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71 drugs for all solid cancers approved by the FDA
from 2002 to 2014

-
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Improvement jn median
PFS = 2.5 months
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Improvement in median
overall survival = 2.1 months
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Fojo T et al. JAMA Otolaryngol Head Neck Surg. 2014; 140: 1225-1236
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Interventional oncology (10)

* Rapidly growing subspeciality —
radiology/oncology/minimally invasive surgery

« Potentially curative image guided treatment, complex
multidisciplinary care

« Aims to develop disease modifying treatment options
beyond conventional surgical and oncological therapies

* Evidence dominated by single arm studies, not sufficient
to change clinical practice uniformly across health care
systems

 Limited data on cost effectiveness and PROMS
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Interventional oncology (10)

* IR techniques used in diagnosis, treatment or palliation
of patients with cancer

« Examples of disease modifying procedures
- Image guided ablation o

- Image guided brachytherapy i aieiip i

service delivery
Second edition

- bland/chemo embolisation
- iIsolated perfusion chemotherapy

- selective internal radiation therapy
(SIRT)
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Liver disease

* Liver metastases are the commonest form of malignant
liver disease

« Associated with poor prognosis
* Most frequently from primary colorectal cancer (20%)

* Primary liver tumours eg. HCC, cholangioCa less
common in Europe

« Surgical resection is treatment of choice, 5 yr OS — 50%

« Only 20% of patients with liver metastases are
candidates for surgical resection
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Liver disease

* For unresectable disease, non-surgical approaches
Include systemic chemotherapy

« Chemotherapy has proven survival benefits

« Chemotherapy associated with toxicity, short duration
and poor response rates, with poor clinical outcomes

* More effective non-surgical liver directed therapeutic
strategies required

« Local vs systemic therapy should improve efficacy and
reduce systemic toxicity

* Liver directed therapies include RFA, TAE, TACE, SABR
and SIRT/TARE
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Selective internal radiation therapy
(SIRT)

* For primary liver malignancy (mainly HCC) and liver
metastases (mainly CRC)

« Other malignancies include cholangiocarcinoma, breast
and NET metastases

* Not yet included in liver management guidelines as RCT
outcomes awaited

 EASL guidelines recommend.:
- TACE for intermediate stage HCC
- Sorafenib for advanced stage HCC
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Concept of SIRT

* Also known as radioembolization (TARE), hepatic artery
brachytherapy

* Delivery of radioactive substance into tumour vascular
supply (common/left/right hepatic artery) via intra-arterial
catheter

 Liver tumours derive >80% blood supply from hepatic
artery

« Selectively deliver very high radiation doses to liver
tumours, whilst minimising radiation dose to normal liver
parenchyma

« Achieves tumouricidal doses of radiation (>100 Gy)
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Liver Tolerance & Tumour
Sensitivity to Radiation

RILD — Radiation-Induced Liver Disease

Gy: 20

Effective Dose: Curative Doses:

Testicular Ca Adenocarcinoma
Lymphoma
Myeloma

Preoperative

Radiation:
Rectal Ca

Kennedy A, Coldwell D, Nutting C et a/. Pathology and microdosimetry in human livers after °Y-microspheres.
Int ] Rad Oncol Biol Phys 2004; 60(5): 1520—1533.
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Overview of SIRT Technique

- 2 stage process
« Work-up procedure:

- Transfemoral angiogram to access hepatic
arterial vasculature and identify tumour feeding
vessels

- Prophylactic occlusion of extra-hepatic
vessels eg GDA, right gastric etc.

- 99mTc-MAA administration + gamma camera
SPECT +/- CT to assess lung shunt, hepatic &
extra-hepatic uptake

*Treatment procedure 1-3 weeks later:
- Reassessment of vascular anatomy
- Delivery of 90Y-microspheres treatment

- Planar +/- SPECT CT images to confirm
adequacy of treatment

WESSEX University Hospital Southampton m

Wiz ENETS Centre of Excellence
GROUP

MH5 Foundation Trust



Angiography

Pre SIRT Post SIRT
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PMTc-MAA study and lung shunt
calculation

