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Abstract

Conventional cross-sectional imaging done shortly after radioembolization of
hepatocellular carcinoma (HCC) does not reliably predict long-term response to
treatment. This study evaluated whether quantitative contrast-enhanced ultrasound
(CEUS) can predict long-term response of HCC to Yttrium-90 (Y-90) treatment. Fifteen
patients underwent CEUS at 3 time points: immediately following treatment, and 1 and 2
weeks post-treatment. Response 3-6 months after treatment was categorized on
contrast-enhanced MRI by two experienced radiologists using mRECIST criteria. CEUS
data was analyzed by quantifying tumor perfusion and residual fractional vascularity using
time intensity curves. Patients with stable disease on MR had significantly greater
fractional vascularity 2 weeks post-treatment (65.15%) than those with partial or complete
response (13.8+9.9%, p=0.007, and 14.9+15.4%, p=0.009, respectively). Complete
responders had lower tumor vascularity at 2 weeks than at post-op examination (-
38.3£15.4%, p=0.045). Thus, this pilot study suggests CEUS may provide an earlier

indication of Y-90 treatment response than cross-sectional imaging.

Keywords: contrast-enhanced ultrasound, CEUS, transarterial radioembolization, TARE,

Y-90, hepatocellular carcinoma, HCC, perfusion, fractional vascularity
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Introduction

Hepatocellular carcinoma (HCC) is the fourth most common cause of cancer mortality
worldwide (Yang, et al. 2019), with a dismal five-year survival rate of 18% (Jemal, et al.
2017). The incidence of HCC has increased by 3% in recent years (Siegel, et al. 2020).
The treatment choice for HCC depends on the liver function, tumor burden, and the
functional status of the patient. Although surgical resection has a five-year survival rate
at 60% (Fan, et al. 2011), it is feasible in only 30% of HCC patients (Llovet and Bruix
2003). Liver transplantation is associated with better long-term survival rates, but requires
a contained disease state (1 lesion less than 5 cm or 3 lesions less than 3 cm) (Llovet, et
al. 1999). Furthermore, because of the increasing incidence along with organ shortages,
liver transplants are feasible for only 7% of HCC patients in the United States (Moon, et
al. 2018). Options for patients with unresectable HCC include locoregional therapies such
as ablation and embolization. Embolization can be performed using transarterial

chemoembolization (TACE) or Yttrium-90 (Y-90) transarterial radioembolization (TARE).

Targeted injection of Y-90-embedded glass microspheres induces extensive tumor
necrosis with relatively low occurrence of adverse events. At our institution,
radioembolization is performed using TheraSpheres (BTG International, London, United
Kingdom), which consist of 20-30 um glass beads containing Y-90. The TheraSpheres
are delivered via a catheter temporarily placed in the hepatic artery branches supplying
the tumor, and, upon lodging in the tumor neovasculature, provides a localized and
sustained release of radiation within the tumor. Recent studies have reported prolonged

time to progression (Salem, et al. 2011), better tumor control (Lewandowski, et al. 2009,
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Riaz, et al. 2009, Riaz, et al. 2010), and improved quality of life in patients receiving
radioembolization compared with traditional chemoembolization (Salem, et al. 2013a).
However, another prospective trial reported similar efficacy of both approaches (Kolligs,

et al. 2015).

Modified response evaluation criteria in solid tumors (MRECIST) is used to describe
HCC response to locoregional therapy (Lencioni and Llovet 2010). These criteria take
into account tumor viability as evidenced by arterial enhancement, using the linear sum
of diameters of the viable tumor observed on contrast-enhanced CT or MRI. HCC
response rate to TARE reported using mRECIST was 25-60% (Andreana, et al. 2012).
Alternatively, studies evaluating HCC response based on reduction in tumor size and
vascularity have reported response rates of 47-89% (Carr 2004, Salem, et al. 2011). The
Y-90 treatment response is typically assessed with contrast-enhanced MRI or CT
performed 3-6 months after treatment. As TARE does not depend on direct vessel
embolization, evaluation of treatment effect in the immediate post-operative period is
challenging. Earlier assessment of the tumor response could potentially improve the
outcomes of HCC patients by allowing faster retreatments in those with residual viable
tumor. Recent reports have shown that quantitative characteristics other than tumor size,
such as changes in tumor perfusion, can provide an early predictor of HCC treatment

response and outcome (Kim, et al. 2019, Serres, et al. 2014, Zocco, et al. 2013).

