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AABBSSTTRRAACCTT  

Objective: To prospectively compare FDG-PET/CT and MRI including 

unenhanced SS SE-EPI and SPIO-enhancement for detecting 

colorectal liver metastases. 

Methods: Twenty-four patients underwent MRI and FDG-PET/CT. 

Fourteen patients (58%) had previously received chemotherapy, 

including 7 whose chemotherapy was still continuing to within one 

month of the PET/CT study. Mean interval between FDG-PET/CT and 

MRI was 10.2±5.2 days. Histopathology (n=18) or follow-up imaging 

(n=6) were reference.  

Results: Seventy-seven metastases were detected. In 9 patients, 

MRI and PET/CT gave concordant results. Sensitivities for 

unenhanced SS SE-EPI, MRI without SS SE-EPI and FDG-PET/CT 

respectively were 100% (p = 9.10-10 vs PET, p = 8.10-3 vs MRI 

without SS SE-EPI), 90% (p = 2.10-7 vs PET) and 60%. PET/CT 

sensitivity dropped significantly with decreasing size, from 100% in 

lesions larger than 20 mm (identical to MRI), over 54% in lesions 

between 10 and 20 mm (p = 3.105 versus SS SE-EPI), to 32% in 

lesions under 10 mm (p = 6.10-5 versus SS SE-EPI). Positive 

predictive value of PET and MRI was 100%. 

Conclusion: MRI, particularly unenhanced SS SE-EPI, has good 

sensitivity and positive predictive value for detecting colorectal liver 

metastases. Its sensitivity is better than that of FDG-PET/CT, 

especially for small lesions. 
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IINNTTRROODDUUCCTTIIOONN  

In patients with colorectal tumours the detection of liver 

metastases (LMs) is crucial for treatment planning and improved 

outcome [1]. Therefore, an imaging technique with high sensitivity 

and specificity for LMs is important. 

Imaging techniques used for evaluating LMs in many centers 

include ultrasound and computed tomography (CT). In selected 

cases magnetic resonance imaging (MRI) and fluoro-18-

deoxyglucose positron emission tomography (FDG-PET) are used. 

Reported sensitivities for the detection of LMs have varied widely and 

no consensus exists on which imaging method for the detection of 

LMs is the most sensitive in patients with colorectal cancer [2]. 

MRI has been found comparable to CT arterial portography 

(CTAP) and superior to multi-phase CT with respect to sensitivity and 

specificity for detecting and characterizing focal liver lesions 

(FLLs)[3, 4]. SPIO-enhanced MRI was found to be more sensitive 

than MultiDetector Computed Tomography (MDCT) [5]. MRI also has 

higher accuracy for characterizing small lesions as cysts or solid 

lesions compared with MDCT [5]. A previous study demonstrated the 

potential of a novel SS SE-EPI sequence [6] compared with SPIO-

enhanced MRI, especially when searching for small (< 10 mm) FLLs. 

FDG-PET has been reported to be superior to CT for detecting 

LMs from colorectal cancer [7-9] and by some was found the most 

sensitive non-invasive imaging investigation for detecting LMs [2, 

10]. For overall patient management, FDG-PET has the added 

advantage of an improved therapeutic response assessment because 

FDG is only taken up by vital tumour cells [11]. By comparison, CT 

and MRI only rely on indirect Response Evaluation Criteria in Solid 

Tumours (RECIST) criteria to assess therapeutic response. Another 
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strength is the whole-body imaging which may provide clinically 

relevant information on local recurrence or extrahepatic metastases. 

Direct comparison between MRI and FDG-PET has been 

limited, but would be critical for optimization of imaging at diagnosis 

and during follow-up. Therefore, the purpose of this study was to 

prospectively compare FDG-PET/CT and MRI (including SPIO-

enhancement and unenhanced SS SE-EPI) in 24 consecutive patients 

suspected of having colorectal LMs. 

