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Benefits and challenges of mild hyperthermia

Mild HT (40-43°C) can
enhance RT and chemotherapy,
can trigger localized drug release

Thermal
ablation

( R . N
Long heating durations necessary
+ 30-60 minutes

Cell death Undesired
in <5 sec thermal
damage

Large heated region required

+ Heat>5 cm region
Risk of

Adaptive energy delivery is

necessary

» Spatio-temporal variations in
blood flow and energy absorption

Precise temperature control is
necessary
L Thermometry accuracy + 1°C,
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Clinical hyperthermia platform using MR-HIFU

Electronic and mechanical beam steering for
volumetric mild hyperthermia of regions up
to 58 mm diameter.

Multi-baseline thermometry with 3D first-order
spatial drift correction.

Controller maintains desired temperature (42°C)
at focal depth without exceeding safety
threshold (43°C) in any slice across the beam.

[4 Customized 10 mm hyperthermia cell used
for rabbit tumors (electronic steering only).
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Pushing MR thermometry to the limit!
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Pushing MR thermometry to the limit!
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= Monitoring of hyperthermia with MR thermometry is feasible
= Existing correction algorithms for ablation are NOT sufficient for HT

= Combination of prospective corrections (for image shift) and retrospective higher order
polynomial drift corrections are necessary to achieve accuracy within 1°C

= Pre-heating the magnet with a 5-10 minute acquisition improves performance of
corrections!

Application: Hyperthermia mediated drug delivery

———

Thermosensitive liposomes containing anticancer drugs (i.e. Thermodox)
Relatively stable for 1-2 hours in bloodstream,

Rapidly release drug when passing through tissue heated above 41°C,
Prolonged heating allows continuous release for enhanced cellular uptake.
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VX2 tumor growth after Thermodox + HT
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« Thermadox
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Applying localized drug delivery to pediatric cancer

= Doxorubicin is used for the A
treatment of vast majority of pfortrend <0.001
pediatric solid tumors

047
= Often used prior to surgery
or radiation for local control

= 40% of childhood cancer
survivors have severe or life-
threatening health disorders

10+

= Cardiac toxicity is one of the

Risk of cardiomyopathy ~(odds ratio)

1 165~
most common and debilitating 0 —
T T T 1
of these side effects 0 100 1 1-250 251-300 2301

Cumula sure (mgfm?)

Blanco et al, J Clin Oncology 2015
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Preclinical studies on HT-mediated drug delivery

Does longer heating time increase DOX in tumor more than heart?

Does lower injected dose reduce DOX in heart more than tumor?

Can MR-HIFU safely deliver mild HT to soft tissue and bone?

Study Methods

Rabbit bilateral Vx2 tumor model

Thermodox®, 2.5 mg/kg infused over 5-6 minutes at start of heating
Exposure durations of 10, 20, 40 minutes of mild hyperthermia (42°C)
All hyperthermia performed using the clinical platform

Animals sacrificed 30 minutes after end of heating and perfused to remove free drug

DOX measured using fluorometry
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MR-HIFU hyperthermia in rabbit tumor
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Temperature in 10 mm diameter region kept at 42°C for 40 minutes (1.2 MHz, 60W).
Temperature-sensitive liposomal doxorubicin infused during first 6 minutes.
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Heating results: 10, 20, and 40 minutes

10 min

20 min

40 min
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Influence of exposure time

Therapeutic ratio of ~4 between
heated and unheated tumor

Therapeutic index
50 ([htd.tum]/[hrt]) = 5.4 = 3

’éi + 1forfree DOX

S 40

% . * Numbers in general agreement
8 with prior studies (Staruch et al,

Ranjan et al)

i ‘l Initial data does not indicate a
o] l benefit of extended heating time
for localized drug release
Artifact of short sacrifice
Exposure Time (minutes) time?
Saturation of tumor with
rapid local release of drug?
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Discussion

Localized DOX delivery in pediatric
cancers could be an important measure
to reduce long term cardiac toxicity

Acceptable heating quality for
hyperthermia can be achieved using a
clinical MR-HIFU hyperthermia system

Localized DOX delivery possible using
clinical MR-HIFU system and
Thermodox® in rabbit VX2 model

Stable hyperthermia achieved at 10, 20
and 40 minutes

Initial analysis suggests longer heating
durations do not improve the
therapeutic index of DOX

72 Total Tumors, 60% in Treatable Location

5 year retrospective case review

fabbit17 Thermosensitive liposomal doxorubicin
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