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[bookmark: _Toc359312625]MSAC and PASC

The M edical Servi ces A dvisory Committee (M SAC) is an   independent exper t committee appointed by the Austra lian Government Health Minister to strengthen the role of evidence in health fi nancing decisions in Australia.   MSAC advises  the Commo nwealth Mini ster for Health  and Agein g  on the evidence rela   ting to th  e sa fety,  effectiveness, a nd cost - effectiveness of new a nd existing  medical technologies a nd procedur es and un der what circumstances public funding should be supported.

The Pr otocol Advisory S ub-Committee (PAS C) i s a standin g sub-com mittee of M SAC. Its primary  objective is t  he  determination o f  protocols t o g uide cli nical  and  economic assessments of medical interventions proposed for public funding.

[bookmark: _Toc359312626]Purpose of this document

This document is intended to provi de a draft de cision analytic protocol that will be used to guide the assessment of HER2 testing in advanced gastric cancer. The draft protocol will be finalised after invi ting releva nt s takeholders to provide in put to th e protocol. Th e fin al protocol will provide the basis for the evidence-based assessment of the intervention.

The protocol guiding th e assessment of th e health inter vention has b een d eveloped using the wid ely a ccepted “PICO” approach. T he P ICO ap proach involv es a clear articulation of the following aspects of the research question that the assessment is intended to answer:

Patients – speci fication of the characteristics of the p opulation or p atients in whom the intervention is intended to be used;
Intervention – specification of the proposed intervention;
Comparator – specifi cation of th e therapy most likely to be r eplaced or added to by the proposed intervention; and
Outcomes – specification of the health outcomes and the healthcare resources likely to be affected by the introduction of the proposed intervention.


[bookmark: _Toc359312627]Summary of matters for which PASC seeks input

There are three specific matters upon which PASC sought comment.

1)  The HER2 test is proposed to be publicly funded to guide decisions regarding the use of a drug, trastuzumab which is restricted to patients with locally advanced or metastatic gastric cancer. Given that some patient present with earlier stages of the disease, and then progress to locally advanced or metastatic disease, should any public funding of earlier testing be considered for these patients, including at the time of initial diagnosis? What is relevant to the consideration of whether to publicly fund earlier and later options of testing?

2)  The HER2 test could be publicly funded in all patients with the disease, or restricted only to those patients preselected on certain criteria (such as being considered suitable for chemotherapy which is required to be used with trastuzumab). What is relevant to the consideration of whether to restrict any public funding of testing to patients meeting such preselection criteria?

3)  The optimal strategy of using current test options to determine a HER2 positive test result to guide the use of trastuzumab is still being determined. What is relevant to the consideration of the determination of this strategy for the purposes of whether to publicly fund HER2 testing?

[bookmark: _Toc359312628]Purpose of the application

In Februar y 2011, an applica tion fr om Roch e Produ cts Pt y Limited w as recei ved by th e Department of Health and Ageing requesting a Medicare Benefits Schedule (MBS) listing for human epidermal growth factor receptor 2 (HE R2) testing in advanced gastric cancer. This application relates to a  test already funded on the MBS (i mmunohistochemistry to detect over-expression of HER2) as well a s a new test option ( in-situ hybridisation for detection of amplification of the HER2 gene).

Adelaide Health Techn ology Assess ment (AHTA ), School of Population Health and Clinical Practice, Un iversity of Adelaide, as  part of its contract with the Depa rtment of Health and Ageing, has drafted thi s decision a nalytic pr otocol to guid e the asses sment of t he safet y, effectiveness and cost -effectiveness of HER2  testing in order to inform MSAC’s d   ecision- making regarding public funding of the intervention.
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Immunohistochemistry (IHC) for the detect  ion o f oe strogen re ceptor, pr ogesterone receptor an d HER2 are currently list ed o n th e M BS (see T able 1 f or rel evant it em n umber and descriptor). This item number is currently not restricted by patient indication.

In cont rast, ther e ar e currentl y n o arrangements for the p ublic r eimbursement of in situ hybridisation (ISH) for HER2. Roch e Produ cts Pty Limited currently fu nds HER2 testing by ISH in patients with advanced gastric cancer and an IHC score of 0, 1+ or 2+. This helps determine  the eligi bility of	patients for its	trastuzumab (Herceptin TM) pati ent access program. HER2 testing for gastric cancer is currently provided by five reference laboratories in Australia  (SydPa th, St Vin		cent’s Hospital , NSW; P	athology  Queensland, P rincess Alexandra Hospital , QLD; Dep artment of P athology, P eter MacCallum Cancer C entre, VIC ; SA Pathol ogy, SA; and PathWest QEII Medi cal Centre, WA) and is available to  private an d
public patients.


Table 1 Current MBS item descriptor for IHC testing
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The only data availabl e regarding the utilisation of HER2 testing relate primarily to the use of IHC in breast cancer. In breast cancer, ISH testing is required to determine HER2 status and thus eligibility for P BS-subsidised treatm ent with trastuzumab, a m onoclonal antibody that bi nds s electively t o the HER2  protein an d inhibits uncontroll ed cellular grow th. IHC testing com plements IS H testing to determ	ine  eligibility for the	Herceptin P rogram. Currently, IHC testing is Medicare funded for breast cancer, but ISH testing is provided and funded b y Roche Pro ducts Pt y Li mited. The  MBS des criptor for IHC testing als  o allows testing for oestrogen	or progesterone receptors  (Table 1). The	utilisation of MB S item
72848 indicates that between July 2009 and June 2010 there w ere 6,438 services claimed
(Table 2). The majority of these are likely to be in women with breast cancer as suggested by the breakdown of item utilisation by sex. Thes e data are reflective of IHC testing in the private healthcare setting and do not reflect th e testing that occurs in the public healthcare system.

