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Rationale

Liver cancer: leading cause of global cancer death
Surgery: 25 - 60 % 5 year survival
< 15 % of patients are eligible for resection

Ablation: increased recurrence risk If tumor > 5cm
or near large vessel

Stereotactic body radiotherapy (SBRT) associated
with 60-93% local control of tumors <5 cm 1

Individualized iso-toxic hyperfractionated RT used
safely for larger tumors 2

1 Acta Oncologica, 45, 2006
E Ben Josef, J Clin Oncol, 2005




Hypothesis

Individualized SBRT can be ¢

patients with sma

Improve survival,

Why SBRT?

| and large
ocal contro

elivered safely to
Ilver cancers to
and gquality of life

ncreased patient convenience

_ess resource utilization
mproved efficacy




Phase | Study

 Highly conformal RT

Individualized dose (6 #), based on effective liver
volume irradiated (Veff)

Breath hold for liver immmobilization if feasible
Daily imaging and repositioning

* Objectives
. Maximal tolerated dose, toxicities, change in liver fn.
. Local control
. Overall survival
. Quality of life
. Partial volume tolerance of normal tissues to 6 #




Eligibility

Unresectable hepatocellular carcinoma (HCC),
iIntrahepatic cholangiocarcinoma or
liver metastases

Child’s A liver score

Hb > 90 g/L, platelets > 80,000, INR < 1.3

Liver enzymes < 6x upper limit of normal (£ grd 3)
Uninvolved liver > 800 cc

Effective liver volume irradiated (Veff) < 80%
Largest burden of disease In liver




Study Design

* |Individualized prescribed dose (6 fractions)
— Iso-toxicity for radiation induced liver disease (RILD)
* Anicteric ascites, elevated ALP, hepatomegaly
— Lyman-Kutcher-Burman NTCP Model, U Michigan*
— Lin. quad. correction for TD., and liver DVH (a/b=2.5)"

e Escalation of RILD risk: 5%, 10% and 20%

e Stratification

— Diagnosis (primary, metastases)
— Liver Veff (<0.2, 0.2-0.5, 0.5-0.8)

*Dawson, et al, IJROBP, 2002




Escalation Strategy
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Normal Tissue Constraints

Normal tissue Dose Constraint (6 fractions)

Liver Determined by Veff/ NTCP
Kidney Mean <12 Gy

Spinal cord Max < 27 Gy

Small bowel Max (0.5cc) < 30 Gy *
Stomach Max (0.5cc) < 30 Gy *
Heart Max (0.5 cc) < 36 Gy

* Modified from 33 Gy after 6 months




Patients

e /8 patients with med. follow-up 9.3 mo (3, 27)

— 36 Metastases - 25 Colorectal
* 3 Non-colorectal Gl
* / Breast
e 1 Sarcoma

— 32 HCC - 18 Hepatitis B
» 10 Hepatitis C

» 4 Etoh cirrhosis

— 10 Intra-hepatic cholangiocarcinoma

« Average age 63 years (38, 92)
« Male:Female 49:29




Patients

Extrahepatic disease: 21/ 78  (27%)
HCC portal vein thrombus: 13/ 32 (41%)

Med. tumor volume: 282 cc (3, 3088)

Prior treatment for intra-hepatic cancer. 66%
Resection/ transplant
Ablation
TACE
Chemotherapy




Dose Statistics (6 fractions)

Average Range
Prescription dose 39 Gy 24,57 Gy

Liver Veff 0.45 0.09, 0.80
Mean liver dose 16.8Gy 1.5,25QGy

Liver NTCP 3.5% 0, 19.6%
(LQ corrected DVH)

Max stomach dose 19.8Gy 0,33Gy
Max small bowel dose 19.4Gy 0, 36.5Gy
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Non-hepatic Toxicity < 12 weeks, n=7/8

Grade
1/ 2 3 415

Fatigue + 1
Nausea 2

Vomiting
Gastritis
Pleural effusion
~ platelets

Pulmonary embolus 1
(not related)




Hepatic Toxicity < 12 weeks, n=78

Grade Related
3 415 Y ?

