and the duration of FDG uptake. 
Quality criteria were set with the specifications 
outlined in Table 1.

Data analysis

Positron emission tomography and PET/CT 
were considered as independent technologies 
for analysis. Comparative tests considered to be 
conventionally used for diagnosis in this setting 
were grouped together for comparison with PET 
and PET/CT. CITs were defined as one or more 
of bone scintigraphy, CT, X-ray and general CW. 
Single comparators, e.g. CT or bone scintigraphy, 
were classed as CIT if they were judged to be 
adequate diagnostic methods in the context of 
the study. For example, for the diagnosis of bone 
metastases, bone scintigraphy was considered as 
CIT because, despite being a single diagnostic 
test, it would be appropriate in the context of 
diagnosing bone metastases. MRI was considered 
as a separate technology from CIT as, in many 
hospitals, it may not be part of the conventional 
diagnostic strategy (Professor Patricia Price, 
Imperial College London, 2010, personal 
communication). Data from studies in which PET 
or PET/CT were used in addition to other imaging 
techniques and studies in which assessors were 
blinded to previous imaging results were pooled 
in the analysis. This approach was considered 
conservative in light of the emphasis of the review 
(to assess the diagnostic accuracy of PET and PET/
CT in addition to standard practice).

review manager 5.0 was used to produce a 
methodological quality summary table and 
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forest plots of sensitivity and specificity for each 
test from the extracted 2 × 2 data and to present 
meta-analytic results in receiver operating 
characteristic (ROC) space. In order to make 
inferences about the relative accuracy of the tests 
in terms of sensitivity and specificity (instead of 
the diagnostic odds ratio), a bivariate method, 
rather than the [7]hierarchical summary receiver 
operating characteristic (HSROC) method, as 
specified in the protocol, was used for statistical 
analysis. A meta-analysis was done for each pair-
wise comparison of imaging modalities to estimate 
ratios of sensitivity and specificity. The bivariate 
random effects approach described by Reitsma 
et al.22 was used to obtain summary estimates of 
sensitivity, specificity and ratios of values between 
tests (relative sensitivity and specificity). This 
approach preserves the two-dimensional nature 
of the data by incorporating the correlation 
between sensitivity and specificity. It also takes into 
account both within-study sampling variability in 
estimates of sensitivity and specificity and between-
study variability in test performance through the 
inclusion of random effects. All models were fitted 
using the NLMIXED procedure in sas based on 
the formulation proposed by Chu and Cole.23

To investigate differences in test performance 
according to type of CIT (CT, CW and bone 
scintigraphy), a second covariate was introduced 
into the analytical model comparing PET with CIT. 
To achieve convergence, this model was simplified 
by setting the correlation parameter equal to zero. 
This is equivalent to fitting two random effects 

logistic regression models for sensitivity and 
specificity separately.

Data presented on a patient and lesion basis were 
considered separately in the analysis. Patient-
based data were used as the basis for the main 
analysis and for the investigation of heterogeneity. 
As limited patient data were available on a 
location-specific basis, lesion data were used to 
inform investigation of relative test accuracy 
in different sites. For patient-based data, each 
patient constituted the unit of analysis and, for 
lesion-based data, each lesion suspected of disease 
constituted the unit of analysis.

The primary outcomes of interest were the 
accuracy of PET and PET/CT compared with 
conventional technologies and the accuracy of PET 
compared with PET/CT. Using patient- and lesion-
based data (where available), comparisons were 
made for:

•	 PET compared with CIT
•	 PET/CT compared with CIT
•	 PET compared with PET/CT.

Estimations of the differences in test accuracy 
were first made using only studies in which PET 
or PET/CT had been compared directly with other 
technologies or with each other (referred to as 
direct comparisons). Indirect comparisons were 
also made by pooling estimates for each test across 
all included studies before making between-test 
comparisons.

TABLE 1 Quality assessment criteria

Quality item Criteria

Representative spectrum Patients typical of those presenting for BC recurrence?

Acceptable reference standard Histology or follow up for > 6 months?

Acceptable delay between tests ≤ 1 month between PET or PET/CT and comparator test? 

Partial verification avoided All patients received adequate reference standard? 

Differential verification avoided All patients received same reference standard regardless of results of PET or PET/
CT?

Incorporation avoided Results of PET or PET/CT were not used as part of the final diagnosis of BC?

Index test results blinded Interpreters of PET or PET/CT were not aware of the final diagnosis of BC?

Relevant clinical information Assessors of PET or PET/CT had information on patient histories and previous 
imaging studies?

Additional technology-specific criteria

Measurement of blood glucose Exclusion of patients with blood glucose levels ≥ 130 mg/dl?

Attenuation correction Was attenuation correction used for PET or PET/CT scans?

Uptake > 60 minutes Were patients given doses of FDG glucose > 60 minutes prior to scanning?
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Sensitivity analysis
Sensitivity analysis was conducted to examine the 
reliability of findings for comparisons among PET, 
PET/CT and CIT. As the emphasis of this review 
was on studies directly comparing tests, sensitivity 
analysis was applied only to direct comparisons. 
Issues of quality related to individual studies, e.g. 
representativeness of patient spectrum, quality of 
the reference standard, etc., were unlikely to have 
affected the comparisons and these factors were 
therefore not included in the sensitivity analysis. 
However, aspects that could have differed between 
tests under investigation were eligible for sensitivity 
analysis. The area of potential concern, where 
conditions for different tests may have varied, 
was the time delay between the index (PET or 
PET/CT) and comparator tests and the reference 
standard. In the sensitivity analysis, to remove the 
bias associated with different time lapses between 
tests and the reference standard, studies were 
removed if PET or PET/CT investigations were not 
conducted within 1 month of comparator tests or if 
the period of time between tests was unclear.

Subgroup analysis
Subgroup analyses were conducted to 
investigate factors that may have been sources 
of heterogeneity. The limited number of direct 
comparison studies (10 for PET vs CIT and 4 for 
PET/CT vs CIT) limited subgroup analysis within 
this set but subgroup analysis was conducted on the 
larger set of studies in which PET (with or without 
a comparator group; n = 25) had been performed. 
Subgroup analysis was not performed for PET/
CT owing to the limited amount of data available. 
Subgroup analysis was conducted to compare 
studies of:

•	 PET in patients with negative results for 
previous imaging studies versus PET in 
patients with positive or suspicious previous 
imaging results

•	 PET in different locations of the body
•	 PET for investigation of those cleared of BC 

versus PET for those not cleared/where disease 
status is unclear

•	 PET in addition to standard practice versus 
PET instead of standard practice.
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Chapter 4  
Results

CT compared with MRI (n = 4) or with more 
conventional diagnostic strategies (CW, CT and 
bone scintigraphy) (n = 12). In most studies, data 
were presented on a patient basis (n = 26). In nine 
studies, lesion data were presented and seven 
studies presented both patient and lesion data 
(Table 2). The numbers of patients for the main 
groups for analysis are shown in Table 2.

Three studies contained information on changes 
in patient management owing to PET or PET/CT. 
These were excluded from quantitative synthesis 
because there was no test accuracy data,52,53 a less 
sophisticated PET technology54 or an unsatisfactory 
reference standard,55 but information from these 
studies was included in the patient management 
part of the review (see Chapter 4, Changes in 
patient management).

A total of 2526 citations were retrieved from the 
search of the databases, of which 522 were 

duplicates. After title/abstract screening, a total 
of 185 full papers was ordered for review. Thirty-
two studies were included in the final review, 28 
provided quantitative data and the reasons for full 
paper exclusions are given in Figure 1.

Included studies

Twenty-eight studies were identified as containing 
information on diagnostic accuracy relevant to the 
current review. Most of these studies investigated 
PET (n = 26) and fewer assessed PET/CT (n = 6) 
(four studies investigated both PET and PET/CT). 
Sixteen studies were direct comparisons and 12 
were non-comparative (Table 2). Direct comparison 
studies investigated the accuracy of PET or PET/

2004 distinct records
identified

185 full-text articles
assed for eligibility

32 studies included in
qualitative synthesis

28 studies included in
quantitative synthesis

(meta-analysis)

4 studies excluded from
quantitative synthesis

153 full-text articles excluded:
      primary BC diagnosis n = 26
      primary BC staging n = 32
      data include other cancers n = 25
      review n = 11
      not current PET or PET/CT technology n = 12
      no relevant outcome n = 8
      monitoring response to treatment n = 7
      not satisfactory reference standard n = 7
      not FDG tracer n = 5
      other n = 12

1819 records excluded

FIGURE 1 PRISMA diagram.
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Population characteristics
The characteristics of patient populations in the 
included studies are shown in Table 4 (comparative 
studies) and Table 5 (non-comparative studies). 
The size of study samples ranged from 10 to 291 
patients (median 45). In most cases the reference 
standard was a combination of histology and 
clinical follow-up including conventional imaging 
techniques.

In all studies, patients were being investigated for 
BC disease distinct from primary investigations. 
In 16 of the studies25,30–36,38–40,42,43,46–48 it 
appeared that all patients had previously been 
cleared of BC, whereas in the remaining 12 
studies,24,26–29,37,41,44,45,49–51 investigations were for the 
diagnosis of metastases in patients with a diagnosis 
of BC or where the diagnosis of patients was 
unclear.

Quality of study methodology

In the assessment of study quality 
(Figure 2), approximately one-third (n = 10) of 
the studies29–31,35,43,45–48,50 were considered to 
have investigated a representative spectrum of 
patients. In these studies, patients were selected 
in a consecutive series or all patients examined 
within a certain period of time were selected 
for investigation. In other studies, the method 
for patient selection was unclear or it appeared 
that the patients being investigated were not 
representative of those that might typically present 
for diagnosis of BC recurrence.

The majority of studies used an acceptable 
reference standard (n = 21) (histology or follow-up 
> 6 months) but in three studies in some patients 
follow-up was < 6 months,28,32,41 in two studies the 
duration of follow-up was unclear,34,42 and in one 
study changes in tumour markers were used to 
define the reference standard in some patients.25

In the majority of comparative studies, PET or 
PET/CT were conducted after the comparator. 
The time delay between PET or PET/CT 
and the comparator was < 1 month in 11 
studies24,27,28,30,32,33,41,44,46,48,51 but, in the rest of the 
comparative studies, the time delay was either not 
reported or appeared to be longer than 1 month.

In most studies (n = 19), it was reported that all 
patients received a reference standard (avoiding 
partial verification bias). However, it was often not 
clear whether this was a criterion for enrolment 
into the study, i.e. patients without reference 
standard data (follow-up, histology, etc.) were 
excluded from the study and not mentioned 
in the reporting of results. Studies in which 
exclusions for incomplete follow-up were explicit, 
and were therefore considered to be at risk of 
partial verification bias (n = 8),27,28,30,34,36,44,47,48 may 
therefore not have been of poorer study quality but 
may have simply been more transparent in their 
reporting of study methods.

The results of PET or PET/CT may have had some 
influence on the mode or intensity of subsequent 
patient follow-up (differential verification bias). 

TABLE 2 Numbers of studies and patients/lesions in the main groups for analysis

Analysis Number of studiesa Number of patients/lesions

Patient data

PET vs CIT 10 456 patients

PET/CT vs CIT 4 167 patients

PET vs PET/CT 4 188 patients

PET 25 1379 patients

PET/CT 5 225 patients

Lesion data

PET vs CIT 3 449 lesions (154 patients)

PET 7 690 lesions (331 patients)

PET/CT 2 443 lesions (79 patients)

a Numbers do not add up to 28 because some studies contain data for PET and PET/CT or patient and lesion data.
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In most studies this was thought to have been 
likely or uncertain. In one study,50 follow-up was 
histology in all patients and therefore differential 
verification was not considered to have been a 
source of bias in this study.

Incorporation bias, the inclusion of index test 
results as part of the reference standard, may 
have played some role in most studies. Findings 
from PET or PET/CT may have influenced final 
diagnosis. However, the relative influence of PET 
or PET/CT findings compared with subsequent 
follow-up examinations may have been small and 
limited the size of this bias.

Blinding of the interpretation of PET or PET/
CT to the results of the reference standard 
(index test blinding) clearly took place in nine 
studies.24,25,27,28,30,35,40,48,49 In the remaining studies 
the presence of blinding was unclear. The 
interpretation of PET or PET/CT will be naturally 
blinded in prospective studies as the reference 
standard diagnosis is assigned after PET or PET/
CT during follow-up. In retrospective studies, if 
results are those of PET or PET/CT reassessed at 
a later date (after the reference standard), without 
blinding to final patient diagnosis, there is risk 
of bias. In the remaining studies, it was often 
unclear whether (1) studies were prospective or 

TABLE 3 Included studies with diagnostic accuracy data 

Index test Comparator Data

PET PET/CT CIT MRI Patient Lesion

Abe 200524  Bone scintigraphy  

Aide 200725  – 

Bender 199726  –  

Dirisamer 201027   CT 

Fueger 200528   – 

Gallowitsch 200329  CW  

Goerres 200330  –  

Guillemard 200631  – 

Hathaway 199932  –  

Haug 200733   CT 

Hubner 200034  CT 

Kamel 200335  –  

Kim 200136  –  

Lin 200237  –  

Liu 200238  – 

Lonneux 200039  – 

Moon 199840  –  

Ohta 200141  Bone scintigraphy 

Pecking 200442  – 

Radan 200643  CT  

Raileanu 200444  Bone scintigraphy 

Santiago 200645  – 

Schmidt 200846  –  

Suarez 200247  – 

Veit-Haibach 200748   CT 

Vranjesevic 200249  CW 

Wolfort 200650  CW 

Yang 200251  Bone scintigraphy 
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retrospective, (2) results were for scans assessed at 
the time of investigation or those of reassessment 
at a later date, and (3) whether blinding was used 
if scans were being reassessed. There was therefore 
some uncertainty around this item of quality.