Table 2 Medicare item utilisation between July 2009 and June 2010
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Members of the Medi cal Expert Standing Pan el (MESP) suggest th ere are approx imately
2,000 cases of incident gastric cancer per year, and it is likely that many of these w ould be advanced cancer (given a late stage at diagnosis is the norm), it could be expected that the use of IHC  testing will increas e should trastuzumab recei ve publi c funding for advanced gastric cancer. Curr ently there is no reaso	n to test for HER2 status in gastric cancer patients (other than f or those pati ents who wish to access trastuzumab through the Roche patient access program) but should trastuzuma	b be publicly funded this situation will change.

It is expected that the extent of confirmatory ISH testing in gastric cancer will vary depending on the a dditional clini cal and cost b enefit tha t i t prod uces over and a bove the IHC test result – various clinical scenarios will be explored as part of the proposed assessment of HER2 testing.

Regulatory status

In vitr o dia gnostic medical d evices (IVDs)  are, in  general, pa thology tests  and relat ed instrumentation used to carry	out testing on human samples, where the results are intended  to assist in clinical		diagnosis or  in making decisions	concerning clinical management (Therapeutic Goods Administration 2009).

Manufacturers of Class 2, Class 3 and Class 4 IVDs must hold certification from a regulatory body to show com pliance wi th a suitable conformity  assessment pr ocedure (Th erapeutic Goods Administration 2009).

There a re s everal kits  available i n Australia to determin e HER2 status (Table 3   ). The classification of these kits range between in vitro diagnostic (IVDs) class 2 and 3.

Class 2 IVD s are thos e that d etect the pr esence of , or exposure t o, in fectious ag ents that are no t easi ly prop agated in th e Australian p opulation or that cause s elf-limiting diseases. Class 2 IVDs that present a moder  ate indivi dual risk include th ose w hich pr ovide results that are not intended to be used as the sole determinant in a diagnostic situation, or where an erroneous result ra  rely puts th e individu al in immediate da  nger (Therapeutic Goods Administration 2009).

Class 3 IVD s are devices which pr esent a m oderate p ublic heal th risk , or a hi gh i ndividual risk and include those used for selection of patients for selective therapy and management, or for disease staging, or in the diagnosis of  cancer in cluding ca ncer staging, where initial therapeutic decisions will be made based on the  outcome of the test results, for example, personalised medicine (Therapeutic Goods Administration 2009).

Table 3 Regulatory status of HER2 testing in Australia

	Testing method
	Test kit / antibody or
DNA probe
	Sponsor
	ARTG
number
	Approved indication

	IHC
	HercepTest™
	Dako
	76270
	Not included on recorda

	
	Roche Diagnostics Ventana anti-Her-2/neu (4B5) primary antibody
	Roche Diagnostics Australia
	In
Progress
	N/A

	
	Roche  Diagnostics  Confirm anti-Her-2 neu
	Roche Diagnostics Australia
	Exempt
	N/A

	FISH
	HER2 FISH PharmDx™
	Dako
	76270
	Not included on recorda

	
	PathVysion kit
	Abbott
Molecular
	23280
	Not included on recorda

	CISH
	SPOT-Light® HER2 CISH
kit
	Invitrogen
	132070
	For in vitro diagnostic use only

	SISH
	ultraView SISH detection kit
	Roche Diagnostics Australia
	174896
	Class II IVD -  intended to be used alone or in combination with other IVDs to perform various tissue related histology and cytology-related tests and procedures

	
	INFORM HER2 DNA single probe
	Roche Diagnostics Australia
	180933
	Class III IVD - DNA IVD probes intended to be used in genetic testing to provide information about acquired genetic alterations, which may include chromosomal alterations, mutations and/or alterations in gene expression, and which may be used to characterise haematological or solid tumour malignancies and/or provide prognostic information.

	
	ultraView Alk Phos Red ISH Detection kit
	Roche Diagnostics Australia
	174896
	Class II IVD -   intended to be used alone or in combination with other IVDs to perform various tissue related histology and cytology-related tests and procedures

	
	INFORM Chromosome 17 single probe
	Roche Diagnostics Australia
	176103
	Class II IVD -  Various products intended to be used alone or in combination with other IVDs to perform various human genetics-related tests (e.g. In Situ Hybridisation)

	
	ultraView SISH DNP
detection kit
	Roche Diagnostics Australia
	174896
	Class II IVD -  intended to be used alone or in combination with other IVDs to perform various tissue related histology and cytology-related tests and procedures

	
	Ultraview Red ISH DIG Detection kit
	Roche Diagnostics Australia
	174896
	Class II IVD -  intended to be used alone or in combination with other IVDs to perform various tissue related histology and cytology-related tests and procedures

	
	INFORM HER2 Dual ISH DNA probe cocktail
	Roche Diagnostics Australia
	180933
	Class III IVD - DNA IVD probes intended to be used in genetic testing to provide information about acquired genetic alterations, which may include chromosomal alterations, mutations and/or alterations in gene expression, and which may be used to characterise haematological or solid tumour malignancies and/or provide prognostic information.


a these devices were listed on the ARTG prior to the introduction of the regulatory framework for in-vitro diagnostic medical devices; IHC
= immunohistochemistry; N/A = not applicable; FISH = fluorescence in situ hybridisation; CISH = chromogenic in situ hybridisation; SISH
= silver in situ hybridisation
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Adenocarcinoma of th  e stoma ch, or gastric   canc er (in cluding  cancer o f the  gastro - oesophageal ju nction), is o ften d iagnosed at  a late stage of   the disease. For   cases of gastric cancer diagnosed betw een 1998 and 2  004, the five year r   elative survival was approximately 25% (A  IHW & AACR 2010). For early l ocalised, non-metastatic  cancer complete surgical r esection may be curative  (De Vita et al  . 2010; S ongun et al . 2010). However, for gastric cancer di agnosed at a la te stage, the pro gnosis for pati ents remains poor with approximatel y 10–15%  survival at fi ve years (De Vita et al.   2010; Jorgensen
2010).

