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Background: Follow-up care in breast cancer is still an issue of debate. Diagnostic methods are more sensitive, and more effective
therapeutic options are now available. The risk of recurrence is not only influenced by tumour stage but also by the different
molecular subtypes. This study was performed to evaluate the use of whole-body imaging combined with tumour marker
monitoring for the early detection of asymptomatic metastatic breast cancer (MBC).

Methods: This analysis was performed as part of a follow-up study evaluating 813 patients with a median follow-up of 63 months.
After primary therapy, all patients underwent tumour marker monitoring for CEA, CA 15-3 and CA 125 at 6-week intervals within an
intensified diagnostic aftercare algorithm. A reproducible previously defined increase was considered as a strong indicator of
MBC. From 2007 to 2010, 44 patients with tumour marker increase underwent whole-body magnetic resonance imaging and/or an
FDG-PET/CT scan. Histological clarification and/or imaging follow-up were done.

Results: Metastases were detected in 65.9% (29/44) of patients, 13.6% (6/44) had secondary malignancies besides breast cancer
and 20.5% (9/44) had no detectable malignancy. Limited disease was found in 24.1% (7/29) of patients. Median progression-free
survival of MBC was 9.2 months and median overall survival was 41.1 months. The 3- and 5-year survival rates were 64.2% and
40.0%, respectively.

Conclusions: A reproducible tumour marker increase followed by whole-body imaging is highly effective for early detection. By
consequence, patients might benefit from earlier detection and improved therapeutic options with a prolonged survival.

Breast cancer is the most frequent malignancy and most common
cause of cancer-related death in women worldwide (Parkin et al,
2005). Despite advances in the treatment of early breast cancer,
approximately 20– 30% of patients will relapse with distant
metastases (EBCTCG, 2005). Metastatic breast cancer is a
heterogeneous disease with a variety of clinical presentations
ranging from a single metastatic lesion to diffuse and multiple
organ involvement. The risk of recurrence and the distinct patterns

of metastatic spread are not only influenced by stage at initial
presentation, but are also associated with the molecular subtype of
the primary tumour (Kennecke et al, 2010).

In the last decade, the advances in chemotherapy, hormone
therapy and HER-2-targeted therapy are gradually improving the
survival of patients with metastatic breast cancer. However,
according to literature, the median overall survival (OS) of all
patients with metastatic breast cancer irrespective of their
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molecular subtypes is only 24 months and the primary goal of
treatment is to prolong survival while maintaining a good quality
of life (Cardoso et al, 2002; Dawood et al, 2008). Regarding the
median OS in accordance to molecular subtypes, patients with
luminal A tumours achieved the longest survival with 26–40
months compared with the other subtypes like luminal B (19–32
months), HER2-enriched (8–32 months) and triple-negative
tumours (10–22 months) (Kennecke et al, 2010; Metzger-Filho
et al, 2013; Seah et al, 2014). A minority of patients with metastatic
breast cancer (5–10%) survives more than 5 years and 2–5% even
obtain long-term survival (410 years) (Iwata, 2012; Kobayashi
et al, 2012). Long-term survivors are usually young with an
excellent performance status and have only limited disease.
Metastatic breast cancer with only a few metastatic lesions is
classified in oligometastatic state. This group represents only 1–3%
of patients (Hellman and Weichselbaum, 1995; Tait et al, 2005).

Therefore, early diagnosis of recurrent breast cancer is
important to identify patients with limited disease who potentially
could benefit from a more aggressive and multidisciplinary
approach (Pagani et al, 2010).

The current surveillance guidelines for follow-up of breast
cancer recommend regular mammography and physical examina-
tions as well as symptom-orientated further investigations like
laboratory tests and imaging (Khatcheressian et al, 2013). These
guidelines by large are based on data from clinical trials performed
in the early 90s, which did not show any survival benefit with the
early detection of distant metastases (Ghezzi et al, 1994; Rosselli
Del Turco et al, 1994). Unfortunately, this approach mainly
comprised imaging modalities with known poor sensitivity (e.g.,
chest radiographs), examinations with examiner-dependent varia-
tion of sensitivity (e.g., abdominal ultrasound) or procedures with
limited specificity, like bone scintigraphy, and did not include
tumour marker investigations.

In follow-up, tumour markers like carcinoembryonal antigen
(CEA) and cancer antigen (CA) 15-3 have been shown to detect
40–60% of breast cancer recurrences before clinical or radiological
evidence of disease with a lead-time between 2 and 18 months.
Simultaneous use of both serum markers allows the early diagnosis
of metastasis in up to 60–80% of patients with breast cancer
(Nicolini et al, 1991; Molina et al, 1999, 2005). Cancer antigen 125
is also a biomarker with sensitivity in breast cancer (Ertl et al,
2009). Mainly owing to the lack of knowledge, experience and
confidence in tumour markers, the current recommendation is to
observe tumour marker kinetics rather than use them as an
indicator to perform imaging.