In 10 studies, PET or PET/CT were interpreted 
with knowledge of relevant clinical information 
(knowledge of previous patient history and 

imaging results).26,29,36–39,43,45,50,51 In 10 studies 
assessors were blinded to previous relevant 
clinical information.24,25,27,30,33,34,41,46,48,49 In these 
studies, the assessment of incremental diagnostic 
accuracy of PET or PET/CT in addition to standard 
practice was likely to be underestimated. In 
eight studies,28,31,32,35,40,42,44,47 it was unclear what 
information was available to assessors.
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FIGURE 2 Quality assessment of all included studies. (a) Quality item was applied to studies where diagnostic accuracy of tests 
was compared.
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Characteristics and quality of 
PET or PET/CT technology
The characteristics and quality determinants of 
the PET and PET/CT technologies used are given 
in Appendix 2. Quality findings for three specific 
factors, identified as particularly important aspects 
of technical quality, are shown in Figure 2. PET and 
PET/CT machines were considered standard in all 
of the included studies, but attenuation correction 
was only used in 19 studies. Attenuation correction 
was not used or not reported in the remaining nine 
studies.27,37,40,41,44,45,49–51 Interpretation of scans was 
predominantly by visual inspection. Standardised 
uptake values were used for sole classification in 
one study42 and, in seven studies, both visual and 
quantitative methods were used.27,32,34,36,46–48 In 
almost all studies it was reported that patients 
were asked to fast at the time of PET, but in only 
nine studies blood glucose levels were measured 
before the test and used as criteria for entry 
into the study.24,25,29,31–33,43,47,48 The dose of FDG 
ranged from 101 MBq to 740 MBq. In 18 studies 
dose appeared to have been adjusted on the basis 
of body weight, and in nine studies dose was 
constant.27,29,30,33,37–39,48,51 Dose was not reported in 
one study.50 Visual inspection of the three technical 
aspects of PET and PET/CT quality revealed no 
relationship between these aspects of quality and 
the diagnostic accuracy of PET or PET/CT.

Test accuracy results

For each of the objectives, results for patient and 
then lesion data are presented.

PET compared with CITs

Patient data
Ten studies investigated the diagnostic accuracy of 
conventional imaging techniques compared with 
PET on a patient basis.24,27,29,33,34,41,44,48–50 Figure 3 
provides individual study data, Table 6 gives pooled 
summary estimates, Figure 4 gives quality scores 
and Figure 5 displays the SROC plane for studies 
directly comparing PET with CITs. In these 
studies, PET had 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 significantly 
higher specificity (93%, 95% CI 83% to 97% vs 83%, 
95% CI 67% to 92%, relative specificity 1.12, 95% 
CI 1.01 to 1.24, p = 0.036) (Table 6). The relative 
accuracy of PET did not appear to vary according 
to the type of CIT (bone scintigraphy, CW, CT) 
with which it was compared (p = 0.50).

For all studies of PET (n = 25) or CIT (n = 11) 
(indirect comparison), PET had significantly 
higher sensitivity (91%, 95% CI 87% to 93% vs 81%, 
95% CI 73% to 87%, relative sensitivity 1.12, 95% 
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CI 1.04 to 1.21, p = 0.005) and significantly higher 
specificity (86%, 95% CI 79% to 91% vs 73%, 95% 
CI 59% to 83%, relative specificity 1.18, 95% CI 
1.03 to 1.36, p = 0.017) compared with CIT (Table 6 
and Appendix 3, Figure 13).

Sensitivity analysis
When the comparison between PET and CIT was 
conducted with only studies in which PET and 
CIT (patient data) were done within a 1-month 
time period (n = 6),24,27,33,41,44,48 PET was no longer 
significantly more sensitive than CIT (p = 0.4797) 
but the significant increase in specificity remained 
(p = 0.022) (Appendix 7, Table 11a and Figure 27).

Lesion data
For lesion-based data, three studies directly 
compared the diagnostic accuracy of PET with 
CIT.24,29,51 For these studies, there were no 

significant differences in sensitivity (relative 
sensitivity 0.93, 95% CI 0.76 to 1.13, p = 0.447) or 
specificity (relative specificity 1.29, 95% CI 0.57 
to 2.90, p = 0.540) for PET compared with CIT 
(Appendix 4, Figures 17 and 18). In the indirect 
comparison of PET studies presenting lesion data 
(n = 7) with CIT studies presenting lesion data 
(n = 3), there were no significant differences in 
sensitivity (relative sensitivity 0.98, 95% CI 0.90 to 
1.07, p = 0.624) or specificity (relative specificity 
2.57, 95% CI 0.41 to 16.07, p = 0.313) for PET 
compared with CIT (Appendix 4, Table 9 and 
Figure 18).

PET/CT compared with CITs

Patient data
Four studies compared the accuracy of PET/CT 
with CIT on a patient basis27,33,43,48 and, in each 
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TABLE 6  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

FIGURE 4 Quality assessment for studies comparing PET with CITs.
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case, the conventional imaging technique was CT. 
Figure 6 provides individual study data, Table 7 
gives pooled summary estimates, Figure 7 gives 
quality scores and Figure 8 displays the SROC 
plane for studies directly comparing PET/CT 
with CT. In these studies, in comparison 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, 
n = 4, 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) (Table 7). For all 
studies of patient-basis PET/CT (n = 5) and CIT 
(n = 11) in indirect comparisons, the sensitivity was 
significantly higher (95%, 95% CI 89% to 97% vs 
78%, 95% CI 72% to 84%, relative sensitivity 1.21, 
95% CI 1.11 to 1.31, p < 0.0001) but the increase 

in specificity was not significant (89%, 95% CI 
76% to 96% vs 79%, 95% CI 65% to 88%, relative 
specificity 1.13, 95% CI 0.99 to 1.29, p = 0.063) 
(Table 7).

Sensitivity analysis
One study in which CT was not conducted at 
the same time as PET/CT was removed in the 
sensitivity analysis.43 Despite the continued pattern 
of advantage of PET/CT over CT in the remaining 
studies (n = 3), PET/CT was no longer significantly 
more sensitive (p = 0.063) or specific (p = 0.367) 
compared with CIT (Appendix 7, Table 11b and 
Figure 28).

Lesion data
No studies comparing the accuracy of PET/CT with 
CIT presented lesion-based data.
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FIGURE 6 Patient data for the diagnostic accuracy of PET/CT and CT in comparative studies.
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TABLE 7  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 
to1.31) 
p < 0.0001

89 (76 to 96) 79 (65 to 88) 1.13 (0.99 to 
1.29) p = 0.063
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FIGURE 7 Quality assessment of studies comparing PET/CT and CIT (CT).

FIGURE 8 Summary receiver operating characteristic curve for studies directly comparing the diagnostic performance of PET/CT 
(□) and CT (◊) for patients with suspected BC recurrence.



Results

22

PET and PET/CT compared 
with MRI
Patient data
Three studies investigated the diagnostic 
accuracy of PET and MRI on a patient basis, 
but the MRI technologies used in these studies 
were quite distinct. In one study32 auxiliary and 
supraclavicular MRI was used to diagnose local 
recurrence. In the second study26 whole-body MRI 
and/or CT was used to detect local recurrence and 
distant metastases, and in the third study30 breast 
MRI was used for local recurrence. Results for 
these studies are shown in Figure 9. There were no 
significant differences in sensitivity or specificity 
between PET and MRI in any of these studies and, 
because of the differences in the MRI technologies, 
results from the studies were not combined.

Lesion data
One lesion-based study compared PET/CT with 
MRI46 and there was no significant difference in 
sensitivity and specificity for PET/CT compared 
with MRI (Appendix 4, Figure 19).

PET/CT compared with PET
Patient data
Four studies compared the accuracy of PET 
and PET/CT on a patient basis.27,28,33,48 Figure 10 
provides individual study data, Table 8 gives 
pooled summary estimates, Figure 11 shows quality 
scores and Figure 12 displays the SROC planes for 
studies directly comparing PET with PET/CT. In 
these studies, PET/CT had 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 (Table 8 and Figure 12). For all patient-based 
studies of PET/CT (n = 5) and PET (n = 25), in 
indirect comparisons PET/CT had significantly 
higher sensitivity (96%, 95% CI 91% to 98% vs 
90%, 95% CI 86% to 93%, relative sensitivity 1.06, 
95% CI 1.01 to 1.10, p = 0.009) but the increase 
in specificity was not significant (89%, 95% CI 
77% to 95%, vs 86%, 95% CI 79% to 91%, relative 
specificity 1.04, 95% CI 0.95 to 1.13, p = 0.377) 
compared with PET (Table 8 and Appendix 3, 
Figure 15).
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FIGURE 9 Patient data for the diagnostic accuracy of PET and MRI in comparative studies. No studies compared the diagnostic 
accuracy of PET/CT with MRI on a patient basis.

FIGURE 10 Patient data for the diagnostic accuracy of PET and PET/CT in comparative studies.
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TABLE 8  Patient data: direct and indirect comparisons of the relative sensitivity and specificity of PET/CT compared with PET

Comparison

PET/CT 
sensitivity % 
(95% CI)

PET 
sensitivity % 
(95% CI)

Relative 
sensitivity
(95% CI)

PET/CT 
specificity % 
(95% CI)

PET 
specificity % 
(95% CI)

Relative 
specificity 
(95% CI)

Direct PET/
CT vs PET

96 (90 to 98), 
n = 4

85 (77 to 91), 
n = 4

1.11 (1.03 to 
1.18) p = 0.006

89 (74 to 96) 82 (64 to 92) 1.08 (0.94 to 
1.20) p = 0.267

Indirect PET/
CT vs PET

96 (91 to 98), 
n = 5

90 (86 to 93), 
n = 25

1.06 (1.01 to 
1.10) p = 0.009

89 (77 to 95) 86 (79 to 91) 1.04 (0.95 to 
1.13) p = 0.377

FIGURE 11 Quality assessment of studies comparing the diagnostic accuracy of PET and PET/CT.

FIGURE 12 Summary receiver operating characteristic plane for studies directly comparing the diagnostic performance of PET (□) 
and PET/CT (◊) for patients with suspected BC recurrence. 
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Sensitivity analysis
In all studies in which PET/CT was compared with 
PET, tests were undertaken simultaneously and no 
studies were therefore removed in the sensitivity 
analysis.

Lesion data
No studies comparing the accuracy of PET and 
PET/CT presented lesion-based data.

Diagnostic accuracy of PET and 
PET/CT

Patient data
Patient data were presented for PET in 25 studies 
and for PET/CT in five studies. Sensitivity and 
specificity for PET were 91% (95% CI 86% to 94%) 
and 86% (95% CI 79% to 91%) respectively and 
for PET/CT were 96% (95% CI 89% to 99%) and 
89% (95% CI 75% to 95%) respectively. Study data 
used for the calculation of overall sensitivity and 
specificity and figures for test accuracy findings are 
given in Appendix 5 (Figures 20–23).

Lesion data
On a lesion basis, mean sensitivity and specificity 
for PET (n = 7 studies) were 89% (95% CI 78% to 
95%) and 91% (95% CI 83% to 96%). Two studies 
assessed the accuracy of PET/CT on a lesion basis 
and pooled sensitivity and specificity were 96% 
(95% CI 80% to 99%) and 83% (95% CI 61% to 
94%) respectively (no model could be fitted to 
the data). Study data used for the calculation of 
overall sensitivity and specificity and figures for 
test accuracy findings are given in Appendix 5 
(Figures 24–26).

Changes in patient management

Changes in patient management in individual 
studies are given in Appendix 6. Overall, the 
estimated numbers of patients with changes in 
management in studies ranged from 11% to 74% 
(median 27%). In the three studies where only 
changes in management directly owing to PET 
or PET/CT were considered (patients were not 
correctly diagnosed by conventional imaging 
techniques),48,49,55 estimates tended to be lower 
(11–25%).

Variation in the diagnostic 
accuracy of PET

Further investigation of the diagnostic accuracy of 
PET was conducted to investigate factors that may 

influence test accuracy. Subgroup analysis was not 
conducted for PET/CT as these data were limited.

PET and location of disease

Table 12 and Figure 29 in Appendix 8 show the 
relative accuracy of PET in different locations of 
the body with lesion-based data (limited location-
specific patient-based data were available). There 
were no significant differences in the sensitivity 
or specificity of PET for the detection of local 
recurrence, distant metastases or disease in lymph 
nodes.

PET and previous imaging 
results

Comparisons were made between studies of PET 
where all patients had previously had positive or 
equivocal results on other imaging modalities 
and studies in which previous imaging had been 
negative in all patients (Appendix 8, Table 13a and 
Figure 30). Sensitivity was not significantly different 
in studies with negative compared with positive/
equivocal previous diagnostic imaging (relative 
sensitivity 0.99, 95% CI 0.899 to 1.093, p = 0.859) 
but specificity was significantly lower (relative 
specificity 0.734, 95% CI 0.560 to 0.960, p = 0.024).

PET and disease status at the 
time of investigation

In 14 studies,25,27,28,31–35,38–40,42,47,48 PET was 
exclusively used for the detection of recurrent BC 
in patients who had been cleared of initial disease. 
In the remaining 11 studies,24,26,29,30,36,37,41,44,45,49,50 
PET was used to investigate further metastases in 
patients with known BC or, in some studies, the 
disease status of the patient group was a mixture 
of known and unknown BC diagnosis. There was 
no difference in sensitivity (relative sensitivity 
1.004, 95% CI 0.924 to 1.092, p = 0.920) but 
specificity was significantly lower for studies in 
which patients were cleared of initial disease at 
the time of investigation compared with studies in 
patients with diagnosed BC or in mixed diagnosis 
populations (relative specificity 0.844, 95% CI 
0.734 to 0.971, p = 0.018) (Appendix 8, Table 13b 
and Figure 31).

PET and assessors knowledge of 
previous clinical findings

In nine studies,24,25,27,30,33,34,41,48,49 assessors of 
PET were blinded to information on previous 
clinical examination and imaging. In eight 
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studies26,29,36,37,38,39,45,50 assessors had access 
to previous clinical results, and in eight 
studies28,31,32,35,40,42,44,47 it was unclear whether 
assessors had knowledge of previous findings. 
There was no difference in sensitivity (relative 
sensitivity 0.962, 95% CI 0.886 to 1.043, p = 0.346) 
or specificity (relative specificity 1.045, 95% CI 
0.910 to 1.201, p = 0.533) between studies where 
assessors did not have information on previous 
findings compared with studies where assessors 
had information or where access to previous 
information was unclear (Appendix 8, Table 13c).

FP and FN PET results
The numbers of FPs and FNs for PET and PET/
CT are given for studies where data was available 
(Appendix 9, Tables 14 and 15). FPs fell largely 
into three categories: infections and inflammation 
(41%), physiological muscle uptake (29%) and 
degenerative process/old fracture sites (10%), while 
the remaining 20% were assigned to other artifacts 
of measurement. FNs were most commonly lesions 
in the lymph nodes or bone.
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Chapter 5  
Discussion

PET and CIT was reduced and became non-
significant (Appendix 7, Table 11a and Figure 27), 
although the difference in specificity remained.