The application proposed that HER2 testing be  performed on tissue samples from  patients with adv anced gas tric cancer (i.e., stage III and IV) . Tabl e 4 and Ta ble 5 toge ther defin e the categories in the T  NM stagin g system an d des cribe those tumours that w ould be eligible for HER2 testing. PASC noted that, in tho se patients who initial ly present w ith less advanced gastric cancer, per forming earlier HE R2 testing would be an option tha t could be examined.

Table 4 TNM staging of gastric cancer
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Table 5 American Joint Committee on Cancer stage grouping

[image: ]
The HER2 protein is a transmembrane tyrosine kinase receptor and part of the epidermal growth factor receptor family (Jorgensen 2010 ). Activation of the receptor results in rapid cell growth, differentiation, survival and migration (Gravalos & Jimeno 2008). Gene amplification and over-expression of this receptor in patients with gastric cancer was first reported in 1986 (Fukushigeet al. 1986; Sakai et al . 1 986). There has  been debate regarding the prognostic effect of HER2 expression in gastric cancer with early studies failing to find an association with outcome, along with  a recently  reported large study (Grabsch et al. 2010; Sasano et al. 1993; Tatei shi et al. 19 92). Conversely, other studies have found negative  (Gravalos & Jimeno 2008) or positive (Yoon et al . 2011) prognostic effects of the biomarker, this variation may  – in par t – be  due to the level of HER 2 expression present in the population being studied.

In patients with advanced gastric cancer, who have not been previously treated, s uitability for treatment with trastuzumab may be determined by assessment of the presence of HER2 (either detection of gene amplification or	protein over-expression) in the biopsy and resection samples. Over-expression and amplification	can be detected	by immunohistochemistry (IHC) and in situ hybridisation (ISH), respectively.

IHC is performed on formalin-fixed, paraffin-embedded tumour samples and detects the presence of the HER2 recept or in the cellular membrane using a specific antibody for the HER2 protein. Antibodies which h ave bound to the receptor are t hen detected b y another subsequent antigen-antibody reaction. Visualisation of these immunogenic reactions occurs as a result of labelling of the secondary an tibody with either dyes or enzymes w hich are

involved in chromogenic reacti ons. HER2 positi vity in gastric aden ocarcinoma is based  on the staining patterns seen in the biopsy and surgical samples (Table 6).

Table 6 Scoring of IHC staining pattern in gastric adenocarcinoma in resection specimens

	Staining intensity score
	Staining pattern
	HER2 over- expression assessment

	0

1+


2+


3+
	No reactivity or membranous reactivity in < 10% of tumour cells.

Faint/barely perceptible membranous reactivity in > 10% of tumour cells; cells are reactive only in part of their membrane.
Weak to moderate complete, basolateral or lateral membranous reactivity in > 10%
of tumour cells.

Strong complete, basolateral or lateral membranous reactivity in > 10% of tumour cells.
Biopsy (not surgery) samples with cohesive IHC 3+ clones are considered positive irrespective of percentage of tumour cells stained.
	Negative

Negative Equivocal Positive


Source: (Hofmann et al. 2008, Bang et al. 2010); IHC = immunohistochemistry

Detection of amplification of  the HE R2 gene is  performed with in situ hybridisati on (ISH) which detects copi es of the HER2 gene within  the cells using speci fic labelled probes that are d etectable with bright-field me thodology ( CISH or S ISH) or by flu orescent mi croscopy (FISH). Dif ferent ty pes of p  robes are a  vailable an d th ese d etermine th e me thod  of visualisation; including chromogenic (CISH),	silver (SISH)  o r  fluorescence (F ISH). If amplification is occurring, there will be increase d copies of the gene detected in the cells. Determination of gene amplific ation c an be de termined b y t he ra tio of HER2 g ene co py number to control g ene copy n umber as well  as the a bsolute HER2  gene copy  number (Rüschoff et al, 2010).

[bookmark: _Toc359312633]Delivery of the intervention

According to cal culations based on incidenc e and mortal ity data from 1998 to 2007, the incidence and mor tality of stomach cancer	in Australia  was estimated to be 2,000 and
1,100 pers ons in 201  0 respecti vely (AIH W  & AACR 20  10). Using the pr   oportion  of diagnosed incident cases of stage III – stage IV (58%) in the USA (Table 7) to estimate the number of cases of a dvanced gast ric ca ncer in Australia, t he exp ected number of p atients per year who would receive IHC and ISH testing for HER2 status is 1,160. It is uncl ear how many tumour samples would require retesting due to a sample that was not evaluable.