Contrast-enhanced ultrasound (CEUS) utilizes ultrasound contrast agents (UCAS),

which are gas-filled microbubbles (<10 pym) with a lipid, protein, or polymer shell. These
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bubbles are roughly the same size as red blood cells, so they can pass through the
pulmonary capillaries and are confined to the blood vessels (Lyshchik 2019).
Consequently, they provide effective visualization of the vasculature in different tissues.
CEUS imaging also provides several diagnostic advantages compared to MRI/CT. CEUS
provides real-time imaging (on average 15 frames/second), whereas MRI/CT provide on
average 1 frame every 30 seconds. Additionally, CEUS provides real blood pooling
imaging as the UCAs are large enough to remain within the blood pool, compared to
MR/CT contrast agents that escape the vasculature and pool in the interstitium (Chong,
et al. 2018). UCAs perfuse into the vasculature of HCC tumors, and their wash-in/wash-
out kinetics can be used to characterize liver masses (Shaw, et al. 2015). The safety and
accuracy of CEUS for monitoring HCC response to TACE were demonstrated in a
prospective study (Shaw, et al. 2015). UCAs are able to perfuse into HCC post
radioembolization, due to the fact that the large Y-90 beads (20-30 pum in diameter) do
not completely restrict blood flow to the tumor (Salem, et al. 2013b). Commercially
available flash-replenishment imaging modes can be used to visualize and quantify
contrast perfusion (Lefort, et al. 2012, Wakui, et al. 2011). These flash-replenishment
sequences generate relatively high intensity pulses within a selected sector of interest to
induce UCA cavitation and destruction, followed by lower intensity imaging to visualize
contrast reperfusion. In this pilot study, we evaluated the ability of quantitative CEUS
performed 1 and 2 weeks post-treatment to predict long term response of HCC to Y-90
radioembolization. The goal of this interim analysis is to determine the feasibility of this
method. We hypothesize that UCA reperfusion following flash-replenishment ultrasound

pulses will reflect changes in tumor perfusion and fractional vascularity and provide an
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earlier predictor of Y-90 radioembolization treatment response than standard of care CT

or MR imaging.

Materials and Methods

Patient recruitment and clinical standard care

As part of an ongoing IRB-approved, prospective trial (NCT# 03199274, FDA IND
#126,768) at Thomas Jefferson University, 15 participants scheduled for sub-lobar
transarterial radioembolization (TARE) therapy of a previously untreated HCC tumor (< 6
cm) from July 2017 through February 2020 provided informed consent to be included in
this study (Eisenbrey, et al. 2020), where participants are followed for up to 6 months
post-TARE and the follow up imaging schedule is dictated by the patient’s standard of
care. As part of the standard of care at our institution, TARE with glass microspheres is
used to downstage HCC tumors to within Milan criteria (a single tumor <5 cm or up to 3
tumors where each is £ 3 cm, no vascular invasion, and no extrahepatic involvement).
Radiotherapy was performed using sub-lobar delivery of Y-90 TheraSpheres (BTG
International, London, UK) at doses ranging from 117-152 Gy. Exclusion criteria included
known sensitivities to blood, blood products, albumin, and perflutren, as well as elevated

(> 2 mg/dL) bilirubin levels.

Two board-certified radiologists (A.L. and P.O.) with over 15 years of experience in
body imaging evaluated contrast-enhanced magnetic resonance imaging (MRI) pre-
TARE and at 3-6 months after TARE for each patient and provided a consensus treatment

response assessment using mRECIST (Lencioni and Llovet 2010). For the two
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participants who received further tumor intervention or died prior to the 3-6 month imaging
window, a 1- to 3-month follow up exam was used for the treatment response evaluation.
Time to next treatment (TTNT), as decided by a multi-disciplinary tumor board as part of
the clinical standard of care, overall survival, and transplant status were also monitored

and recorded for each participant.