Advances in radiological examination techniques allow the very
early detection of distant metastases. Whole-body imaging mod-
alities, such as fluorodeoxyglucose positron emission tomography

(FDG-PET)-computed tomography (CT) or whole-body magnetic
resonance imaging (WB-MRI) appear as new promising tools to
detect tumour recurrence with high accuracy in its initial stage and to
provide more effective therapeutic strategies to the patient. It has
been reported that FDG-PET/CT is of clinical value when searching
for breast cancer metastases, especially when suggested by the
presence of clinical symptoms or by a progressive increase in
biochemical markers (Suarez et al, 2002; Gallowitsch et al, 2003;
Murakami et al, 2012). MRI, with its lack of ionising radiation, high
soft tissue contrast and spatial resolution is a useful application for
tumour detection and staging of malignant disease. A high sensitivity
has been reported for the detection of organ metastases, especially for
tumours frequently metastasising to the liver, bone or the brain, like
breast cancer (Engelhard et al, 2004; Lauenstein et al, 2004).

The purpose of the present study was to assess the use of whole-
body imaging using FDG-PET/CT and WB-MRI for the early
detection of asymptomatic tumour recurrence in breast cancer
patients with defined tumour marker increase. In contrast to other
previous studies, only truly asymptomatic patients with tumour
marker increase from individual baseline value were included into
this trial.

PATIENTS AND METHODS

Patients. From 1998 to December 2010, a prospective follow-up
study was performed in the Institute of Clinical Chemistry of the
University Hospital Klinikum Grosshadern, Munich. Approval of
the institutional review board and written patient consent were
obtained. In this follow-up study, 813 patients were included, and
they underwent regular laboratory tests of tumour markers (CEA,
CA 15-3 and CA 125) in 6-week intervals in addition to standard
follow-up care, with periodic visits for history and physical
examinations and regular mammograms. All patients entered into
the study after the end of adjuvant therapy, which included
chemotherapy and radiotherapy, and were primarily treated with a
curative approach. Patients with a history of metastatic disease
(lymph node and organ metastases) and/or patients under
palliative treatment were not incorporated into this aftercare
algorithm.

We determined a reproducible defined increase as an indicator
for recurrent disease, and imaging was performed. Initially, the
modality and the time point of imaging were determined by the
discretion of the attending physicians. From May 2007 to
December 2010, patients with a reproducible defined increase of
at least one tumour marker underwent whole-body imaging with
whole-body MRI and FDG-PET/CT. Figure 1 shows an overview
of the study design.
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Figure 1. Study design for an intensified aftercare algorithm for breast cancer patients using tumour marker monitoring combined with whole-
body imaging. Since 2007, 44 patients met inclusion criteria. Twenty-eight patients showed tumour recurrence at initial exam, 6 had a secondary
malignancy besides breast cancer and 10 patients showed no malignancies. In one patient, a liver metastasis was detected 6 months later in
follow-up. In 2 patients with no evidence of disease, no follow-up could be acquired.
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In the present evaluation, 44 asymptomatic female patients with
defined tumour marker increase were included. Median age
at the time of primary diagnosis of breast cancer was 53 years
(range 28–76 years). Tumour size using the UICC classification
was mostly T2 in 24 (54.6%) and T1 in 12 (27.3%) patients. Of the
patients, 65.9% had positive lymph nodes. Immunohistochemistry
assays showed overexpression of HER2/neu in 7 (15.9%) patients
and hormone receptors in 33 (75.0%) patients including positive
for oestrogen receptor and/ or positive for progesterone receptor.

All patients had no previous history of metastatic tumour
recurrence, nine patients had a previous history of curatively
treated local tumour recurrence or contralateral tumour. Breast
cancer subtypes were defined as follows: luminal A (oestrogen
receptor (ER)-positive and progesterone receptor (PR)-positive
and HER2-negative), luminal B (ER-positive and/or PR-neagtive
and/or HER2-positive), HER2-enriched (ER-negative and PR-
negative and HER2-positive), and triple-negative breast cancer
(ER-negative, PR-negative, HER2-negative). The histopathological
information was retrospectively obtained by reviewing medical
records. Thus, data about Ki-67, EGFR or CK5/6 were not
available. Data of one patient were completely missing.

Detailed information about patient characteristics is shown in
Table 1.

All these patients underwent whole-body imaging with either
both FDG-PET/CT and whole-body MRI (N¼ 39), only whole-
body MRI (N¼ 4) or only with FDG-PET/CT (N¼ 1). The median
time from early breast cancer to first tumour marker increase was
75.2 months ranging from 13 to 276 months. The median follow-
up after tumour marker increase was 46.6 months.

Tumour marker monitoring. Carcinoembryonal antigen was
quantified using a microparticle immunoenzymometric assay
(Abbott Laboratories, Chicago, IL, USA) on the AxSYM system.
The serum levels of CA 15-3 and of CA 125 were determined by an
electrochemiluminescent immunoenzymometric assay (Roche
Diagnostics, Mannheim, Germany) on the Elecsys system.

