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Change in diffusion weighted MRI during liver cancer
radiotherapy: Preliminary observations
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Abstract

Purpose. To evaluate diffusion weighted magnetic resonance imaging (DWI) in liver and liver cancers during and following
conformal radiotherapy (RT). To determine the feasibility of using changes in apparent diffusion coefficients (ADC) as a
potential surrogate for tumour control or normal tissue injury. Materials and methods. Patients on a six-fraction conformal
liver RT protocol underwent DW-MRI at the time of treatment planning, during RT (week one and two) and one month
following RT. Diffusion weighted MR images were acquired in exhale breath hold, using b-values of 0 and 600. Regions of
interest (ROIs) corresponding to maximal tumour dose, high-dose peri-tumour liver, irradiated normal liver, non-irradiated
liver, and spleen were analyzed on ADC maps. Results. Eleven patients (four hepatocellular carcinoma, five liver metastases,
two cholangiocarcinoma) were evaluated. The baseline median tumour ADC of 1.56 x 10 >mm®?/sec increased to
1.89 x 10~ >mm®?/sec at RT week one, t01.91 x 10°mm?/sec during week two and to 2.01 x 10 ~>mm?/sec at one month
following treatment (p <0.0001). Early increases in mean ADC were correlated with higher dose and sustained tumour
response, whereas RECIST and volume changes on T2 images were not. Peri-tumour mean ADC also increased, from
1.40 x 10 ~>mm?/sec (baseline) to 1.55 x 10~ >mm?%sec (RT week 2) and 1.64 x 10 ~>mm?/sec (follow-up). Small ADC
changes were seen in the irradiated liver, and no significant changes were seen in the un-irradiated liver. Conclusions.
Changes in tumour ADC were seen during RT. Larger increases were correlated with higher doses and increased likelihood
of response.

Diffusion-Weighted MR Imaging (DWI) derives
contrast from regional differences in mobility of
water molecules and has been related to cyto-
toxic edema and necrosis in brain tissues [1,2].
Diffusion co-efficients are not directly measured
but are expressed as apparent diffusion co-efficients
(ADC) in millimetres squared per second, measured
on MR images. Early increases in ADC in metastatic
liver tumours, breast cancers, spinal metastases and
bone sarcomas can be seen following anti-cancer
treatment, and have promise to be used as an early
surrogate for long-term response [3]. Although in
each of these sites, the timing of evaluation appears
to be important, as initial increases in ADC values
best correspond to response when measured early

(days to weeks) following treatment, and precede
volumetric response measurements, the timing is
variable amongst diagnoses, and treatment types
[4,5].

Changes in liver mean ADC have been observed
in the absence of radiographic response to chemo-
embolization, chemotherapy or hepatic arterial de-
livery of 90-Yttrium microspheres [6-9]. If mean-
ingful changes in tumour or normal tissue response
could be measured early in a course of radiotherapy,
the potential exists for adaptation to the change,
possibly improving the therapeutic ratio. This would
only be useful if early changes were related to
clinically relevant long-term outcomes, and could
be of particular significance for liver cancer radiation
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therapy (RT), where many patients are not cured
and liver toxicity is a possibility; i.e. it is desirable to
determine early who is more likely to respond to RT
and who is not.

DWI has long been used to evaluate intracranial
diseases and detect early or subtle changes within the
brain before any visible abnormality can be seen on
conventional morphological imaging [7,9]. With
developments in MR technology, such as echo-
planar imaging (EPI), high-gradient amplitudes,
multi-channel coils and parallel imaging, it has
been possible to extend the applications of DWI
extra-cranially.

