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Abstract
Objectives To identify dynamic contrast-enhanced (DCE) imaging parameters from MRI, CT and US that are prog-
nostic and predictive in patients with metastatic renal cell cancer (mRCC) receiving sunitinib.
Methods Thirty-four patients were monitored by DCE imaging on day 0 and 14 of the first course of sunitinib
treatment. Additional scans were performed with DCE-US only (day 7 or 28 and 2 weeks after the treatment break).
Perfusion parameters that demonstrated a significant correlation (Spearman p < 0.05) with progression-free survival
(PFS) and overall survival (OS) were investigated using Cox proportional hazard models/ratios (HR) and Kaplan-
Meier survival analysis.
Results A higher baseline and day 14 value for Ktrans (DCE-MRI) and a lower pre-treatment vascular heterogeneity
(DCE-US) were significantly associated with a longer PFS (HR, 0.62, 0.37 and 5.5, respectively). A larger per cent
decrease in blood volume on day 14 (DCE-US) predicted a longer OS (HR, 1.45). We did not find significant
correlations between any of the DCE-CT parameters and PFS/OS, unless a cut-off analysis was used.
Conclusions DCE-MRI, -CT and ultrasound produce complementary parameters that reflect the prognosis of patients
receiving sunitinib for mRCC. Blood volume measured by DCE-US was the only parameter whose change during
early anti-angiogenic therapy predicted for OS and PFS.
Key Points
• DCE-CT, -MRI and ultrasound are complementary modalities for monitoring anti-angiogenic therapy.
• The change in blood volume measured by DCE-US was predictive of OS/PFS.
• Baseline vascular heterogeneity by DCE-US has the strongest prognostic value for PFS.
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Introduction

Since the early 2000s, the standard response evaluation
criteria for solid tumours (RECIST) have been based on
changes of the anatomical tumour dimensions measured by
routine CT or MRI techniques [1]. The limitations of these
response evaluation criteria are widely acknowledged, partic-
ularly when they are applied to therapies whose anti-cancer
activity is not immediately reflected by tumour shrinkage
[2–4]. For example, the viability of the tumour microvascula-
ture of metastatic renal cell cancer (mRCC) often begins to
change within the first week of targeted therapy, long before
any noticeable reduction in bulk tumour volume [5, 6]. This
observation has motivated efforts to find and validate early
indicators of treatment effect that predict long-term clinical
benefit for individual patients [7].

To date, over 100 independent early-phase clinical studies
have monitored early tumour response to targeted therapies
using dynamic contrast-enhanced (DCE)-CT, MRI and ultra-
sound (US) techniques, mostly in isolation [8–11]. These
methods take advantage of the pharmacokinetics of intrave-
nously injected contrast agents, which are intricately related to
vascular function and cellular metabolism [12–18]. Although
numerous publications discuss the value of these imaging mo-
dalities in editorials, review papers [7, 19, 20] and within the
pre-clinical literature [21, 22], none of them are accepted as
standard of care for kidney cancer patients.

To our knowledge there are no clinical trials that have com-
pared the value of all three modalities (DCE-MRI, DCE-CT
and DCE-US) within the same patient cohort. Therefore, the
current study seeks to identify and compare prognostic and
predictive parameters of DCE-MRI, DCE-CTand DCE-US in
the same group of patients receiving sunitinib for metastatic
renal cell cancer.

Materials and methods

Clinical study population and imaging schedule

The institutional ethics review board approved this pro-
spective phase II study and all patients gave written in-
formed consent. Eligible patients were to start first-line
sunitinib therapy and had histologically confirmed clear
cell mRCC at first presentation with either an unresected
primary with metastatic disease or abdominal metastases
following a prior nephrectomy. Cancer sites had to be ame-
nable to imaging by all three imaging modalities (MR, CT
and US) and ECOG performance status 0 or 1. One prior
cytokine therapy was allowed.