Table 7 Incident cases of gastric adenocarcinoma in the USA in 2009

	Stage
	Diagnosed incident cases (%) of gastric adenocarcinoma in the USA

	IA IB II
IIIA IIIB IVA IVB
Total
	3,430 (17%)

2,500 (12%)

2,760 (14%)

2,370 (12%)

590 (3%)

2,810 (14%)

5,840 (29%)

20,300


Source: (Decision Resources 2010)


Biopsy sam ples are routinely taken as part	of clinical practi ce i n es tablishing a gastri c cancer diagnosis an d for tum our staging. Assuming there is adequate tumour material, the original bi opsy sample would als o be used for HER2 testing.	MESP and PASC members suggest t hat the most a ppropriate t esting alg orithm is yet t o be es tablished du e to issues regarding heterogeneity in sample staining , false positives and negatives and (dis)cordance between IH C and ISH. Consequ ently, dif ferent testing str ategies sho uld be expl ored t o determine the optimal use of the	two tests  to determine eligibility	for trastuzumab in advanced g astric cancer. It is also sugges  ted that ISH sh ould only be p erformed by  an accredited reference laboratory with specific expertise in ISH and preferably with respect to HER2 in gastric cancer.

Biopsy and surgical samples are s tored for a period of at least ten years for su  bsequent testing according to the NPAAC gui delines an d st andards; many  centres and institutions would keep samples indefinitely. If repeat testing is necessary , due to indeterminate initial results, it is unlikely that additi	onal biopsi es would be re quired be cause stored s amples would be sufficient to enable new material for	testing. Si milarly, once HER2 status of  the tumour is determined, no further testing would be required.

[bookmark: _Toc359312634]Prerequisites

Ordering of HER2 testing should be restri	cted to surgeons, gastroenterologists or oncologists once a diagnosis of	g astric cancer has b een establish ed. Refl ex t esting b y pathologists at the tim	e of di  agnosis or surgical res	ection might a  lso be cons idered, including if the case is known to the pathologist to be stage III or IV.

Delivery of the intervention and reporting of the results would be provided by a pathologist with knowledge and expertise in IHC and/or ISH testing for p atients with gastric cancer. As a consequence, billing of the intervention would be done by the pathologist.

IHC testing should be performed in a Nati  onal Association of  Testing Authorities (NATA)
accredited laboratory. The low volume of cases and r ange of unique gastric cancer-specific

issues (such as heter ogeneity of expression within tum our samples) ideally w ould require laboratory participation in the Royal  College of Pathologists of Australasia (RCPA)  quality assurance program . Given the heterogeneity	 of receptor expression in tissue s	amples, experts r ecommend th at ISH is performed	with access  to the IH	C test/slide, when available, to guide the test interpretation.

As part of a quality us e of medicin es (QUM) in itiative pri or t o th e Phar maceutical Benefits Scheme (PB S) listing of trastuzum ab for earl y breast cancer, re ference labora tories were established to assist pathologists in  performing HER2 testing and ensure reproduci bility of results. Pathologists underwent ISH certification training resulting in certified ISH reference laboratories. Currentl y, 27 laborator ies are cert ified to conduct ISH te sting in Australia for breast cancer. The ISH testing program is available t o any laboratory that can demonstrate the required quality and concordance of results with an existing validated ISH assay (FISH, CISH or S ISH), can perform a mini mum number of tests per year an d has established links with a multidisciplinary team.

Information provided i  n th e a pplication in dicates  that  a similar p  rogram has  been established for HER2 testing in advanced gastric cancer. An expert panel of a core group of pathologists, experien ced in co nducting HER2 testing, has  been esta blished to sha re th eir expertise in breast  cancer tes ting, and appl y this  experience to gastric cancer, ta king account of the differences between the two testing approaches.

[bookmark: _Toc359312635]Co-administered and associated interventions

HER2 testing is a co-depende nt technology with th e purpose of identi fying patients with advanced g astric can cer who are likely to benefit fr om treatm ent  with trastuzumab. Patients wh o test  positive f or HER2 would r eceive t he r egimen t ested in the T oGA trial (Bang et al., 2010) , namely tr astuzumab by in travenous in fusion a t a dose of 8 mg/kg on day 1 of th e first chemotherapy cy cle, followed by 6 mg/ kg ev ery 3 weeks u ntil disease progression or unaccep table t oxicity. The T oGA trial defin ed HER2 test positive   as (IHC score 3+ or HER2:CEP17 ratio >2 by FISH) in its eligibility criteria.

Trastuzumab is curr  ently b eing  considered  by th e Ph armaceutical Benefits	Advisory Committee ( PBAC) for listing on th e PBS for th e trea tment of HER2 positive pa tients with advanced  gastric  cancer. Tra stuzumab h as be en a vailable t hrough  the PBS and	t he Herceptin Pr ogram, for early and later stage br  east cancer respectiv ely. In the s etting of advanced gastric cancer, trastuzumab may be delivered in either an inpatient or outpati ent setting an d is TGA-approv  ed t o be co-a  dministered in addition t	o cisplatin  and a fluoropyrimidine (i.e., either 5-fluorouracil or capecitabine).

Given that >75% of patients will be aged 50  years or m ore, most will also need at least  a baseline ass essment of LVEF with echocardiogr   aphy or gated hea rt pool scan   prior t o trastuzumab therapy.

[bookmark: _Toc359312636]Listing proposed and options for MSAC consideration
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The proposed MBS item descriptors and fees are provided in Table 8.


