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Detection of colorectal hepatic metastases
using MnDPDP MR imaging
and diffusion-weighted imaging (DWI)
alone and in combination

Abstract To compare the diagnostic
accuracy of MnDPDP MR imaging
and diffusion-weighted imaging
(DWI), alone and in combination, for
detecting colorectal liver metastases in
patients with suspected metastatic
disease. Thirty-three consecutive pa-
tients with suspected colorectal liver
metastases underwent MR imaging.
Three image sets (MnDPDP, DWI and
combined MnDPDP and DWI) were
reviewed independently by two ob-
servers. Lesions were scored on a five-
point scale for malignancy and the
areas (Az) under the receiver operat-
ing characteristic curves were calcu-
lated for each observer and image set.
The sensitivity and specificity for
lesion detection were calculated for
each image set and compared. There
were 83 metastases, 49 cysts and 1
haemangioma. Using the combined

set resulted in the highest diagnostic
accuracy for both observers (Az=0.94
and 0.96), with improved averaged
sensitivity of lesion detection com-
pared with the DWI set (p=0.01), and
a trend towards improved sensitivity
compared with the MnDPDP set (p=
0.06). There was no difference in the
averaged specificity using any of the
three image sets (p>0.5). Combina-
tion of MnDPDP MR imaging and
DWI resulted in the highest diagnostic
accuracy and can increase sensitivity
without loss in specificity.
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Introduction

In patients with colorectal hepatic metastases, surgical
resection can improve survival [1–3]. Patients with liver
metastases that can be completely resected have a better
5-year survival rate compared with those with irresectable
disease [4]. Using pre-operative chemotherapy, it is possible
to downsize and downstage liver disease to render irresectable
disease resectable [5]. Hence, accurate detection and local-
ization of metastases before and after pre-operative chemo-
therapy can help to identify patients who are most likely to
benefit from surgery.

The detection of colorectal hepatic metastases can
potentially be improved using novel contrast media and new
imaging techniques. Mangafodipir trisodium (MnDPDP), a

liver-specific MR contrast agent administered by intravenous
contrast infusion, demonstrates colorectal hepatic metastases
as hypointense lesions against the avidly enhancing hepatic
parenchyma on T1-weighted imaging. Metastases may also
demonstrate rim and segmental enhancement at 24 h after
MnDPDP contrast administration, which further facilitates
their detection [6]. A 90% detection rate for metastases is
reported with MnDPDPMR imaging compared with 72% for
unenhanced MR imaging and 71% for contrast-enhanced CT
[7].

Diffusion-weighted MRI (DWI) is sensitive to the
molecular diffusion of water in biologic tissues, and recent
advancements have enabled high quality DWI images of
the liver to be obtained. Colorectal hepatic metastases show
high signal restricted diffusion on DWI compared with
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normal liver parenchyma. Using breath-hold single shot
echo-planar (EPI) DWI with parallel imaging, Nasu et al.
found that DWI had a higher sensitivity and diagnostic
accuracy for detecting colorectal hepatic metastases
compared with SPIO-enhanced MR imaging [8]. However,
the utility and diagnostic accuracy of DWI for the detection
of colorectal liver metastases has not been widely reported.
Furthermore, the additional value of DWI to contrast-
enhanced MR imaging is unknown.

Hence, the purpose of our study was to compare the
diagnostic accuracy of MnDPDP MR imaging, diffusion-
weighted imaging (DWI) and the combination of MnDPDP
MR imaging and DWI for the detection of colorectal
hepatic metastases.

Methods and materials

The study was approved by the institution research review
board and ethics committee. Written consent was obtained
from patients prior to inclusion in the study.

Study population

Thirty-eight consecutive patients with liver metastases
from colorectal cancer were prospectively evaluated.
Patient inclusion criteria were: (1) pathologically proven
adenocarcinoma of the colon or rectum, (2) at least one
liver lesion detected at CT or ultrasound imaging that was
diagnostic or suspicious of liver metastasis and (3) patients
were potential candidates for surgical liver resection (i.e.
disease sparing of at least two contiguous liver segments).
The exclusion criteria were patients with contraindications
to MR imaging or prior history of other malignancies, but
none were excluded on this basis. In five patients, no
evidence of metastatic disease was diagnosed at MR
imaging and at follow-up imaging, and they were thus
excluded from analysis. Hence, the final study population
comprised 33 patients (23 males, 10 females), with a mean
age of 57 years (range 45 to 67 years).