Lung Shunt (%) = 6.51
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PMTc-MAA study extra-hepatic uptake
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Table 1. Properties of compounds used in selective

internal radiation therapy

Number of
particles

Angiographic
monitoring

ENETS Centre of Excellence

TheraSpheres SIR-Spheres QuiremSpheres

20-30

Yttrium-90 in

~1-8x10°

Mo

20-60 20-50
Yttrium-90 Holmium-166

adsorbe \J ’;.
resin sungpy .

beta (B)

~40-80=10% 33x10°

Mecessary MNecessary
(potential (potential reflux)
reflux)
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SIRT delivery techniques

Flushing agent
Flushing technique

Imaging
Dose vials

Radiopharmacy input

Treatment plan
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Theraspheres

Saline
2 x 20 ml flush

No fluoroscopy
Patient specific

Not required

Fixed treatment

SIR-spheres
5% dextrose
Sandwich technique

Intermittent
fluoroscopy

Decanted from
standard 3GBq activity

Dispensing

Administration
flexibility

University Hospital Southampton m

MH5 Foundation Trust



SIRT delivery systems

Theraspheres SIR-spheres
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Post SIRT Bremsstrahlung imaging
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CT liver

Pre-treatment Post-treatment

Pre SIRT Post SIRT
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SIRT In metastatic colorectal cancer

Journal of Surghcal Oncology 2004 8878 - 8%

First line setting

Randomised Phase 2 Trial of SIR-Spheres”
Plus Fluorouracil/Leucovorin Chemotherapy Versus
Fluorouracil/Leucovorin Chemotherapy Alone
in Advanced Colorectal Cancer

- Improved OS

GUY VAN MAZEL " ANTHONY BLACKWELL " JAMES ANDERSON," DAVID PRICL" PAUL MOROZ,' = H R O . 33
GEOFF DOWER," GIUSEPPE CARDACL" o BRUCE GRAY '
"Moune Homstal. Western Auntraka. Astralia
7St Chartes Gawdrer Howtal. Westorn Australia, Austalia - P <O 05

' Covonsiopes MHopital Quewnsland. Aastralia

VOLUME 28 - NUMBER 23 - AUGUST 10 2010

JOURNAL OF CLINICAL ONCOLOGY Chemorefractory setting

Phase III Trial Comparing Protracted Intravenous Fluorouracil -Im p roved TTP
Infusion Alone or With Yttrium-90 Resin Microspheres

Radioembolization for Liver-Limited Metastatic Colorectal - HR 0.38
Cancer Refractory to Standard Chemotherapy

Alain Hendlisz, Marc Van den Eynde, Marc Peeters, Geert Maleux, Bicke Lambert, Jaarke Vannoote, _ P < O ] O 5

Katrien De Keukeleire, Chris Verslype, Luc Defreyne, Eric Van Cutsem, Philippe Delatte, Thierry Delaunoit,
Nicola Personeni, Marianne Paesmans, Jean-Luc Van Laethem, and Patrick Flamen

University Hospital Southampton
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ESMO Guidelines 2016

Amnan of Onoology & 1-38, 2016
G0t 30, 100V aononcATonwG

ESMO consensus guidelines for the management
of patients with metastatic colorectal cancer

E. Van Cuteem'”, A. Cervantes?, R. Adarm?, A. Scbrero
Aguilar’, A, Bardelii®, A, Benson®, G. Bodeky'?, F. Clar
J.-Y. Douillard'?, M. Ducreux'®, A. Faloone'®'7, A, Grot
V. Heinemann??, P. Hoff*2, C.-H. Kéhne®, R. Labiancer

K. Muro?®, N. Normanno®?, P. Ostedund®3' W, J. G. ( '
G. Peﬂmmdaktsy. P, Pfetffam. T.J; Pf‘WE. C. Punt Losurmorl ualine e
W. Scheithauer®’, H. J. Schmoli*?, J. Tabemero*?, J. Te