Table 8 Proposed MBS item descriptor for HER2 testing in advanced gastric cancer
[image: ]

People with gastric cancer, including cancer of the gastro-oesophageal junction, would be tested to determine HER2 status. The application proposed restricting HER2 testing to patients with locally advanced or metastatic (stage IIIA, I IIB or stage IV) cancer who are eligible f or chemotherapy but who had not received prior anti-cancer treatment for their metastatic disease. PASC considered that the option of HE R2 testing in those patients who present in an earlier stage of the disease might also be an option to be examine d. The application further proposed that patients with gastric  cancer would initially receive IHC testing on biopsy or resection samples, and these results would be confirmed b y I SH studies, where necessary (to be defined). PASC considered that options for the optimal HER2 testing strategy should be examined.

The application’s proposed restriction of HER2 testing described above reflects the gastric cancer population defined by the TGA-approved indication for trastuzumab.

[bookmark: _Toc359312638]Clinical place for proposed intervention

HER2 testing would be used to help identify a subgroup of patients with advanced gastric cancer, who may or may not have received surgical resection of the tumour, who would

likely ben efit from trea tment with t rastuzumab. In the curr ent mana gement of a dvanced gastric cancer, all pati ents receive palliative chemotherapy without de termination of HER2 status. Given the p aucity of	data for using H ER2 testing for gas tric can cer, th ere i s uncertainty aro und th e a ppropriate testing s cenario to  be  used in  curr ent A ustralian practice. In addition, P ASC not ed that th e rat e and ex tent of v ariation in HER2 gene amplification and expression as		gastric cancer progresses	al so needs to be	considered, including for its impact on the need for obtaining new samples from a patient for testing.

The key assessment of HER2 testing for gastric cancer, to date, has b een in th e ToGA trial (Bang et al., 2010) . Th e ToGA trial sough t t o screen all patients for i nclusion usi ng b oth IHC and FISH tests. P atients were eligible for randomisation to r eceive either trastuzumab in addition to chemotherapy, or chemotherapy alone, if their tumour samples were scored as 3+ on immunohistochemistr y or if they we re FISH positive (Bang et al., 2010  ). A few patients wit h IHC3+/ FISH- in t he ToGA t rial were treated as HER2 positiv  e, al though clinical advice suggests that these patients would be treated as HER2 negative in Australian clinical practice.

The use	of IHC and	ISH testin g for HER2 positivit	y in advan  ced gastric	cancer is complicated by con cerns regarding the concordance of interpretation of IHC results acros s laboratories, as described in the GaTHER study (Kumarasinghe et al. 2011), and variation in IHC testi ng meth odologies/performance acr oss labor atories,  perhaps rela ted to	the heterogeneity of gastri c can cer tum our samples. Giv en th ese concerns , and th at I HC test results may also guide	ISH tes ting to a particular locus,	the bas e case proposed clinical algorithm (Figure 1) advocates ISH testing for all biopsy and resection samples after IHC in order t o confirm th  e  presence/absence of H  ER2 positivi ty. A part  from b eing  a ver y conservative testing strategy,	this algorithm w ould all ow the reliability of	IHC and ISH testing in advanced ga stric ca ncer to b e esta blished in Australia, i.e., if  a small number of reference l aboratories undertaking ISH test	ing for ad	 vanced gas tric ca ncer reco rd concordance with the initial IHC res  ult, a re -assessment of the  appropriate HER2 testing scenario could be undertaken in the future.

Three ot her pot ential cl inical alg orithms for determining HE R2 positivit y are proposed as requiring investigation	during the	assessment of HER2 testing for	MSAC. Two clinical algorithms reflect the suggestion that ISH testing might only be used for equivocal IHC test results (Figure 2 and Fi gure 3), while the rem aining algori thm is consistent with both the findings of the T oGA trial (Bang et al., 2010) and the biological plausibility argument that – given HER2 testing is	 a co -dependent technolo gy - trastuzumab effecti veness will be greatest in patien ts with tumour sa mples exhibiting high levels of HER2 protein expression (as opposed to gene amplification only) (Figure 4).

In thes e cli nical algori thms (below ), the le ft side explains  current pra ctice with r egard to the management of patients; and the right side explains the proposed use of HER2 testing . The dif ference b etween the alg  orithms is the introducti   on of HER  2 testing a  nd the

subsequent change in management in those p atients who are found to be HER2 positiv e. Consequently, HER2 testing  would be introduced  to satisfy a previously unmet clinical need for the subgroup of patients  who could benefit from the addition  of trastuzumab  to current chemotherapy.
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Figure 1	Management algorithm for use of HER2 testing in advanced gastric cancer - base case
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Figure 2	Management algorithm for use of HER2 testing in advanced gastric cancer – scenario 1
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Figure 3	Management algorithm for use of HER2 testing in advanced gastric cancer – scenario 2
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Figure 4	Management algorithm for use of HER2 testing in advanced gastric cancer – scenario 3
[image: ]
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The comparator for this  assessment will be usua l care without testing  to determine HER2 status. Consequently, all patients with advanced gastric cancer in the comparator ar m would receive standard  chemotherapy regardless of their HER2 s  tatus. There are  no MBS item descriptors for  usual care  without t esting t o d etermine HE R2 status.  There are h owever, MBS items  which cover the provision   of chemotherapy, al though thes e would als o be relevant to the intervention arm.

Standard chemotherapy for advanced gastric cancer in Aus tralia primarily consists of one of two chemotherapy regimens:

 	epirubicin, cisplatin and a fluoropyrimidine (5-FU or capecitabine) (ECF); or

 	cisplatin and a fluoropyrimidine (CF).

