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Outline

> Liver cancer background

» Development of MR Multitasking-driven abdominal
integrated imaging (MT-AI?)

» Convergence of MT-Al2 and 41r-Radiotherapy for
Liver SBRT

» Clinical trial design




Background: Liver cancer (HCC)

Healthy liver

41,000

annual d 1lagnNoses The healthy liver has a Fat starts to accumulate Fat accumulation causes Liver cells transform into
reddish-brown color and in the liver inflammation and liver cancer cells
little fat stored cell injury

It is the third most deadly cancer worldwide, with 830,000
deaths annually, and 41,000 diagnoses in the US each year.

« The most common primary liver cancer is hepatocellular
830 OOO carcinoma (HCC), which results from an accumulation of tissue
) damage and inflammation in the liver, eventually leading to liver

annual deaths cell injury and tumor formation.

* Fatty liver disease, alcohol-related cirrhosis, and hepatitis are all
common risk factors for the development of HCC.

Rumgay, et al., J Hepatol. 2022 Dec;77(6):1598-1606. PMID: 36208844 U(‘SF



Background: Liver metastases

>

After the Ilymph nodes, the liver is the most

common site of metastatic spread.

The risk of cancer spreading to the liver depends on the
site of the original cancer.

Most liver metastases originate from the colon, rectum,
pancreas, stomach, esophagus, breast, Ilung,
melanoma and some less common sites.

Liver metastases are sometimes present when the
original (primary) cancer is diagnosed, or they may
occur months or years after the primary tumor is
removed.

Only 10% of all cases present with a solitary metastatic
lesion, often involving both lobes.
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Background: Liver Cancer Treatment

BCLC Staging O A B C D

Resection | Resection TACE | Systemic | Supportive
Treatment Transplant Transplant TARE
Ablation Ablation Therapy Care

»Liver cancer staging is complex, and many treatment options exist depending on the tumor
type, size, and location.

Rumgay, et al., J Hepatol. 2022 Dec;77(6):1598-1606. PMID:36208844



Background: Liver Cancer Treatment

External Beam Radiation Therapy for Primary  @¥% 1 rO
Liver Cancers: An ASTRO Clinical Practice ASTRO p

Guideline mgeeisiistin

»Strong recommendations are made for using EBRT as a potential first-line treatment in
patients with liver-confined HCC who are not candidates for curative therapy, as
consolidative therapy after incomplete response to liver-directed therapies, and as a salvage
option for local recurrence.

»Conditionally recommends EBRT for patients with liver-confined multifocal or unresectable

HCC or those with macrovascular invasion, sequenced with systemic or catheter-based
therapies.

»Conditionally recommends palliative EBRT for symptomatic primary HCC and/or
macrovascular tumor thrombi.

»Conditionally recommends EBRT as a bridge to transplant or before surgery.

Pract Radiat Oncol. 2022 Jan-Feb;12(1):28-51. PMID: 34688956 U%F



Background: Liver SBRT

= SBRT: Stereotactic Body
Radiation Therapy

» 3-5 fractions
» High dose per fraction

Pre-treatment Multi-contrast MR/CT

=  Abdominal imaging is crucial

» Pre-treatment MR/CT for SBRT
planning

> 11, T2, DWI, DCE, 4ADMR
» Contrast-enhanced CT, 4DCT

» Onboard CBCT/MR for tumor
localization before beam-on




MR-Multitasking: Integrated Sequence for Liver Simulation
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MR-Multitasking: Integrated Sequence for Liver Simulation
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MR-Multitasking: Integrated Sequence for Liver Simulation

Real-time | Contrast Frozen |
(contrast-variated) (T1w frozen) (PDw frozen) (T2w frozen)
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Magn Reson Med. 2024 Aug 22;93(1):1081 120. PMID: 39171431



MR-Multitasking: Superior Soft Tissue Contrast

Compared with contrast- - b. 1w Breath-hold
enhanced 4DCT 19 — 3
»>Superior Tumor Contrast-to-Noise Z‘g —~

Ratio observed for liver patient 2 K —~F—

cohort (54 subjects with paired 40

same-day MTMR and 4DCT). _1:38 © *p<0.01

»An example of HCC patient who MIMECFIFRET MIMBSTES

could not receive contrast. 4DCT

>The two lesions are visible on
both T1w and T2w MTMR but are
invisible on 4DCT.

More accurate tumor margin
assessment with MT-MR.

Radiother Oncol. 2025 May:206:110839 PMID: 40081499 UGCsE



MR-Multitasking: Larger Margin needed in SI direction

Compared with contrast-
enhanced 4DCT

»MTMR resulted in a 3mm larger
margin in the Sl direction

»No significant differences were
detected in LR and AP directions.

