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Health technology assessment (HTA) is the
systematic evaluation of properties, effects, and/or
impacts of health care technologies, i.e.
interventions that may be used to promote health,
to prevent, diagnose or treat disease or for
rehabilitation or long-term care. It may address the
direct, intended consequences of technologies as
well as their indirect, unintended consequences. Its
main purpose is to inform technology-related
policymaking in health care.

To evaluate the quality of evidence the Centre of Health Technology Assessment in Region
Vistra Gotaland is currently using the GRADE system, which has been developed by a widely
representative group of international guideline developers. According to GRADE the level of
evidence is graded in four categories:

High quality of evidence DODD (Previously Level of evidence 1)
Moderate quality of evidence ~ ©DD (Previously Level of evidence 2)
Low quality of evidence DD (Previously Level of evidence 3)
Very low quality of evidence ® (Previously Level of evidence 4)

In GRADE there is also a system to rate the strength of recommendation of a technology as
either “strong” or “weak”. This is presently not used by the Centre of Health Technology
Assessment in Region Vistra Gotaland. However, the assessments still offer some guidance to
decision makers in the health care system. If the level of evidence of a positive effect of a
technology is of high or moderate quality it most probably qualifies to be used in routine
medical care. If the level of evidence is of low quality the use of the technology may be
motivated provided there is an acceptable balance between benefits and risks, cost-
effectiveness and ethical considerations. Promising technologies, but a very low quality of
evidence, motivate further research but should not be used in everyday routine clinical work.
(GRADE 2004, GRADE List of publications)

Christina Bergh, Professor, MD.
Head of HTA-center
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Utliatande och sammanfattande bedomning frin Kvalitetssikringsgruppen

BEHANDLING AV PRIMAR LEVERCANCER ELLER LEVERMETASTASER
FRAN KOLOREKTAL CANCER MED SELEKTIV TILLFORSEL AV
RADIOAKTIVA *°Y TTRIUM MIKROSFARER

HTA-kvalitetssdkringsgruppen har ett uppdrag att yttra sig Over genomforda HTA 1 Vistra
Gotalandsregionen. Yttrandet skall innefatta sammanfattning av fragestéllning, samlat evidensldge,
patientnytta, risker samt ekonomiska och etiska aspekter for den studerande teknologin.

Denna HTA har genomfOrts pd begdran av verksamhetschef Michael Olausson, Transplan-
tationscentrum, Sahlgrenska Universitetssjukhuset (SU).

En arbetsgrupp bestdende av Ragnar Hultborn, professor, Onkologi (SU), Peter Bernhardt, docent,
Avdelningen for radiofysik (SU), Magnus Rizell, dverldkare, Transplantationscentrum (SU), Johanna
Svensson, specialistlikare, Onkologi (SU), och Malin Sternby Eilard, specialistldkare, Transplan-
tationscentrum (SU) har tillsammans med HTA-centrum tagit fram HTA rapporten.

Resurspersoner frdn HTA-centrum har varit Ola Samuelsson, docent, Annika Strandell, docent,
Therese Svanberg, bibliotekarie, Ulla Wikberg-Adania, bibliotekarie.

HTA-rapporten samt aberopad och fortecknad litteratur har granskats av Christian Rylander, med.dr,
Anestesi (SU/Sahlgrenska).

Slutsatser har diskuterats vid mdten mellan HTA-centrum och HTA-projektgruppen. Ett utlatande har
tagits fram, diskuterats och faststillts vid Kvalitetssékringsgruppens mote 2010-06-02.

Projektet har pagatt under perioden 2009-11-30—2010-06-02.

Den systematiska litteratursokningen strackte sig fram till och med 2010-01-22.

Kvalitetssiakringsgruppen

Christina Bergh Lennart Jivegard, Maria Skogby

Professor Universitetslektor M.dr, Vardenhetschef

Magnus Hakeberg, Anders Larsson Annika Strandell

Professor Overlédkare Docent

Hans Hedelin, Ola Samuelson, Therese Svanberg

Professor Docent HTA-bibliotekarie

Peter Johansson Henrik Sjovall

Med.dr, Overlikare Professor

www.sahlgrenska.se

YHVASTRA Sahlgrenska Universilt_ie_lt_s;\s_jg::tl:jﬁqt

GOTALANDSREGIONEN Réda Straket 8, 413 45 Géteborg
W SAHLGRENSKA UNIVERSITETSSJUKHUSET TELEFON vaxel 031-342 00 00, direkt 031-342 15 56



Sahlgrenska Universitetssjukhuset

Fragestéllning:
Ger brakyterapi med *°Y ttriummirkta mikrosfirer forlingd verlevnad i jamforelse med konventionell

”salvage”-behandling alternativet kemoembolisering eller annan palliativ behandling f6r patienter med
primér hepatocellulér cancer respektive levermetastaserad kolorektalcancer?

