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Abstract

Purpose To determine if magnetic resonance imaging (MRI)
histogram analyses can help predict response to chemotherapy
in patients with colorectal hepatic metastases by using re-
sponse evaluation criteria in solid tumours (RECIST1.1) as
the reference standard.

Materials and methods Standard MRI including diffusion-
weighted imaging (b=0, 500 s/mm?”) was performed before
chemotherapy in 53 patients with colorectal hepatic metasta-
ses. Histograms were performed for apparent diffusion coef-
ficient (ADC) maps, arterial, and portal venous phase images;
thereafter, mean, percentiles (1st, 10th, 50th, 90th, 99th),
skewness, kurtosis, and variance were generated.
Quantitative histogram parameters were compared between
responders (partial and complete response, n=15) and non-
responders (progressive and stable disease, n=38). Receiver
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operator characteristics (ROC) analyses were further analyzed

for the significant parameters.

Results The mean, 1st percentile, 10th percentile, S0th per-

centile, 90th percentile, 99th percentile of the ADC maps were

significantly lower in responding group than that in non-

responding group (p=0.000-0.002) with area under the ROC

curve (AUCs) of 0.76-0.82. The histogram parameters of ar-

terial and portal venous phase showed no significant differ-

ence (p>0.05) between the two groups.

Conclusion Histogram-derived parameters for ADC maps

seem to be a promising tool for predicting response to chemo-

therapy in patients with colorectal hepatic metastases.

Key Points

* ADC histogram analyses can potentially predict chemotherapy
response in colorectal liver metastases.

* Lower histogram-derived parameters (mean, percentiles) for
ADC tend to have good response.

* MR enhancement histogram analyses are not reliable to
predict response.

Keywords Histogram analysis - DWI-MRI - ADC -
Response prediction - Colorectal hepatic metastasis

Abbreviations
MRI magnetic resonance imaging

RECIST response evaluation criteria in solid tumours
ADC apparent diffusion coefficient

ROC receiver operator characteristics

AUCs area under the ROC curve

CLM colorectal liver metastasis

SOS sinusoidal obstruction syndrome

CT computed tomography
PET positron emission tomography
DWI diffusion weighted imaging
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TR repetition time
TE echo time
VIBE volumetric interpolated breath-hold examination

DCE dynamic contrast enhanced
AP arterial phase

PVP portal venous phase

ROI region of interest

CR complete response

PR partial response

PD progressive disease

SD stable disease

PPV positive predictive values
NPV negative predictive values
Introduction

Colorectal carcinoma is the third commonest form of cancers
worldwide with approximately 14.5 % proportion of both
synchronous liver metastases and 5-year cumulative
metachronous liver metastases [1]. The prognosis of colorec-
tal liver metastases mainly depend on the progression of liver
metastases. In patients with resectable colorectal liver metas-
tasis (CLM), preoperative MR imaging have the potential to
improve the detection of lesions and to determine the correct
therapeutic strategy [2, 3], which may lead to better prognosis
and survival. However, the majority of patients with CLM are
not suitable for resection due to the size, location, extent of
disease, etc. Systemic chemotherapy contributes to reduce risk
of recurrence after resection [4], facilitates the resection of
lesions initially not suitable for resection [5, 6] and improves
survival of patients with unresectable liver metastases [7].
However, chemotherapy results in a variety of side effects
on the liver parenchyma such as steatosis, steatohepatitis,
and sinusoidal obstruction syndrome (SOS) [8], which are
associated with higher morbidity and mortality after liver
resection [9—11]. Therefore, considering the high cost and
hepatic toxicity of chemotherapies, prediction of treatment
response before chemotherapy is not only a clinical necessity,
but also an economic requirement.