There may also be uncertainty around the 
magnitude of advantage of PET over different 
types of existing diagnostic tests. Relative 
accuracy may vary depending on the location of 
investigation and the accuracy of the particular 
comparative test conventionally used for diagnosis 
in that location. Included comparator groups 
classed as CIT fell into three categories: CW (a 
range of examination and imaging techniques), 
CT and bone scintigraphy. Further inspection 
identified that, for the three studies investigating 
the diagnosis of bone metastases,24,41,44 a less 
consistent pattern of effect was observed, with 
variable advantage in sensitivity and specificity 
over bone scintigraphy. A recent systematic review 
compared the diagnostic accuracy of PET with 
bone scintigraphy.57 In that review, for patient-
based data, PET had similar sensitivity to bone 
scintigraphy (81%, 95% CI 70% to 89% and 78%, 
95% CI 67% to 68%, respectively) and higher 
specificity but not significantly so (93%, 95% 
CI 84% to 97% and 79%, 95% CI 40% to 95% 
respectively). However, in formal statistical testing, 
there was no difference in the relative accuracy 
of PET when compared with CW, CT and bone 
scintigraphy (p = 0.50), suggesting that PET 
may have similar benefit when used in different 
contexts.

The absence of comparisons of PET with individual 
conventional diagnostic tests may be a limitation 
of this review. However, to some extent this may 
be counteracted by the benefit of making some 
estimation of the general advantage of adding 
PET to standard practice. The decision to combine 
studies of different conventional tests was made not 
only because of the limited number of available 
studies for each individual test but also so that 
the review might be more applicable to current 
practice. In practice it may be difficult to make 
distinctions in the use of PET for specific case 
presentations and there may be value in assessing 
whether there is likely to be a general advantage 
for its use for patients presenting with suspected 
recurrence.

Principal findings
PET compared with CITs
In the patient-based analysis, absolute estimates 
of sensitivity and specificity were around 10% 
higher for PET compared with CIT and differences 
were statistically significantly for both direct and 
indirect comparisons (Table 6). Lesion-based results 
were inconsistent with results for patient-based 
data and no significant differences were found in 
sensitivity or specificity for comparisons of PET 
with CIT (Appendix 4, Table 9). Lesion data are 
considered to be less reliable than patient data56 
and may also relate more to the ability of tests to 
stage, rather than diagnose, disease. There was a 
high degree of heterogeneity between comparative 
studies presenting lesion data (Appendix 4, 
Figure 16) and, for the study in which PET had very 
poor lesion-based sensitivity (56%),29 patient-based 
data indicated a typical to high level of sensitivity 
(97%). Lesion-based data were not used for 
primary interpretation, not only owing to the small 
sample size and seemingly erratic nature of the 
data but also because of the wide recognition that 
patient-based data are a more true representation 
of the accuracy of patient diagnosis. From patient-
based data, it appears that PET may give improved 
diagnostic accuracy compared with CIT for the 
diagnosis of BC recurrence, but there may be some 
constraints and uncertainties related to this.

In many of the included studies, sources of bias 
may bring some uncertainty around the apparent 
advantage of PET over CIT. In many of the studies 
comparing PET and CIT, it was unclear whether 
the patients selected were representative of those 
that might normally be examined in this context 
(Figure 4). Inclusion criteria were often not stated 
and it was unclear whether consecutive patients 
were enrolled or whether investigators selected 
particular individuals to take part in the study. 
Another aspect of quality identified as potentially 
important was the time delay between comparator 
tests and PET. Differences observed in some 
studies may be due partly to PET being conducted 
at a later time point, when disease was likely to 
be further developed and more detectable. In the 
sensitivity analysis including only studies in which 
PET and CIT were conducted within a 1-month 
time period, the difference in sensitivity between 
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It is likely that any potential advantage of PET 
should be considered in the context of its use 
in addition to, rather than instead of, existing 
strategies. The aim of this review was to assess 
comparative diagnostic accuracy in addition to 
standard practice but, in some of the included 
studies, assessors of PET were blinded to 
the results of previous imaging tests. This is 
displayed in the quality assessment as ‘relevant 
clinical information?’, i.e. were assessors blinded 
to previous clinical results? (Figure 4). In the 
subgroup analysis, the accuracy PET did not 
appear to be affected by whether assessors had 
knowledge of previous patient investigations 
(Appendix 8, Table 13c). Also, although the 
specificity of PET was lower in studies where 
previous imaging tests had shown negative 
compared with positive/equivocal findings, the 
level of sensitivity was similar (Appendix 8, 
Table 13a) suggesting that PET may be useful for 
disease diagnosis where previous imaging tests 
have failed. However, despite some suggestion 
that PET may be useful as a replacement 
technology, uncertainty remains around its 
comparative advantage in every setting and this 
does not warrant the recommendation of PET as a 
replacement to conventional imaging procedures.

Overall, PET appears to give improved diagnostic 
accuracy compared with CIT. However, there may 
be some uncertainty around these findings. There 
is currently insufficient evidence for the use of PET 
as a replacement for existing imaging technologies 
but, in addition to standard practice, it may give 
improved diagnostic accuracy compared with 
conventional imaging.

PET/CT compared with CITs

Positron emission tomography/computed 
tomography was compared with CT in four studies. 
PET/CT showed significantly improved sensitivity 
for both direct and indirect patient-based 
comparisons (absolute sensitivity was ~ 15% higher) 
but the absolute increase in specificity (~ 10%) was 
not statistically significant (Table 7). Differences 
were consistency shown across all of the four 
studies (Figure 8), with increases in sensitivity and 
specificity in each case where it could be achieved 
(in one study specificity was 100% for both PET/CT 
and CT).

In three of the four studies, patient samples 
appeared to be a representative spectrum of those 
that might be typical in clinical practice. CTs were 
performed as part of the PET/CT in three of the 

four studies but, in the other study, a separate 
CT was conducted earlier and the time interval 
before PET/CT in some of the patients was more 
than 1 month. After removal of this study in the 
sensitivity analysis, the increase in sensitivity 
compared with CT became non-significant 
(Appendix 7, Table 11b and Figure 28). However, a 
consistent pattern of effect was still observed for 
the remaining studies.

The poor availability of studies comparing the 
diagnostic accuracy of PET/CT with other imaging 
tests may to some extent limit the interpretation 
of findings. In comparative studies of PET/CT, 
the only CIT used was CT and there may be some 
uncertainty around the relative advantage of PET/
CT over different individual CITs. In the indirect 
comparison, when PET/CT was compared with 
the range of conventional diagnostic tests (Table 
7 and Appendix 3, Figure 14), sensitivity was 20% 
higher for PET/CT than for CIT (p < 0.0001). 
However, as this analysis was not based on direct 
comparison studies, the finding may be interpreted 
with caution, and uncertainty remains around the 
variation in benefit of PET/CT when compared 
with different conventional tests.

In three of the four studies, assessors of PET/
CT were blind to CT results and previous clinical 
findings (Figure 7) and it may be that, in situations 
where the choice of CIT is CT, PET/CT can be 
used as a replacement test. However, the presence 
of uncertainty around the comparative advantage 
of PET/CT over other CITs is likely to make a 
conservative approach more appropriate. As for 
PET, it may be prudent to consider PET/CT in 
addition to, rather than instead of, conventional 
diagnostic tests.

Despite the small number of available studies, 
the consistent improvement in test accuracy for 
PET/CT compared with CT provides reasonable 
evidence for an advantage of PET/CT over CT. 
PET/CT may give diagnostic advantage over other 
CITs but currently there is no direct evidence of 
the comparative advantage of PET/CT over other 
imaging tests.

PET and PET/CT compared 
with MRI

In the current review only three studies compared 
PET and MRI on a patient basis and, as the types 
of MRI technology used were different, results 
of these studies could not be combined. There 
were no significant differences in sensitivity or 
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specificity between PET and MRI in any of these 
studies and further research may be required 
to assess their comparative diagnostic accuracy. 
Only one study compared the diagnostic accuracy 
of PET/CT with MRI and, for this study, data 
were presented on a lesion basis. Sensitivity and 
specificity were similar for PET/CT and MRI and 
further patient-based studies may be important to 
establish the comparative accuracy of PET/CT and 
MRI.

PET/CT compared with PET

In this review, for all studies comparing the 
diagnostic accuracy of PET with PET/CT (n = 4), 
PET/CT was consistently shown to have improved 
sensitivity compared with PET (Figure 12). 
Differences in sensitivity were significant for both 
direct and indirect comparisons, but differences in 
specificity were not (Table 8). In these studies, PET/
CT was used for the diagnosis of local disease and 
metastases in different locations and the advantage 
of PET/CT over PET appears to be true when 
considered for the detection of disease over a range 
of locations.

In three of the four studies, patient samples 
appeared to be representative of patients that 
might be typical in clinical practice. All studies 
interpreted PET images obtained during the 
course of conducting PET/CT and, as tests were 
conducted simultaneously, none needed to be 
removed in the sensitivity analysis.

Despite the limited number of PET/CT studies, 
there appears to be reasonable evidence that PET/
CT gives improved sensitivity compared with 
PET over the whole body. If it is found to be more 
cost-effective, PET/CT may be considered for use 
instead of PET in this context.

Diagnostic accuracy of PET and 
PET/CT

In the current review, the sensitivity and specificity 
of PET are very similar to those obtained in 
the most recently conducted systematic review19 
(sensitivity 91% compared with 90% and specificity 
86% compared with 87%), suggesting that more 
recent studies, not included in the previous review, 
have not influenced overall estimates of diagnostic 
accuracy. The criterion for inclusion in both of 
these reviews was that a dedicated PET machine 
was to have been used but, since the development 
of these types of instruments, there have been 
no major changes in the technology of PET (Dr 

Theodoros Arvanitis, University of Birmingham, 
2009, personal communication). This review 
supports the suggestion that PET technology has 
reached a consistent level and confirms previous 
findings. No previous systematic review has 
attempted to meta-analyse the accuracy of PET/
CT and the current review gives no indication as to 
whether the diagnostic accuracy of this technology 
has changed, or is likely to change, during its 
evolution.

Inspection of the individual results for PET studies 
(Appendix 5, Figure 20) shows heterogeneity in 
estimates of sensitivity and specificity (for some 
studies 95% CIs do not overlap). This was not 
observed with studies of PET/CT (Appendix 5, 
Figure 21) but the number of these studies was 
smaller. It appears likely that there are differences 
in the patient groups, study methods or mode of 
investigation in studies of PET and this may bring 
uncertainty around the overall estimates for test 
accuracy in this context.

Changes in patient management 
and outcome

Despite the reasonable data available to determine 
the diagnostic accuracy of PET and PET/CT, 
their impact on patient management is uncertain. 
Individual studies assert that these technologies do 
lead to changes in management, but it is difficult 
to determine to what extent these changes would 
have taken place with conventional diagnostic 
procedures and, more importantly, whether they 
resulted in changes in final patient outcome.

Some sense about impact on patient management 
may be gained by considering the consequences 
of FN and FP results, both of which appear to be 
reduced when comparing PET with conventional 
imaging and PET/CT with PET. FN results 
generally lead to delayed treatment, which is 
likely to be important where the condition is life 
threatening. In distantly recurring BC delaying 
treatments with palliative intent will make a 
considerable impact on quality of life over the short 
to medium term. For systemic treatments aiming 
to alter the course of metastatic disease, there 
are also likely to be modest gains in survival and 
thus FN CITs will delay these treatments. Some 
patients will suffer a sufficient fall in performance 
status by the time of diagnosis for there to be 
fewer appropriate treatment options available. 
The consequences of avoidance of FPs, which also 
appears to be achieved by the use of PET and PET/
CT, are clearer. Avoiding unnecessary exposure 
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to costly and potentially harmful, occasionally 
life-threatening, treatment such as chemotherapy 
is clearly desirable and could be anticipated to 
bring about improvements in quality of life, if 
not survival. Avoiding the anxiety associated with 
treatment and the fact that BC has recurred adds 
to this. This prediction of impact on the patient 
assumes that there are no further steps in the 
diagnostic pathway beyond conventional imaging 
with or without PET/CT. Biopsies of possible 
BC recurrences following CITs are sometimes 
performed. In these cases, FNs can result in 
significant unnecessary risk and morbidity to 
patients. Overall, there appears to be a clear 
potential value for a diagnostic technique that 
reduces both the rate of FPs and FNs.

Of primary interest is the impact of PET and 
PET/CT on patient prognosis and survival. If 
detection of recurrence by PET or PET/CT gives 
patients additional quality of life or extends 
survival, these technologies may be important 
diagnostic tools. In order to directly assess the 
effects of PET or PET/CT on long-term outcomes, 
large-scale intervention studies may be required. 
Owing to the intensive follow-up and the large 
sample sizes required, these types of studies are 
expensive, and modelling work may be used to 
provide information on whether these trials are 
worthwhile. The construction of models relating 
diagnostic accuracy and features of disease 
progression to long-term patient outcomes would 
give information on the potential impact of PET 
and PET/CT on patient outcome. Where modelling 
findings suggest a potential benefit of PET or PET/
CT, this may support the implementation of large-
scale interventional studies to investigate long-term 
impacts.

Variation in the diagnostic 
accuracy of PET

The variation in estimates of test accuracy for PET 
was investigated by conducting subgroup analysis 
on this group of studies, but no conclusive pattern 
emerged to explain the variability. There was 
no apparent difference in the accuracy of PET 
in different locations of the body, although this 
analysis was conducted using lesion-based data 
(may be less reliable than patient-based data). 
The diagnosis of local disease may be considered 
more valuable than the diagnosis of disease in 
lymph nodes or distant metastases as surgical 
treatment may more realistically be employed for 
local recurrence. Findings suggest that the overall 
estimates of diagnostic accuracy for PET can be 

applied in the specific case of local recurrence 
and this may help to better predict the potential 
benefits from the use of PET. Data for the use of 
PET/CT for diagnosis in different locations were 
limited, and location-specific analysis could not 
be conducted. However, it may be anticipated 
that similar findings would be shown and PET/
CT may have similar diagnostic accuracy for local 
recurrence as for metastatic disease.

PET had similar sensitivity in studies where 
patients had been negative on previous imaging 
tests compared with studies where previous 
findings were positive/equivocal but specificity 
was significantly reduced (Appendix 8, Table 13a). 
Specificity was also significantly reduced for 
studies in which patients were cleared of BC at the 
time of investigation compared with other studies 
(Appendix 8, Table 13b). Selective patient sampling 
by previous imaging testing in these studies may 
have had some impact on apparent specificity. 
However, it is difficult to ascertain whether 
these observations are due to random statistical 
significance of if they may be confounded by other 
potentially moderating factors. As numerous 
factors are likely to be involved in determining 
diagnostic accuracy of PET, it is difficult to identify 
specific factors responsible for the heterogeneity 
observed. Also, as subgroup analysis was not 
restricted to the group of comparative studies, 
it was not possible to examine whether these 
observations would result in a comparative 
difference in test accuracy between PET and CIT.