As described by Hamstra [3] and others, an
increase in ADC suggests a loss of cellular mem-
brane integrity or an increase in extra-cellular fluid
with corresponding decrease in cellular size and/or
number, such as in necrosis or apoptosis. As such, if
necrosis represents tumour death (i.e., treatment
response), DWI may have a role as an early indicator
of pathologic, radiographic or clinically relevant
endpoints [3]. Changes in ADC of liver and meta-
static breast cancers can precede or be observed
in the absence of traditional radiographic response
to chemotherapy, chemo-embolization or targeted
liver radiotherapy using yttrium-90 microspheres
[4,10-13]. ADC changes are generally not seen in
untreated lesions, non-tumour bearing liver and
normal tissues (spleen, skeletal muscle) following
chemo-embolization [4]. Some studies have demon-
strated correlations between ADC changes and
ultimate tumour response, suggesting ADC changes
may be useful as an early predictor of response and
long-term tumour control.

This paper investigates the feasibility of using
DWI and ADC maps to assess and predict normal
tissue and liver cancer response to hypofractio-
nated conformal radiation therapy (RT). For the
tumour and peri-tumour region, we hypothesized
that larger changes in ADC would be associated
with an increased chance of long-term control. For
the liver itself, we hypothesized that a dose
dependent relationship with ADC change would
be observed.

Material and methods

Patients with unresectable liver cancer treated on an
institutional research ethics board (REB) approved
six-fraction, conformal RT study were offered parti-
cipation in a REB approved companion DWI study.
DW images were planned to be acquired at the time
of RT planning (baseline), week one and week two of
treatment, and one month following completion
of RT.
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Patients

Eligible patients had unresectable primary or meta-
static liver cancer, liver enzymes <six-fold higher
than the upper limit of normal, Child-Pugh liver
score A, >800cc normal liver, and no MRI contra-
indications. It was anticipated that 20 patients would
be enrolled in this imaging study; however, accrual
was halted at 14 due to challenges in imaging
analysis and patient recruitment (e.g., scheduling
conflicts, unsuitable breath-holding abilities, and
withdrawal from study prior to follow-up imaging).

Liver radiotherapy

RT planning included simulations (fluoroscopy,
MRI and/or 4DCT) to evaluate liver motion due
to breathing and screening patients for suitability of
treatment with repeat exhale breath holds using
Active Breathing Co-ordination (ABC) [14,15]. All
treatment planning was performed using contrast
enhanced CT imaging and whenever feasible, pa-
tients were treated in ABC exhale breath hold with a
uniform planning target volume (PTV) margin of
5mm. If ABC breath hold was not feasible, indivi-
dualized PTVs based on breathing motion were
used and the patient was treated in free breathing.
Dose was individualized based on the effective
liver volume (Veff) treated, as previously described
[14]. The mean (range) prescription dose was 43.9
Gy (28.8 to 54 Gy) in 6 fractions delivered over
two weeks. RT was delivered under daily image
guidance with patient repositioning for all offsets
>3 mm.

Patient follow-up

Patients were followed after RT at 1, 3, 6, and 12
months, then every 6 months for three years and
annually after that. Dynamic contrast enhanced
computed tomography (CT) scans were obtained at
each follow-up. Tumour control was evaluated using
RECIST criteria at the time of each follow-up scan.

MRI technique

Patients were imaged in voluntary end-exhale breath
hold in a single acquisition, using a 1.5 T MRI
scanner (Excite HD; GE Healthcare. Milwaukee,
WI) and a four-channel phased array torso coil. The
imaging protocol consisted of: breath hold DW echo
planar images using a matrix size 128 x 128; slice
thickness 8 mm; inter-slice gap, 0 mm; b-value 0 and
600 s/mm?; optimized TE (range 67.8, 96.8) and TR
(range 3000, 3775); receive bandwidth, 62.5 kHz; 2
NEX; maximal field of view (FOV) (37.9-43.8 cm).
T2-weighted fast spin-echo fat saturated images were
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also obtained with the following parameters: matrix
size 256 x 160; slice thickness 6 mm, inter-slice gap,
0 mm; TE 90 ms, TR 3 000 ms; receive bandwidth
31 kHz; 1 NEX. All diffusion weighted image
acquisitions were performed using b=0 (the T2
component) and a second b-value (b =600, s/mm?)
so that the average diffusion co-efficient was calcu-
lated from each pair of b-value of 0 and non-zero
values resulting in multiple ADC measurements for a
given location. DWI acquisition time was approxi-
mately 22 s with 14 to 22 slices acquired encom-
passing the liver tumour and as much liver as possible
during a single breath hold. Figure 1 demonstrates
typical baseline imaging. Exhale breath hold was
selected for all imaging to maintain a liver position
consistent with RT planning. Advantages of using
breath hold DWI are retention of good anatomical
detail as images are not degraded by respiratory
motion or volume averaging, making it feasible to
localize small lesions [8].