Traditionally, the treatment effect of chemotherapy is de-
termined by using response evaluation criteria in solid tu-
mours (RECIST 1.1) criteria, which is based on measuring
changes in the longest axial tumour diameter after chemother-
apy on computed tomography (CT) or MRI; however, it lags
behind. Recently, some novel imaging approaches, such as
perfusion computed tomography (CT), positron emission to-
mography (PET)/CT, perfusion magnetic resonance imaging
(MRI), diffusion weighted imaging (DWI) [12-16], are being
developed to predict tumour response before chemotherapy.
Previously published studies focusing on the value of perfu-
sion CT [12, 13] or perfusion MRI [14, 15] for predicting the
response of chemotherapy according to RECIST 1.1 show
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conflicting results. Furthermore, problems caused by the dual
blood supply of liver, lack of standardization, and respiratory
movement during the imaging acquisition of liver perfusion
imaging need to be solved. Previous studies reported that pre-
treatment PET/CT had potential value for prediction of size-
based response categories [13, 14]. Challenges for PET/CT
include limited availability, cost, and ionizing radiation.
DWTI is a functional MR imaging technique that can detect
the mobility of tissue water in vivo, thus can give information
at a microscopic level. Apparent diffusion coefficient (ADC)
describes the velocity and scope of molecular diffusion move-
ment in various directions. Previous studies have indicated the
potential usefulness of DW MR imaging in helping predict
early response to therapy in liver metastases [16—18].

In addition to mean value measurements, histogram as an
advanced technique which can examine the heterogeneity of
voxel, has been indicated to have more advantages when ap-
plied to radiologic imaging [19-22]. Studies had demonstrated
that pre-treatment ADC histogram analysis could be as useful
predictor for chemotherapy/radiotherapy response in patients
with other malignant tumours [23-25]. To our knowledge,
there are no reports yet on the potential value of MR histogram
analysis to predict the response to chemotherapy according to
RECIST 1.1 criteria in patients with colorectal liver metastases.

The purpose of this study, therefore, was to investigate the
value of pretreatment MR enhancement and ADC histogram
analyses in prediction for chemotherapy response in patients
with colorectal liver metastases by using the RECIST1.1
criteria as the reference standard.

Materials and methods

This single-institution study comprised a retrospective evalua-
tion of image data from patients undergoing pre-treatment stag-
ing MR for liver metastases from colorectal cancer. This retro-
spective study was approved by institutional review board of our
hospital and the requirement for informed consent was waived.

Patients

Fifty-three patients (34 male, 19 female) with synchronous or
metachronous liver-limited metastases from colorectal cancer
(stage IV), who underwent fluorouracil-based chemotherapy
at our institution between March 2009 and April 2014, were
included. The study group was selected from the institutional
archive according to the following exclusion criteria: (1) pre-
treatment MR not performed at our department; (2) images of
MR or CT after chemotherapy not available; (3) patients who
received liver local treatment as follows: transarterial
chemoembolization, radiofrequency, radiotherapy or resection
during follow-up; (4) patients who were discovered with other
extra-hepatic metastases before chemotherapy.
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MR examination

All MR images were acquired on a 1.5T MR system
(Magnetom Avanto; Siemens Medical Solutions, Erlangen,
Germany) with a body phased-array coil anterior and a spine
array coil posterior. An axial breath-hold DW (b=0, 500
s/mm?) sequence with a single-shot, echo-planar sequence
was performed by using generalized auto-calibrating partially
parallel acquisition (GRAPPA,R=2) with the following param-
eters: repetition time(TR)/echo time(TE)= 2600 ms/66 ms,
128%112 matrix, 380-400%300-324-mm field of view, 7-cm
section thickness with 2.1-mm gap, and 1500Hz/pixel band-
width. Corresponding ADC maps were automatic calculated
by the standard console software of the system. A 3D T;-
weighted gradient echo sequence (volumetric interpolated
breath-hold examination, VIBE)with GRAPPA (R=2) was
performed before and after injection of the contrast media.
The following parameters as followed: 5.04/2.31 (TR ms/TE
ms), 12° flip angle, 256%192 matrix, 380—400%300-324-mm
field of view, 24-cm slab thickness resulting in an interpolated
4-mm section thickness, and 300Hz/pixel/bandwidth. For dy-
namic contrast enhanced (DCE)-MRI, gadopentate
dimeglumine (Magnevist, Bayer Schering Pharma AG,
Berlin, Germany, 0.1 mmol/kg) was rapidly injected manually
(at arate of approximately 2 mL/s) by one investigator through
a 20-gauge intravenous catheter placed in a cubital or cephalic
vein. Immediately afterward, a 20-mL saline flush was
injected at the same rate. Arterial phase (AP), portal venous
phase (PVP) and equilibrium phase were obtained at 20-30 s,
70-80 s, and 180 s from the start of injection, respectively.

