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Abstract
Purpose The aim of the study was to assess the role of CA
15.3, CT and positron emission tomography (PET)/CT in
patients with breast cancer and suspected disease relapse
after primary treatment.
Methods We studied 111 consecutive patients (mean age
61±12 years) with previous breast cancer, already treated
and with clinical or biochemical suspicion of disease
relapse. All patients underwent CT and 18F-fluorodeoxy-
glucose (FDG) PET/CT. In all patients, the value of CA
15.3 was compared to PET/CT and CT. The final diagnosis
of relapse was established by invasive and noninvasive
follow-up and was compared with CA 15.3, CT and PET/
CT results. Univariate and multivariate analyses were used
to identify the independent predictors of disease relapse and
receiver-operating characteristic (ROC) curve for the
identification of optimal CA 15.3 cutoff.
Results Of all patients, 40 (36%) showed an increased CA
15.3 value, CT was positive in 73 (66%), whereas at PET/
CT imaging 64 (58%) showed positive findings for disease
relapse. Of 40 patients with increased marker levels, 22

patients had positive CT and 30 positive PET/CT (55 vs
75%, p<0.001). At the end of follow-up, recurrence
occurred in 32 (29%) patients, 16 (50%) of whom showed
high levels of CA 15.3. PET/CT predicted relapse in 26
(81%) patients, whereas CT correctly identified 23 (72%).
At univariate analysis, recurrence was significantly associ-
ated with high CA 15.3 values (p<0.05) and positive PET/
CT (p<0.005). At multivariable analysis only positive PET/
CT remained an independent predictor of disease relapse
(p<0.05). ROC analysis showed an optimal cutoff point for
CA 15.3 of 19.1 U/ml (AUC 0.65, p<0.01) to individuate
positive PET/CT.
Conclusion FDG PET/CT is more sensitive than CT and
CA 15.3 in the evaluation of disease relapse. PET/CT might
be considered a complementary imaging technique during
follow-up in patients with breast cancer.

Keywords Breast cancer . Tumour markers . Positron
emission tomography . Disease relapse . Follow-up

Introduction

Breast cancer (BC) is the most common malignant disease
in Europe, with the highest incidence in northern countries.
The early individuation of disease relapse could improve
the prognosis and allow better management by starting a
new treatment or changing ongoing therapy. Depending on
the extent of the disease, up to 35% of the patients who
receive full treatment (surgery and others) will ultimately
develop local recurrence or secondary tumour dissemina-
tion to distant organs [1]. During follow-up of treated BC
patients, disease relapse is suggested by symptom onset,
ever-increasing marker levels or physical examination
abnormalities. The American Society of Clinical Oncology
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(ASCO) 2007 recommendations for the use of tumour
markers does not support the determination of CA 15.3
during follow-up of treated BC patients for monitoring the
recurrence of disease [2].

In the past, some studies have shown that a CA 15.3
increase during follow-up may precede, in about two thirds
of cases, the clinical and instrumental discovery of distant
metastases with a lead time of several months [3].
Oncologists agree that a continuous progressive increase
in circulating tumour markers can represent an early signal
of tumour relapse, even if patients are asymptomatic and
without any other clinical or instrumental signs of disease.
Recent data suggest that 18F-fluorodeoxyglucose positron
emission tomography (FDG PET) is a useful technique for
detecting recurrent BC suspected on the basis of an
asymptomatically elevated tumour marker level and nega-
tive conventional imaging results [4, 5]. In recent years
PET/CT, as an integrated tool for the evaluation of
suspected disease relapse for various tumours (e.g.
lymphomas), has become routinely used and been shown
to be superior to PET alone in restaging disease in
patients previously treated, particularly when the only
indicator of recurrence is a rise in serum tumour markers
(such as CA 15.3) [6, 7]. As underlined by Zangheri et al.
[8], PET/CT can be of value in restaging and especially for
establishing the correct management of BC patients both
early after the primary treatment and during follow-up.
The aims of this study were (1) to assess the role of
tumour markers, CT and 18F-FDG PET/CT in identifica-
tion of disease relapse in patients with BC already treated
and (2) to assess the impact of PET/CT findings on patient
management.