CEUS examination and analysis

CEUS exams were performed at three time points: 1-4 hours following
radioembolization and at approximately 1 and 2 weeks post-treatment. All imaging was
performed using a commercially available Siemens S3000 Helx Evolution scanner
(Siemens Healthineers, Mountain View, CA, USA) with a 6C1 transducer in dual 2D B-
mode/contrast mode by a sonographer (C.W.) with over 5 years of clinical and research
experience. Participants received an infusion of 5 mL of the UCA Optison (GE Healthcare,
Princeton, NJ, USA) suspended in 50 mL of sterile saline at a rate of 120 mL/hr, based
on data from a larger therapeutic trial (Eisenbrey, et al. 2020), which chose Optison based
on preclinical data (Daecher, et al. 2017). Microbubble infusion was preferred over bolus
injection because the process is more reproducible and allows for more prolonged,
consistent imaging enhancement and better assessment of intra-patient variability

(Albrecht, et al. 1998, Correas, et al. 2000, Tang, et al. 2011).

During each CEUS exam, flash-replenishment sequences were performed at the
tumor midline for UCA destruction/replenishment imaging. Participants were asked to halt

respiration while a 4-second flash/replenishment sequence was transmitted (Ml = 1.13 at
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1.5 MHz, transmitting 2.3 us pulses at 100 Hz), followed by nonlinear imaging of contrast
replenishment at lower intensity using Cadence Pulse Sequencing (CPS, Ml = 0.06) for
10 seconds. Three to five of these flash/replenishment sequences were performed at the
tumor midline to evaluate and quantify tumor vascularity changes over time. These cine
clips of the flash/replenishment sequences were collected within the first 3 to 4 minutes

of the CEUS exam, each lasting from 5 to 15 seconds long.

Ultrasound contrast time-intensity curves were generated offline using Matlab
software (MathWorks, Natick, MA, USA) to quantify residual fractional vascularity and
perfusion post-treatment over the entire cross-sectional area of the tumor midline using
a segmentation algorithm. Contrast replenishment time intensity curves were fitted to a
2-parameter exponential recovery curve: VI = a(1 — eP), where VI represents video
intensity; a (in dB) represents the asymptotic plateau correlative of the microvessel cross-
sectional area; and B (in mm/s) represents the blood velocity (Krix, et al. 2003a, Krix, et

al. 2003b).

Statistical analysis

Statistical analysis was performed with GraphPad Prism 8 (GraphPad Software, La
Jolla, CA, USA), with p-values below 0.05 indicating statistical significance. Consensus
MRECIST outcomes were used as the reference standard in all cases. Comparisons
between treatment groups were performed using a one-way ANOVA with Bonferroni

correction for multiple comparisons. Comparisons between exam time points were
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performed using paired t-tests, and comparisons between treatment groups at each time

point were performed using unpaired t-tests. Error bars represent standard deviation.

Results

Participant Characteristics

Participant demographics are summarized as a whole and by treatment group in Table
1. There were no significant differences in participant age (range 45 — 87 years) or tumor
size (range 1.3 — 5.1 cm) between treatment groups (p > 0.08). The participant who did
not respond to TARE, and was classified as stable disease, had a significantly greater
BMI (41.6 kg/m?) than the average BMI for the partial response group (25.8 + 3.6 kg/m?,
p = 0.009) and the complete response group (28.1 + 4.5 kg/m?, p = 0.026). There was no
difference in BMI (range 19.3 — 33.9 kg/m?) between partial response and complete
response (p = 0.89). All participants received similar radiation doses to the targeted lesion
(range 125.1 — 155.2 Gy, p = 0.95 between treatment groups). All participants were
ambulatory and capable of self-care, as evidenced by a clinical Eastern Cooperative

Oncology Group (ECOG) score of 2 or less (Oken, et al. 1982).