Strengths and limitations of 
the review
One strength of the current review was that it was 
likely to have included the majority of the relevant 
literature. This review included 14 of the 18 studies 
included in the most recent previous systematic 
review.19 The current review was restricted to 
studies performed in the secondary diagnostic 
setting and this led to the exclusion of the other 
four studies.58–61 The current report includes an 
additional 14 studies, not covered by the previous 
review and, for the first time, reviews evidence for 
the diagnostic accuracy of PET/CT.

A second strength of this work was the comparative 
nature of the review. Estimations of individual 
values for diagnostic accuracy may give some 
information on the likely benefit of these 
technologies. However, comparative analysis allows 
proper investigation of the possible advantage 
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of adopting PET or PET/CT over conventional 
diagnostic strategies.

A further strength of this review may be the use 
of direct comparisons. The large spread of results 
for test accuracy, particularly for PET, suggests 
that there are other important mediators of 
test accuracy that influence results. In indirect 
comparisons, where results from different studies 
are compared, the comparison of PET and PET/
CT with CIT may be affected by many factors 
associated with the populations, study methods 
and technologies used. In direct comparisons, 
some of these moderating factors are avoided as 
index and comparator tests are conducted in the 
same populations and the same study methods are 
used.

Although direct comparisons are desirable and 
can eliminate between-study variability associated 
with indirect comparisons, methods currently 
recommended for meta-analysis of test accuracy 
studies do not exploit the paired nature of the 
data when all patients receive each of the two tests 
under evaluation as well as the reference standard. 
For such analyses to be possible, test accuracy 
data from primary studies must be presented in 
a suitable format, i.e. joint classification of the 
results of the tests, but this is rarely the case. Only 
six of the studies in this review presented data in 
this format, one comparing PET with PET/CT28 
two comparing PET with MRI,30,32 one comparing 
PET with bone scintigraphy44 and two comparing 
PET with CW.49,50 Methods that combine evidence 
from both direct and indirect comparisons, such 
as the adjusted indirect comparison method and 
network meta-analysis techniques for comparing 
health-care interventions, make optimal use of all 
relevant data but such methods are lacking for test 
comparisons. Current methodology may result in 
a more conservative estimate of relative differences 
in test accuracy when analysis is restricted to direct 
comparisons and this may be a limitation of this 
review.

A limitation of this review was that subgroup 
analysis was conducted on the whole set of studies 
investigating PET (n = 25) and not on comparative 
studies for PET (n = 10) and PET/CT (n = 4). This 
was necessary as the number of comparative 
studies was limited. However, it is difficult to 
interpret subgroup findings because within-test 
analysis does not give information on the actual 
diagnostic advantage in different settings and 
patient populations. If more data were available, 

analysis of differences in the diagnostic accuracy 
of PET or PET/CT in different settings or groups 
relative to conventional tests may be useful to 
inform decision-making about specific contexts for 
their use.

A limitation in the interpretation of this review 
may be the distinction of results for direct and 
indirect comparisons. It should be noted that, 
particularly for PET/CT, studies included in 
the direct comparison analysis also largely 
constituted the studies included in the indirect 
comparison analysis. Because some of the study 
data are used in both analyses, although indirect 
comparisons may be taken to some extent to 
support comparative results, findings are not 
independent. Although they may be useful for 
corroborating findings, results for direct and 
indirect comparisons should not be interpreted as 
independent outcomes.

A further limitation of indirect comparisons in 
the current review is the exclusion of conventional 
imaging studies that were not compared with PET 
or PET/CT. Studies of CIT were only included in 
this review if they contained a comparison with 
PET or PET/CT, and it is unclear whether this 
could have had an impact on findings. In order to 
make true independent comparisons, an additional 
systematic review of all CIT studies would be 
necessary. However, owing to the large volume of 
evidence relating to each conventional diagnostic 
strategy, the workload involved would be sizable.

A further limitation of this review is the small 
size of the majority of included studies. The 
average (median) size of studies was 45 (10–291) 
and only 456 and 167 patients constituted the 
analysis groups for PET and PET/CT versus CIT 
respectively. Although sample sizes were adequate 
for testing statistical significance, they may, to 
some extent, limit the generalisability of these 
findings.

The short duration over which this review was 
conducted to some extent limited the number of 
included studies. As some studies appeared to 
have recorded the relevant information but not 
included it in publications, authors were contacted 
to request raw data for inclusion in the review. One 
investigator provided the relevant data33 but, in 
other cases, data were not retrieved and further 
follow-up may have proved successful in obtaining 
data and increasing the information available in 
this review.
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Chapter 6  
Conclusions

to assess the comparative advantage of PET/CT 
over different CITs.

•	 Further research may inform the use of PET/
CT as a replacement technology. In future 
research, reading of scans with assessors both 
blinded and unblinded to previous results 
would allow assessment of the comparative 
accuracy of PET/CT as a replacement 
compared with an add-on technology. This 
may help to determine whether PET/CT may 
potentially be used as a replacement to tests 
currently used in clinical practice.

•	 Further research may investigate the 
application of MRI of the whole body 
compared with PET/CT in this context.

•	 Modelling work (to be published in another 
report) may be used to examine the potential 
impact of PET/CT on long-term patient 
outcomes. This work may be used to inform 
the implementation of large-scale intervention 
studies to examine the long-term impact of 
PET/CT.

Implications for policy

Positron emission tomography/computed 
tomography has largely superseded PET in current 
practice and the apparent advantage of PET/CT 
over PET found in this review supports this move. 
On the basis of some of the uncertainties observed, 
it may be premature to make recommendations 
about changes in the precise diagnostic role of 
PET/CT in current practice. However, current 
recommendations for its use following equivocal 
findings on conventional imaging techniques may 
be justified. It appears that PET/CT may be useful 
as an addition to current practice for the diagnosis 
of BC recurrence but this should be reassessed in 
light of the analysis of its cost-effectiveness.

•	 For the detection of BC recurrence, in addition 
to conventional imaging techniques, PET 
may generally offer improved diagnostic 
accuracy compared with current standard 
practice. Uncertainty remains 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 BC recurrence. 
Although PET/CT may give an advantage 
over other conventional imaging strategies, 
its incremental value over other tests has yet 
to be assessed in studies directly. Concurrent 
use with, rather than 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 preferred to PET for use in 
this context.

•	 PET and PET/CT appear to have some impact 
on patient management but there is currently 
no evidence of the effects of their use on 
patient outcome.

Recommendations for 
future research
Future research studies should ideally be large 
and prospective, avoiding some sources of bias 
associated with retrospective studies. Studies 
should be comparative and, where possible, any 
comparator tests used should be conducted close in 
time to PET or PET/CT. Patient populations should 
be clearly defined with regard to their clinical 
presentation, e.g. only patients with suspected BC 
recurrence on the basis of previous conventional 
imaging findings.

•	 Further study of the diagnostic accuracy of 
PET/CT compared with specific CITs may help 





DOI: 10.3310/hta14500 Health Technology Assessment 2010; Vol. 14: No. 50

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

35

Acknowledgements

analysis and reviewed the report. Lucy Pennant 
conducted the data extraction. Clare Davenport 
contributed to the interpretation of findings and 
reviewed the report. Anne Fry-Smith and Anne 
Eisinga devised the search strategy and Anne Fry-
Smith carried out the searches. Lazaros Andronis 
reviewed the protocol and the report. Theo 
Arvanitis gave technical guidance on imaging 
technologies and reviewed the report. Jon Deeks 
gave guidance for statistical analysis and reviewed 
the report. Chris Hyde developed the protocol, 
conducted quality assessment, contributed to the 
interpretation of findings and reviewed the report.

We would like to thank Professor Pat Price 
and Dr Peter Clark for providing clinical 

comments and guidance on this report.

Contribution of authors

Mary Pennant contributed to the development of 
the protocol, conducted abstract and full-paper 
screening, data extraction and quality assessment, 
contributed to the interpretation of findings and 
was responsible for writing the report. Yemisi 
Takwoingi was responsible for the statistical 





DOI: 10.3310/hta14500 Health Technology Assessment 2010; Vol. 14: No. 50

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

37

References

carcinoma: preliminary clinical experience. J Magn 
Reson Imaging 2000;11(4):343–50.

13. Rohren EM, Turkington TG, Coleman RE. 
Clinical applications of PET in oncology. Radiology 
2004;231(2):305–32.

14. Kostakoglu L, Agress H Jr, Goldsmith SJ. Clinical 
role of FDG PET in evaluation of cancer patients. 
Radiographics 2003;23(2):315–40.

15. von Schulthess GK, Steinert HC, Hany TF. 
Integrated PET/CT: current applications and future 
directions. Radiology 2006;238(2):405–22.

16. The Royal College of Radiologists. PET-CT in the 
UK: A strategy for development and integration of a 
leading edge technology within routine clinical practice. 
London: RCR; 2005.

17. National Institute for Health and Clinical 
Excellence. CG81 Advanced breast cancer: diagnosis 
and treatment. London: NICE; 2009.

18. Samson D, Redding Flamm C, Aronson N. FDG 
positron emission tomography for evaluating breast 
cancer. Blue Cross and Blue Shield Association, 
Technology Evaluation Center. 2001:95. URL: 
http://cms.gov/coverage/download/id71.pdf.

19. Isasi CR, Moadel RM, Blaufox MD. A meta-analysis 
of FDG-PET for the evaluation of breast cancer 
recurrence and metastases. Breast Cancer Res Treat 
2005;90(2):105–12.

20. Whiting P, Rutjes AW, Reitsma JB, Bossuyt PM, 
Kleijnen J. The development of QUADAS: a tool 
for the quality assessment of studies of diagnostic 
accuracy included in systematic reviews. BMC Med 
Res Methodol 2003;3:25.

21. Schelbert HR, Hoh CK, Royal HD, Brown M, 
Dahlbom MN, Dehdashti F, et al. Procedure 
guideline for tumor imaging using fluorine-18-
FDG. Society of Nuclear Medicine. J Nucl Med 
1998;39(7):1302–5.

22. Reitsma JB, Glas AS, Rutjes AW, Scholten RJ, 
Bossuyt PM, Zwinderman AH. Bivariate analysis 
of sensitivity and specificity produces informative 
summary measures in diagnostic reviews. J Clin 
Epidemiol 2005;58(10):982–90.

23. Chu H, Cole SR. Bivariate meta-analysis of 
sensitivity and specificity with sparse data: a 

1. Office for National Statistics. Breast cancer incidence, 
mortality and survival. London; ONS; 2009.

2. The BMJ Publishing Group. Clinical evidence, Issue 
15. London: The BMJ Publishing Group; 2006.

3. National Institute for Health and Clinical 
Excellence. CG80 Early and locally advanced breast 
cancer: full guideline. London: NICE; 2009. http://
guidance.nice.org.uk/CG80/Guidance/pdf/English 
(accessed January 2010).

4. Elder EE, Kennedy CW, Gluch L, Carmalt HL, 
Janu NC, Joseph MG, et al. Patterns of breast 
cancer relapse. Eur J Surg Oncol 2006; 32(9):922–7.

5. Lamerato L, Havstad S, Gandhi S, Jones D, 
Nathanson D. Economic burden associated with 
breast cancer recurrence: findings from a 
retrospective analysis of health system data. Cancer 
2006;106(9):1875–82.

6. Barentsz J, Takahashi S, Oyen W, Mus R, 
De MP, Reznek R, et al. Commonly used imaging 
techniques for diagnosis and staging. J Clin Oncol 
2006;24(20):3234–44.

7. Schnall M, Rosen M. Primer on imaging 
technologies for cancer. J Clin Oncol 2006;24 
(20):3225–33.

8. Love C, Din AS, Tomas MB, Kalapparambath TP, 
Palestro CJ. Radionuclide bone imaging: an 
illustrative review. Radiographics 2003;23(2):341–58.

9. Hayes DF. Tumor markers for breast cancer. Ann 
Oncol 1993;4(10):807–19.

10. Belli P, Costantini M, Romani M, Marano P, 
Pastore G. Magnetic resonance imaging in breast 
cancer recurrence. Breast Cancer Res Treat 
2002;73(3):223–35.

11. Engelhard K, Hollenbach HP, Wohlfart K, von 
IE, Fellner FA. Comparison of whole-body MRI 
with automatic moving table technique and bone 
scintigraphy for screening for bone metastases 
in patients with breast cancer. Eur Radiol 
2004;14(1):99–105.

12. Walker R, Kessar P, Blanchard R, Dimasi M, 
Harper K, DeCarvalho V, et al. Turbo STIR 
magnetic resonance imaging as a whole-body 
screening tool for metastases in patients with breast 



References

38

generalized linear mixed model approach. J Clin 
Epidemiol 2006;59(12):1331–2.

24. Abe K, Sasaki M, Kuwabara Y, Koga H, Baba S, 
Hayashi K, et al. Comparison of 18FDG-PET with 
99mTc-HMDP scintigraphy for the detection of 
bone metastases in patients with breast cancer. Ann 
Nucl Med 2005;19(7):573–9.

25. Aide N, Huchet V, Switsers O, Heutte N, Delozier T, 
Hardouin A, et al. Influence of CA 15–3 blood level 
and doubling time on diagnostic performances of 
18F-FDG PET in breast cancer patients with occult 
recurrence. Nucl Med Commun 2007;28(4):267–72.

26. Bender H, Kirst J, Palmedo H, Schomburg A, 
Wagner U, Ruhlmann J, et al. Value of 18-fluoro-
deoxyglucose positron emission tomography in the 
staging of recurrent breast carcinoma. Anticancer 
Res 1997;17(3B):1687–92.

27. Dirisamer A, Halpern BS, Flory D, Wolf F, 
Beheshti M, Mayerhoefer ME, et al. Integrated 
contrast-enhanced diagnostic whole-body PET/CT 
as a first-line restaging modality in patients with 
suspected metastatic recurrence of breast cancer. 
Eur J Radiol 2010;73(2):294–9.

28. Fueger BJ, Weber WA, Quon A, Crawford TL, 
len-Auerbach MS, Halpern BS, et al. Performance 
of 2-deoxy-2-[F-18]fluoro-D-glucose positron 
emission tomography and integrated PET/CT in 
restaged breast cancer patients. Mol Imaging Biol 
2005;7(5):369–76.

29. Gallowitsch HJ, Kresnik E, Gasser J, Kumnig G, 
Igerc I, Mikosch P, et al. F-18 fluorodeoxyglucose 
positron-emission tomography in the diagnosis 
of tumor recurrence and metastases in the 
follow-up of patients with breast carcinoma: a 
comparison to conventional imaging. Invest Radiol 
2003;38(5):250–6.