  

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS  

Patients 

Between October 2005 and January 2008, 24 consecutive 

patients (14 men, 10 women; mean: 65.3±10.8 years) with 

suspected colorectal cancer LMs underwent MRI and FDG-PET/CT. 

Patients were included when at screening a new non-cystic focal 

lesion was detected at ultrasound and/or laboratory results showed 

elevated Carcino Embryonic Antigen > 3.4 ng/ml for non-smokers, 

>4.3 ng/ml for smokers in combination with elevated transaminase 

levels (ALT >41 U/l for male, >31 U/l female patients), elevated 

alkaline phosphatase >129 U/l, and/or elevated bilirubin > 1.2 

mg/dl). Patients with contraindications for MRI (pacemakers, metallic 

implants) were excluded. Patients were only included in this study if 

the time interval between the MRI and FDG-PET/CT was at most 3 

weeks. The mean interval between PET/CT and MRI was 10.2±5.2 

days. 

Twenty-four patients were included. Fourteen patients out of 

the 24 included (58%) had previously received chemotherapy for 

their colorectal malignancy, including 7 patients whose 

chemotherapy was still continuing to within one month of the PET 
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study. The study protocol was approved by the Ethical Review Board 

at our institution and all patients gave informed consent. 

 

MRI technique 

A 1.5T whole-body MRI system (Intera, Philips Medical 

Systems, Best, The Netherlands) release 11 was used with explorer 

gradients (maximum gradient of 66mT/m along x-,y-, and z-axis). 

Each patient drank half a litre of tap water just before the start of 

the MRI acquisition, in order to reduce air in stomach and 

duodenum. 

The applied MRI sequences (see also Table 1) are listed 

below. Sequence 1 was compared with post-SPIO sequences 

(sequences 6 to 8) for FLL detection. 

Sequence 1: respiratory-triggered diffusion-weighted sequence (SS 

SE-EPI) 

Sequence 2: fat-suppressed T2w TSE (short TE) 

Sequence 3: T2w TSE with long TE without fat suppression 

Sequence 4: fat-suppressed T2* gradient echo (GE) 

Sequence 5: T1w gradient echo (GE) in-and-out-of-phase imaging 

Sequence 6: fat-suppressed T1w 3D gradient echo (GE) imaging 

before the IV injection of SPIO, during the arterial, portal-venous, 

late venous phase (80 seconds after intravenous injection) and 5 

minutes post-SPIO (delayed phase) 

Sequence 7: post-SPIO fat-suppressed T2w TSE: T2w TSE (short 

TE with fat suppression) 10 minutes post-SPIO (delayed phase); 

parameters identical to those of sequence 2 

Sequence 8: post-SPIO fat-suppressed T2* GE > 10 minutes post-

SPIO (delayed phase); parameters identical to those of sequence 4 
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Details of the respiratory-triggered SS SE-EPI (sequence 1) 

are as follows: axial fat-suppressed SS SE-EPI with b-values of 0, 

10, 150, and 400 s/mm2. The motion-probing gradient pulses of the 

SS SE-EPI sequence were placed along the S, P and M (Slice, Phase 

and Measurement) direction. The measured voxel size was 1.91 mm 

x 2.42 mm x 7 mm and the reconstructed voxel size was 1.19 mm x 

1.19 mm x 7 mm. Depending on respiratory efficiency, acquisition 

time for this sequence ranged from 3 to 5 minutes. Further details 

are given in Table 1. 

In all patients 1.4 ml of ferucarbotran (SPIO; Resovist®, 

Schering, Berlin, Germany) was administered intravenously as a 

bolus immediately followed by a bolus of 20 ml of physiologic saline 

(NaCl 0,9%). Injection of SPIO and saline was performed at an 

infusion rate of 3 ml/s using a Spectris MR injector (Medrad, 

Maastricht, The Netherlands). 

 

Whole-body FDG-PET/CT technique 

FDG-PET/CT was performed on a Discovery ST integrated 

PET/CT camera (General Electric Healthcare, Milwaukee, USA). 