Patients were screened for CEA, CA 15-3 and CA 125 after
curative treatment of primary tumour or local recurrence, and
individual baseline values were determined. The individual baseline
value was defined as the mean value of the first three tumour
marker measurements, measured at least 4 weeks after the end of
adjuvant irradiation and/or chemotherapy, and every 6 weeks
thereafter. In 2 of the 44 patients, only two measurements were
used for calculating the baseline value because one marker began to
rise. On the basis of these values, follow-ups were performed in
6-week intervals. A reproducible, previously defined increase
(CEA 100%, CA 15-3 75%, CA 125 150%) of single or combined
markers compared with the baseline value was considered as a
strong indicator of recurrent disease. A substantial marker increase
was confirmed by a second measurement within 4 weeks before
initiating whole-body imaging procedures (Figure 1). A singular,
irreproducible marker increase was considered insufficient for
whole-body imaging initiation.

Whole-body imaging with WB-MRI and/or FDG-PET/CT. If a
reproducible tumour marker increase was observed, whole-body
imaging with WB-MRI and/ or FDG-PET/CT within an average of
5.6 days (median 2.5, range 0–23) was done.

Whole-body magnetic resonance imaging was performed on a
1.5 Tesla whole-body scanner (Magnetom Avanto, Siemens
Healthcare, Erlangen/Germany) using matrix coil technology with
76 combinable coil elements and 32 receiver channels. After a
single positioning, the system allows whole-body imaging with a
total field of view of 205 cm. Coils used were head-, neck-, body-,
customised extremity and integrated spine coil. The patients were
imaged from head to the proximal calves with STIR- and
T1-weighted sequences at four body levels in coronal orientation.
The lung was examined with HASTE- and STIR-sequences,

followed by HASTE of the abdomen and a free breathing T2w-
fat saturated-TSE scan of the liver. Then, imaging of the complete
spine with T1-weighted-TSE and STIR sequences was performed.
After application of Gadolinium-DTPA (0.1 mmol per kg body
mass, Magnevists, Bayer Schering Pharma AG, Berlin/Germany),
a dynamic axial 3D-VIBE liver scan was performed including a late
venous scan of the breast/lung level. Then, a fat-saturated T1w-
GRE-sequence of the abdomen as well as T1w- and T2w-TSE
imaging of the brain were carried out.

Positron emission tomography/computed tomography exam-
inations were performed on a 64-detector row PET/CT-scanner
(Siemens Biograph 64, Siemens Healthcare) after injection of an
average of 400 MBq [18F]-fluoro-2-deoxy-D-glucose. Patients were
asked to fast for at least 6 h before examination to assure blood
glucose levels were below 150 mg dl� 1. Twenty milligrams of
Butylscopolamine (BS Inj. Carino, Carinopharm GmbH, Elze,
Germany) were given intravenously to avoid a first-pass uptake of
FDG into smooth muscle. Additionally, 20 mg of Furosemide were
given to increase renal excretion of the tracer. After the PET
emission scan (5-6 bed positions, FOV 11cm, 144� 144 matrix), a
diagnostic contrast-enhanced CT from skull base to the pelvis was
conducted (120 mAs, 160 kV, collimation 2� 5 mm, pitch 1) with

Table 1. Clinical characteristics of 44 patients

All
(N¼44)

M1
(N¼29)

Age at primary diagnosis, median (range), years 53 (28–76) 54 (30–76)

Tumour size, n (%)
T0 1 (2.3) 1 (3.5)
T1 12 (27.3) 7 (24.1)
T2 24 (54.6) 18 (62.1)
T3 2 (4.6) 2 (6.9)
T4 1 (2.3) 0 (0.0)
Unknown 4 (9.1) 1 (3.5)

Axillary lymph nodes, n (%)
N� 14 (31.8) 5 (17.2)
Nþ 29 (65.9) 24 (72.8)
Unknown 1 (2.3) 0 (0.0)

Grading, n (%)
G1 4 (9.1) 2 (6.9)
G2 18 (40.9) 13 (44.8)
G3 18 (40.9) 13 (44.8)
Unknown 4 (9.1) 1 (3.5)

Hormone receptors, n (%)
ER- and/ or PR-positive 33 (75.0) 22 (75.9)
Both negative 11 (25.0) 7 (24.1)
Unknown 0 (0.0) 2 (6.4)

HER2/neu-status, n (%)
Negative (0/1þ or 2þ /FISH� ) 31 (70.5) 23 (79.3)
Positive (3þ or 2þ /FISHþ ) 7 (15.9) 5 (17.2)
Unknown 6 (13.6) 1 (3.5)

Breast cancer subtype, n (%)
Luminal A 21 (47.7) 14 (48.3)
Luminal B 9 (20.5) 7 (24.1)
HER2-enriched 5 (11.4) 3 (10.3)
Triple negative 4 (9.1) 4 (13.8)
Unknown 5 (11.4) 1 (3.5)

Local recurrence/contralateral tumour before study
entry, n (%)

9 (20.5) 7 (24.1)

Neo� /adjuvant treatment, n (%)
Chemotherapy 33 (75.0) 25 (86.2)
� Anthracycline þ /� Taxane 30 (68.2) 23 (79.3)
Hormonal therapy 33 (75.0) 21 (72.4)
Irradiation 34 (77.3) 24 (82.8)
None 1 (2.3) 0 (0.0)

Abbreviations: ER¼oestrogen receptor; PR¼progesterone receptor.
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application of 120 ml of i.v.-contrast agent (Ultravist 300, Bayer
Schering Pharma AG, Berlin/Germany) in venous phase (80 s
delay).