[ 1 : 2 'y

T. Yoshino*s, A, Zaanan® & D. Amold*6

Thermal devices Non-tharmal devoss Embobc devom ’ e \
|
[ uttney | Brachythempy l R'Wi
erycatdabon
recommendation 16: embolisation. -
Emdﬂoﬂp | | Chermoumboiaabon |
« For patients with liver-limited disease failing the available | Rer—rt B |
chemotherapeutic options ——
° Radioembolisation with yttrium-90 microspheres should
be considered [II, B].
o Chemoembolisation may be also considered as a treatment
option [IV, B].
« Radioembolisation (and chemoembolisation) of CLM in
earlier treatment lines may be interesting as ‘consolidation
treatment’ but should be limited to clinical trials.
W]\IJElT\ ENETS Centre of Excellence University Hospital Southampton
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SIRFLOX Study Design

Prospective open-label RCT

n = 263 enrolled

Eligible patients Stratified by
«Non-resectable -Presence of extra- ) MFOLFOXG6 (+ bevacizumab) ()

liver-only or liver- hepatic metastases
dominant mCRC egree of liver
*No prior chemo for
advanced disease sIntended use of

[ ) mMFOLFOX6 (+ bevacizumab) (1

n = 267 enrolled

*WHO performance bevacizumab
status 0-1 -Institution Y-90 resin
microspheres

1. Bevacizumab allowed at investigator's
discretion, per institutional practice

Gibbs P et al. Presented at 2015 ASCO Annual Meeting; J Clin Oncol 2015; 33 (Suppl): Abs 3502
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Progression-Free Survival at Any Site

1.00 -
n Events Median
— FOLFOX (+ bev) 263 225 10.2 months
E' 075 4 —— FOLFOX (+ bev) + SIRT 267 217 10.7 months
(2]
w
g HR: 0.93 (95% CI: 0.77-1.12), p=0.43
o
o
B 050
Z
c
o
=
o
o
© 025 4
o
0.00
| | | | | |
0 12 24 36 48 60
Time from Randomization (months)
Number at risk
FOLFOX (+ bev) 263 96 29 9 a 2
FOLFOX (+ bev) + SIRT 267 106 33 11 a 2

Gibbs P et al. Presented at 2015 ASCO Annual Meeting; J Clin Oncol 2015; 33 (Suppl): Abs 3502
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PFS in the Liver:
Cumulative Incidence of Liver Progression
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Q o4 | i — FOLFOX (+ bev) 263 | 12.6 months
E ' | = FOLFOX (+ bev) + SIRT 267 | 20.5 months
D I
T 03 _ i HR: 0.69 (95% CI: 0.55-0.90), p=0.002
© :
Z |
—_ 0.2 | 1
E i 7.9 month improvement in median PFS in the liver
[3) i
a 014 i 31% reduction in risk of disease progression in the liver
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Time from Randomization (months)
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FOLFOX (+ bev) 263 96 29 9 5 2
FOLFOX (+ bev) + SIRT 267 106 33 11 5 2

Gibbs P et al. Presented at 2015 ASCO Annual Meeting; J Clin Oncol 2015; 33 (Suppl): Abs 3502
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Grade 23 Adverse Events in SIRFLOX

FOLFOX (+bev) (n = [FOLFOX (+bev) + SIRT (n

270) = 246)
Grade 23 (%) Grade 23 (%)

All subjects 73.4 85.4

Chemotherapy-related

events
Neutropenia 28.5
Febrile neutropenia 1.9
Thrombocytopenia 2.6 e
Diarrhoea 8.9 7.3
Nausea and/or vomiting 4.1 8.1

SIRT-related events
Gastric or duodenal ulcer
Ascites
Hepatic failure
Radiation hepatitis

O O O o
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SIRFLOX is the first of three RCTs designed for a
combined analysis of Overall Survival

Study Geographic Recruitment Patients OS Data
Design Region Completed Recruited | Expected