Patients fasted for 6 hours before the FDG-PET/CT scan. About one 

hour before tracer injection, an intravenous line was applied and 

blood glucose was measured on a drop of venous blood using a 

Lifescan-Ultratouch glucosemeter (Ortho-Clinical Diagnostics NV, 

Beerse, Belgium). All patients received 10 mg of diazepam 

intravenously. A first beaker of peroral contrast (Telebrix Gastro 300 

mg I/ml, meglumine-ioxitalamate, Codali, Brussels, Belgium; 50 ml 

of the solution dissolved in 1 litre of water) was administered 1 hour 

before the injection of at least 222 MBq of 18F-fluorodeoxyglucose. 

Between the tracer injection and the start of the acquisition, the 

patients remained supine and silent in a quiet room. A second 
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beaker of oral contrast medium was given half an hour before data 

acquisition began. One hour after tracer injection patients were 

installed supine on the camera bed. A topogram was performed and 

followed by the administration of 100 ml intravenous contrast 

medium (Ultravist, iopromidum 93,51 g + aqua ad inject ad 150 ml - 

300 mg I/ml, Schering, Berlin, Germany) at a rate of 3 ml/sec, 

except in patients in whom intravenous contrast medium was 

contraindicated (patients number 6 and 9). A whole body helical 4 

slice CT covering the body from the head to the groin was started 

approximately 45 seconds after the start of contrast injection. Table 

pitch was 1.5, table speed was 15 mm/rotation. Tube current was 

100 mA and the tube was operated at 140 kV. No breath-hold was 

performed. Subsequently, PET images were acquired in 5 to 6 bed 

positions, each of 4 minutes duration, covering the head to the 

upper thigh. The camera was used in 2-dimensional mode. Each bed 

position corresponded to 47 slices in a 128x128 matrix, 3 of which 

were overlapped by the next bed position. The transverse and axial 

resolution of this camera type have been published to have full width 

at half maximum between 6 and 7.5 mm [12]. 

 

Image analysis of MRI 

All patient data were blinded. Images were sent to Picture 

Archiving and Communication System (PACS; Agfa, Antwerp, 

Belgium) viewing stations. Blinded evaluation was done 

independently by two radiologists with respectively 7 years and 15 

years of experience in abdominal MRI. The radiologists were 

knowledgeable of the patient's history of malignancy, the finding of 

metastases at liver ultrasound, and that the scan was performed for 

tumour staging. They evaluated the images for detection, localization 
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and size measurement of LMs (<10 mm, 10-20 mm, >20 mm). In 

case of disagreement, a consensus reading was performed.  

 

Table 1.  Parameters of the studied sequences 

Parameter Seq 1 Seq 2 Seq 3 Seq 4 Seq 5 Seq 6 

TR (ms) 1122 777 1343 10 177 4.2 

TE (ms) 55.83 60 350 4.2 2.3/4.6 2 

Flip (°) 90 90 90 30 80 20 

Scan plane axial axial axial axial axial axial 

NSA 4 1 1 2 1 1 

FOV (mm) 305 375 375 375 375 400 

RecFOV (%) 95 70 70 70 70 70 

Matrix scan 160 256 256 256 256 192 

Scan percentage 80 80 80 70 60 80 

Half scan factor 0.6 0.6 0.6 none none none 

Act.BW 

(Hz/pixel) 

15.3 415.6 394.6 148.2 571.4 399.1 

ST (mm) 7 6 6 7 5 4 

Slice gap (mm) 0 0 0 0 0 0 

SENSE-factor 2 0 0 2 2 2 

Fat-suppression 

mode 

SPAIR 

delay: 

52.2 ms 

SPIR none SPIR none SPIR 

Scan mode Resp.tr. Resp.tr. Resp.tr. BH BH BH 

Seq.: sequence, TR: repetition time, TE: time to echo, NSA: Number of Signal 

Averages indicates the number of times each (acquired) line in k-space is sampled, 