PICO: ( Patient, Intervention, Comparison, Outcome)

PICO I PICO II:

P = Patienter 6ver 18 ar med primér P = Patienter 6ver 18 ar med levermetastaser
hepatocellular cancer (HCC) frén kolorektal cancer (CRC)

1= *"Yttrium-mikrosférer (glas eller resin- 1= *"Yttrium-mikrosférer (glas eller resin-
sfdrer) givet via arteria hepatica sfdrer) givet via arteria hepatica

C = Kemoemboliseringor eller palliativ C = Konventional “salvage” behandling
behandling

O = 1. Overlevnad O = 1. Overlevnad
2. Tumorreduktion, tid till progress, 2. Tumorreduktion, tid till progress,
livskvalitet och toxicitet livskvalitet och toxicitet

Resultatet av HT A-processen:

Metod och mélgrupp:

Primér levercancer och kolorektal cancer dr tvd mycket vanliga cancerformer.

De kurativa behandlingsalternativ som dr tdnkbara for patienter med primér levercancer ar
levertransplantation, leverresektion eller “radiofrequency ablation”. En del patienter dr emellertid inte
lampliga for kirurgiska &tgirder och de har en mycket hog mortalitet. Radioembolisering med
Y ttrium-mikrosfirer 4r en teknologi som dels har potential att kunna minska tumdrvdvnadens
utbredning och ddrmed mojliggora kurativ levertransplantation, och dels kan ges i palliativt syfte for
att eventuellt forbéttra dverlevnad och livskvalitet.

Patienter med primér kolorektal cancer med metastaser i levern har en mycket dalig prognos. Idag
behandlas dessa patienter palliativt med systemisk kemoterapi som i ménga fall dr forenad med
allvarliga biverkningar med bl.a. toxisk paverkan pa framforallt benmirg. Aven hos dessa patienter har
lokal brakyterapi med *°Yttrium-mikrosfirer potential att forbattra dverlevnad och livskvalitet, och
reducera behovet av kemoterapi.

Evidenslédge for studerad patientnytta:

Hepatocelluldr cancer

Den systematiska litteratursokningen fann 16 studier som rapporterat behandlingsresultat av
radioembolisering med **Y ttrium-markta mikrosférer hos patienter med HCC som inte varit dtkomlig
for kirurgi. Fyra studier var kontrollerade studier men ingen var randomiserad. Ovriga 12 studier var
fallserier. Av de kontrollerade studierna var tva av medelhdg och tva av lag vetenskaplig kvalitet.

= Overlevnad. 1 jimforelse med kemoembolisering forlingdes dverlevnaden med 3 respektive 17
ménader i de tva studierna som beddmdes ha medelhog vetenskaplig kvalitet. Evidensgraden for
effekten pa dverlevnad ér otillracklig (Grade ©).

» Behandlingssvar pd tumorvdvnad. Andelen patienter som fick ett komplett eller partiell tumorsvar,
dvs. helt forsvunnen eller avsevart reducerad tumormassa, varierade mellan 26 — 61 %.
Evidensgraden for effekten pa tumorsvar ér otillricklig (Grade ®).

»  Komplikationer. De flesta patienter erfor illamaende och uttalad trétthet. Lymfopeni observerades
hos majoriteten av patienterna. Allvarlig biverkan férekom hos 22 — 42 % avseende levertoxicitet
och 7 -39 % avseende bilirubin-toxicitet

www.sahlgrenska.se
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Levermetastaser fran kolorektal cancer

Den systematiska litteratursokningen fann atta studier som rapporterat behandlingsresultat av
radioembolisering med *°Yttrium-mirkta mikrosfirer hos patienter med levermetastaser frin
kolorektal cancer som inte varit dtkomliga for kirurgi. Tre studier var kontrollerade, varav tva
randomiserade. Ovriga fem studier var fallserier. Av de randomiserade studierna var en av medelhog
och en av 1ag vetenskaplig kvalitet. Aven den icke-randomiserade, kontrollerade studien hade lig
vetenskaplig kvalitet.

»  Overlevnad. Ingen skillnad i 6verlevnad observerades i den nigot storre randomiserade studien
som bedomdes ha medelhog kvalitet eller i den icke-randomiserade studien. I den mindre
kontrollerade studien av g kvalitet rapporterades en forldangd 6verlevnad hos gruppen som
behandlades med radioembolisering. Evidensgraden for effekten pa dverlevnad ar otillracklig
(Grade @).

» Behandlingssvar pd tumévivnad. Andelen patienter som fick ett komplett eller partiell tumorsvar
varierade mellan 34 — 75 %. Evidensgraden for en positiv effekt avseende tumdrsvar ar enligt
begrinsad (Grade ©®).