30. Goerres GW, Michel SCA, Fehr MK, Kaim AH, 
Steinert HC, Seifert B, et al. Follow-up of women 
with breast cancer: Comparison between MRI and 
FDG PET. Eur Radiol 2003; 13(7):1635–44.

31. Guillemard S, Eberle Pouzeratte MC, Lamy P-J, 
Romieu G, Rossi M, Artus JC. 18FDG PET/CT and 
CA 15–3 in the early diagnosis of recurrent breast 
cancer. [French]. Méd Nucl 2006;30(4):209–16.

32. Hathaway PB, Mankoff DA, Maravilla KR, 
Austin-Seymour MM, Ellis GK, Gralow JR, et al. 
Value of combined FDG PET and MR imaging in 
the evaluation of suspected recurrent local-regional 
breast cancer: preliminary experience. Radiology 
1999;210(3):807–14.

33. Haug AR, Schmidt GP, Klingenstein A, 
Heinemann V, Stieber P, Priebe M, et al. F-18-

fluoro-2-deoxyglucose positron emission 
tomography/computed tomography in the follow-
up of breast cancer with elevated levels of tumor 
markers. J Comput Assist Tomogr 2007;31(4):629–34.

34. Hubner KF, Smith GT, Thie JA, Bell JL, 
Nelson HS, Hanna WT. The potential of F-18-
FDG PET in breast cancer. Detection of primary 
lesions, axillary lymph node metastases, or distant 
metastases. Clin Positron Imaging 2000;3(5):197–205.

35. Kamel EM, Wyss MT, Fehr MK, von Schulthess GK, 
Goerres GW. [18F]-fluorodeoxyglucose positron 
emission tomography in patients with suspected 
recurrence of breast cancer. J Cancer Res Clin Oncol 
2003;129(3):147–53.

36. Kim T-S, Moon WK, Lee D-S, Chung J-K, 
Lee MC, Youn Y-K, et al. Fluorodeoxyglucose 
positron emission tomography for detection of 
recurrent or metastatic breast cancer. World J Surg 
2001;25(7):829–34.

37. Lin W-Y, Tsai S-C, Cheng K-Y, Yen R-F, Kao C-H. 
Fluorine-18 FDG-PET in detecting local recurrence 
and distant metastases in breast cancer – Taiwanese 
experiences. Cancer Invest 2002;20(5–6):725–9.

38. Liu CS, Shen YY, Lin CC, Yen RF, Kao CH, 
Liu CS, et al. Clinical impact of [(18)F]FDG-PET 
in patients with suspected recurrent breast cancer 
based on asymptomatically elevated tumor marker 
serum levels: a preliminary report. Jpn J Clin Oncol 
2002;32(7):244–7.

39. Lonneux M, Borbath I, I, Berliere M, Kirkove C, 
Pauwels S. The place of whole-body pet fdg for the 
diagnosis of distant recurrence of breast cancer. 
Clin Positron Imaging 2000;3(2):45–9.

40. Moon DH, Maddahi J, Silverman DH, Glaspy JA, 
Phelps ME, Hoh CK, et al. Accuracy of whole-
body fluorine-18-FDG PET for the detection of 
recurrent or metastatic breast carcinoma. J Nucl 
Med 1998;39(3):431–5.

41. Ohta M, Tokuda Y, Suzuki Y, Kubota M, 
Makuuchi H, Tajima T, et al. Whole body PET for 
the evaluation of bony metastases in patients with 
breast cancer: comparison with 99Tcm-MDP bone 
scintigraphy. Nucl Medi Commun 2001;22(8):875–9.

42. Pecking AP, Corone-Mechelany C, Alberini JL, 
Gutman F, Sarandi F, Bertrand-Kermorgant F, et al. 
Positrons Emission Tomography (PET) using 18FDG 
and occult diseases in cancerology: the experiment 
of the Rene Huguenin Center. [French]. Immuno-
anal Biol Spéc 2004;19(5):269–73.

43. Radan L, Ben-Haim S, Bar-Shalom R, Guralnik L, 
Israel O, Radan L, et al. The role of FDG-PET/CT 



DOI: 10.3310/hta14500 Health Technology Assessment 2010; Vol. 14: No. 50

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

39

in suspected recurrence of breast cancer. Cancer 
2006;107(11):2545–51.

44. Raileanu I, Grahek D, Montravers F, Kerrou K, 
Aide N, Younsi N, et al. Comparison of [18F]-
fluorodeoxyglucose positron emission tomography 
and technetium bisphosphonate bone scintigraphy 
to detect bone metastases in patients with breast 
cancer. [French]. Méd Nucl 2004;28(7):297–303.

45. Santiago JF, Gonen M, Yeung H, Macapinlac H, 
Larson S, Santiago JFY, et al. A retrospective 
analysis of the impact of 18F-FDG PET scans on 
clinical management of 133 breast cancer patients. 
Q J Nucl Med Mol Imaging 2006;50(1):61–7.

46. Schmidt GP, Baur-Melnyk A, Haug A, 
Heinemann V, Bauerfeind I, Reiser MF, et al. 
Comprehensive imaging of tumor recurrence in 
breast cancer patients using whole-body MRI at 1.5 
and 3 T compared to FDG-PET-CT. Eur J Radiol 
2008;65(1):47–58.

47. Suarez M, Perez-Castejon MJ, Jimenez A, 
Domper M, Ruiz G, Montz R, et al. Early diagnosis 
of recurrent breast cancer with FDG-PET in 
patients with progressive elevation of serum 
tumor markers. Q J Nucl Med Mol Imaging 
2002;46(2):113–21.

48. Veit-Haibach P, Antoch G, Beyer T, Stergar H, 
Schleucher R, Hauth EA, et al. FDG-PET/CT in 
restaging of patients with recurrent breast cancer: 
possible impact on staging and therapy. Br J of 
Radiol 2007;80(955):508–15.

49. Vranjesevic D, Filmont JE, Meta J, Silverman DH, 
Phelps ME, Rao J, et al. Whole-body (18)F-FDG 
PET and conventional imaging for predicting 
outcome in previously treated breast cancer 
patients. J Nucl Med 2002;43(3):325–9.

50. Wolfort RM, Li BDL, Johnson LW, Turnage RH, 
Lilien D, Ampil F, et al. The role of whole-body 
fluorine-18-FDG positron emission tomography in 
the detection of recurrence in symptomatic patients 
with stages II and III breast cancer. World J Surg 
2006;30(8):1422–7.

51. Yang SN, Liang JA, Lin FJ, Kao CH, Lin CC, 
Lee CC, et al. Comparing whole body (18)F-2-
deoxyglucose positron emission tomography 
and technetium-99m methylene diphosphonate 
bone scan to detect bone metastases in patients 
with breast cancer. J Cancer Res Clin Oncol 
2002;128(6):325–8.

52. Yap CS, Seltzer MA, Schiepers C, Gambhir SS, 
Rao J, Phelps ME, et al. Impact of whole-body 
18F-FDG PET on staging and managing patients 
with breast cancer: the referring physician’s 
perspective. J Nucl Med 2001;42(9):1334–7.

53. Belohlavek O, Kantorova I. Influence of positron 
emission tomography (PET) on therapeutic 
decision at breast cancer – Preliminary report. 
[Czech]. Klinicka Onkologie 2002;15(5):189–91.

54. Grahek D, Montravers F, Kerrou K, Aide N, 
Lotz JP, Talbot JN, et al. [18F]FDG in recurrent 
breast cancer: diagnostic performances, clinical 
impact and relevance of induced changes in 
management. Eur J Nucl Med Mol Imaging 
2004;31(2):179–88.

55. Eubank WB, Mankoff D, Bhattacharya M, Gralow J, 
Linden H, Ellis G, et al. Impact of FDG PET on 
defining the extent of disease and on the treatment 
of patients with recurrent or metastatic breast 
cancer. AJR Am J Roentgenol 2004;183(2):479–86.

56. Gould MK, Kuschner WG, Rydzak CE, Maclean CC, 
Demas AN, Shigemitsu H, et al. Test performance 
of positron emission tomography and computed 
tomography for mediastinal staging in patients 
with non-small-cell lung cancer: a meta-analysis. 
Ann Intern Med 2003;139(11):879–92.

57. Shie P, Cardarelli R, Brandon D, Erdman W, 
Abdulrahim N. Meta-analysis: comparison of F-18 
Fluorodeoxyglucose-positron emission tomography 
and bone scintigraphy in the detection of bone 
metastases in patients with breast cancer. Clin Nucl 
Med 2008;33(2):97–101.

58. Smith IC, Ogston KN, Whitford P, Smith FW, 
Sharp P, Norton M, et al. Staging of the axilla in 
breast cancer: Accurate in vivo assessment using 
positron emission tomography with 2-(fluorine-
18)-fluoro-2-deoxy-D- glucose. Ann Surg 
1998;228(2):220–7.

59. Van der Hoeven JJ, Krak NC, Hoekstra OS, 
Comans EF, Boom RP, Van GD, et al. 18F-2-fluoro-
2-deoxy-d-glucose positron emission tomography 
in staging of locally advanced breast cancer. J Clin 
Oncol 2004;22(7):1253–9.

60. Rostom AY, Powe J, Kandil A, Ezzat A, Bakheet S, 
El-Khwsky F, et al. Positron emission tomography in 
breast cancer: A clinicopathological correlation of 
results. Br J Radiol 1999;72:1064–8.

61. Dose J, Bleckmann C, Bachmann S, 
Bohuslavizki KH, Berger J, Jenicke L, et al. 
Comparison of fluorodeoxyglucose positron 
emission tomography and ‘conventional diagnostic 
procedures’ for the detection of distant metastases 
in breast cancer patients. Nucl Med Commun 
2002;23(9):857–64.

62. Siggelkow W, Zimny M, Faridi A, Petzold K, 
Buell U, Rath W. The value of positron emission 
tomography in the follow-up for breast cancer. 
Anticancer Res 2003;23(2C):1859–67.





DOI: 10.3310/hta14500 Health Technology Assessment 2010; Vol. 14: No. 50

© 2010 Queen’s Printer and Controller of HMSO. All rights reserved.

41

Appendix 1  
MEDLINE search strategy

Database: Ovid MEDLINE 1950 
to Week 2 May 2009

1. exp tomography, emission-computed/ (52882)
2. (emission adj2 comput$ adj2 tomograph$).tw. 

(9710)
3. (tomograph$ adj2 emission adj2 comput$).tw. 

(9941)
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. 
(21399)

9. (pet or petct).tw. (30218)
10. or/1–9 (65938)
11. exp breast neoplasms/ (162433)
12. (breast$ adj5 (cancer$ or carcinoma$ or 

adenocarcinoma$ or carcinogen$ or sarcoma$ 
or malignan$ or tumo?r$ or neoplas$)).tw. 
(149035)

13. or/11–12 (191059)
14. 10 and 13 (1422)
15. (recur$ or relaps$ or metasta$ or restag$ or 

re-stag$).mp. (633461)
16. 14 and 15 (730)
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Appendix 2 
Characteristics of FDG-PET technology
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Appendix 3  
Figures for indirect comparisons 

of patient-based data
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FIGURE 13 Summary receiver operating characteristic plane for indirect comparison of the diagnostic performance of PET (□) and 
CIT (◊) for patients with suspected BC recurrence.

FIGURE 14 Summary receiver operating characteristic plane for indirect comparison of the diagnostic performance of PET/CT (□) 
and CIT (◊) for patients with suspected BC recurrence. 
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FIGURE 15 Summary receiver operating characteristic plane for indirect comparison of the diagnostic performance of PET (□) and 
PET/CT (◊) for patients with suspected BC recurrence. 
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Appendix 4  
Comparative lesion-based data

Study
Sensitivity
(95% Cl)

Specificity
(95% Cl) Sensitivity Specificity
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Abe 200524
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Yang 200251
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2
2
3
7
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5
7

140
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24
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20
2

0.84 (0.71 to 0.94)
0.80 (0.65 to 0.90)
0.56 (0.47 to 0.66)
0.90 (0.83 to 0.95)
0.95 (0.89 to 0.98)
0.93 (0.87 to 0.97)

0.99 (0.95 to 1.00)
0.99 (0.95 to 1.00)
0.89 (0.71 to 0.98)
0.74 (0.54 to 0.89)
0.91 (0.71 to 0.99)
0.09 (0.01 to 0.29)

PET
CIT
PET
CIT
PET
CIT

Test

TABLE 9 Lesion data for direct and indirect comparisons of PET compared to CITs

Comparison

PET 
sensitivity 
% (95% CI)

CIT 
sensitivity % 
(95% CI)

Relative 
sensitivity
(95% CI), 
p-value

PET 
specificity% 
(95% CI)

CIT 
specificity % 
(95% CI)

Relative 
specificity 
(95% CI), 
p-value

Direct PET vs 
CIT: lesion data

83 (56 to 95), 
n = 3

90 (84 to 94), 
n = 3

0.93 (0.76 to 
1.13) p = 0.447

95 (87 to 98) 74 (10 to 99) 1.29 (0.57 to 
2.90) p= 0.540

Indirect PET vs 
CIT: lesion data

89 (78 to 95), 
n = 7

91 (86 to 94), 
n = 3

0.98 (0.90 to 
1.07) p = 0.624

91 (83 to 95) 35 (3 to 91) 2.57 (0.41 to 
6.07) p = 0.313

FIGURE 16 Lesion data for the diagnostic accuracy of PET and CITs in comparative studies. Note: no studies comparing the 
accuracy of PET/CT and CIT presented lesion data.
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FIGURE 17 Summary receiver operating characteristic plane for studies directly comparing the diagnostic performance of PET (□) 
and CITs (◊) for lesions with suspected disease.



Appendix 4

50

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
1.0

1.0

0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.0

Se
ns

iti
vi

ty

Specificity

TABLE 10 Lesion data for the indirect comparison of PET with PET/CT

Comparison

PET/CT 
sensitivity% 
(95% CI)

PET 
sensitivity % 
(95% CI)

Relative 
sensitivity
(95% CI) 

PET/CT 
specificity% 
(95% CI) 

PET 
specificity% 
(95% CI) 

Relative 
specificity 
(95% CI) 

Indirect PET/CT 
vs PET: lesion 
basis

97 (86 to 99), 
n = 2

89 (78 to 95), 
n = 7

1.1 (1.0 to 1.2) 
p = 0.137

84 (62 to 94) 91 (83 to 95) 0.9 (0.8 to 1.1) 
p = 0.414

FIGURE 18 Summary receiver operating characteristic plane for indirect comparison of the diagnostic performance of PET (□) and 
CITs (◊) for lesions with suspected disease. 