»Large variations across patients.
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MR-Multitasking: Insutticient dose coverage tor PTV- MTMR
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MR-Multitasking: Tumor volume derived from T2w

Another dosimetric study ,
on a smaller cohort (18  :Z
patients)

S

110
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The First Revolution: Seeing the tumor in Time, Space, and Contrast
The Old Paradigm The New Paradigm

» 4D Tlw

» 4D T2w

» 4D PDw

»>The multi-contrast images from MT-MR are clearly superior to 4DCT, providing more
confidence in tumor visibility and motion assessment

»However, it’s still limited to anatomical imaging, and the impact of more accurate tumor
margins on patient outcomes might be modest.

So...... This is not the end of the story!




Liver Function Preservation

20-30%

, of patients suffer from Radiation-
Induced Liver Disease (RILD)

> Prevalent in patients with underlying
liver fibrosis or reduced function

SBRT offers precise (CPB/C)
tumor targeting and. has » Severe sequelae: irreversible hepatic
become a promising failure, mortality

therapeutic alternative ~  Limits treatment options for high-risk

cohorts and retreatment for recurrence

Qur _progress is limited not by our ability to treat, but by the collateral
damage we inflict.

UCsr



The Second Revolution: From Sparing Anatomy to Sparing Function

Patient A: Diffuse Dysfunction Patient B: Healthy Reserve Patient C: Heterogeneous Function

»Can we image “normal” liver function?

»How do we use the function map to redistribute the radiation dose?




Imaging Liver Function DCE-MR]
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Patient B

Lacks 3D information for Low spatial resolution, high imaging Complex microanatomy of liver tissues: Model-
modern EBRT dose and limited regulatory approval based analysis can be inaccurate.
Dual-energy CT with iodine contrast MR T1 mapping facilitated by liver -specific
o contrast agent (Eovist™)
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Higher imaging dose, need more accurate or Quantitative T1 mapping: a more accurate measurement
quantitative approaches for iodine concentration of contrast update, indicative of liver function

UGSk



Quantitative T'1 liver mapping
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Magn Reson Med. 2021:86(1):97-114. PMID: 33580909 UCge



k1 as a baseline liver function biomarker

Child-Pugh Score and Josh Everts
ALBI Grade
» Indicator of overall
liver function
» Higher C-P = worse
liver function
» Higher ALBI grade =
worse liver function

*%p < 01

——

~N
o

Mean k1 value (%)
3 3 3

w
o

a. Mean liver-GTV k1 value vs. CP score b. Mean liver-GTV k1 value vs. ALBI grade
k1l comparison
» Liver- GTV

**%¥%p < ,0001 *p<.05 *p<.05
—— , A \ , —
» Pp<0.0001 (paired,

. No Cirrhosis Child-Pugh A Child-Pugh B and C ALBI Grade 1 ALBI Grade 2 ALBI Grade 3
tWO'taI I ed T—teSt) (N=71) (N=27) (N=8) (N=49) (N=51) (N=6)

N
o

Int J Radiat Oncol Biol Phys. 2025 Sep 27:50360-3016(25)06324-2. PMID: 41022256 UCSF



Heterogeneous liver function across the “normal’ liver

A. Functional liver Potential non-  * Functional liver Potential non-"  Functional liver g
volume coplanar beam  volume coplanar beam yolume

vy / %tentid non- A "\\

Previous treated non- . coplanar beam

_functional volume ' angles ;
P
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A New Strategy Requires a New Dimension in Planning

Coplanar Planning: “4n” Planning: Maximizing Spatial
Limited Degrees of Freedom Freedom to Spare Function

High-Function (HF)
Liver Mask

High-Function (HF)
Liver Mask




4 non-coplanar treatment

= Coplanar treatment

» Clinical standard \
> Limits possible sparing ¢

> lelts tumOr dOSG Coplanar VMAT Non-coplanar VMAT

- 4 non-coplanar treatment

» “4 7 theoretical solid angle
PTV

» Computationally intensive " an v,

= Solved by FISTA

= |In-house MATLAB
optimization

VMAT V.,

b 2 arc VMAT  4pinon-coplanar

Int J Radiat Oncol Biol Phys. 2013 Apr 1;85(5):1360-6. PMID:23154076 U%F



Identitying functional liver

» Large intra-patient
variability

= Chemotherapy

= Fibrosis

= Previous treatment
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Int J Radiat Oncol Biol Phys. 2025 Sep 27:S0360-3016(25)06324-2. PMID: 41022256 UCge



4  can save more H

1oh-Function liver!
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Saving High-Function liver (summary of 20 patients)

a. Mean dose to high-function liver b.  Volume of high-function liver receiving > 6Gy
16 1000
14 *%p< 01 <, O(?
**¥¥ p<.0001 800 wxx
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0 0 -
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P < .0001 for both comparisons against coplanar plans.