»  Komplikationer. De flesta patienter erfor illamaende, buksmérta och uttalad trotthet. Allvarlig
biverkan férekom hos 2 — 4 % avseende levertoxicitet, 12 % avseende bilirubin-toxicitet och
5 — 8 % avseende “gastrointestinal” toxicitet.

Risker
Levertoxiciteten till f5ljd av radioembolisering med *°Yttrium-mikrosfirer har rapporterats vara
relativt hog. Enstaka dodsfall som en direkt f6ljd av behandlingen har rapporterats

Etiska aspekter:

De etiska aspekterna kan delas upp i individuella och i1 samhéllsaspekter. For den enskilde patienten
ger den nya behandlingen ett visst hopp om en 6kad 6verlevnad, vilket kan vara mycket betydelsfullt i
enskilda fall. For samhillet innebér behandlingen att en omfordelning av resurser maste ges till en
behandling som saknar tillracklig dokumentation av patientnytta.

Ekonomiska aspekter

Om behandling av primér hepatocelluldr cancer med kemoembolisering eller annan ”salvage”
behandling ersitts av brakyterapi med *°Y ttriummirkta mikrosférer innebir detta en méttlig arlig
kostnadsokning pa ca 0,5 miljoner kronor. Om den adderas till nuvarande palliativ behandling av
levermetastaser frén kolorektal cancer 6kar den érliga kostnaden med ca 8 miljoner kronor.

Sammanfattning och slutsats

Brachyterapi med *°Yttriummérkta mikrosférer har studerats i tvéd olika patientgrupper med
diagnoserna primér hepatocellulédr cancer och levermetatstaser frin kolorektal cancer. Behandlingen
har en positiv effekt pa tumorsvar (GRADE @ for primir levercancer och GRADE @ @ for
levermetastaser fran koleraktal cancer ). Dokumentationen om dess effekter pd dverlevnad &r
otillracklig (GRADE @). Levertoxicitet dr en allvarlig biverkan. Kostnadsdkningen ar méttlig om
metoden ersdtter annan behandling (vid primér levercancer) och betydande om den ges som tilldgg till
annan palliativ behandling.

For HT A-kvalitetssakringsgruppen 2010-06-02

Christina Bergh
Ordforande
HTA-kvalitetssidkringsgruppen
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Statement from the Regional HTA Centre of the Region Vistra Gotaland in Sweden

90YTTRIUM RADIOEMBOLISATION FOR HEPATOCELLULAR CARCINOMA
AND COLORECTAL LIVER METASTASES

The Regional Health Technology Assessment Centre (HTA-centrum) of the Region Vistra Gotaland,
VGR, in Sweden has the task to make statements on HTA reports carried out in VGR. The statement
should summarise the question at issue, level of evidence, efficacy, risks, and economical and ethical
aspects of the particular health technology that has been assessed in the report.

Michael Olausson, Head of the Department of Transplantation and Liver Surgery, Sahlgrenska University
Hospital, Goteborg, Sweden, requested the present HTA.

A working group under the chairmanship of Magnus Rzell, MD, PhD, the Department of Transplantation
and Liver Surgery, Sahlgrenska University Hospital, Goteborg, Sweden produced the HTA report. The
other members of the working group were Peter Bernhardt, professor, Department of Medical Physics and
Bioengineering, Ragnar Hultborn, professor, Department of Oncology, Malin Sternby Eilard, MD,
Department of Transplantation and Liver Surgery, and Johanna Svensson, MD, Department of Oncology.
All at the Sahlgrenska University Hospital, Goteborg, Sweden.

The participants from the HTA centre were Ola Samuelsson, MD, PhD, Annika Strandell, MD, PhD,
Therese Svanberg, librarian, and Ulla Wikberg-Adania, librarian.

Christian Rylander, PhD, Department of Anaesthesiology, Sahlgrenska University Hospital, Goteborg,
Sweden, has critically appraised the report.

The project lasted during the time period 2009-11-30 — 2010-06-02.
The literature search covered the time up to January 2010.

The HTA-centre:

Christina Bergh LennartJivegard, Maria Skogby

Professor PhD, MD PhD, RN

Magnus Hakeberg, Anders Larsson Annika Strandell

Professor, OD PhD, MD PhD, MD

Hans Hedelin, Ola Samuelson, Therese Svanberg

Professor, MD PhD, MD HTA-librarian

Peter Johansson Henrik Sjovall

PhD, MD Professor, MD
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Question at issue:

Does treatment with *’Yttrium microspheres prolong life in comparison with conventional salvage
treatment, such as chemoembolisation or other palliative treatments, in patients with primary liver cancer
or liver metastases from colorectal cancer?