Image analysis

ADC maps were calculated in Advantage Windows
Workstation (v 4, GE Medical Healthcare) using a
two-point fit with b-value of 0 s/mm?. Although an
attempt was made to acquire multiple b-values
including either 300 or 1000 for all patients, for a
multi point linear fit, image quality was limited and
the analysis was performed at b-values of 0 and
600 s/mm?.

Tumour measurements

Using a radiation treatment planning system, gross
tumour volumes (GTV) were delineated on T2
images in the treatment planning system (ADAC

Pinnacle v. 7.6, Milpitas, CA) so that volume and
diameter measurements could be evaluated using T2
imaging at all available time points, and compared to
the changes in ADC at each time point. To validate
volume assessments on T2 imaging, baseline T2
volume and largest diameter measurements were
compared to baseline contrast-enhanced CT and
contrast-enhanced T1wMRI measurements (used
for GTV delineation and for response monitoring
in the clinic).

Regions of interest selection

Five ovoid regions of interest (ROI) of approxi-
mately 1 cm in diameter were delineated on axial
slices of the planning CT in the treatment planning
system. The ROIs included the high dose irra-
diated tumour, peri-tumour (treated to doses
similar to the prescription dose), normal liver
receiving moderate doses, normal liver receiving
<8 Gy, and the spleen. Given the spleen was not
irradiated, it was selected to serve as a normal
control within a given patient for intra-patient
comparison. These ROIs were subsequently deli-
neated on the ADC map in the Advantage Win-
dows workstation, using a manual visual image
registration and anatomical landmarks such as
vessel bifurcations to localize the ROIs on each
image. ROIs were correlated visually in side-by-side
windows and compared between the planning CT,
the T2, DWI b-600 and ADC map for each
imaging session. ROIs were chosen to minimize
artefacts, image distortions, bile ducts and blood
vessels in all serial images (Figure 1).

To ensure intra- and inter-observer variability did
not exceed the imaging noise, repeat ROI placement

Figure 1. Typical Baseline Imaging. Top Row: Baseline T2 (A), DWI b300 (B) and DWI b600 (C). Images obtained with exhale breath-
hold through same axial region of the tumour. Bottom Row: Typical ROI selection in tumour, peri-tumour and irradiated liver on ADC map
(D), gadolinium enhanced T1 (E), contrast enhanced planning CT with (F) dose map. Gross tumour volume and planning target volume

shown on T1 MRI and CT in blue and pink contours respectively.
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Figure 2. Plots demonstrating population mean ADC values for iradiated and non-irradiated ROIs at baseline, week one, week two and

follow-up.

and ADC measurements were repeated four times in
three patients; once to attempt to reproduce ADC
measurements and ROI placements between two
users in three patients, and thrice to confirm
reproducibility of ADC measurements and ROI
placement for a single user.

Dose determination

The mean dose delivered to each ROI at each time
point was calculated in the treatment planning
system. The mean ADC values in each of the five
ROIs at each time point were compared to base-
line ADC values. Figure 1 shows typical ROI place-
ment.