Study Name

SIRFLOX RCT ANZ, EME, US April 2013

November
FOXFIRE 2014 > 2017

ANZ, AP,

FOXFIRE Global EME, US

January 2015

ol acenad m

-
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BCLC staging and treatment strategy

| Hee
—

v

Very early stage (0)
Single <2cm
Child-Pugh A, PS O

v
Early stage (A)
Single or <3 nodules <3cm
Child-Pugh A-B, PS 0

\

. Intermediate stage (B)
Large muitinodular
Child-Pugh A-B, PS O

v Y
Advanced stage (C) | |

Portal invasion
Extrahepatic spread

Terminal stage (D)
Child-Pugh C, PS 3-4

Child-Pugh A-B, PS 1-2

' 3
Potential candidate for Single =3 nodules
liver transplantation -
\{
Yes Portal
pressure
Bilirubin
Normal = Associated
Increased | diseases
No Yes
¥ v v v , r r
Ablation Resection Transplant Ablation [ TACE [ Sorafenib ‘ BSC

Curative treatments

3-40 %
Median OS =60mo; 5-yr survival:40-17%

Fomer, A. et al. (2014) Treatment of intermediate-stage hepatocellular carcinoma
Nat. Rev. Clin. Oncol. doi:10.1038/nrclinonc.2014.122

REVIEWS
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SIRT in HCC

Liver
INTERNATIONAL

Liver intemational ISSN 1478-3223

CANCER

A comparison of survival in patients with hepatocellular carcinoma and
portal vein invasion treated by radioembolization or sorafenib
Manuel A. de la Torre’, Juan Buades-Mateu’, Pedro A. de la Rosa? Alberto Lué?, Francisco J. Bustamante®,

Maria T. Serrano?, Milagros Testillano®, Sara Lorente?, Juan |. Arenas®, Cristina Gil®,
Mercedes Inarrairaegui'*® and Bruno Sangro'*®

1 Liver Unit, Clinica Universidad de Navarra, Pamplona, Spain

2 Preventive Medicine, Complejo Hospitalario de Navarmra, Pamplona, Spain

3 Gastroenterlogy and Hepatology, Hospital Clinico Universitario Lozano Blesa, Instituto de Investigacion Sanitania de Aragon (IS Aragon),
Zaragoza, Spain

4 Liver Unit, Hospital Universitario Cruces, Baracaldo, Spain

5 Gastroenterology and Hepatology, Hospital Universitario Donostia, San Sebastian, Spain

6 Centro de Investigacion Biomedica en Red de Enfermedades Hepaticas y Digestivas (CIBEREHD), Pamplona, Spain

Liver Int. 2016; 36: 1206-1212. DOk 10.1111/liv.13098

GASTROENTEROLOGY 2011;140:497-507

Radioembolization Results in Longer Time-to-Progression and Reduced
Toxicity Compared With Chemoembolization in Patients With
Hepatocellular Carcinoma

Retrospective series

0 PVT

[0 Resin microspheres

[0 SIRT or sorafenib

[1 OS: 8.8 vs. 5.4 mo, p=0.047

Non randomised study
Comparison with TACE
[On = 245

[0Glass microspheres

OEarlier stage disease
(>80% BCLC A/B)

OTTP 13.3 vs. 8.4 mo p=0.46
[INo difference in OS

WESSEX University Hospital Southampton m
W ENETS Centre of Excellence
GROUP

MHS Foundation Trust



Survival After Yttrium-90 Resin Microsphere
Radioembolization of Hepatocellular Carcinoma
Across Barcelona Clinic Liver Cancer Stages:
A European Evaluation

Bruno Sangro,' Livio Carpanese.” Roberto Cianni,” Rita Golfieri," Daniele Gasparini,” Samer Ezziddin,”
Philipp M. Paprottka,” Francesco Fiore,” Mark Van Buskirk,” Jose Ignacio Bilbao,"" Giuseppe Maria Ettorre."'
Rita Salvatori,'> Emanuela Giampalma,® Onelio Geatti,"* Kai Wilhelm,'* Ralf Thorsten Hoffmann,”
Francesco 17z0,'> Mercedes Inarrairaegui,’ Carlo Ludovico Maini,'® Carlo Urigo.® Alberta Cappelli,'”
Alessandro Vit,” Hojjat Ahmadzadehfar,” Tobias Franz Jakobs, and Secondo Lastoria,'™ on behalf of the
European Network on Radioembolization with Yttrium-90 Resin Microspheres (ENRY)