Clinical Outcomes

According to the mRECIST scoring at 3-6 months post-TARE, only 1 participant had
stable disease (6.7%), 8 participants had partial response (53.3%), and 6 participants had

complete response (40.0%).
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Clinical outcomes, including the reported LI-RADS treatment response at the 1-3
month MRI and 6-month MRI, are given for each participant in Table 2. The participant
with stable disease required re-treatment with TACE 2.5 months post-TARE, and
ultimately received a liver transplant 12 months following re-treatment. As for the 8
participants with partial response, 3 received transplants (37.5%), 2 are on the transplant
waiting list (25.0%), and 3 were not eligible for transplant due to age or other factors
(37.5%). Of those 3 patients, 2 presented with a small focus of disease at follow up, and
1 died of causes unrelated to disease progression. For the 6 participants with complete
response, 4 received transplants (66.7%), and 2 were not eligible for transplant due to

age, but presented with no viable tumor as of publication (33.3%).

CEUS Examination

Administration of Optison and subsequent CEUS examinations were well-tolerated in
all patients, with no serious adverse effects. Ultrasound contrast enhancement and UCA
destruction were observed in all cases. An example sequence of CEUS

destruction/reperfusion images is shown in Figure 1.

Perfusion

Tumor perfusion outcomes are summarized in Table 3. There were no significant
differences in tumor perfusion between response groups at any of the 3 time points (p >
0.44). Within response groups, there were no significant differences in perfusion at any
time point for partial responders (p > 0.27) or complete responders (p > 0.99). However,

for the participant with stable disease, increased perfusion was observed at 1 week (1.14



205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

x 10" mL/s*mg, p < 0.0001) compared to both post-operatively (6.42 x 10> mL/s*mg) and
2 weeks (6.17 x 102 mL/s*mg). There was no difference in tumor perfusion for the
participant with stable disease between 2 weeks post-TARE and 1-4 hours post-TARE (p
> 0.99). Figure 2 shows examples of the temporal changes in the time intensity curves
modeling perfusion for the participant with stable disease (Figure 2A), a participant with

partial response (Figure 2B), and a participant with complete response (Figure 2C).

Since the baseline tumor perfusion estimate is not normalized, but unique to each
participant’s clinical presentation, we also evaluated the degree of change in tumor
perfusion for each participant in an attempt to normalize the data. We found no significant
differences in the degree of change between 1 week and the 1-4 hours post-operative
exam (p > 0.99), nor in the degree of change between 2 weeks and the 1-4 hours post-
operative exam (p > 0.06); however, the difference between the degree of change for
partial responders (-1.90 x 102 + 9.04 x 10®) and the participant with stable disease (-
2.48 x 10®) between the 2 weeks and 1-4 hours post-operative examinations suggested

atrend (p = 0.06).

Fractional Vascularity

Fractional vascularity provided additional insight into the differences between
treatment response groups, and may suggest the likelihood of patient response to Y-90
therapy. Representative CEUS images of the temporal changes in fractional vascularity

for each treatment response group are shown in Figure 3. Fractional vascularity outcomes
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are summarized in Table 4 and shown in Figure 4 and are also provided for each

participant in Table 2 for comparison with clinical outcomes.

As we observed with modelled perfusion, there were no differences in fractional
vascularity between treatment response groups at the 1-4 hours post-operative exam (p
>0.99) or at 1 week (p > 0.32). However, at 2 weeks post-TARE, the participant classified
as having stable disease had significantly greater fractional vascularity (65.15%) than
both the partial disease group (13.80 + 9.92%, p = 0.007) and the complete response
group (14.86 + 15.35%, p = 0.009). There was no difference in the fractional vascularity

at 2 weeks between partial responders and complete responders (p > 0.99).

The participant with stable disease showed greater fractional vascularity at 1 week
(70.96%) than at the 1-4 hours post-op exam (60.92%, p = 0.007). This was not observed
in partial responders (42.34 + 31.02% post-op vs. 26.29 + 20.95% at 1 week, p = 0.50)
nor complete responders (53.13 + 27.16% post-op vs. 33.39 £ 27.76% at 1 week, p =
0.53). There were no other temporal differences for the participant with stable disease (p
> 0.18). Additionally, there were no temporal differences in fractional vascularity for partial
responders (p > 0.06). For complete responders, there was significantly reduced
fractional vascularity at 2 weeks (14.86 + 15.35%) than at the 1-4 hours post-operative
exam (53.13 £ 27.16%, p = 0.045). There were no other temporal differences for complete