Statistical analysis

The statistical analysis was completed using SAS
v.9.1 (SAS Institute Inc., Cary, NC). All tests were
two-sided and the alpha was 0.05. The change in
mean ADC over time was examined for all ROIs
using linear mixed models. Mixed models were used
to account for repeated measures on individual
patients. A compound symmetry variance was used
and time was treated as a categorical variable. ADC
values for the tumour, peri-tumour, irradiated liver,
non-irradiated liver and spleen were assessed using
Pearson correlation coefficients to compare ADC
change from baseline. Similar analyses were con-
ducted to evaluate gross tumour volume (GTV)
change and RECIST change on T2 MR images
obtained at the same time points as the ADC
imaging. Correlations were also used to evaluate
the relationship between the GTV (delineated on a
contrast enhanced planning CT) and change in

mean ADC as well as the dose-response relationship
for the tumour and the liver.

Results
Patients

Accrual was halted after 14 patients were entered
into this feasibility study. Of these 14 patients
planned for liver RT between August 2005 and
February 2007 three were excluded because they did
not have sufficient imaging obtained (n =2) or due
to an error in image acquisition (n=1). It was
decided that in order to be evaluated patients should
undergo a minimum of three imaging sessions:
baseline plus a minimum of two (n=3) or three
(n =8) time points during and/or after RT. The 11
patients with sufficient imaging are the focus of this
paper. Four patients had hepatocellular carcinoma
(HCC), five patients liver metastases and two
cholangiocarcinoma. All patients had tumours lo-
cated in the right lobe and the average reproduci-
bility of ADC measurements was small, with a
maximal difference of 11%.

At the time of treatment planning, week one and
two during RT and one month post RT, DWI
datasets using b=0 and b =600 were obtained.
Using day one of radiation as t =0, baseline images
were acquired at a median (range) of —13
days (—8, —32), week one six days (0, 11), week
two, 11 days (7, 14) and one month, 44 days (32,
64) from t=0 respectively. Week one refers to
treatments one to three, and week two refers to
treatments four through six which were delivered
over alternate days. Population changes in mean
ADC values for irradiated and non-irradiated ROIs
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Figure 3. Population mean ADC values for normal liver receiving nominal (<8Gy) and moderate (>8Gy) doses of radiotherapy.

at baseline, week one and two of treatment and one
month post RT are shown in Figure 2.

Normal tissue results

In addition to using non-irradiated spleen as a
control, two liver ROIs were selected for each
patient, to explore the possibility of a dose-response
of DWI MR in the liver; one in (non-tumour) liver
that received substantial dose (>24 Gy in 6
fractions) and one that received low dose (<8 Gy,
in 6 fractions). Statistically significant changes in
mean ADC from baseline occurred only in irradiated
normal tissues. A significant increase in the ADC
was seen in the ROI representing the irradiated liver
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(p =0.002). The largest increase occurred during
the first week of RT, and levelled off towards week
two with a return to near baseline valued one month
following radiotherapy (Figure 3). Changes in the
spleen and un-irradiated normal liver were not
significant (p =0.54 and p =0.62 respectively).

Tumour results

The tumour and peri-tumour ROI demonstrated
statistically significant increases in mean ADC at
each time point (p-value <0.0001 and 0.03 respec-
tively) (Figure 4). Correlations between total dose
delivered to the tumour and mean ADC values for
the entire population were strong and statistically

Peri-tumour p<0.03
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Figure 4. Population mean ADC values for irradiated tumour and peri-tumour ROIs.



Liver radiation therapy diffusion weighted MR 1039

Table I. Percent change in mean ADC for patients at all time points for tumour and peri-tumour.