Study
Sensitivity
(95% Cl)

Specificity
(95% Cl) Sensitivity Specificity

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

TP FP FN TNn Test

Schmidt 200846 263 170
172

8
11

16
14

69
66

0.91 (0.86 to 0.95)
0.92 (0.88 to 0.96)

0.90 (0.81 to 0.95)
0.86 (0.76 to 0.93)

PET/CT
MRI

FIGURE 19 Lesion data for the diagnostic accuracy of PET/CT and MRI in the comparative study of PET/CT and MRI. Note: no 
studies comparing the accuracy of PET and MRI presented lesion data.
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Appendix 5  
Study data and figures for independent 

estimates of PET and PET/CT

Patient data

Study
Sensitivity
(95% Cl)

Specificity
(95% Cl) Sensitivity Specificity

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

TP FP FN TN

Abe 200524

Aide 200725

Bender 199726

Dirisamer 201027

Fueger 200528

Gallowitsch 200329

Goerres 200330

Guillemard 200631

Hathaway 199932

Haug 200733

Hubner 200034

Kamel 200335

Kim 200136

Lin 200237

Liu 200238

Lonneux 200039

Moon 199840

Ohta 200141

Pecking 200442

Raileanu 200444

Santiago 200645

Suarez 200247

Veit-Haibach 200749

Vranjesevic 200250

Wolfort 200651

14
21
13
34
28
33
14
7
6

23
36
25
16
4

27
31
27
7

260
6

68
24
17
39
13

1
2
2
0
7
5
5
0
0
1
6
2
2
1
2
3
6
1
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0
7
3
6
3
0

0
7
1
8
5
1
0
1
0
3
6
2
1
0
1
2
2
2
7
1
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3
3

29
5

58
10
18
23
13
6
1
7

16
23
8

31
0
3

22
42
12
13
28
9

19
16
7

1.00 (0.77 to 1.00)
0.75 (0.55 to 0.89)
0.93 (0.66 to 1.00)
0.81 (0.66 to 0.91)
0.85 (0.68 to 0.95)
0.97 (0.85 to 1.00)
1.00 (0.77 to 1.00)
0.88 (0.47 to 1.00)
1.00 (0.54 to 1.00)
0.88 (0.70 to 0.98)
0.86 (0.71 to 0.95)
0.93 (0.76 to 0.99)
0.94 (0.71 to 1.00)
1.00 (0.40 to 1.00)
0.96 (0.82 to 1.00)
0.94 (0.80 to 0.99)
0.93 (0.77 to 0.99)
0.78 (0.40 to 0.97)
0.97 (0.95 to 0.99)
0.86 (0.42 to 1.00)
0.69 (0.59 to 0.78)
0.92 (0.75 to 0.99)
0.89 (0.67 to 0.99)
0.93 (0.81 to 0.99)
0.81 (0.54 to 0.96)

0.97 (0.83 to 1.00)
0.71 (0.29 to 0.96)
0.97 (0.88 to 1.00)
1.00 (0.69 to 1.00)
0.72 (0.51 to 0.88)
0.82 (0.63 to 0.94)
0.72 (0.47 to 0.90)
1.00 (0.54 to 1.00)
1.00 (0.03 to 1.00)
0.88 (0.47 to 1.00)
0.73 (0.50 to 0.89)
0.92 (0.74 to 0.99)
0.80 (0.44 to 0.97)
0.97 (0.84 to 1.00)
0.00 (0.00 to 0.84)
0.50 (0.12 to 0.88)
0.79 (0.59 to 0.92)
0.98 (0.88 to 1.00)
0.50 (0.29 to 0.71)
1.00 (0.75 to 1.00)
0.80 (0.63 to 0.92)
0.75 (0.43 to 0.95)
0.76 (0.55 to 0.91)
0.84 (0.60 to 0.97)
1.00 (0.59 to 1.00)

FIGURE 20 Study data for the accuracy of PET on a patient basis.

Study
Sensitivity
(95% Cl)

Specificity
(95% Cl) Sensitivity Specificity

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
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1.00 (0.69 to 1.00)
0.84 (0.64 to 0.95)
0.89 (0.52 to 1.00)
0.76 (0.50 to 0.93)
0.84 (0.64 to 0.95)

FIGURE 21 Study data for the accuracy of PET/CT on a patient basis.
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FIGURE 22 Summary receiver operating characteristic plane for studies measuring the diagnostic performance of PET (□) for 
patients with suspected BC recurrence.
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FIGURE 23 Summary receiver operating characteristic plane for studies measuring the diagnostic performance of PET/CT (□) for 
patients with suspected BC recurrence.
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Lesion data

Study
Sensitivity
(95% Cl)

Specificity
(95% Cl) Sensitivity Specificity

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

TP FP FN TN

Abe 200524

Gallowitsch 200329

Kamel 200335

Kim 200136

Lin 200237

Moon 199840

Yang 200251
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8
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5
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24
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20

0.84 (0.71 to 0.94)
0.56 (0.47 to 0.66)
0.96 (0.85 to 0.99)
0.96 (0.86 to 0.99)
0.89 (0.52 to 1.00)
0.85 (0.71 to 0.94)
0.95 (0.89 to 0.98)

0.99 (0.95 to 1.00)
0.89 (0.71 to 0.98)
0.81 (0.54 to 0.96)
0.85 (0.55 to 0.98)
0.93 (0.78 to 0.99)
0.79 (0.64 to 0.91)
0.91 (0.71 to 0.99)

FIGURE 24 Study data for the accuracy of PET on a lesion basis.
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FIGURE 25 Summary receiver operating characteristic plane for studies measuring the diagnostic performance of PET (□) for 
lesions with suspected disease.
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0.90 [0.81 to 0.95]

FIGURE 26 Study data for the accuracy of PET/CT on a lesion basis.
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Appendix 6  
Changes in patient management

Additional 
gain n

Patients with 
overall changes in 
management  
n (%)

Start/
changed 
medical 
therapy  
n (%)

Changed 
to 
surgery  
n (%)

Avoided 
medical 
treatment 
n (%)

Avoided 
surgery 
n (%)

Dirisamer 201027 N 52 7 (13%) 3 (6%) 4 (8%)

Bĕlohlávek 200253 N 51 31 (60%)

Eubank 200455 N 125 40 (32%) 22 (18%) 2 (2%) 2 (2%) 14 (11%)

Eubank 200455 Ya 20 5 (25%) 4 (16%) 1 (4%)

Gallowitsch 
200329

N 62 13 (21%) 6 (3%) 2 (3%)

Grahek 200454 N 75 25 (33%) 10 (13%) 5 (7%) 4 (5%) 3 (4%)

Kim 200136 N 27 13 (48%) 6 (22%) 7 (26%)

Radan 200643 N 47 24 (51%) 17 (36%) 2 (4%) 1 (2%)

Santiago 200645 N 133 99 (74%)

Veit-Haibach 
200748

Ya 44 5 (11%)

Vranjesevic 
200249

Ya 61 10 (16%) 10 (16%)

bYap 200152 N 50 29 (58%) 22 (44%) 4 (8%) 3 (6%)

N, no; Y, yes.
a In patients not correctly identified by conventional imaging.
b Half of patients referred for initial staging of BC.
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Appendix 7  
Sensitivity analysis

TABLE 11a Diagnostic accuracy of PET and CIT for studies in which tests were conducted within a 1-month time period

Comparison

PET 
sensitivity % 
(95% CI)

CIT 
sensitivity % 
(95% CI)

Relative 
sensitivity
(95% CI), 
p-value

PET 
specificity % 
(95% CI)

CIT 
specificity % 
(95% CI)

Relative 
specificity 
(95% CI), 
p-value

Direct PET vs 
CIT

87 (79 to 93) 
n = 6

84 (72 to 91) 
n = 6

1.04, (0.92 to 
1.15) p = 0.4797

96 (83 to 99) 87 (75 to 94) 1.10, (1.01 to 
1.17) p = 0.022

TABLE 11b Diagnostic accuracy of PET/CT and CIT for studies in which tests were conducted within a 1-month time period

Comparison

PET/CT 
sensitivity % 
(95% CI)

CIT 
sensitivity % 
(95% CI)

Relative 
sensitivity
(95% CI), 
p-value

PET/CT 
specificity % 
(95% CI)

CIT 
specificity % 
(95% CI)

Relative 
specificity 
(95% CI), 
p-value

Direct PET/CT 
vs CIT (CT)

97 (90 to 99) 
n = 3

84 (66 to 94) 
n = 3

1.13 (0.99 to 
1.26), p = 0.063

93 (65 to 99) 86 (59 to 97) 1.07 (0.91 to 
1.22) p = 0.367

TABLE 11c Diagnostic accuracy of PET/CT and PET for studies in which tests were conducted within a 1-month time period

Comparison

PET/CT 
sensitivity % 
(95% CI)

PET 
sensitivity % 
(95% CI)

Relative 
sensitivity 
(95% CI), 
p-value

PET/CT 
specificity % 
(95% CI)

PET 
specificity % 
(95% CI)

Relative 
specificity 
(95% CI), 
p-value

Direct PET/CT 
vs PET

96 (90 to 98) 
n = 4

85 (77 to 91) 
n = 4

1.11 (1.03 to 
1.18) p = 0.006

89 (74 to 96) 82 (64 to 92) 1.08 (0.94 to 
1.20) p = 0.267
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FIGURE 27 Summary receiver operating characteristic plane for direct comparison of the diagnostic performance of PET (□) and 
CITs (◊) for patients with suspected BC recurrence for studies where PET and CIT were conducted within a 1-month time period. 

FIGURE 28 Summary receiver operating characteristic plane for direct comparison of the diagnostic performance of PET/CT (□) 
and CT (◊) for patients with suspected BC recurrence for studies where PET/CT and CT were conducted within a 1-month time 
period. 
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Appendix 8  
Subgroup analysis
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TABLE 12 Indirect comparison of the diagnostic accuracy of PET for detecting lesions of disease in different locations in the body

Local (n = 4 
studies) p

Lymph nodes 
(n = 3 studies) p

Distant metastases 
(n = 7 studies) p

Relative specificity (95% CI)

Local – 1.01
(0.81 to 1.17)

0.936 1.02
(0.9 to 1.12)

0.744

Lymph nodes 0.99
(0.83 to 1.19)

0.936 – 0.98
(0.75 to 1.17)

0.874

Distant 
metastases

0.98
(0.88 to 1.10)

0.744 1.02
(0.83 to 1.25)

0.874 –

Relative sensitivity (95% CI)

Local – 0.91
(0.69 to 1.09)

0.334 0.93
(0.74 to 1.09)

0.442

Lymph nodes 1.09
(0.91 to 1.31)

0.334 – 1.02
(0.89 to 1.16)

0.822

Distant 
metastases

1.07
(0.91 to 1.26)

0.442 0.98
(0.84 to 1.11)

0.822 –

FIGURE 29 Indirect comparison of the diagnostic accuracy of PET for the detection of local (□), lymph node (○) or distant 
metastatic (◊) lesions. 



Appendix 8

60

Variability of PET with study characteristics

TABLE 13a Indirect comparisons of the variability of PET with the outcome of previous imaging investigations

PET positive on previous imaging 
(n = 5)

PET negative on previous 
imaging (n = 5)

Relative 
sensitivity/ 
specificity p

Sensitivity 
(95% CI)

94%
(82 to 98)

93%
(84 to 97)

0.99
(0.90 to 1.09)

0.859

Specificity 
(95% CI)

90%
(77 to 96)

66%
(48 to 80)

0.73
(0.56 to 0.96)

0.024

TABLE 13b Indirect comparisons of the variability of PET with patient disease status at the time of investigation

PET in patients with known BC or 
diagnosis unclear (n = 11)

PET in patients cleared of 
BC (n = 14)

Relative 
sensitivity/ 
specificity p

Sensitivity 
(95% CI)

91%
(82 to 95)

91%
(86 to 94)

1.00
(0.92 to 1.09)

0.920

Specificity 
(95% CI)

92%
(85 to 95)

77%
(66 to 86)

0.84
(0.73 to 0.97)

0.018

TABLE 13c Indirect comparisons of the variability of PET with assessors knowledge of previous clinical and imaging investigations 
at the time of study

PET assessors with knowledge 
of previous findings/knowledge 
unclear (n = 16)

PET assessors blinded to 
previous findings (n = 9)

Relative 
sensitivity/ 
specificity p

Sensitivity 
(95% CI)

92%
(87 to 95)

88%
(81 to 93)

0.96
(0.87 to 1.04)

0.346

Specificity 
(95% CI)

85%
(75 to 91)

88%
(76 to 95)

1.05
(0.91 to 1.20)

0.533
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FIGURE 30 Summary receiver operating characteristic plane for comparison of the diagnostic performance of PET in studies where 
all patients had been positive or equivocal (□) or negative (◊) for breast cancer recurrence in previous imaging tests. 

FIGURE 31 Summary receiver operating characteristic curve for comparison of the diagnostic performance of PET in studies of 
patients previously cleared of BC (□) or of patients with known BC or where disease status was unclear (◊).
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Appendix 9  
False-positives and false-negatives

TABLE 14 Causes of FPs in PET and PET/CT studies

Infection/ 
inflammation

Physiological 
activity

Degenerative process/
old fractures Other artefacts

Bender 199726 4 2

Dirisamer 201027 2

Fueger 200528 5  1 1

Gallowitsch 200329 3 1 1  

Goerres 200330 2 3   

Grahek 200454 2 1 1  

Hubner 200034 2 1  1

Kamel 200335 2 1   

Kim 200136  1 1  

Lin 200237 4  1  

Liu 200238 2    

Lonneux 200039 1  1 1

Moon 199840 4 5  9

Ohta 200141 1    

Radan 200643 2 2   

Suarez 200247 1 4  1

Veit-Haibach 200748 2    

Vranjesevic 200249 1 1  1

41% 29% 10% 20%
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TABLE 15 Sites of FNs in PET and PET/CT scans

Local/ 
regional

Cutaneous/
subcutaneous/
soft tissue Peritoneal

Lymph 
node Lung Bone Liver Brain

Bender 199726 4 1

Dirisamer 201027 4

Gallowitsch 200329 1

Grahek 200454 1 2 2 2 2

Hubner 200034 1 3 1 1

Kamel 200335 1 2

Kim 200136 1 1

Liu 200238 2 1

Lonneux 200039 1 1

Moon 199840 1 5

Radan 200643 1 1 1

Siggelkow 200362 1 5 1

Suarez 200247 1 1

Veit-Haibach 200748 2 2

Vranjesevic 200249 1 2 1

Wolfort 200650 1 1 1
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Appendix 10  
Protocol

Positron emission 
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Background
Breast cancer is a serious life-threatening disease. 
Treatment options have developed significantly 
over the past decade, and have impacted on 
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.