Thirty-four consecutive patients were enrolled and follow-
ed between 4 June 2007 and 21 November 2014 (Table 1).
Patients were monitored by DCE imaging before and during

the first course of sunitinib given on a schedule of 50 mg daily
for 4 weeks followed by a 2 week drug holiday. All 34 patients
were imaged at baseline and day 14with DCE-MRI, -CTand -
US. Given the relative simplicity of DCE-US imaging, addi-
tional scanning was performed by DCE-US only on day 7
(n = 22) or day 28 (n = 9) and after a 2-week treatment break
(n = 27). This was to provide insight into perfusion changes
that may occur within 1 week of therapy and after the 2-week
treatment break before re-initiating therapy. The day 28 DCE-
US scan was dropped early into the study due to the extra time
burden placed on patients that was leading to poor compli-
ance. After the first course of therapy, standard-of-care CT
imaging was performed every 2-3 months until progression.
After progression, patients were followed for overall survival.
Clinical prognosis was determined using the Heng group
criteria for mRCC [23].

Imaging methods - overview

DCE-US was used to identify the target lesion, which
was either a primary renal mass if present or an accessi-
ble metastasis post-resection. Scanning was performed by
one of two radiologists with 26 and 10 years of sonog-
raphy experience. The slice orientation of the baseline
US scan was subsequently reproduced during CT and
MRI scanning and image analysis as well as possible.
Dynamic data were extracted slice by slice from a region
of interest (ROI) that encompassed the entire lesion and
fitted to the modality-specific kinetic models described
below. Median values for each parameter were calculated
from the different image slices for each patient at each
treatment time point. Image quantification and parameter
extraction were blinded to patient outcome variables.

DCE-MRI

DCE-MRI data were acquired at 1.5 T (GE Signa, GE
Healthcare, Milwaukee, WI) with a spoiled gradient recalled
(SPGR)-based sequence (12 slices, 3 × 3 × 8 mm3, flip angle
15°, TE time 0.968 ms, repetition time of 3.2 ms) with tempo-
ral resolution of 3.7 s for ~ 5 min. Omniscan (GE Healthcare,
Milwaukee, WI; 0.2 mmol/kg) was injected 20 s into the scan.
Data from each region of interest were fitted to a Kety-Tofts
model [18] in MATLAB (R2011a, The MathWorks Inc.,
Natick, MA) to determine the volume transfer constant from
blood plasma to the extravascular extracellular space (Ktrans),
the volume of the extravascular extracellular space as a fraction
of total tissue volume (ve) and the rate constant, which is their
ratio (kep = Ktrans/ve). Pre-contrast T1 values for normalisation
were determined using fast SPGR scans at two flip angles (15°
and 30°, repetition time of 50 ms).

ROIs were drawn to the tumour boundary as determined by
the contrast enhancement within the 15th dynamic image
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(~ 35 s after injection). The arterial input function was obtain-
ed from the signal in the descending aorta with compensation
for the delay in the bolus arrival time between the aorta and
tumour ROIs.

CT and DCE-CT

Clinical CT scans were performed at baseline (pre-treatment)
and follow-up between 26-109 days (mean, 57 ± 23 days) for
assessment of tumour progression measured by RECIST [1].
DCE-CT data were acquired using the GE LightSpeed VCT
(GE Healthcare, Milwaukee, WI), 120kV and 100mAs.
Visipaque (GE Healthcare, Milwaukee, WI) contrast was

injected 5 s after the scan started at a dose of 1 ml/kg and rate
of 5ml/s followed by 30ml of saline at the same rate. The slice
thickness was 5 mm (total range, 4 cm) with in-plane resolu-
tion from 0.5-0.7 mm2. The temporal resolution of the dynam-
ic scan was 1 Hz for the first 55 s and 0.25 Hz for the remain-
ing 52 s.