Patients, Intervention, Comparison, and Outcome (PICO

PICO I: PICO II:

P = Patients over 18 years with primary P = Patients over 18 years with liver metastases
hepatocellular carcinoma from colorectal cancer

I = *°Yttrium-coated microspheres (glass or I = *°Yttrium-coated microspheres (glass or
resin), administered via the hepatic artery. resin), administered via the hepatic artery

C = Chemoembolisation or other palliative C = Conventional “salvage” therapy

treatment

O = 1. Survival O =1. Survival

2. Response rate, Time to progression, Quality 2. Response rate, Time to progression, Quality
of Life and Toxicity of Life and Toxicity

Summary of the health technology assessment:
Method and patient category:
Hepatocellular cancer (HCC) and colorectal cancer (CRC) are common cancer forms.

The present treatment of HCC includes orthotopic liver transplantation, liver resection and radiofrequency
ablation. The aim of these treatments is curative. However, not all patients are suitable for surgery or
radiofrequency ablation. These patients have a very poor prognosis. For palliative treatment and for
patients on the waiting list for liver transplantation radioembolisation with **Yttrium-labeled microspheres
may be an alternative treatment strategy.

Patients with unresectable hepatic metastases from CRC also have a very poor prognosis. These patients
are predominantly considered for systemic chemotherapy to diminish the tumour burden. Surgery has not
been shown to prolong life, if tumor excision is not radical. External irradiation of liver tumours for
multifocal disease is seldom feasible, since the risk of acute or late damage to the normal liver tissue is
overwhelming. A local and selective tumour treatment of a disseminated tumour may improve the quality
of life and prolong survival.

Level of evidence:

Hepatocellular carcinoma

The systematic literature search identified 16 studies that have reported the therapeutic outcome of

radioembolisation with *’Yttrium-labeled microspheres in patients with unresectable HCC. Four studies

were non-randomized controlled studies, and 14 case series. There was no randomized, controlled trial.

Two of the controlled studies were of moderate scientific quality, and two were of low scientific quality.

»  Survival. In comparison with chemoembolisation the survival was 3 and 17 months longer,
respectively, in the two studies of moderate scientific quality. The level of evidence with regard to the
effect on survival is very low according to the GRADE system (Grade &).

»  Tumour response. The frequency of patients with a complete or partial tumour response varied
between 26-61 %. The level of evidence with regard to tumour response is very low according to the
GRADE system (Grade @).

= Complications. Most patients experienced nausea and extreme fatigue. Lymfopenia was observed in
the majority of the patients. A serious adverse effect occurred in 22 — 42 % with regard to liver
toxicity, and in 7 -39 % with regard to bilirubin-toxicity.

www.sahlgrenska.se
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Liver metastases from colorectal cancer

The systematic literature search identified eight studies that have reported the therapeutic outcome of

radioembolisation with *’Yttrium-labeled microspheres in patients with unresectable liver metastases from

CRC. Three studies were controlled studies, two of which being randomised (RCT). The other five studies

were case series. One of the RCTs was of moderate and the other of low scientific quality. The non-

randomised, controlled study was also of low scientific quality.

= Survival. There was no difference in survival between radioembolisation with **Yttrium and the
control therapy in the RCT of moderate scientific quality or in the non-randomised, controlled study of
low scientific quality. The level of evidence with regard to the effect on survival is very low according
to the GRADE system (Grade @).

»  Tumour response. The frequency of patients with a complete or partial tumour response varied
between 34 — 75 %. The level of evidence with regard to tumour response is very low according to the
GRADE system (Grade ©®).

» Complications. Most patients experienced nausea, abdominal pain and extreme fatigue. A serious
adverse effect occurred in 2 — 4 % with regard to liver toxicity, in 12 % with regard to bilirubin-
toxicity, and in 5 — 8 % with regard to gastrointestinal toxicity.

Risks
The liver toxicity of radioembolisation with **Yttrium-labeled microspheres is relative high. A few fatal
cases have been reported as the direct consequence of this treatment.

Ethical aspects:

Ethical issues may be separated into those concerning the patients being candidates for this treatment in
terms of suffering in relation to potential benefits, and those concerning what should be prioritized based
on cost-effectiveness calculations.

Economical aspects

The use of with radioembolization with *°Yttrium in HCC instead of TACE and in CRC as additional
palliative therapy 1is estimated to increase the annual cost between 8-10 million SEK
(800 000 — 1 000 000 €).

Concluding remarks

Brachytherapy using radioembolisation with **Yttrium-labeled microspheres has been assessed in two
categories of patients; in patients with unresectable primary hepatocellular carcinoma and in patients with
liver metastases from colorectal cancer.

The level of evidence of the effects on survival is very low for both these cancer forms (Grade @®).
The level of evidence of a positive effect on tumour response in liver metastases from colorectal cancer
is low (Grade ©@®), whereas the level of evidence of tumour response in hepatocellular carcinoma is very
low (Grade ®).