FOV: Field-of-View, RecFOV: rectangular FOV (reduction of the number of phase-

encodings to x%), scan percentage: is a percentage of phase-encoding values 

(profiles) of k-space around k=0 profile, half scan factor: is a method in which 

approximately only one half of k-space in the phase-encoding direction is acquired, 

Act.BW: actual band width, ST: slice thickness, SPAIR: SPectral Attenuated 

Inversion Recovery inversion delay, SPIR: SPectral Inversion Recovery, Resp.Tr.: 

respiratory-triggering, BH: breath-hold. PS: Sequence 2 identical parameters 

compared with sequence 7; sequence 4 identical parameters compared with 

sequence 8. 
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Characterization of FLLs was performed on the basis of lesion 

characteristics described in the literature on SPIO-enhanced imaging 

[13, 14]. During the perfusion phase (and persisting during delayed 

imaging) of SPIO-enhanced T1w GE imaging, a significant increase 

of signal intensity is seen in hemangiomas [14-16]. Hemangiomas 

often loose signal on delayed T2w imaging [15]. During the perfusion 

phase of SPIO-enhanced T1w GE imaging, ring enhancement is 

highly suggestive of malignant liver lesions [14]. Metastases show 

increased lesion conspicuity post-SPIO on T2w imaging compared 

with unenhanced T2w imaging [17-19]. 

 

Lesion detection, localization and size measurement of liver 

metastases using MRI 

For the detection of colorectal LMs, SS SE-EPI was evaluated 

independently from the remaining MRI sequences. Lesion size was 

measured on images obtained after IV injection of SPIO on the 

image that most sharply depicted a LM; if a LM was only detected 

with SS SE-EPI, then the b=10s/mm2-value image was used. 

 

Image analysis of FDG-PET/CT 

FDG-PET/CT images were reconstructed into contiguous 3.75 

mm thick axial, coronal, and sagittal slices on an Advance 

Workstation (GE, Milwaukee, USA). These were viewed as PET, CT 

and fused images on an esoft workstation (Siemens, Hoffman 

Estates, USA) independently by 2 nuclear medicine physicians with 

respectively 15 years and 8 years of experience, together with a 

radiologist who helped interpret the CT images. In case of 

disagreement between the nuclear physicians, a consensus reading 

was performed. The readers were blinded to the MRI result, but 

aware of the patient's history of malignancy and that PET/CT had 
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been performed for tumour staging. Focal increased uptake of FDG 

in the liver was regarded as consistent with a malignant lesion, 

whether or not it was accompanied by a hypodense enhancing CT 

lesion. To increase specificity, hypodense lesions on CT were not 

taken into account as metastases if they were not accompanied by 

increased FDG accumulation. CT-data were also used for lesion 

localization into Couinaud’s segments. 

 

Lesion detection using MRI and PET 

To compare the performance of SS SE-EPI, MRI without SS 

SE-EPI and PET/CT for the detection of liver metastases, all lesions 

identified as possible metastases on any of these imaging modalities 

were compared to the reference standard.  

 

Reference standard 

Surgical findings 

For lesions which were operated on, intra-operative 

ultrasound with histological result was used as the gold standard. 

The findings on the MRI and FDG-PET/CT examination were all 

provided at the time of intra-operative ultrasound examination. 

Follow-up 

Suspected lesions which were not operated on, were followed 

by repeated MRI. The diagnosis of LM was made when: 

-a FLL was progressive under therapy (at least 20% relative or at 

least 5mm absolute increase of the maximum initial diameter);  

-a new FLL appeared during follow-up; 

-a FLL showed partial response under therapy (at least 20% relative 

or at least 5mm absolute decrease of the maximum initial diameter); 

-a FLL showed complete response under therapy (complete 

disappearance). 
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Statistics 

The sensitivity and positive predictive values (PPVs) of MRI 

and FDG-PET for the detection of LMs were calculated on a per 

patient as well as on a per lesion basis. Clopper-Pearson binomial 

confidence intervals (CIs) were calculated. Two-tailed McNemar 

tests were used to compare the sensitivity of different imaging 

techniques. The difference of PPV between MRI and PET was 

assessed by a two-tailed z-test. The effects of lesion size on the 

sensitivity of PET/CT and MRI were assessed by one-tailed Fisher’s 

exact tests. The association between discordant PET/CT and MRI 

results and recent chemotherapy was assessed by one-tailed 

Fisher’s exact tests. A p-value less than 0.05 was regarded as 

statistically significant. 