Materials and methods

From June 2005 to December 2009, we selected 111 patients
(110 women and 1 man) with a mean age of 61±12 years
(range 32–86 years) with previous BC, already treated with
primary surgery and neoadjuvant therapy and/or adjuvant
treatment (chemotherapy ± radiotherapy ± hormone therapy).
Pathological TNM staging was evaluated according to the
criteria of the American Joint Committee on Cancer (AJCC).
In all patients with suspicious disease relapse, the interval
between surgery and PET/CT was 4±1 years. The reasons to
perform the exams (CA 15.3, CT and PET/CT imaging) were
(1) suspicion of disease relapse at clinical examination, (2)
doubtful chest and bone radiograph and (3) equivocal whole-
body imaging bone scans. Twenty-six (23%) patients were
referred for symptoms of lung, liver or bone metastasis. In all
patients, the value of CA 15.3 was available and a threshold
higher than 31 U/ml was used to define the increased value.
For further evaluations, all patients underwent both CT and

subsequently 18F-FDG PET/CT within 5±1 months. All
PET/CT scans were performed at our single institution
and a specialist nuclear medicine physician read all
images. All patients gave their informed consent for the
PET/CT and CT imaging. The present analysis has a
retrospective character; thus, neither Institutional Review
Board approval nor informed consent was required by
the national institution.

Interpretation

The final diagnosis of disease recurrence was established
by invasive and noninvasive (radiological or nuclear
medicine) follow-up (mean time 7±6 months). The diag-
nosis was verified by clinical follow-up in 39 (35%)
patients and through consequent imaging studies (2 chest
X-rays, 17 CT, 16 bone scans, 8 abdominal ultrasounds, 1
nuclear magnetic resonance, 10 PET/CT and 18 both PET/
CT and bone scans) in the remaining population. The
diagnosis of metastatic disease was made when the
presence of new lesions at clinical evaluations and/or at
imaging studies was demonstrated. In patients without
disease relapse, neither change of ongoing treatment nor
further treatment was performed and a close follow-up with
imaging studies was started. The data obtained from the
follow-up were compared with CA 15.3, CT and PET/CT
findings and comparisons among their results were
performed.

Image interpretation of CT data

Written clinical reports of conventional images were
reviewed and classified as (a) negative, if all imaging tests
were negative for disease; (b) equivocal, when abnormal
findings were present on any imaging test but were not
interpreted as suspicious for malignancy; (c) suspicious, if
any test result was clearly described as suspicious for
malignancy; or (d) positive, if findings were described as
consistent with malignancy. To dichotomize the data,
negative and equivocal findings were subclassified as
negative, and suspicious and positive findings were
categorized as positive.

PET imaging and analysis

Whole-body 18F-FDG PET/CT was performed using a
dedicated PET/CT scanner (Biograph 16, Siemens Medical
Solutions, Hoffman Estates, IL, USA). The PET component
is a high-resolution scanner with a spatial resolution of
4.7 mm and has no septa, thus allowing three-dimensional-
only acquisitions. The CT portion of the scanner is the 16-
slice Somatom Sensation. Together with the PET system,
the CT scanner is used both for attenuation correction of
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PET data and for localization of 18F-FDG uptake in PET
images. All patients were advised to fast for at least 6 h
before the integrated PET/CT examination. After injection
of about 3 MBq of 18F-FDG per kilogram of body weight,
patients rested for a period of about 60 min in a
comfortable chair. Emission images ranging from the
proximal femur and the base of the skull were acquired
for 2–3 min per bed position. Acquired images were
reconstructed using the attenuation-weighted ordered
subset expectation maximization (OSEM) iterative recon-
struction, with 2 iterations and 8 subsets. The Gaussian
filter was applied to the image after reconstruction along
the axial and transaxial directions. The data were recon-
structed over a 128×128 matrix with 5.25-mm pixel size
and 2-mm slice thickness. Processed images were displayed in
coronal, transverse and sagittal planes.