MR technique

MR examinations were performed using a 1.5-T MR
system (Gyroscan Intera, Philips Medical Systems, Best,
The Netherlands) employing a SENSE body coil.

Unenhanced T1-weighted (gradient echo, TR=128 ms,
TE=4.6 ms, 450-cm FOV, 256×256 matrix, SENSE factor
1.8, section thickness 7 mm) and T2-weighted (TR=
1,800 ms, TE=40 and 350 ms, α=90°, 450-mm FOV,
256×256 matrix, SENSE factor 1.8, section thickness
7 mm) axial imaging was performed prior to DWI and
MnDPDP contrast administration.

Breath-hold axial single-shot SENSE DWI was per-
formed prior to contrast administration using three gradient
factors (b=0, 150 and 500 s/mm2) applied in the frequency
select (M), phase select (P) and slice select (S) directions
(spin-echo, TR=1,850, TE=56 ms, 340-mm FOV, 112×
256 matrix, images re-interpolated to 256×256 matrix,
7-mm thickness, SENSE factor 2). Twelve sections through
the liver were acquired in each 20-s breath-hold, and the
entire liver (from the level of the diaphragm to the inferior
edge of liver) was typically evaluated in two to three
breath-holds. Nine images were typically obtained at each
level: one b=0 s/mm2 image, one image in each P, M and S
directions at b=150 and 500 s/mm2, as well as the trace or
index b=150 and 500 s/mm2 images.

Following intravenous infusion of MnDPDP (0.5 ml/kg
body weight administered over 20 min), T1-weighted
axial and coronal imaging was performed immediately
(typically 20 to 30 min) and at 24 h after contrast
administration using the same sequence parameters as the
pre-contrast imaging.

Image interpretation and analysis

Two observers (AR and GB, with 5 and 10 years of
experience in abdominal MRI respectively) independently
reviewed all images without knowledge of the results of the
surgical resection or pathologic analysis. The imaging
findings were validated by comparison with histopathology
after surgical resection (n=17) or follow-up imaging (n=
16), which were used as gold standards. At follow-up
imaging (mean period=8 months; range 6 to 14 months), a
lesion was deemed malignant if it showed 20% or greater
change in size.

Images were reviewed on a workstation (e-film, Merge
Heathcare, Milwaukee, WI) as image sets at three separate
readings, with an interval of 1 month between readings.
The image sets were as follows:

(1) MnDPDP image set: Unenhanced T1-/T2-weighted
images were evaluated with MnDPDP-enhanced MR
images.

(2) DWI image set: Unenhanced T1-/T2-weighted images
were evaluated with all (trace and direction) DWI
images.

(3) Combined MnDPDP and DWI image set: Unenhanced
T1-/T2-weighted images were assessed with
MnDPDP-enhanced MR and DWI images.

Focal liver lesions identified at review of each image set
were assessed by individual observers for:

(1) Lesion site. The location of each lesion was recorded.
An anatomic description and slice position of each
lesion was also noted to facilitate subsequent lesion
matching and comparison.
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(2) Lesion size. The largest axial diameter of each lesion
was measured in centimetres.

(3) Lesion characteristics. A lesion was deemed metastatic
if it showed low T1 signal intensity, variable high T2
signal intensity, as well as rim enhancement/peripheral
segmental liver enhancement at MnDPDP MR imag-
ing or high signal intensity on the b=500 s/mm2 DWI
images (Fig. 1). The likelihood that a lesion repre-
sented a metastasis was scored by each observer on a
5-point scale: 1-definitely not a metastasis; 2-probably
not a metastasis; 3-may or may not be a metastasis;
4-probably a metastasis and 5-definitely a metastasis.
Receiver operating characteristic curves (ROCs) were
constructed based on observer’s scoring of lesions
using each imaging set and the area under the curves
(Az) calculated. When imaging-detected lesions were
compared with the gold standard tests, lesions that
were confirmed on the reference standards but not
visible on MnDPDP MR imaging or DWI were
categorised as ‘not seen’ and classified as ‘definitely
not a metastasis’ (score=1) for the purpose of ROC
analysis.