The increase in cost is moderate if the method is used instead of chemoembolisation in HCC patients. If it
is used as an additive treatment in CRC patients the increase in cost is significant.

On behalf of HTA-centrum Géteborg, Sweden, 2010-06-02

Christina Bergh, Professor, MD.
Head of HTA-centre
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‘ Which health technology or method will be assessed?

90YTTRIUM RADIOEMBOLISATION FOR HEPATOCELLULAR CARCINOMA
AND COLORECTAL LIVER METASTASES

1a. Who will lead the project?

Magnus Rizell, MD, PhD, Senior consultant Department of Transplantation and Liver
Surgery, Sahlgrenska University Hospital

Co-workers:

Ragnar Hultborn, MD, PhD, Professor, Department of Oncology, Sahlgrenska University
Hospital

Peter Bernhardt, Physicist, PhD, Professor, Department of Medical Physics and
Bioengineering, Sahlgrenska University Hospital

Johanna Svensson, MD, Department of Oncology, Sahlgrenska University Hospital

Malin Sternby Eilard, MD, Department of Transplantation and Liver Surgery, Sahlgrenska
University Hospital

1b. Who posed the question?

Michael Olausson, MD, Professor, Head of Department of Transplantation and Liver
Surgery, Sahlgrenska University Hospital.

1c. Additional parties who posed the question

Per Karlsson, MD, Associate Professor, Head of Department of Oncology, Sahlgrenska
University Hospital

1d. Other participants, from the HTA centre and external reviewers

Ola Samuelsson, MD, PhD, Annika Strandell, MD, PhD, Therese Svanberg, librarian, Ulla
Wikberg-Adania, librarian

External reviewers
Christian Rylander, MD, PhD

le. Are there any conflicts of interest for the proposer or any of the participants in the
work group?

No.
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Disease/disorder of Interest and Present Treatment

2a. Disease/disorder of interest and its degree of severity
Hepatocellular cancer (HCC) and colorectal cancer (CRC) are among the most common
cancer forms.

Patients with unresectable HCC have a short life expectancy with a median survival of 3-6
months and a 5-year survival of less than 10 %. Patients with resectable liver metastases
from CRC have a 5-year survival of 20 - 40 %. Patients with unresectable metastases from
CRC confined to the liver have a median survival of 6 -10 months without treatment. With
current chemotherapy it may be prolonged to 18-21 months (Wagner et al., 2009).

2b. Prevalence and incidence of the disease/disorder
The population of the Region Vistra Gotaland of Sweden (VGR) is 1,55 million people.

During 2000 - 2008 there were 388 patients diagnosed with HCC. This corresponds to an
average annual incidence of about 50 patients, of which around 40 would be unresectable.

In 2007 the incidence of CRC was 1054 patients in this population. The annual incidence
of patients with isolated, unresectable hepatic metastases is estimated to be around 35 (The
Regional Oncological Center; National Board of Health and Sjovall et al., 2004).

2c. Present treatment of the disease/disorder in the outpatient setting/ in-patient setting

The present treatment of HCC includes orthotopic liver transplantation, liver resection and
radiofrequency ablation. The aim of all these three treatments is curative. For palliative
treatment and for patients on the waiting list for liver transplantation there are two main
alternative treatment strategies.

1. Regional chemotherapy together with embolization products that give a stagnant blood
flow in the vasculature of the tumour. This is administered via the hepartic artery, and
the treatment is called trans-arterial chemoembolization (TACE). TACE is
administered as an in-hospital procedure, and the patients stay overnight. Results in
recent reported case series, and in randomized, controlled trials have indicated an
increased survival by about one year, and the median survival time for patients suitable
for TACE is around 20 months (Forner et al., 2009). However, the selection of patients
is crucial (Llovet et al., 2002). According to current international guidelines TACE is
indicated in patients with no extrahepatic metastases, without portal thrombosis and
with a good liver function (Forner et al., 2010)

2. Systemic therapy with the tyrosine kinase inhibitor sorafenib (Nexavar®).
This treatment is given in an outpatient setting. Two randomized, controlled trials have
shown an increased survival time in patients with good liver function by about 3
months, from a median of 7 months to 10 months (Llovet et al., 2008).

[ VUl 2 . Sy 200 |
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2d.

2e.

2f.

Both of these treatments for HCC have been accepted in the regional treatment program of
VGR (www.oc.gu.se).

Patients with unresectable hepatic metastases from CRC are predominantly considered for
systemic chemotherapy. This is normally administered in the outpatient setting. In case of
tumour progression the patient may be considered for second-line chemotherapy or liver-
directed treatment, provided there is no extrahepatic metastases. The present alternatives
are:

1. Regional chemotherapy such as TACE or hepatic artery chemotherapy (HAC).
These alternatives are presently not used in the Western Region.