The slice orientation and location of the dynamic study
were aligned with the ultrasound scan as best as possible by
a radiologist using an initial non-contrast CT scan as a guide.
An arterial input function was determined from a region of
interest (ROI) drawn in the largest available artery at the level
of the tumour. ROIs were drawn around the lesion of interest,
including visually perfused and non-perfused areas (whole

Table 1 Patient characteristics
ID Age [years] No. met sites Heng group Imaging location PFS [days] OS [days]

1 60 5 2 Primary 112 164

2 73 4 2 Primary 31 70

3 48 5 3 Primary 164 164

4 78 1 2 Primary 249 463

5 61 3 2 Primary 171 365

6 81 4 3 Primary 28 68

7 72 2 3 Primary 4 34

8 54 3 3 Primary 220 1527

9 51 1 2 Local rec 150 654

10 66 1 2 Local rec 382 904

11 64 3 3 Primary 197 229

12 45 4 3 Primary 29 98

13 66 3 2 Abd node 249 369

14 65 3 3 Primary 91 120

15 42 3 3 Primary 78 92

16 59 1 1 Liver met 298 1009

17 58 4 2 Primary 435 998

18 56 1 1 Pancreas 1347 1347

19 62 3 3 Omentum 171 234

20 72 1 1 Mesentery 1256 1256

21 56 4 2 Primary 27 35

22 60 1 2 Primary 465 1177

23 48 3 2 Primary 268 492

24 67 1 2 Mesentery 121 206

25 50 2 2 Primary 135 955

26 53 3 3 Primary 108 352

27 76 2 3 Primary 79 101

28 81 1 2 Primary 169 322

29 52 1 2 Liver met 261 713

30 61 5 2 Liver met 807 961

31 73 1 1 Primary 44 920

32 69 1 1 Primary 13 127

33 62 3 2 Primary 287 358

34 54 2 2 Primary 164 559

The size of the tumour masses ranged from 1.80 × 1.50 cm (liver metastases) to 13.8 × 11.7 (primary)
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tumour ROI). The dynamic data were analysed on an imaging
workstation (Advantage Windows 4.2, GE Healthcare,
Milwaukee, WI) using CT perfusion software (Perfusion
3.0, GE Healthcare, Milwaukee, WI) that uses a
deconvolution model [15].

Median blood flow, mean blood volume, mean transit time
and permeability surface area product values for the tumours
were calculated.

DCE-US

DCE-US measurements were performed using an iU22 scan-
ner (C5-1 probe, Philips Ultrasound, Bothell, WA, USA) op-
erating in split contrast-specific and B-mode during a constant
infusion of 0.9 ml of Definity microbubbles (Lantheus
Medical Imaging, Boston MA) diluted in 54 ml of saline,
infused with a syringe pump at 250 ml/h (Medfusion 3500;
Smiths Medical, Dublin, OH) [24]. Disruption-replenishment
measurements were performed over 25-30 s in seven planes
spanning the tumour volume [24]. In summary, the ultrasound
system parameters including image depth, beam focus, me-
chanical index, gain and signal compression were optimised
for each patient during their baseline scan and duplicated for
subsequent visits. Linearised time-intensity data were gener-
ated within an ROI defined by the tumour boundary, using
QLAB (Philips Ultrasound, Bothell, WA, USA) and imported
into MATLAB for curve fitting. The time-intensity data were
fitted with the lognormal perfusion model [12, 25] allowing
the extraction of microvascular parameters reflective of small
vessel blood volume (BV) [26], mean flow speed (MFS), per-
fusion and vascular heterogeneity [27].

Statistical analysis

Initial exploratory analysis used Spearman’s two-tailed corre-
lation coefficient to test the relationship between the median
of the vascular parameters of each patient and time point
against PFS and OS. Parameters that demonstrated a correla-
tion with PFS and OS with a level of significance of p < 0.05
were selected for further analysis. Survival analysis was per-
formed two-fold: The first was based on imaging cut-off
values that separated the patients into groups with a long
and short PFS and OS. Cut-off values for each imaging pa-
rameter were determined by grouping the patients above and
below their median survival time, followed an ROC analysis
to determine the parameter value that maximised the separa-
tion of the groups. A Kaplan-Meier survival analysis was used
to the compare groups. It is important to recognise the limita-
tions of survival analyses that are based on cut-off values in a
small group of patients because they may overestimate the
impact of imaging parameters on survival. In response to this
limitation, a secondary Cox proportional hazard analysis was
used to examine the relationship between the imaging

parameters and OS and PFS, treated as continuous variables.
The results were reported using hazard ratios and their asso-
ciated 95% confidence intervals. All analyses were carried out
using SAS version 9.3 (SAS Institute, Cary, NC, USA).