responders (p > 0.53).
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As with perfusion, we also evaluated the degree of change in fractional vascularity for
each participant in an attempt to normalize the data. We found no significant differences
in the degree of change between 1 week and the 1-4 hours post-operative exam (p >
0.82). However, when evaluating the degree of change in fractional vascularity from 1-4
hours post-TARE to 2 weeks, the participant with stable disease showed increased
fractional vascularity (+4.23%) while the partial response group (-28.54 + 9.92%, p =
0.009) and complete response group (-38.27 £ 15.35%, p = 0.025) both showed reduced
fractional vascularity. There was no difference between partial responders and complete

responders (p = 0.09).

Discussion

This work represents, to our knowledge, the first human clinical trial using UCAs to
predict tumor response to Y-90 TARE therapy in HCC patients at 2 weeks post-
operatively. Results showed that participants who responded to Y-90 TARE, whether
partial or complete response, exhibit decreased tumor vascularity (reduced by at least
28.54 + 9.92%, p < 0.025) 2 weeks post-TARE, while the participant who did not respond
(stable disease) exhibited unchanged or increasing tumor perfusion and vascularity as
quantified with CEUS. The potential clinical impact of these findings is promising. The
interventional radiologist would be able to intervene at 2 weeks post-TARE in patients
with stable disease, instead of waiting for the 3-6 month MRI evaluation as part of the

current clinical standard of care, potentially improving the overall patient outcome.
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Multiple studies report better survival outcomes with TARE therapy compared with
conventional TACE (Inchingolo, et al. 2019, Yang and Si 2018). However, the available
evidence is insufficient to make a conclusion about the superiority of either approach
(Abdel-Rahman and Elsayed 2020). The primary mechanism of radiotherapy, especially
at higher doses, is believed to be destruction of the tumor microvasculature, causing
secondary death of cancer cells (Garcia-Barros, et al. 2003). Changes in tumor perfusion
and vascularity can provide an early indication of tumor response to such therapy (Serres,
et al. 2014). Studies have described the potential of CEUS-derived parameters in
predicting HCC response to anti-angiogenic therapy (Frampas, et al. 2013, Zocco, et al.
2013). In those studies, a decrease in perfusion parameters calculated from the time-
intensity curve correlated with better HCC response. Previously, our group and others
have shown that UCA perfuse into HCC tumors in cases where TACE treatment is
incomplete, and that CEUS can be used to accurately quantify residual disease (Kono, et

al. 2007, Nam, et al. 2018, Shaw, et al. 2015).

Since the Y-90 TheraSpheres (20-30 um) do not fully occlude the blood supply to the
tumor (Salem, et al. 2013b), CEUS is capable of quantifying the perfusion and fractional
vascularity of the tumor post-TARE. In our current study, we have used a modified 2-
parameter exponential recovery curve to estimate the tumor perfusion from the time-
intensity curve (Krix, et al. 2003a, Krix, et al. 2003b). On the other hand, the fractional
vascularity model utilizes a thresholding function on the image deemed as having the
maximum contrast intensity, and is a function that can be easily adjusted to address the

image standardization and breathing motion artifact issues confounding the perfusion
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model. Therefore, the fractional vascularity determined by CEUS may provide a more

accurate predictive measure of HCC response to Y-90 TARE therapy.

Such an early evaluation of treatment response has great potential for clinical impact
compared to the current standards of care for evaluating HCC response to TARE.
Patients are generally assessed at 1-3 months post-TARE with MRI or CT, but these
exams are frequently read as equivocal mainly due to presence of patchy regions of
arterial phase enhancement, mimicking diffuse heterogeneous tumor, which typically
resolve over 1-5 months. Therefore, most guidelines state that imaging obtained within
the first 6 months after TARE should be interpreted with caution (Kielar, et al. 2018).
Select patients may be retreated based on this early post-TARE MRI/CT imaging if little
to no response is observed, but a second MRI/CT scan at 4-6 months post-TARE is much
more reliable for assessing viable tumor (Ibrahim, et al. 2009). Therefore, a quantitative
prediction of treatment response at 2 weeks post-TARE would greatly improve patient
outcomes by allowing for earlier intervention in cases where disease progression or lack

of response is determined.