2. Systemic chemotherapy including oxaliplatin or irinotecan combined with 5-FU, and
sometimes a biological compound (Avastin®, Vectibix® or Erbitux®).

Number of patients per year who undergo the current treatment regimen?

Based on the incidence of HCC we estimate that around 15 - 20 patients can be treated
annually with either TACE or with the new treatment technology Y ttrium-"
radioembolization. In addition, some patients are referred from other regions.

The number of patients with CRC and isolated, unresectable hepatic metastases who may
be considered for systemic chemotherapy, possibly in combination with or followed by
liver-directed therapy such as *’Yttrium-radioembolization is estimated to be around 35
patients annually.

The normal pathway of a patient through the health care system

Patients in the Western Region of Sweden who are diagnosed with HCC are referred to the
Department of Transplantation and Liver Surgery at Sahlgrenska University Hospital.
After a thorough work-up a multidisciplinary board proposes a treatment. In case of anti-
tumoral palliative treatment the Department of Transplantation and Liver Surgery will
administer this. In case of symptomatic palliative measures the palliative treatment teams
in the region will take the responsibility and provide this treatment.

Patients who are considered for systemic chemotherapy for CRC are taken care of by
oncologists at Sahlgrenska University Hospital or at the local hospitals in the region.
Locoregional treatment to the liver is only available at Sahlgrenska University Hospital.

Actual waiting in days for medical assessment /treatment
Both categories of patients with HCC and CRC are normally assessed within two weeks
after referral. The waiting time between board decision and start of chemotherapy is

usually another one to two weeks. The waiting time for the first TACE is usually slightly
longer, between 1 to 6 weeks (median 4 weeks).
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Present Health Technology

3a. Name of the health technology at issue

Radioembolization with *°Y ttrium-coated microspheres administered in the hepatic artery.

3b. Description of the new technology

Radioembolization with *°Yttrium-labeled microspheres is a local therapy where the liver
is the target organ. A 2 to 8 fold higher uptake of locally irradiating spheres can be
achieved in the tumor tissue compared to in the normal liver tissue. This is due to the fact
that tumors mainly are supplied by arterial blood, whereas the normal liver tissue mainly is
supplied by venous blood. Infusion of the microspheres, via an injection in the hepatic
artery, will trap the microspheres in the capillary bed. This enables the delivery of high
doses to the tumor tissue.

3c. The work group’s understanding of the potential value of the health technology

Radioembolization with *°Yttrium may be used for neo-adjuvant treatment in patients
considered for curative treatments such as orthotopic liver transplantation, resection, or
radiofrequency ablation, aiming to decrease the risk for recurrence. **Y-treatment may also
reduce the tumour mass to increase the number of HCC-patients eligible for curative
interventions, so called, downstaging. Furthermore, in the case of resection the
administration of **Yttrium to the part of the liver which is supposed to be resected, may
add a stimulus for contralateral growth of the liver. Also, **Yttrium administered in the
part of the liver that is left has the potential to destroy microscopic foci of tumour, not
visible at usual staging radiography.

This treatment may be valuable also in the palliative setting for HCC, enabling prolonged
survival. It may be a better alternative than TACE, which is the first treatment option
today, since it has the potential to be more selective and has a rather low complication rate.
Moreover, since fewer treatment procedures are normally needed for *°Yttrium than for
TACE, *Yttrium may improve the quality of life.

The primary aim of treatment of liver metastases from CRC is to diminish the tumour
burden. A local treatment of a disseminated tumour may also prolong life. However, local
treatment of liver dominated disease is complicated. Surgery has not been shown to
prolong life, if tumor excision is not radical. External irradiation of liver tumours for
multifocal disease is seldom feasible, since the risk of acute or late damage to the normal
liver tissue is overwhelming.

For CRC radioembolization with *’Yttrium could be especially valuable for those with
metastatic spread confined only to the liver. It should be supplemented by systemic
“adjuvant” chemotherapy, either at time of the diagnosis of liver metastases as subclinical
disease often is present elsewhere at this time, or at the time of manifest extrahepatic
disease.The effects of radioembolization with **Yttrium combined with systemic
chemotherapy may be additive or synergistic. The addition of systemic treatment may
inhibit further systemic spread (treatment of subclinical disease). One clear benefit of a
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3d.

3e.

locally administered treatment is that it will reduce the toxicity to other organs such as the
bone marrow.

In summary, therapy by radioembolization with **Yttrium-labeled microspheres is a
theoretically interesting, selective treatment with potential advantages;

e It may improve the anti-tumor effect, as described above.

e It is a rather tumour selective treatment.

e It may improve quality of life, being a treatment with a possibly favourable toxicity
profile.

e [t is expected to require less resource since it is a low intensity treatment, which
normally is not repeated with shorter intervals than 6-12 months.