Of note th ere is no cur rent stan dard approach to the  dosing of cispla tin and 5-FU, with modifications including variable d oses of cisplatin and various strategi es (i.e., gi ving all of the dose on a single day or giving divided doses over 2 days). Clinical advice suggests that a minority of pati ents may also r eceive a	fluoropyrimidine al one if they	cannot tolerate stronger chemotherapy.1

When trastuzumab is used in combination with the  CF regimen , the cisplatinand fluoropyrimidine is dosed differently than when CF is provided in isolation or in combination with epirubicin.


[bookmark: _Toc359312640]Outcomes for safety and effectiveness evaluation

A comparison of test outcomes across proposed test options and strategies is necessary, in each case including consideration of the adequacy of samples for laboratory assessment.

The health outcomes, upon which   the comparative clinical performance  of HER 2 testing versus usual care will  be measured, are based on the impact of a change in management and subsequent treatment effectiveness. These outcomes are listed below:

[bookmark: _Toc359312641]Effectiveness

Primary outcomes: Overall survival; quality of life; progression free survival.
 
1 This regimen would not qualify as a comparator as these patients would not be eligible for trastuzumab (which must be administered in addition to both cisplatin and a fluoropyrimidine).
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Secondary outcomes: Response ra te (c omplete respo nse or partial r esponse a ccording to RECIST c riteria); duratio n of re sponse; rate of stable disease; rate of disease  progression; time to progression.

[bookmark: _Toc359312642]Safety

Psychological and ph ysical harms fr om testin g. Any adverse even ts rela ted to a ch ange in treatment i ncluding tol erability; toxicity (par ticularly cardi ovascular advers e events); and neutropaenia.


[bookmark: _Toc359312643]Summary  of  PICO  to  be  used  for  assessment  of  evidence  (systematic review)

Table 9 provides a summary of the PICO used to: (1) define the question for public funding,
(2) select the evidence to assess the safety and effectiveness of HER2 testing, and


(3) provide the evidence-based inputs for any decision-analyti c modelling to determine the cost-effectiveness of HER2 testing.



Table 9 Summary of PICO to define research questions that assessment will investigate

	Patients
	Intervention
	Comparator
	Reference
Standard
	Outcomes to be assessed

	Patients with [advanced (stage III or IV)]
adenocarcinoma
of the stomach or gastro- oesophageal junction who have not received prior chemotherapy
for their disease, and who have a WHO performance status of 2 or less.
	HER2 testing (IHC, ISH and combinations thereof to be defined) with usual care in test
negative or untested patients and trastuzumab combined with chemotherapy in test positive patients
	Usual care without
HER2 testing
	N/A
	Test performance
Comparative analytical validity with consideration of adequacy of test samples

Safety
Psychological and physical harms from
testing. Any adverse events related to a change in treatment including tolerability; toxicity; and neutropaenia.

Effectiveness
Direct evidencea
Primary outcomes: Overall survival; quality of life; progression free survival
Secondary outcomes: Response rate
(complete response or partial response according to RECIST criteria); duration of response; rate of stable disease; rate of disease progression; time to progression.

	
Research Question

Is HER2 testing (immunohistochemistry ± in situ hybridisation) with usual care in test negative patients or untested patients and trastuzumab combined with chemotherapy in test positive patients, safe, effective and cost-effective compared to usual care alone without HER2 testing in advanced gastric cancer?


a Given the lack of a reference standard, a standard linked evidence approach is not usually feasible as diagnostic accuracy cannot be
determined with any certainty. Section B of the “Information requests for co-dependent technologies” table (http://www.health.gov.au/internet/hta/publishing.nsf/Content/whats-new) outlines some strategies for linking evidence in the absence of a reference standard, including systematically reviewing data on the prognostic effect of HER2 status in advanced gastric cancer, constructing a reference standard against which test accuracy can be measured, and/or determining concordance or agreement between the results of different HER2 tests. Should these forms of evidence be used, the PICO to address each type of evidence linkage would need to be pre-specified and a research question constructed.

WHO = World Health Organization; IHC = immunohistochemistry; ISH = in situ hybridisation; N/A = not applicable; RECIST = Response
Evaluation Criteria in Solid Tumours


[bookmark: _Toc359312644]Clinical claim

The appli cation claims t hat the us e of HER2 testing, t o iden tify pati ents with HER2 positive advanced gastric cancer f or tre atment with  trastuzumab, indirectly results in a clinically relevant an d statis tically signifi cant impr ovement i n  overall sur vival,  progression-free survival, response rates, time to progression, duration of response and clinical benefit rate in a disease w ith a unifor mly poor pr ognosis. Th e appli cation claims th at HER2 testing and treatment with trastuzumab are safe and well tolerated.

It is claimed that tr astuzumab, wh en used in combination w ith standard chem otherapy for the treatment of patients with HER 2 positi ve advanced ga stric cancer, is significa ntly m ore effective than standard chemotherapy alone and is no worse than standard chemotherapy in terms of comparative safety.

These claims suggest	that HER2 t  esting, t o i dentify p atients wh o  would benefit fr om trastuzumab, would res ult in superior health  outcomes  for individu als found  to b e HER 2 positive. Relative t o th e com parator of usu al care without HER2 te	sting, HER2 testing followed by trastu zumab in HER2 positiv  e pa tients an d u sual car e in HER2 neg ative or untested patients would therefore be considered non-inferior in terms of safety and superior in terms o f ef fectiveness. As such , th e type of economic eval uation req uired is a	cost- effectiveness analysis or cost-utility analysis (green shading in Table 10).