RILD n=0
Non-RILD n =15

- Transient biliary 2
obstruction

- - liver enzymes 11
- Child B/C 7

( albumin, - bili, ascites)

N Progressive disease
* Grade 3 liver enzymes pre RT




Patients

(O ave NTCP 3.4 (0.01, 11.7)

o Metastases
””” - Prmary
O Child B/C Liver dysfunction < 3 mo
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Late Toxicity, n=78

e 2 gastric bleeds: 5, 6 mo post SBRT
— Bleeding metastases, Max to 0.5 cc stomach = 33 Gy

— Bleeding gastro-esophageal ulcer,
Max to 0.5 cc stomach = 30 Gy

1 tumor-duodenal fistula: 15 mo post SBRT
— Large HCC adjacent to bowel, Max to 0.5 cc duo. = 30 Gy

1 small bowel obstruction: 24 mo post SBRT

— Extrahepatic cholangiocarcinoma progression,
Max to 0.5 cc duodenum = 30 Gy




In Field Local Control

9 month local control 74% (95% CI: 61 — 83%)
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Overall Survival

Med. Survival 95% CI
Metastases 16.6 mo 7.9-258
Cholangioca 13.1 mo 6.0 - 28.4
HCC 11.0 mo 8.6 - 20.8
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Conclusions

Iso-toxic, 6 fraction, SBRT Is a feasible strategy
for dose allocation, with less RILD than predicted
and acceptable toxicity for liver cancer unsuitable

for other therapies

Worsening of liver function is more likely In
patients with HCC, with liver Veff > 50%

Response and survival data are encouraging

~uture work:
— SBRT combined with systemic therapies

— Randomized trials







Patients

(O ave NTCP 5.4 (0.01, 11.7)

o Metastases
””” - Primary
O Related Child B/C Liver dysfunction < 3 mo
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Liver Toxicity < 12 weeks, n=78

Patient Toxicity Outcome
1. 77yoHCC PR ~ albumen D 5.6 mo
68 yo HCC PR  Ascites, - bilirubin D 3.1 mo
41 yo HCC PD  Ascites, - bilirubin D 3.0 mo

57 yo HCC SD - bilirubin, ascites D 1.6 mo, sepsis
ductal HCC, stent

67 yo HCC PD  Ascites, - bilirubin D 3.3mo
57yo HCC PD  Ascites, - bilirubin D 5.2 mo
60 yo chol PD  Ascites, - bilirubin D 4.4 mo
58 yo mets PD  Ascites D 4.9 mo




Liver Toxicity < 12 weeks, n=78

Patient Toxicity Outcome
1. 77yoHCC PR ~ albumen D 5.6 mo
68 yo HCC PR  Ascites, - bilirubin D 3.1 mo
41 yo HCC PD  Ascites, - bilirubin D 3.0 mo

57 yo HCC SD - bilirubin, ascites D 1.6 mo, sepsis
ductal HCC, stent

67 yo HCC PD  Ascites, - bilirubin D 3.3mo
57 yo HCC PD  Ascites, - bilirubin D 5.2 mo
60 yo chol PD  Ascites, - bilirubin D 4.4 mo
58 yo mets PD  Ascites D 4.9 mo

Related to SBRT




PMH Liver Study — Outcome

e 1 year survival, 95% CI

— HCC 46% (27, 63)
— Cholangiocarcinoma 58% (23, 82)
— Liver metastases 65% (46, 79)

« Patterns of recurrence (out RT field > in RT field)
— HCC.: Intra-hepatic
— Metastases:. extra-hepatic
— Cholangioca: intra and extra-hepatic
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Previous Experience - Liver Metastases

Institution 1Y LC Survival

Michigan, Ben Josef NR 84% 1YS 30% 2YS
*50-90 Gy, 1.5 Gy, HA FUdR

Swedan, Blomgren 95% 18 mo. med
24 -65Gy/2-4 #

Germany, Herfarth, 14-26 Gy/ 1# 81%
Germany, Wulf, 30 Gy/ 3# 76% 71% 1YS 41% 2YS
Denmark, Hoyer, 45 Gy / 3# 80% 28% 2YS

Colorado, Schefter, 36-60 Gy, 3# 7 mo. med

Rochester, Katz 70% 1YS
20-55 Gy/ 5-18#

*Non SBRT comparison




Previous Experience — Hepatoma

Institution

1Y LC

Survival

Michigan, Ben Josef
*50-90 Gy, 1.5 Gy, HA FUdR

China, Wu
48-60 Gy, 4-8#, TACE

Japan, Kato
Carbon RT, 4-12 #

Japan, Shirato, 20-48 Gy, 8 #

Japan, Uematsu et al.
50-60 Gy, 5-10 #

* Non SBRT comparison

NR

57% 1YS  11% 3YS

94% 1YS  26% 3YS

90% 1YS  25% 5YS

40% 2YS
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Breath Hold Immobilization [ #5Gs)
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* Voluntary or active breathing control (ABC) liver
Immobilization can reduce adverse effects

N

Free breathing Breath hold RT
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Response

79 y.0. man - rectal cancer liver metastases
Chemo-refractory, 45 Gy/6 #, ‘NED’ 24 months

Baseline 1 month 3 months 24 months

RT change




Liver Radiation Tolerance

« 14/ 169 patients treated with FUdR
developed RILD

Parameter Value 95% CI

n 0.97 (0.7, 2.3)
m 0.12 (0.07, 0.25)
TDg, (primary) 40 Gy* (37, 44)
TD;, (metastases) 46 Gy* (42, 63)