All available imaging and pathologic findings were
independently re-reviewed by a radiologist (DMK) to
evaluate and record the possible reasons why metastases
were missed or misclassified by either observer compared
with the reference standard.

Statistical analysis

Statistical analysis was performed using MedCalc
(MedCalc Inc, Merienke, The Netherlands). Agreement
in lesion scoring at imaging was determined using kappa
statistics. Kappa values of <0.20 indicate poor agree-
ment, 0.21–0.40 slight agreement, 0.41–0.60 moderate
agreement, 0.61–0.80 good agreement and >0.81 very
good agreement.

The overall diagnostic accuracy of each image set was
determined by comparing against the gold standard tests of
histopathology or follow-up imaging. The area under each
reader-specific ROC curve (Az) was calculated and pair-
wise comparison made between and within readers using
the variance z-test.

Fig. 1 Appearance of colorectal metastasis atMnDPDPMR imaging
and DWI. (a) T2-weighted MR shows a mildly hyperintense lesion in
right lobe of liver, which is (b) hypointense on the 20-min post-
MnDPDP enhanced T1-weighted image. (c) The lesions show rim

enhancement at T1-weighted imaging 24 h after contrast administra-
tion. (d–f) DWI images of b=0, 150 and 500 s/mm2 show high signal
intensity restricted diffusion within the metastasis
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The sensitivity and specificity on a lesion-by-lesion
basis (including the 95% confidence intervals) for each
image set were calculated for each observer. Lesions scored
4 and 5 were considered malignant, and lesions with scores
of 1–3 (which included those not seen) were deemed
benign. The averaged sensitivity and specificity of the two
observers for each image set was calculated. Comparison
of the averaged sensitivity and specificity for each image
set was made using the chi-square test. For all statistical
analyses, a p-value of <0.05 was taken to be statistically
significant.

Results

One hundred thirty-three lesions were documented on
histopathology and follow-up imaging in 33 patients, of
which 83 were metastases and 50 were benign (52 cysts, 1
haemangioma). A significant number of cysts (n=25) were
identified in three patients with multiple liver cysts.
Confirmation by pathology was obtained in 40/83 (48%)
metastases and 16/50 (32%) benign lesions. Another 43
lesions showed at least 20% increase in lesion size at
follow-up imaging and were deemed to represent
metastases.

A mean number of 4.3 (range 1–15) lesions were found
in each patient, with a mean size of 19.6 mm (range 5–
95 mm). Forty per cent of lesions were located in the left
lobe with the majority 60% in the right lobe.

Interobserver agreement

There was good interobserver agreement in classifying the
focal liver lesions into categories 1 –5 and ‘not seen’ using
all the imaging combinations. The results for interobserver
agreement for MnDPDP image set (kappa=0.66; 95% CI:
0.55–0.77) and DWI image set (kappa=0.68; 95% CI:
0.57–0.79) were as shown in Tables 1 and 2. There was

also good interobserver agreement in using the combined
MnDPDP and DWI image set (kappa=0.78; 95% CI:
0.67–0.88).

Diagnostic accuracy

The ROC curves for the two observers are presented in
Fig. 2.

(1) Comparison within observers
For observer 1, the diagnostic accuracy of MnDPDP
image set (Az=0.92; 95% CI: 0.86–0.96) was
significantly better than DWI image set (Az=0.83;
95% CI: 0.76–0.89) (p=0.01). However, for observer
2, there was no significant difference between
MnDPDP image set (Az=0.88, 95% CI: 0.82–0.93)
and DWI image set (Az=0.90, 95% CI: 0.84–0.95)
(p=0.54). However, using the combined MnDPDP and
DWI image set resulted in the highest Az in both
observers (observer 1 Az=0.94; 95% CI: 0.89–0.98
and observer 2 Az=0.96; 95% CI: 0.91–0.99). For
observer 1, using the combined image set improved
accuracy compared with the DWI image set (p=0.001),
whilst for observer 2, the combined image set resulted
in better diagnostic performance compared with the
MnDPDP MR image set (p=0.005) or DWI image set
(p=0.02).