Image analysis

At visual analysis, increased FDG uptake not corresponding
to physiological uptake patterns and in any foci of
increased uptake corresponding to a CT abnormality (tissue
and/or lymph node) was recorded as positive for recurrent
lesions. In contrast the absence of uptake was used to
define a negative PET/CT finding. The interpretation of
some doubtful areas of uptake was obtained by considering
the standardized uptake value (SUV) that can orient the
differential diagnosis between a benign and malignant
lesion. Maximum SUV (SUVmax) was determined by
drawing regions of interest (ROI) on the attenuation-
corrected FDG PET/CT images around suspected lesion
sites. The SUV calculation for the calibrated and decay-
corrected series representing 3-D volume data is done using
the following formula:

K SUVð Þ ¼ K Bq=ccð Þ � Weight Kgð Þ=Dose Bqð Þ½ � � 1000cc=Kg
K Bq=ccð Þ ¼ calibrated and scaled Pixel volume
Dose Bqð Þ ¼ injected dose in Bq at injection time decay corrected

To assess FDG uptake more objectively, a cutoff value of
2.5 has frequently been used for the SUVmax.

Statistical methods

Continuous data are presented as mean and standard
deviation and categorical data as percentages. The end-
points were (1) to compare the value of tumour marker CA
15.3 to PET/CT and CT findings, (2) to establish the
relationship between diagnosis of relapse and CA 15.3, CT
and PET/CT findings and (3) to assess the impact of PET/
CT on the therapeutic decision. Associations for paired
samples were assessed using the t test or Mann-Whitney
test depending on the normality of the variable, verified

with the Shapiro-Wilk test. Comparisons between dichoto-
mized variables were performed by the chi-square test, or
Fischer’s exact test, as appropriate; p<0.05 was considered
statistically significant. The sensitivity, specificity, and
positive and negative predictive values (PPV and NPV)
were determined by person-based analysis. Univariate and
multivariate logistic regression analyses were performed to
identify the independent predictors of disease recurrence. A
receiver-operating characteristic (ROC) analysis was per-
formed for identification of both the CA 15.3 cutoff to
better predict the positive PET/CT and the area under the
ROC curve (AUC). Statistical analysis was performed with
SPSS software (SPSS Inc., Advanced Models 15.0,
Chicago, IL, USA).

Results

Separate evaluation of tumour markers and imaging
findings

Of all patients (n=111), 71 (64%) had a normal value of CA
15.3 and 40 (36%) an increased level. CT was negative in 38
(34%) patients and positive in 73 (66%), whereas at PET/CT
imaging, 47 (42%) patients showed negative findings and 64
(58%) positive findings for disease (Fig. 1). Demographic
and clinical data of patients for CA 15.3 and PET/CT
findings are depicted in Tables 1 and 2, respectively. As
shown, stage III was significantly associated with high levels
of CA 15.3 (p<0.05) and positive PET/CT (p<0.005). Of 40
patients with an increase in marker values, 22 had positive
CT while 30 had positive PET/CT (55 vs 75%, p<0.001)
(Fig. 2). The mean value of CA 15.3 was significantly higher
in patients with positive PET/CT than in patients with
negative PET/CT (67.5±16.4 vs 22.4±2.7, p<0.05), while
the mean tumour marker value was not significantly different
among patients with negative and positive CT (39.8±7.1 vs
52.9±14.3, respectively, p=NS)