This study does have limitations, which must be acknowledged. The perfusion
estimation model does not account for differences in gain between time points and
participants, imaging plane, movement or breathing, or speed of contrast infusion. Great
care was taken to standardize these parameters across all participants, but some factors
were beyond our experimental control. Future investigation should also include baseline

CEUS evaluation prior to TARE for additional analysis to evaluate tumor necrosis and
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echogenicity prior to therapy. Additional follow up CEUS exams at later time points, such
as 1 to 2 months post-TARE, may improve the accuracy of this method while still being
clinically impactful and will be considered in future investigations. Another limitation of this
pilot study is the small sample size, with only 15 participants completing the study at a
single medical center. Additionally, only 1 participant was later deemed to have stable
disease and not responding to TARE. While that is advantageous for the participants in
our study, it does limit the ability to statistically analyze that treatment group, as 1
participant does not necessarily constitute a “group”. Therefore, we cannot definitively
determine whether the observed differences in tumor perfusion and fractional vascularity,
as measured with CEUS, can serve as an effective method of predicting patient response.
However, we are encouraged that all the significant findings in our study support this

conclusion.

Future work will include further modifications and improvements to the perfusion
modeling, including motion compensation and enhanced image processing techniques.
Further investigation with larger sample sizes, multiple follow up time points, and at
multiple study centers is necessary to fully determine whether CEUS can be used to
effectively provide an early prediction of tumor response to Y-90 TARE therapy in HCC
patients. However, this pilot study provides a strong proof of concept demonstrating the

feasibility of this method.

Conclusion and Summary
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While larger sample sizes are required to fully evaluate effectiveness, CEUS appears
to provide an earlier indicator of Y-90 TARE response at 2 weeks compared to the current
clinical standard of care mMRECIST evaluation performed 3-6 months post-treatment. The
potential clinical impact of these findings is promising, in that quantitative CEUS
performed 2 weeks after treatment may be useful in predicting long-term response of

HCC tumors to Y-90 TARE therapy.
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Figure Captions

Figure 1: Example CEUS destruction/reperfusion images at 2 weeks post-TARE from a
patient with partial response, arrows indicate location of treated tumor. A) CEUS image
prior to destructive flash pulse, showing presence of UCA in liver and tumor tissue. B)
CEUS image during destructive flash pulse. C) CEUS image immediately following (1
second later) destructive pulse, showing destruction of UCA from within liver and tumor
tissue. D) CEUS image showing UCA reperfusion into liver and tumor tissue following (5

seconds later) flash pulse.

Figure 2: Example time intensity curves modeling tumor perfusion showing temporal
changes in A) stable disease, B) partial response, and C) complete response. Blue = 2-

4 hours post-TARE, orange = 1 week post-TARE, purple = 2 weeks post-TARE.

Figure 3: Representative CEUS images of temporal changes in fractional vascularity for
each treatment response group, with the tumor outlined by the dotted white circle on
each grayscale (right) image. The left image is the contrast-enhanced image, where
UCA appear as orange image enhancement. A-C) Representative images from the
participant with stable disease. D-F) Representative images from a participant with

partial response. G-l) Representative images from a participant with complete response.

Figure 4: Summary of tumor vascularity at each study time point, stratified by treatment

response group. SD = Stable Disease, left, n = 1, PR = Partial Response, center, n = 8,
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CR = Complete Response, right, n = 6. CEUS exam time points are designated by
shading pattern with post-op as solid white, 1 week post-TARE as horizontal striped,
and 2 weeks post-TARE as crosshatched. Error bars = standard deviation. *p = 0.045,