(2) Comparison between observers
There was no significant difference in the diagnostic
accuracy between the two observers using MnDPDP
image set (p=0.18) or the combined image set (p=
0.38). However, observer 2 noted 14 lesions on DWI
that were not seen by observer 1 and performed better
using the DWI image set compared with observer 1
(p=0.04).

By classifying lesions that were scored as 4 or 5 as
malignant and those scored 1–3 (including missed lesions

Table 1 Interobserver agreement in the scoring of focal liver lesions
on MnDPDP MR imaging combined with unenhanced T1- and T2-
weighted MR imaging

Observer 1

Observer 2 1 2 3 4 5 ‘Not seen’

1 37 1 0 0 0 2 40

2 2 2 0 1 0 1 6

3 0 1 0 0 1 1 3

4 1 0 0 1 2 0 4

5 2 0 0 2 59 2 65

NS 3 0 0 2 5 5 15

45 6 3 10 73 11 133

Kappa=0.66 (95% CI: 0.55–0.77)

Table 2 Interobserver agreement in the scoring of focal liver lesions
on DWI combined with unenhanced T1- and T2-weighted MR
imaging

Observer 1

Observer 2 1 2 3 4 5 ‘Not seen’

1 38 0 1 0 0 2 41

2 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0

5 2 0 1 0 58 14 75

NS 4 0 0 0 2 11 17

44 0 2 0 60 27 133

Kappa=0.68 (95% CI: 0.57–0.79)
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categorised as NS) as benign, the sensitivity and specificity
of using the three image sets for the identification of
colorectal liver metastases are summarized in Table 3.
There was no significant difference in the averaged
sensitivity of lesion detection using MnDPDP or DWI
image sets. Using the combined image set improved the
averaged sensitivity of lesion detection compared with the
DWI image set (p=0.01, chi square test) and a trend
towards improved sensitivity of lesion detection compared
with the MnDPDP image set (p=0.06, chi square test).
There was no difference in the averaged specificity of
lesion detection using any of the three image sets (p>0.5,
chi square test).

Missed or misclassified metastases at MnDPDP MR
imaging and DWI

The number of metastases that were missed or misclassi-
fied using the MnDPDP set and DWI image set were
compared for each observer in Table 4.

For observer 1, 13/83 metastases were missed or
misclassified using the MnDPDP image set. Of these,

5/13 were missed. On review, all were ≤1 cm in diameter,
3/5 were adjacent to blood vessels (Fig. 3) and 2/5 near
the edge of liver. Eight of 13 were misclassified, of which
7/8 did not show typical enhancement at imaging, 6/8
were ≤1 cm diameter, 2/8 near the edge of liver and 4/8
adjacent to blood vessels. Twenty-five of 83 metastases
were missed or misclassified using the DWI image set. Of
these, 21/25 were missed, but on review, 17/21 could be
identified on careful review of all images, 16/21 were
adjacent to blood vessels (Fig. 4), 15/21 were ≤1 cm in
diameter and 10/21 were associated with DWI artefacts
(Fig. 4). Four of 25 were misclassified because of DWI
artefacts.

For observer 2, 18/83 metastases were missed or
misclassified using the MnDPDP image set. Of these,
9/18 were missed, but retrospective review revealed all
were ≤1 cm, 7/9 adjacent to blood vessels and 2/9 near the
liver edge. Nine of 18 were misclassified, of which 6/9 did
not show typical enhancement features, 7/9 were ≤1 cm, 4/9
were adjacent to blood vessels and 2/9 were near the liver
edge. Eleven ov 83 metastases were missed or misclassified
using the DWI image set. Of these, 2/11 were missed
because of artefacts. Of the 9/11 misclassified lesions, 5/9