 

RESULTS 

Diagnostic verification 

All 24 patients (Figs. 1-2) included had a total of 77 LMs. 

Eighteen of these 24 patients (75%) underwent surgery with intra-

operative ultrasound and the diagnosis of LMs was made by 

histological examination. In the 6 patients who did not undergo 

hepatic surgery, the diagnosis of LMs was made by follow-up 

imaging showing progression in 4 and regression in 2 patients. Fifty-

two (67.5%) of 77 MRI lesions in 18 patients out of 24 were verified 

histologically. The remaining 25 (32.5%) MRI lesions in 6 patients 

were verified by follow-up imaging. Out of 47 PET lesions in 23 

patients, 30 lesions (63.8%) in 17 patients were verified 

histologically. The remaining 17 PET lesions (36.2%) in 6 patients 

were verified by follow-up imaging. 

The number of LMs per patient varied between 1 and 8, with 

a median of 4 LMs per patient. Twenty-two (29%) LMs measured 
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less than 10 mm in diameter, 35 (45%) were between 10 and 20 

mm in diameter, and the remaining 20 (26%) were larger than 20 

mm. LMs were located in Couinaud’s liver segments 1 (n=1), 2 

(n=5), 3 (n=10), 4 (n=8), 5 (n=8), 6 (n=13), 7(n=16), 8 (n=16). 

 
1A 1B 

1C 
Figure 1. A transverse unenhanced 

T2w TSE (short TE with fat 

suppression) image (fig.1a) in a 66-

year-old women. There is no visible 

lesion in the area indicated by the 

white arrow. Fig.1b displays a 

corresponding transverse SPIO-

enhanced T2w TSE (short TE with fat 

suppression)  image  in  the   delayed 
phase in the same 66-year-old women having a liver metastasis (white arrow). 

Fig.1c displays a corresponding transverse PET image with the same liver 

metastasis (white arrow). 

 

Reading consistency 

Consensus reading for MRI was necessary only for one 

metastasis (18 mm) in a patient (patient number 19) having 8 LMs. 

Consensus reading for FDG-PET was necessary for one LM (12 mm) 
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in a patient (patient number 20) having two LMs. Image quality for 

MRI was unvariably good. 

2A 2B 

2C     2D 

Figure 2. A transverse SS SE-EPI using b=0s/mm2 image (fig.2a) in a 62-year-old 

man hardly detecting any visible lesion in the area indicated by the white arrow. 

Fig.2b displays a corresponding transverse SS SE-EPI using b=10s/mm2 image in 

the same 62-year-old man clearly detecting a liver metastasis (white arrow). Fig.2c 

displays a corresponding transverse fat-suppressed T1w 3D GE image in the portal-

venous phase after intravenous injection of SPIO hardly detecting this liver 

metastasis (white arrow). Fig.2d displays a corresponding transverse SPIO-

enhanced T2w TSE (short TE with fat suppression) image hardly detecting this liver 

metastasis (white arrow). No lesion was seen on PET (not shown). 

 

Extrahepatic lesions 

PET/CT identified extrahepatic malignant lesions in 8 patients 

(Table 2). 
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Table 2. Extrahepatic lesions found at PET; some benign lesions are 

indicated in italics 

Patient 

Number of 

extrahepatic 

lesions Location of extrahepatic lesions 

2 1 sigmoid (primary) 

4 2 sigmoid (2 primaries) 

7 3 2 lymph nodes in retroperitoneum, 1 sigmoid 

(primary), rectum (tubulovillous adenoma) 

9 1 sigmoid (primary) 

12 2 prostate (second primary) 