* 1.5 Gy/# bid with HA FUdR

Dawson LA et al. Int J Radiat Oncol Biol Phys. 2002




Liver Radiation Tolerance

Metastatic Liver Cancer
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Liver Radiation Tolerance

Primary Liver Cancer
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MV Orthogonal Image Alignment

DRR MV Portal Image

/ / Diaphragm
used for CC
alignment

Vertebral bodies
used for AP,ML

/# alignment
Lat q




Breath Hold Reconstruction Slices

Coronal Sagittal
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@ GTV PTV
@ CTV PTV

T — 54 Gy, 9.0Gy x6

S~

27 Gy, 4.5 Gy X6




Image Guidance

Repositioning threshold 3 mm

MV, kV orthogonal imaging
Diaphragm, exhale: CC positioning

KV cone beam CT
Liver and/or liver tumor for 3D guidance

MV imaging KV fluoroscopy KV CBCT




Qutcomes, n=7/8

Med potential f.u 9.3 mo

Radiographic responses —CR 13%
— PR 46%

- SD 24%
First recurrence (out RT field > in RT field)
HCC.: Intra-hepatic
Cholangiocarcinoma: Intra and extra hepatic
Metastases: Extra-hepatic

1 year survival, 95% CI

HCC 46% (27, 63)
Cholangiocarcinoma 58% (23, 82)
Liver metastases 65% (46, 79)




Dose Limiting Toxicity

* <12 weeks: Radiation induced liver disease (RILD)
— Anicteric ascites
— Hepatomegaly
— Elevated liver enzymes (ALP > AST/ALT)

* <4 weeks: Any CTC 3.0 grade 4,5 toxicity




Volumes:
GTV CT/MR tumor
CTV 8 mm in liver
PTV individualized
5—-30 mm

Planning:
Forward segmental
3-9 beams

Prescription dose to
Isodose covering the
PTV around GTV

@ GTV PTV
@& CTV PTV

T — 54 Gy, 9.0 Gy x 6

27 Gy, 45Gyx6




Child B/C < 12 weeks, n=78

Patient

1.
2.
3.
4.
S.
6.
1.
8.

57 yo HCC
77 yo HCC
68 yo HCC
41 yo HCC
67 yo HCC
57 yo HCC
60 yo chol

58 yo mets

Toxicity

Ascites, - bilirubin
~ albumen
Ascites, - bilirubin
Ascites, - bilirubin
Ascites, - bilirubin
Ascites, - bilirubin
Ascites, - bilirubin
Ascites

Outcome
D 1.6 mo, sepsis
D 5.6 mo
D 3.1 mo
D 3.0 mo
D 3.3mo
D 5.2 mo
D 4.4 mo
D 4.9 mo




Liver Toxicity, < 12 weeks, n=78

Patient Toxicity Outcome
57 yo HCC Ascites, - bilirubin D 1.6 mo, sepsis
77 yo HCC ~ albumen D 5.6 mo
68 yo HCC Ascites, - bilirubin D 3.1 mo
41 yo HCC Ascites, - bilirubin D 3.0 mo
67 yo HCC Ascites, - bilirubin D 3.3mo
57 yo HCC Ascites, - bilirubin D 5.2 mo
60 yo chol Ascites, - bilirubin D 4.4 mo
58 yo mets Ascites D 4.9 mo

1.
2.
3.
4.
S.
6.
1.
8.

Related to SBRT




Late Toxicity, n=78
2 gastric bleeds: 5, 6 mo post SBRT

Bleeding metastases, max to 0.5 cc stomach = 33 Gy
Gastritis, GE ulcer, max to 0.5 cc stomach = 30 Gy

1 tumor-duodenal fistula: 15 mo post SBRT
Large HCC adjacent to bowel, Max to 0.5 cc duo. = 30 Gy

1 SBO, malignant: 24 mo post SBRT

Intra/extrahepatic cholang, Max to 0.5 cc duodenum = 30 Gy




Dosimetry, in 6 fractions

Average Range
Prescription dose 39 Gy 24,57
Dose to 95% PTV 35 Gy 18, 62

Liver Veff 0.45 0.09, 0.80
Mean liver dose 16.8Gy 1.5,25
Liver NTCP(bio DVH) 3.5% 0, 19.6%
Liver NTCP(phys DVH) 20% 0, 65%

Max stomach dose 19.8Gy 0, 33
Max small bowel dose 194Gy 0, 36.5




Liver Veff
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Overall Survival

Med. Survival 13.9 mo (95% CI 11 — 19 mo)
1 yr OS: 56% (95% CI: 44 — 67%)