Int J Radiat Oncol Biol Phys. 2025 Sep 27:S0360-3016(25)06324-2. PMID: 41022256 UCSF



MTMR with Multi-contrast Motion Resolved Images AND Quantitative Maps

SEE (MTMR) MAP (k1) SPARE (41 FA)
C é
)
One 8-min scan for Quantitative k1 mapping 4t Functional Avoidance
motion-resolved, multi-contrast to identify patient-specific planning to minimize dose
4D anatomical definition. functional reserve. to high-function tissue.

»Preliminary results demonstrated the value of T1 mapping with Eovist™
»>New development is needed for MR-Multitasking.




Multi-Tasking Abdominal Integrated Imaging (MT-AI?)
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Multi-Tasking Abdominal Integrated Imaging (MT-AI?)

Contrast Evolution Resp. Motion T1lw Resp. Motion T2w Image Volume
/£ ' A \

[Supplemental Information Video S1] Demonstration of the multi-dimensional images across different contrasts, bi-directional

respiratory motion phases and slices.

Manuscript in preparation




MT-AI?: Differentiated Normal Liver and Cirrhotic Liver

Distribution of k1 by cirrhosis status

i AR

Rishita Khandwala
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Manuscript in preparation U%F



MT-AI?: Linear Correlation with Reference T'1 Mapping Sequence

70 ®

—— Fit: y=0.93x + 1.63 e@e
— e — - . - -
60 y =X |-
.-
50
Y
= 40
<
=
30
20 ®
@
30 40 50 60

MP-GRASP k1

Manuscript in preparation U%F



MT-AI%: Motre Variability in T2 maps

Pre-contrast T2 for GTV Pre-contrast T2 for Liver-GTV
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k1 change vs. EQD2 dose

30.0
> Small cohort N=10 200
| 10.0 l
» Patients had two o
courses of liver SBRT & oo . 1
in our department T : B
g -10.0 } o
» MT-AI? with mapping Q 0‘5Gsy126 " BE
-20.0 Sy :
was pe_rformed at both 12-40Gy l i
simulations 30.0 40-80Gy
80-120Gy
-40.0 >120Gy

Manuscript in preparation



Promising 4 -SBRT guided by MT-Al-...... But the
efficacy needs to be tested by clinical trials.




MT-AI* guided Functional Avoidance Liver SBRT: Phase 11 trial

Arm 1: Primary endpoint:
Standard 47t k1 rate change of

HF-liver

k1 mapping Follow-up MR
Baseline 47 optimization one month post
planning MR QA SBRT
Patient dry-run Secondary endpoint:

Arm_n 2: congruence of
Functional ablative dose and T2

avoidance 4 change

Phase Il clinical trial schema diagram




MT-AI* guided Functional Avoidance Liver SBRT: Patient Selection Critetia

HCC or recurrent liver metastasis who have received previous local
ablative treatments, including SBRT, RF, or TACE, on histopathologic
or cytologic findings or a diagnosis with classical imaging

characteristics.




MT-AT? guided Functional Avoidance Liver SBRT: Statistical Consideration

Power analysis for the primary endpoint:

» Basedon preliminary data on inter-sessionT1 value repeatability (average repeatability
across 6 subjects) and one patient's longitudinal k1 changesbefore and after SBRT, we
assumea 10% effect size (biomarker change at the intermediate doselevel) and a 126
standard deviation. For 80% power and a 0.05 Type | error, the required number of
patients per arm is 23. We aim to recruit 50 patients , accounting for 8% of dropouts.

Simple statistical description for the secondaryendpoint:

» We will also analyze T2 changes in the region receiving the ablative dose and the
adjacent healthy tissue. Specifically, we will estimate and report the mean, variance, and
95% confidence interval of T2 changesin each region. Additionally, we will perform a
Student's t-test to assesswhether the T2 changesdiffer significantly between the two
regions at the 5% significance level.




MT-AI* guided Functional Avoidance Liver SBRT: Expected Outcomes

» We expectklto decreasebasedon delivered SBRT doses

» We expect the functional avoidance group to show a significantly less
adverseimpact on k1 mapping than the standard planning group.

» We will explore the use of T2 mapping as an imaging marker response to
high-doseradiation .

» We will establish a dose-response curve using pre- and post-SBRT MT-Al?
Imaging markers.




Conclusions and L.ooking Forward

» We demonstrated MR Multitasking-driven Abdominal Integrated
Imaging as a promising imaging method to guide liver SBRT.
» The convergence of MT-AI? and 4m-SBRT will expand SBRT

usage for liver patients who would otherwise receive suboptimal

prescription doses due to poor baseline function or prior liver-
directed therapies.

> A prospective clinical trial is needed to demonstrate the efficacy.
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