13 2 prostate (lesion beyond reach for biopsy), 

iliac lymph node 

17 1 1 lymph node retroperitoneum 

18 1 ovary (cyst) 

19 1 presacral mass 

 

Per patient analysis 

On a per patient basis (Table 3), unenhanced SS SE-EPI or 

MRI without SS SE-EPI correctly identified the 24 patients with LMs, 

whereas PET missed one of them. Neither PET nor MRI showed false 

positive results. Sensitivity on a per patient basis was 96% (95% CI 

79% to 100%) for PET and 100% for MRI (CI 86% to 100%).  PPV 

on a per patient basis was 100% both for PET (CI 85% to 100%) 

and for MRI (CI 86% to 100%). For the identification of patients with 

LMs, the sensitivity neither the PPV were significantly different 

between MRI and PET. 

All except two PET lesions (one of two metastases in patient 

12 and patient 10 each) were accompanied by a corresponding 

hypodense lesion on CT. 

 

 

132



Chapter 6 

 133

 

Table 3. Patient based comparison of MRI and PET for the detection of liver 

metastases 

Confirmed liver M+ 

PET 

present absent 

Positive 23 0 

Negative 1 0 

Confirmed liver M+ 

MRI (all sequences) 

present absent 

Positive 24 0 

Negative 0 0 

Confirmed liver M+ 

MRI w\o SS SE-EPI 

present absent 

Positive 24 0 

Negative 0 0 

MRI (all sequences) 

PET 

True positive False negative 

True positive 23 0 

False negative 1 0 

M+ : metastasis. 
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Table 4. Lesion based comparison of MRI and PET for the detection of liver 

metastases  

Confirmed liver M+ 

PET 

present absent 

Positive 47 0 

negative 30 0 

Confirmed liver M+ 

MRI (all sequences) 

present absent 

positive 77 0 

negative 0 0 

Confirmed liver M+ 

MRI w\o SS SE-EPI 

present absent 

positive 69 0 

negative 8 0 

MRI (all sequences)

PET 

True positive False negative 

True positive 47 0 

False negative 30 0 

M+ : metastasis. 

 

Per lesion analysis 

When analyzed on a per lesion basis (Table 4), MRI and PET 

were completely concordant in only 9 patients. A solitary 19 mm LM 

was missed by PET in 1 patient. 

Unenhanced SS SE-EPI correctly identified more LMs than 

PET in 15 patients. MRI without SS SE-EPI correctly identified more 

LMs than PET in the same 15 patients. Unenhanced SS SE-EPI 

correctly identified more LMs than MRI without SS SE-EPI in 6 

patients (Table 5). No additional lesions were seen on the sequences 

without SS SE-EPI versus unenhanced SS SE-EPI. No false-positives 

were present on MRI nor on PET/CT. Thus, the sensitivity of 
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unenhanced SS SE-EPI for detecting LMs was 100% (95% CI 95% to 

100%) (p = 2.10-9 vs PET, p = 8.10-3 vs MRI without SS SE-EPI), 

that of MRI without SS SE-EPI 90% (95% CI 81% to 95%) (p = 

5.10-7 vs PET), and that of FDG-PET/CT 61% (95% CI 49% to 72%). 

The PPV of PET was 100% (95% CI 92% to 100%), like that of 

unenhanced SS SE-EPI or MRI without SS SE-EPI (95% CI both 95% 

to 100%). 

 

Table 5. Number of liver metastases detected with different techniques 

according to lesion size 

Lesion size 

SS SE-

EPI 

MRI w/o SS 

SE-EPI PET Histology

Follow-up 

imaging 

<10mm 22 15 8 13 9 

10-20mm 35 34 19 23 12 

>20mm 20 20 20 16 4 

Total 77 69 46 52 25 

Columns 2-4 give the number of confirmed liver metastases detected by SS SE-EPI, 

MRI without SS SE-EPI, and PET, respectively. Columns 4 and 5 indicate how these 

metastases were confirmed.  