Mean Tumour Pearson Correlation between Statistical
Dose Population Median Mean ADC dose and median mean ADC significance
Time Point Median (Range) (Range) ( x 10~ %s/mm?) change from baseline p-value
Week 1 18.6(9.6-41) 1.81(1.39-2.50) 0.55 0.08
Week 2 39.3(19.6-63) 1.91(1.48-2.52) 0.60 0.05
Follow-Up 57.3(28.5-63) 2.06(1.49-2.66) 0.73 0.04

significant at one-month post RT (r=0.73, p=
0.04). Details of the patient mean tumour and
peri-tumour doses and percent change in mean
ADC are shown in Table II. Early increases in
mean tumour ADC from baseline were associated
with local control (Figure 5). Table I demonstrates
the relationship between the prescribed tumour dose
and the change in mean tumour ADC from baseline
for all patients. Using this information patients were
divided into three groups: “responders” (patients
with partial and complete in-field RECIST re-
sponses at most recent follow-up, based on contrast
enhanced (CE) CT imaging; n=4), “stable”
(patients with stable in-field responses; n=5),
and “progressors” (progressive disease in-field
responses; n =2). The median follow-up time was
nine months (range 1.5-36 months). The “respon-
ders” had larger week one changes in tumour mean
ADC compared to “stable” and “progressors” over
all time points (Figure 5).

All patients, demonstrated an initial rise in mean
tumour ADC from baseline to week one. At week
two, 10/11 patients continued to have increases in
mean ADC within their tumours (Table I). Two
patients (1 and 11, both responders) continued to
have large changes in ADC at one month post-
treatment within the tumour. The magnitude of
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Figure 5. Change in mean ADC values from baseline to each
subsequent imaging session, relative to delivered dose to tumour
region at the time of imaging. Responders (R) shown in solid
black, patients with stable disease (S) shown in solid grey, and
patients with progressive disease (), shown as open shapes.

mean tumour ADC change was correlated with dose
delivered (r=0.76, p <0.03).

Contrast enhanced MR imaging was not per-
formed following the baseline imaging, and as such
tumour RECIST response was challenging to docu-
ment at each time point. The baseline tumour
volume demonstrated a weak negative correlation
with ADC change following treatment (r = —0.65,
p =0.08) (Table III), suggesting smaller tumours
may respond better to treatment. Because prescrip-
tion doses were based on the effective liver volume
irradiated, baseline tumour volumes and RT dose
were correlated, with smaller tumours receiving
greater doses (Figure 6).

In contrast to ADC changes seen early during RT,
there were no significant changes or trends in
RECIST response or volumetric response of tu-
mours assessed using T2 MRI at the same time
points when ADC measurements were made, as seen
in Figure 7. Negative correlations between tumour
volume and RECIST response to ADC were seen at
most time point and were not statistically significant
(Figure 7). Strong correlations between GTV were
seen on T2 imaging with T'1 contrast enhanced MRI
measurements (r =9.97, r =0.98) and with contrast
enhanced CT imaging (r=0.98, r= —0.97) were
seen, validating the use of T2 tumour response
assessment at these time points (since contrast CT
or MR was not available at these time points for
GTYV response assessment).

Discussion

DWI provides qualitative and quantitative insight
into tumour characteristics, and has the potential to
predict response to cancer therapy. Our preliminary
experience in primary and metastastic liver cancers
suggests early increases in tumour mean ADC are
correlated with eventual response to radiation treat-
ment and is in keeping with the results of others
[3,10,12,13]. When compared to baseline, the great-
est early increase in tumour mean ADC was seen
during the first week of RT. Other authors have seen
increases in ADC as early as 4-11 days post start of
anti-cancer treatments [10,11,13]. Theilman et al.
investigated the relationship between lesion sizes at
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Table II. Correlation and significance of delivered tumour dose and change in mean ADC (all patients).