Histogram analyses

Histogram analyses were performed by using Mazda
(MaZda for Windows, B11 ver. 4.6, www.eletel.p.lodz.pl/
programy/mazda/) [26]. For each pre-treatment MR exami-
nation, images including ADC map, AP, and PVP were
separately selected and transferred from the hospital’s
PACS-system to a personal computer. For each patient,
the histogram of the largest available metastatic lesion
was assessed by a single radiologist with 2 years specific
experience in abdominal imaging, who manually delineated
free-hand region of interest (ROI) around the largest cross-
sectional area of the tumour. Gray-level normalization of
each ROI was performed, using the limitation of dynamics
to u £ 30 (1, gray-level mean; and o, gray-level standard
deviation), to minimize the influence of contrast and bright-
ness variation. The histogram data was generated for the
ROI (Figs. 1 and 2) and the following parameters were
calculated: mean, variance, skewness, kurtosis, and 1st,
10th, 50th, 90th, and 99th percentile. These parameters
are defined mathematically in Table 1.

Standard of reference

The evaluation of chemotherapy response was strictly in ac-
cord with RECIST guideline (version 1.1) [27]. For each pa-
tient, one (in cases of a solitary metastasis) or two individual
metastases were selected as target lesions, and the largest di-
ameter of these target lesions was measured on the portal
venous phase of pre-treatment MR as well as post-
chemotherapy MR or CT in hospital’s PACS-system. The re-
sponse of target lesions were categorized as follows. CR
(Complete Response): disappearance of target lesion; PR
(Partial Response): at least a 30 % decrease in the diameters
of target lesions; PD (Progressive Disease): at least a 20 %
increase in the diameters of target lesions; SD (Stable
Disease): neither sufficient shrinkage to qualify for PR nor
sufficient increase to qualify for PD. Note: the appearance of
new lesions or extra-hepatic metastases is also considered PD.
Patients with SD and PD were classified as non-responding
while CR and PR were classified as responding.

Statistical analyses

Baseline characteristics of the patients were expressed as
mean and standard deviation or count and proportion.
Continuous variables were compared with Student’s t test
(or Mann-Whitney U test when not normally distributed),
and categorical variables were compared by the chi-squared
test or Fisher’s exact test as appropriate. Mean values of his-
togram parameters were compared between the groups of re-
sponders and non-responders using Student’s t test, or Mann-
Whitney U test when not normally distributed. For the signif-
icant measures, receiver operating characteristics (ROC) anal-
yses were constructed to determine their potential diagnostic
performance for differentiating the good responders from the
poor responding patients. Corresponding area under the ROC
curve (AUCs) with 95 % confidence intervals (95 % CI) were
calculated. Statistical analyses were performed using the
Statistical Package for the Social Sciences (SPSS, version
21.0, Inc., Chicago, IL, USA) and MedCalc (MedCalc for
Windows, version11.5.0.0, www.medcalc.be). Differences
with a P-value less than 0.05 were considered statistically
significant.