 

Table 6. Relationship between recent chemotherapy (within 1 month of PET) 

and discordancy between PET and SS SE-EPI on a per patient basis (A) and 

on a per lesion basis (B) 

A 

Chemotherapy within 1 month of PET 

yes no 

discordancy (more lesions on SS SE-EPI) 5 10 

concordancy (same number of lesions on SS SE-

EPI) 

2 7 

B 

Chemotherapy within 1 month of PET 

yes no 

discordancy (false negative PET) 14 16 

concordancy (true positive PET) 12 35 
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Effect of recent chemotherapy 

Patients who had recently received chemotherapy were more 

likely to have more lesions identified on unenhanced SS SE-EPI than 

on PET, but the difference was not significant (Table 6). 

 

Effect of lesion size 

Lesion detection was analyzed according to lesion size (Table 

5). PET sensitivity drops with decreasing lesion size, from 100% in 

FLLs larger than 20 mm (identical to that of unenhanced SS SE-EPI), 

over 54% in FLLs between 10 and 20 mm (p = 3.10-5 versus 

unenhanced SS SE-EPI), to 36% in FLLs smaller than 10 mm (p = 

1.10-4 versus unenhanced SS SE-EPI). This drop in sensitivity is 

significant both for FLLs smaller versus those larger than 10 mm 

(p=6.10-3) and for FLLs smaller versus those larger than 20 mm 

(p=0).  The sensitivity of MRI without SS SE-EPI drops less 

spectacularly from 100% in FLLs larger than 20 mm (identical to that 

of unenhanced SS SE-EPI), over 97% in FLLs between 10 and 20 

mm (almost identical to that of unenhanced SS SE-EPI), to 68% in 

FLLs smaller than 10 mm (p = 0.02 versus unenhanced SS SE-EPI). 

The decrease in sensitivity of MRI without SS SE-EPI is significant for 

FLLs smaller versus those larger than 10 mm (p=5.10-4), but not for 

FLLs smaller versus those larger than 20 mm. Using SS SE-EPI for 

lesion detection, the b=10s/mm2-value images were most useful. 

 

DISCUSSION  

This preliminary study shows that  MRI is superior over FDG-

PET/CT for detecting LMs in colorectal carcinoma, especially small 

ones. Several factors contribute to the higher sensitivity of MRI 

compared with FDG-PET/CT. First, the spatial resolution of MRI is 

higher than that of FDG-PET. Second, the better contrast allowed by 
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SS SE-EPI improves the sensitivity over that obtained by SPIO-

enhanced MRI. Third, the lower sensitivity of FDG-PET/CT in this 

study is in part accounted for by the effects of recent chemotherapy, 

which, when effective, decreases FDG uptake in liver metastases. 

Although it could be argued that the inclusion of patients after 

chemotherapy has introduced a bias in the present study, the need 

to reassess LMs after chemotherapy arises frequently in clinical 

practice, in particular in patients being considered for liver surgery or 

radiofrequency ablation.  

Image quality of the SS SE-EPI was always good, as was 

documented in earlier studies [6]. Low b-values were used with the 

SS SE-EPI sequence and half a litre of water was taken in by the 

patients just before the start of the MRI examination (starting with 

SS SE-EPI), to reduce air in the stomach and duodenum. This 

strategy clearly reduced susceptibility artifacts allowing good image 

quality, even in the left liver lobe. 

The 61% sensitivity of PET/CT for detecting LMs in the 

present study, is in the lower range of published results. Eleven 

studies of PET for detecting LMs from colorectal cancer have reported 

lesion-by-lesion sensitivities ranging from 65 to 94% [8,20-29].The 

rather low sensitivity found in the present study can be explained in 

part by the relatively large number of small (<10mm) LMs (29%). In 

the studies mentioned before, PET was also found to have low 

sensitivity for detecting LMs less than 10 mm. Recent chemotherapy 

in 42% of the patients may have lowered the sensitivity in our study 

as well, although we could only show a statistically significant 

decrease in sensitivity for lesions in patients who had undergone 

chemotherapy over the last month before their PET/CT. Rappeport et 

al. also showed a decline in PET sensitivity in patients with 

chemotherapy within 1 month before PET [5]. 
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Only few studies have compared FDG-PET with MRI. 