Parameter N Median Survival (95% CI)
1.00{ ~q —— BCLCA 52 244 months (186 —38.1) e 37—
S5 - - BCLCB 87 169 months (12.8 —22.8) ok H t. [ ;
e scLc C 183 100 months (7.7-109) | ° 0 epndio Og)’
: \‘.. --=B8CLCD 3 52months (22— nr) .
i T SASABEL B9 101 S INEEE ATTEETE 90 104 | TR "o trne
0.75 - :
Survival after Yttrium-90 Resin
o 50 4 Microsphere Radioembolization of
= Hepatocellular Carcinoma across
Barcelona Clinic Liver Cancer Stages:
A European E )
0.25 -
0.00 Lre=s2s n=118 N=38 [t S,

0.0 0.5 1.0 1.5 20 25 30 35 4.0 45
Time from Radioembolization (years)
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SARAH Study Design

Eligible patients Stratified by

Life expectancy > 3mo *ECOG PS Sorafenib 800mg/day!!
+Child-Pugh A or B<8 +Vascular invasion
*ECOG performance *Prior TACE

Randomised

status 01 -Institution 1:1
At least 1 Lesion n = 467

evaluable by RECIST 1.

*Bili<50 AST/ALT<5ULN
INR<1.5 Y-90 resin

‘No extrahepatic mets microspheres

Primary Outcome
0sS

Secondary outcomes
‘PFS

*Hepatic vs. extrahepatic progression
*Tumour response rate (RECIST 1.1)
*Tolerance

*QOL

Vilgrain \/ et al. Presented at 2017 International liver congress EASL Meeting: Amsterdam
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SARAH Study Design

Primary Outcome: OS Secondary Outcome: PFS Secondary Outcome: Tumour
response rate

No survival difference No difference
between groups Response better in SIRT group

ITT Population (n=459): ITT (n=459): 19%vs. 11.6% p=0.042
SIRT OS 8mo SIRT 4.1mo

SOR 0SS 9.9mo SOR 3.7mo
P=0.18 P=0.76

Secondary Outcome: QOL

Per protocol population Per Protocol (n=380)

(n=380): SIRT 4.3mo
SIRT OS 9.9mo SOR 3.7mo Better in SIRT group

SOR 9.9mo
=0. EOTRC QLQ30
P=0.92 P=0.77

Vilgrain V et al. Presented at 2017 International liver congress EASL Meeting; Amsterdam
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TOLERANCE AND SAFETY

All
Grade 3-5

1297
230

2837
411

Fatigue 94 (20)
Wt loss 14 (0)
Infection 9 (3)
Alopeia 0 (0)
Hand foot syndrome 1(1)
Pruritis 7(1)
Diarrhoea 29 (3)
Abdominal Pain 46 (6)
Hypertension 6 (0)

WESSEX
NET
| GROUP

ENETS Centre of Excellence

140 (41)
46 (6)
23 (9)
35 (0)

45 (12)
19 (1)
146 (30)
63 (14)
26 (6)

University Hospital Southampton
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SIRT future directions in HCC

Population

Design

Sample size

Primary endpoint

Secondary endpoint

BCLC A after failure
BCLCB & C PFS
SARAH . sorafenib vs SIRT 460 0s Qol
sl e 2 Health economics
ECOG 0-1
BCLCB & C PFS
SIRVENIB Child A to B7 sorafenib vs SIRT 360 0s Qol
ECOG 0-1 Health economics
BCLCB&C sorafenib PES
STOP-HCC Child A to B7 Vs 390 0s
ECOG 0-1 sorafenib + SIRT QoL
BCLCB&C sorafenib PES
SORAMIC Child A to B7 Vs 375 0s
ECOG 0-1 sorafenib + SIRT QoL

WESSEX
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Other studies

« EPOCH - Phase lll trial evaluating 2"? line Theraspheres
treatment in patients with CRC liver metastases who
failed 15t line chemotherapy

« SIRCCA - Phase Il trial evaluating SIRTEX + standard

chemo (CIS-GEM) vs chemo as 1%t line treatment in
unresectable intrahepatic cholangiocarcinoma
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PAPER POINTS &