Results

Response to chemotherapy treatment

Patient characteristics and the chemotherapeutic regimens are
detailed in Table 2. According to the RECIST version 1.1
criteria, 38 out of 53 patients were classified as non-

responders (13 progressions, 25 stable diseases), while the oth-
er 15 patients were classified as responders (14 patients
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Area: 12159
MinLum: 24
MaxLum: 153

Fig. 1 Responders with hepatic metastases before chemotherapy. MR images including T2WI (a), arterial phase (b), portal venous phase (¢), and DWI
(d). Regions of interest were manually circumscribed in ADC map (e). Graphs show the corresponding ADC histogram (f)

showed a partial response after chemotherapy, and one patient
showed a complete response). With regard to age, gender, tar-
get therapy (19 patients treated with cetuximab, three patients
with bevacizumab), synchronous or metachronous metastases,
tumour size in largest lesion diameter, the site of target lesion,
time frame between pre- and post-treatment imaging, necrosis,
chemotherapy (without target therapy), there were no statisti-
cally significant differences between the two groups.

The histogram measurements
The mean values of histogram parameters (mean, variance,
skewness, kurtosis, and 1st, 10th, 50th, 90th, and 99th percen-

tile) for ADC map, AP, and PVP images are provided in
Table 3. Mean, st percentile, 10th percentile, 50th percentile,
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90th percentile, and 99th percentile of ADC maps were sig-
nificantly lower in the responding group than that in non-
responding group (p=0.000—0.002). Mean, 1st percentile,
10th percentile, 50th percentile, 90th percentile, and 99th per-
centile of AP and PVP images were slightly higher in
responding group compared with non-responding group, but
the difference was not statistically significant (p=0.36-0.67).
For variance, skewness and kurtosis of ADC maps, AP, and
PVP images, there were no significant differences between the
responder and non-responder (p=0.14-0.85).

Diagnostic performance for assessment of responder

For the abovementioned parameters that showed a significant
difference in the histogram analyses between responder and
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Area: 14511
MinLum: 9
MaxLum: 193

Fig. 2 Non-responders with hepatic metastases before chemotherapy. MR images including T2WI (a), arterial phase (b), portal venous phase (c), and
DWI (d). Regions of interest were manually circumscribed in ADC map (e). Graphs show the corresponding ADC histogram (f)

non-responder (see Table 3), ROC curve analyses were per-
formed to evaluate the performance for assessment of re-
sponder to chemotherapy. Corresponding AUCs, sensitivities,
specificities, positive predictive values (PPV), and negative
predictive values (NPV) were showed in Table 4 and Fig. 3.
The AUCs of the above-mentioned significant parameters of
ADC histogram analyses in prediction of responder to chemo-
therapy were 0.79, 0.76, 0.76, 0.79, 0.80, 0.82 for Mean, st
percentile, 10th percentile, 50th percentile, 90th percentile,
99th percentile, respectively.

Discussion

Our results indicated that histogram-derived parameters for
ADC maps were useful for discrimination between responders
(PR and CR) and non-responders (SD and PD) to chemother-
apy in patients with colorectal hepatic metastases with AUCs
for predicting responders ranging between 0.76—0.82. In con-
trast, histogram-derived parameters for DCE-MR images in-
cluding AP and PVP images were not reliable to discriminate
between responders and non-responders.
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Table 1 Texture parameters and

definitions Texture parameters Formulas Definitions
Mean Ng Average pixel value
=2 ip(i)
i=
Variance Variation from mean gray-level value

=3 (0l

Skewness Asymmetry of histogram

N
u3:0‘3_§ (i)’ p(i)

Kurtosis Flatness of histogram

41;5” L \A s
Mo”3 (i=p)"p(i)-3
=
nth percentile The point at which n % of the voxel values that
form the histogram are found to the left

Note: p(i) is a normalized histogram vector (i.e. histogram whose entries are divided by the total number of pixels
in ROI), i=1,2,..., Ng, and Ng denotes the number of intensity levels