PFS was calculated from the starting date of sunitinib ther-
apy to the date of tumour progression or death from any cause.
OS was calculated from the starting date of any systemic ther-
apy to the date of death from any cause. The sample size (>30)
for this imaging study was linked to the design of the phase II
clinical trial from which the patient population was drawn
[28].

Results

General changes in DCE parameters with sunitinib
therapy

The majority of the DCE parameters of all the modalities
decreased relative to their baseline level during the first course
of treatment for all patients (Figs. 1 and 2). The exception to
this trend was vascular heterogeneity measured by DCE-US
that was found to increase or remain constant throughout the
cycle (Fig. 2C). The mean flow speed byDCE-US also did not
change. Other notable observations included a reduction in
tumour blood volume (measured by DCE-US) as early as
day 7 of treatment in 11/22 patients (Fig. 2A). DCE-US dem-
onstrated that blood volume was maximally reduced on day
14 in most patients. For the patients that were imaged on day
28, blood volume was noted to in fact increase in 56% of the
patients even though they continued to be treated. After ther-
apy was discontinued on day 28, 14/27 patients had a rebound
in blood volume during the 2-week treatment break (day 42)
while 13 remained stable; however these changes were not
significantly correlated with PFS or OS [29].

DCE parameters predictive of PFS and OS

The survival analysis based on cut-off values (Table 2 and
Fig. 3) demonstrated that a higher baseline Ktrans (DCE-
MRI) and lower baseline vascular heterogeneity (DCE-US)
were associated with a longer PFS (HR, 0.42 and 0.32 respec-
tively). A greater per cent decrease in blood volume (DCE-
US) from baseline to day 14 was associated with a longer PFS
[hazard ratio (HR), 2.6]; the cut-off value was -56%.
Additionally, a larger per cent decrease in blood volume as
measured by DCE-US on day 14, and a higher Ktrans value on
day 14 (DCE-MRI) corresponded to a longer OS (HR, 3.0 and
0.42 respectively). Furthermore, higher baseline values for
blood volume (DCE-CT) and Ktrans (DCE-MRI) and a lower
baseline heterogeneity parameter (DCE-US) were associated
with a longer OS (HR, 0.29, 0.42 and 2.3 respectively).
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Cox proportional hazard analysis found that a higher base-
line and day 14 value for Ktrans (DCE-MRI) and a lower base-
line vascular heterogeneity parameter (DCE-US) were signif-
icantly associated with a longer PFS (HR, 0.62, 0.36 and 5.5,
respectively) (Table 3). Additionally, a larger per cent decrease
in blood volume asmeasured byDCE-USwas associatedwith
a longer OS (HR, 1.45). Of note, we did not find significance
between any of the DCE-CT parameters and PFS or OS.

Discussion

Our DCE-MR findings are in line with the studies performed
by Hahn et al [30] and Flaherty et al [31] who reported that
high pre-treatment Ktrans predicts a favourable treatment re-
sponse to sorafenib. Of note, relative week-to-week changes
in MRI parameters during therapy were generally not indica-
tive of a survival benefit, although one report on ten patients
found a correlation between the mean decrease in Ktrans (r, -
0.617, p = 0.043) and kep (r, -0.598, p = 0.052) with PFS [32].
This general observation can be explained by considering the
assumptions of the pharmacokinetic model from which the
parameters are derived. The Ktrans/kep parameters are general-
ly interpreted as a mixture of flow and vascular permeability
whose relative weighting is likely to shift during the course of

anti-angiogenic therapy [33]. Because RCCs are typically
highly vascularised, baseline Ktrans measurements most likely
reflect the permeability of the tumour microvasculature. The
known microvascular disruption that is caused by TKIs is a
strong confounder of this assumption [5] and offers an expla-
nation for the lack of support for pre-post treatment tests in the
MR/mRCC literature.