Examination time for FDG-PET/CT was 83 min (60 min patient
preparation, scan time 23 min). Total scan time for WB-MRI at 1.5
Tesla was 52 min, mean in room time was 60 min. Both FDG-PET/
CT and WB-MRI were well tolerated by all patients.

Radiological data analysis. Imaging evaluation was performed by
a consensus panel of one radiologist with more than 10 years of
experience for MRI and another radiologist/nuclear medicine
physician with 9 years of experience for PET/CT. Both were fully
blinded to the other modality without information on previous or
current diagnostic imaging results. Established region-specific size
criteria were applied to determine tumour involvement when
assessing lymph nodes (Glazer et al, 1985; Dorfman et al, 1991;
Som et al, 2000; Suzuma et al, 2001). Criteria indicating lesion
malignancy in both modalities were defined: aggressive expansion,
infiltration of neighbouring anatomical structures or signs of
necrosis. In MRI, additionally, established sequence-specific signal
changes and classic abnormal static (CT) or dynamic (MRI)
contrast uptake characteristics were assessed (Vanel et al, 1998;
Danet et al, 2003). In addition, malignancy in PET/CT was
assessed by a focally increased glucose uptake using the maximum
‘standard uptake value’ (SUVmax) as a reference (Boellaard
et al, 2010). A progressive change in size/number of a lesion
within the follow-up period or an increase of pathological
tracer uptake was considered as criteria indicating malignancy
(Wahl et al, 2009). Response of therapy was assessed by standard
WHO criteria (WHO, 1979).

The anatomical distribution of observed malignant lesions and
their number by organ was recorded.

Limited disease was defined as metastatic disease confined to a
single organ with at most three lesions as maximum cut-off.

Verification of initially observed findings was done by biopsy
(N¼ 9), or histology after surgical intervention (n¼ 6), or follow-
up examinations (n¼ 27) within 6 months. Depending on their
nature and anatomical location, patients underwent WB-MRI
(n¼ 11), FDG-PET/CT (n¼ 5), CT scan (n¼ 8) and dedicated
MRI (n¼ 3) for follow-up. In two patients with no evidence of
disease, no follow-up could be done, as patients did not give
consent for the follow-up examination. Mean time interval
between initial imaging findings and confirmation was 4.1
months.

Statistical analysis. Data were analysed using the statistical
package SAS (V 9.2, SAS Inc., Cary, NC, USA). A P-value of
o0.05 was considered to indicate statistical significance. Relapse-
free survival (RFS) was defined as the duration from primary
diagnosis of breast cancer to detection of distant metastasis.
Progression-free survival was defined as the duration from
initiation of treatment for metastatic disease to the point when
disease progression was detected. Overall survival was defined as
the duration from first distant metastasis to last visit or death.
Survival curves and 3- and 5-year survival rates were estimated by
the Kaplan–Meier method, and analysed using the log-rank test.
Relapse-free survival and OS were regarded in relation to breast
cancer subtypes.

RESULTS

Tumour marker values at baseline and time of increase. Table 2
gives an overview about the baseline values for CEA, CA 15-3 and
CA 125 for all patients. The medians were similar to healthy
individuals and 10 patients had a value above the reference range
(1 for CEA (43 ng ml� 1), 6 for CA 15-3 (4 28 U ml� 1), 2 for CA
125 (435 U ml� 1), and 1 patient for both CA 15-3 and CA 125).

All patients (N¼ 44) showed a reproducible marker increase of at
least one tumour marker. Carcinoembryonal antigen was the most
frequently increased single tumour marker (18/44; 40.9%),
followed by CA 15-3 in 34.1% (15/44) of cases and in 18.2%
(8/44) of patients for CA 125. In three patients, a combination of
two tumour markers were significantly elevated (two patients with
CA 15-3 and CA 125 and one patient with CA 15-3 and CEA). In
11 patients, the increase was completely within the reference
ranges: 6 for CEA (o3 ng ml� 1), 3 for CA 15-3 (o28 U ml� 1)
and 2 for CA 125 (o35 U ml� 1). Of these, nine patients showed
malignancies. For one patient with secondary malignancy, CEA
increased within the reference range while CA 15-3 started within
and exceeded reference range at time of increase. In 27 patients, the
baseline values were within the reference ranges and by increase,
they exceeded the reference ranges (11 for CEA, 9 for CA 15-3, 5
for CA 125 and 2 for both CA15-3 and CA 125). Five patients had
baseline values above the reference range and also showed an
increase.

Findings with WB-MRI and/or FDG-PET/CT at the time of
tumour marker increase. Whole-body magnetic resonance ima-
ging and/or FDG-PET/CT detected malignancies in 77.3% (34/44)
of patients, as confirmed by pathological examination (N¼ 15) and
radiological follow-up (N¼ 27). In 63.7% (28/44) of cases,
metastatic lesions were found (Figure 2A shows an example). In
13.6% (6/44) of patients, secondary malignancies besides breast
cancer were detected: two ovarian (Figure 2B), one uterine, one
gastric, one lung, one parotid cancer and one multiple myeloma
(Table 3). One patient had both local recurrence and a secondary
tumour. Of the patients, 22.7% (10/44) had no detectable
malignancy whether in WB-MRI or in FDG-PET/CT at the time
of initial examination. One of these patients was shown to have
liver metastases in follow-up imaging after 6 months (Figure 2C).
Thus, 29 of 44 patients suffered from metastatic disease.