Previously published data focusing on ADC measurement ~ hepatic metastases. However, the results of study by Anzidei
showed conflicting results for predicting response to chemo-  did not support the use of ADC as a potential response pre-
therapy in patients with liver metastases [12, 16, 17]. Kohetal  dictor despite the limitation of the statistical sample in their
[17] reported that mean pretreatment ADC (b values of 150  study [12]. The findings of our study showed that mean, 1st
and 500 s/mm?) of 1.69 x10> mm?*/s had 60 % sensitivityand  percentile, 10th percentile, 50th percentile, 90th percentile,
100 % specificity for identification of colorectal hepatic me-  and 99th percentile of the ADC histogram parameters were
tastases not responding to chemotherapy. Cui et al [16] also  significantly lower in responding group with AUCs up to 0.82
demonstrated that pretreatment ADC values in responding  for identifying responder to chemotherapy.
lesions were significantly lower than those of non- In heterogeneous tumours, regions with densely cellular
responding lesions in the patients with colorectal and gastric ~ concentration have lower ADC, whereas in tissues with less

Table 2 Characteristic or Therapy

All Response to chemotherapy p-value

Responders Non-responders

(n=15) (n=38)
No. of patients 53 15 38
Male/Female, n 34/19 10/5 24/14 0.81
Age (years) (mean + SD) 59.9+£10.7 59.7+10.3 60.0+11.0 0.94
Size, mm (mean + SD) 422 (14.0-116.5) 473+£294 40.2£20.2 0.33
Syn/Metachronous, n 45/8 12/3 33/5 0.53
Mean onset of liver metastasis after the primary diagnosis (months) 4.91(0-120) 0.53
No. of liver metastatic lesions
1 11
2-4 23
5-10 11
>10 8
Site of target lesion (L/R), n 14/39 3/12 11/27 0.73
Necrosis on T2WI (with/without), n 8/45 1/14 7/31 0.42
Chemotherapy (including target therapy): FOLFOX/XELOX, n 44/9
Chemotherapy without target therapy: FOLFOX/XELOX, n 22/9 52 17/7 1.00
Target therapy (with/without), n (19 cetuximab, three bevacizumab) 22/31 8/7 14/24 0.27
Time frame between pre- and post-treatment imaging (months) 2.9 (1-7) 0.99
Imaging for evaluation(CT/MRI) 7/46

Note: SD, standard deviation, FOLFOX, oxaliplatin, calcium formyltetrahydrofolate, and fluorouracil; XELOX, capecitabine and oxaliplatin; CT,
computed tomography; MR/, magnetic resonance imaging
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Table 3  Differences in histogram analyses of apparent diffusion coefficient (ADC) maps, arterial phase, and portal venous phase images between
responders (complete response and partial response) and non-responders (stable disease and progressive disease)

Parameters ADC p-value arterial phase p-value  portal venous phase p-value
Responders ~ Non-responders Responders ~ Non-responders Responders ~ Non-responders
(n=15) (n=38) (n=15) (n=38) (n=15) (n=38)
Mean 104.3+30.5  150.1+46.1 0.001 103.4422.0 98.7+21.2 0.47 106.0£21.7  103.0+£21.4 0.65
Variance 469.4+413.0  494.0+429.0 0.85 454343604  479.9+247.1 0.77 663.8+488.8  696.7+404.2 0.80
Skewness 0.1+0.4 0.2+0.7 0.66 0.3+£0.5 0.3+ 0.6 0.64 0.2+0.6 0.1+04 0.40
Kurtosis -0.3+0.5 0.1£1.2 0.21 -0.2+0.9 -0.4+0.9 0.33 -0.3+£0.9 -0.6+0.7 0.14
1st percentile 64.5+36.0  108.8+48.1 0.002 68.3+26.5 62.3£23.9 0.43 61.9427.5 56.74+26.1 0.52
10th percentile ~ 78.7+33.8  124.5+48.9 0.002 79.2426.1 72.6+22.9 0.36 75.7427.9 70.4+24.7 0.50
50th percentile  103.0+£30.3  149.0+48.3 0.000 101.3£23.4 96.3423.5 0.49 104.5£22.7  101.5£22.8 0.67
90th percentile  130.6+32.8  177.1+43.8 0.000 131.1£22.3  128.1+19.6 0.63 140.1£20.8  137.3£22.3 0.67
99th percentile  149.7+36.4  197.8+41.6 0.000 150.0£23.7  145.0+19.6 0.44 159.1£25.9  153.1£23.5 0.42