Predictive value of tumour markers, CT and PET/CT

At the end of follow-up (mean time 7±6 months), disease
relapse occurred in 32 of 111 (29%) patients; of these only
9 (28%) had symptoms related to metastasis. The interval
between surgery and disease relapse was 5±1 years. The
CA 15.3 value was increased in only 16 of 32 (50%) of
these patients, showing a false-positive rate of 30% and a
false-negative rate of 50%. CT alone revealed recurrence of
disease in 23 of 32 (true-positive rate 72%) patients;
otherwise in 9 of 32 (28%) patients, CT imaging yielded
false-negative results, although 5 of them had an increased
value of CA 15.3. PET/CT predicted the relapse of disease
in 26 of 32 patients, with a true-positive rate of 81% and a
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true-negative rate of 52%. The false-positive rate from FDG
PET/CT was 48%. The main reason for this high false-
positive rate was due to abnormal FDG uptake at adrenal
glands or bone or lung and/or liver that was not
subsequently confirmed by other investigations during
follow-up. Two examples of patients with a false-positive
PET/CT scan are depicted in Fig. 3. As shown, the first
patient (Fig. 3a), a woman with left BC, treated with radical
mastectomy, demonstrated an FDG uptake in correspon-
dence to a supraclavicular lymph node; after 4 months
without starting any therapy she underwent another PET/
CT exam with a negative test result. Figure 3b depicts the
case of a woman with suspected lung recurrence at the first
PET/CT scan; 3 months later without initiating any therapy
a new PET/CT exam demonstrated a completely negative
result. Among six patients with disease relapse not detected
by PET/CT, only two had high levels of CA 15.3. A high
level of tumour marker and positive PET/CT were shown in
only 14 (44%) patients with disease relapse. The diagnostic
accuracies of disease relapse for tumour markers, imaging
findings and in cases of elevated/normal CA 15.3 values are
depicted in Table 3. The sensitivity and NPV of PET/CT
imaging were significantly higher in the entire population
as well as in patients with a high level of CA 15.3 (81 and
87%, 88 and 80%, respectively). CT imaging showed a
very high specificity (93%) in patients with relapse and
with an increased value of tumour marker. Table 4 depicts
clinical, histopathological and exam findings and related
features statistically associated with disease relapse. At
univariate analysis, recurrence of disease was significantly
associated with high levels of CA 15.3 [odds ratio (OR)
0.43, 95% confidence interval (CI) 0.18–1.01, p<0.05] and
positive PET/CT (OR 0.21, 95% CI 0.08–0.57, p<0.005).
At multivariable analysis only positive PET/CT (OR 0.24,
95% CI 0.08–0.67, p<0.005) remained an independent
predictor of disease relapse. At ROC analysis, the value of
19.1 U/ml for CA 15.3 demonstrated the optimal cutoff
point for positive PET/CT findings with a sensitivity of

65% and specificity of 60% (AUC 0.65, p<0.01; 95% CI
0.55–0.75) (Fig. 4). However, by reducing the cutoff of CA
15.3 from 31.0 to 19.1 U/ml, the recovery of patients with
disease relapse was only 6%.

Impact of CA 15.3 and PET/CT on management

In patients with a diagnosis of disease relapse (n=32),
chemotherapy was performed in 21 (65%), surgery in 1
(3%), continuing hormone therapy in 6 (19%) and no
therapy in 4 (13%) patients. Therapeutic management was
changed in 11 patients with increased CA 15.3, starting
chemotherapy, whereas positive PET/CT modified the
therapeutic regimen in 18 patients; in particular 17 patients
started chemotherapy for BC and 1 patient for lymphoma.
The change in management was significantly important
after PET/CT evaluation (change in 56 vs 34%, respectively,
for PET/CT and CA 15.3).

Discussion

There is general agreement that a progressive increase of a
circulating tumour marker observed in a patient previously
treated can represent an early signal of tumour relapse, even
if described in asymptomatic patients without any other
clinical or instrumental signs of cancer. The “biochemical
evidence” of a possible cancer relapse, suggested by
increased tumour markers, led oncologists to discover the
sites of the cancer lesions through conventional radiological
imaging techniques or nuclear medicine modalities [9, 10].
During follow-up, in clinical practice an increase and in
particular a persistent growth in the time of CA 15.3 alerts
the clinician; unfortunately for the retrospective nature of
the study, a trend of tumour markers is missing.

Symptomatic patients or with clinical suspicion of
disease relapse, although with negative markers or both
negative markers and CT, may anyway present disease

111 patients

71 (64%)
Negative*

38 (34%)
Negative

40 (36%)
Positive**

73 (66%)
Positive

47 (42%)
Negative

64 (58%)
Positive

Ca 15.3 CT imaging PET/CT imaging

*Normal reference value, ** Superior to normal value (>31 U/mL)