Table 10	Classification of an intervention for determination of economic evaluation to be presented

	
	Comparative effectiveness versus comparator

	
	Superior
	Non-inferior
	Inferior

	Comparative safety versus comparator
	

Superior
	

CEA/CUA
	

CEA/CUA
	Net 	clinical benefit
	
CEA/CUA

	
	
	
	
	Neutral benefit
	CEA/CUA*

	
	
	
	
	Net harms
	None^

	
	
Non-inferior
	
CEA/CUA
	
CEA/CUA*
	
None^

	
	

Inferior
	Net clinical benefit
	
CEA/CUA
	

None^
	

None^

	
	
	Neutral benefit
	CEA/CUA*
	
	

	
	
	Net harms
	None^
	
	


Abbreviations: CEA = cost-effectiveness analysis; CUA = cost-utility analysis
*	May be reduced to cost comparison analysis. Cost comparison analysis should only be presented when there is a lack of evidence indicating a superiority and the proposed service has been indisputably demonstrated to be no worse than its main comparator(s) in terms of both effectiveness and safety, so the difference between the service and the appropriate comparator can be reduced to a comparison of costs. In most cases, there will be some uncertainty around such a conclusion (i.e., the conclusion is  often  not indisputable). Therefore, when an assessment concludes that an intervention was no worse than a comparator, an assessment of the uncertainty around this conclusion should be provided by presentation of cost-effectiveness and/or cost-utility analyses.
^	No economic evaluation needs to be presented; MSAC is unlikely to recommend government subsidy of this intervention


[bookmark: _Toc359312645]Outcomes and health care resources affected by introduction of proposed intervention

[bookmark: _Toc359312646]Outcomes for economic evaluation

The appli cation claims that th  ere i s a statisti cally significant benefit	in terms of overall survival, progression-free survival, respons e rates, time to progression, duration of response and clini cal benefit ra  te for pati  ents who ar  e eligible	for trastu zumab-based therapy. Therefore, the health outcomes for the economic evaluation should be life-years gained and quality-adjusted life-years gained.

[bookmark: _Toc359312647]Health care resources

As diagnosis and stagi ng of advanced gastric cancer will occur in both comparative arms, ie with or without HER2 testing, costs and resource use associated with these will not be needed in the economic evaluation of HER2 testing.

[bookmark: _GoBack]A list of the resources that would need to be considered in the economic analysis is provided in Table 11. The amount of resources and cost of resources will vary according to which of the clinical algorithms are being costed (i.e., base case, scenario 1, scenario 2, scenario 3).

Table 11	List of resources to be considered in the economic analysis

[image: ]
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Provider of resource
	

Setting in which resource is provided
	

Proportion of patients receiving resource
	Number of units of resource
per relevant time horizon
per patient receiving resource
	Disaggregated unit cost

	
	
	
	
	
	

MBS/PBS Schedule Fee
	


Safety netsa
	

Other govt budget
	

Private health insurer
	


Patient
	


Total cost

	
	
	
	
	
	
$261.65
	
	
	
	
	

	Twelve-lead
electro- cardiography
	
	Outpatient
	
	Number of
procedures/
patient
	Cost/
procedure

MBS item number
11712
	
	
	
	
	TBD

	
	
	
	
	
	
	$146.35
	
	
	
	
	
	

	Resources provided in association with proposed intervention: Costs associated with treating adverse events (other than cardiac
monitoring) for patients receiving trastuzumab

	Will depend on
adverse events associated with trastuzumab usage
	
	
	
	
	
	
	
	
	
	TBD

	Resources provided to deliver CF in clinical practice:

	Cisplatin
10mg vial
100mg vial
	Medical
oncologist
	Outpatient/
inpatient
	% of
patients on doublet chemo- therapy (CF)

30% total pop’n (based on clinical advice)
	No of vials/
patientc
	Cost/vial
$11.35
	
	
	
	
	TBD

	
	
	
	
	
	$39.78
	
	
	
	
	

	5-fluorouracil
1000mg vial
500mg vial

OR Capecitabine
150mg tablet
500mg tablet
	
	Outpatient/
inpatient
	
	
	
$48.22
	
	
	
	
	TBD

	
	
	
	
	
	$54.80

Cost/pack

$123.93
$695.17
	
	
	
	
	

	Chemotherapy administration costs (CF)

	Drug
administration cost for 1 to 6 hour infusion. an outpatient setting
	Medical
oncologist
	
Day patient
	% to be
based on health service usage data or clinical opinion
	Number of
infusions/
patientd
	Cost/
infusion

MBS item number
13918

$94.20
	
	
	
	
	TBD

	Full day hospital
admission for chemotherapy in a public hospital setting (excluding average pharmacy cost component)
	
	
Day patient
	% to be
based on health service usage data or clinical opinion
	Number of
infusions/
patientd
	Cost/
infusion

TBD
	
	
	
	
	TBD

	Full day hospital
admission for chemotherapy in a private hospital setting (excluding average pharmacy cost component)
	
	Day patient
	% to be
based on health service usage data or clinical opinion
	Number of
infusions/
patientd
	Cost/
infusion

TBD
	
	
	
	
	TBD

	Resources provided to deliver ECF in clinical practice:

	Epirubicin

10mg vial
20mg vial
	Medical
oncologist
	Outpatient/
inpatient
	% of
patients on triplet chemo-
	No of vials/
patientc
	Cost/vial

$176.30
$322.50
	
	
	
	
	TBD




	
	


Provider of resource
	

Setting in which resource is provided
	

Proportion of patients receiving resource
	Number of units of resource
per relevant time horizon
per patient receiving resource
	Disaggregated unit cost