Tumour Peri-Tumour
Response/Dx Patient Time Point Dose % Mean ADC A Dose % Mean ADC A
Responder 1 wk1 29.9 67.7 27.6 6.8
HCC wk2 59.8 76.4 55.2 7.4
flu 59.8 103.5 55.2 4.1
Responder 2 wk1 41 20.9 21.4 —0.3
METS wk2 51.3 22.1 21.4 —-9.1
flu 61.5 28.7 32.1 1
Stable 3 wk1 19.1 20.9 15.2 15.2
METS wk2 57.3 26.3 45.5 13.4
flu 57.3 28.3 45.5 7.1
Responder 4 wk1 19.1 13.3 8.3 7.7
METS wk2 38.1 19.6 17.8 13.9
flu 57.3 28.5 24.9 18.9
Non-Responder 5 wk1 10.8 4.2 11.1 8.3
CHOLANGIO wk2 27.1 6.1 27.8 12.1
flu 32.5 6.9 33.4 17.8
Stable 6 wk1 23.6 7.5 22.6 12.4
HCC wk2 29.3 16.1 28.3 15
flu 35.1 7.9 34 80.9
Stable 7 wk1 12 7.7 10.1 10.5
METS wk2 23.9 —-2.5 20.1 16.9
flu 35.9 5.5 30.2 18.4
Responder 8 wk1 9.6 16.3 4.8 8.4
HCC wk2 47.8 19.4 23.8 11.7
flu N/A N/A N/A N/A
Stable 9 wk1 18.8 4.3 15.2 9.2
HCC wk2 31.3 14.9 25.3 —0.7
flu N/A N/A N/A N/A
Non-Responder 10 wk1 26.6 14.9 19.3 14.8
CHOLANGIO wk2 39.3 15.6 29 31.1
flu N/A N/A N/A N/A
Responder 11 wk1 35.3 72.4 38.4 —7
METS wk2 63 52.5 57.6 —4.7
flu 63 62.1 57.6 7.7

HCC =hepatocellular carcinoma; CHOLANGIO =cholangiocarcinoma; METS =metastatic liver tumours.

baseline with response predicted by changes in mean
ADC [10]. There was a trend towards smaller
lesions having larger changes in ADC, similar to
our findings.

The novelty of this study is the potential use of
functional MRI as a non-invasive, radiation-free
method of assessing radiotherapy response early,
before it is clinically obvious using standard imaging

Table III. Correlation between tumour volume at baseline with
mean change in ADC.

Parameter
Estimate 95% CI p-value
Volume*diff_wk1_base —0.61 —0.88, 0.02 0.05

Volume*diff wk2_wk1 0.23
Volume*diff wk4_wk2 —0.60

—0.44, 0.72 0.50
—0.91, 0.23 0.12

at the same time points. This study shows that dose
dependent change in ADC occurs in tumours. A
significant dose dependent response in the irradiated
liver was not observed. If further studies validate that
the ADC response is related to eventual long-term
tumour control, DW-MRI could be used as an early
imaging bio-marker for tumour control detected
earlier than standard RECIST response.A strength
of this study is that all patients were imaged in exhale
breath hold to maximize reproducibility of the liver
shape and position, and 8 of 11 were treated in exhale
controlled breath hold liver immobilization [16]. The
use of breath hold, daily image guidance and reposi-
tioning for offsets increases the concordance of RT
planned and delivered doses, compared to non breath
hold, non image guided radiotherapy [17]. Little is
available in the literature on DWI response of normal
tissues to RT [18]. We investigated whether a dose-



70

4 Prescription Dose O Delivered Dose

60
50

4 L 4
40 g‘ e

30 (W

Dose (Gy)

L (|

20+

10 A

T T T T
100 200 300 400
Tumour volume at baseline (cc)

1
500

Liver radiation therapy diffusion weighted MR 1041

3 [1 Baseline mean ADC @ Follow-up mean ADC
2.5
2@ O

[32]
2 °
S
0 ] ﬂ
O 1.5
2 15H 0 e
8 0
Q 14
e

0.5

O T T T T 1
0 100 200 300 400 500

Tumour volume at baseline (cc)

Figure 6. Dose versus baseline tumour volume (left). Mean ADC at baseline (solid) and in follow-up (open square) versus baseline tumour

volume (right).