Fig. 1 Flow diagram illustrating
CA 15.3, CT and PET/CT
findings in the study population
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recurrence. In fact, in our study 16 of 32 patients had
normal values of CA 15.3, 9 showed normal CT, while only
6 patients had negative PET/CT. At present, as described by
Siggelkow et al. [4], PET/CT should be performed only in
cases where the tumour marker is increasing and conven-
tional imaging is doubtful. In our study population, PET/
CT recognized the majority of patients with recurrent
disease, irrespective of the value of CA 15.3 and CT

findings, identifying 81% of cancer recurrence and losing
only 19%, with a gain of 30% toward tumour markers and
10% toward CT. Considering patients with high levels of
CA 15.3 and positive PET/CT, only 14 relapses were
correctly diagnosed, decreasing the predictive value of
PET/CT to about 40%. Despite reducing the cutoff point of
CA 15.3 from 31.0 to 19.1 U/ml, no advantage was
obtained, increasing recurrence detection by only 6%. In

Table 1 Clinical and demographic characteristics of patients for CA
15.3

Characteristics Negative CA 15.3
(n=71)

Positive CA 15.3
(n=40)

p value

Age (years)

< 50 13 (18%) 9 (23%) NS

> 50 58 (81%) 31 (77%) NS

Primary histology

DCIS 2 (3%) 1 (3%) NS

IDC 55 (77%) 30 (75%) NS

ILC 8 (11%) 4 (13%) NS

Others 6 (8%) 5 (10%) NS

Hormone receptorsa, b

ER−/PR− 11 (15%) 9 (22%) NS

ER+/PR− 10 (14%) 4 (10%) NS

ER+/PR+ 50 (70%) 27 (68%) NS

c-erbB2 receptora

Negative 33 (46%) 20 (50%) NS

+ 17 (24%) 9 (22%) NS

++ 9 (13%) 7 (18%) NS

+++ 12 (17%) 4 (10%) NS

Staging according to NCC

Stage 0 1 (1%) 1 (3%) NS

Stage I 32 (45%) 14 (35%) NS

Stage II 24 (34%) 11 (28%) NS

Stage III 15 (21%) 14 (35%) <.05

Lymph node involvement

No 35 (49%) 17 (43%) NS

Yes 36 (51%) 23 (57%) NS

Chemotherapy

None 26 (37%) 10 (25%) NS

Neoadjuvant 11 (15%) 5 (13%) NS

Adjuvant 34 (48%) 25 (63%) NS

Radiotherapy

No 31 (44%) 17 (42%) NS

Yes 40 (56%) 23 (58%) NS

Values are expressed as mean±SD or number (%) of patients

DCIS ductal carcinoma in situ, IDC invasive ductal carcinoma, ILC
invasive lobular carcinoma, NCC National Cancer Center
a Immunohistochemistry assay (IHC)
b Oestrogen receptor (ER) and progesterone receptor (PR) were considered
negative when <10% on IHC

Table 2 Clinical characteristics of study population for PET/CT
results

Characteristics Negative PET/CT
(n=47)

Positive PET/CT
(n=64)

p value

Age (years)