The treatment is based on a multidisciplinary teamwork. This is at present available at
Sahlgrenska University Hospital, which has the task to be the leading centre in the Western
Region of Sweden for liver transplantation and other locoregional liver treatments in
advanced diseases.

The central question for the current HTA project in one sentence

Does treatment with *°Yttrium microspheres prolong life in comparison with conventional
salvage treatment, such as chemoembolization or other palliative treatments, in patients
with primary liver cancer or liver metastases from colorectal cancer?

PICOI:
P = Patients over 18 years with primary hepatocellular carcinoma (HCC)
I = **Yttrium-coated microspheres (glass or resin), administered via the hepatic artery.
C = Chemoembolization or other palliative treatment
O =1. Survival
2. Response rate, Time to progression, Quality of Life and Toxicity

PICO II;
P = Patients over 18 years with liver metastases from colorectal cancer (CRC)
I = *Yttrium-coated microspheres (glass or resin), administered via the hepatic artery
C = Conventional “salvage” therapy
O =1. Survival
2. Response rate, Time to progression, Quality of Life and Toxicity

Key words
hepatocellular carcinoma, colorectal cancer, hepatic metastasis, locoregional therapy,
“Yttrium microspheres
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Review of the Level of Evidence

4.

Search strategy, study selection and references — appendix 1

During December 2009 — January 2010, the library performed literature searches in PubMed,
the Cochrane Library, EMBASE and a number of HTA- databases. (See appendix 1 for
details.) Reference lists of relevant articles were also scanned for additional references.

A total of 1334 articles were identified, of which 1261 abstracts were excluded by the library.
Another 25 articles were excluded by the library after having been read in full text. 48 articles
were sent to the work group for assessment. 24 of these articles are included in the report, 7 are
controlled studies and have been critically appraised. The appraisal of articles is based on
checklists from SBU (2008), which were developed by Olle Nyrén, professor, Karolinska
Institutet, Stockholm.

Search strategies, eligibility criteria and a graphic presentation of the selection process are
accounted for in appendix 1. The literature search and exclusion of abstracts were made by two
librarians (TS, UWA) in consultation with the HTA-centre and the project group.

5a. Describe briefly the present knowledge of the health technology

Hepatocellular carcinoma

The systematic literature search identified 16 studies, which have reported treatment
effects of radioembolization with **Yttrium microspheres in patients with unresectable
HCC. Four were non-randomized, controlled studies and 12 were case series including 41
up to 291 patients. Of the non-randomized, controlled studies two were of moderate
scientific quality and two of low scientific quality. There was no randomized, controlled
trial.

The controlled studies of moderate quality compared radioembolization with TACE. They
reported average survival rates of 8.5 and 11.5, and 18.7 and 35.7 months, respectively, in
the different treatment groups. Thus, in comparison to TACE treatment the use of
radioembolization with *°Yttrium microspheres significantly prolonged survival by an
average of 3 and 17 months in these two different trials.

The 16 studies were heterogeneous with regard to baseline patient characteristics in terms
of stage of cancer disease, liver function, and previously administered therapy.

The response rate (i.e. complete or partial response) varied between 26 - 61% according to
the WHO criteria, 34 - 86% according to the EASL criteria, and 8 - 23% according to the

RECIST criteria. These three different criteria were analyzed in parallel in only one study.

The quality of evidence for radioembolization with **Yttrium microspheres on the effects
on survival as well as on tumor response is very low (@) according to the GRADE system.
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The reporting of adverse effects and toxicity was inconsistent between studies, varying in
type of toxicity, grade of toxicity, time of occurence after treatment and the possible
relation to treatment. Most patients reported nausea and fatigue. Lymphopenia also
occurred in the majority of cases. Grade 3 - 4 liver toxicity was reported in 22 - 42 % of
the patients and grade 3 - 4 bilirubin toxicity in 7 - 39 % of patients. Other occasionally
reported severe complications were cholecystitis, gastric ulcers and pneumonitis. The
treatment related mortality ranged from 0 to 9%.

Colorectal cancer

The systematic literature search identified eight studies, which have reported treatment
effects of radioembolization with *’Yttrium microspheres in patients with unresectable
liver metastases from CRC. Two were randomized, controlled trials, and one was a non-
randomized controlled study. The remaining five studies were case series including 41 to
208 patients.

One of the RCTs was of moderate scientific quality. The other RCT was a small trial of
low scientific quality. Also the non-randomized controlled study was of low quality. Only
the small RCT reported a significantly prolonged survival in radioembolized patients in
comparison with alternative treatment, whereas there was no differences in survival rate in
the other two controlled trials.Including the five case series the reported median survival
varied from 7 up to 29 months.