INSTITUTIONAL DECISION TO ADOPT Y30 AS PRMARY TREATMENT FOR BTG
HCC INFORMED BY A 1000-PATIENT 1o-YEAR EXPERIENCE

Rlzd Saiem, Ahmed Giabr | Afvsun Fiaz, Ronaid Mo, Fshan Al Michaes] Abecassls, Ryan Hoeey, Laurs Eulk, Canisl Ganger,
Sieyen Flamm, Fohl Adxss), Bassed Alrss), Kant Sato, A1 B Benson, Mary F Muicahy, Nadine Abouchalsh, &5 &1 Ssedl, FKosh Desal,
Blartiey Thomburg, Michas! Vouche, ANl Habb, Juan Caicsdo, Frank H Miler, Wahid Yaghmai, Jossph R Kalinl, Samdesp Mouil,
Robert J Lewandowskl. Hapatology 2047, [yt Factor: 13248 (2018}

HIGHLIGHTS

Posaltive cutcomes following TheraSphers® treatment in 1000 patlents over 15 years led the
Morthwestern University, Chicago fo adopt TARE with Thera%phers® as a firet line tranzarteral
Iocoragienal therapy [LRT) for patients with HCC limited fo the lver.

BACKGROUND AND DBJECTIVE

- 30 [TheraSahere®) fansartaral radoembolization (TARE) ks a transartaial locorglonal therapy (LRT) for
hapatocalliar caminama (HOC)
Dbjective: Summarnise a cumulative 15 year - 1000 patierts sxperienca of TheraSphere® in vanous BOLC stages.

METHOD
«  Sfudytime: Decamber 1, 2003 and March 31, 2017 - 1000 pabierts with HOC traaled with TheraSphere® a5 part
of a prospeciive cohort study (ihe largest singie cantre cohart conducted).
Standand pre-treatment anglography and To-35m MAA - TheraSphens® target dose was 120 Gy Tor lobar

Infusions. Practice changed in time with the appilcation of mEdlation seqmenteetnmy and iobasnmy and tamet
0585 were modiied o > 190 (poientially curstive abiative doss) and 150 Gy, respartively. Memlan dose per

treafment was 113 Gy.
Total TheraSpheret reaiments = 1577 | ECOG 0 {56%}; 1 {40%; 2 {4%)

{median 1-range 1-3) Child-Pugh Class | A (51%]; B (45%]; C [4%)

FolkW-p: &5 wesk 55ans and BCLC A [26%); B {15%]; C [S4%; D [4%] |
EuBsaquENtly 2t 2-3 month Intenas.

Ouicomes were strattfied by basaiine Child-Pugh (CF) class, Unkisd Mebwork for Organ Sharing (UMOS) and
Earcelona Clnke Liver Cancer (BCLC) staging systems.

S ouiromes were reported LSing censoning and insntion-io-treat methodologies.

RESULTS
+  Zandval for BCLC stages A-C patints treated with Y90 {47, 25 and 15 monihs, ‘EOMpEres
with survival expectations of BCLC A (35-50 monihs), BCLC B {18-26 monihs) and BOLC € (11
months) cied by EASL-EORTC guidelings.
Propany selacied BOLC D paients may heneft from seiective ThermSpher® followed by ver rarspiantstion
Owerall, 40 {53 patients develnped new grade 3/ abumin tocities, 110 {11%) showed grade 344 bilrubin
bosdcdtiag for &l CP classes. Mo patient deveiopad radiation pneumonitis or gastrtis.
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SIRT at UHS Nuclear Medicine Department

 SIRT service
Introduced in Jan
2009

- NYttrium-resin-
microspheres gy University Hospital

southampton

(SIRTEX) since Jan
2009

- MYttrium-glass-
microspheres
(Theraspheres) since
July 2015

-1 0of 10 SIRT
centres in England
since 2013

WESSEX University Hospital Southampton m
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Conclusions

« SIRT is used for primary and secondary liver cancers

« Most patients with liver metastases are unsuitable for
liver resection

« Multidisciplinary treatment involving NM, IR & oncology

« Targeted intra-arterial delivery of radioactive (usually
YY) labelled microspheres to the liver

« Two part procedure is reasonably well tolerated with
minimal side effects

 Established clinical benefit

« Growing evidence about safety and efficacy In
chemorefractory patients
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