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ABSTRACT

Background and Aim: Colorectal cancer is a common cancer in the Nordic countries and
50% of the patients develop liver metastases. Liver resection may result in long term
survival. Proper staging is therefore essential and CT is the standard imaging modality.
We examined whether additional FDG-PET improves therapeutic management of pa-
tients with colorectal liver metastases.
Patients and Methods: Fifty-four consecutive patients were enrolled. Each patient had

a treatment plan made based on our standard evaluation. The patients then had a PET
scan and the treatment plan was re-evaluated, taking these results into account.
Results: In 76% of the cases, PET did not change the treatment plan due to complete

concordance with CT. In another 19% of the cases, the plan was altered due to finding of
more liver lesions by PET than by CT (four patients), fewer or no liver lesions (three
patients), and extrahepatic lesions not visible on CT (three patients). In 5% of the cases,
non-concordance between PET and CT did not change the therapeutic plan.
Conclusion: Pre-treatment FDG-PET, used supplementary to CT, improved the treat-

ment plan in one fifth of the patients with colorectal liver metastases.
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(1). For patients with metastases restricted to the liv-
er, liver resection is considered the only potentially
curative treatment with a 5-year survival of 25–40%
(2–4). This procedure, however, has a peri-operative
mortality and morbidity of 1–2% and 25–30%, respec-
tively. Furthermore, liver resection does not improve
the patient’s chance of survival unless all tumour tis-
sue is removed (4). Some patients, who have been
deemed incurable by liver resection, can be offered
other local treatments such as radiofrequency abla-
tion, stereotactic radiotherapy or arterial chemo-em-
bolisation, which may result in down-staging of the
tumour, which subsequently may be suitable for liver

There are 15,000 new cases of colorectal cancer in
Finland, Sweden, Norway, Iceland, and Denmark
each year (1). Twenty-five percent have synchronous
liver metastases at the time of primary diagnosis and
further 25% develop metachronous liver metastases
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resection (5). Careful pre-treatment staging of each
patient is therefore crucial.
At present, CT scanning is the most important im-

aging modality for detection of colorectal cancer me-
tastases. Supplementary positron emission tomogra-
phy scan, PET, after injection of the glucose analogue
2-[18F]-fluoro-2-deoxy-D-glucose, FDG, is increas-
ingly used in all fields of oncology (6). This is based
on the method’s ability to depict highly metabolic
active tissues, including cancer (7). Regarding pa-
tients with colorectal liver metastases, PET is repor-
ted to influence the clinical management in 20–50%
of the cases, mostly due to detection of additional
metastases not detected by CT (8–15). However, the
management of and the basis of clinical decisions for
such patients vary between institutions. Chest CT is
for example routinely included in the diagnostic
work-up in our institution.

In this prospective clinical study we evaluated the
value of FDG-PET scan supplementary to our routine
diagnostic procedures. The purpose was to evaluate
whether the diagnostic accuracy could be significant-
ly improved. The study included patients who, based
on standard contrast enhanced CT-scan and clinical
evaluation, were found suitable for local treatment of
colorectal liver metastases.

PATIENTS AND METHODS

PaTiEnTs anD sTuDy DEsiGn

Between October 2003 and April 2006 a total of 54 consecu-
tive patients were included in the study. Patients who had
been deemed suitable for local treatment of colorectal liver
metastases based on CT and routine clinical decision mak-
ing (CDM) were included. Patients who had had liver sur-
gery within the preceding year were excluded. The study
comprised 32 men and 22 women aged 41 to 77 years (me-
dian, 64 years); 23 patients had synchronous liver metasta-
ses and 31 patients had metachronous liver metastases.
A diagnostic and therapeutic plan was made for each

patient at weekly conferences of the Liver Tumour Board
at Aarhus University Hospital, viz. a multidisciplinary
group comprising physicians from the fields of hepatol-
ogy, liver surgery, radiology, PET, and oncology. The treat-
ment plan was based on the individual case history, WHO
performance status, standard liver biochemistry, CT-scan
and percutanous or laparoscopic ultrasound sonography,
if warranted. Patients, who met the inclusion criteria for
this study, were offered a supplementary FDG-PET exami-
nation. The PET examination was performed 1–18 days
after CT, and the individual plan for the patient was then
re-evaluated by the Liver Tumour Board, taking into ac-
count the result from the PET scan. It was noted for each
patient if the CT- and PET results were concordant, and
whether or not the clinical decision of diagnostic or thera-
peutic management was changed as a consequence of the
supplementary FDG-PET (FVM and sK).
CT scanning was performed using a Philips Brilliance 64

multi-slice CT scanner (Philips Medical Systems, Eind-
hoven, The netherlands). scanning covered thorax and
abdomen and included a separate scanning of the liver af-
ter intravenous injection of Visipaque (Nycomed Amer-
sham) 270 mg/ml, 2 ml per kg body weight, with a 70
seconds delay. Interslice distance was 0.6 mm × 64.
PET scanning was performed using a Siemens ECAT EX-