Fig. 2 Receiver operating
characteristic curves for the
detection of liver metastases
using the MnDPDP image set,
DWI image set and combined
MnDPDP and DWI image set
by observers 1 and 2. The areas
under the curves (Az) are shown
with their 95% confidence in-
tervals. Box insert displays the
results of variance z-test be-
tween Az values

Table 3 Diagnostic sensitivity and specificity of individual observers and the average in detecting colorectal liver metastasis using
MnDPDP MR imaging, DWI and combination of MnDPDP MR imaging and DWI

Observer 1 Observer 2 Average**

Sensitivity* %
(95% CI)

Specificity* %
(95% CI)

Sensitivity* %
(95% CI)

Specificity* %
(95% CI)

Sensitivity* Specificity*

MnDPDP MRI 84.3 (74.7–91.4) 94.0 (83.4–98.7) 78.3 (67.9–86.6) 92.0 (80.7–97.7) 81.3 93.0

DWI 69.9 (58.8–79.5) 96.0 (86.3–99.4) 86.7 (77.5–93.2) 94.0 (83.4–98.7) 78.3 95.0

MnDPDP + DWI 91.6 (83.4–96.5) 96.0 (86.3–99.4) 92.8 (84.9–97.3) 98.0 (89.3–99.7) 92.2 97.0

*Score of 4 or > indicates metastasis
**95% CI of averaged values not estimated
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were ≤1 cm, 6/9 were adjacent to blood vessels, but all were
associated with DWI artefacts.

Discussion

One of the key challenges to liver imaging in patients with
colorectal metastases is the ability to accurately define the
presence and site of liver involvement which influences
treatment planning. The demonstration of extensive or
unfavourable segmental involvement of liver by tumor
contraindicates surgical resection. By contrast, confident
demonstration of small volume metastatic disease within a

few liver segments allows accurate treatment planning by
surgery or radiofrequency ablation.

By metanalysis, MR imaging was found to be more
sensitive than helical CT, but less sensitive than FDG-PET
imaging for detecting colorectal liver metastases [9].
However, it has been shown that MR imaging can be as
sensitive as FDG-PET [10]. With the introduction of liver-
specific contrast media, ferucarbotran (SPIO) enhanced
MR imaging has proved to be at least as sensitive as
gadolinium-chelates enhanced MR imaging [11]. More
recently, a study revealed that both MnDPDP MR imaging
and SPIO MR imaging have comparably high sensitivity
(84–92%) for lesion detection [12]. Not surprisingly, MR
imaging practices for detecting colorectal liver metastases
vary from institution to institution, and the choice of
imaging technique is likely to be influenced in part by
personal experience and preferences.

In this study, we have demonstrated the improved
diagnostic accuracy of a combined MnDPDP MR imaging
and DWI approach for the detection of liver metastases.
MnDPDP MR imaging on its own has been shown to be a
useful technique for liver metastases [7, 13–15], and
performing studies immediately and at 24 h after intrave-
nous MnDPDP contrast infusion is useful for lesion
detection [6, 16]. In our study, using the MnDPDP image
set resulted in high diagnostic accuracy (Az=0.92 and
Az=0.88), similar to those reported (Az=0.91) in a recent
study [12].

Table 4 Comparison of the detection of malignant lesions (n=83)
using MnDPDP image set and DWI image set by observers 1 and 2

Observer 1 MnDPDP image set

Positive Negative

DWI image set Positive 50 8

Negative 20 5

Observer 2 MnDPDP image set

Positive Negative

DWI image set Positive 59 13

Negative 6 5

*Score of 4 or 5 indicates positive test

Fig. 3 Missed lesion at
MnDPDP MR imaging. (a)
Unenhanced T1-weighted, (b)
T2-weighted, (c) 20-min post
MnDPDP contrast T1-weighted
and (d) DWI b=500 s/mm2