The anatomical distribution of metastatic disease showed lymph
node metastases in 41.4% (12/29), bone metastases in 62.1%
(18/29), lung metastases in 24.1% (7/29) and liver metastases in
27.6% (8/29) of the patients. In 37.9% (11/29), metastases were
found in further localisations, such as the adrenal glands, pleura,
peritoneum and brain (Table 3).

Limited metastatic disease, which was defined as at most three
lesions confined to a single organ, was found in 24.1% (7/29) of
patients. Overall, 48.3% (14/29) of patients had metastases spread
to a single organ only. Multifocal metastatic disease affected 51.7%
of patients (15/29) with the following distribution: in 24.1% (7/29)
of patients, metastases were confined to two, in 13.8% (4/29) to
three, in 6.9% (2/29) to four, in 3.4% (1/29) to five and 3.4% (1/29)
to six different organs.

Table 2. Tumour marker values at baseline and time of
increase

Parameter Median Range
95th

percentile

Above
the

reference
range (N)

Baseline values (N¼44)
CEA (ng ml� 1) 1.3 1.0–5.4 2.9 1
CA 15-3 (U ml� 1) 19.5 5.9–50.3 33.4 7
CA 125 (U ml� 1) 11.7 2.9–90.8 60.9 3

Values at time of increase
CEA (ng ml� 1) (N¼19) 3.1 2.1–11.1 11.1 12
CA 15-3 (U ml� 1) (N¼18) 41.7 13.2–90.0 90.0 15
CA 125 (U ml� 1) (N¼10) 51.7 25.5–189.0 189.0 8

Abbreviations: CA¼ cancer antigen; CEA¼ carcinoembryonal antigen. Reproducible
increases: 100% for CEA, 75% for CA 15-3 and 150% for CA 125. Reference ranges:
CEAo3 ng ml� 1, CA 15-3o28 U ml� 1 and CA 125o35 U ml� 1.
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Figure 2. Biochemical course of tumour markers and findings by whole-body imaging. (A) A 47-year-old patient with history of breast cancer
(1998) and axillary local recurrence in June 2007. Metastases to the bone were detected in February 2009. At time of tumour marker increase,
CT scan shows multiple bone metastases. One osteolytic metastasis is shown here at the fifth thoracic vertebral body. (B) A 53-year-old patient with
history of breast cancer (2003) and primary diagnosis of ovarian cancer in September 2008. Fluorodeoxyglucose positron emission tomography/CT
showed an increased uptake in the right ovary region susceptive of ovarian cancer. The patient was treated by resection and chemotherapy.
The ovarian cancer was pathologically confirmed. (C) A 58-year-old patient with history of breast cancer (2001) and a tumour marker increase in
July 2007, but no detectable malignancy whether in WB-MRI nor in FDG-PET/CT at the time of initial examination; liver metastasis were finally
detected in follow-up imaging after 6 months. Whole-body-MRI at initial tumour marker increase did not show any morphologic suspected lesion
in the whole body. After 6 months (control MRI), the axial T2-w fat saturated sequence shows a new focal metastatic lesion in segment 4a.
Computed tomography-guided biopsy confirmed metastasis. (D) An 81-year-old patient with history of breast cancer (January 1995) and tumour
marker increase in October 2009. In whole-body imaging, no correlate could be found. But, at time of tumour marker increase, the patient
changed her medication for hypertension. After a while, CEA levels decreased to the individual baseline.
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In 20.5% (9/44) patients, no malignancies could be detected.
Two patients showed a breast implant rupture (one patient with
increase of CA 15-3, one patient with increase of CA 125), one
patient had a benign lesion of the lung with hilar suspected lymph
nodes (CEA), one patient had a cyst of the ovarian (CA 125) and
another one had benign lymph node (CEA). In one case, there was
a pancreatitis detected (CA 125) and another patient suffered from
diarrhoea (CEA). In two cases, evidence of disease could not be
found, but one of them had a change in medication for
hypertension, and 4 weeks later, the CEA value normalised to
baseline (Figure 2D).

Treatments after detecting tumour recurrence or secondary
malignancy besides breast cancer. Patients with secondary
malignancies were treated by resection and/or chemotherapy with

curative approach (N¼ 3). The patients with gastric cancer,
ovarian plus uterine cancer and multiple myeloma underwent
palliative treatment. In the group of patients with limited
metastatic disease, five patients underwent a loco-regional therapy
like radiofrequency ablation (N¼ 1), cyber knife (N¼ 1) and/or
irradiation (N¼ 4) in combination with systemic treatment. Of the
patients, 44.8% (13/29) could be treated by endocrine therapy like
an aromatase inhibitor (N¼ 7) or an antioestrogen (N¼ 6); 48.3%
(14/29) had to be treated by chemotherapy (monochemotherapy
(N¼ 3), polychemotherapy (N¼ 2) or with a combination of
chemotherapy with targeted therapies like trastuzumab (N¼ 4),
lapatinib (N¼ 2) or bevacizumab (N¼ 3).