	
	
	
	
	
	

MBS/PBS Schedule Fee
	


Safety netsa
	

Other govt budget
	

Private health insurer
	


Patient
	


Total cost

	50mg vial
	
	
	therapy
(ECF)

60% total pop’n (based on clinical advice)
	
	$773.06
	
	
	
	
	

	Cisplatin

10mg vial
100mg vial
	
	Outpatient/
inpatient
	
	No of vials/
patientc
	Cost/vial

$11.35
$39.78
	
	
	
	
	TBD

	5-fluorouracil

1000mg vial
500mg vial

OR Capecitabine
150mg tablet
500mg tablet
	
	Outpatient/
inpatient
	
	No of vials/
patientc
	Cost/vial

$48.22
$54.80

Cost/pack

$123.93
$695.17
	
	
	
	
	TBD

	Chemotherapy administration costs (ECF)

	Drug
administration cost for 1 to 6 hour infusion. an outpatient setting
	Medical
oncologist
	Day patient
	
	Number of
infusions/
patientd
	Cost/
infusion

MBS item number
13918

$94.20
	
	
	
	
	TBD

	Full day hospital
admission for chemotherapy in a public hospital setting (excluding average pharmacy cost component)
	
	Day
patient
	
	Number of
infusions/
patientd
	Cost/
infusion

TBD
	
	
	
	
	TBD

	Full day hospital
admission for chemotherapy in a private hospital setting (excluding average pharmacy cost component)
	
	Day
patient
	
	Number of
infusions/
patientd
	Cost/
infusion

TBD
	
	
	
	
	TBD


CF = cisplatin + a fluoropyrimidine; ECF = epirubicin + cisplatin + a fluoropyrimidine; HCF = trastuzumab + cisplatin + a fluoropyrimidine
TBD = to be determined based on the assumption provided regarding the proportion of patients receiving the resource. c-in-c = commercial in confidence

a Include costs relating to both the standard and extended safety net.
b Page 24 of the PASC Information Form notes that unit cost of ISH testing includes pathologists, laboratory, reagent, controlled and uncontrolled overheads and Quality Assurance Program costs and a repeat testing rate of 10%.
c Estimate from the product of number of vials per infusion and number of infusions per patient.
d Estimate using the component drug with the highest number of infusions. Blue shading = to be confirmed through clinical advice


[bookmark: _Toc359312648]Proposed structure of economic evaluation (decision analysis)

The decision analyses provided below (Figure 5, Figure 6, Figure 7, Figure 8) allow provision for the use of linked evidence, i.e., by breaking down the outcomes into true positives and false positives (the latter designated a ‘true negative’ on the basis of a gold standard, which might be FISH testing), and true negatives and false negatives (the latter designated a ‘true

positive’ on the basis of th  e same gold stan  dard). How ever, in the event t  hat there i s acceptable direct evid ence of th e impact of HER2 testing a nd targ eted treatm ent on heal th outcomes, t hese arms can be colla psed so that health o utcomes from a positiv e test result are provided and health outcomes  from a negati ve test result are provided (the effect of false positives and negatives will then be included in the health outcome measure).

These decision an alyses refle ct th e pr oposed alternative clinical managem ent algorithm s incorporating HER2 testing for advanced gastric cancer that could be used in Australia.


Figure 5	Decision tree representing the decision options of using HER2 testing to guide treaunent in advanced gastric cancer- base case
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Figure 6 Decision tree representing the decision options of using HER2 testing to guide treatment in advanced gastric cancer - Scenario 1
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Figure 7 	Decision tree representing the decision options of using HER2 testing to guide treatment in advanced gastric cancer- Scenario 2
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Figure 8	Decision tree representing the decision options of using  HER2 testing to guide treatment in advanced gastric cancer- Scenario 3
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Category 6~ Pathology services

MBS 72848
Immunohistochemical examination of biopsy material by immunofiuorescence, immunoperoxidase or other
labelled anfibody techniques with multple antigenic specifiities per specimen - 1to 3 ofthe following
anfibodies - oestrogen, progesterone and cerb- B2 (HER2)

Fee: $75.00
(Item is subject torule 13— If more than 1 of the services mentioned in items 72846, 72847, 72848; 72849 and

72850 or 73059, 73060, 73061, 73064 and 73065 are performed in a single patient episode, a medicare
benefitis payable only for the item performed that has the highest scheduled fee.)
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Category 6 — Pathology services

MBS 72848 (current MBS item)

Immunohistochemical examination of biopsy material by immunofiuorescence, immunoperoxidase or other
labelled anfibody techniques with multple antigenic specificities per specimen - 1to 3 ofthe following
anfibodies - oestrogen, progesterone and cerb- B2 (HER?).

Fee: $75.00

If more than 1 of the services mentioned in items 72846, 72847, 72848; 72849 and 72850 or 73059, 73060,

73061, 73064 and 73065 are performed in a single patient episode. a medicare benefit is payable only for the
item performed that has the highest scheduled fee.

MBS [item number] (proposed MBS item)

A test of tumour tissue from a patient with [locally advanced or metastatic] gastric cancer to determine i the
requirements relating to ampification of c-erb-B2 (HER2) in biopsy material by in situ hybridisation techniques
for access totrastuzumab under the Pharmaceutical Benefits Scheme (PBS) are fulfied.

Fee: $330.00

[May only be used in patients who have not received prior chemotherapy for advanced gastric cancer and in
whom HER2 protein expression in tumour tissue has been previously examined by immunohistochemistry.]
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