Targeted Radiation Therapy for HCC

Sungkyunkwan University
School of Medicine

Hee Chul Park



HCC management guidelines

&
Role of RT in BCLC Staging System



2012 EASL-EORTC (Updated BCLC Staging)
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Stage 0

PST 0, Child-Pugh A

Very early stage (0)
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Stage A-C

PST 0-2, Child-Pugh A-B
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Early stage (A)
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Stage D

PST >2, Child-Pugh C*

Intermediate stage (B)

Advanced stage (C)

Terminal stage (D)

Single <2 cm, Single or 3 nodules <3 cm, Multinodular, Portal invasion,
Carcinoma in situ PS 0O PSO N1, M1, PS 1-2
|
Single 3 nodules <3 cm
Portal pressure/bilirubin
— Increased —| Associated diseases
A ¥ | L
Normal No Yes
L l' ¢ Y Y Y
3 Liver transplantation : Best supportive
Resection (CLT/LDLT) RF/PEI TACE Sorafenib care

Curative treatment (30-40%)
Median OS >60 mo; 5-yr survival: 40-70%

Target: 20%
0S: 20 mo (45-14)

Target: 40%
0S: 11 mo (6-14)

Target: 10%
0S: <3 mo

Llovet et al. J Hepatology 2012;56:908




2009 Korean Liver Cancer Study Group

» Resection (lI)

— Curative > » Transplantation (1)
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Optional work-up

* ICG test

* Bone scan

*» Chest CT —Non-Curative —{« TACE (I)

» Angiogram + EBRT (lI-1) — Clini i

. inical trial
» Staging * FDG-PET » Systemic Tx « DC bead TACE
HCC —|- Dhild—F'ugh — . Vc:-lumetry Sorafenib (1) . Radi ea bolizati

- ECOG PS - GFS Cytotoxic CTx ()| | HIEFJ’E”“ olization

* |[A-chemotherapy
» Cytotoxic CTx
» Metastatectomy

— Impossible to treat

* Advanced stage

* Child-Pugh C’

«ECOG =2 —}I » Best supportive care
« Cormorbidity

" Consider transplantation

KLCSG & NCC, Korea. Korean J Hepatol 2009;15(3):391-423




2012 NCCN

CLINICAL
PRESENTATION

Transplant
Evaluate whether candidate
e [nadequate patient a candidate
hepatic s for transplant
reserves (See UNOS criteria
e Tumor location under Surgical Nt s
Assessment HCC-5)P
transplant
Unresectable candidate

Extensive liver

—

—_—

tumor burden

Inoperable by performance
status or comorbidity,

TREATMENT SURVEILLANCE
e Imaging
every 3-6 mo for 2 y,
then annually
¢ AFP, if initially elevated,
every 3 mo for 2y,
then every 6 mo
o See relevant pathway (HCC-2
through HCC-7) if disease recurs

Transplant —»

Options:!
e Sorafenib
(Child-Pugh Class A [category 1] or B)S:UV:W
o Chemotherapy +RT only in the context of a
clinical trial
e Clinical trial
e Locoregional therapy"*

> |eRT (conformal or stereotactic)y {categog ZB)

e Supportive care
« Systemic or intra-arterial chemotherapy in
clinical trial

Options:!
e Sorafenib

(Child-Pugh Class A [category 1] or B)S:4V:W
e Clinical trial

v

local disease or local
disease with minimal
extrahepatic disease only

NCCN Guidelines. Hepatobiliary Cancer.

e Locoregional therapy"

eRT (conformal or stereotacticly gcategorx 2B)

e Supportive care

V2.2012. Available at: www.nccn.org



RT in BCLC Staging System

’ Stage 0 Stage A-C Stage D
PST 0, Child-Pugh A PST 0-2, Child-Pugh A-8 PST >2, Chilg-Pugh C*
| i s x l
Very early stage (0) ’ Early stage (A) ’lnlnrnmdmln stage (B) | Advanced stage (C) Terminal stage (D) l
Single <2 ¢m, Single or 3 nodules 3 cm, Multinodular, Portal invasion,
Carcinoma in situ v PSO PSSO N1, M1, PS 1.2
' '
‘ Single | | 3 nodules €3 cm ’
]
I Portal pressure/bilirubin ’
o Increased = | Associated diseases I
\ ' ' ¥
I Normal l ‘ No l l Yes
' ' ' ' :
' Liver transplantation | f . ' . || Best supportive
1860 : RF/P TACE afenit
’ Resection (CLT/LDLT) RFIPEI ACE | Sorafenib 20

Ablative RT (SABR, HypoFx) || TACE+RT/CCRT | Palliative RT

- Inoperable - Consolidate TACE - Symptom control

- Inaccessible - Salvage TACE - Prevention of cancer
- To bridge before LT refractoriness(SABR) related morbidity