DCE-CT is also capable of quantifying tumour vascu-
larity and its response to vascular-targeted therapies. Han
et al [34] studied RCC patients receiving sunitinib or so-
rafenib and found a correlation between tumour enhance-
ment at baseline and response and PFS. In contrast, our
study, like that reported by Fournier et al [35], found that
baseline perfusion parameters were higher in patients with
longer survival times but were not significantly predictive
of outcome except when a cut-off analysis was employed.
Alternative CT based methods continue to be developed to
evaluate tumour response to anti-angiogenic therapy and
predict clinical outcome. These include techniques that
supplement standard measurements of tumour size with
radiologic density [36–38], morphology and structure
[39]. CT texture heterogeneity, entropy and uniformity
are additional parameters that show promise for evaluating
the anti-angiogenic response of metastatic renal cell carci-
noma [40].

Fig. 1 Multi-modality imaging of the same tumour before and during treatment (2 weeks). Changes in tumour dimensions remain relatively stable over
this time period while the patterns of contrast enhancement and uptake are visibly different
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Our DCE-US findings are in agreement with those of
Lassau et al [8] who identified that a 40% or greater decrease
in blood volume, measured from the area under the DCE-US
bolus curve, predicted a longer PFS in 539 patients on differ-
ent types of anti-angiogenic therapy (157 RCC patients) im-
aged before and during therapy. In a second report, Lassau et
al [41] studied 38 RCC patients on sunitinib with DCE-US at
baseline and on day 15 and identified two DCE-US parame-
ters (time to peak intensity and slope of the wash-in) that were
significantly associated with PFS. Furthermore, they found
that the time to peak intensity was significantly associated
with OS. Although both our and Lassau’s work report the
use of DCE-US, it is important to recognise the differences
in how the modality is implemented. Unlike other groups that
administer the contrast agent as a bolus, our study protocol
relied on a continuous infusion of contrast and the method of
disruption-replenishment [24]. The disruption-replenishment
principle [42] removes the uncertainty of the arterial input
function by introducing a negative bolus directly in the tissue
under study. This simplifies the interpretation of the DCE-US

time-intensity curve and introduces a parameter unique to
DCE-US that reflects the level of vascular flow heteroge-
neity [27]. It is commonly accepted from biological studies
that anti-angiogenic therapy first disrupts the smaller ves-
sels of the microvasculature [5, 26]. This selective pruning
asymmetrically reduces the slower flow contributions in
the pharmacokinetics model, effectively increasing the
width of the probability density function of the flow distri-
bution along with the magnitude of the heterogeneity pa-
rameter. The converse may be true when therapy is inef-
fective, in which case a decrease in the heterogeneity pa-
rameter would indicate that the microvasculature is con-
tinuing to develop. The rebound that was observed follow-
ing treatment cessation, although not correlated with out-
come [29], informed the design of a prospective phase II
study where the dose and schedule of sunitinib were
individualised based on toxicity. Many patients were able
to remain on a higher dose for a shorter duration (7-14
days) and with a shortened treatment break of 7 days (thus
minimising the opportunity for ‘rebound’) [43].
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Fig. 2 Data representing the median change in the different imaging parameters normalized to the baseline of the patient population. Vertical bars
represent the interquartile range of the observed response. Most imaging parameters decreased during 2 weeks of anti-angiogenic therapy
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As reported, each modality produced parameters that relate
the pharmacokinetics of their respective exogenous contrast
agents to properties of the tissue microvasculature. All three
modalities produced parameters that were predictive of PFS
and/or OS with similar power, sensitivity and specificity.
DCE-CT parameters were only predictive of outcome at base-
line, while DCE-MR andDCE-US parameters were predictive
of outcome at baseline and with respect to on-treatment time
points. It is difficult to distinguish the difference between a

predictive and prognostic marker in a baseline-only setting
because one cannot say with certainty whether the observed
outcome was related to the natural course of the disease or
influenced by the prescribed therapy. In our study, DCE-US
was the only modality that produced parameters where a per
cent change during therapy was associated with treatment
benefit. Analyses based on changes during therapy are poten-
tially more powerful in a treatment-monitoring setting, as
there is a lower intrinsic variability in the relationship between