Relapse-free survival and OS. Only patients with metastatic
breast cancer (N¼ 29) were included in this evaluation. Breast
cancer subtypes based on IHC or FISH findings were known for 28
patients. Among these, 50.0% were luminal A, 25.0% were luminal
B, 10.7% were HER2-enriched and 14.3% were triple-negative
breast cancer (TNBC). These subtypes showed distinct differences
in the times from primary diagnosis to detection of distant
metastasis (RFS). As shown in Figure 3, the survival curves for RFS
differed significantly, with luminal A patients achieving the longest
RFS (median 88.4 months), followed by luminal B (69.4 months),
HER2-enriched (34.0 months) and TNBC (17.5 months;
Po0.0001).

Median progression-free survival and OS from time of first
distant metastasis of all patients irrespective of breast cancer
subtype (N¼ 29) were 9.2 months and 41.1 months, respectively.
The survival rates at 1, 2, 3 and 5 years were as follows: 86.2%,
79.3%, 64.2% and 40.0%.

Median OS according to subtype also differed with the longest
survival for luminal A patients (52.4 months), followed by luminal
B (41.1 months), HER2-enriched (34.3 months) and TNBC
(12.2 months; Figure 4). These differences were statistically not
significant.

Comparing OS in accordance to extent of metastatic disease the
3- and 5-year survival rates of patients with limited disease (p3
metastases to a single organ) were 71.4% and 53.6%, respectively.
They were higher compared with the 3- (56.7%) and 5-year
survival rates (34.8%) of patients with disseminated metastatic
disease, but this difference was not significant.

DISCUSSION

The current surveillance guidelines for follow-up of breast cancer
recommend only regular mammography and physical examina-
tions as basic follow-up. Only in symptomatic patients, further
investigations like laboratory tests and imaging are recommended

Table 3. Distribution of findings by imaging at the time of
tumour marker increase

Patients
Detected lesions, N (%) N¼ 44 (100)

Distant metastasesa 29 (65.9)

Local recurrenceb 1 (2.3)

Secondary malignancies 6 (13.6)

Benign lesions 9 (20.5)

Metastatic sites, N (%) N¼ 29 (100)

Bone 18 (62.1)

Liver 8 (27.6)

Lung 7 (24.1)

Lymph node 12 (41.4)

Others 11 (37.9)

Visceral diseasec 12 (41.4)

Only bone lesions 10 (34.5)

Numbers of metastatic sites, N (%) N¼ 29 (100)

1 organ 14 (48.3)

2 organs 7 (24.1)

42 organs 8 (27.6)

Limited diseased 7 (24.1)

Diffuse metastatic disease 20 (69.0)

Secondary malignancies, N (%) N¼ 6 (100)

Ovarian cancere 2 (33.3)

Uterine cancer 1 (16.7)

Gastric cancer 1 (16.7)

Non-small cell lung cancer 1 (16.7)

Multiple myeloma 1 (16.7)

Carcinoma of the parotid gland 1 (16.7)

Benign lesions, N (%) N¼ 9 (100)

Benign lesion of the lung 1 (11.1)

Benign lymph node 1 (11.1)

Breast implant rupture 2 (22.2)

Pancreatitis 1 (11.1)

Cyst of the ovarian 1 (11.1)

Diarrhoea 1 (11.1)

No evidence of disease 2 (22.2)
aThe liver metastases of one patient were detected 6 months later in follow-up imaging.
bOne patient had both local recurrence and a secondary malignancy.
cInvolvement of the lung and/or liver.
dLess than four malignant lesions to a single organ.
eOne patient had both an primary cancer of the uterine and an ovarian cancer.
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Figure 3. Relapse-free survival curves are presented by breast cancer
subtype (N¼ 28).
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(Khatcheressian et al, 2013). This strategy has the reason in studies
from the 90s where intensified aftercare did not lead to a prolonged
survival of breast cancer patients (1994; Rosselli Del Turco et al,
1994). However, at this time, no tumour markers and only
relatively insensitive imaging techniques have been used, such as
X-ray of the thorax, scintigraphy and ultrasound of the abdomen.
It is well known from the literature that new techniques such as
whole-body MRI as well as FDG-PET/CT can lead to a much
higher diagnostic accuracy for the detection of primary and
secondary tumours (Suarez et al, 2002; Gallowitsch et al, 2003;
Murakami et al, 2012). In addition, molecular subtypes of breast
cancers have been identified with different OS rates and risk for
developing metastasis (Kennecke et al, 2010; Metzger-Filho et al,
2013; Minicozzi et al, 2013). Furthermore, new loco-regional
therapy regimes, such as radiofrequency ablation, SIRT of the liver
as well as systemic new therapies showed a significant impact on
disease progression and OS (Livraghi et al, 2001; Andre et al, 2004;
Mack et al, 2004; Baselga et al, 2012a,b; Berghoff et al, 2013). Thus,
our rationale was to test the most sensitive laboratory tests, that is,
tumour marker increase from individual baseline values as well as
high-resolution whole-body imaging with MRI and FDG-PET/CT
for the detection of early metastasis in primarily asymptomatic
patients at an early stage.