response in ADC may exist in the irradiated liver that
could be used as a measure of a ‘bio effect”, possibly
related to long-term injury. As expected, the irra-
diated liver showed some response although not as
great in magnitude as the tumour response, with no
statistically significant dose response observed. The
un-irradiated liver (<8 Gy in 6 fractions) showed little
change in ADC during and following RT.
Limitations of this study are the small patient
population, and the selection of only five ROIs at
each time point per patient. The use of volumetric
analysis, which was not available at our institution at
the time this work was undertaken, would have
enabled, multiple sampling of more regions using
multiple b-values, in more patients could possibly
demonstrate a more significant ADC dose effect in
the irradiated liver. Furthermore, three-dimensional
measurements of ADC would allow more sampling

Volume (cc) vs. Timepoint

Mean ADC x10-3 mm/s vs Timepoint

across more regions, to increase the power to detect
a dose response if one exists. Three-dimensional
ADC measurements combined with deformable
image registration should strengthen future studies
of ADC change in serial imaging post therapies that
may lead to liver deformation (e.g., radiation ther-
apy) [19].

As this is a small study, with large variation among
the measured ADC values at baseline and follow-up,
it is difficult to ascertain from this small cohort,
whether these variations indicate the results are
representative of groups of individuals (most likely)
rather than individual patients (less likely). The
groups of individuals may be represented by diag-
nosis, tumour burden or underlying liver disease. As
such further investigation as to the cause of this
variability are warranted, but were beyond the scope
of this project. Future work to validate these
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preliminary findings should include greater numbers
of patients categorized by diagnosis, and with more
tightly maintained time-lines with smaller spans in
the timing of the evaluations.

In addition to un-irradiated liver, the un-irra-
diated spleen was chosen as a control for normal
tissue. However, some variation in the diffusion of
the spleen between patients due to alterations in
portal flow and portal venous hypertension is
possible. It is also possible that radiation induced
changes in the liver or tumour response could cause
some alteration in portal venous flow changing the
ADC of the spleen.

The use of breath hold immobilization is a
challenge also since it limits the number of b-values
that can be acquired over the duration of the image
acquisition, resulting in poorer signal to noise
compared to multiple averaging methods, and
greater sensitivity to pulsatile and susceptibility
artefacts (from air in stomach or colon) [8]. Limita-
tions not unique to this study include the inherently
noisy nature of DW imaging, spatial and temporal
heterogeneous nature of the tumour microenviron-
ment that may result in summary statistics (mean
ADC) inadequately reflecting lesion heterogeneity,
and that little is known about the reproducibility of
DWI measurements. Kim et al. [20] and Koh et al.
[8] described the challenges associated with appro-
priate b-value selection in extra-cranial DW imaging,
as selecting values too low will overestimate, and
selecting values too high will underestimate the
ADC of liver tumours due to their sensitivity to
motion. Although recognized as challenges poten-
tially limiting the interpretation of DWI results, a
complete discussion of these technical imaging
aspects are however, beyond the scope of this
preliminary analysis.

It is not known if the radiographic tumour re-
sponses in this study will lead to permanent local
control, but at last follow-up the “responding’
patients had continued in-field response at 19, 24,
28 and 32 months post RT. It is also unclear if the
early changes in tumour ADC were related to
delivered dose or likelihood of response, since dose
and response were correlated. These preliminary
results are in keeping with the literature [3-5,10—
13,21-25], suggesting DW imaging may be a useful
tool in the prediction of long-term tumour response
to anti-cancer therapy. Initial increases in mean ADC
in irradiated tissues (e.g., at week one of RT) may be
the result of early epithelial apoptosis and/or a
preliminary inflammatory response to the radiation.

This is the first report of DWI changes in patients
with primary and metastatic liver cancers observed
in liver tumours and irradiated liver, early during a

course of RT, with a suggestion that these changes
are associated with long-term response.
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