- Salvage recurrence - Portal invasion - Oligometastasis

Support from evidence-making clinical trial efforts




Radiation dose response of HCC
&
Radiation tolerance of normal organs



Skepticism versus Enthusiasm in RT for HCC

Present <4 —

Past

Radioresz\stltaxnxu

cyad/iosensitive

HCC is radiosensitive tumor

From the recent clinical data (1990s ~)

Traditional concept (~ 1990s)

with 3-dimensional conformal technique with 2-dimensional technique (old)

Dose-response relationship (+) Unable to give high dose RT

Concept of partial-volume tolerance No information about volumetric analysis



Therapeutic Effects of RT for HCC




Toxicities after Radiotherapy for HCC

Liver G- Lung

chest wall pain, rib fracture, colonopathy, skin toxicity, etc



Dose response of HCC and normal tissues

Survival After RT (%)

Proportion of Response (% )
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For the Better Outcome: RT perspectives

Three components affecting the outcomes of HCC patients

Tumor Response

Treatment-related
Complication

Radiation Oncologists’ Task (RT for HCC)
- RT dose escalation, Preserve Liver Function
- Decrease Tx-related Toxicity

- And one more, not interfering further treatment



Comparison of treatment modalities

1. Local control probability

Surgery ~ RFA >~ TARE ~ ERT >>>>> sorafenib

2. Liver function preservation

RFA >>> sorafenib ~> TARE ~> ERT >> Surgery

3. Treatment related toxicities

“Stigmata”
decreasing from the recent advances in ERT tech.



Therapeutic Ratio... modifying factors
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Advances in RT techniques
for HCC



Advances in increasing conformity

2-D Radiotherapy IMRT, IMPT

Efforts to improve precision : 2D = 3DCRT - IMRT (IMPT)

Samsung Medical Center



Advances in increasing accuracy

Good aiming Bad Aiming

W Trial 1 Trial 1

Internal organ motion, Volume change and deformation

Efforts to improve accuracy : IGRT, 4D-RT

Samsung Medical Center



Conventional radiotherapy for liver cancer

Table 2. Tolerance doses of Emami ef al. (1) and predictions* of the 4-parameter model (Egs. 1-4)

TDs,s (Gy) TDsy 5 (Gy)
volume volume
| 2 1 2 x
Organ 3 3 1 3 3 | End pomt
Liver S50 35 30 55 45 40 Liver failure
(43) (34) (30) (57) (46) (40)

Burman, C. et dl, Int | Radiat Oncol Biol Phys, 1991.21(1):p. 123-i35.



Dose-volume histogram

Beam’s-Eye View

Three-dimensional
computed tomography



Inverse planning

Beam's-Eye View

Three-dimensional
computed tomography

Dose-volume histogram
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|s it enough for Precise

SABR of liver cancer?
el e Accuracy

On-Board |
l‘;i/ lmager ~— Exaclrac

(Varian) (BrainLab)

w SAMSUNG MEDICAL CENTER



- Gating

End exhale
— End inhale




SABR of liver cancer @ SMC

Bi-phasic CT Radiation field D Verification
evaluation
4D CT Target

T planning MRI
Planning MRI

Gated OB
or CBCT

Dose

calculation

Monitoring
during
treatment

3DCRT. IMRT Dosimetric
parameters

Normal
organs on

h_ —

Video-guided
| education for
| reproducible

respiration
and shallow

Wobbling,
IMPT

Dose
constraints

50% phase
image

breathing




Proton therapy for SABR of liver cancer
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Targeted Radiation Therapy?
- In the future -



Targeted Radiation Therapy (Circa 2020?)

Biological imaging provides a basis for
a paradigm change in 3D treatment planning

: : Molecular Cellular
Classical Anatomical : -

Planning Imaging Imaging

* MRS/PET * * PET/MRS»
GTV (choline/citrate, (IUdR, MIB1, Apoptosis)
@TV PSA, EGFR)
D
homogeneity racionea ‘

preferred required

- Monoclonal IMRT Planning Based on
Tlsic#ggEiﬁSCts Antibody Imaging Bioloical Imaging
* MRS/PET - * SPEC/PET »
(Hypoxia, Angiogenesis) |
‘ jnhomogeneity — frﬁ%%?ig;g:::y

preferred not be required




RT for HCC?
- The Problem is Evidence!! -



Number of publications

Radiation therapy for liver cancer
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Clinical trials in Korea
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Conclusions



Conclusions

1. Higher local control and Lower complication is
important
- as a treatment modality for HCC

2. Recent advances in RT techniques
- enhanced the precision and accuracy
- via conformal RT and IGRT, 4D-RT

3. For targeted RT,
- use of multimodality imaging helps
- awaits for more improvement of imaging for HCC

4. Clinical trial efforts are mandatory