We examined a special cohort of patients who were primarily
not metastasised and asymptomatic in a regular tumour marker
follow-up. Forty-four consecutive breast cancer patients showed a
defined increase of at least one of the three tumour markers CEA,
CA 15-3 and CA 125 compared with individual baseline values.
Most studies that deal with the role of tumour markers in follow-
up care use fixed, but inconsistent cut-off values to evaluate the
sensitivity and specificity of a tumour marker. This is problematic,
as low cut-off values lead to many false-positive results (low
specificity) and high cut-off points constrain sensitivity (Molina
et al, 1995). Therefore, the use of cut-off values limits inevitably the
sensitivity of a tumour marker. A tumour marker increase is not
detected when the increase is still below the reference range. In
addition, baseline values can differ significantly among patients.
Therefore, baseline values give important information for the
interpretation of tumour marker increase. In our cohort, 11
patients showed an increase completely within the reference range:
6 with CEA (o3 ng ml� 1), 3 with CA 15-3 (o28 U ml� 1) and 2
patients with CA 125 (o35 U ml� 1). However, nine of these
patients showed malignancies.

In whole-body imaging, a significant number of patients
(63.3%) with tumour marker increase showed metastases. In our
cohort, bone (62.1%) was the most frequent anatomic site, followed
by liver (27.6%) and lung metastases (24.1%). Previously unknown
brain metastases were shown in two patients in whole-body MRI
but not in FDG-PET/CT. Owing to the high FDG uptake of the

CNS in FDG-PET/CT, cerebral pathologies are usually missed.
One patient developed a liver metastasis in the further course,
which was not seen at the time point of tumour marker increase in
WB-MRI as well as in FDG-PET/CT.

There are two other studies dealing with tumour marker
increase and FDG-PET/CT. Radan et al (2006) examined 46
women with a history of breast cancer and elevated tumour
markers with FDG-PET/CT for follow-up. They reported a
similarly high tumour recurrence in 65% of patients and an
accuracy of 81% for FDG-PET/CT. However, methodological
questions arise as the exact tumour marker inclusion criteria in this
study remain unclear and obviously a population including
previously metastasised patients was retrospectively analysed.
Another report describes an even better performance for PET/
CT with a sensitivity of 98% (Piperkova et al, 2007). Yet again,
patient history was heterogeneous, consisting of women referred
for staging, restaging as well as evaluation of treatment response.
This fact limits comparison of those results with our patient
cohort, which is unique in the literature.

Ten (22.7%) of our patients with a reproducible tumour marker
increase showed no morphologically detectable malignant tumour
in imaging. Only one of these patients exhibited visible liver
metastases in follow-up imaging after 6 months. In this case,
biochemical tumour detection obviously preceded morphological
tumour manifestation as described in literature (Nicolini et al,
1991; Molina et al, 1999, 2005). The remaining nine patients did
not suffer from tumour recurrence or other malignancies neither in
the first examination nor in the follow-up examination after 6
months. Except for one patient, in all other patients, a reason for
the tumour marker increase could be identified. Six patients
showed a morphological correlate of benign findings, one had
diarrhoea and another patient had a change in her hypertension
medication. None of the patients had a renal dysfunction nor
started off with smoking. The follow-up period of these patients
was in median 20.4 months, ranging from 5.2 to 42.8 months. In
eight patients, the marker levels declined to baseline, but in three of
them, the values fluctuated for the rest of the observation period.

It is known that non-malignant, inflammatory and malignant
diseases other than breast might release CA 15-3, CEA and CA 125
(Stieber et al, 2003, 2005). Elevated plasma levels are also
associated with liver, biliary and renal function (Ruibal Morell,
1992). In one patient, medication for hypertension and antic-
oagulation was changed which means that the metabolism of CEA
concentration could be influenced for a while. In contrast to our
results, Murakami et al (2012) reported in their study that 47%
(22/47) of patients had no evidence of disease in PET/CT scan.
Indication for imaging was elevated tumour markers and/or
suspicious findings on conventional morphological imaging
modality studies. But, in this study too, the exact tumour marker
inclusion criterion remains unclear. These findings point out that it
is of high interest to choose the right way of tumour marker
assessment and interpretation to eliminate false-positive results
and to finally avoid uncertainty of the affected patient.

Another important finding of our study was the relative high
amount of secondary malignancies (13.6%, n¼ 6) besides breast
cancer. These were detected by tumour marker increase and
localised by whole-body imaging. There were two ovarian, one
uterine, one gastric, one lung and one parotid cancer, and one
multiple myeloma (Table 3). Three out of six patients were
diagnosed at an early stage and could be cured by resection
followed by chemotherapy.

One important rationale to combine biochemical tumour
marker monitoring with comprehensive imaging procedures was
to identify metastatic tumour spread in its very early stage, long
before the patient becomes symptomatic and therefore potentially
benefits from improved therapeutic options. Nicolini et al (2003)
could show that a ‘tumour marker guided’ salvage treatment can
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delay disease progression of relapsing breast cancer patients
responsive to treatment. They started a study where the survival
of relapsed patients treated at the time of elevated serum markers
(CEA, TPA and/or CA 15-3) and negative findings was compared
with that of relapsed patients treated conventionally at the time of
definite positive radiological and/or clinical findings. In fact, the 3-
year survival rate was significantly higher in the group with
‘tumour marker guided’ treatment compared with the group
treated conventionally (27.8% vs 9.4%).