**p = 0,009, ***p = 0.007.
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Tables
Table 1: Participant demographics
All Stable Partial Complete
Participants Disease Response Response
(n=15) (n=1) (n=8) (n=6)
Age
68 +11 45 70+9 69 £ 10
(years)
9 male (60%) 0 male (0%) 4 male (50%) 5 male (83%)
Gender
6 female (40%) | 1 female (100%) | 4 female (50%) | 1 female (17%)
BMI
27.8+55 41.6 25.8+ 3.6 28.1+45
(kg/m?)
Tumor Size
35+£1.3 3.5 34+£1.4 3.6t£1.4
(cm)
Radiation
139.8 £9.5 145.5 139.4 £10.3 139.5+£9.7
Dose (Gy)
2 with ECOG 2 1 with ECOG 2
ECOG 2 with ECOG 1
3with ECOG1 | 1withECOG2 | 1with ECOG 1
Score 4 with ECOG 0
10 with ECOG 0 6 with ECOG 0
Presence of
Ascites 5 (33%) 1 (100%) 2 (25%) 2 (33%)
(# positive)
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Table 2: Participant clinical outcomes

LI-RADS LI-RADS Change in
MRECIST Treatment Treatment Fractional
Clinical
Response Response Response Vascularity at
Outcome
Classification | Classification at | Classification at 2 week
1-3 months 6 months CEUS
Retreated via
TACE at 3 months, +4.23 +
SD Viable Viable
transplant after 14 5.04%
months
-35.11 +
PR Nonviable Equivocal Lost to follow up
1.74%
Retreated via
microwave -2591+
PR Nonviable Nonviable
ablation at 16 10.36%
months
Non-disease
-29.28 +
PR Viable N/A related death at 3
10.92%
months
Surveillance (not
eligible for -47.14 +
CR Nonviable Nonviable
transplant due to 1.60%

age)
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Surveillance (not

eligible for -53.06 +
CR Nonviable Nonviable
transplant due to 0.10%
age)
Transplant after 16 -46.96 +
CR Equivocal Nonviable
months 2.97%
Retreated via
TACE at 2 months, -23.97
PR Viable N/A
then transplant at 8.11%
5 months
Retreated via
TACE at 11
months, transplant -35.34
PR Viable Viable
after 18 months, 3.28%
explant showed no
viable tumor
Transplant after 17 -41.15+
CR Nonviable Nonviable
months 4.71%
Retreated via
TACE at 2 months, -40.87
PR Equivocal N/A
on transplant 1.34%

waitlist
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Retreated via

TACE at 4 months, -29.72 +
PR Viable N/A
transplant after 33 3.26%
months
Transplant after 8 -11.26 +
CR Equivocal Nonviable
months 11.80%
Retreated via
TACE at 7 months, -30.05
CR Equivocal Equivocal
transplant after 10 5.67%
months
Retreated via
TARE at 4 months,
not eligible for -8.12
PR Viable N/A
transplant due to 6.53%

extrahepatic

malignancy
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Table 3: Summary of average tumor perfusion (mL/s*mg) by treatment response

and observational time point.

Stable Disease

Partial Response

Complete Response

(n=1) (n=8) (n=6)
Post-Op 6.42 x 102 4.34 x 102+ 2.95 x 102 9.26 x 102 + 8.42 x 102
1 Week 1.14 x 101 5.94x102+6.11 x 102 7.55x 102+ 8.75 x 102
2 Weeks 6.17 x 102 244 x102+9.04x 102 | 510x102+5.18 x 102
2 Weeks —
-2.48 x 103 -1.90x102+9.04x 103 | -4.16 x 102+5.18 x 102
Post-Op
1 Week -
4.97 x 102 1.61x102+6.11x 102 | -1.71 x 102+ 8.75x 102
Post-Op
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Table 4: Summary of average fractional vascularity (% of tumor) by treatment

response and observational time point.

Stable Disease

Partial Response

Complete Response

(n=1) (n=8) (n=6)
Post-Op 60.92% 42.34 + 31.02% 53.13 +27.16%
1 Week 70.96% 26.29 + 20.95% 33.39+£27.76%
2 Weeks 65.15% 13.80 + 9.92% 14.86 + 15.35%
2 Weeks —
+4.23% -28.54 + 9.92% -38.27 + 15.35%
Post-Op
1 Week -
+10.04% -16.05 + 20.95% -19.67 + 27.76%
Post-Op
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