For women who have suffered with breast cancer, 
following clearance, NICE recommends continued 
access to a breast cancer nurse for an indefinite 
period of time.1 This nurse is to provide advice, 
support and counselling via the telephone 
and, where appropriate, to arrange additional 
hospital appointments. Women also undergo the 
normal population-wide screening programme 
(mammography every 3 years for those aged 
50–64 years1).

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 organs 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 which may be innocent 
or the first indication of recurrence. The nature 
of these symptoms will dictate the nature of the 
investigation but tests will often include bone scans, 
chest X-ray, CT scans, MRI scans and ultrasound.

PET 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 (FDG), are used for the 
detection of tumours since glucose is taken up and 
retained in tumour tissue, making it visible in PET 
images. Whether PET or PET/CT offer advantages 
over existing diagnostic approaches depends in the 
first instance on whether their diagnostic accuracy 
is good. However, ultimately, these need to be 
translated into more appropriate applications of 
effective treatment strategies, leading in turn to 
improved patient outcomes. As well as detecting 
recurrence, a new diagnostic tool may also be able 
to improve outcomes by correctly differentiating 
solitary recurrences from multiple metastases.

We have reviewed existing systematic reviews 
assessing the effectiveness of PET and PET/CT 
in the diagnosis of recurrent breast cancer. The 
two most relevant were Blue Cross/Blue Shield 

20012 and Isasi et al. 20053. The latter provides 
the most up-to-date assessment of test accuracy 
in evaluations up to 2004, with pooled sensitivity 
and specificity for PET both in the region of 
90%. Although this review could be up-dated and 
improved on, the key outstanding issue is the 
amount of improvement PET and PET/CT offer 
over existing diagnostic approaches and this is the 
focus of the research proposed in this protocol.

Objectives

1. To assess the diagnostic accuracy of PET and 
PET/CT in the diagnosis of breast cancer 
recurrence.
 – The primary aim is to assess the 

incremental diagnostic accuracy of 
PET and PET/CT compared to existing 
diagnostic strategies.

 – If there are insufficient within-study 
comparisons to assess incremental 
diagnostic accuracy, basic test accuracy 
values will be reported.

2. To assess the impact of PET and PET/CT on 
the type of patient diagnosis, treatment and 
outcome.

3. To assess the cost-effectiveness of PET and 
PET/CT in the diagnosis and treatment of 
breast cancer recurrence.

A further objective, to be met by conducting an 
additional modelling review, is:

4. To model the effectiveness and cost-
effectiveness of PET and PET/CT relative to 
existing diagnostic strategies in suspected 
breast cancer recurrence.

Population

The population to be studied are patients with 
a history of breast cancer but who have been 
cleared of having the disease and, at the time of 
study, have not been diagnosed with breast cancer 
recurrence. Breast cancer recurrence may or may 
not be suspected at the time of study and tests may 
be conducted as part of follow-up examinations or 
in response to presentation of symptoms suggestive 
of breast cancer recurrence.

Studies will be excluded if:

•	 Patients have confirmed breast cancer.
•	 Patients have never suffered from breast 

cancer.
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•	 Populations include both patients with and 
without breast cancer but data from the two 
patient types cannot be differentiated.

•	 Populations include patients undergoing tests 
to diagnose primary breast cancer and breast 
cancer recurrence but data from the two 
patient types cannot be differentiated.

•	 Patients may have impaired glucose tolerance/
diabetes or may not have been fasting at the 
time of PET or PET/CT scanning.

Index tests

The index tests under assessment are PET and 
PET/CT and these will be considered separately. 
They 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 where whole body PET and PET/
CT are conducted as well as studies using only 
breast imaging may be considered. Studies will be 
excluded if:

•	 FDG is not the radioactive tracer used.
•	 Planar (not tomographic) imaging is used.

Reference standard

The reference standard used to define the true 
disease status of patients may be histological 
diagnosis (operation/biopsy) or long term clinical 
follow-up/autopsy findings. Studies will be excluded 
if:

•	 Other diagnostic tests, e.g. CT, are used as the 
reference standard.

•	 It is not clear what reference standard has been 
used.

Comparator

In order to be able to directly compare the 
accuracy of PET and PET/CT for the detection 
of recurrent breast cancer with other diagnostic 
strategies, in the first instance, studies investigating 
both PET or PET/CT and another method of 
detection (and both compared to the same 
reference standard – see above), will be included. 
There is evidence that these types of studies exist 
since some are included in the review by Isasi et 
al. 2005. This approach is preferential as it allows 
direct comparison of PET or PET/CT test accuracy 
with the accuracy of other detection methods 
and it allows a more simple and direct modelling 
approach for the calculation of cost-effectiveness 

(calculated from additional test accuracy and 
additional test cost).

Where there are sufficient studies that use a 
comparator test (in addition to the reference 
standard), these will be used to assess the 
incremental diagnostic accuracy of PET and 
PET/CT. The tests for comparison may be 
existing diagnostic strategies (as defined by UK 
treatment guidelines) such as clinical examination, 
mammography, bone scan, chest x-ray, liver 
ultrasound and CT. Studies will be excluded if:

•	 No comparator tests were undertaken.
•	 Not all the patients have undergone both the 

index and comparator test.
•	 Index tests and comparator tests were not 

undertaken during the same investigation 
period.

If sufficient studies with comparator groups are not 
available then it is anticipated that the emphasis 
of the review will be changed to include studies 
with no additional comparator test (but still with a 
reference standard).

Target condition

The outcome to be assessed by studies is breast 
cancer recurrence as defined by the reference 
standard (see above). Recurrence may be local, 
regional or distant but must be considered to be 
a consequence of the originally diagnosed breast 
cancer. It is anticipated that, in the majority of 
studies, PET or PET/CT will have been used to 
detect distant recurrence. Studies will be excluded 
if they investigate:

•	 The diagnosis of primary breast cancer in 
previously disease-free individuals.

•	 Diagnosis of lymph node/distant metastases 
in breast cancer patients who have not been 
cleared of having breast cancer.

•	 Diagnosis of tumours that are not considered 
to be related to the initial breast cancer.

Study design

Studies in which subjects undergo the index 
test (PET or PET/CT), a comparison test (e.g. 
mammography) and the reference standard 
(histology/long-term follow-up) will be included. If 
there are insufficient tests with comparator groups, 
studies where subjects only undergo the index test 
and the reference standard will also be included. 
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All study designs assessing test accuracy will be 
considered for inclusion. Additionally, all study 
designs providing information on cost-effectiveness 
or relevant outcomes related to diagnosis, 
treatment or outcome will also be considered. 
Studies will be excluded if:

•	 Data is not available to determine test 
accuracy, cost-effectiveness or other relevant 
outcomes.

•	 They are not published in peer-reviewed 
journals

•	 They are case-control studies comparing 
test results in diseased versus non-diseased 
individuals.

Subgroup analysis

Subgroup analysis may be conducted to assess the 
differential diagnostic accuracy of PET and PET/
CT in different patient groups, settings or methods 
of use.

PET and PET/CT may have different diagnostic 
accuracy depending on the mode of presentation. 
The primary focus for subgroup analysis may be 
differentiation on the basis of presentation at the 
time of the index test. Groups have been identified 
as:

•	 Patients undergoing a follow-up examination 
with no clinical symptoms of recurrence.

•	 Patients presenting with clinical symptoms 
suggestive of breast cancer recurrence, e.g. 
bone pain, shortness of breath, weight loss and 
neurological symptoms.

•	 Patients with a rise in tumour marker levels.
•	 Patients testing positive for other imaging 

techniques (mammography, ultrasonography, 
CT or bone scintigraphy)

Studies may present patient or lesion-based data, 
i.e. either recurrence in one patient or one lesion of 
recurrence in a patient can be taken as the unit of 
measurement. If this is the case, studies presenting 
patient and lesion based data will be separated in 
the analysis of data.

Other possible subgroup analysis
The diagnostic accuracy of PET and PET/CT may 
depend on the location of recurrence. It may be 
that studies do not differentiate between patients 
on the basis of recurrence location, especially 
where whole-body scans have been conducted. 
However, where possible, subgroup analysis may 
be conducted to assess the differential diagnostic 

accuracy for breast cancer recurrence in the bone, 
liver, lung and brain.

PET scans may be interpreted by quantitative 
(using standard uptake values) or qualitative (visual 
assessment) methods. The mode of interpretation 
may influence diagnostic accuracy and subgroup 
analysis may include comparison of PET and PET/
CT diagnostic accuracy using quantitative versus 
qualitative methodology.

The methodological quality, e.g. presence of 
blinding, length of reference standard follow-up 
etc, of included studies may affect the apparent 
accuracy. Other possible subgroup analysis are 
to examine the diagnostic accuracy of PET and 
PET/CT in studies that differ for aspects of 
methodological quality.

Method

A systematic review of the literature will be 
conducted to identify studies assessing:

1. The test accuracy of PET and PET/CT. In 
the first instance, only studies in which 
PET or PET/CT are compared to existing 
methodologies will be included in the review. 
If there are insufficient studies to provide 
useful information, the review will be extended 
to include studies of PET or PET/CT without 
comparator groups.

2. The impact of PET and PET/CT on patient 
diagnosis, treatment and outcome.

3. The cost-effectiveness of PET and PET/CT.

In a separate piece of work, the results of this 
review will be used to devise a simple decision 
tree model to explore health effects and costs 
associated with changes in diagnostic error. 
A further protocol will be developed to detail 
methodology for this modelling review, including 
further targeted searches to identify best available 
parameters, e.g. effects of treatments, side-effects 
and costs.

Standard Cochrane and diagnostic test accuracy 
methods will be used to conduct the review. The 
possibility of this work being conducted as a 
Cochrane review will also be explored.

Search strategy
Relevant primary studies will be sought in 
MEDLINE (Ovid) and EMBASE (Ovid). Search 
strategies will be devised by combining index and 
text words defining the index test: PET and PET/
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CT; and the population: suspected breast cancer 
recurrence. There will be no language restrictions 
and searches will be done from inception of 
the databases up to the current date. Details of 
the proposed search strategy for MEDLINE is 
available in the appendix.

Selection of studies
Titles/abstracts obtained from the literature search 
will be scanned for inclusion. Full articles will be 
retrieved for further assessment if the information 
given suggests that the study: 1) includes patients 
who have had breast cancer in the past, 2) conducts 
PET or PET/CT scans in those patients, and 3) 
assesses test accuracy, cost-effectiveness or one or 
more relevant clinical outcome measure. If there 
is any doubt regarding inclusion from the title 
and abstract, the full article will be retrieved for 
clarification. Full paper articles will be screened 
with another checklist, using inclusion/exclusion 
criteria as detailed in this protocol.

Quality assessment
Quality assessment will be conducted using the 
QADAS tool that includes criteria relating to 
patient selection, use of the reference standard, 
detail of reporting, blinding, follow-up and 
external validity. Since this quality assessment 
tool does not address issues related to the use of 
an additional comparator test, a small number of 
additional quality criteria will be added.

Data analysis
PET and PET/CT will be considered as separate 
technologies in data analysis. For the stated 
research objectives, data analysis will be 
undertaken as follows:

•	 Hierarchical methods are recommended4 
for meta-analyses of diagnostic test accuracy 
studies. The HSROC model5 which takes 
account of both within- and between-study 
variation in test performance will be used 
to quantitatively combine data from eligible 
studies. The relative accuracy of PET and 
PET/CT compared to the comparator tests 
will be determined and potential sources of 
heterogeneity investigated using extensions of 
this model where possible.

•	 Narrative synthesis will be used to combine 
information from studies assessing the impact 
of PET or PET/CT on patient diagnosis (e.g. 
differentiating solitary recurrences and 
multiple metastases), treatment and outcome.

•	 Studies of the relative cost-effectiveness of PET 
or PET/CT versus other comparator tests will 
be subjected to narrative synthesis.
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Appendix: MEDLINE search 
strategy
Database: Ovid MEDLINE 1950 to May 
Week 2 2009
1. exp tomography, emission-computed/ (52882)
2. (emission adj2 comput$ adj2 tomograph$).tw. 

(9710)
3. (tomograph$ adj2 emission adj2 comput$).tw. 

(9941)
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. 

(21399)
9. (pet or petct).tw. (30218)
10. or/1–9 (65938)
11. exp breast neoplasms/ (162433)
12. (breast$ adj5 (cancer$ or carcinoma$ or 

adenocarcinoma$ or carcinogen$ or sarcoma$ 
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or malignan$ or tumo?r$ or neoplas$)).tw. 
(149035)

13. or/11–12 (191059)
14. 10 and 13 (1422)

15. (recur$ or relaps$ or metasta$ or restag$ or 
re-stag$).mp. (633461)

16. 14 and 15 (730)
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Appendix 11  
Excluded studies

Referencea
Reason for 
exclusion

Al-Husaini H, Amir E, Fitzgerald B, Wright F, Dent R, Fralick J, et al. Prevalence of overt 
metastases in locally advanced breast cancer. Clin Oncol 2008;20(5):340–4

No relevant outcomes

Andrieux A, Switsers O, Chajari MH, Jacob JH, Delozier T, Gervais R, et al. Clinical impact of 
fluorine-18 fluorodeoxyglucose positron emission tomography in cancer patients. A comparative 
study between dedicated camera and dual-head coincidence gamma camera. Q J Nucl Med Mol 
Imaging 2006;50(1):68–77

No reference standard

Basu S, Mavi A, Cermik T, Houseni M, Alavi A. Implications of standardized uptake value 
measurements of the primary lesions in proven cases of breast carcinoma with different degree 
of disease burden at diagnosis: Does 2-deoxy-2-[F-18]fluoro-d-glucose-positron emission 
tomography predict tumor biology? Mol Imaging Biol 2008;10(1):62–6

In patients with newly 
diagnosed BC

Beer AJ, Niemeyer M, Carlsen J, Sarbia M, Nahrig J, Watzlowik P, et al. Patterns of alphavbeta3 
expression in primary and metastatic human breast cancer as shown by 18F-galacto-RGD PET. 
J Nucl Med 2008;49(2):255–9

Patients with primary 
or suspected primary 
BC

Bellon JR, Livingston RB, Eubank WB, Gralow JR, Ellis GK, Dunnwald LK, et al. Evaluation of the 
internal mammary lymph nodes by FDG-PET in locally advanced breast cancer (LABC). A J Clin 
Oncol 2004;27(4):407–10