aCT HR PET tomograph (CTi/siemens, Knoxville, usa).
FDG was produced at the PET Centre applying standard
techniques and commercially available systems (General
Electric, Uppsala, Sweden). The patient fasted overnight
before the PET scan, but was requested to drink abundant
of tap water. In each patient, blood glucose concentration
was lower than 8 mmol/L (mean, 5 mmol/L). We injected
400 MBq FDG intravenously and the patient then rested
for 1.5 hours to allow FDG to distribute and accumulate in
malignant tissue. PET recordings covered the body from
eyes to mid-thighs by moving the scanner bed in succes-
sive positions, comprising 14-cm transaxial fields of view.
Scan time for each position was 11 minutes (a transmis-
sion scan of three minutes using external 68Ge sources fol-
lowed by an emission scan of 7 minutes). Recorded data
were corrected for attenuation based on the transmission
scan and for radioactive decay to start of the scan. Images
were reconstructed using an iterative algorithm, resulting
in three-dimensional images of the radioactivity concen-
trations. Each image consisted of voxels of 2.0 × 2.0 × 3.1
mm3, and the central spatial resolution was 6.7 mm FWHM
(full-width at half-maximum). The PET images were exam-
ined by two PET physicians (SK, MS) for focal areas with
an average lesion-to-surrounding tissue ratio of the radio-
activity concentrations higher than 2 or the normalized
radioactivity concentration, SUV, being 3.5 or higher (16).
The only information available for the PET physicians was
that the patients fulfilled the criteria for local treatment as
evaluated by our standard diagnostic and staging work-up
including abdominal and chest CT.
All procedures conformed to the recommendations

stated in the Declaration of Helsinki of the World Medical
Association (1964). The study was approved by the Ethics
Committee for Aarhus County, and each patient approved
the procedures.

RESULTS

In 19% (10/54) of the patients, therapeutic manage-
ment was altered as a direct consequence of non-con-
cordance between PET and CT (Tables 1–3). In an-
other 5% (3/54) of the patients, non-concordance
between the PET and CT results did not affect the
therapeutic management.
In 76% (41/54) of the patients, supplementary PET

did not affect the diagnostic or therapeutic manage-
ment of the patient due to concordance with CT.
As shown in Tables 1 and 3, the reasons for changed

therapeutic management was findings of more liver
lesions by PET than by CT in four patients, fewer or
no liver lesions in three patients, and extrahepatic
lesions not visible on CT in three patients (two lymph
nodes and one case of local recurrence of the colorec-
tal cancer).
Among the four patients with more liver lesions

found with PET than with CT, the PET findings were
confirmed by histological examination of resected
liver tissue in Patients ID-05 and ID-07. Follow-up CT
confirmed rapid growth of liver lesions in Patient
ID-09, and laparoscopic ultrasound sonography of
the liver confirmed multiple liver lesions in Patient
ID-01.
In patient ID-10, biopsies from CT-lesions con-

firmed the negative PET findings, and close follow-
up confirmed the negative PET results in patient
ID-03.
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Patient ID
age/ sex

CT and PET findings* Pre-therapeutic validation of
PET findings

Clinical consequence of PET Post-therapeutic validation
of PET findings

01
60/F

CT: 2 liver lesions
PET: Multiple liver lesions

Laparoscopic ultrasound
sonography: multiple liver
lesions

Liver resection cancelled;
patient treated with
chemotherapy

02
56/F

CT: 2 liver lesions
PET: 2 liver lesions and 1
para-aortic lesion

Explorative laparotomy:
malignant para-aortic lymph
node

Liver resection cancelled;
patient treated with
chemotherapy

03
76/F

CT: 1 liver lesion
PET: 0 liver lesion

Per-operative ultrasound
sonography: No liver lesions

Liver resection cancelled No signs of disease after 1
year

04
72/F

CT:1 liver lesion
PET: 1 liver lesion and 1
lesion in ascending colon

Planned liver resection
extended with resection of
colon

Histology of resected colon
confirmed PET

05
73/F

CT: no liver lesions
PET: 3 liver lesions

Explorative laparotomy:
2 large liver lesions and
several minor

Resection and per-operative
RFA** of 3 malignant liver
tumours

Histology confirmed
malignant liver lesions

06
68/F

CT: 1 liver lesion, 2 lesions
in right lung, 1 lesion in left
lung
PET: 1 liver lesion and 1
lesion below left clavicle

Fine needle aspiration from
clavicular lymph node
confirmed malignancy

SRT*** cancelled, patient
down-staged with chemo-
therapy and then RFA** of
liver lesions

No signs of disease 2 years
after PET

07
67/F

CT: 2 liver lesions
PET: 3 liver lesions

Extended liver resection Histology confirmed
malignant liver lesions

08
60/M

CT: 1 liver lesion
PET: No liver lesions

Liver resection cancelled Alive with no signs of
disease after 1 year

09
73/M

CT: 2-3 liver lesions
PET: multiple liver lesions

new CT confirmed rapid
growth of liver lesions

Liver resection cancelled;
patient treated with chemo-
therapy

10
45/F

CT: 2 liver lesions
PET: no liver lesions

Biopsies from CT-lesions were
benign

Liver resection cancelled Alive with no signs of
disease after 8 months

age is given in years. sex: F= female, M=male.
* if not noted otherwise, neither CT nor PET depicted extrahepatic lesions.
** sRT=stereotactic radiotherapy.
*** RFa=radiofrequency ablation.