Table 2 Survival analysis according to cut-off values for predictors of PFS and OS

Parameter Cut-off Below cut-off Above cut-off HR (95% CI) P
Median parameter Median PFS Median parameter Median PFS

CT Baseline BV 11.1 6.82 (4.05, 10.4) 192 19.8 (15.9, 26.3) 382 0.55 (0.28, 1.1) 0.08

MR Baseline Ktrans 0.46 0.29 (0.23, 0.33) 135 1.1 (0.56, 1.7) 261 0.42 (0.20, 0.89) 0.02

Ktrans on day 14 0.25 0.22 (0.11, 0.34) 171 0.50 (0.34, 1.0) 298 0.55 (0.28, 1.1) 0.09

Baseline kep 1.3 0.98 (0.85, 1.1) 197 1.8 (1.4, 3.4) 465 0.42 (0.21, 0.80) 0.17

US Δ BVon day 14 -43% 49% (-8.3, +170) 122 -82% (-87, -54) 235 2.6 (1.2, 5.7) 0.02

Baseline heterogeneity 1.0 0.77 (0.63, 0.91) 249 1.1 (1.1, 1.2) 150 0.32 (0.14, 0.75) 0.01

Parameter Cut-off Median parameter Median OS Median parameter Median OS HR (95% CI) P

CT Baseline BV 15.6 8.5 (4.4, 11) 164 20 (20.0 27) 904 0.29 (0.13, 0.62) 0.01

MR Baseline Ktrans 0.46 0.29 (0.23, 0.35) 229 1.1 (0.56, 1.7) 713 0.42 (0.21, 0.80) 0.02

Ktrans on day 14 0.27 0.17 (0.11, 0.20) 229 0.41 (0.29, 0.94) 713 0.42 (0.21, 0.80) 0.02

Baseline kep 1.3 0.98 (0.85, 1.1) 369 1.8 (1.4, 3.4) 369 0.62 (0.32, 1.2) 0.17

US Δ BVon day 14 -56% -8.3% (-44, +97) 322 -85% (-91, -78) 654 3.0 (1.3, 6.8) 0.01

Baseline heterogeneity 1.1 0.80 (0.66, 0.98) 713 1.2 (1.1, 1.2) 229 2.3 (1.1, 4.7) 0.03

Data presented as median (25%, 75% quartile)

Fig. 3 Kaplan-Meier survival
plots show a significant difference
between the two groups separated
using imaging parameter cut-off
values (reported in Table 2)
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the observed change in the tumour and drug’s activity, with
each tumour acting as its own ‘control’.

Differences in the predictive level of the three modalities
arise from the kinetics of their respective contrast agents
through the tissue and tumour microcirculation. Crucial to
extracting meaningful quantitative information from the dy-
namics of a contrast injection is an understanding of how the
presence of the agent impacts the modality’s measured signal
and its relation to the local agent’s tissue concentration. Of the
three modalities studied here, the iodinated contrast agents
used in DCE-CT are the simplest to quantify as the change
in the signal attenuation following contrast injection is directly
related to its local concentration [15]. MR contrast enhance-
ment in the presence of gadolinium-based agents is due to
indirect and multifactorial effects that disrupt the local mag-
netic fields and natural tissue relaxation rates. Both of these
agents are small molecules that diffuse through the vascular
endothelium at a rate influenced by the enhanced permeability
of the tumour vasculature. Ultrasound contrast agents are
unique among the three as they remain intravascular through-
out their transit and travel with comparable rheology to that of
red blood cells. The DCE-US signal intensity also bears a
linear relationship with contrast concentration; however, a di-
rect comparison of absolute signal levels between sites is con-
founded by ultrasound attenuation by the skin and other inter-
vening tissues [44]. As such, each imaging modality has its
own strengths and challenges.