< 50 9 (19%) 13 (20%) NS

> 50 38 (81%) 51 (80%) NS

Primary histology

DCIS 2 (4%) 1 (2%) NS

IDC 33 (70%) 52 (81%) NS

ILC 7 (15%) 5 (9%) NS

Others 5 (11%) 6 (8%) NS

Positive receptorsa, b

ER−/PR− 8 (17%) 12 (19%) NS

ER+/PR− 5 (11%) 9 (14%) NS

ER+/PR+ 34 (72%) 43 (67%) NS

c-erbB2 receptora

Negative 23 (49%) 30 (47%) NS

+ 11 (23%) 15 (23%) NS

++ 8 (17%) 8 (13%) NS

+++ 5 (11%) 11 (17%) NS

Staging according to NCC

Stage 0 0 1 (2%) NS

Stage I 25 (53%) 21 (33%) <.05

Stage II 16 (34%) 19 (30%) NS

Stage III 6 (13%) 23 (36%) <.005

Lymph node involvement

No 22 (47%) 30 (47%) NS

Yes 25 (53%) 34 (53%) NS

Chemotherapy

None 17 (36%) 19 (30%) NS

Neoadjuvant 4 (9%) 12 (19%) NS

Adjuvant 26 (55%) 33 (52%) NS

Radiotherapy

No 20 (43%) 28 (44%) NS

Yes 27 (57%) 36 (56%) NS

Values are expressed as mean±SD or number (%) of patients

DCIS ductal carcinoma in situ, IDC invasive ductal carcinoma, ILC
invasive lobular carcinoma, NCC National Cancer Center
a Immunohistochemistry assay (IHC)
b Oestrogen receptor (ER) and progesterone receptor (PR) were considered
negative when <10% on IHC
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BC women with elevated tumour marker levels, Haug et al.
[11] reported a high diagnostic power of PET/CT in
detecting metastases or local recurrence, showing a sensi-
tivity of 96%, specificity of 89%, PPV of 96% and NPV of
89%. In contrast, in our study PET/CT findings showed a
high sensitivity (88%) and high NPV (89%), but low
specificity (33%) and low PPV (47%) in the same subset of
patients. The low specificity of PET/CT (high false-positive
rate) in patients with high levels of tumour marker was
probably due to ongoing hormone therapy in some patients,
degenerative vertebral disease, atelectasis with pneumoni-
tis, reconstruction artefacts in particular in patients with
breast expanders and finally the inflammations that are the
common cause of false-positive findings with FDG.
However, in patients with elevated CA 15.3, 75% had
positive PET; the increase of markers should not be the

only element to perform a PET/CT examination, because if
we had followed this way we would have lost 25% of
relapses in our population. Kamel et al. [12] compared
FDG PET findings to tumour marker level (CA 15.3) in 60
patients. In a lesion-based analysis, a total of 50 lesions
were validated by histology, conventional imaging and
follow-up. PET was true-positive in 28 lesions, true-
negative in 16, false-positive in 3 and false-negative in 3.
Interestingly, some of the patients with true-positive PET
results did not have elevated tumour marker levels. This
study as well as our experience raises some doubts on the
propriety of performing PET/CT based only on a single
increase of CA 15.3, unless a very sensible tumour marker
could allow detection of minimal diseases and quantitatively
reflect tumour burden. Probably the combination of constant
CA 15.3 growth during and after therapy and suspicion of

Negative CT Positive CT Negative PET/CT Positive PET/CT

45%

75%55%

25%

P<0.001

Fig. 2 Pie charts depicting the
prevalence of normal/abnormal
CT and PET/CT findings in
patients with high levels of CA
15.3 (number of patients=40)

a bFig. 3 Two examples of false-
positive findings at FDG PET/
CT. a A woman with left BC,
treated with radical mastectomy,
who demonstrated an FDG
uptake in correspondence to a
supraclavicular lymph node;
after 4 months without starting
any therapy she underwent
another PET/CT exam with a
negative test result. b A woman
with suspected lung recurrence
at the first PET/CT scan;
3 months later without initiating
therapy a new PET/CT exam
demonstrated a completely
negative result
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clinical progression might prompt one to perform PET/CT,
avoiding false-positives or false-negatives.

During follow-up, the advantages of performing PET/CT
for the detection of disease relapse are the combined
evaluation of metabolic and morphological changes, the
early identification of metastatic sites, the possibility to
have referral images for monitoring the response to therapy
in the interim and ultimately reducing the psychological
stress due to sequential negative imaging procedures in
patients with persistent tumour marker elevation and finally
to let the early and appropriate use of hormone and
cytotoxic drugs reduce or delay tumour-related symptoms.
According to our results, the main disadvantages of PET/
CT are low specificity and low PPV, which perhaps could
be improved by increasing the sample size. The right
diagnoses of disease relapse and metastasis locations are
needed to decide therapeutic management, improving the
quality of life of cancer patients. The GIVIO investigators
[13] reported that it is mandatory to choose the right
follow-up protocols both in disease-free patients and in
those with symptomatic progression and metastatic disease.