Part of staging in initial 
BC diagnosis

Belohlavek O, Kantorova I. Influence of positron emission tomography (PET) on therapeutic 
decision at breast cancer – preliminary report. [Czech]. Klinicka Onkologie 2002;15(5);189–91

No test accuracy data 
(included for data on 
patient management)

Bos R, Van der Hoeven JJ, van der WE, van Der GP, Van Diest PJ, Comans EF, et al. Biologic 
correlates of (18)fluorodeoxyglucose uptake in human breast cancer measured by positron 
emission tomography. J Clin Oncol 2002;20(2):379–87

Pre-operative PET, 
primary setting

Brix G, Henze M, Knopp MV, Lucht R, Doll J, Junkermann H, et al. Comparison of 
pharmacokinetic MRI and 18F fluorodeoxyglucose PET in the diagnosis of breast cancer: Initial 
experience. Eur Radiol 2001;11(10):2058–70

Diagnosis of primary 
BC

Buchmann I, Riedmuller K, Hoffner S, Mack U, Aulmann S, Haberkorn U, et al. Comparison of 
99mtechnetium-pertechnetate and 123-iodide SPECT with FDG-PET in patients suspicious for 
breast cancer. Cancer Biother Radiopharm 2007;22(6):779–89

Primary BC diagnosis

Can N, Kapucu LO, Uner A, Unlu M. The role of 18F-FDG PET/CT in follow up of advanced stage 
breast cancer. [Turkish]. Uluslararasi Hematoloji-Onkoloji Dergisi 2008;18(1):9–15

No relevant outcomes

Carkaci S, Macapinlac HA, Cristofanilli M, Mawlawi O, Rohren E, Gonzalez Angulo AM, et 
al. Retrospective study of 18F-FDG PET/CT in the diagnosis of inflammatory breast cancer: 
Preliminary data. J Nucl Med 2009;50(2):231–8

Unclear reasons for 
patient referral

Chae BJ, Bae JS, Kang BJ, Kim SH, Jung SS, Song BJ. Positron emission tomography-computed 
tomography in the detection of axillary lymph node metastasis in patients with early stage breast 
cancer. Jpn J Clin Oncol 2009;39(5):284–9

For primary staging 

Chin K, Finger PT, Kurli M, Tena LB, Reddy S, Chin K, et al. Second cancers discovered by (18)
FDG PET/CT imaging for choroidal melanoma. Optometry 2007;78(8):396–401

Diagnosis of second 
primary tumours

Danforth DN, Jr., Aloj L, Carrasquillo JA, Bacharach SL, Chow C, Zujewski J, et al. The role of 
18F-FDG-PET in the local/regional evaluation of women with breast cancer. Breast Cancer Res 
Treat 2002;75(2):135–46

For primary staging

Dehdashti F, Mortimer JE, Siegel BA, Griffeth LK, Bonasera TJ, Fusselman MJ, et al. Positron 
tomographic assessment of estrogen receptors in breast cancer: Comparison with FDG-PET and 
in vitro receptor assays. J Nucl Med 1995;36(10):1766–74

Incomplete reference 
standard, data not 
extractable

Dizendorf EV, Baumert BG, Von Schulthess GK, Lutolf UM, Steinert HC, Dizendorf EV, et al. 
Impact of whole-body 18F-FDG PET on staging and managing patients for radiation therapy. J Nucl 
Med 2003;44(1):24–9

Staging in primary 
setting
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Referencea
Reason for 
exclusion

Dose J, Bleckmann C, Bachmann S, Bohuslavizki KH, Berger J, Jenicke L, et al. Comparison of 
fluorodeoxyglucose positron emission tomography and ‘conventional diagnostic procedures’ for 
the detection of distant metastases in breast cancer patients. Nucl Med Commun 2002;23(9):857–
64

Data merged for 
patients in the 
setting of primary 
and secondary 
investigation 

Eby PR, Partridge SC, White SW, Doot RK, Dunnwald LK, Schubert EK, et al. Metabolic 
and vascular features of dynamic contrast-enhanced breast magnetic resonance imaging 
and (15)O-water positron emission tomography blood flow in breast cancer. Acad Radiol 
2008;15(10):1246–54

No relevant outcomes

Eubank WB, Mankoff D, Bhattacharya M, Gralow J, Linden H, Ellis G, et al. Impact of FDG PET 
on defining the extent of disease and on the treatment of patients with recurrent or metastatic 
breast cancer. AJR Am J Roentgenol 2004;183(2):479–86

Unsatisfactory 
reference standard 
(included for data on 
patient management)

Fuster D, Duch J, Paredes P, Velasco M, Munoz M, Santamaria G, et al. Preoperative staging 
of large primary breast cancer with [18F]fluorodeoxyglucose positron emission tomography/
computed tomography compared with conventional imaging procedures. J Clin Oncol 
2008;26(29):4746–51

Pre-operative staging 
in primary setting

Garcia JR, Simo M, Soler M, Perez G, Lopez S, Lomena F, et al. Relative roles of bone scintigraphy 
and positron emission tomography in assessing the treatment response of bone metastases. Eur 
J Nucl Med Mol Imaging 2005;32(10):1243–4

Assessing response to 
treatment

Grahek D, Montravers F, Kerrou K, Aide N, Lotz JP, Talbot JN, et al. [18F]FDG in recurrent 
breast cancer: diagnostic performances, clinical impact and relevance of induced changes in 
management. Eur J Nucl Med Mol Imaging 2004;31(2):179–88

PET gamma camera 
used (included for 
data on patient 
management)

Heinisch M, Gallowitsch HJ, Mikosch P, Kresnik E, Kumnig G, Gomez I, et al. Comparison of 
FDG-PET and dynamic contrast-enhanced MRI in the evaluation of suggestive breast lesions. 
Breast 2003;12(1):17–22

Confirmation of 
primary diagnosis 
prior to surgery

Heusner TA, Kuemmel S, Umutlu L, Koeninger A, Freudenberg LS, Hauth EAM, et al. 
Breast cancer staging in a single session: Whole-body PET/CT mammography. J Nucl Med 
2008;49(8):1215–1222.

PET for primary 
diagnosis

Hoh CK, Hawkins RA, Glaspy JA, Dahlbom M, Tse NY, Hoffman EJ, et al. Cancer detection with 
whole-body PET using 2-[18F]fluoro-2-deoxy-D-glucose. J Comput Assist Tomogr 1993;17(4):582–9

Data not separated 
for PETs done for 
primary diagnosis and 
recurrence

Iagaru A, Masamed R, Keesara S, Conti PS, Iagaru A, Masamed R, et al. Breast MRI and 18F FDG 
PET/CT in the management of breast cancer. Ann Nucl Med 2007;21(1):33–8

PET/CT for initial 
staging or post-
operative assessment

Ide M. Cancer screening with FDG-PET. Q J Nucl Med Mol Imaging 2006;50(1):23–7 BC screening in 
asymptomatic people

Imbriaco M, Caprio MG, Limite G, Pace L, De FT, Capuano E, et al. Dual-time-point 
18F-FDG PET/CT versus dynamic breast MRI of suspicious breast lesions. AJR Am J Roentgenol 
2008;191(5):1323–30

Primary diagnosis of 
BC

Inoue T, Kim EE, Wallace S, Yang DJ, Wong FC, Bassa P, et al. Positron emission tomography 
using [18F]fluorotamoxifen to evaluate therapeutic responses in patients with breast cancer: 
preliminary study. Cancer Biother Radiopharm 1996;11(4):235–45

Unclear if patients in 
primary or secondary 
treatment setting

Inoue T, Yutani K, Taguchi T, Tamaki Y, Shiba E, Noguchi S, et al. Preoperative evaluation of 
prognosis in breast cancer patients by [(18)F]2-Deoxy-2-fluoro-D-glucose-positron emission 
tomography. J Cancer Res Clin Oncol 2004;130(5):273–8

Pre-operative staging

Kitajima K, Nakamoto Y, Okizuka H, Onishi Y, Senda M, Suganuma N, et al. Accuracy of whole-
body FDG-PET/CT for detecting brain metastases from non-central nervous system tumors. Ann 
Nucl Med 2008;22(7):595–602

Mixed for different 
primary cancers

Klaeser B, Wiederkehr O, Koeberle D, Mueller A, Bubeck B, Thuerlimann B, et al. Therapeutic 
impact of 2-[fluorine-18]fluoro-2-deoxy-D-glucose positron emission tomography in the pre- and 
postoperative staging of patients with clinically intermediate or high-risk breast cancer. Ann Oncol 
2007;18(8):1329–34

Initial staging

Kumar R, Zhuang H, Schnall M, Conant E, Damia S, Weinstein S, et al. FDG PET positive lymph 
nodes are highly predictive of metastasis in breast cancer. Nucl Med Commun 2006;27(3):231–6

Mixed population for 
primary diagnosis and 
staging
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Referencea
Reason for 
exclusion

Landheer ML, Steffens MG, Klinkenbijl JH, Westenberg AH, Oyen WJ, Landheer MLEA, et al. 
Value of fluorodeoxyglucose positron emission tomography in women with breast cancer. Br 
J Surg 2005;92(11):1363–7

No proper reference 
standard, no results 
for TN and FNs

Mahner S, Schirrmacher S, Brenner W, Jenicke L, Habermann CR, Avril N, et al. Comparison 
between positron emission tomography using 2-[fluorine-18]fluoro-2-deoxy-D-glucose, 
conventional imaging and computed tomography for staging of breast cancer. Ann Oncol 
2008;19(7):1249–54

Raw data not provided

Moy L, Ponzo F, Noz ME, Maguire J, Murphy-Walcott AD, Deans AE, et al. Improving specificity 
of breast MRI using prone PET and fused MRI and PET 3D volume datasets. J Nucl Med 
2007;48(4):528–37

No results for PET, 
only for MRI/PET 
fused

Pecking A-P, Corone MC, Alberini JL, Bertrand KF, Pallud C, Floiras JL, et al. FDG-PET 
and detection of occult disease in oncology. [French]. Immuno-Analyse et Biologie Specialisee 
2002;17(5):287–92

Coincidence PET 
gamma camera

Piperkova E, Raphael B, Altinyay ME, Castellon I, Libes R, Sandella N, et al. Impact of PET/CT in 
comparison with same day contrast enhanced CT in breast cancer management. Clin Nucl Med 
2007;32(6):429–34

Cannot separate data 
for staging, restaging 
and evaluating therapy 
response

Roman CD, Martin WH, Delbeke D. Incremental value of fusion imaging with integrated PET-CT 
in oncology. Clin Nucl Med 2005;30(7):470–7

No proper reference 
standard

Rostom AY, Powe J, Kandil A, Ezzat A, Bakheet S, El-Khwsky F, et al. Positron emission 
tomography in breast cancer: A clinicopathological correlation of results. B J Radiol 1999;72: 
1064–8

Mixed population 
with PET for primary 
diagnosis, staging and 
suspected recurrence

Schirrmeister H, Guhlmann A, Kotzerke J, Santjohanser C, Kuhn T, Kreienberg R, et al. Early 
detection and accurate description of extent of metastatic bone disease in breast cancer with 
fluoride ion and positron emission tomography. J Clin Oncol 1999;17(8):2381–9

F-18-PET (not FDG)

Schirrmeister H, Kuhn T, Guhlmann A, Santjohanser C, Horster T, Nussle K, et al. Fluorine-18 
2-deoxy-2-fluoro-D-glucose PET in the preoperative staging of breast cancer: Comparison with 
the standard staging procedures. Eur J Nucl Med Mol Imaging 2001;28(3):351–8

Predominantly 
patients having PET 
for primary diagnosis

Schwarz-Dose J, Untch M, Tiling R, Sassen S, Mahner S, Kahlert S, et al. Monitoring primary 
systemic therapy of large and locally advanced breast cancer by using sequential positron emission 
tomography imaging with [18F]fluorodeoxyglucose. J Clin Oncol 2009;27(4):535–41

Measuring response to 
chemotherapy

Siggelkow W, Zimny M, Faridi A, Petzold K, Buell U, Rath W, et al. The value of positron emission 
tomography in the follow-up for breast cancer. Anticancer Res 2003;23(2C):1859–67

Data unclear and 
cannot be extracted

Smith IC, Ogston KN, Whitford P, Smith FW, Sharp P, Norton M, et al. Staging of the axilla in 
breast cancer: Accurate in vivo assessment using positron emission tomography with 2-(fluorine-
18)-fluoro-2-deoxy-D- glucose. Ann Surg 1998;228(2):220–7

Staging in primary 
breast cancer 
assessment

Specht JM, Tam SL, Kurland BF, Gralow JR, Livingston RB, Linden HM, et al. Serial 2-[18F] fluoro-
2-deoxy-D-glucose positron emission tomography (FDG-PET) to monitor treatment of bone-
dominant metastatic breast cancer predicts time to progression (TTP). Breast Cancer Res Treat 
2007;105(1):87–94

Referred for staging

Stecco A, Romano G, Negru M, Volpe D, Saponaro A, Costantino S, et al. Whole-body diffusion-
weighted magnetic resonance imaging in the staging of oncological patients: Comparison with 
positron emission tomography computed tomography (PET-CT) in a pilot study. Radiologia Medica 
2009;114(1):1–17

Mixed results for 
different cancers

Taira N, Ohsumi S, Takabatake D, Hara F, Aogi K, Takashima S, et al. Determination of indication 
for sentinel lymph node biopsy in clinical node-negative breast cancer using preoperative 18F- 
fluorodeoxyglucose positron emission tomography/computed tomography fusion imaging. Jpn 
J Clin Oncol 2009;39(1):16–21

Primary staging 
for lymph node 
metastases

Tatsumi M, Cohade C, Mourtzikos KA, Fishman EK, Wahl RL, Tatsumi M, et al. Initial experience 
with FDG-PET/CT in the evaluation of breast cancer. Eur J Nucl Med Mol Imaging 2006;33(3):254–
62

No proper reference 
standard, PET/CT vs 
CT compared

Terauchi T, Murano T, Daisaki H, Kanou D, Shoda H, Kakinuma R, et al. Evaluation of whole-
body cancer screening using 18F-2-deoxy-2-fluoro-D-glucose positron emission tomography: a 
preliminary report. Ann Nucl Med 2008;22(5):379–85

Primary screening 
investigations
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Referencea
Reason for 
exclusion

Tran A, Pio BS, Khatibi B, Czernin J, Phelps ME, Silverman DH, et al. 18F-FDG PET for staging 
breast cancer in patients with inner-quadrant versus outer-quadrant tumors: comparison with 
long-term clinical outcome. J Nucl Med 2005;46(9):1455–9

PET for staging

Uematsu T, Yuen S, Yukisawa S, Aramaki T, Morimoto N, Endo M, et al. Comparison of 
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