TABLE 1

Patients with changed diagnostic or therapeutic strategy as a consequence of FDG-PET.

The findings of extrahepatic lesions by PET in three
patients with no extrahepatic lesions on CT were con-
firmed by histology in each of the patients.
As shown in Table 2, diagnostic or therapeutic

management was not changed in spite of PET find-
ings of lung lesions in three patients. Patient ID-11
had multiple lung metastases seen at repeated CT
performed three months after liver resection.
For patient ID-12 and ID-13, there were still no

signs of lung disease after six and 12 months, respec-
tively.
In Patient ID-14, synchronous liver metastases

were suspected at the primary operation for a rectal
cancer, but neither CT nor PET depicted any lesions.
A laparotomy was accomplished as planned, and two
3-mm malignant liver lesions were removed (histol-
ogy-proven). In this case, CT and PET were both false
negative.

DISCUSSION

In the present prospective study, we investigated the
impact of PET on the therapeutic management of a
group of consecutive patients with colorectal liver

metastases, suitable for local treatment based on rou-
tine CDM and CT. The CT-investigation was the best
possible CT of today’s standard, using 64-sliced con-
trast-enhanced technique. As a direct consequence of
findings by the supplementary PET, therapeutic strat-
egy was changed in 19% (10/54) of the patients. This
is comparable with previous studies, in which PET
altered the management in 18 to 39% of the patients
(8–15).
In 74% of the patients, there was concordance be-

tween PET and CT. In one patient (ID-05), CT failed
to show liver metastases which were found during
the primary operation for the colorectal cancer. PET
found two liver lesions in this patient, and an explor-
ative laparotomy confirmed two large liver lesions
and several minor ones.
PET resulted in cancellation of planned surgery in

6% (3/54) of the patients due to extensive liver dis-
ease. PET revealed previously undetected extra-he-
patic disease in another 6% (3/54) of the patients,
which resulted in extended surgery in two patients
and down-staging by chemotherapy followed by ra-
diofrequency ablation in one patient (ID-06). This
directly improved the chance of curable surgery, since
the surgery planned without PET might have left re-
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sidual tumour in these patients. In other studies, de-
tection of unsuspected extra-hepatic metastases by
PET was the main reason for altered therapeutic man-
agement of patients with colorectal cancer, and the
major consequence was cancellation of planned sur-
gery (8–9, 11–12, 15, 17). The reason for this discrep-
ancy may be that at our institution, chest CT is rou-
tinely performed when staging patients with suspect-
ed colorectal metastases. Since our study included
patients deemed suitable for local treatment of
colorectal liver metastases based on CT in particu-
larly, no patients with known lung metastases were
included.
In the three patients with non-concordance be-

tween CT and PET (Table 2), CT of thorax was nega-
tive, whereas PET showed thoracic lesions. These
lesions were small and considered non-specific, and
it was consequently decided not to change the treat-
ment. This decision was based on the fact that PET
has a low specificity for small foci in the thoracic re-
gion (18). In two of our patients, follow-up did not
reveal progression, whereas the third patient devel-
oped multiple lung metastases during follow-up. An-
other study (11) showed good agreement between the
sensitivity of chest CT and FDG-PET, but unfortu-
nately chest CT was not performed in all patients in
that study.
It has recently been shown that the use of PET in

pre-treatment evaluation of patients with liver metas-
tases can substantially reduce overall costs and pa-
tient morbidity (19). This was also found by Fernan-
dez et al. (20), who demonstrated a 5-year survival
rate of 58% after resection of colorectal liver metasta-
ses in patients screened by pre-operative PET, com-
pared to a median 5-year survival rate of 12–41%,
when using staging modalities without PET. Stras-
berg et al. (14) found a 3-year survival rate of 77% for
patients allocated for liver resection based on PET.
The reduced costs and morbidity and the improved
survival rates were mainly a result of a better selec-
tion and planning of patients for surgery, avoiding
surgery of patients for whom the procedure was fu-

tile. Since PET, in other studies, has been shown to
increase both sensitivity and specificity of local recur-
rence or the development of hepatic and extra-he-
patic metastases (21–22), we decided to let the pa-
tients benefit from the PET results by including the
results in a revised treatment plan.
The study was conducted using a PET camera

without integrated CT. In the three patients with non-
concordance between PET and CT, the use of a com-
bined PET/CT scanner might have been helpful,
since this improves the interpretation of both PET
and CT images possible due to precise alignment of
metabolic active lesions (PET) to well-defined ana-
tomic structures (CT).
in conclusion, pre-treatment FDG-PET used sup-

plementary to CT improved the treatment plan in one
fifth of the patients with colorectal liver metastases.
Consequently, PET is now included in our standard
clinical work-up of this group of patients.
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