For example, the early detection of bone metastasis may
benefit patients, since they could receive early treatment
with bisphosphonates to reduce bone fractures and further
tumour dissemination in the skeleton [14]. The impact of
PET/CT on management modification in BC patients with
rising tumour markers has already been reported by Buck et
al. [15], showing a change in 36% of patients. In our study,
PET/CT alone determined therapeutic management change
in 56% of patients. The possible advantage of FDG PET in
this clinical situation and the influence on therapeutic
strategy have been investigated only in a few studies so
far [16–23]. In our study, PET/CT also identified a patient
with second cancer (lymphoma), allowing suitable therapy.
The main limitation of this study is that the number of patients
and of disease relapses in our collective is quite small; thus, for
the confirmation of our results further larger studies will be
necessary. Furthermore, for the calculation of sensitivity,
specificity and other parameters a person-based approach was
used instead of one that was lesion-based. This procedure
reflects that treatment decisions are generally made based on
the presence of recurrent or metastatic disease, rather than the
number of lesions involved. Consequently, it is clinically
more relevant to consider the patient-based data rather than the
lesion-based analysis. A general problem is also to establish
standard criteria for follow-up. We used, where it was
possible, the histological findings, otherwise a comparison
with other modalities of imaging. Finally, a low specificity
demonstrated by PET/CT could be explained by criteria used
for the definition of a positive scan.

Table 3 Diagnostic accuracy of tumour marker (CA 15.3), CT and
PET/CT in detecting relapse of disease

Sensitivity,
%

Specificity,
%

PPV,
%

NPV,
%

Accuracy,
%

Tumour markers 50 69 40 77 64

CT imaging 72 37 32 76 47

FDG PET/CT 81 52 41 87 60

Elevated tumour markers

CT imaging 69 93 50 72 60

FDG PET/CT 88 33 47 80 55

Normal tumour markers

CT imaging 75 29 24 80 39

FDG PET/CT 75 60 35 89 63

NPV negative predictive value, PPV positive predictive value

Table 4 Univariate regression analysis for prediction of disease relapse

Odds ratio 95% confidence interval p value

Age (category) 1.54 0.57–4.15 0.38

Positive ER 1.69 0.62–4.58 0.30

Positive PR 1.65 0.69–3.96 0.25

c-erbB2 positive 1.13 0.49–2.58 0.76

Stage II–III 0.75 0.32–1.71 0.51

Positive lymph node 0.83 0.36–1.91 0.67

Positive CA 15.3 0.43 0.18–1.01 <0.05

Positive CT 0.67 0.27–1.65 0.38

Positive PET/CT 0.21 0.08–0.57 <0.005

ER oestrogen receptor, PR progesterone receptor

ROC curve

S
en

si
tiv

ity
1-Specificity

Ca 15.3 value of 19.1 U/mL
Sensitivity: 65%
Specificity: 60%

Fig. 4 ROC analysis. The value of 19.1 for CA 15.3 demonstrated the
best cutoff to identify positive PET/CT findings (sensitivity 65% and
specificity 60%; AUC 0.65, p<0.01)
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Future prospective

Grunfeld et al. [24] concluded that irrespective of the nature
of the follow-up examinations up to 69% of recurrence and
metastases occur as interval events, becoming obvious
within different periods of time. PET/CT might be useful to
reduce this phenomenon, considering its peculiarity to
assess early metabolic abnormalities. Clearly, further
studies are mandatory to evaluate its diagnostic power.
The first step could be to design prospective studies in
which the role of PET/CT in the detection of disease relapse
will be considered in high-risk patients. In our series, the
number of triple negative cancer patients (oestrogen
receptor, progesterone receptor and c-erbB2, all negative)
with disease relapse was significantly higher than in
patients with hormone receptor-positive/c-erbB2-positive
(50 vs 25%, p<0.05). Moreover, the next studies could
address the impact on patient management as well as the
cost-effectiveness of FDG PET/CT.

Conclusions

FDG PET/CT appears to be more sensitive than CT and CA
15.3 in the evaluation of disease relapse. The metabolic
information provided by hybrid imaging PET/CT might be
considered as a complement to other common techniques
during long-term follow-up, increasing the sensitivity in the
evaluation of potential disease sites. Nevertheless, both CA
15.3 and PET/CT are based on metabolic changes due to
tumour activity. They provide information on disease
progression in a different way than conventional imaging,
but PET/CT seems to better predict the presence of disease
relapse than tumour marker values in patients with BC.

Conflicts of interest None.
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