Note: Significant results are printed in bold

densely packed obstacles (i.e. necrosis, non-neoplastic tissue)
the ADC values are higher [28]. Both animal models and
clinical studies had also shown that necrotic tissues had higher
ADCs and that lower ADCs in tumours indicated high viabil-
ity [29]. Herneth et al [30] demonstrated that the areas with an
increased ADC within tumour correlated well with areas of
necrosis (reduced cell density) in the animal model with squa-
mous cell tumour. In our study, lesions with lower pretreat-
ment ADC tended to have good response to chemotherapy,
The possible explanations might be that regions of high cell
density within a tumour are usually well perfused, resulting in
high delivery and retention of chemotherapeutic drugs in these
areas. Furthermore, tumour cells in hypoperfusion areas are
exposed to a more hypoxic and acidic environment, which
diminish the effectiveness of chemotherapy.

Apart from the mean values, histograms provide data on
other parameters and give us insight on the distribution of
imaging biomarkers over all voxels for ADC maps. Central
necrosis which is typical in colorectal liver metastases might
increase the ADC value. We chose to analyze an ADC histo-
gram of the tumour that would enable depiction of the

heterogeneity of a lesion (viable portions would show lower
ADC values than those of the necrotic portions). In our study,
the 99th percentile of the ADC results in the highest diagnostic
performance for predicting responding to chemotherapy
(AUC, 0.82). The 99th percentile is a measure indicating the
value below which 99 % of the ADC observations within the
study group fall. In other words, the 1 % maximum values of
the histograms are excluded. These 1 % maximum values
might represent small areas of free fluid (necrosis) within tu-
mour. Exclusion of these 1 % maximum values may thus lead
to ADC data that are better representative for the actual diffu-
sion characteristics of the tumour itself.

In the present study, we failed to demonstrate a benefit for
MR enhancement histogram analyses to predict the response
to chemotherapy. The effect of chemotherapy relies on the
delivery of chemotherapeutic agents which is associated with
vascular supply of liver metastases. In theory, the mean and
heterogeneity of contrast enhancement, implying blood sup-
ply of tumour, might potentially provide predictive informa-
tion for treatment response. This apparent discrepancy might
reflect the fact that enhancement of tumour is a non-specific

Table 4 Diagnostic performance of histogram-derived parameters for apparent diffusion coefficient (ADC) maps in predicting response to

chemotherapy in patients with colorectal hepatic metastases

Parameters AUC (95 %CI) Sensitivity (95 %CI)  Specificity (95 %CI) PPV (%) (95 %CI) NPV (%) (95 %CI)  Cut-off value
mean 0.79 (0.66-0.89) 86.7 (59.5-98.3) 71.1 (54.1-84.6) 54.2 (32.8-74.4) 93.1(77.2-99.2) 123.8
1st percentile 0.76 (0.62-0.86) 93.3 (68.1-99.8) 52.6 (35.8-69.0) 43.7 (26.4-62.3) 95.2 (76.2-99.9) 102.0
10th percentile  0.76 (0.63-0.87) 86.7 (59.5-98.3) 63.2 (46.0-78.2) 48.1 (28.7-68.1) 92.3 (74.9-99.1) 105.0
50th percentile  0.79 (0.65-0.89) 86.7 (59.5-98.3) 71.1 (54.1-84.6) 54.2 (32.8-74.4) 93.1(77.2-99.2) 122.0
90th percentile ~ 0.80 (0.67-0.90) 100 (78.2-100) 57.9 (40.8-73.7) 48.4 (30.2-66.9) 100 (84.6-100) 172.0
99th percentile ~ 0.82 (0.69-0.91) 93.3 (68.1-99.8) 63.2 (46.0-78.2) 50.0 (30.6-69.4) 96.0 (79.6-99.9) 190.0