Rappeport et al. [5] compared FDG-PET/CT with MRI and CT in 35 

patients suspected of LMs from colorectal cancer. Global sensitivity 

of PET in this study was 66%, comparable with the 61% in our 

study. In the Rappeport study, FDG-PET only detected one out of 19 

(5%) LMs smaller than 10 mm, whereas in our study it detected 8 of 

22 (36%). For MRI, Rappeport et al. found a global sensitivity of 

82%. In our study, the sensitivity for SS SE-EPI was 100% and that 

for MRI without SS SE-EPI 90%. In clear distinction to our results, 

Rappeport et al. found PET was more specific than SPIO-enhanced 

MRI. The PPV of PET on a per-lesion basis was 97% in the Rappeport 

study, whereas for MRI the PPV was only 87%. In our study, PPV 

was 100% for both modalities. Rappeport et al. [5] did not include 

3D T1-weighted sequences as we did, but 2D sequences for dynamic 

images. This may have influenced the detection and characterization 

of LMs by MRI. 

Sahani et al. [30] retrospectively compared mangafodipir 

trisodium-enhanced MRI of the liver and whole-body FDG-PET within 

a 6-week interval in 27 patients with adenocarcinoma of the colon 

and 7 with adenocarcinoma of the pancreas. They used a reference 

standard similar to ours: surgery in most cases, follow-up imaging in 

others. On a per patient basis these authors found a sensitivity for 

PET of 100%, comparable with our 96% and a PPV for PET of 90%, 

less than the 100% in our study. Global sensitivity of PET on a per 

lesion basis in their study was 67%, again comparable with the 61% 

in our study. For FLLs smaller than 10 mm, sensitivity dropped to 

36%, as in our study. Unlike our study, however, Sahani et al. found 

some additional LMs at surgery, resulting in a sensitivity of only 81% 

for MRI. Moreover, some lesions found at MRI turned out not to be 

LMs, resulting in imperfect specificity and a PPV of 90% for MRI in 

138



Chapter 6 

 139

the study of Sahani et al, in contrast to the 100% PPV in our study. 

The different MRI sequences used by Sahani et al. may account for 

these differences between their results and ours. 

The size of our patient sample was rather small. This was 

partly caused by logistic difficulties in obtaining pretreatment MRI 

and FDG-PET/CT within a period of 3 weeks. This constraint, 

however, was felt necessary to minimize growth of LMs between the 

different imaging studies. Our sensitivity estimates may be biased, 

by the fact that FLLs on imaging were used to select patients for 

operation and by limitations of intra-operative findings or imaging 

follow-up. Still, most patients were operated on with histologic 

correlation of the lesions. Sensitivity of PET may have been lowered 

by previous or ongoing chemotherapy; although this reflects the real 

situation in this setting, the sensitivity of PET in chemotherapy-naive 

patients will be higher. Since this study focused on LMs, we have 

chosen to analyse the PPV rather than the specificity of the imaging 

methods.  

The CT protocol used with PET was not optimized for 

detecting LMs, since CT was primarily used for anatomic reference 

and for attenuation correction [21]. Futhermore the CT part of the 

PET/CT system was only 4 slices. Therefore, a further comparison of 

PET and MRI with stand-alone CT for detecting LMs, was not deemed 

fair on the data from this study. 

In conclusion, this prospective study shows that MRI, 

particularly with use of unenhanced SS SE-EPI, has good sensitivity 

as well as PPV for detecting LMs from colorectal carcinoma. MRI 

outperforms FDG-PET in this setting, in particular for small (<10mm) 

LMs. The results of this study suggest the decision to perform liver 

resection should be based on MRI. This would limit the role of FDG-
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PET/CT in this setting to detecting extrahepatic disease, as has been 

suggested before [10]. 
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