DCE-CT scans are fast and readily available in many cen-
tres, but rely on non-negligible doses of ionising radiation.
MRI is a powerful modality that can leverage additional con-
trast mechanisms (diffusion, chemical exchange, saturation
transfer, etc.). However, challenges for widespread adoption

of MRI for therapy monitoring include a substantial technical
infrastructure as a barrier to access. Ultrasound and ultrasound
contrast agents are known to be safe, especially in patients
with compromised renal function, and are widely accessible.
Imaging protocols have been developed that minimise the im-
pact of tissue attenuation and other confounding factors and
operate with a respectable reproducibility of 9-14%. However,
ultrasound imaging is operator-dependent and limited to ab-
dominal organs and other soft tissue targets that are clear from
bone, air and gas. After the acquisition of the scans, the time
required to perform the perfusion calculations is primarily lim-
ited by offline region of interest placement that delineates the
tumour border within each image plane. The efficiency of DCE
perfusion calculations could be optimised with dedicated soft-
ware applications that streamline this quantification process. In
their current form, the imaging techniques described in this
article are not yet applicable to every day practice. Clinical
translation may come with increased exposure and consensus
among practitioners on which technique, modality and param-
eters most reliably impact clinical decision-making. However,
DCE- perfusion techniques are not without meaningful utility.
For example, they could be used to determine the best treat-
ment schedule for novel anti-angiogenic drugs before large
trials are commenced. Specifically, the DCE-US data from
the current study were the basis for the dosing schedules used
in a phase II study of individualised sunitinib where some
patients receive a compressed regimen of therapy with a
shorter time both on and off drug [43].

Future studies could explore how the predictive power of
imaging could be improved by multi-modality combinations
of pre-treatment parameters with early changes following
treatment using generalised linear models. Such a strategy
would leverage the advantages of each modality (e.g. diffus-
ible versus intravascular contrast agents) by incorporating
measures of the pre-existing tumour state with the tumour’s
early sensitivity to the prescribed therapy.

Our study has several weaknesses. For ease of imaging
with all modalities, 24 patients with intact primary tumours
were included in the study. This group of patients is generally
sicker and has a poorer outcome compared to the general RCC
population. Our study would have been improved with in-
creased patient recruitment and by examining additional le-
sions in each patient since response measured at one localised
site may misrepresent the global response.

In summary, dynamic contrast-enhanced MRI, CT and ul-
trasound produce complementary parameters that reflect the
prognosis of patients receiving sunitinib therapy for metastatic
renal cell carcinoma. Blood volumemeasured by DCE-USwas
the only parameter whose change during early anti-angiogenic
therapy predicted overall survival and progression-free surviv-
al. Of all the parameters studies, baseline measurements of
vascular heterogeneity byDCE-US have the strongest prognos-
tic value for PFS.

Table 3 Cox proportional hazards model looking at predictors of PFS
and OS

PFS

Modality Parameter N HR (95% CI) P

CT Baseline BV 29 0.98 (0.95, 1.0) 0.36

MR Baseline Ktrans 29 0.62 (0.41, 0.96) 0.03

Day 14 Ktrans 29 0.37 (0.14, 0.98) 0.05

Baseline kep 29 0.83 (0.68, 1.0) 0.06

US Baseline σf 31 5.5 (0.96, 31) 0.05

Δ rBV at day 14 31 1.31 (0.94, 1.85) 0.12

OS

CT Baseline BV 29 0.98 (0.95, 1.0) 0.24

MR Baseline Ktrans 29 0.81 (0.64, 1.0) 0.07

Day 14 Ktrans 29 0.45 (0.18, 1.1) 0.08

Baseline kep 29 0.89 (0.77, 1.0) 0.11

US Baseline σf 31 2.1 (0.49, 9.2) 0.31

Δ rBV at day 14 31 1.45 (1.0, 2.1) 0.04
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