images. The unenhanced
T1- and T2-weighted images
showed a small lesion (white
arrow) in the periphery of the
right lobe of the liver, which
appeared hypointense at
MnDPDP MR imaging, consis-
tent with a metastasis. However,
a further small metastasis
adjacent to the middle hepatic
vein was missed (white arrow-
head). Note non-visualization of
the lesion on MnDPDP MR
imaging. The lesion was clearly
seen at DWI (white arrowhead)
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DWI has not been used routinely for liver imaging as its
implementation in the abdomen is challenging. Technolo-
gical advancements such as parallel imaging, improve-
ments in receiver coils and gradients technology, as well as
echo-planar imaging together, enable high quality DWI
images of the liver to be obtained using single-shot breath-
hold acquisitions [17]. Nasu et al. [8] showed that by
applying such a technique, DWI (Az=0.90) was superior to
SPIO-enhanced MR imaging (Az=0.81) for detecting liver
metastases on a per-lesion basis averaged across three
observers. Recently, it has been shown that DWI performed
after the administration SPIO can also improve lesion
detection by suppression of the liver signal [18].

In our study, the diagnostic accuracy using the DWI
image set was good, but was better for observer 2
compared with observer 1 (Az=0.90 versus Az=0.83, p=
0.04). This difference was most likely related to observer
experience, which has been shown to affect diagnostic
performance. Observer 2 was more experienced in
reviewing DWI images compared with observer 1. DWI
images are sensitive to motion, susceptibility and ghosting
artefacts, which can obscure lesions and confound inter-
pretation. Thus, experience and patience are needed to
build confidence in recognizing abnormalities when
reviewing large numbers of DWI images. Because artifacts

from one directional image may propagate into the
calculated trace or index image, lesions can be missed if
only the trace images are reviewed.

Our study also revealed that missed or misclassified
lesions at MnDPDP MR imaging and DWI were often
≤1 cm in size and found adjacent to intra-hepatic blood
vessels. At MnDPDP MR imaging, both blood vessels and
metastases appear hypointense on T1-weighted imaging,
and small metastases may be mistaken for blood vessels.
Hence, the radiologist should be careful in surveying areas
adjacent to blood vessels when applying this technique.
Using breath-hold DWI, artefacts arising from cardiac
motion or susceptibility effects can obscure lesions,
particularly over the left lobe of the liver [8]. When this
occurs, small lesions adjacent to blood vessels are also
more easily overlooked on the unenhanced T1- and T2-
weighted images. Acquisition techniques that increase
signal-to-noise and decrease artefacts (e.g. free breathing
and navigator-controlled acquisition) can improve the
quality of DWI and should be investigated in future studies.

There were several limitations to our study. Firstly, the
study was conducted in a highly selected population of
patients with colorectal cancer with a high pre-test
probability of detecting metastases. Thus, it is unclear as
to what degree the current findings can be generalized to

Fig. 4 Missed metastasis at DWI. (a) Unenhanced T1-weighted, (b)
T2-weighted and (c) DWI b=500 s/mm2 images. On the T1-
weighted image, there was segmental hyperintensity in the right lobe
due to focal fatty infiltration. A metastasis adjacent to the left
hepatic vein (arrow) was missed because of its close proximity to the

vessel and was not visualized at DWI because of cardiac motion
artefacts over the left lobe of liver. The lesion was revealed as a low
signal intensity lesion (arrow) on the (d) MnDPDP-enhanced T1-
weighted imaging at 20 min, which showed (e) rim enhancement
(arrow) at 24 h after MnDPDP contrast
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the wider population or to patients with other types of
cancers. Secondly, the DWI and MnDPDP MR images
were assessed in combination with the unenhanced T1-/T2-
weighted images. As such, the diagnostic effects of DWI
and MnDPDP MR imaging alone could not be isolated.
However, the image sets reflect clinical practice where
several imaging sequences are usually combined for
diagnostic evaluation. Thirdly, it was not possible fully to
test the ability of DWI to characterize lesions detected since
almost all benign lesions in our study group were cysts.
This may have introduced bias in the results. Fourthly, we
only evaluated the native DWI images and did not review
the ADC maps in this study. However, ADC maps are
usually noisier, and it is doubtful that reviewing these

would improve lesion detection, although it is possible that
ADC maps may help in lesion characterization in future
studies.

Conclusions

In patients with colorectal hepatic metastases, the combi-
nation of MnDPDP MR imaging and DWI improved the
diagnostic accuracy and can increase sensitivity without
loss in specificity, compared with either technique alone.
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