The response rate (i.e. complete or partial response) varied from 41 — 73 %. The methods
used to measure reduction of tumour and the criteria for complete response, partial
response, stable disease and progressive disease varied between studies. In the randomized,
controlled study the volume of the tumour mass was calculated. According to this criterion
there were 2.1 times as many patients in the group treated with radioembolization with

Y ttrium microspheres that had a complete or partial response in comparison with those
who were treated with locoregional chemotherapy (HAC).

The eight studies of CRC were also heterogeneous with regard to baseline patient
characteristics, i.e. in terms of the stage of the disease, liver function, and previously
administered therapy. Generally the patients had already received intensive treatments
prior to start of the studies, often with two or three different lines of systemic
chemotherapy.

The quality of evidence for radioembolization with **Yttrium microspheres with regard to
tumour response rate is low (®®), and with regard to the effects on survival very low (@)
according to the GRADE system.

As in HCC patients the dominating adverse effects of radioembiolization were nausea,
mild abdominal pain and fatigue. Almost all patients experienced this. More serious
toxicity (Grade 3 - 4) was observed in 6 of 8 studies. Grade 3 - 4 liver toxicity was
reported in 2 - 4 % of patients, grade 3 - 4 gastrointestinal toxicity in 5 - 8 %, and grade 3 -
4 bilirubin toxicity in 12 % of patients. Among the total of 554 patients followed in these
studies there were three fatal cases of potentially treatment-related toxicity; two radiation
hepatitis and one pancreatitis.
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5b. Outcome tables — appendix 2
Table 1 a — ¢: Hepatocellular carcinoma
Table 2 a — c¢: Liver metastases from colorectal cancer

Sc. Excluded articles — appendix 3
5d. Ongoing research
Hepatocellular carcinoma

In www.clinicaltrials.gov. there are 19 reported ongoing studies. Four of these are
randomised, controlled trials.

Two of the RCTs compare *°Yttrium microspheres to TACE in patients with unresectable
HCC. One RCT compare *’Yttrium microspheres to radiofrequency ablation in ablatable
patients, and to either TACE alone or in combination with radiofrequency ablation in
unablatable patients with unresectable HCC. The fourth RCT compares sorafenib
combined with *°Yttrium microspheres with sorafenib alone as a bridge/down-staging prior
to orthotopic liver transplantation in HCC patients.

The other 15 studies are observational cohort studies, mainly focusing on safety/toxicity
and response/survival. Seven of them will also study quality of life.

Colorectal cancer
In www.clinicaltrials.gov. there are six reported ongoing studies. Five of them are RCTs.

The two largest are both multicentre Phase III RCTs with the intention to recruit 450 and
490 patients, respectively. The first one evaluates the efficacy of *°Yttrium-microspheres
in combination with Oxaliplatin + 5-FU chemotherapy as first line treatment of
unresectable liver dominant colorectal metastases compared to Oxaliplatin + 5-FU
chemotherapy alone. The other will evaluate the efficacy and safety of adding **Y ttrium -
microspheres to a systemic chemotherapy regimen of Oxaliplatin + 5-FU for 6 months
(with or without Bevacizumab) compared to Oxaliplatin + 5-FU for 6 months (with or
without Bevacizumab) alone as first-line therapy in patients with unresectable liver
metastases from colorectal cancer.

6  Which medical societies or health authorities reccommend the new health technology?

Resin-based treatment with *°Yttrium microspheres has Federal Drug Administration
(FDA) approval for use in patients with liver metastases from colorectal cancer, and
treatment with glass microspheres has FDA approval for use in patients with unresectable
hepatocellular cancer.

Presently there are no national treatment recommendations.
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Ethical aspects

7a. Ethical consequences

Ethical issues may be separated into those concerning the patients being candidates for this
treatment in terms of suffering in relation to potential benefits, and those concerning what
should be prioritized based on cost-effectiveness calculations.

For HCC this treatment may become a tool to reduce the tumour size, and, thereby, allow
more tumours to become resectable, and possibly cured. For most of the patients it may
become a valuable complement to existing treatment options, with a possibly greater anti-
tumour effect. Furthermore, it may provide a favourable toxicity profile, a better quality of
life with less hospital contacts having a long-term effect, and being cost effective, not
being more expensive than pre-existing therapies.

For CRC these issues may be differently addressed depending on whether this treatment is
offered already initially at the time of diagnosis, or if it is used as additional salvage
therapy when other treatments have failed. The latter scenario may be important for the
individual but not favourable for the health care system. However, administration of

Y ttrium microspheres in an early phase of therapy has the possibility to have an impact
on response and survival. This must be balanced against more complications for the
individual and additional expenses for the health care system since this new technology
most probably will be used as additional therapy.

7b. Will other patient group