Although metastatic breast cancer is a systemic disease in most
patients, there is a recognised smaller subgroup of patients with
limited disease and potentially resectable metastases. Limited
disease, defined in our cohort as at most three metastases confined
to a single organ, was present in a substantial proportion of our
surveillance cohort (24.1%). After verification of disease and
stabilisation by systemic therapy, loco-regional treatment could be
applied. Furthermore, new therapeutic approaches are introduced
for patients with non-resectable limited disease, such as radio-
frequency ablation or laser-induced thermotherapy, including
reports on 3- and 5-year survival rates of 63% and 41%,
respectively (Mack et al, 2004).

In our cohort, seven patients had limited disease. Five patients
underwent loco-regional therapies in combination with systemic
treatment; the remaining two patients were primarily only treated
with endocrine therapies. The 3- and 5-year survival rates of
patients with limited disease (p 3 metastases to a single organ) in
our cohort were 71.4% and 53.6%, respectively. They were higher
when compared with the 3- (56.7%) and 5-year survival rates
(34.8%) of patients with disseminated metastatic disease, but this
difference was not significant. This could be explained by the fact
that there was only a very small proportion of patients with limited
disease (n¼ 7) and a small number of events. Carlini et al (2002)
obtained a 5-year survival rate of almost 46% in breast cancer after
liver resection. Kim et al (2014) recently referred from 1- and
3-year OS rates of patients after surgery of isolated liver
metastasis of 83.3% and 66.7%. The overall 3- and 5-year survival
rates of all metastatic breast cancer patients in our cohort were
64.2% and 40.0%, respectively. Thus, the survival rates of
our patient group were similar to the patients treated with
loco-regional therapies as reported by Carlini et al (2002) and
Mack et al (2004).

Regarding the median OS after distant metastases in accordance
to molecular subtypes, the longest survival in our cohort were
patients with luminal A tumours with 4.4 years, followed by
luminal B with 3.4 years, HER2-enriched with 2.9 years. The
shortest median OS of 1.0 year had patients with TNBC. In
accordance to literature, Kennecke et al (2010) also described a
different median duration of survival from time of first distant
metastasis according to subtypes. In their analysis, patients with
luminal A tumours also achieved the longest survival with 2.2 years
followed by luminal B (1.6 years), HER2-enriched (0.7 years) and
TNBC patients (0.9 years; Po0.001). However, several more recent
studies demonstrated that patients with luminal A tumours
achieved the longest survival compared with other subtypes like
TNBC (Metzger-Filho et al, 2013; Seah et al, 2014).

By interpreting our good survival data in metastatic breast
cancer, it has to be considered that besides the large proportion of
luminal A tumours in our cohort (50%, n¼ 14), a very long
median RFS of 69.4 months could be observed. In general, patients
with a long disease-free survival have a better prognosis than
patients with a short disease-free survival (Clark et al, 1987).
Patients with luminal A tumours had the longest RFS with a
median of 88.4 months and patients with TNBC had the shortest
with only 17.5 months. Kennecke et al (2010) found similar results
with distinct differences in the timing of relapse, whereas all
relapses occurred within the first 5 years among TNBC and HER2-
enriched breast cancer types. Luminal A subtypes experienced

continued relapses between 5 and 15 years. Minicozzi et al (2013)
also demonstrated that patients with luminal A tumours had the
longest disease-free survival and they could show that cancer
subtype was an independent prognostic factor for relative and
disease-free survival.

One limitation is the lack of a histological proof as a true
reference standard for some of the detected lesions. With a
reference standard based on imaging, false-negatives may
arise in small or slowly growing lesions in the absence of
substantial morphological changes. On the other hand, compar-
able with numerous studies of similar design, obtaining multiple
biopsies for tissue verification would have been impracticable
and ethically unacceptable (Dirisamer et al, 2010; Murakami
et al, 2012). Another limitation of our study is that our patient
cohort represents mostly a favourable group with luminal A
tumours in 50% and a long RFS over 60 months which could also
have a major impact on the good survival data apart from the
early detection of metastatic disease in our asymptomatic
patients.

Furthermore, our sample size was relatively small, resulting
from the defined clinical focus in our patient cohort. Finally, our
study was not a randomised trial that compared our patient cohort
with controls undergoing standard follow-up care.

CONCLUSION

Summarising our findings, a reproducible tumour marker increase
based on individual baseline values followed by whole-body
imaging is highly effective for early detection and localisation of
tumour recurrence in clinically asymptomatic breast cancer
patients. We could also show that patients (except patients with
TNBC) developed distant metastases more than 60 months after
primary diagnosis, which probably could result in continuing
follow-up care beyond 5 years in a more intensified way. Whether
patients might benefit from earlier and more accurate tumour
detection and improved therapeutic options with a prolonged
survival has to be investigated in further studies. Therefore, a large
prospective randomised trial will be needed to draw any firm
conclusions.
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