Note: AUC, area under the receiver operating characteristics curve; 95 %CI, 95 % confidence intervals; PPV, positive predictive value; NPV, negative

predictive value

@ Springer



2016

Eur Radiol (2016) 26:2009-2018

100 b= -
'
H '
- H '
3
80 b=
60 =
?:. -
S
a -
&
o
m ad
40 b=
20 b= .2
]
" i
v |
LER L}
112
0 ' ' . l 1 b . l

Mean; 0.793(0.660-0.892)

Perc0l; 0.755(0.618-0.863)
Percl10; 0.762(0.625-0.868)
. Perc50; 0.785(0.651-0.386)
Perc90; 0.804(0.671-0.900)
Perc$9; 0.816(0.685-0.909)

1 L l 1 L 2 l L ' - l

40

60 80 100

100-Specificity

Fig. 3 Receiver operating characteristic (ROC) curve and corresponding areas under receiver operating characteristic curve (AUCs) of significant
parameters for prediction of responders to the chemotherapy. Numbers in parentheses represent 95 % confidence intervals

marker that is influenced by several physiological correlates
including blood flow, capillary permeability, blood volume,
and extravascular leakage space. Studies reported that the pre-
treatment parameters of blood flow and blood volume derived
from perfusion CT were not useful for prediction of response
[12, 13], while capillary permeability was demonstrated as a
potential response predictor [12]. Of interest, however, was
our finding that a subtle trend towards increased mean, 1st
percentile, 10th percentile, 50th percentile, 90th percentile,
and 99th percentile of AP and PVP images in responders
compared with non-responders, which implies increased vas-
cular supply delivering more chemotherapeutic agents in re-
sponders. In our study, histogram analyses of signal intensity
at a single time point (AP and PVP) may not sufficiently
reflect perfusion status of hepatic metastases, which could
not discriminate vascular supply of responders from non-re-
sponders. One remedy to this problem might be by the appli-
cation of the analysis of dynamic enhanced enhancement,
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which is a relatively new approach to determine perfusion
parameters and quantify the microcirculatory status of hepatic
tumour [15, 31]. Therefore the heterogeneity of blood perfu-
sion as assessed using histogram analyses might become more
evident on MR perfusion parameter maps.

There are several limitations in our study. Firstly, the selec-
tion bias is inevitable because it is a retrospective study.
Secondly, we performed DWI using only two b-values of 0
and 500s/mm?, further studies on the diffusion-weighted im-
aging with multiple b-values for response evaluation would be
helpful [18]. Thirdly, the systemic chemotherapy was vari-
able. In theory, tumours treated with target drugs and standard
chemotherapy increase the response rates compared with stan-
dard chemotherapy alone. However, our study showed no
significant difference for target drugs between responders
and non-responders groups. Fluorouracil was included as a
basic chemotherapeutic drug in the treatment regimen in most
patients in our study. Hence, we believe that the effect of
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chemotherapy regimens on our study results was limited.
Despite small sample, we found that ADC histogram could
be a useful predictor. We plan to pursue future research in this
field with the inclusion of more patients and more variables
such as interval changes in ADC histogram. Fourthly, we did
not use the pathologic response as reference standard. In our
study, only some patients underwent liver metastases resec-
tion. However, treatment response is mainly assessed by
RECIST1.1 in daily clinical practice. Finally, the cases includ-
ed synchronous and metachronous liver metastases and the
pre-metastatic chemotherapy in metachronous liver metasta-
ses might have potential influence on the treatment in this
study.

In conclusion, histogram analyses of ADCs showed high
accuracy for predicting response of chemotherapy in patients
with colorectal liver metastases while MR enhancement his-
togram analyses were not reliable. Furthermore, 99th percen-
tile of ADC map might be the potential treatment predictor.
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